10

15

20

25

30

SPI ROCYCLES AS | NHI Bl TORS OF 11- BETA HYDROXYL STERQ D
DEHYDROGENASE TYPE 1 FIELD OF THE | NVENTI ON The
wQ@e@sast’st nvention relates to certain spirocycPCT/US2008/067637
conpounds that are inhibitors of 11-b hydroxyl steroid
dehydrogenase type 1 ( | | bHSDI ), conpositions
containing the sane, and nethods of using the sane for
the treatnment of diabetes, obesity and other di seases.
BACKGROUND OF THE | NVENTI ON The i nportance of the
hypot hal am c-pitui tary-adrenal (HPA) axis in

control ling gl mmémgm,@q@ﬁm@@s@wv' dent from
the fact that di sruption of honeostasis in the HPA

axi s b\M-BETAAYRROXM. STERAD DAY DROGENASE TOfPEatt i on
results in Cushing' s syndronme or Addi son's disease,
respectively (MIller and Chrousos (2001) Endocri nol ogy
and Metabolism eds. Felig and Frohman (McG aw Hil | ;

Flﬁﬁyvé)\ﬁofﬁ)g(lij}qﬁq) 387-524). Patients with Cushing's

syndrone (a rare disease characterized by systemc
gl uH@cmmntmivcntlex c@stss or degrinapiroychic ompdeedsadinteaalinhifitors of

11- g hyd oxglrs}/eé(\)}g r%gfli)bdl)ro enase r%IaY ?lglﬁglébggc?rgéf}s{n%gsl 90n arllnenrlg H’?é same,

and métksdd oF isigd e sdrlikﬁ‘fopﬂle mednhett 0Ildiabbisd) bB&its asd/ CHHEr PR ases.
patients closely resenbles that of Reaven's netabolic

syndrone (al so known as Syndrone X or insulin

BACKGROUNIEOSYIHE PNEENtONsYnpt ons of whi ch i ncl ude
vi sceral obesi %% gl ucgse intolerance, insulin

r esiiEt ERpogangsy ofe thee poiglamiqrpigriarygadigial ¢HPARGxis in controlling
gludtBRichid Rk ERIbR 1§ BRAMR BromlAO Bt MANdisRENon Mmeés%ams in the HPA

121-131). However, the role of glucocorticoids in
axigy P¥\eithenexcessr orsdegieient necretion exi qofiom gesufte nlalqvemng) bsigndreme or

Adchﬁﬁ%?ea@ fe@ﬁgct%élﬂ Qv[glleyﬁfa(@x{rzuds?? g‘rgO Q%%S&Jo%%g iy l\/ﬁ[a%ohsm

not elevafed in the nmajorit
edspHeligeand Fr(thdﬂaGYICGlthféldicM Yorld, 4dtEdbn 3&'nswr g@auents with
u t e\ i ng, | evel S
CubliBS SRR 0F IR ALY, OB L AR B Al
origargting fromfthey hdmuub or pitwgeiydsmbr) ackiepbang ghs&aﬁlcafddherapy develop

I h d bol i
o S DS b s Do 2%k pen

closab/t iesdntbjesothat oﬂ Rk’]i'vlSDls mésbitolib sysdiemne f(ﬂt(ﬁ&n(aﬁﬁ |ay Syndrome X or
cacorti col

wGhLERR cBl JmseL LY (BT SOOI B e
intokdnc Ciasulin Crosistarc@NBERREERIINO Bypel B dROHBP RhdY h%&\ﬁ&&qa I(Reaven

(195{} Ly e 5?1}42%?4{2 Olg?slgl)l ngllcw\aevegatlhg rollhc:fsghﬁzggo%elcsc}ldss 1?1 prevalent
forms of human obesity has remained obscure because circulating glucocorticoid
concentrations are not elevated in the majority of metabolic syndrome patients. In fact,
glucocorticoid action on target tissue depends not only on circulating levels but also on
intracellular concentration, locally enhanced action of glucocorticoids in adipose tissue and
skeletal muscle has been demonstrated in metabolic syndrome. Evidence has accumulated
that enzyme activity of 11BHSDI, which regenerates active glucocorticoids from inactive
forms and plays a central role in regulating intracellular glucocorticoid concentration, is

commonly elevated in fat depots from obese individuals. This suggests a role for local

glucocorticoid reactivation in obesity and metabolic syndrome.
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gl ucocorticoid reactivation in obesity and netabolic

syndrone. G ven the ability of 1 bHSD to regenerate
wW@0Bi18552 from i nert circul ating corti sone, PCT/US2008/067637

consi derabl e attenti on has been given to its role in

the anplification of glucocorticoid function. |

bHSDI is expressed in many key GR-rich tissues,

i ncGiveh B dbilee ue sl pHSITIoRSt oAk @rikel abalihdt d:lfHQIh'thB&ﬁsone
such as |iver, adipose, and skel etal nuscle, and,

conglﬁi&ﬁ\b eh%{geng%haspggetnugxéfrééo ity rgledin thet zﬁ@phﬁcatlon of glucocortlcmd

mnEﬂlﬁﬁuerlﬁﬂgﬁlfisceﬁﬁés%t iAthD) By GRorich tissue mcludmg tissues of
gl ucocorti coi d- medi at ed ant agoni sm of |nsu7

corbidaiable aretablin ghpistanergsual) ag heerpdégmet, yipd skeddtati rhlaslc]et ynd, as such,
hastbﬁetee\ln\ﬁg) galt C%Cc%d Cﬁ{é das% ﬁ%g’c%ﬁé %‘Eéntlat%n citsag%ﬁtrl]c%rcgrrtrl%gld-me%lated

iCc Sy ndr ofe Wt
antggdonsuc @f t ingdind funcnon he (Joamd@mg as theelphemsyi stuln&anty between

1] k enerate. active .Cortiso
glua)k% Bléegxggsrst %ugﬁ%g |Snsygd e éld tB% Crpeft?bohﬁasﬁlﬁgrrome *wtﬁ dgormal

mrdil&lang gligoest@ilistinahe el ra§|weﬂhﬁsb)tt}ie abittyt e BRI Rt @derate
et abolic conplications in syndrope X result from

actiy g, gorHspl iy Rpqye cyrtigene| in ja tﬁwerapem miRmneRdf prsdsen puggented that

cenfr@IS Ubdsit Gndl the G:kdBhRE’ Metfllotie amh spﬂtatfoiﬂg if? er: X result from
(Buj al ska et al . 51997) Lancet 349: 1210-1213).

lncqe?ﬁ_@éé@ﬂ"l'ly qf 15 BEBP] tithithedippse swn, teenltieg g Esghmhét didedse of the
om i B RS Sy R Dt R LT EIaP o) e | AP ks, been

shoRag& beIupagulat(eQGkOadlpdse tis€lei df.ob&sRdOdentsnddld. huha [@.ivi8Bstone et al.

oSt ISP 5 T i, ol g 0

1421; Ghilsay e’fEildQO?]?v)rIOChn I\Efdaﬁmoﬁ et ?S 37%8&)7434 Adtglietdt anedoo3) J.
S on has conme from.studies in
Cll‘?kﬁ@%”é‘n?lr &{??& éﬁ REEES égl% Adi pose- specific
OV e{dAKPnESS bt fOf this dotiBHIRE colRARIm §th@e LML trQTs%;rhcemodels

aP2 pronoter in nouse produces a phenotype remar
Adipesgispacifice Averaprassiomet nd BHBBI  undery ther aomiol( MagezaRi plemoter in

) 6 zaki e
ok 080 SELE0EE RA0bio R YRR, sBlagly mirme
(Mastriaki ?ihér@@@llﬁécwow% & GGRDILTO; MasﬁzakireeaSE(ZG)(hS) t/oChhical Invest.
c sterone but rather .is dri.ven by a. .
12 bR SO P B ! o eBicne
cortuteqitc}bse, biﬁhathblnxs rdeia&elmb/ akalirdductdn of dortlebibbdond WithiR@Beadipose

' 2-3 fqld).i | h b d
dep#ﬂ ?Tihﬁ( gg?egfc%ﬁlgl:%fvﬁl%@ﬁlr% zt}%{gq_%l?qpt (Za%q?q}%se (fgr?' smln?ar to that
obsdEHd08 THquQh obé\%? Qﬁask&,@ al. %M) 1424, Ena-&rﬁols Wﬁﬁ%@ Iéh@tMZI)

| ocal -nmedi ated conversion of Inert
ThngF%é%ﬁé%ﬂlat desld 1 HE1HR] inodiatgdl wenvsonian ebintricglncdeantieoid to active

lucBE R Mgf;atﬁg&mpaic& PRIV LIDIAR SERSI 1 VI LY.

| oBasedfon this bH&Dt wald|be prelided thatathe loss of 11BHSDI would lead to an
increase in insulin sensitivity and glucose tolerance due to a tissue-specific deficiency in
active glucocorticoid levels. This is, in fact, the case as shown in studies with 11 BHSDI-
deficient mice produced by homologous recombination (Kotelevstev et al. (1997) Proc. Natl.
Acad. Sci. 94: 14924-14929; Morton et al. (2001) J. Biol. Chem. 276: 41293-41300; Morton
et al. (2004) Diabetes 53: 931-938). These mice are completely devoid of 11-keto reductase

activity, confirming that 11BHSDI encodes the only activity capable of generating active
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increase in insulin sensitivity and gl ucose tol erance

due to a tissue-specific deficiency in active
w@bkwsnssricoid | evels. This is, in fact, theiﬂaﬁssnmwmn&w

shown in studies with 11 bHSD - deficient nice

produced by honol ogous reconbi nati on (Kotel evstev et

al . (1997) Proc. Natl. Acad. Sci. 94: 14924-14929;
cort®steRdhe Fonttinert (| 20 )drotorticBité@bne. GNBMS D2 /Riiciddi29ide 4d 3QBtant to
. Mrton et al., (2004) D abetes 53: 931-938). These nice
diegr @nd o ippetrdugediebgicelisemiag - REhibit r ainuelad e indeetion tgf hepatic
glub&Hab, e'hm agyhBatpEpdi, EPh) shERCAGESd iRulD k%sfﬁg}t& Viifh¥n adlpose

capabl e of eneratlng aCtivecorticosterone frominer
andlllava én y@pm’@c} tipid prsefde ddnsreased thglgRiridegdenfd ioprepsed - I&D@CUVC

si 0
D e AN et 1S R (R AI By Talen
togethery nbese ( PEREKNIC GBPYse stadiss | srofigns edralmsiot i lacal reactivation of
glu§o%gx1§ fndy %ég%oélgg;h%rq g l%igcflcg grex?}g\eegatﬂgl\lr/]sgmg ﬂsgxllse vrxtg\é%gd sugpgeg that
mhtbarodlod lﬂ)[BHSIQDtmtway ii2ly)provaddhdfici &l fraating B @s@bai BRI cBcorticoid-
SISt c%o hi h fat dlet-lnduced obesity

relsSed et B FBRE bRaY e H AR HGHS S L B amin

a rmodeeinf @bpdr@@f&hls g péthésisaak BBenQfubBéne8 ORENtIG At B85 fePorted that
controlllng hepati c and peripheral insulin
LB plays ¢ yole dAdhe pai§esenesin gt cential ebqsmzs raméfthel pPHSAISMe of the

me Jlfc‘@ roff8¥%n @r gﬁ\ﬁgs qgﬁ?%s&f% ressfan orfq | A olbggx;%elrs a(s?somated

ucocorticol ated disorders, inc
w1t1n netabolic arkexshmliaim:m o‘dewmrngbxy emhihat; manawbeh yR@edsioni cdems @ene is

t t bl
L PN TR AR

tissmemﬂobeqemailho@mw(@agal en‘alcezxotu)abbe@lmesj 12y9anyl the
appear ance of t i ¢ syndrone in _humans.

oy 3uE i BESTE BrPlare. B Soemenedaiigoie. was shown to
impase Be ai‘ffc esbulh téhs AR IR R fe@ué%hﬂ&fdrgllldﬁgé R9e1b th BRERH MR ains

and t i ncreased expressi on of IS gene I's

Of’@ﬁf‘s@@éfteéal 280D Mer e 46 184&-38 hy dbesis ¢t 4loBrdocrinology (2003)
1440%\5%’@ orFugl 1l gﬁetéfté&?%ﬁ fyq%{)(;rteﬁ%at S&?C%géﬁ?l Vi %sl osfﬁlIIEHSDl

ob eS
can %shordtﬁ :se\&fe]}maergl%(cﬁew it garscaly didbetiHioke infthi "bfiul's ONPHSDI is a

sul fo an1dﬂ;h|azo es to i nprove
8

shown
prom S P T et Ier e Gtelinel the MFAboKT SBtrane Odsezak, e

al., (200B)|Guri. DriYy Resd MiRHeEndbdraieabaf DRb@AE3:0Balh) et al .
(2002) J . Med. Chem 45: 3813-3815; Alberts et a

Endocri nol ogy (2003) 144: 4755-4762). Furthernore, |t

A. Wa®bEREARL htabSROh&Imthat sel ective inhibitors of 1l
bHSDI can aneliorate severe hyperglycema in

geﬁ‘@tqembpcy alfivabeuitipledings ef avidence Figgsst thdt iHSDbn o lEﬁHSDl
B B ENEY R Sl Gy S Do
clusr, lin@phﬁﬂ@ﬂ@sd mmlerencEnidadin reshdeinad) blyperfysoisl. hyBertension, and/or
hypezrl?pslagn%)a.' Glucocorticoids are known antagonists of insulin action, and reductions in
local glucocorticoid levels by inhibition of intracellular cortisone to cortisol conversion
should increase hepatic and/or peripheral insulin sensitivity and potentially reduce visceral
adiposity. As described above, 11BHSD1 knockout mice are resistant to hyperglycemia,
exhibit attenuated induction of key hepatic gluconeogenic enzymes, show markedly increased

insulin sensitivity within adipose, and have an improved lipid profile. Additionally, these
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A. Qbesity and netabolic syndrone As descri bed above,
multiple Iines of evidence suggest that inhibition of

W@ L0BHISDE2 activity can be effective in conbatiPgr/US2008/067637
obesity and/or aspects of the netabolic syndrone
cluster, including glucose intolerance, insulin
resi stance, hyperglycem a, hypertension, and/or

aniYREROW RisHRES0 hBhUBQRALLEEA Sesf @(dfaéwév P41ad9%h)Frse. Natl.
insulin action, and reductions In

f
Aceﬂ S0 861 02 4920 Merten phali B3 1Bt Bish Céxf:mr ?:ff@ 4E¥13r41389; Morton
ot ﬁogidﬁ)oﬁ%bfe s G8r 53139%8& gpq\cgf&h ﬂloﬁh&u l%HS%rﬁa;ggcgcted to have

atic and eri insulin sensitivit
mupwleebmﬁfmldlyffp@d wcthe hvac@maalse add/posicteyal rrﬁsdeiqmﬂ'rchlaﬂyi related to

9] ck n1ce are e nt to

S o S TP P PRt AR of key
hepatlc gluconeogenlc enzynes show mar kedl y increased
[ I|n se SIIIVIty wi t hi n adi pose, and have an
|npr Qggwllﬁlﬁ profile. Additionally, theseaninals

shollutesitebidnee knowhit@mhfbatthelplatost-pohcR@d @8R&iohYof insulin from

ot 997 S
panksdissbinepsb (B oy R Sutif 1 7abBaym Mot e | eainssdn both
Cushing®3syhda?; anlbtidRfc Sucldk fa/ﬁzzﬂ%)glua)ﬁk%ﬁﬁﬁ&te@%nsuhn secretion is

931-938). Thus, inhibition of redi cted
ma%dlha%w%ﬂqgﬁm &t ¥ed@93)di glin. éfl‘fﬁ‘éb@@ 49r? ftOH)e JBHSD1 mRNA and

d
act@ﬁiy HQsSﬁ‘een qgﬁyrt% 1r§ k! Or%'p @}laatfp"i Qg geélF Q)?rho{é}oﬁel‘f{ng% 0%{(? E:n% b%o% of this

to alleviation of onent
actigiyy @ﬂﬁ)n@r@mdxcd‘meo e sli1BISDB. inFhiter éapiogesf placdst-etimulated insulin

N L N TR —
113pEsmarie @ietiféteb ab Baveeh&ficBefftAdstethe paAkkr&Y! h&udibd héPhhancement
Horm Metab. Res. 11: 555-560). In both Cushing's

of gluchsfrimulatetingiiapedease zucker fa/fa rats,
gl ucose-stinul ated insulin secretion is markedly
reduced (Cgama et al. (1992) J . din. Invest. 90:

C. 49f-ogpiipn and depsi nRNA and activity has been reported

in | .et /
e Rk £ £ B tEL0R LSRR b,

relatggigpithe; pragrbisionrof demoniey el tyithy @gﬂﬁsnmtmlsmildahmdansnmtdrmrdmdual
dlff%@llgggﬁ‘g 5%‘%%{ %‘3%3\% ﬁ]!nc angagflgz)bﬁe% %l%ﬁ%l tg f;n'l iy 1n the long-term
expgued tc gMoqomtxdmaise(Ibpmef gtcalal(l 9@8} &t sNewrotdie 1:paGB e aKurther,
dysxjeguciati’lo% or}gtht t}ﬁ)f nQ%nC%g‘;Eﬂf P?(glﬁ %%)?Q?)EP%L‘ZIPELW?IHCOId excess in

I'N release
certgin @ramt subee gmmp aby e propssed t6 OB Bathel decliak oﬁgdgﬂgwte Hadction

N T R ENE R T e
the brifnS4mdi i Qkﬁfés@é@iln multiple subregions including the hippocampus, frontal cortex,
and cerebellum (Sandeep et al. (2004) Proc. Natl. Acad. Sci. Early Edition: 1-6). Treatment
of primary hippocampal cells with the 11BHSD!1 inhibitor carbenoxolone protects the cells
from glucocorticoid-mediated exacerbation of excitatory amino acid neurotoxicity (Rajan et
al. (1996) J. Neurosci. 16: 65-70). Additionally, 11BHSDI-deficient mice are protected from
glucocorticoid-associated hippocampal dysfunction that is associated with aging (Yau et al.
(2001) Proc. Natl. Acad. Sci. 98: 4716-4721). In two randomized, double-blind, placebo-

controlled crossover studies, administration of carbenoxolone improved verbal fluency and
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differences in general cognitive function have been

linked to variability in the |ong-termexposure to
WQ@Rkwsnskt i coi ds (Lupien et al. (1998) Nat. NeRCDES81008/067637

1: 69-73). Further, dysregulation of the HPA axis

resulting in chronic exposure to glucocorticoid excess

in certain brain subregi ons has been proposed to

verbginthérhdyit(Barddeefd bﬁald@l@bhﬁ&o@fN@thﬁ'ﬂiaﬂj s8. FancEH®bn: 1 6) Thus,
nd_Sap (1995) Curr. Opin. Neurobiol.

.. (McEwe
mh(ﬁn%onzap 51%H§P1blﬂgndlqt§i faﬁaﬁﬁsﬁmswettﬂ @luspearicoidinty the brain and
pro?e)épﬁﬁa‘ﬁ%?gelbt@nmél élb&k@m%ﬂ@ 8408 nkbilbhal q:hl'ﬁ:gloﬁ N&cluding cognitive
pocanpus, frontal cortex, and cerebellum’(San %

lm@amﬁnt d%%m)anﬁioeéeprwapn Acad. Sci. Early Ed| tion:

1-6). Treatnent of primary hippocanpal cells with the

I I bHSD inhibitor carbenoxol one protects the cells
D. f r dmrgeadoqesssireoi d- medi at ed exacerbation of

exc |

(1 9 ?ﬁ%oﬁgﬁ{hgtée?%eg T@%g%)ggr%%s)ygtexk §8ﬁ¥ i ona 1?@ ran%ﬁ of conditions
in gH8BI opltbflmolognt (riecparéquéar pootplcitiea Withotiese treatment regimens is
cor?clic’ols'%gogcg %‘:ntdlu C (ﬁau%?rﬁz? CJTﬁals la(goaép 1(§3 cﬁlzg c%en(zﬁ%g}ﬁlj rs‘l%%ujg gzpnt tincretase n
intrid@tblar phesadre (BIH). 1198 més‘f]aﬁvaﬁi‘aﬂénd ubfedtstDfofraTdPBagA @d to partial

s PAR) PP BRSBRLL S FHaRRs v iRt e

aquﬁéuseiﬁﬁy)uﬁﬁﬂdﬁﬂibmanﬂﬁfm{age ( ﬁ@ﬁ&ﬁ@ Fhuﬁburaérodl{ca&oéacupsr 8Ghe non-

ly ion: 1- Thus, inhibition
pisppd oy s (NPEhiabd 6 drtinfess dBlRibi Fellt of the trabecular

meAWBROC ONBHS DI Ufasi Bech NBcdlizad Mo ATEE REM! @§hrAYA F'lSt(ZOOO) Invest.
del eterious glucocorticoid effects on neurona

Ophthakael dfs- Sch 611 LAyl 68dgRiuzi ap el |(ﬁ‘i£H|) Anressit Optinlert.i Wis. Sci. 42:
203@@@48%11@%@ fgxlﬁ;gbﬁ)% ik }eﬂ:tv&g t?% a%éilfﬁrcﬁ%% f%yucgcortlcm? F(i}lVlty

d ucocorti S can use
witlfip these wilthe Thingwtiod heohetint QOOﬁBnddnby: Ithemhsedvatlon that free cortisol

hal articul ar.conplication w t hese
confBIANAL BEABOK NSRRI HRL BTSRRIl RLEGRE, e
funcHohal *j@hﬁ@ln&gy)flls BHBBI aiat @E lezyedaabybeal %izegﬁutéd Qﬁﬁg the inhibitor
ncr pressure ( ts nost

ase in.intra-ocul
carbgpolRR8 dn el roRiiieEs Rt & al| @BOQaHWF% a‘aplttbalﬁa‘r tYig| Sci. 42:
203726418) Ajfﬂeﬁéedeﬂ 888 oRBALGVRAbAAdaYm & I TOBNER Tedub by $8%. Thus,

roduced the relationship bet ween aqueous hunur
inhibjtigy Q€1 | ]%\lnk*} tHe avenia pecdicigguie gedsich inmhglumcoldllwﬂ icomcentrations
u epl, I IIs N )
ond 108" f"g.‘*ﬂg%e P R B Bt e o B Pt ofH viso
disordgzshwor K. bHSDI has been | ocalized to NPE cells

( St okes et aI. (2000) Invest. Ophthalnol. Vis. Sci.
41: 1629-1683; Rauz et al. (2001) Invest. Ophthal nol.
E. Vi Hyp@nsiodl2: 2037-2042) and its function is likely

r el gvan)E/te Eieonvteg %yper}gnéléé g %tstleu?crés (S)lflCh s%gpc%gxoz[ntclla%gllogensmogen have
been proposed to be involved in the pathogenesis of obesity-related hypertension (Matsuzawa
et al. (1999) Ann. N.Y. Acad. Sci. 892: 146-154; Wajchenberg (2000) Endocr. Rev. 21: 697-
738). Leptin, which is secreted in excess in aP2-11BHSD1 transgenic mice (Masuzaki et al.
(2003) J. Clinical Invest. 112: 83-90), can activate various sympathetic nervous system
pathways, including those that regulate blood pressure (Matsuzawa et al. (1999) Ann. N.Y.
Acad. Sci. 892: 146-154). Additionally, the renin-angiotensin system (RAS) has been shown
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within these cells. This notion has been confirnmed by
the observation that free Cortisol concentration
w@e@atsysexceeds that of cortisone in the aqueRCiBUS2008/067637
humour (14:1 ratio). The functional significance of |
| bHSDI in the eye has been eval uated using the
i nhi bi tor carbenoxolone in healthy volunteers (Rauz et
to W a mé;BD@elénﬂu’fh‘;desﬁblom‘réshademalkei‘fbtsal ($819) I—%ertensmn 1: 287-291).
37-.2042 After seven car benoxo
An%‘P@B%"F‘FE%ﬁP )W}I ighps ‘?“Feé‘dﬁéléﬁ‘y Qai‘g%e UppHfs1s t{“ 1fﬁyl§i“?§"8f? fgg renin

and driveD I adtivatidie PM&nd Sndistedinob@illeh€ls hRMERedIOGRvated in aP2-
| ucocorticoid concentrati ons and | OP, producl ng

1 f frsgAnicenicscAsAre ANgiplEnsn Hagd midostetome @Ma%&lﬁeﬁt ah@2003) J.

Chﬁﬂsah Ghve¥i $HAlg3 cbO§o'Tﬁi<%E Foreds: llk’éM’Qﬁ{V% @RS41Qted blood pressure observed
Adi pocyte-deri ved hypertensive substances such as

in aIPéfitl BHSEh damgguotmm:s | Fregeantvd esdhwen “pmdpm degbs bﬁarbzmglotensm

ogenesi s o obe -r e .
10 ok R VRt PP DRI Ao RSy it PR O i tvest
1128c8|3 9089 Zhisl dfia libdbiradédijtiech emidetagee( A0OY1 dhindbosticoiRaactiddtion in
738 mhicg]hi secreted in excess in

Leptin,
adighps Tl AT P RRREHT Dot o R K e s o Espdgted by
11pHSD1GiRitE aAlThi NI Sbitionl $21 1B I90dnd féaﬁbti%ﬁ tih U@ BseVadlo? Wepatic
synpat heti c nervous %gsten1pathma , I ncluding those

glu‘t%aﬁtlc?léglﬂVﬁlﬁelsbIPé@éFt d8shve breafisial avltecst oal hyger@ogyn and
1oh|réfateé\€ﬁ@mva§9ﬁlar cﬁs%gdersl46 154). Additionally, the
reni n-angi otensi n system (RAS) has been shownto be a
maj or determ nant of blood pressure (Wal ker et al.

F (13iﬁldfy Rertension 1: 287-291). Angiotensinogen,
' I'sS produced in liver and adi pose tissue, is the
k eyolsesostticeitiecdndrave ednerseaifidetsl o viedetRABs@st iCoatinwed exposure to

eveng lﬁrgo_sdgﬁtﬁan%l mﬁﬁ&?ldngo%gsn calme\r/eeslll iR rogte&)%rr(l)(s?sd L(éqng %‘é@%ﬁg Clm

ransgenic mce, as are a
Endagrihod| Meisb.e¥ 10364 (-BAT ) 2ak incedasedl risk( B30 B3Jturks.. Brbérith&@® in vitro
or ces hlke &ydrlv

conBit 2 g i sirops LB BRes YL horkmstbine ilefaleo known as

ostebE1adle GBMbneTofifing JIRAbERBlasOf 11BESO1HafBecMshdivil BWe present in
doses of an_angiotensin Il receptor antaq@nlst

cultyshpf Biaan RTARATY Rypeastns will "(SN‘!S’ Bi51aRy adait bene, likpyommixjure of
oste{)ﬂgté ML @étedbﬁh‘é%s(;(}oo%%gﬁt a§3 Bc-)qé' >7: aSS'Ii alﬂﬁttﬁgtl?ﬁHSDl

) e 1 rrportance 0 Ortl COl reacti vation
inhibitir pebendaxiobme daabmin |shaver to Eatedumglgesg:ﬁlvb leéfects of glucocor‘ucmds

on WHRSEAFES ARPG BRGS0 B BERESELE S agh RGP o

11BHBDad4 pﬁ&ﬁteaﬁld/dafreehe ptlocal gludeae@old EmlcéhtlaB¥e withinSosteoblasts
predicted to have beneficial effects on hypertension
and é)ﬁHOW&e PrEMEng hepedicly effectainivanors damay olpansr diggase, including

osteoporosis.

Small molecule inhibitors of 11BHSD1 are currently being developed to treat or
prevent 11BHSDI-related diseases such as those described above. For example, certain
amide-based inhibitors are reported in WO 2004/089470, WO 2004/089896, WO
2004/056745, and WO 2004/065351. Additional small molecule inhibitors of 11BHSDI are
reported in US 2005/0282858, US 2006/0009471, US 2005/0288338, US 2006/0009491, US
2006/0004049, US 2005/0288317, US 2005/0288329, US 2006/0122197, US 2006/0116382,
and US 2006/0122210.
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F. Bone di sease d ucocorticoids can have adverse

effects on skeletal tissues. Continued exposure to
wer@s/1568kr at e gl ucocorti coi d doses can resul t PETIUS2008/067637

osteoporosis (Cannalis (1996) J . Cin. Endocrinol.

Met ab. 81: 3441-3447) and increased risk for

fractures. Experinents in vitro confirmthe
11)dA®IC8t0as § gm;sz(f@ggﬁgwf gl ucocorticoids on both
bone-resorbing cells (al so known as osteoclasts) and
bondntpgnigth golc el ISP s thage| hedns)evalpptegy HBDI hiraan belivcal  trials

p I e n primary

osteobfgg?gagégﬁnguggw%gfﬁggf?%gézg 't bone, likely a
m Xinurght of thestxpetheasil slamnadivstirgobrds fe (1GHSPE ringflucaborticoid-

0 one 27 75- 38 an
rd%%fbg%ggo 'on8°h %gwbégﬂ%§W8Mng$%RgFF@nu§T§E§hénﬁ%@aﬂP%%mme
hypefdlgeinsa, dfypellipideads ttieo R dsiattesh androgand vk @ss (lﬁﬂi&tiénﬂ Nmenstrual

. el.l o one, 23: 119-125)
A BRsF e O RS S aPCHaR re BEDAEdbgmepc agents
aime@Cal a@nut®OEiOn t drC Qhppra36IBE edTt frRtd AietMolifli phtieedy8 OBl agbaulating

and osteocl asts roduci ng beneficial effects in
QUV§PFGWQSﬁﬁﬂﬁ?nﬁhcgﬁﬁéﬂ&ﬂﬁﬁb@@1BH§QIGSNK§H@§%eopor05|s

Sedd e BREH h&ein e KO Sorth !n W N !
belngedeég opeglioetreat 5} %r Jgn ]F ﬁgdﬁ&%g@?(ﬁ%%thm

targgt SlddiESdy . dihe hompounis sempegons b&ﬂnﬁb@ﬂﬁ@iﬁscﬁbed lexeinmpelp meet this
o I n.am de-based inhibitors are reported in WO

andé’%&%‘é"@émo, WO 2004/ 089896, WD 2004/ 056745, and WO
2004/ 065351. Additional snmall nolecule inhibitors of

in US 2005/ 0282858, US
SU @%@ﬁ%@%@ %@ﬁg‘?’oz%sas US 2006/ 0009491, US
20016 Q41 4B enttdn p2OQ&L0RRB8 34 inHilRofO89/1 BR8B 3 2%vind S rmula I
2006/ 0122197, US 2006/0116382, and US 2006/ 0122210. 11)
I NCYO035 (US_200G7/ 0066584) Antagonists of | | bHSD
have been evB n human clinical trials

(Kur ukul asuriy N (2003) Curr. Med. Chem 10:
123-53). In Ii@ht o) xperinental data indicating

K

Do 2

arole for I |1 bHSD i rt NCQ el at ed
di sorders, netabolic syndrofre, per eyisiYh, obesity,
insulin resistance, hypéetgl m &, hyperlipidem a,

type 2 di abetes, androgen ercess (hirsutism nenstrua
irregularity, hyperandrogenism) and polycystic ovary
or ph@mldcemrimll(yla%)abletshl&f tagresf] Wheréig ettt GiriableRde adfined below.
ntaghon or. swg&$e33|o of these netabglic
pat %\gy%s bvvmslaal ¢ gprovides compositions comprising a compound of
Formula I, or a pharmaceutically acceptable salt thereof, and at least one pharmaceutically
acceptable carrier.
The present invention further provides methods of inhibiting 11BHSDI by contacting
the 11BHSDI1 with a compound of Formula I, or a pharmaceutically acceptable salt thereof,
The present invention further provides methods of inhibiting activity of 11BHSDI1
comprising contacting the 11BHSD1 with a compound of Formula I, or a pharmaceutically
acceptable salt thereof.
The present invention further provides methods of inhibiting the conversion of

cortisone to cortisol in a cell comprising contacting the cell with a compound of Formula I, or

a pharmaceutically acceptable salt thereof.
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gl ucocorticoid signal transduction at the |evel of 1l
bHSDI are desirable. As evidenced herein, there is a
w@omBisIsng need for new and i nproved drugs thBE€T/US200%067637
11bHSDI . The conpounds, conpositions and nethods
descri bed herein help neet this and ot her needs.
SUVWARY OF THE | NVENTI ON The present invention
provides, inter alia, inhibitors of 11bHSD havi ng
Formul a | . ceuti.cally acceptable salts .
t he of’res‘?/\}tléll\éqnﬂg'f %%“ Ariray eésmg‘ih% Sdég"ﬁ‘élﬂu%lﬂtﬁmpr"fll’\@‘o“ of
corf§c?si@nd céinemplian: tomthdial RE Quil d@ith 6 HRPSIAd BN Formula 1, or a
conpri.sing a compound of Forrmula I, or a

Pmﬁﬁé?ﬁﬁ%@ﬁ??@ﬁ@P?Sﬂb@%ﬁ?%ble salt thereof, and at I|east

OneTWédéﬁtqﬁUénh&@Hr&e@ﬁ%ﬁﬁHésq{%tﬁo&% krk&ing vIH@usQﬁ&%&@‘includmg
i nvention further provides nethods of inhib

any) qigHggDihe Jollevgng disprdaty. ohanyl agssidmtionjof Hwa crwmre dhefollowing

dlsg@5@|@e§1 Oﬁla&tégha%l{?@)‘g@ an'toné?}Lulc)é aGGER ?&hs‘%‘an@@l thyperglycemla
t her eof resent invention further provid

hypegenssgs f@merhmﬁipmas | pRENIIYE | \nipaymeht; | deprestis d@nmm; sdlavgoma;

d

cor A e oo ER o SRAOHE D Blonfe bl excess

or rmlx@s'&tm ovianwsyndioow (PUOShera pationti chepriseg Iadldmlsmﬁfrmg to the patient a
i.nhi.hif | rsion of cortisone i Cortisol in.

thelgB%UéﬂlHC cg)%%cﬁlpg a%%%égn act mn%c’utnﬁe tlcg Uil ?’h %8 % Bﬁ%ﬁﬁeﬁmauy

acceftatfosatithaedf, or a pharmaceutically acceptable salt

th of . Th resent entlon further provi met hods
of TR PP ERERo BTE Piskidst " LofemeBnd i o ocdip 1 or

phaﬁﬁmetitncﬂllﬁ geaeprablachit nigerédiefoe @bd inMhe hreatntapp uRthu@an or animal
b % , or a pharmaceutically acceptable salt
ody by f 8Wy The present invention further provides

metinedseRht ifve@idnNGuirthal bRWRes ius€ %S cbifdudd STIFGFINILCNEor a

of the following djsorders, or any conbination of two
PhaHPacﬁYﬂcé“bﬁC‘teH'éb‘P orlt dharer) &irsthe desparationef it pediepment fassuse in
ther@pyiCOSe i ntol erance; insulin resistance;

hyper gl ycem a; hypertensi on; hyperlipidem a; cognitive

i mpai rent ; depression; denentia; glaucons;
DE@gf@@ﬁyﬁﬁﬁgh@qjgNﬁorders ost eoporosis; inflammation;

met abol i ¢ syndrone; androgen excess; or polycystic

ov dhy preyend myemiof PEOR)es.i inv eaalpatnhdmbrsmf ApBHSD having Formula I:

admi nistering to the patient a

RS,
N
R2 N\
T::f:%k i:: o
1
R o)

or pharmaceutically acceptable salts thereof, wherein:

R!is F,CL, Br,orI; and
R? and R® are independently selected from H, C;¢alkyl, and C3.4 cycloalkyl.
In some embodiments:

R'is F and Cl; and -

R? and R® are independently selected from H and C, 4 alkyl.
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t herapeutically effective amobunt of a conpound of

Formula I, or a pharmaceutically acceptable salt
Wa b@sesf’s2 The present invention further provi deGI/ES2008/067637
conpound of Forrmula I, or a pharmaceutically

acceptable salt thereof, for use in the treatnent of

the human or ani mal body by therapy. The present

i nviasbmeBmbattimbes, RIioNboes use of a conpgrnd or

For la | armaceutically acceptable salt
é@Pee?B?LWﬁﬁggﬁ ration of a medi cament for use

|n mhemaembmmﬁ&ﬂngmHDESCRlPTION The present invention
provides, inter alia, iphibitors of 11 bHSD havin

ForlfiPae pmbodimeyts, &h&flﬁ‘rﬁ aatndepgndsntiyselepediipe T anatly ‘?and
ethyihereof , wherein: Rl is F, O, Br, or I; and R2 and R3
are i ndependently selected fronmy - alkyl, and C3-6
cy dn ek sinbodimensd Fpleastprscr e snd R RPﬂPCSﬂFn ad d; and
R2 Iﬁ@&né?&n@a&merreg%eaa%r;&l{dx Bk m% Haogmnﬁaﬁch
al kyl . I'n some enbodi ments, R is or . I'n sone
enbodi nent s, Rl s F. In sone enbodlnents Ris d. In
some enbodlnﬁﬂh and R3 are |ndependently sel ect ed

fromH methyl / agd dthyl. In some enbodinents, at
| east one of ?an han H | n some
enbodi nents, the conpo t/he ni w‘i} i on have
Formula I1: Il. At variolus in e esent

speci ficati on, substitudhts campounds of the _
invention are disclosed in groups or in ranges. It is
specifically intended that tThe invention include each

anditewagibys iphdésvindthal predshe epebifieaddnp Bulgtiniehe dTedBaRotnddf of the
invesfl%llglg1 ax%rdci)sl'éposée(fjl Qldgr(r)t?pggo? in ranges. It is specifically intended that the invention
include each and every individual subcombination of the members of such groups and ranges.
For example, the term “Cy. alkyl” is specifically intended to individually disclose methyl,
ethyl, C; alkyl, C4 alkyl, Cs alkyl, and Cg alkyl.

It is further appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, can also be provided in combination in a
single embodiment. Conversely, various features of the invention which are, for brevity,
described in the context of a single embodiment, can also be provided separately or in any
suitable subcombination.

As used herein, the term “alkyl” is meant to refer to a saturated hydrocarbon group
which is straight-chained or branched. Example alkyl groups include methyl (Me), ethyl (Et),
propyl (e.g., n-propyl and isopropyl), butyl (e.g., n-butyl, isobutyl, t-butyl), pentyl (e.g., n-
pentyl, isopentyl, neopentyl), and the like.

As used herein, “cycloalkyl” refers to non-aromatic 3-7 membered carbocycles
including, for example, cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl.

The compounds described herein are asymmetric (e.g., having one or more
stereocenters). All stereoisomers, such as enantiomers, are intended unless otherwise
indicated. Compounds of the present invention that contain asymmetrically substituted
carbon atoms can be isolated in optically active or racemic forms. Methods on how to prepare

optically active forms from optically active starting materials are known in the art, such as by
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For exanple, the term"Cl- alkyl" is specifically

intended to individually disclose nethyl, ethyl, C3
wa@bdoghs77€4 al kyl, C5 al kyl, and C6 al kyl. 1t iBCF/USLI0NEH67637

appreci ated that certain features of the invention,

which are, for clarity, described in the context of

separ ate enbodi nents, can also be provided in

resSI0AdH H¥ehiRNc hfixtBres 'oP%L SeRBRALI PR the GO n@%rzﬁ'ﬁltﬁéns isomers of the
vari ous features of e invention which are, for

compaspds f theemresenb Byentiont e dewsmbed endmay b hglied as a mixture of

Late§ ROmELSRHRE Provi ded separately or in any
mo%ﬁ??g&ﬂgﬁéﬁecoﬁglnatlon As used herein, the term

" al kgmnpoupds ﬁ%téﬁthte@tIQﬂefraeralﬁoqndu@vatauioateed forydr oeatoysnic forms
resng EH@ tﬂ@ 5\9%?'1 of e hggtboﬁpl@flit?%g)a(afag?[t]ag&l?ggsmﬁ%%%gérﬁwith the

grou e met _ _
con(:emgan,t migiptiopyf a arotbni styutaapyic )fomisuinglhide( pyog)tropln ttundnym which

are |1somer1<t:¥ ol’tc3nat1(pnusté§/t %hav nheysaﬂé%mglri&a efengllh% and, tgl)’c'/ gﬁg eK E}x.ample
protoﬁ'bmb Saul@mer® imchudo ketbhec— Snol pmm;r‘amded imadid @cﬁ& phiess lactam lactim
for, exa

Py OT b REYE “CRART EBTBHBTIe PHE. FutpaA e Hebbip pagpion can

occh@l‘ @dorbraﬁcﬁe @Syﬁmﬁtolfh(hetéﬂ)cgch.c shasth N@r extenpdy, IHDEtﬁid 3H-imidazole,
ner.s

g Ak AV, D aafislierea i Be i irde Hinand dliayrazol.

Tau@ﬁ@?@ufﬂﬂﬁs &dn BB QuBHHLRH drVRRAIP Dkdiatntc St AR by appropriate
asymmetrically substituted carbon atoms can be
subjttiff%t ed in optically active or racenmic forms. Methods

on ol RdsRSraRAeeRhi GRklsY iRGlde @ EQEHR of LM occurring in the
optically active starting materials are known in the

integrpediates e fipd qepwewnsisulsporesofnclude dhrise afamet baving e seye atomic
nunite £ bRABEEEGIHKE n§1¥1 r08%) Sxanff1S i@Chel ro?ﬂ?drb&gq}%ﬁde%aum and

t he conmpounds of the present I'nvention are descri
deutgndmpay be i sol ated as a mi xture of |soners or as

Sepg( F’tﬁngg)luhé Ipﬁa %erEﬁCallgoagg 37%% ts tﬁereof ! rrrll\z{? ¢ O%Ealned in

can a e tautoneri oneri
varipgssollit fﬁm(smrtchldngwabfpied @r dfdrated Ifasrgisehbsmda mﬂokhmts, the solid

' bl e n oget her w m t ant
forn?ngéngg n%lrl]m% lfflorm I\}I)e %rs,] éfﬁagﬂ% Flﬁl((g Qlﬁ%orv%ng ﬂlgt?ﬁatesohd forms are
routpredh oher arpand tnahntiarfer Sxantpiles; IX-fufy owalonBiffeattiph, QlifBdreritiaD Beanning

tates. having.the sa iri.cal formul a_and total
caloBfigfractherge Rt 8RS B?‘?“’t‘%ﬁ?&?ﬁé?@“?‘hcﬁ TalRe Hagyap seattering

metkid9) sofdkta® NMR] Kig1-FiséHer dirfioacdtdl pairs, lactam- lactim
pairs, amde - imdjc acid pairs, enam ne - imnmne

pait SOmg rranbofimAnty the Fﬂ%‘pﬁ)ﬂﬁ‘éf of athp riBYedFoR apndosatig picieqy are
subsedntiAY BoRRY! tB@“ﬁlb@tﬁntﬁllI?%cﬁ&&PyﬁlIh&anﬁylﬁ% 810 confound is at least
exanple, IH and 3H i m dazol e,
partially or substantially separated from the environment in which it was formed or detected.
Partial separation can include, for example, a composition enriched in the compound of the
invention. Substantial separation can include compositions containing at least about 50%, at
least about 60%, at least about 70%, at least about 80%, at least about 90%, at least about
95%, at least about 97%, or at least about 99% by weight of the compound of the invention,
or salt thereof. Methods for isolating compounds and their salts are routine in the art.
The present invention also includes pharmaceutically acceptable salts of the

compounds described herein. As used herein, “pharmaceutically acceptable salts” refers to

derivatives of the disclosed compounds wherein the parent compound is modified by

10
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IH, 24+ and 4H 1,2,4-triazole, IH and 2H
i soi ndole, and IH and 2H pyrazole. Tautoneric forns

W@ 2008h&7761 equi l i briumor sterically | ocked i ne@I/o8208/067637
form by appropriate substitution. Conpounds of the
i nvention can also include all isotopes of atons
occurring in the internedi ates or final conpounds.

conlvétﬁhg) @ﬁf‘exisﬂ?g be of BRsem@b9NE iRaMit T8t FXasplE o@ﬁ:ﬁ:‘iﬁrﬁceutlcally
but different mass nunbers. For exanp

aCCF%tt DS sfudgyRIE ST5I9t [irited) e mineral PUARZARE aﬁé aftl@rqf Ggic residues

suchlak afH¥R.0MRMISor &Eﬁl@'&@t&@%@lﬁk' eailey s@&ﬁ@spéa%yﬁhcs idsS and the
t her eof é be obtai ned in various solid foris,
i

like, by pharmeceattallieawPEPblemyiy efttbaiprwnhiventiondeshude the conventional
noroRe dshﬁ@@it ﬁxe gaRgt 8@hpdin %rmelisfo"i‘ eREMSL Bdrdeh Hon] ft&rlmqorg&mc or

Met hods preparing and di scovering different so
orgaEe rpgidar é‘h¢ dlieimpseytisaih acegptablgnenlts nef] thdepresent imveatipn ean be

?ﬁef@éﬁ mwp%{e ?hegtr @&J‘nﬂ)&lﬂd »gfn]::lﬁ ecroﬁﬁfrfsall bsdglgnglj ggdlc glmety by

ori metry rmogravi netric ana
congentional @hemﬁa'l nRhoda figneraltyasudr jahs) czmeb@h pldgqreds oy |r@hcsm@the free

|
%a@%%p%ﬁ E%fcﬁg phb&x{dé%t% st01ch(iome 1n1c %o unt oggm 8Propléz§f% base

ention, an
or asighigtveatdrioalin yn DgahlatseﬂdentB;r ih $uhmtuaenbf mb |t\yo | geatrall e diondgaeous

und i.s at ast partially or .
medIETRE she b SRR pPaReetel SraPPoimierte PRTCHss of
suithlile WS afeofoﬁﬁcﬂlmlkemilﬁgteﬁ’& @tlarnfaduticsll SceRPAR[ atth @4, Mﬁﬁk Pubhshlng

i ncl r ition enriched
CO‘E%%E%? ﬁ%%?ﬁvlew .aai %@ﬁ%&f 5ﬁi‘rf“&Fe“§‘é?J aSrC&t“F% ﬁ6c%\ﬁ1977>
each aic»bmdﬁs@xaﬁﬁfasatéd 1efRsn BPREQERE MitAdhtile@ast about 50% at

Iea t about 60% at. | east about 70% at | east about

© Rhrasg a PPamReTticghgocsplableadt caployed dsugn & refemde those
com%bﬁ}ufs 4041210 cotpobiBaSt aRDOUE0sIE TN Wi @Nire O\f&fltﬁlﬁecge scope of

npound of the invention, or salt thereof.
Soua%meﬁilg%uadgrrﬁgt B s dcantast pvith ghe §ssapseoft lumanrisinign and

anith 1€ vAftout FR&sHTES6MLity, nﬁ‘x@cﬁ‘t‘idn ;ﬁl@sg%,g frés?ﬁﬁsléd%lc‘ other dgroblem or

pharmaceutical |y accéptable $ e conpoun
COH’@E%@N&@@W@W@&% Wltbs repserblederdfivrisk phiar rrac eutically

di g:?ﬁ'l% g’faltﬁe in Cl% Ven%r %a C{%Hfalt Vagt%vves éﬂﬁ]al is The term

ounds ereln

moﬂmldlef Imﬁheehmy M) mﬂﬁf tbianbiity &Xinﬁiehsj’ég)raiébﬁasﬁ facbﬁ%/eoﬂmi @lzyme or
phar nmaceut i cal |

recegté)& eéf%fﬁ? lga?qt%pou% (ggthe lribfaxetlogrcgn I}.?Btusqdi e lpg;aoqsd)f modulating

11BARDE bR |coﬂﬁctﬂr@ Gy @6 ofl re ltdiSwith allateCor mboté dH AR cghﬁﬁg‘unds or
as am nes; kali or organic salts of acidic residues

comg%trpnage%ab%lmm c Irae%%emmﬁi@nw@ cpinReundy hethe present invention
can Q&%E %‘f’lﬁ%ﬁ I{B%YS%Cgpﬁlﬂp& errﬁ)%h&%epgf thte gmgoun%s 0% the invention

I nvention I nc conven
can be used to modulate activity of 113HSDI in an individual in need of modulation of the

enzyme or receptor by administering a modulating amount of a compound of the invention.
The present invention further provides methods of inhibiting the conversion of
cortisone to cortisol in a cell, or inhibiting the production of cortisol in a cell, where
conversion to or production of cortisol is mediated, at least in part, by 11BHSDI activity.
Methods of measuring conversion rates of cortisone to cortisol and vice versa, as well as

methods for measuring levels of cortisone and cortisol in cells, are routine in the art.
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non-toxic salts of the parent conpound forned, for
exanpl e, from non-toxic inorganic or organic acids.

wab@spsasnaceuti cal |y acceptable salts of the PCBHES2W8/067637
i nvention can be synthesized fromthe parent conpound

whi ch contains a basic or acidic noiety by
conventional chem cal nethods. Generally, such salts

CanTﬂi&prBsfeﬁDﬁW&dmb)fmﬂ%ﬂ@fdvﬁEs Riofld BLInAChsthOisASRnsitivity of a
of, these cqonpounds with a stoichionetric anmunt

Celb‘Py ?(}‘#éaca%%ml 38 proswopnd afcthe invanteay Methgels phmggsuring insulin

senSiigRNAS r&@nY Bthe 2@ 1N & m xture of the two;
general |y, nonaqueous nedia |ike ether, ethyl acetate,

et hEifoPresens B ewivarfarther grovidestmyihadsi afdregting e prseelated with

t
w518 el LBl YT Dy BRILORE O B i
indQadvphleyg.. BasnOrhy ®imipistdgs to the indiv8duahdh deadr mfakuchftreatment a
' C 6, 2 (1977 each of i.ch j.s
oGP YASRL TSP 80 5r 5 ARy, 52, Pt St o
phaprhacasmaﬂp hearepable wsli detebf; oae tphemrmbdue alicompogiicdytReteof. Example

he refer.to t als, .. .
iAo S Kt R En E PATOR Tt Pl o i tnked o
exptdisios Gﬂﬂﬁxvﬁfl oﬁﬂhld REzyiRA L@l 1 FHEIUINBBSciatéd dibAR) @infdNo HEEde any

in contact with the tissues of human bei ngs and

disegsg, fasoedeqior Rorstitionxthaisemie Rreveniedt gmeljorgted; rjcyigd by modulating

enznk 8684, response, or other problem or conplication,
comensurate with a reasonabl e benefit/risk ratio.
Corfppewinles of 1l AHSDhwesatintoh disgaseso dudlugkee obesity.v idt’ajzetesr glucose

oS TP TR oG8 G,

Impairmec dpmclma Aewressthnn@lgy,, psyonyio Lﬂb@ﬂes@f)n)t Ig&uubcﬁﬂ@ Ndatdiddvascular
. d f nmo

diseE ity aTHIORG e e 2B I B P AU BT GATISngT IREHSP pgspeited

dise@es ifteude QRN Syn@foned APO i didbefes, ad@Spsr BREks NGFBlisn, héhstrual

S enbodi ment s, conmpounds of the present invention
ime gl e dp PRSI SRGPICYSIc BRI IAPRE (GO er

enQdiseERdr§in, thd&nk O8I0 qg‘ﬁ{@an@to ItePe? td QY&Q%&'{QE‘ iAo k& vivo or in
used to nodul at e activity of In an
vivg. nlgi spimg gaIbodimepis e ¥ Virerl @mb@ m’aﬁfoftl liigsugrsample ewgised from an

orgdnRALRIR s R¥nAMHAI NS E&hd Qﬂb&lﬁﬁmylaﬁtlﬁ Ve oATHYY bg 2 @l in a cell

conmpound of the I nvention gresent inven
cultgrgy tIh espmg regibiodieenise eh dul sivofeell nhametlllwglgt heancmgwmm;lsmcrh as a

co (o] I i_nhi bit
man%?%duﬁ %02%1%?60%0%% gi? +6r111 lg age ﬁOC%er%anggﬁt{fe?el gﬁle?agocyte’
neuron, (ppddemmﬁri;ingalﬁe QoK¢dubokell)s rredl at ed, at least in
pant, acti Vlt% of measur

Conveurs%(%/ gcﬁrelrna tgl(‘)r? S%'ija(ctlg tl?rgltgrngatﬁaett}q gqif indicated
moidtik §8an 1a371t)ibﬁdykteﬁsor an in vivo system. F or example, “contacting” the 113HSD1
enzyme with a compound of the invention includes the administration of a compound of the
present invention to an individual or patient, such as a human, having 11BHSDI, as well as,
for example, introducing a compound of the invention into a sample containing a cellular or
purified preparation containing the 11BHSD1 enzyme.

As used herein, the term “individual” or “patient,” used interchangeably, refers to any
animal, including mammals, preferably mice, rats, other rodents, rabbits, dogs, cats, swine,

cattle, sheep, horses, or primates, and most preferably humans.
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nmet hods for neasuring |evels of cortisone and Cortiso
incells, are routine in the art. The present invention
W0 eooBh&r75pr ovi des net hods of i ncreasi ng i nsul i PCT/US2008/067637
sensitivity of a cell by contacting the cell with a
conpound of the invention. Methods of measuring
insulin sensitivity are routine in the art. The
pr eAenked hMeimt t@ntefrirtrle@ingProd VitdemeAEt RQES 1bnd bEAIOSf (1)
|sea socigted with activity or expression,
Pfe"?ﬂ%’lnéd SﬁBSﬁo %angeﬂﬁ? A\HIEYFIURE ao?oféfiaé%( pFPéé‘?P‘br?r gsorger|in an

indbitfld wiho rddy bapedissbided to Bie GiseafR@tobrRiNtoh &ydlsorder but does not yet
adm nistering to the individual in need of

exaeP%faCﬁPérﬂlspéaYt theraibeloey Carsygriappiiegy ta%iwﬁ%seoﬁ) defhiting the

dis@fse; afof QREAMAinRbithB e BiE38 Monkii¥e N 1 dNdrdePlin an individual who is
pharnaceutlcally acceptabl’e salt thereof, or a

expSAgRciRgcEUTiFRIaNnG Bivprdiolagyprt prawistatolgsyanpihe. dijeswasendition or
dls&@& hC Y dRe RN idd REBREse; dfbls Q;{a fie, Ame GRS t d @ReabNbndiSon or

directly or indirectly I'inked to éxpressidn or
diserderjip pr yndpfiduahwhe isppesienging o1 disthshig thepabapgit @dymptomatology

of @k %%@%@ &ﬁlﬁﬁi%h%g) dﬁs@@é:y g% qWers%ogsﬁl@??g hofoé)l g X e(?@lr &?&pé%rpaetglogy)

condition that can be prévente
squysdmhamagthnge\@nzwfehsa@m vity. Exan'pl es of | | bHSD

. as\%ﬂ&{ %‘n%?)g?& S%agl?a?m%&c l‘zligs t%) ecsoI gl atb %16‘ mvention can be

gl ucose i fHEUTh PesPlPgiy
adnhmp@regl Wcthmi farm hof peiatneesitonl chypsitionpivdedti B, a Qeglhinhud&e of a

denent | ressi.on (e.
cont gg?deggﬁ gen nve tfoélu%“éja \ gésgr‘)dﬁede}’&%%fﬁ‘&%aw ea@gﬁﬂ carrier. These
cong®bie olx0dan Sbb $)rep81red| in mfﬂaﬁm&ieﬂlqmow{?lﬁ{ ﬂb%aﬁ?ﬁ@éﬂﬁkﬁ%ﬂoﬁnd can be
assocj at ed di seas s |nclugﬂhwetabollc

ad“’é?z‘ﬁtafreg #‘é * Y of fa?ts%éiﬁ%fg' Ing {BPR gaRthendoed o1 exitemig treatment is

desi@Ihti lugéd the hafe@ @dibetidated. Al'ﬂlﬁﬁﬂﬁtﬁiﬂi@ﬁ Ao B %ﬂcaﬁﬁﬁ’cludmg ophthalmic
tic ovary syndronme (PCOS). As used herein, the

S
a“dtt‘éP’HFg U pqmbrangs gleing injranasab vagivnl and esrctal dehiaery). pulmponary (e.g.,
by Mhilhon EXin¥ifHRidA ofl fHwWHEN Dr defbsSIO nﬁcl@«'ﬂgg Wy RBE IS qgmﬁécheal

vivo cell can be part of a tissue sanpfe excl sed

ln“%ﬁ$6ﬁ@5ﬁpﬁﬂﬁ§%Eﬁméﬁm@DnﬁﬁhawﬂﬂPﬁﬁ§@ﬁ@3bhb@@dﬂﬁmpgﬂmahhvmy
can 1 iRcI¥del foBicGRhdmiGRRRG (%%é: (1 ps): Qu@coﬁﬁln%trv%"”pte}igcquallr 1‘%8av1treal

enbodi nents, an I n vi
injeeftogaaii ighedugien bis ballognratabter pnophdimémie b rmrgtcally btaeed in the

conﬁlﬁétlvaf sac aﬁar@ﬁé% F]OC u%stra%og %?\Lcﬁﬂﬁt&v%n%uﬁlné aalq 19:1&1‘,; s_u%égaﬁeous,

neuron, or ce nmprisin e eye
1ntrapget§n¢aéroe| mt,ramth;eulme n]_]nC'fIQID ot acfiusiog” orr eﬁlﬁdermﬁlo etglfl €intrathecal or

intre{\)fgnﬂgdrlng]rgarl& a%ls&elihorn 19are glt éﬁ{in% qg%g%{%slg Itl?e.- BIM) %%/Iilé]lé 8olus
dosd, hEmij/ b IﬂSﬂxamp]zyb;Ea thhu(ﬁls poipAEn(f PhdiadcMMtdRPbsitions

and Ifn nnulllgl%%s tfgretogl%gl] A rrﬁnrsta}etltio%nmg}t 11?cllfd%nt?fgll§|£]ecrjmglf pz}tph%s ointments,
lotions, creams, gels, drops, suppositories, sprays, liquids and powders. Conventional
pharmaceutical carriers, aqueous, powder or oily bases, thickeners and the like may be
necessary or desirable.

This invention also includes pharmaceutical compositions which contain, as the active
ingredient, one or more of the compounds of the invention above in combination with one or
more pharmaceutically acceptable carriers. In making the compositions of the invention, the

active ingredient is typically mixed with an excipient, diluted by an excipient or enclosed

within such a carrier in the form of, for example, a capsule, sachet, paper, or other container.
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present invention to an individual or patient, such as
a human, having | | bHSDI, as well as, for exanple,
WO paosasI62 ng a conmpound of the invention into BCHHAPIE067637
containing a cellular or purified preparation
containing t he 1l bHSD enzynme. As used herein, the
term"individual" or "patient," used interchangeably,
WHeﬁfc}Héicﬁ)Qnﬁ:ﬂ:Weaﬁi arailuent, NCakl B¢ B ol 8L B 1id, o Gty @i dRUtdtial, which
ot her odent$ ﬁrabblts dogs, cats, sw ne,

act%ecaﬁ% Yeénc:ié ﬁé‘é‘ﬁr ogpliwa for Gt v&éle%gdlenén uﬁ,Dtgf compositions can be

in ﬂfeefo@ﬂha&f YablBtHTﬁﬁﬁs Asowdsed 18h&k Nsachfls, ERNE," EINEAR! si\@ensions,
“"treatnment” refers to one or nore of (1) preventlng

emylpignsy; Yehers pEPserdhile, Cpretrdt Phin & HHwdawedium), ointments
cor€@A, itk aplediS R W6Y, blyRveddht bRk UbElidabmpbehd 8ok bR hardt gelatin

predlsposed to the diséase, condition or disorder
capgiess SUppPSIipEES, siRIisinjeqighle wlutions ghdsteniln saqkagedaiongyrsor

Sy Rt SRk %0293for9'rul 1%9 %%ﬁ%@ 'co 8&:13“%%& IN8ed E(? rov1de the

di sease; r exanp Inhibiting a di sease, con o
appmpn@tesn@ﬁmbrsme wrigntoicuibiningusith thix othesingdients. dfithi ngme rcompound
is s%%ssﬁﬁgé lﬂ%é%dgke 1t9:gxtr11 Q% Jljnﬂ St(g % He?rYlETQ 5&&’&2 I%SQ% 61}85 If the active
conpleend]iiss s@s@ntla‘llarwaetmasrpmlﬁq thqsnphnuoteamzen@nabed adgesaaie by mllhng to

or .0 an di vi dual

pro%ﬁ@gsubg{r%réuagf un1 T gis glsl/tllorrll gm Elﬁ:l} ‘E)“a on oeg%/ g?ut 30 mesh.

sy rilffm@nmpmhﬂg yf e 1ﬁvhﬁztmﬂu Beasanmilled 0ehg kiwnohillihgS@s&diires such

i.€.. rever ng t he .pat hol o and t onat ol ogy)
as é’ g Aiilline S%Cngaé%l R S?SV@P%WtSf{O @i%ng‘mWQnand {61 other
formutpticdy §flesa Firphadivaie e Uhdnopdriiculitheprepiunds 18f céhfdunds of the
i nventioon can he adm nistered in the form of

inve&ﬂa? RS rsReERd By pRsSESER Fowa et fog cxamisis i miemationgt Patent

ApplicSURRNI wD aboydim1o6vent i on and at | east one
phar maceutically acceptable carrier. These
comBSi TEBRES 4 ruible pxqRipEy Moinds agesse Aextess, Sepronm sorbitol,

maxin'ﬁ@l RRAMBRGEH AGsh, é’arlémmgﬂ) sphafd, Ql%m@&ign {a%fhe%eﬂﬁn %alcium
dependi n

vari ety O]e rout es, g u on whet he ocal
silicg{ps MesHpEytallénst qebvipse, §olaf@9ylpmolainme, gplbrioseheater, eprup,cnd enethyl

cellﬁlB?eat’ﬂQ f(ﬁqmagbrﬁt e 'aﬁ’(ﬂtl&ﬁn?{rbﬁclhﬁ’eo ' ﬁl%(faglggﬁegélqtl s ich as talc,

ophthal mc and to nucous nenbranes inc
magnpgiyrarstestate, avdgninethl eihdwvettng agentie Ieinuksifyi)lg apdllsmpaminyg agents;
. . i.,0n or |ns
presE i apel R ek B h AP il ! S e seents and
flavonitg agouts dllhe ce:ppcmhamm Iof thathveiitinsde berfrula®a ¥b ad to padvade quick,
s for o | ar .del can i | ude

nt er ver C
sust%ncl)epdg - or elaglaﬁ]r%leass? ( z?li'x ﬁctl(%)%gf gfter %Eﬁ%ﬁtlﬁ’ﬁ&) it{x}'apatlent by
emppigirggtetedureOtnowntisi &¢iattr eal i nj ection or introduction

by al | oon. cat heter _or ophthal mc inserts surglcall

S EOTRPsIHgRS 8%%@8{*9‘9‘%11 Iy 3 wnit @esagh sy leach dosage containing
fromadmlmlsstd abdu@nod Ne,uEeR isNAIAYEIPUD. tol SR 3H LRE T & the active

mgrgdlile?l(t: l"Ilthzé:l rgeerr%q%mt dosage forms" refers to physically discrete units suitable as unitary
dosages for human subjects and other mammals, each unit containing a predetermined
quantity of active material calculated to produce the desired therapeutic effect, in association
with a suitable pharmaceutical excipient.

The active compound can be effective over a wide dosage range and is generally

administered in a pharmaceutically effective amount. It will be understood, however, that the

amount of the compound actually administered will usually be determined by a physician,
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i ntraperitoneal or intramuscular injection or
infusion; or intracranial, e.g., intrathecal or
WO piosasyEmt ri cul ar, adm ni stration. Parenteral PCT/US2008/067637
adm ni stration can be in the formof a single bolus
dose, or may be, for exanple, by a continuous
per fusi on punp. Pharmaceutical conpositions and

acchRidBHoatht @E18vahOtirduaRiaaads, AL Shé Abridbn"BYbel €akdddehe chosen
transdermal. patches, ointnments, |otions, creans,

els
TO“&erﬁgml’gﬁBﬁB%lth‘o‘i“i“@% compauag adminigatr shezitg. Weiwblerd respanse of

the GG bARA, tHRRVPBESURd SelibniG3Yhp OIS, and WEAMES, povvder
or oily bases, thickeners and the |ike may be

nedis gaFRpring SRk FOmpPIonsTHICE 3 righlets the PARGRR!jaqEYQ eredient is
miRA i HBGRH LAl SIUIPPRL (o Itsn Mh@?re‘f&m@tf@n c@ﬁp&sﬁfr‘)n ctontalmng

acti ve |ngred|ent one or nore o t he conpounds of
a hpmogaseeusmixpey ef p rompeundreitthe preqfre hnvsaeomp W ey ieferring to these

preRJP;ﬁ{iHﬁ&PHJ FP@JU]QMS E&Zﬁ?rﬁé&mcﬁls C@ly fleSin lg}e'alemak%' 1&{312’; tdlspersed

COHDOSItIO ntlon e active 1 ng
evehly thypuizleait the qoimpecition s thah tl@xcmmpsnon cali bmteedil)bwbd'rvided into

equ, e@fe tWe g{nt e&% QS %jrm\élI Elﬁh n, Slfa(i)letsa "ﬁr rén%r cz;l sules ©This solid
ﬁ% stil & S4c paper, or
premhhdatlcm)rst a:tem aubd,i\hﬂed tulne metcdcpsaﬁnforsﬁmfeme agpea descnbed above

.l.uent, i.t can | i
confiipt . Ry Ropd 3abat ol o e abySpetstHLE gypresent
mv&mmnthe active ingredlent Thus, the conp05|t|ons can
e for t abl et.s, |IIs | ozenges,
o n BT R o hetpsety BvenBim e RGeS ihrS g ampounded t
proaaé b HbsRSTons Uity tREARSRhE of poléngS@hdtidn qror leXan@blé, itk Blet or
medi un), ointnments containing, for exanp up.to 10 %

pill G3n RERRGHE aineriosage ppd,en %fffpiaaﬁss CO@W%WS HigF being in the form

of Medntlbp 6RP M BmerS TRPBK tQhpdRASnts %51?5& b atallaaht Abdieric layer
solutions, and sterile 8gckaged powders. I n preparing
whigh sesyenip agsishisinfageatiqn i (e stommplo apdiperavi the inwey ¢ampopent to pass

intal¥ 1A HE dt L BRBE RPKd @i e PR felcabe AS"!fa&ﬁtyp(ff1 xﬁéﬁerﬁa@s can | be used for

conbining with the othér ingredients. e act
sucly gntpran lalets 9T sodsEEa riusta materipla Senludiaea numbcracrf n@évrmriCI agdfls and

mixhffes® ofpﬁ'tflgrﬂngrjlceacahsz it ul:}?‘?r?‘at ﬁlnaszglg lz%esl:gla/f LPM]G 1|1]d cellulose

active conpound Is su bt anti a y ma er
acetpiarti cl e size can be adjusted by mlling to provi de a

: u Igﬁa %gﬁld?{)% il gvhhc%r 9(')11% toruln WBS ﬂ%{ll o rc]){)n#)oil{%ons i olg \(t}é ﬁyr{as%%t %iymon
can e intdrp@died fbn gdkaa;wmudm bﬂalljﬂ @r uyoiRdtitre $nchide hhqasouwblutions,
to obtain a ticle. size appropri te for
suifbt T RER: SR aF lsBrior™ a7 RaTAEd BROE it edivie ol
suc}th’l@JttkénSébd/ billedsdnibasiQ RBEInE bil, afr §rarik BNk éIPASelKfirs 1aR& similar
ounds, of the invention can be prepared by

mm?W% icdlghiglsdwn in the art, for exanple see
| ntcempadifiéii afor Rattaifibn 'Qa@ﬂbélffﬂétioﬁ NinbRde QR 24HA0QL B sions in

pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and powders.
The liquid or solid compositions may contain suitable pharmaceutically acceptable excipients
as described supra. In some embodiments, the compositions are administered by the oral or
nasal respiratory route for local or systemic effect. Compositions in can be nebulized by use
of inert gases. Nebulized solutions may be breathed directly from the nebulizing device or the

nebulizing device can be attached to a face masks tent, or intermittent positive pressure
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Sonme exanpl es of suitable excipients include |actose,

dextrose, sucrose, sorbitol, mannitol, starches, gum
wW@emesisr7sral ci um phosphat e, al gi nates, tragacaP€hps2008/067637

gelatin, calciumsilicate, mcrocrystalline cellul ose,

pol yvi nyl pyrrolidone, cellul ose, water, syrup, and

met hyl cellul ose. The fornulations can additionally

breathink WeBhiné. WANItRAL d siu!i‘;g:nﬁgle Rk oSG RoBPoiRING carlROLRShidied orally
stearate, and mneral oil; wetting agents; enulsifying

or ngprlly Stpspdavereny high dpier ths rf@whf/lpw @ga@ﬁrtogn%ta ERNBES:

Metfiyl am&id & aRyddand r&Xyon%Qlﬁgﬁta%&m@t%@tt@né rtgtlent will vary
agents; and fIavorlngna gents. The conpositions of the

depenslyemupen Whainisbleineo pdrmEteses. é'@ﬁ asress i Bei adenivjeiration, such as

I t:
o7 5 s 8L B MFESE Ul b 056 e 1

theqgpantie dmlt@sthnﬁmmnppmtmﬁ@alabft adniihisteredrip @ piticnbaladyasuiigang from

ad SQJsg% h&tho #.lHt Quf 8 %ﬁlt%g&‘r {)%Z{B E%gﬁl% I9SR9% STpLYS of the

contal ni ng ron1a out nor e

diseaboartd ﬁs{)cmmplabmms Bffeqmgc; dofestwid @pcndwsl thegh@dwemnditfﬁhé)eing
ni_t "refrs to SIC

treahe SYvegluas tbg ‘? re att a%chm rg %poB ﬁ?c(ﬁt)rs such as

the amlmytolﬁ dre dmmaﬂhs agee aeightmﬂtgem@ﬂtcandmdngofahe patient, and the like.

P B BBk S LB 6351 bR Scusica

con@ﬁ&ﬁﬁmsaﬂé@ﬂbé& hﬁbv@dsﬂh'bieabbrﬁpc??tﬁ)hﬂ&ﬁﬁuﬁd @@hh@@ﬂ_c bpl ®hbentional
e.active conpoung ca effective over a wd

sterjigaiggeeratayes ahay be ﬁ@ﬂ%?ﬁ?rrs?f A seloiiprscsap e gackaged for use

as i) BAIYOBIGBLHI] B8 Il)]o)ﬁhlﬁﬁédq&éﬂaYa%oﬂ BBHE tomBbihedMit] a R8tile aqueous carrier
understood however hat the anount of the conpound

Priog & A¢RIiGratiQR; ﬂ}eg%b?féae sanmound praParstions e by mlh‘@obeuyeea 3 and

11, Hﬁyesbr‘éfe%i}aﬁ&ﬂ 0o M0arkdGndsh Bref&ARY @B £l & q{'@nﬁ%@xﬁi’erstood that
including the condition to be treated, the chosen
use phesreing ¢ glwcfmegmgg pxaitions, carrierssartsiahilizers wplbteselt in the formation of
}gjgﬁspgd the age, weight, and response of the
I ndi vidual patient, the severity of the patient's
sy it dresapeetreciosdge off tHeecompoundp Détha prasgnt émofieht(tbn can vary according
rinci ve
to, ?o%g?):gig{ é Otﬂg’ gJ%H&GIa?Silsg q‘ﬁ} %h%cha (- gg it Ie%ta q )%@ ptllhe Apanner of
admfirgstratian sbthle (dorppcm‘ndrﬂfm haﬂuhcand canrjrasi dfltlmpauemt aidrtheygdgment of
eneous m

the A G e ¥ BRBPFIORg! ALt NECE" b LR EIRUREE) b mventon n

a plompesiital eompasitidio tag eagodipendilpe up@t b viginibeg o€ dh@bts ihSuding
di spersed ev t hrou t. the c osi.tion

dOS%% *f?%'ﬂé A a6 ﬁoﬁya(vanh%cltefg B af iy QU6 L R BHsTReR, For

exar@fldahé Yor@fduBed dN\ige i hdnitiodl 05 rbAAHSIn SH GhucBEs ]Elﬁ'}é‘lloﬁ)tgﬁ:al buffer
Sougllls and capsules. This solid prefornmulation’is

ebdiovfaaeRs ihew Adi fo oPé’g'atgéO?/OOr“f{’é of thehsompprnd for patentra
admiBSEELP &IrRAGYi I dose ranges are from about 1 pg/kg to about 1 g/kg of body

weight per day. In some embodiments, the dose range is from about 0.01 mg/kg to about 100

pha

mg/kg of body weight per day. The dosage is likely to depend on such variables as the type
and extent of progression of the disease or disorder, the overall health status of the particular
patient, the relative biological efficacy of the compound selected, formulation of the
excipient, and its route of administration. Effective doses can be extrapolated from dose-

response curves derived from in vitro or animal model test systems.
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containing from for exanple, 0.1 to about 500 ng of
the active ingredient of the present invention. The

W@ a9BasEsDr pills of the present invention canP@EUS2008/067637
coated or otherw se conpounded to provi de a dosage
form affording the advantage of prol onged action. For
exanple, the tablet or pill can conprise an inner

doshgecoaipdudiz FUheLinvel@isAgen S0P AgMlilateddNe cb@bin@ionb@iti Bne or
in the formof an envel ope over the former. The two

moEidEieH S  EaiResd e p@rcétcea ins{ndg Any phasmaceufical agenfysclies anti-
virfl €Y @%s, t CacdcR8d, S intthodieRt @@FRAKE Odhnhfceth einsth@CpABants, anti-
permt the inner conponent t o pass intact into the

inflgnegoRn Mess.t thalgssige| dfedrigh fee|tmdwatmany of j dighptegf or obesity,
hypERA R, Shﬁ%n@%n“%?ﬁ’erfqﬁﬂen%h'cgn@ nhenixe. | @Yg%ﬁﬁ RF treatment of

coatings, such matefials including a nunber of
meﬁ@mlyrﬁemr@r&mﬂ@j whigh@ cainpoundes thyf inyrpkignreeuld beedneyneg) in¢glude, but
ri l; I
are glgf Plll} osg), g@l f?% tglzaloﬂ%gé I?C?ealdll rﬁix{é&c%ﬁﬂﬁ% V\% o?ﬁlg I%CI‘CUH degrading
enzmnp@igfrpdidylancptid@wﬂ&m agowns of ptrheispne pesliferatov-ectivaed receptor

(PPm—a ?d IPB&R r% ?ﬁaﬁéﬁ?ci&%xﬁ‘cﬂﬁ‘ I‘EIQ U@&r %ﬁl'bl ks OF all'y or by

ueous So rons, sSuitably flavored

sy rﬂpsnveaqmem bo rdesynbedsmsyemal dengl, b;awaiy bf a:borﬁe dexamples The
as cottons

fo]lgg}silll Selxgnqslles argo%fgerr] L?? l‘o& us r%tllvep%u%%?s 8P are, o%v%tfﬂpdegsto limit the

invaltion i in Sang i arsierTi T}&)Be mlﬁa;kﬂhﬁeﬂiel ﬁﬁlwﬂlex’ﬁdt(ﬁlyeﬁ:cogmze a variety of
Conpositigns fo al.ation or ufflation cl] ude

nongBR, PSSR f P T BPESS o TR U iecsmafy he Same resus
accept abl e, agueous or organic solvents, or m xtures

thereof, and powders. The liquid or solid conpositions
tain suitable pharmaceutically acceptable

exX AIPt&pcundS waRSHIRE by St flash o RATR IGHRRE! 8r reversed-
the conpositions are adni nistered by the oral or nasal

phasee Sighif aghemyateganty PoRe |aoWa@|ter% Er@ygm cLeMBystem with mass
e
dlreggmg%c;nhlg&f donl Sg’Y;Q@rs e?%}, ?cl’]ﬂfg rgx%r gnoﬂle phase A:

gases ize utions
0.15% 0il«©Hen melzu hﬁ&mnlgledﬁvsedﬁ 00115% NH.QH bhubdeminitgledihe ifloe rate was
or intermtt

ttached t t t
sonf3, BF 5BHREC Ll Sar RPRg R HE capPidine ' Eotipound
Spesifis pdohod rOptm’ﬁzanh\/Ctﬁﬁtoétﬂ Ng308&dstitd SinC HRrange a{dlmapﬁrﬁtv@ r ed-MS

arally S fr devi del jver
Pl PRI oo PR MM RGP At BBl BiClass. R
Spafk/ 0. aluREbsOF. CoMB CHikihl, 000428 misgspred to a patient will
upon what is being adm nistered, the

va dgpendln
%& aggted; By, d%?a e ithen, Rpirally, S“§l?6‘ﬁd & apalypsRl LIS fer purity
chedkhﬁfd@!pthe fbievid 8dRiths tlhﬁrlﬁ’x?etnt @(ﬁllsemt PeoreALe L. cAsD, Column:

adm ni stration, and the lik
Waters Sunfire’™ Cig S um, 2.1 x 5.0 mm, Buffers moblle phase A: 0.025% TFA in water
and mobile phase B: 0.025% TFA in acetonitrile; gradient 2% to 80% of buffer B in 3 min

with flow rate 1.5 mL/min.
Example 1

5-{3-Fluoro-4-[(5S)-2-(cis-4-hydroxycyclohexyl)-1-0x0-2,7-diazaspiro[4.5]dec-7-
yllphenyl}-N-methylpyridine-2-carboxamide
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t herapeutic applications, conpositions can be
adm nistered to a patient already suffering froma

waele®easesi n an anount sufficient to cure or atPCEHS1008/067637
partially arrest the synptons of the disease and its
conplications. Effective doses wll depend on the
di sease condition being treated as well as by the
judgnment of the @ttending clinician dependi ng upon
factors such as.th everity of the disease, the age,
wei ght and genHraI ndition of the patient, and the
| i ke. The conposi Y inistered to a patient can
be in the form of phar ut i QnpPo3, ti ons
descri bed above. These cpnplsi fjt-gns % eHsterilized
by conventional sterilizati eghni ques, or may be
sterile filtered. Agqueous solutions can be packaged
for use as is, or lyophilized, the Iyophilized

SteP1 EDHehl %thpl%dzﬁkgza‘?&np.? neérpklifea sterile aqueous
carrier prior to admnistration. The pH of the
conpound preparations typicglly will be between 3 and
11, nore preferably fr Q~and nost preferably
from7 to 8 It will be ugderstood that use of certain
of the foregoing excipiéhts, carriers, or stabilizers
will result in the forndbron of pharnaceutical salts.

Thepdnh@r AREYLIntatS 0986E,, @Jt M@gm TPOURLS ) 94 lnloﬁ)%%fs?o%ﬁ%dded

i nventlon can var%/ accord |n for exanpl e

to asapled (iPat) BEdure etmupmn@mer3tqaévametm(Aldswhmd@# 194360) (200 g,
ny &f d
TG R LEhen o kS SRR S o 1y
Tea%’loésmﬁium Yies leysd ¢4 gradualili evapm o @mbleohtemperemrﬁczmdtsna’ed 6m 3 h.
xfeaélé)&o\?%%o g(gl%fivgyhtﬁe 89&’18@1{ oP @Nhﬁgﬁ ghs%[urmrcl: %Hé ftl? € product was
extlﬁ@t@d saveral hmkswith gned(yﬂafEng ehlouh@ nﬂh@bomhmda@dtmts Sfetecwashed with

Watér S%Hfagetla ?/gr ?\%n br }e/e%(’abna}{éd dri%ﬁg g%ﬁ%@ﬁ dquters gneconcentrated
undemamad pressmarto ol they deﬁi;eeld piodadd a@6jlEssas ghhys). olosis2d2 2 (M
TH ffer solution containing about 0.1 to about 10% w v

f the conpound for parenteral adm nistration. Sone
typi cal dose ranges are fron1about 1 ng/kg to about 1

gl k body wej ght per day. In sonme enbodi nents, the
Stepd%sgb?'ﬁhl =2 %@ 3 S aBete-eo- oD pingT Riget!o dpsteioo myl kg

of body wei ght per day. Theydosage is |likely to depend

on such variables as t e _and extent of

progressi on of the di seasg oP disorder, the overal

heal th status of the pagticul patlent the relative

bi ol ogi cal efficacy of Ehe compound sel ected,

formul ati.on of the excipient, and its route of

adrP diselupion ?fbhbe“EYIf%%‘PY]\P@eaé@éé Jedirarbexyiaie (1298122842 mol) in
THHE I Q0D d@REr &RANSE -78 °C was added dropwise 270 mL of sodium

bis(trimethylsilyl)amide solution (1M solution in THF from Aldrich, cat#:245585) over 2 h.

The mixture was stirred at -78 °C for additional 1 h. Then 1-bromo-3-methylbut-2-ene
(Aldrich cat #: 249904) (71 mL, 0.62 mol) was added slowly over 1 h. The mixture was
stirred at -78 °C for 30 min, and allowed to warm to r.t. and stirred for an additional 3 h. The
reaction mixture was quenched with IN HCI aq. solution. Most of THF was removed under

reduced pressure. The residue was extracted with ethyl acetate. The combined extracts were
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curves derived fromin vitro or ani mal nodel test
systens. The conpounds of the invention can al so be

wo erosasased in conmbination with one or nore adeiT/U82088/067637
active ingredients which can include any
phar maceuti cal agent such as anti viral agents,
vacci nes, anti bodi es, i mune enhancers, inmmune

washdp pridiSsaant SNalRQO} andbdirniRh Aiiyd 3geMNIgSO Afiatki@e Sh€ Sencentrated

nd drugs for the treatnment of . diabetes or ohesity,
bRt Tl FSHGE s D DY Mo craftra e faphy on a
silitd @ .copg@ntish @20ty @rfineéthte of heRha ROk tHé 38ide brodwbit (40 g,
a compound of the invention could be conbined

whi ch

4% h e M5t 3 HrdMidD 1 imited to, amylin anal ogues,
incretin mnetics, inhibitors of the
incretin-de%rading enzynme di pepti dyl peptidase-I1V,

Step dohibsta! SEiplet Gre e ninasidinees Hdistrbastd9at ed recept or
(PPAR) -a and PPAR-g, and CBL cannabi noi d receptor
i nhibitors. The inventi il | _he described in greater
detail by way of specif/ic fexddples. The follow ng
exanpl es are offered fo,“'llu(§rative pur poses, and
are not intended to lim% thenvention in any nanner.

Those of skill in the art wll readily recognize a
varPeng voF neeserihroughala sohrwreafel-sengtl gﬁﬂ\yéﬁ-(ﬁén@héhgéden-l-
Lfi . : ¢ | _
ey st S R R e IR
°C wufil tht cdbr ofnthe egnisgehiymed blusy ekhsadistias eiktinguvas then flushed with

. r Si- . i VX ;
o TR R SR AL RS 28550 1 .
0.1%\obraed XiBithydgein€i(2655 mip 0.19 mol)1 96 midednambitheemploas evahstirred at
o : . . 0
N TN M
andyepéeddiredy by ddstectronmsgrayityi omi az€lical @f catath wihMOoLEHY] acetate

._.using t ound Specific Mt hod mzatio .
in P RO Bttt qurpdr el LR S g 10
LC-Ms Purification: Inproved Conpound Specific Method
timzation', K Blom B. dass, R Sparks, A _Conbs,
Stepy?. b r(czsdﬁ’évﬁf?xy%g’&?xyg:l QP éé@qupfrg@%éifaveaf-é@rboxylate
product was then typi ¥ subj ected to anal ytica
LC Ms for purity che ; e follow ng conditions:
I nstrunment; Agil ent es, @&/ MSD, Col um:
Waters Sunfire(tm) G8 5%m 2.1 x 5.0 nm Buffers:
nobi | e phase A: 0. 0259 TFA in water and nobil e phase

B: To. D2&yerdskoh bf ciageintinodytloh&an@r adihloriddo(A02iB0f Bém Sijia
Mecgﬁénfl irab,BCIlliIrlla)?’( 1 5“8 n , WOB FO Inlogvgna alt-b%n%}}l 53-&?1_}//1 I’5]-&'-oxoethyl)piperidine-
1,3-dicarboxylate (31.0 g, 0.0930 mol) in 1,2-dichloroethane (250 mL) was added

triethylamine (23.3 mL, 0.167 mol) at room temperature. The mixture was stirred at 40 °C
overnight. Sodium triacetoxyborohydride (Aldrich, cat #: 316393) (49.3 g, 0.232 mol) was
added to the above mixture and stirred at r.t. for 1 h. LC/MS data indicated that the starting
material was consumed, and an intermediate product with m/e: 433.2 (M+H)" was observed.
The mixture was then heated at 80 °C for 4 h or until LC/MS showed the intermediate
amine (m/e: 433.2) was consumed. The reaction mixture was quenched with aq. NaHCO;.
The organic layer was washed with brine, dried over MgSQy, filtered and concentrated under

reduced pressure. The crude material was dried under reduced pressure overnight to give
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Exanmple 1

5-{3-Fluoro-4-[(5S)-2-(cis-4-hydroxycycl ohexyl)-I -oxo-
wWQ2008d5Aasaspi r o[ 4. 5] dec- 7- PCT/US2008/067637

yl ] phenyl } - N-met hyl pyri di ne- 2- car boxam deStep 1:

1- benzyl 3-ethyl piperidine-1, 3-dicarboxyl ate Benzyl

chloroformate (Al drich, cat #:119938) (191 n_, 1.34
colomds} visasms sil (.Y g, added). LO/MS atalggd (¢vatH)Q C) mi xture of

et hyl pi peridi ne-3-carboxylate (Al drich, cat #:194360)

(200 g, 1.27 nol) and triethylamne (266 nL, 1.91 nol)
Step B: BREPIYE SR -B¥dr 8 cic IR l-pxo- T NQlid-@Pero [ 0] dBdaxt-ur €

s allowed to gradually warmto anbient tenperature

cargdladd i rred for 3 h. The reaction was quenched by the

addition of IN HCO aq. sohution and the product was

extracted several tifesyNub hyl ene chl oride. The

conbi ned extracts we he t RHrat er, saturated

aq. NaHCCh, water, brine, ©dri ed over I\/gSO filtered

and concentr at ed undeF Zreduced pressure to afford the

desTheadcaprio duxtireasbtondd §3H Ab@/egstepA2P. g) Lvs MEriBeR o afi M gilent

+. Step 2: 1-benzyl 3set .
1105, P pehiRati o5l Y p TN PR qolupy (A ok gas anicron
partTc:le 8iz& Qhithl Teehwfloglesh elndyd with e@%y:lhaﬂd)mﬁkzirﬁi (&ctatic, 22 mL/mm ).
[ car gxgl ate (120. O&g 0. g/l @F (400
TheSEE oA oL 7 G TR LE) T eAPOR e DesheofoB e egered
by OVsdbbdrbamet byl 2®idM| Pk 108us®bidppRiithdtdl $08.8thhi® Nl PeditH eluted

from Al dri ch ccat #: 245585) over 2 h. The m xture was
at @pqupéqiel&t '71’811 OEhef &actwgqu |P§ﬁlé|2 wers. copﬁérﬁd and concentrated to

pro{'ld@ fHé '@Su%d 'ﬁ&ﬁ}ﬁ! el ﬁ 28R %fh(t@\'f&?dycsjah@ alt'he%ptlgaqf %99@7)& Ql?e]pooled

. Wwas a over . e m Xt
matﬁ&f& fsqm WP@@Z ayas. r@@efidw W&ﬁmAgd‘mﬂ 1&0@ ém@ etnelyml rpystem

equipPed wlith anélkélr(bﬁq{ Qﬁmﬁnﬁ%dg'ZtSb%l S%n’_d%ron icle size, Chiral

reaction m xture was quenched wth
Techenlegi¢spand Kusng ith 9P efhenol/berevesdisendt, %mm@m) LC/MS m/e
r Fe:
387X @RI © T Mol PEF IR TEAC Mad BRiNed basgd on Xeray
singhgy. rMaHOqst@cmrﬁd dntq:rmeqatiblhenf dpliosrd aabigs: MyBzyl f (55)-21(eahs-4-

n M der es ure. Th de.
hyd?o g yg%ﬂg% fg% X zga%)lroﬁdﬁg can -ca 0X Eaix%%cf 8%{)%'5)@&;—46{{&11-
but)a(dsnéthylﬁllgl@xy(}:ciylclmhm})\mz 'Vl—dih@asﬁﬁB{ﬂél]deme-&Gﬁé @iepared as described
inseex%%e to yield the desired product (140 g, 94%.
&MY me = 332.2 (MHH)+. Step 3: 1-benzyl 3-ethyl
3- (2- oxoet hyl ) pi peri di ne- 1, 3-di car boxyl ate Ozone was

ssed rou i on of nz 3-eth
Stepag ?’f%{‘ﬂ P[t@Zt'g ‘2’1”?}’){5’}/ ﬂel}?’@ffcﬁ(ély f’ex30dr%”8r2b70xyl at e
diaz@ggﬁop_g]degmgsicgrml),tel n methyl ene chloride (800 nL) at
-78

OO

To a stirred solution of benzyl 2-(cis-4-hydroxycyclohexyl)-1-ox0-2,7-
diazaspiro[4.5]decane-7-carboxylate (60.00 g, 1552 mmol) in anhydrous N,N-
dimethylformamide (160 mL) at r.t. was added 1H-imidazole (32.0 g, 466 mmol) and tert-
butyldimethylsilyl chloride (36.2 g, 233 mmol). The reaction mixture was stirred at r.t. for 4
h, quenched with water (150 mL), and extracted with EtOAc (3 x 150 mL). The combined
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OC until the color of the solution turned blue. The
reaction mxture was then flushed with nitrogen until

W@ b@shs1re2 col or di ssi pated. Di met hyl sul fide (APCI/U81908/067637
cat # : 274380) (14 niL, 0.19 nol) and triethyl am ne
(26.5 L, 0.19 nol) were added and the m xture was
stirred at anbient tenperature overnight. The volatile

orgailk B8k WEE Waﬂ%ﬁ%ﬂﬂ)rﬁﬁd&{edr@gﬂﬁﬂdmp m&&u fifter@@dnd concentrated
i flash chromatogra on a silica

urified directl
un éredeeq URFRSSWiEL A & %@@i[ B ypde peetuat €49 h EWé§r?d&cta¢Séér%} was
obthiR& g k- E@%?m&awﬂc%f h¥ cmaarﬁrba@t Y® Nepein€: TheChWBed BGud? was
ep 4. Benz

con‘(ger{t@feg and ﬁ&;@ﬁ(@%&,@y}a{r@ﬁgwyﬂy flash ghromatography on a silical gel column
elut?ngd\kfﬁ?ﬁ&ﬁt? 91:4nld8CAEbnd 34 P kRt RodlR: GirSH ﬁ)‘?:ﬁ '8§ '7‘%“y1eld

ci s-4-am nocyclohexanol hydrochloride (Avail
from Sijia Medchem Lab, China) (13.8 g, 0.0910 m)l)

Steﬁ?% Zéq c?:{ %A;@?uggg‘%%ﬁﬁ jdgl @%{O 8%%%;)%2 [2 9%1212%&%’[4 S]decan-1-one

1, 2-di chl or oet hane (250 rrL) was a ed trlet hyl am ne

(23.3 nL, 0.167 nol errp ture. The m xture
was stirred at 40 C o n‘lq, Sodi um
tri acet oxyborohydri dri Ocat #: 316393) (49.3

g, 0.232 nol) was adbled to t he above m xture and
stirred at r.t. for 1 h. LCMs data indicated that the

st algd b Rglutied @F ibaﬂlzyz\lgécﬁanﬁifbﬁﬂtyl(anﬂet%ﬂ)sﬂﬂqcg{&mioﬁé)@/l) 1-oxo-
roaduct e: + S erve

2.7 e el B 0ol BED TBO B (150 mL) was

addbd108 shpwash bi@abbh §ANREh AR @2N20888) M 8: ¢,488. xﬁx}mmaﬁlder the

consuned, The reaction m xture was quenched wth

atmRgphetePt niffogery rihs Arastipmparturgaes Wedngsdaigil epd shakereat iQrHSEﬁPT 20
h. TRY SdachiBturt iwab €l&dd ﬁﬁ&g‘fl%%@rbtf@tl@%n@ RS arsﬁéél%ﬁglélethanol

ressure. The crude materi al” was dri ed under reduce
3 Ogmé% slive diltejerpd epeentrated undes sidorddansesswie srgivs theidpsied roduct as

awﬁtes@ﬁdﬁl@canthg\’@me 387.2 (MrH) +. Step 5: Benzyl

dr oxycycl ohexyl ) -1 -o0xo-2, 7-di azaspi ro[
4. 5] decane-7- carboxyl ate The racenic m xture obtained

S O N B LIRS Dl S0 g
lI-oeol um (3 .0 x 25 cm 5 mcron partlcle size, Chiral

Technol ogi es) el uting w_\t h 30% et hanol / hexanes
(isocratic, 22 nL/ oI | oadi ng was

appr oxi mat eI y 150 fqQu/i ect )%eak col l ection was
triggered by UV absf@rbaoce at 220 Peak 1 eluted at
approximately at 8.5 mn. and Peak 2 eluted at

appr(estnibteatButg(d@methyl)silTHex vt eatohiams2, diliaRegkold. Sjcen-1-one
(7. 0§ gn‘? lnrﬁglz)ﬁr;'n% 3%93‘"1%&% %e Vﬁ']qnt%l% (?6 g]\f, ggd Igtg. Qiﬁemog?tiré.a{\ﬁer
the spammg matefial wae cpoplbtely dissolved, the solutlon was heated up to 70 °C. To the
above solution was slowly added a solution of (2R)-hydroxy(phenyl)acetic acid (1.45 g, 9.55
mmol) in acetonitrile (20 mL) at 65-70 °C. After addition, the solution was heated at 74 °C
for 10 min, and allowed to cool slowly to room temperature overnight. The crystalline formed
was collected by filtration to afford 3.38 g of the desired product as (2R)-
hydroxy(phenyl)acetic acid salt. The resulting salt (3.38 g) was dissolved in water (50 mL),
and adjusted to pH~12 with 40 mL aq K,CO; solution (2.0 M). The mixture was extracted

with dichloromethane (3 times). The combined organic layers were dried with magnesium
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material from peak 2 was determ ned by using an

Agil ent 1100 series analytical systemequipped with a
w@kiosasret OD-H columm (4.6 x 250 mm 5 m cr onP@EEDS1008/667637

size, Chiral Technol ogies) and eluting with 30%

et hanol / hexanes (isocratic, 0.8 nL/mn.). LCOMS me

387.2 (MtH) . The absol ute stereochem stry of the peak

sulfateVEifter8d, 2l Lo B fhtdAaHAEH redhcet pradbuith IfErd Gy ®biddd product as a

structure det ermi nati on of cl ose anal ogs: Benzyl
fre? gzgy ol O(r{efsa?ﬁgstajrlme solid) (2.37 g). The absolute stereochemistry of this

coxﬂy&ilﬁ@ X4E é’s@z{b‘ﬂlé}%mbg)x }agé?ﬁgre%rysta@ [ktﬁkﬁpﬁétﬁ{n‘%na%l)ﬁi BEQRG- /- C

ar boxyl ate and (Cis-4-

hydipmigplispridicetq ay&(%alt@&(:ﬂsarﬁésvy%‘\ wﬁrbab&@pnqtbvi)s&lmarycloh@(yl)
17Q@H9§ﬁ@p{ﬂgm§§lq%§crlbed in Steps 5a-c. Step 5a:
Benzyl

2-(cis-4-{[tert-butyl (di methyl)silyl]oxy}cycl ohexyl)-I
Ste]% ?I)(?Sr 7('czsq}l @% B%B%axﬁg]ﬂﬁgzg a%pzro[4(‘5?decoxyl at e To a

solu

2-(ci s-4-hydroxycycl o XVP% 0-2,7-

di azaspi ro[ 4. 5] decange- 7 bg;iiate (60.00 g, 155.2

nmol ) in anhydrous N, or i de (160 nL) at

r.t. was added I Him#dazole (32.0 g, 466 mmol ) and

tertbutyl di met hyl silyl chlorlde (36 2 g, 233 mmol).

Thezdegction pd § £ 4V f -

quené1 ed wt h t gél w{ggmg’%ﬁfo J% ex{”?oa% o Zas% E[‘lé]ﬁ&ane 7
carquybatemmm_d)m STiped @o?nﬁblgné@@(ﬂ@énn@) Wae},/@s@lm menmﬂmxlmécﬁs 0 mL)
andv\gti'iljgd l?x%xélé?ean C? gwgerg ?Ma;rg i ¢ u' Iegé eé OI’ #)"} ﬁ?CHlém on carbon

concentrate pr eSS re
(Aldnidhdeatgr 620888) (284 ). at TthIpII he Tihb m:iiuﬁdin l(nﬁcﬁlré w@p fiexsd and the

by re-cr p

ot e b Rl e, ERleal drStuat e Gt et prpcuct i
quasmtqumhcﬂd LO/MSumi/d 253t vovH)By fl ash chronat ography on a

silical gel colum eluting with AcOEt/Haxane to give

0,

Ste]i/ e'{jté'} 9~§? éﬁ)i%Zﬂgorgéhenyl?Z p(gz? gluhc):zzlrovx\gzctylglol?exgzl()) t2a7|- 89. 7%
diazlspifd[$ Sptetdt Bbke DUt yl (di met hyl) silyl]oxy}cycl ohexyl)-2
7-di azaspiro[ 4. 5]decan I-one H To a sol ution of

benzyl

2-(cis-4-{[tert- butyl(dl ¥L]1 oxy}cycl ohexyl) -1
- 0X0- 2, 7-di azaspiro[ can < 7- carboxylate (18.0 g,
35.9 nmmol ) in nethagol (150 nm.) was added 10%

pal | adi um on car bon mrICh cat #: 520888) (1.8 g,

1.5 mmol ) under the @ -1sphere of nitrogen. The
reaction m xture was hydrogenated and shaken at 50 psi
for 20 h. The reaction mxture was filtered through a

pad Bf*tes|of (V) In@isthlbrirerasyriehesyly-b 7 rdazheiro[4. {dBan-fope (1.04
g, oﬁbﬁgzlf x\&}lélt) [@ig%réx\ggzlstrhgcgmq é!bé‘ﬁz%ﬁ’e HGSE, ERIMSEHRY BSSU 900615
mol), copper(l) iodide (Aldrich, cat # 215554) (0.122 g, 0.000640 mol), potassium phosphate
(2.63 g, 0.0124 mol) and 1,2-ethanediol (0.48 mL, 0.0086 mol) in 1-butanol (3.90 mL} was
heated at 100 °C under nitrogen for 2 d. The reaction was quenched with water, and extracted
with ether. The organic layers were combined, washed with water, brine, dried over Na;SOq,
and filtered. The filtrate was evaporated under reduced pressure. The residue was purified by

flash column chromatography on a silica gel column eluting with 0 to 5% methanol in DCM
to yield the desired product (950 mg, 54.2%). LC/MS m/e 425.1/427.0 (M+H)".
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a white solid in quantitative yield. Step 5c:
(5S)-2-(cis-4-{[tert-butyl (dinmethyl)silyl]oxy}cycl ohex

W@ 2008257732 di azaspi r o[ 4. 5] decan- 1-one PCT/US2008/067637
2-(cis-4-{[tert-Butyl (di methyl)silyl]oxy}cycl ohexyl)-2
, 7-di azaspiro[ 4.5]decan-1-one (7.00 g, 19.1 mol) was
di ssolved in acetonitrile (50 nL) and nethanol (7 nl)
at r.t. After the starting naterial was conpletely

di ssol ved, sol ution was heate to 70 OC. To the
Stepov e éeOut (" (652-%%9 -&f ’W’Wﬁé&@é&’)a §Eﬂp -Gt i9Ragrol4.5]dec-7-
yl] fhe N pzfswcmem&rbawl&ec acid (1.45 g, 9.55 mml) in

acetonitr 20 nL) at 65-70 OC. After addltlon t he

so|Pmsawnvw§SWé§t @47 are. 2400500 men)) irowateh G- 9hepldl Wasvrdded to a

mixn@e COOl st oWy (§§) 1- @Oﬁb&%@ﬁr&@%&ylm ?Jl@h-ﬂ @rox@@lohexy]) 2,7-
crystalline forned was col |

by f
diazgpiea( 45 eg-1gonst (42 hang é)sqorl%l np)fl)@ dﬁe’l@tha@ (‘242?,5 tetramethyl-1,3,2-
dlo{%gfo%yi—ﬁ\?@%mnk QC&Mo‘iarﬁfa'e QFI%Q idr- I? Th@at t#eﬁ/ﬂbb'}uﬁ g%@jalln% 0,00150

I ssolved I n , and
molt) eng mgsmmhﬁrnsdghmhla@pﬂ@@@el @d{imh ot ¢( 210669) (35Th1@, 0. 000030
molfplﬁ(tl Wcﬁ @ﬂ }’niztﬁg r@ﬁutitth &Mré) gfggﬁ%ali]é’%lnzﬁ l@é EI ng §) h. The
| ne or gani c |l ayer
leltIag nas ldduttsdJ IWﬁthteehyl heekdte ara’dwaaad wntb rveadartand bede. ulﬂﬂexrgamc layer
product..as

af for
wag SRl o ESOH T i UobFaPutd Sndt? Stiely SN R rigue was
puridied by flhsh @t@fnﬁ@@&mgﬁghy ofa silith gelcoipaikictingagith 5% methanol in

DoGEioaRrIE retres Pty CEher STy arany BCHt S et i

(40@MHz, DMSO-dg): 8.89 (1H, dde 2|5((()j6 Hz)ﬁ76 (lHI q,J 47Hz) 8|22 (1H, dd,
o) ert-but net Si cycl oh
—%14)%5512 8&]34}%5%* 96[8445)] Ié‘ft)aﬁ@(](%@)d Yh , 1.56 (lH dd,
1= @581121{2()07153 fhquwqyquzobﬁeqm)da 3.1Hz 378 (lH m), 3.71 (1H,
azaspiro decan- 1- one Benz (5. S; 2-
m), 341f§y3t§r(é§y@9»é+(8r{ Ryq.y = 11.4 Hz), 2.81 ( H d, J=4.7 Hz), 3 64-2.74 (2H, m),
2.18L2 9K P2 nh; ﬁ6(ﬁ¥@$l@8ﬂ,9@41.§¢‘¥%@% Oy 1‘“2@f1%>t¥h%}9
prepared i n (0. 266 g, 068
di ssolved in methanol (5.0 nL) and stl rred under an
at nrosphere of hydrogen ijékahﬂﬁ . presence of 10%
pal | adi um on carbon (Al dric cat # : 520888) (20.0
5-{3niporn-4-{(58)-2{ ds-4-hytroxYépelahexnyd)-1-oro-2i7xdiamaspiveld. Sfdekt7er ed
e re renoved under reduced
yl]p%?%léﬁ?\éﬁ%&é**ir@% \é'cgyeogf'r ed product in quantitative
yield. LM me253.2 (MH)+. Step 7:
(59)-7-(4-b or ophenyl ) - 2- (ci s- 4- hydroxycycl oh
exyl)-2,7- diaZzaspird[4.5] decan-1-one A mixture of
(5S)-2-(cis-4- ?/le hexyl ) -2, 7-di azaspi ro[ 4. 5] de
can-1-one (1.04

Step 1: 5-bromo-N,N-dimethylpyridine-2-carboxamide

X Br
MezN ’ N/
o]
Oxalyl chloride (20.0 mL, 0.236 mol) was added to a solution of 5-bromopyridine-2-

carboxylic acid (Alfa Aesar, cat #: B25675) (10.1 g, 0.0500 mol) in methylene chloride (60
mL) at r.t. followed by 5 drops of DMF. The mixture was stirred at r.t. for 2 h. The volatiles
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30

g, 0.00412 nol), 4-brono-2-fluoro-I|-iodobenzene

(Aldrich, cat # : 283304) (1.85 g, 0.00615 nol),
weoepas(7s) i odide (Al drich, cat #: 215554) (0.PARBS2Y)8/067637

0. 000640 nol ), potassium phosphate (2.63 g, 0.0124

nol) and 1, 2-ethanediol (0.48 nL, 0.0086 nol) in

1-butanol (3.90 nL) was heated at 100 OC under

weidl évap@eiad gtﬁﬂerzreducea_ gﬂesh&ﬁCTh@ Fesitias vl efiﬁth@dca\lﬁytdi'aporated with
wat er, extracted wi.th ether. The or anlc ay

ol Bvife, M Astiue s %S?lﬁe% M @GP it Olé‘Weé‘obyo‘S% pddggon of

30 ﬁ@ of dﬂﬂ@thjﬂhxhin@ i€ UHF EbRtibn |2L¢ Be) @ARRISh, QUBR BoAd B ahmﬁaﬁlg s base
duced pressure. The residue was purified by fla

(00oPIhAKHFbrid g MY Ihe anisiurg was @téredcelrdwfpr& be Ilpfgreacnon

mirk RyvaQ@ dﬁleteé%lm@ﬁﬁeloo IIﬁL)E&M J&2nhd €lie “Iatb% ﬁ@?ﬂdleﬂd brine. The
product (950 54.29% . LC/MS me 425.
OTZRINg- pi}aﬁe Tfag Igngl over Na,SO0q, ﬁltered and concentrated to glve the desired product

aogzggqu)ro 4-[(5S)-2-(cis-4-hydroxycycl ohexyl)-I-oxo-2
di azaspi ro[ 4. 5] dec- 7-
yl ] phenyl - N- net hyl pyri di ne- 2- car boxam de Pot assi um

Ste%%'gg%gtgﬁl%gétﬁ% -tég;];a%?h% 1, rjr,gl—c)iofagor%tn—ej—yl $p§zri991e—@-‘ ar B amide
(5S)-7-(4-brono-2-fl uorophenyl )a 2-(ci s-4-hydroxycycl oh
exyl)-2,7- diazaspiro[4.5]deggangk] -one (425 ny, 0.00100
noi ), N-methyl-5-(4, 4,5, ;@jﬂtmﬁthyl -1, 3, 2-

di oxabor ol an- 2-yl ) pyri g¥1 /barboxanlde (Frontier
Inc., cat # : ML0074) A3 ng, 0.00150 nol) and

tetraki s(tri phenyl phosphi ne) pal | adi um (Al drich, cat #
216666) (35 ng, 0.000030 nol) in 1,4-dioxane (3.00

e o B S RS2 S80S 195 P

4,4 wagr}e g th:t!amwyle[rz Qqam[lbzr Z]mexabismaxg[ qans ¢, d. mrmdwémdnch cat
tere concentrated un

# §Raiedl ol SELUPE i BN TS TP PGy Foralaed with

dlc}ﬁ&bMB@ﬁa&h ranpt q]g 62 p@v @00037 Sinbl) CAAURIChC Obd Ny, el 1 1,1-
wi th 5% net hano yield the desired produc

bls(@zt&@y}?eospwo}fwocen@%’sg nQ %nmj) Q\ldnighpat #: 17 a(ld@otassium
acetMéV}g 3@%’5@0%@ m0§ 118? 4(d1<ﬁan9 ?1’00‘11113 \gasﬁleatgggt W& %%_'Zz)% h. After

coo]glg)ghe( mpq(tur@dwas\]ccmc@tmted()dl@teet )Vlth7etm aCtthie a;hd wa]shed with sat'd

NH‘;%,JIl sd?lutlc%x JvatHlZ %ﬁg@j ﬁzﬁgd &\ifﬂgh}zdé?) }Qﬁfzr fgtrzﬁf?nzth% ﬁ?a%_fz\yz's cél%fgtrated

and (tth cnwlj: m@er?al WasHfurtpr, p@ifkt- Gn 3881(1®ngln@qlur8n QTutink Hyitld ,ethyl
2.64-2.74 (2H,

acet?]}f/ﬁe’%’%ié’-ég e)ztBe ?‘?S%?d Igrﬁf‘s’ﬁl‘icig%ga“ﬁ (8H, m 1.39-1.51
(3H, , 1.21-1.30 (2H, m. Exanple 2

Step%’ % Eléugé %I [?5_0%)-gf—s(g%vifzé@gl%wsc-ygiotg%g})pf—((}gcco:yf,:} gzl?zz(:)a)é;})/zlr())[-4I 5-]dec?7-
yijphenyPeNstishe: Ny dineet bybpyrigdi ne- 2- car boxami de

This compound was prepared by using procedures that were analogous to those
described for the synthesis of Example 1, Step 8 starting from N,N-dimethyl-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine-2-carboxamide and (5S)-7-(4-bromo-2-
fluorophenyl)-2-(cis-4-hydroxycyclohexyl)-2,7-diazaspiro[4.5]decan-1-one. LC/MS m/e
495.3 (M+H)". '"H-NMR (400 MHz, DMSO-ds): 8.86 (1H, d, J = 1.7 Hz), 8.15 (1H, dd, J =
8.1,2.3 Hz), 7.51-7.65 (3H, m), 7.12 (1H, t, ] = 8.9 Hz), 4.37 (1 H, d, ] = 3.1 Hz), 3.78 (1H,
m), 3.71 (1H, m), 3.22-3.38 (3H, m), 3.06 (1H, d, J = 11.7 Hz), 3.00 (3H, s), 2.97 (3H, s),
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Step 1: 5-brono- N, N~di et hyl pyri di ne- 2- car boxam de

Oxalyl chloride (20.0 nmL, 0.236 nol) was added to a
walattsom of 5- br onopyri di ne-2- carboxyl i c aciBCT/BE5088/067637

Aesar, cat #: B25675) (10.1 g, 0.0500 nol) in

nmet hyl ene chloride (60 nL) at r.t. followed by 5 drops

of DMF. The m xture was stirred at r.t. for 2 h. The
2.64Ql At (R HesYEY. B-BYAPIH, ah)e d.conder(sHeaY aex- ps ESEU NS, 1.311¢.30 (2H,

resi due was azotropically evaporated with tol uene
M)twi ce. The residue was then dissolved in DCM (30 n)

foll owed by the addition of 30 nL of dinethylamne in

THF solution (2.0 M (Aldrich, cat # : 391956) and

Huni g's base (20.0 nL) (Aldrich, cat #: 496219). The

m xture was stirred at rEkamf,lg@ 3 h. The reaction

m xture was diluted with (100 nL) and washed with
N-Eghykd-{3-finpnact-[(aPid2-tris-traydrpppcyslofexyilel-prud E-diagaspirg (¢ g]dec-7-

‘ 2-chi and concentrated to give the

y"@}e/eguhl}g% ‘%%é&%%‘*"??‘%ﬁ% g, 91.7%. Step 2:

N, N- di net hyl - 5- ( 4,5, 5-tetranet hyl -1,

3, 2- di oxabor bl pyri di ne- 2- car boxam de A m xture

of 5-brono- N, Nudi et hlyl pyri di ne- 2- car boxani de (5.73 g,

0. 0250 nol ),
4,4,5/5,4',4" 5,5 -oct hy k< 2,| , 3, 2] di oxabo
rolanyl] (6.98 g, 0.0275[nol}) (JAk@ri & catl #:

473294) , F o

e o] | ph [ ferrocen i chl orppall adi. ym
St e b R K PR Lrr ot 6ee e (A Tit Go G e
0.0007 mol) (Aldrich, cat # : g79670), 1,1'-
bi s(di phenyl phosphi no) f errogen QQQ4 g, 0.8 nmmol)
(Al drich, cat # 177261), fanq pdtassium acetate (7.36
g, 0.0750 nol) in 1,4-di (ibo nm.) was heated at

120 OC for 20 h. AfteK cgoling, the m xture was
concentrated, dilute ith ethyl acetate and washed
with sat'd NH O solution, water, brine; dried over Na
SO . After filtration, the filtrate was concentrated
and hishePrgroynd Westrsenagad Wagsipg mressdurpu thef iwee emplegous to those
descHbkd G GE!syffbs 109, Wb 1€ e elst 1i8e2-
e L PR 9, b 1 % Ly ARG AP 1SRRG e
carbgxy1®.atidyor 0- 4- [ (5S) - 2- (ci s- 4- hydr oxycycl ohexyl ) -1 - oxo-
2, 7-diazaspiro[4.5]dec-7-
yl ] phenyl } - N, N-di net hyl pyri di ne- 2- car boxam de Thi s
Stepcs ApBe’-Wakuqro dpaf B d- loy-dlsidngyprbbéediirlesot hat  wer e

. to,sthose described for the synthesis of
d"”%%’?\"ﬁg?if*% 9%{76%” Py jnf’q‘”?or"c‘%’ , N-di et hyl - 5- (4
, 4Iﬁi85§0ntpehm<hm$ tpydpated by using procedures that were analogous to those
descziggf :fgrl_ %?gfng | 1%2@12 'E&L&B%r i,d btrt]ag ) g_sct:aartrir?gm%r%rrnn d%\l-%tr}]lgl-S-(tlA,S,S-
tetratdethyt-0,8 Rediydabordian - Fyphribnen sy shiabex yind- 2, (59i78@astho-2-
roL4. B] d(ecaf- dl one. LCMS me
fluorophenyl)-2-(c1s-4-hydroxycyclohexyl)-2,7-diazaspiro[4.5]decan-1-on. LC/MS m/e
495.3 (M+H)".

Example 4

5-{3-Chloro-4-|(5S)-2-(cis-4-hydroxycyclohexyl)-1-oxo-2,7-diazaspiro[4.5]dec-7-
yllphenyl}-N-ethylpyridine-2-carboxamide
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495.3 (M+rH) +. 1H NVR (400 MHz, DVSO-d6) : 8.86 (IH, d,
J 1.7 Hz), 8.15 (IH, dd, J =8.1, 2.3 Hz), 7.51-7.65
W@ 248/18752 7. 12 (IH, t, J = 8.9 Hz), 4.37 ( 1 HCHPS2081067637
3.1 Hz), 3.78 (IH m, 3.71 (IH m, 3.22-3.38 (3H,
m, 3.06 (IH d, = 11.7 Hz), 3.00 (3H, s), 2.97 (3H,
s), 264274(2H m, 2.18-2.27 (IH m, 1.60-1.91
(8H, m, 1.39-1.61 (3H, m, 1.22-1.30 (2H, m. Exanple
3 Et~

N- Et hyl - 5- { 3- fl'ﬁhor D- 4 [(58) 2- (CI S- 4- hydr oxycycl ohexyl
) -1 -oxo-2, 7- di azadp d
yl ] phenyl } pyri di ne- 2- calkb a'd N- et hyl - 5- (4,
4,5,5-tetranmet hyl -1, N ',,,\ OH
3, 2- di oxabor ol an- 2-yl ) pyf€l di -gar boxam de This
conpound was prepared by using procedures that were
anal ogous to those described for the synthesis of
Steﬁlal(ﬂlsbﬁ' (3- bro‘?h@chhll:ro%h&z)@t;&r&stﬁg[téréomSt .
ic aci ep 2:
b“’)‘éf@f’ﬁ{ilﬁlﬂdyq AP elepavi. 2{7(‘5@)‘”12r qf i’:|5]sd€ﬂa’h§féﬁ’%xy cycl ohexyl
)-1-0x0-2, 7- diazaspi ro{—A—\S] ec-

7-yl ] phenyl } pyri di ne-2- e This conpound was
prepared by using pr u es @ % anal ogous to

t hose described for tﬁ‘b sPnt hesis of Exanpl e 1 Step 8
starting from N-etH (4,4,5,5- tetranethyl -

, 3, 2-di oxabor ol an- 2- yri di ne- 2~car boxam de and

(58) - 7- (4- br ono- 2-

fl uorophenyl)-2-(cis- zBrhydr oxycycl ohexyl) -2, 7-di azaspi

ro[A. Shegan- | gon. ]

5-{3-Chl oro- 4-0 gb@ ?@{ S- geﬁggtryggl ‘Nﬁ Oéiéy)}ﬁ%&?ﬁ?h@he‘}(yg %7
dlazamm[‘hiﬁwnrlom 5(} - Oppwﬂemml)} witpy}-phypiogli-iodobenzene
OPTLGOINAZERD QTG Bt o Bk pompr st (19185 BT
potaj;mﬁ@tﬂhﬂp)hgﬁel(‘g/ﬁ?(bgqﬂ}W@] mhbmydl },22thanediol (0.0857 mL, 0.00154 mol) in

A.m Xt L f 2-(¢
1- bl]tﬁl‘g)% F(f%sﬁn'ldgu i yP%a]éF% a(f?ﬁ(gl Ig cf Intro%eilr} %(j))r/ 2|d8 hTéh)%y %Ctl%t} gn_lxture was
filtetkida zasintrated . lﬁl}ideme]iueéd- tpl‘t@su@cﬁ) a2 thgy, redidQO Ov 69 pardtied, by flash
2- ch I odobenzene o 000922 no
ennfi Qi B o RS AENESE Sish B i e o pavaghs)
affod (O QAEsTréd pldyct. pot assi um phosphate (0.490 g, 0.00231
nol) and 1, 2-ethanedi ol (0.0857 i, 0.00154 nol) in
1-butanol (0.75 nL) was heated at 100 OC under

Step2:t 5-00EMoro0s [(BS)2-(ILL hy BB} AWM M XL-VEL 2 YBBuzaspiro[4.5 ] dec-7-
yvi]phenyl}-N-ethylpyridine-2-carboxamide

To a stired mixture of (5S5)-7-(4-bromo-2-chlorophenyl)-2-(cis-4-{[tert-
butyl(dimethyl)silyl]oxy} cyclohexyl)-2,7-diazaspiro[4.5]decan-1-one (20 mg, 0.00004 mol),
[1,1"-bis(diphenylphosphino)ferrocene]dichloropalladium(Il) complex with dichloromethane
(1:1) (2.0 mg), tetrakis(triphenylphosphine)palladium (1.0 mg) and potassium carbonate
(14.9 mg, 0.000108 mol) in anhydrous N,N-dimethylformamide (1 mL) was added N-ethyl-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine-2-carboxamide  (14.5 mg, 0.054
mmol). The resulting reaction mixture was heated at 150 °C and stirred overnight, followed

by the removal of TBS protecting group by the addition of 1.7 M of fluorosilicic acid in water
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filtered, concentrated under reduced pressure, and the
residue was purified by flash chromat ography on a
waR00Bas7762]1 colum (eluting with 0 to 50% et hyPCHUS2008/6657637
in hexanes) to afford the desired product. Step 2:
5-{3-chloro-4-[(5S)-2-(cis~4-hydroxycycl ohexyl)-1-oxo-
2, 7-diazaspiro[4.5]dec-7-
(0.0 pheny e ﬁh)@ﬁz’eyvbd@yﬁlh@ii neT2- Srbaxanidered@ioa mikturé 6ds then

| -2- 4-
dirqrcr:}l;( tplillgite‘ledol];y Ig\g)HPLC to affgr%r{ge c%esgydl I?rcr)gu%? eI?él/ll\ZS m/e(Snl‘rl 2 (M%ZH%K
'H- WB[MO@U\FEE Mﬁ@ldé)‘{@bgébﬁ QNSFL:Q"BGPIM' 8.82¢17x, dijazas pi.y, e 4. (1H,
ecan-1 -one

dd, [’r &2 Bisiai ?;8%((4;‘/‘1 ngséﬁu%ﬁ%’r(ﬁ%lcéﬁej 47 ER) Ario bt dded Gho

22@2%)73@)5{@'11! €X=Wisti,)di shhaf npLthang, §i8élzn{ ,4n)03. '7@? 1H, m), 3.24-
rakis(tri henl hos hlne alalum nd

34potheyi Livd d Bohaﬂ 4 Hy 2§ﬁ3n?g 4 @Howd 2oW9-hdd 01 m) 1 64-1.91 (8H,
m)&mg%/ﬁ{f@gl M\ £5- 1783 (ol 87 MRaTiage e G <l 4k} was added

(4,4,5,5-tetranet hyl -1, 3, 2-di oxabor ol an-2-yl ) pyri di ne-
Exa%néé@%boxam de (14.5 ng, 0.054 mml ). The resulting
ction mxture was heated at 150 C and stirred
Comparanivgﬂhta fol | owed by the renoval of TBS protecting

protecting
O R Sty e idhh s widie il RuBE kg ey RFogioly tow
inhibitidh PE Phtchanhlaeactiec tak m’eamedtbyraﬁm patbietlartlp b86¥) cympared with

the [ e e Baundn ) G I RIOR A e BRSO Sghexst) 27

d]aZ%S}QI%[‘( $ldecad-1 ohe:fCamﬁarﬁiZ\)e 1) 81}1(34 quSdr% gt [2- I(tiimséﬁlyardﬂ&ayclohexyl)

1- ow% 7- d%azgsglr?ﬁﬁj gqg 7- yjl]ben@)ngn]’qz)( 6n7pa;rqfw(3| Q.p &S, WO- 2@0%053024

Tab% P céipares/thdbath bElowt for ﬁoten a%d HZh)lbmén 319105 cﬂaﬂﬂel zg:tlvrh' =While
3.1 Hz 3.80 (IH, (I m, .

the FyMpORN of(tthnV@ptloy (;epgpien,ged% Exa;ppgzg l;_am'} 4) ex;_zpqlmlr]@rly potent with

the %oﬁlgargtﬂfésccfnléﬂﬁ'un&@ thek c@xﬂ%c;ltmgsl of 3k n{]&iantlol'l Au]r%r;m}_\%'fy (rdibited ion

Cha@@hﬁﬁ)‘l“é"%-”‘% ﬁp@malﬁsv@na@ah%\ cqrhear@toacrpmnmrmbf The compounds of
Exa yeggtah@@ RS SH‘P%E glﬁgg y found to exhibit favorably
0 C

w i nhi bition annel activity (as measured by
a hERG pat ch clanp assay)Tabderbared with the sinilar

bUII}JUUIIUb
50 A LCsq ( )
(5S) - 7Compbund f | uorophenyﬁgg‘%r m%l(%% rpxys lfl; 10§P

vl \ 2 7 rh azaspi rol 4 B one
uuuuuuu

(

c 4- ﬁZPm X\ P\IPF%@\QY\I ) - <10

5 Sl sl A4
X
7

=

| - 0XO0- ﬁx?mﬁlie:%aqm raf A 5] det07. yl ] henséhitrile <18

( Conp&PEPDEVEl) - see 20062053024, Table 1 conpates

t he dSpmpirelived f or _pot éncy &3d i nhi bi £2®n of i on >45

channel activity. Wile
The hERG patch clamp assay was carried out according to the procedures of Hamill

O.P. et al. “Improved patch clamp techniques for high resolution current recording from cells
and cell free membrane patches,” Pflugers Arch. 1981, v. 391, pp. 85-100. Potency data was
obtained by carrying out the procedures in Examples 6 and 7 below.

Table 2 below provides additional comparative data of the compound of Example 2
and Comparative 3 (4-{5-chloro-6-[(5S)-2-(cis-4-hydroxycyclohexyl)-1-ox0-2,7-
diazaspiro[4.5]dec-7-yl]-pyridin-3-yl} -N,N-dimethylbenzamide; see WO 2006/053024).
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t he conpounds of the invention (represented by
Exanples 1 and 2) are simlarly potent with the

W@ vpasast ve conpounds, the conpounds of the |iPWEN$10081067637
surprisingly inhibited ion channel activity 3-14 tines
| ess than the conparative conpounds. The conpounds of
Exanples 3 and 4 showed simlar properties. Table 1
The hERG patch cl anp assayaw@® carried out according

to the nrnrpdurpc of Hamll OP. et . al. "l roved

patch cl arrgal‘aﬂ"r‘i?ﬁ ques for _hig r Example 20n | Eomparative 3

Frep fragsiofiimpumangsiusel | s and cell free % brane pat cAd% "

Celiflarpgspey ¢oh. 1981, v. 391, pp. 883100, Pgt ency) -@ela

Targgtsirugroa¢entatidnyin bamayplagnarqualt he ppocggures in ;3¢
to IExanpl es 6 and 7 below. Table P bel ow provildes )

hERG ®atch @G80 pefonpar ati ve data of| t he e8apound of Edampl e

Ratd_cabéhtie@spasidintmen glasma after oral
5 migplddschl or 0- 6- [ (5S) - 2- (ci s- 4- hydrod&id¥el ohexy! °4 #¥¥xo

PlaSnZa dposure after oral 5 mg/kg dose AUC 83 (uM*h) 0.5 (uM * h)

diazaspiTol[4-51dec- /-yl |- pyridin=3=yl =N Ndimethytben
zam de; see WO 2006/ 053024).Table 2 The free fraction
wasThd eftesr friction wWay ds@pamad by genaiating rthe frde dgpef from Hpouhdrug in

plasgr%aa q:ildl%lnﬁﬁ‘lr@al :?cqwdﬂ Blsﬁ%a‘;%e{)%g‘t' Erp%;c% ﬁrgér&gglgra potency

oper at ng proc ures ency
datansiss betumdrme@rdmg: trtte pycedore didExpmple ddhglosy. dlfarﬁx dnglcencéntration

was Ocalcuyvted-gagl%l <§ eLi%l C?)(Stﬁlgc&tt{yath% ﬁ'%e %’a 21 N 1?%%‘113 %tstﬁlq géﬂéata was
obtgigddc bcdbkchxﬁg) talama mﬁ&d@ﬂat a¢sogbdaakbedi Pigrharokinetic studies were
rocedur e. described abov Phar macokl tic studi
con e R e (o E SFARTS B o ERG AL e of § medky The
plas@iav&iﬂc@u’éﬂldigﬂnﬁe aitalwad as& of dereriibiekse C;l:ll%n@ué@@'%harmacokmetlc
concentration-tine data was used to deter i ne the Cmax

ParaReerARICS KA ROBRIMRRTentY iethindt uyiae WynNandind yergion 5.0.1.

nomwrma&bﬂemﬁ@ha@@t&ggﬁ :}5% pR@iedV SNQRY | A ifnkd V@Jn@oﬁn s.
1. This Exanple lustrates certain properti

reprpmta@maumd@@ﬁﬁ@uwbﬁher Nbe rcepparaievet eampnndss repeadent abe tedpsest
struXYPI% Qt‘f'eﬁog‘ssng tﬁé) o‘ct'ﬁlhs ﬁn@ mﬂﬁﬁ% aFu? %ergﬁ'ggen{apg? hs made with

cl osest Struct ra ana ogs to conpo
reSpieme whetber, allgmossiblo coreprrgbedutatis pusen®d redeasmable mméspmtand do

a0 UEC U6 PLRRSSLRLE RIS, Shiog SRL S BHG0! Bhvan
companastzd datt es cl ose structural anal ogy and what
constitutes relevant conparative data. Exanple 6

Example 6
Enzymatic assay of 11BHSD1

All in vitro assays were performed with clarified lysates as the source of 11BHSDI
activity. HEK-293 transient transfectants expressing an epitope-tagged version of full-length
human 11BHSD1 were harvested by centrifugation. Roughly 2 x 10 cells were resuspended
in 40 mL of lysis buffer (25 mM Tris-HCI, pH 7.5, 0.1 M NaCl, 1 mM MgCl, and 250 mM
sucrose) and lysed in a microfluidizer. Lysates were clarified by centrifugation and the
supernatants were aliquoted and frozen.

Inhibition of 11BHSDI1 by test compounds was assessed in vitro by a Scintillation

Proximity Assay (SPA). Dry test compounds were dissolved at 5 mM in DMSO. These were
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Enzymatic assay of | | bHSD Al in vitro assays were

performed with clarified |ysates as the source of | |
WhRHBBI5AST i vity. HEK-293 transient transfectankP@I/US2008/067637

expressing an epitope-tagged version of full-length

human 11 bHSDI were harvested by centrifugation.

Roughly 2 x 107 cells were resuspended in 40 niL of

dild B {rS DRANG &8 sﬁ@a@leWn&dﬁ%ﬁé’r@ for m‘el §P§,as§1y1 OB NaChs 2Xo1dMerial
a2 and 250 mM sucr ose)

I N
dllql\’f/ii%efr of [compounds wewéaqtf@somé&é %qlépiaﬁﬁ adl IWSO such that 3 logs of
| e
confiShd kOABRHBR MARCcA RS EHCRS BRI B Tk AN 0wl
Reagosssa ititiated by addityonaof0)i gt bl budbkiroercéfaa i m aém&y:ffer (25
SPA) . Drg{ t est conﬁounds were dissolved at M i
NE@S@H%@ e/wef-ddMl ekl &i mMbieS potos tinal aﬂSP@ntrannS of 400 M
NAPRRC Q%&ﬁiﬁ Oftsdn® ran& bgovSPﬁh@o%SﬁM 00 0pBedhvepf meubfafe:h dy 37 °C for

serral dilutions of conpounds were dotted on 384 we
oneploat. eBedchoBMBDe $1u01¢h¢chbbt acBilticmng 46fulc gthgmbmchse coated SPA beads

concentrat.ion d of clarified |
20 WE R pORaa ol | NG P B RIS (Reh Heatfgonociona
antiB6lEli. t QAEncaéd BAteRlwedd irRURSdd fﬁrea- ﬁﬁﬁlﬁ@ﬁlcﬁf :m ?ﬁldufbs@‘ﬁm}’pnor to

buffer,{ZS mM Tris-HC , pH 7
readippny Tapeeynh seintdinter ﬁ?lrnéftr &Pgmeks wébnwsmgpmbl%lyw and

withb b SORR r@ﬁlgle% QQGR1Y BbL R inful Qftisobk %trgﬁlcg\@ﬁ)e 11BHSDI in

I ncubated at 37 OC for one hour. Reactions

the guiahbiesdredpyiomdetier these whdifionsnl. of anti - nouse coat ed SPA
beads that had been pre-incubated with 10 niM
car benoxol one and a corti sol -specific nonocl onal

Example Body. Quenched pl ates were i ncubated for a m ni mum

30 minute RT prior to reading on a Topcount
Cel@%‘i‘sﬁgf’fﬁaér‘ir&ﬁB%mtaéﬁv‘ty@nt rols with no |ysate,
| nh’leﬁ?ﬁe&ﬂ IbYsvat Benoaliélead dehs PBMAE) W@feelsélhltﬁd rffb\ﬂﬁ |n6§1|1a\l human

Rough 30% of input cortisone is reduced by 11 bHSD
Volqr&trsefsr#éy Kipglhfgrsity entrfagation o felingeic Maiedsd 440 dqedlﬁ/tm& in 200 pL

0] t
PR R B35 43Py B A e
ng/mlsr@uanlenhnt hemmBr-ek&Buiyatemyol Tlmfeﬁtv\smbwommg;lmo nM cortisone

Sighf! Val YadeR i e HORMd- QR ab il neledid
( 1g§§?l g%we ?1| neng% e ]@bS G a? & eg% t)lons o?'comPounSGThe
cellsvedete i:nbdia&d folTH& loetsl sdwbere smierrmahat \&de chae/resteag htConidrkion of
r.econbi nant hunan | L- B; bi‘%/ gge

cor e P G AT TObGRE S B s dsin

in the presence or absence of various concentrations

of \lggclmorll{gcgﬁca-tl-igr?s of the invention, in addition to those described herein, will be
apparent to those skilled in the art from the foregoing description. Such modifications are
also intended to fall within the scope of the appended claims. Each reference, including all
patent, patent applications, and publications, cited in the present application is incorporated

herein by reference in its entirety.
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cells were incubated for 48 hours and then
supernatants were harvested. Conversion of cortisone
W@ 200805175501 was determ ned by a conmerci al | y BUEUB2008/€67637
ELI SA (Assay Design). Various nodifications of the
invention, in addition to those described herein, wll
be apparent to those skilled in the art fromthe
WHa9isag4ineg isdescri pti on. Such nodifications are al so
intended to fall within the scope of the appended
claims. Each reference, including all patent, patent

. appA k6@pd@BShickngd publications, cited in the present
application is incorporated herein by reference in its

ent3-t&Fpoiapt (552 éq1%1’*11%@01%}’019}16@@6o?ﬁ?o?uﬁélawﬁpm{"f S¢dec-7-
yl]p'ieﬁﬁ} ﬁNQﬁxﬂetﬂylFm zzce(rﬁéém‘%dehydf OXYCVC' ohexyl ) -1 - oxo-

di azaspiro[4
yl ]%h@h%}wwtwl@imﬂww}@r% 2- car boxami de; or a
pharmaceutically acceptable salt thereof. 2. A
compound whi ch is:
2. 5 @80@hwnmén¢k®658) 2- (ci s-4- hydr oxycycl ohexyl ) - - oxo-

IQ— ﬁjefﬁgﬁ%p‘i (9%) g(;ll % %\éc?rgx g‘llghgez(ylx 1- £0XQ- -2,7-diazaspiro[4.5]dec-7-
yl]qhhngﬂ}mbmemylpmdxye-mmpxaabdiee salt t her eof . 3. A

d which .is:
COEFOUngwf%&¥ﬂb%?g?%@F6%§fF§pfcis-4-hydroxycyc|ohexyl
)-1-o0x0-2, 7-

d|a spi dec- 7-yl ] phenyl } pyri di ne- 2- car boxam de;
‘ﬁﬁﬁWH@@@ﬁ%‘%ally acceptabl e salt thereof. 4. A

COWEH@U»SM{BJtElbrd—&[(SS) 2-(cis-4- hydroxycyclohexyl) 1-0x0-2,7-
| oro-4- ( ci s- 4- hydr oxycycl ohexyl ) - | - oxo-

dlazgsmroéﬁ s }]B‘[e&y%]’ﬂ'@énwz'ca}w‘]xﬁ%

} - Nr @bhdmRdeutisiN Qv dpablc-ROX @ilede; or a pharnmaceutical ly
acceptable salt "'thereof. 5. A conposition conprising a

conmpound of any one of clains 1 to 4, or a
4. Phay rReRUL &Rih Y. acceptabl e salt thereof, and at | east
one pharmaceutically acceptable carrier. 6. A nethod
of SrE‘r@ﬂbmr%@S%)c’zt- {ova-4-Yrydsbxyt 1dedsRgl)-d enxp+2i Biiagpspiro[4.5]dec-7-
agt | aj.d 51 th a conmpound of any one of
yl]pg?@?}rrfé eiﬂg?pﬁglng 2réagdal§%1rd§€aceutl cally acceptable salt
t her epliarmaceutically acceptable salt thereof.

5. A composition comprising a compound of any one of claims 1 to 4, or a

pharmaceutically acceptable salt thereof, and at least one pharmaceutically acceptable carrier.

6. A method of inhibiting activity of 1 13HSD1 comprising contacting said 11HSDI

with a compound of any one of claims 1 to 4, or a pharmaceutically acceptable salt thereof.
7. A method of inhibiting the conversion of cortisone to cortisol in a cell comprising

contacting the cell with a compound of any one of claims 1 to 4, or a pharmaceutically

acceptable salt thereof.
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7. A nmethod of inhibiting the conversion of cortisone
to Cortisol in a cell conprising contacting the cel
wawaok/15776bnpound of any one of clains 1 to 4, PCT/HS2008/067637
pharmaceutically acceptable salt thereof.8. A nethod
of inhibiting the production of Cortisol in a cel
conprising contacting the cell with a conpound of any
8. oneA afetlzidaif ithibitiigahdproductian phaitisdt mut dell @binyrideCamtaatihethe

alt thereof._ 9. A hod .of treating obesjty;
col i GHoT BERYnY FL OB A O LU PER DSt agReble sl
thelegper gl ycem a; hypertensi on; hyperlipidem a; cognitive
i mpai rrent ; depression; denentia; glaucons;
cardi ovascul ar di sorders; osteoporosis; inflammtion;

9. met ARRktod of Hodng BBesitRMHHIREE L1 EER folerce ARYIA YStsfice;
ovary syndrone (PCOS) in a patient conprising )
hyPSERRYCRIEL BYREHGNYQN: Bediniden s sogmt yenBwasaent; ¢eprassion; dementia;

gla@dobRCLdrdhEv ROMM HisoRfers2 o GIFBRSEN n A5 m ARYon? Hl%ta%liccsjyﬂéhﬂﬁxe;l
to 4, or a pharnaceutically acceptable salt théreof.

andyqgen AXGeES: AP sticravani wadrepp €PGPS)dn alpetiens camprizingat | ent
adnfRARA b oM dQeIR b HRIkRah o1k ARUCHE 2 Bmpound of
ther ap%l?t i cal f%/ el ective )g?munlt %@S a coanp(r)nl nd of agwne of
claigisd toft, arlagihamnageutigally, acogptablealitheseséut i cal | y accept abl e
salt thereof.
10. A method of treating type II diabetes in a patient comprising administering to said
patient a therapeutically effective amount of a compound of any one of claims 1 to 4, or a

pharmaceutically acceptable salt thereof.
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