SPIROCYCLES AS INHIBITORS OF 11-BETA HYDROXYL STEROID DEHYDROGENASE TYPE 15
FIELD OF THE INVENTION The present invention relates to certain spirocyclic compounds that
are inhibitor®¥8f20484137A&roxy!| steroid dehydrogenase type 1 (11f3HSD1), ReMpAeEts hntaining
the same, 10and methods of using the same for the treatment of diabetes, obesity and other diseases.
BACKGROUND OF THE INVENTION The importance of the hypothalamic-pituitary-adrenal
(HPA) axis in controlling glucocorticoid excursions is evident from the fact that disruption of
homeostasis in the HPA 15 axis by either excess or deficient secretion or action results in Cushing's
syndrome or Addison's disease, respectively (Miller and Chrousos (2001) Endocrinology and

Metabolism, eds. Felig and Frohwﬂ%&wﬁéi[&%}(ﬂfbﬂ .. 387-524). Patients with

Cushing's syndrome (a rare disease characterized by systemic glucocorticoid excess originating from
the adrenal or pituitary tcBEdrd) BY RREXKY STEBLYM INHKBROCENANPPOPR Yersible visceral fat
obesitys Interestingly, the phenotype of Cushing's syndrome patients closely resembles that of
Reaven's metabolic syndrome (also known as Syndrome X or insulin resistance syndrome) the
symptoms of which include visceral obesity, glucose intolerance, insulin resistance, hypertension, type
2 diabetes MBI E2FPHIE MY IREEM@N (1993) Ann. Rev. Med. 44: 121-131). However, the role of

glucocorticoids in prevalent 25 farms QJIQHWQ%%%Q}%E&%T}%L ABONRIS HICDEGRBE R GHIANINg

glucocorticoid concentrations are not elevated in the ty o Ic syndrome patients. In fact,
glucocorticdittadtiérer satped debybEatepassdsnsot OrIFTEYPdircedatiogitiove leobtairisotnsmtracellular

concenyratio; lncabieshanEa Gl alsoRariRvRs IRdinmss sk and sksletal muscle has

been demonstrated in metabolic syndrome. Evidence has accumulated 30 that enzyme activity of
11PHSD I, which regenerates active glucocorticoids from inactive forms and plays a central role in
regulating iBAACEGROYNR@PTHEINVENENLGNoN, is commonly elevated in fat depots from obese

individuals. This SHagests role f cal glucacorticoid reactiyation | f{rfsit and metapolic
syndrome. Giv.en_ltﬂ1 Oagﬁﬂfﬁ o _ 1@?%—&%%%“ }%Sletﬁlet?gfél%gr |so¢[#g ﬁ%?t@rc?ﬁfﬁf ortisone,
considerabBusaeaitioridhexchsimyivenidontdrroetin fhe thatplification of ineostsicioithétiHBron.

111314 SDLis syriemsetidManyakay GR:EGR e dnauding issues algensideraple metabolic

importance such as liver, adipose, and skeletal muscle, and, as such, 5has been-postulated to aid in

the tissue-<pUHiFte sSiesniatisiPes Bitk bR GRdhamusey GAAL Brlastiarirsummdlhistonsidering
a) the phenaly pisimitatitybetaeeneeecoricoit exqasR) Clisiag's syrdigme)apstdhgimetabolic

syndrome \%il'gts‘hpnor,rsnasl ci }:ulatir;g gluco&onicoid in the Ia&ter, as well as b) the ability of 11131-I1SDI to
generate active Cortisol Tominsctive coreshe T S HELER, spe S HdA nE RIRsLcBk PSS ested that

10 central ebesityigfiametlssdeizicd riotabylionomplicaticnsingyndrotiveiX tesay flevalipcreased
activigppof 11ISEHGDLiwithinadipese tigsy ting iny: ingsdi e Qf the omentum ' (Bujalska
et al. (1997) Lancet 349: 1210-121 .|nd,§%55‘{fa“%’f39%s f%?z?g é]ege‘ié{slﬁglﬁstéyﬁlgrﬁﬁ?e alients,
adipose tisSl9&ebf 55560 IFS dBALCE RfHishaTactEbolig stedeomealzleobm vEndo Sindlogy 78 br560-563;

Rask et al.if@0m) dsistimcEngaerong)) MetahmPem< 18- which include visceral obesity, glucose
intolerance, insulin resistance, hypertension, type 2 diabetes and hyperlipidemia (Reaven
(1993) Ann. Rev. Med. 44: 121-131). However, the role of glucocorticoids in prevalent

25 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

30  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.



151421, Lindsay et al. (2003) J. Clin. Endocrinol. Metab. 88: 2738-2744; Wake et al. (2003) J. Clin.
Endocringly Mgiahs88;,3983-3988). Additional support for this notion pas geme frepsstudies in

rtiouse transgemc models. Adipose-specific overexpression of 1113HSD1 under the control of the aP2
promoter in mouse produces a phenotype remarkably reminiscent of human metabolic syndrome 20
(Masuzaki et al. (2001) Science 294: 2166-2170; Masuzaki et al. (2003) J. Clinical Invest, 112: 83-90).

Importantly, thisqahenaty peiogce's i3t aéRerease Jorobal s Uialing canisastRranesdut rather is
driven by a Io%ﬁ rod t| n of corgcosterone within t e, adllz se depots. The increased activity of

1113HSDTIR eéséerﬁlce (ﬁ”s%ﬁd EVer Sintiar cr)otﬁalt S AR CAUPRAR oHRIRY ALK et al.

iSVvE ry similar't
(2001) J. Olinti@ndocHHti NV etalsx 865341 8:1421). RETHiRsuggestsithatilooalidd k358D bmediated

conversiog ofneftgeasaiticai a.Actve alueRcarticaid canhaye prafaund nfluences on whole body

insulin sensitivity. Based on this data, it wou ict 058 of 1T18HSD1 would lead
to an incrBas&sphirsEtaéeh&tivi @né‘“@IU%@@P@F&%n@@W&t@aﬁngMﬂ@mmmity in active

glucocortigaiddewels.oFhissigidn factishe casgageshown) Imﬁug&%dw&hol LA 1sc3Q deficient mice
produced omolo ous rec%%%1 ation (Kqteleystev e ﬁ"f? 1997 _Proc. Natl. Acad. Sci, 94

14924-1495F VSN ST&1°7 RERicY CHERT) 276 SNISHORCet 4l (9002 Diabetes 53:
931-938) cThés@m @ewanemonmetetyedamtd of m}lkaetb)reelumﬁaﬁg aﬁnvmwnﬁwmm;gralﬂat 11PHSDI

encodes the Al aclivitycapAnle oL ORNEIAlng Agllve, Ll CoSterone oM e ected

11-dehydrocorticosterone. 1113HS cient mice are resisia I[dhe% And S1regs
hypefylyceniial eRpsHit @ﬁénﬁbaté@ﬁwm.m@foh@pmhp@@nez)gemmemymé@ (REP GIKmG6P), show

increased jpsuly sersility WihiSiacipRse, ARELRRNEAD iBpryes R RIolle ddecregspd riglycerides

and increased cardio-protective 5 HDJ.). Add| ionally, these animals show Tfesistance to |gh fat
diet-inducBteBlEsitEWalkkh thabtihEr? thdsmepandgenit! hblise stirtlesdcdrifils Alrdies fordncal

reactlvatl@ﬁb%g&u@@w&gmﬁi@dnm&lggdb%dl%%t%@s@dr&%%hﬁ{élﬂaﬁ%g &%%EM;% gng suggest that
inhibition % %{ﬂz&% SD1 act|V|t r(%/ prove beneficial in treating a number of glucocorticoidrelated
disorders'4 SRS | éul? Fedkidatk Shperdly e énfiln dreriAsyesli 6Ygé@ﬁ id%' 16'Bata in support
of thi§ hypéthesisdias eenpublishednReckatlyolt Wasseghrteddiaul 1 $3KSRLIplayssarole in the

pathogen@sﬁh% pfgental Q\;g&%gyggnggge}@gg?earance of the metabolic syndrome in humans. Increased
expression of the 1113HSD1 gene is associated with metabolic abnormalities in obese women and

that increased eXfrEXSIHFEmefsieehts rogaspetasentoicontiblite to #aindresgeddoraletonversion of
cortisone A@;6gstisplirradiness g@mp%foﬁ ohess individuals (GRgsligtal, 4?9%%9 bgs;Res. 12:

9-17). A new class of 1113HSDL1 inhibitors, the arylsulfonamidothiazoles, was s shown to improve
hepatic ifBAWHF sBIRGiRAty ankfraatee 6&9&1‘@@&05@“%@% My pergiycenvietstisingmiranice (Barf et al.

(2002) J. (MeashAakiemad 52881 338Ls; Alberis @b alERGQCrReIooM (2003) 14414 1Eo0rA%62)-
Furtherm?{g IgéN&ﬁe ftgntl\){a% orgi?d that selective |nhlbtﬁrs of 11f3LISD1 20 can ameliorate severe
hyperglyceriia in LA B et SBEDRICE T RuY 1R 31 <B51eRs % BréthSHEF U Eaceutical
target formweatmenbmfrm&eMewb@kndJSyridmhpeo@\mmnzﬁl«rpﬂtcﬂbte('aﬁé)aanﬁiurﬂ;&mgoa'sarg ets

Immune Iéa%%: r. Mg tl%@r%asré)dsgcrtlw (%5 151 gﬁ%ﬂﬁ Slt 1%90% ’Eeiap?& rég;%{nelar to that

observed in human obesity (Rask et al. (2001) J. Clin. Endocrinol. Metab. 86: 1418-1421).

25 This suggests that local 11BHSDI1-mediated conversion of inert glucocorticoid to active
glucocorticoid can have profound influences on whole body insulin sensitivity.

Based on this data, it would be predicted that the 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 11BHSDI1-

30 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 11BHSD1 encodes the only activity capable of generating éctive



25As described above, multiple lines of evidence suggest that inhibition of 1 1fEIHSD1 activity can be
effective in combating obesity and/or aspects of the metabolic syndrome cluster, including glucose
intolerance, W2 a#8EXiBtance, hyperglycemia, hypertension, and/or hyperliBldE#$a0@/RZ6€0rticoids
are known antagonists of insulin action, and reductions in local glucocorticoid levels by inhibition of
intracellular cortisone to cortisol conversion 30 should increase hepatic and/or peripheral insulin
sensitivity and potentially reduce visceral adipaosity. As described above, 11 (3HSD 1 knockout mice
are resistanct%“ﬂf%?beé?ﬁﬁlégmi‘é‘%)&‘}ilﬂ?%é?ﬁ?é?éﬂsfﬁ‘ﬂ’ﬂﬁtidﬁW%}’ﬂgﬁé‘ﬁg gitrectesgEeidtzymes,
show markeitly ineng¢asedinaulinaenaipatylyithin adipbibe, anthaveianigpiveddipiddyeide.
Additionally, these animals show resistan igh fat diet-induced obesity (Kotelevstev et al. (1997)
Proc. Natl. gjg?.%éﬁ“&f%&%-i@ E?M%%rffh%t%\gl_l?ﬁ?ﬁﬁ%f ‘llglf é%lélrtﬁ% g’:“’iﬁ@ P£2300; Morton
et al. (2004¥Pidbetes 30pogeoBBY Piadde fidkaiséder ofighyPHSH kid pregistatcardienpeommctitiple
beneficial effegts indanibyenyatinesmiRnd/ AikelsialmyssRoRasticiarhsielates(apalfgyigtion of
componentgs) of the metabolic syndrome and/or obesit)t(. B. Pancreatic function Glucocorticoids

are known t857ARit HA&SGIJENSES mMAtEa stidistor BRIRBUIM A3 fandredlic Betaaions @illaudel
and Sutter (19apitosiis MetabirfiEsg Hikphhb mA0)etpineih il Gushings syndmrgaeddiabetic

Zucker ja/ja rats,.glucosesstimulated. insulin secretion.is markedly reduced (Ogawa et al. (1992) J.
Clin. Investfr&glﬂgn]f(ffﬁ%@gﬁéﬂ%w r%%%{;’ﬁ(}ﬁ?ﬂgé%@é% raeﬁ‘gﬂlé‘a( ﬁ‘?ﬁ%%%ﬂi@?@&ic islet cells
of ob/ob micdataddlistitsitiomdhidmg abtarisy ivithicasbenoss loyrer gdncthi3 hnliSdeitipititorn. improves
glucosg-stimulatef jpsuli ' I ' D34 S4r1-%4 .aThus,
inhibitsil(?n of 15 116143{}%81% ?ﬁ%%ﬁ%t%mg ltr}l%/% }B%r?)g%lé?@%géhcﬁ%ﬁé? é%crgas%anfégl?lné the
enhancemdn BBl cJaEs stirvlgate dhnstiiboaskesise o Coabignithsaiainend ethee apie it c o riltive
Impairment;i aycai GG FeIRhAING KBl MPYLBe WM AE. 20 felgisd é&% %@%95%%&0” of

dementia. In both aged animals and humans, inter-individual differences in general cognitive function
have been WM%%MWIM@S|6h@b€éﬁnvem@asqnfbtt@tgm%@mewwnméﬁwa 2in¢1i998) Nat.

Nleurosci._ kgg&&aa.tEwmeibW%engaﬁﬁémhﬂf&ds Bﬁ%%@ﬁ'@&ﬁfh@h&%%ﬁ%pﬂ%g&g& o
gluco rticaid ex S In.certajn br supregjons nas neen propose to contribute to the decline o
e s %E%WE%\X@H&E@@S o?é%’?f%@)%ﬁ.%?)i 2:Nelfbbiol. 5: 205-216). 1113HSD1 is

cognitive func o1
abundant in the braimvanthis eXpreSHSD ininhibitple, stbragionsomehidingattehippacampustofrontal
cortex, and GeIehelil (Sanech <l (200 Fioo Nai. Acad. Scy Eatly Ediion; L6) Treatment o
primary hippdcampal cells with the 1113115DT inhibitor carbenoxoione protests e cEfidFom
glucocorticeidumedfarédekdeepBatio ek Ekeitatbry 8idiis koid lhewotakitind (Riajalst (BDH. (1996) J.
Neuroscl. ]1%55’739)47%?5?"Wﬁ‘t%%@;?eﬁ%?i‘e‘&ﬁﬂ?'?éb%ﬁ‘é&‘?h%‘{?eﬁ’éé)é%ﬁﬁgiﬁri%% of 11BHSDI1

glucocorticoid-associated hippocampal dysfunction that is associated with aging (Yau et al. (2001)
Proc. Natl. AeageBerangevers byprrlycsminvio esnelonlizatiatitialolestsiimdkepBloeh o 186HRillec crossover

studies, adﬁ%ﬂiﬁﬁ?gﬁﬁh%%ﬁﬁgpf@é@p?‘om auethua Rkl RRELBRd Syndrome (Masuzaki, et
al., (2003) Curr. Drug Targets Immune Endocr. Metabol. Disord. 3: 255-62).

A. Obesity and metabolic syndrome

25 As described above, multiple lines of evidence suggest that inhibition of 11BHSD1
activity can be effective in combating obesity and/or aspects of the metabolic syndrome
cluster, including glucose intolerance, insulin resistance, hyperglycemia, hypertension, and/or
hyperlipidemia. Glucocorticoids are known antagonists of insulin action, and reductions in
local glucocorticoid levels by inhibition of intracellular cortisone to cortisol conversion

30  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



verbal memory (Sandeep et al. (2004) Proc. Natl. Acad. Sci. Early Edition: 1-6). Thus, inhibition of
111311SD1 is predicted to reduce exposure to glucocorticoids in the brain and protect against
deleterious YA CAHN effects on neuronal function, including cognitive iR§FEIFPREHY06EHentia,
and/or depression. 5 D.Intra-ocular pressure Glucocorticoids can be used topically and
systemically for a wide range of conditions in clinical ophthalmology. One particular complication with
these treatment regimens is corticosteroid-induced glaucoma. This pathology is characterized by a

significant iARFEASSHAM B HRRIS I AR dirkindyesy AbsidniBatdenitfreeir bt bimtsated48rm, 10P
can lead to pesdiadsiiseal fisizkloss2antenentuallybliotine sso T OR:s. preducegk by she; elatienship

between aquequ r produgcfio, rainage.. Aqueous roduction occurs in the
non-pigme%eteg'ei)zlﬂ%ﬂgﬁlé‘g g ll\Lf%Ejﬁa?ﬁ%?l 'd%@r‘?ﬁg@%gfﬂ%u% ultrﬂ[gﬂégeﬁg R LRI e&jéa}%eshwork.
113HSD1 haslbplerbéochiinbdffec REtioelisdSidkese had/ (RSN tihwest1d, pOphihalmnelatvisoSci. 41:
1629-1§83;aﬁ@{gngh%lf é@ﬁ{?&ﬁemﬁ%tfﬁ?&mfé?%m&'s '&m %'ﬁ&/o?gg’gi%p‘lz) and its function is likely

relevant to the amplification of glucocorticoid activity within these cells. This notion has been
confirmed by the observation that free cortisol concentration greatly exceeds that of cortisone in the
aqueous husnour ¢bdcleraiti@indtnen functional significance of 11PHSD1 in the eye has been evaluated

using the inhibitor 20 carbenoxolonge in healthy.volynteers (Rauz et al. (2001) Inyest. Ophthalmol. Vis.
Sci. 42: 2037-2042) " RR&S ’\7%r?‘&a%%flég%gﬁb&%ﬁoﬁﬁ?é%{%ﬁ%t‘?‘bﬁﬂ&&g’}@éeﬂé:%’&“b%fé%. Thus,
inhibition ofpad¢8atSBiaieite(Bilikid¢radiGetdeta I2d)dddosaMpitaboBesticdic SHcentraiivok and 10P,

produging kengfigial sfiactin e Manaosmsnt %&Jqéags? AANd Sfa}éiﬁul%éu %%Of&?éab%

E.Hypertension Adipocyte-derived hypertensive substances such as leptin and angio elrs15inogen
have been profrs8edediend iRenvedinliiéi93iHo §dinebisast. e 4Ry-Petate il BYIEremEidA (Mdtsuzawa et

al. (1999) Afivi} Yiad6adh 5632146 IR WRIshenharo 200k ENOGHRRN k857 120 738).

Leptin, which is secreted in excess in aP2-11PHSDL1 transgenic mice (Masuzaki et al. (2003) J.

Clinical InvaEEViEY 2vishs eqsheparlongyaie VERIRNR kynrhihitprtmpresusleraentipatiahyrsibieluding

those that regilateibioad RiessuignlWlatsuBRNaEal. (1:R99) ALY 4ACEE S CinBRRikA§r154)-
Additignally, ttﬁ renin-angiotensin system (RAS) has been shown to be a major determinant of blood

pressure (W af. I(Tg‘féﬁdl—i%’éﬁ%%% cjal sefoctioqy thepaBtEwsiiBguding Hierrbasesasatd in liver
and adiposefiihsigeisitheldey iasligtinateafor renin and drives RAS activation. Plasma angiotensinogen
levels are markedly elevated in aP2- 11011SD 1 transgenic mice, as are angiotensin Il and
aldosterone (Masuzaki et al. (2003) J. 5 Clinical Invest. 112: 83-90), These forces likely drive the
elevated blbod presguitéonbrédestintiaP2-1 IpHSD1 transgenic mice. Treatment of these mice with low

doses of an angilAREILFERIGANAAONS BhRlRIPRINEYPSHROSRR (Maszaltialah, (2003) J.
r

Clinical Invest. 112: 83-90). This data illustrates the importance oflocal glucocorticol eactivation in

adipo&? tisERisdng iR PraFgssivggstensatify Jarhotsrasdanjmmds andshimens iatarvdisiduey 10

11PHSD1 aiftititicelhusgénditlitiopnatitt FithSidinangl ceskieatinrkiia adingssoang/ar irPriis-gldgocorticoid
levels is prediggggetgohaye be efic(ifs\l fects on hypg&ggsi&w agg hypertension:related cardiovascular
disorders. E-Bone disease tBEECcoriEsilsEai have davdts gﬂ%’éfé‘oh KiEthl 5808E" Continued

exposure tdysregulation of the HPA axis resulting in chronic exposure to glucocorticoid excess in
certain brain subregions has been proposed to contribute to the decline of cognitive function

25  (McEwen and Sapolsky (1995) Curr. Opin. Neurobiol. 5: 205-216). 11BHSDI is abundant in

the brain, and is expressed in 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! inhibitor carbenoxolone protects the cells

from glucocorticoid-mediated exacerbation of excitatory amino acid neurotoxicity (Rajan et

30 al. (1996) J. Neurosci. 16: 65-70). Additionally, 1 1BHSDI-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



even moderate glucocorticoid doses can result in osteoporosis (Cannalis (1996) J. Clin. Endocrinol.
Metab. 81: 3441-3447) and increased risk for fractures. Experiments in vitro confirm the deleterious
effects of gINDeBEdSTd320n both bone-resorbing cells (also known as osteBEIRSISIARAGOHe forming
cells (osteoblasts). 11PHSD1 has been shown to be present in 20 cultures of human primary
osteoblasts as well as cells from adult bone, likely a mixture of osteoclasts and osteoblasts (Cooper et

al. (2000) Bong 27: 375-3 nd the 11PH iniJiVbi r carbepoxplone has been shown to attenuate
the negative eéﬁ%%c%eg}oaugsé%iﬁﬁgo?ﬁsalo%%%‘5&15%% 153 %Mﬁ#oél(Bgﬁ Vvéaga’l“gﬁ‘d@& BORR 23:
119-125). Tinb&jiirvibifid hfdTSTL RHSBYcispredichad tox plenre asezthetoeatdilisaachitibeith @adcentration
within osteapl oclasts, producing beneficial effects in various forms of bone disease,
including oé%%%gro%?gg &ﬁ%ﬁg ° Stl)\fg%cu ‘éélcr? %b?%?fsoP ﬂfﬁﬁgﬁlﬁa?g cutren Ilil Bléir?ﬁ%]g\'/\éﬁoped to
treat or preveptiTmPIIEcnsiantarligisdesessisnch as those described above. For example, certain
amide-Rased inhibitors are reported in WO 2004/089470, WO 2004/089896, WO 30 2004/056745,
and WO 2004/065351. Additional small molecule inhibitors of lIpHSDI are reported in US
2005/0282838, USSHOEHIARIHFHICUS 2005/0288338, US 2006/0009491, US 2006/0004049, US
2005/0288317, UG R0OG/H28B329n bSuzQDGINIAR 1M, dySe 20O Ick638Rcantkt S 20Q6(0422210. 11)

INCY0035.(US. 2007 ntagonists of 111311SDI have been evaluated in human clinical
trials (Kuru&%liﬁg@a@gﬁgﬁggﬁﬁ) éﬁ?r. ed. %hcgmg]i%ﬁ%fﬂ?)‘% .&i'ﬁsﬁgﬁagp ﬁ%ree pefiméntal data

indicating acpslisgeierPidppiacyd iayhesteofidohdthd agtdtethatistrdesd binetidoficaymitonse jin
hypertgnsiogs:Qlagsity plasisio (Rsistance RYREIGNAER i WREARICRMIR101P6.2 fiAkgtesqandrogen

excess (hirsutism, menstrual irregularity, hyperandrogenism) and polycystic ovarK syndrome (PCOS),

therapeuticvéﬁ’éhéeéqrﬁ%sd Apd Y FREKELY hmsingsio p Pl sitnPardresde i dbsestitisashiR R WBStmodulating
glucocorticaipisignabtnansgustieridat she dxahgf. 1 Aol akedde prahigickOAs vidensashherein, there

nd method e R R O oAl SPRR AR ToN
15The presesshinodntioh! pidSilediaintbeeal/caifribitons BPE1RHS[Qtdiavirg ROra): Bvest.
15 Ophthalmol. Vis. Sci. 41: 1629-1683; Rauz et al. (2001) Invest. Ophthalmol. Vis. Sci. 42:
2037-2042) and its function is likely relevant to the amplification of glucocorticoid activity
within these cells. This notion has been confirmed by the observation that free cortisol
concentration greatly exceeds that of cortisone in the aqueous humour (14:1 ratio). The
functional significance of 11BHSDI in the eye has been evaluated using the inhibitor
20 carbenoxolone in healthy volunteers (Rauz et al. (2001) Invest. Ophthalmol. Vis. Sci. 42:
2037-2042). After seven days of carbenoxolone treatment, IOP was reduced by 18%. Thus,
inhibition of 11BHSDI1 in the eye is predicted to reduce local glucocorticoid concentrations
and IOP, producing beneficial effects in the management of glaucoma and other visual
disorders.
25
E. Hypertension
Adipocyte-derived hypertensive substances such as leptin and angiotensinogen 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-
30 738). Leptin, which is secreted in excess in aP2-11BHSD] 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



or pharmaceutically acceptable salts thereof, wherein the variables are defined below. The
present invention further provides compositions comprising a compound of 20Formula I, or a
pharmaceutfQIRPEEEPEAble salt thereof, and at least one pharmaceuticallyPSECeAUIHECaHier.
The present invention further provides methods of inhibiting 11PHSD1 by contacting the 11PHSD1
with a compound of Formula I, or a pharmaceutically acceptable salt thereof. The present invention

further provides methods of inhibiti ctivity of 1 iplispi 25 ¢ ising contacting th SD1 with
o compountP EAGTTAT AP A Ay S NGRS Gat Wb ReHHE frEbdet Roetion
further provmmnmhméslowmhlbisiMg)dueeddn\}tymi@nd@ﬁd}m@smet,qscthﬂilw} rulstcal Gonypiising
contacting they el Witk ascampaiind PkaumulaidiekAdRATAse YlcallnasreRIARIR F3l thsreof.

The present invention further provides methods of inhibiting the production of cortisol in a cell
comprising tUHia&tingarrecet wies 2 carppgnissirSrand alfosiceoph AMaszekitieahy &4¥8pthble salt

thereofs>Theiprgaant igvantionsfissherniqvidrsMgthods f HerliNdVaIRIS JissaseSiaghiding any
one of the following disorders, or any combination of two or more of the following disorders: obesity;

diabetes; ghid<e! HiBRHHEnsHraifif1ssistarRBen plahsircBiftay iy fardmsival H}/Wﬂ@ﬁqig;
cognitive impaééﬁwﬁﬁ;adﬁ@bﬁﬁf@iﬁlﬁb’lﬁﬁéﬁQﬁi@&iy@ﬁtéﬁ@iﬁ]ﬁ(lﬁ@&di@kﬁéﬁhﬂla@d@rﬂ%g%leﬁipwc@g‘; _
inflammation; m lic syndrome; androgen excess; 10 qr polycystic ovary syndrome (P! ina
patient coml?)lrzl‘sigl;g';{ilg(g'rnir;{:;}s{isercl1 ﬁtﬁ tlcl)l?ﬁtemﬁefigti%ehﬁt %0%8u??c%gﬁ?};%ggﬂ%@éﬁng‘ﬁaﬁ‘g% Bound of
Formula 1, stigpghtissnacedtically asteptabls sedt thereshsion majheeprasedtinwvaentiobafedther provides

a compount BERTMRV" HRRAHASALNG'Y1BERIPIANE RANNSISR"dRfuesda s fsaiment of the
uman or anima
glucocorticoid levels is predicted to have beneficial effects on hypertension and

hypertension-related cardiovascular disorders.

F. Bone disease

15 Glucocorticoids can have adverse effects on skeletal tissues. Continued exposure to
even moderate glucocorticoid doses can result in osteoporosis (Cannalis (1996) J. Clin.
Endocrinol. Metab. 81: 3441-3447) and increased risk for fractures. Experiments in vitro
confirm the deleterious effects of glucocorticoids on both bone-resorbing cells (also known as
osteoclasts) and bone forming cells (osteoblasts). 11BHSD1 has been shown to be present in

20 cultures of human primary osteoblasts as well as cells from adult bone, likely a mixture of
osteoclasts and osteoblasts (Cooper et al. (2000) Bone 27: 375-381), and the 11BHSDI
inhibitor carbenoxolone has been shown to attenuate the negative effects of glucocorticoids
on bone nodule formation (Bellows et al. (1998) Bone 23: 119-125). Thus, inhibition of
11BHSD1 is predicted to decrease the local glucocorticoid concentration within osteoblasts

25 and osteoclasts, producing beneficial effects in various forms of bone disease, 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

30 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.



15body by therapy. The present invention further provides use of a compound of Formula I, or a
phartnaceutically acceptable salt thereof, for the preparation of a medicament for use in therapy. 20
DETAILED WESHRISTITBN The present invention provides, inter alia, inhibR§rEB$2P$H9%8BY1 having
Formula I: 0 or pharmaceutically acceptable salts thereof, wherein: 25RI is F, Cl, Br, or I; and R2
and R3 are independently selected from H, Ch6 alkyl, and C3-6 cycloalkyl. In some embodiments: RI
is F and Cl; and R2 and R3 are indegendently selected from H and Ci4 alkyl. In some embodiments,

Rlis F or CI”M&XQ%%%%%%@ ﬁﬁg)F. In some embodiments, Rl is CI.

Antagonists of 11BHSD1 have been evaluated in human clinical trials
(Kurukulasuriya , et al., (2003) Curr. Med. Chem. 10: 123-53).
In light of the experimental data indicating a role for 113HSD1 in glucocorticoid-
5 related disorders, metabolic syndrome, hypertension, obesity, insulin resistance,
hyperglycemia, hyperlipidemia, type 2 diabetes, androgen excess (hirsutism, menstrual
irregularity, hyperandrogenism) and polycystic ovary syndrome (PCOS), therapeutic agents
aimed at augmentation or suppression of these metabolic pathways, by modulating
glucocorticoid signal transduction at the level of 11BHSD] are desirable.
10 As evidenced herein, there is a continuing need for new and improved drugs that
target 1 1BHSD1. The compounds, compositions and methods described herein help meet this

and other needs.

SUMMARY OF THE INVENTION

15 The present invention provides, inter alia, inhibitors of 11BHSD1 having Formula I:
O
R N pZ
IIQZ Na |
Ch O
R’ o)
I

or pharmaceutically acceptable salts thereof, wherein the variables are defined below.
The present invention further provides compositions comprising a compound of
20 Formula I, or a pharmaceutically acceptable salt thereof, and at least one pharmaceutically
acceptable carrier.
The present invention further provides methods of inhibiting 11BHSD1 by contacting
the 11BHSD1 with a compound of Formula I, or a pharmaceutically acceptable salt thereof,
The present invention further provides methods of inhibiting activity of 11BHSD1
25 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.



In some embodiments, R2 and R3 arc ndependently selected from Il, methyl, and In some
embodiments, at least one of R2 and R3 is other than H. In some embodiments, the compounds of the
invention ha¥® RPY¥ASIATE: 0 At various places in the present specificEGdnVSame iehts of
compounds of the invention are disclosed in groups or in ranges. It is specifically intended that the
invention 5 include each and every individual subcombination of the members of such groups and
ranges For example, the term "C1,6 alkyl" is specifically intended to individually disclose methyl, ethyl,
C3 alkyl, C4 alkyl, C5 alkyl, and C6 alkyl. It is further appreciated that certain features of the
invention, which aileferesarityn desonbédthethe comte xnhethsdparaiatebntgdithe nisydoatioalsef be

provided in sambinatiandla-bihaingle kRueRl caneiRel YaBuR/ealgR AL lvention

which are, for brevity, describe the context of a single embodiment, can also be provided
separately PTG GREbREshRInBIngSERT  As used herein, the term "alkyl" is meant to refer to

a saturated hydroqaebsresgho i sihishfisttiighieRaingsh e M&eﬁm@vﬁmm&e@ﬁswrgr&uﬁg iglclult)ie
methyl (Me), ethyl (Et), 15 | (e.g., n-propyl and isqpropyl), hutyl (e.g., n-buty|, isobutyl, t-butyl),
pentyl (e.qg. 1 Bé%tg{ %%p%ﬁ%%néecgﬁbe%@ﬁ,%}/n%ﬂ'h(éoﬁ%g?a%'?,&% %d’rhg’t%rﬁ]f"gc IdRIR e fers to
non-aromatiesgedersiembsied cdidberycledinaiedintpléomexanmpidjcydleisropyl, dyglefiydndyclopentyl,

and cyclohexyl. £he GoMRRUALSAEE R AAreINALS ASHDMENIE 8ol G@}H&Qhéﬁ%ﬂnw e 20

stereocenters). All stereoisomers, such as enantiomers, are intended unless ot Ise Indicated.
Compound§fitiassraehiarirentRsteenatossniafivagatione tieahy sunadiomee eadmasmesassscan be

isolated in opiealyartiveasy saeste ienus MethpdeanhapHinpranarasentically aetivadarms from

optically actjve starting maftterials are known in the art, suct% SEX )
erapeuticaily ettective amount of a compound of Formula I, or a pharmaceutically

acceptable salt thereof.
The present invention further provides a compound of Formula I, or a
pharmaceutically acceptable salt thereof, for use in the treatment of the human or animal
15 body by therapy.

The present invention further provides use of a compound of Formula I, or a

pharmaceutically acceptable salt thereof, for the preparation of a medicament for use in

therapy.

20 DETAILED DESCRIPTION

The present invention provides, inter alia, inhibitors of 113HSD1 having Formula I:

(0]
1
R o

3
RY AN~
I

u |

R2 Na

or pharmaceutically acceptable salts thereof, wherein:
25 R'is F, Cl, Br, or I; and
R? and R? are independently selected from H, C,.salkyl, and C;.4 cycloalkyl.
In some embodiments:
R'is F and Cl; and -
R? and R® are independently selected from H and C,4 alkyl.



resolution of racemic mixtures or by stercoselectivc synthesis. Cis and trans isomers of the
compounds of the present invention are described and may be isolated as a mixture of isomers or as
separated iSYMEEISAT3. Compounds of the invention can also include talfoMERIISHAZE3Tautomeric
forms 5 result from the swapping of a single bond with an adjacent double bond together with the
concomitant migration of a proton. Tautomeric forms include prototropic tautomers which are isomeric
protonation stateslrkl]agglegemgoa?rggtserﬁp_grsi%acl)rf%uimula and total ch_arge. _Example prpto_tr_opic_tautqmers
include ketone - erfol pairs, amide -imidic acid pairs, lactam - lactim pairs, amide - imidic acid pairs,
enamine - imine paironErrinbndintantfolissWhere a proton can 10 occupy two or more positions of a
heterocyclic systef . fQr.examRigelt-Bngd dH-imidazole, 1H-, 2H- and 4H- 1,2,4-triazole, 1H- and
211- isoindole, and IH- and 2H-pyrazole. Tautomeric forms can be in equilibrium or sterically locked
into one form by dpprITIER A iBsBistRnard dmpsuRdP erdelintrdinieshieam Bigeethrlugid all isotopes of
atoms occuiigg in the 15 intermediates or final compounds. Isotopes include those atoms having the
same atomic numper but different mass numbers. Bor mple, isotopes of hydrogen include tritium
L SRS

and deuterium. ?&ﬂ%gﬁ%p%cﬂﬁ] gfsa?ltaleﬁ A aceutis Its thereof, may be obtained in

various solid formk) inuieidingpduwheatedherchyuatets fdrinsinvesormdamboaindedts, the solid 20 form is
a crystalline form. Methods for prepgring and discovering different solid forms are routine in the art
and include, for example, X-ragpowder diffraction, differential scanning calorimetry, thermogravimetric
analysis, dynamic vapor sorption \FT- R, Raman scattering methods, solid state NMR, Karl-Fischer

separation can include compositions containing atjeast about 50%, at least about 60%, at least about
70%, at least about 80%, at least about 90%, at least about 3095%, at least about 97%, or at least
about 99% by weitht#FHE BBARTHoInthoPEsEThasadisabesatubstirestviet o fandsondtitg

compoundsnaesititieirsalislasedRugiagh shendtnges. TR BPESERLINVRNIREAIES IMEHHRSon
pharm'glceutlgfll a&%eglt(?ble salts. of thgﬁg}gmg@)unds d%s ribed herein, As used herein,

"oharntacelNCATR AL A S s LV PRl A4 REOqEIRAIRAY iSRS RNt L A8 RSN the
parent compoumdngincbiditdniby Crenlieriing speafistilygiateidial hasdiviciatyytdisidsalbiatiyi, Examples
of pharma%wjgéglyélﬁ%%et_g@ﬁ@Igﬂﬁ?%c&e(%bﬁftﬂe not limited to, mineral or organic acid salts of

basic residues such ds amines; alkali’or organic salts of acidic residues such as carboxylic acids; and
the like. The phattnisdéthennpraecaisthBie sarisiniieparprefche imvention ivbickierthdocatarémtional

described in the context of separate embodiments, can also be provided in combination in a
10 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),
15 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
20  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



5 non-toxic salts of the parent compound formed, for example, from non-toxic inorganic or organic
acids. 11w pharmaceutically acceptable salts of the present invention can be synthesized from the
parent compHRRBMY K¢ Eontains a basic or acidic moiety by conventional dfefliéa0t#Haerots.
Generally, such salts can be prepared by reacting the free acid or base forms of these compounds
with a stoichiometric amount of the appropriate base 10 or acid in water or in an organic solvent, or in
a mixture of the two; generally, nonagueous media like ether, ethyl acetate, ethanol, isopropanol, or
acetonitrile %P8IBHOR AR TSR ETRS BlcPX M S RS HME THEREHIn GtiSrradbFalinisRber ol Btiences,
17th ed., MaakRuhlishinghe prepainyinkasion aRadeiQ8kdpantid 2 yand Jouund of Rharmaeaitical
Science, 6@ 02m 1%2)1&%9(:9 Qf dV\llshOiIcI:lQ isC %corporated herein by reference in its entirety. 15The phrase
"pharmaceu%ca fy accept%ﬁo e is emp oyeIcTinﬁ'erein to refer to those compounds, materials,
compositions, and/onaeredfediohaswvhition ren wishinntheds deperofrao (rmthseBiotdedignients suitable
for use gn cantackwihiiledsspas of huMan BeHOsRNI-ARIMAS WERoL xR MR O G ritation,

allergic response, or other problem or complication, commensurate with a reasonable benefit/risk
ratio. 20CofNBERURGHERAE AP EARP M datiaRe BedOm) oIS HETATOPHe R IReR Jtkikdte” is
meant to refes i aeripliviatiosrease v igatrasmastipial At wnetenhr eRaptor EAGEpIingly,
compounds %ft(gpre iﬂ;\’eng)%'e%%ﬂclﬂ?dg?(%%@ methods of modulating 1113FISD b}/ con actting the
enzyme or Pecepf)(?r WtffH any one or more of tﬁg"c&‘-‘ﬁrﬁoﬁrﬁl S orlr(’:%rﬁpaocél 5 désibedidtein. In
some embadimentsdcompdands phitseeprasent invientpois,28¢amaler dsimhiditoes pfdtdd 8HSD1. In
furthey mbdimeRis e cRTMBABAS A LRERYERHER LAMP R H et RN PHYIAE AEiNIN,0fR 13HSDL in

an individual in need of modulation of the enzyme or receptor by administering a modulating amount
of a compotild dtheritvéition.2-4-ritkplepréBantidveHtiotidaApis: provilids anstnbdurasibiting the
conversion nfueaisnRiaCcetis in aaibmnbibiting e prreycHRNAE JorHisol iR epliawhere 30
conversion tq)ort{l)roduction of cortisol is mediated, at least in part, by 1113HSD1 activity. Methods of
. substitution, . . . .

measuring conversion rates of cortisone to cortisol and vice versa, as well as methods for measuring
levels of cortison€ amgamdisof thecalisntios reatih® imthelar] isotopEh@pagsentinventipin flther
provides metangsphdoceasnadiaplmae RSN O168! My SoRRRiNaIe SEll Wih.a,campound of

the invention. Methods of measuring insulin sensitivity are routine in the art. The present invention
further proVidB8shBthJHE I aREh § s & dispiapes elchviep emenphedssisiumerding
abnormal agivéyuand overexpression, of 1111FISD1 in an individual (e.g., patient) by administering to

the individual in need of such treatment a therapeuticall ectiye amount or dose of a compound of
{Eﬁ COPRIES i %ﬁé'b?écéfgfiee% is %Frﬁ hEW e thRioMposition

the present invention, Amacsubeamraet
thereof Examplesdiskd $esnsamihslingesahvgteiseabpirdisd filenoricooditi@mthdiisairetidysolidndirectly
I5e can also include

inkedfp 1RsRISHONMACHAN SIdBENBYHR AR IRHFRERRpciRiel 6

£ . L 1 (8 IC.
any disease, disorder or condition that can be prevented, ameliorated, or cured by mg]asufla?lng enzyme

activity.  TORBQEPIBS aft1noistyden seeratericliSereroinn difbrmsisny diffisatia), sshnree

intolerancesaRsuWiiirie SiMiansga MRAEIYRSINR, ByReKEnsi Aypeslipidrmrareaanitvatampairment,
dementia, de%reﬁsio&’,é%%., héc%gc epression), glaucoma, cardiovascular disorders, osteoporosis,
and inflamM&i6hH> & tg% 1 eHER 9 ciated diseases include metabolic syndrome,

type 2 diabetes, dmdvagereenodasditistisympensisualinteg ineityiohy packratoobeissn) akd polycystic
Ovary2§ynd§%§ngﬁﬁ§) 1§31ated. By “substantially isolated” is meant that the compound is at least
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
30 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



As used herein, the term "cell" is meant to refer to a cell that is in vitro, ex vivo or in 20 vivo. In some
embodiments, an ex vivo cell can be part of a tissue sample excised from an organism such as a
mammal. InVé0rYEMbBaiments, an in vitro cell can be a cell in a cell cultuCTAUSBME Wb diments,
an in vivo cell is a cell living in an organism such as a mammal. In some embodiments, the cell is an
adipocyte, a pancreatic cell, a hepatocyte, neuron, or cell comprising the eye (ocular cell). 25As used
herein, the term "contacting” refers to the bringing together qof indicated moieties in an in vitro system
or an in vivEEYSIERE BbPERARS St Ob AE&MG IR oL T3S BT Rn SR IR aPa e i dPthe
invention inslugesbth ealtd nirtisks abiarcf o chnmpaltodmoihthe presgnticnodtian tef amsiodividiual or
patient, suc man, ' a |l.as xample, introducing a,com nd of the
invention in%f?aﬁ%ﬁ%%oﬂ%ﬁ?ﬁg%%ﬂ%%?%? %V(%%éﬁfifgg? %%gesp%lrr%ﬁig% %%ﬁ‘%éi%ﬁ%g %ﬁg, Ifﬁﬁ—%{ﬁl enzyme.
As used heliém Threrkrmassuiisiliareeptpssalts ofsbe messehmngainilynebids she eanyeatimnal, including

mammals, peafesablyamycss, parthetsRgema. fahlils ogaRAts, SYHNGo LAY, SheeRiherses, or
primates, and most pr feﬁ%ly umans. . As use?} herein, the term 'treating” or "treatment" refers to

one or mor&' 8ty piélEn Rasaically; ssarAble pibeittings BREAL SRRt ofPBr Misorder in
an individuaywihsinedy foerpréedisposed ¢ontheudisealsiehcondition or blisorder htididoamieel W8t
experience of isRIAW R RRUCIRGN A STRIGMARIARKAL e dieeaser AhnniRng the igease: for

example, inhibiting a disease, condition or diso .der In an individu 0 IS experiencing or 8isp|aying
the patholo@'ydo‘i’rsgﬁ??pf@‘mat‘éﬁ@W%?Qﬁ@(dﬁséﬁyéhc%ﬁﬁiﬁbﬁlmtﬂ%mm ahthe3pamplistabiang the
disease; fopexampleyAneliorating:g.HiseasenC RGPS FdRE i annfividual Qs us
experiencing qr displaying the 1oathology or sytnptomatology of the disease, condition or disorder (i.e.,

reversing RS PAHBIo G An8ib sSAHBlonTHISHy T RESRAN A STHReALIHG He RElRFRS: dritisahse.

When emplmjtgbllasaphwa@peﬂﬁmﬂgMgtcﬂmBunfiﬂaESaMﬁmwn namcbpl\ag_tmimﬁimedgin the form
of pharmaceyicgh camagsIians wiich e 2 comBinalion ghacampaundiolie venipp and at least
one pharmacedutically acceptable carﬁer.. ese compositions can be preparea in‘a’ manner well
known in tifaifrivadeistiaarmaratadchemie ederinpstarétd dirtyariety of routes, depending upon -
whethgy local or Wemﬁﬁe%mﬁﬁﬁééﬁi%ﬂfﬁda@&%&tﬂm heAeyiA e LeaRd Adminigiration may be

topical (including ophthalmic and to mucous membranes including_ intranasal, .va%inal and rectal
delivery), pUPRRHERNS (& 8T SintRATRR S 1Sl 95 9528F JettePdish 8o 258NN R D9 nebulizer:
intratrachesbuintrandisal, jedidesm auaablérisnsaermaynacuhaitoin diRasamamaleiipdsdar ocular
delivery 20,can include topical administration. (eye drops), subconjunctival, periocular or intravitreal
injection oraﬁwtrgduqt%%nﬁ?y %Xgl?g%ﬁecg%lectl For o%‘%ﬂ?alr%ﬁ%%geffswéo&rsﬁicgﬁy%%aeéear? lﬁﬁ’é &njunctival
sac. Parenteralzatini semnomindigdeshianeaserahls bintdtaiskriatiocsubcutaneous, intraperitoneal or
intrarmyscular ineSfigpArda" Rl OLUARGIRUAL fidhulplbEeR] obiniiAMeaiicuIaR, adipistration
Parenteral administra{t;i(z)n can be i?] tr?e form of a singlg bolus Zé%%jose, o} maylbe,a%’reegnr%ple, by a

continuous PAaIEN IBURSAIARJRISE R Al Bbnip dRGERSSS eindeforraeiRatbiity foff 2o sivaimael ministration

may includedeppederarstaateeomBinents. dRlians €5r AsbIaled AR 1R RRASIBERSHSPraYs,
liquids and_powders. Conventional pharmaceutical carriers, aqueous, powder or oily bases, thickeners

and the like HYBE Netiachnetha s8raBf s 6 RIARVARHH %% haKERS! tha Aerapeindsr
compositicrsnpbiioeodisiribes libeiactivesingsediontianapcmyanidhg eerpraundswhihe invention

B R B S e by an

... can a (8]
compasitions oftthe invention, t

excipient oraernel asedl twithidusitehai cayrigr 1irpHST0nm Hf ifalveXampl acdl GARsLdaI SRahat Heaper, or
other container. When the %(ci ient serves as a diluent, it can.be a solidérggt i-solid, or liquid

material, Which Sots a8 & Ve nicia LAFEPR f A ANE A TN K A Y@ ompositions
can be in the forrhhef patsients ipikstipowidehsr lprendpes pediohists)fcadtiitinglikirsc s pissions,
emulsions SeIRNG, SYFHRS: ACLOSOS @SiAnialdLHP BlaNAMedt U QIMMENtS where

30 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.

11



5 containing, for example, up to 10 % by weight of the active compound, soft and hard gelatin
capsules, suppositories, sterile injectable solutions, and sterile packaged powders. In preparing a
formulation, W§b28881& E&2mpound can be milled to provide the appropriate FATRIE28BDHIST to
combining with the other ingredients. If the active compound is substantially insoluble, it can be milled
to a particle size of less than 200 mesh. If the active 10compound is substantially water soluble, the
particle size can b hadljusted .bx milling tg provide, a substantially uniform distribution, in the formulation,
e.g. about 40 mesh™ PreSFRAE RGBS RRY WG RED I &Y BERATB NSHIG RS rifhy
procedures slichy asnwetimlliing dglobithin eopgudicié sizbeappeofisiatditaiddbietfemsuaiignmadifor other
formulation yﬁ%igjgg%@t\{h@qg {hanpparticulate) preparations of the compounds of the 15invention
can be prepared b%processe_s known in the art, for example see International Patent Application No,
WO 2002/0001961he psseiE Bxapfiple isheuREDI exewiinds o dladinmeiengee desarised sidrose,

sorbitols mapmial, StarehrssiOHMMRRAGE, AAGHE RhaIRhAlE. Aldinaiesiliraacaphselatingcalcium
silicate, microcrystalline cellulose, polyvinylpyrrolidone, cellulose, water, syrup, and methyl 20

cellulose. TRHATHAISiBnd LA i tHTRIVSTRERSI & | b icadivig wd dRte s RTaR el drosa e Sium
stearate, anbempeetiahiyl; seling agenis; emdlsilyisly andapspendinghroprRisnpPrasenvisy agents such

as methyl- and propyihydroxy-benzoates; sweetening agents; and flavorin ents. The compositions
of the inverﬁ%rﬁ[%agrg\) lg%ﬁjrr%clﬁ%%gfggatfsﬁgg%%\%% %%Eﬁ?"é*b‘é‘%%.ﬁfé’é“ g?sd{el?%ye ?8?6:1%8’8}9%1e active
ingredient afteeasedrednisieditisrany theeprgtidisoiigGamploitnghetoe diertds dnmdineinlyhiénketl to  The

compagitionscaie fequaledhe dlhlosade imRisRAeaeRs contalning QmiaRoLT,» to about

100 mg, more usually about 10 to about 30 mg, of the active ingredient. The term umt%gs%lge forms"
refers to ph¥greatydieedetermddinmpi £4mubfary yotg amedietatehanr suispdchy aralloitegmammals,
each unit ceptainingta pyedetermined 30quantity of active material calculated to produce the desired
therapeutic effect, in association with a suitable pharmaceutical excipient The active compound

can be effective oV P HoSHY&S R g riad qUsrasahy BehRitBrewin Siahsismalaerneally
effective anmelstaiteyilibelindessianst, hpypenaycthni theyperenntof thpaappanid asiaive

gdmi i§terqg1l vg}ll uesﬁltlal bgnggte gnire]egogy a ‘h gi%'anic a ec?rdin to the relevant circumstances,
including the condiion 1o be treatad. the ¢ o§ér¥ rgu&fgtof SRS ki8R R E &t RS I
administeraidsotideragestemigiosianantespimseaidhe ifisiduatpatisng, tfe SEBIESID) abibaapatient's
SymptomS’cﬁ'&QS@ﬁA@f&de metabolic syndrome, type 2 diabetes, androgen excess (hirsutism, menstrual
irregularity, hyperandrogenism) and polycystic ovary syndrome (PCOS).
As used herein, the term “cell” is meant to refer to a cell that is in vitro, ex vivo or in

20 vivo. In some embodiments, an ex vivo cell can be part of a tissue sample excised from an
organism such as a mammal. In some embodiments, an in vitro cell can be a cell in a cell
culture. In some embodiments, an in vivo cell is a cell living in an organism such as a
mammal. In some embodiments, the cell is an adipocyte, a pancreatic cell, a hepatocyte,
neuron, or cell comprising the eye (ocular cell).

25 As used herein, the term “contacting” refers to the bringing together of indicated
moieties in an in vitro system or an in vivo system. For example, “contacting” the 11BHSDI
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 11BHSDI1, as well as,
for example, introducing a compound of the invention into a sample containing a cellular or

30  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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For preparing solid compositions such as tablets, the principal active ingredient is 5 mixed with a

pharmaceytical gxcipient to form a solid prefonnulation composition contgigiigsdhoreageneous
mixture of a compound of the present invention. When referring to these preformulation compositions

as homogeneous, the active ingredient is typically dispersed evenly throughout the composition so that
the composition can be readily subdivided into equally effective unit dosage forms such as tablets, pills
and capsules. This salidd:@ipreformutationdsgienrsttbadivided intleninit dosage ferms DI the type

described g0ye, oREINIG 10, L SXBPIR. 5. APULEA0 TG e AChve INgrRgignt of the

present invention. The tablets or pills of the present invention can be coated or otherwise

compoundl g ystoviteraet bsarfe Fones ettt ditigdinerisa vaptding of pHSBAgebLadesh "ol Example, the
tablet or Lppilksan Gomprisern paneldi9sageyanthaROME 0SR0eICARPENEHaithenatigs being in the
Mon %f an envelope over tpe folrr%etr. Thedtwo com gn.ents can bg separate .b{}/ arLenter.ic layer which
serves to PESAFoiShEgrtien THY lemﬁoamé%asaen(ﬁog TP the HiRETEothSBnBRMS Base htsct into the
duodenum:geteisendealayediryirlchsaficlagetyr ofymatenaisd aan dethiséddore suchdenteric layers or
coatings, §UehMpaleaials inpisling 2 AUBRELO! ROVMENE agiAs ARGEOMRtHES QhRglyMEric acids with

such materials as shellac, cetyl alcohol, and cellulose acetate. e liquid forms in which the
compound& A B HpBEITHE! SYin STEsERRSIEBIP B BE RSPk TomBEmiese tion orally or

by injectiost ifelugie.g upatisisolutions: dyitably-fereiradisy Hipase agK eansOfaibssRsRSVNS, and

fIavorgzd emLkIsions with edible oils,25§gch as cottonseed oil, sesame oil, coconut oil, or peanut oil, as
1 SUCh as creas]mfg € Severl 1?6&8%. - . . . .
well as elixirs and SimilaF pharmaceutical vehicles. Compositions for inhalation or insufflation

include solutionsdrd suspensions iphphaseaicelticdily acopptable cdqtheoius artorganic $elvents, or
mixtures thereat, and powders e lawd Ls0ld COmPRALIADSMAY CortaitbsiviakisRitarmaceutically

acceptable excipients 30as described supra. In some embodiments, the compositions are
administefBBRF e BrilioMysRa e dlolsArb o 1eR1BEaI B eYde ATERAEEL B8RP oSS can be
nebulizeddayhpsgihinest pasesaiiebulizedrselutionsmay ety pathadcainact . omithe mebulizing

devige or fne nebulizing device can baattaghed o aface masks lent oL intermiflent positive pressure
desired and upon the area to be treated. Administration may be topical (including ophthalmic
and to mucous membranes including intranasal, vaginal and rectal delivery), pulmonary (e.g.,
by inhalation or insufflation of powders or aerosols, including by nebulizer; intratracheal,
intranasal, epidermal and transdermal), ocular, oral or parenteral. Methods for ocular delivery

20  can include topical administration (eye drops), subconjunctival, periocular or intravitreal
injection or introduction by balloon catheter or ophthalmic inserts surgically placed in the
conjunctival sac. Parenteral administration includes intravenous, intraarterial, subcutaneous,
intraperitoneal or intramuscular injection or infusion; or intracranial, e.g., intrathecal or
intraventricular, administration. Parenteral administration can be in the form of a single bolus

25  dose, or may be, for example, by a continuous perfusion pump. Pharmaceutical compositions
and formulations for topical administration may include transdermal patches, 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.

30 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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breathing machine. Solution, suspension, or powder compositions can be administered orally or

nasally from devices which deliver the formulation in an appropriate manner. The amount of

compound JY@aA8ASHISh administered to a patient will vary depending updi¢ WHaR18858i16g7

administered, the purpose of the administration, such as 5 prophylaxis or therapy, the state of the

patient, the manner of administration, and the like. In therapeutic applications, compositions can be

1 from a d'seasiig'u an amount sufficient to_cure or at least
a

administered to a patient.already suffer| (
partially arf(g]s{’?ﬁé BRSS! ﬁ?easd?s‘il S B Bl BNS etV avib Rt tth d88nd on the

disease condition bethiylgeatedasr wellias byrtte potigeiagtedidite Eitandiagoslipisianndepebeing upon
factors suchaid ORiSSr bRl (BMEISaRRR N agR. el A0C s natan Rl g, patient, and
the like. The compositions administered to a patient can be in the form of p armg\ceutlcal
compositiofHER e IBboRRe. STHESe A6iviobsifting ctibestdtlr dinpid condsmbonaingnsifization
techniqsies contmayd gosterinfiteipdo Agyeaysvepihiiondcanibe Pagenaadier Mrenasiigegfilyophilized,

the lyophilized pyeparation being combined with a sterile gquequs carrier 15 prior to administration.
The pH of tﬁ%’%%{?ﬁ’p%lﬁﬂo %?86%1%& .%ﬁé‘%&?ﬁ%%fﬁ?ﬁ‘é%%@%é%’ﬁ%“& %ef,pr?l‘gﬁ)@rﬁ'referably from 5to 9

and ‘most prefer_a_liiy tn@gaﬁhg) 8._fhrmilldmienund_her$wbd tbmnpmm@faaertbénmﬂme f@rggﬂiiﬂ_g excipients,
cariers. or sgRiss il esul e ormation. ot ravnaceylisalsalis: The g eosl dpsage of

C
the compounds of the present invention can vary according 2 or examp?e, the pa?t(l)gﬁ ar use for

which the tigsthiémtd naseluie heaerailsd iriniptrtialssiae afdess hpoMtmesk. Atdikretivd condition
of the patiegsnpaanhes LIBMankIof hew esRIBRINEhP PAIRIANsTN S GROIIRNAT SONGANHAtN of a
compound of thg inve tion.i%a‘lphf%rmegpceugcal composition can vary depending upon a number of
factors inclBENG B SAGE TERETRAPERAPS ?fé?fb?(‘é%gémﬂ?gﬁﬁo%&ﬁw}%ﬁ% Wehroute of
administration. Féfh@Boexmmple pfhkedomptiemdapbtheiikRdeniigrkaanbmipliayipeddiuan agheous
physiologic ti ini ut0,1 10% fthe compound for parenteral
administrat%n@gﬁngﬁg%ig@al%%%% ?a%%rgig %rél%%l#) %%%%ltg% j%fkég {t)\c{)egtgt%u %“E:]I}kanléf ?%d%/%%ig ht per
day. In sorfererpiRIntEISEs, Kinelyodividsd Jaaronsiiralbisutrocoarstignk oot sompondsgik ghef body
weight per gaynidifcaosagepalkikialy tRodere thersHclhyatiablas as ety Re.32andi Psient of
progression of the disease ar %@‘?{r%? the overall health status of the particular patient, the relative
biological € (Pé}éf}t‘(?ﬁﬁ&c%%ﬁ g éPe6cted, formulation of the excipient, and its route of
administration. Effective:cogéss caih saéabkirapdtatad frardioketrspanseost reesskelivedikam in vitro or
animal mo StS . .CO unds of the invention can also.be formulated in
combinatio%%ﬁséé’ni%ﬂr%r?érgeugdg%%r%él%%ﬁl\l/né l??bors ferits \%/lﬁﬁfﬁs’cgﬁ%cgﬁ%é g?f(ri%/“pl)’ngf%r(r:ﬂ'fcneutical
agent suchsHSHptikaP ey eating selbiess, aplibbdipsritdsnnccelhtastarsteimyuneasdpprthsdants,
anti-inflam Raia6ta IeRYS fARAIBRSIES can dudagsia th&tﬁa@m@maaﬁﬂ%akag&%Oglfehe%tyzal?

r

hyperglycemia, hypertension, hyperlipidemia, and the like. Agents for treatment of metabolic disorders

with which B8RS BBUAEBR el SHRTAL il ViR AfsTHEdSRElsdenB g reusprnfingcReedsamy lin
analogues pinssetingnigaeticsicinhibitan gf thelipespiinydeginding nzyHedipgRiddaeptigase-1V,
agonists ofperoxisome, praliferator-activated receptor (PPAR)-a and PPAR-g, and CB1 cannabinoid
receptor inﬁ%&?g}lg %ﬁ%ﬁ%ﬂ?ﬁgﬂ%ﬁ%ﬁ?&%&?i gggollr% Cgapg?@ﬁg?%%a?ﬁeéa WY PSS amples.
The followiitgteiradnpredslapebffdeass fof Haswhtivengradiosesitamalmieistottintetodidd tatiiittie invention
in any nanagiiol BRseREslsivdhenat wilbreadily recognize a variety of noncritical parameters which

can be changed or modified to yield essentially the same results. 15 EXAMPLES
The compositions can be formulated in a unit dosage form, each dosage containing

from about 5 to about 100 mg, more usually about 10 to about 30 mg, of the active

ingredient. The term "unit dosage forms" refers to physically discrete units suitable as unitary

dosages for human subjects and other mammals, each unit containing a predetermined

30 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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All compounds were purified by either flash column chromatography or reversed-phase liquid

chromatoggaphsisingsa Waters FractionLynx LC-MS system with mass djfgeiedfiagtiquation.
Column: Waters XBridge C18 5 um, 19 x 100 mm; mobile phase A: 0.15% NH4OH in water and

mobile phase B: 0.15% NI-140H in acetonitrile; the flow rate was 20 30m1/m, the separating gradient
was optimized for each compound using the Compound Specific Method Optimization protocol as
describedaircditgiratusetfiPrepanativie- LiGstB L urification (e psaved Compowne:-Spasifisdvathod

Optimization’, K. Blom, B. Glass, R. Sparks, A. Combs, J. Combi. Chem., 2004, 6, 874-883]. The
e br 1 98¢ mounl? ' ; §
separatedr c|E)urto uc%ljvrxllqé%% E(leur??yp?caﬁ?f/u gu%?éné%gglf%)agﬂlé?flst}]%g L ﬁ\/?éefov?/% rlgtydn gegﬁ%% $ ﬁﬁder the

following dehaidisifs:a|metienhéim sagienel hopamiessronsbadchmike Waters Sunfirerm C18 5 pm,

2.1 x 5.0 mm, Byffersepanbilenhnsenty9i@Zr%ulir Asiwaterand mebile RhaseB:Ri025% TFAIn
acetonitrile;, gradient 2% to 80% o{( buffer B in 3 min with flow rate 1.5 mL/min, 30Example 1

5 (3-FluorB R (52 PSR rak S BISRESR T o615, Pefrizlaitb £ g tion containing

ylipheny 1} Nemeghytoysidines2e edrbemoamided WiOHROQ8 & /iAs 2R 0T/ (G2008f86i46 33 Sitep | I-benzyl

S-ethy! pineidinnldHicaoumiale G anesnyl eloQIomiAle AN, cal i1 19838). (191 mL.

1.34 mol) was slowly added to a cooled (at 0 C) mixture of ethyr piperidine- -ca%qxﬁlate (Aldrich, cat
#:194360F (200 §roushaHdfcatftrpRFgRRTrBA 286 FATPISTIL MR iPeniaditerb Erideid @000 mL).
The reactignamxtefeonas alaweskig-graguallyusmara tesrmbieptitemperatyie andrstiredifer 3 h. The
reaction was.quenched by the addjtion of 1N HCI ag. solution and the product was 10 extracted
seveﬁrgl tir%rgg%xvﬂ‘hlaﬁ%%%hlflet%%ncﬁfo?{ﬂé(.i h&' ﬁr?%@%(fa&t Eﬁsmfgrégﬁa%ﬂgcpﬁﬁﬂ%t@?‘é%turated ag.
NaTICO3senserinprimen dive doverld §SO4, dilber e @ng; cdnbe riratedngnetéemedfi tedppressure to afford

the desireg pradyict as oil (359.8 g, 97%). LC/MS 292.2 (M + H)'. 15Step 2: 1-henzyl 3-ethyl

3-0-methylbut-2-en-1-Apiperidine-1,3-dicarboxylate tit Cbz
The tablets or pills of the present invention can be coated or otherwise compounded to

provide a dosage form affording the advantage of prolonged action. For example, the tablet or

15 pill can comprise an inner dosage and an outer dosage component, the latter being in the form
of an envelope over the former. The two components can be separated by an enteric layer
which serves to resist disintegration in the stomach and permit the inner component to pass
intact into the duodenum or to be delayed in release. A variety of materials can be used for
such enteric layers or coatings, such materials including a number of polymeric acids and

20 mixtures of polymeric acids with such materials as shellac, cetyl alcohol, and cellulose
acetate.

The liquid forms in which the compounds and compositions of the present invention
can be incorporated for administration orally or by injection include agueous solutions,
suitably flavored syrups, aqueous or oil suspensions, and flavored emulsions with edible oils

25 such as cottonseed oil, sesame oil, coconut oil, or peanut oil, as well as elixirs and similar
pharmaceutical vehicles.

Compositions for inhalation or insufflation include solutions and suspensions in
pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and powders.
The liquid or solid compositions may contain suitable pharmaceutically acceptable excipients

30 as described supra. In some embodiments, the compositions are administered by the oral or
nasal respiratory route for local or systemic effect.  Compositions 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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To a solution of 1-benzyl 3-ethyl piperidine-1,3-dicarboxylate (120.0 g, 0.412 mol) in THF (400 ml)
cooled at -78 C was added dropwise 270 mL of sodium bisarimethylsilyHamide solution (IM solution in
THF from ANRHORA##7225585) over 2 h. 20 The mixture was stirred at -78RE TV RA0fSAeE 7L 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.HC1 ag. solution. Mgst of THF was removed under
reduced pre&PNETRR RIS BRINHQL SRERSERPVATP ST SeEBRE PR AR b AT LSS d e iRre washed
with sat. ageak T Boandtbikaewtidnddhied oxabiMg&Oh iilterepbesdistomeenirated under reduced
pressure. The cr residue, w urified by flash column chromatography on a silica,gel_column with
10:20% ety aces B LL e LAY He ploe b, e P Al SRS
(M+H)+. 5 Seepndingbapmyvaiaith| B ekauthsierprip dhitline oS- dit 4k oadpiitestration) suefe #has passed

through a igl?aQTs%meé\ny@rﬁé@&é-&@xﬂ&%ﬁ%hﬁh&-%ﬂwBmﬂﬁmgﬁ%t%}gi%bﬁ&ﬁh@éﬁnﬁﬂ g,
0.0979 mol) in methylene chloride (800 mL) at -78 10 C until the color of the solution turned blue. The

reaction miXtEFRPIHES AR AR ORRASHIABYER B afmia Brieldsia ey i HERGI Z0de (Aldrich,
cat #: 27438Q)isek4denih ,2@. 2 onol) saffiticiethylaming @0asnpafidy metswaeesgaigeshand the mixture
was stirred at ambient.temper overnight. The volatile solven re,removed upder reduced
rassure s B R R R D T et

15in hexansatedafforglire be et dgoanicefinhguidiandni elijisian denmSgaupen Kactosterld aBenzyl

2'(Cis‘l‘b'hy(ﬁ‘l@&’%ﬁ‘?B?EHQd'i‘s@%&:?th%'gé;@F@@%H@M@éQﬁ%%ﬁaiﬁﬁKQ@W&%ien{‘alﬁi shspgension of
cis-4-aminocyclohexanol hydrochloride (Available from Sijia 20 Medchem Lab, China) (13.8 g, 0.0910

mol) and 1-benzyl 3¢etANPESE R SR HBedidthe PHIEHE S50 %51 Rehe £U1, . o5 ¥TATBY !
1,2-dichloreethgsséi(as0desk)iveds added Thethylampgi(idds3 cah., B 1&érinal) abyoosmvampenature. The

mixture wag, stitred At 40,C vernight, sodium. tacetoxyborohyarids (Aldrieh, el 7. 318393) (49.3 g,
0.232 mol) was adde t%“%ﬁ above mixture anﬁ?lrre(?é%lr.t. Yor L h, é?R/I% Bg%a ﬁ‘ue(ic%;[élaethat the
starting  as is, or lyophilized, the lyophilized preparation being combined with a sterile aqueous carrier
15  prior to administration. The pH of the compound preparations typically will be between 3 and
11, more preferably from 5 to 9 and most preferably from 7 to 8. It will be understood that
use of certain of the foregoing excipients, carriers, or stabilizers will result in the formation of
pharmaceutical salts.
The therapeutic dosage of the compounds of the present invention can vary according
20  to, for example, the particular use for which the treatment is made, the manner of
administration of the compound, the health and condition of the patient, and the judgment of
the prescribing physician. The proportion or concentration of a compound of the invention in
a pharmaceutical composition can vary depending upon a number of factors including
dosage, chemical characteristics (e.g., hydrophobicity), and the route of administration. For
25  example, the compounds of the invention can be provided in an aqueous physiological buffer
solution containing about 0.1 to about 10% w/v of the compound for parenteral
administration. Some typical 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
mg/kg of body weight per day. The dosage is likely to depend on such variables as the type
30  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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25 material was consumed, and an intermediate product with m/e: 4332 (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 Yh3U$ed Fhe reaction mixture was quenched with aq. NaHC®8T/H¥088¢artiéayer was
washed with brine, dried over MgSO4, filtered and concentrated under reduced pressure. The crude
material was dried under reduced pressure overnight to give colorless viscous oil (26.9 g, 66.8%).
LC/MS m/e 387.2 (M+I-1)'. Step 5; Benzyl . . L .
(55)-2-(cis-4-hydr y%c W&R%%-&dﬂ%&‘?&f&&p%%%{%}8}}5‘?{8@7‘!‘&8%‘3%?% withppe or 1o
racemic mixtere aklaivred frome dpvd stepviRéS4) indsdeunifigthamarewigiéngeht O0cheriestpreparatory
system using, 4 Cligice! aaamgolgm&,x e > GERO LR S Rl aglo0 e
eluting with 30% ethanol/hexanes (isocratic, 22 mL/min.). The column loading was approximately 150
mg/injectiont&RapairycrsetorrifEstiggersd dugsy 19V tisssrstinee Af29obns PEarbEwyted at

approximatglpabB&min). Rptkestor elyirdiplRRROXRAAEY B Min dhe frasctigas.atReak 2 were
combined and conceptrated to.proyide the desired product (11.9 g) as a white foamy solid. The optical
purity of théTﬁf)%l%lbc SOEIFAT FYSh PUsk ‘?C\R}Egod'@f}e?ﬁfﬁf"e‘&‘ff?tﬂfg}rfﬁ‘ﬂﬁ girntirsdeidedthalytical

system equippedt Wittital G ivagdhQRxbigoedumerddntmd: A& mmhbinisrofthaiticleiaidegi@diiigl 15
Technologi d eluti i % .ethan nes (isocratic, O, in.). LC/MS ink 387.2
(M+11)+. T%%%%o%%@%%é%ﬁgﬁﬁmfg %E%?af?é %ﬁs&%ﬁ%li@%ﬂé gggre%f:%\r’lag\érffﬁcs? %fe crystal

structure déférioratind BP Al addidtscmapipp G Sraniar arfghitors.

?gg;og%cyclfhexylgna%e_naﬁd{?g@?Imé@i&ﬁb‘éllaiﬁ&%%gr%mwm%egEﬁeciﬁc elxamples. The ;
-2-(cis-4-{[tertbutyl(dimethyl)silylloxylcyclohexyl)-2,7-diazaspiro[4.5Elecan-1 -one prepared as
described 56]%%%5%&@%@6 %éy?fé%ﬁ%yr@fgﬁlﬁ%{&gﬂ%wrﬁaﬁxﬂsgnw&&wBﬁ@x §-1-0x0-2,7-
diazaspiro[fth&ideetZnesityemdnoxy|diboe)f (it 25 Theaastinneldl saldilipnebpeibeyd variety of

2'(Cis'4'hy%rb%}(@égi%gggﬁfgé%é N1 dan be changed or modified to yield essentially the same results.

15 EXAMPLES
All compounds were purified by either flash column chromatography or reversed-
phase liquid chromatography using a Waters FractionLynx LC-MS system with mass
directed fractionation. Column: Waters XBridge Cig 5 pm, 19 x 100 mm; mobile phase A:
0.15% NH4OH in water and mobile phase B: 0.15% NH4OH in acetonitrile; the flow rate was
20 30ml/m, the separating gradient was optimized for each compound using the Compound
Specific Method Optimization protocol as described in literature ["Preparative LC-MS
Purification: Improved Compound Specific Method Optimization", K. Blom, B. Glass, R.
Sparks, A. Combs, J. Combi. Chem., 2004, 6, 874-883].
The separated product was then typically subjected to analytical LC/MS for purity
25 check under the following conditions: Instrument; Agilent 1100 series, LC/MSD, Column:
Waters Sunfire™ Cig 5 pm, 2.1 x 5.0 mm, Buffers: mobile 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.
30 : 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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diazaspiro[4.51decane-7-carboxylate (60.00 g, 155.2 mmol) in anhydrous N,Ndimethylformamide (160
mL) at r.t. was added 1H-imidazole (32.0 g, 466 mmol) and tertbutyldimethylsilyl chloride (36.2 g, 233
mmol). The YE2@HSHHRure was stirred at rt. for 4 h, quenched with water RIGHHRYSAMIBXtracted
with EtOAc (3 x 150 mL). The combined organic layers were washed with brine, dried over sodium
sulfate, filtered and concentrated under reduced pressure to afford the crude product (84 g). The pure
product (55.4 g) was obtained by recrystallization of the crude product from heptane. The mother
liquor was concentrated and su@eced to purification by flash chromatography on a silica] gel column
5eluting with AcOEt/Haxane to g|Me agiditignal 14.4 g of the product with a total 89.7% yield. Step 51)
-(cis-4-ifiert-butyltdimetityOsilylioxylcytehexyQs2, 7-diazaspiro[4.5]lecat 1-one To a solution of benzyl
2-(cis-4- fitert-butyl(dimethyl)silyljoxy } cyclo @ - iﬁ/l\% aspiro[4.5]decane-7-carboxylate
(18.0 g, 35.9 mmol) in methanol (150 mL) wasjadd¥d 10% pal OH carbon (Aldrich, cat #:
520888) (1.8 g, 1.5 mmol) under the atmosphére ofri gg'u. The reaction mixture was hydrogenated
and shaken at 50 psi for 20 h. The reaction mixture was filtered through a pad of Celite and then
washed with methanol (300 mL). The filtrate was concentrated under reduced pressure to give the
desired prodiget/as/isaznhiterbdlriier tirsniitatiierhetd/aBtep Sc:
(5S)-2-(cis-4-1/tert-butyl(dimethypsilyl]atykycloheyyl)-2,7-diazaspirol4.51decanl-one 202-(cis-4- {
[tert-Butyl(dimethyl)silylJoxyl cyclohexyl)-2,7-diazashiro[4.5]decan-l-one (7.00 g, 19.1 mmol) was
dissolved in acetonitrile (50 mL) and methanpl (7 mL)Oat r.t.. After the starting material was completely
dissolved, the solution was heated up to 70 CNTo the above solution was slowly added a solution of
(2R)-hydroxy(phenyl)acetic acid (1.45 g, 9.55 aunol) in acetonitrile (20 mL) at 65-70 C. After addition,

the solytion was heaigd ghidfformate (Aldrich, cat #:119938) (191 mL, 1.34 mol) was slowly added
to a cooled (at 0 “C) mixture of ethyl piperidine-3-carboxylate (Aldrich, cat #:194360) (200 g,
1.27 mol) and triethylamine (266 mL, 1.91 mol) in methylene chloride (1000 mL). The

reaction mixture was allowed to gradually warm to ambient temperature and stirred for 3 h.
The reaction was quenched by the addition of IN HCI aq. solution and the product was

10 extracted several times with methylene chloride. The combined extracts were washed with
water, saturated aq. NaHCO;, water, brine, dried over MgSQ,, filtered and concentrated
under reduced pressure to afford the desired product as oil (359.8 g, 97%). LC/MS 292.2 (M
+H)"

15 Step 2: I-benzyl 3-ethyl 3-(3-methylbut-2-en-1-yl)piperidine-1,3-dicarboxylate

P

N N

Cbz

To a solution of 1-benzyl 3-ethyl piperidine-1,3-dicarboxylate (120.0 g, 0.412 mol) in

THF (400 ml) cooled at -78 °C was added dropwise 270 mL of sodium
bis(trimethylsilyl)amide solution (1M solution in THF from Aldrich, cat#:245585) over 2 h.

20  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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25for 10 mm, 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 resultiny @2&138783 was dissolved in water (50 mL), and adjusted to BETASHREWTOATL ag
K2CO3 solution (2.0 M). The mixture was extracted with dichloromethane (3 times). The combined
organic layers were dried with magnesium sulfate, filtered, and concentrated under reduced pressure
to afford the d S|(ried oduct an{f ree bag% écologlesg stalll (‘()éld) 2.37 gé The absolute
stereochemlsiiry ofvf'ﬁls EOmy oun 5%85ta I"she(‘f'byrf ra;‘/%&@é éﬁrgﬂ' ﬂ;?S‘H&Pgﬁ%? ation of
(2R)- hydroxy@phmdyt)@bﬂmsamdﬁaltmﬂéﬁ&)l@f(mmk&éw—bum(slhméﬂhyp@nkydﬂmtykmpbbohexyl)

o2 T-dazasgliolbeldaaan: RS 0 BANEXImesao ] MARUCYRINEONIQHB6alcd (RAPRD ol
5ldecane-7- 10 carbox é/late prepared in Step 5 (0.266 g, 0.000688 mol) was dissolved in ethanol

(5.0 mi) and tirdd(Maerdnat é?@ of hydrogen in the presence of 10% palladium on carbon
(Aldrichs, cat #: 520888) (20.0 mg) at r.t. for 2 h. The reaction mixture was filtered and the volatile
i(él}/'\jr;tsm vlvee ((l)ved upgle 9(??% g)et%ygglr]?e;%%fefpjrg 'g}car eo%g a(;leproduct in quantitative yield.

A mixture of (5S)-2-(cis-4-hydroxycyclohexyl #o[4.5]decan-1 -one (1.04 g, 0.00412 mol),
4-bromo-2-fluoro-1-iodobenzene (Aldrich, cat 11; 04) (1.85 g, 0.00615 20 mol), copper(l) iodide
(Aldrich, cat #: 215554) (0.122 g, 0.000640 md), potaSsium phosphate (2.63 g, 0.0124 mol) and
1,2-ethanediol (0.48 mL, 0.0086 mol) in 1-butardl (3.90 mL) was heated at 100 C under nitrogen for 2
d. The reaction w&septenehqasaith thiategh ancoditractddlvihithzethtrtifie3aifyarih yilyearz-swere
combined, yiashedinith ‘9’%5%15%&9&19{5%‘120@’% 6%%3%%6 AHHALRE ARRJLTRS W5 Svarorated

under reduced pressure. The residue was purified
10 °C until the color of the solution turned blue The reaction mixture was then flushed with

nitrogen until the blue color dissipated. Dimethylsulfide (Aldrich, cat #: 274380) (14 mL,
0.19 mol) and triethylamine (26.5 mL, 0.19 mol) were added and the mixture was stirred at

(5S)-7-(4- bromo 2- quoropherzyO -2- (es-4-hyzl;oﬁxy%;lohexy0-2,7- diazaspiro[4.51decan-1-one Br

ambient temperature overnight. The volatile solvent were removed under reduced pressure
and purified directly by flash chromatography on a silica gel column with 20% ethyl acetate
15 in hexanes to afford the desired product in quantitative yield. LC/MS 334.2 (M + H)".

Step 4: Benzyl 2-(cis-4-hydroxycyclohexyl)-1-oxo-2,7-diazaspiro[4.5] decane-7-carboxylate

O

\ o}
Cbz
To a suspension of cis-4-aminocyclohexanol hydrochloride (Available from Sijia
20 Medchem Lab, China) (13.8 g, 0.0910 mol) and 1-benzyl 3-ethyl 3-(2-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
25  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:s.
The organic layer was washed with brine, dried over MgSOQy, filtered and concentrated under

reduced pressure. The crude material was dried under reduced pressure overnight to give
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25 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)+. Step 8:

5-3-fluoro-4W P14 -hydroxycyclohexyl)-1-oxo-2,7-diazaspiro14.51d€&FUS2008/067637
yllphenyl-N-inethylpyriditte-2-carboxamide Potassium phosphate (637 mg, 0.00300 mol) in water (3.00
mL) was added to a 5 mixture of (5S)-7-(4-bromo-2-fluorophenyl)-2-(cis-4-hydroxycyclohexyl)-2,7-
dlazasp|r0[4 1 ecan-1l-one 3 I N I}éﬁgﬁé} ,4,5,5-tetramethy1-1,3,2-
dioxaborolaf-2- ;S)y‘/’ﬁs ine- ]%%b ggr?l?%%%—gron 3 3 cait 0074) (393 mg, 0.00150 mol) and
tetrakls(trlphenylphosphlne)palladlum (Aldrich, cat # 216666) (35 mg, 0.000030 mol) in 1,4-dioxane
(3.00 mL). kpe ﬁ%&w@(wty@W@ﬁ)ﬁﬂfg@w&%ﬁﬁ%@é Nalt&sphd piiue, was diluted with ethyl
acetate and washed with water and brine. The organic layer was dried over Na2S04, filtered,
concentrated iR ¥educed pressure. The residue was purified by flash column chromatography on a
silica gel column eluting with 5% methanol in BCM to yield the desired product (285 mg, 59.3%).
LC/MS mie 481.2 (M+H)+. 11-I-NMR (400 MHs, B : 8.89 (1H, dd, J = 2.5, 0.6 Hz), 8.76 (1H,
q,J =4.7 Hz), 8.22 (1H, dd, 15J=8.4, 2% 8d J=28.4,0.6 Hz), 7.65 (1H, dd, J = 14.2,
2.1 Hz); 7.56 (1H, dd, J -= 8.5, 21Hz) 71§b§1H tJ= 85Hz) 4.37 (L H, d,J=3.1Hz),3.78 (1H, m),

3.71 (11-1, m), 3.21-3.38 (3H. m 11.4 Hz 3H, d, J.= 47 Hz), 2.64-2.74 (2H,
m), 2.18-2.26 (1H2[:{rin)rafe 115‘#&5 %‘“i °f‘§f’?§i|5‘e )(%6% ‘§6S(§‘ﬁ‘ﬁe E)‘ RIS
5-13- FIuordMRS@@-@MﬂI&Wr@M&Mﬂ)M@GQ Ot zadpino[438]ded7<m, 5 micron

yllpheny1}- %Mcqjérﬁ%hwﬁyﬂdl@&goﬁ%@@@ﬁﬁ xtﬁg%pﬁyjethanollhexanes (isocratic, 22 mL/min.)
5-brotno-N dlmethylg) ridine-2-carboxamide Oxalyl chloride (20.0 mL, 0.236 moI) was
added to a SBRARBA; %ﬁﬁﬁ@ﬁam%xms%éé&mgéealacc%a%ga%k lgctppoEpsyigasTsdy, 0.0500
mol) inomethyleNeabkiesicies(GR2pu)M! rFediollosuaciby SHpropmatHMR. T henmixdurewaskiikged at r.t.

for 2 h. Theatv (z)l{r;%trll)%(si\'mately 9.8 min. The fractions of Peak 2 were combined and concentrated to

provide the desired product (11.9 g) as a white foamy solid. The optical purity of the pooled
material from peak 2 was determined by using an Agilent 1100 series analytical system
equipped with a Chiralcel OD-H column (4.6 x 250 mm, 5 micron particle size, Chiral
15 Technologies) and eluting with 30% ethanoVhexanes (isocratic, 0.8 mL/min.). LC/MS m/e
387.2 (M+H)". The absolute stereochemistry of the peak 2 was established based on X-ray
single crystal structure determination of close analogs: Benzyl (5S)-2-(trans-4-
hydroxycyclohexyl)-1-oxo-2,7-diazaspiro[4.5]decane-7-carboxylate and (5S)-2-(cis-4-{[tert-
butyl(dimethyl)silylJoxy} cyclohexyl)-2,7-diazaspiro[4.5]decan-1-one prepared as described
20  in Steps Sa-c.

Step 5a: Benzyl 2-(cis-4-{[tert-butyl(dimethyl)silyl] oxy}cyclohexyl)-1-oxo-2,7-
diazaspiro[4.5]decane-7-carboxylate

OO

25 To a stired solution of benzyl 2-(cis-4-hydroxycyclohexyl)-1-oxo0-2,7-
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

20



were evaporated under reduced pressure. The residue was azotropically evaporated with toluene
twice. The residue was then dissolved in DCM (30 mL) followed by the addition of 30 mL of
dimethylamW& #P98AF73Rution (2.0 M) (Aldrich, cat #: 391956) and Hunig'sHaEEZHHILITAldrich,
cat #: 496219). The mixture was stirred at r.t. for 3 h. The reaction 5 mixture was diluted with DCM
(200 mL) and washed with water, IN HC1 and brine. The organic phase was dried over Na2S0O4,
filtered and concentrated to give the desired product (10.5 g, 91.7%). Step 2:

N, N-dimeth§FBHBE4 % B E &R AHASHA |YYL‘,‘§,E%%ét‘f&%ﬁ-529‘2‘159ﬁdlfi’é@éﬁﬁ%ﬁ&ﬂmf&&“ﬁ“@m OB-. 10
A mixture ofibirerdaedd, Nrchimethy|pifoidi ke 2:0aikb pxainid €845¢7.3The G025 sdad), (55.4 g) was

4,455,4' 4 B 51 [2.24hfi[1.3 2ldioxaborolanyl (6.98 6. 0,0 drich, cat #:
473004, 1T TERAAANE b GCARAERIGAT kil IR fons” The HOWAHEHier a8
dichloromet®asn{rrity cod o3 oed rravnimigrchy dash chrostegraphy. gma silical gel column

bis(dipkenydnhipspimoAiaacenai @ gvo Lampel) (AHeraeasidddd tatl tandsnoiassilim acetate
(7.36 g, 0,0750 mol) in 1,4-dioxane (100 mL) was heated at 120 C for 20 h. After cooling, the mixture
was concentrated, diluted with ethyl acetate and washed with sat'd NELCI solution, water, brine; dried
over Na2SQG#p Attel-fitisadigftethbubilfidie avad coneentratéd and-tha dwde matesialenas fuither purified
on a silica gel column eluting with ethyl 20acetate/hexane to give the desired product (4.7 g, 68%),

Step 3: 5-{3-Fluoro-4-[(55)-2-(cis-4-hydro.xy Iohexyl)-l-\ogzz,7-diazaspiro[4.5]dee-7-
yupheny1}-N,N-dimethylpyridine-2-earboXaig8l Thjs.compound was prepared by using
procedures that were analogous to thosc/,\ggg;cri oPthe synthesis of Example 1, Step 8 starting
from N,N-dimethy1-5-(4,4,5,5- H

tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine-2-carboxamideand(5S)-7-(4-bromo-2-
fluoropheny1)-2-(Tis-4-tvtdiioxycy Halmwkyl)(Zisf4djpzaspitgfdiblerensitiHore tfeidbhSxiiel 4803 (M+H)+.
111-NMR (iggd!\a{lz%zpi%m%%é%e@té%—%gr lodylgtteJ (:18].'07g|,_|§)5.§ ]r'nSmgls_l ir?I %ﬁéh?lnol (150 mL) was

added 10% palladium on carbon (Aldrich, cat #: 520888) (1.8 g, 1.5 mmol) under the

atmosphere of nitrogen. The reaction mixture was hydrogenated and shaken at 50 psi for 20

h. The reaction mixture was filtered through a pad of Celite and then washed with methanol

(300 mL). The filtrate was concentrated under reduced pressure to give the desired product as

15  a white solid in quantitative yield.

Step 5c: (58)-2-(cis-4-{[tert-butyl(dimethyl)silyl] oxy}cyclohexyl)-2, 7-diazaspiro[4.5] decan-

T\ N/

Si
CY ~( o '
EI o)

20 2-(cis-4- {[tert-Butyl(dimethyl)silylJoxy} cyclohexyl)-2,7-diazaspiro[4.5]decan-1-one
(7.00 g, 19.1 mmol) was dissolved in acetonitrile (50 mL) and methanol (7 mL) at r.t.. After

1-one

the starting material was completely dissolved, the solution 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
25  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,COj; solution (2.0 M). The mixture was extracted

with dichloromethane (3 times). The combined organic layers were dried with magnesium
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8.1, 2.3 Hz), 7.51-7.65 (3H, m), 7.12 (1H, t, J = 8.9 Hz), 4.37(1 H, d, J= 3.1 Hz), 3.78 (1H, 30m), 3.71
(1H, m), 3.22-3.38 (3H, m), 3.06 (1H, d, J = 11.7 Hz), 3.00 (3H, s), 2.97 (31-1, ), WO
2008/1577590C1B0E2008/067637 2.64-2.74 (2H, m), 2.18-2.27 (IH, m), 1RELABARY04T8Y.1 51 (3H,

m), 1.22-1.30 (21.1, m). Example 3 _ _
N-Ethyl-5-{3-1Thoro-4-1(55)-2-(eis-4- trydroxycyclohexyl) -1-0x0-2,7-diazaspirof4.5ltiee-7-

llphenyl he- -carboxamide ON N 100 HNO S
N 'Zthyly s}sp(y &%é RhforrensandRanT et 9rwﬁmfféa§f%grﬁsﬁgﬂm%poodw as a

free base (colorless crystalline solid) (2.37 g). The absolute stereochemistry of this

compound was established by X-ray single crystal structure determination of (2R)-

hydroxy(phenyl)acetic acid salt of (5S)-2-(cis-4-{[tert-butyl(dimethyl)silyl]oxy} cyclohexyl)-
5 2,7-diazaspiro[4.5]decan-1-one.

Step 6: (55)-2-(cis-4-hydroxycyclohexyl)-2,7-diazaspiro[4.5] decan-1-one
TN
X N
(N G‘OH
N
N" o

Benzyl (55)-2-(cis-4-hydroxycyclohexyl)-1-0x0-2,7-diazaspiro[4.5]decane-7-

10 carboxylate prepared in Step 5 (0.266 g, 0.000688 mol) was dissolved in methanol (5.0 mL)
and stirred under an atmosphere of hydrogen in the presence of 10% palladium on carbon
(Aldrich, cat #: 520888) (20.0 mg) at r.t. for 2 h. The reaction mixture was filtered and the
volatile solvents were removed under reduced pressure to afford the desired product in

quantitative yield. LC/MS m/e 253.2 (M+H)".

15 Step 7: (55)-7-(4-bromo-2-fluorophenyl)-2-(cis-4-hydroxycyclohexyl)-2,7-

TN
N
(j\( OOH
N 0

diazaspiro[4.5]decan-1-one

Br
A mixture of (55)-2-(cis-4-hydroxycyclohexyl)-2,7-diazaspiro[4.5]decan-1-one (1.04
g, 0.00412 mol), 4-bromo-2-fluoro-1-iodobenzene (Aldrich, cat #: 283304) (1.85 g, 0.00615
20 mol), copper(I) 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,SOy,
and filtered. The filtrate was evaporated under reduced pressure. The residue was purified by
25  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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10 This compound was prepared by using procedures that were analogous to those described for
the synthesis of Example 2, Steps 1 & 2 starting from 5-bromopyridine-2- carboxylic acid. 15Step 2:
N-Ethy1-543YAMSES](53)-2-(cis-4-1ydroxycyclohexyl)-1-ox0-2,7- PCT/US2008/067637
diazaspirof4.5]dee-7-yljphenyl}pyridine-2-carboxamide This compound was prepared by using
procedures that were analogous to those described for the synthesis of Example 1, Step 8 starting
from N-ethy1-5-(4,4,5,5- tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine-2-carboxamide and
(5S)-7-(4-bromo-2-

20tluoropheinyly: 2-(idudrbyf 8 rctonretylraivediadaspird[4:51dekdinzispive /LGS /e 495.3
(M-)H)'. 4( phenyl-N-methyl, yrzdﬁ)é—aﬂml%éca
5-{3-Cliloro- [(5%— -(cis- Z{ ﬁydroxycyclohexyl) 1-0x0-2,7- dlazasplro£4 .51dee-7-
25yliphenyl}-N-et ymm@@@a%mlgg d- O@@b q}ol) in water (3.00 mL) was added to a

(5S,)-75(4-hf@age2-chlorgpheny 1) Aeisvidigrthuabdtdimaiylsilyiaxyyydohsgtydiezylydiazaspiro[4.5]
decati-1-ong Gl iro[4.5]decan-1-one (425 mg, 0.00100 mol), N-methyl-5-(4.4,5.5-tetramethyl-13,2-
dioxaborolan-2-yl)pyridine-2-carboxamide (Frontier Inc., cat #: M10074) (393 mg, 0.00150
mol) and tetrakis(triphenylphosphine)palladium (Aldrich, cat #: 216666) (35 mg, 0.000030
mol) in 1,4-dioxane (3.00 mL). The resulting mixture was heated at 120 °C for 24 h. The
10  mixture was diluted with ethyl acetate and washed with water and brine. The organic layer
was dried over Na;SQy, filtered, concentrated under reduced pressure. The residue was
purified by flash column chromatography on a silica gel column eluting with 5% methanol in
DCM to yield the desired product (285 mg, 59.3%). LC/MS m/e 481.2 (M+H)". '"H-NMR
(400 MHz, DMSO-ds): 8.89 (1H, dd, J = 2.5, 0.6 Hz), 8.76 (1H, q, J = 4.7 Hz), 8.22 (1H, dd,
15 J=284,25Hz), 8.03 (1H, dd, ] = 8.4, 0.6 Hz), 7.65 (1H, dd, ] = 14.2, 2.1 Hz), 7.56 (1H, dd,
] =8.5,2.1Hz), 7.13 (1H, t, ] = 8.5 Hz), 437 (1 H, d, J = 3.1 Hz), 3.78 (1H, m), 3.71 (1H,
m), 3.21-3.38 (3H, m), 3.07 (1H, d, J = 11.4 Hz), 2.81 (3H, d, ] =4.7 Hz), 2.64-2.74 (2H, m),
2.18-2.26 (1H, m), 1.60-1.91 (8H, m), 1.39-1.51 (3H, m), 1.21-1.30 (2H, m).

20 Example 2
5-{3-Fluoro-4-[(5S)-2-(cis-4-hydroxycyclohexyl)-1-0xo0-2,7-diazaspiro[4.5]dec-7-
yl]phenyl}-N,N-dimethylpyridine-2-carboxamide

(0]
O

Me < %
Step 1: 5-bromo-N,N-dimethylpyridine-2-carboxamide

’?l
I D
/
MezN N

Me N«
25 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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OTBS 5Br Amixtureof(55)-2-(eis-4- iftert-butyl(dimethyDsilyljoxy}cyclohexyl)-2,7-
diazaspiro[4.5]decan-1 -one (0.282 g, 0.000769 mol), 4-bromo-2-chloro-1-iodobenzene (0.293 g,
0.000922 mWIP AC4B/AAEIEY, cat #: 19245), copper(l) iodide (0.015 g, 0.0000 PE FBHSBRICHTImM
phosphate (0.490 g, 0.00231 mol) and 1,2-ethanediol (0.0857 mL, 0.00154 mol) in 10 1-butanol (0.75
mL) was heated at 100 C under nitrogen for 2 d. The reaction mixture was filtered, concentrated under
reduced pressure, and th idue was purified bgrflash C romatogé%g)hy on a silicaagel cQlumn

re
(eluting with' 6 fo 5083'd I“gg‘é’iarfed BEHeRESHES o AFSFE IHE WAYiAEAUSRIGRINY. TERIECS. Wit
5-13-chlorotehuk(E3)v R4 cidhe thyidnoxyey dieh disgh Hedwo 2CMd{a¢ aish) 6flostdde-The addition of

Y]phe”yll'%%W&%iﬁl@ﬁ%}ﬁ%@%?%d&nmon@.6 ﬁ}rfﬁ%ﬁvﬁ}%‘? #).f391956) and Hunig's base
(55)-7-(4-bromo-2-chloropheny1)-2-(cis-4-{[tertbutyl(dimethyOsilylJoxy) ‘
cyclohexyl) 2% did2aspidspsad et atiazbhe 1O MEFo00004tHHsH,at 1t for 3 h. The reaction
[1,11-bis(diphanydphaspiine) feime erre]di ohlgmopalladiadrad ) aarvalex withadichleremmethane 20 (1:1)

(2.0 mg), tetrakis(triphenylphasphine)palladium (1.Q mg) and potassium, carponate (14.9 mg, 0.000108
mol) in anhYd¥ous ‘ﬁllFaﬂe ﬁge?ﬁ'ﬁﬁoor‘r’ﬁgﬁ%% (yl ﬁ‘%e\%ﬁggaﬁ?fgﬁgq%e[ﬂﬁgy gl product

(4,4,5,5-tetfatethy1-1%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 (0.10 mL) and the mixture was
stirred at it. RMYREARe Pdatlbh MisdairengHe S difesthe migitidd Bp R uaP L@ by ufend the
desired product. LC/MS m/e 511.2 (M+H)+. 111-NMR (4p0 MHz, DMSO-c16): 8.92 (111, d, J = 2.3
Hz), 8.84 (I H, t, J = 5.9 Hz), 8.26 (1H, dd, J = 8.2, 3,3 Hg), 8.06 (111, d, J=8.21lz), 7.89 (111, d, J =
2.2Hz),7.74 (1H,dd, J=8.5, 52.2 Hz), 7.30 (1?&22%!5 Hz), 4.39(1 H, d, J = 3,1 Hz), 3.80 (1H,
m), 3.72 (1H, m), 3,243.44 (5H, m), 3.01 (AHCdgI =#1.4 Hz), 2.63-2.74 (2H, m), 2.40-2.53 (1H, m),
1.64-1.91 (8H, m), 1.41-1.53 (3H, m), 1.203;’%23(2& m), 1.13 (3H, t, J = 7.2 Hz). Example 5 10
Comparative Data

10

A mixture of 5-bromo-N,N-dimethylpyridine-2-carboxamide (5.73 g, 0.0250 mol),
4,4,5,5,4'4",5',5"-octamethyl-[2,2']bi[[1,3,2]dioxaborolanyl] (6.98 g, 0.0275 mol) (Aldrich, cat

#: 473294), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(Il) complexed with
dichloromethane (1:1) (0.6 g, 0.0007 mol) (Aldrich, cat # 379670), 1,1

15 bis(diphenylphosphino)ferrocene (0.4 g, 0.8 mmol) (Aldrich, cat #: 177261), and potassium
acetate (7.36 g, 0.0750 mol) in 1,4-dioxane (100 mL) was heated at 120 °C for 20 h. After
cooling, the mixture was concentrated, diluted with ethyl acetate and washed with sat'd
NH4C1 solution, water, brine; dried over Na,SO,. After filtration, the filtrate was concentrated

and the crude material was further purified on a silica gel column eluting with ethyl

20 acetate/hexane to give the desired product (4.7 g, 68%).

Step 3: 5-{3-Fluoro-4-[(5S)-2-(cis-4-hydroxycyclohexyl)-1-oxo-2, 7-diazaspiro[4.5] dec-7-
Vl]phenyl}-N,N-dimethylpyridine-2-carboxamide
This compound was prepared by using procedures that were analogous to those
25  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 (IH,d, J = 1.7 Hz), 8.15 (I1H, dd, ] =
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,
30 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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The compounds of the invention were unexpectedly found to exhibit favorably low inhibition of ion
channel agtiyify tasmeasured by a hERG patch clamp assay) compared ptfygagsinntascompounds
(5S)-7-(2,4-Difluorophenyl)-2-(trans-4-hydroxycyclohexyl)-2,7- diazaspiro[4.5]decan-1-one
(Comparative 1) and 3-Fluoro-442-(trans-4-hydroxycyclohexyl)- 15
1-oxo0-2,7-diazaspiro[4.5]dec-7-yllbenzonitrile (Comparative 2); see WO 2006/053024. Table 1

compares the xataielavy, for patencyrand)inhdoition ofignehabnel activiy nwhilz2thac@fipounds of the
invention é[epresented by Examples 1 and 2) are similarly potent with the comparative compounds, the
compoun g'of the invention surprisingly inhibited ion channel activity 3-14 times less than the
comparative compounds. The compounds of 20 Examples 3 and 4 showed similar properties. Table 1
Compound IC50 (nM) h-HSDI IC50 (nM) h-PRIVIC hERG (Patch) % inh @cm MM Example 1 <20 <20

<10 Example 2
5 P Example 3

N-Ethyl-5-{3-fluoro-4-[(55)-2-(cis-4-hydroxycyclohexyl)-1-0x0-2,7-diazaspiro[4.5]dec-7-
yi]phenyl}pyridine-2-carboxamide

0
Bt P l
H N
) ‘w(N‘Q‘OH
¢ \
0

Stép 1: N-ethyl-5-(4;4,5,5-tetramethyl-1,3, 2-dioxaborolan-2-yl)pyridine-2-carboxamide

10

This compound was prepared by using procedures that were analogous to those
described for the synthesis of Example 2, Steps | & 2 starting from S-bromopyridine-2-

carboxylic acid.

15 Step 2: N-Ethyl-5-{3-fluoro-4-[(55)-2-(cis-4-hydroxycyclohexyl)-1-oxo-2,7-
diazaspiro[4.5]dec-7-yl]phenyl}pyridine-2-carboxamide
This compound was prepared by using procedures that were analogous to those
described for the synthesis of Example 1, Step 8 starting from N-ethyl-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine-2-carboxamide and (58)-7-(4-bromo-2-
20 ﬂuorophenyl)-2-(cis—4—hydroxycyclohexyl)-2,7—diazaspiro[4.5]decan~1-«one. LCMS  m/e
495.3 (M+H)". '

Example 4

5-{3-Chloro-4-[(55)-2-(cis-4-hydroxycyclohexyl)-1-0x0-2,7-diazaspiro[4.5]dec-7-
25  yljphenyl}-N-ethylpyridine-2-carboxamide
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<20 <20 <18 Comparative 1 <20 <20 >74 Comparative 2 <20 <20 >45 The hERG patch clamp assay
was carried out according to the procedures of Hamill ~ O.P. et al. "Improved patch clamp techniques
for high res®YRUSHELTER recording from cells 25and cell free membrane pBfCHES208i9gets 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-chIoro-6-[@S)-2-(cis-4-hydroxycyclohexyl)-l-oxo-z,7-
diazaspiro[4.5]dec-7-y||-pyridin|-5§-yll N,N-dimethylbenzamide; see WO 2006/053024).
\N /

L N

Step 1: (58)-7-(4-bromo-2-chlorophenyl)-2-(cis-4-{[tert-
butyl(dimethyl)silyl] oxy}cyclohexyl)-2, 7-diazaspiro[4.5] decan-1-one

TN
< N
N ores
N o)
Cl

5 Br
A mixture of  (55)-2-(cis-4-{[tert-butyl(dimethyl)silyl]oxy}cyclohexyl)-2,7-
diazaspiro[4.5]decan-1-one (0.282 g, 0.000769 mol), 4-bromo-2-chloro-1-iodobenzene
(0.293 g, 0.000922 mol) (Lancaster, cat #: 19245), copper(I) iodide (0.015 g, 0.000077 mol),
potassium phosphate (0.490 g, 0.00231 mol) and 1,2-ethanediol (0.0857 mL, 0.00154 mol) in
10 1-butanol (0.75 mL) was heated at 100 °C under nitrogen for 2 d. The reaction mixture was
filtered, concentrated under reduced pressure, and the residue was purified by flash

chromatography on a silica gel column (eluting with 0 to 50% ethyl acetate in hexanes) to

afford the desired product.

15 Step 2: 5-{3-chloro-4-[(55)-2-(cis-4-hydroxycyclohexyl)-1-oxo-2, 7-diazaspiro[4.5] dec-7-
yvl]phenyl}-N-ethylpyridine-2-carboxamide
To a stired mixture of (55)-7-(4-bromo-2-chlorophenyl)-2-(cis-4-{[tert-
butyl(dimethyl)silyljoxy}cyclohexyl)-2,7-diazaspiro[4.5]decan-1-one (20 mg, 0.00004 mol),
[1,1"-bis(diphenylphosphino)ferrocene]dichloropalladium(IT) complex with dichloromethane
20 (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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WO 2008/157752PCT/US2008/067637 Table 2 Parameter Example 2Comparative 3 Free fraction in
human serum 22%4.4% Cellular potency (IC50) 0.3 nM 0.6 nM Target drug concentration in human
plasma equB BB TH nM 13.6 nM hERG Patch @,, 10 uM 14% 33% PCT/US2008/067637

10

15

20

25

(0.10 mL) and the mixture was stirred at r.t. overnight. The reaction mixture was then
directly purified by RP-HPLC to afford the desired product. LC/MS m/e 511.2 (M+H)",
'H-NMR (400 MHz, DMSO-d): 8.92 (1H, d, J =2.3 Hz), 8.84 (1H, t, ] = 5.9 Hz), 8.26 (1H,
dd,J=8.2,2.3 Hz), 8.06 (1H, d, J = 8.2 Hz), 7.89 (1H, d, J = 2.2 Hz), 7.74 (1H, dd, J = 8.5,
22 Hz),7.30 (1H, t,J = 8.5 Hz), 4.39 (1 H, d, J = 3.1 Hz), 3.80 (1H, m), 3.72 (1H, m), 3.24-
3.44 (5H, m), 3.01 (1H, d, J = 11.4 Hz), 2.63-2.74 (2H, m), 2.40-2.53 (1H, m), 1.64-1.91 (8H,
m), 1.41-1.53 (3H, m), 1.20-1.32 (2H, m), 1.13 (3H, t, ] = 7.2 Hz).

Example §
Comparative Data

The compounds of the invention were unexpectedly found to exhibit favorably low
inhibition of ion channel activity (as measured by a hERG paich clamp assay) compared with
the similar compounds (5S)-7-(2,4-Difluorophenyl)-2-(trans-4-hydroxycyclohexyl)-2,7-
diazaspiro[4.5]decan-1-one (Comparative 1) and 3-Fluoro-4-[2-(trans-4-hydroxycyclohexyl)-
1-ox0-2,7-diazaspiro[4.5]dec-7-yl]benzonitrile (Comparative 2); see WO 2006/053024.
Table 1 compares the data below for potency and inhibition of ion channel activity. While
the compounds of the invention (represented by Examples 1 and 2) are similarly potent with
the comparative compounds, the compounds of the invention surprisingly inhibited ion
channel activity 3-14 times less than the comparative compounds. The compounds of

Examples 3 and 4 showed similar properties.

Table 1 :
IC50 (llM) IC50 n hERG (Patch
Compound h-HSD1 h-PB(MD(/!,‘) % inh @10 pl\)’l
Example 1 <20 <20 <10
Example 2 <20 <20 <18
Comparative 1 <20 <20 >74
Comparative 2 <20 <20 >45

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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Rat Concentration maximum in plasma after oral 5 mg/kg dose 3.36 1M 0.4 1.11\4 Plasma exposure
after oral 5 mg/kg dose AUC 8.3 (uM * h) 0.5 (j_tM * h) The free fraction was determined by
separating t(WOREBAFIGrom bound drug in plasma by equilibrium dialysis BEEY8R488t0p3edhdard
operating procedures. Cellular potency 5 data was obtained according to the procedure of Example 7
below. Target drug concentration was calculated by dividing cellular potency by the free fraction.
hERG patch clamp data was obtained according to the procedure described above. Pharmacokinetic
studies were conducted according to routine prot& BS2s in rats given a single oral dose of 5 mg/kg.
The plasma concentration-tiPaeadadéeervas used to determin®ihaefle®” and Soapahatineeokinetic 10
parametersHose Stactttarch homsosepartmental methods using WA onlin(r) version.86.1. This
Example i|ldsitatepoerteyr(ipipperties of the claimed compouthdsiNNo representiorMs made as to
whether thelepeigavativecsompionmdsuspngdemaieguelosest siryciyral anglogs tg theygompounds of the
invention, g@ad%o representation is made with respect o whether all possible comparative data is
presented, bisRed¥deinbld tnidls can and do 15differ as to whafGonstitutes closéXtructural @nalogy

and what ,&@gﬁ@n@@lmMWémnmmﬁeE)(ahple 6 Engymatic assay qf 11R{TSDI 20All in
vitro assayS # e source of 1113HSD1

8.3 (LM * h) 0.5 (UM * h)

Plasma exposure after oral 5 mg/kg dose AUC

The free fraction was determined by separating the free drug from bound drug in

plasma by equilibrium dialysis according to standard operating procedures. Cellular potency
5  data was obtained according to the procedure of Example 7 below. Target drug concentration
was calculated by dividing cellular potency by the free fraction. hERG patch clamp data was
obtained according to the procedure described above. Pharmacokinetic studies were
conducted according to routine procedures in rats given a single oral dose of 5 mg/kg. The
plasma concentration-time data was used to determine the Cy,y and AUC pharmacokinetic

10  parameters by standard non-compartmental methods using WinNonlin® version 5.0.1.

This Example illustrates certain properties of the claimed compounds. No
representation is made as to whether the comparative compounds represent the closest
structural analogs to the compounds of the invention, and no representation is made with
respect to whether all possible comparative data is presented, as reasonable minds can and do

15 differ as to what constitutes close structural analogy and what constitutes relevant

comparative data.

Example 6
Enzymatic assay of 11fHSD1
20 All in vitro assays were performed with clarified lysates as the source of 11BHSD1
activity. HEK-293 transient transfectants expressing an epitope-tagged version of full-length
human 11BHSDI1 were harvested by centrifugation. Roughly 2 x 107 cells were resuspended
in 40 mL of lysis buffer (25 mM Tris-HCI, pH 7.5, 0.1 M NaCl, | mM MgCl, and 250 mM
sucrose) and lysed in a microfluidizer. Lysates were clarified by centrifugation and the
25  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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activity. HEK-293 transient transfectants expressing an epitope-tagged version of fill-length human
lIpHSD | were harvested by centrifugation. Roughly 2 x 107 cells were resuspended in 40 mL of lysis
buffer (25 mVPTRIEATISEH 7.5, 0.1 M NaC1, 1 mM MgC12 and 250 mM s E8E28HA768d in a
microfluidizer. Lysates were clarified by centrifugation and the 25supernatants were aliquoted and
frozen. Inhibition of 11131ISD | by test compounds was assessed in'vitro by a Scintillation

Proximity AssayféSPAp)ééDa/ test compounds were dissolved at 5 mM in DMSO. These were diluted in
DMSO to sAitaBE BoRMARH dottiabicransparalions, foy gig SPAe558%1q SiFaflifoildotEhpounds
were dottedipitidh¢ wetbplptaads DS auChihasB logs plaeanipanmconegntaticn wgyecovered.

20 RE of clarified lysate was added to each well, Reactjons were initiated b dition of 20.1.11 , of
cubstrate-cORP R TS LA S o8 TR TS B RN B SWERL) 5 fmal
concentrati®escabdOe @niNARR| by 28dildBbE-cortisorfes atsktr 00t dr iR - 10Qy Blefes (dere
incubated at for ane r, Reacti ere by addition of 40 1il , o i-mquse coated
SPA beads tﬁ-é?d‘[b%%r? %?3?@%@%0%% io%g&r@h%%)ng olgéecgﬁggnégﬁ%oﬂéggéimnonoclonal
antibody. QuUADEIED plate SHvereisnce bademoiroa TritirXirn0of J0aminuéasiatRhtedar 83 10 feading on a
Topcount scintillation_counter. Controls with no lysate, inhibited lysate, and with na were run
foutinely. ROTGH 0SB AR e by TAVATSE: Tk nCh B s heian undier
these conditienbaEkaim phe-hdBEel-base thasshyatbeddkedidDihd ativbtyisol-speiiiharal deloasl

mononuclear cells (PBMC ere isolated from normal human vol ers by Fi ensity
cenmfuganagﬁbeé?ls 3%%%2%[%&&%@}%&% SRR AT TEES- Bt B 06 wel
plates! Orherewdisgvare skpestané deovaiefightspiti B0 kgiinelsetivimirniamtbuimttbikd dygReDusY stems).
The followingmorning 90 A SarRANERRALMON2) Wa%HacdeHBhine RIGSENGE PIRRRESNGe of various

concentrations of compound. The cells were incubated for 48 hours and then stupernatants were
harvested. toryBRRIRbrasitacmdaisaiaIdiiRedetermined by a commercially available ELISA
(Assay Design). Various modifications of the invention, in addition to those described herein, will be 25
apparent toErthose skilled in the art from the foregoing description. Such modifications are also
intended to PARtRih the scope of the appended claims. Each reference, including all patent, patent
applicetions;efirishidodizasidos | tRES D1 theipitgsent application is incorporated herein by reference in its
entirety. WO 200@4%9}@?12Pb?&@%%%%%@%? %gllgl(;l)%kllhlg) were isolated from normal human

volunteers by Ficoll density centrifugation. Cells were plated at 4x10° cells/well in 200 pL

of AIM V (Gibco-BRL) media in 96 well plates. The cells were stimulated overnight with 50

ng/ml recombinant human IL-4 (R&D Systems). The following morning, 200 nM cortisone

20  (Sigma) was added in the presence or absence of various concentrations of compound. The
cells were incubated for 48 hours and then supernatants were harvested. Conversion of

cortisone to cortisol was determined by a commercially available ELISA (Assay Design).

Various modifications of the invention, in addition to those described herein, will be

25  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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Claims: A compound which is: 5- {3-Fluoro-4-R5S)-2-(cis-4-hydroxycyclohexyl)- 1 -oxo0-2,7
diazaspiro[4.5]dec-7- yliphenyll-N,N-dimethylpyridine-2-carboxamide; seufically
accept%%zggﬁlflﬂqé?éof 2. A compound which is: VA RRAMARTC
5-{3-Fluoro-4-[(5S)-2-(eis-4-hydroxycyclohexyl)-1-oxo- 7-diazaspiro[4.5]dec-FC SLLE
ylJpheny1)-N-methylpyridine-2-carboxamide; or a pharmaceutically acceptable salt thereof. 3. A
compopigd which is: N-Ethyl-5- {3.-fluoro-4-R5S)-2-(cis-4-hydroxycyclohexyl)- | -oxo-2,7
diazaspiro[4.5]dec-7-yllphenyi }pyridine-2-carboxatnide; or a pharmaceutically acceptable salt thereof.
4. A compound which is: 5,- 3-Chloro-4-[(5S)-2-(c is.-4-hydroxycyclohexyl)- 1 -oxo-2,7-diazaspiro
[4.51dec-7- yHphemdl-in-ethylpisridine-2-earboxamide; or a pharmaceutically acceptable salt thereof 5.

A compositiorg_g prorisoi[lég @ggggggﬂ@h% I%%%C?agh%&?{&im& o ﬁd%%ﬁpgm%gﬂ_cally acceptable

salt thereof, and at least o armaceutically acceptable carrier, 6. A'method of inhibiting activity of
11PHSDIb oo pris Mg icoribadnyiid swid HBHSDMEeVivo with a compound of any one of claims | to 4, or a

phafmaceUtiC(ﬁlB’ﬁgggp&@h{eg;@lgm%@me ZaifMethod of inhibiting the conversion of cortisone
to.cortisol in a cell.

2. A compound which is:
5-{3-Fluoro-4-{(58)-2-(cis-4-hydroxycyclohexyl)-1-oxo-2,7-diazaspiro[4.5]dec-7-
yl]phenyl}-N-methylpyridine-2-carboxamide;

or a pharmaceutically acceptable salt thereof.

3. A compound which is:
N-Ethyl-5-{3-fluoro-4-[(58)-2-(cis-4-hydroxycyclohexyl)-1-0x0-2,7-
diazaspiro{4.5]dec-7-ylIphenyl} pyridine-2-carboxamide;

or a pharmaceutically acceptable salt thereof.

4. A compound which is:
5-{3-Chloro-4-[(58)-2-(cis-4-hydroxycyclohexyl)-1-ox0-2,7-diazaspiro[4.5]dec-7-
yl]phenyl}-N-ethylpyridine-2-carboxamide;

or a pharmaceutically acceptable salt thereof.

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

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

6. A method of inhibiting activity of 113HSD1 comprising contacting said 113HSD1 ex vivo

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'ex vivo with a compound of any one of claims 1 to 4, or-

a pharmaceutically acceptable salt {hereof.
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comprising contacting the cell'ex vivo with a compound of any one of claims | to 4, or a
pharmaceutically acceptable salt thereof 8. A method of inhibiting the production of cortisol in a cell
comprising contacting the cell ex vivo with a compound of any one of claims | to 4,0r & | ¢
pharmaceutically acceptable salt thereof. 9. A compound of any one of claims 1 to 4, or a

pharmaceutically acceptablieogalt theTsiahiomusedniaating Qhesivindiakatesmaligase ialerance;
insulin resistance; hyperglycemia; hypertension; hyperlipidemia; cognitive impairment; depression;
dementia; glau@’t?rﬁ lgér%'l L 2EE RISk &f aRketiorb StaimrihiAfatiohP MerRasEHE S Hdrome;
androgen excesseptapidyaystie@sary syndrome (PCOS) in a patient. 10. A compound of any one of
claims 1 to 4, or a pharmaceutically acceptable salt thereof for use in treating type H diabetes in a
patient. 11. A compound of any one of claims 1 to 4, or a pharmaceutically acceptable salt thereof, for

use in the treatinent oA thentpomanodrnanionaldrethihy therapy. a pRatdse aftr ApMmpessauR any one of
claims | to 4, O{ha hla aceuti?all .accEgtab!e §$It thereof, for th(iﬂprepqr_ation of a medicament for
use in the treatieRT o OBES ) MSBE Q8 Y SLD SRS STHRSS: HHOIATAT S LIS HEL TN &Ry cemia;
hypertension; hypergihideniia hgpgnitivéoimpapergnticdepyessiony ¢ enpaniiglapamasgardiovascular
disorders; osteoporosis; inflammation.. metabolic syndrome; androgen excess; or polycystic ovary
syndrome (ch%j.en%’ %‘é%?%’c%%&b%%ﬁu IS LIRS PRIEIRE OB I Qﬂh’&“&tﬂyh?@ﬁlly
acceptable saltyhérent;fandheprepacatian pbladnaiticamentferese (RCWSaaipenéaf type Il
diabetes.

10. A compound of any one of claims 1 to 4, or a pharmaceutically acceptable salt

thereof for use in treating type II diabetes in a patient.

11. A compound of any one of claims 1 to 4, or a pharmaceutically acceptable salt

thereof, for use in the treatment of the human or animal body by therapy.

12. Use of a compound of any one of claims 1 to 4, or a pharmaceutically acceptable
salt thereof, for the preparation of a medicament for use in the treatment of obesity;
diabetes; glucose intolerance; insulin resistance; hyperglycemia; hypertension;
hyperlipidemia; cognitive impairment; depression; dementia; glaucoma; cardiovascular
disorders; osteoporosis; inflammation; metabolic syndrome; androgen excess; or

polycystic ovary syndrome (PCOS).

13. Use of a compound of any one of claims 1 to 4, or a pharmaceutically acceptable
salt thereof, for the preparation of a medicament for use in the treatment of type II

diabetes.
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