WD 2011/ 053575PCT/ US2010/ 054054 SPI ROLACTAM DERI VATI VES AND
USES OF SAME FI ELD OF THE | NVENTI ON The present invention provides

spi r ol actwmm2dawassssi ves, as wel |l as pharnmaceuti cal conp@sirtiseons/oatvds met hods
of treatnent using sane. 5BACKGROUND OF THE | NVENTI ON Thi s invention
concerns spirolactam derivatives, which act as allosteric nodul ators of the
net abotropi c glutanmate receptor 5 (mMGlub receptors or nd uR5), as well as
phar maceutical conpositions and nmethods of treatment utilizing these
conpounds. Gutamate is the major excitatory neurotransmtter in the

mammal i an central nEPIROEALEBAMDERIVAMRVERANIDLUSESHAF MAME gl ut amat e
neurotransm ssion i s through netabotropic glutamate receptors (nd uRs);
anot her RHalnb (WEMHE INNGNTKIEIN receptors. Presently, eight md uRs have been
cloned and classified into three groups based on sequence honvol ogy,

pref err ethsi gogdnt t hatstbnc tprovid@atshivaicand qehianifrs ol 89 ¥wellGa@uphdrnekcutidaliRs

i ncludes md uRl and md uR5, while Goup Il conprises md uR2 and nd uR3 and
Group | | forepasiions ead metheds of seatmentasegsapécept ors. n@ u receptors have an
essential role in normal brain functions, as well as in neurological,

psychi at BACKGROUNDIORIIELINVENEE¥Ners. nGlu5 receptors are | ocated
primarily postsynaptically and highly expressed in the linbic brain

r egi ons. ThiGlioéentien ephoarss spisdacdae dexipatessewhich dches aHadtemu siodsipiaralof ¢lor d,
and vagal rve .systens, as well eripheral ly . in_the 20skin on nerv

ondi ngs. RO D SRR odaler odauS rreeRe Gcutiufy: Aevel BeohShenchp
have progdngsositRins BEd hiRRHRbf fedmeRN it 2ingBEKRUMpsNRdsem di sorders. See e.g.,
G Jaeschke et al., "mGlu5 receptor antagonists and their therapeutic

POt ent | akitarfB R the Rl oxEtRbry RAIERSmiteP e HmealidedndiZnorRl 5008
proffer that gl utamaté ana og?’targetlng the orthosteric |no?| ng site may
ba0l i m t Ode myeahowf Im@iutntiay ghetamhteanduootrasohissvaus fthioughtmadlotopicvgltiiamaitd h
respect to the different URs subtypes., Synthetic agonists I to
Cont§ muctiee b GRSk e ehahug SRt o natC iy o Bl HEN PR b be
net abol i galel pechtcddllcd andNil&sERAthRUAKS SblpLbaLH R degudt H&ﬁfo@%%@&)kéﬂr_red
desirable, due to potential receptor desensitization issues. so, with

respect signal dvepdustion petiparicnd PAOTZGLIYS IHPEPCHF USINRe/i064dsamEuR hend ¢
t i | . t | d d f f tion i
ot e cOpuFT B R rB, RO Bl B BREmSAv REEH e HP Ehier W one”

syst em dé Spardes reckjav@yver, a nore sel ective and controlled "fine-tuning"
action on the nGlu5 receptor is feasible through allosteric nodul ation. See

e.g., P.neag _Ii‘ed%foto?d have dMESSQRRTl RPE 6n HhitRAMRLR fondtiBRERE Al PasMAduRSISiSaland
their potential therapeutic applications,” Expert Opin. Ther. Patents,

2007, 17psy4hiagicl- @81l . nedrdrosscelar cdwordatsat i orGluef egosptors areidlasgtedy peimarily
nodul ator ligand .o a,si on a receptor .that .is differ fromth

ort hoat opastoyBRmisaly o8¢ Bishiu PGt otk dinufin e, Rt GRS oD A8 487 ng
process &gsedsédinl the GRMMAISNEEihQRBId, SRANGRS nertd kpdter@ Yis Mefa0 Padpierdlf ihugnce
the function of the protein ﬁje. g., G protein-coupled receptors such as
m2PuRs, skn ppapiygicadingrndGibemovel 3@ uR5 |igands that allosterically

modul ate the nGluS receptor may inprove the therapeutic w ndow of
tradi ti ohmindsettthamGled vengptossy/lsaverheam eliven tnltve iprethise foreeripberal wfd catrel al

nervous system di sor.ders. The pr nt ji.nvention-is direct ega&tphe e nd
ot her 1 T E BTGk B TR RO S e Bl S Rvan ERgn
provi destharapedRopdtentRl,” TRpen | Bpik.| TherNPdrehi2, 2008, 1R32:(123- 2BWhestiofic proffer
that glutamate analogs targeting the orthosteric binding site may be limited by low brain

25 penctration and insufficient selectivity with respect to the different mGluRs subtypes.
Synthetic agonists may lead to continuous stimulation of the receptor since they are often

designed to be metabolically stable. This continuous stimulation is not necessarily desirable,

due to potential receptor desensitization issues. Also, with respect to receptor occupancy,



R and R2 are each independently aryl, heteroaryl, alkyl, cycloal kyl,

ket ocycl oal kyl, or heterocyclyl, which is optionally nono-, di-, or
tri-substwouvadssitdependently with al kyl, cycl oal kyl, alPkofs2010pe06Ky,

hal ogen, cyano, trifluoroal kyl, am no, acyl, aryl, heteroaryl,

het erocycl yl, -C(0)NHR30, -C(0)N(R30)R31, -NHC(0)R30, -N(R30)C(0)R31,
-NHR30, - 30N(R30) R31, or -0R30; wherein: W) 2011/053575PCT/ US2010/ 054054
R3 and R31 are each independently G -C6al kyl or C -C6cycloal kyl that is

opti onal hst . it y/ - - - j 1= I

PR CLCaar Y TS S BE it R irolo R PAB R0 SR RE bl i AP b be
- C( 0) NH( &ampfadidldayith the-kiftidy dif (htpeBdldey D 2, centiGeBouCsylstenCdabidel., - N(C 1
-C3al kyl)-C(0)-C 1 -C3al kyl, OH, 5or -0-C -C6al kyl; and each aryl,

het er oar Mbweh@! armasnclcydctistiRgl i doeolled SfifPlundpal dcYios Wasthict GRS Yckror is
G 3al kyl , C3-5cycl oal kyl, G -3al koxy, hydroxy, hal ogen‘, cyano,

trifl uorfﬁ‘é#ilhkfil t,hrqy,gha'c}ﬂqq@glc modulation. S@g,e.gRLP,. Bagh g4 i/ R Mgtabosgpls glutamate

ndepencetly: B afiathiMhy G PRGOS hnea P SRR 00N O Flols
form a nBments02007i ¢ycl: 3¢1481t allbXerie Modudoheifer ac yildar bgyd modulbet dpeat vl |
whi ch optionally contains 1-3 additional heteroatons; or 15a . o
phar macet®t3 ¢ig9qn2 r&&?i’é?fttg%tl ip didtorent fio@t g orthaens HABRAY Siuﬁ Bl piotieaaf binding
provi desg; g i it &&ﬂ@fn& i ast; of
formul a S(ll?e) pig?}g g%grﬁd;yr?g%g t?%:ggf)?é_;hggglept abl e&ggigt&%% érg’eg]%lfcggﬁ%&pgﬁ?%g?t one
phar maceuflucalel the Aooapmabl thecaotaire(e.g.THe ppotemeamuplied wecdptan satls @s pnGloRdes a

hod of treati diisease qr_di.sorder, the nethod C rise
nab o st et R BRSO EE TR SRS nTeRte BrnadTrE R MGTE esmBtng
of the pm@sembroveYRNhtRBc@RIc RinABA! JTRERUINGPEdnYraPEGORIPRERSAlchtstha/@Fhc t O a
manmal i n need thereof, wherein the disease or disorder is a central
nervous &gaiment efi ecatiglenasyousi systctiedisorderss orhs pratsodinventien wfdirdstedribessoand a
synmpt om of ertihe diasteas or disorder is treated. FIGURES 25Figure 1. Effect
of a con% B PSf R Rt a (1) in a nouse nodel for affective di seases and
di sorderg, | r i odi nrent of the invention. Figure 2:
Ef f ect o?UWmﬁﬁggﬁE ﬁ%{]ﬂﬁﬁﬂoﬂ? in arat nodel for affective di seases
and di sorders in_ accordance with an enmbodi nent _of the invention. WO
2021/ 0535hspEeTnUsp A DRELEs Ergmpeuns: offpmads (Bf a conpound of formula (1)
in arat nodel for affective diseases di sorders in accordance with an
enbodi nent of the inventionR7i gyre iq’ ffect of a conpound of fornula (1)
in arat nodel for affectivd disea and di sorders in accordance with an
enbodi nent of the inveﬁi1i\ﬁpN \l| LEDY DESCRI PTI ON OF THE | NVENTI ON I n one

ntli on

aspect, the present inve %Qi rol actam derivatives. The
R% formula (1): R2 R7 O N

Y

25 wherein:

R' and R? are cach independently aryl, heteroaryl, alkyl, cycloalkyl, ketocycloalkyl, or

heterocyclyl, which is optionally mono-, di-, or tri-substituted independently with alkyl,

cycloalkyl, alkoxy, hydroxy, halogen, cyano, trifluoroalkyl, amino, acyl, aryl, heteroaryl,

heterocyclyl, -C(O)NHR™, -C(O)NR*))R*, -NHC(O)R*, -N(R**)C(O)R*!, -NHR™, -
30 NR™R, or -OR™; wherein:



wherein: R and R2 are each independently aryl, heteroaryl, alkyl,
cycl oal kyl, ketocycl oal kyl, or heterocyclyl, which is optionally nono-,
di -, or twp-2ubsBi7Tsut ed i ndependently with al kyl, 20 cyelCoaiskeioosabkoxy,
hydr oxy, hal ogen, cyano, trifluoroal kyl, am no, acyl, aryl, heteroaryl,
het erocycl yl, -C(0)NHR30, -C(0)N(R30)R31, -NHC(0)R30, -N(R30)C(0)R31,
-NHR30, - N(R30)R31, or -0OR30; wherein: R3 and R31 are each independently
C - C6al kyl or G -C6ecycloal kyl that is optionally substituted with acyl,

BT Ul o A o e -

( Cg) le( CI 1 Ogsal Iopﬂl;mzauy- Nﬂ@l(lm)eldewﬂh aaeelalhlatdgen,-mﬁ -NH2|C3NIH(¢L pgﬂ(qﬁ) BYC-
- a ) or_ - - , an cn_ar ,
het er ozym yl su&*f‘&t’ﬁ)eré:e ée%meﬁexqbg} GubstikviGesanic rﬁ %%1@1 aalkyl), -

?ega%c%gl 2500 20 P ARG et YL gﬂ% TR R Sindit ins gﬁ'ﬁ:h()ﬂr

i n@ependent | y FMHGILGaCuﬂkﬂ,ﬂﬁiScycloalkyl hal ogen, or hydroxy; R7 is H
or Rl and R7 taken together with the -C(O)N— to which they are
attached form a eagineryl Oliet&biargy, detaodyclitl Gubiitmamitie bptortutiyy esubstitated alikly IC, or
het eroaryl, which optlonally contains 1- dditjonal heteroatons; or a
pharnaceutlcalIyagﬁkéﬁtﬁﬁ?édgétﬂ:tﬁ' S Of 8XYe ﬂ@g%}K?PND'%HBPHV@ﬁ’anne
or as part of a.gf; Ip, is defined herein, unless otherw se stated, as
either a straight-chain or branched saturated hydrocarbon of 1 to 8 car bon
at ons. 5 t nt :
2 or 1 carbohigyg%sﬂRVﬁegggt Ch§£§%#$&%t¥l g% 3 'ﬁgdgﬂk fﬁgb % é%rbon
atlom r ange hiytirox¢ans a range of C i-C8. Were the term "al kyl" appears
herein with a carbon range, it neans an al kyl of any nunber within in the
carbon rang€ it depti fied, such as a C -C3al kyl nmeans either nethyl, ethyl or
propyl . Exanples of saturated hydrocarbon al kyl noieties include, but are
not |imtegtHq CNERLLA etiig’r Q"Itﬁtﬂﬁ)es é 6%5 wrlﬁ‘élhﬁ{e a?é B ched tRRCPHono- or
i sopropyl, n-butyl, terf-butyl, iso-but sec- bu , npentyl, n-hexyl, and
the |ike. Aidyyglicdt s)ol2r-errem|bsret1chewlr¢wlcloatklye0n legeradiot, evltiﬁeolatidwlly gowaips il 3
substituted Y. hydr ox ano, al koxy, al kyl am no, dial kyl am no,
al kyl ani de ? '18’9{131 geﬁgd&%m a?r‘id the li ke, including without linitation,
-0Cl1- C4al k , %ﬁ -OCJ- Cdal kyl - NHCH3, -0OC 1

al kyl aR%%?@Uca acgep 1§|59<1} - 0C1- CAal kyl - 2000N( CHB) 2,
-001 C4al kyl - NHCOCH3, and - 0C1- C4a|kyI-N(C}B)CII}B The term "al koxy",
enpl oyed lafr aﬁ‘éerttrmmﬂea AONBIOV iSRS Wi RIRIBRgRatcal EPHPOSifign gaMPHEHS r@éﬂ@ﬁaone
unl ess ofherw.se p Iy y
defi ned e (Ex%%ﬁ%s(lg?) aal ng%{%% 1ﬁ%l|tle egcﬁeﬁ ﬁedséali §1u afr Eé&yno Ve%kt P
to, chenpmmmmgmmuﬂgzamqﬁMQSCWE&hoxy, ethoxy, i so- propoxy, sec-butoxy,
tert-butoxy, and honol ogs, isoners, and the |like. Al koxy also 25 refers to
- 0- al kyl TR®pRbERSNVIEDE aldoepraliiyd a Gl bﬁtrédﬂihgtd divéd obYlisaydbi,OtkY m@N&NO,
al koxy, al kyl am no, dial kyl am no, al ky| am de i al kyl am de, and the |ike,
i RBI udi nePRTIKBAEMITiFEHnE § tiwrapﬁemaﬂmfe&we mRountt a1 leasyengamoupg of the

ocr. caahele o S it M AE et it < S B e dhoasobionr
WO 2011/ @ba5itS5MRCTditda20 bOABoARD4s Ill't?nﬁrarrltﬁrvcmswy@%yﬁﬁisydsle or&frﬂrﬂtg(ra S\}ngi\dﬂﬂi‘@ Or
unli ess. o

in conblnatlon wi th othe er s fi ned herein
stat ed, $@bodimgyts Ogﬁt E?%asamptqmog c4liscpteeRidb9sdsy infatstbd her ei n.
Nonllnttln exanpl es i ncl ude nethyl OH, ethyl-0OH n-propyl-0OH and the

li ke. EREYerein, the term"cycloal kyl", enployed al one or in
conbinatlon with ot her terns, is
25 Figure 1: Effect of a compound of formula (I) in a mouse model for affective diseases and

disorders in accordance with an embodiment of the invention.

Figure 2: Effect of a compound of formula (I) in a rat model for affective diseases and

disorders in accordance with an embodiment of the invention.



5 defined herein, unless otherwi se stated, as a cyclized al kyl group
having from3 to 8 ring carbon atons, where "alkyl" is as defined herein.
Exanpl es wb 20ypaisezrskyl noi eti es include, but are not |i rCras2e0/0598em cal
groups such as cycl opropyl, cyclobutyl, cyclopentyl, and cycl ohexyl. As

used herein, the term "ketocycl oal kyl", enployed al one or in conbination
with other 10 terns, is defined herein, unless otherwi se stated, as a

cycl oal kyl having a keto radical attached thereto, where "cycloal kyl" is as
defi ned I R. i t. Y (o) er s
hal o of sy EEEATR, ERokELE Br URPRN'BACRE Rad el AR gy Bd ©1
defi ned tesrdes,in dedoedmico tvivranicatbodindne df thasn¥dntion.o, chl oro, brono, or i odo.
15The term"aryl", enployed alone or in conbination with other terns, is

defined hguRl 0, EBBttesSa Rbhpouhd 6f Fératied (1)as Ahatahedatfof aff¥ehvecashes ofd up
to 14 carbon atonms, which can be a single ring (nmonocyclic) or nultiple

rings (edigordensiie pedordance withyag|cpbodipadny e tcileyenfiged t oget her or |i nked
covalently. Any suitable ring position of the aryl npiety can be coval ently
| i Aked t DEAIRILES? DHSCRIPIFHONOFSTHEANY ENTERYpl es of aryl noieties

i nclude, but are not limted to, 20chem cal groups such as phenyl, benzyl,
1- napht hid pn@-agageht thy | presend itveatibn keovides apivdlagamougercvativdse s wpablactabed or
substituéed as descri bed hﬁéfin.zgﬁf term "heteroaryl"™ enployed alone or in
conbi nat {2 EHIoeoRPOUNdS pETormulafdyi ned herein, uni ess ot herwi se stated,
as a nonocyclic or polycyclic (fused toge%?er or |inked coval ently)
aromati ¢ hydrocarbon ring conpRrrsi ong” nore het eroat ons i ndependently
s§bected from 25 nitrogen, oxygen, ®ad sul fur. A heteroaryl group
conmprises up to 14 carborR e to/6 heteroatons. Exanpl es of

het eroaryl groups incl ude, aat a 'qiéed to, pyridinyl, pyridazinyl,
triazinyl, pyrrolyl, pyrazol@l, ' (1,2,3,)- and
(1,2,4)-triazolyl, pyrazinyl, PR N > tetrazolyl, furyl, thienyl,

i soxazol yl, thiazolyl, oxazolyl, 2-quinolinyl, WO

2Q 1/ 053575PCT/ US2010/ 054054 2- qui nazol i nyl, 3-phenyl -2-quinolinyl and the
| rke. A heteroaryl group can be uqigbstituted or substituted as descri bed
her ei n. The term "het erocycl yI**/enpl oyed al one or in conbination with
other terns, is defined herein, unless otherw se stated, as a unival ent
group foVR¥8iMy renoving a hydrogen atom 5from any ring atom of a

het erocycl e., The term"acyl" enpl oyed al one or in conbi nati on with other

terms, is defd wrsraach ndeppredestlp tapdr hetswast.atlsy, cxgdogkdupstoarclgadleyhipn
-C(0) -al kyl,, . where. al kyl . i evi ousl y described herein, i e . .an

al kyl car bo rlllﬁe,mc ﬁ@ll*i %%IXI?‘ i n%tfb,ngg 3%0311% ’a&{nd 0? Elg S}ﬂ?ﬁ%gl.ltea?hnéf ep%l}dr%nt?%%ltﬁoaaltlf 3klyl "
enpl oyed alcgaiealayl, alkogpribidaalyi, Galovéd, Ryaid) iflicesdiByl, idindehéynedyhaceioaryl 10
unl ess ot herw se stated an;no,, where the termg" " 1S as

as 3G'atl_I&I - al kiég1
previ ous! y DaEFeELhE ONHRNG (KNG MR amNFEE(QR ™, NNER IGIDR o -NHE:, -
Non-limti PL Sy 3N = CH3NH, CH3CH2NH-, (G -C 3al kyl ) NH,
(G - C3al kyﬁgﬁﬁs,ﬁ a%lgﬁ%f%ecdlv%kggn The term "al kyl ami no" enpl oyed al one or in
conbi nati on w th,zet her ,terns, i.s .defined herei unl es t her wi,s tated,
as ami no-al kyl , }kv\hearn Bne 4 Er5ieh AN e’“g?nélyast?ﬁ%%‘i‘/gl?& ?1' é%cilo\é%y&tﬁ%tr &l n
and the term " amptionallySsubMitdted- With ,acQll haldgen, N@IN | INHIL i-Ngi(€x-ankas, Nl ude
-NHCH3, -NHC H2CH3, -NH( G -C3al kyl), -NG -C3al %1)2, and the like. In sone
erbodi ments, R CaAlyhe GQresalolietepgiclyl fi-$Somkylsmbadrive e ©NRI(CataalizDar e

both het B di R jisoianyk- _denhet .|
oo onbod: ment & CORNER e BIRRONTER G CRAIRIAINE, RUHTR. CORE Chfgon. |1

either R or R2orsOh€t-€padlaylydnd | n sone 20enbodi nents, either R or R2 is

)

aryl. In some enmbodinments, either R or R2 is alkyl. In sonme enbodi ments,
either R or R2cash et sadrsilyl, Hofers® eyl abatideng sptigidlpesubilitued Weh ICs-
ket ocycl oal kyl . In sone enbodi nents, either Rl or R2 is heterocyclyl.

salkyl, Ci-scycloalkyl, Ci-salkoxy, hydroxy, halogen, cyano, trifluotoalKyl, or

30 amino;



In sonme enbodi nents, at |east one aryl is phenyl. In sone enbodinents, at

| east one 25 heteroaryl is pyridinyl, pyrimdinyl, pyridazinyl, pyrazinyl,
t hi azol ylwopyrizawssed7gl , i ndazol yl, thiophenyl, furanyl, oPChaszabosasyl. |In
sone enbodi nents, both aryls are phenyl. In sonme enbodi nents, both
heteroaryls are selected froma group consisting of pyridinyl, pyrimdinyl,
pyridazi nyl, pyrazinyl, thiazolyl, pyrazolyl, indazolyl,

i ndazol yli mi dazol yl, thiophenyl, furanyl, and benzofuranyl. In sone

enbodi nent g3 t: ghn P11 3575P 0 40
pyridinyl , py?% mkg?% R g“???. égl{z?%e&ndeﬁﬂg\% I Sélgﬂ E%oﬁcﬁé b }g‘ﬁ Sty
indazolyl,hwhnﬁphenyl furanyl benzof ur anyl benzo[c]lsoxazolyl

benzoxazol yl , benzothiazolyl, dihydrothieno[3,4- b][1,4]dioxinyl, furanyl,

i m dazo[ 1, &’a§ pyei di nyl, indazolyl, indolinyl, indolyl, isoquinolinyl,

i soxazol yl, naphthyridinyl, oxazolyl, pyrazinyl, pyrazolyl, pyridazinyl,
pyridinyl, I@Qﬁﬁﬂﬁﬁgkﬁyk)e@M &ﬁh@ﬁ@+§%§b@%&Wﬁh&YHWyQHiﬂﬂkh&¥hﬂﬂﬂyhﬂﬂbabﬂny|
t hi azol yl, or thioph eny? In some enbodi ments is aryl or heteroaryl and
R25i s cycl@akat4-ketbcyu%aaﬂ%ywﬂuWChe&el@dyﬁhyMylwﬁnﬁomgumnﬂmdmnemsé13FQ
is aryl or ggﬁ %%§Y nd RI i s cycloal kyl, ketocycl oal kyl or heterocyclyl.
In sone enﬁ/ (X%TWﬂ§ Rl or R2is cycloalkyl. In sonme enbodi nents, at
| east one clo butyl, cycl ohexyl, cycl oheptyl,

cycl opent § mn@/mEVE‘% 8ﬂﬁbbsﬁmq§6 - enbodi ments, the cycloal kyl is further
substituted beyond the tri-substitution reV|ousI defi ned, i.e., t he

cycl oal kyhe fesms gHet]. eniey e enct daat ek @fer BionBsts Aefigedersivs HpleeciBpIvEER;

for exa Y, r In
sore. enbodt bk T LARhah e bEEREEUREL W B cibblof | Y28 Eftfon atoms, 1o
dile, or $d’mel&ﬁbkhhmbhtl§,tthd akky] poety ontshiyis 8T, iS4, 3,2 cﬁdrtmrtmmcmommbwemhﬁ s

t he nono- substjtutions are |ndependentl

and het efB8y ellky appArs BRI BLOW s AP rapgrelt Gieghs a 8P8§r1 B’f

het er ocy@byins Uﬂ@l" Efﬁise%’f’st hdr&in WHEH Desrbet Bk L hiRdns SHEIRYPSE an ? Iﬂlmbei"‘v&ﬁﬂﬂm

hal ogen or G _3alkyl.” I'n sone enbodi nents, at | east one aryl or heteroaryl
is substHmmteﬂﬂmmnpngvuhusﬁyidad@asbdarczmhhIB@mm<$mﬂem@ﬁ®bdﬁmﬁnnqﬁomﬁere|n
t he nono r tr stltue are j.nde I sel ecte n1th

o oup. coRSHarIE g s RO §y o T G A bt el By TR g Remichf
meshyl angigps flichedk hﬁ(étﬁﬂl E‘t‘ﬁyl %ylﬁap;d ﬁblbr@m, n%@ﬂosendhﬁ?l RYLlEwINQec-butyl, »-

di met hyl am no- et hoxy am no, nethox uoro, -C(O)N CHz,

ohenyl - Padnythexgy raﬁ@ |tliled iy ATk hloprTBivg ooyt moRdige rdwes iyl alkylnersomes
teggoglr gﬁgltbg%tlllléel ﬁ%y % TO y, grhos "c{ﬁ%t I teﬂ%ﬂ%&m M9 2 l a%%gglﬂdﬁrq{%y d%a?kngéned% from

met hyl amuﬂi)thedhk@t1hylhdﬂign®1th@},talﬂﬁ1tattﬂml, 000} - cf4h1t1¢9r-oH ph)ﬂ)ﬂmlkfyu(m}l@ @qu
thiophené WD 2011/ 053575PCT/ US2010/ 054054 |1 n_sone _enbodi nent s,
phenyl, FelsANHEH:t hi dihefyalkdol&HuentO6h- Ca@lkWEQQN%%S,ar 10%qu4alkyl-

heper oar b t Ly gkgg hydroxyalkyl
gPogen ¢E@g§g§Ho§k¥r¢ Pﬂ%?%g?ﬁeﬁh’ﬁﬂ‘g%ﬁgggﬁkﬁxﬁﬁﬁﬁf n%s t he phenyl i's
subst i tuji"ﬁd Wotd fl uore N§loyved alone or H{TE e 6nm\?vr1] hF§| fanrllsd 1 ﬁ A Qi
|ndependeﬁify s@leg?edl?98ﬂl group nS|s ‘§ ? éieroaryl

al kyl, Clylﬂb@&itﬂfdﬂ)vwekﬁﬁ@i;u@l—gaiﬂk}m waae “hllgwn@@ypﬂeyiougryQluﬁﬁecpﬁerélheEmmwnds
of Table 1 and 2, below. |In sone enbodi nents, R4, R5 and R6 are each

i ndepend@fr& kgryHnoictiesicuge, butarsrgtdingtadicoy cheﬁa%@é«w,ps(wcmw@t%g)xy,|eﬁh0§éme
enbodi mep p o] Q e.
10l n sonebzw%ﬁ%?ng%%% 7Q?gﬁ%n bsgﬁqu%qgg %QH%%%J%%gﬁ%Q&E Aﬂ%kzzﬂ&pth
R25are tafentd e@@tlkn;drmmﬁds}; \tvh\ae i BlkiN<groop whsubistituleelybyahwdrat ¥, aghied aﬂmxm a
nono- or clic 4 ed erocycl oal kyl qr heteroparyl, which
opt i onal & v ﬁ@lkyﬁagmaamaﬂ%mud%ﬁﬁﬁa and g fikso B BHBSATYIbALS.

the conpuRgia, f@@p@!.a@q(ﬂdm SO, @QﬂkgHO@Pﬂ' s@ch@ql PN‘IT@H315@@JFCHE%}TI a|2

Section below. ‘I n sone embodi nent e conmpound is one from Table 1 “or
bel ow. ANOEHEE e@Pethalbyl- @@EmféssefﬁClr(ﬁm&yﬂﬂﬁNﬁ@séa céMpoesialydNHEaCH;,
conpri se ffective anbunt of a conmpound according to
t he pres@ﬁ?Cﬁﬂ%;%ﬁpiﬁktggkﬁécﬁﬁarnaceuticaIIy acceptable carrier or
exci pi ent. 20A conposition of the present invention nmay be adapted to any
node of adm nistration, such as orally (including sublingually), via

i npl ants, parentally (including intrag@nous, i ntraperitoneal,
intraarticularly and subcutaneous injections), rectally, intranasally,
topically, ocularly (via eye drops), vaginally, and transdermally. A

conpound of the present invention can be used either as a free base or in
the formof a salt



25 derived from pharmaceutically acceptable acids or bases. The salt
includes without limtation the following: salts with inorganic acids,
e.g., hydwoehliesssrsaci d, hydrobrom c acid, sulfuric aci @#cTnisteoosass d, and
phosphoric acid, and organic acids e.g., acetic acid, oxalic acid, citric
acid, tartaric acid, succinic acid, maleic acid, benzoic acid, benzene
sulfonic acid, fumaric acid, malic acid, nethane sulfonic acid, panoic
acid, and para-toluene sulfonic acid. O her WO 2011/ 053575PCT/ US2010/ 054054
salts in S ] -al kal i S | ] F t i €

sodi um %%?%%?iﬁ{dﬁ?ﬁ%%&bwﬁéﬁﬁ“ﬁhdﬁ@%ﬁﬂﬁﬁlgghﬁb?ﬁﬁbggéﬁﬂ%&§%§%§fs?ﬁgPﬁhing
guat er nahgteianumlassusth@atidesstatéd) rak helkyh O, vherd §‘alkgyl xanppresioadly defined herein.
pharmaceuti cal |y acceptabl e, i norganjc and organic acid addition salts

i ncl ude MABEBIMRSKRYDICH 11[‘:@%491“1%@191@@%@%&11-0!1 Fprenvkiii. asdithe k7 o6, 10 2,
and 5G S, Paul ekuhn, et al., J. Med. Chem 2007, 50, 26: 6665-6672]. A
conmpoundAssedierginase tarm teyelaelikyh, emplogpd alope ouBe@mbingtion Vidy ether tehps. ést er
catbanat r v ' odr.u [ i | | a
Fumor ! ordiaareyaR eSS Bl G e SE TR IR RE R o s, e
active nairkéryatomsywhiere “Alkst’ isnsldofied kdreinmdxabpldstofsyolbalkymojpounthcbidet he
present jnvention defined as active species produced upon 10i ntroduction of
t he conpbifrdeingt dmyted; 1 é@qr@aﬁ FQUPT ROVt N o%iotwylt ﬁ@q‘fﬂeé‘g’énﬁnd

i nventi oy dishcgppl oyed as described above, it may be conbined with one or
nore pharmaceutically acceptabl e excipients or carriers, e.g., solvents,

di l uents | C ti re ] 1 nih st ered
oral Ty i A° Stieh TSt STHE PR BGTEAEE | o RUCHET b 2 S0 Bihaltfy SR PSLE
and sust ermedisr édfimas ehekeinnuhlatd otheywisd Stapdd, |3, a lcoelenlgels havieg as @éts, radical

di spersi bl e powders, granules, solutions, suspensions (containing, e.9., a
suspendi #ipcherbiberetawhese gevelqalieihn s defipcdberely. %@mp?@o;@@fld%%mmaﬁane
agent), &Mgggﬁﬁgﬁgﬂgaining, e.g., sugar or a sugar substitute such as
aspartane, "at, e.g., about 10 to about 50% sugar or sugar substitute),

elixirs Li ke, Or nt | yqin the for ri.l.e jnj bl.
soIution??gé%ggeggﬁbngpo?ﬁg%%1S?@ﬁgw§%ﬁ%gpn§hg}Cg%gﬁgﬁ&?gw?EB%%t?%%§51§0
about 5%ctthed hsfea) Ginlegs eerisd Natad ds Tabay) ichlof® brdtid, obuedd. pr epar ati ons may
contain, e.g., fromabout 25 to about 90% of the active ingredient in

capbi nat TRO tdht Rarkre cEMIdyic8TaloOBE irf ¥6BIMfibh Yvifll 6iRcR RO, R/ damtdaRaeh, 60%
by weight. The effective dosage of an active ingredient (e.g., a conpound
or salt wilcssmshgsvissstpted, avantosatia Ardracaberieiliep orl4marbascitoms wielr eafbe a

enpl oyed_. var endi n Nt he rticul ar un - r odr r
ot abol i HARgeLd (oRBRRRGLOB el iRk B Rls REREN funSRtD) oB5PERIAP
medi cal eomthicticonalefhtlyt. h&npatitebid rin@pdsititie of théaliit oty tdnebedicieratty linked
di sorder, condition, and/or system being treated. The sel ection of the

appr opr i B8 dahngs demagal sHudnE. dosapestranylipeiches NplAe: b are pR{dieitediPl | be
appar ent : ' (Aot t1. ] ' are [ 0 a
pﬁgsiciaﬂ%ﬁgg?ggl aEPgLﬁg@k%Y%E?%ﬁgﬁ'%ﬁmggﬁﬁﬁgﬁgmbﬁﬁ%wqﬁﬁh?%eA%?¥%€%§u

e. g., HacailzomssbdAtitatompdubstitofedlantiescnaéd Madinci ne, Ant hony Fauci et al
30(eds.) 14th ed. New York: McGaw Hill (1998)). Further, the dosage

regi men maytcha “h¥iGodeyil D iy éd Rloht U520 dshBiadidarwan jott eshms Ois plefivddiecréinge
opti mal therapeutic response. For exanple, several divided doses may be
adni ni st eHey dbgrscottatetes dodaneraglipar pelapetici(Grad teecthen 9 akescavialindnt ed
by the n . . LGSl i i r:r i ,
%t ose, TaTRUP by BErbie KRR G ALl bUELL Rl RRbofififdEdenly dolea®) Aokl

ka6l i n, hitrgqperd ogpgani emdssulfir g A, hesdredryl grovptemprijslupead Ny lcerben glopeodrsl, 1 to 6

gl ycerol, non-ionic surfactants and edi ble oils such as corn eanuf. and
sesane ofqi§roaleRy- b@xaﬁm%ﬁ%@ow S5O opF g e Ditoae et namtiek G et ve
ingredie ri(ﬁ@ﬁilyl,h%%ﬂ,' %Jrﬁﬂylf %iﬁﬂ{lyl{idﬂiﬁhﬁﬁﬁ?t4192]3,51-35&n'ae%,2ﬁq1_tﬁé/z%'f5¥1§
customarily enployed i'n the prepdration of pharnmaceutical conpositions may
be advanpaggoyls byrimrihyldisttazadlgnfurylrithiémd, isocaaplyb shiefoleld prazatit s2-imiabliad,
flavoring 1l0agents, coloring agents, preserving agents, and antioxi dants,
such as vitamn E, ascorbic acid, BHT and BHA. An active conpound al so may
be adm nistered parenterally or intraperitoneally. Solutions or suspensions
of the active conpound as a free base, neutral conpound or

phar macol ogi cal | y acceptabl e salt can(pe prepared in water suitably m xed
with a surfactant such as 15 hydroxypropyl cel |l ul ose. Dispersions also can
be prepared in glycerol, |liquid polyethylene glycols and m xtures thereof
in oils. These preparations may contain a preservative to prevent the
growt h of m croorgani snms under ordinary conditions of storage and use. The
pharmaceutical forns suitable for injectable or infusing use include

I T T o N o, N



WO 2011/ 053575PCT/ US2010/ 054054 nucosal tissues, using carrier systens such
as lotions, creans, foans, pastes, patches, suspensions, solutions, and
supposi t owpes1i(asesrsal and vagi nal ). Creans and oi nt ment CRaS2610/0540S€0US
liquid or semsolid emulsions of either the oil-in-water or water-in-oi
type. Pastes conprised of absorptive powders dispersed in petrol eum or
hydrophilic petroleumcontaining 5 the active ingredient also nay be
suitable. A variety of occlusive devices my be used to rel ease the active
i ngredi ent_ | . } 15 ¢ . e, - e . ring
a Teser varrBg A0S R U e R e TR T R ]
a mat r i xocxwbttituridng dédeeibathére@. i ngr edi ent. O her occl usive devices are
known in the literature. Wien using a transdernal delivery system the
dosage aulnd mdrft radié00yol 1l | cnfifto fdnklonél @k Sin radhibeiatiohanitd Qehes | toghs i9Tdethad ded
dai ly dose. A conpound of the present invention can also be adm nistered in
t he for mhatingunlessortberavistestptodrap syrivelenigrere fermed hyptssmaring ¢ hpdigsen peyer is
fogmad ffrgllﬁla% \ﬁehria%%ogg h?t%?o%ﬁagl i pids. A conmpound of the present invention
e ‘d¢ y the )

al So may I'i'vere se of a carrier such as nonocl onal antibodies

whi ch.t h ] d i led, O | whi. d of
e pr osbi Crvany: svlsyed Ry Sbin bt ar hagPull o Gsharear i ©

bi odegr agiabivasdtiaBEs YR lof iffrmaghi-exd PAkFIORHR) hikgl [sed aseodly ackcABEd ve
ingredient. It is understood by those practicing the art that some of the
conpound@ﬂ@m;t%emyﬂkﬂéﬁboﬂﬂv%ﬁg@&ﬁﬂﬁﬁ#aé@ﬁt@KHh@hE@or nore asymetric
centers, and thus may give rise to enantioners and di astereoners. The
present Theemi“eminoaldylidesplaydd domy @on sombmatipmslithditley t&Ms, isddfingdgatin,

di.astereoners and .reso] ved nant i.onmer, cal | ur g st.er.eai soners we| |l as
o ipbape LR ES S R e AT R e i i

phar macemdrbigadddythacieept-alli® sl 1H], heNgof or WRkChNPR SSRGS thenplBditchiRd-
activity. Optical isomers nmay be obtained in pure form by procedures known
t o t hoseCHkINH-edHs GHeMWE—ACh-CakalDNRE] ((deCsalkyb)Mr endhdie likeni ted to, chira

chr omat ogr aphi ¢ separations, diastereoneric salt formation, kinetic 25

r esol ut i dng teamdakkylamied’r ¢roployett dlesd . inlcombgatibis withrodlear $¢rowdistdefined Indrsin,

i nventi on .enconppasses, al,| possi bl egi 0i SONers, .. 0-.eX0o i saners,, and

i xt ur es RS QBP YRRt s 8b ity hdrcly 26 Tl VTR IS POBHY defi pe
ohai nedndrBinPatde theOfetth b¥inmhOTRAUNES, KNRWN of 0 NROSRoRNiniligg cixBmpRe iR¢lhde and
include, but are not limted to, columm chromatography, thin-Iayer

chr omat ogNHEH, MHEHhChlh- pEHCor(Gralhz b, IN(§uildalkibosad Sgrikshy. 1t is

understood by those 30practicing the art that sonme of the conpounds of the
present Imscemt ¢robodiagntiseR ¢ hid B actuleoth @rylWOn 30t /c0888 16T /RIS 1R £54084

hi ndered, rotatio and gjve rise_to atropisoners ich can be resol ved and
obt i nedhogulol i BbYFRERGRed RHAR K ob trotwt D vl srabadiBed R, |
i's furthgrhcuneayBARPR” BYaryNOBEsdh@ehbediR@nish it R 'tdiak? BAHWer&dryt MR some
conpounds of the present inyention include structural isoners, including

t 30t oner enbalimentyoithenRseor Rnistahils i nvention are pol ynor phs and hydr at es of
t he conpounds of the present invention, as well as isotopically |abeled
anal ogs hhsmeotmpedigients2kith@HR' 888, id BNyhnin fone tmkedimepnotiter RispeBt iof
the present invention is a.nmethod for ,usin he ¢ oynds of the i.nvention.
The | nvertieai i et Thame ot Roib Rads KESaiaoR it e S0l BiTne | ai
or separ giRr RS8r RF isaltyer6QBiinati on of the conpounds of the invention with
any pharmaceuti cal 10conposition useful in the nmethods and uses descri bed
herei n. Jn SRR AIRAKALN: Seast R BYNRAAARG]. UdRSoRITERbSERERRY aflbaSl bRCT I Ve
anount of a conpound of formul a ?I), or salft thereof In sonme enbodl nents,

t Bé et hioderoaryl nc puddisylagyrimidingl; ipygdazitHepapenyl, chikiolyleffyeebiyeindmwiyl; of
a conpound descrbed herein,. or t thereof.15As used herein, th hr ase
et Pt DERIRBn T CRBITIEAYE naous THOGHITORS CHE $best Pyt § R Ended
to denot gnpeHiRERYNtboBH T hdt&h8Ls taPe CRUREATrdnt £NgRdp beolpdingabf epfrathyl, The
phrase "therapeutically effective amount” when applied to a conpound of the
i nvent i opyrimsidimt.e piadeznyl.d emszmyhnthagrolht pufazelys tdapulndnddratylingdazolyl,
sufficiept ta | | or.ate alldate tabiliz reverse, slow ar _ delay.the
o ogr eseigrresta Bl ufe BR-oh Sl B Rahe ohfpalgfhE 36 edlae o Egy

di sorder or disease. In sonme enbodi nments, the nmethod or use of the present

i nvention provides for adninistration,pf conbi nati ons of conpounds. In such
i nstances, the "effective amount” is the anount of the conbination

sufficient to cause the intended biological effect. In some enbodi nents,
t he nethod includes adm nistering an effective anount of a



conbi nation of two or nore of the conpounds described herein, or salts
thereof It is 25 specifically intended that the phrases "conbination of two
or nore ovotha/osesmpounds descri bed herein, or salts thereofUs2010/05408¢ | east
one conpound as described herein, or a pharnaceutically acceptable salt
thereof ,” or simlar |anguage describing specific conpounds, includes the
adm ni stration of such conpounds in any proportion and conbi nati on of salt,
neutral or free base forns; i.e., includes the adm nistration of such WO
2011/ 05357k / . 5 - Lt Qﬁae- r each.in it he
neut r al 5%§§%?Béé%%ﬂéﬁ’?&gé%a@gpggggﬁwgﬁﬁg%gg%rﬁﬁ%re ﬁﬁﬁﬁgb%a®%ﬂ?%&ﬁiand
one or nfurgnyil,rbenbefurmiyt, itehzd| ofisoxanrlylo benskazobdyle benrothieobdsdihidothian3,ene or
nore in the salt form or. qne or re in the neutral formand. one of. re
in the s'aﬁ%ﬂfdémwli ﬁ‘%@, 1514‘?9868&’?'3%3’6@”13’%“ abi-andelitt drdaf ieaertvnds
and/ or s T rtre ) ; atd g oAS U i JIRARS
aneliora??%%og? ?%’E?Q?Eg&ﬁhgh%?g%¥e?gm€%&§ g?ggggg origﬂg%fﬁe??por ’
amel i or apyrmgidorylrpveta 8 Aec]pyredioyl, qunelisynpionslioyl, tictelytfdrénbghanfyl. such

di sease or disorder. For exanple, "treatnment” or "treating" can refer to

sl owi ng, In séra¢ reiioditaents ORt 0kt ng, hdta@ssehiand, RS0 ppilogkyloketoegelbakyingr t he
progressjon or continuation of a disease or disorder. "Treatnent" or

"treat | n%@t?m&)éclﬂsed[nhé‘?@? rﬁm%d%e%aﬁg ig gath orj higieigpeyl gidpRock, cyedolipyl,
retard, grib&Rloaldy®st h@t@cydipede or obstruct, the progress of a system
condition or state of a d¥sease or disorder. For purposes of this

i nventiop, . " nor.treatlng" f a I h

o ai i 15N PP Ments” Fchgr €50 R 1 bR, FERm 3y BBRRART ol Rt gpe
desired qgoilomjnqali; r@sl:blbh?ﬂ, &ymdhegﬁl, _c\yﬂ;)h@rjlyl, Iciyalbpattjd?m;r cg!clo@m'dpgzl.i an g&fmeﬁ
synptom dj nj.ni shment of (or reducing) the extent a di sorder or disease,
st abi | i z&8bQqimgnts, ghs %tloa(}éaflslé niuFgyT sbsdtded B?Y%‘idsglﬁ’dé‘rsué’ﬁ&?%?n d’éffVé‘Vngf

sl owi ng dj LBQT : | i Id atd f

i sease oo e Sy B BB o A B e Pt B e af e
parti al evanipdt,ahe cydbtadlof abdewa-onbstindet woh dlobene. The term "prevent™ or
"preventing" as used herein neans to keep from happening or existing. The
term " adm somd embodimeass, tsehctB@usil s Hefidingl, tagd aéhé Perididiyr Bcimbio-adid ot stieri ng
a _conmpound of 20the present jnvention, or admnistering a prodrug, .

dapi vat i ¥@stigfedapn Pty gnlys dained ndp sgmg sychr gnbediernie the, @cfoudic: 8F tihe
conpound, Wi r N, ti I id t of
Froat ng e e e T o, PR R ARRN o 2ol 28th

t her apeut¢mbadimyntsf the atyil Metaomyhinddictabdcyobd stibsingetasriothed sudfstitulkel, puchsant

i nvention or,glgrarnac uticglly acceptable salt thereof to a mammal in need
t her eof , ¢85 WABRIECR RECerllodse or disorder is a central nervous system

di sease or disorder. The Present invention also provides a use of _conpound
of the plesBitembadanenty Rt lepangardgr Aetsreapateibsiiuad ap parvaystyadaseribogh t
thereof, in the preparation of a nedicanent for the treatnent of a central
néPvous Bysareqrseine sabedivrend, ydrean  thamongr.eermr trirpbsitthens prgr itndependeetlyl des

a comnpoupn f, the present invention.fo se Ln.treati a.di sease or.
G Sor dor e 0T TS 3o ek 20 bRima Pk, SRhRE Ry L EEREE opine.
i nvent i ometghndhd, afilnethytmihy, dyatsll d@o! HansitftHyeaeind OdimefylahinotifixyC
nmodul at or that enhances or potentjates the affinity of an orthosteric
li gand f®ethyhe mathlaminoe capthery.anticst RNREEsHsr PRatybntipgpels Ayyrolidinyl,

ort host eg.i nj st i { S 5 i g..enhancer [.at or
o post ¢ PHECLEL uinEbhERTY. |n® il briGBRLRL hePIBTEETs (QhuRRlgl ket o)
PB&r macoindepondebl scl2@6d , frehd , thi - grdup Ansiktigs bérmethpipdutthdor, dihethytadiuces or

dimnishes the affinity of. an orthosteric ligand for the R5 recept or
and/ or 1 SBRBRATBROGMAEES. dim xlhlagweﬁyen%g@ﬁ?rgt flyogoy fnq*? ﬁv@n&ngndo

al | ost erjygph@goni st (or inhibitor) or negative allosteric nodul ator
(NAM. Id. Asilent allosteric nodulator (SAM binds to an 10 allosteric
site of the receptor but has no neasurable intrinsic efficacy. A SAM nay
indirectly denonstrate efficacy by preventing an allosterically binding
compound fromdi splaying its own positive (PAM or negative (NAM efficacy.
In sonme enbodi nents, the mammal of the nethod of the invention is a human.
I n sone enbodi nents of the method or use of the invention, the central
nervous system 15 di sease or disorderégs a cognitive, neurodegenerative,
psychi atric or neurol ogical disease or® disorder. In sonme such enbodi nents,
the cognitive, neurodegenerative, psychiatric or neurol ogical disease or

di sorder is selected froma group consisting of a nood di sorder, an

anxi ety, a schizophrenia (including schizoaffective disorders), Al zheinmer's
di sease, Parkinson's disease, multiple sclerosis, Huntington's chorea,

.



20 Creut zfel d-Jakob di sease, a trauma-induced neur odegenerati on,

Al DS-i nduced encephal opat hy, another infection-related encephal opat hy
(i.e., awonoB®B®nduced encephal opathy), Fragile X symrdTarseqioasodut i sm
spectrum di sorder, and a conbi nati on thereof As used herein, the phrase
"nood disorder" refers to any of several psychol ogical disorders 25
characterized by abnornalities of enotional state, such as, w thout
limtation, bipolar disorders, depressive disorders, cyclothym c disorders,
dyst hym i o] i u i ondi 1

mood i st s eRE ey hedbREE MR hoRe BT A Bl AR S leRO0E) H1PE:

di sor der kéterand1 as salsatiaat edthzadedy onbellbilaghost, iy deoxgalkyhthakigenatyavbnoal of
WO 2011/ 053575PCT/ US2010/ 054054, Ment al D sorders,  Fourth Edition (DSM V)
(Aneri caliiiPeyRaYAtIPiSeMASUGLFBPedmenta the RRRTGHIS Y S,tltqtggzmlt.h fﬁgor@ged her ei n,
the phrase "autism spectrum disorder” (ASD) refers to a disorder that
causes sbvme apbpdiyaentadt vand kpaich genndenendentingelrgtedfiean argoun eongisareof and
the abiljty | t o] j i fi 1&g i rliy
cnit dnootieatiit BRI Ao s T Nertub BpRYt S SR BEARARS HEBES .
auti sm , canpaamghoPeibiasiané 2delel opment di sorder not ot herw se specified
(PDD-NCS), to a nuch mlder form Asperger syndrone. The phrase, as used
herei n, Bl ®ehd disdoditasntRalt REWIAMATRE aadnehcthhd Poaeatldirsiqt.eukBid, weydogieyider
and as used herein, is synonynous wth the phrase,

i 'ggrva5|ve,developnental
di sor der Balogan, opjhydyoxys olm seiperenhod inavin difi. fents, andhR” goeadhi Bepradenty g
depress!ggﬂﬁiogﬂ(HﬁFdepressive di sorder). In sone such enbodi nents, the

depression rs selected fromthe group consisting of atypical depression,
bi.pol ar depressi on,. unj pgkar . depressi on, maj.or,.depressi on, endggenou

adfr ecsi fm e EmBoyaiplPRL 3 LEERET I mso T BER X el BT B e
depr essi @Bether &ith tHEPCEON O tihath PEE UFsS atkdthsd €orki & @ndo- bh®igldeul yo 12-
reactive g@re33|on (i.e., depression caused 15 by an obvious traumatic

i fe epigeaeyredpbsicpsyelapkie pire Sstcenrtrylpr Whighy otbpradlysiconfagus. é:3 afidgraagki on
t hat hashag,%gﬁkous physi cal or psychol ogi cal cause such as a nedi ca
illness or 8|sorder), psychoti c depression, and secondary depression (i.e.,

depressipn that seems to he caused b one .ot her underlying.candition such
oot her ToatBal Bl So e r SR ¥ TTELR St A St b Sos b B ety
dijsease Bkpdins@idSectich S@bWC1E5brhd SibEIieRtdPthd QomPORId S loR8 HGR/TEARAE 1 2ed,
anxi ety di sorder, panic anxiety, obsessive conpul sive disorder, soci al
phobi a, P&¢Wor mance anxiety, post-traumatic stress disorder, acute stress
reaction, an adjustnent disorder, a hypochondriacal disorder, separation
anxi ety dnstbedaspectagfchaphsbitanventiopes kfcompphiobn dhat anmpases dplsomdegutidaléy t o
gener al dkcal coqq#;%on, %gﬁstan e-inﬁgced aqxietﬁrdg%ﬁrd r, alc?hqi

wi t hdr andlf NG QY 5t EFYPORGACEOEBIRP HET PEACH HRYEEPN-2HCf Ripypaccutically
enbodi megdcsptabloRaGRALF dlcipl@itvous system di sease or disorder of the method
or use conprising a conmpound of the invention is a seizure disease or
dbhgor der 13 i g AT, ! i i ted
P ¢ he g he hon STRRAERAL nchilth L Py u B L RASE Ao R G ST
and a combiarally ofin¢lhéingofublingu2ldyl)l/ 063 5MpRAF, US2adtellyy5408ddihg swrmyenous,

enbodi nents, the central. nervou st em di.sease or disorder of. the.nethod
o use. cOIRPSTUPTAnEBREBLTY S10 PR ARG e o Sl GG Sor der
sel ect edodul Y HREcRIIRHY).CRABRAY ) 4id tRfhsdddfb@yMat ory pain, neuropathic pain
and mi graine pain.” I n some enbodi nents, the neuropathic pain or mgraine

pain di fsﬁac%ﬁl)}agﬁnc@{)is% BedschiSinvGhiBh CE bE (LM difh€r A LPHP BEETS bbb THnPbrf a salt

al | odyni a, eral gesic pain, phantom pain, neuropathic pain related to
di2abet i cderaed dpat hyarmaeentiopldy idiceptpblicracrds loabests.t thersaly iadiludes vatisualimitation

conbi natj o her eof I n sone enbodi.nments, the central neryous. system.di sease
or i Sor el o S CHA DS O P AT G TRl b SHETEn <
a neur onglid NYRRY Y& dnatgheihidtidtRidiaf@ dsEinRy adisSOL d@ketic! fi® YXBIiEABADEENT S,

t he neuronal hyperexcitation state disease or disorder is a 10neuronal
hyper ex cidiét tedaris aeit esucainheeltid.amelstc aild,hepnagialacida baeaghe malfoty gerdeXwharit i on
state in_i.ntoxkcat.ion,  or a.conbination.thereof In ne e di nen f the
et hod orfeBRCRh Brnale, Sy BRTCHAR APt aSh Ol b el G TEAR B Qo om
of the cognitive neurodegenerative, psychiatric or neurol ogical disease or
di sorder is treated. 9



151 n sone enbodi nents, the cognitive, neurodegenerative, psychiatric or
neur ol ogi cal di sease or disorder is a depression. In sonme such enbodi nents,
the at | eset20oms3zygnpt om of the depression i s depressedPCealseogpsgepr essed
nood, |oss of interest or pleasure in sone or all activities, changes in
appetite, changes in weight, changes in sleep patterns, |ack of energy,
fatigue, low self esteem dimnished capacity for thinking, concentration,
or decisiveness, 20 feelings of hopel essness or worthl essness, psychonot or
agitatio re r i f - r 3y i at upl ., f

Fhought s ESREIS Wil oL HEAR OF Aleyh ERRRE IRELR, 2 2 Wddory BECUGHD,
conbi nat ¢ad¢iuinh etice efiaghtsismmer ewitio dirgaid Dasdsheéndtuding tqudrnang ihadedemesatsi ve,
psychiatric or neurol ogi cal disease or disorder is an anxjety. In sonme such
enbodi mehtEher (1e8-14piting Aspmples %fyﬂifffa?ﬁeaﬂ_caijﬁfé-‘@ytaﬁ@ 28rea Sy WKeNRRA, 2 bar
trembl | ngyqi S GlIQ iﬁ‘&ﬁ@étho's@ﬁ?t@@'iﬂ;gs.ﬁ’.c@é% 3k aMPPEbRymdisZZ 1998 56, 1: 2, and
irritability, persistent, recurring thoughts, ‘conpul sions, héart

pabpi t at GdhPaulekdsy, epdi, o, MeleChendi200BnTloR6:, 6660’2 hg, tingling sensations,
feeling of choking, fear of |osing control, flashbacks, nightmares,

i ntrusi va dohpoghd ef thie pir¢susti ivecrteaehh @b ibonsed avhe dancef dnehay, @Flsamaesmid onal
nunbi ng, an inability to, sl eep, anxious feeli , overactive startl

r esponse?tieWWTﬁ?@gﬁ?@pﬁP%ZWf@ﬁlom _ Sy bR Pingherl GvBUrS ok g
anger, { BifdaSuaPlid!sBIdg. cRivAUP Go SHEAINY: mOiky if SR ARG bGP e | 1
sone enbodinents, the cognitive, neurodegenerative, psychiatric or

neur ol ogineabolitcs efis eompowtidsafitie prassntsevrnziop de@midaas dctivs gpeeics pedduced upon
enhodi ments, the at | east one s tom qf 5 schizophrenia is a positive
SRt om S F s Re gl SR S EEHSRETINBE hal | ucs nati on, el usi on
paranoi a, and a conbi nafi on thereof In some such enbodi ments, the synptom
of schi zBRenrampaund pbdher Preacnd AVIRN sié | SORRIRXEd 1o AFCHEBSY 2BRS: dbAEY P ng

of socia i : i : i.vatj d a
conbinat?gﬁ&%ﬁg§g§®hf8;ggﬁ%a%%@%&gﬁgggfneﬁ??gegﬁgbggﬁg?gnlo “2@%?@3@ Eénia
i s a cogdilitcntseanslythpiiken Setlephathateudioalt prepagatoan nl4y boadhmistergd ofallyen eneh
deficit |n atteqﬁion, S ve{eldgficit i.n ob'ectﬁgfnin , Ssevere defkgit in
wor ki ng 7y [l EyerBs et SRTHTNE §-§n Ml it SHskitslagleasss ByRrEtaRyi ci t
I n5execupillyeloleHpet | RRbJdG, dpslsMié Rewalrs] PlaRiIERt ofNioRs OGBESIsEs (SortdiRipNg Of
neural activity, |long term depression, and a conbi nation thereof. In sone
enbodi meags ashspendingeghntd ai e. gusieors ahputi D hip abasiv APoahshspénditgpagantlestriiph,

the 15 c&%n'tLve, neurode?enerati%pf gs chiatric or n urologiiqj Pi%Fa e or
di sor der "PLIAPAIR| G & O SN8d SORIYERRCE FRHSRHERY #hrit S 9L 1801 D95t one
synmpt om §d%Rakki 58Sy sdbst@asy clisir au@dep ake,nelugaenteipflliinabé FornP@Okterile

bal ance, Parkinsonian gait, bradykinesia, rigidity, trenor, change in
speech, Ingeekably salgiang) SUSRPSEONS op RMUIHANS SORAPAS ¢ B o abpel0.Qnid gmt A

drgol i ng | t] f us¢:an, i St NS i a
R e e e e T N M e e
t hi nki ngto ﬂﬁuu%r‘;@ oy sfetaeat ¢ ﬁtgrecﬁf}shtﬁn b(ﬁlﬁbi}damnrﬁbgﬁ tthe daﬁlﬁél’gﬁﬁre ashinngily iogs of
energy, or a _conbination thereof In_so enbodi ments, the cognitive,

neur odeg®t att %4 aWéﬂf/aBy eIgH- r%ﬁr%F%aw%épsa@Fsoéé@eacme Metipndr(eigs 2

Al zhei meg, j odj of
A hel ey o B B o R B

i npai r memgy ivary2&epeudiggrentthe parpailamemipound dedti piodrnignarkinetgboliterpsdd; thenmoda
orientation t.o. physical suryoundings, .l anguage i irment, inpairnment in
opeed- depetitrni At et REERT Aoar R ekticreaAgp Ay BALGHiHg (hf ApATERENt i n
Vi suospaihealiscad Hisbides cohdReh,laRBL sydferf ¥8iap i RdS YRS SéIedtonDS thdMprdgrRAE | N
behavi oral disturbances, disinterest and passivity, apathy, inappropriate
dr essi ngadmioiragen indcdasege tgintfar aromdividusil mmrmjtmﬁrb@tapp@fg@trte glyispkilled in
depr essi %@’ arg(icﬁt(%term\llr\gtizg 12:{'1!eorg3ti5 765tPCaT/ huslzc:Qazll‘lO/ Qt%419215rﬁanh af‘l clhlrjﬁ:ciiarhaéfi oorﬁgla

del usi on, @Hénd% inperso aﬁlty,uéhaﬁgepﬁ' food: “aemEnt Y & o7 O at i on
thereof (il SOk enliodd AN rkbieEs PRRDIpIdsVE, InRerdioegemeS AhiheRy Ragyica atric
or neurologicah di sease or disorder is nultiple sclerosis. In sonme such
edBodi nettds) IthecdatNewe a%erko Me@ppHIn(6798). mijurihen. dhe dostgssiesimen gpyi e
neuritis blurred vision, eye pain, |loss of color vision, blindness,

di pl opi a doubl e vi sion, nystagnus jerky eye novenents, ocular dysnetria,
constant under- or overshooting eye m enents, internucl ear

opht hal nopl egi a, nystagnus, diplopia, venment and sound phosphenes,

di pl opia, afferent pupillary defect, notor paresis, nonoparesis,

par aparesi s, hem paresis, quadraparesis plegia, paraplegia, hem plegia,
tetrapl egi a,



10 quadrapl egi a, spasticity, dysarthria, muscle atrophy, spasns, cranps,
hypot oni a, cl onus, nyocl onus, nyokym a, restless |leg syndrone, footdrop
dysf unct iwoabiwessizexes ( MRSs, Babi nski's, Hoffrman's, Chaduaskoisps4054

par aest hesi a, anaesthesi a, neural gia, neuropathic pain, neurogenic pain,
|"hermtte's, proprioceptive dysfunction, trigem nal neural gia, ataxia,
intention trenor, dysnetria, vestibular ataxia, vertigo, speech ataxia,
dystoni a, 15 dysdi adochoki nesia, frequent mcturation, bladder spasticity,
flaccid bl r ' I a hle o1 140
anorgasn%#aggf%baggﬁgy%?é%ﬁpg??%%%m ﬁ?g%%ﬁ%%i €%§§§§%%§fﬁg¥a{g@%%ddgﬁghcy,
depr essi may beagimihisteesddya fyusic thicadvse desyebd paportivndllp wedugsd ae ifnticantaby the
lability, eupP ria, biFoIar syndrone, anxiety, aphasia, dysphasia, fatigue,
uht hof f SPS¢HP gﬁf“ﬁﬁ%?‘&é%%ﬁﬁ&geal reflux, a sleeping disorder, or a

conbi nati on thereof 20The present invention further provides a nethod of

t r eat i ngSYikcHHaS0pHagEeh, ledtosex dicelstinphephiateompsrpeystaling calleloss isuerose

onar nncentd Satlfy HAEE RS R s Blle Mogp SRR RRANS oBcei oot 2

present suraetahisoandf ¢diblbeyilspuoly aslesrna posait @hd aceongeoils) anaf bd baployednk iagn i n
the preparation of a nedic nt for the treatnment of gastroesophageal
reflux. 3JMECRIFES Enthe; W@ﬁtq?d ¢ petieniapredisgt 6%5 &teespaéﬂeaﬁrpgmoofo%fmlﬁléﬂaﬂon

i nventio I i : . o
ivent | on T e B R R B o b e e R TR s,
met hod corprbcsabancdptaisht erclulgd.a Noetiapews iexahplys ef fadptvants iachodatflapbrieg

| east one c und of claim 1. or a pharmaceutically accept.abl e salt thereof
O AR £ A A G S A et R o N R S
of a conppynghdBygihe invention in the preparation of WO

2011/ 053575PCT/ US2010/ 054054 a nedi canent for the treatnent of al cohol
dependenge. i j : i : 3 ]

nvent onfpciEohiRRANbIOMNANS R bk At B! PP irfraSATBRUNY, Bhididfs or

t he conpaupchsafnstofichpamserbmpovehtd afirek dases adutral cohpopnd papixtrimacologicaly
nmedi canent for, treatment of a central nervo stenmggseas or disgrder

S S
In sone %C@Frl?)ta b Lany ee.p(g%;ﬁlqu | n@?k%u%ntaliﬂge o Vith &g ,51&_ getgng %’(@ f“s
prgvi 0UShydrgiyﬁﬁégﬁﬂ@éﬂluﬂﬁé.e'Ulspe'ﬁﬂ@ﬁshﬁﬁo ?&P%gtpréﬁarédhﬁ Q&@e?@l[‘_tliqhﬂvlgdl %ﬁ%ﬁ\ﬁes a

process for producing the conpounds of the present invention. ARATI ON
OF THE CQyFduNDS ORtIEE tRRESENTOINVERTSONrcPhetionypuynentan & peespvatdento

i ti b d ithout |jmtati i t 0] f th
poner s R AR Bb AP AL ot b s hies? Cen GBI s R0 O hre
i nt ended

s an illustration of sope .enbodjnments. of the.inventiaon and no
i mitati g ?IFIP?@G‘H}C@LE S ke bR ipigefa I?reﬁlsfb%’&%lh‘éiel_ i, il picous
fol I ow nﬂ)lﬂf‘éﬂsﬁﬁépéﬁfoﬂﬁ'BF&is%e?siHﬁﬁ,Qnéf'%ﬁlefboWHeﬁ‘sSf%r gRe&idnRb RN M a8 2
particul ar instance. 15BINAP = 2,2 '-Bi s(di phenyl phosphino)-1,1
' 20i naphefhsttrleanjcdablcNg. in 8832 o8BS, Buispensioarar-disteydiansy clar ddbeasks, BigP farm

Benzotriazol.e-1-yl -oxy-tris-{dj hyl am po) - phasphopi,.um . . .

hoxar| uonBanEesie st it ke AL RESEERE BRLRICERREBIN I infiving P, Teas
No. 167 74mglb3stdblDARdcr—cdnditRing W ainD Rkt bhd stofdge! aharhe® be@MSeNad against
38078-09-0 DCM = Di chl oronet hane or Mt hyl ene chl oride, CAS No. 75-09-2

DI BAL orthp| @atanpnating pefisuel muergaiganismsh\ be icdeicr GaS b2 sphent ps-drsporsm =

CAS No. ~ TBGRRY BRI Erar S Der, EIGO B PO @ Nl TR B REBLAT 20
226h! or oarid IBquid petly btk fere dBzol), snittibte efik@rdsdeeredEAm N3 ZORIIT3- 9 WO
2011/ 053575PCT/ US2010/ 054054 DMF = N, N-di net hyl f ormam de, CAS No. 68-12-2

Furthermore, active compounds of the present invention can be administered intranasally or

transdermally using vehicles suitable for intranasal or transdermal delivery known to those
ordinarily skilled in the art. Transdermal administration includes all administrations across

the surface of the body and the inner linings of bodily passages including epithelial and

11



DVMPU = 1, 3-Di net hyl- 3, 4,5, 6-tetrahydro-2(1H)-pyri m di none, CAS No.
7226-23-5 DMSO = Di nmet hyl sul foxi de, CAS No. 67-68-5 DPPA =

D phenyl phogphasgi7sazi de, CAS No. 26386-88-9 5EDCI = PCT/US2010/054054

N Et hyl - N( 3- di et hyl am nopr opyl ) car bodi i m de hydrochl ori de, CAS No. 93128-
40-6 HATU = 2-(1H 7- Azabenzotriazol-1-y1)--1,1, 3,3-tetranmet hyl uronium
hexaf | uor ophosphat e Met hanam ni um CAS No. 148893-10-1 HBTU =

2- (1H Benzotri azol e- 1- y1) 1,1, 3, 3-Tetranet hyl uroni um hexaf | uor ophosphat e,

CAS. 1000, Q4200 31 1 B il EE RXUBRNZONGA 3RO £y CARR, 2592 32 LA -

Lthlumlgllllsopro am uti‘on ide= Lithium
tri-sec- hlspMis(diny,dsrolhdm)lbm’ndts&ppcﬁﬁﬁrléb(reci&ﬂ?dﬁd%gmﬂ) NWFeams and ointments may be

N- Met hyl - Pyrrql i done, CAS No. 872-5 15PDC = Pyri di ni um di chromate, CAS
No. 20039S&Pps dlapiyRo=scan tdh%wgl@ﬂw? CIPREANC AL HEH Q8 T HFHN O LiePE, PSS No.

6192- 52- r
R e U TN

rebenti othletactme ﬁ@ﬁ&hmt'ﬁﬁormbwﬂoylsamiﬂﬂl W idiap off declsgbvateangs lﬁ%bbmsed to

429-41-4 TBSC tert-But l.silyl. chlori.de 62-4

Toaor el Ty eil HERETD) Y ieed St SHUR B i o aem S Fgibrane
69739- 340&761?15%_ BSeseri 6iF %oﬁuﬁﬁﬂgith@f%ﬂyé $d é'dlent\AQﬂ?-Qll Vioeabd *RGEL, @@%{&54054
TEA = Triethyl am ne, CAS No.121-44-8 = Trifluoroacetic acid, CAS No

76-05- 1 quRizngdhq mtyférlmradlamt QGhs Mlusn}@gdeggaeg are knaweiopbe Higrasaref oVhen a
(I-a) can.be ar e esses 0 hene.1 b

Cust brrar §ri0ies SAFRBIRE) Sl Ber ey B R s Pl o T R W reth B,
(gee e. ga51nF1ree;|@ssmad@1ruinllyd@§e Schenme 1), where Rl, R2, R35 R45 R5 and R6 are
as previously defined. Schene 1

A compound of the present invention can also be administered in the form of a liposome
delivery system where the liposomal lipid bilayer is formed from a variety of phospholipids.
A compound of the present invention also may be delivered by the use of a carrier such as
monoclonal antibodies to which the compound is coupled. Other carriers to which a
15 compound of the present invention also may be coupled are a soluble polymer or a

biodegradable polymer useful in achieving controlled release of an active ingredient.

It is understood by those practicing the art that some of the compounds of the present
invention may contain one or more asymmetric centers, and thus may give rise to
enantiomers and diastereomers. The present invention includes all stereoisomers including
20 individual diastereomers and resolved, enantiomerically pure stercoisomers, as well as
racemates, and all other variations of stercoisomers, and mixtures and pharmaceutically
acceptable salts thereof, which possess the indicated activity. Optical isomers may be
obtained in pure form by procedures known to those skilled in the art, and include, but are
not limited to, chiral chromatographic separations, diastercomeric salt formation, kinetic
25 resolution, and asymmetric synthesis. It is also understood that this invention encompasses
all possible regioisomers, endo-exo isomers, and mixtures thereof that possess the indicated
activity. Such isomers can be obtained in pure form by procedures known to those skilled in
the art, and include, but are not limited to, column chromatography, thin-layer
chromatography, and high-performance liquid chromatography. It is understood by those

30 practicing the art that some of the compounds of the present invention may be chiral due to
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Internediate A a) RLICOCI, D EA or TEA, DCM b) R1CO2H, PyBOP (or BOP or DMC
or EDCI or HBTU, etc.), D EA or TEA, DCM (or THF or DVMF or CH CN, etc.); or
R1CO2H, HwoUp11DsBEs THF. A conpound of fornula (1-a) camcCaluseolo®s4o8de vi a
the process outlined in Schene 2. N- 10 arylation of internmediate B with
R2X (R2 is aryl or heteroaryl, X is hal ogen such as iodo, brono, chloro and
fluoro) by using copper-assisting cross coupling (see e.g., step ain
Scheme 2), or by palladiumcatal yzed cross coupling (see e.g. step b of

Scheme 291111%18%(1 mg{g&l %Mi %ﬂzeq]ise tQ%ﬁBﬁ@&%%%hwﬁﬁcﬂ‘f)%H be% alna oB alf[}g in 6)? rd he

presence O ase or dS a conp

formul a fofrm( ll)y Pyocciidnes d{nﬁ%ilzn tRZBod@S&llRﬁﬁerﬁleamd R6 iafethas uﬁ&ﬁeﬁobm&@ thesei n.
Schenme 2 X, NHMeCH2 CH2 NHMWE, 003, di oxane, ro 160 C
b) R2X, Prrapfé%ﬂ %ﬁg} l?%}e%‘?@}fc%@ Bﬁec)oéﬁlH?é}Pﬂsag% the( DS 1 BYHHIgR rﬁl%la%@ sitictgpap)

Cs2003, {ehU&NEcl@hoGautbmeR2X, NaH, THF, 0 oC to rt. WO
2011/053575PCT/USZOfb/054054 Internedlates A-1 and A-2 can be prepared via

t he proc l. h e 0 rei
o, P BRBRR  DEEA BB R S GELT (SRR P
procedur ﬁ@el(tﬁﬁleaﬁw@ll as BowpicallplabSichianslod) the@bf/easg conpHy Hd: ZN al?rdahehket)on of
t he carbonyl group of conpound 2 by using customary procedures (see e.qg.

step b oAn&thSchgiet 3F, thé QirbRvednRyitigh KWaaTrﬂe@l{bdeérhuéﬂéé tthe Ro@ipodRlsi B the
S

presence of base (see e.g., step c of Schene 3) yiel conmpound 3.

Oxi dat i omvmtl%loniihﬁmweeﬂorwcm tﬁsmﬁiz:tﬁmdyeﬁ embrgcingllafimyHercons. deayaéialjor
Reduct

et SR 00k BARINESr ol oA RN ¥ 16y SHEHATR

prlesencecmﬁpdsam@sﬁelrﬁhgmeﬂﬁdepndusa‘s dSedre® hdkin. gi ves corrpound 5. In sorre
cases (especially when R2 10 is alkyl), lactam5 can be formed directly

from al ch)éGﬁle%rﬁB&ﬁﬁleﬁt@d ltl@é IM@&hed iRaLI QN a8ANHEHIRN anWeffBQite hmbhebf a
treatment by base (step Hydrol ysis of conpound 5 by customary.

pr ocedur e¥nfoyad of, rmulgt(éb off skt thprhelielByorae catbgdinkatsoriec gcthodi whinglidehe
readily SR s'Ee[rl%(g égher%}e%{lmgrt gf‘fecﬁlv %g%ﬂg of: a330l?1¥pfaﬁlgg L&Eér}/b%dal{graﬁlt é\r? ?al%“ngh

amoni um ace trans 1 soner’
Ci's i somderedf.2, mhere R2 is as deflned 15herein, can be separated by silica
gel chromatography or reverse-phase HPLC. WO 2011/053575PCT/U82010/054054

Sgheme 3As usdd Hpéin, the phrase “effective amount” when applied to a compound of the invention,
is intended to denote an amount sufficient to cause an intended biological effect. The phrase
“therapeutically effective amount” when applied to a compound of the invention is intended
to denote an amount of the compound that is sufficient to ameliorate, palliate, stabilize,
reverse, slow or delay the progression of a disorder or discase state, or of a symptom of the

20 disorder or disease. In some embodiments, the method or use of the present invention
provides for administration of combinations of compounds. In such instances, the “effective

amount” is the amount of the combination sufficient to cause the intended biological effect.

In some embodiments, the method includes administering an effective amount of a
combination of two or more of the compounds described herein, or salts thereof. It is
25 specifically intended that the phrases “combination of two or more of the compounds
described herein, or salts thereof,” or “at least one compound as described herein, or a
pharmaceutically acceptable salt thereof,” or similar language describing specific
compounds, includes the administration of such compounds in any proportion and

combination of salt, ncutral or free base forms; i.e., includes the administration of such

13



Internediate A-linternediate A-2 a) EtOH, PTSA, toluene, heat; b) (CH2OH) 2,
PTSA, toluene, heat; c) LDA THF, -78 C, allyl bromde; d) 03, CH2d 2,
Me2S; e) Wb osB&rBH( OAc),, HOAc, THF; f) i-PrMgCl, THFPCO/US2019)054084
HCl / THF, h) NH40Ac, NaBH, CN, MeOH. Internediates A-1 and A-2 can al so be
prepared via the processes outlined in Schenme 4. Esterification of
commerci al ly avail abl e cycl ohexane-1, 3-di carboxylic acid (conmpound 7) by 5
custonmary procedures (see e.g., step a in Schenme 4) gives bis-ethyl ester

8. Al kyl \ ene
4) affor%ﬁonﬁ%ﬁ%gqg%% gfep%fj 94 nthe B%ﬁ%%‘#@n(%ﬁc Eggthgzsgltrt\o(ﬁﬂglogg %Sgg
e.g., stemmnmuheSmhehﬁnéhdehearhmmeﬁte@rmuﬁﬂabﬁmnn«ﬁeenemgenlﬂme@mdﬂmﬁl

Schene 4: conpound 9 |s 0 ized to diol first, then further oxidized to
al dehydeynd %‘?Wsm?liedﬂé G %%weowea%r TRo%7e] dhe b%laf]?qm oIS GTVBOTS H ARG i on

of al dehyglerodf) ihQn Swﬁwrfr)eo% n%tﬁ@%&%rapé(ndﬁéﬂ i cCRBIRdYanB/Rcalr es (see e. g.,

steps e and f of yi el conpound 11, I ch upon cyclization by
t r eat nen b c I~ P | n
85 ek M S Pl S WIS A Gl et
conver t eproptess afd diveds2 oudiberder, antuetcliventiagion advieesing Ot noreSympruand 45188‘1166
| actam 12 _can e gplnerlzed to cis |actam 13 _under hasic canditions (see

e.g., stelfrds 8 diters8)or dIE0Tdeino Pt CEHPPIEn " BFAREHp AINdEatne aft? 1¥°UY ng

cust omar t fg ) agj ds

T4 ana 1HoP “%232%%1? e Cofhllings1ERoling! (BEPRTE of IroBlES, 5 PR GRna6L OO

corrpoundccmmuamnbﬁ & dnvwase toe disoodec o fffyoatment SorU tigtetingiass osalomaéin) dss meakD

2 1/053575P [ U 0/ 054054 ,such. as  NaH, C to,refl ux. rtius
gér r ang@w&bﬂ iher 8%11)&& Hyreta oSt 5o, m@o o 3& EL LB é’?ém%%g

cust ONBr YorRHRMEGUSES drSLBisEsd -or didoRder] Jr B® of thidhifvRhEsn, | ‘i 8t e

A-1 and internediate A-2, where R2 is as defined herein, respectlvely

a) EtOH, “tregay, furdfar Lmeanb)am afrodgH, fosmtamlwin@neﬁﬁp:l oaldleglredbeldeeresultzs C

E]SI lr,]Ld |§h%§mbt%%°dj¥b Ork&ﬁlreg)dlﬁéffb Ilesu Eé;x &S\%}It’ K28 19114 B ik e%

R2NHZ,  NaBIKtEAC Jignintdbhent dtiHor réducihly) BRNERent AF @'dilscﬁ;li@'dﬁr%?e@he stabil MBI £AC) 3;
g) i-PrMgCl, THF, OC, h) NaH, EtOH, O Cto reflux; i) LiOH THF; |

DPPA, TEN! veusging), disgase &rgbsqsderzgtatewemm HbOVing [dri Biasdsei i @éprdﬁrt ﬁa%zazcoe
' nter ”Edérﬁé %fén&l 8{3‘ aﬂiaﬁ n né’&ﬁs%%eegr Vit Brded StRE OGRE ?&ﬁlsﬁ&iéf S&he”e

oun can € same nmanner as conpoun ene 4.
Curtius d@@m&m@ﬂmﬂkrpmﬂmaundmnGe%ymh&kmgnﬁmeﬁﬂﬂary procedur es (see e.g.
step a of Schene 5) gives conpound 17. Renoval of protecting group

4- met hoxyherem!"pefem! ér Cﬁbrﬁ&inhﬁ%’&’@s?ﬁbé& heteth hBarkQoREE Horh haPeriisd Hidexeti omar y
procedures (see e.g., ste Schene 5) yields COTPound 18. Conpoun
can al soTbrtepn dadmingsisraeims @uml hpoein refers toreidhoadaealya mlswmgr@@pﬁm@y%ﬁ&yl

2 4-d t d

R T T 18, I RIPRERRRS AU e
group 4- feeinhdaeffebenzathowit o thd-cdmpetudxythi@nzihmimal.conpound 19 by usi ng
custonmary procedures (see e.g., step b of Schene 5) gives conpound 20. Boc

protectiPre ?fesé‘{ﬁ MRein 280PtovidedNd nElisd DOBHYatRe AL GdEHsE Dr (HORIR, e mEARP C

of Scheme 5) affords conpound 18. N-aryl ati on of conpound 18 with R2X (R2

i s aryl esmprises administering a therapeutically effective amount of at least one compound of the
present invention or a pharmaceutically acceptable salt thereof to a mammal in need thereof,

25 wherein the disease or disorder is a central nervous system disease or disorder.

The present invention also provides a use of compound of the present invention, including a
pharmaceutically acceptable salt thereof, in the preparation of a medicament for the treatment
of a central nervous system discase or disorder. The present invention further provides a

compound of the present invention for use in treating a disease or disorder.
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5 heteroaryl and X is as previously defined) by using copper-assisting
cross coupling (see e.g., step d of Schene 5), or by palladiumcatalyzed
cross cowubi2ng/o53¥6 e.g., step e of Schenme 5), or N al kycCatisemoos40sonmpound
18 with RRX (R2 is alkyl and X is as previously defined) in the presence of
base (see e.g., step f of Schene 5), yields conmpound 21. Renoval of Boc
group by using customary conditions (see e.g., step g of Schene 5) affords
intermedi ate A-2, where 10R2 is as defined herein. Scheme 5 1920 1c
161718 PG= 4- et hoxybenzyl or 2, 4-di met hoxybenzyl 21 a) 1) DPPA, TEA
toluene, rt to 90 C 2) tBuCH b) CAN, CH3CN, H20; c) (Boc)20, TEA, THF;, d)
Cul, R2X, NHVeCH

Cr 5o oarahogal LIl BesstidaiatriofioRn a0FemieBh Shetis dmb Eleqilr docs,

t ol uene, alff3tcic rhoduRAs thidebhhahtds, orGokerttiatek tthe SfinftiolfiGh drihoSteOX &pgnd e
Internedi ates A-3 and A-4 can be made via the processes outlined in Schene

6. ReduchideRdfreeeparedisl/ el Prhagcesi prabppientatpy gp oXihossophigeaist’e disagydisngt hyl

cpier (CQTRRUIL Rk Pl O BLACELSoyhaan S ool W, >

conpoundL A3 Anki.URavi Hb&rlnmaobme?Bobyﬂ(lﬂs i41gl-cus mrml’oyteﬁb Qﬂﬁldlﬁlt(ﬁfsthﬁfrédlt’cds or WO
2011/053? 5PCT/ U ZO%QIOSﬂg ngno fluorin ted canpound 24 Rg F,. R4 = H,
see e. g. dimdpighesythg pfiapiephas prihesisriralizand RS secepior iapd/og g7 dusenehdi ng

ket one, &1%1ﬁf§ﬂ@dalp36rﬂ(hbyt9ﬁé Q%Bfu@f"s Q‘Yﬁéﬁ%& nlg aﬁluﬁltl@ﬁ&’icy aﬁ@@&hé‘[' EH?SmﬁfbfltBJg)d&

di -fluorinated conpound e.g., ep c of
Al kyl at i mxgatfe akbmsmrwntdomlaw (RAM)L yid. b%eﬂudeﬂl@sielec mo@ulatcsrt(sm\di) blhdsSchmre 6)

R N N PR e I RS BT
Reductl VEerRdtshatel Ic z@ sebyRgZf MdsteriRZINFBinh Ui buG Y SRR 1a?[@c§§1ur es

(see e.g., step f of Schene 6) ylelds conpound 2 whi ch upon cycli zation
by treatwwmpomnvmﬁbﬁﬂéor@m@hvg@%ﬁNDﬁﬁbm&y|n THF at 0 C, gives |actam 28. In
sone cases (especially when R2 is alkyl), conpound 26 can be directly
conver t ebh fomeldnbcalchents, 28 onacheral péthechdthel afthoatventiorciordiutiaens. The trans

| actam 28 can be epinerized to cis |actam 29 under basic conditions (see

e.g., StBpsdmoOtmboligimtscdt thSapethodl icealst @t thE iv@nHonnts c2Btrantbrddishyystesi ng
custonarg procedures (see e. ? step i of Schene 6%59|ves correspondi ng
cdPboxyl fiscase oagisgtyles iya segn 1‘é%;5’é’8’fqd€%ff15¢fa“|Vﬁ’ RYRBlatigs@sneuRlpifgi @eaﬁﬁnom

and reac i d sic
cond t | oneghen e R RRET SrEBg FRR A F SRR, nt ettt ué’f‘d?ﬂeaf‘észﬁlé‘gﬁ%mf‘o
conpoundscud@logicel Adcas of Howrsktr Iy/scheritad fnyxdoi gmup c()ssaﬁng @f. 3 mebépligorden, Schene

ffor i nter A- A-4 R4 fi.ned. herein
?Za,spgct ?Vgil??};" tae snﬁlzoghrema (g’lcﬁﬂgmg schlzoaf? ctive dlsordel%s Klszhqule{r’seglsegse,e !

Parkinson’s disease, multiple sclerosis, Huntington’s chorea, amyotrophic lateral sclerosis,
20 Creutzfeld-Jakob  disease, a  trauma-induced neurodegeneration, AIDS-induced
encephalopathy, another infection-related encephalopathy (ie., a non-AIDS-induced
encephalopathy), Fragile X syndrome, an autism spectrum disorder, and a combination

thereof.

As used herein, the phrase “mood disorder” refers to any of several psychological disorders
25 characterized by abnormalities of emotional state, such as, without limitation, bipolar
disorders, depressive disorders, cyclothymic disorders, dysthymic disorders, mood disorders
due to a general medical condition, mood disorders not otherwise specified and substance-

induced mood disorders; and as characterized by the Diagnostic and Statistical Manual of
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WO 2011/ 053575PCT/ US2010/ 054054 Scheme 6 a) H2, MeOH, Rh on al um na; b)
DAST, DCM <c¢) 1) Py.S03, DVsG 2) DAST, DCM d) i-Pr2NH, BulLi, DWU, THF,
ally! browD2e11/0538€ to rt; e) 03, DCM Me2S; f) R2NH2, RaBRSHMOP340STHF, Q)
i-PrMgCl, THF, O0C, h) NaH, EtOH, O0Cto reflux; i) LiOH THF;, j) 1) DPPA,
TEA, toluene, rt to 90C 2) 6M HC /H20, then basicified with Na2003.
Internmedi ate A-5 nmay be prepared via the processes outlined in Schene 7.

Al kyl ation of commercially available 4-oxo-cycl ohexane-1, 3-di carboxyl i c
acid di I (B .€

base (Sl:r%}ﬁg%é lﬁ%oérgérrst e con@ﬂ? ééﬁ?@ﬁo&g&%ﬂ% bf;s%ﬂlgt?lcég %Baﬁtl%. %ﬁ}gﬁ gi ve
conmpoundVv3a319%bduction of 33, followed by fluorination by using customary
procedures, such as those in step b of Scheme 7, could yield

nmono- f | uak insed Igeis Ofip @HAGe Ssutish3spectum Rdsorddr) (Aﬁb}lwférﬁl@d h dioffer apPAKBE 33
by using custonmary procedures, such as those in step c of Scheme 7 could
y| el d di SOVEEsoHIdnRareasieommsirmensm (hrsking, ierlimy 19ngeas7 spdisabnoroskes® R4 =

xi d
200 SRR IEIO, iU, AR ANIALIELS 58500 SRR it
by cycli maistlorahsmtber(“amdj”talm@m) sthedugh peiisse (&h@lﬂprﬂeﬁt giseplsr aotaottictvias

Schene 7 co afford orrpound 36.. I n_sone cases (especially when R2 i
al kyl ), ﬁﬁ?g 1 i Banpghy WA fosmn SPERgEr $YNAreMae-anhhs Iéﬁaﬁﬁnaéﬁlseds

reducti Vg, .gigl R fﬁ@luﬁ@@q{&t' %ﬁ'ﬁlr&%é QﬁHtch?lHR(Pocfc is Rifd QRbIRR Qfd 38 used

fol | oned %y Curtius rearrangenent and acid hydrol ySi's using custonary

pr ocedur ks¢insschnaynidus sethi the phwps “geramdvihdotioBolerm dizorde ol B3GRV e
internediate A-5, where R2-R4 are as defined herein. Schenme 7

| noer medinadogneAubh €mMBodimentdthe nibodr dlﬁﬁs‘derﬁ@fa éﬁ)ressajn (INaHa daplewivdadissrdete, InlHF;
b) 1) NaBH4, THF; 2) DAST, DCM c). DAS DCM Me2S; e) RN,
NaBH( OACYORN® Fysh: cmodimppipgithe deppgssion ltsela§te@|fmm thorﬁoua)wﬁls  atppigal

t ol uene, 9 ) e i f Wi Nago

10l nt er n%%}r%sisgmA?bISOlag ggd%gr_s‘gdalr_lé pslitag ? %Qé%;oglceg%jejog éitﬁ “Thed %ﬁdosg ene 8.
React i ondqireﬁmmp(wndacﬁlﬂe \depﬂessTcBS@lifh oy mls/umg camset)onqukummbeidpnes&on s{uch as

those in step ﬁ)f Schenme 8 oultg1 oun 37. Alg< t| on.of 37 th
LTS br s mion (RaesSds deaueutost Be alderiy ERTRANT Sofisitn s Qep R eptledt
yijsl d cosgoqunsibé&ls %ﬁ@ﬂid Gife %lse PeHard@n &Ppedisidg, %ﬁﬁgl YiehRs{iSE]. @ g ,

step ¢ in Schene 8), coul d give al dehyde 39. Reductive 15 am nation of
Wi t h R2NiDression| thatds mp Qiymus Paysiod O(rspéecl@hwcal §ﬂ@|§§udh and necdiqal Sbtesnrer 8)

comound g&bﬁﬁ%Cﬁ‘%ﬂcdﬁiﬁpé%Sé%%m% 52500t BRSO e Do s to e

am nat i ogauS&6y §drnsthd dndeHyinglcefdifion mcambﬂlle@alted@al i0hesdQr disetdeped by
Curtius rearrangenent and then de-protection of TBS using custonmary

procedur gs «§5€&ueh embofiBBis,f iheJadidy Ndi9fasSUredBo@lr 1§@HE&eg'ﬂ&nC@rg?&Wd
WD 2011/ 053575PCT/ US2010/ 054054 41. \Iﬁeductl on of 41 fol

f ROori na@qrmpﬂS(l@@eneragzed gtxaqdy dlsofdesmewemsyetsc obsadsiye ed)rdpurt@we debr,d@r,lsnenaled

conpound 42.(R3 rinat.ion of ound 41
cust omar D it cauralings a@vichy PodPiapRht el MBS guitistibe Fedbn, an
di - f 1 uor idjadt@entcasarasd h§'§0c(h83dnd%41 disbnder, B%maa/tain AixidBP giseFdet RigbfipAgbia, a
customary procedures (see e(P step k of h

specific phobia, anxiety disorder due to general medical condition, substance-induced anxiety

disorder, alcohol withdrawal-induced anxiety, and a combination thereof.

25 In some embodiments, the central nervous system disease or disorder of the method or use
comprising a compound of the invention is a seizure discase or disorder. In some
embodiments, the seizure disease or disorder is selected from the group consisting of a

convulsion, epilepsy, status epilepticus, and a combination thereof.
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58) could afford internediate A-6, where R2-R4 are as defined herein.
Schene 8 a) TEA, TBSOTf, DCM b) NaH, ally! brom de, THF, c¢) 03, DCM M2S;
d) R2NH2,whaBH(@&753, THF, e) NaH, MeOH, f) Li OH, THF;, @CTAS208PA05TEA,
toluene, rt to 90 C, 2) t-BuOH h) TBAF, THF; i) 1) NaBH4, THF; 2) DAST,
DCM ) DAST, DCM k) 4M HC /di oxane, DCM Internedi ate A-7 may be prepared
via the processes outlined in Schene 9. Reaction of conpound 8 with
comerci ally avail abl e di benzyl am no-acet al dehyde (conpound 43) in the 10
presence;0 t 4

br ot ect | g PRecpeffiielts e steineills sy ke B hisa by Br SRTRGHOTof Bec

pr ocedur @snyrise @c@npomltie)}f tlb: miwrﬁmlnem p8in (hmakdjorydlﬁjrdemmpted icbndtthe ghm)val
of di benzyl  groups followed cy clléatlon see e.g.,. steps ¢ apd d of
Schene 9§oneBsHing© lrnﬂamanat%tpam, AGUTONHBIC\RAY %@ﬁnkgrale%%auﬁa%e PiRSS( R2
is aryl gt h&h&IA8E YdairtH & L%%n@}aﬁ)ﬁ eNdQYS by (gfd(rﬁé}eg) ¥é1§dtﬁ9 frorn the &roup
copper-assi sting 15cross co (see e.g., step e o ene :

pabl adi ueansating pf aeltbdynos hypﬁmaigémmgal(l,siﬂen@ngpqin,sneapogatm p8o hlda’ed@c) dlabctlc

N-al kylation of co d 47 with R2X (R2 is a i S.as

2011/ osa%@}%@i@%mgﬁ%ﬁgmgh%%odﬁ@ﬁ% aft RefbinlenBeisdEoence of base
(see e. g step f Sch could give npound 47. Repoval of the TBS
group of nc%ﬂ%ﬂﬁ 1716&@1&1@ &l %d}?ﬁY%}lSéV%IE@dﬁ?eéée eg@éoréiebofrm hé’tréﬁgﬂ PhUSthene
9) coul d, 1%%"1% Sd?léﬁun&%f WRi GheARW B P& chRAd Ihg QUGB & stfe lﬁ‘raste%%eoffg
usi ng custo rocedures, such as step j of be 97 Bluori nation of
conpounddid&dbr. uL'n scgn@uﬂb@dlmemspﬁma@dmmhhjm@(c&at@n stgticajpsdasadr Sstvdorisy)

ld yield ofluo .nat ed .conpound 50 5 = F, ) orlntlon of
kiﬁ one” 45T YRR S B JE S C e Ry Ao N BB e &

-t uorinﬁg&&@mﬁm%mbl@gmﬁla@@m@ =F). Saponi fication of corrpound 50 (see
e g., step k of Schene 9) gives carboxylic acid 51, which upon Curtius
rearrang Y r ee
g e B U B B B e O e e e
R2, R5 aomt Rgnptom af thtefcogtﬁ‘dvehaembdegenmlﬁﬂlﬁdyﬁﬁﬁﬁliS&CﬁémﬂﬁR@i@l @t or
Scheme 9.000000 ) LDA, THF, -78 C; b) 1Hi m dazole, TBSCl, DWVF; H2,
Pd-C, Et 6 Hea@g psi: d) K2003 CHSCN e) Cul, R2X, NHVeCH2CH2NHMe,
K2003 di oxane m crowave, 160, C;

t APs( di bBnYnS ﬁab@a@é@%n@)%cr«ioﬁ%zrllvacnemﬂd@;er@rﬁtkyﬁop&yﬁwmc@ur%vw digeaso0s,

t ol uene, oT ). i)
pysos. DRED ST SR o [T gmpsfiif Copphdiniehys] BCa 1 ont gy itehy 0Pl

HC1 / H20, d¢phessiohas idspressed ﬁmltnlg Nyt €&E8d mood| hise pfrederasteorBpldasosninveneadteallvi a

the processes outlined in Schene 10. Ani on of conpound 2 th Ri CO2H

or R|IOOOC31C wgi%g%g?%we%% PoONpY 9 tdﬁb%ef E’eg.l %})@aner@t gaf.‘} 4 CBFEYs of

fghgmﬁl h%hgﬁé fighdselt B@miedhtishdd depadiiet® dnkink, @8ndaihfigd helistensghene

20 feehngs of hopelessness or worthlessness, psychomotor agitation or retardation, self-

reproach, inappropriate guilt, frequent thoughts of death or suicide, plans or attempts to

commit suicide, or a combination thercof.

In some embodiments, the cognitive, neurodegenerative, psychiatric or neurological disease
or disorder is an anxiety. In some such embodiments, the at least one symptom of anxiety is
25 apprehension, fear, trembling, muscle aches, insomnia, abdominal upsets, dizziness,
irritability, persistent, recurring thoughts, compulsions, heart palpitations, chest pain, chest
discomfort, sweating, tingling sensations, feeling of choking, fear of losing control,
flashbacks, nightmares, intrusive thoughts, intrusive recollections, avoidance behaviors,

emotional numbing, an inability to sleep, anxious feelings, overactive startle response,
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aorb 20l nternmedi ate B-1 a) R1002H, TEA, BOP, DCM b) R1000l, TEA,
DCM WD 2011/ 053575PCT/ US2010/ 054054 Interndi ate B-1 can al so be nade via
t he proceweesiiisi7sned in Schene 11. Am dation of conpowrad/us0mios4esRi CO2H
or Ri COCl using customary procedures (see e.g., step a of Schenme 11) yields
compound 52. Renoval of the protecting group 4-nethoxybenzyl or 2, 4-

di nmet hoxyl benzyl of conpound 52 using custonmary procedures (see e.g., step
b of Schene 511) affords internediate B-1, where Rl is as defined herein.

Schene 1 . = 4- Ve , L.net e . I . at e
o1 ) RICRUR e TR AR o e hBR, PR R o L EFRHA %
TFA whenthBféof.s 2, 4- di net hoxybenzyl . In a simlar manner to internedi ate
B-1, internmediate B-2 can be prepared from conpound 53 (internediate A-3

wher e R2[n sonfe aﬁbdftﬁmb@nﬂmlcogﬁmze AredigieESRIMRNEWchiaM] Port MRrclO@E ACRSE6S
outlined in Schenme 12, where , RB and R4 are as defined herein. Schene 12

a) R1OC2¢, disoper TEAChiTsmbrendg. ﬂmme sucACpsRieRty, thenet CpECNe poptoy offFA
n PG t% a n - I?J

" 1 ey flE SRS g, 0 TSR b8, NGRS,

wher e R2ddlssidn, rmtdmoiayb@dm;cbmbrnaﬂommmx r]mmyﬂae RagH gmbodamtine, theRy PSS ed

outlined in Scherre 13, where R, R? and R4 are as defined _herein,
schizophrenia is a negative symptom selected from the group consisting of social withdrawal,
flat affect, anhedonia, decreased motivation, and a combination thercof. In some such
embodiments, the symptom of schizophrenia is a cognitive symptom selected from the group

10 consisting of severe deficit in attention, severe deficit in object naming, severe deficit in

working memory, severe deficit in long-term memory storage, severe deficit in executive
functioning, a slowing of information processing, a slowing of neural activity, long term

depression, and a combination thereof.

In some embodiments of the method or use comprising a compound of the invention, the
15 cognitive, neurodegenerative, psychiatric or neurological disease or disorder is Parkinson’s
disease. In some such embodiments, the at least one symptom of Parkinson's disease is
levodopa-induced dyskinesia, poor balance, Parkinsonian gait, bradykinesia, rigidity, tremor,
change in speech, loss of facial expression, micrographia, difficulty swallowing, drooling,
pain, dementia, confusion, a sleep disturbance, constipation, a skin problem, depression, fear,
20 anxiety, difficulty with memory, slowed thinking, sexual dysfunction, an urinary problem,

fatigue, aching, loss of energy, or a combination thereof.

In some embodiments, the cognitive, neurodegenerative, psychiatric or neurological disease
or disorder is Alzheimer’s disease. In some such embodiments, the at least one symptom of
Alzheimer's disease is impairment in memory, impairment in attention, impairment in
25 judgment, impairment in decision-making, impairment in orientation to physical
surroundings, language impairment, impairment in speed-dependent activities, impairment in
abstract reasoning, impairment in visuospatial abilities, impairment in executive functioning,
impairment in behavioral disturbances, disinterest and passivity, apathy, inappropriate

dressing, poor self care, agitation, violent outburst, aggression, depression, anxiety,
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WO 2011/ 053575PCT/ US2010/ 054054 Schene 13 a) RICO2H, BOP, TEA, DCM or
R1COCI, DCM b) CAN, CH3CN, H20, or TFA when PG is 2, 4-di net hoxybenzyl

In a simwenronesssys to internediate B-1, internedi ate BP¢Tammoloasqsepar ed
from conpound 57 (intermediate A-5 where R2 is 4-nethoxybenzyl or

2, 4-di net hoxybenzyl) via the 5processes outlined in Schene 14, where R, R3
and R4 are as defined herein. Schene 14 57 PG = 4-nmet hoxybenzyl or

2, 4-di met hoxybenzyl R3 = F, R4 =H, R3, R4 =F 58 Internediate B-4 R3 = F, R4

croon,  +ENEpe ik AR e in Pt b chibbe. difinds" o mfbtithon,

to intertectoite B-1, internediate B-5 can be prepared from conpound 59
(internmediate A-6 where R2 is 4-nethoxybenzyl or 2, 4-di net hoxybenzyl) via

t he 10pr peessesmbodims dihk toSeikieeEnchadcpbiRifivVEl psyBBiaditdorRftuasiegias dighined
herein. WD 2011/ 053575PCT/ US2010/ 054054 Schene 15 a) R1LCO2H, BOP, TEA
DOM or ®idsmder sEpultipovclgysicaln sapgench spbodimentricydpaspang symptom of

|2;‘1?- di mﬁlﬂﬁ@%_ﬁ%&é%ﬁ i% o{)ﬁ'c ﬁﬁlﬁh&" l!)lﬁfrgérn%ﬁ%qlr g&% a)ialglla?és?%qic%io? vl?’s_léﬁﬂé ‘t&i_n.&in\e,%s,e re

er medi a e prepared conp nt er nedi a

R2 is 4-diptdpixddadiezyikbion)ny2tadmus ek oxymensydnks, veaat d@nizpiQcessas uaddrl bned
in Schene 16, where R, R5 and R6 are %s qefi ned herein. gchem 16
overshooting eye movements, internuclear ophthalmoplegia, nystagmus,

iplopia, movement
and sound phosphenes, diplopia, afferent pupillary defect, motor paresis, monoparesis,
paraparesis, hemiparesis, quadraparesis plegia, paraplegia, hemiplegia, tetraplegia,
10 quadraplegia, spasticity, dysarthria, muscle atrophy, spasms, cramps, hypotonia, clonus,
myoclonus, myokymia, restless leg syndrome, footdrop dysfunctional reflexes (MRSs,
Babinski's, Hoffman's, Chaddock's), paraesthesia, anaesthesia, neuralgia, neuropathic pain,
neurogenic pain, l'hermitte's, proprioceptive dysfunction, trigeminal neuralgia, ataxia,
intention tremor, dysmetria, vestibular ataxia, vertigo, speech ataxia, dystonia,
15 dysdiadochokinesia, frequent micturation, bladder spasticity, flaccid bladder, detrusor-
sphincter dyssynergia, erectile dysfunction, anorgasmy, retrograde ejaculation, frigidity,
constipation, fecal urgency, depression, cognitive dysfunction, dementia, mood swings,

emotional lability, euphoria, bipolar syndrome, anxiety, aphasia, dysphasia, fatigue, uhthoffs

symptom, gastroesophageal reflux, a sleeping disorder, or a combination thereof.

20 The present invention further provides a method of treating gastroesophageal reflux, the
method comprises administering a therapeutically effective amount of at least one compound
of claim 1 or a pharmaceutically acceptable salt thereof to a mammal in need thereof. The
present invention further provides a use of a compound of the invention in the preparation of
a medicament for the treatment of gastroesophageal reflux. The present invention further

25 provides a compound of the invention for use in treating gastroesophageal reflux.

The present invention further provides a method of treating alcohol dependence, the method
comprises administering a therapeutically effective amount of at least one compound of
claim 1 or a pharmaceutically acceptable salt thereof to a mammal in need thereof. The

present invention further provides a use of a compound of the invention in the preparation of
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6162 PG = 4-nmet hoxybenzyl or 2, 4-di nethoxybenzyl R5 = F, R6 =H, R5, R6 =F
Internediate B-6 RS = F, R6 =H, R5, R6 =F a) RICO2H, BOP, TEA, DCM or
R1COCI, T™O,20D0%B578) CAN, CH3CN, H20; or TFA when PG i sPCT/US2010/054054

2, 4- di met hoxybenzyl . A conpound of fornula (1-b) may be prepared via the
processes outlines in Scheme 17. Protecting the hydroxyl group of conpound
23 with PMB using customary procedures (see 10 e.g., step a of Schene 17)
coul d give conmpound 63. Al kylation of conmpound 63 with allyl bromde in the
presence b Lel. o] 4,
Oxi dat i on(H1 (R@a%enéﬁﬁg t% ?regtgieh’?%f %Q%hﬁgfdég g's ee eg‘e)éé“? n %%ﬁ%ﬁneﬁ%f?
coul d af proxtlcah deﬂnpdmd&ﬁ‘.th&'eﬂmctidnvferammaﬁeamg aif:olaull defondendeS Wit h R2ZNH2
using customary procedures (see e.g., step d of Scheme 17), followed by
cycl i zat irogpminsteboddashts, 166 0ekinpb@iiSof(th€ preferd -inventiBR islscd iR theSh ich/9f, a
could give | actam 66. I'n some cases (e.g., when R2 is alkyl), lactam 66
coul d bempéicamentyfdetrcatagnic Of e CaniahtargiHsc BN i byrgse Sapbistrdere atlnoypme

f okl owed r mary

condi ' oenrﬁ oditohy e bEL W?*M 808 8% ﬂe““%ﬁ%é‘iogéhy? SRR 67,

whi ch co d be conv reacti.n H or

ol ch colhdube Seavet fﬁ%@{ssen@ &Vﬁn%%n i LT T B T 7 G
2011/ 053@%@@{{@&2&&0/ 054054 the PMB group of compound 68 using custonmary
procedures (see e.g., step i of Schene 17) could give an al cohol, such as a

conpoundpREPARATIOX OFThE YORIPOBRDSOPTIN FRB4ENT INVENPRINNati on of this
al cohol using customary procedures such as DAST in DCM could yield a

conmpoundrpf £,0 cm'HdQ of thPYrlIR T, g‘ gﬁre&st e O";?ﬂ“??a@cﬁea&[’ (f}j]);g could

al cohol usi ng custonary procedur

gil0e ketomeobthe gdmmilmhmdzsnomﬁnﬁﬂbelnder qu&tammas ySchemds tliZN ehat Soitdw ase DAST
in DCM could afforgd a conpaund of fornula ere and R4 are F.

Gri gnar dME4ed PN d u%@tw SRERLEIDOGENSHYS eﬁ eoi%(mﬂoar %@2}&% figuta lg%@?éhf‘g. ,

step mo reghlﬁﬁf%ntyﬁls%ﬂhéh@écfaﬁ?sre%fahén?rt' ary al cohol, such as a conpound of
formul a wher e is and R4 is CH. Fluorlnatlon of this al cohol

10 f.ord d
G570 T FUSARRY €080 11 v, S50 BOSTLR FEN 6L 910 POy
conpoundinefanéor mul a (I1-b), R and R2 are as defined herein. WO
2011/ 053575PCT/ US2010/ 054054 Schene 17 a)

4-18et hoxgheAry-L2, 2, Ris@iftich¢phodphagtl mbiabBihaBRSE 29 NoTb8327087C8 b) i - Pr2NH,
BuLi, DWPU, THF, ally! bromde, -78 00 to rt; C 03, DCM M2S; d) R2NHZ,

NaBH( OACRBSe T&‘;‘Fbu?lox'?@&%boﬁﬁ"‘ THF, 0 00 to rti-Pr MgCl, THF, 0 C, f) LiOH,
THF;, g) 1) DPPA toluene, rt to 90 C, 2) 6M HCI/H20 then basicified

ey SRR 0 LR P01 T R AR DR o B

DAST, DCG/ASrT)To NMeMBB3-6THF, 0 C; n) 1) MeMgBr, THF, 0 C, 2) DAST, DCM In
a simlar manner to a corrpound of formula (I-b), a compound of formula
(I-c) coahd becht apaicbuny infrdid) € A8 NoessFa-1ud | i ned in Schene 18 from
conmpound 33. In the conpound of 5fornula (I-c), R - R4 are as defined
hepei n. DAST = (Dicthylamino)sulfur trifluoride, CAS No. 38078-09-0

DCM = Dichloromethane or Methylene chloride, CAS No. 75-09-2

DIBAL or DIBAL-H = Diisobutylaluminium hydride, CAS No. 1191-15-7

DIEA = N,N-diisopropylethylamine, CAS No. 7087-68-5

DMA = N,N-dimethylacetamide, CAS No. 127-19-5

25 DMAP = 4-dimethylaminopyridine, CAS No. 1122-58-3

DMC = 2-Chloro-1,3-dimethylimidazolinium chloride, CAS No.37091-73-9
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WD 2011/ 053575PCT/ US2010/ 054054 Schene 18 R4 Formula (1-c) R3 = OH, R4=
H R3=F, R4 = H R3, R4 =F, RB=M, RA=0C R3 =M, R4 =F a) NaBH4,
THF;, b) awoebhasyizenzyl-2, 2, 2-trichl oroaceti m date, BF3EBC205S2006#054084 C, )
03, DCM Me2S; d) R2NH2, NaBH(OAc)3, THF; e) i-PrMgCl, THF, 0 C f) LiOH,
THF;, g) 1) DPPA, TEA, toluene, rt to 90 C 2) 6M HO /H20, then basicified
with Na2003; h) R1002H, BOP, TEA, DCM or R1000l, TEA, DCM i) H2, Pd/C,
Et OH/ EtOAc; j) 1) H2, Pd/C, EtOH EtOAc; 2) DAST, DCM k) PyS03, DVSO, |I)

DAST, %lﬂ M@?EVWE@%@?&C&N@6% r, THF, 0 C; 2) DAST, DCM A

conpoun f ornmu ‘be prepared via the processes outlined in
Schene 1 ductiion of th r.banyl p..of .conpo 1, I d by
2ddi ng MY or Eetpy by duhs ETREN e A PH R PandRiRS Lot B s, o
steps a ~qf. Sch 19), could gi conpound 76. Renoval of the Boc

gr oup foﬁ%@ﬂ%%ﬁ%@@é&ﬁ%&%@&gﬂmy conditions (see e.g., steps c
and d of Schene 19) could afford conpound 77. Renoval of PMB using

cust omar PPBAGe Pinberglphesphoryl gzide, (A5 Ne- 9386t fetre 19) coul d give an al cohol ,
such as a conpound of forrmula (1-d) where R3 is OH and R4 is H

FI Bor i naEPé6h =d¥-EtthilV'dB-clomethylagiingprany sedodmarde hydrghtardasCAS NG QS1ZAST i n
DCM couh(sj_6afford a conpound of fornmula (I-d) where R3is Fand R4 is H
Oxi dation of this conpound using custonmary conditions (see e.g., step f of

Schene 19) ul i etone 78. Fluorinatjon of this keto under

cust omarAaSha Y- Reab€@tgurot ol ol A elehBBy, PRt e Faogohosphate
conpoundyRihah@hfiid, CAsNo Waggss-bpth R3 and R4 are F. Gringard reaction of
conpound 78 with MeMyBr under customary 15conditions (see e.g., step i of

Scheme 1Qhr¢oul ﬂgﬁ-ﬁgﬁ%tﬁaﬂoﬁt LAY 8lcpl meél)ﬂ'lﬁ nfttn %%ﬁ?f?%ﬂg%&@ CAS

2011/ 053575PCT/ Us2010/ 054054 of fornula (I - ere RA s OH
FllOor i naNooM780-37hi s tertiary al cohol using customary procedures, such as
DAST in DCM could give a conpound of formula (l1-d) where R3 is Me and R4
is F. | nHe®tk i-Astiangeerebtriahelc cCONBNNA59E-95@ nula (1-d), R and R2 are as
defined herein. 5Schenme 19

LDA = Lithium diisopropylamide solution, CAS No. 4111-54-0

L-Selectride= Lithium tri-sec-butyl(hydrido)borate, CAS No. 38721-51-7

NMP = N-Methyl-Pyrrolidone, CAS No. 872-50-4

15 PDC = Pyridinium dichromate, CAS No. 20039-37-6
PMB = 4-Methoxybenzyl
PTSA = p-Toluenesulfonic acid, CAS No. 6192-52-5

PyBOP = Benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate, CAS No.
128625-52-5

20 rt = room temperature
RT = LC-MS retention time
TBAF = Tetrabutylammonium fluoride solution, CAS No. 429-41-4
TBSCI = tert-Butyldimethylsilyl chloride, CAS No. 18162-48-6
TBSOTT = fert-Butyldimethylsilyl trifluoromethanesulfonate, CAS No. 69739-34-0

25 TBS = tert-Butyldimethylsilyl
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78R4 Formula (I-d) R3=0H RA=H R3=F, RA=H R3 R4A=F R3 =DM RK-=
OH R3 = Me, RA = F a) NaBH4, THF; b)

4- met hoxyweraylos2y72, 2-tri chl oroaceti m date, BF3 Et 20, TERET/U32@0/0690541M
HCl / di oxane, DCM d) R1002H, BOP, TEA, DCM or R1000l1, TEA, DCM e) H2,

Pd/ C, EtOH EtOAc; f) PyS03, DMBO g) 1) H2, Pd/C, EtOH EtOAc; 2) DAST, DCM
h) DAST, DCM i) MeMgBr, THF, 0 C, j) 1) MeMyBr, THF, O C, 2) DAST, DCM A
conmpound of forrmula (I-e) may be prepared via the processes outlined in

Schemne ZﬁEARe"? %’pﬂnﬁé’r%&ug%ﬁ}g@wg group in conmpound 49, followed by

addi ng t he pro I ng usi ng customary procedures (see e.g., steps

a and b Sc CO. e npound 79. Saponification of
conpound?% f%ﬁﬁ?%ﬁ%%hﬁﬂcﬁeégﬁo 7gﬁ’scfz;ngenent and then am dati on under
cust omar itio see d and e of Schene 20), could
afford cﬁﬁﬁoﬂﬂﬁf%&% Sg‘]” #’%ng) ng custonmary procedures (see e.g.
step f of Schene 20) could give an al cohol, such as a conpound of for rrul a
(1-e) Whar&niFuhd oPodmda RBa) sartibe lfalréﬂafddn@& itR fa‘cegsbs Sufih6P NP K ch&hdd by
customary conditions, such as DAST in DCM cou d afford 15 a cqnpound of
foPnul a (dingyusipropry aidpgorF prasadirRes fromHintamicdiatd dnansk R{GOE! @oerGG}zH (Wed ng
cust omar condltlo 3 5€ )...CO etjone 81.
Fl uori na%igOn ‘bt fulll ﬁ oerlllge g)hgggecus?o’%rg ‘con |t%?(%esas(prewxus%égefkstep i of
Scheme 2% coul d afford a conmpound of formula (1-e) where both R5 and R6
are F. lWQ’b"r reaction of conpound 81 with MeMygBr under customary
conditions (see e.g., step j_of Scheme 20) coul d afford a WO

2011/ 053575PCT/ US2010/ 0@ 4 tertl ry al cohol u,qfﬁe as a conpound of
formula (1-e) wherél an is BY ati qmaof this tertiary
al cohol using custonmarn dures, such B DCM coul d give a
conpound of fornmula (k=€ Rhere R5 is Me an% iRs F. In each instance of
t he conpound of formrulﬂéJ , R and R2 are as defined herein. 5Schenme 20
81Forrru|a(|e)R5— =H RR=F RR=H R, RR=F, RS =M, R =
OH RS = MayrBBciniEA &)rEN®BIL) R, PPIOP (or BOP or DMC or EDCI or HBTU, etc.), DIEA or

4- met hoxy!| berzycir @, TRr S-oMFioEtH omaqamﬂbgamru B, W20, 0 C c¢) LiOH, THF
d) 1) DPPA, TEA, toluene, rt to 90 C, 2) 6M HCO /H20, then basicified vvlth

Eronc: g TN g feld B Phbs e ?ﬁ%%?y'm SRy Tt 2
D0 ) WS o ThEim e Bhi) RVbkBrs aFHb: haGoad), RASTaloBEMsudh cbriond

of forrrul a (I- Lofrcan be made via the processes outlined |n Schene 21.
React i onP&Mo; (i pretif ol orp) Wtw%ﬁﬁm?ﬁﬂswm(gwmgs SPUPANg| (S6¢ cifet BFRIA MM and

-02Me  agfentd ), Ak ARG lgi%ld f f ESch&HE 2] Hen-

am nat i oﬁ&ceondl t I%O%Z%S u{iﬁm 2y a&(ﬁélooﬁ Dllgig%e% o\lﬁtdyg?’vgc &qg o%n](\j] of

for nul a glkylidion whiateemBiafReB avith RIX @Refis nlégl) e theipmesence of base (see e. g step ¢ of
Scheme 2) affords a compound of formula of (I-a), where R', R?, R, R*, R and R®are as

15 defined herein.

Scheme 2

RZ

O H 0] /

H N aorborc 1 H N

1
e = Y (=)
0 R® o Re
R: Rt R® RS Re R

Intermediate B
a) Cul, R?X, NHMeCH,CH,NHMe, K,CO,, dioxane, microwave, 160 °C; b) R2X,

tris(dibenzylideneacetone)dipalladium(0) chloroform adduct, BINAP, Cs2CO3, toluene,
80 °C; c¢) R2X, NaH, THF, 0 oC to rt.
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Schene 21 0 /R2CHO 82WI )r1\1 I nternedi ate A A conpound of fornul a
(I-g) may be nade via the processes outlined in Schene 22. 40 WD

2011/ 0535vbRaI/0382610/ 054054 N-aryl ati on of i nternedi at @CBAUB24ww0R034 Q OMe
(Qis an aryl or heteroaryl, X is as previously defined) using
copper-assi sting cross coupling see step a in Schene 22) or

pal | adi um cat al yzed cross coupling (see step b in Schenme 22) could give
corrpound 82. De-nethyl ati on usi ng customary conditions, such as BBr3 in

t he p?gg eg%ﬁé{egi‘agebg‘gg% Bg tr‘}g %%h o t@?x&%cgiseg?‘&@g‘%mg %@%peﬁ gt 5? gxcloﬂl d

fford of f , def
her oi n. ERATHS o COI&%@E&}.?@ %x 59%@-0%9%@35 R R B mPauih £y
m cr owavgsing 6@stdenarh JprocehMeseetd d. Sdteh HonByhdreBE a6k @b/pimPL | BdicdfitOdf

chl or of orm adduct, BI NAP, Cs2CO3, toluene, 80 C, «c¢) BB DCM d) R30X
Cs2008, DRFCarhpswi Sraupaot samoaws 8f DY aisingl eusfomary nresediess dﬁ@%)éigedStW é? phe

t f.
o5t esposcliutld DERRish o SRty LR i ln B iBIRBCI R LR 2 Py
c?ndi ti Omﬁgafefiﬁ G)Sy&dlfm}mmmg)uﬁd 38 @@dam{og .of @Tn@puﬂd Gf fsﬁ%h&rmz(oaal)ysmﬁ;hl@djh@[ [ onb
conpou a romae 1 n ence O ase ece e , .Ste
gf &g ardy 8&&%‘/3 %w?)o%rﬁaatw %ﬂq%%w%rf‘ ofith: GRpRR A%I\%b u%ngasp
oxonol ysigd566¢ ?(;C%QUI%S s@e %% (?e e@@f%mecﬂufcﬁlow(eﬁ%%g@ﬁg%@ﬂ%th%?presence

Reductive am na I on of Ide 86 w th R2ZNFI2 usi ust omary procedures
(see e. gof bast és;ae . gofst@cﬁmcr&hem)e 3)fpvé¢somepobyd Sy ¢ sarat taxas (espeallyashan R’

OB | LSk s i B R Bk BB, VG2 Dbt

reduct i Ve Rfidhat i RRouE Oftigkhtr @Ratmchh &yt baRS(st@chHam 6138 bst edh 4z €0yt O
cis lactam 89 under basic condlﬂ%el ons 20(s$asee%eDa ,}%?treg ] of Sc%ﬁjrlrle 23)}I

Saponi f i ewstanay pieiclwise dsebye Custen aof rSeh¢mar3@@fferdts kame 6 which can be readily

converted to intermediates A-1 and A-2 by reductive amination with ammonium acetate (see
e.g., step h in Scheme 3). The frans isomer A-1 and cis isomer A-2, where R? is as defined

15 herein, can be separated by silica gel chromatography or reverse-phase HPLC.
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WO 2011/ 053575PCT/ US2010/ 054054 hydr ogenati on using customary conditions

(see e.qg.

steps g and h of Schene 23) could afford am ne internedi ate A-8,

whi ch couwo 2ba/sesTerted to amde |-h by reacting wth RCCORRD10/0545L0CL,
follwed by renmoving the protecting group of ketone under customary

condi tions,

such as step i of Schenme 23. Fluorination of am de |I-h under

customary 5 conditions, such as DAST in DCM could afford a conpound of
formula (1-i) where R3 and R4 are F. The reduction of the ketone of am de

| -h usin
an al cohg?

s pmery procedures (see e.g., step k of Schene 23) could give

such as a conpound of fornmula (1-i) where R3is OHand R4 is H

Fluorlnatlon of thig al cohol using gustomary procedure such as DAST in

DCM coul d ylgld a uonpound of formil a (I-|% mhzr@ | F and R4 is H

Gignard ReactR 0 @f _afiide t OEt St oRar edures
(see e.g., step of Schenme 23) Id afford a ter al cohol, such as a
conpound of fornqla (I-i) where B3 is Me and R4 is (H. each instance of
t he conpound of fornula (I-h and I-i), R and R2 are as defined herein. WO
2011/ 053575PCT/ USZOl@/ 054054 Schene 23O 2,%8485 00 00, R?2
RZ
?: N
Intermediate A-1 Intermediate A-2

10

15

a) EtOH, PTSA, toluene, heat; b) (CH,OH),, PTSA, toluene, heat; ¢) LDA, THF, -78 °C, allyl

bromide; d) O,, CH,CI,, Me,S; e) R2NH,, NaBH(OAc),, HOAc, THF; f) i-PrMgClI, THF, 0 °C;

g) 2N HCI/THF, h) NH,OAc, NaBH,CN, MeOH.
Intermediates A-1 and A-2 can also be prepared via the processes outlined in Scheme 4.
Esterification of commercially available cyclohexane-1,3-dicarboxylic acid (compound 7) by
customary procedures (see e.g., step a in Scheme 4) gives bis-cthyl ester 8. Alkylation of
compound 8 with allyl bromide (see e.g., step b in Scheme 4) affords compound 9. Oxidation
of compound 9, such as ozonolysis (see e.g., step ¢ of Scheme 4) or a two-step oxidation (see
e.g., step d of Scheme 4: compound 9 is oxidized to diol first, then further oxidized to
aldehyde), gives trans aldehyde 10 as a major product. Reductive amination of aldehyde 10
with amine R*NH, by using customary procedures (see e.g., steps ¢ and f of Scheme 4),
yields compound 11, which upon cyclization by treatment with base, such as i-PrMgCl in
THF at 0 °C, gives lactam 12. In some cases, especially when R” is alkyl, compound 10 can
be directly converted to lactam 12 under reductive amination conditions. The #rans lactam 12
can be epimerized to cis lactam 13 under basic conditions (see e.g., step h of Scheme 4).
Saponification of compounds 12 and 13 using customary procedures see e.g., step 1 of
Scheme 4) gives carboxylic acids 14 and 15, respectively. In some cases, depending on R?

and reaction time, compound 11 can be converted to compound 15 under basic conditions,
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tip 86, major- trans a) 1) Py.S03, DVMSO 2) HOCH2CH2OH, pTSA,

tol uene, reflux; b) i-Pr2NH BuLi, DWPU, THF, ally! bromde, -78Cto rt; O
03, DCM Wb2811/$3s7R2NH2, NaBH( OAc) 3, THF; e) i-PrMgCl, TPHF/USe@/05405NaH,
EtOH, OC to reflux or NaH, THF, rt; g) LiOH, THF, h) 1) DPPA, TEA, toluene,
rt to 90C, 2) BnOH, 3) Pd/C, H2, MeOH; i) 1) R1000lI, TEA, DCM or R1002H,
PyBOP, TEA, DCM 2) THF, HC, H20; j) DAST, DCM k) NaBH4 or Red-Al, THF ;
1) 1) NaBH4 or Red-Al, THF, 2) DAST; m RwBr, THF A conpound of fornul a
(1 can. enTRden raokDS “Br@GERRCT pHly St AREOETRBina TRIRYAS Blod P
protecting group ’BocC nmpound onar rocedures (see e.
steps a by abidchehwsyiid )by ﬁmg wedorhyryt e cercﬁchsc(tsea/e gamtqﬁj lo61Scheinh calafﬁh&gje

RCHO (R8; al kyl cyclic 11/ 053575PCT/ US2 054054 al kyl or H), and
NaBH( ocxcanéemlﬁ(yheﬁztﬂzm d%tﬁmeﬂéﬁlteé\g b Bukdsse 91 %{ﬁ*ﬁﬂﬂa r@ﬁ-ﬁecﬂmﬂ@r e are as
defi ned herein. Schene 24
Scheme 4
(0] (0] (@] (@] (0] (@]
a b cord
HO)KO)‘\OH — - EtOJ\O)\OEt — - EtOJ\O{OEt - .
7 8 v X

o R
f i (li h i N .
\U\ eor EtO e JJ ,,,,, 3 + tran isomer
EtO OEt — ™ — > HO 14 (minor)
10 0 15 (major
l eorf / i

(@) /Rz 0 /R2
i YN h j “:’N N
EtO : — E0” : + ftrans i.somer H,No, :
12 (minor)
12 13 (major) Intermediate A-2

A gt

Intermediate A-1

a) EtOH, H,SO,, reflux; b) i-Pr,NH, BuLi, DMPU, THF, allyl bromide, -78 °C to rt; ¢) O,, DCM, Me,S;
d) 1) K;Fe(CN),, K,0s0,.2H,0, K,CO,, quinuclidine, -BuOH, H,0; 2) NalO,, NaHCO,, THF, t-BuOH;
e) R2NH,, NaBH(OAc);, HOAc, THF; f) 1) RNH,, AcOH, CICH,CH,CI; 2) NaBH(OAc);; g) i-PrMgCl,
THF, 0°C; h) NaH, EtOH, 0 °C to reflux; i) LiOH, THF; j) 1) DPPA, TEA, toluene, rt to 90 °C; 2) 6M

5 HCI/H,0, then basicified with Na,CO,

Intermediate A-2 can also be prepared via the processes outlined in Scheme 5.

Compound 16 can be made in the same manner as compound 15 in Scheme 4. Curtius
reaction of compound 16 by using customary procedures (see e.g., step a of Scheme 5) gives
compound 17. Removal of protecting group 4-methoxybenzyl or 2,4-dimethoxybenzyl in
10 compound 17 by using customary procedures (see e.g., step b of Scheme 5) yields
compound 18. Compound 18 can also be made from compound 19 (intermediate A-2, R* =

4-methoxybenzyl or 2,4-dimethoxybenzyl), which can be prepared via the processes outlined
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a) 1) 4M HO / di oxane when PG is Boc; 2) R8CHO NaBH(OAc),, CH2d 2

5EXPERI MENTAL SECTION 1. General Methods Unless specifically stated

ot herwi sewotha/s3396r i nent al procedures were performed urdEmustére/ofmss ow ng
conditions. Al operations were carried out at roomtenperature (about 18 C
to about 25 C) under nitrogen atnosphere. Evaporation of solvent was
carried out using a 10 rotary evaporator under reduced pressure or in a

hi gh performance sol vent evaporation system HT-4X (Genevac Inc., Valley

Cot t age, ; 0 S ia

Cot tage, iy nci) . MALENRY SOYRHRES ARSI A5 By LSBT oy
foll owedmbyorhmlmdl asyehy ading raattogiaap pyodcdin€y (sde kigguiteh dhobisehage sPhyiveass
spectronetry égg , and reaction ti s are given for illustration only
Silica gemRHPErrdt BEY BEHSFIRAST sempatd AhPY UG AUSORHHBI FICAUtE (Jee <yt ¥R
(Tel edyn t 4 9

cartri dgg Ogrge%él?% gfy %fefoﬂdk %I\/Eraté?(d\lg? Izlwc aglggt!ltlaMln & ggﬁ%gg%&iﬁ)ﬁﬂ‘}hgg %rylr 31& ure
an@ puri he;teroaryahlhd Kiinab pmvunhekytd;:ﬁwad;) mswgcbplpyr-aﬂsmhegstoss) peupbigt(hee e.g.,

foll owi n tical od nuc ea net C ance VR nd L
R Spetteal e Seh R s T Bt P e BT E RS oalBE Cheti eyt Shemecy.
Bi 0Spi N &omRleyl&Bionl &chﬁ%ouﬁ@\w A% UBA) (FOTis alkyahhAR iV frévINVARAASS ih Vs | an,

Inc., Palo Alto, using the indicatéd solvent. Chem cal shift (b)

is gi venpliesf:npapf baqedseemgl ptop £ pﬁﬁmemeﬁhtymlés @QmoemdelﬂreRhlylpgalIOérB@C(grm as

an interpal .stan constants . ed in. her Hz)
2nd conventiah Ml soRAPPhTGe CERAMPRE 2 Phaft § FERUS ISR futtd
dagbl et ; Rt isastdefimdEficreim = nul tiplet; br broad etc. Unless stat ed

ot herwi se, mass spectra were 25o0bt ai ned usi ng el ectrospray ionization
(ESMB) viénephder a Mcromass(r) Platforml|l systemor WO

2011/ 053575PCT/ US2010/ 054054 a Quattro mcro TM system (both from Waters
Corp., Mlford, MA USA) and (MrH) is repord ed. pGGeneraI LC- M5 et hods:

Method A: Mbbile phase: A) water/acet opjtri N ng \Q. 298a@moni um
formate; B) 5 acetonitrile. G adient: 20- fromOtoi 7 85% B from
1.7 to 1.84 min, 85-100%B from1.84 to 1, mn, 100% B f 1.85-1.99

mn, 100-20% B from1.99 to 2 min. Flowra®e: 50 nL/mn. CHum: InertsilO
ODS-3, 50 x 4.6 nm 3 ilmparticle size. Method B: I\/bbllepase A)
wat er/ acetonitrile (99/1) and 0.2% amoni um formate; B) acet/onitrile.
Gradient: 30-90%B fromO tol.7 mn, 90%B from1.7 to 1.84Ym n, 90-100% B
10from 1.84 to 1, 85cm e 100% B fr m1&51p©9 mn, 10Q320%Bf,qom1 99 to

2 min. Flow ratg; SE’NrL/man Colu Ine}-tllobCB 50 & L6 B 3 ilm
particle S|zeH0Ne pat eTtate btl’l/l) and
0. 2% amoni umfor ate; B) aceto |tr| c adient: 10/85%B om0 tol.7

mn, 85%B froml.®to 1.84 mn, 85- 100%B from1.84 to 1.8% mn, 100% B
from 1.85- 1. 9 PGri4methdQ320% B from1.99 to 2 nin. Flow 15rate: 5.0 mi/min.
Col um: | nert s{"POHICENBH2% 4.6 nm 3 ilmparticle size. Method D Mbile
phase: A) water/acetonitrile (99 1) Rand 0.2% acepic gcid; B) acetonitrile.

Gradi ent: 0-30%B. ffom O t?;H3 mivmif es, . 30- %%BH m1.3 to 1.7 nmn, 85%B
from1.7- 1.84—mA,—85-20Q% B @M @‘D\IB 1oeoRdiste 6fh 1. 85 to
1.99 mn, and 100-20% B/from Ix to 2.00 mn. wrate: 5.0 nL/mn.
Colum: Inertsil0 ODS-3, 50 x 216 nm 3 ilm 20particle size.

a) 1) DPPA, TEA, toluene, rt to 90 °C; 2) tBuOH; b) CAN, CH,CN, H,0; c) (Boc),0, TEA, THF;
d) Cul, R2X, NHMeCH,CH,NHMe, K,CO,, dioxane, microwave, 160 °C; e) R2X,
tris(dibenzylideneacetone)dipalladium(0) chloroform adduct, BINAP, Cs,CO,, toluene, 80 °C; f) R2X,
NaH, THF, 0 °C to rt; g) 4M HCI in dioxane, DCM.
Intermediates A-3 and A-4 can be made via the processes outlined in Scheme 6. Reduction
of commercially available 5-hydroxy-isophthalic acid dimethyl ester (compound 22) by using
15 the procedures described by Gensler, W. J. et al. (J. Org. Chem., 1973, 38, 1726; see step a

of Scheme 6) gives compound 23. Fluorination of 23 by using customary procedures affords
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Met hod E: Mobil e phase: A) water/acetonitrile (99/1) and 0. 2% anmoni um
formate; B) acetonitrile. Gadient: 0-30%B fromO tol.3 mnutes, 30-85%B
from1l.3 wo 2011058578, 85%8B from 1.7-1.84 mn, 85-100% B PC®MS2018454064 1. 85
mn, 10098 from1.85 to 1.99 mn, and 100-20% B from1.99 to 2.00 m n. Fl ow
rate: 5.0 nmb/mn. Colum: Inertsil0 ODS-3, 50 x 254.6 mm 3 ilmparticle
size. WD 2011/ 053575PCT/ US2010/ 054054 2. Preparation of |nternedi ates of
the Invention Unless specified otherwise, all starting materials and

reagent ' 0 i _ | er i - '

(5 LoumdibTppRhRL bR ATTS! £ 18 - BHBPLLE" Stepd i SehBum FP gt 6F
puri fi cailceatiol ﬁ nd eiltsrrﬁdira{lpending ketone, followed dby fluorination by using custgrnary

7- Am no- 2- (3- - - 2- - Spi 4. -1- | nt i 1
o b epGHGRIA 4 EHE B DRSS CBERGHL 13, (RoUf & F-ai6e Pt s CEEGEme 0).

3- 0x0- CYg&| f&ﬁngp%llﬁgaﬁy{ﬂd 943?7&9 ﬁ?fhyﬂroﬁﬁee(segoe.%b i%ﬁ}Ta ) Sgﬁm{ge? tg?t%l?}g% )

fl ask was added 3-oxo- -cycl ohexanecar boxyl 1 c (3.85
et hanol ¢ofm@indi2p, Opidatbuehesupdundi2s, awhds E@oDYsig(sed e 56 stapal f Sohedmedi)uene

65.9 nmL). Th i xt fl ith Dean-star t i.ght. 7
ﬁeacti on%%e%d‘tr g’i‘sgg‘l uﬁ%&@?‘éar@%ﬁeﬁww W&éﬁ‘%ﬁﬁ@g lﬂhé€$d%§%2h%ltﬁr%me to
af ford 4pBlside (ChABHurOhrobhurtd LkE cGOMRQHNES S3herfd &) SYIHORIHANBAATDRRIH C

f
acid ethyl ester, as’a yellow oil, which was used in the next step
15wi t houtpdnugychestiopdyi thdagmenitonith Brsepsugh ag i-RrMgCl in THF at 0 °C, gives lactam 28.

4-di oxa-spiro[4.5 caner, /- carbgxyl i cid eth ster, 00. The resj due
obt ar ot OBt 4 GTROGNL SBRIR A, DS ERmBh it 26 Xhf o Qireptiy [ ARNEERL S
(3002 nliactath 28 iM@dr)redvasivaddathtiohn@nditishsl MEheWagns 1aEtathXE car bd cplariized &

trap overnight. The m xture 20 was cool ed down, diluted with ethyl acetate
(60 nl), ciadactashbandeqgbwsit cendifjonsi tske v uptap dH oRaigheme @ Sgponifiogtionsgt er
and brin 8495 HSol : eld angd..co t under
reduced gorm Js]flu Fige) Q%ﬁg rgegﬁ%lfl%gﬁsr glléllh Ig\g\gcgl ar gg%égngg}p %%%&{/egﬁe uﬁ)dnglg&d
corresponding carboxylic acids 30 and 31, respectively. In some cases, depending on R* and
reaction time, compound 28 can be converted to compound 31 under basic conditions, such
15 as NaH, EtOH, 0 °C to reflux. Curtius rearrangement of compounds 30 and 31, followed by
acid hydolysis (see e.g., step j in Scheme 6), affords intermediates A-3 and A-4, where R*-

R* are as defined herein, respectively.
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WO 2011/ 053575PCT/ US2010/ 054054 overnight to afford 4.50 g (78 % of
protected ketone, 1,4-dioxa-spiro[4.5]dicane-7- carboxylic acid ethyl

ester, aswea?2aldsawsoil. 1H NVR (400 MHz, CDC13) 8 4. 11( ®CTAIS2018/03405, 2H),
3.90-3.97 (m 4H), 2.58 (tt, J=15.7, 3.8 Hz, 1H), 1.88-1.99 (m 2H),.
1.75-1.83 (m 1H), 1.68-1.73 (m 1H), 1.64 (t, J= 2.6 Hz, 1H), 1.47-1.59
(m 2H), 1.31-1.45 (m 1H), 1.24 5(t, J=7.2 Hz, 3 H. Then, to a round
bottom fl ask was added N, N-diisopropylamne (3.97 nL, 28.4 mmol) and THF (
22.1 ) -Iég‘%n{i xture was cooled at -20 C. 1.6 Mof n-butyllithiumin
hexane (ﬁgl ) was added. The crude m xture was stirred at 0 C for 30 mn
and then cool gd dowg at - 20 C gnd 1, 4- di oxa- spi roh4. 5] dhcane- 7- car boxylic

acid et hyl esjer (4 50 g, a21. 0 f om 1G st ep llva afided driopwi se. The
& 0—Ccfor g0 and therr codl @ 2020—€—=and al | yl

m xture was Gstl

brom de (2.00 23.1 mol ) was d The m xture warnmed up to rt
slowly and stirrgd at rt for 30 m ng, The reaction m xkuge was quenched with
ice, diluted witf ethyl acetate (60,y1), and washed sgguential)y wi-kh 1IN
aqueous HCLl (5 nl), water and brine. The organic |ayer was dried’ over
Na2SO4 and coacentr@t ed under regduced pressure to 1§ affobd 4.30 g (81% of
the title conflound, JI7-allyl-1, 4idi axadspirof4. 5ldedana- 74carboxylic acid
ethyl ester© aselq ow—oit= 1% S i-n—the fext Cr/\rlt-I=re1arJf>further
purification. 1HN , 1 1.85.64-5.74 (m 97-5.05 (m
2H), 4.05-4.17 . 3. 3.99(m &H), 2.34-2.41x{'w HF& 2.27 (dt, J
= 13.6, 2.1 Hz, ), 2.0 f16(ngm)aorgan36 1.88 (m ,H, 1.60-1.72 (m
2H), 1.46-1.54 (m 1H), 1.42 (d, J= 1376 Hz, 1H), 125(t J:2071Hz,
3H), 1.08-1.1? (ny 1kR=. Step 3: o R2

7- (2- Oxo- et hylp) - 1,%-Nli oxa; spiro[ 4 : ne 7- car bogﬁ iC aeNd et hyl ester
The title c oxi-dat+onHaBt" 3 bt hod 1:

Oxi dation with 1- 1, 4- di oxa- spi di cane-7- 25
carboxylic acrd £rhyl ester froms n% .2 (2.00 g, 7.86 I) was di ssol ved
in THF(300rr1_) nd water (12.0 Osmumtetraoxrﬁe 0.50 g, 1.97 mmol)
was added, follofed by the additi 0?1 B7°'sédi um peri odat €'(4.00 g, 18.7

nmol ) . The crude m xture was stirred at rt for 4 WO ‘

2011/ 053575PCT/ US2010/ 054054 hrs and quenched wi th satufated aqueous sodi um
thiosul fate (100 gi).r.The mxture was ®irred at rt for 30Rmn and dil uted
with ethyl acgtaten{y50 rrL) The organi c | ayer was Wasﬂederth wat er and
brine, driegb s ‘and & ed under ré&du pessure to afford
1.0 g (50% of title conpoun
7- (2-oxo-ethyl) -2 4-di oxa-spiro[

decane-7- 5 carbo I|c aci d et hyl

ester, as a yeI*FO\‘/Qv oil. It Was use |n t he next step™“w hout further
purification. 1H3MVR (400 MHz, ﬁg 71, (dd, J—'" d'aﬁgg,‘r‘
4.08-4.23 (m 2H), 3.83-3.96 (M 5 (dd, J= 1% '2.68

(dd, J= 17. lf)r%Uﬂ%fFRh H), n;bil'lz qa %gcﬂ FJy?éoe’DM%o z}'ﬁﬁsr [:Jcr\ﬁ"g)r%rﬂr@sﬁm 7H)

1.26 (t, roml r e) RZNH NaBH(OAc),, THF; g) i-PrMgCl,

7-Alyl- 1 4- cHipP8e; fNaH O, 5@@@@% Lz}ﬁﬂ—!’Fbj‘? bE TEC kel i bo-€Sf @ 10 from
step 2 (4.1 gicii®, themphsciivasth 85,560! ved in CHZClZ (100 mi). The sol ution was

cooled at -78 C. Ozone generated with LG 7 (CD | aboratory, ozone generator)
was _bubbltinif.anals i) b fih Mipdd &h 7 QlhcIMidHeds

| i ght bl it Eeaﬁéjo%geﬁ %Efé%ur%gl‘jgg t%?% ésuﬁﬂlréd ﬁreggo u%1|7on t%rnde}ggto
col or | esenmlﬁem'ﬁﬂllyydvaﬂaljlé MdB(o(dytldhbxan‘EEIQS-ldi”aaf‘t)oxyrhs aciddiicthy! est& (Compbend

m xture to rt nd stirred, overni e crude m xture
s 15 ooB RO dsare Voot pf B 4Sichas it gts rskisins hSvei Tt

wi t h CH2Gd e o9) %ul&@we Oﬁ&%i‘%&&ﬁlﬁﬂb? 35 ajflowia Ly sk aivh thy

and brine, dried over and concentrated under réduced pressure o
afford 3c@03rgary pT@@edulfes,t mhtmstthr@eclorﬁmmhd)f Scheme 7, could yield mono-fluorinated

7- (2- oxoet hyl kO 4r0 5 ecan ¢al box I hyI ester, as
& yel Loormionhity 3t B3R AR BRE o ooty b R
20St ep 4procedures, such as those in step cof Scheme 7 could 1eld d1 fluorinated compound 34 (R’

9- ( 3- Chl or o- phenyl) , 4- di oxa- 9- aza- di spi ro[4 4. 3] tetradecan- 8-one 0
4-010., OCEt o cl
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The residue obtained in step 3 (3.20 g, 12.5 mmol) was dissolved in THF
(20.0 mL), m chloroaniline (1.58 n., 15.0 nmol) and 1 drop of acetic acid
wer e addewO 20h58376de m xture was stirred at rt for 30 mCH/USTH®MO586€i um
triacet oxyborohydride (3.97 g, 18.7 mmol) was 25added. The m xture was
stirred at rt for 24 hrs, then quenched with ice, and diluted with ethyl
acetate (100 nL). The organic | ayer was washed sequentially wth 1N agueous
NaOH (10 WD 2011/ 053575PCT/ US2010/ 054054 nlL), water and brine, dried over
Na2SO4, and g0 . r 44 i e ' resi was
pur i £1 econt (1 G g geporRolEla JEHASE BHERTS fec 105 B Pt iy,
MeOH CH2&42: aldéig)det B5.affeduetive amination with R*NH,, followed by cyclization under
7-[2-(3-chl oro- phenyl am nQ) -et hyl] - 1, 4- di oxaspi r o] 4. 5] decape- 7- car hoxyl i c
aci d et hsanddiang sughhayihoge shgyayinsips ¢ %Péhd Juegeme mﬁw/%ozﬁwm,%cécm):
8 704 Clodad, Atk en® Gty focd houtiss ByRiddireoty SohyBelto it
6.38- 6.42 (M 1(H)91§_&ha. SonenR %@ygFﬁ hidouss (moH)” C383-3.94 (m
3Hp, 3. 736 (ihdgr redH)ctive.abfnatPnl@nditiond kyithodt StEp 3. Odpanmficatibih ,0f 363 Gollosked by =
13.6, 1.9 Hz, 1H), 2.14-2.22. 1H),. 1.99- 2.07 (m 1 1.81-1.92 (m
1H), 1.5 vli%uﬁe%pmngalﬁfl}t i@ﬁ@mwydﬁo@% UgngyuS apg fr%"?ﬁ%‘%swﬁ] as tilpﬁe. i

ESI - M5 mitgps 881 K Mtddheme 7, could give intermediate A-5, where R>-R* are as defined herein.

Scheme 7
(0] 0] 0] 0]
borc d
\o o/ _— \O O/ —_—
R3
(0] R4
32 33 34(R3 =F, R* = H or R?, R* =F)
0]
o I o o 0 JR? o) JR?
~ e ef N g h H.N N
0] 0] —_— \o - 2
R3 R3 R3
R4 R4 R4
35 36 Intermediate A-5

(R®=F, R* = H or R?, R* =F)

a) NaH, allyl bromide, THF; b) 1) NaBH,, THF; 2) DAST, DCM; ¢) DAST, DCM; d) O,, DCM, Me,S;
e) R2NH,, NaBH(OAc),, THF; f) i-PrMgCl, THF, 0 °C; g) LiOH, THF; h) 1) DPPA, TEA, toluene, rt to 90
°C; 2) 6M HCI/H,O, then basicified with Na,CO,.
10 Intermediate A-6 may be prepared via the processes outlined in Scheme 8. Reaction of
compound 32 with TBSOTf by using customary procedures, such as those in step a of
Scheme 8, could give compound 37. Alkylation of 37 with allyl bromide in the presence of
base (see e.g., step b of Scheme 8) could yield compound 38. Oxidation of compound 38,
such as ozonolysis (see e.g., step ¢ in Scheme 8), could give aldehyde 39. Reductive
15 amination of 39 with R®NH,, followed by cyclization (see e.g., steps d and ¢ in Scheme 8),
could afford lactam 40. In some cases (especially when R is alkyl), compound 39 could be
directly converted to lactam 40 under reductive amination conditions without step e.
Saponification of 40, followed by Curtius rearrangement and then de-protection of TBS

using customary procedures (see e.g., steps f, g and h of Scheme 8), could give compound

29



10This oil (2.42g, 6.58 mmol) was di ssolved in anhydrous THF (37.0 nL). The
solution was cooled at 0 C, 2M of i sopropyl magnesi um chloride in THF (0. 632
m.) was awoediidseydi se. The m xture was stirred at 0 C Pom/uB20w/05408€n
guenched with ice and diluted with ethyl acetate (80 nL). The organic |ayer
was washed wth water and brine, dried over Na2SO4, and concentrated under
reduce pressure to afford 2.10 g (99% of the title conpound, 9-(3-
15chl or o- phenyl ) -1, 4- di oxa- 9-aza-di spiro[4. 1. 4. 3]tetradecan-8-on¢,_as a

o e s Ob, oL AT HIE t)gﬂh&@na%ﬁkse%t 8P i N enb e 88w YA heAb! on-
2- (3- Chl ﬂnmrmtmlnydx)lpaﬂﬂzaz SR’ ro[R. B deéhne Flyofindiienef confpouad rdduibeg g om

fl ask was added 9-(3-chl oro- phenyl) 4 d| xa 9-a

di spi rof w%oraarz]pf%@ WEB A 26 OV I z?otﬂéi ‘ﬂéﬁ&l Zfblogaatﬁﬁirﬁmlpowﬂ#ﬂ( 10. 2
m), and aquyso ver

reaction %Ngtu;@ 1\}3%15%]1 Ogté eog tphuﬁ%a{smglgﬁ’g’% ?60S Ersit_ee%g?‘hsgé pgl?ggﬁ%ﬂc}%reayer
was wash8)dcomd 4fford tigernaiatd A-Geyherde Re® ' @uceas d‘dﬁﬁstldcremnd concentrated under
reduced pressure to afford 0.38 g (97% of the title conmpound,

2- ( 3- chl s¢lenpd®nyl ) - 2- aza- spiro[ 4. 5] decane-1, 7-dion, as a white solid,

whi ch was 25 used in the next step w thout further purification. 1H NWR
(400M—Iz CDCbB) 8b74(t J 230 Hz,0o 1H), 7.52 (dud, J:083 22 10

Hz, 7.29 8.1 Ha, 3Mddd, ¥ = 8 1 é
372381(n? 2.93 de 1 10Hz IH), 2..0(m2H),229
WO 2011/ 05357 82010/ 0540533{t J = 13. 9, 1.8+, THAK. 2. 12-2.22 (m
2H) , 202207( 1.71-1.89 (g 2H). ESI-M5 m z: 3%78(!\/Hrl—|) Step 6:
7- Ami no- 2- et hyI aza spiro[ 4. 5] decan 1- one 5To a round bottom flask
was added 2-(3-chl oro-phenyl)-2-aza- %pl rg{4 5] decane-1, 7-di ope of step 5
(0.38 g, 1.35 1), $net hanol (4.92 N and anmmoni um ac e (1.25 g, 16.2
mol ). The M ’Stl %% ed>a 1 hf 9 "Sodp opor ohydri de
(0.085 g, 1.35 t hen _adde fter stirring a or 2 hrs, the

reaction m e was uenched i ice and diluted wPth ethyl acetate (60
m.). The organic Payer was washed wi*®h brine, dried ove#! 10 Na2504, and
concentrat ed under reduced pressure to afford 0.35 g (94% of the title
conmpound, 7-am no-g- nekhyl - 2- aza- spi o[ 4r6] decan- 1 -one, as a white solid.
The title c%ng?\lg'und sNa m xture t iastereoners (trans! cis: 5/2;

under LC-MS metr a t h st gﬁﬁn&@mﬁgatvg r?n was assigned as
83

cis, and the sgepud peak with RTg n ‘was aSS|g ed as trans.).

ESI-M5 mz: 27R{(MrH)'. It was used wi thout further purification.
151 nternedi ate 2:,
ci s-7-Am no- 2-;.(3&chzl=qr@-mhepyl) 2-aza-spiro[ 4. 5] decan- 1- one I nternedi ate

2 was made via the process of Schenme 4, supra, as follows: Step 1:
Cycl ohexane-al Ty THsoat DO ) Nati, Ag bramick, BB y)l 0, E8MeRe,S; d) R2NH,, NaBH(OAc),, THF;
e) NaH, MeOH; f) LiOH, THF; g) 1) DPPA, TEA, toluene, rt to 90 °C; 2) {-BuOH; h) TBAF, THF;
i) 1) NaBH,, THF; 2) DAST, DCM; j) DAST, DCM; k) 4M HCl/dioxane, DCM.
Intermediate A-7 may be prepared via the processes outlined in Scheme 9. Reaction of
compound 8 with commercially available dibenzylamino-acetaldehyde (compound 43) in the
10 presence of base, such as LDA at -78 °C in THF, could give compound 44. Protecting the
hydroxyl group of compound 44 with TBS using customary procedures (see e.g., step b of
Scheme 9) could yield compound 45. Removal of dibenzyl groups followed by cyclization
(see e.g., steps ¢ and d of Scheme 9) could afford lactam 46. N-arylation of compound 46
with R*X (R” is aryl or heteroaryl and X is as previously defined) using copper-assisting
15 cross coupling (see e.g., step ¢ of Scheme 9), or palladium-catalyzed cross coupling (see e.g.,

step f of Scheme 9), or N-alkylation of compound 47 with R*X (R” is alkyl and X is as
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WO 2011/ 053575PCT/ US2010/ 054054 1, 3-cycl ohexanecarboxylic acid (60.0 g,
348.4 mol, mxture of cis and trans) was dissolved in ethanol (600 ni).
Concent r aveaoswwisirsi ¢ acid (10 nmL) was added dropw se aPCriuS20ia®s4v5Kt ur e
was refluxed for 5 hours and then cooled down to rt. The sol vent was
removed under reduced pressure, and the resulting residue was diluted with
ethyl acetate (1500 nL). The 5 organic |ayer was washed with cold saturated
aqueous NaHCCB (400 nL) and brine (2 x 200 nL), dried over Na2S™, and

concentr d ford 7 4 fout

conpound, cyc h(ge:?élﬁ@d&f{:%d ?Fe@ B%egiseé) e%"egtﬁ% 8£ t%é;mmgs”a&glcl){l c%H’ ess
oi |, whi cﬂmpmmdugeﬁemnvalhﬁthreYBSsgtr@n) ol d:oli’tqm)hncﬁ 47 tubiag qustoifaiycpriotaturesl(sbdNVR
|(_|£21?0 1M|:I|)Ze g1 stgé% in S%ge%l:!ﬁ-]9) §0 aféfn% alcohqy’ 4§1W?1 @g@lwkgeh@f%%}léged to‘J ket%r:ll'e 1
1- ATyl - gyclg a]r%r ?r@deﬁfi‘{e? Os)ﬁ)éfl la§ sé? %f@cﬁ%ﬂl 9. ?ﬁ’ﬁcﬁfnaﬂ@t? 9f corngound 48

N, N- Di i soprop anlne , f di ssol ved I n anhydrous THF
(260 L) ysimn dusttvearyc pokethreso(sed 82 g: stBplii of Sch‘EHE P c6uly yldldlrnénorﬂpom?a'ledmol )

was added. The Xt yr tlrr d at r 30 nl t hen coaol ed down
to°. 7. coorpmae ROTRY TR Rt B, ol oniat e st ShBrebnametiiteneus
addi t i OnaSODA(SYICinODQM%uﬂd el @1aﬂmﬁm{eldccoﬁcpddn@!lsetdwl Ré&F?rSprﬁH’ic&ﬁi&pofi
(37.0 g, 162 mml) in THF {60 nL). The nmixture was stirred at -78 1
hr, al I'ytorhpawmildd Ease.q. wicp ko8 Seheng 9)\/35%@ ﬁ@l‘rbomitre@bld fﬂaeWhidatuppe Qterbus

war med U tir rt_.overni react

ot e adeintal Slrert & B EhATTBhe T oy e ERCARN o
etibyl acsélivinge 080uilde cdhered ganh@rhaliae Ads wieehRE Ri i RCi A€ ag AekindDO
m.), dried over Na2SO4, and concentrated under reduced pressure to give
43.5 g (figAtitative yield) of the title conpound,

1-al lyl -cycl ohexane-1, 3-di carboxylic acid diethyl ester, as an orange oil.
1H NWVR (400 MHz, CDC13): 85.66-5.77 (m 1H), 5.00-5.06 (m 2H), 4.08-4.19
(m 4H), 2.50 - 1.31 (m 11H), 1.30 (m 6H). WD

2011/ 053575PCT/ US2010/ 054054 Step 3:
trans-1-(2-0xo-ethyl)-cycl ohexane-1, 3-di carboxylic acid diethyl ester

1- Al Iyl -cycl ohexane- 1, 3-di carboxylic acid diethyl ester of step 2 (38.0 g,
140 mmol ) was 5 dissolved in CH2C12 (500 nL) and MeOH (50 nmi), and then
cooled to -78 C. Ozone was bubbl ed through the solution for 6 h, then
nitrogen was bubbl ed through for 20 mn. D nethylsulfide (104 nL, 1.4 nol)
was added at -78 C dropwi se. The m xture was warned up to rt and stirred at
rt overnight. The reaction m xture was concentrated under reduced pressure.
The resulting residue was purified by silica gel chromatography
(hexanes/ Et OAc, 10 85:15 to 80:20) to give 12.4 g (32% of the title
conmpound, trans-1-(2-oxo-ethyl)- cycl ohexane-1, 3-di carboxylic acid diethyl
ester, as a colorless oil. 1H NWR (400 MHz, CDC13): 89.78 (dd, J= 2.40 and
1.60 Hz, 1H), 4.20 (g, J= 7.20 Hz, 2H), 4.10 (q, J = 7.20 Hz, 2H), 2.70 -
2.48 (m 4H, 2.20 (m 1H, 2.00 (m 1H, 1.75 (m 1H), 1.60 - 1.22 (m
10H). ESI-M5 mz: 271 (MtH)'. 15Step 4:

trans- 2- (3- Chl or o- phenyl) - 1- oxo- 2- aza- spi r o[ 4. 5] decane- 7- car boxylic acid
et hyl ester
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To a round bottom fl ask was added
trans-1-(2-oxo-ethyl -cycl ohexane-1, 3-di carboxylic acid diethyl ester from
step 3 (9WO201y/053%556 nmmol ), 1, 2-di chl oroet hane (109 nli) pCrrushéions@n4 | i ne 20
(4.15 nL, 39.2 Mol ) and acetic acid (0.05 nL). The reaction m xture was
stirred at rt for 30 mn. Sodiumtriacetoxyborohydride (9.00 g, 42.5 nmol)
was added. After stirring at rt for 1 week, the reaction was quenched with
ice, and diluted with ethyl acetate. The organic |ayer was washed with

wat er angggéﬁgy, dried over Na2504, and concentrated under reduced WO
2011/ 053 CT/ US2010/ 054054 pressure. The resulting residue was purified
by silica gel, chronptography to affogp tragps-1-

[ 243- chl or o- he | dm no) - ethy1l] - cycl dhexand- 1, 3-di Earbox | i aoi d di et hyl
ester (3. ZQOWO@H—WW 3@Et87—05—'('tEtOJ 0%, 1H),
6. 64 (ddd, J =-8-0, l (B,

J=8.2, 2.3, 0.3 Hz, 08419(m4

(Dneds 201 Hz, 6 Qn%ddd
9 , 5% ?4 (bs, 1H)4s T@g
2H), 2.42-2.51 (m ZFD 2%%0-2. 28 (m 1H), 1.70-2.01 (n1 4H), 1.13-1.35 (m
10 H. ESI-M5 mz: 383 (N%FD This internediate was dissolved in THF (68.0
m.), and cool ed at 0 Co |ﬁ0pr0py|ﬁHgQ?SIQﬂ]CDk@rIde (2M in T&HF, g 28 nl)

was added dropwi se.j| Af t 8-Nst eenfbyg at O CY8r 1 hr, the feact was
quenched wi-th—+cEOE0 gueows EC Ut ed—wit et tate (60.0
10 m.). The organic | rofs@s washed w gr and brine i gd over

Na2SO4, and concentrat,gd under reduced pfessure tol ord 248079 (100% of

the title conpound, trans-2-

(3-chl oro- pheny1l) - 1- 0X0- 2-aza-spiro[ 4. 5]decane 7-carboxylic aC|d et hyl

ester, which was used iRt next st Qut further p@rifPeagin. 1H NMVR

(400 Mz, CDEL3) B q ( 7. 51 (ddd,q 2.1, 1.0

Hz, 1H), 7.28 (t, J 'E, Hz, 1FD 7.1 J=17.9 15 1'5 Q.9 FE, 1H),
RS§616 3.24 (m 1H

4.12 (q, J= 7.0 Hz, 2 8.70-3.79 (m wzmls 2.19
(m 1H), 1.65-2.04 (n1m6kb 1.58-1.645m 1H), 1.33-1.49 (st ZFD 1.25 (t,
J =7.2 H, 3H. ESI-M5 nmz; 336 (MrHR® Fﬁé‘}bS

cis-2-(3-ChIoro-phenyI3 on 2-aza- sdiﬁ%[ﬁ 5]decane 7-carboxylic acid
maj or) mnar) . HMPQAnKkydpous et hanol (150 nl) was cooled at 0 C, and
sodi um hydri de (0. 68 N6. 7 nmol ) was added. After the m xture turned

cl ear, trans-2-(3-ch|ordéﬁhenyl) - 0X0-2-aza- WO
2011/053575PCT/USZO%Q¢Q§@§5¢

RS, RS = F

a) LDA, THF, -78 °C; b) 1H-imidazole, TBSCI, DMF; ¢) H,, Pd-C, EtOAG/EtOH, 50 psi; d) K,CO,, CH,CN;
e) Cul, R2X, NHMeCH,CH,NHMe, K,CO,, dioxane, microwave, 160 °C; f) R2X, tris(dibenzylidene-
acetone)dipalladium(0) chloroform adduct, BINAP, Cs,CO,, toluene, 80 °C; g) R?X, NaH, THF, 0 °C to rt;
h) TBAF, THF; i) DAST, DCM; j) PySO,, DMSO; k) LiOH, THF; 1) 1) DPPA, TEA, toluene, rt to 90 °C; 2)
6M HCI/H,0, then bacisified with Na,CO.

Intermediate B-1 can be made via the processes outlined in Scheme 10. Amidation of

compound 20 with R'CO,H or R'COC]I using customary amidation procedures (see e.g., step

5 a or b of Scheme 10) affords intermediate B-1, where R' is as defined herein.
Scheme 10
O H
o) \_—H H N—N
H,N., : aorb RV“/Nh“ i
—_—
O~ :
20 Intermediate B-1

a) R'CO,H, TEA, BOP, DCM; b) R'COCI, TEA, DCM.
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spiro[ 4. 5] decane-7-carboxylix acid ethyl ester fromstep 4 (2.80 g, 8.34
nmml ) in anhydrous ethanol (10.0 nL) was added. The m xture was refl uxed
for 3 hrswOoTthamssi7swas cool ed down to rt and concentr at @dTarsdew/os4duced
pressure. Two peaks with sane mz (336) were observed on LC-M5 (nethod B):
The new peak with RT of 1.22 min was assigned as cis 5 diastereoner, while
the peak with RT of 1.33 mn was the starting material, trans di astereoner.
The residue was diluted with ethyl acetate (200 nL) and its pH was adjusted
to 2 wit T ' - ' bry na,..drjed
dRAY LY %aygfsro aliegﬁa%){] glgpt'hlg é)lr@éég{ S \éﬁﬁm\é’aﬁﬁ' %}ﬂ%‘g’é ::1615 lﬁn?]ﬁatlcq{ bf

over Na2 , and concen duce ressure. I'ng residue
was puri omegbuny Hi kiithaR ted, I lor RAMEICKYr ety ctigombfyopdctdieesdese read, stcp ae6f er
as a white solid, which was then dissolved in 10 THF (30.0 L) an ter
(30.0 m§¢hemet m‘%@ﬁ% aeBRe e St%ﬁaﬂwﬁlaqféﬁ% Brosestige %@pﬁmﬁ%ﬁ}%ywygﬁ& The
M Xt ur e WS -uibdlhehshi A cbhpBYES 52 Alhe BREmdly HoBiutist et BY st A% EhdnfdO
m.). The pH of lyn‘iex?yurecwag alg(j{ ustedgtco 2mwf3{¢:r52 I{I1 asqqﬂ%ou I§|Ce:? The organic
| ayer wab! vedifondsdnteirbdibteiBré, whiere &d ioasatefiNa@8G¢in. and concent r at ed under
reduced pressure to afford 1.04 g (419% of the title conmpound,
Ci s- 2- ( 3S¢leney bt phenyl) - 1- oxo- 2-aza-spiro [4.5 ] dec ane-7- 15carboxylic
acid, as a white solid, which was used in the next step w thout further
purification. ESI-M5 @ z:P808 (M+tH)'. ES - MBem z: 306 (M'HK—_-H Step 6:

H N—N

ci s- 7- Ami no- 2- metyy1- 2¥a%a- spier of 4, SRdecar™-one o, R %
ci s- 2- ( 3- Chl or o- phet - 0X0- 2- azaf sp ’ 5] decane-Y- ¢ lic acid from

step 6 (1.04 g, 20 3 mol ) was df ssolved in toluernfe (29 nl),
triethylamne (0.57119, 4.09 mmol) was52added, fol | oyged, y.lshe addition of
di phenyl phosphon[% 47PFEoeY 809 i, 3.75 mmol). The mixture was stirred at

5]

rt for 1 h, and then eated at 90 C for 2 hrs. The reaction mxture was
cool ed down to rt and I ipto_ice-cold ¢ HC1 (5.69 nmlL). After
stirring at rt f@};Rn gﬁ%ﬁfﬁﬁ’%ﬁé&@@%ﬁ@&‘%&&@3%@?‘3&3%28&“ queous HC1 (1 M
10.0 nL) was added into the 2 organic layer, the mxture was stirred for
10 min, and the aqueous | ayer was_separated. The copbi ned eous | ayer was
basi {1 edlink PGS HITRESCERTTGUEN B Qe it e B 6t ps RGREATT SETHpURD)
The conmbsnesh@haaNke ABY YhwaR’did adnOustyNaAP Y aMlipRIRSRbERLSd Ny VWO
2011/ 053575PCT/ US2010/ 054054 reducedlprsessur4e. The residuewas "purified
wildh RP- piPLGs¢s@udldicslin Scheme i whirt & J R analtRerare 46dg@Be%4libare®1.9 minutes with a
cycle tine of 5 mn. Flowrate: 77 nL/mn. Mbile phase additive: 10 mM of

anmoni unbéhedieok® de. Col utm: Xbridge Prep C18 OBD (Waters Corp., MIford,
MA, USA), 19 x 50 mm 5 ug particle size) tggafford 0.420 44% of the

title 5conmpound, cis- ?§am no- 2- met hy - 1--azar spi o[ 4. 5] decansdr one, as a
white solid . LCMNB{M™t bod €—=RT'ON?ON0i h; ESH=M 2’ U

I nternmedi ates 3 an 5R, 7R)-7- Amd n (3-chl or o- pheny 2-aza-

spi ro[ 4. 5] decan-1- grie.,and RS

(5S, 7S) - 7- Am no- 2- ( 34¢hl or o- pheny1) - 2- 3555- spiro[ 4. 5] decgn-_f- one 10The
racem c internmedpat E.m%h&ﬁ,i;r&wdi astereomer) (420 ng) wefEMEERPYed by HPLC
(col um: Chi ral paR¢rme@ByeByiacel Chemical |ndustries,rg @Ger, Osaka, Japan),
250x20 mm nobi | & PhasE: 20% i sopropanol , 80% hexane; flow rate: 14 ni/m n;
W at 254 nm to afford two enantionmers. The first peak (RT: 15.1 min) from
the chiral HPLC WESC@EFOGAEN PEY: o BIROCIYTER)RCM:; b) CAN, CH,CN, H,0; or TFA

7- ami no- 2- ( 3- chl YPBFpkeryIFI2VE%4- spi r o[ 4. 5] decan-1-one (140 ng), and the

d . : m r om, tthe chi P '
76y o7 AN ShRLETaniG: & Mol RIBYT G R: B FatBS pRpaLARthy Lhpond
| nt er medb®t(EntSrmeaialen Ad- heR RPudr d-piteeyyben2yl aga-2sbiinaftdogbesan vir ane

15 processes outlined in Scheme 13, where R', R? and R* are as defined herein.
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Usi ng the sanme experinental procedures described for internediate 1,
internediate 5 was 20 made from 12.5 muol of

7- ( 2- Oxo-wolry11)053574- di oxa- spi r o[ 4. 5] decane- 7- car boxyl i c Patiu$2@pioydosest er
and 15.0 mmol of 3-fluoroaniline; 1.30 g of crude title conpound was
obtained. The title conmpound is a mxture of cis and trans di astereoi soners
(LCG-Ms5 (nmethod C): RT 0.70 WD 2011/ 053575PCT/ US2010/ 054054 mn (cis) and
0.73 min (trans); cis/trans: 1/2; purity (cis + trans) (UV 254): 94%.
ESl - M5 M genffs (MH) " . It was used without further purification.

I nternedrate 6: cis-7-Am no-2-(3-fluoro-phenyl)-2-aza-spiro[4.5]decan-1-one
5Usi ng the sanme experogent@l procedures %gsdf?i bed in the synthesi s of

internediate 2, iHNg Nate 8 waﬁwgﬁgje fTo 49*.’9, naol HQf N

trans- 1- (2- oxo- et hyI@M)ohexane- 1, B- @ boxyl i c acl d @N@/I ester and
59.9 mml of mfluorogniline. As only a<portion of an’ i nbef medi ate was used
for the synthesis of the title conpoufd, Rt he anobunt andRfh&‘yi el d obtai ned
of the title compound®are not provi ded.5LC M5 ( net hodinfepmediRd 8-30. 70 mi n
(cis); 10purity [GVZBAIIEEY, ESI-M5 miz: 263 (M-H)' . RItF Rtad used wi t hout
further purificagi-onr4nternedi ate 7: RS, RE=F

7- Ami no- 2- ( 6- et RYR Pyri di n- 2-y1) - 2- aza-spi ro[ 4. 5] decan- 1-one Using the
same experi ment ah) R 8eHITES DERSE RICBEIMIL)IcAK &IHBRDIBt L TR whbdHeer Medi at e 7
was nade from 3. b2sbrethox@Enzyl.

7-(2- oxo-et hyl_zﬂ-rl, 4-di oxa-spiro[ 4. 5] decane-7-carboxylic acid ethyl 15ester
and 3. 91lnmgpimigt nrnaey ieongrmediniel Byly idermediatCByScmpe estaoy: frqrr-compgundyi n
(cis andz4r i n..one a | - X MtH), S ed w t hout
further %’L r@ﬁ?%lge{allag% .A-I%ﬁ twlgll)’e% ?a%sg/ﬁér:ﬂgtﬁ()xy%ggzﬁ 01|_|)2,4-dfntletl¥voi%(ybg1§zy% via the

Ci §- 7- Anpdoesies duthimidhiy ISchye dit nwiery R) - R @gleR ‘e aofdiklideean- 1- one 0 -- N H2N
"ai' ) Usi ng the sane experinental procedures described in

i nt er medgéietneliq | Nternedi ate 8 was 20nmade from 3.55 mmol of

trans- 1- ( 2- oxo- et hyl - cycl ochexane-1, 3-di carboxylic acid diethyl WO

2011/ 053575PCT/ US2010PQ54054 ester and R9Y/ Mo of |, Oy H
2- am no- 6- net hyl pyieige \LC-MS_¢net hod B)} RT—O. eRrﬂ,n- mz: 260
(MtH)' . It was used out furtherg pUI 3ation. o o
R4R3 R4R R4
57 58 Intermediate B-4
PG = 4-methoxybenzyl R3® =F, R* =H;
or 2,4-dimethoxybenzyl R3, R4 =F
R3=F, R4=H;
R3, R4 =F

a) R'CO,H, BOP, TEA, DCM; or R1COCI, TEA, DCM; b) CAN, CH,CN, H,O; or TFA
when PG is 2,4-dimethoxybenzyl.

In a similar manner to intermediate B-1, intermediate B-5 can be prepared from compound
59 (intermediate A-6 where R is 4-methoxybenzyl or 2,4-dimethoxybenzyl) via the

10 processes outlined in Scheme 15, where R', R? and R* are as defined herein.
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I nternedi ate 9: cis-7-Am no-2-(3-cyano-phenyl)-2-aza-spiro[4.5] decan-1-one
5Usi ng the sane experinental procedures described in internmediate 1,

i nt er rediwoeot/osessmade from 1. 66 mmol of PCT/US2010/054054
7-(2-oxo-ethyl)-1, 4-di oxa-spi ro[ 4. 5] decane- 7-carboxylic acid ethyl ester
and 1.99 mmol of 3-am no-benzonitrile, LCM (nmethod A): two peaks were
observed with RT of 0.40 mn (cis) and 0.44 mn (trans) respectively.
ESI-M5 mz: 270 (MtH)'. It was used wi thout further purification.

10l nter nggie?.ge_e](slo:

ci s-7- Am no 2, 4- di net hoxy- benzyl) - 2-aza- spi ro[ 4. 5] decan- 1- one

hydrochloric acid sal b HZI¢ " .HC | nternmedi 8fe 10 was madeoyvita the process
of Schene 4, supmn_ 2 gl | ows: _Ske R: cIN hex%mg- A, 3Ndi xylic acid
di et hyl ester To e.e ution of 1 3- exanecar H’Sxy cid (340 g,

2.0 nol, mxture 8f,er's/trans isonmers) +h ethanol (3.q’5R3 sul furic acid
(conc., 53 nL) was added dropw se at rbomtenperature a the m xture was
refluxed for 6.5 h. Ater cooling down,bthe sol vent ?_{';‘FR'__ ed, and the
resi due was di | ubBdREIIAEEY! acetate (1 L) and treghgal-ith col d aqueous
20NaCH unti|l pH &=fTkeHorgani c | ayer was washed with water, brine, dried
Wi th Na2504 and RwW=2011/ 053575PCT/ US2010/ 054054 concentrat ed under vacuum
to afford the tijlrecd¥ 8dblGts 040G FcofU@Atock; BBAR CARNOLbRSFAQKN, Whi ch was
used in the nextrskepdwnetiiddedy f urt her purification. Step 2:

1- Al lyl -cycl ohexane-1, 3-di carboxylic acid diethyl ester 5To a coollgﬂ
sol ut | onlt( 2 Fighiey mNNR] 1Q i@fSrag ﬁ@&laﬂﬁtﬁ@e@m%{ cany by prepgiey! from camparylis
THE (1. 4?9 MBI RAGHE AR Bitlefe RE- & Mhanb&RRS1 dr 214-bimdhA4o8RA)) Q¥LNnd he
period of one hour and 20 m nutes. The m™xture was stirred at 8’ C for one
hofir andpagesises @molineedn Soleme d6-wirge B, M2 R°884d andlsfingd d2reml ) was added
dropwi se, followed by the addition of the solution of

cycl ohexs¢leende By di car boxylic acid diethyl ester fromstep 1 (316 g, 1.38

mol) in 10 THF (400 niL). The mixture was stipgred at -78 C for 2.5 hours,
and then allyl brom déy(g32 ni, 1.52,mol% was agded. The ure was war med
up tort slowy & 'rred—a{—rtweﬁa ainght Y Fhe—ai Ryl S yuenched with
i ce-col d aqueous HC ¢ 1 L), did ut th ethyl get 0 nL) and
extracted. The organic ¥ ayer was washed wfth water (4 x 175RL), brine,

dried over NaZS%aﬂﬂltgo%gng;ntrat ed und&f reduced pr eddureidaP-af ford 371 g
of the title 15ceonpduatbx@snza thick oil, which was usggdgi’ty The next step
wi t hout further BurhRiation.

a) R'CO,H, BOP, TEA, DCM; or R'COCI, TEA, DCM; b) CAN, CH,CN, H,O; or TFA when
PG is 2,4-dimethoxybenzyl.

A compound of formula (I-b) may be prepared via the processes outlines in Scheme 17.
Protecting the hydroxyl group of compound 23 with PMB using customary procedures (see
10 e.g., step a of Scheme 17) could give compound 63. Alkylation of compound 63 with allyl
bromide in the presence of base (see e.g., step b of Scheme 17) could yield compound 64.
Oxidation of compound 64, such as oxonolysis (see step ¢ in Scheme 17), could afford
aldehyde 65. Reductive amination of aldehyde 65 with R®NH, using customary procedures
(see e.g., step d of Scheme 17), followed by cyclization under basic conditions (see e.g., step
15 ¢ of Scheme 17), could give lactam 66. In some cases (e.g., when R” is alkyl), lactam 66
could be formed under reductive amination conditions. Saponification, followed by Curtius
rearrangement and acid hydrolysis using customary conditions (see e.g., steps f and g of
Scheme 17) could afford amine 67, which could be converted to amide 68 by reacting with

R'CO,H or R'COCI under customary conditions, such as step h of Scheme 17. Removal of

35



Step 3: 1-(2, 3-di hydroxy-propyl)-cycl ohexane-1, 3-di car boxylic acid diethyl
ester 00 OBt HO COH To a solution of 1-allyl-cycl ohexane-1, 3-di carboxylic
aci d di etw9l20as158375f rom step 2 (250 g, 0.93 nol) in t-becanskoasBs4) and
water (2.3 L) was added potassiumferricyanade (920 g, 20 2.79 nvol),

pot assi um carbonate (386 g, 2.79 nol), potassium osnmate dihydrate (4.75 g,
13 nmmol ) and quinuclidine (0.073 g, 7.0 mol). The resulting dark col ored
solution was stirred at rt overni ght and then quenched with portion-w se

ddit f iyt 1 |
cet at o, HEPMB SR loplghfind 48 Hanl Susinidl, Bt etur i & 81 DIRP sffite £1
2011/053&%&P@E&Uﬁ£ﬂ&@kﬁ5ﬁﬁﬁésmw&mqmaa$6mfbﬂmﬂa¢bbpammﬂﬁkéd;@Hmaﬂikéduﬁed

ressure, The res It|n esi due (224 was used .in t next ste i £ hout
gel ay anﬁlumlwmt s @ @L mgfqvéma&%mgﬁ ey such as BRSTI Bont! eud" ywp

trans-1-£250 §9u1€cf 8y ifo)nn%l’acgﬂ@eﬁvﬁ&% R §lag rl%?’oiwll | §x1AGtish Qf ati oyl coﬁélt@s'ing OH
5To a solution of 1-(2,3 ydr oxy- propyl) - cycl ohexane- 1, 3-di car boxylit
acbd di ed:ltsydmae'smceﬂm@sr(&werg Sst¢R4f §ech@ma 4 7podyld |gme1IH|t'or(eCﬁ974F1®)rmanetbuf anol

(1.48 L) nd wat 1. 48 was .ad ad bi ¢ te 560 . 66 nDI),
Fof I ove OBy Butmbd sendinbaage £ 3As3n LM b ATSRA wrppra

ol ) . Tha-gyesutl RY a}‘Mﬂ'R“ear%' Br GYi ﬂ@fa ﬁ@achbﬁcbfa@ Kafithf MeMgm hﬁﬁg s;ustlﬁﬂﬁryfm' te
solid was flltered of f and masheg h ethyl acetate. The orﬂanlc | ayer of

the 10 fplocedures (vge angis et mn @ﬁ1 Sah@ac Ur7atceulda giiewsius tgmaut iatpehelf sgeldiagm
sulfite, water ve d.canc d r r.educed
or essur e AP B EMEE RSNk Cl ) CRPREERYT AR AR En,
(20% et hwstcaﬁe@p &bﬁdlltlﬁnd”l%ii&ﬂaé pAsBid oraMB8éodd (a%% a%@ﬁi@bﬂ@dﬂ oy ifeheh10{I-B} eps
1 and 2) of the title conpound as a thick oil.

t r ans- 149herg Rs igMesanddyis e Higach sivae of HVWHW@%%&%@%I@)&@W%W ic
15aci d d%§ﬁéﬁ%kdﬁ§%ﬁ{) To a solution of
cy

trans-1 0X0- e cl ohexane- 1, 3-di carboxylic acid diethyl ester from
step 4 (89.0 g, 329 mmol ) and 2, 4-di net hoxybenzyl am ne (59.4 ni, 395 mmol)
in 1, 2-
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di chl oroet hane (659 nL) was added acetic acid (3.80 nL, 65. 9 mmol). The
m xture was 20 stirred at roomtenperature for 1.5 hours. Then sodi um
triacet oxybanonsss7’sde (102.8 g, 461 mmol ) was added por PCoUS19054a54d
stirred again at rt for 2.5 hours. The m xture was quenched wi th crushed
ice, diluted with dichloromethane and extracted. The organic |ayer was
washed with water and brine, dried over Na2SO4, and concentrated under
reduced WO 2011/ 053575PCT/ US2010/ 054054 pressure. The resulting residue
was p“”@{lﬁﬂuﬁﬁ silica gel chromatography (Solvent: 10% met hanol in ethyl
acetate) to afford 58.2 g (42% of the title conpound,

di et hyl ester] as ajyel |l ow gum NVR][ (400

H, 6.34 - ®6 /H)_,lé{4*ll\ q A
2.50 -2.79 (m , 2.27 -2.50 (
(s, 2 H, 1.55 -51.95 (m 4 H, 1. 003£#5 (m 8 H. B
cis-2-(2,4-dinet Egoxy- benzyl) - 1- oxo- g aza- spi ro[ 4. 5] decgn- 7- car boxyl i ¢ acid
To a cooled (0 C) ethanol (0.7 L) was added sodi um hydride (60% in m neral
oil, 16.2 g, 30 406pomol) portionow sk. e m xture sf\ﬁzrred at rt for
30 min to get)lclearlsal utiyan. Th h
1- [ 2- ( 3, 5- difrethox Benzytam no)- et cyctohexane-[1, 3™df car boxytic acid
di ethyl ester fremsgtep 5 (57.0 g, mmol) in etha (0.7 L) was added
slowy and the nomtmiPe was refluxed émm 16 hours. Theornsul ting m xture was
concentrated undeg reduced pressure & rt and then dildted with ethyl
acetate, washed with 1IN HCl1 solution. The organic 15 | ayer was washed with
wat er and brine, driee over Na2504, and conggentrat ed under reduced
pressure. Thetresitue was pufified by, sillicaY® chromatography (solvent:
10% net hanSH/. or omet hane) To yi Eﬂl’ @F'bo Casyp U the title
conmpound, cig-2 , 4- di net hoxy- benzy1) © R3 R4z F; R3 = Me, R4 = OH;

1- oxo- 2- aza- spi r g4 5] decan- 7- car boxyl i ¢ agi 1HRNMRe,R49O MHz, CDC13) 8
6.98 - 7.13 (m

tiomgof H,N

i
lgH, 6.29 - 6.56 (m 2 H), 4.21 -4.56 (m 2 H, 3.79 (d,
J=5.1 H, 6 H, 282 - 3.33 (m 202 H,1.28 -2.51 (m 11 H. W

2011/ 053575PCT/ US20:.0{ 054054 Steny 7: lormorn

ci s-7-am no-2-(2, 4-di msﬂaﬁf)x zy1l) £2-aza-spiro[ 4. 5] decan- 1-one o/ O=N ,,
To a sol ution of o

cis-2-(2,4-di met hoxy-benzyl) -¥- oxo- 2- aza-spiro[ 4. 5] decan- 7- car boxylic acid
fromstep 6 (20.0 g, 57.6 mmoP) in toluene (290 nL) was added triethyl
amne (9.63 nL, 5 69.1 nol ), ol l owed by the addition of diphenyl

phosphor yl jazi d8xbehdirZ2 MichioR3cettnibhe) BF, B TR, XA BA-PURS, B3, IDMPE GrHALanf 00M

t enper at ur grofigd, -7 « o A6 S pEN i@ RIS AL RS, BR; §REQNal. THES HEHLSMgT heE
reacti on iyt bbce f WasH, cmL)aﬂomW’EAttaueée,@,togob@aﬁmmzbhth&lb@wiﬁadiﬁhiqNiazoq; of HC1
(6N, 50 nl)yr'and, 1P TEACDCNbr R'EOEI,OEA, DAVOK,, PdId) EtOHESINC]) M E,, Pd/C ELIHEEONES

di | ut ed wi RIDARAIDEM; KRG WBISDAYEYST, DOBT @) MEBREaT BiFedkC; n) evadigBreEse dcayer was

cool ed dow) 0AST.0C@, neutralized with 40% 10 aqueous KOH solution to pH -7,
then basicified with saturated NaHCO3 and extracted with ethyl acetate,
washed wirt & sibiilaf @andéd ©ch vorhpouNd 25@rmans (Eb)) cesvhipiuad of forgeila A-8 @ulf ber ude
Ci s-7-am no- 2- (2, 4-di met hoxy- benzyl) - 2- aza- spi ro[ 4. 5] decan- 1-one. The

or gani ¢ PEpEed wik thaaseesssapiqudingdia Scheme I8, fromjcompaibd 3Rabrshy cgpground of
copcentr I f pt I i residue (35 g) showed that it was

Ci g 2-(2?’%%?@ (%gy- g%zaﬁ%%ﬂi}éﬂ%geclganat 0- 2-aza-spirof[ 4. 5] decan- 15 1-one
(contam nated with DPPA), which was not hydrolyzed. 1H NWVR (400 MHz, CDC13)
6 1.02 - 1.97 (m 10 H, 2.65 - 3.14 (m 3 H, 3.68 - 3.82 (m 6 H), 4.20
(d, 1 H, 4.39 - 452 (m 1H, 6.17 - 6.54 (m 2 H, 6.83- 7.09 (m 1 H).
To a sol ution of

ci s-2-(2,4-di net hoxy-benzyl)-7-isocyanat o- 2-aza-spiro[ 4. 5] decan- 1- one
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(34.8 g, contam nated with DPPA) in THF (313 nL) was added HCl sol ution
(6N, 103 nL) 20and stirred at rt for 14 hours. After cooling dowmn to O Cit
was basi fweadow/ases7KOH (40% until pH -9) and extracted WCTIUSEN10AS405nashed
with water, brine, dried with Na2SO4 and WD 2011/ 053575PCT/ US2010/ 054054
concentrated. Conmbined with the residue obtained previously fromthe
aqueous |l ayer, it was purified by chromatography using 10% net hanol in
di chl oronet hane to get 11.2 g (61% of the title conpound, as a white
SO|Id ﬂ@l}@ﬁﬂfoo MHz, CDC13) 6 0.94 - 2.10 (m 10 H), 2.67 (t, J=11.33
- 325(m 2 H, 3.71 -3.84 (m 6 H), 4.42 (s, 2 H, 6.26 -
08 (d, J=8.21 Hz, 0

6 59 5(m 2 H,
ci s-7- Am no- 2
Hydr ochl or ie,&s

|1 H Step 8:

-28aza- spiro[ 4. 5d an-ol-one de

of r ee—base~, o~ —=

ci s-7-am no- 2- -aza-spiro[4.5]d -1- 10 one from
step 8 (11.169g, ~35.04 mol ) PYE®# chl or onet hane (MU OnL)” at 0C was added
HC1 solution (4 fin dioxane, 25 nLY%and stirred at 0 C'for 30 ninutes. The
resulting white sl urry, was concentrat ed der reduced pressurg, at - 25-30
C. The white $olifywas dried under r ged pressure foy 18 hgurs at room

t enper at ur e~6~3 bro 12.7% g (4 N ati ve yirel d) R (il e tabrr_pound,

ci s-7-am no-2- (2 di met hoxy- benzy ~aza-spirol 4.5 de - 15 one
hydrochl oric aci & s&M8 1H NVR (400 PMBIVSO- d6) OpMB1 (m 10 H),
2.83 - 3.33 (m ®H, 3.75 (d, J=5.48 Hz, 6H),;Zﬂ/(1 ™ H), 6.48 (dd,
J=8.39, 2.15 Hz, 1H) ,6.56 (d, J234HZR£1.H) 6'@17(d J=8.20 Hz, 1 H).
M5: mz 319. 13, (MQ E| enental analy N cal cul ated for

Ci 8H26N203. 3 G EF UL RHm/ 65 7.70. Found: C, 59.41; H, 7.84;
N, 17.81. 20&te : .
ci s-7-am no-2-(2, cﬁ nmet hoxy- benzyl) -2-gza-spirof[ 4. 5] decan-1-one
hydrochloric aci d®salt Al ternati vemua9tgp 7 can be carried out as described
next, which elimnates Step 8. WO=RORIFOSBFFHRPGH; US2010/ 054054 To a

sol ution of R? Ri=F; R?=Me, R%= OH;

cis-2-(2, 4-di met hoxy-benzyl)-1- o>50 %egza spi ro[ 4. 5] decan- 7-car boxylic acid
fromstep G N80, PHdp) 45%th@xysafqm 2,23 AenloRbddGR@te ROB dYrdr, WS casldrsh, 18 ket hyl

ani ne (9. 63) rem, ABrHloAEH -1e) ifPAidcOWad o ly )L, ﬁr&dg)tﬂWAQfEAdeL%h@H)H%F&‘OSPhOW'
azide (12.4 6T(1.|—|CI/527). fBerpatd |f|)3d wifa NiJoe ; R) R(E OLHEBORAEEASDEM; bertlc@ad, TEAQIOM gAper at ur e
for 2 hour $dardod/fienc; heat,ed catioRBoks; byaras8 .oEmhgays®,, Dike; Iymactocen m xt ure was
cool ed dowm)MeyigBandF,.potimet MemdBo THE €€ @l mhsadqueslous 6N HC1 (120 nL). The

m xture was stirred at rt overnight. The solid fornmed was filtered, washed
Wi th tol Aesvenp{obi@d mif ferr2)la (baddl nehyi B propdet o elie poceadstooaklihéd & §eh@dégl 9of

ci's- 7 anfHORPO 21 ST RN EPBTAPIYo8n k. vt yeytised prgigne s
rljl)z/gr 2(3:2") 1592 u@iﬁ%dcu%ﬁ)lrﬁ fr}éjlgoéeldu%séélg% 'Vt‘%ps QGaf Sgl%n?g 1@)9i could %@0

= 8. 39,
4.27 (s, c@npd)u,ndg 67Beifndyal df i, Bée gimlp Golleb)wedZOy&Bmda@)IB&d(enpu@omBryl:oﬁ@tlonQ 21

(m 10 . ESI-M5 m z I t al S ed.for

G Broonolis Fé msiicd oEgeme 19) soug iR Shstng o BSine Beg b g o,
N, 17.8leustobhy %ﬁé‘&‘d’dﬁes k. gOfstéI[ﬁ% df $élfeiﬂee 19280818 €8 af AMEbhLD fickas a
neutralized with solid CCB to extracted wth CHCl2. The organic

| ayer \éva@ormwméd)fvﬁpltrm;l? (1-ek wheyei %dlsdDHranmd&S@)ﬁ dfldordnntion ot tlis alpobeldesing
iflot hoxd AR Fph88hl Suth o by in UG, BGRE SRy (RMRERE RESoMiiotisd 6

7.08 (d, Wﬂere 18’ i FHZld Rf 1!;‘|H (ﬁncﬂa@on 06 tlﬁQ c&rﬁpmﬁldlﬂ)smgﬂcuétz'n(aSy céhdifions3seble.g., 3. 84

(m 6 H), 2.94 - () H),0.94 -2.10 (m 10
H). ESI -8 o5 Sc@ﬁ@leﬁ? (qwl#) ywidzbﬁrtﬁl@f‘e ?re%lhua%atlpz_l o this ketorie tnder customary

[cis-2- (‘ﬁd}@dﬂg’@’eebeeé‘zé‘c%@ hbr®¢Reme 495 <SRl Bt 2L88Gouiddd foRARATGG Wikt

tert-but
both R* and R” are F. Gringard reaction of compound 78 with MeMgBr under customary

15 conditions (see e.g., step i of Scheme 19) could afford a tertiary alcohol, such as a compound
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WO 2011/ 053575PCT/ US2010/ 054054 Step 1:

trans- 2- (4- Met hoxy- benzyl) - 1- oxo- 2- aza- spi ro[ 4. 5] decane- 7- car boxylic acid
et hyl estwp 2011/05857a sol uti on of PCT/US2010/054054

trans- 1- (2- oxo-et hyl)-cycl ohexane- 1, 3-di carboxylic acid diethyl ester from
5 step 4 for internediate 10 (4.36 g, 16.1 mml) and 4-net hoxybenzyl am ne
(2.32 g, 16.9 mmol) in THF (100 nm.) was added sodiumtri acet oxyborohydri de
(5.13 g, 24.2 mmol ). The m xture was stirred at rt overni ght and then

guenched S S

extract edf,\t\ntr{}’ﬁ%) \gfl%% ‘gﬁ‘%@&)g i ned gro;ligﬁ}@%@eértgh%f glc\élgilc%s % at ed
under redtstrmshrp r;ﬁs&;dn&s Jivh aseBAGTeinBS ML asdd it a Rompdlindvas fieehuld (1-d)
sequenti a with IN HCl . (2x50 )., saturated agueous d pbrin

dried ov¥ eWsoaM? ?lvcr r &t é%ar%dﬂ&t@%&er%ftt ﬂcwﬁa@%ndr%fotgj@aﬁofﬂ ARirwd gi ve
5.10 g (1. 6%r0fq HeReytitl e conpound,

trans- 2- (4- net hoxy-benzyl) - 1- oxo- 2- aza- spi ro[ 4. 5] decane- 7- car boxylic acid
etgyl els_égl{e 191 NVR (400 MHz, CDC13): 8 7.14 (d, J= 8.6 Hz, 2H), 6.85 (d,
T 440(d J=14.5 Hz, 1H), 4.31 (d, J= 14.5 Hz, 1H), 4.11

(q, J— 7.2 Hz, 2H), 3.80 (s, 153H), 3,24(xt, J= 3.9, 10. 9 1H),

3.07-3.15 (m 2H) 31208(m 10H) NN 25 (t, J= 7yl . ESI-M5 nf z:
346 (MrH)' . BpegN sed i nt heBerdk ep>W tehout Riyrker~pupi ficati on. Step
2: Cis-2-(4-Met enzyl)-1- oxo- a-spiro[Z. 5] @ “carboxyTic acid
ethyl ester 0To a sol uti oVEFO°

trans- 2- (4- met hox¥! benzy1) - 1- oxo- 2- a%a- spi ro[4)<5’jdec%'\“|% - carboxylic acid
ethyl ester fromstep 2 (5.10 g, 14.74 gnol ki #Rydrous ethanol (80 ml)

at 0 C was add Na @60%0;.13”m n aIH oi | }8.968 g) portion-w se. The
reaction mﬁw%?tﬁ m night, then cooled to rt, and
concentrated 0 educed pressureg.-fhe’resi due was dissolved in water (20
m.) and the aqueog% | ayer was extracte‘td with DCM (3x30 nL). The WO

2011/ 053575PCT/ US2010/ 054054 conbi pgg,gugpni ¢ | ayers were washed with

sat urat ed agueous NaHCO3 and bri ner:4od, Res rk:=amd=apncent r at ed under

reduced pressure. The resulting re8i 8teF RasMegRf D@t ogr aphed on silica gel
(0 to 50% ethyl acetate in hexanes®1¥giVe 2.56 g (46% of the title

ST G TR s g P

6.85 (d, J 5 e, eidioad 2)3ast, Bemdhbasodn i) Mmg T‘HFO° QE THIS
3H), 3.07-3.008 of Ast ot 2. 32 (L0, J='3.4, 13.6 H2. 22 01 (m 7H)

1.29-1.52 (m 3H), 1.24 (t, J= 7.1 Hz, 2H). ESI-MS rrlz 346 (MrH)'. The
aqueous Aageenponad cddondla gii-e) maypbﬁpm'pamdw HELproesssesaottiidedut Selbane @8x30

The,c |ne nic.layers were d ver S filtered, and
C on C ent r (EIH o1y og tlQFegag‘bG})é(l &r (1§}§%np81=m(5 48 followed l\t@ Q(A{ing the protec%ng group
2- (4- et Pmua@gzaéboniarpwo&da?e@ @@é leQf 4stepslacamied 7ofC Skt 1205, asild @w a
m xture of two di astereoners Ste
cil8- 2-( 4ccrmqv@séy79b§w1§ca1m@>@6cgma@aws’{ﬂ, fellaw &l bhe Eurians Tearengemgnti and 4hery
amidation under customary conditions (see e.g., steps ¢, d and ¢ of Scheme 20), could afford
compound 80. Removal of PMB using customary procedures (see e.g., step f of Scheme 20)
could give an alcohol, such as a compound of formula (I-e) where R’ is OH and R® is H.
Fluorination of this alcohol using customary conditions, such as DAST in DCM, could afford
15 a compound of formula (I-e) where R’ is F and R® is H. Oxidation of this compound using
customary conditions (see e.g., step h of Scheme 20) could yield ketone 81. Fluorination of
this ketone under customary conditions (see e.g., step 1 of Scheme 20) could afford a

compound of formula (I-e) where both R> and R are F. Gringard reaction of compound 81

with MeMgBr under customary conditions (see e.g., step j of Scheme 20) could afford a
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To a sol ution of

ci s-2-(4-nmet hoxy-benzyl) - 1- oxo- 2-aza-spi ro[ 4. 5] decane- 7-car boxylic acid 15
et hyl estwo2briosstep 2 (1.76 g, 5.10 nmol) in THF (45 mCr/usasioasssd 1.0 M
of LiOHin water (15 nL) at rt. The reaction mxture was stirred at rt
overni ght and THF was evaporated under reduced pressure. The remaining
aqueous | ayer was washed with ethyl ether (20 nL), acidified to pH2 with 1N
HCl1. The resulting precipitates Were filtered, washed with water (3x) and

dried un ssu ( tgre il &

ci s-2- (4{-%?[%%%1 gﬁlﬁgnaé JI%O%BO ;f%%mgal(?éﬂlw%}dggane -car goxyl i c

aci d, asF]alomattoa «SfOihilsdterﬁdrbl Nﬂ\dah()ﬂﬁﬁngﬂdﬂstoﬁﬁiﬁj‘lﬁﬁocec&r@s, kécl( ds DISBib DEM, 2H) ,
685(d J 8.7 Hz .23 (m 2H),
2.36 (ttcouj gyea CO@O&I%f f'om}ﬂaéeégv@reo% {srhde ﬂlﬁlR 1 591116 ipgipriogygf the

ESI - M5 Ml gnpothd of (fe%%ﬂd%@ééés?éé?ﬁ%yé%%m 054054 Step 4:

[cis-2-(4- I\}fet hoxy-benzyl)-1- oxo- 2-aza-spi ro[ 4. 5] dec-7-yl]-carbam c acid
tegtbut ygwgeﬁ]

ci S-2-(4- oXxy-benzy1l) - 1- oxo- 2- aza- spi ro[ 4. 5] decane- 7- car boxyl i x acid
fromstep 3 5 (0.510 ngl 61 mmol ) was dh§sol ved in tolyeneg(20.0 n).

Trithylam ne ( 24@ g, 1. 77 nmmolQ wé ded, foll owed by -he addition of
di phenyl phosgh zide_t6. 381 7 ot | it
stirred at rt fo and t hen he

ndt § &, ﬁ“hﬁ/'\‘ » e was

g Yat 90 C for o2 s The m xture was
cooled to rt, tertZbutyl al cohol (6,15 ¢AMB 64.3 mml) was Hdtfed, and the
m xture was then Atated at 90 C for 7%4 hrs. The reacti 8h mixture was cool ed
down to rt and 10 concgntrated under re?uce@ pressyre. The resulting
resi due was di I,ut efuiit h eyl acet ate 00 ni), washed with saturated
aqueous NaH r d_br_l_ne 3 Na2SO4, and concentrated under
reduced press re resi due was ¢ur ed~Ry silica gel chromatography
(hexane/ ethyl acetate® 30/70) to afford 0750 g (80% of the title conpound,
ci s-2- (4- net hoxyb&hzy1l) - 1- oxo- 2- aza-spir of 4. 5] dec-7-yl]-carbamc acid
tert-butyl ester. Iti NVR (400 Mzpe™ide ¢9c13) . 8.7,13 (d, J= 8.4 Hz, 2H),
6.85 (d, J=8.7 Hz, 2H), 4.71 (bs, Rs;kad)=F #e.=3k, keBor2H) , 3.79 (s, 3H), 3.55
(bs, 1H), 3.07-3.18 (m 2H), 1.35-R=08.R°mF 18H) 1.13-1.22 (m 1H. ESIMS

mz: 389 ( |RQ!BH 'I'IHF-]t X ﬁz I]222'2 trichloroacetimidate, BF Et 0, 0°C; c) LiOH, THF d) 1) DPPA,

(cis-1- OXOA%EA%@W@%&F% fﬁ‘ﬁ@ém% bl G AL DAING, ACHFR EEH stk pGsLEr  20To
a round bot ﬁv@@h Jeasic VA @G’/Q%H EtOAc; g) 1) H,, Pd/C, EtOH/EtOAG; 2) DAST, DCM; h) PySO,,

[ Ci s- 2- (4- NBldK e BEY- Pvel@ X0 2r-82d 1Mk [ 2heleaér, ocll - car bam ¢ aci d
tert-butyl ester (internediate 11) (0.500 g, 1.29 mmol,) and acetonitrile
(25 ). A@empouahnﬁfo)irmniar(i-tﬂ @tnéoe(rzacnewi@thea)r%smu)liﬂed iméclemm( 2D Reaptign was

added. rud was S rt f one, da he ted
ot oo gEa R A Wi o byl sk Roipdh Ao Mehgh wY nC R s e
dried w &rhtﬂeét%% RBEk A0S BF WY @tick RARBELVEAHBBGo SHdR ! Sich BN aBﬁH%C@Ue
was purified b S|I|ca gel chromat ography (CH2CL2/ MeOH: 9/1) to

2091/ 053579pCH; cB3dd 20ocE5005Wuad pHfogmelaxbd), yvheraB4-Rofpretay defingd l@r@anpound,

Ci s-1- oxo-2-aza-spiro[ 4.5]dec-7-yl)-carbam c acid tert-butyl ester. 1F1 NWR
(400 MHzScheDE1Z) : 86.31 (bs, 1H), 4.66 (d, J = 7.0 Hz, 1H), 3.48-3.60 (bs,
1H), 3.27-3.38 (m 2H), 1.92-2.16 (my 3H), 1.74-1.84 (m 2H), 1.43-1.60 (m
12H), 1.08-1.30 (m 12H). ESI-Ms M\ELOZ/GQ (MtH)' . Slnternediate 12 was al so

made as follows: -0

CHO
o] /R? 0 R2
N 82 W] N’
H,N - \/N ()
6 3]
" NaBH,CN, MeOH O R
R3 R4 R R3 R4 R

Intermediate A

A compound of formula (I-g) may be made via the processes outlined in Scheme 22.
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To a round bottom fl ask was added

Cci s-7-am no-2-(2, 4-di met hoxy-benzyl)-2-aza- spiro[4.5]decan-|1-one HCl salt
from st epw® 20vossstser nedi ate 10 (3.00 g, 8.46 mmol, intecrase@avssds) and
trifluoroacetic acid (10.0 nmL). The m xture was refluxed for 1.5 hrs, 10
and then cool ed down to rt and concentrated under reduced pressure. The
resulting residue was diluted with CH2C12 (10 nlL) and concentrated under
reduced pressure. This procedure was repeated twice to renbve excess

trifluorge I: 1 resul Q5] ' Kh: THE m.),
i tert Bopgr bR JE i R AL (s Wb RS X n S Pt sy

25. 4 mol¢finedy esiaddegpperMdssBting tckass i dogphiig ste Qiepr aiigBcheinlee2?)eac paltudiurhxt ur e
was filtered 15througlh Celite( and t fthr.ate was concentrated. under

),
reduced FREXEUrEOBEOUP S Eeq Hep b pih (FRH giEe fERAHRERGaDEmetratian 94
Irnn?ér Eglj?%{%e @ﬁj_s%om%@%oﬁ&ﬁiws, sullf ad"BBrURasCI, LRty idIHhbRSbuRHES fd2aky19Fon
Ci §- 2- ( 3eftampamg RSnwith RS xo-the praespi ofojase,Sjudk o Tyy@Ps dalbdRi at ecvated

tert-butyl ester N," 20 A.m xt ur.e of 1 30
(cis-1- oﬁéamfta%lfs.cgbﬁra?f%@ 8 GEPOYLY 9§ FERA iR 3beE Re” B A e s &ehipgst 036
g, 0.13 gpaypily, internediate 12), 3-fluoroi odobenzene (0.030 g, 0.13 nmol),
copper (1) iodide (0.013 g, 0.067 mmol ), potassium carbonate (0.037 g, 0.27
nmmol ) ang, | g4 met hyl | - et hane- WO 2011/ 053575PCT/ US2010/ 054054
1,2-diamne (0.012 g, 0.13 mmol) in 1,4-dioxane (2.0 nL, 26 mmol) was
heated via m crowave (Biotage) at 160 G fog-guhours. The rg Xt drey was cool ed
to rt and passed t hrpugh aadrayer 1of HCel iY@l The.filtrate wasnNconcentrated
under reducell pres 6 FheTesi Gog" i fiedwft Bive TLC
(hexane/ et hyl ace : 1/1) to afferd 030 g (62% the/title 5
conpound, cis-2-(3-fluoro-phenyl)-1-oxp-2-aza-spiro [4.5] .dec-7-yl]-carb
amc acid tert"-%g& ?T‘eéej'ss)ter. 1H NMR (4@8 Mz, CDC13): 8 7.57 (dt, J = 11.4,
2.3 Hz, 1H), 7.27-7.37 (m 2H), 6.81-6.87 (m 1H), 4.60 (bgwy 1H), 3.71-3.82
(m 2H), 3.58 (bs, 1H), 1.95-2.22 (m 3H), 1.80- 1.90 (m|2H), 1.60-1.70
(m 1H), 1.47-1.57 (m 3H), 1.44 (s, 9H), 1.12-1.23 (m 1H). QE_SJ)FQJVB mz:

o, !

363 (M+H) ' . . N
R

Formula (I-g)

a) Cul, X-Q-OMe, NHMeCH,CH,NHMe, K,CO;, dioxane, microwave, 160 °C; b) X-Q-OMe, tris-
(dibenzylideneacetone)dipalladium(0) chloroform adduct, BINAP, Cs,COs,, toluene, 80 °C; ¢) BBr,, DCM;
d) R%X, Cs,CO,, DMF, heat.

10 A compound of formula (I-i) may be prepared via the processes outlines in Scheme 23.
Oxidation of alcohol 23 to its corresponding ketone, followed by protecting the ketone by
using customary conditions affords compound 84 (see e.g., step a of Scheme 23). Alkylation
of compound 84 with allyl bromide in the presence of base (see e.g., step b of Scheme 23)
could yield compound 85. Oxidation of compound 85, such as oxonolysis (see step ¢ in

15 Scheme 23), could afford aldehyde 86. Reductive amination of aldehyde 86 with R*NH,
using customary procedures (see e.g., step d of Scheme 23), followed by cyclization under
basic conditions (see e.g., step ¢ of Scheme 23), could give lactam 88. In some cases
(especially when R” is alkyl), lactam 88 could be formed under reductive amination
conditions. The trans lactam 88 can be epimerized to cis lactam 89 under basic conditions

20 (see e.g., step f of Scheme 23). Saponification, followed by Curtius rearrangement and
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10l nternedi ate 14:

Cci s-[2-(6-Methyl -pyrazin-2-yl)-1-oxo0-2-aza-spiro[4.5]dec-7-yl]- carbamc
acid tertwbaoylosesser Using the same experinental procediifussoidasoss bed for
intermedi ate 13, internediate 14 was nade at 0.28 mmol reaction scale from
intermedi ate 12 and 2-chl or o- 6- net hyl pyrazi ne, and 150.040 g (40% of the
title conpound was obtai ned. 1H NVR (400 WHz, CDC13): 89.51 (s, 1H), 8.18
(s 1H), 4.57 (d, J= 7.9 Hz, 3.90-4.05 (n1 2H), 3.59 (s, 1H), 2.49 (s,

3 L idoRhyll, i @%@8@@%@ ) e $E SR Por e 28 &g 99

| nt er nedafédrd abbine intermediate A-8, which could be converted to amide I-h by reacting with
cis-[2-(3,5-Difluor h y1) 1- oxo a-spiro[4.5]deg-7-yl] -carbani c
20aci d t%r(foﬁlple Oy foll st vy r@ﬂ@vglgﬁée BRPeHnHei P! Oél&%}e%%iu? HeLERNbed
for integymeh dﬁ%es » ab 1y de%r et Glieme> 2925 [TRASHA of- a‘hﬁd@@h IRRF IuOBmaRal €
fromintermedi ate 12 and 1-brono-3, 5-difl uorobenzene,
2011/0535%5&&%%LEE@B@IDSﬂDBADémdc@uﬂBﬂﬁgd@k%ﬂ%buodoﬁﬂudmmtawagm@hiﬁfmmﬁ

[ti NWVR (400 7 29 9 (tt, J =

8. '9 2. oRpgre 'Jvﬂile rf%x i %afg thﬁke@n rmdfﬁyh u%lh%gu%()%t’y(m?kge%es?%e%ag B9

1H), 1. 9@0?8%&M3fddhld h%v@@n &Lc8901 mch%ls'i)a coiln Ondle BB riaa i-?»j‘l)/heré REYs Od, J=
12.4, 4.0 E? 1 (M ) nt er medi at e

cis-[1- oaml R (% rlflfl¢>reimﬂ@mfh§hls— @iy@hqilusmg ws)anzarazmogdure@{ SIHOB] HePABT in

Yoser  borle M SEI iy iionifela BF b Py ba® 5 R LFHRGH B Ch2yRaRAH

regct i onofsdraide 11 with MM g BEGHIRE @sﬂoznaap@m%e@mme@e g step 1 of Scheme 23) could
10(tr|fluoronethyl)pyrldlne LC-Ms (Method O); ESI-M5

414 ( M+I—9 fford ja¢ tegigsy lselplwiuchose compered O%fwmﬂlad&tl) ‘dhereIRﬂtléMi%%ndaBelsqu

ci s- 0 | am ¢
aci d ter nl\% Hyriﬁa% bf@hg Q?ﬁ?%@n%fﬁb ate @ﬂ\%gg igjr’ g{p[aaﬁ%dﬁ \g/]i‘ae gasziﬁgh%)dr%e?éelgs of
Schene 2, supra, as folloms A m xture of 4-chloro-2-nethyl pyrimdine
(0.192 g, 1.49 mol ), (cis-1-o0xo0-2-azaspiro[4.5]dec-7-yl)-carbamc acid
tert-butyl ester (0.40 g, 1.49 mmol, internediate 12),

tris(di benzylideneacet one)di pal | adi um(0) chl or of orm adduct (0.154 g, 0.149
mol ), dicesium carbonate (0.680 g, 2.09 mmol) and racenmi ¢ BI NAP (0.278 g,
0.447 mmol) in 20 toluene (5.0 nL) was heated at 80 C for 4 hours. The
reaction mxture was cooled to rt. The catalyst was filtered off and the
filtrate was concentrated under reduce pressure. The residue was purified
by silica gel chromatography (0-30% ethyl acetate in hexane) to give 0.318
g (59% of the title conpound,
Ccis-2-(2-nmethyl-pyrimdin-4-yl)-1-o0xo0-2-aza-spiro[4.5]dec-7-
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WO 2011/ 053575PCT/ US2010/ 054054 yl] carbam c acid tert-butyl ester, as a
white solid. 1H NWVR (400 MHz, CDC13) 8 8.49 (d, J = 5.8 Hz, 2H), 8.17 (d, J
= 5.8 Hz,wOHp11/043%52 (bs, 1H), 3.92-4.13 (m 2H), 3.58 (IpsT/UBR)10/024064 (S,
3H), 1.97-2.17 (m 3H), 1.80-1.92 (m 2H), 1.47-1.63 (m 4H), 1.44 (s, 9H),
1.11-1.22 (m 1H). ESI-M5 mlz: 361 (MtH)'. 5Internedi ate 18:

Ci s-6- Met hyl - pyridi ne-2-carboxylic acid (1-oxo-2-aza-spiro[4.5]dec-7-
yl)-amide Route 1: Internmediate 18 was prepared via the process of Schene
10, sSupr@.pe e%yl | ows: 10To a round bottom fl ask was added

ci s-7-am no-2-(2, 4-di net hoxy- benzyl)-2-aza- spiro[4.5]decan-|-one HCl1 salt
fromstep 8 for intermediate 10,(2. 0059, 5.64 mmol,, integrnediate 10) and

trifluoroacetijc acig (8.0 nL), Jhe m Hture was refll uxedllfor 1.5 hrs, then
cool ed downrd d-concent rat §d Uhder reduced pr e The resulting
resi due was dil d with CHZC12 ( nmL) and coficent ed Wnder reduced
pressure. This ptocedure was repeat 15 twice to r%_g?)/e excess
trifluoroacetic 4tid. The resulting residue was dissofved in CH2CL2 (40.0
n), 6-nethylpicblinic acid (0.773%y, 5.64 movl), and*BOP (2.49 g, 5.64

ml), and triethylamne (3.93 nL, 28.2 nmol) in CHCl2 (5,0 nL) were
added. The reactiop m xture wasestirred at rt for hcﬁu;_ Rind then

concent r atedun r_‘\\lh;e,duce:d pressyr ‘;t[he/resé dues Tigiedfby silica gel
chr omat ogr aphy A2/ et 89/ 2 Af ford—t. 23 of the 20title
conpound, ci s- Q! - pyridine-2-sdroxglic acid

(1- oxo-2-aza- s(ﬁ)i\r/cb[@. 5] dec-?-yl)-o\ia_rﬁ dél as a white m}oi d. ESI-M5 nfz: 288
(MtH) ' . Route 2 nJplgsedi ate 18 wag; al so made via thes process of Scheme
11, supra, as follows: WD 2011/053575PCT/ US2010/ 054054 Step 1:

ci s-6-Met hyl - pyri di ne-2-carboxylic acid

[ 2- (4- met hoxy- benzyl) »l- 0x0-2- azaSpi ro [ 4..5] dec-7-y1]-am dey,

[ cis-2-(4-met xy-oh_engyl) - 1- oxo- 20azaoﬁ_&m42r o[ 4.n5] dec- 7-m&r bami ¢ aci d
tert-butyl egter 5(0 50_g, 1. 20 et i ht erredi atleN1P~as di ssol ved in
CH2C12 (10.0 niL nd 4 M HC1/ di oxa .2 m) was added.“The m xture was
stirred at rt fgr~2 hrs and concentgated. The residug-as di ssolved in
CH2C12 (20.0 mL)L—/6- et hyl pi coliniclatid (0.176 g, 1.29% mol), and BOP
(0.569 g, 1.29%amadr)cs and triethylamone (0.538 ni, |BeBfRdisaRrls) in CH2C12
(5.0 m.) were added. The reaction mxture was stirred at rt for 4 hours and
concentrated 10 under reduced pressure. The residue was purified by silica
gel chromat ography (hexane/ethyl acetate: 3/7) to afford 0.48 g (91% of
the title conpound, cis-6-nethyl- py/R? di ne-2- carboxylig agid

[ 2- (4- met hoxy-benzyl) - 1- oxo-H2- az spir,oJr4. dec-7-y1] -amNde. 1H NVR (400
MHz, CDCL3): 00 (d, 51_«[]/8“. 1H) ! {‘z?rgﬁ, RN , 1H), 7.68 (t, J
= 7.6 Hz, 1H), 7.24 (d, J=07. , 1H), 7.10-7.12 ( H), 6)80-6.84 (m
2H), 4.33-4.41 (m 2H), 3.98- 4.08 (m 1H), 3.77 Rs,r8H), 3.10-3.19 (m
2H), 2.55 (s, 3H), 1.91-2.09 (rﬂ 3H), 1.80-1.8Gofmma 1H), 1.75-1.79 (m 2H),
1.63-1.71 (m 1H), 1.29-1.58 (My 3H). ESI-M5 MEZ’-_R4H_@;§3FTW|7°H; Step 2:

Ci s- 6- Met hyl - pyri di ne- 2- carboxylic acid R® = Me, R* = OH

(1- oxo-2-aza- Spiro[ 4. 5] dec-7-yl)-am de

a) 1) Py.SO,, DMSQ; 2) HOCH,CH,OH, pTSA, toluene, reflux; b) i-Pr,NH, BuLi, DMPU, THF, allyl bromide,
-78°C to rt; ¢) O;, DCM, Me,S; d) R?NH,, NaBH(OAGc),, THF; e) i-PrMgCl, THF, 0°C; f) NaH, EtOH, 0°C to
reflux or NaH, THF, rt; g) LIOH, THF; h) 1) DPPA, TEA, toluene, rt to 90°C; 2) BnOH; 3) Pd/C, H,, MeOH; i)
1) R'COCI, TEA, DCM or R'CO_H, PyBOP, TEA, DCM; 2) THF, HCI, H,O; j) DAST, DCM; k) NaBH4 or
Red-Al, THF ; I) 1) NaBH4 or Red-Al, THF; 2) DAST; m) RMgBr, THF

A compound of formula (I-j) can be made via the processes outlined in Scheme 24. Romoval
of the protecting group Boc of compound 91 using customary procedures (see e.g., steps a in

5 Scheme 24), follwed by the reductive amination with aldehyde RCHO (R®: alkyl, cyclic
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To a round bottom fl ask was added ci s-6-net hyl - pyri di ne-2-carboxylic acid

[ 2- (4- met hoxy- 20 benzyl)- 1-oxo-2-aza-spiro[4.5]dec-7-yl]-amde fromstep
1(0. 480 gwoRowd®sssmsl ), acetonitrile (18.3 nl), and ceri @CIMISROM0OKA084 t rat e
(1.94 g, 3.53 mmol) in water (7.2 nL). The reaction mxture was stirred at
rt for one day and then diluted with CH2C12 (100 nlL). The organic |ayer was
washed with water and brine, dried over Na2SO4, and concentrated under
reduced pressure The resi due was puri fied by silica gel chronmatography

(Croci2/ Mectto: A1 1ha \AERIAGT 8 A0 B6AIY0 . BBl SRR, where R -

2011/ 05336/516@1@&155%31]1%&54054 aza-spiro[4.5] dec 7-yl)-anide, as a white
solid. 1H NWR (400 MHz, CDC13) 8 8.08 (d, J = 8.6 Hz, 1H), 7.96 (d, J= 7.6
Hz, 1H),Scheffe 14, J= 7.7 Hz, 1H), 7.25 (d, J= 7.6 H, 1H), 6.23 (s, 1H),
4.00-4.10 (m 1H), 3.30-3.39 (m 2H), 2.56 (s, 3H), 2.15-2.23 (m 1H),
2.07-2.14 (m 2H), 1.81-1.87 (m—mH), 1.70 (t, J= 12.4 Hz, 1H), 1.48-1.64
(m 3H), 1.30-1.38 (m 1H). ESI- 5M5 i z: 288 (MrH)'. ROE'3: Internediate
18 was al so nade fromgcis ER]WBI’IO 2-(2, 4-dinet hyoggy bgazyl) - 2-
aza-spiro[ 4. 5] decanzzl; n Inyernedi aie 10)R To a Nutlon of

7-am no- 2- (2, 4- di netfiyo 1) - 2-aza-spi r of4. -l -one HC1 salt 10
fromstep 8 for interne £rl0 (0.20 g, 0.630 |F%RGCHZClZ (9.37 nmL) was
added 6- nethyl -pyridi ne-g- carboxyl i c aci d (0.095 gt4 6 .]; mol ) and PyBOP
(0.360 g, 0.691 mmsa% followed b(%/1 é 2.20 mol ). The
reaction mxture was) S¢MACKIPE wp PS’VSeE?DFn éﬁPH(&ﬁ\BB (%CPP ?'?Zg'ﬂsferred to a
125-nL separatory funnel with CH2Cl12 (30 nL). The organic |ayer was washed
wi bh sat BKRERIMEMIZIL SEQTIONt ed NaHCO3 and brine, dried over 15 Na2504,
filtered, and concentrated under reduced pressure. The residue was purified
by silica del Gelwralndtthgdsaphy (0 to 50% et hyl acetate in nethylene chloride)
to give cis-6-methyl pyridine-2-carboxylic acid

[ 2- 2, 4- dUARbepeyithany ythledlothxors?; detexppiimontdl Slodeturds- Weregdifdemedvinddh th@s
then heated in TFA (0.537 nmL) to reflux for 1 hr. The reaction m xture was
cool ed t ®lewinghepndifiment/rlhoperationsevere seisd AWASt B0 éﬁfrm@datm @Ppet1® "G hed
with sat HCCR: dr

under re uceggprégsdggre tggg?\a}gﬁ%sﬂﬁ%m %@g%@ﬁ% OlyﬁngIt%Ptt e 8%9{%8% u@ﬁ@da
cil8- 6- metdtytl - pypoeion eunder achory Ipressaei ok in a high performance solvent evaporatlon

(1- oxo-2-azas 4 dec-7-yl)-am de, whi used in the next step
wi t hout Y&miﬁ %% %ﬂé&% ﬁw 1'@?%89#%@ é@‘g % Rliciaiare oxen Weh A dl at e
18 was agge. Ria¥drom E%\ghé%’ié%? §arR;tte§ﬁﬁ@,r’@A,lﬂJSA§.u AR cofie foP kA OMB ction¥as

2011/ 053575 CT/ US2010/ 4054 1: cis-
7- Ami no- ﬁ)llowedélyhbmylab@nilmr)latﬁglaphy §PLE pprliGlid ebamatogyaghy-mass spectrornetry

2-(4- - 2- [ 4. 5]d 1e- 7-carb i d
From ot o3 B MihRar b B iy PeBr gy RS o L BEBT ORI V81 ene
(23. 0 mgarridd b8t by la20bmBi FustO. §OEmMTcllyhS I§U@$D IIﬂc V\@ﬁlcaﬁd@@ oA ) M%r@y the

addi ti on of di phenyl phosphoni c azide (1.14 ni, 27 Mo ). The reaction
m xt ur e Paeseasilicaegr! aqartridgé or performedh@nt llvﬂerpkhea@fe@ehﬁo 9(@3034f)6rmezshhr sThethe

m xture V{%lc;cﬁ_r? Oalnﬁh%unq%rotf ?P%&‘Q’E% %ngt%dwgs 91 Sur edt B Sa(fgl as? ofo the Pollo %lgdl nr

water (8 resul hasic 'm xtur e Vi orousl t

for 1 hranalhiRaBeieeds: h@yl&lr megileaenago@hm (VIRY tad ECIMSV\BNMR (sﬁ&trm_\)/as and
basified with solid Na2COB to; (8 10. The m xture was extracted w th
p

CH2c12 (rEeqrdsd) oy g Broes %Yﬂ%? neaO prstPCtes  BrukefdaSpin GRIP oBIHCmern 36,
I F?f gr ggUS%EgOéCaQ RERRLTBRPEy UARSF 47 Q8 G&4riRA CRRYT Bald A, VEA 1 (3 Yu e e
cis-7- aninaaaedi dolvat hoxYietaear whift 20z gbRr B farl] Pec aiitliono (EmWilethvenwas
used for the next stef) wi t hout, further purification. 1H NVR (300 M
CDC13) stptrime@lylsylane EIMShas appterpl gingderd. jCourding qanstanis)(/) aresopprepsedy in=

145 by gt 28 o frarond Bt S0 o2 000 o 2 helcP uB2a R (BT

CI S 6 I\/Et Rytrippaty imdiFneuRipbay boxybioadaecticd Unless stated otherw1se mass spectra were
-(4- h 1)-1- 2- 4.
[ %5( rreébtgl)l(lgd Bsenrllg %lle%trosp?aéolomza?t%o%s&SE\?é) vzc? ]elt era M}é rnass g?atforrn I system or
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To a solution of cis-7-am no-2-(2,

4- di met hyoxy- benzyl) - 2-aza-spiro[ 4. 5] decan-1-one from 20 step 1 (675 ng,

2. 34 molwoizn11@s3212 (34.9 L) was added 6-net hyl pyri di meTarSe@olossogs i ¢ aci d
(353 ng, 2.57 mmol) and PyBOP (1.34 g, 2.57 nmmol), followed by
triethylamne (1.14 nL, 8.19 nmol). The reaction mxture was stirred at rt
overni ght and then transferred to a 125-nL separatory funnel with CH2Cl2
(30 mL). The organic |layer was washed with saturated aqueous NHACL,

saturate n kne, i en .
2011/ 053%@%@%?%@?810%3@5@02{158&&%? (rtao%d hﬁ%ﬁ‘f qélé*dl}?:ée%)e %I?&ei gﬁ?@ Srhe
resi due wpsrtgdiri fi ed by Conbi F/ash system (12 g silica gel cartridge;
gradient: 0 to 50% ethyl acetate in hexanes over 10 mn, then 50% et hyl
acet at e GBndigManass iRkhod® mMn) to give 0.62 g (65% of the title conpound,
Cci s-6- nethyl-pyridi ne-2-carboxylic acid

[ 22 (4. gty el pnekondaagepldnle(oal dger Taxtlmmdnti demidt IR
(400 MHz, CDC13 Hz, 7.71
(ty J = chvon&mle Qﬂ?dleﬂt 2@86% Bfrom Otaﬂl 7—|m1n,18—5)% B7frc113 1(’dto 1]84zn8n685|—|t()0%

S 24 (0o Pl st o m Pk B 35 Aebiuts dthy B R0 EH%V

ESI - M5 nfage: S%L(Mh%o}umn Inertsﬂ@t@DS&r 501kt @ﬁ%t:SHYIh QMfc'léjdlibe 2- carboxylic

acid 055, 75)-1- oxo 2-aza-spiro[4.5]d ec- 7-yi)- Usi ng the sane
b
Foute 2 [piodBy HIIEDEGE D @%%/éﬁ%tf’n'“ﬁl@%@eﬁ“so?/%éﬁ%‘ilf%"eaa SBLcal o

from ci sacﬁztonmteﬂldm}raqhymtt 80196%2B danb Oxy1.7 miacI0o B from 1.7 to 1.84 min, 90-100% B

Site a (orebioso i 360% T BETg Ran ke P RS Radmsdes FRT
oot on RSl AL bt ﬁéﬁfsﬁ?)h%%'?é‘?/i'fé/@?fﬂgfw% BRIRRES  Dovi for 6o )
ci s 3. F WGingE o8l o T SRTLBErITle (09013 0.3%) BB formrc: B ng

t he sameaRxpeFildreRhdibntpl OSEUUB ¢ondl036T.7 Bed, 839, Bofb@ 117 fo1.84 Atigr sedd@L & 18,
intermediate 19 was made at 1.19 mmol reaction scal e fromintermediate 10

and 3- firodr bbby bidé mim él()%d?v S 8ad -9y min. | 10020 B Eamoh?l sy? é@ﬁyF e
(%ﬂt hod %?%F%mg Efpfil. Rl 9 "(zﬁ”ﬁ(f%‘ﬂ)pa%wl%ze conpoHn

2011/ 053 540 4 Usin the S ntal p dur es.
descri begﬁwgléﬁégéep P RS st UF AL AR Rarabe TR S arebRinige
from 0. 643,48l 0-96% B from 0 tol.3 minutes, 30-85% B from 1.3 to 1.7.min, 85%B from 1.7-
[ ci s-2-(4-net hoxy-benzyl) - 1- oxo- 2- azaspl ro[ 4. 5] dec- 7- yl]-car bam c acid

tert-but {84 eynedd-20Yo® G4 hirbio bRS Bif] WHFdhénrol .85 &rl @9 nlib MR Q04U Bz,

CDC13) 8._8. bs 59-7.68 (m .2 7.35-7.. 7.13-_57.19
(m 1y TginsPd ez 0 g, Fiosging: SEnfini Gotundi JBer O 3 21014 4 5158 b g (i
1. 1. YartideQfte(m 1H), 1.39-1.93 (m 8H). ESI-M5 mz: 291 (MrH)'. Using
t he sane experinental procedures described in route 3 for i nt er medi at e 18,

:’r?r;ler g}?dg_ﬂlﬁudlﬁ. Woshi B! 5ifsdTBAS WatBeéofifrilTb/19 ank 6. 85 B hdh fund Yo 2k, 23 $2
acetonitrile. Gradient: 0-30% B from 0 tol.3 minutes, 30-85% B from 1.3 to 1.7 min, 85%B
from 1.7-1.84 min, 85-100% B from 1.84 to 1.85 min, 100%B from 1.85 to 1.99 min, and
100-20% B from 1.99 to 2.00 min. Flow rate: 5.0 mL/min. Column: Inertsil® ODS-3, 50 x

25 4.6 mm, 3 um particle size.
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fl uorobenzoic acid. LGM (nethod C: RT: 0.86 mn; ESI-M5S mlz: 291 (M+H)'
It was 10used wi thout further purification. Internediate 20:

Ci s- 2- MetWl20yosB3msdi ne- 4- car boxylic acid (1-oxo-2-aza- piruspeiodiec -
7-yl)-am de Using the sane experinental procedures described in route 1
for intermediate 18, 15 internediate 20 was nmade at 2.82 nmol reaction
scale frominternediate 10 and 2-net hyl pyri m di ne-4-carboxylic acid, and
purified by RP-HPLC purification system (Gradi ent: acetonitrile in water,

12-95%in Sggj Eg tq | I 5 mn. A shallow gradi ent
bet ween 18%42 0 bGP ol inBaiE of e el ween 0.6-3.1 mn to separate

cl ose- el n s. .Flow,r : Mobi hase ddi,ti.ve:

i of  antBlsrorPaRard: S oty it g o ety e EReky® RE3° BRREY o
parti cl ecahmere(«Bsuplice) S@h, as Kina-AldaEas:) Ldws, OO US A aﬁ@@cs Jutfstdiaids, &id t he
title conpound. LC- M5 (rrethod C: RT: 0.63 mn; ESI-Ms nlz: 289 (NH—l)

| nt er medigeavithput ﬁ’iﬁélﬁwrfiftﬁaﬁénz carboxylic aci d

(1- oxo-2-aza-spiro[4.5]dec-7-yl)-ami de WD 2011/ 053575PCT/ US2010/ 054054
Usbng t he sanintempediatecht7almine2ddwohdorocienyl)eaza-spiradiSéderandrone
internediate 18, internediate 21 was nmade at 2.82 mol reaction scale from
internmediate 10 and picolinic acid, and o ffied by chromat ography

(CH2C12/ MeOH: 4/ 1) to afford 0.420 g &54 4Q /ot the title conmpound. LC MS

(method C): retention tinmeRT: O. Z?[‘ SI-M5 mz: 274 (MtH)'
S5Internediate 22: cis-Pyrimdine- .. ylic acid
(1- oxo-2-aza-spiro[4.5]dec-7-yl)- - @ Usi ng the sane experi nent al

procedures described in route 1 for |nterrred| ate 18, internediate 22 was

made at hicincBTHR! 1 %@%b%d%%h@pf&c@@df@cﬁéﬂ%@' R 1 ey pyri m di ne-
104- carboxylic acid, and purified by chromatogr aphy (CH2C12/ MeOH: 4/1) to

o072 DSRES 0%t fibapbarp L SRR C Ve (method D)1 RT: 1.1

ci s-2- Met hyl - N- ( 1- oxo- 2- aza- Spl rop4. 5] dec- 7- yl) o soni cotinam de Using the

sanme experinmental procedures descil bed ingoutelll for internediate 18, 15
internmedi ate 23 was nmade at 2 I—reactl scdite frominternedi ate 10
an

and 2- methylisonicotinic acid d purifieo n a RP-HPLC/ M5 purification
system (G adi ent : acetonltrlle in water, 12-95%in 3.0 mnutes with a cycle

tiioe of %o arirdsundﬂoo%tbai flaw vgisaddens- ob@il\ﬁ@erbh&ﬁmﬁ%@iylﬁ@eidqei&srg' be. 1wasolsed
between 0.5-2.0 mn to separate close-el uti n% inpurities. Flow rate: 100

mL/min. B#al é%ha@@ adeluencpalfonig apigh (9109 erlmiounmadeingttaluen (@) ki The
| nertsi | d
oS00y Ty NP SR R s A LRl B S RSN e

0.66 m nancESdncBBraﬁcizUn@BSec(dv&d-lpressurm 2ffa) 68573 BCL) OSAR1OHOBetOBaind, 3-
| nt er nedi at e

ci s-O- Anr?’f’PoCW eyfpceibpBylis 3oid pihybeserpiehysavs ol whichiwasiused jngbe arxtstep

15 without further purification.

Step 2: 7-Allyl-1, 4-dioxa-spiro[4.5]decane-7-carboxylic acid ethyl ester

0 o 0

o)

D)LOB - . Q )O{oa
X

The residue obtained in step 1 was dissolved in toluene (100.0 mL). 1,2-cthanediol (3.02 mL,
54.2 mmol) was added. The mixture was refluxed with Dean-star trap overnight. The mixture
20 was cooled down, diluted with ethyl acetate (60 mL), and washed sequentially with saturated
NaHCO; (20 mL x 2), water and brine. The organic layer was dried over Na,SO4 and

concentrated under reduced pressure. The resulting residue was dried under high vacuum

46



one 0 1-1,1\11cp F F I nternedi ate 24 was prepared via the process of
Schene 6, supra, as follows: 5Step 1:

5- Hydr oxywoyeliaisasvane- 1, 3- di car boxyl i ¢ aci d di met hyl esPer/US201066¥570 a
sol ution of dinethyl-5-hydroxyi sophthalate (3.50 g, 16.6 mml) in nethanol
(60.0 nL) was added 5% rhodi umon alumna (0.80 g) at 0 C, followed by
acetic acid (0.60 nL, 10.6 mml). The reaction m xture was shaken under
hydrogen (55 psi) at roomtenperature 10 overni ght and then filtered

t hr ough C e r was
ouri 16 dgﬁérhgg éFﬁfb‘?%(&’ § s([7 (1gf‘g§6te tS&'Ul?e‘? epcgﬁi‘ﬁx sg-ll_rgglfgg ?
50% et hy&aﬂa@@ﬂlataeld é’thjﬂ@dke@v@l’a $6ldW B)1. o I\QVIRG(430 0fHg (1B8Y) aof4 jul(vs Jt:l:t7| 1e
conmpound, 5-hydro cl ohexane- 1, 3-di carboxylic acid di neth ester. Iti
NI\/R (400HM~?zH) %? (r834f®62§87(8 {m1577H)38HZ 15D 1 88-1(34 (15 ) 1.7551.83 68, (m

I
To a i xf‘ti 26(?)8f123 ﬁyﬁ}% ?%{;@1 ohexa fﬂhgqgﬁg?{%g dqa%: f’ﬁgl nétlﬁzlle%‘st er
frém ste@, 1=/ 8O 0H).13.9 Mol ) and tri et hyl am ne (5 80 nL, 41.6 nmmol) in

di nret hyl sul foxide (6.00 nL, 84.5 nmmol) and DCM (0.60 ni, 9.36 mml) was

added poThémhc Wirs@hdbdtioni lagi R4s deddayxNNEiRpripsRMRhe 3. 0D nll8 23.4 13111109) saep! )
at 10 C. The reaction nmixture was stirred at roomtenperature

2011/ 053bHERCR S0 1 Bromirgws Wasrcogletras -HhdC-tiHe M efehetylihim i Wﬂ@ (16580
Th d
o gant o T oS Yo HRE S ShE B Rt R o, 0%t A bl oA aGRRRLES
reduced o &S sinde. 4-dvgalspiso[difgdivms-Puaribbk it dayd éﬁhmbast%lr @s lso &) 2159$ﬁrﬁdsm) frorn
(gradient: Oto 50% et hyl acetate in DCM ove m n give 2.2 749%
ﬁ titlgenl Wédﬁbdmsweﬁ@oTBwl@H@aa%stﬁr@ aa|0c§r€96>% |niu@, %&4 @elam%lﬁw

ester. 14, Oélc Y H;lffptﬁl}olgf!?:&e( )23 §n§n31§w(a§ a%&éd) The nfgtn I_B’e W \g%}e%%fo it

2.31-2.47 = 13.2
Hz, 1H). sl&wparB stﬁgeﬁ-aDrtfbeB)@ o yTiieaheotmmenlknﬁe chias qud‘mhydl mthace cdhldiedtwlﬁyl

rerrsr;Ie; Il gT%tI'wc(e%éu afln %}a eldasngqlqglﬁlléllllgluv(ntﬁ rle llcllju%ro{lsd EIC(I?’(54n51L57Lwater and
brine. The organic layer was dried over Na,;SO,4 and concentrated under reduced pressure to
15 afford 4.30 g (81%) of the title compound, 7-allyl-1, 4-dioxa-spiro[4.5]decane-7-carboxylic

acid ethyl ester, as a yellow oil. It was used in the next step without further purification. 'H

NMR (400 MHz, CDCls): 65.64-5.74 (m, 1H), 4.97-5.05 (m, 2H), 4.05-4.17 (m, 2H), 3.82-

3.99 (m, 4H), 2.34-2.41 (m, 1H), 2.27 (dt, J = 13.6, 2.1 Hz, 1H), 2.08-2.16 (m, 2H), 1.76-

1.88 (m, 1H), 1.60-1.72 (m, 2H), 1.46-1.54 (m, 1H), 1.42 (d, J = 13.6 Hz, 1H), 1.25 (t, J =
20 7.1 Hz, 3H), 1.08-1.16 (m, 1H).

Step 3: 7-(2-Oxo-ethyl)-1,4-dioxa-spiro[4.5]decane-7-carboxylic acid ethyl ester

3 5]
O{){OH _— Q OEt
\ N

The title compound was prepared via two oxidation methods.

Method 1: Oxidation with OsOs and NalOy4: 7-allyl-1,4-dioxa-spiro[4.5]dicane-7-
25 carboxylic acid ethyl ester from step 2 (2.00 g, 7.86 mmol) was dissolved in THF (30.0 mL)
and water (12.0 mL). Osmium tetraoxide (0.50 g, 1.97 mmol) was added, followed by the

addition of sodium periodate (4.00 g, 18.7 mmol). The crude mixture was stirred at rt for 4
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C was added a sol ution of 5-oxo-cyclohexane-1, 3-dicarboxylic acid dinethyl
ester (2.80 g, 13.1 mmol) in DCM (26.0n.), foll owed by addition of ethanol
(0.15 nmi,wo.26M1/088875) . The reaction m xture was stirred @CTAISMOSLIPLr at ur e
overni ght and then quenched carefully with cold saturated aqueous NaHCC3.
The aqueous | ayer was extracted with DCM (x3). The 15 conbi ned organic

| ayers were washed with brine, dried over Na2SO4, filtered, and
concentrated under reduced pressure. The residue was purified by

acotat e 1 BIERR, A doflnd 3888 FAGH LAGFIRE TROBH B BelO Y

gi ve 2. Sstrdd84tt fof 30heird hﬁd ehlamtrpomhn(éthyl acetate (150 rnL) The organic layer was

5, 5-difl uoroaycl ohexane 1, i.car box acid dineth e 1-1 NWR (400

Mz, CDCH3jhedavidh watey and 68 ovey b + f] Cojgpnirase B " sghiced przppure 1

2. 44-2. 5550 | 92f e e 7-BBx0-Fh§H- 1%-dioxa-spiro[4 -7-
il ?"% (56“/920 e title ¢ pgurgiz 7 ?é-%xyﬁ glgam gloé(fl n}él{%[yIS]decane 7

1-Allyl-5,5-di or o- cycl ohexane-1 ester
UsbBng th@rb@q@ceacpblethlyénstaﬂ aerogelthw esl. deses iused in lth@n@cp seepf withoutt Birthedi at e

2, startln from1 oro-cy X xyllc i thyI
ester (1?}J Fh %@R ‘%193@&6‘ J§D8[;b 88671/(6332 @éﬁ)l gi@%ﬁtﬁ

title CO@HP?Q@ w%s*(ﬁabm § 2 gaty MY 4Q0jHay) 9@@%@& /8 5151765127§Hsr@171w
5.02- 5.17 4-3.77 {m 6H), 1.58 m H%

t r ans- 5, 6k D 13U He; H), 2:-43x00@rhyTH); ¢ 26l(oHexanétz] 38).di car boxyl | c aC| d

di ret hyl ester 0000 0J'LQ s& 00 5F F Using the sane experinental procedures
descri beMeitiods t2e pO2oriddysis: nV-exldiatiexa-spiss[drs]deegnd-T-@brboxylic acid ethyl ester
l-allyl-5,5- dlfluoro c cIohexane 1, 3-dicarboxylic acid di pnethyl ester (7 24

miBl )| 1fremgiqres6A. | & 1§ Renal) peedisstpcslind Meld: bi0anhhk dhe splufipirwes 600 faat
CDC13 9
Y )2 8?178 ( &380%(51{% Ogeﬁerageg%gtlg LE- wl_ngjiIEBor%togs ?go%eo%&%}atw% %gggﬂfgdk?régéﬂn

16. 9 Hz, thtkplutidn Bat-125 Y5 v thbH))lutﬂbn T@ndd Bght(bhye. IHpn ody g wWas,bubbled 118otkizh
1H). Ste

trans-5, n@ﬂﬁﬁr srdptden snedgo cplogless: DRt haAdS Odemin hed mmplbyanadded gt -78

di car boxyth i1 a6 {xud R DY ASt §lowly olah A 9tikBE oS AARNEXRRY BN hkture was
procedures described in step internediate 2, starting from

t dans- 5, @@blﬁdmﬁbwe(r@%mé’)emdyh? a@yﬁ@h@hefmawes e.l_xt@c‘ctdofaﬂbGHyﬂz ESGoildx2).

di met hyl .ester. (4. 67 of the ¢ 0

obt a1 nad TS ORI A5 eertetay ford 3 Mg fid bin FREPREPEEE Dy g
3. 65- 3. 7&rcBhtrddd undér btudePprebdire ﬁ)"@ffora 3@2)'@(7@%)(@the?hi)le cé’mﬁéﬁm& 452-(05&) 2H),
2.06-2.15 (m 1H), 1.57-2.93 (m 3H), 1.20-1.33 (m 1H). ESI-Ms 20nm z: 374
(M+H) * cthyl)-1,4-dioxa-spiro[4.5]decane-7-carboxylic acid ethyl ester, as a yellow oil. It was used

in the next step without further purification.

20 Step 4: 9-(3-Chloro-phenyl)-1,4-dioxa-9-aza-dispiro[4.1.4.3|tetradecan-8-one

The residue obtained in step 3 (3.20 g, 12.5 mmol) was dissolved in THF (20.0 mL), m-
chloroaniline (1.58 mL, 15.0 mmol) and 1 drop of acetic acid were added. The crude mixture
was stirred at rt for 30 min. Then sodium triacetoxyborohydride (3.97 g, 18.7 mmol) was
25 added. The mixture was stirred at rt for 24 hrs, then quenched with ice, and diluted with ethyl

acetate (100 mL). The organic layer was washed sequentially with 1N aqueous NaOH (10
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WO 2011/ 053575PCT/ US2010/ 054054 Step 7:

trans-9, 9-Di fl uoro-2-(3-fl uoro-phenyl)-1-o0xo-2-aza-spiro[ 4. 5] decane-7-

car boxyl iwoaeiidhsaeshyl ester F F Using the sane expePCrarst@lo/oproscedur es
described in step 4 of intermediate 2, starting fromb5

trans-5, 5-di fl uoro- 142- ( 3-f 1 uor o- phenyl am no) - et hyl | - cycl ohexane- 1, 3-di carb
oxylic acid dinethyl ester (3.51 mml), 0.55 g of the title conpound was
obtained. LCGMs (Method A): retention tineRT: 1.29 nmin; ESI-MS mz: 342
(MtH) ! h LRer

cis-9, 9- ﬁif) }Aﬁgtreg%gg bgf %1 813%(1009 ltﬂé?S) Ty 8 %(E(c? Igéegl?gt e(si unde red@?dde E%egséur car boxy
lic 10aCtedultmg Ir,mdw vtzetsqnﬁa‘ﬁé vﬁﬂpﬁhca@entoafonmt@greplm (eb;tetes/cthl(ﬁm?u firss,tthgn 5

f t t f 5,5 -di 3. -fl

-SLe'n3| gr ?Ew l%)clfgﬁghreg%@dl 37'[2z¢J hgar%@kw %m&e} gttt et Hipkaest er
1.02 t PNV

(15ep| ner | zai[4 ng%Za& ’X_g%%@exrﬂlcvﬁltscnﬁ@%&l és‘t:ergd t%yg desi r;s%tﬂg{glrtgp LC M ?ﬁeqqﬁod

A) 5 RT: BIHA) DCI3): pfuﬁlom(t (]U\/&EVHZ 19]1)% 6ESL65M, i), 6328t UM+HP' Hz, I1H)na.88used
wi t hout further purijfication ep 9:;

ci s- 9- AnP-fig(m; FH 49Brg-on @él)ﬂ%g%&%ﬁériﬁ)ﬁ@éz% @pidtoy 4.74)(bedah- 1-18ne
WO 2011/ S5PGT/ 4 h I

descri begégg&sﬁgg’ %J&fzof i@f’eﬁ%él at@g% §t3a%?{1?9ngé$?lgb ik QzaRﬁDQﬁjU[ 2

[ 2- ( 3- f | 267 ¢mphdnyil. &l .82 Ymel Hy, 1] 52 V.35 dinetEdnd-40, @ chb?arfbeylH); laldd28 (et hyl

ester (0,37 ), a nount of crude title conpound was obtai ned and
used wi tﬂﬁhté%géﬂ?/?r%m% Fg)m)unt obt ai ned and wi thout further
purlflcatlon -VM5 m z 5I nt er nedj at e

cil8- 9- At hig-op. ((2242& ééﬁé{lﬁlelzéwft,@e(ﬁgla\)edﬁn-,anayqrp%;FBIFﬁgé)amL) The solution was
spiro[ 4. g qecan %3' ONEot 1F%;frpg¥l\gl_a§nésmrﬁrcm§ﬂg§h§r AP (@32 Hﬁq%va\é'aadéc{1@r085v%ess

of Schene 6, supra, as

trans-2-Thkg mlﬁumemsmmrb@ nzP1)G Gorot dirf thaorquedechos ovizh axaaspiilwpd vajdethghe- 7-

10car bOXXceta e {rellh orga%?ct lggrer was washed with water and brine, dried over Na,SO4, and
concentrated under reduce pressure to afford 2.10 g (99%) of the title compound, 9-(3-

15 chloro-phenyl)-1,4-dioxa-9-aza-dispiro[4.1.4.3]tetradecan-8-one, as a white solid, which was

used in the next step without further purification. ESI-MS m/z: 322 (M+H)".

Step 5: 2-(3-Chloro-phenyl)-2-aza-spiro[4.5]decane-1,7-dione

To a round Dbottom flask was added 9-(3-chloro-phenyl)-1,4-dioxa-9-aza-
20 dispiro[4.1.4.3]tetradecan-8-one from step 4 (0.45 g, 0.84 mmol), THF (10.2 mL), and 2N
aqueous HCI (7.0 mL). After stirring at rt overnight, the reaction mixture was diluted with
ethyl acetate (60 mL). The organic layer was washed with water and brine, dried over
Na,SOs4, and concentrated under reduced pressure to afford 0.38 g (97%) of the title
compound, 2-(3-chloro-phenyl)-2-aza-spiro[4.5]decane-1,7-dion, as a white solid, which was
25 used in the next step without further purification. "H NMR (400 MHz, CDCls): §7.74 (t, J =
2.0 Hz, 1H), 7.52 (ddd, J= 8.3, 2.2, 1.0 Hz, 1H), 7.29 (t, J = 8.1 Ha, 1H), 7.13 (ddd, /= 8.1,
2.0, 1.0 Hz, 1H), 3.72-3.81 (m, 2H), 2.73 (dd, /= 13.9, 1.0 Hz, 1H), 2.35-2.50 (m, 2H), 2.29
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F F To a solution of trans-5 ,5 -difluoro-1-(2-oxo-ethyl)-cyc | ohexane-1,3
-di carboxylic acid dinethyl ester (4.00 g, 14.4 mmol) and

2, 4- di metwoxyheszysam ne (2.40 g, 14.4 mol) in THF (50POTrdSpoOMASI0added
sodiumtri acet oxyborohydride (4.56 g, 21.5 mmol) was added 15 portion-w se
and stirred at rt overnight. The m xture was quenched wth cold staturated
NaHCO3. The aqueous | ayser was extracted with Et 0Ac (3x30nlL). The conbi ned
organic | ayers were washed with saturated NaHCCB and brine, dried over

MpSO4, filter e t B r S Yy

resi due (/dv%fsﬁpgrgigf ?231%3@1; ?}1%2 gg(inw}%ﬁ 26 mat ogr a(grﬁ Sir}?/gnép &g&%ﬁeﬁgfi\/@
acet at e inz:hexavies)) to afford 1.8 g (32% of the t|tIe

20conpound, trans- 2- (2, 4- D met hoxy- benzy1) -9, 9-di f | uor o- 1- oxo- 2- aza- spi ro
[4.5] desapss: 7= Aﬁﬁi(b@iﬂéthyl mm V%?bhyﬁ]d@cfahef-onéH NVR (400 Mz, CDC13):
87.12-7.07 (m 1H), 6.47- 2011/ 053575PCT/ US2010/ 054054 (m 2H),
4.52 (d, J=14.3 Hz, 1 H, 4.32.(d, J=14.3 Hz, 1 380(s 3H), 3.79
(s, 3H), 3.70 (s, 3H), 3.48-3.i&m 1H), 3.12 (dd g 5, 5.9 Hz, 2H),
2.41-1.67 (m 8H). ESI-MS &g 7:»<398°( M+H) ' ©

ci s-2-(2,4-D et hoxy- benzy 9, 9-di f_l_LLO.LO HNQX0</2- za spiro[ 4. 5] decane- 7-
5car boxylic acid nethyl F F To a sol on of

trans-2- (2, 4- Di net hoxy- berzyl)-9 , 9-di fl uoro- 1<oxo- 2- aza- spi r o[ 4. 5] decane-
7-carboxylic acid nethyl ester (1.80 g, 4.53 nmmol) in MeOH (20.0 nlL) was
added NaFb @26Mndrpottdmn G8skwed added%-(3rchiorogitehyl9i2kdzaapir6[4C Jdddase-1 Fatibnoof

m xture was irre room1l re overni.ght and nc i ce.
The aquedtRs> ?éé?% ﬁég manel), aeqtgﬂlomﬁi ﬁaﬁa lummst%(ﬁ%% gggﬂﬁ@ﬁB

| ayers “@ﬁ@m‘i‘ﬁtﬁﬁexgaé"étir%dba[t'rf‘?oralnﬁr @98&%{1& ﬁb@&ohg&ﬁier 5()8'5tg rl%srﬁﬁio%aé"’as
purified by silica gel chromatography S vent 0% hy acetate i'n

hexanes) then adﬂéﬁ(brfklftq @151‘1@ Qi68%pr @f hrs h‘életrmdtxencmmpuu ehs quenched with ice and
cis-2-(2

G oot caifue) SR QSR80 By T eramnis, st s vashody Wit bine dpdover

NYR (400NMd0,, 3Rd Q@ﬁé@rﬁrate&h@&r(&dueba e@su'f@ ,to 1affd)rd $346; Q%’% (dﬂ th%Hlt,le 4. 48
(d, J= 14.4 Hz, 1 H), 7 (d 1 H), 3.80 (s, ,

3H), 3. 7ePmproungH)7- araln992 @emlﬁrﬁza zpl)r0[4;5]¢®a11-lme( ngs QHW 11ES|501NZB ?HIQ tl
(MtH)

' - { 2T S OB PG G 60 5% 49T %Fiﬂ%}*%&ﬁ%@ 7.
car boxyl fisst p@kdmtmmmawwmigus& QL0 Oind Qb sctbed p@ildﬁzitl@RTCﬂf 0.83 min
cis-2-(2,4- Dlrrethox - benz ?MQ 9-di fl uoro- 1- oxo- 2-aza- s&qo [ 4. 5] decane- 7-
car boxy| s %ﬁé}gaew gns. )eEé& § Wz578 (M3 Ha Thivas ysedrthontiyriher pdicgtiong. o
mmol) in water (10 nL) and THF (30 nlL) was stirred at roomtenperature
oveér ni ght antternediater2a céd’-Antaododechiero-penyndrazaepind [Hiddecant honey HC1 up
to pH2 and extracted with DCM (3x30 nL).

o S0

N
n O\)

Intermediate 2 was made via the process of Scheme 4, supra, as follows:

Step 1: Cyclohexane-1,3-dicarboxylic acid diethyl ester

20
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5 The conbi ned organic |ayers were dried over MgSO4, filtered, and
concentrated under reduced pressure to yield 1.42 g of the title conpound,
Ci s-2- (2, WodnmdtsByRy - benzy1l) - 1- ox02- aza- spi r o[ 4. 5] decanP?Tasemonydos€ aci d,
whi ch was used for the next steop without further purification. ESI-M5 m z:
384 (MtH)'. Step 4:

Cci s-9- Am no- 2-( 2, 4- di et hoxy-benzyl)-7, 7-di fl uffo-2-aza-spiro[ 4. 5] decan-1-0
ne 10F FF F To a sol ution of

(0 700 o OESRRIRKRERAE M nOp 3 SRRl LA AREAT 2R e ?%L(E%@Ci ‘
2.5 ol . cthaid %I 1k, Kmcatdadd arfok: dtigloenyiL phos pibtdropsi deat (10, TR 1

2.2 mmol). The m xture was stirr mterrpera ure for 1 hour and then
heat ed. b gEeC R gF NN § POMAN] e ePBRa I8V R fiu 6S mer&m%ﬁnaﬁmﬂﬁsr r oom
tenper at Jyfeedt %}%&u}’@%néqg@gesgitﬁl\y ¥sili® bv%? dﬁﬁﬂeg WL ch8Nacekde THoo RS, The
resulting m xture was stirred vigorousl roomtenperature for 2 hours.
WO | ay emgame leycs epamasiedd. wilheold qarectisl aicplyeuts MC@@@G& rell) gid brima2i>d206CO3

to pH - n tra corrb ned..or | C er
wor b washLe Gt RhED g pid st tE Dedr egythE oRSTR A GTRUTELE APUEST
gi ve 0. 4ihg tRfe dopolind,lc cl@ﬁéﬂ%ﬁé‘-’lq& dl@hr%ogylﬁrﬂdﬂ@dl%thyl ester, as a colorless oil, Wthh

20( 2, 4- di met hoxy- benzyl) -7, 7-di f1 uor o- 2- aza- splro [ 4. 5] decan- 1- one, whi ch
was usedwhsnscdhe theenaxt stbp ithiothibwther pmtﬂvehorp urkl NM&t(ﬂ%MPESICD@grrﬁZk 01355

e b et %‘é’ﬂz%ﬁ>n$§?§rﬁpﬁfe§45%ﬁfzy«’(°3‘i§zﬁz (TR TE0 TS R 8 g wbdl im

sppro[ 4. §dec-7-yl)-amde F F Internediate 26 was prepared via the process
of Scheme 13, supra, as follows: 5Step 1:

cis-2-Me ly QYA ofarkd Al v [ et hoxy- benzy1l) -9, 9-

df f i uoroyf}soxo 2- @z‘?‘c@gﬁer% g é’r'bg @&iﬂ%ﬁlg l%y%sgf‘o a solution of

2- met hyl pyri di ne- 4-car boxylol c achd (171 ng, 1,24 rmgl) in CH2C1l2 (15 nl)

was added EDCI (263 ny, 9 and HOBT (152 13 mmol) at 0 C
fol l owed by 10 the addi tﬁt%n OBt —— EO O

ci s-9-am no- 2- (2, 4- di met hoxy~wenzyl)-7, 7-di f|l uore<2taza- spiro[ 4. 5] decan- 1-
one (400 ng, 1.13 mmol) The reaction m xture was stitred at rt overni ght

and then diluted with CH2C12 (30 nL). The organic |ayer was washed with
sat ur at el,/aQusoprepNa®eqd 3 b8dnlbri2ienmnl ves ricsolvedireehhydoes THEUQO8 dnlpy esb ur e.

car 11 aghon sran Bhe e 6" S o MR SR NE I b eriBud 43ty misurs

gijge 0. 4ygs étﬁ@e@ath"Gﬂﬁ%'&inet&ﬁrﬂé@léﬂfﬂowﬁﬂ@ -78 °C., DMPU (97.7 mL, 810 mL) was
2- Met hyl (gﬁ;rlmdl ne- 4-carboxylic acid [2- (2,4-dinethoxy-b

enzy1) 92 d|dr¢pms@-foﬂw@i by theaddtion@f[cgclobeiangdel- myrprﬁm abed dllemymwel( 400

0(d, J= 0 ( d,
) 2 5. 1 syl B0 Gt iigrigt 9 mg T R Bl o ofy
2H), 4. 4t 686 40113 ¥l 31 B2m(r]) BH) el adldod( She Burdn@SwanRf (miodt) to 2. 80
(s, 3H, 66-2.53 (m 1H), 2.37-1.72 (m 7H). 20ESI-M5 miz: 475 (M
rt. After stirring at rt overnight, the reaction mixture was quenched with ice-cold aqueous 1
20 HCI, and diluted with ethyl acetate (300 mL). The organic layer was washed with brine (2 x
200 mL), dried over Na,SO4, and concentrated under reduced pressure to give 43.5 g
(quantitative yield) of the title compound, 1-allyl-cyclohexane-1,3-dicarboxylic acid diethyl
ester, as an orange oil. 'H NMR (400 MHz, CDCls): §5.66-5.77 (m, 1H), 5.00-5.06 (m, 2H),

4.08-4.19 (m, 4H), 2.50 — 1.31 (m, 11H), 1.30 (m, 6H).
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St ep2: ci s-2- Met hyl - pyri m di ne- 4-car boxyl i caci d(9, 9-di fl uor o- 1- oxo- 2- aza-
spi r o[ 4. Byv0eotihsyLf- am de Usi ng the sanme experi nment alPCpruse@dos®s4
described in the synthesis of intermediate 18 in 5 route 2 (step 2),
intermedi ate 18 al so was nmade at 0.8 nmol reaction scale fromcis- 2-

Met hyl - pyri m di ne-4-carboxylic acid

[ 2- (2, 4-di met hoxy-benzyl)-9, 9-di fl uoro- 1- oxo- 2-azaspi ro[ 4. 5] dec- 7-y1] - am de
, and 0.3 g of the title conpound was obtai ned, which was used for the next
step wi t Hept3: framsHe2-Qro-efliydacyclohex@s:-1,8BlipgrboxgiiGadid digthyl ester

I nternmedi ate 27: cis-6-Methyl-pyridine-2-carboxylic acid

(9, 9-df fl uor o- 1- oxo- 2-azalOspi ro[ 4. 5] dec-7-y1) - am de F F Using the sane
experinmental procedures described in the synthesis of internedi ate 26,
intermedi ate 27 was al so m 0. 635 mol ocof o}

ci s-9-am no- 2- (2, 4- di metdy - L
nO:]EI -one anEctloﬁt of

N1
7,7-di fluoro-2-aza-spiro 4 5‘55
2-met hyl picolinic acid. 1H 157NVMR.(400 MHz, CDCI13 8. 09 (d J =84Hz, 1

H),798(d J:76Hz 1 H, 773(tJ=77Hz PH) 29(d J=17.8
Hz, 1 H), 1H), 4.52-4.36 (m 344333% 2.66-2.58 (m
1H), 2. 51#(113/1 cg@phexzn@l,31dlearb@whcm}d dp_agnd Nasteryof step2 (3 140 Mmebnwal at e

28
2550 SRULL ISR CTOMAL) SyIShdhn 00, e g 71 prons v
2011/ owmmmﬂ&zgmmeog@lm igsi 6gh ! ienseimegax pes  bubbtodl thaswabe i 26 min.

descri bed.in the synthesis of ter iate 2 internedi ate 19 was al so
made fr Ommetbglgulﬁﬁ% 1Q4kmps 1.4 rnols] was a ngc?ed at -78 §C dropwise. T%e mixture was warmed

Cis-9- anh31890 & 51%1 ﬁlrgédn?ctllﬂ%Xﬂﬁzé}éyﬁle zea%flgﬁ fnluk'ﬁl'f@ WS %ﬁce?lﬂla{eﬁ[lﬂrd@] g&ﬁ@% 1-on
e and of pyridine-2=carbonyl chloride. ESI-Ms nmiz: 310 (M

It was upesbuvé. tﬁmutesﬁmghaldtmmas‘ pwdidadadry. sibétngd rareshabgragldy, (hexsnes/EtOAC,

N;§9: O~ DL Mop g 8% 05 23281 PR1 L OhF03 S8 % HE) comparnd” %S EAN dhy1)-
cyclohexane-1,3-dicarboxylic acid diethyl ester, as a colorless oil. '"H NMR (400 MHz,
CDCls): 69.78 (dd, J = 2.40 and 1.60 Hz, 1H), 4.20 (q, J = 7.20 Hz, 2H), 4.10 (q, J = 7.20
Hz, 2H), 2.70 — 2.48 (m, 4H), 2.20 (m, 1H), 2.00 (m, 1H), 1.75 (m, 1H), 1.60 — 1.22 (m,
10H). ESI-MS m/z: 271 (M+H)".

15 Step 4: trans-2-(3-Chloro-phenyl)-1-0x0-2-aza-spiro[4.5]decane-7-carboxylic acid ethyl

ester

O
(@] (@] o)
L PR
EtO OEt Et OJKO-\)
~

To a round bottom flask was added trans-1-(2-oxo-ethyl-cyclohexane-1,3-dicarboxylic acid
diethyl ester from step 3 (9.63 g, 35.6 mmol), 1,2-dichloroethane (109 mL), m-chloroaniline
20 (4.15 mL, 39.2 mmol) and acetic acid (0.05 mL). The reaction mixture was stirred at rt for 30
min. Sodium triacetoxyborohydride (9.00 g, 42.5 mmol) was added. After stirring at rt for 1
week, the reaction was quenched with ice, and diluted with ethyl acetate. The organic layer

was washed with water and brine, dried over Na,SO4 and concentrated under reduced

52



F F Using the sane experinental procedures described in the synthesis of
internediate 26, internediate 29 was al so made from 1. 29 mol of

Ci s- 9- amwo-2Bt1(@B3x5di net hoxy- benzyl) - PCT/US2010/054054
107, 7-di fl uor o- 2- aza- spi ro[ 4. 5] decan- 1-one and 1.6 mml of 3-fl uorobenzoyl
chloride. ESI-M5 mz: 327 (MtH)'. It was used wi thout further purification.

I nternmedi ate 30: cis-13-Am no-9-(3,5-difluoro-phenyl)-1, 4-di oxa-9-aza-
dispiro[4.1.4. 3]tetradecan-8-one 15I nternedi ate 30 was prepared via the

D o E oxleasie ot AL R Rye ey sl kel shrgmatgeragihy g afford rrag-1-

sol ut i on[2ef3- &ﬂmqﬂmﬁylm&mmyl] Qfodhlieﬁaim}ggddu@r‘tamyﬁc dicite idieythyl esteer (3(Z2g8 g,
106. 4 mml , et hyl ene coI (13 215 é%zgand g—tol uenesul fonic acid
omony o1 4% B BR (S0p AN TG 31 FoRs BeReT Dtk 161 0B A0St 5.0 5. q diliene
230 mL f_| t h

1£or 5 h)%mgeaéclﬁﬁon %gq%é%d6?§%§%(gﬁl§%gﬁgto\é@§h ?ﬁﬁ eﬂog\;’gggg and

thé m xt 874 (wadHOXS. oacstlesd(nmzm etdyl. 5 naef 2 2. 20-YaRi(e, |1Hyer7ma5)1s(epanm; ed,
washed with NaHCO3 | ution and brine, dried over anhydrous Na2504 and

concent r &tléd- i?r(&érlor@d%kad%mé%%?éw g)gl ve an oil, 5 which was triturated

with hexane and left in the fnd}g}g over;ﬂgh e reC| itated solid was
filt er edThindntamncsiépte nae disyeleedin TIAF 66H0 ad qqowfv@t Oy’ Coflsaprepyimegnesium

cOwhi o cuids PASERRIEOE Sy abCP R e afbE oo AL il § § [T psher s
2. 72- 2. 62ation B quéhcBed RitAZicé-ovld1HY aqReddz-HCIOM( dilut@dvithlsthyllacétata(603H) .

10Step 2: 7-Allyl-1, 4-di oxa-spiro[4.5] decane-7,9-di carboxylic _acid dingthyl
edPer mA 1T4e mngé%n@ygowu ashstl wﬂlauwte( 18@111 iine; 181ednonry NoaSOadet t o

e 31y OECBRRAL, B S it g e s ooy o
and at 0(3&Hao-phehyl)-ThexorR3-ataisperofhs]deeancebtatiotydic- acid cthyl ester, which was
used in the next step without further purification. 'H NMR (400 MHz, CDCls): & 7.74 (t, J =
2.0 Hz, 1H), 7.51 (ddd, /= 8.3, 2.1, 1.0 Hz, 1H), 7.28 (t, /= 8.2 Hz, 1H), 7.11 (ddd, /= 7.9,
15 2.0, 0.9 Hz, 1H), 4.12 (q, J = 7.0 Hz, 2H), 3.70-3.79 (m, 2H), 3.16-3.24 (m, 1H), 2.13-2.19
(m, 1H), 1.65-2.04 (m, 6H), 1.58-1.64 (m, 1H), 1.33-1.49 (m, 2H), 1.25 (t, J = 7.2 Hz, 3H).

ESI-MS m/z: 336 (M+H)".

Step 5: : cis-2-(3-Chloro-phenyl)-1-0x0-2-aza-spiro[4.5]decane-7-carboxylic acid

s PG S o
o) 0 o ©
EtO ; — Et0 O\) + EtO)k(j\)

(major) (minor)

o

O
N—N
HoJJ ’O\)

20 Anhydrous ethanol (150 mL) was cooled at 0 °C, and sodium hydride (0.68 g, 16.7 mmol)

was added. After the mixture turned clear, trans-2-(3-chloro-phenyl)-1-oxo0-2-aza-
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15 78 C, 1, 3-dinmethyl-3,4,5,6-tetrahydro-2-(1H)-pyri m di none (DMWO) (48 g,
372 mmol ) was added slowly, and the resultant white suspension was stirred
for 30 mwoO 2196Barsi on of 1, 4- di oxaspiro [4.5]decane- 7peTdiscaolossopd i c aci d
di nrethyl ester (32 g, 124 mmol) in THF (100 nL) was added, the |ight

yell owi sh solution was stirred for 30 mn, then allyl bromde (16.6 g, 137
nmol ) was added, the reaction mxture was allowed to warmto room
tenperature and 20 left stirring at roomtenperature overnight. The
reaction { S [ ed
W th of oL e e O R R bR s 4 AR A SO

wat er, bethael (T0.0 @d.)over adanthytheomix tiia 2084 c it dcfon 8 éind. Tate i wM&rolddediimed

pressure to give 40 of crude product as viscous oil. Purifica n by
f1ash coiouﬁna%ﬁalﬁ%p%@ﬁesplﬁgﬂ%ﬁe cpd gueIC: (e &k Wit SRR &V &35& HpFe
acetate @os%w%)i Have-Ms- (ﬁlegloQiGé)*@T h%srféfw P&ﬁ( {th lrer BPW%HY was assigned as cis
1-al lyl-5,5-difluoro-cycl ohexane-1, 3-df carboxylic acid di nethyl” ester as
cobor | esdiagteteomety Whike (thQOpdvldzwltﬁ:DRTS))f 633 5nin- a8 thm statdng Bakbiab. HOn{ m

2H), 4.053.8 WD 2011/ 053575 2010/ 054054 3,6 H) ,
5. 05- 2 GBATHeOTF 175 FeiBie s wp g sapie (D rikfandiingdt hibafied g
%M?-i) 1. 5% tvx(lfﬁl %1\1 H%lueolls‘t@Cll T88 ok fAnicl Hyer wad &aﬂheﬁ&wfﬂﬂbnﬁé’bdne@%%@Nagﬁ% #nd

e rans-
7-(2- 0xoc<mcglytra9ted1 undeli ssdacehiprespureslde crenelting gﬁ&id@@ﬂfﬁ@xwmﬁﬁdabydmmmhyl
lerslt :Ir, e dfhr?ma%gragggﬁ? ?ﬁf 1%;( tﬁgr esneratcaz‘sl e erroacseadvlf}[n?e soqle Whi l%1(;"\)gfasl e 4 olveci m

11al | y1-$Hb- oblmp} @n@weieohwaM)lLahﬂhpaydmmb infor@6 ¢ta@di (3B0hy 18 3es ol 5. 00
g, 16.8 mol of the title conpound was obtained, which was used for

t he nextWat e@h Ih%mxtmrweﬁﬂrﬁdrﬁtﬁ eerighf, anddilyed mcpﬂmﬁcet@ecﬁ
9.78-9. G?hé HH O]f '?l.)u’xtul%e Ods %dﬁlgte&% 2W0ith N §q1?e%us 13 "Hi_’e &f@aml‘ |Tgyelr val E%Najshgﬂl (m

8H). Ste
742- (3, SWBthHrm@r dﬂﬁh engtl HHQSIQIA) ard loyhdentratéd d]ndxtareslpcedoﬁrés@}d&caffefd? 194 ¢

di boxyl i [ th t [ th t
s A e
 35di fl U@e[r@ox]y'h(:%cfax% @M&M& ol S ARed i Ineﬁré@éwhh&n rkifhr gw%ig?b;m

ester (1.8 -d|fluoroan|I|ne
0.835 g ESEMS lmfz 8&&(MrFH)eEtSMvﬂ>S)uvid 3RasMob ai ned. H NIVR (400 MHz, CDC13):
8 6.23 (br, 3H), 4.04-3.74 (m 6H), 3.72 (s, 3H), 3.70 (s, 3H), 3.29-2.97

(m 3H), S@p@&2 cik-7-8 njinp-26he thyE3FaZyS pidaf4. Shlbéan-Nkdde' . WO

2011/ 053575PCT/ US2010/ 054054 Step 5:

trans-9-(3,5-D fluoro-phenyl)-8-0xp-1, 4-di oxa-9-az ispiro[4.1.4.3]tetrade
canel3-carboxylic acid nethyl eC|Usi ng the sa perimental procedures
described in step 4 of |n@err¢§’_ 2, starting®§{rpmb5

trans-5, 5-di fl uor o- 142- 3JJfI gra pherry1—a-m HOY. ybl - cycl ohexane-1, 3-di carb
oxylic acid dinethyl es %r @ 59, 2.02 nmo .7 09 (99% of the title

conpound was obtained. 1H NMR (400 WHz, CDCl13): 8 7.38-7.30 (m 2H),
6.64-6.57 (m 1H), 3.98-3.91 (m 4H), 3.81- 3.67 (m 5H), 3.32-3.23 (m
1H), 2. 4dis-2- (6$l(lmo-18H)1yl)Hbed\£and xpiro’{&ﬁ]c(em-ﬂé}"/ -carboxylic acgt ﬁfpmGStep 6 (1.04 g,

g§0 13- C%ﬁﬂ)u X ]:jgxga;_ 1%% Hg}/.'%olgé?e (317% rlet%yﬁl%naing I(& E)J/ 44]()94m§1]0t1)e$vgsa deca
added, followed by the addition of diphenylphosphonic azide (0.809 mL, 3.75 mmol). The
mixture was stirred at rt for 1 h, and then heated at 90 °C for 2 hrs. The reaction mixture was
cooled down to rt and poured into ice-cold aqueous 6N HCI (5.69 mL). After stirring at rt for
1 hr, the aqueous layer was separated. Aqueous HCI (1 M, 10.0 mL) was added into the

25 organic layer, the mixture was stirred for 10 min, and the aqueous layer was separated. The
combined aqueous layer was basified with solid Na,COs to pH 9, and extracted with CH,Cl,

(50 mL x2). The combined organic layer was dried over Na,SO, and concentrated under
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Toasol uti onoftrans-9-(3, 5-Di fl uoro-phenyl) - 8- oxo- 1, 4-di oxa-9-aza- dispiro
[4 .1.4 .3]tetradecane-13- carboxylic acid nethyl ester (0.68 g, 1.78 mmol)
in THF (MWonrk)r/esessadded NaH (60% in mineral oil, 93 ngpCRus2momsdosat 0 C.
The reaction mxture 15 was stirred at room tenperature overni ght, cool ed
to 0 C, and quenched with ice. The aqueous |ayer was extracted with EtOAc
(3x20 nmL). The conbi ned organic | ayer was washed with brine and
concentrated. Purification by flash colum chronat ography on silica gel

(gradi ent.; Q. 9 . ) 1,99, he .t

conpoun d}e\%i/g‘gedo[gr t %?Ir{é)é ?h g ?ﬁfl%@%g%?m&ﬁ% 51?5%8@(@%‘(% .ag%m%l%ﬂe E%R%a?er’

6. 63- 6. 565-06% thH).9 Bin@&s IvidDa WEc2hd /od33m1rh FTIWUSRO 70/ AbAMD4 Mdbile4hse
3.74-3.70 (r .. 3.69 ,. 3H), 2.82-2.72 ) 2.44-2. 35 ,
2.16- 1. eeﬁdéﬁ@er -ZIEDDH}ME§| w(egwﬂﬁwg wm:(s‘%n‘éfbdlg'%? Prgp 618 GBS s ¢l

9- (3, 5- Difidcuar ) 185 = i + 9= a i Spd A nel3
7 car boxy Q. S1RNESKE 15 Mo, 5 i pificle S8 SRUUT 0e 4ok BF IRORRS

st ép 5 fompminds nddi-ameo]-nethenl tli-arg-sprofh.5]decan-1-one, as a white solid . LC/MS

cis-9-(3,5-Di 10J.0-pheny1) - 8- 0x0-1, 4- d] +9-aza-dispiro [4 .1.4 .3

]t et rade@%ﬁ@-%@yﬁ{ﬁr@x@h?Si'ﬁ%%tﬁgﬂk@ er (0.553 g, 1.45 mmol), 0.447 g
(849 of the title conmpound was obtained. It was used w thout further
purific atintggmegdigtesyiand 4: (%@Rl-w-mo-g_@@icgb)rg-:phenyl)-Z-aza- spiro[4.5]decan-1-

¢ 1:2 - }3;\?”20- Qﬁe(T %“g(sgioﬁd?%%“g .ngic}m(;mf‘p@n91§@z.8z£§1ﬁf&th.%ﬁ>&écahﬁ-.&ne4- 3]tetrad
9- (3, 5-Di fl uoro-phenyl) - 8-0x0- 1, 444dj oxa- 9- aza- di spirof 4. k4, 3]

t et radecane- 13- car boxylic £0-447 g, 1.22 mol) toluene (15 nL) was
added 15 triethyl ani ne Q. 7' 1.58 mmol ), foPlo by' the addition of
di phenyl phosphor ylHazi 0.31 nL, 1.46 mva¥.)~Jhe mixture was stirred at
roomtenperature for r and then heated ati 90C for 2 hours. The

reaction m xture was cool ed down to roomtenperature, then benzyl al cohol
(0.263 g, 2.43 mml) Wﬁgnegﬁ&fg‘)'d. The resul ti ngef%fr@teﬂ?%“was heated at 90 C
overni ght. The solvent was concentrated and the residue was P5)uri fied by

fl8sh colberrcomeh gsraragEap s drastreansy) (0 me) perersrlzed Ry LG dsolnea) t o

oh o nes bl PEDREAGEL Bimil Ol 3ec 0T fipeny p A0t tbes BREG ©10
bar, (2)53ﬂ)%fi7sg[gzjopmoé, 20% htdan’e;n%lorv:]'gee?:_rﬁghﬁ/irm'ig; Wtanlrztﬂﬁ?)ﬁtogaéf&m;m?g to
next st e@%#i9mm? Afﬁ%ﬁf%%ﬁg@ﬁﬁ%aw@ ror&@q\%?ﬁ@’gwﬁ IpEREE s G
7.33-7. 2@-aﬁﬁ’i§o-2—"(‘34ch%£§-?h%y§)§2_-%@és7p}rﬂﬁi.5§iﬁ)géﬁE—g?:@ I\(gﬁ(?rninzlé)'%agcgi?’chSs'egorﬁp ptaR

2H), 3.40-3.29 (m
15 (RT: 20.7 min) from the chiral HPLC was assigned (58, 75)-7-Amino-2-(3-chloro-phenyl)-2-

aza-spiro[4.5]decan-1-one (120 mg).

Intermediate S: 7-Amino-2-(3-fluoro-phenyl)-2-aza-spiro[4.5]decan-1-one

.
N
HZN\(jt)

Using the same experimental procedures described for intermediate 1, intermediate 5 was
20 made from 12.5 mmol of 7-(2-Oxo-cthyl)-1,4-dioxa-spiro[4.5]decane-7-carboxylic acid ethyl
ester and 15.0 mmol of 3-fluoroaniline; 1.30 g of crude title compound was obtained. The

title compound is a mixture of cis and trans diastereoisomers (LC-MS (method C): RT 0.70
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(MtH) ' . Intermedi ate 31: cis-13-Am no-9-(3-fluoro-phenyl)-1, 4-di oxa-9-aza-
dispiro[4.1.4.3]tetradecan-8-one 10Using the sane experinental procedures
descri bedwpreotis3zgnt hesi s of i ntermnedi ate 30, internmedrPalfaS3dowassal so
made from 9.30 mmol of cis-

9- (3-fl uoro-phenyl)-8-o0xo-1, 4-di oxa9-aza-dispiro[4.1.4. 3]
tetradecane-13-carboxylic acid. ESI-Ms mz: 321 (MtH)'. Internedi ate 32:

ci s-Thi azol e- 2- carboxyl ic acid (1- oxo 2-aza-spiro[4.5]dec-7-yl)-an de

151 nto i %I‘)’ L et h e
(76 ng a@%@%ﬁ)@ gg%é{}%ﬁ{)nﬁg}tc or' dég%gn(glsrmfga A tgﬁ g)mgglag]og;l ed
in |ce bath 26T MVaE!. dt&as:nasrebmﬂllouchlh:henpimﬂc’éﬁomg 0.38 mol ) was then
added. After stirring at rt for 2 hrs, the m xture was then washed with

sat urat ed soHitth&ligRI62@RAT-Aminbi2ed- nu@ro-%ﬁa@%-a@m@blﬁqamcraane@lnwnder
reduced pressure to afford thiazol e-2-carboxylic acid

[ 2- (2, 4- di met hoxy- benzyl) - 1-oxo-2- 20 azayspiro [4. 5] dec-7-yl]-am de (60
ng, 60% . 1H NWR (300 MHz, CDCl13): 87.86 @ 3.1 Hz, 1H), 7.69-7.79 (m
1H), 7.54 (d, J 3.1 Hz, 1H), 7.04- 70\1_(}q 1H) 6.38-6.46 (m 2H),
4.35-4.50 (m 2H), 4.00- 4. 18 (m H? 9 (s 3H), 3.78 (s, 3H), 3.12-3.20
(m 2H), 1.24-2.05 (m 10H). ESI-MS 429 (M+H)' . The resi due obtai ned
above was treated with WO 2011/ 0535 5PCT/ US2010/ 054054 TFA (1 0 nm), and
heat ed 60C for 3 hrs. The m xt s then partitiqned i

di Shi or oHSNRAHE AR SHETMSTEH REORH b HicoaBanaethe aatine %Wd’laéf‘yér vas

dried ovgferfR@lafme ‘{J/afsatn?ad%n@‘roﬁp Wtﬁlﬁ{&dof N HRCNG-5R-hYEeydishekadd- £3-
conmpound ci s-Thi azol e-2- carboxylic acid

(1- oxo- demosadlor ofid dBfde cster yid SAfinmol &Sh-®roanzlinc2 8GAs(dwHp roMiirholarbA,

ﬁl;t e?mﬁt? gl\év?eswla{és %(sje(f For t%)e(tsygt &dls OF ttf?eo Lflhe fc%Hpggrqd Phe Ia%{o%%% id the yield

Cci s- 7- Anbi@med 0B R @hild taapAmahes b %1%\7&1%6 eV 4methd@ G@NRI- O min (cis);

Hydrochloric acid salt

t fns.- 14pur(ts (VDi-Dak @;sw@nm%a)(wt%upwwmw firthegpeiosdayd | ¢ aci d
10d| ethyl ester 0 )LOi 11, Et0O CEt %,
Intermediate 7: 7-Amin0-2-(6-methyl—pyr1dln 2-yl)-2-aza-spiro[4.5]decan-1-one

Using the same experimental procedures described in intermediate 1, intermediate 7 was

made from 3.55 mmol of 7-(2-oxo-ethyl)-1,4-dioxa-spiro[4.5]decane-7-carboxylic acid ethyl
15 ester and 3.91 mmol of 2-amino-6-methylpyridine. LC-MS (method D): RT: 0.84 min (cis

and trans in one peak). ESI-MS m/z: 260 (M+H)". It was used without further purification.

Intermediate 8: cis-7-Amino-2-(6-methyl-pyridin-2-yl)-2-aza-spiro[4.5]decan-1-one

Using the same experimental procedures described in intermediate 2, intermediate 8 was

20 made from 3.55 mmol of #rans-1-(2-oxo-ethyl-cyclohexane-1,3-dicarboxylic acid diethyl
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To a solution of trans-1-(2-oxo-ethyl)-cyclohexane-1, 3-dicarboxylic acid
diethyl ester (86.4 g, 320 mml) in 1, 2-dichl oroethane (640 nlL) was added
acetic acwo208/68579L, 64.0 mmol) foll owed by the slow a@dirtiseeoos40a4
solution of 3,5-difluoroaniline (57.8 g, 448 mol) in 1,2- 15

di chl oroethane (320 nmL). The m xture was stirred at roomtenperature for
1.5 h, then cooled to O C, sodiumtriacetoxyborohydride (94.8 g, 447 nmol)
was added portionw se, and stirring continued at roomtenperature for 14 h.
The m xt L 6. t ragt ed
i thch chr g et oL Q-G oRiho Y BRRAAE INC s FEBNE b 1. 3 AlE BB,
bri ne, dMSexd/zV\AZB(h(MaHS;Dﬂt\&MS@@M@Dttrfatthekpmﬁeanomcuum The 20 residue was
purified by colum chromatography on silica gel (hexane/EtOAc: 4/1) to give

110. 8 g (90%ntefmbedigte9:tdise7-AGRMGLN o rzaﬁrz ko[45 d}!WB-l(-él&O MHz,
CDC13) 6 5. 85“- né 23 (m 4 H), oﬁkf;')‘@nzI % aqj130[81h%t J =57 Hz, 2

H, 2.97 - 3.21 (m 2 H, 2.36 - 2.56 ( FD, 2 24 (d, J=11.7 FE 1 FD
1.62 - 2.03 (m 4 H, 1.02- 1.42 (m O8 18) 2011/ 053575PCT/ US2010/ 054054
St ep 2: N

ci s-2-(3,5-Di fl uorophenyl) - 1- oxdk pi ro[ 4. 5] decane- 7- car boxylic acid
ethyl ester 00 EtO" CEt jt '""- | .--N 0O To a cooled (0 O

solution of trans-142- (3 5-Difl uorophenyl am no) et hyl] - cycl ohexane- 1, 3 5
di car boxyl.ic Cld di eth est er in ethanol

So8 um nyeiEdBE (Ras R B arogites el s Piseiod s Mtaglafé 3 Vi

porti onWnags framd. s@ﬁuﬁ&&ﬁﬁ glznomé%hyl?ﬁ M@idx sk 1fd[ﬂ@]&%aﬂ@%h%8ﬁ%ﬁféﬁdlétﬁ for 4
h, then refluxed for 15 he resulting m xture was concentrat ed under

vacuum a@stfrr@@dwlt%np@mépm@mmn -benzeditrpict HpCeMMmeil@@i Addwoggeksedereobgergdand

i e vae S RRoPolggih, BR bR kel e RELR RIS MR BT IIC oS

purlfledwbyu@ﬁkﬂﬂmucﬁﬁm, aiftapby on silica gel (hexane/ EtOAc: 3/1) to give
32.7 g (33.5% of the title conmpound as a yellow gum 1H NVR (400 MHz,
Chpgl3) 6 in?e?nred?até”80:(éB—72Arhﬁno-ﬁ-(§,9—&h@tho&?—lﬁnlyl)-@a%aﬁﬁ;rok 5‘pdecé’n 12)n@CI: J =
7.0 Hz, 2 H, 3.66 - 3.80 (m 2 H), 2.27 -"2.50 (m O : (m 4
H, 1.77- 1.94 (m 3 H), 1.62- hydeoqhderiqa¢igl salt. 34- 1.53 (m 2 H) , 1 2 (t
J =7

7
.0
o“fN/\@\o/
HN o~
HCl

Intermediate 10 was made via the process of Scheme 4, supra, as follows:

Stepl: Cyclohexane-1,3-dicarboxylic acid diethyl ester

15

To a solution of 1,3-cyclohexanecarboxylic acid (340 g, 2.0 mol, mixture of cis/trans
isomers) in ethanol (3.5 L), sulfuric acid (conc., 53 mL) was added dropwise at room
temperature and the mixture was refluxed for 6.5 h. After cooling down, the solvent was
removed, and the residue was diluted with ethyl acetate (1 L) and treated with cold aqueous

20 NaOH until pH 9. The organic layer was washed with water, brine, dried with Na,SO4 and
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15Hz, 3 H). Together with cis-2-(3 ,5 -difluorophenyl)-1-o0oxo0 -2-aza-spiro
[4.5] decane-7-carboxylic acid ethyl ester, trans-2-(3

, 5-di f | uowophempiy’s1- oxo-2-az a-spiro [4.5 ] de cane- 7- earhuszyioss0aci d
ethyl ester (12.5 g, 13%, cis-2-(3 ,5 -difluorophenyl)-1-o0xo0-2-az a-spiro
[4.5 ] de cane-7- carboxylic acid (11.0 g, 12% and trans-2-(3

, 5-di f | uor ophenyl) - 1- oxo- 2- aza- 20spi ro[ 4. 5] decane-7-carboxylic acid (7.97
g, 9% were isolated, all yellow gunms as well. trans-2-(3

510 1 A B P SBEIR  SR

H), 4. 12whguscdin thetheklzstewithout3ublerpdrifiGat{om 2 H, 3.10 - 3.26 (m 1 H),
2.10 -2.19 (m 1 H, 1.84 -2.08 (m 5H, 1.52 - 1.75 (m 2 H, 1.28-1.50
(m 2 M sip2? 1AllykkyelofieQuiidz1, 331iéAho xR A AARATIBPCT/ US2010/ 054054

ci s-2-(3,5-Di fluorophenyl)-1-oxo-2-aza-spiro[4.5]decane-7-carboxylic acid:
1H NVR (400 MHz, CDCL13) 6622-636(m 2 Ho 6.52- 6.67 (m 1 H), 3.66

- 381 (m 2H, 2.34 - 2 42 ,_2.Q0_- 3 H, 1.78 - 1.99
(m 3 H, 1.32 - 1.76 (R 4 &2 F10 =

trans-2-(3,5-Di fl uorophenyl) X0- 2- aza- spi ro[4 cane-7-carboxylic
aci d: 1HN|\/R(4005M—|z, CDC13) 6 7.20 - 7.37 (m 2 , 6.58 (tt, J= 8.8,

i 3 g Hz, 4. 19 a::&ml utlopsgig' O&g] oié\fprﬂusgpr%"gylilmi 32217§7rgL( I10504 Jné& ]il? ggggdrgus

Cis-2- ( 3TﬁFQ1 f4 HP&Q@Q&H&M@-B&LP@% 1 ﬁ?ﬁex%ﬁé rop Aol @@%‘61‘5* overClé B@Pié/d bEofci d.
F HO 10To a solution of cis-2-(3

, 5- Di f| ubouwphéA) hindtenide Mizhee vps stofetl BPIEdanen7haerbdrgdin coded down Hyi

Solrh woly Seopattuteiiin, o8y i a5k aRGS e o <t By IR adBiRof R %5 oy ry

Was St I §eticat oﬂ@@[ﬁh’fe%ﬂéelr AdibagboikOhic é&d@lethﬁ%@te@%hﬁﬂeﬁq (@163g 1 BgahAF inM t h
N HCL until ) (slow addition), and extracted with eth i acetate. The
&/ﬁ& s

orlgam c THYdA0 Elpﬁamszttw wagesiisdl ahvi £h Grér &5 heyrp.raad then dbil bonide 1 Na2soa
and concgpt rl\jﬁgho S u e “*i’h% i€ vaik: @aﬂn%[ﬁgﬂg @ (%\91@?5’1{83‘3 199(1%

sticky gum he next” st & purification.
1H NWVR (é;&@m@h’rz Th@l—dhi&R&EWcﬂl)enﬁlea Wwizh -1067003(6 a@moug H{)L, (16ND2 I-), Gllﬁt@d (vm:h 1
H), 3.66 34 - 2.52 (m H) , 00 - 21% H%
1.99 (m et@yh_ﬁce‘@teggo n@) ?@d eﬁtlrac,ge%The organic lagf:rewa&washed with water (4 x 1.5'L),

cis- 7 A g %&3 95&%5 gﬁio LOPBGNY Atk atdd B ]{%Hurc@([ ére?s]ug@fbaaﬂfo}d gn¢ g'd@thes@tjlé

(Ref.: 2 a suspensi on

cil§- 2- (3ccﬁn@ufntitasa(bl1nbleny,1\)/hﬂ:h masu&danahesmnxm sted waihdectartber pucdichwory| i ¢ aci d
(5.53 g, 17.9 mmol) in toluene (90 n.) at roomtenperature, triethylamne
(2. 98 nLsStep 3: 1-(2,3-dihydroxy-propyl)-cyclohexane-1,3-dicarboxylic acid diethyl ester

(0] (0] o) o)
EtOJ\O{OEt — EtO OEt
X
HO
OH

To a solution of 1-allyl-cyclohexane-1,3-dicarboxylic acid diethyl ester from step 2 (250 g,
0.93 mol) in #-butanol (2.3 L) and water (2.3 L) was added potassium ferricyanade (920 g,
20 2.79 mol), potassium carbonate (386 g, 2.79 mol), potassium osmate dihydrate (4.75 g, 13
mmol) and quinuclidine (0.073 g, 7.0 mmol). The resulting dark colored solution was stirred
at rt overnight and then quenched with portion-wise addition of sodium sulfite (1.05 kg, 8.37

mol). After dilution with ethyl acetate, it was extracted, washed with water and brine, dried
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WO 2011/ 053575PCT/ US2010/ 054054 21.4 mmol ) was added, followed by

di phenyl phosphoryl azide (3.86 nL, 17.9 mmol), and the m xture was stirred
at room twoperiarses’e for 2 h. After that the reaction m PCUS2ma95408at ed at
90 C for 3.5 h, then cooled to O C, treated with 6 N HC1L (10 m., slow
addition !'), and stirring continued at roomtenperature for 14 h. The
resulting white precipitate was 5filtered, washed with tol uene and dried
under vacuumto give 5.05 g (89% of the title conpound as a white solid.

1R (300 0150, AR S ity (e s Miisnds Bt 2,20,

1. 83 (d, ustd id thehekizstefdwithoutdeB§ and wvithQu( futhdr pdrifichti®d (t, J= 12.5 Hz, 1 H)

1.39 - 1.57 (m 2 H, 1.22 - 1.38 (m 2 H, Ms: mz 10281.19 (MtH'. HPLC

96. 45% Bnpldy Fiamis-10@loxel@h @il el abh&iadkl1GNdftaFbokyli0 a6l diedhyl ésterd4. 85; H,

6.23; N, 8.53. Found: C, 54.84; H 6.06; N, 8.79. Internedi ate 34:

7- Am no- 2- (1- met hyl - 1H pyr@zol - 3 y1) - 2- aza-spioo[ 4. 5] decan- 1-one 0 Using

the sim |l ar experinental, procedu describ N A di ate 33,

internedi ate 34 15 hydr%@hl aggd salt mgg : ré%?B.? mol of

trans- 1- (2- oxo- et hyl - cycl ohexane<1, 3- di carboxyl ¢ agid diethyl ester and
-3kanine. The intermedfate 34 hydr ochl ori c

3.7 mol of 1-nethy|-1FprrazB?
acid salt was basified with sodidﬁ?hydroxide to afford the title conpound
which is_a mxture of two, diastereoners isltrns:  7/2; under LC-MS nethod
E Sthe f1PgtSpeae ol r(%rdlgyﬁwmr%gﬁ-% hgguieghadicaosy e asatethe! stgbng
peak wit BT %J(ﬁngzé’ﬁh s ﬁfﬁ@ﬂﬁt@%@%@ﬁgw E§|af§%/§za'fgrz(:l.4%4ﬂ WMEH) "

It was used wthout Further puri tion. Internediate
447- ( 3- Fhdded csodamz dydaalmmat) (600806 Ho6amal)s foltcofet. by dbe pdrtydhlwise addition of

gb?ﬁ; bgg%ﬁ{%é?g @Zggg r%ﬁigl:hl%% Iltin(?gsxftvﬁirce slurrvgll) was stirred at rt .for tw? h?urs.
4- (7- Benzid QonyeabRanydsafiidiod Hroxet 3adid- with 'yt - asebHRC The ﬂg?ﬁé Rt A mge 1-

carboxylic acid tert-butyl ester Using the sare experinmental procedures
dd8cri befltiate whe vephedhesthsa sftuiatdesquedisasduti@n op s¢diumssulfite, water and brine,

tert-Butoxycarb Pl peridin-4-y1)-1-0x0;2-aza-spir 4 . 5. .

docane. 700 By NF e REA (chh it gntiel SO0 ReR FRERE G us fet dita PO et
from 7. 4purifeal byokilita 2t GBm@idRydphy (C¥%l ahgxaritd in3helaaay RoxYdrd ®7ag d35M.et hyl
ester and 7.40 mmol of 4-am no-1-Boc-piperidine. )

2- (1- t er canmRineskyiekradfoipps | sng &) phithg tiflewompaundas-athickik pi r o 4. 5] decane- 7- car
boxylicacid (1.24 g, 3.25 mol) was dissolved in toluene (20.0 m),

tri et hyl Steprie #1(a@s-342¢(B8,5-ding0henyebnzy rnine)-ediyHeky clobie kwet 3tdicarhexitdi t i on
ofsdiphen hﬁﬂﬁﬁ hogjc azid (0.70 nmL, 3.25 mmol ). The m xture was stirred at
rg for 12 N RE"t hen heated at 90 C for 2 hrs. Benzyl al cohol (2.0 ni,

19.5 mmol ) was added, apd them xture was heated,at 90 C overnight. The

m xture was cool ed domn? concgntrated undey reduge pressure to afford 0.85
g (54% of the title Bonp videtch i s dﬂ®%§{ft}ﬁfﬁatw§/diastereoners

(cisltrns: 1/1; under LC 2t hod C,
H
o)

To a solution of trans-1-(2-oxo-ethyl)-cyclohexane-1,3-dicarboxylic acid diethyl ester from
step 4 (89.0 g, 329 mmol) and 2,4-dimethoxybenzylamine (59.4 mL, 395 mmol) in 1,2-
dichloroethane (659 mL) was added acetic acid (3.80 mL, 65. 9 mmol). The mixture was
20 stirred at room temperature for 1.5 hours. Then sodium triacetoxyborohydride (102.8 g, 461
mmol) was added portion-wise and stirred again at rt for 2.5 hours. The mixture was
quenched with crushed ice, diluted with dichloromethane and extracted. The organic layer

was washed with water and brine, dried over Na,SO,4, and concentrated under reduced
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15the first peak with RT of 1.56 mn was assigned as cis, and the second
peak with RT of 1.59 mn was assigned as trans.). ESI-M5 mlz: 486 (M+H)'.
Step 2: AWOROAMSBRIS1- 0X0- 2- aza- spi ro[ 4. 5] dec- 2-y1) - pi percaiusestosasboxyl i c
acid tertbutyl ester

204- (7- Benzyl oxycar bonyl am no- 1- oxo- 2- aza- spi ro[ 4. 5] dec- 2-y1) - pi peri di ne- 1-
carboxylic acid tert-butyl ester (0.75 g, 1.54 mmol) in nethanol (50.0 nl)
was shaken under hydrogenated at WO 2011/ 053575PCT/ US2010/ 054054 50 psi

and rt f S - ' f [ e S
concentr I{ecsa%lr%oﬂ{aef %@igﬁ%q%&lgey ‘?’%87%&%%& ﬁghf&?tﬁ% ie %Iggrr%ghokgh%h%éb k}é/@%tﬁelp%’od
O : RT: ednatiincthiyShedidte )b affoBb2R.2 WMt#) %) of theviels cus@dund) 1t[R4 3 Seditncgioap-

wi thout further purjfijication. Step.. : oy g |

3: 4- 7- (‘ngY W@%ﬁé@lﬁ?{%‘?ﬁ%@)‘e—'ﬁdi%‘éf‘-f‘zo-%ila-@ﬁi Histhy! spigecasoa yeibpw gait-dithe- 1-
5car boxyg 1 r ty! t 7 i 1 -2 a icrorL4.

doc- 2oy I B R b P AT oo R ey 208 Gy Fghly «

mrsl ), 3H),| 68 oBOnZai, § K i2h0(02.080mg?2 H), 3@7ms) (mBOA)(DI12%2 S+ 10.95Hz,nnol ) ,
and triethyl am neHSO. 115% 1.14 mml(i] in rret%l ene chloride (5.0 nL) was
stirred B Y7 ©02 Bel-m ghdd (hé Hibh ! &5 Was® Bncent rated, and the resul ting
resi due vvasdﬁutified W t h chromatograp‘% (ethyl acetate7) to afford the
title cobsoindisvhiZtrdimethoxy-benzd)-dfoxpwoazs-spixadd Strkaspas-7¢earbpxyligrasid 3/ 2:
under LC-MsS nethod C, the first peak with RT of 1.47 mn was assigned as
cis, and the secondooeak with RT of 1.50 min was assignéd as trans.). 1H
NVR (400 MHz, CDC13)] 8 8.5 (s, 0.6 H), 7.60-7.68 (m 1 7.36-7.50 (m
2H), 7.14-7.20 15¢t C5082 (d, J= 6.8 Hz, 0.4.H), 65 (m 0.4 H),
4.04-4.38 (m 3.6H), 3.30 Pm 2H), 2.71-?.86 N 2R 1328-2.25 (m
23H). ESI-MS nlz: 474 (M+ er nedi at esH86 g th37:

(5R, 7R) - 7- Ami no-2- (3, 5-diflu phenyl ) - 2- aza- ro[ 4. 5] decan- 1- one and
(5S,7S)-7- Am no-2- (3, 5-difluoro- p(ﬁenyl )-2-aza- spiro [4.5] decan- 1-one
H2N Chiral F F

To a cooled (0 °C) ethanol (0.7 L) was added sodium hydride (60% in mineral oil, 16.2 g,

10 406 mmol) portion-wise. The mixture was stirred at rt for 30 min to get clear solution. Then a
solution of 1-[2-(3,5-dimethoxy-benzylamino)-ethyl]-cyclohexane-1,3-dicarboxylic acid
diethyl ester from step 5 (57.0 g, 135 mmol) in ethanol (0.7 L) was added slowly and the
mixture was refluxed for 16 hours. The resulting mixture was concentrated under reduced
pressure at rt and then diluted with ethyl acetate, washed with 1N HCI solution. The organic

15 layer was washed with water and brine, dried over Na,;SOy4, and concentrated under reduced
pressure. The residue was purified by silica gel chromatography (solvent: 10% methanol in
dichloromethane) to yield 20.0 g (43%) of the title compound, cis-2-(2,4-dimethoxy-benzyl)-
1-ox0-2-aza-spiro[4.5]decan-7-carboxylic acid. '"H NMR (400 MHz, CDCls) & 6.98 - 7.13
(m, 1 H), 6.29 - 6.56 (m, 2 H), 4.21 - 4.56 (m, 2 H), 3.79 (d, /= 5.1 Hz, 6 H), 2.82 - 3.33 (m,

20 2 H),1.28 -2.51 (m, 11 H).
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Chiral Internediate 36 Internediate 37 The racem c internediate 33
(cis diastereoner) (650 ng) were resolved by HPLC (columm: Chiral pak(r) I1C
(Chiral T™woOhlnolwgi7es, Inc.), 150x30 nm 5 ILIM parti cl epsirasomnbiose phase:
WO 2011/ 053575PCT/ US2010/ 054054 30% i sopropanol, 70% CO2; flow rate: 100
g/mn; U at 254 nn) to afford two enantioners. The first peak (RT: 3.18
mn) fromthe chiral HPLC was assigned as (5S, 7S)-7-am no- 2-
(3,5-difluoro-phenyl)-2-aza-spiro[4.5]decan-1-one (270 ng), and the second

Ry~ At BB L B PR BOR b iAG 20R BRRIPRRL AR Rane, 1o (250

ng). Internedi ate 38: cis-?-Anino-2-(6-(4-f|uorophenylkpyrinidin-4-y1)-2-

azaspiro[ 4. 5] decan-1 - one / Steps 1-4: trans-ethyl
2-(6-(4-fluorophenyl)pyrim 'n-4-y1)-1-oxo-2-azas§ir§L4§;2gQ§anelo7-carboxy
| at e Usi ng anal ogous pro res as described inytie t hesi s of
intermediate 2 (steps At t rans-ethyl O==N.. .~
2-(6-chloropyrimdjarz;%%?-1-oxo-2-azaspiro[4.5 ane- 7- carpoxyl ate was
made from 219 nmol , 3- cycl ohexanecar boxylic acid. 15Step\5: trans-ethyl
2-(6-(4-fluorophenyl )pyri mdin-4-yl)-1-oxo-2-azaspiro[ 4. 5] degane-7-
carboxyl ate To a de-oxygenated sol ution of trans-ethyl

2- (6-chl oropyri m din-4-y1)-1-o0xo- 2- azaspiro[4.5]decane1]-c boxyl ate (6.75

H,N ,, H

To a solution of cis-2-(2,4-dimethoxy-benzyl)-1-oxo0-2-aza-spiro[4.5]decan-7-carboxylic acid
from step 6 (20.0 g, 57.6 mmol) in toluene (290 mL) was added triethyl amine (9.63 mL,
5 69.1 mmol), followed by the addition of diphenyl phosphoryl azide (13.7 mL, 63.3 mL). The
mixture was stirred at room temperature for 1.5 hours and then heated at 90 °C for three
hours. The reaction mixture was cooled down to 0 °C, treated with slow addition of HCI (6N,
50 mL), and stirred at rt for 1 hour. The resulting mixture was diluted with water and two
layers were separated. The aqueous layer was cooled down to 0 °C, neutralized with 40%
10 aqueous KOH solution to pH ~7, then basicified with saturated NaHCO; and extracted with
cthyl acetate, washed with brine, dried with Na,SO4 and concentrated to get 4.3 g of crude
cis-7-amino-2-(2,4-dimethoxy-benzyl)-2-aza-spiro[4.5]decan-1-one. The organic layer was
washed with water, brine, dried with Na,SO, and concentrated. NMR of the resulting residue
(35 g) showed that it was cis-2-(2,4-dimethoxy-benzyl)-7-isocyanato-2-aza-spiro[4.5]decan-
15 1-one (contaminated with DPPA), which was not hydrolyzed. '"H NMR (400 MHz, CDCls) 8
1.02 - 1.97 (m, 10 H), 2.65 - 3.14 (m, 3 H), 3.68 - 3.82 (m, 6 H), 4.20 (d, 1 H), 4.39 - 4.52
(m, 1 H), 6.17 - 6.54 (m, 2 H), 6.83 - 7.09 (m, 1 H).

To a solution of cis-2-(2,4-dimethoxy-benzyl)-7-isocyanato-2-aza-spiro[4.5]decan-1-one
(34.8 g, contaminated with DPPA) in THF (313 mL) was added HCI solution (6N, 103 mL)
20 and stirred at rt for 14 hours. After cooling down to 0 °C it was basified with KOH (40%,
until pH ~9) and extracted with EtOAc, washed with water, brine, dried with Na,SO4 and
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g, 24.04 mol ) and cesium carbonate (13 g, 40.06 nmol) in 1, 4-di oxane (180
m.) was 20 added Pd2(dba)3 (1.1 g, 1.2 mmol) and P(13u)3 (1Min THF, 2.4
m., 2.4 rwol2p1wuniskys ar gon at nosphere. The reacti on nmassPOTASa016/0h®at ed at
reflux for 4 h. The reaction m xture was filtered through a bed of
Celite(r) and the filtrate was concentrated. The crude residue was purified
by conbiflash col um chronmat ography to afford 7.2 g (90.5% of trans-ethyl
2-(6- WD 2011/ 053575PCT/ US2010/ 054054

(411 or eaenuld XTdllyudn i el Br@iRA BRI SR o the dfucous tayer, it was

cis-7- Anplmﬁeﬂ l{;ﬁel(rémﬁﬂogmphp h&lﬁgll})%ﬁiethadohﬂ%glﬂ()mﬁ}e&mﬁsm get 14 g61%) of
decan-1-one Usi ng anal ogous_ procedures as described in the synthesis of

i nt er medtbgttal ezcow%a@ S aawalt%fohda. HtlﬂMPem%?tMP@B%s)n%e@% roh? §m0%0 Fhol  of
V-1 ox0t s GTabh T Bl B Gt in b e BUSY L 3 84 Sl 443 -3 636 s

PréparatﬁmﬁZHj7GﬁnmpMﬁﬁ31Ht 1 He | nvention Unless speci fied otherw se, all
starting materials and reagents were obtained from comrercial suppliers,
such as SieprscALTIAINGRA0BO2M-dinMthok@bbssyMazd 5o @B dédan-1LEnsubsi di ari es,
and usedeg{,mmngwlalgﬁ& purifi ca%-y;)on yUnI essgils?;dl cated as the absolute
stereochem stry, the stereochem stry of conpounds of the invention has been
assigned arbitrarily when indicated, such as for /

di - fl uor o- cycl ohexane- spi r ol &t am conpounds of fornulg ). Exanpl e 1 and
Exanpl e 2: trans-Pyridine-2-c¢ oxylic acid

(0]
[ 2- (3-chl oro- phenyl ) - 1- 8&9@ a-spirol4. 5] dec- 73 pafrrde hnd
ci s-pyri di ne- 2- car ek id [2-(3-chloro-pfi 1- oxo- 2-aza-spiro
[4.5] dec-7-yl] -amd espectively Exanpl and.HeExanmpl e 2 were
prepared frominternediate 1 via the process of Schene 1, supra, as

fol | ows: T8Ca7scﬂm16}pn?-ﬁe% 63k Q07 RReMYLE )2 2= cﬁ&@th%ﬂyfb@nigﬂ) zlézel -spiro[4.5]decan-1-
decan-| - oneéo 140g, 0. 502 nmol , intermedi ate i ssolved in 2C12 (2.0
mly, pi cond hpw séapi 81(1(101 60@8”55@4 mn@mnmlqromﬂmnedﬂo(m)zm o wes sédedridgl ) |

and trieg rllléftl & 4n1%/l 1 d1301anrg‘ 232n1ﬁ)’]'arqmtn)red at ﬁl—@%r 36 rmnu{n‘ ) TK\B esu l%de\glhlt The
reaction’ e Was SEITTé overnight "and "t hen concenh od U

reduced gpmeyf sxauseconmftrat@lsuﬂder neduces ipedseuraas ~prs-80i°ed Thy vﬂ’ﬁ%pﬂlat wwdﬁé@
(hexane/ et hyl 25acetate: 1/2) to afford two diasteregners. The |ess pol ar

one was ST gediged Pressissfor é%almr%a atj roqp tepperpioER B sere) {539 2ofqysnisive

220y Trgel) & R ERpoRRN T PRS- AN ERE 3o fnd 2 B 1505
)15 4.8 ol Fydrdoblortizacid kit '8 RN (400 Welz7 DS Ouc: 2L 0 HD,2 1802 0(1d), 283 7. 6

1H), 7.84 (td, J = 7.8 1.7 Hz, 1H), 7.72 (t, J =2.0, 1.0 Hz, 1 H),
7 55 (F?jd%t33jm—géi)33 75 (4, /7049 ¥, 6 4. 2H';7(S42 P@défﬂm Gd=/=B. ¥, 245g1z.11 B).5. f’@

I 720 Gt s Gt o7 -T2 G Al 810,73 by et angis

2. 01- 2. 1&lutate@Fyr,C,IHRBHLQA;. H?Jl()rﬁle(Dl-@ 5N4TL M, T.76 N, 702 Fpyndt (639(4ddH, 3813. 4,
8.6 Hz, Fg .45-1.58 (m 2H). ESI-Ms mlz: 384 (NHH)'. Ci s di astereoner
(Exanple 217801 NVR (400 MHz, CDClB) 8 8.55 (ddd J 4 8 1. 7 1.0 Hz,
1H), 8.19 (dt, J=7.8, 1.1 Hz, 1H), 8.05 (d, J = 84 (t
7205 1. 5Stfo T cis{l-gmino-242 grdimpthgxyehenzyly-2-gza- SPIHH SIﬂesgnxlm J = 7.
2. 2 1 0 ddd, J = 7.5, 4.7, 1.2 Hz, 1H), 7.28 (t, J =
HZ 1 hgfr‘ffﬁig%i& élli(g'gal{

8.1 2.0, 1.0 Hz, 1H), 407418(m 1H) 3.
1

( m gH) ' Agt 1\161%&6&?:9 %g')@e Cill’fff% % ﬂs (?e(s%\%%l&t jiC %‘rﬂy%gteg %@

J =

td
7
8.
74-
69-

Ewl—‘

. 84
79
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Exanmpl e 5 and Exanple 6: Pyridi ne-2-carboxylic acid

[ (5R, 7R) - 2- (3-chl or o- phenyl) - 1- 150x0-2-aza-spiro[4.5]dec-7-ylPam de and
pyri di ne-Rocars3ysi c acid [ (5S,7S)-2-(3- PCT/US2010/054054

chl or o- phenyl) - 1- oxo- 2- aza- spi ro[ 4. 5] dec-7-y1lPam de Chiral CI Chiral C
Exanpl e 6 The racemi c Exanple 2 (30 ng) were resolved by HPLC (col um:
Chiral pak AD (Di acel ), 250x20 mm nobil e phase: 20% i sopropanol, 79.9%
hexane, 0.1% diethylamne; flowrate: 20 14 niL/mn; W at 254 nm to afford
two enantioners. The first peak fromchiral HPLC was assigned as Exanple 5,
pyri di ne- 2- carboxylic acid [(§R, 7R) - 2- (3-chl or o- pheny®) - 1- oxo- 2-
aza-spiro[4.5]-dec-7-yl]am d& (8 ng), and the second pe fromchiral HPLC
was assigned as Exanpl e 6, pyp+di ne-2-carboxylic @ci 9
75) - 2- (3-chl or o- phey1) o1- spiro[ 4. Shngdes<7-yl Jam de (7 ng). WO
2011/ 053575PCT/ US201I9/ 054084 Exanple 5: TH NWVR O , CDC13): 8 8.55
(ddd, J = 4.8, 1.7 1 /7 1H), 8.19 (dt, J'% 8, 1.1 Hz, 1H), 8.05 (d, J
= 8.7 H, 1H), 7.84 (teyJ= 7.5, 1.5 Hz, 1H), 7.73 (t, J= 2.0, 1.0 Hz, 1
Hy, 7.55 (ddd, J= 7.7, 2.2, 1.0 Hz, 1H), 7.42 (ddd, J = 7.5, 4.7, 1.2 Hz,
1H), 7. 28, Gloludior oBeid-2HR 4-diflethokyIent{ild. oxd-ZaB-shiroB4. Oldedan07-Eerbotyc  acid
4.07-4.18 (m 1H), 3.74-3.84 (m 2H),  2.23- 52.30 (m 1H), 2.09-2.19 (m
2H), 1. 8Bom 9 (2001, 571 sonol) motolynne ABHQ mil.)e8as1adBd riricthy) amme3.68 mh, (m

0. 1408 0 880 e SRR g NEAQONE PESh o,

= 8.7 HzThd Hixture ¥4s ffiled dt oo mpbrddurtZor 2 Hours/anBtheh hedied 2t 00 °C. BrHBzs 1
H, 7.55 (ddd, J= 7.7, 2.2, 1.0 Hz, 1H), 7.42 (ddd, J = 7.5, 4.7, 1.2 He,
4Al

: : 1 .
1H), 7. 2koys. Thy reactipngnixtynp wapigpole dpwiy drnd ppusedingo ice-qold aqusopy ONTHE'

2ty 1 a0 k(e it bR o Gpfete, Aot g W
1H) . ESI wibtethaie (384nl( K2h)dhd drizdandanalcogouffortaltne (8 1o Fabthpltiels cémaoehd,
SRR R AR COENE RO SO e e SR
10 'H NMR (400 MHz, DMSO-ds): 5 6.97 (d, J = 8.20 Hz, 1 H), 6.56 (d, J = 2.34 Hz, 1 H),
6.48 (dd, J = 8.39, 2.15 Hz, 1 H), 4.27 (s, 2 H), 3.75 (d, J = 5.46 Hz, 6 H), 2.83 - 3.33 (m, 3
H),1.09 - 2.21 (m, 10 H). ESI-MS m/z: 319.13 (M+H)". Elemental analysis: calculated for
CisHasN203.HCLO0.5H,0 C, 59.41; H, 7.76; N, 7.70. Found: C, 59.41; H, 7.84; N, 17.81..

The aqueous layer of the filtrate was cooled down to 0 °C, neutralized with solid K,COs to

15 pH 7, extracted with CH,Cl,. The organic layer was washed with brine, dried over Na,SO4
and concentrated under reduced pressure to afford 1.4 g of free base cis-7-amino-2-(2,4-
dimethoxy-benzyl)-2-aza-spiro[4.5]decan-1-one. 'H NMR (400 MHz, CDCls) & 7.08 (d, J =
8.2 Hz, 1 H), 6.26 - 6.59 (m, 2 H), 4.42 (s, 2 H), 3.71 - 3.84 (m, 6 H), 2.94 - 3.25 (m, 2 H),
2.67 (t,J=11.3 Hz, 1 H),0.94 - 2.10 (m, 10 H). ESI-MS m/z: 319.13 (M+H)".

20 Intermediate 11: [cis-2-(4-Methoxy-benzyl)-1-0x0-2-aza-spiro[4.5]dec-7-yl]-carbamic
acid zert-butyl ester

Yy O
O

o
O
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15pyr azi ne- 2- car boxyl i ¢ acid, pyrazine-2-carboxylic acid, and

1-met hyl- 1H pyrazol e-3- carboxylic acid at 0.14 to 0.22 mmol reaction

scal es. IwoOaos/osB37ar manner to Exanples 1 and 2, Exanpl esTAR2@@/054905dabl e 1
were made at 0.22 mmol reaction scales frominternediate 5 and commercial ly
avai | abl e 6-net hyl - pyri di ne-2- carboxylic acid, picolinic acid, and

6- met hyl - pyrazi ne-2-carboxylic acid 20ln a simlar manner to Exanples 1 and
2, Exanple 19 in Table 1 also was made at a 7.62 nmol reaction scale from

. P . . . |
comer o St AL AL ARSI 1604 AUk LR HUTALANE PSorbip il
0.11- 0.2&hyha#mfeact|on scal es fronlinternediate 7 and commercially
avai l abl e picolinic acid, 3-chlorobenzoic acid,

6- met hyl - pyri di ne- 2- car boxylic acid, and 3-fl uorobenzsic acid,
25respectively. In a 5|@1Iau ggnner to Exaaplanl Bxanpl e 27 in Table

1 was nade at a 1.24 I on sca|e f 1RO rcially avail abl e
3-fl uor obenzoic acidE§hd iate 8F© 053575PCT/ US2010/ 054054
Exanpl e 27: 1H NWVR (300 7 CDC13) 8 8.16 (thJ=8.3 Hz, 1H), 7.77 (br,

1H), 7.66-7.55 (m 3H), 7.41 (dt, J=5 .7 , 8.3 Hz, 1H), 7.23-7.14 (m 1H),

6.91 ( d, Td 7 sotutida of]i‘H)ns— lf\llgﬁgxdletgg%-(c%loﬁ@ane 4. ﬂ@rc%b&?yl(c%cu? hethy? 4@ GDm 3H)
2.18-1.47 (m 10H). MH)' . [n a simlar nannér to Exanpl e

1 &nd 2, stméni@lrestegnqdlatari@ #5361 8, ﬂ@lvambb andnémecthaxgbenaylamise §2.39 gmhél9

reaction_sc nedl and, commerci ab pi co
b, oo mERh G O T] d0MRED TR RS DR R RIS BB S0 a3 AE 28BS s
acid, 3- ﬁlhxt@remrmleﬂe@ a8 € Slierragiet a%dcth'é, RAEIISNED L6l daghtcd @%&@ﬁi NYEOD;.

Exanpl e 15: 1H NVR (400 MHz, CDCL3 02-8.04 (m 1H) 7.93 (m 1H),
7. 28- 7. 6bhq pquospy laygr was gxtptadpyith CM432531 mL34quen90ranped srgaewéams piere 2H) |

Si 7 o RRRETD ety é%a&ﬁ%- e B R e S

Mol r eagdquentiatlgawizh fllN) HCINEss radl gt @tuddtcd radueanmeaidCok Iayld abtﬂiel dhh@ over
8_ f8:_|;Jor %l\)/%g_z O,I @e%gqlindanﬂ %gg@fbntratpgiglglder%rlg@%hégﬁrgqggrg%jzglvye k3 @-)O g (2%60 q)no? tlt’le
&256722%&15&111&% ’tm7ns 123(;n mgt(ﬂo{(_grber;ﬂi’%) . | @m@@a@a %ﬁlrég H)]&é&ne-i%gr‘t%gyﬁéj i |$ 7.0
1. 35- 2. 3dhyIngstctOH) NNEEI (408 Mz, CB@L)(MHM (d lh=a8. @Hm IZHD cmeh el £ 8. Eldanpl es
1 and 2, :§§anple 86-88 in reaction scale from

i er ol 38 Gk O iFhl 91 4bed TR - ok A1 Byt a2 B2zt A iRy |

d, 6- I d
ggBEX ﬁ‘ﬁ%@fiéréil%)sﬂ? ;;br?‘g{@n%ﬁ%r ?g?yi OF flg'(glcak@ﬁ B3f usy ahera! ¢.234t,dr= 7.1

[ 2- (4- fIH@,r2ﬂ)pESI-«MS1mZz Vi (M%o-lﬂwaau@dsnpthea{em Stpleithdutyfithampudcation.

Step 2: cis-2-(4-Methoxy-benzyl)-1-0x0-2-aza-spiro[4.5]decane-7-carboxylic acid ethyl

ester
,—< >— o Oy < > °
O O%_-"N O\ )J,Il ?——N \
3 — FEtO ”
Eto*()\) O
20 To a solution of frans-2-(4-methoxy-benzyl)-1-oxo-2-aza-spiro[4.5]decane-7-carboxylic acid

ethyl ester from step 2 (5.10 g, 14.74 mmol) in anhydrous ethanol (80 mL) at 0 °C was added
NaH (60% in mineral oil; 0.968 g) portion-wise. The reaction mixture was stirred at 65 °C
overnight, then cooled to rt, and concentrated under reduced pressure. The residue was

dissolved in water (20 mL) and the aqueous layer was extracted with DCM (3x30 mL). The
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Exanpl e 30 was prepared frominternediate 21 via the process of Schene 2,
supra, as follows: 25cis-Pyridine-2-carboxylic acid

(1- oxo- 2-wipavsiseIF 4. 5] dec- 7-y1l) -am de (60.0 ng, 0.22 mrolrjuscewes4o8di at e
21), 2-chloro-4-fluoropyridine (28.8 ng, 0.219 mol), potassium carbonate
WO 2011/ 053575PCT/ US2010/ 054054 (60.6 ng, 0.438 mol ), copper(l) iodide
(41.7 nmg, 0.219 nmmol ), and (1R 2R)-N, N - di net hyl -cycl ohexane-1, 2-di am ne
(31.2 ng, 0.219 nmol) in 1, 4-dioxane (3.00 nm.) were placed in a

seal ed-t ct T ude
i xt ur . SpvindDBiehERCR AN R YRR SARRHE Rl o delMriney SR R0
was washad wéortcentoatadmmaérarcdadodr prasstuey. Tht: kesulfng Sedithje ansl cbrdnmogrﬁlpsheddomver

sS4, trate d duc h d

bor 111 echiigh EABIERG §%?r§§32§é?&ﬁ?%ﬂss o et Gee CLERot Gl Gormboats 50 ¢ o
40% et hyb_ @?r?ettl?&xg BGBZWOXB% ol HiR[ 24 BBk 30N b A1t MR bl P GQTPRUIHR
ci s-Pyridine-2 rb ic acl

[ 25( 4- f | (GONMHyy CBHCR) 25 y71)4 (W, dx08.BHiz 28D 6.85 4d,5]-d85-Hz,\2H): amale, 2H) AR
400 MHz, CDCl13) 8 8.55 dd, J =1.0, 1.7, 4.8 Hz, 10 1 8.30 (dd,
b8, 5 Tlad > i alihd o, S 47520 bmadilh 2 Spdge 75 I@QHZJIFB #%é Yol
Hz, 1 2 8 . 6. 79
g, H?] (_Iﬁﬁg) {BY. ldszzé%%{z) 1blé(t &?7917114 g%feéil:l M§ nf 054631@119; (m S

1.56-2.0 ]%@

anal ogouiszhérrga% r?gérIQ ltaggréé% Cﬁﬁ%%m tﬁ%\gﬁ-c gif%t%%?ganmq [ n%r'?‘gthe 1

( beI ow) ddmbirédorpanie lajzer@ waie Gmékf)omm‘l/lgsea,cﬁlt@ld sandl @acéntanad tot g@veredoat e 18
d commercially avail abl e heteroaryl halides; 2-chloro-5-fluoropyr.idine,

210ni or oCléM)l%f GpyrthaxyrbenzyDehps-dazasb gl pJdcana 7 ratboxylic acid as a mixture

5- br ono- Zr @Rt Hy. and 3-brono-5-fl uoropyridine, respectlvely
Exanpl e 1@%6?@80 MHz, CDC13) 8 8.47 (dd, J = 9.2, 4. :

8. 24 8.3 '7.77
(i %tef?@ My D3R Bt agh i Slalghe pé-car%a%yﬁ%a%é ta, 52
7.7Hz 1H), 3.96-4.21 (m 3H), 2.62 (s, 3H), 2.10-2.28 (m 3H), 1.58-2.02
6 1.36-1.51 1 s%@ W z: 383 (MrH) ~- 32: 1H NWR (400
l(\/sz EDD013) 8 8.24 Eg] H% "He, I—I)O 8. $—9N(dJO§ 2.3, 11.7 Hg
1H), 8.12 (br d, JEtES 7. 92— Hd=T- 1H), 7.66 (t, J = 7.7
Hz, 1H), 7.21 (d, J—8 1H) 673(ddd 7.8, 5.7, 2.3 Hz, 1H),
3.90-4.12 (m 3H), 2.52 (s, 253H), 2.02- 20(m 3H), 1.46-1.94 (m 6H),
1.27-1.41 §). ESI-MS mliz: 383 ( npl.e 34: 1H NMR (40
cpc13) 8t g(ag]wlwpn 9F 61552“{54 n&e%h%yobengvmgé 0(X8r2 fpa- Sylrg[“rﬂée%zle 71%)rb0X7’%8490((H J=
714 Hz, étmlrl s?er%i?bn(ltstep‘]z‘(l7767g|_g101‘1‘1’&1013?1‘1 EEals %5 1'}1L)'v&7as%dh'gd 1 501 0f8 168 ., I
='8.0 Hz, 1H) 76-4.01 (m 3 2.35 (s, 3H), 1.92-2.08 (m
3H), 1. 3Water 84 roh) atgH) Thelred®ion rﬁlXtu@enwa&H)rredEﬁlrt- (MSrmg]zt anﬁSl(H]i M&H)WaporaWd

201 053 RPCTLLSp00l 0e40s Exarel 2, S N (400 I, B 6,9,60 (@
iH, 7. 9Zcuglﬁed \10' p?l26wlﬂ¥ lNlﬁbl The! ﬂesﬁl’ftln§é)reclﬁltﬂel_sl)|"%erelf'ﬂ)erecy v?e@)hédjwméb—w&elz Hz,

1 7.1 m
(?) 3H) (3x), md(cbﬂedam)der IZSdO@?';?ZPIBSBu(GrﬁO gm 1.41g $8L%) gbth(emtleem)mp(onn@sawﬂ (m

(2b: T intfpogl Ban 38 PokdSida:splrei a7 ch BBV b8 ] onis e S NROS
Hij 1H) 7%1?)07MHHCD¢F%)7§77 HZ(7d ¥ 61122ZH§d6 89%, -4 8HzH2 erli)?L A3PEG: 2A), BRA M

, 3. 91 aé 10237@ %&? 88-1.98 (m 2H),
1.53- 1 843Hm30ﬂ-|§323;(n132H1,21 (thm3|)4 12 Have oy 263989 (e, 1.2001.55 ém,

simlar Exanpl es 35-37 in Table 1 (bel ow) were nade
at a 05@%“&@@% (g/{ti%e‘ frominternediate 19 and commercially
avai |l abl e heteroaryl halides; 2- chloro-5-fluoropyridine,

2-chl oro-4-fluoropyridine, and 2-chl oro-4-nethyl pyrimdi ne, respectively.
Exanpl e 35: 1H NMR (400 MHz, CDC13) 8 8.45 (dd, J = 4.1, 9.2 Hz, 1H), 8.24
(d, J =3.0 15 Hz, 1H), 7.57-7.64 (m 2H), 7.40-7.51 (m 2H), 7.18-7.25 (m
1H), 4.28-4.40 (m 1H), 3.98- 4.16 (m 2H), 2.04-2.22 (m 2H), 1.81-1.98
(m 5H), 1.53-1.67 (m 3H). ESI-M5 mlz: 386 (MH)'.
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20 Exanple 36: 1H NMR (400 Mz, CDC13) 88.25 (dd, J = 5.7, 8.8 Hz, 1H),

8.18 (dd, J = 11.6, 2.3 Hz, 1H), 7.47-7.56 (m 2H), 7.35 (td, J=8.1, 5.6
Hz, 1H), WOQOHMSI®S(m 1H), 6.76 (ddd, J=7.8, 5.7, 2.3 PBeT/UBR)I0084058- 4. 29
(m 1H), 3.91-4.11 (m 2H), 1.96-2.13 (m 2H), 1.71- 1.89 (m 5H),
1.44-1.59 (m 3H). ESI-M5 nfz: 386 (MrH)'. Exanple 37: 1H NVR (400 M,
CDC13) 8 8.57 (d, J =5.0 Hz, 1H), 7.57-7.65 (m 2H) 7.42 (td, J=8.1, 5.6
Hz 7.16-7.23 (m 1H), 6.95 (d, J= 5.0 Hz, 4.27-4.38 (m 1H),

a'bo-d! b8 1350 BT 30 Rk Sl Bl (1) e

30, Exanpbuglbster N Table 1 (bel ow) was made at a 0 22 nmol reaction scal e
frominternediate 20 and commercially avail abl e 2-chl oro-5-fl uoro-pyridine.

WO 2011/ 053575PCT/ U82010/ 05405 anpl e 57: 1H NVR (400_NHz, CDC13) 8 8.85
(d, J = 5.0 He, dﬂ@ogz 1), ~8420)4d, J= 3.0 Hz,
1H), 8.08 (br d, J— 7\89(d :H4 9% 7 44 (ddd, J =9
.2, 7.6, 3.0 Hz, 4.19 (m 3R, 2¥8 ,208224(m3H)
1.58-1.98 (m 6H) 1. .47 (m 1H). ESI-I\/SrrI 384 (MtH)'. 5In a simlar

manner to Exanple 30, Exarrpl es 29, 33 and 74 in TabI e 1 (below) were nade

at 0.22-0. ectl scales fro nme e and ,c rcjall
Svail ot B p Rk B B b GRS s aitEs iy aacia O Slep' 'Y
2-ghl oro 1fol 'gl;'or BPYHmeNQas @RhZdOmOMcRe (DO o%gpyrmﬂ Rfhind gﬁmschqul
Exanpl e NVR (400 MHz, CDC13) 8 8.55-8.60 (m 1 7§ J =094

4.0 Hz, mmOdﬂvas 8dd_69L goltpwadnpy the) addg@gionof| @ph@ylpimsﬂwmor@mdq@ 38 mdg I(TH, J=

1 50. 2, 0l TEyroeibE iyt Wik oAl o B fnfiind Mo §ihgu s 98-t hllers?

NVR (400TM‘|metGEGElIBS) c&l@d ﬁﬁrt&e@ﬂbl(tyfll al&(b'H)o,l (8.154ni(,b64.3 Hhol) &azadaedsana ﬁﬂhe 2H) ,
8.17-8.22. (m 1H) d, 1H), 7.87 (td, J= 7.7, 1.
1H), 7. 4@1WdNanheryheﬁt%i atz?OSC f&?f %4 HES Tmea omyuuETWEsRookd)down tsﬁ gndgs

(T 200 cdhdlisge i el Ml oy s Ty dd 192
Ci s- 6- Metl99ImIpy miashadewizh saudatedyakgiicouady aH(EQ;, Wt adﬂfokiuerd:riegihefnym)leD@mm
2-aza-spiro

ec-7- anpl e 42 from
ot or modr e T él%?%ﬁ@é@r%f“@aﬁ% s e b ERF Sk shimaroeraphy
Ci s-6- %Gﬂéﬂne%fﬁ}HQb&ﬁfez.‘%@%)bt@)é}’i}oh?o @@' CtSO%% of the title compound, c¢is-2-(4-methoxy-
(1- oxo-2-aza-spiro[4.5]dec-741) - am de .450 g, 1.56 I, i nt er medi at e
18), (1-nepb-130:®-gafd-sporapd EMQﬁﬁ](cabm ggid Ter8Butyhostyr, 'H NMR (400 MHz,
15 CDCL): & 7.13 (d, J = 8.4 Hz, 2H), 6.85 (d, J = 8.7 Hz, 2H), 4.71 (bs, 1H), 4.38 (m, 2H),
3.79 (s, 3H), 3.55 (bs, 1H), 3.07-3.18 (m, 2H), 1.35-1.98 (m, 18H), 1.13-1.22 (m, 1H). ESI-

MS m/z: 389 (M+H)".

Intermediate 12: (cis-1-Oxo-2-aza-spiro[4.5]dec-7-yl)-carbamic acid zert-butyl ester

0 (0] H
H N—N
O

20 To a round bottom flask was added [cis-2-(4-methoxy-benzyl)-1-ox0-2-aza-spiro[4.5]dec-7-
yl]-carbamic acid tert-butyl ester (intermediate 11) (0.500 g, 1.29 mmol,) and acetonitrile (25
mL). Ceric ammonium nitrate (2.12 g, 3.86 mmol) in water (10.0 mL) was added. The crude
mixture was stirred at rt for one day and then diluted with CH,Cl, (100 mL). The organic
layer was washed with water and brine, dried with Na,SO, and concentrated under reduced

25 pressure. The residue was purified by silica gel chromatography (CH,Cl,/MeOH: 9/1) to
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25pot assi um carbonate (0.649 g, 4.70 mmol) and NN

di net hyl - et hane-1, 2-diam ne (0.138 g, 1.56 mmol) in 1, 4-di oxane (15.0 nl)
wer e heatwo 20n/@33715cr owave synt hesi zer (Biotage) at  WOPCT/US2010/054054

2011/ 053575PCT/ US2010/ 054054 160 C for 2 hours. The reaction m xture was
cooled tort and filtered through a layer of Celite . The filtrate was
concentrated under reduced pressure and the resulting residue was purified
on a reversed phase liquid chromat ography/ mass spectronetry (RP-HPLC/ M)

Pt oD Y SARI 0L AELAAL 1100 0, Bl TR D Aot

acet oni t 4did ermastylSRE. EHBINMRFMOO YEHZ3. Gbmgp d®35apalBY.el.6d ak g--el Otz g H),

inmpurities. Flowrate: 100 ni/mn phase additive: 39 mM of ammoni um
acet at e. 3-@813Pn(bsy Hdk Bsi % 6§ (@1§H) 3b93c2é© (3B, Lfgdrt (el Bsil78- (@ (m,
S oaf{ tl d,
cflsegcﬁ: %mtqpyngd)(?ﬂm- - M?ﬁol ¢ g§| W?Eﬁ)* © COTPOHn
3.5-dif]luora 1 oxo spiro[4.5]dec-7-yl]-amide as a white
S h‘? d’(%%‘o@/%ﬁ @iﬁa@ 855 (]d, J:é]le, 1H), 7.97 (d, J =
76Hz 7.71 (t, J=78Hzo H) 7.29-7.32 (m 2H), 7.20 (d, J = 7.8
Hz, 1H), 659(tt J 8.8, 2.2 1H), 4.0 .16 (g 1H), 3.71-3.81 (m
2H), 2.57 (s, 3H), 2.232%9( ,02 10-2.1 (m 2NN 1.88-1.96 (m 2H),
1.78 (t, J=12.4 Hz, 12% 1. &8N1. n] 1#&—a1 8 T f 2H), 1.35-1.45
(m 1H). ESI-M5 ml z: I

@w) 15The racemi ¢ 42 (220 ny,

accunul ated by repeating botie' reacti on one m)re tinme) were resol ved by
HPLC (colum: Chiral pak(r) AD, 250x20 mm nobile phase: 25% i sopropanol,

75% hexa af | a 4 tﬁ‘sié : ) i rs.
The fir s?gpeakrw{?d Bﬁ%e& chi’r aIm“ﬁE’LgX (\}\g&s ég_gi'gnegl'tzgz -Iif?ﬁe%&xﬂ- ?%Qﬁ?_tz_a(}g?

6- met hyl spinof4.8]daean2t-oaarok whit cframi stefRSR, f017 R)teﬂne{cﬁiate 510 (3 00 g, 8.46 mmol,

-di fl uor o- phenyl ) -0X0-2-az a-spir ] amd 106
and the @é‘if@ﬁ@ll oth’r%luﬂ@aéfﬁlcr %ﬂl(?(-h% §§P‘§ﬁ’é€i“ﬁ‘§ rﬁ H%
6 ﬁEt hyl By fhgh Qg l%d Qi@()vlﬁc%ﬂ hixd %ﬂcgnt[rétécﬁunfé)re@u%%d _}J'j_’ess‘lre The es ltlng r}[agldue

-di fl uor o- phenyl) - 1- oxo- 2-aza-spiro [ 4. -de c-
Exanpl e @@ diliHedMRh(@BECIVKE) mCD@HE )con&n8attd under rbdc:cﬁ plrestdnre JIlhI)s préc@iird d, J

Hz J=7 J=7.8
Hz, 1 H)W&%@@@at%ci {Ww% aregioyc %S%frﬁ%oacm wi i3 %Sui%ng(%d&was Ysofted o]
(m 2H), in2r3F (¢¢0 nit dl-%rﬁﬁﬁ?ldﬁgrﬂoﬁhte %ﬁ'&)g g29]3@ rm%og%n(i 'ﬁhetgmmnﬂe %853111136 (m
2H), 1.78 J=12. 1H), 1.68-1 iH), 1.54-1.65
1. 35- 1. 4%5. érmmmH) werﬁgddm fter stmrmg( Mml)overmght @mnqalc@orsmlxtm NVR flloal MHz,

C[I)gl?’) %ﬁ?ug%lg(k(égé g%%lt%%_ﬁ was, 091606{1 &ateé %hde]r rgdllz_?zeg pfe%_blrel_% agé c{ %1} (tlt:lle -

8.8, 302can dlﬂl}m etﬂod—@g( RT: 1004 ndin7 ESBMY o 285)(M-3HB7 1 §as 3khd
011/ 053575PCT/ US2010/ 054054 2.19 (m 2H),

2.23-2.30 1
1.88-1. 9w1ttwtfgqtg\erpyﬂﬁ8at(0ﬁ1 J =12 .4 Hz, 1H), 1.68-1.76 (m 1H), 1.54-1.65
(m 2H), 1.35-1.45 (m 1H). ESI-M5s mz: 400 (MtH)'. In an anal ogous manner
t o Exanplatezmedigtehysl @s243-Faorarphenyl)72oxor2Rabispiro[4. HdeoR)yllrearbamic acidt
0.07-1.56 Mol reaction scales fro&; ﬁ F dlate 18 and commercially
avai l able 6- 5 bronD-pyridine-Z-ca ' 1-f1 uoro-4-i odo- benzene,
2- brono- pyridi ne, bronobenzene, 1-iodo-3-nethyl benzene,
2- br ono- 4- et hyl pyri di ne, 2-brono-5- net hyI irne, 2-brono- 3-
net hyl pyridine, 1-fluoro-2-iodobengz ene - - 2- et hyl pyri di ne,
3- brono-5- nethyl pyri di ne, and 1- b *ﬁﬂthoxybenzene respectively.
Exanpl e 43: 1H NMR (400 MHz, lgijﬁbkdd J=0.8, 8.7 Hz, 1H), 8.10
(?0 J=8.5 Hz, 10 1H), 8.00-7.96 (n1 1 7.79 (dd, J=7.4, 8.7 Hz, 1H), 7.71
( , J=7.7 Hz, 1H), 7.43 (dd, J=0.8, 7.4 Hz, , 7.29-7.25 (m :Hﬁ,
.18-3.9 . i . :
a5 R AR R AR ARl %a%ag%? hig RO e (0
7 97 (d,0J3 :m1&05 izrmddihte 12),73-f10broiQlebnBné£ (. Oi@-lg 07.35muidl 6 3opmar(I2 kdide7. 26

23, S F e, g0 oyttt il @iy 94 o >MW%@6 Vi oL

1 54 1 83 (m 4H), 1.34-1.45 (m 1H). ESI-Ms miz: 382 (MrH)'. Exanple 45
1H NMVR (400 MHz, CDC13) 8 8.41 (d, J=8.5 Hz, 1H), 8.38-8.35 (m 1H), 8.13
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(d, J=8.5 Hz, 1H), 7.98 (d, J=7.7 Hz, 1H), 7.74-7.66 (m 2H), 7.26 (d,
J=7.4 Hz, 1H), 7.06- 7.01 (m 2H), 4.18-3.97 (m 3H), 2.57 (s, 3H),
2.28-1. 3aWOP111Bs§75 ES| - MBS i z: 365 20( MrH)' . Exanpl e 4GCTHIN2NWRS{0400 MHz,

CDC13) 8 8.12 (d J= 8.4 Hz, 1H), 7.97 (d, J=7.6 Hz, 1H), 7.71 (t, J=7.7
Hz, 1H), 7.67-7.62 (m 2H), 7.39-7.34 (m 1H), 7.26 (d, J=7.5 Hz, 1H),

7.17- 7.11 (m 1H), 4.18-4.06 (m 1H), 3.87-3.76 (m 2H), 2.57 (s, 3H),
2.30-1.33 (m 10H). ESIMS nmfz: 364 (M-H)' 25Exanp|e 47 1H NMVR (400 Mz,

COt), Sy Selinbl 01738, g Hilo o a9 HE: A hndy hl feadpy/ =

J 7 5 Fhmlclbi)favé(m&age)% 16®rf C Itd)2 h@urB6Fh3. nfkturenwag Idhole@ tdit aps paéi;bbl Ihraug'iﬁ (s,

3H), 2.28-1.34 SI-M8 mlz: 378
2011/ 053% 1aysepf @%ﬁo%séﬁmte E%%?niﬂnée%@'ted(ﬂpgvﬁe‘%%@vgmﬁémecﬁ&i3?51@68‘”?55 (s,

11,8 2o oL C Gedthelthyt §GGuE: 1) olfhora D BY ddosdf e iy

4. 19 3. 9Foniprund Hyis-2(35fluqrephai)l)- 1-2))(662 -{=; spﬁblﬁél; 5]ﬁe<221—y11 &Bbgrmc emm—i)ert -BE8yE VS
26 73, e b yR (i e 6B aiD s it G M faprellt: (Dbl H arE: 1.
separ at eggf r608"7‘(tnlﬂ ), @%b;ﬁ ﬁl ??9—3(@@‘?}%“ %ﬁ{fﬁkﬁ L9522, (513_33H£4f1|§10N7R6

78, 65, 58, 84, and 41 b HPLC Exanpl e
(400 |sz1 90::3@131)1) 18®- 540 8Bn58IY, MA471H)7 (18, 316), 8.489s, (9H) LHP;1. 3 O, 1(H, ESI-MS. 3

31%1321}491 J =79, 1.7 H, 1H, 7.58 (dt, J= 11.3, 2.0 Hz, 1H),
74074121V7( 728737(m2H) 681687(m1H) 407418(m

1,374385% ,223230§m 2.08-2.19 (m. 1.87:1.98 (m
e T i - ’ﬁ)smomza'%ﬁo'éi' gL

a e r,
1H) P 66.7. 55 (m 3H), 7.41 %Eémc’%&?&pbg&leﬁzﬁ 7.237.14 (m 1H),

6.91 (d, J=7.4 Hz, 1H). 4.39-4.24 15(m 1H) y_4. 18- 3. 97 (m 2H), 2.48 (s,
3H), 2.18-1.47 (m 10H). ESI-MS miz: 382 (MrH)- Exanple 73: 1H NVR (400
MHz, CDC13) 8 8.47 (dd, J—4g¥93HZol TN8.22 (d, J = 3.0 Hz, 1H),
8.16 (br d, J= 8.5 Hz, (gdHJ— N H, 1H), 7.74 (t, J = 7.7 Hz,
1H), 7.45 (ddd, J= 9.2, 77 3.0 W @\?wm J=6.8 H, 1H),
3.97-4.21 (m 3H), 2.60 (s, 3H), 2011 (m 3H), 1.56-2.01 (m 6H),
1.35-1.48 (m 1H). ESI-M5 mz: 383 (MrH) 1. 20Exanpl e 80: 1H NVR (400 Mz,
CDCL3) : B8ing tnd éime*]exgef@m@ntlcﬂz rodddhres GeStfivkd fordinferfeatt 3, thidmediatli 4dfas J=
7.6 Hz, 1M ° 7.57-7.63 (m 2H). 7.26 (d, d= 7.6 Hz, 1H 7.09-7.08 (m 2H),
4. 06- 4. 1madeyt 012 mn®] TehcBoBal{anfro i)terndediate (2 an@Rchlopo-BAn@h@iPyamine 1dHd,

e85 90 ks igkarmphigs o FA00RARY VBboLRe B (a 3'L

? (238_H§ H{Q 8 & (%021}6}14 59 (? B=3 9"Hz 1%5 ib@) 4075 @n‘?z@ﬂ 3§9(7541ﬁfiz49 éanga

3.73-3. 8296121222([&) 3, ]781{1§3 (BH)2H)21 @’B-—1239281 61’&1) ]34H) (s, BI-107. (916 {1224,1

%bii} (1)53%5%%?5%%6‘%%%6@&’ ggmpl e 9ESI 1HNBNr|\T/1RZ(4881N|(4zM+FDC%3013;AD 8 8. 56

(d, J = 5.0 Hz, .
7.49-7. 52nteﬁfnemte 5 @&IZr(lgi Qlﬂ}loml}el@.l)afwso@cﬁzerﬁplrfm 51d&.c~28‘zll-&?lsl@n(lﬁ1
1k, 3.76-3.90 (m 2H), 2.59 (s, z3id: rt-aaﬂ.ﬁiﬁlfe%teg‘?’ (m 1H), 1.82-2.12 (m 6H),
1.48- 1. 64 (m 3H). ESI-M5 mlz: 382 5M+ . bExampl e 147: 1H NWR (400 MHz,
CDC13): 88.51 (d, J = 6.0 Hz, 1H, 8.17 (¢4 J = 5.8 Hz, 1H), 7.80-7.86 (m
2H), 7.06-7.15 (m 3H), 4.23-4.33 (m 1H), 94-4.16 (m 2H), 2.65 (s, 3H),
2.04-2.20 (m 2H), 1.75-1.96 (m 5H), 1.49 5 (m 3H). ESI-MS nfz: 383
(MtH) ' . 10 Exanple 148: 1H NWR OM-IZO )XC13): 88.49 (d, J = 6.5 Hz, 1H),
8.16 (d, J = 5.8 Hz, 1H), 7.82 (b E , 1H), 7.67-7.71 (m 1H),
7.43-7.47 (m 1H), 7.28-7.39 (m - 4.32 (m 1H), 3.94-4.15 (m
2H), 2.64 (s, 3H), 2.04-2.19 (m 2 ¥776-1.98 (m 5H), 1.47- 1.66 (m
3H). ESI-M5 miz: 399 (MtH)'.

Using the same experimental procedures described for intermediate 13, intermediate 15 was

made at 0.47 mmol reaction scale from intermediate 12 and 1-bromo-3,5-difluorobenzene,
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Exanpl e 152: 1H NVR (400 MHz, CDC13) 88.49 (d, J = 5.9 Hz, 1H), 8.16-8.19
(m 1H), 7.60-7.63 (m 1H), 7.55-7.59 (m 1H), 7.29-7.35 (m 2H), 6.75 (s,
1H), 4. 19W0.220/0565751H), 4.07-4.15 (m 1H), 3.98-4.02 (mPCIR)S201B/0685{s, 3H),
2.40 (s, 3H), 2.04-2.22 (m 2H), 1.85- 152.04 (m 3H), 1.71-1.81 (m 2H),
1.39-1.65 (m 3H). ESI-MS miz: 379 (MrH)'. Exanple 156: 1H NVR (400 Mz,
CDC13) 88.65 (d, J = 8.5 Hz, 1H), 8.10 (d, J=8.5 Hz, 1H) 7.98 (d, J=7.6
Hz,lH) 7.84 (t, J=7.8 Hz, 1H) 771(tJ77Hz 7.40 (d, J=7.4 Hz,

1.,33 (m
T Eeniedpd E 4345 ph ey ol Ty cao ﬁ% (éch%ﬁ? AT
26, 53 4.802. 2182 21866.59 38 ﬂ3%9@rmH%4ﬂ{)a5ﬁa@1l ¢ =18.( bEd, oW), 3688, 79REE 281),
0.03-1.0 mol reaction scales fromintermediate 19 and conmer Ci ally

avai | abl &5hé&bser Bar LPoRa @esH) 21 BOJMY- (5 r2Hi hé0-leathmpricHy |la|(qﬂan 12.4,
car boni tli.'()lkf"z }m'%g_ﬁs%hggﬁy@pgﬁfﬁne (3-1o0odo-phenyl)-di net hyl -am ne, 1-i odo

o OXY- DR ERE i B OTRARSN B I b ARLASh . 25,k a1 el vor 05

25net hoxy- benzene, 2- ( 3- i odo-yphediPsinic cilYéri-ButylieStet- y! - et hanone, (4-i odo- phe
nyl) - di nmethyl -am ne, 2- brom) t hi azol e, and 3-fl uoro-5-iodo-benzonitrile,

respectively. Exanple 130: 1H NWVR (400 \ 3): 68.05-7.83 (m br, 1H),
7.66-7.58 (m 2H), 7.46 (t, J= 2.3Hz, 1%’4@#&-!—7 35 (m 1H), 7.27-7.23 (m
1H), 7.20-7.13 (m 1H), 7.10- 7.\@5 m oWD/2011/053575PCT/ US2010/ 054054 1H),
6.74-6.70 (m 1H), 4.39-4.28 (mp_1 E!) -3.74 (m 5H), 2.22-1.46 (m

10H), ESI-Ms mlz: 397 (M+H)'. Exglﬁ'pl 7 1H NWR (400 MHz, CDC13): 8 8.32
(s,br, 1H), 7.71-7.60 (m 2H), 7.%0-%32 (m 2H), 7.24-7.11 (m 2H),

6.73-6.67 (m 1H), 6.58-6.53 (m 1H), 4.41-4.30 (m 1H), 5 10 3.93-3.73 (m

2H), 2. 96sing thEsdme epbBnnthd pto¥edukBd YescERd b imteicddAd 16 Mikdmedibearmles 133:
1H NVR (400 Miz, CDCI3): 8 8. 08-7 86 (m 1H), 7.65-7.57 (m 2H). 7.53- 7.48

(m 2H), made1a7. 9534 mmmel) | repctien 7 sqae ( rfom Hyintegnodiats. 882 ( #pd 2H-bromatd- 4. 27

Enpl ¢ 40 Re i gt SRyt QPRI d s b edtSdz, 2 yMED. o

3H), 7. 46as Used Wvittout Rirdher purdafiodl (m 1H), 7.00 (m 1H), 4.44-4.26 (m
1H), 3.97-3.65 (m 6H), 2.77- 1.47 (m 20H). ESI-NMS mz: 494 (M+H)'

Exanpl e _135ndrthddide 1308is o2 ;l-i){rm&anﬁz Tyﬁ%&mz s lr?)[élérd‘éc&éylim 1H),
7.22- 7.13 (m 2H), 704695§l d-6.30 (m 1H). 4.39-4.24 (m

1H), 3.87-3.71 (m 5H), 2.24-car smécmﬂdmbu%pstne mz: 415 (M+H)

{:N\>_
—N
\f H O?,N
O

15 Intermediate 17 was prepared via the process of Scheme 2, supra, as follows:

A mixture of 4-chloro-2-methylpyrimidine (0.192 g, 1.49 mmol), (cis-1-oxo-2-aza-
spiro[4.5]dec-7-yl)-carbamic acid tert-butyl ester (0.40 g, 1.49 mmol, intermediate 12),
tris(dibenzylideneacetone)dipalladium(0) chloroform adduct (0.154 g, 0.149 mmol),
dicesium carbonate (0.680 g, 2.09 mmol) and racemic BINAP (0.278 g, 0.447 mmol) in
20 toluene (5.0 mL) was heated at 80 °C for 4 hours. The reaction mixture was cooled to rt. The
catalyst was filtered off and the filtrate was concentrated under reduce pressure. The residue
was purified by silica gel chromatography (0-30% ecthyl acetate in hexane) to give 0.318 g
(59%) of the title compound, cis-2-(2-methyl-pyrimidin-4-yl)-1-oxo-2-aza-spiro[4.5]dec-7-
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15Exanpl e 136: 1H NWMR (400 MHz, CDC13): 8 7.93-7.71 (m br,1H), 7.66-7.56
(m 2H), 7.43-7.35 (m 2H), 7.28-7.26 (m 1H), 7.22-7.13 (m 2H), 6.79-6.75
(m 1H), woesiyws3s72H), 4.36-4.25 (m br, 1H), 3.90-3. 74PCWUS2Hp/0585H61 (t,
J=6.8 Hz, 4H), 2.22-1.48 (m 14H). ESIMS mz: 494 (MtH)'. Exanpl e 138:
1H NWR (400 MHz, CDC13): 6 8.50-8.07 (m br, 1H), 7.69-7.60 (m 2H),
207.48-7.34 (m 3H), 7.21-7.13 (m 1H), 6.74 (d, J= 8.7 Hz, 2H), 4.43-4.29
(m 1H), 3.91-3.67 (m 2H) 2.95 (m 6H), 2.22-1.46 (m 10H). ESI-M5 nl z:

?é,o (MHa Cﬁz%xm%crd BiPbudl N'\{R%s]( R sglidfﬁ%?%& ((4%0?\@&% 5195@%%"% égk‘% )15
Hz, 1H),=4, 8319z42m98(1m(d1f% 84H241H23)5@52((B§ 12hH0 3. 9214313@\ 221)(3758 25d) 1H§L 29& 1 55

(m 8H). ESI-NS niz: 374 'e 142: 1H NVR (400 Mz,
67. 89- 7. 843K 1.9§. 17fm7§Hlsl 8 19211114) 2H)7 154/-17.68 gmy A1), Apg (S79121)5-17113132%6111 1H),

7.23-7.0 (m 1H), 3.85-3.77 (m 2H), 2.30- 1.45 (m

10H) . ﬁ{&%&nﬁﬁ@nﬁ§d§ﬁéﬁﬁs WO 2011/ 053575PCT/ US2010/ 054054 In a simlar
ner t 6l,,76 141 i re

regner  GofmiaiRe R SH RN R B AR LR e S

comerci ally 2-chloro-6- nethyl pyrazjyinamide i odo- benzonitrile,

2-bronmo-6-trifluoronethyl-pyridine, 1,3-difluoro-5- iodo-benzene, and

1- brono- 3-f | uor o- 5- met hoxy- benzene respecglvgly 5Exanpl e 141: 1H NWMR (400
Mz, CDC13): 8 8.88 (s, br, 1H), 8 2P-8106 tmN 1H), 7.91 (s, br, 1H), 7.15

(s, br, 1H), 7.09-7.04 (m 1H), 6. 2% H, 4.19-4.07 (m 1H),
3.85-3.75 (m 5H), 2.81 (s, 3H), 2.30£&. m 10H). ESI-Ms mlz: 413
(MHH)'. In a sinilar manner to Exanple 42, Exanple 75 in Table 1 (bel ow)
d t
2ging?c?a§@§ia éghgﬁgggkﬁgﬁéduﬁﬁ Eﬁﬁ gﬁ?%ﬁgﬁgig‘ﬁwérggﬁﬁqu manner

to Exanple 42, Exanple 79 in Table 1 (below) was made at a 0.13 mol
reaction scal e frominternediate 22 and conmercially avail abl e

1- brono- 3, 5-di f | uor oben e. Inasimlab n@nner to Ie 43, fExanple 78
in Table 1 (bel owowa %t a 1. @4, molNeaction 0 §T t er medi at e
23 and comergialhy: ayai [ abl e +=odo- 3@9)0—beﬂtene"‘ 1 In' ilar
manner to Exanplle 42 mpl e 137 in Tabte 1 (bel ow) was®made-at a 0.1 nmol
reaction scale fron1internediate 32 and commercially avail abl e

1-iodo- 3-fl uoro-benzene. Exanple 137: 1H NWVR (400 MHz, CDC13): 8 7.86 (d, J
=18.1 HzTo 1H) ,round0battd (flask 1Mps AdSGI (dis- 73armn6-21(2|;t—drnidt-l)qu7nGM,yIQ-d -azhf |

3 85 5. 79 Eh By ose LS oyt Bt Rhseiibtois 7 o plivey 9642%@4np| ¢

62: cis- firdiplidtc Y ahdiiBofofaibaxy 8.0 nﬂ?)‘ trh& ﬁnitarerw&sf%hupaaﬂom i s, 4hdh
1)-1-oxo0-2-aza-spiro[4.5]dec-7-yl]-am de ---- H---NL h|N|"' 0
cooled down to rt and concentrated under reduced pressure The resultrng residue was diluted

with CH,Cl, (10 mL) and concentrated under reduced pressure. This procedure was repeated

15 twice to remove excess trifluoroacetic acid. The resulting residue was dissolved in CH,Cl,
(40.0 mL), 6-methylpicolinic acid (0.773 g, 5.64 mmol), and BOP (2.49 g, 5.64 mmol), and
triethylamine (3.93 mL, 28.2 mmol) in CH,Cl; (5.0 mL) were added. The reaction mixture
was stirred at rt for 4 hours and then concentrated under reduced pressure. The residue was
purified by silica gel chromatography (CH,Cl,/MeOH: 80/20) to afford 1.23 g (76%) of the

20 title compound, cis-6-methyl-pyridine-2-carboxylic acid (1-oxo-2-aza-spiro[4.5]dec-7-yl)-
amide, as a white solid. ESI-MS m/z: 288 (M+H) .

Route 2: Intermediate 18 was also made via the process of Scheme 11, supra, as follows:
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Exanpl e 62 was prepared frominternediate 18 via the process of Schene 2,
supra, as follows: WD 2011/053575PCT/ US2010/ 054054

4- Chl or o-woreetingB3rgri m di ne (0.019 g, 0.148 mmol), PCT/US2010/054054

ci s-6-net hyl - pyri di ne-2-carboxylic acid

(1- oxo-2-aza-spiro[4.5]dec-7-yl)-am de (0.047 g, 0.162 mml, internedi ate
18), dicesium carbonate (0.067 g, 0.206 mmol),

tris(di benzylideneacet one)di pal | adi um(0) chl or of orm adduct (0.031 g, 0.030

mol ), a )35 t L) were
heat ed a?ggol %E;B or %%rﬁ(ﬂngéecaglrm é{&%%i @%@Ogﬁg%égﬁggmﬁ%t%ar and
t he cat aspisd[4\83dectT-hlj@ntideof f The filtrate was concentrated under r educed
pressure, and the resulting residue was purified on a RP-HPLC/ MS

purification system(Gradl ﬂ@fetomtrlle in water, 24-o|n 3.6 mnutes

with a cycle t| ahl ow gr adi bet ween A QT
acetonitrile was ad en 0.75-3.4_mn sebar t“e"“cl ose-eluting 10
inmpurities. Flow rate nm./ mn. Mobile ph'*és e 48 mM of anmoni um
formate. Colum: Inertsil(r) C8, 30 x 50 mm S%m ticle size (GL

Sciences)) to afford 0.032 g (57% of the title conpound,

Ci s- 6- MefdhyR-(pyrctitixpebedzyd il oasyd-ba- @ﬁ:ﬂo{:ﬂ PRe-Z-yWptdtydmipy raciti dem-baityt 1)ester
1- oxo- 2- aza spir 44 5] dec-7-y1l] - am de a white solid. 1H NVR (400 MHz,

coéls) @2, (29 ymolg 18ten£ed1&tpl) ll)sww cb@ﬁolvyd—mzscélzﬁi:z ) mb), gand( 4, My ;
! ,
591 BT Lompin A S (o Qe doul b Woleplagd,

(m 3H) The 865iducOWag missalpd it CH,Cls ,(20.0=mL2. &-nthylpiedliniz . &t 10.6% (@ 1.3H) ,

52 ExanBoTbaTAHOPGR Sobs Taimaey. i Hepisderting 6L Sh il HaL ACThCRE ¢
ol r eagt(; %E)S&@ijeeadﬁé@ Wﬂé“kgét%dm%tﬁrel@a@ﬂﬁréaom G @'Hoﬁrsaa\/tﬁl' tARb&rated

4-chl oro- 202-met hyl - pyrim di ne and 4- brono-2-net hyl pyri di ne,
418h| or ouler rqdﬂbubpr@matd))ﬂhe pjwqhm dasmarifeddy silica gel chrornatography (hexane/ethyl

N e B S A IE e S czg%@et%%ywr%;ﬁegg 7. 86
(M 2H), cafb&EAi¢. a&d([m(ﬁh&tho;éy B34l 3130£dm-a35h);p1r@43 efé 71§51]fafﬁld62H) H NBR (s,

3H), 2.04-2.20 (m 2H), 1.75-1.96 (m 5H), 1.49-1.65 (m 3H). ESI-M5 nf z:
383 (M+I-l)400MHE,x@H§lsé &6.091(d, mm@molwwm 1188, AH),(B68 (tHY = 77 Bz, 7. 60

m 3 - 7.4 1 m
PRSI e e A AT R e e N R0 A VR ER R AT/ 8 PR
étl)é?31 g@oegmn BHi), 3. ﬁGds MS}) rldlzm a)@@m M@rﬁ)z 55 (Exmplle)11§09 (rﬂlFBHBVR 2(049@6 .
m
2H) , 7 3Hx%. 14743 kﬁ?(rml—BH) ‘1 61361 71 o, khﬁi 112191)1 5%(@,63H)3ESRMSIMZ f}ﬁSﬂMZ@l)(m WD
2011/ 053575PCT/ US2010/ 054054 2H), 3.99-4.07 (m 1H), 2.10-2.25 (m 2H),
1. 74- 2. 0Stepr: cEI—G)—MeIh)dlélp}l‘i(Bﬁe-(Zmaer:&ylicE@id (\lB)Xd—Z—azdlrSﬁir()Miﬂiﬁlm-TEk)ampi@ 152:
1H NVR (400 MHz, CDC13) 8 8.01 (s, 1H), 7.51-7.59 (m 2H), 7.32-7.40 (m

2H), 7.12-7.19 (m 1H), 4.19-4.29 1H), 404411(m 1H), 3.96-3.99 (m
1H), 2.58 (s, 53H)@ 3. 43 (sO3 %2.16 (m ] w7 3- ‘kj}@(m 5H),
1.45-1.62 (m 3H_.AESK: 71397 ( MtH) '—ha=a sy wpreRel to Exanpl e
62, Exanple 140 in Table ow) was made at 0.1 I gction scale from

internmediate 32 and commercially avail abl e 4-chl oro-2- et Ryl pyri m di ne.
10Exanpl e 140: 1H NMR (400 MHz, CDC13): 88.50 (s, br, 1H), 8.19 (d, J = 5.8
Hz, 1H) Tq ageuifdibotgor f3slo wily adddd) ¢is-p-raathylepyriline- Z%-carbpmhqw)td [2/(48wetho38- (m

1@H) gf)lenzyl]}q éxrg 2- alz_g SplI‘O[Q %]({ec ¥7- %@afm&'e f3 Tom ste%Sl ((()IHSO H)18 n%r%lol) acew nftrile 372
(18.3 mL), and ceric ammonium nitrate (1.94 g, 3.53 mmol) in water (7.2 mL). The reaction
mixture was stirred at rt for one day and then diluted with CH,Cl, (100 mL). The organic
layer was washed with water and brine, dried over Na,SO,4, and concentrated under reduced
pressure. The residue was purified by silica gel chromatography (CH,Cl,/MeOH: 4/1) to

25 afford 0.210 g (61%) of title compound, cis-6-methyl-pyridine-2-carboxylic acid (1-o0xo0-2-
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Example 76: cis 2-Methyl -pyrim di ne-4-carboxylic acid

[ 2- (3, 5-difluoro-phenyl) -1-oxo- 2-aza-spiro[4.5]dec-7-yl]-am de 15

Exanpl e Asowas/@Bx6 prepared frominternedi ate 33 via tReTASC®HS4064 Schene
1, supra, as follows: In a round-bottomflask was charged with

ci s-7-am no-2- (3, 5-di fl uoro-phenyl)-2-aza- spiro[4.5]decan-1-one. HC1 (10.8
g, 34.1 mol ), 2-nethyl pyrimdine-4-carboxylic acid (4.71 20 g, 34.1 mol),
and BOP (15.1 g, 34.1 mol ). Met hyI ene chloride (218 nL) was added, and the

mtrewa co C..Jrieth lam 1 d
dr)c()p\l/J\n se” 3 g0 Qgec'Z' am{/(\i/g’rerl’rsead ltets%hf ﬁﬁ%\fﬁ‘fﬂm glzamlboverm%? The
m xture ms&ﬁllmtﬁ%mmmtﬂwhﬂ)m ety i=dr7 HEOPHNL) 2 ad./wat e HZ( $A),/423 The
aqueous | ayer was extracted with CH2Cl12 (100 ni The conbi ned organic
| ayer waé: i\ﬂbﬁ‘éﬁ) -4l © KmbFFh 8,303 3R o), 228 HR3aAE 8D AaeHik 2100 Irh fer

2011/ 0535 DABBOPOEd0RA e ar St S o e B SRR TR it i

cofpoundMs /22288 MyH) pyri mi di ne- 4- carboxylic acid [2-(3,5-difluoro-phenyl)
-1- oxo0-2-aza-spiro[4.5]dec-7-yl]-am de. : 1H NMR (400 MHz, CDC13): 88.85
(d, J= 5RQutkz; hﬁé’ﬂned&telpé% s al@o—nﬁdéﬁ‘dﬁh cidamide-B 2(41dlrﬂe"-fh§o;61 B’éhzy%ﬂ), 7.28-
7.35 (m 2H), 0O (tt, J =8.8, 2.5 Hz, 1H), 4.07-4.18 (m 1H) . 74-3.80
(m 2H),az: SWOEASS]d;c@H)I-Olze@I?telznez?@ater}P) 3H), 1.89-1.97 (m 2H), 1.55-1.85 (m
4H), 1.37-1.48 (m 1H). ESI-M5 mz: 401 (MtH)'. In a simlar manner to
Exanpl e 76, Exanple 143-146 ino/TabI e 1 (below) were made at 0.05- 0.07 nmol
reaction scales fromi nterrredi e 33 and commercial ly available thiazole-2-
carbonyl chloride, 2-nethyl- 51 €- 4- car box c aci do_pent anoyl, and
butyryl chloride, 10rﬁspecﬁt—|wel ExXanpl e 14 Sy )

87.86 (d, J = 3.1 Ht 56(d J—=31 Hz, (d, br J—80Hz
1H), 7.28-7.32 (m 2H), 626'5‘3(m 1H), 406417 1H), 372381(m
2H), 1.35-2.28 (m 10H). ESI-MS nfz: 392 (M+H) Exanpl e 144: 1H NWR

248g Z/Hi % §§7_/%mg§-§b(yj) di 7&%0 b%%z;{lm-ag{%plro 4 gde alb_é_ %@H%gw '
ESD- M5 rTfern 465 S(erl)termdfb(aﬁﬁﬂl() 015, 0.6B Mvirol)400C A, (mjtﬁll was ad@t 6- 31
(23) ZT) 2@2@?/23%(1@3@ %magboxwhgﬁclm 8% OH@J %@?ﬁ@o@y@ ’g,% 63’8@%&%&34 (em
2'26 i':::) !\Mﬁo 4 S hr}/l%ﬁg’)(() ggg %]%’628 %9 ?ng Tﬁg%eazcﬁog @Ié&tu?g v&(a%'[f I-‘l%‘lé% bat gt39(7t
J = 7.4 &iemigh) andElen MBinsferred 36 (ML sepEw&rrplfanﬂeB with CH,Cl, (30 mL). The

cis-N[ 20r gm'c:llgyerroweps Qfll 21 va'lthO)s(agurate%ZI%Hsg ?’ateScl %eﬁC?Og 11!d_ ‘t?r_inrg?tdrl)i%li ‘over

15 NaySOy, filtered, and concentrated under reduced pressure. The residue was purified by silica

gel chromatography (0 to 50% ethyl acetate in methylene chloride) to give cis-6-methyl-
pyridine-2-carboxylic acid [2-2,4-dimethoxy-benzyl)-1-0xo0-2-aza-spiro[4.5]dec-7-yl-amide,
which was then heated in TFA (0.537 mL) to reflux for 1 hr. The reaction mixture was
cooled to rt and concentrated. The residue was dissolved in CH,Cl,, washed with saturated

20 NaHCOs and brine, dried over MgSQy4, and concentrated under reduced pressure to give 0.15
g (83%) of the title compound, cis-6-methyl-pyridine-2-carboxylic acid (1-oxo-2-aza-
spiro[4.5]dec-7-yl)-amide, which was used in the next step without further purification. ESI-
MS m/z: 288 (M+H)".

Route 4: Intermediate 18 was also made via the process of Scheme 11, supra, as follows:
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i soni coti nam de 25 WO 2011/ 053575PCT/ US2010/ 054054 Exanpl e 78 was al so
prepared frominternediate 13 as follows: [2-(3

- f 1 uor o- pNerzy11)053576x0- 2- aza-spiro [4.5] dec-7-yl] -carbPamiusS2&0i0684054
tert-butyl ester (0.010 g, 0.028 mml, internediate 13) was dissolved in
met hyl ene chloride (1.0 nL), 4M of hydrogen chloride in 1, 4-dioxane (0.7
m.) was added. The m xture was stirred at rt 5 overnight and then
concentrated under reduced pressure. The resulting residue was dissolved in

ol 1 oued 6 ¢ RE Ao Thime L FhORA B IRl 3 1 egn s 0555 mrol )

and BOP (0.015 g, 0.033 mmmpl ). The m xture was stirred at rt for 4 hours

and concentrated under reduce essure. The resigue pified on a RP
-HPLC/ M5 purification sygte Adfent : acet onitriv-elin wat er, 24-95%in
e of 5 mi-A—A shal ofngradi ent between 28- 56%

3.6 minutes with g chyclet
of acetonitrile was u-gtl’-tmeen 0.75-3.3 mn t eparate close-eluting
inmpurities. Flow rate: ~X00 niL/m n. Mobile phase additive: 48 mM of ammoni um
formate. Colum: Inertsil(r) C18, 30 x 50 mm 5 umparticle size (G

Sci encesgiy-2t(@- Mﬁlﬁloxjd-benz(y@)Slgx@%@%@l-spﬂro[ﬁtﬁédetdané -@-cothopplinagcid from step 3 for

i s-N42- (3-f| deg: 7- . .
7o et hyPiarastiRteol [ 0d Y shed 18 1500 i Fiid & hdeniw O ipchutsesg
8.56 (d, (zolg(ﬁ L0 5H%,m11ﬂ!d)) wik Q&Heﬁb%gil)ol\@i b 7th@0ad(iﬁt(%n @Z%&%&gg %Briéielzi)l_é

7.49-7.5 1H), 7.30-7.34 ( :
3.76-3.90. 1(4r1;nL2 B27 1em8Y. The r@epion mixtrcowastirrad at b for 1l Ig2aml. thon iented @90

L oS40 AR S5 1 P PO S

0. 03- 0. 1QafdF P8 0raBE I THNrcSEIEh € HifHadid Xkt riml Aireed I g@iddsg atme e RihkYThe
avai l abl e 5-fl uoropyridi ne-2-carboxylic aci

2- met hy | 2@ypPisradewevscoatatsdx Jiluted ad atgry(rSprﬁlh) gBd hasifiedpith splid MepdOs to

| ni cot | i

GSlﬁy dr ox I?relt%h Egrgll?(l% W E‘%l_dégc? Oﬁz?/[ i zgcl ?’ Qan dtnL). The combined organic layers
6-trifl uwmrﬂﬁeld)dvepwmmmﬁltaredamhqucexﬁmm thder esjead presduye tdquamIl&S §8f 1H
NVR (400 MHz, CDCl13): 8 .8.38.(d 3 (m 1H

7.89 (d, thg=titlg iormﬁou ls-7ra§1@1072~éfér %Hoxmenzyﬁ)ésﬂwss@o[érﬁﬁ -1- ‘HleBIVhBC 7

(m 2y Gafore nie shifwitihuf R BuliRiad) oo Rfféﬂ‘&?”‘f‘?ﬁ) i
(400 Mz] -GDTLB) 2H$ @885, (Ji 837 stzls) Hz44 ad,-i)I, 84. szqz@dH),Mgsads JHzl4.5.Hy,

(7,1,%391(H)d 11%)_@700 3.14 {m; 2Hr)1) 25385 (br; ngl) 1250 04 (rn 10'}71) il m/lz_|)2896(1\/%gﬁ)§f 88

Step 2: cis-6-Methyl-pyridine-2-carboxylic acid [2-(4-methoxy-benzyl)-1-0x0-2-aza-
spiro[4.5]dec-7-yl]-amide

N N ——— 0 8 O \
HN., : N N,, H
\ ,
O~ O

To a solution of cis-7-amino-2-(2, 4-dimethyoxy-benzyl)-2-aza-spiro[4.5]decan-1-one from
20 step 1 (675 mg, 2.34 mmol) in CH,Cl; (34.9 mL) was added 6-methylpyridine-2-carboxylic
acid (353 mg, 2.57 mmol) and PyBOP (1.34 g, 2.57 mmol), followed by triecthylamine (1.14
mL, 8.19 mmol). The reaction mixture was stirred at rt overnight and then transferred to a
125-mL separatory funnel with CH,Cl, (30 mL). The organic layer was washed with
saturated aqueous NH4Cl, saturated aqueous NaHCO; and brine, dried over Na,SOs, filtered,
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WD 2011/ 053575PCT/ US2010/ 054054 4.18 (m 1H), 3.77-3.83 (m 2H), 2.78 (s,
3H), 2.05-2.27 (m 3H), 1.37-1.96 (m 7H). ESI-M5 nlz: 383 (MtH)"'. In a
sim |l ar meorervases7Exanpl e 78, Exanpl es 38-40 in Tabl e 1ragrs2emmssoas a 0. 06
mmol reaction scale frominternediate 14 and conmercially avail abl e
carboxylic acids: 3- 5fluorobenzoic acid, picolinic acid and

6- et hyl - pyri di ne- 2-carboxylic acid, respectively. Exanple 38: 1H NWVR (400
MHz, CDC13) 89.53 (s 1H), 8.22 (s, 1H), 7.63-7.56 (m 2H), 7.46-7.39 (m

1H), 7.23- i 4 16, : 3H) |
2 25 1. 59 s qfed hder (giad oGyl siade M6 Pulted ) bR ol =1
Exanpl e {18, g fikenpdlearthdgsd gradicniabioes o weiye acmate ihexants &r riﬁnhi.nlﬂlreﬁléﬁf/d_ on
scol e 11 I PLELSOLELS 15,200 SOTIRLCl AL, aYoLl el CaIOLLE, £

razi nes 1 WL bC I Otic t gV wE € g1k, | Mz
Chcrs) oRe LT BPRYH Ry ie | ERP SRy o PR B3y i P S
7. 82- 7. 8amide)' HINMMR ZA00MHAZz4EDGH): BHR,107(d27 =78 3414, niH)2HP6 (8, 55 B6 G2, (), 1H)

4.07-4.18 1H), 3.71-3.82 2 2.23-2.31 1H), 2.07-2.20 2H) ,
b o 1 687t o it 3040 w7 Sy VRET Ky 2 8 S85. Abhed 81 G B 5h.

1H NWR ( : . : ; (801 : ; =81 a1 Hz,
11y 7. 0o BT D PR TG I OB T S T (o
2H), 2.6211¢$m, BH), 1.30-036 Bn23HY MSI-BH m/4.488-(M49H (m 2H), 1.35-1.83 (m 5H).
ESI-M5S mz: 401 (M+H)'. In a simlar manner to Exanple 78, Exanple
41 in Tatep 31 cives-Mahg-giridine2-¢aibbxylivarid (BS, 205 t-alxe-2Limpind[5ddtayY- 16
and comrercially avail abl e 6-nmnet hyl -pyri di ne-2-carboxylic acid. Exanple 41:
1HONVR (2médevz, cDC13) 88.65 (d, J=8.5 Hz, 1H), 8.10 (d, J=8.5 Hz, 1H),
7.98 (d, J=7.6 Hz, 1H), 7.84 (t, J=7.8 Hz, 1H), 7.71 (t, J=7.7 Hz, 1H

7.40 (d, J=7.4 Hz, 1H), 7.26 (d, J§f>5 Hz, 1H), 4.18-4.02 (m 3H), 2.57 (s,
3H), 2.28-1.33 (m JOR). [ESI BN 438 (MtH) ' .Z2pl n a Snfil ar manner to
Exanpl e 78, Exanpl ess g8, 8485, )89-92, 96 and &, > 1) were nmade at
0.04-0.08 nmmol reactiongscal es frominternediate 17 jan rcially
avai |l abl e carboxylic acids: 3-chlorobenzoic acid, 3-nethyl-benzoic acid,

3, 5-di fl uorobenzoi ¢ acid, 4- fluorobenzoic acid, 3,4-difluorobenzoic acid,
2- f | uor obeingche same dxp@imetthlyprocsbmiscdiscnbal IWOHR2OsyhiHESI3 HISRETheE201 0 064054

id, 6-trif t hyl - i di - 2- b [ i id d . .
o or ol P dRERTS! B be 1P SPav A BRRE et 1 8 P ihesion s oM oSt 400
Mz, CDGL3Mv1-88idhQe. <F1i6. Hidizin- doro5. ol 51dde. 7-71182
(1 (Sl BRI Obarbxgli6, Ridiei2, (htheth B Bert ) Horo-Sabe firol S T
3104- 4. 18n(dg, frampproute B hst¢rs 2), 31, 02308-(35 £9) phtheotiple compegurdnvag ptaired) byvs

mz: 399 ' gel, 28-7,.39 2 1,76-1.98 . , - A A7 EX |
a. 111 NP iy SR § B G brpted shige o 000 Moo F g Q™ ©
7. 60- 7. 6BCMNovaHY .mif, Hfen7.089 MEOH bAth 2X. ROk Fn 35CKINFor B-Hnin)6 ERBMS m/2:H)88
4.19-4.29 (m. 1H),

Intermediate 19: cis-3-Fluoro-N-((5S,7S)-1-0x0-2-aza-spiro[4.5]dec-7-yl)-benzamide

O H
g
F " R

@)

20

Using the same experimental procedures described in route 1 for intermediate 18,

intermediate 19 was made at 1.19 mmol reaction scale from intermediate 10 and 3-

fluorobenzoic acid and purified by silica gel chromatography (CH,Cl,/MeOH: 10/1) to afford

0.145 g (42 %) of the title compound. LC-MS (method C): RT: 0.86 min; ESI-MS m/z: 291
25 (M+H)".
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4.07-4.15 (m 1H), 3.98-4.02 (m 1H), 2.65 (s, 3H), 2.40 (s, 3H), 2.04-2.22
(m 2H), 1.85- 102.04 (m 3H), 1.71-1.81 (m 2H), 1.39-1.65 (m 3H). ESI-MS
mz: 379 Whkbyross@Esanpl e 85: 1H NVR (400 MHz, CDCL3) 88PEB/USA)10854054 8 Hz,
1H), 8.18 (d, J= 6.1 Hz, 1H) , 7.62 (s, 1H), 7.35-7.40 (m 2H), 6.91-6.98
(m 1H), 4.31 (m 1H), 4.09-4.18 (m 1H), 3.94- 4.03 (m 1H), 2.65 (s, 3H),
2.02-2.18 (m 2H), 1.50-1.93 (m 8H). ESI-MS nfz: 401(|v|+H) Exanpl e
89: 1H NMR (400 MHz, CDC13) 88.52 (d, J= 6.0 Hz, 8.17 (d, J= 6.0 Hz,

(n 1r5 Oy, s S8uhd o dimefnPl 3%9dﬁfe%ﬂ?es%‘§’°6%%2§%‘% %2 i ity O35, 10
8H) . ESI nMBnmitliate BB&a{ Mdimade BoanDlod3 ol dfHlc MR 40 oMAAbenASDCN-3x0- 289&a48

= ) = 2. , ., 8.16-8. . d,
\(](j 8J6 |_§)11?o£ ]de%—lal)ga] gar %rn%cﬁe}ciciltﬁrt-%ggbgsztgr ?L%;_% ,@fl? 10 18@f2 g-,j}l(uror}o&)%gl)zz)l? ;ﬁ)l%?l_é

5 5 ey A sl S B8k T

Ci §- 6- meT.h9I(mpyHi),d.202¢53; Cy, o204 38 (fmcllH) (2333@14&(1’1& :BHr)xZJOQ-—zaIBa(m 1H), 1.97-
spiro[ 4. e 83 was prepared from

I nter rredghf‘émléHi;llaﬁ%h@ @o%%k@sé‘ﬁw%gﬁér?@lg&ﬂ@pra as 25fol |l ows:

Using the same experimental procedures described in route 3 for intermediate 18,

intermediate 19 was also made from 2.82 mmol of intermediate 10 and 2.82 mmol of 3-

fluorobenzoic acid. LC-MS (method C): RT: 0.86 min; ESI-MS m/z: 291 (M+H)". It was
10 used without further purification.

Intermediate 20: cis-2-Methyl-pyrimidine-4-carboxylic acid (1-oxo0-2-aza-spiro[4.5]dec-
7-yD)-amide

0 S
NS N
N O\)

Using the same experimental procedures described in route 1 for intermediate 18,

15 intermediate 20 was made at 2.82 mmol reaction scale from intermediate 10 and 2-methyl-
pyrimidine-4-carboxylic acid, and purified by RP-HPLC purification system (Gradient:
acetonitrile in water, 12-95% in 3.5 minutes with a cycle time of 5 min. A shallow gradient
between 18-42% of acetonitrile was used between 0.6-3.1 min to separate close-cluting
impurities. Flow rate: 100 mL/min. Mobile phase additive: 39 mM of ammonium acetate.

20 Column: Inertsil® C18, 30 x 50 mm, 5 um particle size (GL Sciences, Tokyo, Japan)) to
afford 0.330 g (41 %) of the title compound. LC-MS (method C): RT: 0.63 min; ESI-MS
m/z: 289 (M+H).

Intermediate 21: cis-Pyridine-2-carboxylic acid (1-0xo0-2-aza-spiro[4.5]dec-7-yl)-amide
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WO 2011/ 053575PCT/ US2010/ 054054 To a sol ution of

Ci s-6- Met hyl - pyri di ne-2-carboxylic acid (1-oxo-2-aza-spiro[4.5]dec-741)-

am de (0.wOQoy/05857348 mmol, internediate 18) in anhydr or€T/ISE010B50541) at O
C was added sodi um hydride (0.015 g, 0.383 mml). The reaction m xture was
stirred at O C for 30 mns, benzyl bromde (0.041 nL, 0.348 mmol) was then
added dropwi se. The m xture was stirred 5 at rt overnight, then quenched
with water and diluted with ethyl acetate (100 niL). The organic | ayer was
washed wth _bri.n a ent d d

o essur o U o oS B O S Iy RS By
(hexane/ mtdiylediace? Bnas nddie/4) 2 &2 ﬁl/nikﬂ&}:acltlon a;"c:ilerfd)nﬁ) nﬂté.t‘in@hdtBS%andfplctd”lmld itle

d, d h |
(2~ bonzyisid. didqusiisd Py B asu e B MM D) o420 & 65l thy
NVR (400;Hz,m @%&%C NS %‘n%ﬂ'loél @) enfof tﬂ#eRTl b|)72 rﬂmgﬁﬂ-fhs 1‘?17“2 375 (MZrHei-{i)

7.70 (t, J= 7. 7.18-7.33 (m (m 4.01-4.11
187176 %a%%ﬁte?%ﬁw%%é“ﬁne-%ﬁ%rbo%wﬁ?- %_dé@-égé%z—%i%—%m%@%% b 1.
ESI-M5S mlz: 378 (M+H)' In a simhmidéeranner to Exanple 83, Exanples

153-155 in Table 1 was made at 0.11 nmmol 15reaction scale frominternediate
18 and commercially available io hanemjlqgoethane and 1- iodopropane,
respectively. Exanple 153: 1H N ( OOH 13) 88 08 (d, J 8.6 Hz,
1H), 7.95 (d, J = 8.1 Hz, : Hz, 7.25 (d, J= 7.8 Hz,
1H), 3.99-4.12 (m 1H), 3. 28 3. 33 (nﬁ>2 2.84 (s, 3FD 2.55 (s, 3H),
1.95-2.14 (m 3H), 1.26-1.87 (m 7H). ESI-M5 nlz: 302 (MtH)'. 20Exanpl e
$4 1H ﬁg{'ﬁ%(gﬂl(g? e ’GM)H‘&I %o&%ufég’ dé'scﬁbgd GinHﬁ)uteu'Q Lgo? I%Serﬁlgdiat% :187- 3
, 3 Zﬁtﬁmgala(enﬂ Whi) made 9. (bmﬁiﬁﬂ)reacﬁoﬁ)éeﬂe ﬂI’Bm(lmerlﬁbﬂlate]l O%da)yﬁﬁn(hnm- 1H),

ﬁ?rplleS{gé Oiﬂ%ﬁk& %‘oéwﬁfd %@f@ﬁ“ﬁ %@p@ @S bbz'/\@e‘@ﬁi 4@%0 f&éxk ﬂ? 048 g d, J

(l232’5) dthe tifle @&nf)(t)undJ ECIMS (ﬁ?etho@l"ﬂ)s) R 29 5(fin; ESI ﬁ/lﬁml’“z'z 27§t‘ﬂ/I+H)
40041(m1H) 3.20-3.33 (m 4H) 5 (s, 3H), 2,12 (m 2H)

L5502 i D MR S R g el -

ci s- Pyridi ne- 2- carboxyllc acid [9, 9 difl uoro-2- (3 fl uor o- phenyl) - 1- oxo- 2-

aza-spiro[4.5]dec-7-yl]-amde F | H g»aﬁple 97 was prepared from

internmedi ate 24 via the process oty pra, as 5follows: To a

solution of crude cis-7 o

-am no- 2- ( 4- nethoxy benzyl) - 2- aza-spiro[4.5]decan-|-one, whi ch was prepared

from5, 5-difl 3- qu 0- phenyl gm no) - et hyl] -c ohexane-.1, 3-

i car boxyhe 18 §uds rephymenel afofaS AT Sha Qs of n9T A ABeEBte 45

1181 mmin}eﬂn@dl@gvh(s 3way midde W9 saddeh] PyhéteinnScade GRITR ORMImEMhRT i 6lefnldCl-

(57.3 ng, 0.322 mol) at 0 10 C._ The reaction m xture was stirred at rt

over ni ghmethahispri¢nsinicdia¢idt end vurifieHam @5]®P11’LBLC/M% wetifigation systam dCealienjueous

NaHCO3 and, bri.ne, drie ilt. re and caneent r under.

r educed %ci,egomtrlrl.'e in vs'cﬁtgr q2%’5‘(% én'v?\gsmi’nuI fWI% 8%01% taneeVoe s i % 5@%1 o %radlgnt

chr omat ogstapsty 189S, DpactoanBler Wal BEéd-lBWeME)o fplrol fdilc ab ls@parSt}éSélemelutlng

(Gradient: acetonitrile in water, 27-95%in 3.6 mnutes wth a cycle time

of 5 m nimpuriiss) Flew igicadP8rnLl/ mgnpMohde whas: %}Ei%‘(?f 38ceMoaf ammoaiygy sc¢fatsd

bghween ® San E a 48
A e M o S B A S R e A

si ze (GL%Yof draak)dontpound was dbtaimgd AL C-INi® (hethbé C oRPoUGE min; ESI-MS m/z: 288

pyrldlne]ﬁ boxylic acid

[9,9 di f§ 2 (3-fluoro-phenyl)- 1- oxo-2-aza-spiro[4.5]dec-7- yl] am de. 1H

NVR (400 MHz, CDC13): 8 8.57 (d, J= 4.8 Hz, 1H), 8.27 (br d, J=7.9 Hz,

1H), 8.23 (d, J =7.8 Hz, 20 1H), 7.94 (dt, J=7.7, 1.6 Hz, 1H), 7.49-7.60

(m 2H), 7.31-7.38 (m 2H), 6.85-6.91 (m 1H), 4.40-4.56 (m 1H), 3.77-3.91

(m 2H), 2.55-2.69 (m 1H), 2.24-2.44 (m 3H), 2.07-2.16 (m 2H), 1.93

(ddt, J = 3.4, 12.8, 34.1 Hz, 1H), 1.73 (t, J = 12.7 Hz, 1H). ESI-MS ni z:

404 (MFH)' . WD 2011/ 053575PCT/ US2010/ 054054 Exanpl es 98, 99, 101 and

Exanpl e 102: Pyridi ne-2-carboxylic acid

[ (5R 7S)-9, 9-difluoro-2-(3-fluoro- phegﬁl)-l-oxo-Z-aza-

spiro[4.5]dec-7-y1l]-am de; Pyridi ne-2-carboxylic acid

[ (5S, 7R) -9, 9-di fl uoro-2-(3-fl uoro-

phenyl ) - 1- oxo- 2- aza- spi ro[ 4. 5] dec- 7-y1] - am de; Pyri di ne-2-carboxylic acid

[(5S,79)-9, 9-

5di f | uor o- 2- (3-fl uoro- phenyl ) - 1- oxo- 2- aza- spi ro[ 4. 5] dec- 7-yl pam de; and



carboxylic acid

[ (5R, 7R) -9, 9-di fl uoro-2-(3-fl uoro-phenyl)-1-oxo0-2-aza-spiro[4.5]dec-7-

yl pam de,wopespassi?sel y Exanpl es 101 and 102 were nade viPaTiUuse01pnsméss of
Schenme 1 from pyridi ne-2-carbonyl chloride and internediate A-3 (R2 is
3-fluorophenyl) which may be made fromtrans-9, 9-

10di fl uro-2-(3-fl uoro-phenyl)- 1- oxo- 2-aza-spi ro[ 4, 5] decane- 7- car boxyl i c
acid nethyl ester (step 7 of internediate 24) via steps i and j in Schene

6, supra. ] 05X S7 - Gi it ol 1A G2 T 1
101-102, Il\}\ggiﬂeéfsa# %%dgl %%H "867(”2@ trm: icﬁgl] ?gﬁﬁgﬁﬁ r r? i%‘i E%%‘%@%&?& 1acel );
nobi | e phase: 15% i sopropanol in hexanene flow rate: 14 nL/mn; UV at 254
nm to give two enantioners of each diastereoner. 15 The first peak from

chiral HPLC was arbitrarily assigned as I e 99, pyridine-2- carboxylic

acid [(5 S ,7R)-9,9-di fluoro-2-(3 -fl uor & pehyl ) - 1- oxo-2-az a-spiro [4.5 ]
dec-7-yl]- am de, the second peak fromchiral HPLC was arbitrarily assigned
as Exanpl e 101, pyridi ne-2-carboxyd ci\d [(5 S ,7 S)-9,9-difluoro-2-(3
-fluoro-phenyl)- 1- oxo-2-azaspiro [4 c-7-yl] -amde, the third peak
fromchiral HPLC was arbitrarily assixgned as 20 Exanpl e 98,

pyri di ne-2-carboxylic acid FF

[ (5R, 7S) -9, 9-di fl uor o- 2- (3-fl uor o- phenyl) - 1- oxo- 2-

aza- spi r bitg¢nbfidec2drwydpreparcd eia tanproctss of Sohérhe peadord,ragfioltws: al HPLC was
arbitrarily assigned as Exanple 102, pyridi ne-2-carboxylic acid

[ (5R 7R SRpI: @'Llf[yawxa: ToBefdneor, sai@nrpdaylic-RiPdidn@hr &Rirr 0 [4.5 ] dec-7-yl]
-am de. Exanple 98:1 MR (400 MHz, CDC13): 8 8.57 (d, J = 4.8 Hz, 1H),
8.27 (br d, J = 7.9 Hz, 2% 1H), 08.23 (d, J= 7.8 Hz, dH), 7.94 (dt, J= 7.7,
1.6 Hz, 1H), 7.49-7.60 (mll 2 7.31-7.38 (m 185-6.91 (m 1H),
4.40-4.56 (m 1H), 3.77-9.9 OH) , " 2.55-2.%9 18), 2.24- 2.44 (m
3H), 2.07-2.16 (m 2H), 1.93¥ddt, J= 3.4, 12.8, 4.1 Hz, 1H), 1.73 (t, J =
12.7 Hz, 1H). ESI-M5 m z: 4046H( M+H)' . Exanpl ec®9: 1H NVR (400 MHz,
CDC13): 8 8.57 (d, J = 4.8 Hz, 1H), 8.27 (br d, J = 7.9 Hz, 301H), 8.23 (d,
J= 7.8 Hg akblutiof oPAihhyl-S iy drodyisdphbhalide (350 g, 1766%111?01891 f@hagdd(60.0- iy 7. 38
(m 2H), 6.85-6.91 (m 15{—1), 4.40¥4.56 (m 1H), 3.77-3.91 (m 2H), 2.55-2.69
(m 1H), was 2dided SMOrirgiivim 08 35WBRCTD 820 200 064 G8lowR2d by acatic 8¢l (0.80 01-,2016 (m

ég? ? I\/é glﬂn?{o?’ ) q)gglzpe‘(] iﬁggﬁ(ﬁi né%tg%ip Pﬁéisé@lgzn’ ul%clg)r’hy:hirgg%n((tﬁ p]si):atllgo'ozn l?ezrhpe]irgpuire
Ci1g- 242- gZriBhoiRt B8 Micked t1R¥@:h2 Ca7R" SRt '@hdenph@Cuntey Hduded piskirer Phe

i soi ndol-1-one 5 Cl Exanple 100 was prepared frominternediate 1 via the

process kpidge heswupificd bydrambigdustolsysom: (1A engilieaugd ceftridge; gradient: 0 to 50%

7- Am no- 3- Of O nyl)2r - SPir ] - OF 0. 080 .0¢ .0,287

ool by GNP A0 Rl 2URTET B HisaBR St M5 pR-

sodi um  cyclohexane-1,3-dicarboxylic acid dimethyl ester. 'H NMR (400 MHz, CDCls): & 3.56-3.78
(m, 7H), 2.15-2.51 (m, 5H), 1.25-1.66 (m, 3 H).

15 Step 2: 5-Oxo-cyclohexane-1,3-dicarboxylic acid dimethyl ester

0O 0O O 0O
~ OJ\Q)‘\ o~ \OJ\Q)LO/
OH 0O
To a mixture of 5-hydroxy-cyclohexane-1,3-dicarboxylic acid dimethyl ester from step 1
(3.00 g, 13.9 mmol) and triethylamine (5.80 mL, 41.6 mmol) in dimethyl sulfoxide (6.00 mL,

84.5 mmol) and DCM (0.60 mL, 9.36 mmol) was added portion-wise sulfur trioxide-pyridine

20 complex (5.08 g, 31.9 mmol) at 10 °C. The reaction mixture was stirred at room temperature
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10 triacet oxyborohydride (0.061 g, 0.287 mmol) and one drop of acetic acid
in 1,2- dichloroethane (2.0 nL) was stirred at rt overnight. The reaction
m xture WO 2quénseitéd with ice and diluted with ethyl aceCausS2qBO5H541). The
organi c | ayer was washed with water and brine, dried with Na2SO»4, and
concentrated under reduced pressure. The residue was purified by
preparative TLC (ethyl acetate) to afford 0.013 g (12% of the title
conmpound, cis-2-[2-(3- 15 chloro- phenyl) 1- oxo-2-aza-spiro [4.5 ]

dec-7-yl €5 9 rans
i ast o oihe s HED B AHERARR v e sPamET I glolls fus (A8 roBluch i

and t he PBt®)A¢ (3p60 nbp Tas&bgmﬁﬂdaﬁgmslayExavmb evalldl with bﬂmMﬁZRx(%GﬁLMﬂzd
CDC13): g 7.82-7,85 7.74 (t .2 Hz, 1 6

7.28 (t, C%we@razewndmeﬁuqedmreém Thﬁ—f@l(ﬁ‘e was| puriE%d ) Comblf?aslz 4sysf@m

1H) . 4. 38 Bent2D 10 §0‘% &t 18§06Q% 1g|'bCN? §r 80 %ﬂm§rﬂ) g?lgg@E gl(ﬁﬂf )2thg4tltqén
3H). 1.5%1.75 (m =5 395

(1S, 4R) - dyrrponndy 6m‘o{wﬂzloﬁemo—123 dbcapbbxxalycc hm{iZdlﬁleﬂhl{h@pﬁEanél- NMRr@o8WiHe, aci d

2011) 0556 PEIOTP USSP BBADBIE2TS Eoebrt 462 Herhisti L8 e SobRer Syt o

t he corrpﬁgrgﬁ ,9fsathesLnyenti) qpy (1S, 4R)-4,7, 7-
trimet hyl-3- oxo- 2- gxa b?cy% i]I[)Z 2 . 1] heptane-| -carboxylic acid

[ (5R 7R) e X 1] - am de was nade
fromint %lr% Redi g‘igﬂ&?&ﬂ %‘31’11&29%01235? l%ﬁ%%ﬁic a%i(ﬁdlﬂqufl egt%s foll ows: 5(5R
7R)-7-am no-2- (3 -chl oro- penyl)oz aza-apiro [4 .5 ]O decan-1-one (0.130 g,
0.467 nmmol, internedi ate 3] was i ssolved ig nethyl dne chloride (10.0 ni).
Trlethylanlne (0.0708 g, 0.3 mel) was addéd, | oed by the addition of
(1S)-(-)-cammphani c acid chI de (0.101 g, O.46€ Dl ). The m xture was
stirred at rt for 1 hr and camncentrated under redwced pressure. The residue
was purified by silica gel chromatography (ethyl acetate) to afford 0.20 10

o I I R B S e A R L R L

8.1 Hz, IHwasadddd { sbdatjonJof=5&x0;cy2loBsxahedl , HdicabldkyliGacdd d{mkthylestr 2.82 g, 1H) ,

1 86 1 ob{ Amahy DEN 32808 R0k by 5adGior of b Bifs mb: 391 Tamdy s *"

1H, 1. 11;'eaét§0n Iﬁbbture Lv8tifrSd aBfdbm RnBératite odbthighEsld MEn FhnichéParbMitkdwith 15A

single cystal of
(1S, 4R) - @l saturatgdregimpls 3%%6@2 H)@aacbleoy@ lgyfee v@slqmpneén@xmnﬁvlb@ﬁyl Tlee aci d

R, 7R h h 1 2
oidn 1Rtk Gr et A aheh S AR TPt e aT P P
by X- 1 aYeoncBnteat&d lﬁﬂdeafedﬁ%mlﬁ‘ésshfb The remdue Was é)urlﬁed by CombiFlash® system (12 g
(1S,4R) -4, 7, 7-trinmethyl- 3-o0xo0-2-oxa-bi cycl o[ 2. 2. 1] hept ane- 1-
car boxyl sibier: bel[ EERIZR)2radiery: OdhI30P ok agattc in HIMDvay A9 spinr Brep H0%cthyl
dec-7-y| %ceta%nuqu P (613 déﬁ)ﬁ %ﬁf) r5 ge(%ﬁ‘%% & X R QXPohEYE S Aififoro?

hept ane-T-car boxy I'c aci

5 dl f 1 uogyaigheemel), sﬂdl@x&x&haaardsahfeﬂ{yﬂeﬁhdéH-NMmtzmmwdﬁ \GECIMRee 393 @, 5
reaction scale frominternediate 36 and (1S)- mphani ¢ aci d. A

sﬂﬂgl e cHd1.a17002 80 g, AM), 24072.68 (my 321235 Em Qa(ﬁul:yéﬁé Hz 1H).

. 1] hept ane-| -carboxylic acid [(5R 7R)-2-(3, 5

- di f | uor Sepehn tiAHlyl-Hix-diffuapecysiohexint- E3-didcubBoyylic-acid diamethyl estawn i n
met hanol and its absol ute 25structure was determ ned and confirmed by
X-ray. WD 2011/ 053575PCT/ U52010/P54054 Exa
ci s-2-Met hyl - pyrim di ne- ¢
phenyl) - 1- oxo- 2- aza-spiro [4. w X
Exanpl e 129 was prepared fron%1 Nternediate 26 vi/A the process of Schene 2,
supra, as 5follows: cis-2-Mthyl- pyr| m di ne- 4- caeroxyI ic acid

(9,9-difluoro-1-oxo-2-aza- Sf)ll’O dec-7-yl)- am de (300 . 1),
3- f | uor oV&i88 Beshperecxposmentg! prpc r%ﬁﬂssﬂbeﬁd{léé&?uﬂw é&%&?ﬁbﬁ“‘éﬁ%ﬂ&&oml 29

(1R 2R “TURRgPise PRI Byt oh e e RO Mo (B 40 gl § (1650 of

1, 4-di oxane (10 nm.) were placed in a 10 seal ed-tube. The reaction mxture
was heated at 100 C overnight. The crude m xture was cooled to rt and
diluted with DCM (50 nlL). The organi c7%ayer was washed with ammoni a
water/water (1:1, 2x20 nL) and brine, 'dried over MgSO4, filtered, and
concentrated under reduced pressure. The residue was purified by

Combi Fl ash(r) system (25 g silica gel cartridge; gradient: 0 to 50% et hyl
acetate in DCM to afford 135 ng (35% of the title conpound, cis- 15
2-thhyl pyrlmdl ne- 4- carboxyllc aC|d [9 9 dlfluoro 2 (3

o ~ o . RIR A~ 7 A /NN A AR 1L




20M xture of two enantionmers of Exanple 129 was resol ved by HPLC (col um:
Chiral pak(r) AD, 250x20 mm (Di acel); nobile phase: 15% i sopropanol in
hexane; fwoworiztses7s1l4 ni/ mn; UV at 254 nm) to give twoPemaIskI0nes4s The
first peak fromchiral HPLC was arbitrarily assigned as Exanple 103,

2-met hyl - pyri m di ne-4-carboxylic acid [(5S,7R)-9, 9-di fl uoro-2-( 3-

fl uoro-phenyl)-1-oxo-2-aza-spiro[4.5]dec-7-yl]-am de, and the second peak
fromchiral 25HPLC was arbitrarily assigned as Exanple 104,

2- met hyl ; pyr.i m di ne- 4- car boxyl.i i .

[(5R 7% MEXGeTiopirGpd w0, e A 999 MHtg, Py 8 AT P 33 41 387
c-7-yl'] samge2H), WB42011 (o83 IRETI W5aQ 14 P54054 | n an anal ogous nanner to
Exanpl e 129, Exanple 105 in Table 1 (bel ow) was nade at 0.216 mol reaction
scal e fr gl 93tk BK-Biffucds- Ro £REMS ) Sy@loh¥x A2 3 e 2 bSxylic acid dimethyl

di f | uor oi odobenzené. In an anal ogous nmanner to Exanple 129, Exanples 106
and 110-¢éster Table 1 (below) were 5 made at 0.097-0.233 mmol reaction scal es
frominternediate 28 and commercially avail abl e 4-fl uoroi odobenzene,

3, 5-di fl uor oi odobenzene, 20chl or 5-fl uor opyricdi ne, ™-chl oro- 2-

met hyl pyri m di ne, respecty SRR

Exanpl es 107-109 in Table 1

S ercially 3- 0% oi odobenzene,
4- shl or o- 2- met hyl pyri mi di ne, " 2= chl or 0- 5-f | uor opyr ifdi ne, respectively. In an
anal ogous manner to Exanple 129, Exanple 128 in Table 1 (below was nade at
0. 214 mMUbing elactanenexpeamenthl prioceditrer doscliltaidan 2&p anfdr caommexdcital | starugifioabl e

4- chl -2- h i m dj o iml t Ex | 10 104,
ool e S S g h e e b Ot B GReHey e B h b tdhor
cor r espongi A | : 1 14 120
(1st pga{}?l@% 121 é(%n?%@é{%r@ﬁ%%@lﬁ(ﬁ(gg@“%@c%?)r‘aéfg'agﬁd?:‘,g@@1'2’
fespect | ¥.8IHz, IEAMO-27108; 6HH2MER. 0500, N 2.880a43) =9.%B.18D iz, 1H), 2.63-2075 1H) ,
(B ots" g Bspg o Zibh. 16D Was Wlh 2 Vit s ety 004 551 80w, ok, Daf 1o 2
2.62-2.593HQ’]11_1.)T|), 2.35-1.74 (m 6H, 1.69 (t, J=12.8, 1H). ESI- M5 m z:
404 (MrH)® . Exanple 104: 1H NVR (400 MHz, CDC13) 8 8.81 (d, J = 5.0, 1H),

7.94 (d, o= . — . 4 7.29-7.24

(m 2I(-|) , S%Pé’i!’é’?’?‘é‘%‘%ﬂlﬁ_@:1('%-%1]91&:?39?6#5)3{1'_‘}'??—%ﬂé’&]_—@’_cwef%nw-%%, 2.62-2. 50

(m 1H), dRaB®xYI7 dcidrdimety] edtef9 (t, J= 12.8, 1H). ESI- 25M5 nmfz: 404

(MrH)' . WD 2011/ 053575PCT/ US2010/ 054054 Exanpl e 105: Iti NVR (400 Mz,

CDC13) 8 8.82 (d, J = 500, 1Hp, 8.57 (d, J =05.0, dH), 7.84 (d, J= 5.0,

1H), 7.23-7.15 (m ZH)% Q- 8h52 (M 1H) » 4 &oA(m aH), 3.71-3.57 (m
7

oH). 2.74 (s, 3H), 2.49-1 . ‘ H'. Exanple

106: 1H NVMR (400 MHz, CDC13)<'8 8.68-8.55 (m 1 8. 2= (m 1H), 8.10

(d, 5J = 8.4 Hz, 1H), 7.89F(dt, J = 7.7, 1.7 ®Z, 1H), 7.63-7.57 (m 2H),

7.51-7.46 (m 1H), 7.13- 7.06 (m 2H), 4.57-4.43 (m 1H), 3.92-3.75 (m

2Hp, 2. 70sihg8lie fame KigprimentdBprotedudes deBcrdhedlitlstep BSlor Mienmiczliated DAstqrivhglfrom

xample o5 M AR My dbhale 1A-GiirbdxyTicadd et ester 04 &
mmol), 1.32 g (75%) of the title compound was obtained. 'H NMR (400 MHz, CDCls): &
7.04-7.13 (m, 1H), 6.18-6.48 (m, 3H), 3.65-3.79 (m, 6H), 2.96-3.27 (m, 3H), 2.62-2.82 (m,
2H), 2.32-2.45 (m, 2H), 2.06-2.15 (m, 1H), 1.57-2.93 (m, 3H), 1.20-1.33 (m, 1H). ESI-MS

20 m/z: 374 (M+H)".
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1H), 7.75 (t, J= 7.7 Hz, 1H), 7.61-7.56 (m 1H), 7.37-7.33 (m 2H), 7.31
(d, J = 7.6 Hz, 1H), 106.92-6.86 (m 1H), 4.55-4.43 (m 1H), 3.93-3.78 (m
2H), 2.70WD.260/0585751H), 2.58 (s, 3H), 2.45-1.84 (m 6H) PCT/UBB0I0N5403& 12. 7
Hz, 1H). ESI-MS miz: 418 (MrH)'. Exanple 108: 1H NVR (400 MHz, CDC13) 8 8.51
(d, J =5.8 Hz, 1H), 8.14 (d, J = 5.9 Hz, 1H), 8.11 (d, J= 8.6 Hz, 1H),
7.73 (t, J= 7.7 Hz, 1H), 7.29 (d, J= 7.7 Hz, 1H), 4.54-4.42 (m 1H),
4.19-3.95 (m 2H), 2.65 (s, 3H), 2.63-2.59 (m 1H), 2.56 (s, 3H), 2.40-1.82

R (400 Pty PRy (o ong- 1 %—“Z-i”zza‘%&) *@%&aﬁa”"'_%“égé“
1H), 8. lérboxyldcadd fetayl edtdy, 8.00 (d, J = 7.7 Hz, 7.75 (t, J =7.7
Hz, 1H), 7.50- 7.44 (m 1H), 7.31 (d, J = 7.5 Hz, 1H) '4.56-4.45 (m 1H),

4.18-3.98 (m 2H), 2.71-2.61 (m 1H), 2.58(s, 3H), 2. 1.83 (m 6H), 1.76
(t, J= 12.8 Hz, 1H). ESI-MSgnz: 419 (M+H)'. 20Exanpl eS1107AH NMR (400 Mz,
1H),

CDC13) 8 8.56 (d, J\— Hel iH), 8.19 (d, 'J =o7. 694z, 8.08 (d, J=
7.2 Hz, 1H), 7.89 (t? : , 7.50-7.4 iH), 7.33-7.28 (m 2H),
6.64 (tt, J= 8.8, 22Hz 1H) N 443(m1, 23.76 (m 2H),
2.69-2.58 (m 1H), 2.46-F £. 82 Tm—6H), 1.71 (t, 2.7 Hz, 1H). ESI-M5
mz: 422 (MH)' ExarrplellllHNI\/R(400M—|z CDCf3)C8853(d J = 4.6 Hz,
1H), 8.41 (dd, J = 9.2, 4.0 25 Hz, 1H), 8.23 (d, J= 3.0 1H), 8.20 (d, J

= 7.9 HzUsngthe @n@ﬂex(p@nn@n&al grogedhgres cj&qynbeﬁ mte(pd!{ of mtemﬂedgtte 2., s@art-q@g fropp |

0-7. 44 08 1-2.60 1H),
5 301 gt sefnorg: B AbybRoohhonirh) dfy - @ioh a3 oty W'
go%/ 352%171&['}@( I/SED&Q@%Q/Z 1%5&@50 SE@dSlﬂlhetlﬂlé.ZombI)Mnd‘WEﬁ (ﬂb"tﬁlﬁed\/ﬂl ml—l) &hggA% a6

(m lH) re?en?enﬁlmsRTml 2ﬂ4)mm4 MS4@M7( n%421W+PH 2@ Bfagwsedn Wélilq)ut bror (s,

gﬁcggpmm 2.43-1.82 (m 6H), 1.71 (t, J= 12.6 Hz, 1H). ESI-MS
rﬂz 4021% 5Exanpl e 113: 1H NMR (400 MHz, CDC13) 8 8.56 (d, J = 3.9

Hz, . J=7.7
e’ 11y, SBrdd by hilpdrggy B-nub B pnytP oty g s delhnes b

1k, 4. 5%cid. 43 (m 1H), 3.89-3.76 (m 2H), 2.69-2.58 (m 1H), 2.46- 1. 82
(m 6H), 1.71 (t, J= 12.7 Hz, 1H). ESI-MS miz: 422 (M+H)'. Exanple 114:1H

NVR (400 MHz, CDC13) 8 8.56 (d, : , 1H), 8.19 (d, J = 7.6 Hz, 10
1H), 8.08 (d, J= 7.2 Hz, 1H), ¢.89Ft, J= 7.7 Hz, 1@50-7.45(m 1H),
7.33-7.28 (m 2H), 6.640(tto _JZ 8. . ,04.564.43 (m 1H),
3.89-3.76 (m 2H), 2.6942. 58: 1H), 2.46- 182 (WNeH), 1.71 (t, J= 12.7
Hz, 1H). ESI-MS nfz: 422 . Exanpl e 12601 400 MHz, CDC13) 8 8.53

(d, J =5.9 Hz, 1H), 8.15%d, J = 5.8 Hz, 1H), -7.39 (m 3H), 7.26-7.20
(m 1H), 6.26 (d, J= 7.9 WzF 1H), 4.58-4.47 (m , 4.19- 154.01 (m 2H),
2.67 (s, 3H), 2.65-2.56 (m 1H), 2.40-2.07 (m 5H), 1.96-1.78 (m 1H), 1.67

cocn3) sopnegh b e profilel e ST ol G2 it g,

3H), 7. 265di2@oron-[21E) fluddo-pberfydamihe)-éth91[HzclohbRanedl., B dicdrbdXylicacid Himethyl 9-

4. 01 2 67 2. H), 2.40-2.07 1.96-1.78
(m 1I(—I)m ¢ eﬁ%@ é% (§> (ilég 3 Cfﬁ@ﬂ E%thwsﬂt}ﬁ fon@%nd? VER) Obtaﬁa@gnﬁ%gl%them
1H) (‘810(])_ rlza%glgﬁ eﬁet&vé’s]hﬁgayzeh tG agdegflmecfla&d hizG.- ]\H’?_l;t)/let%og%g( ] 670 n’ﬁno Hz,
Hz, 1H), pl?rlt*,v'sQUVh)lemESlMS m72 3328((M+H]) At WaSqui withdut fm“tlﬁﬁpmﬂl@tlom 1H)
4.18-3.98 (m 2H), 2.71-2.61 (m 1H), 2.58 (s, 3H), 2.43-1.83 (m 6H), 1.76
(t, J= 18tep W;s-%bﬂ)mn&&?—ﬂﬁludra-z (ésmudrwhﬂlbenyl)%ﬂeﬁspﬁq4$&&ciiﬂlm (400 MHz,
CDC13) 8 8.53 (d, J = 5.9 Hz, 1H) 8.15 (d, J = 5

0 0
R N N
HO - AN
FF FF
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1H), 7.54-7.39 (m 3H), 7.26-7.20 (m 1H), 6.26 (d, J= 7.9 Hz, 1H),
4.58-4.47 (m 1H), 4.19- 4.01 (m 2H), 2.67 (s, 3H), 2.65-2.56 (m 1H),

2. 40- 2. OWOmP11AI§35751. 96-1. 78 (m 1H), 1.67 9t, J= 12. 3, PCHUS2ESBI054954 nT z:
419 (M+H)'. WO 2011/ 053575PCT/ US2010/ 054054 Exanpl e 115: ci s-

2- Met hyl - pyri m di ne-4-carboxylic acid [2-(3,5-difluoro-phenyl)-1,9-

di oxo- 2-aza-spiro [4.5] dec-7-yl]-amde O Exanpl e 115 was prepared
frominternediate 30 via the process of Scheme 23, supra, as 5foll ows:

Toasol ut 0 i S -am nag-9- - di - 0= ). .di -9- -

di api 1 of A EARRE LT by eGP BT M oy e Bl

2- met hyl pygrdiffudbnef4E-tworbpiyihy emmo)-dthly I 28 cloh ex dhe 053 -divatboxilic AAMd{nGetigl) was
added PYBOP 8 08 ng, 0.975 mmol) .and triethylam ne (0.27 , 1.95 mmol ).
The r eactSSiOny imPl Rl kimeynt af §ridf GHRFIBPSEIESANABRIANS YIPY HEthapd
concent r atedyinI AR difSlnt BB HRS aﬁ@weﬁ&%mﬁ fhRfkicH, IEse a9 7: 0ot Qi+ 1§% Et OAC
in hexanes) to give an internedi ate (300 , wnich was dissolved in THF (5
m.), followe I L4 @ng ok C | e, J.eaction

T Bt ure vas St S8 LA 00 fimaaa itk ob b B haord Dy AE 2T
resi due was suspended in DCM ( 2Gpirb)4.5jddcayisbombed with sat ureat ed aqueous
NaHCO3. The aqueous | ayer was extracted 15 with DCM (2 x 20 nL). The

conbi ned organic |ayers were concentrated. /-The resi due was chronmat ographed
on silica gel (0 to 80% Et0Ac in hexanes) Yo give 190 ng (49% over 2 steps)
of the title conmpound, cis-2-Mthyl epyrig e-4-carboxylic acid

[ 2-(3,5-di fluorophenyl)-1, 9-di ¢xQ- 2- ¥Za- S of. 5] dec- 7- y1] - ami de. 1H NMR
(400 MHz, CDC13) 8 8.90 (d, J ="5) 7 1H), 8.29 (d, J= 8.4 Hz, 1H), 7.90
(d, J= 5.0 Hz, 1H), 7.33-7.29 (m 9, 6.65 (tt, 20J= 8.7, 2.2 Hz, 1H),
4.62-4.50 (m 1H), 3.88-3.80 (m 2, 2.96-2.76 (m 5H), 2.59 (dd, J =
13.6, 11.4 Hz, 1H), 2.44-2.09 (m 5H). ESI-M5 nfz: 415 (MtH)1. In an

anal ogoumtdraRARKe 1PwEXANN fiu Hdprobsa bPbehekeds, siplahl llbwisbel ow) was nade at
1.15 mmol reaction scale frominternediate 31 and commercially avail abl e

6- met hyl gj.6ql. i-0i.¢ 2801 dp; | ; ; 1H NWR
(400 Mz € q'i%ngsza(%?‘g}%"}({%ggﬁz’é Wﬁ%@%@g%g%@%gﬁl@gme@ﬂ@?m 7.75
(10 J= 7cagbpylicladid metlhd-egtes7 (m 1H), 7.37-7.30 (m 3H), 6.93-6.87 (m

1H), 4.61- 4.49 (m 1H), 3.92-3.81 (m 2H), 2.96-2.90 (m 1H), 2.81 (d, J=
14.1 Hz, 1H), 2.61 (s, 3H), 2.56 (d, J= 12.9 Hz, 1H), 2.43-2.07 (m G5H).
ESI-M5 mz: 396 (M+H)'. 5Exanple 123: cis- 3-Fl uor oQN

[ 2- (3-fl uoro- phenyl)-1%9- di ofo- 2- aza-spiro [4.5] de 41 - benzam de

Exanpl e 123 was prepaed omol nt er nedi at eP31 wW.qt rocess of Schenme 23,
supra, as follows: 10Toa ne- 93 (3

-fl uoro- phenyl)-1, 4-di ox&-9-a3 a- di spirol[4. . 3] tetradecan-8-one (370 ny,
1.15 mmol) and triethylamne (0.40 nL, 2.9 |L)in DCM (10 nL) was added
3-fluorobenzoyl chloride (220 ng, 1.38 nmol) at -78C. The reaction m xture
was stirred at roomtenperature overnight and diluted with DCM (50 nL). The
organi ¢ Tayér spkgonaehetiani-#.A-dRrerpdredonasinas-caelahdxenerd 3-depbeaxdiceracy SO,

15 filteg: t i il |

gol  (gr adrietpA e EROET L8 RhmoR g R G AR REBRE 00 LR Ty
whi ch waSH#I S0 megl was ablded (sbditrn) triat@bkyhweshylayide 4. 5adgdi2li0mnadl) 3:a0 atiddCl i n
water (5 nlL). The reaction mxture was stirred at roomtenperature

)
over ni ghPOTHAR s edhelised @t rtrakctright-dlie iusy ¥pt yerrhed Wwemepblostaiusatet g
guenche 1 S AY Ry ithT S04s.1ha : :ed 20
W th DCI(iI/II\I%\I'Zit!éb S'Zgﬁérﬁ@%%é co%ﬁee%%or ganllﬂ}: Eﬁ%églrds werLg ' ggé\ééﬁtﬁ lrngifteo(%g% IlI'fe
resi due lagsrscheronugshgd aphiedatoratei Natbl& Qyebnd bring @09 &v@AgB0.hEkandsind o

ive 162 219% 2 st f the titl d, . .

o oCa P ey P Shete) TheotehBag SBAYE St BrAied Becsiiey £6! bens
am de. LhbiMRoGAHPRY VEBlveitPSAR) otByl/al e iéﬁe;&aﬁksg\?tbi)a;ffoﬁ 43 %%2%) of thedtit&,
1H), 7.43-7.33(m 3H), 7.24-7.18 (m 1H), 6.95-6.89 (m 1H), 4.85-4.74 (m
189, 253c@8p@mnd3 (mrun2kH) 2,4 Digethader;bedzy12.96dif1801®- Hexo-2+dpa-spird@d. S(decade-Z 14, 3

e, 1H), ca%boesx%lli%da%id r‘%letlel ester. '"H NMR (400 MHz, CDCls): & 7.12-7.07 (m, 1H), 6.47-6.40
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14.6, 7.6 Hz, 1H), 2.46 (d, J= 14.3 Hz, 1H), 2.33-2.11 (m 4H). ESI-M5 nl z:
399 (MtH)'. WD 2011/ 053575PCT/ US2010/ 054054 Exanple 116: ci s-

2- Met hyl| -woroni/adsire- 4- car boxylic acid [ 2-(3, 5-di fl uor ph@aya)S2@0/054054

hydr oxy- 1- oxo- 2- aza-spi ro[ 4. 5] dec-7-yl] -am de OH Exanpl e 117:
trans- 2-Methyl -pyri m di ne-4-carboxylic acid [2-(3,5-difluorphenyl)-9-
5hydr oxy- 1- oxo- 2- aza-spi ro[ 4. 5] dec-7-yl] -am de Route 1. Exanples 116 and
117 were prepared from Exanpl e 115 via the process of Schene 23, supra, as

fol |l ows: t i i 4 r ienaci d
(2 (3 5 b sTkeny ) P I 100 8L & T L B T R 36 AP o™
ng, 0. 098630 @3), ane %&m(mm}proltIy(dd;ﬂe 1.5, 839 iy, 200),1081-1m651 (i, i8H) TEST-ME )
was stirred §§ room tenperature for 4 hours. The reaction m xture was
quenched BRSWHiED -and extracted with DCM (3 x 10 nmL). The conbi ned
organic | ayers were dried over MgS, filtered, and concentrated. The

reS| due N&P 263 é%*&;mﬁm&b&w%%dtﬂn@rmlag@ez—emrﬂmo[4ﬂ}.éeqan¢~s7r peak
gm t he 15 reversed phase |iquid chromatography/ mass
spect rome W@‘%@ %Qtﬁurl fication system Gadient: acetonitrile in
water, 18-95%in 3.6mnutes with a cycle time of 5 mn. A shallow gradi ent
betvveen 23-46% of acetonltrlcfe was used between 0.6-3.0/mn to separate

close-eluting inpurities. Fl rate: 100 nl/mn. Mobil & phase additive: 48
mM of am‘mniumfor@teo OQertsil C8, 30 x SOMV@,%nparticle
si ze) was assignedlas arrp e 116, cis- 2- M& hyPypyri I n&- 4-car boxylic

acid [2-(3,5-diflyorp ) - hydroxy-
| - ox0- 2- aza- spiro| 4. S)dec-7-yl] -anm de (4 rrg)l and 1 he second peak fromthe
HPLC was WO 2011/ 053575PCT/ US2010/ 054054 assi gned as Exanple 117, trans-
2- Met hyl - pyri m di ne- 4-carboxylic acid [243, 5- F

difl uorphenyliq 9- hydr oxy- I-oxo 2-aza- spi rg)[4. 54 dec-7-yl]-am de (6 ng).
Exarrpl e Ta@:solytiourT Came2M2#-Depethayy-bergy BY .Q-diflupre-1mxg-3-pza-spiyp[4. %]de@ned J

4 1; ?rbg’@ilﬁ) a%@%ﬁf}& 5;3{ (? 0 %5 3 #50“881? @%ﬁ) (éﬂ@%g&sjgﬁ?ﬁaﬁ 1 "ha

(m 5H) mgslsmsnmot 60D 7in( thlrkdydl . 0114 B0 4C1Thé mpactioh, m&29-Rasldtirfath at2idom

4.01- 01- H NWVR CDC13) 8.88 (d, J =
ﬂ«? 8. 5%@Htparatlafe Dvsng]‘mza ‘j{ﬂﬂj’mh? gty tge- Ehﬁ Aqusopp ﬁgaan)ws PXigepted @etholﬁém

6.67-6.5 X@GBIIL% Hrhe éoﬁgm%d %?gé(lﬂ& 1%"@'}9 w%reIS zvasﬁkd‘%ltﬁ nBrnfU'Qnd §0&%n§atz& {8
2H), 2.8 Ms 10m z: 417

(MtH) ' . resultlng remdue was purlﬁed by silica gel chrornatography (Solvent 30% ethyl acetate in

hexanes) to afford 1.25 g (69%) of the title compound, cis-2-(2,4-Dimethoxy-benzyl)-9,9-
difluoro-1-oxo0-2-aza-spiro[4.5]decane-7-carboxylic acid methyl ester. 'H NMR (400 MHz,

15 CDCl3): 67.08 (d, /= 8.9 Hz, 1 H), 6.46-6.42 (m, 2H), 4.48 (d, /=144 Hz, 1 H),4.37 (d, J
= 14.3 Hz, 1 H), 3.80 (s, 3H), 3.79 (s, 3H), 3.70 (s, 3H), 3.19-3.11 (m, 2H), 2.78-1.74 (m,
9H). ESI-MS m/z: 398 (M+H)".

Step 3: cis-2-(2,4-Dimethoxy-benzyl)-9,9-difluoro-1-oxo-2-aza-spiro[4.5]decane-7-

carboxylic acid

20 F F F F
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Route 2: Exanple 117 was al so nade, as follows: To a solution of

ci s-2-net hyl -pyrimdi ne-4-carboxylic acid [2-(3,5-difluoro-phenyl)-1, 9-

di oxo- 2- aw@-20p/058474. 5] dec- 7-yl] -am de (20 ng, 0. 048 mMUIPLTISE010854959) was
added 1.0 Mof L-Selectride in THF (0.2 nL, 0..1 mmol) at -78 C. The
reaction m xture was stirred at at - 15 78 C for I h and quenched with ice.
The aqueous | ayer was extracted with DCM (3 x 10 nL). The conbi ned organic
| ayers were dried over MgSO4, filtered, and concentrated. The residue was

f d y

pur ey sl 19 Y60 3 Al 199 ANLAS AR B0 o00us
0.176 m"rmrbds@falchalcm?m&h&l astéﬁ(deEg(,a?rpﬁl e3P an&gﬁggr(glzgg gaomnwa mgagwgé
CDC13 8 64 ,

(m 1)H) (1§ k) %H%BHE#HD mlb) W% %@re %&Menmqyam@ %’Gﬂﬂgl’éfm@ ﬁpnmrate . Beg
3. 70 (M y@iddus y@BSnds Qéld(ff@g i ANIEBE y gqg,pr-é!n% Setradtcf With DAL (3}3(53ﬂlhlﬂiqu,
3=9.7, 40 H 1B 1745 (dq, 9=13.4 "B AP TH T EST- NS m z: .
| n5an anﬁha)gonnblm:dmrganic rl@yﬁre wre tdvicExavepl Mg3D7,, ﬁEm‘adnphrai mlﬁsennaﬁfdtbindeﬂ

(bel ow) 5made at O. reaction scal e | e 124, anpl e
156 *Th RRe-Cagpmoto seieal Bob igiecomnghd oy 2GR ra ) FogoR,
1H), 7. 73 akd- splr]dfz SYdean 7Xbboxylid4cid; RhichWashidbd fdr #3-nbx2Qedpwitblit further
6.90-6.84 (m - WD 2011/ 053575PCT/ US2010/ 054054 4.60 (m 1H),
4.53-4. 4wr(fmathm4)ESI§\488n/3 w4 OHPH), 2.60 (s, 3H), 2.53-2.40 (m 2H),

2.21- 2.00 (m 3H), 1.83-1.73 (m 3H). ESI-M5 mlz: 398 (M:tH)'. Exanple 119:
ci s- 2- NgepH cipPr Amiinh- 242 4-dinretlooxyHbenzpl)17¢7 -l Thu089-2- anaf dpirax| 6.5 sleeany-1) or@-

hydr oxy- 9- met hy1l- 1- oxo- 2- aza-spi ro[ 4. 5] dec-7-yl] -am de 5 Exanpl e 118:
trans- 2-Methyl - pyrim di ney4-carboxylic acid [2-(3,5-difluoyo-phenyl)-9-

hydr oxy- 9- nmet hy1- 1- oxo- 2- & a- spi ro[ 4. 5] dec- 7-y1] - am de 0 Exanpl es
119 and 118 were prepared Exanpl e 115 via the process pFSchene 23,
10supra, as fol o]’ n of cis-2-nethyl-pyri -@ rboxylic
acid [2-(3,5-difil uory=m ] - dioxo-2-aza; Spiro[ ¢ de- -y1]-am de

(30 ng, 0.07R6 THF (3 m_) was added 3.9
brom de in ether D5 nmL) at -78C. The reaction re was stirred at
-78C for 1 h and gfenched with water. The aqueous | Ayer was extracted with
D@yl 15 (3 x 10 rrL?:. FThe comnbi ned or gnani c | ayers wer & dried over MySO4,
filtered, and concentrated. The residue was purifed by RP-HPLC/ M5

puri fi cale arokish efivi-gr@di- éufrtethcﬁ@rehemjrlp lidxe-3- mzasA@tile[é} Spléeaaﬁ%sanboazlﬁm'cmjt es
vvithaccletiggofS 6%0%
4 ? imgoD,

hyl magnesi um

b
acet oni t %1% ga g%@oag]?&e@ﬁn?)?ﬁ% gra%ﬁqeat%l@% i%
i mpuriti ﬁmow%h% ﬂh@taﬁdltl%gq)ffﬁrlﬂcl{aQnQ% 8@@9@%@%@@ 0. aﬁ%ﬁ | ¥ 8 m A8 MvhOfni NI um

formate. I nertsil umpartlce3|ze) to afford
two di asWes sUmeires rodfheerﬁperr@urqd‘eak hbnoand: then MRIt@ st °Gsfor §redrsa$hExcantpire

119, ¢ 2- et hyl - di ne- 4- car bo I c, WO 201 575PCT/ US 054
20ba [ o e i ol B By P S RGey bet at Aged B3 18 fessochs B0 ABNL 4. 5
] de c-7iy h]L P Q@ul&ﬁ% fﬁﬂ)ctur@%s %ﬁ@ecﬁefg@fudlsl@ea@lfoérﬁ%ﬂllsé}@m%fe@zmr@wcgned
as Exanpl e 118, trans-2-Methyl pyri m di ne- 4- car ox]zlllc acid

[ 2- ( 3, 5- Biy¢us uwere-sppaspipd) The geroos ayer Wéatshlg,qsﬁnedowﬁ 2ohd AH§IQ0fo4pH] décarrd y1] -
am de ( Sexqga)cted with DCM (3x30 mL). The combined organic layers were washed with brine, dried

over Na2S04, filtered, and concentrated to give 0.4 g of the title compound, cis-9-amino-2-
20 (2,4-dimethoxy-benzyl)-7,7-difluoro-2-aza-spiro[4.5]decan-1-one, which was used for the
next step without further purification. ESI-MS m/z: 355 (M+H)".
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Exanpl e 118: 1H NVR (400 MHz, CDC13) 8 8.88 (d, J = 4.6 Hz, 1H), 7.95 (d, J
8.8 Hz, 1H), 7.91(d, J= 4.8 Hz, 1H), 7.35-7.29 (m 2H), 6.65-6.58 (m

H, 4.6MW0262/568751H), 3.84- 3.71 (m 2H), 2.78 (s, 3HPCTAISBOOR5ME4 (m

H, 2.18-2.00 (m 2H), 1.92 (d, J = 14.2, 1H), 1.74-1.54 (m 3H), 1.38 (s,
H. ESI-MS miz: 431 (MrH)'. Exanple 119: 1H NVR (400 Mz, CDC13) 8 8.88 (d,
= 4.6 Hz, 1H), 7.95 (d, J = 8.8 Hz, 10 1H), 7.91(d, J= 4.8 Hz, 1H),
.35-7.29 (m 2H), 6.65-6.58 (m 1H), 4.64-4.52 (m 1H), 3.84- 3.71 (m

2H), 2.7 : . 602 I 24 . 2:.(d, 5J. = 14,2,
1H), 1. 7?-“&%@?%? 2§H§31921M§é1)?’sﬂy r%‘ﬁ}'?“é@%%&?%@%%ﬁ%é@g’?l &g%r%p & 122:

trans-2- Met hyl - pyri m di ne- 4- caspiogl3]|de@Tiyth)-dmbide3, 5- di f | uor o- pheny1l) - 9-

fl uoro-1- oxo-2-aza-spiro[ 4.5]dec-7-yl]-am de 15 Exanpl e 122 was prepared

from Exanpl e 117 via the process Schene 23, supra, as follows: To a

sol ution of trans-2-Methyl-pyri m%%ﬁlﬁ car BoRyl i ¢ acid

[ 2- (3, 5-di fl uor phenyl)-9- hydroxy-INo o-' a~’spi ro[ 4. 5] dec- 7-y1] - am de
(crude, <0.121 mmol) in DCM (5 nL) wa® 20~added DAST (20.3 ilL, 0.154 nmmol)
at 0 C. The reaction m xture was stirred atF roomtenperature overni ght and
guenched with saturated aqueous NaHCO3. The aqueous | ayer was extracted

Wi th DCMntkhRdeey wedpepaam e thayRtsss\WeSehvas 18 d.pid, bs Rlioke; dried over
Na2SO4, filtered, and concentrated. The resi due was chromat ographed on
sikica g (0.t 0,.;706% \C Ul an Yol 2 : .y 5959 und,
tr Igms- 2- %P hSII - p(illg?ﬁﬂﬁ?xkl@lﬁlgﬁa&%g%*@lgc?gm[ Z&(D%Z(’)j gﬁﬁ‘&h&k} bén 9

- di f | uor dlwloeont d0x0R-htasspive[4:-5pdex-2yHzmidspi ro [4.5 ] dec-7-yl]-am de. 1H WO
2011/ 053575PCT/ US2010/ 054054 NWVR (400 MHz, CDC13) 8 8.79 (d, J = 5.0 Hz,
1H), 8.00 (d, J = 8.5 Hz, IH), 7.82 (t, J =5.0 Hz, 1H), /7.26-7.21 (m 1H),
6.54 (tt, J= 8.8, 2.2 Hz, 9H), 5.22-5.05 (m 1H), 4.55-4%43 (m 1H),
3.79-3.66 (m 2H), 2.71 (s 2.45-2.25 (m 3H),02. o(lm 3H),
1.74-1.54 (m 2H). ES\ A9 (MH) ' N7 SExagpl ENLA: \

ci s-3- Fl uor o- N- [HN dy oxy- phenyt)=%- ox052- i

benzam de Exanpl was made from Exanpl & 1 ia the process of
Schene 22 (step c), ASupra, as follows: 10Into a vj containing cis 3
-fluoro--N- [-2-(3 Erfet hoxy- phenyl)-1-oxo-2-az a-spiro [4.5 ] dec-7-

yl'l -benzam de (150 ng, 0.38 mmol) was added 20 nlL of dichloronethane. The
sol ut i onToasolbgen eti2-ancthyipyraling4reprrboxylre agich ok drmeg.rli- I wmadkini(H2Cla (15 mL)

dichloro ] I nd
stirred B MO HGRAS Bk 1RO bR MU HCHE (ESE, £18 eldl) B30 TG ed ™ e
orngani ¢ {hay=ilitivasoss ep-dxahidd-2-Dhe dibbli s nk gl g, waisluerd-2-agd-gtlroM BidelEM and
et hyl acet aé e. The organi S:ngtracts wer e conbi ned, dried, qver sodi(gimted

sul fat e @Hd490rmei btd BIeD) T8¢ érastion FHAYE Ay sided Ky B REEBiA3R] s uted
Soect O, ALY Ut SR, SV S Bt sageatapbicol vl
bet ween Bins6% cincantettehiubddr| redwasd mussdreb@hoveesid@. was Burdfied by Condefias/dt e
¢l ose-el éj;si[err}?(lbnépéll{iicg jge Sc'artrFilié)e\évglrra t1een:t: 01 ‘[0002‘%11\4[%1[1'(2N NH3) in CH,Cl, over 10 min)
15 to give 0.4 g (70%) of the title compound, cis- 2-Methyl-pyrimidine-4-carboxylic acid [2-
(2,4-dimethoxy-benzyl)-9,9-difluoro-1-oxo0-2-aza-spiro[4.5]dec-7-yl]-amide.'"H NMR (400
MHz, CDCls): 68.89 (d, /= 5.0 Hz, 1 H), 8.00 (d, /=8.6 Hz, 1 H), 790 (d, /= 5.1 Hz, 1
H), 7.10 (d, J = 8.7 Hz, 1 H), 6.48-6.43 (m, 2H), 4.45 (s, 2H), 4.44-4.34 (m, 1H), 3.82 (s,
3H), 2.81 (s, 3H), 3.25-3.20 (m, 2H), 2.80 (s, 3H), 2.66-2.53 (m, 1H), 2.37-1.72 (m, 7H).
20 ESI-MS m/z: 475 (M+H)'".

NG WNE | O

o} 4. 5] dec-7-y1] -
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20Mobi | e phase additive: 48 nM of anmmoni um acetate. Columm: Inertsil(r)
Cl8, 30 x 50 mMm 5 umparticle size (G. Sciences)) to afford 50 ng (26% of
the titl ewoanmpagssfs 1H NVR (400 MHz, CDC13): 87.60-7.52PCmus3tp/05405413-7. 36
(m 1H), 7.26-7.14 (m 2H), 6.99-6.95 (m 1H), 6.70-6.66 (m 1H), 6.58
(s,br, 1H), 4.31-4.20 (m 1H), 3.84-3.75 (m 2H), 2.24-1.44 (m 10H).
ESI-M5 mlz: 383.0 (MtH)'. WD 2011/ 053575PCT/ US2010/ 054054 Exanpl e 157:

3- Fl uoro- N-[2 (1- net hyl - pi peridin 4-y1)-1-oxo-2-aza-spiro[4.5]dec-7-yl]-

benzam d .
i nt ér rn::dlgae e ?S)Vilzlésg%_mél%& yerslgn%lp e')é‘c%rboxyﬂlzf s%)l((?gp A jdgt?o(}% gafl%Y (3
- F | uor ospir@d5pddcavyDa@midle 0xo- 2- aza-spiro [4.5 ] dec- 2 yl] -pip

eridine-I-carboxylic acid Qert-butyl ester (0.135 g, 0.285 nmol) was
di ssolved in CH2C12 ( 2.0 nL). 4 Mof Hydrogen chloride in 1, 4-dioxane (1.0

m.) was added, the mixture was stPrred at rt overnight. The m xture was

concentrated under r educed pgesst o,afford a jgpxture of two

di astereonmers 10 (c /| rans: er\ L&V h d g theNirst peak with
RT of 0.77 mn wa i |s andthese pPEa RT of 0.81 mn
was assigned as trans.)o ES M mz: 374 (MtH) ' It Nas ed in the next

step without further purififaiton. 3-Fl uoro-N—(l-oxo-Z-F F
pi peridin-4-yl-2-aza-spiro[4.5]dec-7-yl)-benzam de (0.050 g, 0.13 nmol) was

i 501 vefl ) (FERGAR otk OLLIRNNE i AT By 13 M hefiieots

trsacet oxoybo? asfey d)j deerfdRd43 1§ ,a14d. RAs mmdb Jat Ommlmmlxﬁeucrt&)nmlesfrbmr eg at rt
overnight, and then gquenched with ice, The mixture was diluted with CH2C12

(20 ni). prﬁéﬂ-@m@#ﬁee fepehoxyhis 3l hiddAd-tmashaxyebenayl)-8P-diflupronkroxes-aza
concentr %/}'5'?’% %[hg 7 e};lfgﬁﬁﬁ{%darﬁf %Sﬁgpﬁthem% cB%?Hﬁﬁd xggs /615%&1&1 %M@%wgyﬁéefd'tf‘ﬁ.d on

RP- HPLC/ acéetonitrile I'n wat %in 2.°5m nutes w

cycl e ti the nokt ﬁepmvmhowfmﬁwlrpomﬁwogrﬁﬁli it mheB2LEVI+H)20% of acetonitrile
was used between 0.5-2.0 min. Flowrate: 77 nL/mn. Mbile phase additive:
84 mM of ameEraiddiate Q7 NEL-6-MetH ylpyridi-caebokific adid (3,95diflavko-b-oo2p@dat i cl e
size) to afford 0.011g (21% of the title conmpound 3-fluoro-N[2-(1-
nmePhyl - pi peri di n- 4-y1) - 1- oxo- 25312’9[-@}1?‘6?4’1)5?‘8@@ 7-y1] -benzam de. 1H NWR
(400 MHz, CDC13) 8 8.5 (s, 0.6 H, 60769(m1H) 7.36-7.50 (m 2H),
7.14-7.20 (m 1H), 5.92 (d, J 25 8 Hz, Q. 4.55-4.65 (m 0.4 H,
4.27-4.37 (m 0.6 H, 3914.01 N3~ .34 (m 2H), 2.85-2.95 (m
2H) , 229(s 1.8 H, 2.28 (s, : 4 (m 16H). ESI-MS mz: 388
(MtH) " . WD 2011/ 053575PCT/ USZOlO/ 0540§4
2- Met hyI 6- 0x0- 1, 6-di hydr o- pyri m di ne- 4- carboxylic aci d [ (5R 7R) - 2-
(3,5-dffluoro- phenyl) 1- oxo-2-aza-spiro [4.5]dec-7-yl] amde Chiral O Nj)HO
I JIN) NrUsing the same experimental procedures described in the synthesis of intermediate 26,

intermediate 27 was also made from 0.635 mmol of cis-9-amino-2-(2,4-dimethoxy-benzyl)-
7,7-difluoro-2-aza-spiro[4.5]decan-1-one and 0.698 mmol of 2-methylpicolinic acid. 'H

15 NMR (400 MHz, CDCl3) § 8.09 (d,/ =84 Hz, 1 H), 798 (d,/=7.6 Hz, 1 H), 7.73 (t,J =
7.7Hz, 1 H), 7.29 (d, J = 7.8 Hz, 1 H), 5.55 (s, 1H), 4.52-4.36 (m, 1H), 3.44-3.33 (m, 2H),
2.66-2.58 (m, 1H), 2.57 (s, 3H), 2.34-1.64 (m, 7H). ESI-MS m/z: 324 (M+H)".

Intermediate 28: cis- Pyridine-2-carboxylic acid (9,9-difluoro-1-0xo0-2-aza-spiro[4.5]dec-

7-yD)-amide

=z o H
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0 Exanple 159 was made frominternediate 36 via the process of Schene 1,
supra, as follows: 5To a solution of internediate 36 (5R,

7R) - 7- amwo-28t1(@33F5di f | uor o- phenyl) - 2-aza- spiro[ 4. 5] decamAB2@0854080 ny,
0.28 mol ), triethylamne (0.16 nL, 1.14 nmml) in DVF (2.0 nL) was added
6- hydr oxy- 2- net hyl - pyri m di ne-4-carboxylix acid (49 ng, 0.32 mmol), HOBt
(51 ng, 0.38 nmml) and EDCl (73 ng, 0.38 mml). The m xture was stirred at
rt overnight. The soI vent was renoved with Genevac and the resulting

(& adi ont SRg O s eftEriichy MRGRULRT iU SHERCUNBISR G loakg, S5t o
of 5 m nmtd?thateatlQ wdsO@lstnmien frovbl).2%e pimasleofiddi dis- 9am114<82¥(M49dmmhmw um
format e.

o (3555 bR D -1 Sy SRII S s . b DB OB, BHR) F o PP ror gl

b I 4.5
Cor b el SR Sbvaggtep ok nyag e 14 )

8. Hz 1H), ( H) (CUENG . 02-4.12
(1o e 30 B, K otfnfided iﬂsx“%%a sigPosd e B pugd- 1750 (4,
2H), 1. 34- 1 80 (m 5H). ESI-M5 m z: béizahideH) +. Table 1: Spirol actam
derivatives Exanple No STRUCTURE CHEM CAL NAME LC-Ms 1 N' 0 a* ci
trans- Pyridi ne-2- carboxylic acid [R-(3- chl oyo-phenyl)-1-oxo- 2-
aza-spiro[4.5]dec-7-yl]- amide Method: 'C RTY ™M 46 Calcd. Mass: 383 mz
(MrtH): 384 2 0 4* a cis-Pyridire-2<carb i acid [2-(3-chloro-
phenyl ) -1-oxo-2-aza- spiro[4.5]dec-7-y]-
FF
Using the same experimental procedures described in the synthesis of intermediate 26,
intermediate 29 was also made from 1.29 mmol of cis-9-amino-2-(2,4-dimethoxy-benzyl)-
10 7,7-difluoro-2-aza-spiro[4.5]decan-1-one and 1.6 mmol of 3-fluorobenzoyl chloride. ESI-MS

m/z: 327 (M+H)". Tt was used without further purification.

Intermediate 30: cis-13-Amino-9-(3,5-difluoro-phenyl)-1,4-dioxa-9-aza-
dispiro[4.1.4.3]tetradecan-8-one

O
0

N
H,N, ; F )

0
L/O

15 Intermediate 30 was prepared via the process of Scheme 23, supra, as follows:

Step 1: 1,4-Dioxa-spiro[4.5]decane-7,9-dicarboxylic acid dimethyl ester

O O O 0]
\O)‘\Q)LO/ \O)‘\Q)LO/
—_—
o}
0 L/

A solution of 5-oxocyclohexane-1,3-dicarboxylic acid dimethyl ester (22.8 g, 106.4 mmol),
ethylene glycol (13.3 g, 215 mmol) and p-toluenesulfonic acid monohydrate (0.22 g, 1.3
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am de Method: C RT: 1.39 Calcd. Mass: 383 mz (M+H): 384 WO

2011/ 053575PCT/ US2010/ 054054 Exanple No STRUCTURE CHEM CAL NAME LC-MS 3
H3C * ci WON0D/s8EAS- 6- Met hyl - pyri di ne- 2-carboxylic aciPdT[UR2¢18/4054054

chl or o- phenyl ) - 1- oxo- 2- aza-spiro [4.5]dec-7-yl]- am de Method: C RT: 1.54
Calcd. Mass: 397 mz (M+H): 398 4 - H3C * a ON

mmol) in toluene (230 mL), in a flask fitted with Dean-Stark trap was heated under reflux for
5 h. The reaction was cooled to room temperature, water was added and the mixture was
extracted with ethyl acetate. Organic layer was separated, washed with NaHCOj3 solution and
brine, dried over anhydrous Na;SO4 and concentrated under reduced pressure to give an oil,

5 which was triturated with hexane and left in the fridge overnight. The precipitated solid was
filtered and dried under vacuum to provide 17.1 (63%) g of the title compound, 1,4-Dioxa-
spiro[4.5]decane-7,9-dicarboxylic acid dimethyl ester as a white solid. 'HNMR (400 MHz,
CDCl), 6: 3.95 (m, 4H), 3.7 (s, 6H), 2.72-2.62 (m, 3H), 2.32-2.22 (m, 1H), 2.02-1.96 (m,
2H), 1.6-1.4 (m, 3H).

10 Step 2: 7-Allyl-1,4-dioxa-spiro[4.5]decane-7,9-dicarboxylic acid dimethyl ester
o o o} o}
X
P P

A 1.6 M hexane solution of #-BuLi (101 mL, 161 mmol) was added to the stirred anhydrous
THF (300 mL) at —78 °C, followed by diisopropylamine (16.2 g, 161 mmol). The reaction
mixture was stirred at —78 °C for 15 min and at 0 °C for 1 h. The mixture was re-cooled to —
15 78 °C, 1,3-dimethyl-3,4,5,6-tetrahydro-2-(1H)-pyrimidinone (DMPO) (48 g, 372 mmol) was
added slowly, and the resultant white suspension was stirred for 30 min. A solution of 1,4-
dioxaspiro [4.5]decane-7,9-dicarboxylic acid dimethyl ester (32 g, 124 mmol) in THF (100
mL) was added, the light yellowish solution was stirred for 30 min, then allyl bromide (16.6
g, 137 mmol) was added, the reaction mixture was allowed to warm to room temperature and
20 left stirring at room temperature overnight. The reaction was quenched with saturated
aqueous NH4Cl solution and extracted with ethyl acetate; the organic extracts were combined
and washed with water, brine, dried over anhydrous Na,SO, and concentrated under reduced
pressure to give 40 g of crude product as viscous oil. Purification by flash column
chromatography on silica gel (hexane — chloroform — ethyl acetate 8:1:1) gave 23.8 g (65%)
25 of the title compound, 1-allyl-5,5-difluoro-cyclohexane-1,3-dicarboxylic acid dimethyl ester
as colorless oil. "H NMR (400 MHz, CDCls), &: 5.7-5.6 (m, 1H), 5.10-5.00 (m, 2H), 4.0-3.8
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N, O cis-6-Methyl-pyridine-2- carboxylic acid [2-(3-

chl or o- phenyl ) - 1- oxo- 2- aza-spiro[4.5]dec-7-yl]- am de Method: C RT:. 1.47
Cal cd. Vw©:20B898335z (MrH): 398 5 hira ik aC |l H N O PCT/US2010/054054

Pyri di ne-2-carboxylic acid [(5R 7R) -2-(3-chl oro-phenyl)-1- oxo-2-aza-spiro
[4. 5] dec-7-ylFam de Method: C RT: 1.38 Calcd. Mass: 383 miz (MrH): 384 6 N
Chi ral * a ON " O Pyridine-2-carboxylic acid [(5S,7S)

-2-(3-chl oro-phenyl)-1- oxo-2-aza-spiro [4.5]dec-7-ylFam de Method: C

(m, 4H), 3.68 (s, 6H), 3.08-2.98 (m, 1H), 2.5-2.3 (m, 2H), 2.15-2.08 (m, 1H), 1.98-1.92 (m,
1H), 1.65-1.58 (m, 1H), 1.45-1.38 (m, 1H), 1.28-1.18 (m, 1H). ES MS: 299.2 (M+1)".

Step 3: trans- 7-(2-Oxo-ethyl)-1,4-dioxa-spiro[4.5]decane-7,9-dicarboxylic acid dimethyl

ester
o) o) o) o)
—_—
\ NS
0" "o 0" O
(. \_/

Using the same experimental procedures described in step 3 for intermediate 2, starting from

I-allyl-5,5-difluoro-cyclohexane-1,3-dicarboxylic acid dimethyl ester (5.00 g, 16.8 mmol),

5.5 g of the title compound was obtained, which was used for the next step without further

purification. '"H NMR (400 MHz, CDCls): § 9.78-9.69 (m, 1H), 4.04-3.68 (m, 10 H), 3.26-
10 3.15 (m, 1H), 2.78-1.31 (m, 8H).

Step 4: trans- 7-[2-(3,5-Difluoro-phenylamino)-ethyl]-1,4-dioxa-spiro[4.5]decane-7,9-

dicarboxylic acid dimethyl ester

0 0 0 ?L
\O O/ \O)in?/ F
R ———
0 ~o 0o HO
o)
L/ L/ =

Using the same experimental procedures described in step 4 for intermediate 2, starting from
15 trans-5,5-difluoro-1-(2-oxo-ethyl)-cyclohexane-1,3-dicarboxylic acid dimethyl ester (1.80 g,
5.99 mmol) and 3,5-difluoroaniline (0.772 g, 5.98 mmol), 0.835 g (75%) of the title
compound was obtained. '"H NMR (400 MHz, CDCLs): § 6.23 (br, 3H), 4.04-3.74 (m, 6H),
3.72 (s, 3H), 3.70 (s, 3H), 3.29-2.97 (m, 3H), 2.62-1.18 (m, 6H). ESI-MS m/z: 414 (M+H)".
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RT: 1.38 Calcd. Mass: 383 mlz (MrtH): 384 7 N O O ci s-Pyridine-2-carboxylic
acid [2-(6-nethyl- pyridin-2-yl)-1-0x0-2- aza-spiro [4.5]dec-7-yl]- am de
Met hod: GvBDEN112053F5Cal cd. Mass: 364 mz (M+H): 365 8 Cl PCTNUS2610/40B4054
3-Chloro-N-[2-(6- nethyl-pyridin-2-yl)-1-

0XO0- 2-aza-spiro[ 4. 5] dec7-yl]-benzam de Method: C RT: 1.49 Calcd. Mass: 397
mz (MtH): 398 9 NO . H--NO cis-Pyridine-2-carboxylic acid [2-(3-cyano-
phenyl ) - 1- oxo- 2- aza- spiro[4.5]dec-7-yl]- am de Method: C RT: 1.20

Step 5: trans-9-(3,5-Difluoro-phenyl)-8-0x0-1,4-dioxa-9-aza-dispiro[4.1.4.3]tetradecane-

13-carboxylic acid methyl ester

F
P O
" o
~o o7 F QNN
~ 3
N — 0
Q o H
(- . <5
(S

Using the same experimental procedures described in step 4 of intermediate 2, starting from

5 trans-5,5-difluoro-1-[2-(3-fluoro-phenylamino)-ethyl]-cyclohexane-1,3-dicarboxylic acid
dimethyl ester (0.835 g, 2.02 mmol), 0.7 g (99%) of the title compound was obtained. 'H
NMR (400 MHz, CDCly): 6 7.38-7.30 (m, 2H), 6.64-6.57 (m, 1H), 3.98-3.91 (m, 4H), 3.81-
3.67 (m, 5H), 3.32-3.23 (m, 1H), 2.41-1.63 (m, 8H). ESI-MS m/z: 382 (M+H)".

Step 6: cis-9-(3,5-Difluoro-phenyl)-8-o0xo0-1,4-dioxa-9-aza-dispiro[4.1.4.3]tetradecane-
10 13-carboxylic acid methyl ester

To a solution of trans-9-(3,5-Difluoro-phenyl)-8-oxo-1,4-dioxa-9-aza-
dispiro[4.1.4.3]tetradecane-13- carboxylic acid methyl ester (0.68 g, 1.78 mmol) in THF (10
mL) was added NaH (60% in mineral oil, 93 mg, 2.3 mmol) at 0 °C. The reaction mixture
15 was stirred at room temperature overnight, cooled to 0 °C, and quenched with ice. The
aqueous layer was extracted with EtOAc (3x20 mL). The combined organic layer was
washed with brine and concentrated. Purification by flash column chromatography on silica
gel (gradient: 0 to 50% EtOAc in hexanes) gave 0.553 g (81%) of the title compound was
obtained. '"H NMR (400 MHz, CDClz): § 7.32-7.27 (m, 2H), 6.63-6.56 (m, 1H), 3.99-3.69
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Calcd. Mass: 374 mlz (MtH): 375 WO 2011/ 053575PCT/ US2010/ 054054 Exanpl e No
STRUCTURE CHEM CAL NAME LC-M5 40 cis-6-Mthyl-pyridine-2- carboxylic acid
[ 2- (3- cywioopssdrs) - 1- oxo-2- aza-spiro [4.5] dec-7-yl] - pamiuseoivwsdvsd: C RT:
1.30 Calcd. Mass: 388 mz (MrH): 389 0 ." H3cN O 11 40

ci s-6- Met hyl - pyrazi ne-2- carboxylic acid [2-(3- cyano-phenyl)-1-o0xo0-2-
aza-spiro [4.5]dec-7-yl]- amde Method: C RT: 1.15 Calcd. Mass: 389 mz
(MtH) - 390

(m, 4H), 3.74-3.70 (m, 2H), 3.69 (s, 3H), 2.82-2.72 (m, 1H), 2.44-2.35 (m, 1H), 2.16-1.60
(m, 7H). ESI-MS m/z: 382 (M+H)".

Step 7: cis- 9-(3,5-Difluoro-phenyl)-8-oxo0-1,4-dioxa-9-aza-dispiro[4.1.4.3| tetradecane-

13-carboxylic acid

Using the same experimental procedures described in step 5 for intermediate 2, starting from
cis-9-(3,5-Difluoro-phenyl)-8-oxo-1,4-dioxa-9-aza-dispiro[4.1.4.3]tetradecane-13-carboxylic
acid methyl ester (0.553 g, 1.45 mmol), 0.447 g (84%) of the title compound was obtained. It
was used without further purification. ESI-MS m/z: 368 (M+H)".

10 Step 8: cis-13-Amino-9-(3,5-difluoro-phenyl)-1,4-dioxa-9-aza-dispiro[4.1.4.3| tetradecan-

8-one

F F

O Iy
HO - HZN\QJ\)\/)
OL_/O OL/O

To a solution of cis- 9-(3,5-Difluoro-phenyl)-8-oxo-1,4-dioxa-9-aza-dispiro[4.1.4.3]
tetradecane-13-carboxylic acid (0.447 g, 1.22 mmol) in toluene (15 mL) was added
15 triethylamine (0.24 mL, 1.58 mmol), followed by the addition of diphenyl phosphoryl azide
(0.31 mL, 1.46 mmol). The mixture was stirred at room temperature for 1 hour and then
heated at 90 °C for 2 hours. The reaction mixture was cooled down to room temperature, then
benzyl alcohol (0.263 g, 2.43 mmol) was added. The resulting mixture was heated at 90 °C
overnight. The solvent was concentrated and the residue was purified by flash column

20 chromatography on silica gel (0 to 70% EtOAc in hexanes) to give 0.4 g of Cbz-protected
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0 %--NH3c..1\1 12 a 0 NH% --N, H3C .-N_ cis-6-Mthyl-pyrazine-2-
carboxylic acid [2-(3- chloro-phenyl)-1-o0x0-2- aza-spiro [4.5]dec-7-yl]-

am de MetWwoao1@sBs 1.33 Cal cd. Mass: 398 mz (MHH): 399CTAIS2018/084054 - - - N

N O cis-Pyrazine-2- carboxylic acid [2-(3- chloro-phenyl)-1-oxo-2-
aza-spiro[4.5]dec-7-yl]- am de Method: C RT: 1.23

intermediate, which was dissolved in MeOH (80 mL) and passd through H-cube® (Pd/C
10%, 10 bar, 25 °C, flow rate 0.5 mL/min). The resulting mixture was concentrated to give
0.3 g (70% over 2 steps) of the title compound. It was used for the next step without further
purification. "H NMR (400 MHz, CDCls): § 7.33-7.28 (m, 2H), 6.65-6.58 (m, 1H), 4.04-3.91

5 (m, 4H), 3.78-3.69 (m, 2H), 3.40-3.29 (m, 1H), 2.45-1.37 (m, 8H). ESI-MS m/z: 339
(M+H)".

Intermediate 31: cis-13-Amino-9-(3-fluoro-phenyl)-1,4-dioxa-9-aza-
dispiro[4.1.4.3]tetradecan-8-one

F

R
o

0" "o

/

10 Using the same experimental procedures described in the synthesis of intermediate 30,
intermediate 31 was also made from 9.30 mmol of cis- 9-(3-fluoro-phenyl)-8-oxo0-1,4-dioxa-

9-aza-dispiro[4.1.4.3] tetradecane-13-carboxylic acid. ESI-MS m/z: 321 (M+H)".

Intermediate 32: cis-Thiazole-2-carboxylic acid (1-0x0-2-aza-spiro[4.5]dec-7-yl)-amide

73 u O
N/)\H/N,, H
I GN

15 Into a vial was added intermediate 10 (90 mg, 0.2 mmol), tricthylamine (76 mg, 0.75 mmol)
and methylene chloride (5.0 mL). The mixture was cooled in ice bath. Thiazole-2-carbonyl
chloride (56 mg, 0.38 mmol) was then added. After stirring at rt for 2 hrs, the mixture was
then washed with saturated sodium bicarbonate, dried over Na;SQ,, and concentrated under
reduced pressure to afford thiazole-2-carboxylic acid [2-(2,4-dimethoxy-benzyl)-1-0x0-2-

20 aza-spiro [4.5]dec-7-yl]-amide (60 mg, 60%). 'H NMR (300 MHz, CDCls): §7.86 (d, J =
3.1 Hz, 1H), 7.69-7.79 (m, 1H), 7.54 (d, /= 3.1 Hz, 1H), 7.04-7.10 (m, 1H), 6.38-6.46 (m,
2H), 4.35-4.50 (m, 2H), 4.00-4.18 (m, 1H), 3.79 (s 3H), 3.78 (s, 3H), 3.12-3.20 (m, 2H),
1.24-2.05 (m, 10H). ESI-MS m/z: 429 (M+H)". The residuc obtained above was treated with
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Calcd. Mass: 384 mz (MtH): 385 14 1 30 CI CHNO /7%--N1 cis-1-Methyl-1
Hpyr azol e- 3- carboxylic acid [2-(3-chl orophenyl)-1-o0xo0-2-aza-

spi ro[ 4. Syv0eotifsgi’f- am de Method: C RT: 1.21 Cal cd. Mre3/US3@6/064024 ( MHH) :
387 15 41 H(:)-. -N N, cis-N[2-(3-Cya no-

phenyl) - 1- oxo- 2- azaspi ro[ 4. 5] dec-7-yl]-3- fluoro-benzam de Method: C RT:
1.30 Calcd. Mass: 391 mz (M+H): 392 16 0 411H. ---N a cis-N[2-(3-Cya no-
phenyl) - 1- oxo- 2- azaspiro[ 4. 5] dec-7-yl]-3- chl oro- benzam de Method: C RT:

1.40  Caypgg. (lb@%ﬁﬁ), 404 llfga%ed( M E%dc 4083 hrs. The mixture was then partitioned into

dichloromethane and saturated sodium bicarbonate, and the organic layer was dried over

sodium sulfate and concentrated in vacuo to give the title compound cis-Thiazole-2-

carboxylic acid (1-oxo-2-aza-spiro[4.5]dec-7-yl)-amide. ESI-MS m/z: 280 (M+H)  (Method
5 A, RT: 0.57). It was used in next step without further purification.

Intermediate 33: cis-7-Amino-2-(3,5-difluoro-phenyl)-2-aza-spiro[4.5]decan-1-one

Hydrochloric acid salt

Step 1: trans-1-[2-(3,5-Difluorophenylamino)-ethyl]-cyclohexane-1,3-dicarboxylic acid

o) o) 7 (l)L
S EtO SN OEt
EtO " TOEt F
—_—
> N
o H
F

To a solution of frans-1-(2-oxo-cthyl)-cyclohexane-1,3-dicarboxylic acid diethyl ester (86.4
g, 320 mmol) in 1,2-dichloroethane (640 mL) was added acetic acid (3.66 mL, 64.0 mmol)

10 diethyl ester

followed by the slow addition of a solution of 3,5-difluoroaniline (57.8 g, 448 mmol) in 1,2-

15 dichloroethane (320 mL). The mixture was stirred at room temperature for 1.5 h, then cooled
to 0 °C, sodium triacetoxyborohydride (94.8 g, 447 mmol) was added portionwise, and
stirring continued at room temperature for 14 h. The mixture was cooled to 0 °C and
quenched with crushed ice and extracted with dichloromethane. The organic layer was
separated, washed with water, brine, dried with Na,SO4 and concentrated under vacuum. The

20 residue was purified by column chromatography on silica gel (hexane/EtOAc: 4/1) to give
110.8 g (90%) of the title compound as transparent oil. '"H NMR (400 MHz, CDCl3) & 5.85 -
6.23 (m, 4 H), 4.01 - 4.24 (m, 4 H), 3.81 (t,J=5.7 Hz,2 H), 2.97 - 3.21 (m, 2 H), 2.36 - 2.56
(m,2 H),2.24(d,/=11.7Hz,1 H), 1.62 -2.03 (m, 4 H), 1.02 - 1.42 (m, 8 H).
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17 OH3 10 ---.0"..N HN,, cis-6-Methyl-pyridine-2- carboxylic acid [2-(3-
fl uoro-phenyl)-1-o0xo-2- aza-spiro[4.5]dec-7-yl]- am de Method: B RT: 1.00
Cal cd. Vwe:208353376z (MtH): 382 WD 2011/ 053575PCT/ US2020r0Bs4054546xanpl e No
STRUCTURE CHEM CAL NAME LC-MS 18 CH3 N ON HN,,, trans-6-Methyl-pyridine-
2-carboxylic acid [2-(3- fluoro-phenyl)-1-o0xo-2- aza-spiro [4.5]dec-7-yl]-
am de Method: B RT: 1.10 Calcd. Mass: 381 mz (M+H): 382 19 ,/ NI kF

Step 2: cis-2-(3,5-Difluorophenyl)-1-0x0-2-aza-spiro[4.5]|decane-7-carboxylic acid ethyl

ester

F

L
EtO S OEt o)
JKOI - i \.—N/@
J’I, N F
— Et07 ™
N
HQ Oxd
F

To a cooled (0 °C) solution of trans-1-[2-(3,5-Difluorophenylamino)-cthyl]-cyclohexane-1,3-
5 dicarboxylic acid diethyl ester (110.8 g, 289 mmol) in ethanol (725 mL), sodium hydride
(60% in mineral oil, 34.7 g, 867 mmol) was added portionwise, and the reaction mixture was
stirred at room temperature for 4 h, then refluxed for 15 h. The resulting mixture was
concentrated under vacuum at room temperature, diluted with ethyl acetate, cooled to 0 °C
and treated with a 6 N HCI solution until pH ~4. The organic layer was washed with water,
10 brine, dried with Na,SO4 and concentrated. The residue was purified by column
chromatography on silica gel (hexane/EtOAc: 3/1) to give 32.7 g (33.5%) of the title
compound as a yellow gum. "H NMR (400 MHz, CDCls) § 7.23 - 7.38 (m, 2 H), 6.59 (tt, J =
8.7,2.2 Hz, 1 H), 4.12 (q, J = 7.0 Hz, 2 H), 3.66 - 3.80 (m, 2 H), 2.27 - 2.50 (m, 0 H), 1.95 -
2.14 (m,4 H), 1.77 - 1.94 (m, 3 H), 1.62 - 1.76 (m, 1 H), 1.34 - 1.53 (m, 2 H),1.25 (t, /="7.0
15 Hz, 3 H).
Together with cis-2-(3,5-difluorophenyl)-1-oxo0-2-aza-spiro[4.5]decane-7-carboxylic acid
ethyl ester, trans-2-(3,5-difluorophenyl)-1-oxo-2-aza-spiro[4.5]decane-7-carboxylic acid
ethyl ester (12.5 g, 13%), cis-2-(3,5-difluorophenyl)-1-oxo0-2-aza-spiro[4.5]decane-7-
carboxylic acid (11.0 g, 12%) and trans-2-(3,5-difluorophenyl)-1-oxo-2-aza-
20 spiro[4.5]decane-7-carboxylic acid (7.97 g, 9%) were isolated, all yellow gums as well.
trans-2-(3,5-Difluorophenyl)-1-oxo0-2-aza-spiro[4.5]decane-7-carboxylic acid ethyl ester: 'H
NMR (400 MHz, CDCls) & 7.23 - 7.33 (m, 2 H), 6.52 - 6.64 (m, 1 H), 4.12 (q, /= 7.0 Hz, 2
H), 3.65-3.76 (m, 2 H), 3.10 - 3.26 (m, 1 H), 2.10 - 2.19 (m, 1 H), 1.84 - 2.08 (m, 5 H), 1.52
- 1.75 (m, 2 H), 1.28-1.50 (m, 2 H),1.22 (t, /= 7.0 Hz, 3 H).
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10 --..0...NHN,,. cis-Pyridine-2-carboxylic acid [2-(3-fluoro-

phenyl) - 1- oxo- 2-aza- spiro[4.5] dec-7-yl]- am de Method: B RT: 0.82 Cal cd.
Mass: 36Wora11(assdds: 368 20 / Nfi KF ---0N HN,, trans- PyPCaiuses1Bo54as boxylic
acid [2-(3- fluoro-phenyl)-1-oxo-2- aza-spiro [4.5]dec-7-ylFam de Method: B
RT: 0.95 Calcd. Mass: 367 mlz (MrH): 368 21 0-13 .."N O O HN,,

Ci s-6- Met hyl - pyrazi ne-2- carboxylic acid [2-(3- fluoro-phenyl)-1-oxo-2-
aza-spiro [4.5]dec-7-yl]- am de Method: B RT: 0.84 Calcd. Mass: 382 mz

(M+H) : 3&?—22(%,%0r0phenyl)-l-oxo-2-aza-spiro[4.5]decane-7-carboxylic acid: 'H NMR (400
MHz, CDCl3) 6 7.22 - 7.36 (m, 2 H), 6.52 - 6.67 (m, 1 H), 3.66 - 3.81 (m, 2 H), 2.34 - 2.52
(m, 1 H),2.00 -2.18 (m, 3 H), 1.78 - 1.99 (m, 3 H), 1.32 - 1.76 (m, 4 H).
trans-2-(3,5-Difluorophenyl)-1-ox0-2-aza-spiro[4.5]decane-7-carboxylic acid: '"H NMR (400

5 MHz, CDCls) & 7.20 - 7.37 (m, 2 H), 6.58 (tt, J = 8.8, 2.34 Hz, 1 H), 3.60 - 3.81 (m, 2 H),
3.13-3.37 (m, 1 H), 2.19 (dd, J=13.5,4.10 Hz, 1 H), 1.84 - 2.12 (m, 5 H),1.16 - 1.78 (m, 4
H).
Step 3: cis-2-(3,5-Difluorophenyl)-1-0xo0-2-aza-spiro[4.5]decane-7-carboxylic acid.
F

F
0]
e 0 @
NN )J//,,O?\’$ F

=0

ll," N F HO

EtO - =

10 To a solution of cis-2-(3,5-Difluorophenyl)-1-ox0-2-aza-spiro[4.5]decane-7-carboxylic acid
ethyl ester (31.7 g, 94.0 mmol) in THF (376 mL) and water (376 mL) was added solid
anhydrous lithium hydroxide (22.5 g, 9.40 mmol). The resulting slurry was stirred at room
temperature for 15 h, then cooled to 0 °C, treated with 4 N HCI until pH ~ 5 (slow addition),
and extracted with ethyl acetate. The organic layer was separated, washed with water, brine,

15 dried with Na;SO4 and concentrated under vacuum to give 27.8 g of the title compound as
sticky gum, which was used in the next step without further purification. 'H NMR (400 MHz,
CHLOROFORM-d) 6 7.22 -7.36 (m, 2 H), 6.52 - 6.67 (m, 1 H), 3.66 - 3.81 (m, 2 H), 2.34 -
2.52 (m, 1 H),2.00 -2.18 (m, 3 H), 1.78 - 1.99 (m, 3 H),1.32 - 1.76 (m, 4 H).

Step 4: cis-7-Amino-2-(3,5-difluorophenyl)-2-aza-spiro[4.5]decan-1-one HCI salt (Ref.:

20 09-057-7).
o) o)
j’ %-M@ HCl yNQ
HO ", : 3 > F H2N’/: i I ) F

To a suspension of cis-2-(3,5-Difluorophenyl)-1-ox0-2-aza-spiro[4.5]decane-7-carboxylic

acid (5.53 g, 17.9 mmol) in toluene (90 mL) at room temperature, triecthylamine (2.98 mL,
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0 trans-6-Methyl - pyrazi ne- 2-carboxylic acid[2-(3- fluoro-phenyl)-1-o0xo0-2-
aza-spiro [4.5]dec-7-yl]- amde Method: B RT: 0.89 Calcd. Mass: 382 mz
(MHH) : 38802811V058845--N . Hp . N, O cis-6-Methyl-pyridi neczAuse@olossogd i ¢ aci d
[2-(6- nethyl-pyridin-2-yl)-1- oxo-2-aza-spiro[4.5]dec- 7-yl]-am de Mt hod:
CRT: 1.38 Calcd. Mass: 378 mz (MrH): 379 24 \ 1. IRII"-NO
trans-3-Fluoro-N-[2-(6- nethyl-pyridin-2-yl)-1- oxo-2-aza-spiro[4.5]
dec-7-yl]-benzam de Method: C RT: 1.43 Calcd. Mass: 381 niz (MtH): 382 25

Nii kChi r?i.4 N5 was added, followed by diphenylphosphoryl azide (3.86 mL, 17.9 mmol), and
the mixture was stirred at room temperature for 2 h. After that the reaction mixture was
heated at 90 °C for 3.5 h, then cooled to 0 °C, treated with 6 N HCI (10 mL, slow addition !),
and stirring continued at room temperature for 14 h. The resulting white precipitate was

5 filtered, washed with toluene and dried under vacuum to give 5.05 g (89%) of the title
compound as a white solid.
'H NMR (400 MHz, DMSO-ds) § 7.42 - 7.54 (m, 2 H), 7.00 (tt, J=9.2, 2.30 Hz, 1 H), 3.73 -
3.81 (m, 2 H), 3.04 - 3.17 (m, 1 H), 1.87 - 2.20 (m, 3 H), 1.83 (d, /= 11.7 Hz, 1 H), 1.68 -
1.78 (m, 1 H), 1.63 (t,/=12.5Hz, 1 H), 1.39 - 1.57 (m, 2 H), 1.22 - 1.38 (m, 2 H), MS: m/z
10 281.19 (M+H)". HPLC: 96.45%. Analysis: calculated for C;sH;sN,O.HCI .0.65 H,O: C,
54.85; H, 6.23; N, 8.53. Found: C, 54.84; H, 6.06; N, 8.79.
Intermediate 34: 7-Amino-2-(1-methyl-1H-pyrazol-3-yl)-2-aza-spiro[4.5]decan-1-one
o)

HZN\Oif/N_EN,\N\

Using the similar experimental procedures described in intermediate 33, intermediate 34
15 hydrochloric acid salt was made from 3.7 mmol of #rans-1-(2-oxo-ethyl-cyclohexane-1,3-
dicarboxylic acid diethyl ester and 3.7 mmol of 1-methyl-1H-pyrazol-3-amine. The
intermediate 34 hydrochloric acid salt was basified with sodium hydroxide to afford the title
compound which is a mixture of two diasterecomers (cis/trns: 7/2; under LC-MS method E,
the first peak with RT of 1.06 min was assigned as cis, and the second peak with RT of 1.10
20 min was assigned as trans.). ESI-MS m/z: 249 (M+H)'. It was used without further

purification.

Intermediate 35: 4-[7-(3-Fluoro-benzoylamino)-1-0x0-2-aza-spiro[4.5]dec-2-yl|-

piperidine-1-carboxylic acid tert-butyl ester

Peod-o-
A
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Pyri di ne-2-carboxylic acid [(5R 7R) -2-(3-fluoro-phenyl)-1- oxo-2-aza-spiro
[4.5] dec-7-ylFam de Method: C RT: 1.30 Calcd. Mass: 367 mz (MtH): 368 WO
2011/ 0535¥6RaI/03827610/ 054054 Exanpl e No STRUCTURE CHEMPCAIUSKAWES408+ MS 26
100 H -N --N 3-Fluoro-N-(1-o0x0-2- pyridin-2-yl-2-azaspiro[4.5]dec-7-yl)-
benzam de Method: C RT: 1.26 Calcd. Mass: 367 mz (MrH): 368 27 0 HO \H3 N

Step 1: 4-(7-Benzyloxycarbonylamino-1-0xo0-2-aza-spiro[4.5]dec-2-yl)-piperidine-1-

carboxylic acid tert-butyl ester

Hodot — Nt o

Using the same experimental procedures described in the synthesis of intermediate 10, 2-(1-
5 tert-Butoxycarbonyl-piperidin-4-yl)-1-oxo-2-aza-spiro[4.5]decane-7-carboxylic acid
(mixture of cis and trans diastercomers) was made from 7.40 mmol of 1-(2-oxo-cthyl)-

cyclohexane-1,3-dicarboxylic aid diethyl ester and 7.40 mmol of 4-amino-1-Boc-piperidine.

2-(1-tert-Butoxycarbonyl-piperidin-4-yl)-1-oxo-2-aza-spiro[4.5]decane-7-carboxylic acid
(1.24 g, 3.25 mmol) was dissolved in toluene (20.0 mL), triethylamine (0.54 mL, 3.90 mmol)

10 was added, followed by the addition of diphenylphosphonic azid (0.70 mL, 3.25 mmol). The
mixture was stirred at rt for 1.5 hrs, and then heated at 90 °C for 2 hrs. Benzyl alcohol (2.0
mL, 19.5 mmol) was added, and the mixture was heated at 90 °C overnight. The mixture was
cooled down, concentrated under reduce pressure to afford 0.85 g (54%) of the title
compound which is a mixture of two diastercomers (cis/trus: 1/1; under LC-MS method C,

15 the first peak with RT of 1.56 min was assigned as cis, and the second peak with RT of 1.59
min was assigned as #rans.). ESI-MS m/z: 486 (M+H)".

Step 2: 4-(7-Amino-1-0x0-2-aza-spiro[4.5]dec-2-yl)-piperidine-1-carboxylic acid tert-
butyl ester

a,

OerOdN@N_‘% — HzNUdN@N__/g

20 4-(7-Benzyloxycarbonylamino-1-oxo0-2-aza-spiro[4.5]dec-2-yl)-piperidine-1-carboxylic acid
tert-butyl ester (0.75 g, 1.54 mmol) in methanol (50.0 mL) was shaken under hydrogenated at
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C--Ncis-3-Fluoro-N-[2-(6- nethyl-pyridin-2-yl)-1-

0X0- 2-aza-spiro[4.5]dec7-yl]-benzam de Method: C RT: 1.39 Calcd. Mss: 381
mz (MHWO382/@875. N 1\ cH3ch,rai -N 3-Fl uoro- N[ (5R, 7RCTAS2010/054054

(6-net hyl -pyridin-2-yl)- 1-o0xo-2-aza-spiro[4.5] dec-7-yl]-benzam de Met hod:
CRT: 1.38 Calcd. Mass: 381 mz (MrH): 382 29 NO HN N CH3

ci s-Pyridine-2-carboxylic [2-(4-nmethyl - pyrimdin-2-yl)-1-o0xo0-2-
aza-spiro [4.5]dec-7-yl]- am de Method: A RT: 0.75 Calcd. Mass: 365 mz

(M+H) : 39(55 pgioand rt for 2.5 hrs. The catalyst was filtered off, and the filtrate was concentrated to
afford 0.42 g (77%) of the title compound. LC-MS (method C): RT: 0.94 min; ESI-MS m/z:
352 (M+H)". It was used in the next step without further purification.

Step 3: 4-[7-(3-Fluoro-benzoylamino)-1-0xo0-2-aza-spiro[4.5]dec-2-yl]-piperidine-1-

5 carboxylic acid tert-butyl ester
it 0
H,N @ O H
N O
OéN AL — ¢ : g v
_ﬁ O _ﬁo

4-(7-Amino-1-oxo-2-aza-spiro[4.5]dec-2-yl)-piperidine-1-carboxylic acid tert-butyl ester
(0.20g, 0.57 mmol), 3-fluorobenzoic acid (0.080 g, 0.56 mmol), BOP (0.252 g, 0.57 mmol),
and triethylamine (0.115g, 1.14 mmol) in methylene chloride (5.0 mL) was stirred at rt

10 overnight. The mixture was concentrated, and the resulting residue was purified with
chromatography (ethyl acetate) to afford the title compound which is a mixture of two
diastereomers (cis/trans: 3/2; under LC-MS method C, the first peak with RT of 1.47 min
was assigned as cis, and the second peak with RT of 1.50 min was assigned as trans.). 'H
NMR (400 MHz, CDCls) 6 8.5 (s, 0.6 H), 7.60-7.68 (m, 1H), 7.36-7.50 (m, 2H), 7.14-7.20

15 (m, 1H), 5.92 (d, /= 6.8 Hz, 0.4 H), 4.55-4.65 (m, 0.4 H), 4.04-4.38 (m, 3.6H), 3.20-3.30 (m,
2H), 2.71-2.86 (m, 2H), 1.28-2.25 (m, 23H). ESI-MS m/z: 474 (M+H)".

Intermediates 36 and 37: (5R,7R)-7-Amino-2-(3, S-difluoro-phenyl)-2-aza-
spiro[4.5]decan-1-one and (55,75)-7-Amino-2-(3, S-difluoro-phenyl)-2-aza-

spiro[4.5]decan-1-one

F

F
Q Chiral Q Chiral
F F
(@] (@]
N %_—N
H,N H,N O\)

20 Intermediate 36 Intermediate 37

The racemic intermediate 33 (cis diastercomer) (650 mg) were resolved by HPLC (column:

Chiralpak® IC (Chiral Technologies, Inc.), 150x30 mm, 5 uM particle size; mobile phase:
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O N cis-Pyridine-2-carboxylic acid
[ 2-(4-fluoro-pyridin2-yl)-1-o0xo0-2-aza-spiro [4.5]dec-7-ylFam de Method: A
1. 16 wWal2ed/os8418s: 368 mz (MrH): 369 31 H3C. N O - - PNT/US2010/054054
S- 6- Met hyl - pyri di ne-2- carboxylic acid [2-(5- fluoro-pyridin-2-yl)-1-
0X0- 2-aza-spiro[4.5]dec- 7-yl]-am de Method: A RT: 1.28 Calcd. Mass: 382
mz (MtH): 383 32 H3C O N ci s-6-Met hyl -pyridi ne-2- carboxylic acid [2-(4-
uoro-pyridin-2-yl)-1- oxo-2-aza-spiro[4.5]dec- 7-yl]-am de Method: A RT:
3

The first peak (RT: 3.18 min) from the chiral HPLC was assigned as (58, 75)-7-amino-2-

(3,5-difluoro-phenyl)-2-aza-spiro[4.5]decan-1-one (270 mg), and the second peak (RT: 6.92

min) from the chiral HPLC was assigned (5R, 7R)-7-Amino-2-(3,5-difluoro-phenyl)-2-aza-
5 spiro[4.5]decan-1-one (250 mg).

Intermediate 38: cis-7-Amino-2-(6-(4-fluorophenyl)pyrimidin-4-yl)-2-

azaspiro[4.5]decan-1-one

7N
N F

Steps 1-4: trans-ethyl 2-(6-(4-fluorophenyl)pyrimidin-4-yl)-1-oxo-2-azaspiro[4.5]decane-
10 7-carboxylate
TN N F

S—cl _

0]
o \:—-N _— ?—_N
Eto)ko:\) EtO

Using analogous procedures as described in the synthesis of intermediate 2 (steps 1 to 4),
trans-cthyl 2-(6-chloropyrimidin-4-yl)-1-oxo0-2-azaspiro[4.5]decane-7-carboxylate was made

from 219 mmol of 1,3-cyclohexanecarboxylic acid.

15 Step S: trans-ethyl 2-(6-(4-fluorophenyl)pyrimidin-4-yl)-1-o0xo-2-azaspiro[4.5]decane-7-

carboxylate

To a de-oxygenated solution of trans-ethyl 2-(6-chloropyrimidin-4-yl)-1-oxo-2-
azaspiro[4.5]decane-7-carboxylate (6.75 g, 20.03 mmol), 4-fluorobenzeneboronic acid (3.35
g, 24.04 mmol) and cesium carbonate (13 g, 40.06 mmol) in 1,4-dioxane (180 mL) was
20 added Pdy(dba); (1.1 g, 1.2 mmol) and P(‘Bu); (1M in THF, 2.4 mL, 2.4 mmol) under argon
atmosphere. The reaction mass mixture heated at reflux for 4 h. The reaction mixture was
filtered through a bed of Celite™ and the filtrate was concentrated. The crude residue was

purified by combiflash column chromatography to afford 7.2 g (90.5%) of trans-cthyl 2-(6-
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1 -\ Ncis-Pyridine-2-carboxylic acid

[ 2- (5-fluoro-pyridin2-yl)-1-o0xo0-2-aza-spiro [4.5]dec-7-ylFam de Method: A
RT: 1. 15 wal2o0d/05841ss: 368 mz (mtH): 369 34 . H3CN O PCT/US2N0/054d54 - - ' N/
cH3 is cis-6-Mthyl-pyridine-2- acid [2-(4-

met hyl - pyri m di n-2-yl)-1- oxo-2-aza-spiro[4.5]dec- 7-yl]-am de Method: A
RT: 0.88 Calcd. Mass: 379 nlz (MrH): 380 WD 2011/ 053575PCT/ US2010/ 054054
Exanpl e No STRUCTURE CHEM CAL NAME LC-MS 35

(4-fluorophenyl)pyrimidin-4-yl)-1-oxo0-2-azaspiro[4.5]decane-7-carboxylate. ESI-MS m/z:
398 (M+H)".
Steps 6-7: cis-7-Amino-2-(6-(4-fluorophenyl)pyrimidin-4-yl)-2-azaspiro[4.5]decan-1-one

Using analogous procedures as described in the synthesis of intermediate 2 (steps 5 and 6),
5 intermediate 38 was made from 5.03 mmol of #rans-cthyl 2-(6-(4-fluorophenyl)pyrimidin-4-
yl)-1-ox0-2-azaspiro[4.5]decane-7-carboxylate. ESI-MS m/z: 341 (M+H)".

3. Preparation of Compounds of the Invention

Unless specified otherwise, all starting materials and reagents were obtained from
commercial suppliers, such as Sigma-Aldrich Corp. (St. Louis, MO, USA) and its
10 subsidiaries, and used without further purification. Unless indicated as the absolute
stereochemistry, the stercochemistry of compounds of the invention has been assigned
arbitrarily when indicated, such as for di-fluoro-cyclohexane-spirolactam compounds of

formula (I).
Example 1 and Example 2: frans-Pyridine-2-carboxylic acid [2-(3-chloro-phenyl)-1-oxo-
15 2-aza-spiro[4.5]dec-7-yl]-amide and cis-pyridine-2-carboxylic acid [2-(3-chloro-phenyl)-

1-0x0-2-aza-spiro[4.5]dec-7-yl]-amide, respectively

o o
=

= Os_N | H OVN

< | H Sy N, ~G

N “ 5

o}

Example 1 Example 2

Example 1 and Example 2 were prepared from intermediate 1 via the process of Scheme 1,

supra, as follows:

20 7-Amino-2-(3-chloro-phenyl)-2-aza-spiro[4.5]decan-1-one  (0.140 g, 0.502 mmol,
intermediate 1) was dissolved in CH,Cl, (2.0 mL), picolinic acid (0.068 g, 0.552 mmol), and
BOP (0.244 g, 0.552 mmol), and triethylamine (0.31 mL, 2.21 mmol) in CH,Cl; (1.0 mL)
were added. The reaction mixture was stirred at rt overnight and then concentrated under
reduced pressure. The resulting residue was purified by preparative TLC (hexane/ethyl

25 acetate:1/2) to afford two diastereomers. The less polar one was assigned as trans, Example 1

99



100,, N cis-3-Fluoro-N[2-(5- fluoro-pyridin-2-y1)-1-

0X0- 2-aza-spiro[4.5]dec- 7-ylFbenzam de Method: A RT: 1.28 Calcd. Mass: 385
m z (mH)WO0288/B3685740r hi 0 N ci s- 3- Fl uoro- N-[ 2- (4- fl uor oPpyrisdem/o24054) - 1-
0X0- 2- aza-spiro[ 4. 5] dec- 7-ylFbenzam de Method: A RT: 1.28 Calcd. Mass: 385
mz (mH): 386 37 F 1 ....2\ -1 ONcH3 cis-3-Fluoro-N[2-(4-

nmet hyl - pyrim di n-2-yl)-1- oxo-2-aza-spiro[4.5]dec7-ylFbenzam de Method: A
RT: 0.92 Calcd. Mass: 382 nfz (MH): 383 38 r | )j-cH3 Hc). N o

7 y1PnertIT e NeEhdhd TR e LSRRI g E G R PRI B8] i
diastercomer (Example 1): '"H NMR (400 MHz, CDCls): & 8.54 (ddd, J=4.8, 1.7, 1.1 Hz,
1H), 8.20 (dt, J=17.6, 1.1 Hz, 1H), 8.02 (d, J = 7.6 Hz, 1H), 7.84 (td, J = 7.8, 1.7 Hz, 1H),
7.72 (t,J=2.0, 1.0 Hz, 1 H), 7.55 (ddd, /= 8.3, 2.1, 1.0 Hz, 1H), 7.42 (ddd, /= 7.6, 4.8, 1.2

5 Hz, 1H), 7.27 (t, J = 8.0 Hz, 1H), 7.10 (ddd, J = 7.9, 2.1, 1.0 Hz, 1H), 4.63-4.71 (m, 1H),
3.67-3.80 (m, 2H), 2.32 (dd, J = 13.3, 4.3 Hz, 1H), 2.01-2.14 (m, 3H), 1.86-1.92 (m, 1H),
1.70-1.77 (m, 2H), 1.63 (dd, J=13.4, 8.6 Hz, 1H), 1.45-1.58 (m, 2H). ESI-MS m/z: 384
(M+H)". Cis diastercomer (Example 2): "H NMR (400 MHz, CDCls): & 8.55 (ddd, J = 4.8,
1.7, 1.0 Hz, 1H), 8.19 (dt, /= 7.8, 1.1 Hz, 1H), 8.05 (d, /=8.7 Hz, 1H), 7.84 (td, /=75, 1.5

10 Hz, 1H), 7.73 (t,/=2.0, 1.0 Hz, 1 H), 7.55 (ddd, /=7.7,2.2, 1.0 Hz, 1H), 7.42 (ddd, J="7.5,
4.7, 1.2 Hz, 1H), 7.28 (t, J = 8.1 Hz, 1H), 7.11 (ddd, J = 8.1, 2.0, 1.0 Hz, 1H), 4.07-4.18 (m,
1H), 3.74-3.84 (m, 2H), 2.23-2.30 (m, 1H), 2.09-2.19 (m, 2H), 1.88-1.98 (m, 2H), 1.69-1.79
(m, 2H), 1.65-1.65(m, 2H), 1.34-1.44 (m, 1H). ESI-MS m/z: 384 (M+H)".

Example S and Example 6: Pyridine-2-carboxylic acid [(SR,7R)-2-(3-chloro-phenyl)-1-
15 0x0-2-aza-spiro[4.5]dec-7-yl]-amide and pyridine-2-carboxylic acid [(5S,78)-2-(3-
chloro-phenyl)-1-0x0-2-aza-spiro[4.5]dec-7-yl]-amide

Chiral
Q,m
=
Z Og N | 1 Oy
~ | H \N N,, =
N O
O

Example 5 Example 6

Chiral
Cl

The racemic Example 2 (30 mg) were resolved by HPLC (column: Chiralpak® AD (Diacel),
250x20 mm; mobile phase: 20% isopropanol, 79.9% hexane, 0.1% diethylamine; flow rate:

20 14 mL/min; UV at 254 nm) to afford two enantiomers. The first peak from chiral HPLC was
assigned as Example 5, pyridine-2-carboxylic acid [(5R, 7R)-2-(3-chloro-phenyl)-1-oxo0-2-
aza-spiro[4.5]-dec-7-yl]amide (8 mg), and the second peak from chiral HPLC was assigned
as Example 6, pyridine-2-carboxylic acid [(5S, 75)-2-(3-chloro-phenyl)-1-ox0-2-aza-
spiro[4.5]-dec-7-yl]lamide (7 mg).
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mz (mtH): 383 '"CH O o cis-Pyridine-2-carboxylic acid [2-(6-nethyl -
pyrazin-2-yl)-1-o0xo-2- aza-spiro [4.5]dec-7-yl]- amde Method: C RT: 1.10
Cal cd. Vwe:2086B533706z (MrH): 366 40 OrioH3 _r- - ) ?N, ®@CT/US2010/054054

ci s-6- Met hyl - pyri di ne-2- carboxylic acid [2-(6- nethyl-pyrazin-2-yl)-1-
0X0- 2- aza-spiro[ 4. 5] dec- 7-yl]-am de Method: C RT: 1.25 Calcd. Mass: 379
mz (MtH): 380 41/ 0O H --N H3CN O cis-6-Methyl-pyridine-2- carboxylic
acid [1-oxo0-2- (6-trifluoronethyl - i di 212

PYrn--Y) g 85A43R! NMRIS6F MY docL): 5 8.55 (ddd, J= 4.8, 1.7, 1.0 Hz, 1H), 8.19 (dt, J =

7.8, 1.1 Hz, 1H), 8.05 (d,.J = 8.7 Hz, 1H), 7.84 (td, J = 7.5, 1.5 Hz, 1H), 7.73 (t, J = 2.0, 1.0

Hz, 1 H), 7.55 (ddd, J= 7.7, 2.2, 1.0 Hz, 1H), 7.42 (ddd, J = 7.5, 4.7, 1.2 Hz, 1H), 7.28 (t, J =

8.1 Hz, 1H), 7.11 (ddd, J= 8.1, 2.0, 1.0 Hz, 1H), 4.07-4.18 (m, 1H), 3.74-3.84 (m, 2H), 2.23-

5 2.30 (m, 1H), 2.09-2.19 (m, 2H), 1.88-1.98 (m, 2H), 1.69-1.79 (m, 2H), 1.65-1.65(m, 2H),
1.34-1.44 (m, 1H). ESI-MS m/z: 384 (M+H)".

Example 6: '"H NMR (400 MHz, CDCl3): ¢ 8.55(ddd, /=458, 1.7, 1.0 Hz, 1H), 8.19 (dt, J =
7.8, 1.1 Hz, 1H), 8.05 (d, J = 8.7 Hz, 1H), 7.84 (td, J=7.5, 1.5 Hz, 1H), 7.73 (t, J = 2.0, 1.0
Hz, 1 H), 7.55 (ddd, J=7.7,2.2, 1.0 Hz, 1H), 7.42 (ddd, J= 7.5, 4.7, 1.2 Hz, 1H), 7.28 (t,J =

10 8.1 Hz, 1H), 7.11 (ddd, J= 8.1, 2.0, 1.0 Hz, 1H), 4.07-4.18 (m, 1H), 3.74-3.84 (m, 2H), 2.23-
2.30 (m, 1H), 2.09-2.19 (m, 2H), 1.88-1.98 (m, 2H), 1.69-1.79 (m, 2H), 1.65-1.65(m, 2H),
1.34-1.44 (m, 1H). ESI-MS m/z: 384 (M+H)".

In an analogous manner to Examples 1 and 2, Examples 3-4 and 12-14 in Table 1 (below)
were made from commercially available 6-methyl-pyridine-2-carboxylic acid, 6-methyl-
15 pyrazine-2-carboxylic acid, pyrazine-2-carboxylic acid, and 1-methyl-1H-pyrazole-3-

carboxylic acid at 0.14 to 0.22 mmol reaction scales.

In a similar manner to Examples 1 and 2, Examples 17-22 in Table 1 were made at 0.22
mmol reaction scales from intermediate 5 and commercially available 6-methyl-pyridine-2-

carboxylic acid, picolinic acid, and 6-methyl-pyrazine-2-carboxylic acid

20 In a similar manner to Examples 1 and 2, Example 19 in Table 1 also was made at a 7.62

mmol reaction scale from commercially available picolinic acid and intermediate 6.

In a similar manner to Example 1 and 2, Examples 7-8 and 23-24 in Table 1 were made at
0.11-0.22 mmol reaction scales from intermediate 7 and commercially available picolinic
acid, 3-chlorobenzoic acid, 6-methyl-pyridine-2-carboxylic acid, and 3-fluorobenzoic acid,

25 respectively.

In a similar manner to Example 1 and 2, Example 27 in Table 1 was made at a 1.24 mmol

reaction scale from commercially available 3-fluorobenzoic acid and intermediate 8.
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am de Method: C RT: 1.59 Calcd. Mass: 432 mlz (MrH): 433 42 0 41 _--N H3CN
0 cis-6-Methyl-pyridine-2- carboxylic acid [2-(3,5- difluoro-phenyl)-1-oxo-
2- aza- spiwo24113)5696- 7- yl Fam de Method: C RT: 1.48 Cal c#CTN®3&10/03894 n1 z
(MtH): 400 WO 2011/ 053575PCT/ US2010/ 054054 Exanple No STRUCTURE CHEM CAL
NAME LC-MS N O ci s-6-Met hyl - pyridine-2- carboxylic acid [2-(6-
cyano-pyridin-2-yl)-1- oxo-2-aza-spiro[4.5]dec- 7-yl]-am de

Example 27: '"H NMR (300 MHz, CDCl;) & 8.16 (d, /=8.3 Hz, 1H), 7.77 (br, 1H), 7.66-7.55

(m, 3H), 7.41 (dt, J=5.7, 8.3 Hz, 1H), 7.23-7.14 (m, 1H), 6.91 (d, J=7.4 Hz, 1H), 4.39-4.24

(m, 1H), 4.18-3.97 (m, 2H), 2.48 (s, 3H), 2.18-1.47 (m, 10H). ESI-MS m/z: 382 (M+H)".

In a similar manner to Example 1 and 2, Examples 9-11 and 15-16 in Table 1 were made at a
5 0.19 mmol reaction scale from intermediate 9 and commercially available picolinic acid, 6-
methyl-pyridine-2-carboxylic acid, 6-methyl-pyrazine-2-carboxylic acid, 3-fluorobenzoic

acid, and 3-chloroorobenzoic acid, respectively.

Example 15: '"H NMR (400 MHz, CDCl5): §8.02-8.04 (m, 1H), 7.89-7.93 (m, 1H), 7.28-7.60
(m, 5H), 7.16-7.22 (m, 1H), 4.23-4.34 (m, 1H), 3.78-3.89 (m, 2H), 1.75-2.27 (m, 7H), 1.50-
10 1.70 (m, 3H). ESI-MS m/z: 392 (M+H)".

In a similar manner to Examples 1 and 2, Example 158 in Table 1 was made at 0.2 mmol

reaction scale from intermediate 34 and commercially available 3-fluorobenzoic acid.

Example 158: "H NMR (400 MHz, CDCl3): & 8.20 (bs, 0.8H), 7.60-7.69 (m, 1.6 H), 7.44-
7.51 (m, 0.4H), 7.35-7.42 (m, 1H), 7.25-7.29 (m, 1H), 7.13-7.20 (m, 1H), 6.80-6.83 (m, 1H),

15 5.99 (d, J = 7.0 Hz, 0.2 H), 4.65-4.75 (m, 0.2H), 4.30-4.40 (m, 0.8H), 3.80-3.95 (m, 5H),
1.35-2.34 (m, 10H). ESI-MS m/z: 371 (M+H)".

In a similar manner to Examples 1 and 2, Example 86-88 in Table 1 was made at 0.81 mmol
reaction scale from intermediate 38 and commercially available 6-methyl-pyrazine-2-

carboxylic acid, 6-methyl-pyridine-2-carboxylic acid and 3-fluorobenzoic acid.

20 Example 30: cis-Pyridine-2-carboxylic acid [2-(4-fluoro-pyridin-2-yl)-1-0xo0-2-
aza-spiro[4.5]dec-7-yl]-amide

(j\r(H Z ,fg
N3 N N

N Y7 s & /
0 OLJN N

Example 30 was prepared from intermediate 21 via the process of Scheme 2, supra, as

follows:

25 cis-Pyridine-2-carboxylic acid (1-oxo-2-aza-spiro[4.5]dec-7-yl)-amide (60.0 mg, 0.22 mmol,

intermediate 21), 2-chloro-4-fluoropyridine (28.8 mg, 0.219 mmol), potassium carbonate
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Met hod: C RT: 1.38 Calcd. Mass: 389 mlz (M+H): 390 ONo P 44 Hp .

0

.---N : cis-6-Methyl-pyridine-2- carboxylic acid [2-(4-

N O

f1 uor o- phEOVh)HaE337%0- 2- aza-spiro[4.5]dec-7-yl]- am de Werhisdo1005434 1. 36
Cal cd. Mass: 381 mz (M+H): 382 45

10

15

20

25

(60.6 mg, 0.438 mmol), copper(l) iodide (41.7 mg, 0.219 mmol), and (1R,2R)-N,N -
dimethyl-cyclohexane-1,2-diamine (31.2 mg, 0.219 mmol) in 1,4-dioxane (3.00 mL) were
placed in a sealed-tube. The reaction mixture was heated at 80 °C overnight. The crude
mixture was cooled to rt and diluted with DCM (50 mL). The organic layer was washed with
ammonia water/water (1:1, 2x15 mL) and brine, dried over MgSQO,, filtered, and
concentrated under reduced pressure. The residue was purified by CombiFlash® system (4 g
silica gel cartridge; gradient: 0 to 40% ethyl acetate in DCM) to afford 24 mg (30%) of the
title compound, cis-Pyridine-2-carboxylic acid [2-(4-fluoro-pyridin-2-yl)-1-ox0-2-aza-
spiro[4.5]dec-7-yl]-amide. '"H NMR (400 MHz, CDCl;) & 8.55 (ddd, J = 1.0, 1.7, 4.8 Hz,
1H), 8.30 (dd, /= 8.8, 5.7 Hz, 1H), 8.25(dd, J=11.6,2.3 Hz, 1H), 8.18 (dt,/=7.8, 1.0 Hz,
1H), 8.06 (br d, J = 8.2 Hz, 1H), 7.84 (td, J = 6.0, 2.3 Hz, 1H), 6.79 (ddd, /= 7.8, 5.7, 2.3
Hz, 1H), 3.97-4.20 (m, 3H), 2.09-2.27 (m, 3H), 1.56-2.01 (m, 6H), 1.33-1.46 (m, 1H). ESI-
MS m/z: 369 (M+H)".

In an analogous manner to Example 30, Examples 31-32, 34, and 63-64 in Table 1 (below)
were made at 0.21-0.49 mmol reaction scales from intermediate 18 and commercially
available heteroaryl halides; 2-chloro-5-fluoropyridine, 2-chloro-4-fluoropyridine, 2-chloro-

4-methylpyrimidine, 5-bromo-2-methylpyridine, and 3-bromo-5-fluoropyridine, respectively.

Example 31: "H NMR (400 MHz, CDCl;) § 847 (dd, J = 9.2, 4.1 Hz, 1H), 8.24-8.31 (m,
1H), 8.22 (d, /= 3.0 Hz, 1H), 8.03 (d,J= 7.7 Hz, 1H), 7.77 (t, J= 7.7 Hz, 1H), 7.45 (ddd, J
=9.2,7.7,3.0 Hz, 1H), 7.31 (d, J= 7.7 Hz, 1H), 3.96-4.21 (m, 3H), 2.62 (s, 3H), 2.10-2.28
(m, 3H), 1.58-2.02 (m, 6H), 1.36-1.51 (m, 1H). ESI-MS m/z: 383 (M+H)".

Example 32: "H NMR (400 MHz, CDCl3) ¢ 8.24 (dd, /= 8.8, 5.7 Hz, 1H), 8.19 (dd, /= 2.3,
11.7 Hz, 1H), 8.12 (br d, J = 7.4 Hz, 1H), 7.92 (d, J=7.7 Hz, 1H), 7.66 (t, /= 7.7 Hz, 1H),
7.21 (d, J = 8.4 Hz, 1H), 6.73 (ddd, J = 7.8, 5.7, 2.3 Hz, 1H), 3.90-4.12 (m, 3H), 2.52 (s,
3H), 2.02-2.20 (m, 3H), 1.46-1.94 (m, 6H), 1.27-1.41 (m, 1H). ESI-MS m/z: 383 (M+H)".

Example 34: '"H NMR (400 MHz, CDCl3) ¢ 8.37 (d,J=5.0 Hz, 1H), 8.06 (brd,J=7.0 Hz,
1H), 7.84 (d, J= 7.7 Hz, 1H), 7.58 (t, J=7.7 Hz, 1H), 7.12 (d, /= 7.9 Hz, 1H), 6.73 (d, J =
5.0 Hz, 1H), 3.76-4.01 (m, 3H), 2.54 (s, 3H), 2.35 (s, 3H), 1.92-2.08 (m, 3H), 1.37-1.84 (m,
6H), 1.19-1.31 (m, 1H). ESI-MS m/z: 380 (M+H)".
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NO r-'" 0)=N. , .--N_ 6-Mthyl-pyridine-2- carboxylic acid
(1-oxo-2-pyridin-2-yl-2- aza-spiro[4.5]dec-7-yl)- amde Method: C RT: 1.26
Cal cd. Vw©:20B8@43375z (MrH): 365 46 . H3C N O 0O, P NN - PNT/US2010/054054

ci s-6-Met hyl - pyri di ne-2- carboxylic acid (1-oxo- 2-phenyl-2-aza-
spiro[4.5]dec-7-yl)- amde Method: C RT: 1.32 Calcd. Mass: 363 nmiz (MtH):
364 H3CN O

Example 63: 'H NMR (400 MHz, CDCl;) § 8.60 (d, J =2.6 Hz, 1H), 8.14 (dd, J= 2.6, 8.5

Hz, 1H), 8.11 (br d, J = 8.6 Hz, 1H), 7.97 (d, J = 7.6 Hz, 1H), 7.71 (t, J = 7.7 Hz, 1H), 7.26

(d,J=72Hz, 1H), 7.17 (d, J = 8.6 Hz, 1H), 4.06-4.18 (m, 1H), 3.77-3.88 (m, 2H), 2.57 (s,

3H), 2.54 (s, 3H), 2.09-2.34 (m, 3H), 1.59-1.99 (m, 6H), 1.33-1.47 (m, 1H). ESI-MS m/z:
5 379 (M+H)".

Example 64: 'H NMR (400 MHz, CDCls) & 8.51 (br, 1H), 8.22-8.29 (m, 2H), 8.12 (br d, J =
8.4 Hz, 1H), 7.97 (d,J = 7.6 Hz, 1H), 7.71 (t, J= 7.7 Hz, 1H), 7.27 (d, J = 7.4 Hz, 1H), 4.06-
4.19 (m, 1H), 3.78-3.91 (m, 2H), 2.57 (s, 3H), 2.10-2.37 (m, 3H), 1.88-1.98 (m, 2H), 1.53-
1.84 (m, 4H), 1.34-1.48 (m, 1H). ESI-MS m/z: 383 (M+H)".

10 In a similar manner to Example 30, Examples 35-37 in Table 1 (below) were made at a 0.55
mmol reaction scale from intermediate 19 and commercially available heteroaryl halides; 2-
chloro-5-fluoropyridine,  2-chloro-4-fluoropyridine, and 2-chloro-4-methylpyrimidine,

respectively.

Example 35: '"H NMR (400 MHz, CDCl3) 6 8.45(dd,J=4.1,9.2 Hz, 1H), 824 (d,J=3.0

15 Hz, 1H), 7.57-7.64 (m, 2H), 7.40-7.51 (m, 2H), 7.18-7.25 (m, 1H), 4.28-4.40 (m, 1H), 3.98-
4.16 (m, 2H), 2.04-2.22 (m, 2H), 1.81-1.98 (m, 5H), 1.53-1.67 (m, 3H). ESI-MS m/z: 386
(M+H)".

Example 36: '"H NMR (400 MHz, CDCls) 6 8.25 (dd, J=5.7, 8.8 Hz, 1H), 8.18 (dd, J =
11.6, 2.3 Hz, 1H), 7.47-7.56 (m, 2H), 7.35 (td, /=8.1, 5.6 Hz, 1H), 7.09-7.16 (m, 1H), 6.76

20 (ddd, J/=7.8, 5.7, 2.3 Hz, 1H), 4.18-4.29 (m, 1H), 3.91-4.11 (m, 2H), 1.96-2.13 (m, 2H), 1.71-
1.89 (m, 5H), 1.44-1.59 (m, 3H). ESI-MS m/z: 386 (M+H)".

Example 37: '"H NMR (400 MHz, CDCL;) § 8.57 (d, J = 5.0 Hz, 1H), 7.57-7.65 (m, 2H),

7.42 (td, J=8.1, 5.6 Hz, 1H), 7.16-7.23 (m, 1H), 6.95 (d, J= 5.0 Hz, 1H), 4.27-4.38 (m, 1H),

3.99-4.18 (m, 2H), 2.55 (s, 3H), 2.04-2.22 (m, 2H), 1.87-1.95 (m, 5H), 1.54-1.68 (m, 3H).
25 ESI-MS m/z: 383 (M+H)'".

In a similar manner to Example 30, Example 57 in Table 1 (below) was made at a 0.22 mmol

reaction scale from intermediate 20 and commercially available 2-chloro-5-fluoro-pyridine.
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0. H3 .. cis-6-Methyl-pyridine-2- carboxylic acid (1-oxo- 2-mtolyl-2-aza-
spiro[4.5]dec-7-yl)- amde Method: C RT: 1.41 Calcd. Mass: 377 mz (M-H):
378 48 H8QMo0/05B§I50N ci s- 6- Met hyl - pyri di ne-2- car boxyl PCTAS2@0[024054} -

met hyl - pyridin-2-yl)-1- oxo-2-aza-spiro[4.5]dec- 7-yl]-am de Method: C RT:
1.33 Calcd. Mass: 378 mz (MtH): 379 H3C N O CH3 ON

Ci s-6-Met hyl -pyridine-2- carboxylic acid [2-(5- nethyl-pyridin-2-yl)-1-
0XO0- 2-aza-spiro[4.5]dec- 7-yl]-am de Method: C

Example 57: 'H NMR (400 MHz, CDCl:) § 8.85 (d, J = 5.0 Hz, 1H), 8.44 (dd, J=9.2, 4.1
Hz, 1H), 8.20 (d,J=3.0 Hz, 1H), 8.08 (br d, J = 8.6 Hz, 1H), 7.89 (d, J = 4.9 Hz, 1H), 7.44
(ddd, J=9.2, 7.6, 3.0 Hz, 1H), 3.95-4.19 (m, 3H), 2.78 (s, 3H), 2.08-2.24 (m, 3H), 1.58-1.98
(m, 6H), 1.35-1.47 (m, 1H). ESI-MS m/z: 384 (M+H)".

5 In a similar manner to Example 30, Examples 29, 33 and 74 in Table 1 (below) were made at
0.22-0.44 mmol reaction scales from intermediate 21 and commercially available heteroaryl
halides:  2-chloro-4-methylpyrimidine,  2-chloro-5-fluoropyridine, and  3-bromo-5-

fluoropyridine, respectively.

Example 33: '"H NMR (400 MHz, CDCl3) ¢ 8.55-8.60 (m, 1H), 8.47 (dd, J = 9.4, 4.0 Hz,

10 1H), 8.19-8.24 (m, 2H), 8.11 (br d, J= 8.1 Hz, 1H), 7.89 (td, /= 7.7, 1.7 Hz, 1H), 7.42-7.49
(m, 2H), 3.98-4.21 (m, 3H), 2.11-2.29 (m, 3H), 1.59-2.02 (m, 6H), 1.36-1.48 (m, 1H). ESI-
MS m/z: 369 (M+H)".

Example 74: "H NMR (400 MHz, CDCls) & 8.56-8.60 (m, 1H), 8.54 (br, 1H), 8.26-8.33 (m,
2H), 8.17-8.22 (m, 1H), 8.07 (br d, /= 8.8 Hz, 1H), 7.87 (td, J=7.7, 1.7 Hz, 1H), 7.45 (ddd,

15 J=1.6, 4.8, 1.2 Hz, 1H), 4.09-4.21 (m, 1H), 3.81-3.95 (m, 2H), 2.20-2.40 (m, 2H), 2.11-2.18
(m, 1H), 1.90-2.03 (m, 2H), 1.56-1.83 (m, 4H), 1.37-1.49 (m, 1H). ESI-MS m/z: 369
(M+H)".

Example of 42: cis-6-Methyl-pyridine-2-carboxylic acid [2-(3,5-difluoro-phenyl)-1-oxo-
2-aza-spiro[4.5]dec-7-yl]-amide

20
as
~ | H O%—N

H,C” N Ne N
o)

Example 42 was prepared from intermediate 18 via the process of Scheme 2, supra, as

follows:

cis-6-Methyl-pyridine-2-carboxylic acid (1-oxo-2-aza-spiro[4.5]dec-7-tl)-amide (0.450 g,
1.56 mmol, intermediate 18), (1-bromo-3,5-difluoro-benzene (0.363 g, 1.88 mmol),
25 potassium carbonate (0.649 g, 4.70 mmol) and N-N’dimethyl-ethane-1,2-diamine (0.138 g,

1.56 mmol) in 1,4-dioxane (15.0 mL) were heated in a microwave synthesizer (Biotage) at
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RT: 1.33 Calcd. Mass: 378 mlz (MrH): 379 50 H3C N H O H3c/ O-N .-N

Cci s-6-Met hyl -pyridine-2- carboxylic acid [2-(3- nethyl-pyridin-2-yl)-1-
0XO0- 2- azawepnriaf5d375] dec- 7-yl]-am de Method: C RT: 1. 10pCalusdo1onbess 378
mz (MH): 379 WD 2011/ 053575PCT/ US2010/ 054054 Exanpl e No STRUCTURE
CHEM CAL NAME LC-M5 51 0 HBC NO H--N

160 °C for 2 hours. The reaction mixture was cooled to rt and filtered through a layer of
Celite®. The filtrate was concentrated under reduced pressure and the resulting residue was
purified on a reversed phase liquid chromatography/mass spectrometry (RP-HPLC/MS)
purification system (Gradient: acetonitrile in water, 28-95% in 3.6 minutes with a cycle time
5 of 5 min. A shallow gradient between 40-70% of acetonitrile was used between 0.75-3.4 min
to separate close-eluting impurities. Flow rate: 100 mL/min. Mobile phase additive: 39 mM
of ammonium acetate. Column: Inertsil® C18, 30 x 50 mm, 5 um particle size (GL Sciences))
to afford 0.120 g (20%) of the title compound, cis-6-methyl-pyridine-2-carboxylic acid [2-
(3,5-difluoro-phenyl)-1-ox0-2-aza-spiro[4.5]dec-7-yl]-amide as a white solid. "H NMR (400
10 MHz, CDCls): 6 8.12 (d, J= 8.1 Hz, 1H), 7.97 (d, /= 7.6 Hz, 1H), 7.71 (t, J = 7.8 Hz, 1H),
7.29-7.32 (m, 2H), 7.20 (d, /= 7.8 Hz, 1 H), 6.59 (tt, /= 8.8, 2.2 Hz, 1H), 4.06-4.16 (m, 1H),
3.71-3.81 (m, 2H), 2.57 (s, 3H), 2.23-2.30 (m, 1H), 2.10-2.19 (m, 2H), 1.88-1.96 (m, 2H),
1.78 (t, J =12.4 Hz, 1H), 1.68-1.76 (m, 1H), 1.54-1.65 (m, 2H), 1.35-1.45 (m, 1H). ESI-MS

m/z: 400 (M+H)".

15 The racemic Example 42 (220 mg, accumulated by repeating the above reaction one more
time) were resolved by HPLC (column: Chiralpak® AD, 250x20 mm; mobile phase: 25%
isopropanol, 75% hexane; flow rate: 14 mL/min; UV at 254 nm) to afford two enantiomers.
The first peak from the chiral HPLC was assigned as Example 67, 6-methyl-pyridine-2-
carboxylic acid [(5R, 7R)-2-(3,5-difluoro-phenyl)-1-ox0-2-aza-spiro[4.5]-dec-7-yl]amide

20 (106 mg), and the second peak from the chiral HPLC was assigned as Example 81, 6-methyl-
pyridine-2-carboxylic acid [(5S, 785)-2-(3,5-difluoro-phenyl)-1-oxo0-2-aza-spiro[4.5]-dec-7-
yl]amide (93 mg).

Example 67: '"H NMR (400 MHz, CDCls): ¢ 8.12 (d, J = 8.1 Hz, 1H), 7.97 (d, J= 7.6 Hz,
1H), 7.71 (t, J = 7.8 Hz, 1H), 7.29-7.32 (m, 2H), 7.20 (d, /= 7.8 Hz, 1 H), 6.59 (tt, J = 8.8,

25 2.2 Hz, 1H), 4.06-4.16 (m, 1H), 3.71-3.81 (m, 2H), 2.57 (s, 3H), 2.23-2.30 (m, 1H), 2.10-
2.19 (m, 2H), 1.88-1.96 (m, 2H), 1.78 (t, J =12.4 Hz, 1H), 1.68-1.76 (m, 1H), 1.54-1.65 (m,
2H), 1.35-1.45 (m, 1H). ESI-MS m/z: 400 (M+H)".

Example 81: '"H NMR (400 MHz, CDCl;): § 8.12 (d, J = 8.1 Hz, 1H), 7.97 (d, J = 7.6 Hz,
1H), 7.71 (t, J = 7.8 Hz, 1H), 7.29-7.32 (m, 2H), 7.20 (d, /= 7.8 Hz, 1 H), 6.59 (tt, J = 8.8,
30 2.2 Hz, 1H), 4.06-4.16 (m, 1H), 3.71-3.81 (m, 2H), 2.57 (s, 3H), 2.23-2.30 (m, 1H), 2.10-
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Ci s-6- Met hyl - pyri di ne-2- carboxylic acid [2-(2- fluoro-phenyl)-1-oxo-2-
aza-spiro[4.5]dec-7-yl]- am de Method: C RT: 1.27 Calcd. Mass: 381 niz
(MHH) : 3880%2811/0586751 O / NOH3 O ..--N " cis-6- Met hyl - pyPCaiuses1d/054084 boxyl i c
acid [2-(2- nethyl-pyridin-4-yl)-1- oxo-2-aza-spiro[4.5]dec- 7-yl]-am de
Met hod: C RT: 1.15 Calcd. Mass: 378 mz (MrH): 379 53 40H cis-N[2-(6-Cya
no- pyridin-2-yl)-1-o0x0-2- aza-spiro[4.5]dec-7-yl]- 3-fluoro-benzam de

Met hod: C RT: 1.34 Calcd. Mass: 392 mz (MtH): 393

2.19 (m, 2H), 1.88-1.96 (m, 2H), 1.78 (t, J =12.4 Hz, 1H), 1.68-1.76 (m, 1H), 1.54-1.65 (m,
2H), 1.35-1.45 (m, 1H). ESI-MS m/z: 400 (M+H)".

In an analogous manner to Example 42, Examples 43-52 and 71-72 in Table 1 (below) were
made at 0.07-1.56 mmol reaction scales from intermediate 18 and commercially available 6-
5 bromo-pyridine-2-carbonitrile, 1-fluoro-4-iodo-benzene, 2-bromo-pyridine, bromobenzene,
1-iodo-3-methylbenzene, 2-bromo-4-methylpyridine, 2-bromo-5-methylpyridine, 2-bromo-3-
methylpyridine, 1-fluoro-2-iodobenzene, 4-bromo-2-methylpyridine, 3-bromo-5-

methylpyridine, and 1-bromo-3-methoxybenzene, respectively.

Example 43: "H NMR (400 MHz, CDCl3) ¢ 8.70 (dd, J=0.8, 8.7 Hz, 1H), 8.10 (d, /=8.5 Hz,

10 1H), 8.00-7.96 (m, 1H), 7.79 (dd, J=7.4, 8.7 Hz, 1H), 7.71 (t, J=7.7 Hz, 1H), 7.43 (dd,
J=0.8, 7.4 Hz, 1H), 7.29-7.25 (m, 1H), 4.18-3.97 (m, 3H), 2.57 (s, 3H), 2.28-1.34 (m, 10H).
ESI-MS m/z: 390 (M+H)".

Example 44: '"H NMR (400 MHz, CDCls): 68.11 (d, J = 8.6 Hz, 1H), 7.97 (d, J = 8.5 Hz,

1H), 7.71 (t, J= 7.6 Hz, 1H), 7.57-7.63 (m, 2H), 7.26 (d, /= 7.6 Hz, 1H), 7.02-7.08 (m, 2H),
15 4.06-4.17 (m, 1H), 3.74-3.83 (m, 2H), 2.57 (s, 3H), 2.22-2.30 (m, 1H), 2.10-2.19 (m, 2H),

1.86-1.97 (m, 2H), 1.54-1.83 (m, 4H), 1.34-1.45 (m, 1H). ESI-MS m/z: 382 (M+H) .

Example 45: "H NMR (400 MHz, CDCls) 5 8.41 (d, J=8.5 Hz, 1H), 8.38-8.35 (m, 1H), 8.13

(d, J=8.5 Hz, 1H), 7.98 (d, J=7.7 Hz, 1H), 7.74-7.66 (m, 2H), 7.26 (d, J=7.4 Hz, 1H), 7.06-

7.01 (m, 2H), 4.18-3.97 (m, 3H), 2.57 (s, 3H), 2.28-1.34 (m, 10H). ESI-MS m/z: 365
20 (M+H)".

Example 46: '"H NMR (400 MHz, CDCl3) § 8.12 (d, J= 8.4 Hz, 1H), 7.97 (d, J=7.6 Hz, 1H),
7.71 (t, J=7.7 Hz, 1H), 7.67-7.62 (m, 2H), 7.39-7.34 (m, 1H), 7.26 (d, J=7.5 Hz, 1H), 7.17-
7.11 (m, 1H), 4.18-4.06 (m, 1H), 3.87-3.76 (m, 2H), 2.57 (s, 3H), 2.30-1.33 (m, 10H). ESI-
MS m/z: 364 (M+H)".

25 Example 47: "H NMR (400 MHz, CDCls) § 8.13 (d, /=8.5 Hz, 1H), 7.97 (d, J=7.6 Hz, 1H),
7.71 (d, J=7.7 Hz, 1H), 7.51 (br, 1H), 7.39 (d, J=8.2 Hz, 1H), 7.28-7.22 (m, 2H), 6.96 (d,
J=7.5 Hz, 1H), 4.18-4.06 (m, 1H), 3.86-3.74 (m, 2H), 2.57 (s, 3H), 2.36 (s, 3H), 2.28-1.34
(m, 10H). ESI-MS m/z: 378 (M+H)".
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O-N 54 0 ON"' cis-Pyridine-2-carboxylic acid [2-(3,5-difluoro-

phenyl) - 1- oxo-2-aza- spiro [4.5] dec-7-ylF am de Method: C RT: 1.39 Cal cd.
Mass: 385wor2p11(dssids: 386 55 ? HBCN O H O * N ci s- 6- Met hpCTse@pion®sL -
carboxylic acid [2-(3,5- difluoro-phenyl)-1-o0xo0- 2-aza-spiro [4.5]dec-7-
yl Fam de Method: C RT: 1.34 Calcd. Mass: 400 mlz (MtH): 401 56

Example 48: '"H NMR (400 MHz, CDCly) & 8.25 (s, 1H), 8.21 (d, J=5.1 Hz, 1H), 8.14 (d,
J=6.6 Hz, 1H), 7.98 (d, J=7.6 Hz, 1H), 7.71 (t, J/=7.7 Hz, 1H), 7.26 (d, J=7.3 Hz, 1H), 6.89-
6.85 (m, 1H), 4.19-3.97 (m, 3H), 2.57 (s, 3H), 2.36 (s, 3H), 2.24-1.33 (m, 10H). ESI-MS
m/z: 379 (M+H)".

5 In a similar manner to Examples 67 and 81, Examples 25, 28, 73, 80, 82, 95, 147, 148, 152,
and 156 in Table 1 (below) were separated from their corresponding racemates: Example 19,

27,31, 44,76, 78, 65, 58, 84, and 41 by chiral HPLC, respectively.

Example 25: 'H NMR (400 MHz, CDCl): §8.54-8.56 (m, 1H), 8.16-8.19 (m, 1H), 8.04 (d, J
= 8.3 Hz, 1H), 7.84 (td, J = 7.9, 1.7 Hz, 1H), 7.58 (dt, J = 11.3, 2.0 Hz, 1H), 7.40-7.44 (m,

10 1H), 7.28-7.37 (m, 2H), 6.81-6.87 (m, 1H), 4.07-4.18 (m, 1H), 3.74-3.85 (m, 2H), 2.23-2.30
(m, 1H), 2.08-2.19 (m, 2H), 1.87-1.98 (m, 2H), 1.55-1.80 (m, 4H), 1.34-1.44 (m, 1H). ESI-
MS m/z: 368 (M+H)".

Example 28: '"H NMR (300 MHz, CDCL) & 8.16 (d, /=8.3 Hz, 1H), 7.77 (br, 1H), 7.66-7.55
(m, 3H), 7.41 (dt, J=5.7, 8.3 Hz, 1H), 7.23-7.14 (m, 1H), 6.91 (d, J=7.4 Hz, 1H), 4.39-4.24
15 (m, 1H), 4.18-3.97 (m, 2H), 2.48 (s, 3H), 2.18-1.47 (m, 10H). ESI-MS m/z: 382 (M+H)".

Example 73: "H NMR (400 MHz, CDCLy) & 8.47 (dd, J = 4.0, 9.3 Hz, 1H), 8.22 (d, J= 3.0
Hz, 1H), 8.16 (br d, J = 8.5 Hz, 1H), 8.01 (d, /= 7.7 Hz, 1H), 7.74 (t, J = 7.7 Hz, 1H), 7.45
(ddd, J=92, 7.7, 3.0 Hz, 1H), 7.29 (d, J = 6.8 Hz, 1H), 3.97-4.21 (m, 3H), 2.60 (s, 3H),
2.11-2.28 (m, 3H), 1.56-2.01 (m, 6H), 1.35-1.48 (m, 1H). ESI-MS m/z: 383 (M+H)".

20 Example 80: '"H NMR (400 MHz, CDCls): 68.11 (d, J = 8.6 Hz, 1H), 7.97 (d, J = 8.5 Hz,
1H), 7.71 (t, J= 7.6 Hz, 1H), 7.57-7.63 (m, 2H), 7.26 (d, /= 7.6 Hz, 1H), 7.02-7.08 (m, 2H),
4.06-4.17 (m, 1H), 3.74-3.83 (m, 2H), 2.57 (s, 3H), 2.22-2.30 (m, 1H), 2.10-2.19 (m, 2H),
1.86-1.97 (m, 2H), 1.54-1.83 (m, 4H), 1.34-1.45 (m, 1H). ESI-MS m/z: 382 (M+H) .

Example 82: '"H NMR (400 MHz, CDCls): 68.85 (d, J = 5.0 Hz, 1H), 8.12 (d, J = 8.3 Hz,

25 1H), 7.89 (d, /= 4.3 Hz, 1H), 7.28-7.34 (m, 2H), 6.59 (tt, /= 8.8, 2.3 Hz, 1H), 4.07-4.17 (m,
1H), 3.73-3.82 (m, 2H), 2.78 (s, 3H), 2.06-2.28 (m, 3H), 1.89-1.96 (m, 2H), 1.55-1.85 (m,
4H), 1.37-1.48 (m, 1H). ESI-MS m/z: 401 (M+H)".
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o0 O Ncis-Pyrazine-2- carboxylic acid [2-(3,5- difluoro-phenyl)-1-oxo-
2-aza-spiro [4.5] dec-7- ylFam de Method: C RT: 1.26 Calcd. Mass: 386 niz
(MtH) . 38¥0261105B8€ O N ci s-2-Met hyl - pyri m di ne- 4- car lpoxsuse@oasiods [ 2- ( 5-
fluoro-pyridin-2-yl)-1- oxo-2-aza-spiro [4.5]dec-7-ylFam de Method: A RT:
1.04 Calcd. Mass: 383 mlz (MtH): 384 58 a O H/\ O-)N ----N
cis-3-Chloro-N-2-(2- nethyl-pyrimdin-4-yl)-1- oxo-2-aza-spiro[4.5]

dec- 7-ylFbenzam de

Example 95: '"H NMR (400 MHz, CDCls): 6 8.56 (d, J = 5.0 Hz, 1H), 8.20 (bs, 1H), 7.60
(bs, 1H), 7.54-7.59 (m, 1H), 7.49-7.52 (m, 1H), 7.30-7.34 (m, 2H), 6.84-6.90 (m, 1H), 4.28-
4.38 (m, 1H), 3.76-3.90 (m, 2H), 2.59 (s, 3H), 2.14-2.23 (m, 1H), 1.82-2.12 (m, 6H), 1.48-
1.64 (m, 3H). ESI-MS m/z: 382 (M+H)".

5 Example 147: '"H NMR (400 MHz, CDCl3): 68.51 (d, J= 6.0 Hz, 1H), 8.17 (d, J = 5.8 Hz,
1H), 7.80-7.86 (m, 2H), 7.06-7.15 (m, 3H), 4.23-4.33 (m, 1H), 3.94-4.16 (m, 2H), 2.65 (s,
3H), 2.04-2.20 (m, 2H), 1.75-1.96 (m, 5H), 1.49-1.65 (m, 3H). ESI-MS m/z: 383 (M+H)".

Example 148: '"H NMR (400 MHz, CDCl3): 68.49 (d, J = 6.5 Hz, 1H), 8.16 (d, J = 5.8 Hz,
1H), 7.82 (t, J= 2.0 Hz, 1H), 7.67-7.71 (m, 1H), 7.43-7.47 (m, 1H), 7.28-7.39 (m, 2H), 4.21-

10 4.32 (m, 1H), 3.94-4.15 (m, 2H), 2.64 (s, 3H), 2.04-2.19 (m, 2H), 1.76-1.98 (m, 5H), 1.47-
1.66 (m, 3H). ESI-MS m/z: 399 (M+H)".

Example 152: 'H NMR (400 MHz, CDCl3) & 8.49 (d, J = 5.9 Hz, 1H), 8.16-8.19 (m, 1H),

7.60-7.63 (m, 1H), 7.55-7.59 (m, 1H), 7.29-7.35 (m, 2H), 6.75 (s, 1H), 4.19-4.29 (m, 1H),

4.07-4.15 (m, 1H), 3.98-4.02 (m, 1H), 2.65 (s, 3H), 2.40 (s, 3H), 2.04-2.22 (m, 2H), 1.85-
15 2.04 (m, 3H), 1.71-1.81 (m, 2H), 1.39-1.65 (m, 3H). ESI-MS m/z: 379 (M+H)'.

Example 156: '"H NMR (400 MHz, CDCl3) ¢ 8.65 (d, J = 8.5 Hz, 1H), 8.10 (d, J=8.5 Hz,
1H), 7.98 (d, J=7.6 Hz, 1H), 7.84 (t, J=7.8 Hz, 1H), 7.71 (t, /=7.7 Hz, 1H), 7.40 (d, J=7.4
Hz, 1H), 7.26 (d, J=7.5 Hz, 1H), 4.18-4.02 (m, 3H), 2.57 (s, 3H), 2.28-1.33 (m, 10H). ESI-
MS m/z: 433 (M+H)".

20 In a similar manner to Example 42, Examples 26, 53, 130, 132-136, 138-139, and 142 in
Table 1 (below) were made at 0.03-1.0 mmol reaction scales from intermediate 19 and
commercially available heteroaryl halides: 2-bromo-pyridine, 6-bromo-pyridine-2-
carbonitrile,  1-iodo-3-methoxy-benzene,  (3-iodo-phenyl)-dimethyl-amine,  1-iodo-4-
methoxy-benzene, 4-[3-(3-bromo-phenyl)-propyl]-morpholine, 1-bromo-3-fluoro-5-

25 methoxy-benzene, 2-(3-iodo-phenoxy)-1-pyrrolidin-1-yl-ethanone, (4-iodo-phenyl)-

dimethyl-amine, 2-bromo-thiazole, and 3-fluoro-5-iodo-benzonitrile, respectively.

Example 130: 'H NMR (400 MHz, CDCL): 58.05-7.83 (m, br, 1H), 7.66-7.58 (m, 2H), 7.46
(t, J=23Hz, 1H), 7.42-7.35 (m, 1H), 7.27-7.23 (m, 1H), 7.20-7.13 (m, 1H), 7.10-7.05 (m,
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Method: CRT: 1.32 Calcd. Mass: 398 mz (MtH): 399 59 N 0-CH 3 0 ..

ci s-2-Methyl -pyrimdine- 4-carboxylic acid [2-(6- nethyl-pyrazin-2-yl)-1-
0XO0- 2- azawepnriaf5d375] dec- 7-yl]-am de Method: C RT: 1. 04PprCalusdoionbess 380
mz (MrH): 381 WD 2011/ 053575PCT/ US2010/ 054054 Exanpl e No STRUCTURE

CHEM CAL NAME LC-MS 60 . cis-2-Methyl-pyrimdine- 4-carboxylic acid [2-(3-
cyano- phenyl ) -1-oxo-2- aza-spiro [4.5]dec-7-yl]- amde Method: C RT: 1.13
Cal cd. Mass: 389 mz (M+H): 390

1H), 6.74-6.70 (m, 1H), 4.39-4.28 (m, 1H), 3.91-3.74 (m, 5H), 2.22-1.46 (m, 10H), ESI-MS
m/z: 397 (M+H)".

Example 132: '"H NMR (400 MHz, CDCls): 6 8.32 (s,br, 1H), 7.71-7.60 (m, 2H), 7.40-
7.32 (m, 2H), 7.24-7.11 (m, 2H), 6.73-6.67 (m, 1H), 6.58-6.53 (m, 1H), 4.41-4.30 (m, 1H),
5 3.93-3.73 (m, 2H), 2.96 (s, 6H), 2.19-2.45 (m, 10H). ESI-MS m/z: 401 (M+H)".

Example 133: 'H NMR (400 MHz, CDCL): § 8.08-7.86 (m, 1H), 7.65-7.57 (m, 2H), 7.53-
7.48 (m, 2H), 7.41-7.35 (m, 1H), 7.19-7.13 (m, 1H), 6.92-6.88 (m, 2H), 4.40-4.27 (m, 1H),
3.87-3.70 (m, 5H), 2.21-1.46 (m, 10H). ESI-MS m/z: 397 (M+H)",

Example 134: '"H NMR (300 MHz, CDCl3): § 7.96-7.75 (m, 1H), 7.68-7.55 (m, 3H), 7.46-
10 7.27 (m, 3H), 7.24-7.11 (m, 1H), 7.00 (m, 1H), 4.44-426 (m, 1H), 3.97-3.65 (m, 6H), 2.77-
1.47 (m, 20H). ESI-MS m/z: 494 (M+H)".

Example 135: 'H NMR (300 MHz, CDCly): §7.82-7.55 (m, 3H), 7.45-7.34 (m, 1H), 7.22-
7.13 (m, 2H), 7.04-6.95 (m, 1H), 6.49-6.39 (m, 1H), 4.39-4.24 (m, 1H), 3.87-3.71 (m, 5H),
2.24-1.46 (m, 10H). ESI-MS m/z: 415 (M+H)'.

15 Example 136: 'H NMR (400 MHz, CDCls): § 7.93-7.71 (m, br,1H), 7.66-7.56 (m, 2H),
7.43-7.35 (m, 2H), 7.28-7.26 (m, 1H), 7.22-7.13 (m, 2H), 6.79-6.75 (m, 1H), 4.63 (s, 2H),
4.36-4.25 (m, br, 1H), 3.90-3.74 (m, 2H), 3.51 (t, J = 6.8 Hz, 4H), 2.22-1.48 (m, 14H). ESI-
MS m/z: 494 (M+H)".

Example 138: '"H NMR (400 MHz, CDCls): & 8.50-8.07 (m, br, 1H), 7.69-7.60 (m, 2H),
20 7.48-7.34 (m, 3H), 7.21-7.13 (m, 1H), 6.74 (d, J = 8.7 Hz, 2H), 4.43-4.29 (m, 1H), 3.91-3.67
(m, 2H), 2.95 (m, 6H), 2.22-1.46 (m, 10H). ESI-MS m/z: 410 (M+H)".

Example 139: 'H NMR (400 MHz, CDCLs): & 7.65-7.56 (m, 2H), 7.50 (d, J = 3.5 Hz, 1H),
7.45-7.38 (m, 2H), 7.22-7.16 (m, 1H), 7.05- (d, J = 3.5 Hz, 1H), 4.39-4.29 (m, 1H), 4.24-4.05
(m, 2H), 2.32-2.12 (m, 2H), 1.98-1.55 (m, 8H). ESI-MS m/z: 374 (M+H)'.

25 Example 142: 'H NMR (400 MHz, CDCls): §7.89-7.84 (m, 1H), 7.75 (s, br, 1H), 7.59-7.52
(m, 2H), 7.46-7.38 (m, 1H), 7.23-7.07 (m, 3H), 4.32-4.20 (m, 1H), 3.85-3.77 (m, 2H), 2.30-
1.45 (m, 10H). ESI-MS m/z: 410 (M+H) .
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NO _ .--N H30N O 61 \ NO .--N H3CN,,- O

ci s-2-Methyl -pyrimdi ne4-carboxylic acid

[ 1- ox02- (Wwotwidsszysonet hyl pyri di n-2-yl) - 2-azaspi r o[ 4. 5] #€TAR2010j05408411 de
Met hod: C RT: 1.43 Calcd. Mass: 433 mz (MrH): 434 62 OH3 ON H30ON O

Ci s-6- Met hyl - pyri di ne-2- carboxylic acid [2-(2- nethyl-pyrimdin-4-yl)-1-
0X0- 2-aza-spiro[4.5]dec- 7-yl]-am de Method: C RT: 1.21 Calcd. Mass: 379
mz (MrH): 380 63 1

In a similar manner to Example 42, Examples 59-61, 76 and 141 in Table 1 (below) were
made at 0.03-4.16 mmol reaction scales from intermediate 20 and commercially 2-chloro-6-
methylpyrazine, 3-iodo-benzonitrile, 2-bromo-6-trifluoromethyl-pyridine, 1,3-difluoro-5-

iodo-benzene, and 1-bromo-3-fluoro-5-methoxy-benzene, respectively.

5 Example 141: 'H NMR (400 MHz, CDCLs): & 8.88 (s, br, 1H), 8.20-8.06 (m, 1H), 7.91 (s,
br, 1H), 7.15 (s, br, 1H), 7.09-7.04 (m, 1H), 6.46-6.41 (m, 1H), 4.19-4.07 (m, 1H), 3.85-3.75
(m, SH), 2.81 (s, 3H), 2.30-1.36 (m, 10H). ESI-MS m/z: 413 (M+H)".

In a similar manner to Example 42, Example 75 in Table 1 (below) was made at a 0.11 mmol

reaction scale from intermediate 21 and commercially available 4-iodo-1,2-difluoro-benzene.

10 In a similar manner to Example 42, Example 79 in Table 1 (below) was made at a 0.13 mmol
reaction scale from intermediate 22 and commercially available 1-bromo-3,5-difluoro-

benzene.

In a similar manner to Example 42, Example 78 in Table 1 (below) was made at a 1.04 mmol

reaction scale from intermediate 23 and commercially available 1-iodo-3-fluoro-benzene.

15 In a similar manner to Example 42, Example 137 in Table 1 (below) was made at a 0.1 mmol

reaction scale from intermediate 32 and commercially available 1-iodo-3-fluoro-benzene.

Example 137: "H NMR (400 MHz, CDCLs): & 7.86 (d, J = 3.1 Hz, 1H), 7.60-7.57 (m, 1H),
7.56 (d, J=3.1 Hz, 1H), 7.44 (d, br, J = 8 Hz,, 1H), 7.38-7.28 (m, 2H), 6.87-6.81 (m, 1H),
4.18-4.04 (m, 1H), 3.85-3.75 (m, 2H), 2.27-1.35 (m, 10H). ESI-MS m/z: 374.0 (M+H)".

20 Example 62: cis-6-methyl-pyridine-2-carboxylic acid [2-(2-methyl-pyrimidin-4-y
1)-1-0x0-2-aza-spiro[4.5]dec-7-yl]-amide

as
= 0 =N

N\—N

Example 62 was prepared from intermediate 18 via the process of Scheme 2, supra, as

follows:
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H30 \ NH3 cis-6-Mthyl-pyridine-2- carboxylic acid [2-(6-

met hyl - pyri di n-3-yl)-1- oxo-2-aza-spiro[4.5]dec- 7-yl]-am de Method: A RT:
0. 90 Cal cwO 2Ma8s357378 Mz (MrH): 379 64 .ik H3CN', \ 0 PCT/US2010/054054

ci s-6- Met hyl - pyri di ne-2- carboxylic acid [2-(5- fluoro-pyridin-3-yl)-1-
0X0- 2-aza-spiro[4.5]dec- 7-yl]-am de Method: A RT: 1.04 Calcd. Mass: 382
mz (MtH): 383 65 /\cH3 0% -N HN cis-3-Fluoro-N[2-(2-

met hyl - pyri m di n-4-yl)-1- oxo-2-aza-spiro[4.5]dec7-yl]-benzam de Method: C

A g}ﬁ-@g@ﬂﬁz{%{_@r}gipyﬁeﬁﬁﬁ% Z&g)i/dr‘{;bgghoﬁ@él @%1&1) NI - AR pyricifN-2-carboxylic
0X0- 2- azacié p(Irefcd2-adetio[¥ 5]dcbehylpandd: (0.047 g, 0.162 mmol, intermediate 18),
dicesium carbonate (0.067 g, 0.206 mmol), tris(dibenzylideneacetone)dipalladium(0)
chloroform adduct (0.031 g, 0.030 mmol), and racemic BINAP (0.055 g, 0.089 mmol) in
5 toluene (1.0 mL) were heated at 80 °C for 6 hours. The crude mixture was cooled down to rt,
and the catalyst was filtered off. The filtrate was concentrated under reduced pressure, and
the resulting residue was purified on a RP-HPLC/MS purification system (Gradient:
acetonitrile in water, 24-95% in 3.6 minutes with a cycle time of 5 min. A shallow gradient
between 40-68% of acetonitrile was used between 0.75-3.4 min to separate close-cluting
10 impurities. Flow rate: 100 mL/min. Mobile phase additive: 48 mM of ammonium formate.
Column: Inertsil® C8, 30 x 50 mm, 5 um particle size (GL Sciences)) to afford 0.032 g (57%)
of the title compound, cis-6-methyl-pyridine-2-carboxylic acid [2-(2-methyl-pyrimidin-4-yl)-
1-ox0-2-aza-spiro[4.5]dec-7-yl]-amide as a white solid. "H NMR (400 MHz, CDCls): & 8.47
(d, J=5.8 Hz, 1H), 8.17 (d, J = 5.8 Hz, 1H), 8.09 (d, J = 8.9 Hz, 1H), 7.96 (d, J = 8.3 Hz,
15 1H), 7.70 (t, /= 7.6 Hz, 1H), 7.25 (d, /= 7.6 Hz, 1H), 3.94-4.16 (m, 3H), 2.63 (s, 3H), 2.55
(s, 3H), 2.09-2.24 (m, 3H), 1.86-1.97 (m, 2H), 1.77 (t, J = 12.4 Hz, 1H), 1.57-1.69 (m, 3H),

1.33-1.42 (m, 1H). ESI-MS m/z: 380 (M+H)".

In a similar manner to Example 62, Example 65 and 66, 150 and 151 in Table 1 (below) were
made at 2.81 mmol reaction scale from intermediate 19 and commercially available 4-chloro-

20 2-methyl-pyrimidine and 4-bromo-2-methylpyridine, 4-chloro-2-trifluoromethyl-pyrimidine,
and 4-chloro-2,6-dimethyl-pyrimidine, respectively.

Example 65: "H NMR (400 MHz, CDCls): §8.51 (d, J = 6.0 Hz, 1H), 8.17 (d, J = 5.8 Hz,

1H), 7.80-7.86 (m, 2H), 7.06-7.15 (m, 3H), 4.23-4.33 (m, 1H), 3.94-4.16 (m, 2H), 2.65 (s,
3H), 2.04-2.20 (m, 2H), 1.75-1.96 (m, SH), 1.49-1.65 (m, 3H). ESI-MS m/z: 383 (M+H)".

25 Example 66: 'H NMR (400 MHz, CDCL): §8.42 (s, 1H), 7.51-7.60 (m, 3H), 7.36-7.43 (m,
2H), 7.29 (bs, 1H), 7.15-7.21 (m, 1H), 4.22-431 (m 1H), 3.78-3.83 (m, 2H), 2.54 (s, 3H),
2.06-2.25 (m, 2H), 1.75-1.96 (m, SH), 1.46-1.63 (m, 3H). ESI-MS m/z: 382 (M+H)".

Example 151: '"H NMR (400 MHz, CDCls) ¢ 8.73 (d, J= 6.1 Hz, 1H), 8.54 (d, J = 5.8 Hz,
1H), 7.50-7.57 (m, 2H), 7.37-7.44 (m, 1H), 7.16-7.22 (m, 1H), 6.96 (s, 1H), 4.14-4.29 (m,
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Met hod: C RT: 1.15 Calcd. Mass: 381 mz (MtH): 382 67 Chi ral 4/F H3CN O

6- Met hyl - pyri di ne-2- carboxylic acid [ (5R 7R)-2-(3, 5-

di f | uor o-whenylgs3rsoxo2- aza- spi rof[ 4. 5] dec- 7- ylFam de MeCha$201@0RD54 1. 42
Calcd. Mass: 399 mz (MtH): 400 WO 2011/ 053575PCT/ US2010/ 054054 Exanpl e No
STRUCTURE CHEM CAL NAME LCM5s 68 HO . O

2H), 3.99-4.07 (m, 1H), 2.10-2.25 (m, 2H), 1.74-2.01 (m, 5H), 1.44-1.67 (m, 3H). ESI-MS
m/z: 437 (M+H)".

Example 152: '"H NMR (400 MHz, CDCl3) & 8.01 (s, 1H), 7.51-7.59 (m, 2H), 7.32-7.40 (m,
2H), 7.12-7.19 (m, 1H), 4.19-4.29 (m, 1H), 4.04-4.11 (m, 1H), 3.96-3.99 (m, 1H), 2.58 (s,

5 3H), 2.43 (s, 3H), 2.01-2.16 (m, 2H), 1.73-1.93 (m, 5H), 1.45-1.62 (m, 3H). ESI-MS m/z:
397 (M+H)".

In a similar manner to Example 62, Example 140 in Table 1 (below) was made at 0.1 mmol
reaction scale from intermediate 32 and commercially available 4-chloro-2-methyl-

pyrimidine.

10 Example 140: '"H NMR (400 MHz, CDCls): §8.50 (s, br, 1H), 8.19 (d, J = 5.8 Hz, 1H), 7.86
(d, J=3.0 Hz, 1H), 7.57 (d, J = 3.0 Hz, 1H), 7.43-7.35 (m, 1H), 3.94-4.18 (m, 3H), 2.64 (s,
3H), 1.35-2.23 (m, 10H). ESI-MS m/z: 372 (M+H)".

Example 76: cis 2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl) -1-oxo-
2-aza-spiro[4.5]dec-7-yl]-amide
F
as
NZ ©
« [ H N
H3C)\N Nl N

o)
15

Example 76 was also prepared from intermediate 33 via the process of Scheme 1, supra, as

follows:

In a round-bottom flask was charged with cis-7-amino-2-(3,5-difluoro-phenyl)-2-aza-
spiro[4.5]decan-1-one. HCI (10.8 g, 34.1 mmol), 2-methylpyrimidine-4-carboxylic acid (4.71
20 g, 34.1 mmol), and BOP (15.1 g, 34.1 mmol). Methylene chloride (218 mL) was added, and
the mixture was cooled at 0 °C. Tricthylamine (14.2 mL, 102 mmol) was added dropwise.
The mixture was warmed up to rt and stirred at rt overnight. The mixture was diluted with
methylene chloride (100 mL) and water (50 mL). The aqueous layer was extracted with
CH,Cl; (100 mL). The combined organic layer was washed with brine, dried over Na;SO4

25 and concentrated under reduced pressure. The resude obtained was crystallized from ethyl
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.-.-N cis-5-Fluoro-pyridine-2- carboxylic acid [2-(3-

fl uoro-phenyl)-1-o0xo-2- aza-spiro [4.5]dec-7-yl]- amde Method: C RT: 1.36
Cal cd. Vw©:20B88B335z (MrH): 386 69 N H3C N O . O ---N PCT/US2010/054054

ci s-2-Methyl -pyrimdine- 4-carboxylic acid [2-(3- fluoro-phenyl)-1-oxo-2-
aza-spiro[4.5] dec-7-yl]- am de Method: C RT: 1.23 Calcd. Mass: 382 mz
(MtH): 383 70 O HO 41 cis-Pyrimdine-4- carboxylic acid [2-(3-

fl uoro- phenyl)-1-o0xo-2- aza-spiro [4.5]dec-7-yl]- am de

acetate to afford 8.8 g (77%) of the title compound cis 2-Methyl-pyrimidine-4-carboxylic
acid [2-(3,5-difluoro-phenyl) -1-oxo-2-aza-spiro[4.5]dec-7-yl]-amide. : 'H NMR (400 MHz,
CDCls): 08.85 (d, J= 5.0 Hz, 1H), 8.10 (d, J = 8.1 Hz, 1H), 7.89 (d, J = 5.4 Hz, 1H), 7.28-
7.35 (m, 2H), 6.60 (tt, J = 8.8, 2.5 Hz, 1H), 4.07-4.18 (m, 1H), 3.74-3.80 (m, 2H), 2.79 (s,

5 3H), 2.07-2.28 (m, 3H), 1.89-1.97 (m, 2H), 1.55-1.85 (m, 4H), 1.37-1.48 (m, 1H). ESI-MS
m/z: 401 (M+H)".

In a similar manner to Example 76, Example 143-146 in Table 1 (below) were made at 0.05-

0.07 mmol reaction scales from intermediate 33 and commercially available thiazole-2-

carbonyl chloride, 2-methyl-thiazole-4-carboxylic acid, pentanoyl, and butyryl chloride,
10 respectively.

Example 143: 'H NMR (400 MHz, CDCls): §7.86 (d, J = 3.1 Hz, 1H), 7.56 (d, J = 3.1 Hz,
1H), 7.39 (d, br J = 8.0 Hz, 1H), 7.28-7.32 (m, 2H), 6.62-6.55 (m, 1H), 4.06-4.17 (m, 1H),
3.72-3.81 (m, 2H), 1.35-2.28 (m, 10H). ESI-MS m/z: 392 (M+H)".

Example 144: '"H NMR (400 MHz, CDCl3): 67.91 (s, 1H), 7.27-7.37 (m, 3H), 6.54-6.61 (m,
15 1H), 4.03-4.15 (m, 1H), 3.70-3.80 (m, 2H), 2.70 (s, 3H), 1.30-2.29 (m, 10H). ESI-MS m/z:
406 (M+H)".

Example 145: '"H NMR (400 MHz, CDCls): § 7.27-7.31 (m, 2H), 6.56-6.63 (m, 1H), 5.83
(m, 1H), 3.93-4.05 (m, 1H), 3.70-3.79 (m, 2H), 1.22-2.23 (m, 16H), 0.91 (m, 3H). ESI-MS
m/z: 365 (M+H)".

20 Example 146: '"H NMR (400 MHz, CDCLs): & 7.26-7.30 (m, 2H), 6.56-6.62 (m, 1H), 5.97 (s,
1H), 3.95-4.06 (m, 1H), 3.71-3.80 (m, 2H), 1.21-2.25 (m, 14H), 0.93 (t, J = 7.4 Hz, 3H).

ESI-MS m/z: 351 (M+H)".

Example 78: cis-N-[2-(3-Fluoro-phenyl)-1-0x0-2-aza-spiro[4.5]dec-7-yl]-2-methyl-

isonicotinamide
O
= O
HCT S N
o}

25
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Method: C RT: 1.16 Calcd. Mass: 368 mz (MtH): 369 71 HCN O H3C / \

Cci s-6-Met hyl -pyridine-2- carboxylic acid [2-(5- nethyl-pyridin-3-yl)-1-
0XO0- 2- azawepnriaf5d375] dec- 7-yl]-am de Method: C RT: 1. 14pCalusdoionbess 378
mz (MH): 379 72 HBCN H' 0 o 4 | cis-6-Mthyl-pyridine-2- carboxylic
acid [2-(3- nethoxy-phenyl)-1-o0xo- 2-aza-spiro[4.5]dec-7- yl Fam de Met hod:
CRT: 1.34 Calcd. Mass: 393 nmiz (M+H): 394

Example 78 was also prepared from intermediate 13 as follows:

[2-(3-fluoro-phenyl)-1-ox0-2-aza-spiro[4.5]dec-7-yl]-carbamic acid tert-butyl ester (0.010 g,
0.028 mmol, intermediate 13) was dissolved in methylene chloride (1.0 mL), 4M of
hydrogen chloride in 1,4-dioxane (0.7 mL) was added. The mixture was stirred at rt
5 overnight and then concentrated under reduced pressure. The resulting residue was dissolved
in methylene chloride (1.0 mL). Triethylamine (0.015 mL, 0.11 mmol) was added, followed
by the addition of 2-methylisonicotinic acid (0.005 g, 0.033 mmol) and BOP (0.015 g, 0.033
mmol). The mixture was stirred at rt for 4 hours and concentrated under reduced pressure.
The residue was purified on a RP ~-HPLC/MS purification system (Gradient: acetonitrile in
10 water, 24-95% in 3.6 minutes with a cycle time of 5 min. A shallow gradient between 28-
56% of acetonitrile was used between 0.75-3.3 min to separate close-eluting impurities. Flow
rate: 100 mL/min. Mobile phase additive: 48 mM of ammonium formate. Column: Inertsil®
C18, 30 x 50 mm, 5 um particle size (GL Sciences)) to afford 0.008 g (80%) of the title
compound, cis-N-[2-(3-fluoro-phenyl)-1-ox0-2-aza-spiro[4.5]dec-7-yl]-2-methyl-isonicotin-
15 amide as a white solid. '"H NMR (400 MHz, CDCL): & 8.56 (d, J = 5.0 Hz, 1H), 8.20 (bs,
1H), 7.60 (bs, 1H), 7.54-7.59 (m, 1H), 7.49-7.52 (m, 1H), 7.30-7.34 (m, 2H), 6.84-6.90 (m,
1H), 4.28-4.38 (m, 1H), 3.76-3.90 (m, 2H), 2.59 (s, 3H), 2.14-2.23 (m, 1H), 1.82-2.12 (m,

6H), 1.48-1.64 (m, 3H). ESI-MS m/z: 382 (M+H)".

In an analogous manner to Example 78, Examples 68-70, 77 and 93-94 in Table 1 were made
20 at 0.03-0.16 mmol reaction scales from intermediate 13 and commercially available 5-fluoro-
pyridine-2-carboxylic acid, 2-methyl-pyrimidine-4-carboxylic acid, pyrimidine-4-carboxylic
acid, isonicotinic acid, 2-methylisonicotinic acid, 6-hydroxymethyl-pyridine-2-carboxylic
acid, and 6-trifluoromethyl-pyridine-2-carboxylic acid, respectively.
Example 68: "H NMR (400 MHz, CDCls): & 8.38 (d, J = 3.0 Hz, 1H), 8.19-8.23 (m, 1H),
25 7.89 (d, J = 8.1 Hz, 1H), 7.50-7.60 (m, 2H), 7.28-7.38 (m, 2H), 6.81-6.87 (m, 1H), 4.05-4.16
(m, 1H), 3.75-3.85 (m, 2H), 2.06-2.29 (m, 3H), 1.87-1.97 (m, 2H), 1.33-1.80 (m, 5H). ESI-
MS m/z: 386 (M+H)".

Example 69: : '"H NMR (400 MHz, CDCL): § 8.85 (d, J=3.8 Hz, 1H), 8.12 (d, /= 8.3 Hz,
1H), 7.89 (d, J= 5.0 Hz, 1H), 7.56-7.61 (m, 1H), 7.28-7.37 (m, 2H), 6.82-6.88 (m, 1H), 4.07-
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73 ? HBCN O F N C, ral 6-Methyl-pyridine-2- carboxylic acid
[ (5R, 7R) - 2- (5-fl uoropyri di n-2-yl)-1-o0xo-2- aza-spiro[4.5]dec-7-yl]- am de
Met hod: AVBEO111052B5Cal cd. Mass: 382 mlz (MtH): 383 74 ®CT/US2010/054054
ci s-Pyridine-2-carboxylic acid [2-(5-fluoro-pyridin- 3-yl)-1-o0xo0-2-aza-
spiro[4.5] dec-7-yl]- am de Method: A RT: 0.94 Calcd. Mass: 368 mz (M+H):
369 75 NO , o .

4.18 (m, 1H), 3.77-3.83 (m, 2H), 2.78 (s, 3H), 2.05-2.27 (m, 3H), 1.37-1.96 (m, 7H). ESI-MS

m/z: 383 (M+H)".

In a similar manner to Example 78, Examples 38-40 in Table 1 were made at a 0.06 mmol
reaction scale from intermediate 14 and commercially available carboxylic acids: 3-

5 fluorobenzoic acid, picolinic acid and 6-methyl-pyridine-2-carboxylic acid, respectively.

Example 38: 'H NMR (400 MHz, CDCls) 69.53 (s 1H), 8.22 (s, 1H), 7.63-7.56 (m, 2H),
7.46-7.39 (m, 1H), 7.23-7.16 (m, 1H), 4.38-4.27 (m, 1H), 4.16-3.93 (m, 2H), 2.50 (s, 3H),
2.23-1.52 (m, 10H). ESI-MS m/z: 383 (M+H)".

In a similar manner to Example 78, Examples 54-56 in Table 1 were made at a 0.03 mmol
10 reaction scale from intermediate 15 and commercially available carboxylic acids: picolinic

acid, 6-methyl-pyrazine-2-carboxylic acid and pyrazine-2-carboxylic acid, respectively.

Example 54: "H NMR (400 MHz, CDCls) §8.54-8.57 (m, 1H), 8.15-8.19 (m, 1H), 8.05 (d, J

= 8.3 Hz, 1H), 7.82-7.87 (m, 1H), 7.40-7.45 (m, 1H), 7.27-7.34 (m, 2H), 6.55-6.62 (m, 1H),

4.07-4.18 (m, 1H), 3.71-3.82 (m, 2H), 2.23-2.31 (m, 1H), 2.07-2.20 (m, 2H), 1.87-1.98 (m,
15 2H), 1.34-1.80 (m, 5H). ESI-MS m/z: 386 (M+H)".

Example 55: '"H NMR (400 MHz, CDCl3) 69.18 (s, 1H), 8.61 (s, 1H), 7.92 (d, J = 8.5 Hz,
1H), 7.27-7.34 (m, 1H), 6.56-6.63 (m, 1H), 4.09-4.20 (m, 1H), 3.73-3.81 (m, 2H), 2.61 (s,
3H), 2.07-2.29 (m, 3H), 1.89-1.96 (m, 2H), 1.35-1.83 (m, 5H). ESI-MS m/z: 401 (M+H)".

In a similar manner to Example 78, Example 41 in Table 1 was made at 0.05 mmol reaction
20 scale from intermediate 16 and commercially available 6-methyl-pyridine-2-carboxylic acid.

Example 41: 'H NMR (400 MHz, CDCl;) & 8.65 (d, J=8.5 Hz, 1H), 8.10 (d, /=8.5 Hz, 1H),
7.98 (d, J=7.6 Hz, 1H), 7.84 (t, /=7.8 Hz, 1H), 7.71 (t, /=7.7 Hz, 1H), 7.40 (d, /=7.4 Hz,
1H), 7.26 (d, J=7.5 Hz, 1H), 4.18-4.02 (m, 3H), 2.57 (s, 3H), 2.28-1.33 (m, 10H). ESI-MS
m/z: 433 (M+H)".

25 In a similar manner to Example 78, Examples 58, 84-85, 89-92, 96 and 149 in Table 1 were
made at 0.04-0.08 mmol reaction scales from intermediate 17 and commercially available
carboxylic acids: 3-chlorobenzoic acid, 3-methyl-benzoic acid, 3,5-difluorobenzoic acid, 4-

fluorobenzoic acid, 3,4-difluorobenzoic acid, 2-fluorobenzoic acid, 2-methyl-isonicotinic
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- .--Ncis-Pyridine-2-carboxylic acid [2-(3,4-difluoro-

phenyl) - 1- oxo- 2-aza- spiro[4.5] dec-7-yl]- amde Method: C RT: 1.33 Cal cd.
Mass: 385wora11(dss3ds: 386 76 N H3cN O O 41 _ --N - PCT/US2010/054054

ci s-2- Met hyl - pyri m di ne- 4-carboxylic acid [2- (3,5-difluoro-phenyl)-1-
0X0-2-aza-spiro [4.5]dec-7-ylFam de Method: C RT: 1.31 Calcd. Mass: 400 m z
(MtH): 401 WD 2011/ 053575PCT/ US2010/ 054054 Exanpl e No STRUCTURE CHEM CAL
NAME LC- M5 77

acid, 6-trifluoromethyl-pyridine-2-carboxylic acid and 5-fluoro-pyridine-2-carboxylix acid,

respectively.

Example 58: '"H NMR (400 MHz, CDCls): 68.49 (d, J = 6.5 Hz, 1H), 8.16 (d, J = 5.8 Hz,
1H), 7.82 (t, J= 2.0 Hz, 1H), 7.67-7.71 (m, 1H), 7.43-7.47 (m, 1H), 7.28-7.39 (m, 2H), 4.21-

5 4.32 (m, 1H), 3.94-4.15 (m, 2H), 2.64 (s, 3H), 2.04-2.19 (m, 2H), 1.76-1.98 (m, 5H), 1.47-
1.66 (m, 3H). ESI-MS m/z: 399 (M+H)".

Example 84: '"H NMR (400 MHz, CDCls) & 8.49 (d, J = 5.9 Hz, 1H), 8.16-8.19 (m, 1H),

7.60-7.63 (m, 1H), 7.55-7.59 (m, 1H), 7.29-7.35 (m, 2H), 6.75 (s, 1H), 4.19-4.29 (m, 1H),

4.07-4.15 (m, 1H), 3.98-4.02 (m, 1H), 2.65 (s, 3H), 2.40 (s, 3H), 2.04-2.22 (m, 2H), 1.85-
10 2.04 (m, 3H), 1.71-1.81 (m, 2H), 1.39-1.65 (m, 3H). ESI-MS m/z: 379 (M+H)",

Example 85: '"H NMR (400 MHz, CDCls) §8.53 (d, J= 5.8 Hz, 1H), 8.18 (d, J= 6.1 Hz, 1H)
, 7.62 (s, 1H), 7.35-7.40 (m, 2H), 6.91-6.98 (m, 1H), 4.31 (m, 1H), 4.09-4.18 (m, 1H), 3.94-
4.03 (m, 1H), 2.65 (s, 3H), 2.02-2.18 (m, 2H), 1.50-1.93 (m, 8H). ESI-MS m/z: 401 (M+H)".

Example 89: '"H NMR (400 MHz, CDCls) §8.52 (d, J= 6.0 Hz, 1H), 8.17 (d, J= 6.0 Hz, 1H)
15 , 7.80-7.86 (m, 2H), 7.09-7.15 (m, 3H), 4.22-4.32 (m, 1H), 4.09-4.16 (m, 1H), 3.94-4.02 (m,
1H), 2.65 (s, 3H), 2.05-2.20 (m, 2H), 1.44-2.00 (m, 8H). ESI-MS m/z: 383 (M+H)".

Example 149: '"H NMR (400 MHz, CDCl3): 68.48 (d, /=59 Hz, 1H), 8.37 (d, J = 2.8 Hz,

1H), 8.16-8.22 (m, 2H), 7.86 (d, J = 8.6 Hz, 1H), 7.50-7.55 (m, 1H), 4.04-4.15 (m, 2H), 3.94-

4.02 (m, 1H), 2.63 (s, 3H), 2.07-2.24 (m, 3H), 1.86-1.97 (m, 2H), 1.56-1.78 (m, 4H), 1.34-
20 1.42 (m, 1H). ESI-MS m/z: 384 (M+H)".

Example 83: cis-6-methyl-pyridine-2-carboxylic acid (2-benzyl-1-0xo0-2-aza-
spiro[4.5]dec-7-yl)-amide

Example 83 was prepared from intermediate 18 via the process of Scheme 2, supra, as

25 follows:
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. 0", 0. _---..Ncis-N[2-(3-Fluoro- phenyl)-1-oxo-2-aza-
spiro[4.5]dec-7-yl]- isonicotinam de Method: C RT: 1.13 Calcd. Mass: 367

mz (MHWO268/088578] H3c |1 O .,--N cis-N[2-(3-Fl uoro- PCT/US2010/054054
phenyl) - 1- oxo- 2- azaspi ro[ 4. 5] dec-7-yl]-2- nmethyl isonicotinam de Method: C
RT: 1.19 Calcd. Mass: 381 mlz (MtH): 382 79 79 N H (1.,, NOO QG

To a solution of cis-6-Methyl-pyridine-2-carboxylic acid (1-oxo-2-aza-spiro[4.5]dec-7-tl)-

amide (0.100 g, 0.348 mmol, intermediate 18) in anhydrous THF (5.0 mL) at 0 °C was added

sodium hydride (0.015 g, 0.383 mmol). The reaction mixture was stirred at 0 °C for 30 mins,

benzyl bromide (0.041 mL, 0.348 mmol) was then added dropwise. The mixture was stirred

5 at rt overnight, then quenched with water and diluted with ethyl acetate (100 mL). The

organic layer was washed with brine, dried over Na,SO,, and concentrated under reduced

pressure. The resulting residue was purified by silica gel chromatography (hexane/ethyl

acetate: 100/0 to 0/100) to afford 0.115 g (88%) of the title compound, cis-6-methyl-

pyridine-2-carboxylic acid (2-benzyl-1-oxo0-2-aza-spiro[4.5]dec-7-yl)-amide, as a white

10 solid. '"H NMR (400 MHz, CDCls): & 8.11 (d, J = 8.6 Hz, 1H), 7.97 (d, J= 7.5 Hz, 1H), 7.70

(t, J=7.5 Hz, 1H), 7.18-7.33 (m, 6H), 4.45 (m, 2H), 4.01-4.11 (m, 1H), 3.14-3.22 (m, 2H),

2.57 (s, 3H), 1.95-2.12 (m, 4H), 1.70-1.89 (m, 3H), 1.67-1.76 (m, 1H), 1.52-1.60 (m, 1H),
1.45-1.50 (m, 1H), 1.32-1.42 (m, 1H). ESI-MS m/z: 378 (M+H)".

In a similar manner to Example 83, Examples 153-155 in Table 1 was made at 0.11 mmol
15 reaction scale from intermediate 18 and commercially available iodomethane, iodoethane,

and 1-iodopropane, respectively.

Example 153: "H NMR (400 MHz, CDCls): §8.08 (d, J = 8.6 Hz, 1H), 7.95 (d, J = 8.1 Hz,
1H), 7.69 (t, J= 7.9 Hz, 1H), 7.25 (d, J= 7.8 Hz, 1H), 3.99-4.12 (m, 1H), 3.28-3.33 (m, 2H),
2.84 (s, 3H), 2.55 (s, 3H), 1.95-2.14 (m, 3H), 1.26-1.87 (m, 7H). ESI-MS m/z: 302 (M+H)".

20 Example 154: '"H NMR (400 MHz, CDCls): 68.08 (d, J= 8.6 Hz, 1H), 7.95 (d, J= 7.3 Hz,
1H), 7.69 (t, J = 8.7 Hz, 1H), 7.24 (d, J = 8.9 Hz, 1H), 4.00-4.11 (m, 1H), 3.25-3.37 (m, 4H),
2.55 (s, 3H), 2.04-2.13 (m, 2H), 1.94-2.02 (m, 1H), 1.26-1.87 (m, 7H), 1.09 (t, J = 7.3 Hz,
3H). ESI-MS m/z: 316 (M+H)".

Example 155: '"H NMR (400 MHz, CDCls): 68.07 (d, J = 8.4 Hz, 1H), 7.95 (d, J = 7.6 Hz,

25 1H), 7.69 (t, J= 7.6 Hz, 1H), 7.25 (d, J = 8.6 Hz, 1H), 4.00-4.11 (m, 1H), 3.20-3.33 (m, 4H),
2.55 (s, 3H), 2.04-2.12 (m, 2H), 1.95-2.02 (m, 1H), 1.25-1.87 (m, 9H), 0.87 (t, J = 7.4 Hz,
3H). ESI-MS m/z: 330 (M+H)".
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.--N - cis-Pyrimdine-4- carboxylic acid [2-(3,5- difluoro-phenyl)-1-o0xo-
2-azaspiro[4.5]dec-7-yl]- amde Method: C RT: 1.24 Calcd. Mass: 386 mz
(MHH) : 38Y02011HBENS0 O Fairal 6-Methyl - pyri di ne-2- car b®@xyltseoiansws4

[ (5R, 7R)-2-(4-fl uorophenyl)- 1- oxo-2-azaspiro[ 4. 5] dec-7-yl]- am de Method: C
RT: 1.34 Calcd. Mass: 381 miz (MtH): 382 81 HNHINO C, ral * N

6- Met hyl - pyri di ne-2- carboxylic acid

[ (5S,7S)-2-(3,5-difluorophenyl)-1-o0xo0-2-azaspiro[4.5]dec-7-yl]- am de

Met hod: CEﬁgmpl]ed’lﬁ cis-Pyridine-2-carboxylic acid [9,9-difluoro-2-(3-fluoro-phenyl)-1-0x0-2-
aza-spiro[4.5]dec-7-yl]-amide

O
=z (0]
N
(@]
FF

Example 97 was prepared from intermediate 24 via the process of Scheme 1, supra, as

5 follows:

To a solution of crude cis-7-amino-2-(4-methoxy-benzyl)-2-aza-spiro[4.5]decan-1-one,
which was prepared from 5,5-difluoro-1-[2-(3-fluoro-phenylamino)-ethyl]-cyclohexane-1,3-
dicarboxylic acid dimethyl ester (0.37 mmol), and triethylamine (0.141 mL, 1.01 mmol) in
DCM (3.37 mL) was added pyridine-2-carbonyl chloridesHCI (57.3 mg, 0.322 mmol) at 0

10 °C. The reaction mixture was stirred at rt overnight, and then diluted with DCM (50 mL),
washed with saturated aqueous NaHCOs; and brine, dried over MgSQO,, filtered, and
concentrated under reduced pressure. The residue was purified on a reversed phase liquid
chromatography/mass spectrometry (RP-HPLC/MS) purification system (Gradient:
acetonitrile in water, 27-95% in 3.6 minutes with a cycle time of 5 min. A shallow gradient

15 between 38-68% of acetonitrile was used between 0.75-3.3 minutes. Flow rate: 100 mL/min.
Mobile phase additive: 48 mM of ammonium formate. Column: Inertsil® C8, 30 x 50 mm, 5
um particle size (GL Sciences)) to give 27 mg of the title compound, pyridine-2-carboxylic
acid [9,9-difluoro-2-(3-fluoro-phenyl)-1-oxo0-2-aza-spiro[4.5]dec-7-yl]-amide. 'H NMR (400
MHz, CDCls): 6 8.57 (d, J=4.8 Hz, 1H), 8.27 (brd, J="7.9 Hz, 1H), 8.23 (d, J= 7.8 Hz,

20 1H), 7.94 (dt, /= 7.7, 1.6 Hz, 1H), 7.49-7.60 (m, 2H), 7.31-7.38 (m, 2H), 6.85-6.91 (m, 1H),
4.40-4.56 (m, 1H), 3.77-3.91 (m, 2H), 2.55-2.69 (m, 1H), 2.24-2.44 (m, 3H), 2.07-2.16 (m,
2H), 1.93 (ddt, J = 3.4, 12.8, 34.1 Hz, 1H), 1.73 (t, J = 12.7 Hz, 1H). ESI-MS m/z: 404
(M+H)".
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Calcd. Mass: 399 mz (M+H): 400 82 N H3CN O Chi ral F
2- Met hyl - pyri m di ne-4- carboxylic acid [(5R, 7R)-2-(3,5-di fl uorophenyl)-1
- 0X0- 2- a2uepnr1af53575] dec- 7-yl ] - am de Method: C RT: 1. 30prCalusdo1onbess 400
mz (MH): 401 83 H3CN, 0 O .--N. - cis-6-Mthyl-pyridine-2- carboxylic
acid (2- benzyl-1-oxo-2-aza- spiro[4.5]dec-7-yl)- am de Method: C RT: 1.29
Calcd. Mass: 377 mz (MrH): 378 84 N

Examples 98, 99, 101 and Example 102:

Pyridine-2-carboxylic acid [(SR,7S)-9,9-difluoro-2-(3-fluoro-phenyl)-1-o0xo0-2-aza-
spiro[4.5]dec-7-yl]-amide; Pyridine-2-carboxylic acid [(5S,7R)-9,9-difluoro-2-(3-fluoro-
phenyl)-1-0xo0-2-aza-spiro[4.5]dec-7-yl]-amide; Pyridine-2-carboxylic acid [(5S,7S)-9,9-

5 difluoro-2-(3-fluoro-phenyl)-1-0xo0-2-aza-spiro[4.5]dec-7-yl]-amide; and Pyridine-2-
carboxylic acid [(SR,7R)-9,9-difluoro-2-(3-fluoro-phenyl)-1-o0xo0-2-aza-spiro[4.5]dec-7-
yl]-amide, respectively
Examples 101 and 102 were made via the process of Scheme 1 from pyridine-2-carbonyl
chloride and intermediate A-3 (R? is 3-fluorophenyl) which may be made from frans-9,9-
10 difluro-2-(3-fluoro-phenyl)-1-oxo0-2-aza-spiro[4,5]decane-7-carboxylic acid methyl ester

(step 7 of intermediate 24) via steps i and j in Scheme 6, supra.

A mixture of Example 97 and tramns-diastereomers, Examples 101-102, was resolved by
HPLC (column: Chiralpak® AD, 250x20 mm (Diacel); mobile phase: 15% isopropanol in
hexane; flow rate: 14 mL/min; UV at 254 nm) to give two enantiomers of each diastercomer.
15 The first peak from chiral HPLC was arbitrarily assigned as Example 99, pyridine-2-
carboxylic acid [(5S,7R)-9,9-difluoro-2-(3-fluoro-phenyl)-1-ox0-2-aza-spiro[4.5]dec-7-yl]-
amide, the second peak from chiral HPLC was arbitrarily assigned as Example 101,
pyridine-2-carboxylic acid [(58,7S)-9,9-difluoro-2-(3-fluoro-phenyl)-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide, the third peak from chiral HPLC was arbitrarily assigned as
20 Example 98, pyridine-2-carboxylic acid [(5R,7S)-9,9-difluoro-2-(3-fluoro-phenyl)-1-oxo-2-
aza-spiro[4.5]dec-7-yl]-amide, and the fourth peak from chiral HPLC was arbitrarily
assigned as Example 102, pyridine-2-carboxylic acid [(5R,7R)-9,9-difluoro-2-(3-fluoro-
phenyl)-1-ox0-2-aza-spiro[4.5]dec-7-yl]-amide.

Example 98: '"H NMR (400 MHz, CDClz): 6 8.57 (d,J=4.8 Hz, 1H), 8.27 (br d, /= 7.9 Hz,

25 1H), 8.23 (d, /= 7.8 Hz, 1H), 7.94 (dt, J = 7.7, 1.6 Hz, 1H), 7.49-7.60 (m, 2H), 7.31-7.38
(m, 2H), 6.85-6.91 (m, 1H), 4.40-4.56 (m, 1H), 3.77-3.91 (m, 2H), 2.55-2.69 (m, 1H), 2.24-
2.44 (m, 3H), 2.07-2.16 (m, 2H), 1.93 (ddt, J = 3.4, 12.8, 34.1 Hz, 1H), 1.73 (t,J = 12.7 Hz,
1H). ESI-MS m/z: 404 (M+H)".

Example 99: '"H NMR (400 MHz, CDClz): 6 8.57 (d,J=4.8 Hz, 1H), 8.27 (br d, /= 7.9 Hz,
30 1H), 8.23 (d, J=7.8 Hz, 1H), 7.94 (dt, J = 7.7, 1.6 Hz, 1H), 7.49-7.60 (m, 2H), 7.31-7.38
(m, 2H), 6.85-6.91 (m, 1H), 4.40-4.56 (m, 1H), 3.77-3.91 (m, 2H), 2.55-2.69 (m, 1H), 2.24-
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0

[ CH3 cis-3-Methyl -N-[2-(2- methyl-pyrimdin-4-yl)-1- oxo-2-aza-spiro

[4.5] dec-7-y1lF benzam de Method: C RT: 1.24 Calcd. Mass: 378 mz (M-H):
WO 2011/ OBBRIBRGEIFTRS2010/ 054054 Exanpl e No STRUCTURE CHEWMIr@ARoibbAMESL C- MS 85
/CH3 H-NNcis-3,5-Difluoro-N-[2-(2- nethyl-pyrimdin-4-yl)-1-

0X0- 2-aza-spiro [4.5]dec-7-yl]-

400 mz (MrH): 401 86 i Nak N'\ O

10

15

20

2.44 (m, 3H), 2.07-2.16 (m, 2H), 1.93 (ddt, J = 3.4, 12.8, 34.1 Hz, 1H), 1.73 (t, J = 12.7 Hz,
1H). ESI-MS m/z: 404 (M+H)".

Example 100: cis-2-[2-(3-chloro-phenyl)-1-0x0-2-aza-spiro[4.5]dec-7-yl]-2,3-dihydro-

isoindol-1-one

Example 100 was prepared from intermediate 1 via the process of Scheme 21, supra, as

follows:

A mixture of 7-Amino-2-(3-chloro-phenyl)2-aza-spiro[4.5]decan-1-one (0.080 g, 0.287
mmol, intermediate 1), methyl 2-formylbenzoate (0.047 g, 0.287 mmol), sodium
triacetoxyborohydride (0.061 g, 0.287 mmol) and one drop of acetic acid in 1,2-
dichloroethane (2.0 mL) was stirred at rt overnight. The reaction mixture was quenched with
ice and diluted with ethyl acetate (20.0 mL). The organic layer was washed with water and
brine, dried with Na,SO4, and concentrated under reduced pressure. The residue was purified
by preparative TLC (ethyl acetate) to afford 0.013 g (12%) of the title compound, cis-2-[2-(3-
chloro-phenyl)-1-oxo-2-aza-spiro[4.5]dec-7-yl]-2,3-dihydro-isoindol-1-one as well as 0.032
g (28%) of the trans diastercomer. The less polar spot on the TLC plate was assigned as
trans, and the polar spot was assigned as cis, Example 100. '"H NMR (400 MHz, CDCly): &
7.82-7.85 (m,1H), 7.74 (t, J = 2.2 Hz, 1H), 7.44-7.56 (m, 4H), 7.28 (t,J = 8.2 Hz, 1H), 7.12
(ddd, /=8.1, 2.1, 1.1 Hz), 4.41-4.49 (m, 1H), 4.38 (s, 2H), 3.75-3.84 (m, 2H), 2.18-2.34 (m,
2H), 1.91-2.04 (m, 3H), 1.55-1.75 (m, 5H). ESI-MS m/z: 395 (M+H)".

(18,4R)-4,7,7-Trimethyl-3-0x0-2-0xa-bicyclo[2.2.1] heptane-1-carboxylic acid [(SR,7R)-2-
(3-chloro-phenyl)-1-o0xo0-2-aza-spiro[4.5]dec-7-yl]-amide
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benzam de Method: C RT: 1.29 Cal cd. Mass:



S.-N' H3CN O cis-6-Mthyl-pyrazine-2- carboxylic acid {246-(4-
fluoro-phenyl)-pyrimdin- 4-yl]-1-o0x0-2-aza-spiro [4.5]dec-7-yl}-am de

Met hod: AVBDRN11105375Cal cd. Mass: 460 nmfz (MHH): 461 87 PCAAN2018K054054 N " -
H3CN O ci s-6- Met hyl - pyri di ne-2- carboxylic acid {246-(4-

fl uoro-phenyl)-pyrimdin- 4-yl]-1-0x0-2-aza-spiro [4.5]dec-7-yl}-am de

Met hod: A RT: 1.54 Calcd. Mass: 459 mfz (MtH): 460 88 4-N* M H(:),-N N
ci s-3-Fluoro-N-{2-[6-(4- fluoro-phenyl)-pyrimdin- 4-yl]-1-o0xo0-2-aza-

spi ro[ 4. 3} d&&irhm¥ ke atQSfﬁ%eaB&%&ﬂ\éﬁhﬁﬂ%f e lga-ﬁlp&utﬁi% of the invention, (15,4R)-4,7,7-
trimethyl-3-o0x0-2-oxa-bicyclo[2.2.1]heptane-1-carboxylic acid [(5R,7R)-2~(3-chloro-
phenyl)-1-ox0-2-aza-spiro[4.5]dec-7-yl]-amide was made from intermediate 3 via the

process of Scheme 1, supra, as follows:

5 (5R, 7R)-7-amino-2-(3-chloro-phenyl)-2-aza-apiro[4.5]decan-1-one (0.130 g, 0.467 mmol,
intermediate 3) was dissolved in methylene chloride (10.0 mL). Triethylamine (0.0708 g,
0.699 mmol) was added, followed by the addition of (15)-(-)-cammphanic acid chloride
(0.101 g, 0.466 mmol). The mixture was stirred at rt for 1 hr and concentrated under reduced
pressure. The residue was purified by silica gel chromatography (ethyl acetate) to afford 0.20
10 g (93%) of the title compound as a white solid. '"H NMR (400 MHz, CDCl3): § 7.72 (t, J =
2.0 Hz, 1H), 7.57 (ddd, J= 8.3, 2.4, 1.0 Hz, 1H), 7.29 (t, J = 8.1 Hz, 1H), 7.12 (ddd, J = 8.0,
2.0, 1.1 Hz, 1H), 6.46 (d, J = 8.1 Hz, 1H), 3.90-4.00 (m, 1H), 3.73-3.84 (m, 2H), 2.48-2.56
(m, 1H), 2.08-2.15 (m, 2H), 1.86-1.98 (m, 5H), 1.63-1.72 (m, 2H), 1.50-1.61 (m, 4H), 1.27-
1.35 (m, 1H), 1.11 (s, 3H), 1.08 (s, 3H), 0.87 (s, 3H). ESI-MS m/z: 459 (M+H)".

15 A single cystal of (1S,4R)-4,7,7-trimethyl-3-0x0-2-0xa-bicyclo[2.2.1]heptane-1-carboxylic
acid [(5R,7R)-2-(3-chloro-phenyl)-1-ox0-2-aza-spiro[4.5]dec-7-yl]-amide was grown in

methanol and its absolute structure was determined and confirmed by X-ray.

In a similar manner to (1S5,4R)-4,7,7-trimethyl-3-0x0-2-oxa-bicyclo[2.2.1]heptane-1-
carboxylic acid [(5R,7R)-2-(3-chloro-phenyl)-1-ox0-2-aza-spiro[4.5]dec-7-yl]-amide,
20 (1S,4R)-4,7,7-trimethyl-3-0x0-2-oxa-bicyclo[2.2.1]heptane-1-carboxylic acid [(5R,7R)-2-(3,
5-difluoro-phenyl)-1-ox0-2-aza-spiro[4.5]dec-7-yl]-amide was made at 0.54 mmol reaction
scale from intermediate 36 and (15)-(-)-cammphanic acid. A single cystal of (1S5,4R)-4,7,7-
trimethyl-3-ox0-2-oxa-bicyclo[2.2.1]heptane-1-carboxylic acid [(5R,7R)-2-(3, 5-difluoro-
phenyl)-1-ox0-2-aza-spiro[4.5]dec-7-yl]-amide was grown in methanol and its absolute

25 structure was determined and confirmed by X-ray.
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Cal cd. Mass: 462 mlz (M+H): 463 89 /-01H3 O-N H,--N o 40
cis-4-Fluoro-N-[2-(2- nmethyl-pyrimdin-4-yl)-1- oxo-2-aza-spiro

[ 4. 5] dec-woybit/osbsyazam de Method: C RT: 1.20 Cal cd. Mas®CTAB2010102406M+-H) :
383 90 /cH3 H(:)--NN N o cis-3,4-Difluoro-N[2-(2-

met hyl - pyri m di n-4-yl)-1- oxo-2-aza-spiro [4.5]dec-7-yl]- benzam de Met hod:
CRT: 1.25 Calcd. Mass: 400 mlz (MtH): 401 91 /\0OH3 ON OH..-N FO
cis-2-Fluoro-N-[2-(2- methyl-pyrimdin-4-yl)-1- oxo0-2-aza-spiro

[4.5] dec- 7E¥4u]n'ple 129: cis-2-Methyl-pyrimidine-4-carboxylic acid [9,9-difluoro-2-(3-fluoro-
phenyl)-1-0x0-2-aza-spiro[4.5]dec-7-yl]-amide

O
4 0)
BN SN
N
0
FF

Example 129 was prepared from intermediate 26 via the process of Scheme 2, supra, as

5 follows:

cis-2-Methyl-pyrimidine-4-carboxylic acid (9,9-difluoro-1-ox0-2-aza-spiro[4.5]dec-7-yl)-
amide (300 mg, 0.6 mmol), 3-fluoroiodobenzene (287 mg, 1.29 mmol), potassium carbonate
(179 mg, 1.29 mmol), copper(l) iodide (190 mg, 0.647 mmol), and (1R,2R)-N,N -dimethyl-
cyclohexane-1,2-diamine (92 mg, 0.65 mmol) in 1,4-dioxane (10 mL) were placed in a

10 scaled-tube. The reaction mixture was heated at 100 °C overnight. The crude mixture was
cooled to rt and diluted with DCM (50 mL). The organic layer was washed with ammonia
water/water (1:1, 2x20 mL) and brine, dried over MgSQs, filtered, and concentrated under
reduced pressure. The residue was purified by CombiFlash® system (25 g silica gel cartridge;
gradient: 0 to 50% ethyl acetate in DCM) to afford 135 mg (35%) of the title compound, cis-

15 2-Methyl-pyrimidine-4-carboxylic ~ acid  [9,9-difluoro-2-(3-fluoro-phenyl)-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide. '"H NMR (400 MHz, CDCLs) & 8.81 (d, J= 5.0, 1H), 7.94 (d, J=
8.2, 1H), 7.83 (d, J = 5.0, 1H), 7.52-7.46 (m, 1H), 7.29-7.24 (m, 2H), 6.84-6.78 (m, 1H),
4.46-4.32 (m, 1H), 3.83-3.71 (m, 2H), 2.62-2.50 (m, 1H), 2.35-1.74 (m, 6H), 1.69 (t, J =
12.8, 1H). ESI-MS m/z: 404 (M+H)".

20 Mixture of two enantiomers of Example 129 was resolved by HPLC (column: Chiralpak®™
AD, 250x20 mm (Diacel); mobile phase: 15% isopropanol in hexane; flow rate: 14 mL/min;
UV at 254 nm) to give two enantiomers. The first peak from chiral HPLC was arbitrarily
assigned as Example 103, 2-methyl-pyrimidine-4-carboxylic acid [(5S,7R)-9,9-difluoro-2-(3-
fluoro-phenyl)-1-oxo0-2-aza-spiro[4.5]dec-7-yl]-amide, and the second peak from chiral

25 HPLC was arbitrarily assigned as Example 104, 2-methyl-pyrimidine-4-carboxylic acid
[(5R,75)-9,9-difluoro-2-(3-fluoro-phenyl)-1-oxo-2-aza-spiro[4.5]dec-7-yl]-amide.
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benzam de Method: C RT: 1.18 Calcd. Mass: 382 miz (MrH): 383 92 /CH3 0-N NV
H%4--NHO cis-2-Methyl-N-[2-(2- nethyl-pyrimdin-4-yl)-1- oxo-2-aza-spiro
[ 4. 5] dec-woywbi1/058%6ni coti nam de Method: C RT: 0.99 Cal c@#CTNB®2&10/03084 m z
(MtH): 380 93 . 0O H-N HO N O cis-6-Hydroxymet hyl - pyridi ne-2-carboxylic
acid [2-(3-fluoro- phenyl)-1-o0xo0-2-aza- spiro[4.5]dec-7-yl]- Method: C RT:
1.14 Calcd. Mass: 397 mz (M+H): 398

In an analogous manner to Example 129, Example 105 in Table 1 (below) was made at 0.216

mmol reaction scale from intermediate 26 and commercially available 3,5-

difluoroiodobenzene.

In an analogous manner to Example 129, Examples 106 and 110-112 Table 1 (below) were
5 made at 0.097-0.233 mmol reaction scales from intermediate 28 and commercially available
4-fluoroiodobenzene, 3,5-difluoroiodobenzene, 2-chloro-5-fluoropyridine, 4-chloro-2-

methylpyrimidine, respectively.

In an analogous manner to Example 129, Examples 107-109 in Table 1 (below) were made at
0.093-0.233 mmol reaction scales from intermediate 27 and commercially 3-

10 fluoroiodobenzene, 4-chloro-2-methylpyrimidine, 2-chloro-5-fluoropyridine, respectively.

In an analogous manner to Example 129, Example 128 in Table 1 (below) was made at 0.214
mmol reaction scale from intermediate 29 and commercially available 4-chloro-2-

methylpyrimidine.

In a similar manner to Examples 103 and 104, Examples 110, 109, and 128 in Table 1
15 (below) were separated into their corresponding enantiomers: Example 113 (1% peak) and
114 (2™ peak), 120 (1** peak) and 121 (2™ peak), and 127 (1*' peak) by chiral HPLC,

respectively.

Example 103: '"H NMR (400 MHz, CDCl;) & 8.81 (d, J = 5.0, 1H), 7.94 (d, J= 8.2, 1H),
7.83 (d, J=5.0, 1H), 7.52-7.46 (m, 1H), 7.29-7.24 (m, 2H), 6.84-6.78 (m, 1H), 4.46-4.32 (m,

20 1H), 3.83-3.71 (m, 2H), 2.62-2.50 (m, 1H), 2.35-1.74 (m, 6H), 1.69 (t, J = 12.8, 1H). ESI-
MS m/z: 404 (M+H)".

Example 104: '"H NMR (400 MHz, CDCl;) & 8.81 (d, J = 5.0, 1H), 7.94 (d, J= 8.2, 1H),

7.83 (d, J=5.0, 1H), 7.52-7.46 (m, 1H), 7.29-7.24 (m, 2H), 6.84-6.78 (m, 1H), 4.46-4.32 (m,

1H), 3.83-3.71 (m, 2H), 2.62-2.50 (m, 1H), 2.35-1.74 (m, 6H), 1.69 (t, J = 12.8, 1H). ESI-
25 MS m/z: 404 (M+H)".
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WD 2011/ 053575PCT/ US2010/ 054054 Exanple No  STRUCTURE CHEM CAL NAME LC- M5
amde 94 FFNHN OilkFON --- -

ci s- 6- Triwbuorionsei7hy| pyri di ne- 2- car boxyl i ¢ aci d PCT/US2010/054054

[ 2- (3-fluorophenyl) - 1- oxo-2-azaspi ro[ 4. 5] dec-7-yl]- am de Method: C

Example 105: '"H NMR (400 MHz, CDCls) § 8.82 (d, J = 5.0, 1H), 8.57 (d, J = 5.0, 1H),
7.84 (d, J=5.0, 1H), 7.23-7.15 (m, 2H), 6.59-6.51 (m, 1H), 4.77-4.70 (m, 1H), 3.71-3.57 (m,
2H), 2.74 (s, 3H), 2.40-1.97 (m ,8H). ESI-MS m/z: 437 (M+H)".

Example 106: '"H NMR (400 MHz, CDCl;) § 8.58-8.55 (m, 1H), 8.22-8.18 (m, 1H), 8.10 (d,

5 J=8.4Hz, 1H), 7.89 (dt, J=7.7, 1.7 Hz, 1H), 7.63-7.57 (m, 2H), 7.51-7.46 (m, 1H), 7.13-
7.06 (m, 2H), 4.57-4.43 (m, 1H), 3.92-3.75 (m, 2H), 2.70-1.81 (m, 7H), 1.73 (t, J = 12.8,
1H). ESI-MS m/z: 404 (M+H)".

Example 107: '"H NMR (400 MHz, CDCls) ¢ 8.14 (d, J = 8.4 Hz, 1H), 8.00 (d, J = 7.6 Hz,
1H), 7.75 (t, J= 7.7 Hz, 1H), 7.61-7.56 (m, 1H), 7.37-7.33 (m, 2H), 7.31 (d, J = 7.6 Hz, 1H),

10 6.92-6.86 (m, 1H), 4.55-4.43 (m, 1H), 3.93-3.78 (m, 2H), 2.70-2.60 (m, 1H), 2.58 (s, 3H),
2.45-1.84 (m, 6H), 1.75 (t, J= 12.7 Hz, 1H). ESI-MS m/z: 418 (M+H)".

Example 108: '"H NMR (400 MHz, CDCls) ¢ 8.51 (d, J= 5.8 Hz, 1H), 8.14 (d, /= 5.9 Hz,

1H), 8.11 (d, J= 8.6 Hz, 1H), 7.73 (t,J = 7.7 Hz, 1H), 7.29 (d, J= 7.7 Hz, 1H), 4.54-4.42 (m,

1H), 4.19-3.95 (m, 2H), 2.65 (s, 3H), 2.63-2.59 (m, 1H), 2.56 (s, 3H), 2.40-1.82 (m, 6H),
15 1.72 (t,J = 12.7 Hz, 1H). ESI-MS m/z: 416 (M+H)".

Example 109: 'H NMR (400 MHz, CDCl3) ¢ 8.41(dd,J=9.4,4.0 Hz, 1H), 8.23 (d,/=3.0
Hz, 1H), 8.13 (d, J = 8.6 Hz, 1H), 8.00 (d, J = 7.7 Hz, 1H), 7.75 (t, J = 7.7 Hz, 1H), 7.50-
7.44 (m, 1H), 7.31 (d, J = 7.5 Hz, 1H), 4.56-4.45 (m, 1H), 4.18-3.98 (m, 2H), 2.71-2.61 (m,
1H), 2.58 (s, 3H), 2.43-1.83 (m, 6H), 1.76 (t, J= 12.8 Hz, 1H). ESI-MS m/z: 419 (M+H)".

20 Example 110: '"H NMR (400 MHz, CDCl;3) ¢ 8.56 (d, J=3.9 Hz, 1H), 8.19 (d, J = 7.6 Hz,
1H), 8.08 (d, /= 7.2 Hz, 1H), 7.89 (t, J= 7.7 Hz, 1H), 7.50-7.45 (m, 1H), 7.33-7.28 (m, 2H),
6.64 (tt, /= 8.8, 2.2 Hz, 1H), 4.56-4.43 (m, 1H), 3.89-3.76 (m, 2H), 2.69-2.58 (m, 1H), 2.46-
1.82 (m, 6H), 1.71 (t, J=12.7 Hz, 1H). ESI-MS m/z: 422 (M+H)".

Example 111: '"H NMR (400 MHz, CDCL) & 8.53 (d, J = 4.6 Hz, 1H), 8.41 (dd, J=9.2, 4.0

25 Hz, 1H), 8.23 (d, /= 3.0 Hz, 1H), 8.20 (d,.J = 7.9 Hz, 1H), 8.07 (d, /= 8.4 Hz, 1H), 7.88 (dt,
J =178, 1.6 Hz, 1H), 7.50-7.44 (m, 2H), 4.56-4.45 (m, 1H), 4.17-3.98 (m, 2H), 2.71-2.60 (m,
1H), 2.42-1.81 (m, 6H), 1.74 (t, J = 12.7 Hz, 1H). ESI-MS m/z: 405 (M+H)".
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RT: 1.51 Calcd. Mass: 435 mz (MtH): 436 95 NH 9....Fch,rai N
N[ (5R, 7R) - 2- ( 3- Fl uor o- phenyl)-1-o0x o0-2-aza-spiro[4.5]dec-7- yl]-2-nethyl-
i soni cot iwarrddessssshod: C RT: 1.19 Cal cd. Mass: 381 ni zP(CWmidpo108830586 F F N
O HON).CH, cis-6-Trifluoronethyl pyridine-2-carboxylic acid
[2-(2-net hyl pyrimdin-4-yl)-1-o0x0-2- aza-spiro [4.5]dec-7-y1F am de Met hod:
CRT: 1.35 Calcd. Mass: 433 mz (M:H): 434 97

Example 112:'H NMR (400 MHz, CDCl;) § 8.58-8.51 (m, 2H), 8.22-8.16 (m, 2H), 8.08 (d,

J =8.3 Hz, 1H), 7.92-7.86 (m, 1H), 7.50-7.45 (m, 1H), 4.56-4.43 (m, 1H), 4.22-3.97 (m,

2H), 2.69 (s, 3H), 2.67-2.60 (m, 1H), 2.43-1.82 (m, 6H), 1.71 (t, J = 12.6 Hz, 1H). ESI-MS

m/z: 402 (M+H)".

5 Example 113: '"H NMR (400 MHz, CDCls) ¢ 8.56 (d, J=3.9 Hz, 1H), 8.19 (d, J = 7.6 Hz,
1H), 8.08 (d, /= 7.2 Hz, 1H), 7.89 (t, J= 7.7 Hz, 1H), 7.50-7.45 (m, 1H), 7.33-7.28 (m, 2H),
6.64 (tt, /= 8.8, 2.2 Hz, 1H), 4.56-4.43 (m, 1H), 3.89-3.76 (m, 2H), 2.69-2.58 (m, 1H), 2.46-
1.82 (m, 6H), 1.71 (t, J=12.7 Hz, 1H). ESI-MS m/z: 422 (M+H)".

Example 114: '"H NMR (400 MHz, CDCls) ¢ 8.56 (d, J=3.9 Hz, 1H), 8.19 (d, J = 7.6 Hz,

10 1H), 8.08 (d, /= 7.2 Hz, 1H), 7.89 (t, J= 7.7 Hz, 1H), 7.50-7.45 (m, 1H), 7.33-7.28 (m, 2H),
6.64 (tt, /= 8.8, 2.2 Hz, 1H), 4.56-4.43 (m, 1H), 3.89-3.76 (m, 2H), 2.69-2.58 (m, 1H), 2.46-
1.82 (m, 6H), 1.71 (t, J=12.7 Hz, 1H). ESI-MS m/z: 422 (M+H)".

Example 120: '"H NMR (400 MHz, CDCl;3) ¢ 8.53 (d, /= 5.9 Hz, 1H), 8.15 (d, J = 5.8 Hz,
1H), 7.54-7.39 (m, 3H), 7.26-7.20 (m, 1H), 6.26 (d, J= 7.9 Hz, 1H), 4.58-4.47 (m, 1H), 4.19-

15 4.01 (m, 2H), 2.67 (s, 3H), 2.65-2.56 (m, 1H), 2.40-2.07 (m, 5H), 1.96-1.78 (m, 1H), 1.67 9,
J=12.3, 1H). ESI-MS m/z: 419 (M+H)".

Example 121: '"H NMR (400 MHz, CDCls) ¢ 8.53 (d,J=5.9 Hz, 1H), 8.15 (d, J = 5.8 Hz,

1H), 7.54-7.39 (m, 3H), 7.26-7.20 (m, 1H), 6.26 (d, /= 7.9 Hz, 1H), 4.58-4.47 (m, 1H), 4.19-

4.01 (m, 2H), 2.67 (s, 3H), 2.65-2.56 (m, 1H), 2.40-2.07 (m, 5H), 1.96-1.78 (m, 1H), 1.67 9t,
20 J=12.3, 1H). ESI-MS m/z: 419 (M+H)".

Example 127: '"H NMR (400 MHz, CDCL) & 8.41 (dd, J=9.4, 4.0 Hz, 1H), 8.23 (d,J=3.0
Hz, 1H), 8.13 (d, J = 8.6 Hz, 1H), 8.00 (d, J = 7.7 Hz, 1H), 7.75 (t, J = 7.7 Hz, 1H), 7.50-
7.44 (m, 1H), 7.31 (d, J = 7.5 Hz, 1H), 4.56-4.45 (m, 1H), 4.18-3.98 (m, 2H), 2.71-2.61 (m,
1H), 2.58 (s, 3H), 2.43-1.83 (m, 6H), 1.76 (t, J = 12.8 Hz, 1H). ESI-MS m/z: 419 (M+H)".

25 Example 128: '"H NMR (400 MHz, CDCls) ¢ 8.53 (d,J=5.9 Hz, 1H), 8.15 (d, J = 5.8 Hz,
1H), 7.54-7.39 (m, 3H), 7.26-7.20 (m, 1H), 6.26 (d, J= 7.9 Hz, 1H), 4.58-4.47 (m, 1H), 4.19-
4.01 (m, 2H), 2.67 (s, 3H), 2.65-2.56 (m, 1H), 2.40-2.07 (m, 5H), 1.96-1.78 (m, 1H), 1.67 9,
J=12.3, 1H). ESI-MS m/z: 419 (M+H)".
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O F 41F F Pyridine-2-carboxylic acid [9,9-difl uoro-2-(3-

fl uoro-phenyl)-1-oxo-2- aza-spiro[4.5]dec-7-yl]- am de Method: A RT:. 1.27
Cal cd. NVawe:20t0B83376z (MrH): 404 98 0O .F Chi ral F F PCT/US2010/054054
Pyridi ne-2-carboxylic acid [(5R 7S)-9, 9-

di fl uoro-2-(3-fluorophenyl)-1-o0xo-2-azaspiro[4.5]dec-7-yl]- am de (the
third peak fromchiral HPLC, arbitrarily assignnent) Method: C RT: 1.34
Calcd. Mass: 403 mz (M+H): 404 99 O F Chiral . F

Example 115: cis- 2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-1,9-

dioxo-2-aza-spiro[4.5|dec-7-yl]-amide

F
as
2 (e}
PO Na
N
(¢}
(¢}

Example 115 was prepared from intermediate 30 via the process of Scheme 23, supra, as

5 follows:

To a solution of cis-13-amino-9-(3,5-difluoro-phenyl)-1,4-dioxa-9-aza-
dispiro[4.1.4.3]tetradecan-8-one (300 mg, 0.887 mmol) and 2-methylpyrimidine-4-
carboxylic acid (128 mg, 1.05 mmol) in DCM (6 mL) was added PYBOP (508 mg, 0.975
mmol) and triethylamine (0.27 mL, 1.95 mmol). The reaction mixture was stirred at room

10 temperature overnight and concentrated. The residue was chromatographed on silica gel (0 to
70% EtOAc in hexanes) to give an intermediate (300 mg), which was dissolved in THF (5
mL), followed by the addition of 3.0 M HCI in water (5 mL). The reaction mixture was
stirred at room temperature overnight and concentrated. The residue was suspended in DCM
(20 mL) and quenched with satureated aqueous NaHCOs. The aqueous layer was extracted

15 with DCM (2 x 20 mL). The combined organic layers were concentrated. The residue was
chromatographed on silica gel (0 to 80% EtOAc in hexanes) to give 190 mg (49% over 2
steps) of the title compound, cis-2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-
phenyl)-1,9-dioxo-2-aza-spiro[4.5]dec-7-yl]-amide. "H NMR (400 MHz, CDCls) & 8.90 (d, J
=5.0 Hz, 1H), 8.29 (d, J=8.4 Hz, 1H), 7.90 (d, /= 5.0 Hz, 1H), 7.33-7.29 (m, 2H), 6.65 (tt,

20 J=28.7,2.2 Hz, 1H), 4.62-4.50 (m, 1H), 3.88-3.80 (m, 2H), 2.96-2.76 (m, 5H), 2.59 (dd, J =
13.6, 11.4 Hz, 1H), 2.44-2.09 (m, 5H). ESI-MS m/z: 415 (M+H)".

In an analogous manner to Example 115, Example 124 in Table 1 (below) was made at 1.15
mmol reaction scale from intermediate 31 and commercially available 6-methylpicolinic

acid.
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O --N F Pyridine-2-carboxylic acid [(5S, 7R) -9, 9-

di fl uoro-2-(3-fluorophenyl)-1-oxo0-2-azaspiro[4.5]dec-7-yl]- am de (the
first peawofzoomsaitsral HPLC, arbitrarily assignnment) MPhodS2@GoRI1054. 35

Cal cd. Mass: 403 mz (MtH): 404 WO 2011/ 053575PCT/ US2010/ 054054 Exanpl e No
STRUCTURE CHEM CAL NAME LC-Ms 100 41 a --...N1 .0

Cci s-2-[2-(3-Chl orophenyl)-1-o0xo-2-aza- spiro[4.5]dec-7-yl]-2, 3-

di hydro-i soi ndol -1-one (relatively polar spot on TLC, arbitrarily

a1 anmept N9y ol s, CBEY 5 W55, 794 BH. (Moo dRS, 208 g o
1H), 7.75 (t, J = 7.7 Hz, 1H), 7.62-7.57 (m, 1H), 7.37-7.30 (m, 3H), 6.93-6.87 (m, 1H), 4.61-
4.49 (m, 1H), 3.92-3.81 (m, 2H), 2.96-2.90 (m, 1H), 2.81 (d, J = 14.1 Hz, 1H), 2.61 (s, 3H),

2.56 (d, J=12.9 Hz, 1H), 2.43-2.07 (m, 5H). ESI-MS m/z: 396 (M+H)".

5 Example 123: cis- 3-Fluoro-N-[2-(3-fluoro-phenyl)-1,9-dioxo-2-aza-spiro[4.5]dec-7-yl]-

benzamide

FQIH@QF

Example 123 was prepared from intermediate 31 via the process of Scheme 23, supra, as

follows:

10 To a solution of cis-13-amino-9-(3-fluoro-phenyl)-1,4-dioxa-9-aza-
dispiro[4.1.4.3]tetradecan-8-one (370 mg, 1.15 mmol) and triethylamine (0.40 mL, 2.9
mmol)in DCM (10 mL) was added 3-fluorobenzoyl chloride (220 mg, 1.38 mmol) at -78°C.
The reaction mixture was stirred at room temperature overnight and diluted with DCM (50
mL). The organic layer was washed with saturated NaHCOj3 and brine, dried over MgSOs,

15 filtered, and concentrated. The residue was chromatographed on silica gel (gradient: 0 to
70% EtOAc in hexanes) to give an intermediate (300 mg), which was dissolved in THF (5
mL), followed by the addition of 3.0 M HCI in water (5 mL). The reaction mixture was
stirred at room temperature overnight and concentrated. The residue was suspended in DCM
(20 mL) and quenched with satureated aqueous NaHCO;. The aqueous layer was extracted

20 with DCM (2 x 20 mL). The combined organic layers were concentrated. The residue was
chromatographed on silica gel (0 to 80% EtOAc in hexanes) to give 162 mg (21% over 2
steps) of the title compound, cis-3-Fluoro-N-[2-(3-fluoro-phenyl)-1,9-dioxo-2-aza-
spiro[4.5]dec-7-yl]-benzamide. 'H NMR (400 MHz, CDCls) § 7.61-7.51 (m, 3H), 7.45 (d, J
= 8.4 Hz, 1H), 7.43-7.33 (m, 3H), 7.24-7.18 (m, 1H), 6.95-6.89 (m, 1H), 4.85-4.74 (m, 1H),

25 3.95-3.83 (m, 2H), 2.86 (dd, J = 14.6, 5.6 Hz, 1H), 2.80 (d, J = 14.3 Hz, 1H), 2.60 (dd, J =
14.6, 7.6 Hz, 1H), 2.46 (d, J = 14.3 Hz, 1H), 2.33-2.11 (m, 4H). ESI-MS m/z: 399 (M+H)".
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FF Pyridi ne-2-carboxylic acid [(5R 7R)-9,9- difluoro-2-(3-fluoro-

phenyl) - 1- oxo- 2- aza- spiro[4.5]dec-7-y1l]- am de Method: C RT:. 1.37 Cal cd.
Mass: 403wona11(assdds: 404 102 41FChiral N FF Pyri di ne- 2- earhszyloioss0aci d

[ (5S,7S)-9,9- difluoro-2-(3-fluoro- phenyl)-1-oxo0-2-aza-
spiro[4.5]dec-7-yl]- amde Method: C RT: 1.33 Calcd. Mass: 403 mz (MtH):
404 103 FChiral In N41) FF 2- Met hyl - pyri m di ne-4- carboxylic acid

[ (5S,7R) -9, 9-di fluoro-2- (3-fluoro-phenyl)-1-oxo- 2-aza-spiro[4.5]dec-7-

Le o0 et hy Pl igr - MBI mdRe gt sl eadd Py sidifl eipbr &1 441
(3-fluoro-phenyl) - 1- oxdryd ez b-0xp+2-adadsphit ] .51 dec- T i-amide

F
as
4 O
LR A
N
o
OH

Example 117: trans- 2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluorphenyl)-9-
5 hydroxy-1-o0xo0-2-aza-spiro[4.5]dec-7-yl]-amide

F
as
Z 0]
LR A
N
O -
OH

Route 1: Examples 116 and 117 were prepared from Example 115 via the process of Scheme

23, supra, as follows:

The reaction mixture of cis-2-methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-
10 1,9-dioxo-2-aza-spiro[4.5]dec-7-yl]-amide (40 mg, 0.0965 mmol) and sodium borohydride
(7.3 mg, 0.193 mmol) in THF (3 mL) was stirred at room temperature for 4 hours. The
reaction mixture was quenched with water and extracted with DCM (3 x 10 mL). The
combined organic layers were dried over MgSQy, filtered, and concentrated. The residue was
purifed by HPLC to afford two diastercomers. The first peak from the HPLC (purified on a
15 reversed phase liquid chromatography/mass spectrometry (RP-HPLC/MS) purification
system. Gradient: acetonitrile in water, 18-95% in 3.6minutes with a cycle time of 5 min. A
shallow gradient between 23-46% of acetonitrile was used between 0.6-3.0 min to separate
close-cluting impurities. Flow rate: 100 mL/min. Mobile phase additive: 48 mM of
ammonium formate. Column: Inertsil C8, 30 x 50 mm, 5 um particle size) was assigned as
20 Example 116, cis- 2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluorphenyl)-9-hydroxy-
1-ox0-2-aza-spiro[4.5]dec-7-yl]-amide (4 mg), and the second peak from the HPLC was
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Met hod: C RT: 1.28 Calcd. Mass: 418 mz (MtH): 419 105 FF

trans-2- Met hyl pyri m di ne- 4-carboxylic acid [2-(3,5-difl uoro-

phenyl ) - 9¥v0O-2difdsesyso- 1- oxo- 2- aza-spiro[ 4. 5] dec- 7-y1l] - agrds2nbobowds C RT:
1.35 Calcd. Mass: 436 mz (MrH): 437 106 . FF cis-Pyridine-2-carboxylic
acid [9,9-difluoro-2-(4- fluoro-phenyl)-1-o0xo0-2- aza-spiro[4.5]dec-7-yl]-
am de Method: C RT: 1.3 Calcd. Mass: 403 mz (M+H): 404 107 * FF

ci s-6-Met hyl - pyri di ne-2- carboxylic acid [9,9- difluoro-2-(3-fluoro-

P e\ S i A BT o 21
dlﬂuorphenyl) 9-hydroxy-1-ox0-2-aza-spiro[4.5]dec-7-yl]-amide (6 mg).
Example 116: '"H NMR (400 MHz, CDCls) ¢ 8.89 (d, J = 5.0 Hz, 1H), 8.08 (d, J = 8.6 Hz,
1H), 7.90 (d, J = 5.0 Hz, 1H), 7.33-7.29 (m, 2H), 6.67-6.60 (m, 1H), 4.30-4.17 (m, 1H), 4.01-
5 4.17 (m, 1H), 3.90-3.74 (m, 2H), 2.80 (s, 3H), 2.51-2.42 (m, 1H), 2.29-2.11 (m, 2H), 2.01-
1.44 (m, 5H). ESI-MS m/z: 417 (M+H)".

Example 117: '"H NMR (400 MHz, CDCls) & 8.88 (d, /= 5.0 Hz, 1H), 8.53 (d, /=22 Hz,

1H), 7.90 (d, J= 4.9 Hz, 1H), 7.39-7.30 (m, 2H), 6.67-6.58 (m, 1H), 4.72-4.59 (m, 1H), 4.57-

4.44 (m, 1H), 3.88-3.74 (m, 2H), 2.82 (s, 3H), 2.53-2.35 (m, 2H), 2.16-1.72 (m, 6H). ESI-MS
10 m/z: 417 (M+H)".

Route 2: Example 117 was also made, as follows:

To a solution of cis-2-methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-1,9-
dioxo-2-aza-spiro[4.5]dec-7-yl]-amide (20 mg, 0.048 mmol) THF (3 mL) was added 1.0 M
of L-Selectride in THF (0.1 mL, 0..1 mmol) at -78 °C. The reaction mixture was stirred at at -
15 78 °C for 1h and quenched with ice. The aqueous layer was extracted with DCM (3 x 10
mL). The combined organic layers were dried over MgSO4, filtered, and concentrated. The

residue was purified by HPLC to give 5 mg (25%) of the title compound.

In an analogous manner (route 2) to Example 117, Example 125 in Table 1 (below) was

made at 0.176 mmol reaction scale from Example 123.

20 Example 125: 'H NMR (400 MHz, CDCL;) & 8.64 (br s, 1H), 7.62-7.46 (m, 3H), 7.39-7.25
(m, 3H), 7.15-7.08 (m, 1H), 6.87-6.80 (m, 1H), 4.69-4.61 (m, 1H), 4.30-4.21 (m, 1H), 3.89-
3.70 (m, 2H), 2.26-2.01 (m, 4H), 1.81 (dq, J=14.4, 4.6 Hz, 2H), 1.64 (dq, J=9.7, 4.0 Hz,
1H), 1.45 (dq, J=13.4, 9.4 Hz, 1H). ESI-MS m/z: 401 (M+H)".

In an analogous manner (route 2) to Example 117, Example 126 in Table 1 (below) was

25 made at 0.114 mmol reaction scale from Example 124.

Example 126: '"H NMR (400 MHz, CDCl3) 6 8.40 (d, /=8.3 Hz, 1H), 8.00 (d, J=7.5 Hz,
1H), 7.73 (t, J/=7.7 Hz, 1H), 7.67-7.61 (m, 1H), 7.39-7.29 (m, 2H), 6.90-6.84 (m, 1H), 4.72-
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Exanpl e No STRUCTURE CHEM CAL NAME LC-Ms 108 ----..."NF F N--_| N

Ci s-6- Met hyl - pyridine-2- carboxylic acid [9,9- difluoro-2-(2-nethyl-

pyri m di rw0-2911)053576x0- 2- aza-spiro[ 4. 5] dec-7-yl]- am dePiEtusedo/030RT: 1. 28
Calcd. Mass: 415 mz (MtH): 416 109 n ----.N F F cis-6-Mthyl -pyridi ne-2-
carboxylic acid [9,9- difluoro-2-(5-fluoro- pyridin-2-yl)-1-o0xo-2-
aza-spiro[4.5]dec-7-yl]- amde Method: C RT: 1.4 Calcd. Mass: 418 m z
(MtH): 419 110 N

4.60 (m, 1H), 4.53-4.48 (m, 1H), 3.88-3.77 (m, 2H), 2.60 (s, 3H), 2.53-2.40 (m, 2H), 2.21-
2.00 (m, 3H), 1.83-1.73 (m, 3H). ESI-MS m/z: 398 (M+H)".

Example 119: cis- 2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-9-
hydroxy-9-methyl-1-0xo0-2-aza-spiro[4.5]dec-7-yl]-amide

F
as
z 0]
PR
N
@)
" OH

Example 118: frans- 2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-9-
hydroxy-9-methyl-1-0xo0-2-aza-spiro[4.5]dec-7-yl]-amide

F
as
2 (e}
PO Na
N
(¢}
OH

Examples 119 and 118 were prepared from Example 115 via the process of Scheme 23,

10 supra, as follows:

To a solution of cis-2-methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-1,9-
dioxo-2-aza-spiro[4.5]dec-7-yl]-amide (30 mg, 0.0724 mmol) in THF (3 mL) was added
3.0M of methylmagnesium bromide in ether (0.05 mL) at -78°C. The reaction mixture was
stirred at -78°C for 1 h and quenched with water. The aqueous layer was extracted with DCM
15 (3 x 10 mL). The combined orgnanic layers were dried over MgSQ,, filtered, and
concentrated. The residue was purifed by RP-HPLC/MS purification system (gradient:
acetonitrile in water, 24-95% in 3.6minutes with a cycle time of 5 min. A shallow gradient
between 26-56% of acetonitrile was used between 0.75-3.4 min to separate close-cluting
impurities. Flow rate: 100 mL/min. Mobile phase additive: 48 mM of ammonium formate.
20 Column: Inertsil® C8, 30 x 50 mm, 5 um particle size) to afford two diastereomers. The first

peak from the HPLC was assigned as Example 119, cis-2-methyl-pyrimidine-4-carboxylic
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F F cis-Pyridine-2-carboxylic acid [2-(3,5-difluorophenyl)-9,9-difluoro-1-
0X0- 2-aza-spiro[4.5]dec7-yl]-am de Method: C RT: 1.43 Calcd. Mass: 421 mz
(MtH) : 428020M/033575' N FF F N ci s- Pyri di ne- 2- car boxyl i c Pagiu$2010/054054
[9,9-difluoro-2-(5- fluoro-pyridin-2-yl)-1- oxo-2-aza-spiro[4.5]dec-
7-ylFam de Method: C RT: 1.3 Calcd. Mass: 404 mz (M+H): 405 112 F F

ci s-Pyridine-2-carboxylic acid [9, 9-difl uoro-2-(2-

met hyl - pyri m di n-4-yl)-1- oxo-2-aza-spiro[4.5]dec7-yl]-am de Method: C RT:

1.18 Cal Ech [Mﬁ,%:-diﬂggrorgh%nél%h’)y'dr&%-;n]eﬁlyl-1-0x0-2-aza-spir0[4.5]dec-7-yl]-arnide (2
mg), and the second peak from the HPLC was assigned as Example 118, trans-2-Methyl-
pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-9-hydroxy-9-methyl-1-ox0-2-aza-
spiro[4.5]dec-7-yl]-amide (3 mg).

5 Example 118: '"H NMR (400 MHz, CDCl;3) ¢ 8.88 (d, J=4.6 Hz, 1H), 7.95 (d, J = 8.8 Hz,
1H), 7.91(d, J = 4.8 Hz, 1H), 7.35-7.29 (m, 2H), 6.65-6.58 (m, 1H), 4.64-4.52 (m, 1H), 3.84-

3.71 (m, 2H), 2.78 (s, 3H), 2.60-2.41 (m, 2H), 2.18-2.00 (m, 2H), 1.92 (d, J = 14.2, 1H),
1.74-1.54 (m, 3H), 1.38 (s, 3H). ESI-MS m/z: 431 (M+H) .

Example 119: '"H NMR (400 MHz, CDCls) ¢ 8.88 (d, J=4.6 Hz, 1H), 7.95 (d, J = 8.8 Hz,
10 1H), 7.91(d, J = 4.8 Hz, 1H), 7.35-7.29 (m, 2H), 6.65-6.58 (m, 1H), 4.64-4.52 (m, 1H), 3.84-
3.71 (m, 2H), 2.78 (s, 3H), 2.60-2.41 (m, 2H), 2.18-2.00 (m, 2H), 1.92 (d, J = 14.2, 1H),
1.74-1.54 (m, 3H), 1.38 (s, 3H). ESI-MS m/z: 431 (M+H) .
Example 122: frans-2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-9-
fluoro-1-0xo0-2-aza-spiro[4.5]dec-7-yl]-amide

F
as
4 O
LR A
N
O.
=

Example 122 was prepared from Example 117 via the process of Scheme 23, supra, as

15

follows:

To a solution of trans-2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluorphenyl)-9-
hydroxy-1-ox0-2-aza-spiro[4.5]dec-7-yl]-amide (crude, <0.121 mmol) in DCM (5 mL) was
20 added DAST (20.3 uL, 0.154 mmol) at 0 °C. The reaction mixture was stirred at room
temperature overnight and quenched with saturated aqueous NaHCO;. The aqueous layer
was extracted with DCM. The combined organic layers were washed with brine, dried over
NaySOq, filtered, and concentrated. The residue was chromatographed on silica gel (0 to 70%
EtOAc in hexanes) to give 2 mg of the title compound, #rans-2-methyl-pyrimidine-4-
25 carboxylic acid [2-(3,5-difluoro-phenyl)-9-fluoro-1-oxo-2-aza-spiro[4.5]dec-7-yl]-amide. 'H
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n NF F o FChiral . Pyridine-2-carboxylic acid [(5S, 7TR)-2-(3, 5-
di fl uoro- phenyl )-9,9- difluoro-1-oxo0-2-aza- spiro[4.5]dec-7-yl]- amde R
8 A Met howO 2011/05857€al cd. Mass: 421 mz (MrH): 422 114 CPCWUS2H00546€hI  al
Pyridi ne-2-carboxylic acid [(5R, 7S)-2-(3,5- difluoro-phenyl)-9,9-
di fl uoro- 1- oxo-2-aza- spiro[4.5]dec-7-yl]- amde Method: A RT: 1.47 Calcd.
Mass: 421 mz (MrH): 422 115 )1r) N----- | or

NMR (400 MHz, CDCls) 6 8.79 (d, J= 5.0 Hz, 1H), 8.00 (d, /= 8.5 Hz, 1H), 7.82 (t, J =

5.0 Hz, 1H), 7.26-7.21 (m, 1H), 6.54 (tt, J = 8.8, 2.2 Hz, 1H), 5.22-5.05 (m, 1H), 4.55-4.43

(m, 1H), 3.79-3.66 (m, 2H), 2.71 (s, 3H), 2.45-2.25 (m, 3H), 2.09-1.92 (m, 3H), 1.74-1.54

(m, 2H). ESI-MS m/z: 419 (M+H)".

5 Example 131: cis-3-Fluoro-N-[2-(3-hydroxy-phenyl)-1-0xo0-2-aza-spiro[4.5]dec-7-yl]-

benzamide

QOH
H o Oy N
F NO\)

o

Example 131 was made from Example 130 via the process of Scheme 22 (step ¢), supra, as

follows:

10 Into a vial containing cis 3-fluoro--N-[-2-(3-methoxy-phenyl)-1-ox0-2-aza-spiro[4.5]dec-7-
yl]-benzamide (150 mg, 0.38 mmol) was added 20 mL of dichloromethane. The solution was
cooled at -70 °C. 2 mL of 2 M boron tribromide in dichloromethane was added, and the

mixture was slowly warmed up to rt and stirred at rt for 40 hrs.

The reaction was quenched with cold water and the organic layer was separated. The
15 precipitate was extracted with DCM and ethyl acetate. The organic extracts were combined,
dried over sodium sulfate and purified on a reversed phase liquid chromatography/mass
spectrometry (RP-HPLC/MS) purification system (Gradient: acetonitrile in water, 25-95% in
3.6 minutes with a cycle time of 5 min. A shallow gradient between 27-56% of acetonitrile
was used between 0.75-3.4 min to separate close-cluting impurities. Flow rate: 100 mL/min.
20 Mobile phase additive: 48 mM of ammonium acetate. Column: Inertsil® C18,30 x 50 mm, 5
um particle size (GL Sciences)) to afford 50 mg (26%) of the title compound. 'H NMR (400
MHz, CDCls): 67.60-7.52 (m, 3H), 7.43-7.36 (m, 1H), 7.26-7.14 (m, 2H), 6.99-6.95 (m,
1H), 6.70-6.66 (m, 1H), 6.58 (s,br, 1H), 4.31-4.20 (m, 1H), 3.84-3.75 (m, 2H),
2.24-1.44 (m, 10H). ESI-MS m/z: 383.0 (M+H)".
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4f k ci s-2- Met hyl - pyri m di ne4-carboxylic acid [2- (3,5-difluoro-phenyl)-

1, 9-di oxo-2-aza- spiro[4.5]dec-7-yl]- amde Method: A RT: 1.11 Calcd. Mass:
414 m z (WBHP11/063F55 WO 2011/ 053575PCT/ US2010/ 054054 Exampirashioo8IRECT URE
CHEM CAL NAME LC-MS 116 1H ,1 N Thor OH

Cci s-2- Met hyl - pyri m di ne4-carboxylic acid [2- (3,5-difluoro-phenyl)-9-

hydr oxy- 1- oxo- 2-aza- spiro[4.5]dec-7-yl]- am de Method: A RT: 0.96 Cal cd.
Mass: 416 mz (M+H): 417 117

Example 157: 3-Fluoro-/N-[2-(1-methyl-piperidin-4-yl)-1-0xo0-2-aza-spiro[4.5]dec-7-yl]-

benzamide

Example 157 was made from intermediate 35 via the process of Scheme 24, supra, as

5 follows:

4-[7-(3-Fluoro-benzoylamino)-1-oxo-2-aza-spiro[4.5]dec-2-yl]-piperidine-1-carboxylic acid
Otert-butyl ester (0.135 g, 0.285 mmol) was dissolved in CH,Cl; ( 2.0 mL). 4 M of Hydrogen
chloride in 1,4-dioxane (1.0 mL) was added, the mixture was stirred at rt overnight. The
mixture was concentrated under reduced pressure to afford a mixture of two diastercomers
10 (cis/trans: 3/2; under LC-MS method C, the first peak with RT of 0.77 min was assigned as
cis, and the second peak with RT of 0.81 min was assigned as trans.). ESI-MS m/z: 374
(M+H)". 1t was used in the next step without further purificaiton. 3-Fluoro-N-(1-oxo0-2-
piperidin-4-yl-2-aza-spiro[4.5]dec-7-yl)-benzamide (0.050 g, 0.13 mmol) was dissolved in
CH,ClI, (2.3 mL), formaldehyde (0.011 g, 0.13 mmol, 37% aqueous solution) was added,
15 folllwed by the addition of sodium triacetoxyboronhydride (0.043 g, 0.20 mmol). The
mixture was stirred at rt overnight, and then quenched with ice. The mixture was diluted with
CH,Cl; (20 mL). The organic layer was washed with brine, dried over Na,SO4 and
concentrated under reduced pressure. The resulting residue was purified on RP-HPLC/MS)
(Gradient: acetonitrile in water, 5-95% in 2.5minutes with a cycle time of 5 min. A shallow
20 gradient between 5-20% of acetonitrile was used between 0.5-2.0 min. Flow rate: 77
mL/min. Mobile phase additive: 84 mM of ammonium formate. Column: SunFire C18, 19 x
50 mm, 5 um particle size) to afford 0.011g (21%) of the title compound 3-fluoro-N-[2-(1-
methyl-piperidin-4-yl)-1-oxo-2-aza-spiro[4.5]dec-7-yl]-benzamide. 'H NMR (400 MHz,
CDCls) 6 8.5 (s, 0.6 H), 7.60-7.69 (m, 1H), 7.36-7.50 (m, 2H), 7.14-7.20 (m, 1H), 5.92 (d, J

25 = 6.8 Hz, 0.4 H), 4.55-4.65 (m, 0.4 H), 4.27-4.37 (m, 0.6 H), 3.91-4.01 (m, 1H), 3.21-3.34
(m, 2H), 2.85-2.95 (m, 2H), 2.29 (s, 1.8 H), 2.28 (s, 1.2H), 1.30-2.24 (m, 16H). ESI-MS m/z:
388 (M+H)".
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Ni,INH-"*"-"N'---).01. OHo trans-2-Methylpyrimdine-4-carboxylic acid

[ 2-(3,5-di fluoro- phenyl)-9-hydroxy-1- oxo-2-aza-spiro[4.5]dec- 7-yl]-am de

Met hod: AvBEo1110588Y5Cal cd. Mass: 416 mz (MtH): 417 118 ROTMY2010/054054

2- Met hyl - pyrim di ne-4- carboxylic acid [(5R 7S, 9S)-2-(3, 5-

di fl uor o- phenyl ) -9- hydroxy-9-net hyl-1-oxo02-aza-spiro[4.5]dec-7- ylFam de

Method: A RT: 1.15 Calcd. Mass: 430 mz (MrH): 431 119 N N----- | or , CH

41, 2-Methyl -pyrimdine-4- carboxylic acid [(5R 7S, 9R)-2-(3, 5- _

O L oor opRARBI! 158 NFIIYG-Sxd R sy dvo B Hmidie 30 BbLvire] deitr fsriARRE! de
(3,5-difluoro-phenyl)-1-0x0-2-aza-spiro[4.5]dec-7-yl|amide

AR

Example 159 was made from intermediate 36 via the process of Scheme 1, supra, as follows:

Chiral

5 To a solution of intermediate 36 (5R, 7R)-7-amino-2-(3,5-difluoro-phenyl)-2-aza-
spiro[4.5]decan-1-one (80 mg, 0.28 mmol), tricthylamine (0.16 mL, 1.14 mmol) in DMF (2.0
mL) was added 6-hydroxy-2-methyl-pyrimidine-4-carboxylix acid (49 mg, 0.32 mmol),
HOBt (51 mg, 0.38 mmol) and EDCI (73 mg, 0.38 mmol). The mixture was stirred at rt
overnight. The solvent was removed with Genevac, and the resulting residue was purified

10 with spectrometry (RP-HPLC/MS) purification system (Gradient: acetonitrile in water, 25-
95% in 3.9 minutes with a cycle time of 5 min. Flow rate: 100 mL/min. Mobile phase
additive: 48 mM of ammonium formate. Column: Inertsil C18, 30 x 50 mm, 5 um particle
size) to afford 26 mg (22%) of the title compound 2-methyl-6-oxo0-1,6-dihydro-pyrimidine-4-
carboxylic acid [(5R,7R)-2-(3,5-difluoro-phenyl)-1-oxo0-2-aza-spiro[4.5]dec-7-yl]Jamide. 'H

15 NMR (400 MHz, CDCls) 6 13.0 (bs, 1 H), 7.94 (d, J = 8.4 Hz, 1H), 7.25-7.32 (m, 2H), 7.14
(s, 1H), 6.56-6.63 (m, 1H), 4.02-4.12 (m, 1 H), 3.73-3.80 (m, 2H), 2.52 (s, 3H), 2.04-2.26 (m,
3H), 1.86-1.95 (m, 2H), 1.34-1.80 (m, 5H). ESI-MS m/z: 417 (M+H)".

Table 1: Spirolactam derivatives

Example STRUCTURE CHEMICAL NAME LC-MS
al trans-Pyridine-2- II\Q/I_Ie_.thfSéC
Q carboxylic acid [2-(3- Cal.c d. Mass: 383
1 N w Oy chloro-phenyl)-1-oxo-2- m/z (M+H)' 3;84
SN Nd/\) aza-spiro[4.5]dec-7-yl}- '
© amide
ol cis-Pyridine-2-carboxylic | Method: C
Q acid [2-(3-chloro- RT: 1.39
2 @(H O N phenyl)-1-oxo-2-aza- Calcd. Mass: 383
SN NO\) spiro[4.5]dec-7-yl]- m/z (M+H): 384
o amide
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RT: 1.02 Cal cd. Mnss:

430 mz (M+H):

431 120 40 F F .

N-[(5S, 7R)-9,9-Di fl uoro2-(2-nethyl -pyrimdin-4-

yl) - 1- oxowD-2amAspi7s0[ 4. 5] dec- 7-yl ] -3- fluoro-benzam de kerhisdo10@s43F4 1. 38
419 121 Sl

Cal cd. Mass:

418 mz (M+H):

FFF Chiral N

N-[(5R 7S)-9,9-D fluoro2-(2-nethyl-pyrimdin-4-

yl)-1-0x0-2-azaspiro[4.5]dec-7-yl]-3- fluoro-benzam de Method: C RT: 1.38

Chi r al

Cal cd. Mass: 418 mz (M+H): 419 122
Example STRUCTURE CHEMICAL NAME LC-MS
cl trans-6-Methyl-pyridine- | Method: C
Q/ 2-carboxylic acid [2-(3- RT: 1.54
3 /@WH Oy N chloro-phenyl)-1-oxo-2- | Calcd. Mass: 397
TSN Nud/\) aza-spiro [4.5]dec-7-yl]- | m/z (M+H): 398
0 amide
ol cis-6-Methyl-pyridine-2- | Method: C
carboxylic acid [2-(3- RT: 1.47
4 Y 4 ON chloro-phenyl)-1-oxo-2- | Calcd. Mass: 397
HC™ SN No S aza-spiro[4.5]dec-7-yl]- m/z (M+H): 398
0 amide
o™ Pyridine-2-carboxylic Method: C
Q acid [(5R,7R) RT: 1.38
5 (j\(H O-N -2-(3-chloro-phenyl)-1- Calcd. Mass: 383
SN N*d;) 0X0-2-aza-spiro m/z (M+H): 384
© [4.5]dec-7-yl]-amide
o Pyridine-2-carboxylic Method: C
acid [(5S,7S) RT: 1.38
6 7 H Ox-N -2-(3-chloro-phenyl)-1- Calcd. Mass: 383
SN “U7 OX0-2-aza-spiro m/z (M+H): 384
© [4.5]dec-7-yl]-amide
O\ cis-Pyridine-2-carboxylic | Method: C
3w O\}_N =\’ CH, acid [2-(6-methyl- RT: 1.26
7 SN NO\) pyridin-2-yl)-1-oxo-2- Calcd. Mass: 364
o aza-spiro [4.5]dec-7-yl]- | m/z (M+H): 365
amide
I\ o 3-Chloro-N-[2-(6- Method: G
° Q : methyl-pyridin-2-yly-1- | R1: 149
8 /QW“\OEB 0Xx0-2-aza-spiro[4.5]dec- Caled. Mass: 397
cl el m/z (M+H): 398
0 7-yl]-benzamide
_ cis-Pyridine-2-carboxylic | Method: C
_ o Q_—N acid [2-(3-cyano- RT: 1.20
9 SR a phenyl)-1-oxo-2-aza- Calcd. Mass: 374
N X O\) spiro[4.5]dec-7-yl]- m/z (M+H): 375
amide
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trans- 2- Met hyl pyri m di ne-4-carboxylic acid [2-(3,5-difluoro-
phenyl)-9-fl uoro-1-oxo- 2-aza-spiro[4.5]dec-7- yl Fam de Method: C RT: 1.38
Cal cd. Vwe:20tlB3376z (MtH): 419 123 40 41, ci s- 3- Fl uoPOTNSp®0(034054

fl uoro- phenyl)-1, 9- di oxo-2-azaspiro[4.5]dec-7-
1.33 Cal cd. Mass:

398 mlz (M+H):

Exanmpl e No STRUCTURE CHEM CAL NAME LC- M5 124

yl]- benzam de Met hod: C RT:
399 WD 2011/ 053575PCT/ US2010/ 054054

Example STRUCTURE CHEMICAL NAME LC-MS
cis-6-Methyl-pyridine-2- | Method: C
Q carboxylic acid [2-(3- RT: 1.30
10 /(jﬁ( cyano-phenyl)-1-oxo-2- | Calcd. Mass: 388
aza-spiro [4.5]dec-7-yl]- | m/z (M+H): 389
amide
cis-6-Methyl-pyrazine-2- | Method: C
Q carboxylic acid [2-(3- RT: 1.15
11 J: H cyano-phenyl)-1-oxo-2- | Calcd. Mass: 389
aza-spiro [4.5]dec-7-yl]- | m/z (M+H): 390
amide
cis-6-Methyl-pyrazine-2- | Method: C
N o QC' carboxylic acid [2-(3- RT: 1.33
12 Ji ]\y(“ N chloro-phenyl)-1-oxo-2- | Calcd. Mass: 398
TN O\) aza-spiro [4.5]dec-7-yl]- | m/z (M+H): 399
amide
cis-Pyrazine-2- Method: C
Q carboxylic acid [2-(3- RT: 1.23
13 | chloro-phenyl)-1-oxo-2- | Calcd. Mass: 384
O\) aza-spiro[4.5]dec-7-yl]- m/z (M+H): 385
amide
cis-1-Methyl-1H- _ Method: C
©/ py_razole-3-carboxyllc RT: 1.21
14 1 ,N \_N acid [2-(3-chloro- Calcd. Mass: 386
phenyl)-1-oxo-2-aza- miz (M+H): 387
spiro[4.5]dec-7-yl]- '
amide
. Q{N cis-N-[2-(3-Cyano- M$qugbc
15 Q(H N phenyl}-1-oxo-2-aza- | o 104 “Mass: 391
F T spiro[4.5]dec-7-yl]-3- / M+H _3;92
© fluoro-benzamide m/z ( )
Q{N cis-N-[2-(3-Cyano- g'?_tqojbc
16 0N phenyl)-1-ox0-2-aza- | . 4 Mass: 407
cl NO\) spiro[4.5]dec-7-yl]-3- / M +H): 408
0 chloro-benzamide m/z ( )
s F cis-6-Methyl-pyridine-2- | Method: B
7N 5 Q carboxylic acid [2-(3- RT: 1.00
17 = OxN fluoro-phenyl)-1-oxo-2- | Calcd. Mass: 381
N 3 aza-spiro[4.5]dec-7-yl- | m/z (M+H): 382
amide
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Ci s-6- Met hyl - pyri di ne-2- carboxylic acid [2-(3- fluoro-phenyl)-1,9-

di oxo- 2-aza-
m z ( MFH)WO0298/0625540

spiro[ 4.5] dec-7-yl] -

anm de Method: C RT: 1.43 Cal cd. Mass:

395

* OH trans-3-Fluoro-N-[2-(3- fl eorarspéesnydor+ 9-

hydr oxy- 1- oxo- 2- azaspi ro[ 4. 5] dec-7-yl ] -

Mass:

400 mz (M+H):

401 126 ------- N

benzam de Met hod: A RT:

o 41) OH

1.18 Cal cd.

trans- 6- Met hyl - pyri di ne2-carboxylic acid [2-(3- fluoro-phenyl)-9-

hydr oxy- 1- oxo- 2-aza- spiro[4.5]dec-7-yl]- am de Method: C RT: 1.27
Example STRUCTURE CHEMICAL NAME LC-MS
g F trans-6-Methyl-pyridine- | Method: B
7N 5 Q 2-carboxylic acid [2-(3- RT:1.10
18 = O N fluoro-phenyl)-1-oxo-2- Calcd. Mass: 381
”N'f-d/\) aza-spiro [4.5]dec-7-yl]- | m/z (M+H): 382
amide
F cis-Pyridine-2-carboxylic | Method: B
7N 5 Q acid [2-(3-fluoro- RT: 0.82
19 = ON phenyl)-1-oxo-2-aza- Calcd. Mass: 367
HNe A3 spiro[4.5] dec-7-yl]- m/z (M+H): 368
amide
. trans-Pyridine-2- Method: B
N Q/ carboxylic acid [2-(3- RT: 0.95
20 = O N fluoro-phenyl)-1-oxo-2- Calcd. Mass: 367
HNudl} aza-spiro m/z (M+H): 368
[4.5]dec-7-yl]-amide
CH, . cis-6-Methyl-pyrazine-2- | Method: B
/N Q carboxylic acid [2-(3- RT: 0.84
21 NWO OgN fluoro-phenyl)-1-oxo-2- Calcd. Mass: 382
HN, A~C aza-spiro [4.5]dec-7-yl]- | m/z (M+H): 383
amide
CH, . trans-6-Methyl-pyrazine- | Method: B
7N Q 2-carboxylic acid[2-(3- RT: 0.89
22 NJ\(O OsN fluoro-phenyl)-1-oxo-2- Calcd. Mass: 382
HNu.d/\) aza-spiro [4.5]dec-7-yl]- | m/z (M+H): 383
amide
O—% cis-6-Methyl-pyridine-2- | Method: C
A O =N carboxylic acid [2-(6- RT: 1.38
23 HCT SN NO\) methyl-pyridin-2-yl)-1- Calcd. Mass: 378
o 0x0-2-aza-spiro[4.5]dec- | m/z (M+H): 379
7-yl]-amide
QCHs trans-3-Fluoro-N-[2-(6- Mthod. c
oy )N methyl-pyridin-2-yly-1- | R1: 143
24 _ O\Wn (:T\B OX0-2-a78-5piro[4.5] Calcd. Mass: 381
0 dec-7-yl]-benzamide m/z (M+H): 382
 Chiral Pyridine-2-carboxylic Method: C
AN Q acid [(5R,7R) RT: 1.30
25 <~° o N -2-(3-fluoro-phenyl)-1- Calcd. Mass: 367
HN 0X0-2-aza-spiro m/z (M+H): 368
[4.5]dec-7-yl]-amide
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Cal cd. Mass:
6- Met hyl - pyri di ne- 2-
(5-f1 uor owpynidises72- yl ) - 1- oxo-2-aza-spiro[ 4. 5] dec-
RT: 1.43 Cal cd. Mass:

0X0- 2-aza-spirof[ 4. 5] dec-
418 mz (MH):

Mass:

397 mz (MH):

398 127

418 mz (M+H):

419 129 N 1,1

n

------ N FF Chiral F

carboxylic acid [(5S,7R) -9, 9-di f| uor o- 2-
7- y Prramsede/obeshod: A

419 128 40 F F _ NK F
Cis-N[9,9-Difluoro-2-(2- nethyl-pyrimdin-4-yl)-1-

7-yl]-3-fluoro-benzam de Method: C RT: 1.39 Cal cd.

Example STRUCTURE CHEMICAL NAME LC-MS
4 _\ 3-Fluoro-N-(1-oxo-2- Mthod: C
o " pyridin-2-yl-2-aza- RT. 1.26
26 i Q(H N ol 5l o0 7 a1 Calcd. Mass: 367
PITO[.9 y m/z (M+H): 368
© benzamide
R cis-3-Fluoro-N-{26- | MonOE €
27 Q(H 8 methylpyridin-2yIF1- 1 oo, Mass: 381
F O\) oxo-2-aza-spiro[4.5]dec- miz (M+H): 382
© 7-yl]-benzamide '
] Q—CHs 3-Fluoro-N-[(5R, 7R)-2- '%"?_”‘fgéc
28 Q\’(N \ (6-methyl-pyridin-2-y)- | - |01 "Mass: 381
F i 1-ox0-2-aza-spiro[4.5] miz (M+H): 382
dec-7-yl]-benzamide '
cis-Pyridine-2-carboxylic | Method: A
I« ‘U(z N= acid [2-(4-methyl- RT: 0.75
29 SN Y N’(\N) pyrimidin-2-yl)-1-oxo-2- | Calcd. Mass: 365
© CH, aza-spiro [4.5]dec-7-yl]- | m/z (M+H): 366
amide
F cis-Pyridine-2-carboxylic Mthod: A
7 o . o RT: 1.16
30 s AR L~ acid [2-(4-fluoro-pyridin- |~ 4 \ass: 368
N NN N / 2-yl)-1-oxo-2-aza-spiro m/z (M+H)' 3;69
[4.5]dec-7-yl]-amide '
cis-6-Methyl-pyridine-2- | Method: A
3 JO —~_r carboxylic acid [2-(5- RT: 1.28
31 HC” N N'Of/N Ny fluoro-pyridin-2-yl)-1- Calcd. Mass: 382
© N 0x0-2-aza-spiro[4.5]dec- | m/z (M+H): 383
7-yl]-amide
F cis-6-Methyl-pyridine-2- | Method: A
Q\’(H \fi é carboxylic acid [2-(4- RT: 1.30
32 HCT N OJ N fluoro-pyridin-2-yl)-1- Calcd. Mass: 382
© 0x0-2-aza-spiro[4.5]dec- | m/z (M+H): 383
7-yl]-amide
GWH, “‘E @/F cis_;ijzrid5in§-2-carbo_>(<jylic II\Q/I_Ie_th10(115A
33 N O\\/N S acid [2-(S-fluoro-pyridin- | 4 Mass: 368
0 2-yl)-1-oxo-2-aza-spiro m/z (M+H): 369
[4.5]dec-7-yl]-amide '
cis-6-Methyl-pyridine-2- | Method: A
<K Ji N= carboxylic acid [2-(4- RT: 0.88
34 HC™ N . N’(\NAQ methyl-pyrimidin-2-yl)-1- | Calcd. Mass: 379
© CH, 0x0-2-aza-spiro[4.5]dec- | m/z (M+H): 380
7-yl]-amide
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H11 o NF F o cis-2-Methyl-pyrimdine4-carboxylic acid [9, 9-

di fl uoro-2-(3-fluoro-

Met hod: AvVBDRD11105275Cal cd. Mass:
ci s-3-Fluoro--N[-2-(3- nethoxy-phenyl)-1-oxo-
yl Fbenzam de Method: A RT: 1.29 Cal cd. Mass:
OH Ci s-3-Fluoro-N-[2-(3- hydroxy-phenyl)-1-oxo-

phenyl) - 1- oxo- 2-

418 mz (MH):

azaspiro[ 4.5] dec-7-yl]-
419 130 ®OTAS2010/05405N
2-aza-spiro[ 4. 5] dec-7-

396 mz (M+H):

am de

397 131 40

2-aza-spirof[4.5]dec-7-

yl Fbenzam de Met hod: A
Example STRUCTURE CHEMICAL NAME LC-MS
] cis-3-Fluoro-N-[2-(5- g'?_tﬂogéA
35 FQ\O,N,, £ S gigrggzgdslglfoﬁ);]dec 07|ch EA:ss3 555
7-yl]-benzamide m/z ( )
QYH o cis-3-Fluoro-N-[2-(4- g'?_tqogéA
36 F N \”\N W/ fluoro-pyridin-2-yl)-1- Calcd. Mass: 385
o) 0Xx0-2-aza-spiro[4.5]dec- miz (M+H): 386
7-yl]-benzamide '
cis-3-Fluoro-N-{2(4- | Methoe A
H - P : 0.
37 F/QWNM \”\N,(\j methyl-pyrimidin-2-yl-1- | o104 "Mass: 382
S o 0Xx0-2-aza-spiro[4.5]dec- miz (M+H): 383
: 7-yl]-benzamide '
N .
( on, cis-3-Fluoro-N-[2-(6- g'?_tqogsc
o ) N 4 1.
38 0N methyl-pyrazin-2-yl)-1- 1 ;104 Mass: 382
F " 0Xx0-2-aza-spiro[4.5]dec- miz (M+H): 383
© 7-yl]-benzamide '
/N—\>_ cis-Pyridine-2-carboxylic | Method: C
o acid [2-(6-methyl- RT: 1.10
39 z 1 O§,N pyrazin-2-yl)-1-oxo-2- Calcd. Mass: 365
SN V™ aza-spiro [4.5]dec-7-yl]- | m/z (M+H): 366
0 amide
I\ cis-6-Methyl-pyridine-2- | Method: C
o §=N o carboxylic acid [2-(6- RT: 1.25
40 \/ |y N methyl-pyrazin-2-yl)-1- Calcd. Mass: 379
HC™ N 'O\) 0x0-2-aza-spiro[4.5]dec- | m/z (M+H): 380
© 7-yl]-amide
I N\_{ cis-6-Methyl-pyridine-2- Method: C
/ o =N F carboxylic acid [1-oxo-2- RT 1 59
| K, N (6-trifluoromethyl- - )
41 HC™ SN O\) oyridin-2-yl)-2-aza- Calcd. Mass: 432
© spiro[4.5]dec-7-yl]- m/z (M+H): 433
amide
F
cis-6-Methyl-pyridine-2- | Method: C
P o F carboxylic acid [2-(3,5- RT: 1.48
42 AR N difluoro-phenyl)-1-oxo- Calcd. Mass: 399
HC™ N i O\) 2-aza-spiro[4.5]dec-7- m/z (M+H): 400
yll-amide
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RT: 1.02 Calcd. Mass: 382 nmlz (MH):
Exanpl e No STRUCTURE CHEM CAL NAME LC-MS 132 411. N\ ITlI lelN"-

G s- N R5Syopriasgds Di met hyl am no- phenyl ) - PCT/US2010/054054

1- oxo- 2- azaspi ro[ 4. 5] dec-7-yl]-3- fluoro-benzam de Method: A RT: 1.37

383 WD 2011/ 053575PCT/ US2010/ 054054

Cal cd. Mass: 400 mz (MtH): 401 133 YON, cis-3-Fluoro-N-[(-2-(4-
nmet hoxy- phenyl ) - 1- oxo- 2-aza-spiro[4.5]dec-7- yl Fbenzam de. Method: A RT:
1.24 Calcd. Mass: 396 mz (M+H): 397 134 . is,,'-N
Exi:gp'e STRUCTURE CHEMICAL NAME LC-MS
I\ _ cis-6-Methyl-pyridine-2- | Method: C
o =N N carboxylic acid [2-(6- RT: 1.38
43 “ y N cyano-pyridin-2-yl)-1- Calcd. Mass: 389
HC™ N O\) oxo-2-aza-spiro[4.5]dec- | m/z (M+H): 390
° 7-yl]-amide
F
cis-6-Methyl-pyridine-2- | Method: C
P o carboxylic acid [2-(4- RT: 1.36
44 < MO8 N fluoro-phenyl)-1-oxo-2- Calcd. Mass: 381
HL™ N I O\) aza-spiro[4.5]dec-7-yl]- | m/z (M+H): 382
amide
& 6-Methyl-pyridine-2- Method: C
QTR N carboxylic acid RT: 1.26
45 HC™ SN NO\) (1-oxo0-2-pyridin-2-yl-2- | Calcd. Mass: 364
0 aza-spiro[4.5]dec-7-yl)- | m/z (M+H): 365
amide
Q cis-6-Methyl-pyridine-2- | Method: C
7 o carboxylic acid (1-oxo- RT: 1.32
46 He \Nl o~ N 2-phenyl-2-aza- Calcd. Mass: 363
’ 0 O\) spiro[4.5]dec-7-yl)- m/z (M+H): 364
amide
o cis-6-Methyl-pyridine-2- | Method: C
_ o Q * carboxylic acid (1-oxo- RT: 1.41
47 AR N 2-m-tolyl-2-aza- Calcd. Mass: 377
HCo N I O\) spiro[4.5]dec-7-yl)- m/z (M+H): 378
amide
" \ cis-6-Methyl-pyridine-2- | Method: C
=N carboxylic acid [2-(4- RT: 1.33
48 1w RN methyl-pyridin-2-yl)-1- Calcd. Mass: 378
HC N N"'O-\) 0x0-2-aza-spiro[4.5]dec- | m/z (M+H): 379
© 7-yll-amide
CH,
7\ cis-6-Methyl-pyridine-2- | Method: C
7 o )=N carboxylic acid [2-(5- RT: 1.33
49 o \N| N, N methyl-pyridin-2-yl)-1- Calcd. Mass: 378
s 8 O\) 0x0-2-aza-spiro[4.5]dec- | m/z (M+H): 379
7-yl]-amide
e @ cis-6-Methyl-pyridine-2- | Method: C
y o =N carboxylic acid [2-(3- RT: 1.10
50 AR, I methyl-pyridin-2-yl}-1- | Calcd. Mass: 378
: ) O\) oxo-2-aza-spiro[4.5]dec- | m/z (M+H): 379
7-yl]-amide
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O ION) cis-3-Fluoro-N-{2-[3-(3- norpholin-4-yl-propyl)-
phenyl ] - 1- oxo- 2- azaspiro[ 4. 5] dec-7-yl }- benzam de Method: A RT: 1.09 Cal cd.
Mass: 493wona11(assdds: 494 135 . 0 ,0_---N o ci s-3-Fl uor o PRI[UR2¢18/4054054

fl uor o- 5- met hoxyphenyl ) - 1- oxo- 2- azaspi ro[ 4. 5] dec- 7-yl ] - benzam de Method: A
RT: 1.36 Calcd. Mass: 414 mlz (M+H): 415 136 4104 0 O,
ci s-3-Fluoro-N-{1-o0x0-2- [3-(2-0x0-2-pyrrolidin-1- yl-
benzam de Method: A RT: 1.25 Cal cd. Mass:

et hoxy) - phenyl ] - 2-
493 nl z

aza- sp|r0[4 5]dec 7-yl}-

(MtH) : @94 137 7T N, CTrs-Ttiazote-2- cargoxytic acid [ 2=(8-
f1 uor o- pﬁéﬂgﬂ'? 1- 0X0- 2- SERBETYRE O 4. 5] dec- eHEMICAIBNANE LC-MS
cis-6-Methyl-pyridine-2- | Method: C
7 oy carboxylic acid [2-(2- RT: 1.27
51 SN R N F fluoro-phenyl)-1-oxo-2- | Calcd. Mass: 381
’ 0 aza-spiro[4.5]dec-7-yl]- m/z (M+H): 382
amide
7N\ cis-6-Methyl-pyridine-2- | Method: C
0 = cH carboxylic acid [2-(2- RT: 1.15
52 : |y 3N methyl-pyridin-4-yl)-1- Calcd. Mass: 378
HC™ N 'O\) 0x0-2-aza-spiro[4.5]dec- | m/z (M+H): 379
° 7-yll-amide
i )= cis-N-[2-(6-Cyano- petnos, ©
o e 1.
53 ©\er N pyridin-2-yI)-1-0x0-2= | ;04 "Mass: 392
O\) aza-spiro[4.5]dec-7-yl]- miz (M+H): 393
© 3-fluoro-benzamide '
F
cis-Pyridine-2-carboxylic | Method: C
_ o F acid [2-(3,5-difluoro- RT: 1.39
54 <A N phenyl)-1-oxo-2-aza- Calcd. Mass: 385
N O\) spiro [4.5] dec-7-yl]- m/z (M+H): 386
© amide
F
. cis-6-Methyl-pyrazine-2- | Method: C
N carboxylic acid [2-(3,5- RT: 1.34
55 J:\ ]ﬁ(n” N difluoro-phenyl)-1-oxo- Calcd. Mass: 400
R | O\) 2-aza-spiro [4.5]dec-7- | m/z (M+H): 401
yll-amide
F
cis-Pyrazine-2- Method: C
N o F carboxylic acid [2-(3,5- RT: 1.26
56 [: ]\(H N difluoro-phenyl)-1-oxo- Calcd. Mass: 386
N O\) 2-aza-spiro [4.5] dec-7- | m/z (M+H): 387
© yll-amide
cis-2-Methyl-pyrimidine- | Method: A
)N: 1 H ‘,(E = 4-carboxylic acid [2-(5- RT: 1.04
57 HC” N NN ) fluoro-pyridin-2-yl)-1- Calcd. Mass: 383
0 OX0-2-aza-spiro m/z (M+H): 384
[4.5]dec-7-yl]-amide
. {N\>_ cis-3-Chloro-N-2-(2- g'?_tﬂog:zc
. il S 1.
58 Ho O methzyl pyr|m|_d|n445yl) -1 Calcd. Mass: 398
; OX0-2-aza-spiro[ . ] miz (M+H): 399
0 dec-7-yl]-benzamide
¢ Mo, cis-2-Methyl-pyrimidine- | Method: C
N o 4-carboxylic acid [2-(6- RT: 1.04
59 HBCJ\\/NE\’(N,,, FN methyl-pyrazin-2-yl)-1- Calcd. Mass: 380
o 0oxo0-2-aza-spiro[4.5]dec- | m/z (M+H): 381
7-yl]-amide
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Met hod: A RT: 1.33 Cal cd. Mass:

373 mz (mtH):

374 138 \ N 00o01.

---N11

0 cis-N-[2-(4- Dinethyl ani no-phenyl)- 1-oxo-2-azaspiro[4.5]dec-7-yl]-3-

fl uor o- benoanihs3dst hod: A RT: 1.42 Cal cd. Mass:

409 i PCENISE)10/080684 139 S

el , N)=N ci s- 3- Fl uor o- N- (1- oxo-2- thiazol-2-yl1-2-aza- spiro[4.5]dec-7-yl)-

benzam de Method: A RT: 1.21 Calcd. Mass: 373 mlz (MtH): 374 WO
2011/ 053575PCT/ US2010/ 054054 Exanpl e No STRUCTURE
Example STRUCTURE CHEMICAL NAME LC-MS
_ cis-2-Methyl-pyrimidine- | Method: C
~ o QTN 4-carboxylic acid [2-(3- RT: 1.13
60 J’“\\j\rn N cyano-phenyl)-1-oxo-2- | Calcd. Mass: 389
HCT N "O\) aza-spiro [4.5]dec-7-yl]- | m/z (M+H): 390
© amide
cis-2-Methyl-pyrimidine- .
7\ FF 4-carboxylic acid [1-oxo- Mthod. c
Z o, /N F 2-(6-trifluoromethyl- RT: 1.43
61 PSR R oyridin-2-yly-2-aza Calcd. Mass: 433
H,C” N 1N, memylmer - .
o O\) spiro[4.5]dec-7-yl]- m/z (M+H): 434
amide
7N\ cis-6-Methyl-pyridine-2- | Method: C
o §;N>_CH3 carboxylic acid [2-(2- RT: 1.21
62 \/ I & >N methyl-pyrimidin-4-yl)-1- | Calcd. Mass: 379
HC™ N "O\) 0x0-2-aza-spiro[4.5]dec- | m/z (M+H): 380
© 7-yll-amide
cis-6-Methyl-pyridine-2- | Method: A
= 0 . . i
1 H - carboxylic acid [2-(6- RT: 0.90
63 HSC/ENj\'(N"O:JiN@,CHS methyl-pyridin-3-yl)-1- Calcd. Mass: 378
© 0x0-2-aza-spiro[4.5]dec- | m/z (M+H): 379
7-yl]-amide
. cis-6-Methyl-pyridine-2- | Method: A
1« jﬁ - carboxylic acid [2-(5- RT: 1.04
64 HC” SN NI'@N U fluoro-pyridin-3-yl)-1- Calcd. Mass: 382
© 0x0-2-aza-spiro[4.5]dec- | m/z (M+H): 383
7-yl]-amide
/N :
o QNHHB cis-3-Fluoro-N-[2-(2- Methos: ©
H —N e T 4 1.
65 F/Qﬁ(“'u : :)“Xeothzy'agg”srg'i‘i'ﬂ 4453]’('1)610 Calod. Mass: 382
0 mLmdsds . - .
7-yl]-benzamide m/z (M+H): 383
7\ CH, cis-3-Fluoro-N-[2-(2- II\Q/I_Ie_.th10(11:50
66 TN methyl-pyridin-4-yl)-1- Calcd. Mass: 381
. Noy ~G 0Xx0-2-aza-spiro[4.5]dec- miz (M+H): 382
6! O\) 7-yl]-benzamide '
F Chiral _ _ el
6 Methyl_ pyrlfjlne 2 Method: C
F carboxylic acid RT 1.42
67 U ¥ [(5R,7R)-2-(3,5- Calcd. Mass: 399
HC” SN difluoro-phenyl)-1-oxo- m/z (M+H): 400
o 2-aza-spiro[4.5]dec-7- '
yll-amide
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CHEM CAL NAME LC-MS 140 N" N\ -N N cis-Thiazol e-2- carboxylic acid
[(2-(2- nmethyl-pyrimdin-4-yl)-1- oxo-2-aza-spiro[4.5]dec- 7-yl]-am de
Met hod: AvBEO111058F5Cal cd. Mass: 371 miz (mtH): 372 141 RCIAB2@0054054 N

ci s-2-Met hyl - pyri m di ne4-carboxylic acid [2-(3- fluoro-5-methoxy-
phenyl ) -1-oxo- 2-aza- spiro[4.5]dec-7-yl]-

Example STRUCTURE CHEMICAL NAME LC-MS
QF cis-5-Fluoro-pyridine-2- | Method: C
NG o carboxylic acid [2-(3- RT: 1.36
68 < ) N, N fluoro-phenyl)-1-oxo-2- | Calcd. Mass: 385
N & O\) aza-spiro [4.5]dec-7-yl]- | m/z (M+H): 386
amide
cis-2-Methyl-pyrimidine- | Method: C
~ ° F 4-carboxylic acid [2-(3- RT: 1.23
69 )N\\ I8 N fluoro-phenyl)-1-oxo-2- | Calcd. Mass: 382
HC™ N "O\) aza-spiro[4.5] dec-7-yl]- | m/z (M+H): 383
© amide
cis-Pyrimidine-4- Method: C
F carboxylic acid [2-(3- RT: 1.16
70 Nk: I & O%:-N fluoro-phenyl)-1-oxo-2- Calcd. Mass: 368
N ’O\) aza-spiro [4.5]dec-7-yl]- | m/z (M+H): 369
© amide
S cis-6-Methyl-pyridine-2- | Method: C
P o /\‘N carboxylic acid [2-(5- RT: 1.14
71 N | N, My methyl-pyridin-3-yl)-1- Calcd. Mass: 378
! ) O\) 0x0-2-aza-spiro[4.5]dec- | m/z (M+H): 379
7-yl]-amide
Q cis-6-Methyl-pyridine-2- | Method: C
1w O\}_N § carboxylic acid [2-(3- RT: 1.34
72 HC7 N N’hOi) methoxy-phenyl)-1-oxo- | Calcd. Mass: 393
o 2-aza-spiro[4.5]dec-7- m/z (M+H): 394
yll-amide
_ 6-Methyl-pyridine-2- .
OWH o carboxylic acid II\Q/I_Ie_.th10(218A
73 e N*(ﬁwﬁ [(5R,7R)-24(S-fluoro- | 04 Mass: 382
0 pyridin-2-yl)-1-oxo-2- miz (M+H): 383
aza-spiro[4.5]dec-7-yl]- '
amide
7 o F cis-Pyridine-2-carboxylic | Method: A
E’J\VVH' .JLN @ acid [2-(5-fluoro-pyridin- | RT: 0.94
74 0 O__/ NN 3-yl)-1-oxo-2-aza- Calcd. Mass: 368
spiro[4.5] dec-7-yl]- m/z (M+H): 369
amide
F cis-Pyridine-2-carboxylic | Method: C
QF acid [2-(3,4-difluoro- RT: 1.33
75 7Ny Oun phenyl)-1-oxo-2-aza- Calcd. Mass: 385
g S No"\) spiro[4.5] dec-7-yl]- m/z (M+H): 386
0 amide
F cis-2-Methyl-pyrimidine- | Method: C
F 4-carboxylic acid [2- RT: 1.31
76 N O (3,5-difluoro-phenyl)-1- | Calcd. Mass: 400
" CJ\\N | o~ N OX0-2-aza-spiro m/z (M+H): 401
’ o O\) [4.5]dec-7-yl]-amide
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am de Method: A RT: 1.30 Cal cd. Mass:

cis-N-[2-(3-Cya no-5-
3-f | uor o-werraamsskysvet hod: A RT:

412 mz (M+H):
fl uor o- phenyl) - 1- oxo- 2-
1.44 Cal cd. Mass:

413 142 0
aza-spiro[4.5]dec-7-yl]-
409 ®CT/USkH6HS540440

44|

=N 143 (N
Example STRUCTURE CHEMICAL NAME LC-MS
QF cis-N-[2-(3-Fluoro- '%"?F'}O?éc
NZ O 1 _0_ _ . .
77 X | H N ggierg[zll);] d(:é?ﬁy?]%a Calcd. Mass: 367
© O\) isonicotinamide m/z (M+H). 368
O cis-N-[2-(3-Fluoro- wothod: ©
- o DI 1.
8 QSN e oo 2822 | Galod. Mass: 381
HC piroj.oldec-7-yll-=- m/z (M+H): 382
0 methyl isonicotinamide
F cis-Pyrimidine-4- Method: C
QF carboxylic acid [2-(3,5- RT:1.24
79 NZ difluoro-phenyl)-1-oxo- Calcd. Mass: 386
ﬁ\rH 2-azaspiro[4.5]dec-7-yl]- | m/z (M+H): 387
O\) amide
i 6-Methy|_—pyr|fj|ne-2- Method: C
Q carboxylic acid RT: 134
80 Q(H Oy p[E15eRny7lf %__i_)gg:gfzrg: Calcd. Mass: 381
N T N*(:F) spiro[4.5]dec-7-yl]- m/z (M+H): 382
amide
Chiral T
6-Methy|_—pyr|§j|ne-2- Method: C
carboxylic acid RT: 146
81 fj\(n p[fe‘i;ﬂi gg";';':oro' Calcd. Mass: 399
H,C” °N g - 1= meT - .
o} spiro[4.5]dec-7-yl]- m/z (M+H): 400
amide
F Chiral 2-Methy|_—pyr|_m|d|ne-4- Method: C
QF carboxylic acid _ RT: 1.30
82 N I Y [(5R,7R)-2-(3,5-difluoro- | 4 “Mass: 400
HSC)\\N N phenyl)-1-oxo-2-aza- miz (M+H): 401
o) spiro[4.5]dec-7-yl]- '
amide
cis-6-Methyl-pyridine-2- | Method: C
P o, ) carboxylic acid (2- RT: 1.29
83 P IR, N benzyl-1-oxo-2-aza- Calcd. Mass: 377
’ ) spiro[4.5]dec-7-yl)- m/z (M+H): 378
amide
7N\ cis-3-Methyl-N-[2-(2- Method: C
o §;N>_CH3 methyl-pyrimidin-4-yl)-1- | RT: 1.24
84 /QYH N OX0-2-aza-spiro Calcd. Mass: 378
HC " [4.5]dec-7-yl]- m/z (M+H): 379
° benzamide
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4* ci s-Thiazol e-2- carboxylic acid [2-(3, 5-

di fl uoro- phenyl)-1- oxo2-aza-spiro[4.5]dec-7- yl Fam de Method: A RT: 1.43
Cal cd. Vw©:20B9F3375z (MrH): 392 144 . Cis-2-Met hyl - Phirased 104084054
carboxylic acid [2-(3,5- difluoro-phenyl)-1-o0x02-aza-spiro[4.5]dec-7-

yl Fam de Method: A RT: 1.43 Calcd. Mass: 405 miz (MtH): 406 145 Ho

ci s-Pentanoic acid [2- (3,5-difluoro-phenyl)-1- oxo-2-aza-spiro[4.5]dec-

7-yl]-am de Method: A RT: 1.43 Calcd. Mass: 364 mz (M+H): 365
Exi:gp'e STRUCTURE CHEMICAL NAME LC-MS
. y; N\)—CH cis-3,5-Difluoro-N-[2-(2- | Method: C
o =N methyl-pyrimidin-4-yl)-1- | RT: 1.29
85 QYH N OX0-2-aza-spiro Calcd. Mass: 400
F I O\) [4.5]dec-7-yl]- m/z (M+H): 401
benzamide
N cis-6-Methyl-pyrazine-2- | Method: A
y N D F carboxylic acid {2-[6-(4- | RT: 1.31
86 J: ]\,(H O fluoro-phenyl)-pyrimidin- | Calcd. Mass: 460
HC™ N O\) 4-yl]-1-oxo-2-aza-spiro m/z (M+H): 461
© [4.5]dec-7-yl}-amide
N cis-6-Methyl-pyridine-2- | Method: A
NS F carboxylic acid {2-[6-(4- | RT: 1.54
87 \/ L & O\:-N fluoro-phenyl)-pyrimidin- | Calcd. Mass: 459
HC™ N O\) 4-yl-1-oxo-2-aza-spiro | m/z (M+H): 460
© [4.5]dec-7-yl}-amide
N c¢is-3-Fluoro-N-{2-[6-(4- | Method: A
o N F fluoro-phenyl)-pyrimidin- | RT: 1.52
88 Q(H N 4-yl]-1-oxo-2-aza- Calcd. Mass: 462
F T O\) spiro[4.5]dec-7-yl}- m/z (M+H): 463
benzamide
N cis-4-Fluoro-N-[2-(2- Method: C
g/:\)—CHS methyl-pyrimidin-4-yl)-1- | RT: 1.20
89 F b % OX0-2-aza-spiro Calcd. Mass: 382
Q(NO) [4.5]dec-7-yl]- m/z (M+H): 383
o benzamide
N cis-3,4-Difluoro-N-[2-(2- | Method: C
. {;N\FCHs methyl-pyrimidin-4-yl)-1- | RT: 1.25
90 PR N OX0-2-aza-spiro Calcd. Mass: 400
FQ(N"G) [4.5]dec-7-yl]- m/z (M+H): 401
© benzamide
/ N\>—CH cis-2-FIuor_o-I_\l—_[2-(2- Method: C
o g;N 3 methyl-pyrimidin-4-yl)-1- | RT: 1.18
91 @(“ N OX0-2-aza-spiro Calcd. Mass: 382
T [4.5]dec-7-yl]- m/z (M+H): 383
benzamide
/ r\{>_ cis-2-Methyl-N-[2-(2- Method: C
_ o QN e, methyl-pyrimidin-4-yl)-1- | RT: 0.99
92 N\ |y N OX0-2-aza-spiro Calcd. Mass: 379
He O\) [4.5]dec-7-yl]- m/z (M+H): 380
° isonicotinamide
cis-6-Hydroxymethyl- Method: C
QF pyridine-2-carboxylic RT: 1.14
93 N v N acid [2-(3-fluoro- Calcd. Mass: 397
MO NO\) phenyl)-1-oxo-2-aza- m/z (M+H): 398
© spiro[4.5]dec-7-yl]-
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146

butyram de Method: A RT: 1.30 Cal cd. Mass:
2011/ 0535¥6Ram/03827610/ 054054 Exanpl e No STRUCTURE

el N

cis-N-[2-(3,5- Difluoro-phenyl)-1- oxo-2-aza- spiro[4.5]dec-7-yl]-
350 mz (MtH):
CHERCTCAIS2NAVEIOBLC- MS 147

351 WO

Example

No STRUCTURE CHEMICAL NAME LC-MS
amide
F cis-6-Trifluoromethyl- .
pyridine-2-carboxylic :\Q/I.?tqo; C
Z o e ) 1.
94 L, 2 zﬁfn[yzl)ﬁ-gigfg-aza- Calcd. Mass: 435
i spiro[4.5]dec-7-yl]- m/z (M+H): 436
amide
F N-[(5R,7R)-2-(3-Fluoro- | Method: C
> phenyl)-1-ox RT: 1.19
95 /h@\r(“ oy N 0-2-aza-spiro[4.5]dec-7- | Calcd. Mass: 381
R i yl]-2-methyl- m/z (M+H): 382
isonicotinamide
cis-6-Trifluoromethyl- .
f\IN pyridine-2-carboxylic II\Q/I_Ie_.thfg’.sC
96 F))fjﬁ(“ 3 Won, acid [2-(2-methy- Calcd. Mass: 433
N O\) pyrimidin-4-yl)-1-oxo-2- S
F © aza-spiro [4.5]dec-7-yl]- m/z (M+H): 434
amide
QF Pyridine-2-carboxylic Method: A
3 Ogn acid [9,9-difluoro-2-(3- RT:1.27
97 SN fluoro-phenyl)-1-oxo-2- | Calcd. Mass: 403
o aza-spiro[4.5]dec-7-yl]- m/z (M+H): 404
FF amide
Pyridine-2-carboxylic
g >—F acid [(5R,7S5)-9,9- )
@\(H NN difluoro-2-(3-fluoro- g?_tqog;lc
N N -1 - -2= - o
98 N ph_enyl) 1-ox0-2-aza Calcd. Mass: 403
o) spiro[4.5]dec-7-yl]- miz (M+H): 404
FF amide (the third peak '
from chiral HPLC,
arbitrarily assignment)
. Pyridine-2-carboxylic
e acid [(5S,7R)-9,9- )
-~ OVNQ difluoro-2-(3-fluoro- M$qugsc
99 N N"Qi > ggierg[{:)é};:‘c"f;ﬂza' Calcd. Mass: 403
o} : ~r=yi -
e amide (the first peak m/z (M+H): 404

from chiral HPLC,
arbitrarily assignment)
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Chiral 3-Fluoro-N [(5R 7R)-2-(2- nethyl-pyrimdin-4- yl)-1-o0xo0-2-aza-
spi ro[ 4. 5] dec-7-y1F benzam de Method: C RT: 1.21 Calcd. Mass: 382 m z
(MtH) . 3880248 /058374 11FI Chiral 3-Chloro-N[(5R 7R) - 2PCZAUusetlaps4054
pyrimdin-4-yl)-1- oxo-2-aza- spiro[4.5]dec-7-y1lF benzam de Method: C RT:

1.32 Calcd. Mass: 398 mz (M+H): 399 149 F, --/ -H
Example STRUCTURE CHEMICAL NAME LC-MS
¢is-2-[2-(3-Chloro-
Q’Cl phenyl)-1-oxo-2-aza- Method: C
Q\ O\\_.__N spiro[4.5]dec-7-yl]-2,3- RT: 1.41
100 NII,O’\) dihydro-isoindol-1-one Calcd. Mass: 394
o (relatively polar spoton | m/z (M+H): 395
TLC, arbitrarily
assignment)
Chiral Pyridine-2-carboxylic .
acid [(5R,7R)-9,9- Method: C
o A difluoro-2-(3-fluoro- RT: 1.37
101 Sy N.,, phenyl)-1-oxo-2-aza- Calcd. Mass: 403
© spiro[4.5]dec-7-yl]- m/z (M+H): 404
FF amide
QFC*‘”&' Pyridine-2-carboxylic
acid [(58,75)-9,9- Method: C
102 % difluoro-2-(3-fluoro- RT: 1.33
phenyl)-1-oxo-2-aza- Calcd. Mass: 403
\Q\) spiro[4.5]dec-7-yl]- m/z (M+H): 404
amide
E chral 2-Methyl-pyrimidine-4-
NZ T carboxylic acid Method: C
103 )%N N.., [(6S,7R)-9,9-difluoro-2- | RT: 1.28
o) (3-fluoro-phenyl)-1-oxo- | Calcd. Mass: 418
2-aza-spiro[4.5]dec-7- m/z (M+H): 419
yll-amide
£ Chiral 2-Methyl-pyrimidine-4-
NZ 1« 0 carboxylic acid Method: C
104 /I\\N N\QC‘SN [(5R,7S)-9,9-difluoro-2- | RT: 1.28
o (3-fluoro-phenyl)-1-oxo- | Calcd. Mass: 418
A 2-aza-spiro[4.5]dec-7- m/z (M+H): 419
yll-amide
- trans-2-Methyl-
z 1« o pyrimidine-4-carboxylic Method: C
105 )%N N ..J(N Q acid [2-(3,5-difluoro- RT: 1.35
o Q_/ . phenyl)-9,9-difluoro-1- Calcd. Mass: 436
N 0Ox0-2-aza-spiro[4.5]dec- | m/z (M+H): 437
7-yl]-amide
Z cis-Pyridine-2-carboxylic )
0 0 . acid [9,9-difluoro-2-(4- M$qug. C
106 N N/O/ fluoro-phenyl)-1-oxo-2- . ]
o} aza-spiro[4.5]dec-7-yl]- Calcd. Mass: 403
AR : : m/z (M+H): 404
amide
cis-6-Methyl-pyridine-2-
carboxylic acid [9,9- .
YUY difiuoro-2-(3-fluoro- Method: ©
107 N \@NQ phenyl)-1-oxo-2-aza- 145 _
; Calcd. Mass: 437
© F spiro[4.5]dec-7-yl}- _
e amide m/z (M+H): 438




01 -NThiN 0 ---1\1 ci s 5-Fl uoro-
(2-methyl -pyrimdin- 4-yl)-1-0x0-2-aza- spiro[4.5]dec-7-y1F am de Method: C
RT: 1.28 wal2ed/osb4rss: 383 nmlz (MrH): 384 150 H, -- 000, PCTNShOIB/OSY0F4 F ( F
ci s-3-Fluoro-N-[1- ox0-2-(2- trifluoronethyl- pyrimdin-4-yl)-2-

pyri di ne-2- carboxylic acid [(2-

Example STRUCTURE CHEMICAL NAME LC-MS
cis-6-Methyl-pyridine-2-
Z T o - carboxylic acid [9,9- Method: C
108 Y N N,(\,N difluoro-2-(2-methyl- RT: 1.28
0 N/Q pyrimidin-4-yl)-1-oxo-2- | Calcd. Mass: 415
AT aza-spiro[4.5]dec-7-yl]- m/z (M+H): 416
amide
cis-6-Methyl-pyridine-2-
Z 0 - carboxylic acid [9,9- Method: C
108 /ENE\(“ L difluoro-2-(5-fluoro- RT: 1.4
0 N pyridin-2-yl)-1-oxo-2- Calcd. Mass: 418
& aza-spiro[4.5]dec-7-yl]- m/z (M+H): 419
amide
F cis-Pyridine-2-carboxylic .
O\(H P acid [2-(3,5-difluoro- g'?_tqojéc
110 N N phenyl)-9,9-difluoro-1- Cal.cd. Mass: 421
© F oxo-2-aza-spiro[4.5]dec- | = "y L0
FF 7-yll-amide m/z ( )
cis-Pyridine-2-carboxylic )
fﬂ\(n [ /@F acid [9,9-difluoro-2-(5- M$qug. C
N A o I 1.
111 I NN fluoro pyrldln_2 yi)-1 Calcd. Mass: 404
0Xx0-2-aza-spiro[4.5]dec- 17 (M+H): 40
FF 7-yll-amide m/z ( )- 405
y cis-Pyridine-2-carboxylic .
0\(“ { ) acid [9,9-difluoro-2-(2- | Mo C
112 N N \,k methyl-pyrimidin-4-yl)-1- - .
0 N : Calcd. Mass: 401
0Xx0-2-aza-spiro[4.5]dec- miz (M+H): 402
FF 7-yl]-amide '
S Pyridine-2-carboxylic
= 1« o) acid [(5S,7R)-2-(3,5- Method: A
113 X, N., ..-JLN difluoro-phenyl)-9,9- RT: 1.48
o Q\\/ . difluoro-1-oxo-2-aza- Calcd. Mass: 421
A spiro[4.5]dec-7-yl]- m/z (M+H): 422
amide
£ Chial Pyridine-2-carboxylic
& 1« 0 acid [(5R,7S5)-2-(3,5- Method: A
114 3y N \ difluoro-phenyl)-9,9- RT: 1.47
0 . difluoro-1-oxo-2-aza- Calcd. Mass: 421
A spiro[4.5]dec-7-yl]- m/z (M+H): 422
amide
e cis-2-Methyl-pyrimidine-
NZ T 0 4-carboxylic acid [2- Method: A
115 )%N N N (3,5-difluoro-phenyl)- RT: 1.1
0 E 1,9-dioxo-2-aza- Calcd. Mass: 414
3 spiro[4.5]dec-7-yl]- m/z (M+H): 415
amide

149




aza-spiro[4.5]dec-7- yl Fbenzam de Method: C RT: 1.48 Cal cd. Mass:
cis-N-[2-(2,6- Dinethyl-pyrimdin-

(M+H) :

437 151 O'r

---N/\

4-yl) - 1- ow0-2811453575spi r o[ 4. 5] dec- 7-y1F 3-f | uor o- benzam #€TNSR1005408 RT:
1.34 Cal cd. Mass:

7R) - 2- (2- met hyl -

396 mz (M+H):

397 152 el
pyrimdin-4-yl)-1-

o N Chiral

3- Met hyl - N-[ (5R,

Example STRUCTURE CHEMICAL NAME LC-MS
. cis-2-Methyl-pyrimidine-
Ny 0 4-carboxylic acid [2- Method: A
16 A N\Q,\\(/N /@ (3,5-difluoro-phenyl)-9- | RT: 0.96
0 E hydroxy-1-oxo-2-aza- Calcd. Mass: 416
A spiro[4.5]dec-7-yl]- m/z (M+H): 417
amide
c trans-2-Methyl-
N7 T o pyrimidine-4-carboxylic Method: A
117 )\\N N\OéN acid [2-(3,5-difluoro- RT: 1.04
0 E phenyl)-9-hydroxy-1- Calcd. Mass: 416
éH 0Ox0-2-aza-spiro[4.5]dec- | m/z (M+H): 417
7-yl]-amide
2-Methyl-pyrimidine-4-
~ F carboxylic acid )
)N\\U\(H P [(5R,75,95)-2-(3,5- L"}a.tqo?;jA
118 N N difluoro-phenyl)-9- Cal.cd. Mass: 430
© F hydroxy-9-methyl-1-oxo- m/z (M +H): 4'31
OH 2-aza-spiro[4.5]dec-7- '
yl]l-amide
2-Methyl-pyrimidine-4-
~ F carboxylic acid .
LI(H 2 [(5R.7S,9R)-2-(3,5- 'Q{"?_tqog'z’*
119 N N difluoro-phenyl)-9- Cal.cd. Mass: 430
RN F hydroxy-9-methyl-1-oxo- m/z (M +H): 4'31
T OH 2-aza-spiro[4.5]dec-7- '
yll-amide
Chiral N-[(58,7R)-9,9-Difluoro- .
Q\(H“ 1 ) 2-(2-methyl-pyrimidin-4- M$qugéc
120 F 'Q\-\JN \ //Q yl)-1-ox0-2-aza- Caled. Mass: 418
© spiro[4.5]dec-7-yl]-3- 17 (MtH). 419
FoF fluoro-benzamide m/z ( )
Chiral N'[(5R,7S)-9,9-Diﬂuor0- .
/QYH i e 2-(2-methyl-pyrimidin-4- M$qugéc
121 F NN [)-1-oxo-2-aza- -
T Kﬁ N vl Calcd. Mass: 418
spiro[4.5]dec-7-yl]-3- miz (M+H): 419
FoF fluoro-benzamide '
E trans-2-Methyl-
N* T 0 pyrimidine-4-carboxylic Method: C
122 )\\N N\C)C‘_L/N acid [2-(3,5-difluoro- RT: 1.38
0 F phenyl)-9-fluoro-1-oxo- Calcd. Mass: 418
F 2-aza-spiro[4.5]dec-7- m/z (M+H): 419
yll-amide
cis-3-Fluoro-N-[2-(3- }
Q\"/H 1 /Q fluoro-phenyl)-1,9- II\Q/I_Ie_.th10§.30
E : 1.
123 ! \QdN dioxo-2-aza- Calcd. Mass: 398
I F ts)piro[4.5_]dec-7-y|]- m/z (M+H): 3'99
enzamide
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0X0- 2-aza- spiro[4.5]dec-7-y1F benzam de Method: C RT: 1.24 Calcd. Mass:
[ N cis-3-Fluoro-N(2-

378 mz (MtH):
Cal cd. Mass:

379 153 H Il N 11\j"'"'

STRUCTURE CHEM CAL NANME

00
met hyl - 1-wReoD/@335 spirof[ 4. 5] dec-7-yl) -
301 mz (MH):

benzam de Met h®dT/US280/05405903

302 WD 2011/ 053575PCT/ US2010/ 054054 Exanpl e No

Example STRUCTURE CHEMICAL NAME LC-MS
cis-6-Methyl-pyridine-2-
Z 1 Q carboxylic acid [2-(3- Method: C
1o Sy N\QCK_/N/Q fluoro-phenyl)-1,9- RT:1.43
o F dioxo-2-aza- Calcd. Mass: 395
S spiro[4.5]dec-7-yl]- m/z (M+H): 396
amide
i faoro-phonyyo. | Method: A
125 F \(:é’“’@ hydroxy-1-oxo-2-aza- RT. 1.18
ydroxy .
o) E F spiro[4.5]dec-7-yl]- Calcd. Mass: 400
én benzamide m/z (M+H): 401
trans-6-Methyl-pyridine-
Z 1w o 2-carboxylic acid [2-(3- Method: C
26 S N\Oé/N /Q fluoro-phenyl)-9- RT: 1.27
0 _ F hydroxy-1-oxo-2-aza- Calcd. Mass: 397
& spiro[4.5]dec-7-yl]- m/z (M+H): 398
amide
. 6-Methyl-pyridine-2-
N, P = FCh"a' carboxylic acid Method: A
107 Sy NQ\\L/N/Q/ [(56S,7R)-9,9-difluoro-2- | RT: 1.43
0 N (5-fluoro-pyridin-2-yl)-1- | Calcd. Mass: 418
£ oxo-2-aza-spiro[4.5]dec- | m/z (M+H): 419
7-yl]-amide
" 10 - cis-N-[9,9-Difluoro-2-(2- | Method: C
128 F NQ\L/N L ,/Q methyl-pyrlm|_d|n-4-yl)-1- RT: 1.39
0 N 0ox0-2-aza-spiro[4.5]dec- | Calcd. Mass: 418
N 7-yl]-3-fluoro-benzamide | m/z (M+H): 419
QF cis-2-Methyl-pyrimidine-
~ o 4-carboxylic acid [9,9- Method: A
129 )‘\j\(“ N difluoro-2-(3-fluoro- RT:1.21
N phenyl)-1-oxo-2- Calcd. Mass: 418
0 \gjg) azaspiro[4.5]dec-7-yl]- m/z (M+H): 419
FF amide
Q O\ cis-3-Fluoro--N-[-2-(3- Method: A
130 /@YH O N methoxy-phenyl)-1-oxo- | RT: 1.29
£ N, 2-aza-spiro[4.5]dec-7- Calcd. Mass: 396
o yl]-benzamide m/z (M+H): 397
Q OH Cis-3-Fluoro-N-[2-(3- Method: A
131 H O¢N hydroxy-phenyl)-1-oxo- | RT: 1.02
FQ(N" 2-aza-spiro[4.5]dec-7- Calcd. Mass: 382
0 yl]-benzamide m/z (M+H): 383
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LCGMs 154 1 N,orN "'
spi ro[ 4.5] dec-7-yl) -
(MHH) : 31 ODLBHE/05B57RI

spiro[4.5]dec-7-yl)-

H' of-

benzam de Method: C RT: 1.11 Cal cd. WMass:
.--N cis-3-Fluoro-N-(2- propylPCTaxes1dswa4

o/ -
benzam de Met hod: C RT:

1.20

N ci s-3-Fluoro-N-(2- ethyl-1-oxo-2-aza-

315 m z

Example STRUCTURE CHEMICAL NAME LC-MS
/
N Cis-N-[(5S,7S)-2-(3- )
o Q N Dimethylamino-phenyl)- II\Q/I_Ie_.thfg.?A
132 H —-N 1-ox0-2-aza- . )
N, : irol4 5ldec-7-vIl-3 Calcd. Mass: 400
F ' spiro[4.5]dec-7-yl}-3- m/z (M+H): 401
O fluoro-benzamide
O—-—
c¢is-3-Fluoro-N-[(-2-(4- Method: A
133 H O methoxy-phenyl)-1-oxo- | RT: 1.24
: N 2-aza-spiro[4.5]dec-7- Calcd. Mass: 396
F No o~ yll-benzamide. m/z (M+H): 397
@)
cis-3-FIu_oro-N—{2-[3-(3- Method: A
o morpholin-4-yl-propyl)- RT 1.09
134 Q\rf: N N phenyll-1-ox0-2-aza- | .4 Mass: 493
F O\) ﬁ__\ spiro[4.5]dec-7-yl}- iz (NF+HY: 494
0 0 benzamide '
F
cis-3-Fluoro-N-[2-(3- )
QO\ fluoro-5-methoxy- :\Q/I.Ie._tqogéA
135 H o Oy phenyl)-1-oxo-2-aza- Calcd. Mass: 414
F N, H spiro[4.5]dec-7-yl]- miz (M+H): 415
o benzamide '
¢is-3-Fluoro-N-{1-oxo-2- )
o OH@ [3-(2-0x0-2-pyrrolidin-1- g'?_tqog;jA
136 E N o) yl-ethoxy)-phenyl]-2- Calcd. Mass: 493
F “ : aza-spiro[4.5]dec-7-yl}- miz (M+H): 494
o) benzamide '
F cis-Thiaz_oIe-?- Method: A
0 Q carboxylic acid [2-(3- ) ;
137 (/\/S E N fluoro-phenyl)-1-oxo-2- gzl.cjjsl\s;lass 373
NJﬁr “ aza-spiro[4.5]dec-7-yl]- m/z (M+H)' 3;74
0] amide '
\
N— .
cis-N-[2-(4- Method: A
Dimethylamino-phenyl)- RT 1 4'2
138 H Oy y 1-oxo-Z-aza- Calcd. Mass: 409
N, spiro[4.5]dec-7-yl]-3- miz (M+H): 410
F ‘ fluoro-benzamide '
@]
AN
S);R ¢is-3-Fluoro-N-(1-oxo-2- | Method: A
139 H Oy thiazol-2-yl-2-aza- RT: 1.21
E N., : spiro[4.5]dec-7-yl)- Calcd. Mass: 373
z O\) benzamide m/z (M+H): 374
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Calcd. Mass: 329 mlz (MrH): 330 156 I N FChiral \)( F -NF

6- Met hyl - pyri di ne-2- carboxylic acid[(5R, 7R)-1-0x0- 2-(2-trifluoronethyl -
pyri m di rwo-2911)053575aza- spi ro[ 4. 5] dec- 7- ylFam de Met hodPCT/URT010056944 Cal cd.
Mass: 432 mz (mrH): 433 157 1. NITI 3-Fluoro-N[2-(1- nethyl-piperidin-4-
yl)-1-o0xo0-2-aza- spiro[4.5]dec-7-yl]- benzam de

Example STRUCTURE CHEMICAL NAME LC-MS
2 N is-Thiazole-2
Q — cls- 1hiazole-z- Method: A
N H 0 N carboxylic _ac_ld_ [(2-(2- RT: 105
140 (/\Jﬁ(l{l N methyl-pyrimidin-4-yl)-1- Caled. Mass: 371
S ¢ oxo-2-az_a-sp|ro[4.5]dec- miz (M+H): 372
0] 7-yl]-amide
F cis-2-Methyl-pyrimidine-
Do\ 4-carboxylic acid [2-(3- | Method: A
141 NZ H O fluoro-5-methoxy- RT: 1.30
o N N phenyl)-1-oxo-2-aza- Calcd. Mass: 412
N spiro[4.5]dec-7-yl]- m/z (M+H): 413
O amide
F
=N c¢is-N-[2-(3-Cyano-5- Method: A
142 H O - fluoro-phenyl)-1-oxo-2- | RT: 1.44
Q/N N aza-spiro[4.5]dec-7-yl]- Calcd. Mass: 409
F 3-fluoro-benzamide m/z (M+H): 410
(0]
F
cis-Thiazole-2- .
QF carboxylic acid [23,5 | merqsh
143 (/\{\1 H O N difluoro-phenyl)-1-oxo- | - . 5 204
S N 2-aza-spiro[4.5]dec-7- ) A
; m/z (M+H): 392
o yll-amide
F
cis-2-Methyl-thiazole-4- .
\ QF carboxylic acid [23,5 | mer a5’
144 =N H O difluoro-phenyl)-1-oxo- .
S - N ; Calcd. Mass: 405
\/%(N 2-aza-_sp|ro[4.5]dec-7- miz (M+H): 406
yll-amide
O
F
F cis-Pentanoic acid [2- Method: A
145 H O (3,5-difluoro-phenyl)-1- RT: 1.43
N N 0oxo-2-aza-spiro[4.5]dec- | Calcd. Mass: 364
7-yll-amide m/z (M+H): 365
o
F cis-N-[2-(3,5-
Difluoro-phenyl)}-1- | Method: A
146 T F _ Oxo-2-aza- RT: 1.30
N N spiro[4.5]dec-7-yll- | Calcd. Mass: 350
butyramide m/z (M+H): 351
(0]

153




Met hod: C RT: 0.84, 0.87 Calcd. Mass: mz (m+H): 388 158 i.
3-Fluoro-N-[2-(1- nethyl-1H pyrazol- 3-yl)-1-oxo0-2-aza-
spi ro[ 4. Syv0eot1sgp- benzam de Method: C RT: 1. 14 Cal cdPCVHES20108F0541 z

NITI o

(mtH): 371 159 NH )NThr O Chiral 4 2-Methyl-6-0x0-1, 6- di hydro-pyrimdine-
4-carboxylic acid [(5R 7R)-2-(3,5- difluoro-phenyl)-1-
Example STRUCTURE CHEMICAL NAME LC-MS
/N Chiral 3-Fluoro-N-
Q - [(6R7R)-2-2- | Method: C
147 Ho Oy § N methyl-pyrimidin-4- | RT: 1.21
. N yh)-1-oxo-2-aza- Calcd. Mass: 382
o spiro[4.5]dec-7-yl]- | m/z (M+H): 383
benzamide
N Chiral 3-Chloro-N-[(3R,
@ H— 7R)-2-(2-methyl- | Method: C
148 H O N N pyrimidin-4-yl)-1- RT:1.32
ol N oxo-2-aza- Calcd. Mass: 398
S spiro[4.5]dec-7-yl]- | m/z (M+H): 399
benzamide
N cis 5-Fluoro-
7\ pyridine-2- .
F QNF carboxylic acid [(2- Mthod. C
149 AR (2-methyl-pyrimidin- | ~1: 1.28
Sy 4-yl)-1-0X0-2-aza- Calcd. Mass: 383
o spiro[4.5]dec-7-yl]- m/z (M+H): 384
amide
N F cis-3-Fluoro-N-[1-
Q —F ox0-2-(2- Method: C
150 H Oy © F trifluoromethyl- | RT: 1.48
. N., pyrimidin-4-yl)-2- Calcd. Mass: 436
5 aza-spiro[4.5]dec-7- | m/z (M+H): 437
yl]-benzamide
N cis-N-[2-(2,6- .
£\>— Dimethyl-pyrimidin- Mthod. C
151 H © N 4-yl)-1-oxo-2-aza- RT.: 1.34
/@(N N spiro[4.5]dec-7-yl] Calcd. Mass: 396
F ; . ==yl .
o O\) 3-fluoro-benzamide m/z (M+H): 397
JN\  Chiral 3-Methyl-N-[(5R,
Q \ 7R)-2-(2-methyl- | Method: C
152 H 0 N N pyrimidin-4-yl)-1- RT:1.24
N oxo-2-aza- Calcd. Mass: 378
5 spiro[4.5]dec-7-yll- | m/z (M+H): 379
benzamide
7 H o/ cis-3-Fluoro-N-(2- Method: C
153 Mo N methyl-1-oxo-2-aza- | RT: 1.03
N O\) spiro[4.5]dec-7-yl)- | Calcd. Mass: 301
© benzamide m/z (M+H): 302
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0X0- 2-aza- spiro[4.5]dec-7- yl]am de Method: C RT: 1.15 Cal cd. WMass:

mz ( MtH)

416

417 Exanpl es 160-162 may be nade via the processes outlined in

Schenme 23wbenaias3s7som conpound 23, which can be nmade fr ecTriSduos®mns of
commerci al ly avail abl e 5- hydroxyi sophthalic acid (conpound 22) via the
process of step a outlined in Schene 6,
be made via the processes outlined in Schenme 19 herein from 5conpound 41

supr a.

Exanmpl es 163-177 may

(R2 = 3-fluorophenyl or 3,5- dlfluorophenyl or 4- quorophenyI) whi ch may be
WO 2011 Z4—Tmade vig the processes outtimed 7m Schene 8
herein |fF @6E§:rciallsTnueTum@le 4- oxacy cHememnRAmE3- ¢i canfoomsg! i ¢ jaci d
di met hyl _eSPer |(compound 32). Exanples 178-201 may be made via the
processes outlijned in Scheme 20 herein filrom A9 =
3-fl uorlophenyl for 3, 5{di]f | lor Sphényl or |4- flggggg N IR, Gan bel 5
made vila tH% priocesses NPEE?VPn_SChene 94 ﬁﬁ@SﬁeEfQﬁl CeaROUMLs S 15Whi ch
can be |readily [made by es®er cati on of connem&t gy~ avad/ami@): 316
cycl ohgxane-1,3-dicarboxylic acid (conpgund 7) via the process of step a
outlingd in Scheme 4, supra. Table pothg;gewggmp@yndmeﬁ%@mple No
STRUCTURE CHEM |CAL NAFE) 160 @u@/ 41F K Pypigdiinesxd-2caaboxy! 1 80 aci d [[9-
f1 uor o-[2- (¥5f | Uor o- ?::Fykhyl 1- 9x0- 2pRgasEpd-7-9)-4 | Bhicdatas-3pbFani de
benzamide m/z (M+H): 330
N Chiral 6-Methyl-pyridine-2-
F ra carboxylic _
acid[(5R.7R)-1-0xo- ';{"?_tqogf
156 /ijiljr ¥: 2-(2-trifluoromethyl- | - 1O a0
pyrimidin-4-yl)-2- ' o
aza-spiro[4.5]dec-7- m/z (M+H): 433
yll-amide
/
N 3-Fluoro-N-[2-(1- }
methyl-piperidin-4- gl.?_t%og"lco 87
157 Ho Oy N y)-1-oxo-2-aza- | . Cr O
F NOE) spirol4.5ldec-7-yll- | o v H): 388
o benzamide
AN 3-Fluoro-N-[2-(1- .
4y O Q\l methyl-1H-pyrazol- II\Q/I_Ie_.th10(11‘.10
158 F/@\'('I“ N 3-yl)-1-o>:jo-2-$zal\- Calcd. Mass: 370
I spirold.Sldec 7yl 1 iz (M+H): 371
2-Methyl-6-oxo-1,6-
R Chiral dihydro-pyrimidine-
o) 4-carboxylic acid Method: C
159 " 4 o [(5R,7R)»-2-(3,5- | RT:1.15
)\\ | N N difluoro-phenyl)-1- | Calcd. Mass: 416
N OXxo-2-aza- m/z (M+H): 417
o spiro[4.5]dec-7-
yllamide
Examples 160-162 may be made via the processes outlined in Scheme 23 herein from
compound 23, which can be made from reduction of commercially available 5-hydroxy-
isophthalic acid (compound 22) via the process of step a outlined in Scheme 6, supra.
Examples 163-177 may be made via the processes outlined in Scheme 19 herein from
5 compound 41 (R” = 3-fluorophenyl or 3,5-difluorophenyl or 4-fluorophenyl), which may be
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161 HBC NN O * CF 2-Methyl -pyri m di ne-4- carboxylic acid

[ 2- (3, 5-difluorophenyl)-9-fluoro-9-nethyl-1- oxo-2-aza-spiro

[ 4. 5] dec-woydit/0sa3msde 162 H3C N N O F CH3 2- Met hyl - pyri mCatiusee14/0548s boxyl i c

acid [9-fluoro-2-(4- fluoro-phenyl)-9-nethyl-1-o0x02-aza-spiro[4.5]dec-7-y1F

amde 163 O F F o I/ Pyridine-2-carboxylic acid [8, 8-

di fl uoro-2-(3-fluoro-phenyl)-1- oxo-2-aza-spiro[4.5]dec-7-y1F amde 164 N
made via the processes outlined in Scheme 8 herein from commercially available 4-oxo-

cyclohexane-1,3-dicarboxylic acid dimethyl ester (compound 32).

Examples 178-201 may be made via the processes outlined in Scheme 20 herein from
compound 49 (R? = 3-fluorophenyl or 3,5-difluorophenyl or 4-fluorophenyl), which can be
5 made via the processes outlined in Scheme 9 herein from compound 8, which can be readily
made by esterification of commercially available cyclohexane-1,3-dicarboxylic acid

(compound 7) via the process of step a outlined in Scheme 4, supra.

Table 2: Hypothetic compounds

Example

No STRUCTURE CHEMICAL NAME
F e . .
P o Q Pyridine-2-carboxylic acid [9-
160 < MK N fluoro-2-(3-fluoro-phenyl)-9-
N methyl-1-oxo-2-aza-spiro[4.5]
O .
e dec-7-yll-amide

2-Methyl-pyrimidine-4-
carboxylic acid [2-(3,5-difluoro-
phenyl)-9-fluoro-9-methyl-1-
0Xx0-2-aza-spiro [4.5]dec-7-yl]-
amide

o
N/| H 05N
161 HSCJ\\Q\(N
0
H,CF

2-Methyl-pyrimidine-4-

162

carboxylic acid [9-fluoro-2-(4-
fluoro-phenyl)-9-methyl-1-oxo-
2-aza-spiro[4.5]dec-7-yl]-
amide

163

Pyridine-2-carboxylic acid [8,8-
difluoro-2-(3-fluoro-phenyl)-1-
0xo0-2-aza-spiro[4.5]dec-7-yl]-
amide

164

Pyridine-2-carboxylic acid [8-
fluoro-2-(3-fluoro-phenyl)-1-
0xo0-2-aza-spiro[4.5]dec-7-yl]-
amide
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F o Pyridine-2-carboxylic acid [8- fluoro-2-(3-fluoro-phenyl)-1-

0X0- 2-aza-spirof[4.5]dec-7-yl]- am de Exanpl e No STRUCTURE CHEM CAL NAME
165 OHOwWOR011R#8I7di ne- 2- car boxylic acid [2- (3-fl uoro- phErpk)ro®sd4egdr oxy- 1-
0X0- 2- aza-spiro[ 4. 5] dec-7-yl]- amde 166 O F Pyridine-2-carboxylic acid
[8- fluoro-2-(3-fluoro-phenyl)-8- nethyl-1-o0xo-2-aza-spiro[4.5]
dec-7-yl]-am de 167 1 HO

Example STRUCTURE CHEMICAL NAME
QF Pyridine-2-carboxylic acid [2-
7 0 (3-fluoro-phenyl)-8-hydroxy-1-

165 Y l Hjijt; oxo-2-aza-spiro[4 .5]dec-7-yl]-
S amide

QF Pyridine-2-carboxylic acid [8-
166 N« Oy fluoro-2-(3-fluoro-phenyl)-8-
>\ N methyl-1-oxo-2-aza-spiro[4.5]
o Fﬁ) dec-7-yl]-amide

QF Pyridine-2-carboxylic acid [2-
167 ] . O8N (3-fluoro-phenyl)-8-hydroxy-8-
ﬁ) methyl-1-oxo-2-aza-spiro[4.5]

dec-7-yll-amide

QP 2-Methyl-pyrimidine-4-
NP o) carboxylic acid [2-(3,5-difluoro-
168 Y CJ\\N N \ phenyl)-8,8-difluoro-1-oxo-2-
’ O aza-spiro[4.5]dec-7-yl]-amide
F
F
QF 2-Methyl-pyrimidine-4-
NZ Y carboxylic acid [2-(3,5-difluoro-
169 HBC)\\N A \ phenyl)-8-fluoro-1-oxo-2-aza-
0. spiro[4.5]dec-7-yl]-amide
" 2-Methyl-pyrimidine-4-
Q—F carboxylic acid [2-(3,5-difluoro-
170 N O8N phenyl)-8-fluoro-8-methyl-1-
Hzc)\\N N 0Xx0-2-aza-spiro [4.5]dec-7-yl]-
OF amide
H,C
f 2-Methyl-pyrimidine-4-
QF carboxylic acid [2-(3,5-difluoro-
171 )N: 1 - RN, phenyl)-8-hydroxy-8-methyl-1-
HC™ N Nﬁ) 0xo0-2-aza-spiro[4.5]dec-7-yl]-
! 1 amide
F
. 2-Methyl-pyrimidine-4-
172 NF o carboxylic acid [2-(3,5-difluoro-
Lo IR N phenyl)-8-hydroxy-1-oxo-2-
’ & aza-spiro[4.5]dec-7-yl]-amide
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CH,

nmet hy1l- 1- oxo- 2- aza-spiro[ 4 . 5]

Pyri di ne- 2-carboxylic acid [ 2-

2- Met hyl -wor2oniadsive- 4- car boxylic acid

(3-fl uoro-phenyl)- 8- hydroxy- 8-
dec-7-yl]-am de 168 N H3CN o 11
PCT/US2010/054054

[ 2-(3,5-difluorophenyl)-8, 8-di fl uoro-1-o0xo-2- aza-spiro[4.5]dec-7-ylFam de

169 N H3CN 11 2-Methyl-pyrim dine-4- carboxylic acid

[ 2- (3, 5-di fluorophenyl)-8-fl uoro-1-oxo-2-azaspiro[4.5]dec-7-ylFam de 170 N

H3C N O F H3C 41 2-Methyl-pyrimdine-4- carboxylic acid

[2-(3,5-difl
[4.5]dec-7-y

"

SHIE
Ngm ((

e

STRUCTURE

y1)=8-ftuoro-8-nethyt-1- oxXo-2-aza-SpiTo

CHEMICAL NAME

173

F

Z OQ
JN\| H N
X N
HC™ N
(o]
it
F

2-Methyl-pyrimidine-4-
carboxylic acid [8,8-difluoro-2-
(4-fluoro-phenyl)-1-oxo-2-aza-
spiro[4.5] dec-7-yl]-amide

174

2 (o) Q
)N\ | H N
X N
HC™ N
O

2-Methyl-pyrimidine-4-
carboxylic acid [8-fluoro-2-(4-
fluoro-phenyl)-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide

175

F

2 o] Q
)N\| H N
X N
HLC™ N
OF
H,C

2-Methyl-pyrimidine-4-
carboxylic acid [8-fluoro-2-(4-
fluoro-phenyl)-8-methyl-1-oxo-
2-aza-spiro[4.5]dec-7-yl]-
amide

176

F

&

< (o]
SN
H,C” N
OHO

2-Methyl-pyrimidine-4-
carboxylic acid [2-(4-fluoro-
phenyl)-8-hydroxy-1-oxo-2-
aza-spiro[4.5]dec-7-yl]-amide

177

2-Methyl-pyrimidine-4-
carboxylic acid [2-(4-fluoro-
phenyl)-8-hydroxy-8-methyl-1-
0xo0-2-aza-spiro[4.5]dec-7-yl]-
amide

178

Pyridine-2-carboxylic acid [4,4-
difluoro-2-(3-fluoro-phenyl)-1-
0xo0-2-aza-spiro[4.5]dec-7-yl]-
amide

179

Pyridine-2-carboxylic acid [4-
fluoro-2-(3-fluoro-phenyl)-1-
0xo0-2-aza-spiro[4.5]dec-7-yl]-
amide

180

Pyridine-2-carboxylic acid [2-

(3-fluoro-phenyl)-4-hydroxy-1-
0xo0-2-aza-spiro[4.5]dec-7-yl]-
amide
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171 N H3CN 0 41 F 2- Met hyl

-pyrimdi ne-4-

carboxylic acid

[ 2- (3, 5-di fluorophenyl)- 8- hydroxy-8-nethyl-1-

0X0- 2- azawephria54375] dec- 7-y1] -
-pyrimdi ne-4-
[ 2- (3, 5-di fl uorophenyl)-8-hydroxy-1-oxo0-2- aza-spiro[4.5]dec-7-ylFam de

2- Met hyl

carboxylic acid

am de 172 H3C N OHO F

Exampl e No STRUCTURE CHEM CAL NAME 173 Hp N N

Example STRUCTURE CHEMICAL NAME
Q—F Pyridine-2-carboxylic acid [4-
181 o O fluoro-2-(3-fluoro-phenyl)-4-
N N\()tz methyl-1-oxo-2-aza-spiro[4.5]
o o CH; dec-7-yl]-amide
QF Pyridine-2-carboxylic acid [2-
182 7 H O\ (3-fluoro-phenyl)-4-hydroxy-4-
Sy K methyl-1-oxo-2-aza-
o OHCHs spiro[4.5]dec-7-yl]-amide
F
2-Methyl-pyrimidine-4-
183 ~ o F carboxylic acid [2-(3,5-difluoro-
)N;j\'rn N phenyl)-4,4-difluoro-1-oxo-2-
HC™ N i . aza-spiro[4.5]dec-7-yl]-amide
F
F
QP 2-Methyl-pyrimidine-4-
NP o) carboxylic acid [2-(3,5-difluoro-
184 " CJ\\N LK \ phenyl)-4-fluoro-1-oxo-2-aza-
’ o) ! spiro[4.5]dec-7-yl]-amide
F
2-Methyl-pyrimidine-4-
7 carboxylic acid [2-(3,5-difluoro-
185 /j\'( phenyl)-4-fluoro-4-methyl-1-
0Xx0-2-aza-spiro [4.5]dec-7-yl]-
amide
F 2-Methyl-pyrimidine-4-
QF carboxylic acid [2-(3,5-difluoro-
186 )N: 1 O N phenyl)-4-hyd_roxy-4-methyl-1-
HC™ SN N\(jtz 0xo0-2-aza-spiro[4.5]dec-7-yl]-
° L S amide
F
- 2-Methyl-pyrimidine-4-
187 N7 o carboxylic acid [2-(3,5-difluoro-
J MK N phenyl)-4-hydroxy-1-oxo-2-
e aza-spiro[4.5]dec-7-yl]-amide
OH
F
Q 2-Methyl-pyrimidine-4-
N7 0 carboxylic acid [4,4-difluoro-2-
188 HSCJ\\N LK \ (4-fluoro-phenyl)-1-oxo-2-aza-
o) e spiro[4.5]dec-7-yl]-amide

159
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2- Met hyl - pyrim di ne-4- carboxylic acid [8, 8-difluoro-2-

(4-fl uoro-phenyl)-1-o0oxo0-2-azaspiro[4.5] dec-7-ylFam de 174 H3C N N

2- Met hyl| -woroni/ads3ré- 4- carboxylic acid [8-fluoro-2-(4- PCT/US2010/054054

fl uor o- phenyl ) - 1- oxo- 2- azaspi ro[ 4. 5] dec- 7-ylFam de 175 N H3C N O F H3c

2- Met hyl - pyri m di ne-4- carboxylic acid [8-fluoro-2-(4-

fl uoro-phenyl) -8-net hyl - 1- oxo2- aza-spiro[ 4. 5] dec-7-yl]- amde 176 N H3C N
OHO

Exa;\lrgple STRUCTURE CHEMICAL NAME

2-Methyl-pyrimidine-4-
carboxylic acid [4-fluoro-2-(4-

)N\/| TR N fluoro-phenyl)-1-oxo-2-aza-
HC™ N N\[jte spiro[4.5]dec-7-yl]-amide
O
F

F

189

2-Methyl-pyrimidine-4-
carboxylic acid [4-fluoro-2-(4-

190 N 0 Q fluoro-phenyl)-4-methyl-1-oxo-
HSCJ\\N N 2-aza-spiro[4.5]dec-7-yl]-
o} £ CH,

amide

F
2-Methyl-pyrimidine-4-
carboxylic acid [2-(4-fluoro-

200 NZ 0
S N phenyl)-4-hydroxy-1-oxo-2-
HC™ N T aza-spiro[4.5]dec-7-yl]-amide
OH

F

2-Methyl-pyrimidine-4-
Q carboxylic acid [2-(4-fluoro-
201 )N\’ 1w O\ N phenyl)-4-hyd_roxy-4-methyl-1-
HE” SN N\(jtg OXx0-2-aza-spiro[4.5] dec-7-yl]-
o} L CH, amide

4. Pharmacological Evaluation of Compounds of the Invention

Compounds of the present invention have been tested in vitro and in vivo, and can be tested

in vitro and in vivo, in the assays as described below.
In vitro Assays

5 Radioligand binding assavs

Binding assays were performed as described in [J. A. O’Brien et al. Mol Pharmacol., 2003,
64, 731-740] with slight modifications. Briefly, after thawing, the membrane homogenates
were resuspended in 50 mM Tris-HCl, 0.9% NaCl binding buffer at pH 7.4 to a final assay
concentration of 40 ug protein/well for ['H] 2-methyl-6-phenylethynyl-pyridine ([*H] MPEP)
10 (American Radiolabeled Chemicals, Inc., St. Louis, MO) filtration binding. Incubations
included 5 nM [’H] MPEP, membrancs and cither buffer or varying concentrations of

compound. Samples were incubated for 60 min at room temperature with shaking. Non-
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2- Met hyl - pyri m di ne-4- carboxylic acid

[ 2- (4-fl uorophenyl)-8-hydroxy- 1- oxo-2- aza-spiro[4.5]dec-7-ylFam de 177 H3C
N N H CH3woO2eNMstskyzs- pyri m di ne-4- carboxylic acid PCT/US2010/054054

[ 2- (4-fluorophenyl) - 8- hydroxy-8-net hyl - 1- oxo-2-aza-spiro[4.5]dec-7-yl]-

am de 178 O F F F Pyridine-2-carboxylic acid [4,4-

di fl uoro-2-(3-fluoro-phenyl)-1- oxo-2-aza-spiro[4.5]dec-7-yl]- amde 179 O
F Pyridine-2-carboxylic acid [4- fluoro-2-(3-fluoro-phenyl)-1-

0X0- 2- aZ%fe%ﬁécrﬁk&ng]xgﬁcde%ﬁ%!i heie P ?ﬁ/ﬁ NN O frer incubation, samples were filtered
over a GF/C filter (presoaked in 0.25% polyethyleneimine (PEI)) and then washed 4 times
using a Tomtec® Harvester 96° Mach III cell harvester (Tomtec, Hamden, CT) with 0.5 mL

ice-cold 50 mM Tris-HCI (pH 7.4).

5 ICso values were derived from the inhibition curve and K; values were calculated according
to the Cheng and Prusoff equation of K; = ICs¢/ (1+ [L])/Kq4) described in [Y. Cheng and
W.H. Prusoff Biochem. Pharmacol. 1973, 22, 3099-3108] where [L] is the concentration of
radioligand and Kj is its dissociation constant at the receptor, derived from the saturation
isotherm. The K; value for Examples 2, 4, 5, 23, and 25 were 250 nM, 74, 95, 190, 130,
10 respectively.

Calcium mobilization assay to test for negative or positive allosteric activity

The cDNA for rat metabotropic glutamate receptor 5 (rmGluRS5) and the cDNA for human
metabotropic glutamate receptor 5 (hmGluR5) were generous gifts from S. Nakanishi (Kyoto
University, Kyoto, Japan). The rmGIuR5 or hmGluR5 was stably expressed in a HEK 293
15 cell line and grown in Dulbecco's Modified Eagle Medium (DMEM) (Invitrogen, Carlsbad,
CA) with supplements (10% bovine calf serum, 4 mM glutamine, 100 units/mL penicillin,
100 ug/mL streptomycin and 0.75mM G1418) at 37 °C, 5% CO,. Twenty-four hours prior
to assay, cells were seeded into 384-well black wall microtiter plates coated with poly-D-
lysine. Just prior to assay, media was aspirated and cells dye-loaded (25 uL/well) with 3 uM
20 Fluo-4/ 0.01% pluronic acid in assay buffer (Hank’s Balanced Saline Solution (HBSS)): 150
mM NaCl, 5 mM KCL, 1 mM CaCl,, 1 mM MgCl,, plus 20 mM N-2-
Hydroxyethylpiperazine-N’-2-cthanesulfonic acid (HEPES), pH 7.4, 0.1% bovine serum
albumin (BSA) and 2.5 mM probenicid) for 1 hour in 5% CO, at 37 °C. After excess dye
was discarded, cells were washed in assay buffer and layered with a final volume equal to 30
25 uL/well. Basal fluorescence is monitored in a fluorometric imaging plate reader (FLIPR)
(Molecular Devices, Sunnyvale, CA) with an excitation wavelength of 488 nm and an
emission range of 500 to 560 nm. Laser excitation energy was adjusted so that basal
fluorescence readings were approximately 10,000 relative fluorescent units. Cells were
stimulated with an EC,, or an ECgy concentration of glutamate in the presence of a

30 compound to be tested, both diluted in assay buffer, and relative fluorescent units were
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.F OH Pyridine-2-carboxylic acid [2- (3-fluoro-phenyl)-4-hydroxy-1-
0X0- 2-aza-spiro[4.5]dec-7-yl]- am de Exanpl e No STRUCTURE CHEM CAL NANME
181 0 WOHp11RpBsi7di ne- 2- carboxylic acid [4- fl uoro-2-( Bclusorionpteenyl ) - 4-
met hyl - 1- oxo- 2-aza-spi ro[4 .5] dec-7-ylFam de 182 N O 41 CH OH
Pyri di ne- 2-carboxylic acid [2- (3-fluoro-phenyl)-4-hydroxy-4-
nmet hyl - 1- oxo- 2- azaspi ro[ 4. 5] dec- 7- y1lFam de
measured at defined intervals (exposure = 0.6 sec) over a 3 min period at room temperature.
Basal readings derived from negative controls were subtracted from all samples. Maximum
change in fluorescence was calculated for each well. Concentration-response curves derived
from the maximum change in fluorescence were analyzed by nonlinear regression (Hill
5 equation). A negative modulator can be identified from these concentration-response curves
if a compound produces a concentration dependent inhibition of the ECs, glutamate response.
Exemplified compounds Examples 1-57 were tested in the above assay for negative allosteric
modulation using rmGIluRS: FLIPR maximum inhibition ranged 81% to 99% while FLIPR
ICso ranged from 2.2 nM to 5100 nM. Examples also were tested in the above assay using
10 hmGluR5: for Examples 58-96, FLIPR maximum inhibition ranged from 73% to 95%, while
FLIPR ICsy ranged from 3.3 nM to 500 nM; and for Examples 97-99, FLIPR maximum
inhibition ranged from 88% to 93%, while FLIPR ICs, ranged from 4.3 nM to 440 nM. For
examples 100-160, FLIPR maximum inhibition ranged from 47% to 93%, while FLIPR ICs,

ranged from 4.3 nM to 440 nM.

15 A positive modulator (PAM) can be identified from these concentration-response curves if a

compound produces a concentration dependent increase in the EC,, glutamate response.

A silent allosteric modulator (SAM) can be identified based on results from both the
radioligand assay and the calcium mobilization assay. If a compound actively binds to an
allosteric site of the receptor based on the radioligand assay, but has no measurable intrinsic

20 efficacy in the calcium mobilization assay, the compound is a SAM.
In vivo Assays

Example 5 exhibited statistically significant in vivo anxiolytic effect at 30 mpk (sc) in a
mouse marble burying (mMB) assay similar to that described in [K. Njung'c, K. and S.L.

Handley, Pharmacology, Biochemistry and Behavior, 1991, 38, 63— 67]. See Figure 1.

25 More specifically for the mMB testing, adult, male CD1 mice (Charles River Laboratories
(Kingston, NY)), weighing 25 to 30 g, were used. All animals were group-housed in a
standard colony room with a 12:12 light/dark cycle (lights on at 6:00 am) for at least one
week prior to testing. Food and water were provided ad libitum. Animals were weighed, tail

marked, and randomly assigned to treatment groups before testing.
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183 N H3c 11 2- Met hyl - pyri m di ne-4- carboxylic acid

[ 2- (3, 5-difluorophenyl)-4,4-difluoro-1-o0xo-2- aza-spiro[4.5]dec-7-ylFam de
184 N H3GMoQo112053375Met hyl - pyri m di ne- 4- carboxyl i c aci dPCT/US2010/054054

[ 2- (3, 5-difl uoro-phenyl)-4-fluoro-1-o0x0-2-aza-spiro[4.5]dec-7-ylFam de 185
N H3cN O FN H3 2- Met hyl - pyri m di ne-4- carboxylic acid

[ 2- (3, 5-difluorophenyl)-4-fluoro-4-nethyl-1- oxo-2-aza-spiro
[4.5]dec-7-yl]- am de 186 N HpN O

For each test, sixty minutes after the injection of vehicle or test compound, or 30 min after
injection of the positive control, buspirone, mice were individually placed into test cages
containing 1.5 in of Aspen bedding (PWI brand) and two rows of 10 marbles (20 marbles per
test cage total). Filter tops were used to cover each test cage. Thirty minutes later, mice
5 were removed from test cages and returned to their home cages. The number of fully visible
marbles (less than 2/3 covered with bedding) were counted and subtracted from 20 to arrive

at the number of marbles buried. Twelve mice were tested per group.

Testing included multiple tests with each test performed to evaluate buspirone hydrochloride

(BUS; Sigma Aldrich) (positive control) and/or a compound of formula (I). Each compound
10 was dissolved immediately prior to testing in 20% beta-cyclodextrin (compound of formula

(D) or distilled water (BUS) and administered at one or more doses (such as 3, 10, and/or 30

mg/kg) via subcutaneous (SC) or intraperitoneal (IP) injection at the indicated pretreatment

times (i.e., 30, 60, or 120 min pretreatment). Doses were measured in mg drug (salt form)

per kg body weight. Data was analyzed using one-way ANOVA with post-hoc Dunnett’s
15 test.

Anxiolytic effect in vivo can also be tested via a modified Geller-Seifter conflict test
described in [N.A. Moore et al. Behavioural Pharmacology. 1994, 5, 196-202]. For
example, more specifically, rodent operant chambers (ENV-007CT, Med Associates Inc.
(Georgia, VT)) and sound-attenuating chambers (ENV-018MD, Med Associates Inc.) are
20 used and each chamber is equipped with a house light, cue lights, grid floor to deliver foot
shocks via a programmable shocker, (ENV-414, Med Associates, Inc.) and food hopper. Two
levers are located on either side of the food hopper. Rats are trained to only respond on the
left lever. Food reinforcement is used (e.g., Dustless Precision Pellets, 45 mg, BioServ,
(Frenchtown, NJ)). MED-PCIV software (Med Associates) is used to run experimental

25 sessions and collect data.

Prior to beginning the Conflict procedure, animals are initially trained to lever press on fixed
ratio schedules (FR 1, 2, 5, and 10). Once animals obtain 25 rewards on a FR 10 schedule for
2 consecutive days, animals begin training on a three component Conflict schedule. The three
components are as follows: (1) an unpunished, variable interval 30 s (VI30) schedule of food

30 reinforcement to reinforce lever pressing on a variable time schedule that averages 30 s; this
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* CH3 HO 2- Met hyl -pyri m di ne-4- carboxylic acid

[ 2- (3, 5-di fluorophenyl)-4-hydroxy-4-nethyl-1 -

0XO0- 2- azawepnriaf5d375] dec- 7-y1F am de 187 N H3C N 0 11 OPCT/US2010/054054

2- Met hyl - pyri m di ne-4- carboxylic acid

[ 2- (3, 5-di fl uorophenyl)-4-hydroxy-1-oxo-2- aza-spiro[4.5]dec-7-ylFam de 188
H3C NN O 2-Mthyl-pyrimdine-4- carboxylic acid [4,4-difluoro-2-
(4-fluoro-phenyl)-1-oxo-2-azaspiro[4.5]dec-7-ylFam de WO

20117 05334 RAGH P60 3P Pt ARl s NPenaREB TR SAEM Ak MMouse tight

only; (2) immediately following is a 3 minute time out period (TO) that is signaled by total
darkness; responding is recorded but is neither rewarded nor punished; (3) a punished, fixed
ratio 10 (FR10) schedule of reinforcement that simultaneously presents food and foot shock
5 (0.3 mA, 500 ms) on every tenth lever press during a 3 minute period; this component is
signaled by illumination of the rear house light and cue lights above each lever. These three

components are repeated twice in the same order during the daily 30 minute session.

Testing begins when stable rates of responding are observed for 5 days (no significant trends
up or down). Animals are tested using a Latin-squares design, on, e.g., Wednesdays and
10 Fridays. Animals serve as their own controls and received all treatments. To maintain

baseline performance, animals are also trained the remaining three weekdays.

Testing is performed using 12 adult, male Sprague-Dawley rats, weighing 426-567 g
(Charles River Laboratories (Kingston, NY)). Animals are pair-housed in colony rooms
maintained at controlled temperature (68-72°F) and a 12-h light/dark cycle (lights on 06:00).
15 Animals are given free access to water, while food is limited to 15 g of Bacon Lover’s Treats
(BioServ) after training/testing Monday through Thursday. Friday through Sunday, animals
have free access to Lab Diet 5012 Rat Diet (PMI Nutrition International, LLC, Brentwood,

MO) until cages are changed and food removed on Sunday.

Testing includes multiple tests where each test is performed to evaluate either a reference
20 compound or a compound of formula (I). Reference anxiolytics can include
chlordiazepoxide, diazepam and buspirone, which are dissolved in saline or water and
administered via sc, ip, and/or p.o. Test compounds are dissolved in 20% beta-cyclodextrin,
and the pH is adjusted to 7 with NaHCOs. For each test, the compound to be evaluated is
tested at one or more doses (such as 10, 20, 30 and/or 50 mg/kg) via p.o. administration 60
25 minutes before the test using an injection volume of 2 mL/kg in comparison with a vehicle
control group. Doses are measured in mg drug (salt form) per kg body weight. Data is

analyzed using Repeated Measures ANOVA with post-hoc Dunnett’s test.

The “Vogel Conflict Test” as described by Vogel et al. [Psychopharmacologia, 1971, 21, 1-

7] was used to detect anxiolytic activity of a compound of formula (I) because anxiolytics
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increase punished drinking. In the test, rats were deprived of water for approximately 48
hours and were then placed individually into a transparent Plexiglas® enclosure (15 x 32 x 34
cm) with a floor consisting of stainless steel bars (0.4 cm) spaced 1 cm apart. The back wall
of the enclosure was made of opaque Plexiglas® thereby concealing the observer from the
5 experimental animal. In the center of the opposite wall, 5 cm above the floor, a metal water
spout protruded into the cage and was connected to one pole of a shock generator (Apelex:

Type 011346). The other pole of the shock generator was connected to the metal grid floor.

The rat was left to explore until it found the water spout. Then, every time it drank, it
received a slight electric shock (1.7 mA, 1 s) 2 seconds after it started lapping. The number
10 of punished drinks was counted during a 3 minute test. The test was performed blind with 10
rats per group. Testing included multiple tests using reference compounds and a compound
of formula (I) that were prepared and administered as described below in the LES test. Male
Rj: Wistar (Hans) rats as described therein were used after acclimatization conditions were
achieved. Data was analyzed by comparing treated groups with appropriate controls using

15 unpaired Student's t tests.

Example 82 showed significant activity in the Vogel Conflict Test at 10 mpk (p.o.); and
Example 25 showed significant activity at 30 mpk (p.o.). See Figures 2 and 3, respectively.
Example 147 showed significant activity in the Vogel Conflict Test at 3, 10 and 30 mpk
(p.0.); see Figure 4.

20 Compounds of formula (I) can be evaluated in vivo for antidepressive effects. An assessment
of depression-like actions is measured using a forced swim test similar to that described in
[J.F. Cryan, et al. Neuroscience and Biobehavioral Reviews 2005, 29, 547-569.] Animals
used for testing are adult, male NIH Swiss Webster mice (Harlan Laboratories (Frederick,
MD)), weighing 22 to 24 g, which are acclimatized and housed as previously described with
25 the mice used in the mMB tests.

For the mouse Forced Swim Test (mFST), mice are individually placed into clear Pyrex®
cylinders (11 cm diameter, 16.5 cm height) containing 11 cm deep tap water {23-25 °C) sixty
min after the injection of vehicle or test compound, or 30 min after injection of the positive

control, imipramine hydrochloride (IMI; Sigma Aldrich, St. Louis, MO). Imipramine is
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2- Met hyl - pyri m di ne-4- carboxylic acid

[ 2- (4-fl uorophenyl)-4-hydroxy-4-nmethyl-1 - oxo-2-aza-spiro[4.5]

dec- 7- yl | w@i2de/058575Phar macol ogi cal Eval uati on of Conpoumd3/ustomletobnvent i on
Compounds of the present invention have been tested in vitro and in vivo,
and can be tested in vitro and in vivo, in the assays as described bel ow
In vitro Assays 5Radi ol i gand bi ndi ng assays Binding assays were perforned
as described in [J. A. OBrien et al. Ml Pharmacol., 2003, 64, 731-740]
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initially trained to lever press on fixed ratio schedules (FR 1, 2, 5, and
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days, anj i Nk ng r | J q . e
thy e cor Rl 2L PR sk Byl o RS A SPC bl SIEHOE. FOED
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his WO
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illumnation of the rear house |ight and cue I'i ghts above each | ever. These
t hree conponents are repeated twice in the sane order during the daily 30
m nut e session. Testing begins when stable rates of responding are observed
for 5 days (no significant trends up down). Aninmals are tested using a
Lati n-squares design, on, e.g., Wdnesdays and 10Fri days. Animals serve as
their own controls and received all treatnents. To maintain baseline
performance, animals are also trained the remaining three weekdays.



Testing is perforned using 12 adult, male Sprague-Dawl ey rats, wei ghing
426-567 g (Charles R ver Laboratories (Kingston, NY)). Aninmals are

pai r - houswo 20n/e58376ny roons mai ntai ned at control | ed t erpErstan@s54068- 72F)
and a 12-h light/dark cycle (lights on 06:00). 15 Aninmals are given free
access to water, while food is limted to 15 g of Bacon Lover's Treats
(BioServ) after training/testing Monday through Thursday. Friday through
Sunday, aninmals have free access to Lab Diet 5012 Rat Diet (PM Nutrition
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rag.s wer epr i of water for approximtely 48 hours and were then placed
R0 i s St

i ndi vi duai¥ VR ShEGSa transparent Plexiglas(r) enclosure (15 x 32 x 34 cnm

W|th a floor consisting of stainless steel bars (0.4 cnm) spaced.1 cm apart.
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per grou | [ est.s usin conpounds and a
CormoundipribrihAahy Py PGt & shbErbie R Aueh Rt BF Ba o RALGEs fEq
bel ow i nichiae ihEfe tsesrat ilvBragtidn and/\lﬁs&ed stiaNg3ts loat Paps sdescy b@ds tafer ehd
were used after acclimatization conditions were achieved. Data was anal yzed

by conpaiiissgor padadl fresuisseribed in Sbysrssiseti andeOdehdl 280% 854 ecriglgumpails ear
Stydent Exanpl e 82 showed significant activity in the Vogel
thz)gfl i ctgLPegEueesttea% rrpk (p.o0.); and Exanple 25 shovved 5| gnl ficant activity
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anti depressive effects. An assessment of depression-li ke actions is

nmeasur edChr@mﬁ gleBverpof sertispptaione éa thej drinking weter wapscd @sxieiybend depessiqn-ligy yan,
et al C n a eV| 0 69. ipal s
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and housed as previously described with 25the mce used in the mvB tests.
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deep tap water SIXty mn a the injection of vehicle or test
conpound30 orimB¢Es ayien f@id: est (0 echdreas tofal ambulptwn wayenatordr dllso, |t]ma kateany e

hydrochl pri.de (LM ma Al.drjch, St oui s, ram WO

00317 On 3B PEr) St B yi-air Bt OHOS SURBIEE GallnBOMly eessed
cemnoundfe'eémg (KB §fdrRBoHEAS rth@eert%ewo% Stk i MBt RSt ﬁ)odfmee itgRd can
be as described previously with m\VB tests. The percentage of time spent
floating, swimrng, and struggling ("clinbing") is measured during a 6 mn
session. Swi m sessions are video noniiQred and can be analyzed in real-tine
using the 5 Biobserve Automated FST apparatus and software (Biobserve
GrbH, Bonn, Germany). Group size can range fromtwelve to thirteen mce.
Doses are measured in ng drug (salt form per kg body weight. Data is

anal yzed usi ng one-way ANOVA with post-hoc Dunnett's test. An in vivo
effect of a corrpound of the present |nvent| on may aI so be evaI uat ed by
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enhanced startle (LES) reflex nethod as that described in [Wal ker and
Davis. Biol. 15 Psychiatry, 1997, 42, 461-471]. The startle response is a
coor di natwo 20om58%6t | on of skel etal nuscle groups in refpdseWoOsAsHi gh
intensity unexpected stinmulus. Mdst sensory nodalities can be used, but
sound is nost frequently enployed because it is easily controlled. Thus,
when a short burst of sufficient intensity occurs (e.g., 115 dB) an
involuntary startle response occurs. High light Ievels increase the startle
responsey, | t i . i not
Fequi o e AL ARG RRCRL SRl Safis 1 Joddle, Mbhef bort BoP off 1EChaE0M O,
- decr eagwcliteglot - @anhadedtdngtmacthbdic Rbhioriadityl Enpee@htly atheappanatditcotropic
consi sting of (of0) rcially avail e _soundproofed startle chanber. (e, qg.,
SRLABTM BSitgione %C%%S&Wn%é%ﬁbéﬁp?%@gﬁ%%“& Stﬁﬁorﬁe@& fsegd can
be_used: s (&XREH)TEALALroE § HSnANbrialAbRE A M NianEat €S 7BOMN Pl GfbebY
conputer 25 program (e.g., SRLABTM control Unit). Rats are placed wthin
t hé st ar Theseg haniiterwene eordmeetl iRe€CHiextfaid micei ndérge sieelghtreytnicat gath tthan

the rat, ich is attached a .base pl at e ,cont.ai nj rai auge.
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strain gauge that is proportional to the size of the novenent, i.e., the

si ze of OHeNSFand F€Tresponse. A | oudspeaker WD
2011/ 053575PCT/ US2010/ 054054 is placed directly above the rat to provide
backgr ouldswbued, 24daditli malei micA dfi(iBloOMacgraiiR 0 onicA5RMs (xhmpank)), GeHt ed

in.each startle chamber. The LES test cgnsi st. f 0- mi.nut e sessi.ons
(et e G FECTAR e egHaAcHRae 15 Biiadlfy Roat ifshnEele ior & Ratine
monutes @re, § Ger hakidndat 4 90.h @61000G-0)i 16/ AARKGLRUAD NS Ei 1P FoolCardBy Scr

i nt ensi t@rgla,s gr‘oghi%ged W t hin (([éhe cha(vnv‘geirél}1 At r%{a end of )each habi t uati on
period, freclgevarableti ons of 110 dB are presented to habituate the ani mals.
Thereafter, thrhee trial types are presented in pseudo random order, 8

ti mes eadhconipouad sf #reeinsepmnaBedr 169 Mk 5pcs elapnad showhdlubketale (1§ pegkamper 100,
105 or 110 dB startle d ring whkc{h%(ﬁo ns burst -of i.te, noi.se at 100, 105
or 110 dE% & Frags wacor s yPhicisg(4 47 lexdledeatnines fiGiddn ginking 3dist a

migut es WMrhidRured & hishtre®ed NQ4 %ﬁnﬁﬁ@aff@t_%le%iﬂlh&tﬁemleﬁ@l%_s&o&ﬁﬁccﬂﬁerone (35

appropriate rat species that can be use includes male R : Wster (Hans)
rats (180g/280. dficei’ghtelkat ofstreatimentf ast indicatedt hahgvwinide aertastednimmtiwefadlotvirgange
per test, of 50 ( vier, Le est-Saint-|lsle, France). The rats
P houl o by Raudtett SEeTr F S s Eisbat S5 TEBhiet  SHAmAT P GHEEd Sy o
before t I i : f : i ihzatd -
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| i t er at uméceapea/ grounderctftert hdmmistatibh edth fCDhe @nrticosThencowilpadntimomaiche
startle platformjs.recorded faor 40 ns. starting fromthe onset of the
sellrti e Brdemr o8 dodin O d AR TS 0anisr & IBH i b T AR TOPREY ke aver age
response_over the whole recording period, the peak response and the tine to
peak resPokd-8The startlo int NG 7 s calculated for each rat by
averaging the 8 trials of each type under dark or |ight conditions 20and
cal cul at veigele fECIper cent age i nchéél;@b@ in startle anplitude (average and peak
val ues) caused by light (LES). The tinme to peak response is a neasure of
react i onvehicte (BCME test is per fflmoretcheun® biglkmled using, e.g., 12 rats per
group. Testing includes nultiple tests where each test is perfornmed to

eval uat evéhigle{ft@Nce conpound (&t gomp@lndpBaiziepoxi de), conparative
conpound (e.g., pregabalin) and/or a conpound of the present invention. For

255examplicle BEBSt 1, a known tayd¥b@pyinde 60 as chl ordi azepoxi de and
pregabalin, is used, followed by test 2 using the md uR5 antagoni st

2- met hyl 39 d/pnapY!BHENbhe PYT ivdhfde (MPEP), and then test 3 is perforned
using a conpound”of the present invention. Alternatively, each test can be

perfornegsﬁﬁig{g&%gglcﬁm%ei N SRIR.HR é]ﬁg)tk'gon of sequentially and

concurrent ch test, the conpoun be evaluated is tested at one

or 30norg. dos such as 1. 3, 10, 30 andior 100 ng/kg) via p.o.
adni ni st?%tt%%&?f%é% Cﬂﬁ}‘?ﬁgtggonBef o' St CORPP 1% PCT/ US2010/ 054054 t he t est

in conparison with a vehicle control group. Prior to testing, test
conpounds can be tested for solubiligy by cold stirring of the highest

i ntended dose for 10 mn in distille ter. If soluble, distilled water
can serve as the vehicle. If insoluble, the test conpounds can be suspended
in 0.2% hydroxypropyl met hyl cel l ul ose (HPMC) in distilled water. Doses can
be 5 prepared as weight to volunme (WN) stock solutions and then serially
di luted (VAT) for compounds in solution or separately weighted (WN) for




For each test, data is analyzed by conparing treated groups with the
vehicle control using unpaired Student's t tests. LES in each group wll be
anal yzed w9 200m33375ng Wit hin each treated group the int@eagiusgolofsasart!| e
reacti on under dark and light conditions using paired 10Student's t tests.
Ant i depressive effect can be evaluated using the Flinders Sensitive Line
(FSL) rat in the FST and social interaction test as described in [D. H
Overstreet and G Giebel Pharmacol Bi ochem Behav., 2005, 82, 1. 223-227].

More spegd fically, s of | N 4 e tested at nultiple doses
(e.0., 1%54%1%%&,%398&%9%%%& c.tsstt E@m %@a?? ﬁ%/ll?% 20% HP- beta- 15

cycl odext r.i n_and agai nst _vehicle caontrol ...ln additi to an FSL wvehjcl
controb st TR RRPE bl SR L R SERNE T s DGO SOeeee Pl &
tested. thesthcaasRWSAS(18Rhainddybidups.ered daily by IP injection (2 ng/kg
injection volune) for 14 days. Aninmals are tested in the social interaction
and forcegl. %)%,{Iﬁgzgs,éﬁ on Day 15, 22-24 hours after the injection on Day 14,

as described in Overstreet and Giebel 2005. Six to eight animls per
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of corticosterqgne in the drinking water, causes anxiety- and

depr essi Jfi-N17968 BePRRASH? ally I & aPfFe OnErgRid EYridT Igofs; mgvements; AW
admi ni st §afé NILCHladedindihe 4RRIBIZOE (hd bt HrBliled RHunB200ax iR ARESY at floor

(71Lig/ ), of corticosterone for four or seven weeks. Such a treatnent
i nduced kngli Acyvitaddhntepy @s sponutei logcrbehdfdralata sampGsg Bl B0 NTacesobwioa. ‘Eha ai n

as.indicated.b decreased .ti . nt , and er of entrjes into center of
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changes in tee I'ng | at ency were not due to cqnanges I'n"appe Fte or an
under | yi @egn)met abol i ¢ abnormality. Inportantly, the adrenocorticotropic
hor mone (ACTH) and corticosterone (CORT) response to an acute stressor (6

mip for cepl S iepbrebfod Pekdingeasur ed as pl asma-concentrations, was bl unted
in C57BL/6NTac mce. 5 Theses results were confirnmed in CDL strain mce.

Thr ee Weeks nb¥ &t WppesWit fedif® (8F) APE&TFRG st MhPSIRM MBnfpdndTBHokgAEAY: | P)
and fluoxetine (18 ng/kg/day Tp) reversed the anxiety- and depression-like
ef f ect s thaulsied thgat and eheehranwelkestuciog tinto dlst emntmef brigladynkirdrenan LateecyO®, begBF and
FST. In SI%Ch t est, 240 adHIt rfral e.m i:g gjf C57B1/ 6Nt ac st.r%;n%)&T@gon' c Farns
( Dennar k53288167 H0%,88IEIGT @ 4RSS DRRYIBLECHIS LLEPicHnfBriPlTE ires

faci | ityddcpas@it. TRESSFELs wRekd But Siridela 88hipeelod 8s PrevicasReles&RLA (SAASEIR 12
h (06:00-18:00) |ight-dark cycle at 22 C) with food and water freely

avli | abl e.alA2 uefdy. dlie tehieng apperatusciengisod of a eirstg by 0x¥K20 a1 iThe o) |
fluoxetine (18 nul.kg per_day., n, drinkin ter),.or vehicl . 45% .

|3 cyol ofertPTob i el ootk Kot M B Buill, JHFRGBre fot3 roreo
treat ed pihavididlnkiting, Wateyd Mirthoedd fiemn tHehodk @agd. Aaht ieRssfeeang, 6 3mgle
ilg/m). After 7 weeks of treatnent as indicated below, mce are tested in
the fol | BRMchel FModdveeytaichpws tssplagog onngswhitegapos éptionmrmosiioapd Hsthe gevishrhg
test. Trgatmenk . .i.s; it 1 r L . I m.)
gi ven vi SCRE AP REhaY pEFt i eothlr B ARl G FRDRARORIEARRISE il
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20mi ce e divided intog 8 groups of 30 nice.as indicated helow for 4
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Mice are tested during the light period. Because antidepressants are known to have various

effects on appetite, the feeding drive is assessed by returning animals in their home cage
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Week 3-7 vehicle fluoxetine, 18 ng/kg test conpound, 30 ng/kg test
conpound, 60 ng/ kg vehicle fluoxetine, 18ny/ kg test conpound, 30 ng/kg WO
2011/ 0535vbRaI/0382610/ 054054 35gg/ m./ day corti cost er onePestusSecanpswnd, 60
ng/ kg Mce are tested in the behavioral paradigns in this order: OF, NSF,
sucrose splash test and then the nouse FST (15 ani mal s/ group). The
Open-field test HMotor activity is quantified in Plexiglas(r) open field
boxes 43 x 43 cn2 (MED associ ates, Georgia, VT) over a 10 min session. Two

vl 12, B S8 R B B 0 RS R ARl ARG SO IRRTEE

pl aced i fintih@ctivdldlrecasiirctthe room provi ded around 200-1x illum nation at
floor level. Activity chanbers are conputer interfaced for data sanpling at
100 ns rgsalfeion. The 10 conputer defined grid lines that divided each
open field into center and surrounds regions, wth each of four |ines being
11 cm from gRphiN@idtend PGP E0LRN BRS HELST ﬁfeecorrt@éo@{eréﬂe%gﬁ%n(%n& Bf 5B&nth
center, the nunbers of “entries into the center and distance traveled in the
ceft er diweékded thy preserde ati abisenveenft F-aeckseel. fl@wsting Itreatotent. Hus itasi consigs in
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elicits geapebiJag notivations: the drive to eat and the fear of venturing
into the center of brightly lit arena. Latency to begin eating is used as
an i ndexzp avi or because classical anxiolytic drugs

decr ease |tm9%i%kéﬁ—d$@%c§er%?| ed out during a 5-min period as previously
descri be Sa tarel 0 et. al 2003 Bri efIy e testi appar at u
consi ste% gfaefi {Orce%box %X%S)EZOP 8%5(1 et oe§crlﬁ)sedcover Q%ul VQ? & a
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testing, all food is renpved fromthe hone cag At the tinme of testing, a
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posi ti ong t q@i] 3€e t he
maze and&tgme{%lr i gﬁg%l%{m&%‘redl ate %(/rtg?grs t edl a?‘hﬁe% rargagua{rné1 ﬁqe%%ﬁﬂgwm
(chew ngbe fs 6smmr ed avhipod mnwﬂwametasmsntomeah direstlyi drsthhaideadfase ayithdbt. tAmg
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to thei ri"REAY ehyEYAWEInd GIRRInG h g?%&ﬁ@eﬁg dRegtivaion Wic Sr?r‘?tgn%f&éfu?@d
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Because anti dep ants are knowi'to ve various effects oOn ap tite, the
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2011/ 053575P [, US2010/.054054 am | i ar . environment teI .t he
test. Them® ?T glyaigﬂrﬁforgft db O%H?H?F?&a‘&?‘ér(“ﬁn%m ’nmb‘B? Xlﬁ@ﬁ’él& é%l

Spl ash t@%[redTﬁfé@e @ﬁ&%@gas{ ALBR6Ythe® MISESARDeAbdt he end of t he
corticosterone regimen (end of seventh 5 week) in the presence or absence

of 3-veekgy Byt |1H<%X§J0P&%e£ raEQ @ﬁf"be e-%lusatetdeﬁ&ngcmis'es&(ﬁhﬁdﬁﬁ QeNed: Ty 8%03199_ il

of a 10% sucrose SO Ion on the nouse's snout e groom ng frequency is
t Ben r ecotatediofihdeserthedeinHAGE ldilcSmid P T8sth Hvmpeinf Jeandlovfcidrsmicotoas2003.

procedur ?6? 35 %%TC ndtz?)del!cvr;ltéd&ius-maze Ilescrlbed in [S.M. Korte and S.F. De Boer European
Journal of Pharmacology, 2003, 463, 163— 175].

Parkinson's disease (PD) can be assessed by measuring the neurotoxicity of MPTP in rats as
described in [E. H. Lee et al. Chin. J. Physiol., 1992, 35, 4. 317-36]. Also experimentally
25 induced striatal DA depletion in animals is a valid model of Parkinsonism, as described in
[W. Schultz Prog. Neurobiol., 1982, 18, 2-3: 121-66]. The capacity of certain substances to
damage catecholaminergic neurons has been used extensively to produce DA deficiency in
animals, as described in [L. E. Annett ef al. Exp. Neurol., 1994, 125, 2: 228-46]. PD can also
be assessed by measuring the neurotoxicity induced by 6-hydroxydopamine (6-OHDA) as
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10 Neuropsychopharntol ., 2004, 29, 1321-1330; Holick et al.

Neur opsychophar ntol ., 2008, 33, 2: 406-417] is used. Mce are placed

i ndi vi duawbyoimsss7gl ass cylinders (height: 25 cm di anePer/US2Q0/0F4054
containing 18 cmwater that is maintained at 23-25 C and vi deotaping w ||
be for 6 mn via a tripod-nounted canera positioned directly on the side of
the cylinder. An increase of swinmng and clinbing has been linked to an
activation of serotoninergic and 15 noradrenergic systemin rats [see,

e e e

reSpeCtIX?E&Maca'he’i’x@f d?her 2069, p338d dm 22323 Shend viL.oChérs et @] fIGhranioyoigitetey or
cl i nbi ng% IS scor&g here durlng the last 4 mp of the 6 mn testlng peri od.
Anxi ol yt FeaMeERle Witho gefietabetropis oglpemaie resfRilat S AEONHY 1P hed¥ r&é&ti%at%ﬁ%ﬁ
tests: (ﬂ-c)mél%?le 10n$d)rat§ fgv@fs@ﬁcaﬂﬁﬁngleﬁﬁﬂé QF&joﬂaﬂm[lé f%neﬁfdn@”%g i Ress

Eur opean Journa har macol ogy, 2003.7 463, 35- 5% and (2) eI evat e

pl Gs- mazE2&Ped22-26@d in [S. M Korte and S.F. De Boer Eur opean Jour nal of
Phar macol ogy, 2003, 463, 163- 175]. Parkinson's disease (PD) can be

assess edFtagﬂaB{aSjardrmge bhteba essessw)asmg ttye i/ NEFPmionsd mbéclas ddesibed he@dQiin [ E.
H Lee et al. Chin. , 1992, 35, 4. 3 so experinental ly
25 indUXélaetsfflrt\’afrap @&2@9?0 LA 3ok PoRd1as e aét%t’waﬂﬁwéputdtme with a

Par ki “Sowlic%e %édu@&é&fd DERR Ped sl deerfBe@%n &('}'61961%9%9!1} Ne&%Zzoé'ﬁdéZ 3
121- 66] capacity of certain substances to danmage catechol am nergic
neur ons %#Es%Hen used extensively to produce DA deficiency in animals, as
described in [L. E. Annett et al. Exp. Neurol., 1994, 125, 2: 228-46]. PD
can al soPkelisissBs agithaddyalpeesitd aigliakedl foe blookakiattichyation i e@dployns associated

6- hydr oxydopam ne (6-0HDA). as WD 2011/ 053575PCT/ US2010/ 054054 descri bed in
[N.~ Br ey%¥B sghizephrena. Resitiysgimptons g anigml mpgelsof gehizgppgenipcans aydertedt
al . J. HBSQHing Eihged MR th 1330 of Licti ity of Aopafite kDARAVES WBlh -

" Chroni E&systenﬁlc tr gt nentevﬁﬁﬁla rreta0 otcrloéZc Stﬁ{]ptaarrat?r g(}‘eptllﬁ 5

ant agoni ectncbmit@nth]yajakhelytdhapgam melopambioalalctlwt}ess alesdtibedtis [Reapsegerabatar/mal

X Syndr o ERA b HLuaedat oaIRy che T niRi A nRudETigbeR A MERY  fbd | o
[ @5J. Yaﬁhe%%yﬁidlnel\"%P'CPPh@d R&Rtion @fo%deldf%sycllg§1§ 306&onRRor Ml perdgivitpeadnT 1

knockout mice with a selective reduction in nd uR5 expression as deScri bed
in [G Wanariead wl [WNediredd, er2g0Neuspharaggolgp) 1988007 621 hisedl:I K, Saamilpedd

et zopnt GHPE BRI g egmPBRETs [ Al Ok aRE e pRER B RIS GAIF bo

eval uat eﬁiesbb{bdftﬁt@%rfbﬂ@vaﬁ%ﬂ@@@cdnibt&rh@t@it?r@'tdleﬂs?velllm&ilg@ﬁtils’t/drédty@f vépgam ne
(DA) activity with concomtant parallel changes in | oconpotor activity as
descri belate tq posiepsapptemelogy aad. m%@#@ﬁmﬁaphap%@%tr@% coppainds gvithy 7 ;

1889- 902 5 d] (Qgﬁ’ f,on of
§§ gyghom S gtsbﬁgfc%ﬁnt?%@w'ﬁ%ﬁﬁ%(ggfl \flp[ ;?/lﬂg%oqld{els%ﬂb?be |%1'H[({R? dJ%Ild eed et
al . Neurﬂahatymcmdogataleﬁ\%4AIQ)3,cat2ﬁbe tBuBdd aF. deSarmEedDﬁd(ﬂY K Fung et al.
Neuropsychophar col ogy 18-25]. For_exanpl e, rtere et

1:
al ., 20081URKge- & [ isten B ostodor leJaPdAraAg” 1 FocoHst 6l HePiy §987. 49,
cat al epsy.s. 028'7@21% @Hﬁiloﬁ&ly Yive s?@\?folﬂlsr 33 %Eh:iz& B8 &hVEe %%B@P’%{gﬁgy

and side effect profil racte I ng conpounds wth 20 typica

at ypi cal masuripg ysohiet urttelefstﬁoman@er tAt tieflucaice ari WM D4 amtagphistsesuchdascRdP, as
cl,i_nmbi ng er a (AIC) can be evaluated as described in
[V K. ﬁrl%tdela%yggﬁ%???&@ wssg‘@éﬁem Behav., 1986, 24, 1: 139-41 and Y.
K. Fung et al. Steroids, 1987, 49, 4-5. 287- 94 Addi t] onaIIy negative
synpt onsCOENTEXhFRHAME A MCaRRY-Hacladiae thass drosy Absanstisilscasse £al bs ayaaied i on
under thg’y Lo 16898 anthe'\P@%c%Hﬁﬂﬁ fspéraél ﬁlg?éérlﬁgﬂn [@s J2ég Chi eRei . F-

Sans- Dod 1998, supra. Cognitive s menory, including those from
Al zhei rrePhwnducele,a%l@Z tyr: RE7-84.adndak €0 Bymmsux /. Mydad, 30@% /CHePtPed67-75] and

COndltlonl radl escri bed i T. J. Gould et al. Behay. Phar | .
2002, 13the ad?@ eséﬂascﬁt ‘8 [ia%@%l%n ef g?'aéj%’t 2@@87 4261996y { % 71385 75]
ang t he d’wﬁle @ga[ﬂa]-?e?‘&reﬁ@esﬁl%hl@%daﬂdqleﬁflunéa can/ 06 RL AR dEh tAé MJPBEDR4terBaAl N
Res. , 133- 3046], vhile spatial reference nenory and | earning
can be evaluated in the Mrris watermaze WD 2011/ 053575PCT/ US2010/ 054054
test as described in [Mrris. Learn. tiv., 1981, 12, 239-260; B. Bontenpi
et al. Eur. J. Neurosci. 1996, 8, 11: '2348-60]. Mre specifically, in the
Morris waternaze test, a circular water tank (150 cm di aneter and 45 cm
height) is filled with about 30 cmwater and mai ntained at 26-28 C with an
escape platform (15 cmdianeter) 18 cmfromthe perineter 5 and al ways in
the sane p05|t|on 1 5 cntbeneath the surface of t he mater The water is

Y oy



each trial is the distance traveled to find the platform Secondary
neasures taken are the 20 swi m speed and escape | atency. The test is

per f or mredwbl2ondhsssssng, for exanple, 12 rats per test gr @Up/UST@ES054954
includes nultiple tests using reference conpounds and conpounds of the
present invention that are prepared and adm ni stered as previously

descri bed LES test. For each test, data is analyzed by conparing treated
groups with vehicle controls using one-way ANOVA foll owed by Dunnett's t
tests. T dnc ik ' t aj oreaeh en Vogel .conflict
tost. i nn) P ISEIECATRANES Hia, Wbl 1981 L0 ZB0TRD, B Hintetny P 9F 2500
appr oxi nRe@byci21996, Bef r2848460].t ®Rire (hamifich)ly, inahe¥rris wasimag: icst, peirtwaned
in non-water-deprjved rats (Day  2). Additjonally, with respect to

cogni t i oWaChrd 9f5;9nernh 1&%@5&&9@%_9@0-% tf a'lﬂl\/eﬁgweérﬁbsgt £ SR eThind
Teasur i Ngahfifind G186 PO orSiagR! yﬂl&tf&lnlfi‘flts' Gh antdierP Y RhE6AThE BCirh QP
female rats as described Iin [M and &ood Neurobiol. Learn. Mem,
2005, 83gndlalwag@s @ilthe s@Q&ppsinen |.5cdmabgesith theattfect ofothe fwanat Thawbec ausnedo
schi zophreni a,can .be exam ned by the Five W) 2011/ 053575PCI/ US2010/.054054
(5) Choi UEuE Py ACREREN FOIPPHE PP EPE (SERrTE-dRLL PPBAE Frdggne The TR

al . PsychQRiné R fbte (gﬁ%[ﬂa)sin%g Yainidel &ssidh 0B&- DdngeHafRoPk ﬂﬁnﬁ% s@bsiorANN.
N. Y. Acad. Sci., 1998, 846, 222-37]. Human patients can be

eval uat eePnssts elodjispniepetii Gabsiasthe rwalirswedesash rypappd Gy ¢theccpads Fonicadti n

5t he ski]l those.in the art. Analgesic activity can.be eval uated

meur opat 1ok et TG inaflecep i B S GE RS BER A udtpE B s R g,
Paon, 198RapdPlatfoada363]lowdd ehifintitgativape @latopnNThe LIRSS 1dFt b@tise tape
associated with hyperal gesi a, allodynia and spontaneous pain, and therefore
const i t ublagomn fRId sccepdsdesforsstrtang aagvdpak ki Bepaimaldock naeiiad the platform

Ant i hype InC. J i f i ptel Vid Y.
Thus, | n° EhE RGO REIEE shER 5 AMRE Bobb R G B ARLE AUATRREOEh fyedy

ng/ kg i . gecdndnDuaing ithecd siatn thatanirhads kért5Re Ivetcehaieswier fran rech dtatiey poseit he

| eft L5 nerve after cleaning,the flank wth chlorhexidine in spray. A
cotton thrE& Olp& ARERetn GRI LG §Eah i tAPrORIAT ntieesd f0F tFstidigr avith
algohol , ydcfinfali2aRA @naklds hhe fhreORIME @0 e Rj i §tat gy s laS ptfés%hsly
tightly around the L5 nerve. The wound is then sutured and sprayed wth 15
Cot hi Vet desprifddyfor dedthl st i nct ure spray) (Neogen(r) Corp., Lexington, KY).
The rats receive a s.c. injection of danoxyl (0.67 nL/kg) and are all owed
t 0 recovEhe tridls dreasdcodcvmakdamf the behddorsafrapényls iy At @sidhraoride-paikingt at e
is fully installed, rats are subm tted consecutively to tactile and therma
sti mul at %F?Hb?SPégBFF , ﬁ?ﬂabg‘\‘/\kv C%&@”@é@@ﬁﬁ@ﬂ%l, SR ERPYES §" Bl aced
under ancjAuehf ROmadithie BRI © RRK tHelBlatforkd - SecSndfy I3eaSites Mkeft HE itk

fl oor. T%e tip of an electronic Von Frey probe (Mdel” 1610, BI OSEB,

Vi20r ol | eswviBestex( akd asmpd litendyhefheapylis ecrfavintcd blmdrnsagi g dxempk, i2 ras ptio t he
non- | esi oned and_.then.the | esi hi ndpaw.and t he fﬁ%ge reguired t% i nduce

o i ¢ hv s TR el S IOPR Gty BB APt s P o an i e s b s

times angkctdi® ik®atod &aé ﬁreE@fépeﬁ‘é‘(WaﬁdS a@rlngditrad a8 prdvusReddscitbddMUESkdseNFot he
apparatus (No. 7371, Ugo Basile, Conerio VA, IFaIy) consists of 25

i ndi vi dugdchdestydataispinalyzed by esaparinigrtrsatad greunswithyvchickceatralsoningronstedat ed
gl ass fl t | ced.p the pbox and left fr. t abjtuate for, 10
o nut es. SN0 P Bwe L FRGRRLL e OB pinhs iR By MBI b8i o
fsst unuegeltcbeflivonsd, ashloned, andrt beijcditietd watoagwvaiiow Rawppidindiely 24 h
paww t hdrawal |atency is automatically recorded. In order to prevent
tissue degfargehe tone(Dvaaly); kavavee teseing i Rsweormed [ Bon-watsedersfyed sats fpaw ).
seconds. WO 2011/ 053575PCT/ US2010/ 054054 Prior to receiving conpound

t r eat nenfdditionalhyi, methsreapast s begnitiend namargcnd| heppochmpilaiporfuoétianing ednneipaws

and assi gned treatne [.OuUps ched. on the basis. of th I esponse
of the. | Eurorb By hieAd IR he ARy Ry RS B T R om R BV R To
wat er - depitd ¥EdescAbs&d RE[MI DAY Rind AP IGHREI /8880 HPI. MRS, f/aEm ! @905 g3, ar-e,3-11qr
exanple, the male R: Wstar (Hans) rats as 5 previously described for the
LB t est Furthesi ghapggsrie atiepionniynetion kecpussod sehizanhrenes eqnebroexapungsoinths Fayrd
conpounds of the present invention. In addition to the pregabalin and MPEP
as previously described for the LES test, dul oxetine can be used as a
reference conpound since it is an antjhyperalgesic with respect to

neur opat hi c pain associated with di abet'es and fi bronyal gi a. Conpounds are
prepared and adm ni stered as previously 10 described LES test. Testing can
be perforned using the sane batch of operated rats repeatedly, with a

m ni rum wash-out of 1 week between treatnents. Al so, to increase
conparability with the aforenenti oned Vogel conflict test, in all tests,

oy o o o - . B - o o . o T



25 experinment = 5 g) at the beginning of testing. Aninmals are acclimtized
as described for the aninmals used in the LES test. Testing includes
mul ti pl e wo=0s1/033378g r ef erence conpounds (e.g., norphi n@CT/uSenmpAasass ve
conpounds (e.g., gabapentin and dul oxetine), and conpounds of the present
i nvention. Conpounds of the invention can be evaluated at nultiple doses as
previously described in the LES test, and adm nistered s.c. 60 m nutes
before formalin in SOConparison with a vehicle control group, while
nor phi ne Lk 0; gl 2 3575 U 0/,054054
nmy/ kg p.gﬁ)égﬁg gP%%e eadg)lSHEB gybige§ﬂﬁke&%é#%%igg ﬁCTL %%9& 6Pﬁﬁnutes
before ffuﬂﬁﬁmhmnn@aﬂagus&@baly%ed1@ykdﬁhﬁhaﬂhgobmﬁawedlgﬁmup@iMMtMiwkh;cIe
cont rol ggou%s éii&% unpai red Mann-Witney U tests. Mul tiple
scl er osi PBan?heZévidluat ed by the experinmental autoi mune encephal onyelitis
5(EAE) nodel described in {H. Y. Liuet al. J. Neurosci. Res., 2002, 70, 2:
238- 48] . Hymgs patigaty ¢ancdbei ayatugisd dor cognitivediscagniop Bispidsrs Ry s shectsip gadhin
ang/or n@@%ﬂf h@@%mﬂﬁynﬁe made to aspects or enbodinments of this

él i i .

i nvention suc anges and/or nodifications may be nade wi thout

d t f th t Ther ef i t d t hat
the- appenBlatt armtesihbe dehelsd P aEryRR B POSeTaRl dhe' ek PORTITS 1"
Wi thin th@caBdd int [I@ﬂldanli()@l@lﬁfgemfn 11093 50086RB69N. TiRAE gdtefcasfaparl ablvedid n

t he present appllcatlon including literature ref erences, books, patents
and pat e¥its iagpioretd; verlshynesalgeseo pfoshanzeandrepeiapeayy prias andtherior cpasiitutes

entirety 7 / .
comount® S1UFLARIFPRAN R A MRty QRIS TRE e hopis
angl , he@gmwafpmnI@kkﬁknmﬁwq}oamhylulﬁeumﬁy@rmadayhus@ﬂ:mﬁﬁekﬁﬁxm&whmmmhlch
i's optlonally non i%ﬂ substituted independently wth al kyl,

cycl oal kmntob&rwkéo Hr%& bwan BGeien at fhele?-Se Aevel BaeHarRyd to exppysahc dy | |

I, h
ar (yR30) e g)hgg%xh_er H@éxﬁﬁé)&%‘ﬁ(a% %1%3%%%01}@%“ _Qe i Qr%g!g gﬁ@nﬁﬁﬂmdﬁwmg grgg cach
i ndependemgdry Grli@Badikiyfected vGith Phcydéahal, Ky placbdtrousd oipt Lomatvieyansubsitipiait ed

R Sy O O P NS UGN & o st nd sprsed it
8 Y eyl G g bt MR Dsbpiativr M ey |
het er ocyszc ynJesfumsQﬁ (Ela@i;wh (8.6dpnldghindyarg ali@wed ‘(,SPtTQQDW At 1@ist 2 mekyafter(thp Y

-5cycl oal k 3 hydr o h ya trifl oal k
ani po: _robiEggy, SheP B is UL AL IRTNR SR er gy R ROt o
C3- 5cycl Qalikhd thahegaimulatondoaXyindRvs. s H or WO

2011/ 053575PCT/ US2010/ 054054 R and R7 taken together with the -C(O)N to

whi ch t hey: @Eiflc 3tihakhes thOhfhRl THIRed Yndd &Mﬁbéﬁedﬂacrﬂ& plastibBERered 11.5 x
het er ocycl oal kyl or heteroaryl, whi ch optionally cortains 1-3 additional

héfer oat birsm)@n a grid floor. The tip of an electronic Von Frey probe (Model 1610, BIOSEB,

Vitrolles Cedex, France) is then applied with increasing force first to the non-lesioned and
then the lesioned hindpaw and the force required to induce paw-withdrawal is automatically

recorded. This procedure is carried out 3 times and the mean force per paw is calculated.

For heat stimulation, the apparatus (No. 7371, Ugo Basile, Comerio VA, Italy) consists of
25 individual acrylic plastic boxes (17 x 11 x 13 cm) placed upon an elevated glass floor. A rat
is placed in the box and left free to habituate for 10 minutes. A mobile infrared radiant source
(96 = 10 mW/cm?) is then focused first under the non-lesioned and then the lesioned hindpaw
and the paw-withdrawal latency is automatically recorded. In order to prevent tissue

damage, the heat source is automatically turned off after 45 seconds.
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a pharmaceutically acceptable salt thereof The conpound of claim The
conpound of claimThe conpound of cl aim T The conpound of claim The conpound
of cl ai mwWbeooasptyand of claim The conpound of claim 1pCrhse@onsdabs and R2
are both aryl. 1, wherein R and R2 are both heteroaryl. 1, wherein R is
aryl and R2 is heteroaryl. 1, wherein Rl is heteroaryl and R2 is aryl. 1,
wherein either Rl or R2 is heteroaryl 1, wherein either R or R2 is aryl.
1, wherein at |least one aryl is phenyl. 10) The compound of claiml1,
wher ei n f’lti'(?r thrQé)e“wing o p81li %ﬁ%eﬁﬁg&s i1 AR %.I‘@'.Elﬁ)lﬁlﬂg(? e ts‘ti&u?a%loﬁ%tf?ge from
t he group consrstin O PRet yl, neﬁhoxy, i met hyl am no-et hoxy, am no,

met hyl anhindpavel areit d3yioacd wotrcatyietqrowdsl rogtohedcyrathe, basik € theypaamidsponse of the

di net hyl anmi noet hgxy, t hyl, nethyl ani no, . methoxy, fluoro, -C(0)NHCH3,
lohenyl,y Riios pin li?ﬁy?‘f-rgﬁ? Pﬂ%ﬁff P?ff?llﬁ‘{ﬁé@q]@ﬁwmgn_ rte?‘%/ml_’lﬁo %wg&eﬁg%ﬂ%fﬂ)ratw&r_
corrpoundgrtatllgf 'iofptte MFER! Br RGP RN exdmbR, 9{%&1@%1 WiSHP ) FAdaM 1

fluorine: e conpound of clal , wherefn the conpoun

t r &ns- Pypiicdiondy 2dasariloix fri thealcESl test.  Testing includes multiple tests using reference

E:IZ_SE g;,?? (&%U%B% %%%@%}ipgﬁg@gégﬁ% Slrélsern?[iﬁvg icoilel.c 7l_ny %clcfit?or?l goe 'the pregabalin and

[ 2- (3- chivPEP- RN @R%AJuslh @%RriBe@Fér BRI LRE 4en] dBloxétiney ddir BB1Bd as a reference

trans- 6- Met hyl - pyri di ne- 2-car boxylic acid o ' '

[ 2- ( 3- chtanpoupHAemet)it is ax enghypeedgrsicowjth rsjngeicto7ngprgpaghit dhein associated with

ci s-6- Met hyl - pyridine-2-carboxylic acid - .

[2-(3- chitataephaty RS o SOmbBHS; Arespa=s. g} adminjadered s proviously

Py0i di ned@cldddOBRl ket atésting (&R, BR)pefolBed siigotheh eityd Jbafch 080 ogciazd- &t 1 0

[4.5]dec-7-yé1-anide; Pyri di ne- 2- car hoxyl i c acid )

[ (5S, 7S)repeqigdipnahor PR -washay! 2f d7 yeglpibebvaen. tojadaenty.- \also.ale terease

f'45 5%;;%&‘%@%@: \gfe?ﬁ ¥id SroRthdhtibred GobBIKhiR Yt dh Anidedd)rat R Quige@éfic P! 1 O

3- Chl or owhicl-deffrb-anein Iﬁ(yd appyodiniate248 hourd botooe 2achztasts Hor @peh Ehaer modylltpst,

benzam de; ciﬁ-Pyridine-2-carboxy|ic cid ) ) ) )

[ 2- ( 3- oyt il b papyaechib compyrmelisaiest ospyith sPPIpRyiaig opols using unpaired

Ci1§- 6- Mes bRy dsgli ne- 2- carboxylic acid

[ 2- (3-cyano- phenyl) - 1- oxo- 2-aza-spiro [4.5] dec-7-yl]-am de;

ci s-6-M ] .- Zi -2~ -k i i .. . . .

(2 (3 oyauniae SRR MIIRE! fyviy on. he jeluated, Jn vivo using the

ci s- 6- MeFowilalipy Pawi Mest2irc ahdaxyhsec sidi ds that described by [Wheeler-Aceto et al,

[2-(3- Chﬁ?y@?&ﬁh@?%&o)l&éﬁ O1)(9%-1,2 1 %ﬁaég-ellélgo ILOA{V &]edtee(s:t_, 7&1%% ] a;rg n?gi\geed an intraplantar
injection of 5% formalin (25 ul) into the posterior left paw. This treatment induces paw

20 licking in control animals. The time spent licking is counted for 5 minutes, beginning

immediately after injection of formalin (early phase) and for 15 minutes starting 15 minutes

after injection of formalin (late phase).

The test is performed blind using, e.g., 10 mice per group. Appropriate animals for testing
are, for example, male Rj: NMRI mice (Elevage Janvier), weighing 20 - 30 g (max. range per
25 experiment = 5 g) at the beginning of testing. Animals are acclimatized as described for the
animals used in the LES test. Testing includes multiple tests using reference compounds
(e.g., morphine), comparative compounds (e.g., gabapentin and duloxetine), and compounds
of the present invention. Compounds of the invention can be evaluated at multiple doses as
previously described in the LES test, and administered s.c. 60 minutes before formalin in

30 comparison with a vehicle control group, while morphine (64 mg/kg p.o.), gabapentin (300
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ci s-Pyrazi ne-2-carboxylic acid

[ 2- (3-chl oro- phenyl) - 1- oxo- 2-aza-spiro[ 4. 5] dec-7- yl]-am de;

ci s- 1- MetWoRotiHspysazol e- 3- car boxyl i ¢ acid PCT/US2010/054054

[ 2- (3-chl oro- phenyl) - 1- oxo- 2- azaspi ro[ 4. 5] dec- 7-y1] - am de;

ci s- Nd2- ( 3- Cyano- phenyl) - 1- oxo- 2- aza-spiro[ 4. 5] dec- 7-y1] - 3-f | uor o- benzam de

éis-hMZ-(S-Cyano-phenyl)-1-oxo-2-aza-spiro[4.5]dec-7-y1]-3-ch|oro-benzanide

; Cis-6- A { dines2- ' ' o - -
o (5 1 BTN JUSR 00 TEY RERGA 520 Simigcnd . ipyts bofoo formatin
t r ans- 6- Detahy lanplyrédbneoRpaand eeyted @ragisdrith vehicle control groups using unpaired
[2-(3-f|uorox§#en ﬁi-l-oxo-Z-aza-spiro [ 4. 5] dec-7-y1]-am de;

ci s- Pyri MieAR-Wtney 545518t ¢ aci d [ 2- (3-f1 uor o- phenyl) - 1- oxo- 2- aza- spi r o 4. 5]
dec-7- yl]-am de; trans-Pyridine-2-carboxylic acid o
[ 2- (3- 1 Mudtenlpreloyon)s carobe- orakusieds by rthe £xBirdmenaly agtolpmurg encephalomyelitis
Ci §-6-Me - ' l. i o . :

o3 5P AT B K 200 70840

o L 2- ¢ st B R S T Rl doatpyeriguy shepeg and/op ppodifsedens may be
Ci s- 6- Mefnbyd tolipédll Hreerdbadin b f thes idGémdion and that such changes and/or modifications
[ 2- (6-met hyl - pyridin-2-yl)-1-o0xo-2-azaspiro[4.5]dec-7-yl]-am de;

t r ans- 3- MRY 8¢ @laxe athogt g@@ﬁmg-f il spirgt-of this invspisorp Theeefeys; it 6f ntopyled that

dec-7-yl}]- 1 de: L dipe- 2- boxyl i c. ac] . s .

(SR 770 s PBBRRT A Gins; ok W Suck SRGRANK hiaEhTas il Sl yithly thg ot and

34161 uor osdipé df hixinReiohi di n- 2- y1- 2- aza- spi ro[ 4. 5] dec- 7-y1) - benzami de;

Ci s-3-Fluoro-N-[2-(6-nmet hyl -pyridin-2-yl)-1-o0xo0-2-aza-spiro[4.5]dec-7-yl]-
benzam deach reference cited in the present application, including literature references, books, patents
3-Fluoro-N-[(5R, 7R) - 2- (6- net hyl - pyri di n-2-y1) - 1- ox0- 2- aza- spi r o[ 4. 5]

dec- 7- y13nd préent applirations, & ipgarperiated-heraim by esdiiicnes iadisgntirety.

[2-(4-methyl -pyrimdin-2-yl)-1-o0xo0-2-aza-spiro [4.5]dec-7-yl]-am de;

ci s-Pyridine-2-carboxylic acid [2-(4-fluoro-pyridin-2-yl)-1-0x0-2-aza-spiro
[4.5]dec-7-y1]-am de; cis-6-Methyl-pyridine-2-carboxylic acid

[ 2-(5-fluoro-pyridin-2-yl)-1-o0xo0-2-azaspiro[4.5]dec-7-yl]-am de;

ci s-6-Met hyl - pyri di ne-2-carboxylic acid

[ 2- (4-fluoro-pyridin-2-yl)-1-o0xo0-2-azaspiro[4.5]dec-7-yl]-am de;

ci s-Pyridine-2-carboxylic acid [2-(5-fluoro-pyridin-2-yl)-1-o0xo0-2-aza-spiro
[4.5]dec-7-y1l]-am de; cis-6-Methyl-pyridine-2-carboxylic acid

[2-(4-methyl -pyrimdin-2-yl)-1-0xo0-2- aza-spiro[4.5]dec-7-yl]-am de;

ci s-3-Fluoro-N-[2-(5-fluoro-pyridin-2-yl)-1-o0xo-2-aza-spiro[4.5]dec-7-yl]-
benzam de;

Ci s-3-Fluoro-N-[2-(4-fluoro-pyridin-2-yl)-1-o0xo-2-aza-spiro[4.5]dec-7-yl]-
benzam de;

ci s-3-Fluoro-N-[2-(4-nethyl-pyrimdin-2-yl)-1-0x0-2-aza-spiro[4.5]dec-7-yl]
- benzam de;

Ci s-3-Fl uoro-N-[ 2- (6- et hyl - pyrazi n-2-y1l) - 1- oxo- 2- aza-spi ro[ 4. 5] dec- 7-y1] -
benzam de; cis-Pyridine-2-carboxylic acid

[ 2- (6- net hyl - pyrazi n-2-yl) - 1- oxo- 2-aza-spiro [4.5]dec-7-yl]-am de;
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ci s-6-Met hyl - pyri di ne-2-carboxylic acid

[ 2- (6- net hyl - pyrazi n-2-yl) - 1- oxo- 2- azaspi ro[ 4. 5] dec- 7-y1] - am de;

Ci s- 6- MetWl20yosBifsne- 2- car boxylic acid PCT/US2010/054054

[ 1-ox0-2-(6-trifluoromethyl-pyridin-2- yl)-2-aza-spiro[4.5]dec-7-yl]-am de;
ci s-6-Met hyl - pyri di ne-2-carboxylic acid

[ 2- (3, 5-difluoro-phenyl)-1-o0xo-2-azaspiro[4.5]dec-7-yl]-am de;

ci s-6- Met hyl - pyri di ne-2-carboxylic acid

[ 2- (6-cyano- pyridi n-2-y1)-1-oxo-2-azaspi ro[ 4. 5] dec-7-y1]-am de;

ci s- 6-Whatig|claimed d§:ne- 2- car boxyl i ¢ acid

[ 2- (4-fl uoro-phenyl) - 1- oxo-2-azaspiro[4.5]dec-7-yl]-am de;

6- Met Ryl - py cordpamd f damnbdx )i ¢ aci d

(1- oxo-2-pyridin-2-yl-2-aza-spiro[4.5]dec-7- yl)-am de;

ci s-6-Met hyl - pyri di ne-2-carboxylic acid

(1- oxo- 2- phenyl-2- aza- spigo[ 4~5] dec~¥- y1)-am de;

ci s- 6- Met hyl - pyri di ne- 2- gar on xei-Naci d

(1-oxo0-2-mtol yl-2- &'a- SNt o4 4] deg-7- yl)-ani de;

ci s-6-Met hyl - pyridi ne-J-carp i i
[ 2- (4- met hyl - pyridi n-20y1) - f"éspi ro[ 4. 5] dec-7-y1]-am de;

ci s-6- Met hyl - pyri di ne- 2- caL BOoxyl j,c Réci d

[ 2- (5-met hyl - pyridin-2-y1)~1- oxé* 2- azaspiro[ 4. 5] dec- 7-y1] - am de;

ci s-6-Met hyl - pyri di ne-2-carboxylic acid

[ 2- (3-net hyl - pyridi n-2-yl)-1-o0x0-2-azaspiro[4.5]dec-7-yl]-am de;

ci s-6- Met hyl - pyri di ne- 2-car b@Q/I ic acid

[2-(2-fl uEr 0- pheny1l) - 1- oxo- 2- azaspi r o[ 4. 5] dec- 7-y1] - am de;

ci s- 6- MeVHY*™pyr i di ne- 2- car boxyl i ¢ aci d

[ 2- (2- net hél- pyridin- 4-%/1,) - 1- oxo-2-azaspi ro[ 4. Sd{dec- 7-yl] -am de;

Ci s- N[ 2- (R cypdnid- prgrqagh madepgndently g, betgrpatdmlin gydpdlki. ketpeydeplkylyek oben
zam de; ci §; I i nes 2 ' hd 4 . : : :

(2730 5- ai PTEr SRS X SRS ol i, or ripsysiguied ipdepondentiv it alk

ci s- 6- Met hylyelpylkalz akex2-lgardxyx hlogera cyaho, trifluoroalkyl, amino, acyl, aryl, heteroaryl,

[2-(3,5-difl uoro-phe < 1-QX0- 2-.azaspi kP 6 73yddos am de; 30
ci s- Pyr azi ﬁgte@cggfgfgo%?)blg i’dcﬁgiﬁé{, %hdufmgf@ heﬁyX - ﬁ@g 2- MR spiro
[4.5] dec- ZyrIhRAMARIRE] $hedeilfet hyl - pyri m di ne- 4-carboxylic acid
[2-( g fclhijor 0- |pgﬁ/rzl ((:Ilzn 2‘-) 3|514)l -1- O')(O'-ai; i%a- spiro[ 4. S]gdec- 7-y1]- afn; de; 7y1]
ci s- 3- or o- -(2- By - A =1- PX( - 8P -yl1] -
benzam de; cis-2-Met %I %y}{l rrfrllJ irgﬁle- Elh cg%[‘%i)g%lff i@é%cllkglz@r éPb681c aﬁM‘%} °
[ 2- (6- met hyl - pyr azi n-optiyddllylsubxtituied vairtaagpj haddgenS FANC -NHy, ENEH (T -dBalkyl), -
ci s-2-Met hyl - pyri m dine-4-carpoxyl jc_acj
[2-( :;» I(\:/gtaﬂol- pheny1) aﬁ]@%ﬁ?&ﬁgés pi ¢5Fﬁai_%3§1€%ter-o‘?y‘§lll} - arfi fesalkylcarbamate, -
Cl S-2- yl-pyrimai -OMy1h C C1-Csalkyl),, -NHC(0)-C;-Csalkyl, -N(C;-
[ 1- ox0-2-(6-trifluor odrtrg?@II%q)y?g?1 | ?1 g?@%/l -12-3§zg-)§pi r o[(4.)5] 1de%:a- %, yl](- am de;
ci s- 6- Met hyl - pyri di né=2kgBr@OXy11+C:ablgil,OH, or —O-C,-Cealkyl; and
[ 2- (2-met hyl - pyrim di n-4-yl)-1-0xo0-2- aza-spiro[4.5]dec-7-yl]-am de;
FIZSE g- Met Ey: - pyri (Cjil n@g@*r (]zjuay‘l?(hxtﬁirdaczzyla(hie‘ﬁhro_cyclyl1 sgbs(;ituent is 1o]ptiona}lgl substituted

- (6- et hyl - pyri di n- 3- -1- 0x0-2-azaspiro[ 4. ec-7- -am de;
ci s-6-Met hyl -pyridin -15‘}/(,(}385(%% Ce-s (9?%?1(3’1’ [C1'3a OXY, Zygroxy’ halogen, cyano,
[2-(5-fluoro-pyridi n-tgﬂugr))a@{yggpatgfn%,zaspi ro[ 4. 5] dec-7-yl] - am de;
Ci s-3-Fluoro-N-[2-(2-met hyl -pyri mdin-4-yl)-1-o0xo-2-aza-spiro[4.5]dec-7-y1l]
- benzam dgy3 p4 ps 6 - } }
i -3 Fl uoror B [ & (9Bt fuf Sash infiependepy H. Syaelsys Srgystoat dplpsenon 1)
benzam de; hydroxy;

R’ is H; or
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6- Met hyl - pyri di ne- 2- car boxylic acid

[ (5R 7R)-2- (3, 5-di fluoro-phenyl)-1-oxo0-2- aza-spiro[4.5]dec-7-yl]-am de;
ci s- 5- Fl wspaopyessifsne- 2- car boxylic acid PCT/US2010/054054

[ 2- (3-fl uoro-phenyl)-1-o0x0-2-aza-spiro [4.5]dec-7-yl]-amn de;

ci s-2-Met hyl - pyri m di ne-4-carboxylic acid

[ 2- (3-fl uoro-phenyl)-1-oxo-2-azaspiro[4.5] dec-7-yl]-am de;

cis-Pyrimdi ne 4-carboxylic acid [2-(3-fluoro- phenyl) 1- oxo-2-aza-spiro
[4.5] dec7- b,

L2 (5 mot ot gt cserlogied Bhitthe PO NG A EIIRIS MEpied fora mono- or
ci s- 6- Met hylieyplic ﬂdtm@ﬂreﬁﬁbﬁdmtemnyabaﬁyl or heteroaryl, which optionally contains 1-3
[ 2- (3- et hogg pherllfl) 1- 0xo- 2- azaspiro[ 4. 5] dec- 7-y1] - am de;

6- Met hy| - pyHHigoRE- IS ¢ aci d

[ (5R 7R)- 2 (5 fluoro-pyridin-2-yl)-1-0x0-2- aza-spiro[4.5]dec-7-yl]-am de;
ci s- Pyri gphsmrceudicplbxgdceptablejsalt thereof.

[ 2-(5-fluoro-pyridin-3-yl)-1-oxo- 2- aza- sp|r0[4 5] dec-7-yl]-an de;

ci s- PYi diThe-campanipbedydlaion hovlgrein R' and R are both aryl.

[2-(3, 4-di fl uoro-phenyl) - 1- oxo- 2- aza- spiro[4.5] dec-7-yl]-am de;

ci s- 23kt Mhecpypbuidofdait Lavheosiy Ri' and & dre both heteroaryl

[ 2- (3, 5-difl uoro-phenyl)-1-oxo0-2-azaspiro [4.5]dec-7-yl]-am de;

ci s- N42- ( 3hklcumpoumhemyldim 1, -wheteir RAZars Phddog 4is hbdeagryl: y1] - i soni cot i nani de;
ci s- N42- ( 3- Fl uor o- phenyl) - 1- oxo- 2- aza- spi ro[ 4. 5] dec- 7- y1] - 2- met hyl

i soni GOt i MaicERipoth®ofAihdM, i Hecifl RE & RAXBhiyE aRER His aryl.

[ 2- (3 d|f| uoro phenyl) - 1- oxo- 2- azaspiro[ 4. 5] dec-7-yl]-am de;

6- Me Lid I i
[(5R 7 ) ?ﬁ Wﬁ%ﬁ&%g%% \A]Iger%ggghergzaogpl){l rlso etelro]alalec 7-y1] - am de;

[(58 ?é) ng{ggg ﬁﬁﬁlg%%e‘;ﬁ% ﬂ%e){(%{ 2 Razlsamg’pi ro [4.5] dec-7-yl]-am de;
2- Met d 4~ bpx

[(5R gﬂé)-ﬁfﬁf%[)"%lphﬁﬁ%fﬁar ﬁa%fgfi'is‘:ln%%%%fnaﬁgl&pwhﬁayl[4 51 dec-7-yl] -ani de
gle(s: g ya%ng%gf)oqll e-fz ! &?‘r';lb?x wheren?' CIidls aryl?enz%eteroarﬁoand %%alssgglglgal ﬁ 5]

- Met hyl - “H{[e%cﬁr&oﬂﬁ&l@'hef&‘édy@lﬂ' n-4-yl)-1-oxo-2-aza-spiro [4 .5 ] de c-7-yl]
- benzam de; c s-3

-Difly 8 n{éj% ﬁr% E/)bé! Iﬂyf '\Wle%ﬂ e %1?0}? o )( rztrlaﬁl%st‘gte&{tg) akd 1nd§péndgr?tfy -

yfl - ben am yrazi ne-
{ 246- (4-f Iseﬂ@mﬁd (e g -gmupl Cmﬂlsnﬂg-qf Irhethgth m@h&yammyramlﬁeﬂ-eﬁbxﬂemmoy 1}
-am de; cis-6-Methyl -, i ne-2-carboxylic acid
{246- (4- fl%]i‘ﬁalﬁﬁ’@nydig‘ ?%Hﬂﬁl& (Y ﬁiﬁorf d¥812- dinctylpmio; gdigyethylaminoy 1)

-ani de; CIeauﬁ Hﬁz[o rhéth§1%mn£06 %etﬁ&%r@rue&enytgomm} Aol Furany),

- 1- oxo- 2- azas |ro dec-7-yl} am de; ci

[ 2- (2- net WtrobgmyhﬂdopimwmtﬂlﬂomnﬁtkMa spiro [4 .5 ] dec-7-y1]-

benzam de; cis-3 ,4-Difluoro-N [2-(2-nethyl-pyrimdin-4-yl)-1-o0xo0-2-az

a- spi ria) [ 4 The compeand/ef gldihr e wderdiddic phicsyl2k ik optionally substituted with fluorine.

| uor o- N-[ 2- (2- net hyl - pyri m di n-4-y1)-1- oxo-2-aza-spiro [4.5]dec-7-y1]-
benzampgle; TheTomPodhEdtain\, [wheledn RS dbydpoRMd is7i di n- 4-y1) - 1- oxo- 2- aza-spiro
[4 .5 ] dec-7-yl]- i soni coti nam de;

Ci s- 6- Hydr gxynmi | nepﬂédrg(‘)%c%cfﬂqﬁt{gzﬁ’ﬂdﬁ Eﬁ@ﬁﬂ) 1- oxg- -2- aza-sp1ro[4 5]dec-
[2-(3-fl U0r70ylﬁ’|%lﬁl'i‘&’e1 -1-0x0-"2- aza-spiro dec- 7-y1] - am de;

cis-Pyridine-2-carboxylic acid [2-(3-chloro-phenyl)-1-0x0-2-aza-spiro[4.5]dec-7-
yl]-amide;

trans-6-Methyl-pyridine-2-carboxylic acid [2-(3-chloro-phenyl)-1-ox0-2-aza-
spiro [4.5]dec-7-yl]-amide;

cis-6-Methyl-pyridine-2-carboxylic acid [2-(3-chloro-phenyl)-1-0x0-2-aza-
spiro[4.5]dec-7-yl]-amide;
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cis-6-Trifluoronethyl-pyridine-2-carboxylic acid

[ 2- (3-fluoro-phenyl)-1-oxo0-2- aza-spiro [4.5] dec-7-yl]-am de; N

[ (5R, 7R) -WO(28t1AIsezyS0- phenyl) - 1- oxo- 2- aza-spiro [4.5 | deCtAR2010j054054

-2-met hyl i soni cotinam de; cis-6-Trifluoronethyl-pyridine-2-carboxylic acid
[2-(2-methyl -pyrimdin-4-yl)-1- oxo0-2-aza-spiro [4.5]dec-7-y1l]-am de;

Pyri di ne- 2-carboxylic acid

[ 9, 9-difluoro-2-(3-fluoro-phenyl)-1-oxo0-2-azaspiro [4.5] dec-7-yl]-an de;

ridine- 2
SO e T
dec-7-yl] - agl%é 2-carboxylic acid

[(5S, 7R) -9 Pgrﬂdmfeumerrbmayh(c&—cfdl [(88, 7S pheyhlbrolplongt)2-oazd-aspispieo [ 4 . 5]

dec- 7- y1] - amisttRe-7091]- aﬁildie-2-

[ 2- (3- Chl or 0- pheny 1% oxo aza- 560 4. 5] dec-7-y1] -2, 3-di hydro-i soi ndol 1-
one: Pyri dichel yriding- -@'XL K§ 1ca%g1<a[2( rnethyl pyfidin-2-yl)- 1 -0X0-2-aza-spiro

[ (5S, 79) - 9 [$5tHortTught-6m2de; 3- f | uor o- pheny1) - 1- oxo- 2- azaspi r o[ 4. 5] dec- 7-y1] - am

i de; Pyridisne }

((5k 7R 5.5 R AR 2kt 25 T 4. 5] dec- 7-ya1 - am
i de; 2-Met hy pyri’m di ne- 4- car boxylic aC| d

[ (5S, 7R) - 9,c8~Rlyridine-@adok Bid ddid [D¢Ppbyeiny bﬁeﬂyl)}l@&oﬂﬁza&@ﬁmm.ﬂ]déd-dec- 7-y1l]-am
i de; 2- Met RyJ-arpidej m di ne- 4-car boxylic acid

[ (5R 79) - 99 quor02 (31l e 1- oxo spiro[4.5] dec-7-yl]-am
i de; trans<#: %Méﬁ Al p@/;l; Wingr 2P H; Owcflé‘ Bﬂ[ﬁy@r%a%p ony)-1 -oNo-2-a7a-spiro
[2-(3,5- dlff‘éﬂﬂ’eﬁ 9?11C}Qo9 9-di fl uoro- 1oxo- 2-aza- spi ro[ 4. 5] dec- 7-y1] - am de;

cis-Pyridi -(3- -
(oo o f1ugpa 2 j’ “{;% AEudonyliocid 2-G-eyana phenyly | QRG2S DI o ge:
Ci sS-6- I\/bthgl-l) ri d}’ - -éarboxyllc acid

[ 9, 9-di f | u@¥ses-. Me(tBylfﬁymmrw—bhmbyiyhclacm(@—@—dﬁmmhmj{zm-.lEd@ebaﬁa—spjl]& am de;

Ci s- 6- Met hy spiecidylpamidecar boxyl i c acid

[ 9, 9-difluoro-2-(2- 1

0X0- 2- aza- $pi ]?Yffléf %]gff@gyo?‘y[))g?mglﬁg @Cﬁeyosgl@%tlh%o -byra- a4 218 boxyl i ¢
acid [9,9-di Fapideo- 2 (5f|uoro pyridin-2-y1)- 1- oxo- 2-

aza- spi r o[ 4,] d&Ghyi- ﬁ%l@% ca% gW AR IIEE %hfb% ?Hé&l J-£-0260 0 7a-

[ 2- (3, 5-di f {0 Q-diflu - 0X0- 2- aza o[ 4. 5] dec-7-y1] - am de;
cis-Pyridin g[roar 0X |c aC|d

[9,9-difl uo:rseNé{?.((S—Gﬂauorpbetp&) l«tmn—22azy$prrct£4(ﬁddec27azt]a$-ﬁuomfbbn5£}rdteic;- 7-yl]-am d
e; cis-Pyridi rox -

o, 6o ai 11 ushor a2 CRermyre b TR gy g2 s SuBIP BpeB Fec- 7- y 1] - am
i de; Pyri dicnes Malaylmxminecz mbdxyllc acid [2-(3-fluoro-phenyl)-1-0x0-2-aza-

[ (5S, 7R) - ZSf);id[agjaéd_mmmh@nyl) 9, 9-di fl uoro- 1- oxo- 2- azaspi ro[ 4. 5] dec- 7-y1
] - am de; carboxylic aci

[ (5R, 75)- 21 ags - Mefhﬁramdlﬁﬁérpﬂl)oxgh@a@ﬂﬂwﬁ%ﬂ@om -8y D= 1o s BitrppIs] dec- 7-y1
J-anide; cil85Hentyhemige:i ni di ne- 4- car boxylic acid

[2-(3, 5 dif, L@ﬁ%&@g}%ﬁ%& Pisdd pXPr A aRRheIoh 4L s: dinH s Aece:

[ 2-(3, 5-di ]uoro phenyl) - 9- hydroxy 1- oxo- 2- aza-spiro[4.5]dec-7-yl]-am de;

t r ans- 2- Metrhyk-Ryyidingt HearboxdAic acidd2y(B iftuods-phenyl)-1-0x0-2-aza-spiro[4.5]dec-

2-(3,5-di My{p@gndzhenyl) g hyfjr oxy- 1dox02- aza-spiro[4.5]dec-7-y1]-am de;

Met hyl - pyri m di ne- 4- car boxyl i ¢ aci

R, 75, 954520 ({é\@et%szlcnyrqzmﬁr% cpRenyo actl WyldrBugro-rhety 1-orogkgazriPa- spiro

5] dec- 71§ 5]decanyldramides Met hyl - pyr i ni di ne- 4- car boxyl i ¢ aci d

5
SR 7S, 9R | 5x ok
Spi ro [4)@0% ﬁgl_\c/lf?ﬁll]yi Ja&fﬁg r?ca?ﬁ@d}lﬁ@acﬁ[f@ﬁﬁ&%%h%lpﬁ 10x0= 2-a9a1x§b11% az

czs-6-Methyl-pyr1d1ne-2-carboxylic acid [2-(6-methyl-pyridin-2-yl)-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

[
2-
[(
[4.
[ (
a-
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N[(5S,7R)-9,9-Difluoro-2-(2-methyl -pyrimdin-4-yl)- 1 -ox0-2-aza-spiro
5 ]dec-7-yl] -3 - fluoro-benzam de; N

5R, 7S) -WO20DV(SBIIST 0- 2- (2- et hyl - pyri m di n-4-yl)- 1 - oreTASawma0ss40 [4.5
ec-7-yl] -3 - fluoro-benzam de; trans-2-Methyl-pyrimdine-4-carboxylic
id[2-(3 ,5 -difluoro-phenyl)-9-fluoro- 1 -ox0-2- aza-spiro [4.5]
c-7-yl]-amde; cis-3 -Fluoro-N [2-(3 -fluoro-phenyl)- 1

, 9-di oxo-2-aza-spiro [4.5 ] dec-7-yl] -benzam de;

Ci s-6- Meth r ch dpl : /b)q1.1

0%t oxo- 2 KR AR B BB Pl P2 SRR BT BR D
-quoro phe ya)nPg “hydroxy- 1 -oxo-2-aza-spiro [4.5] dec-7-yl] - benz am de;
t r ans- 6- Methyyidingyd-tabmedi2-acal PR YR)-2-(@dludrd-Bhén31)- f-buorazphpiny| ) - 9- hydr oxy-
1 - 0x0- 2- a4 3§Dyl Amie; dec- 7-y1] - am de 6- Met hyI pyri di ne 2- carboxylic
acid [(5 S_, 7R - 99d|fluor02 (5 -f pg/ n-2-yl)-
0XO0- 2- aza- ép]flpgro[-lﬁ{ g;-]oxg-gcpyp(yql]'z yla'?nqz(gegplrom ]dec 7 yl) benzarmde
cis-N-[9, 9c@§bﬁ%‘%&7\2[2(r(% M?Nﬁyrﬂﬂﬁ&f@lf“lfbxﬂ ﬂéﬁa-sp!ro[@%]‘éle@7%§]a spiro [4.5
] dec- 7-y1] ‘b%nzaiﬁ or o- benzani de; ci s- -pyrimdine-4-carboxylic acid
[9,9-difluoro-2- -fl uoro- phenyl) - 1 -oxo 2 azaspiro [ 4 5
] dec- 7- y1] 3afude-Ng (R, 2R)-H(Gronathlpyfidin-3-31)- iretdrdregaphiesiy5) ded7-yl]-
- 0X0- 2- aza-‘tﬁmanﬁd¢4 5] dec 7-yl] -benzam de; cis 3 -Fl uoro N42- (3

- hydr ox he aza 4.5] .de am de; cis-N[(5S
79-2-(3 4 é xR P et DS Sl o B it 7oy ] 5.
"f1 uor oben#44 eé] 'Iagu -Fluoro-N- [ (-2-(4-nethoxy- phenyl) 1 -oxo-2-az

a-spiro [4..a-p ﬁiﬁﬁe 7- cxﬂebxg@@zcl@m (li@ﬂu&bﬁg%dxft%tpo% 24a243piré 3

-nmor pholin enyl ] 0X0- 2-aza-Spiro [4.5] dec 7- yl}
- benzam de‘[ﬁfS?’decWﬁEMﬂ%c}dS N [2-(3 -fluoro-5 -nethoxy-phenyl)- 1

_ 0x0- 2- aza-ciph-Methyl-Bidiwe2-7a d)P}th dgahn2-(arflupeo-pyiidinR-F)ler®-MNazd- 1 - oxo- 243
- (2- oxo- 2- pyiro[dli]dlém? -yll-anyite;et hoxy) -phenyl] -2-az aspiro [4.5] dec-7-yl}

- benzam de; |azol lic, aci 2- -flyorg-phenyl)- 1
: i fisc-SRhaR g3 bl R o :
1OXSX(2) gzgia Sr]ie IﬁI’g]an&}Q?y g ?/I] -3 -fl uorobenzilam de; t(Eigﬂs 3 -IC:)I 52?2}/:\2(

1 - oxo- 2-t hiap@ diKe-Y tarkodglidac®[1-G-fldord ﬂy@l@ﬁr Zyyl-okenzamspies WO

2011/ 053573PG{ L5201, Q&Q@4054 ci s-Thi azol e-2-carboxylic acid

[ (2-(2- rrethyl- r|md| n-4-yl)-1-oxo-2-aza-spiro[4.5]dec7-yl]-am de; cis-2-M
et hyl - pyri é¥sdb- thbzldmr][dm@yi/ carbexsilig acid [2-(4-methyl-pyrimidin-2-yl)-1-0x0-2-

[ 2- ( 3- f | uoraga-Spinef#t 3ddeg- bhlémyﬁdel 0X0- 2- azaspl ro[4 5] dec- 7-y1] - am de;

gi’]iarl\nmge( 3 %’?%ﬁqoa%-?}}-@g(% @Ehen 1n12 g@ oxo e plrocth%]c?e]cdﬁgrzl]? y1]-3-fluorob

[2-(3,5-dif Wdﬁhenyl) 1- oxo- 2 aza spiro[ 4.5] dec-7-y1]- amide; cis-2-M
et hyl -t hi azpl®2FhoeenPRXYLflgoraplyedin-2-yl)-1-oxo- 2-aza-sp1ro[4 5]dec-7-yl]-

[2- (3, 5-di flefadgphenyl) - 1- oxo- 2- azaspi ro[ 4. 5] dec- 7-y1] - am de;

ci s-Pent anoi c_aci S '

[ 2- (3, 5- di isubFdoperéhlift-metbxbparinidn-dpilr bpyo-starespirolti]demod-

ci s- N42- ( 3,bsadinfilesor o- pheny1) - 1- oxo- 2- aza- spi r o[ 4. 5] dec- 7-y1] - but yr ami de;

cis-3-Fluoro-N-[2-(6-methyl-pyrazin-2-yl)-1-oxo0-2-aza-spiro[4.5]dec-7-yl]-
benzamide;

[ 4.
[ (
]d
ac
de

cis-Pyridine-2-carboxylic acid [2-(6-methyl-pyrazin-2-yl)-1-oxo-2-aza-spiro
[4.5]dec-7-yl]-amide;

cis-6-Methyl-pyridine-2-carboxylic acid [2-(6-methyl-pyrazin-2-yl)-1-ox0-2-aza-
spiro[4.5]dec-7-yl]-amide;

cis-6-Methyl-pyridine-2-carboxylic acid [1-0x0-2-(6-trifluoromethyl-pyridin-2-
yl)-2-aza-spiro[4.5]dec-7-yl]-amide;

cis-6-Methyl-pyridine-2-carboxylic acid [2-(3,5-difluoro-phenyl)-1-oxo0-2-aza-
spiro[4.5]dec-7-yl]-amide;
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3-Fluoro-N-[ (5R, 7R) - 2- (2- net hyl - pyri m di n-4-y1) - 1- oxo- 2- aza- spi ro[ 4. 5] dec- 7
-yl] - benzam de; 3-Chloro-N|[(5R,

7R) - 2- ( 2-wotzhylospsrsi m di n- 4-y1) - 1- oxo- 2- aza- spi r o[ 4. 5] decTSgdipAosw6hnzam de;
ci s-5-F luoro-pyridine-2-carboxylic acid

[ (2-(2-nethyl-pyrimdin-4-yl)-1-o0x0-2-azaspiro[4.5]dec-7-yl]-amde; cis-3
-Fluoro-N-[1-o0x0-2-(2-trifluoronmethyl-pyrimdin-4-yl)-2-aza-spiro[4.5]dec-7
-y1] - benzam de;

cis-N-[2-(2 &@L jgfaggbm X Y68 B AR SR 5.9 kB g5 -y 1] - 3-
i

uor obenzam dYe

7R) - 2-(2- mep ]h% y1) - 1- oxo- 2- aza- spi ro[ 4. 5] dec- 7-y1] - benzam de;
ci s-3 - Fl uetsos-MdtRylsiidite-2Leakox2icaz it [Qpirfbjofo-phelgt)-T-oyd-R-denzam de; cis-3
- Fl uoro- N- (s rr@[m@heclar_g}qcmadaza spiro[4.5] dec-7-yl) - benzam de cis-3

- Fl uor o- N—( 0X0 aza-spiro[4.5]dec-7-yl)-be
6- Met hyl - Mg E—pzﬂ@g@-@&g{,@qx&' ligasid ({-@5@27pyr1dln -2%yl- 2-aza-sp1ro[4 5]dec 7-
R) - 1- oxo- 2Y)23f{11|diefl uor orret hyl - pyrl m di n- 4-

yl)-2-aza 1 7- )
3- Fl uor o- I\I-%ygzé A&ﬁé Iﬁ’?(ampel%é%rlb Zef“d( Bheély%éa”%ﬁ lro[[4zf]%ﬁ dec- 7-y1] - ben
zam de; aruor’o N [2-(1-net hyl 1H— pyrazol 3 -yl)-1-o0x0-2-aza-spiro

[ 4. 5] dec- 7-cysif-Mehgdapyridaie-2-carboxylic acid (1-oxo- 2-rn-tolyl-2-aza-spiro[4.5]dec-7-

2- Met hyl - 6ayq))<amhe6 di hydr o- pyr| m di ne- 4- car boxyl ic acid

[ (5R 7R) - 2- (35d | uor opheny1) 0X0 2 p|r0[4 ] 7y|]amde or a
phar maceut ic6a-™Metadypdmsracahpyy ]thr?élrde[& 1r9§t }ﬁlep%% Ebjf Zragem 1,

wher ei n t héPERHpaeesd’H-amifGr | di ne- 2- car boxyl i ¢ aci d

_ 9-fl uoro- %zs(—él\iétgﬁ r@nﬁﬂf‘e@ rbgyfﬁﬁtale%fl %%%thliﬁ%ﬁﬁ@brﬂi—fﬁoﬂ)%&h? -yl]-am de

[

. 2- Met hyl )0X

[ 3, 5- él [Ir4r§] 53/’@) %@H ’l uor o- 9- net hyl - 1loxo- 2-aza-spiro
[

[

2- (
4. 5] dec- 7@1(}4\/&&ﬁ1y1q1yrlﬁiﬂ\am barbexpyirei amd:[IZF(é-rAethﬁlFIt}@idjﬂh-iqu)it-iodoQ-aza-

9-fl uoro- %p(ré{4fﬂ]d@nhqumwa,) 1- oxo- 2- azaspi ro[ 4. 5] dec- 7-y1] - ami de;
Pyri di ne- 2- c i
[8,8-difl L6t %Yl a@m? %ﬁ@h%&)hclacwk[& (3-flppxo-pRemd) o8 det?d= y 1] - ani de;
Pyri di ne- 2 5eiEPlHe Cr?ryacﬁna ;
[8-fluoro My m de;
Pyr i di ne- Z%ngéf%ic%ﬂf (g_rrlﬂlﬂféw dArbdz At Qchr [22@-mehy O yHidP-48E)- Tox¥-blaA!
[ 2- (3f|uor roxy 1- oxo-2-aza-spiro[4.5]dec-7- yl]-am de;
Pyri di ne- 2-c¢;saNﬂ@9(§’-IGytan&qayddln -2- yl) 1-ox0-2-aza-spiro[4.5]dec-7-yl]-3-fluoro-

-fluoro- beﬁz’hfﬂltie;or o phenyl) - 8-met hyl - 1- oxo- 2- azaspi ro[ 4. 5] dec- 7-y1] - am de
Pyri di ne- 2- aC| d

-(3-11 uorh” ﬁ ARSI C9 Bt Hluor-BRgw: ks gidrerareltit- 7- y1] - ami d
2- Met hy 19gy/rY }fﬁlﬂidﬁe 4-carboxylic acid

- (3, 5-di sUG’-'M’e't YA 32 BaokIHOI R EZ‘@XSIdgTuoro -phenyl)-1-ox0-2-aza-
a-splro[ C;y7 1@&1 He; Met hyl - pyri m di ne- 4- car boxylic acid

-(3,5- d| hen 1 - 8- ffuoro 1- oxo- 2-azaspiro[ 4. 5] dec-7-y1]-am de;

Met hyI p}cpsl-]hyrdxme&ébadmxbbc(yctld& -4% pdifluoro-phenyl)-1-oxo0-2-aza-spiro [4.5]

- (3, 5-di fdectarydl- pﬂn&i@yl) 8 fl uoro 8- net hyl - 1oxo- 2- aza- spi ro

2 Choeai b %—%@ 18 g s Ry Bl S b -8 e -
rznt(jg 52dIIVé"?‘|‘1 PrQl ﬂ%y’?}ﬁ %r%/})yxyl ic agl d g OrE-s] dec- 7-y11-
2- (3, 5-di f¢l sugxmtda}smynn%twqu%ﬂim% £%D:120 87 29R4-50df4 3] decryi1y 1] - am de;

benzamide;

cis-2-Methyl-pyrimidine-4-carboxylic acid [2-(6-methyl-pyrazin-2-yl)-1-oxo-2-
aza-spiro[4.5]dec-7-yl]-amide;

cis-2-Methyl-pyrimidine-4-carboxylic acid [2-(3-cyano-phenyl)-1-ox0-2-aza-
spiro[4.5]dec-7-yl]-amide;

cis-2-Methyl-pyrimidine-4-carboxylic acid [ 1-oxo-2-(6-trifluoromethyl-pyridin-2-
yl)-2-aza-spiro[4.5]dec-7-yl]-amide;
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2- Met hyl - pyri m di ne-4-carboxylic acid

[ 8, 8-difluoro-2-(4-fluoro-phenyl)-1-oxo-2-azaspiro[4.5]dec-7-yl]-am de;
2- Met hy| -yworoni/wds3re- 4- car boxylic acid PCT/US2010/054054

[ 8-fluoro-2-(4-fluoro-phenyl)-1-oxo-2-azaspiro[4.5]dec-7-yl]-am de;

2- Met hyl - pyri m di ne-4-carboxylic acid
[8-fluoro-2-(4-fluoro-phenyl)-8-nethyl-1-oxo-2-

aza- spi ro[4 5] dec-7-yl]-am de; 2-Methyl-pyrim di ne-4-carboxylic acid

[2- (4-11 uor, da%,m g/@fdn%dz O BB O oLAES: - bk am de

2- Met hyl - pyr| m

2-(4- f1 uor6® 51?1 e§ h§/’ rox&} 8- met hyl - 1- oxo2- aza-spiro[ 4. 5] dec-7-yl]-am d
. Pyridi ne’ts26-ﬂ}@a”tbyiwlrlldmeal}bdboxyhc acid [2-(6-methyl-pyridin-3-yl)-1-oxo-2-aza-

4, 4-di fl ugpio -j]aecf_’yJ;;qr@mg@enyl) 1- oxo-2-aza- Spl rof 4. 5] dec7-yl]-am de; WO
011/ 053575PCT/ US2010/ 054054 Pyr| di ne- 2-carboxylic acid

4- f 1 uor o- ZISCEMathgrryr H@n%r?é)f el [FAg-tlysre-yrding Hgl-17oxopd pzaani de;

Pyri di ne- ZSBE@[HOSJWQ-?:Y cdngide;

[2-(3-fluor Y, Inr ] -am de;

Byr i di ne- 2 ?’s E.f X a(? %Etﬂ§¥p§;lrnﬂfﬂﬂlgﬁ)zflo§82 L PhApRbAHads7Yh

[4-fl uoro- u’oro phenyl) - 4- net hyl - 1- oxo- 2- azaspi ro[ 4. 5] dec- 7-y1] - am de
; Pyridi ne-c2s=~3:-ﬁhtm®0(w [ 25(2amicthyl-pyridin-4-yl)-1-0xo-2-aza-spiro[4.5]dec-7-yl]-

2 3-fl uorb@nﬁfmayl) 4- hydr oxy- 4- met hyI 1 0XO0- 2-azaspiro[4.5]dec-7-yl]-am d

(
2- Met hy r|md|ne4c bOX|IC

(3, 5-di ér% 1Bﬁ%ﬁ1i9?g)2 Xaﬂl% peidl R17Pb)>z%(325 -difluoro-phenyl)-1-oxo-2-

a- spi r o[ 4z57RiEd - aHé €.2- Met hyl - pyri m di ne- 4- car boxylic acid

(3, 5-di ) sus>ngm%199Ma1}leé SR e i@y 21 RTRBRPIA9DA-Bl s d il - am de;

2.

z

2-

- Met hyl - oxyl I

2-(3,5-di %tl 5Jr)ar ;ny%?é4 fl uor o-4-net hyl - 1oxo- 2- aza-spiro

4. 5] dec- 7qsli}—l\/mftilyiq:yrlmlﬂhbmyctarlpgxyihmadudr[é—(&fhmrdapkqnlyl)el -axo-@-aza-

2- (3 5-di fsbm@[rélc&]mlbmy;il) apﬁrd@ydr oxy- 4- rret hyl - 1loxo- 2- aza- spi ro[ 4. 5] dec- 7-y1] -
(

5
m de; 2- I\/Et - - -car aci d }
3. 5- di fC iﬁr bﬁﬁ@ (>1§ ?ils%)s-b10ﬁ8124%2§ysagel”7-5lﬁff: ani de:
f

[
e
[
2
[

hyI p rY H]il -4-car boxyl ic acid

2-
- Met
4, 4- di f 1 uQs0s R1diyifd MR- REERYBIrclic 2- APy Rl A3 R AR GxEVah- ani de;
L yI p§bf(gﬂ4f ]ﬁé%aar e I%sham%[@( S 3l

4-f I"uor o- heny ) - 1- ox0- 2- azaspi ro[ 4. 5] dec- 7-y1] - am de;
I\/E hyI pyrs-GrMititimd -pdridarcbbrarboxylmaicdl [2-(3-methoxy-phenyl)-1-oxo-2-aza-
| uor o- 2pird[4td]dear Dyihemgdd;) - 4- net hyl - 1- oxo- 2-

4-
5 A H vor VAR Xliiﬂam%‘?ghaa%’ﬁi&é R LR B T i e,
- Met hyl - pyrdmRiEalie dﬁFcca}’B »c acid

2

(4-fluorgps: ]P;h?d’iﬁ(@-i cﬂrﬂ&)(?l‘icoé@(d fo- Fﬁflﬁ'é/rb -pyHANRI YA RofRLoh 4ped[d8g- 7- 1] - ami d
or a phgpEc r lIy acceptabl e salt "thereof 14) A phar ITB.CEUtI cal
corrp05|t| on co% Ising at |east one conpound of claim1l or a

phar maceut |C¢1sall’§l'1‘;dlmfe%®ptbabyléc sad {2-(3redebioro-phenyak 1 -beadtazenpirgid maceut i cal |y
accept abl edea{7ryl]aam1db5) A use of a corrpound of claiml in the preparation

of a medi cane r the t ment at| ve,
psychi at ri €151 I&YES)‘g‘L lnE e Bt aft e Srcif Sorpapehs - 4R 2
2011/ 053575@6‘%{ AB5%: 16) The use of claim 15, wherein the cognitive

or neur odeg@ngral(s. Wudib-’i)ﬁ@%ﬂ) -PloxdisRadirof4551a&d- ¢x§v11]eigoﬁm&maan@é oup
consisting of a or an anxiety, a schi'zophrenia, Al zheiner's
di sease, Paikd3daFduatpoband)-1ospe2- fpﬂaespgeiﬁeﬂé@q ¢ Yl]FﬁmeithYét on's chorea,
anyot r ophi GSOInaIOéln@Im@cI erosis, Creutzfeld-Jakob di sease, a trauna-induced
neur odegener I ed. enc n | DS-i nduced
encephal opafsalg ﬂEJdHé'LP aé% %%da%dﬁl% 8%@9& &ye’nﬁgclt é){lbmé\dl sorder, and a
conbi nat i off” ? 14

6-Methyl-pyridine-2-carboxylic acid [(5R,7R)-2-(4-fluoro-phenyl)-1-ox0-2-aza-

spiro[4.5]dec-7-yl]-amide;
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17) A use of a conpound of claim1l in the preparation of a nedi canment for
the treatnent of a gastroesophageal reflux di sease or disorder. 18) A use
of a conpuonrdigs3zfaim 1l in the preparation of a medi camemtuSkan/os54v84
treatment of al cohol dependence.

6-Methyl-pyridine-2-carboxylic acid [(5S,7S)-2-(3,5-difluoro-phenyl)-1-oxo-2-
aza-spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [(5R,7R)-2-(3,5-difluoro-phenyl)-1-oxo-
2-aza-spiro[4.5]dec-7-yl]-amide;

cis-6-Methyl-pyridine-2-carboxylic acid (2-benzyl-1-0x0-2-aza-spiro[4.5]dec-7-
yl)-amide;

cis-3-Methyl-N-[2-(2-methyl-pyrimidin-4-yl)-1-oxo-2-aza-spiro [4.5]dec-7-yl]-
benzamide;

cis-3,5-Difluoro-N-[2-(2-methyl-pyrimidin-4-yl)-1-0x0-2-aza-spiro [4.5]dec-7-
yl]-benzamide;

cis-6-Methyl-pyrazine-2-carboxylic acid {2-[6-(4-fluoro-phenyl)-pyrimidin-4-yl]-
1-ox0-2-aza-spiro [4.5]dec-7-yl}-amide;

cis-6-Methyl-pyridine-2-carboxylic acid {2-[6-(4-fluoro-phenyl)-pyrimidin-4-yl]-
1-ox0-2-aza-spiro [4.5]dec-7-yl}-amide;
cis-3-Fluoro-N-{2-[6-(4-fluoro-phenyl)-pyrimidin-4-yl]-1-oxo0-2-aza-
spiro[4.5]dec-7-yl}-benzamide;
cis-4-Fluoro-N-[2-(2-methyl-pyrimidin-4-yl)-1-ox0-2-aza-spiro [4.5]dec-7-yl]-
benzamide;

cis-3,4-Difluoro-N-[2-(2-methyl-pyrimidin-4-yl)-1-oxo-2-aza-spiro [4.5]dec-7-
yl]-benzamide;

cis-2-Fluoro-N-[2-(2-methyl-pyrimidin-4-yl)-1-oxo-2-aza-spiro [4.5]dec-7-yl]-
benzamide;

cis-2-Methyl-N-[2-(2-methyl-pyrimidin-4-yl)-1-ox0-2-aza-spiro [4.5]dec-7-yl]-
isonicotinamide;

cis-6-Hydroxymethyl-pyridine-2-carboxylic acid [2-(3-fluoro-phenyl)-1-oxo0-2-
aza-spiro[4.5]dec-7-yl]-amide;

cis-6-Trifluoromethyl-pyridine-2-carboxylic acid [2-(3-fluoro-phenyl)-1-ox0-2-
aza-spiro[4.5]dec-7-yl]-amide;
N-[(5R,7R)-2-(3-Fluoro-phenyl)-1-0x0-2-aza-spiro[4.5]dec-7-yl]-2-methyl-
isonicotinamide;

cis-6-Trifluoromethyl-pyridine-2-carboxylic acid [2-(2-methyl-pyrimidin-4-yl)-1-
0x0-2-aza-spiro [4.5]dec-7-yl]-amide;

Pyridine-2-carboxylic acid [9,9-difluoro-2-(3-fluoro-phenyl)-1-oxo0-2-aza-
spiro[4.5]dec-7-yl]-amide;

Pyridine-2-carboxylic acid [(5R,7S)-9,9-difluoro-2-(3-fluoro-phenyl)-1-oxo-2-
aza-spiro[4.5]dec-7-yl]-amide;

Pyridine-2-carboxylic acid [(5S,7R)-9,9-difluoro-2-(3-fluoro-phenyl)-1-oxo-2-
aza-spiro[4.5]dec-7-yl]-amide; or
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cis-2-[2-(3-Chloro-phenyl)-1-oxo0-2-aza-spiro[4.5]dec-7-yl]-2,3-dihydro-isoindol-

1-one;

Pyridine-2-carboxylic acid [(5S,7S)-9,9-difluoro-2-(3-fluoro-phenyl)-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

Pyridine-2-carboxylic acid [(5R,7R)-9,9-difluoro-2-(3-fluoro-phenyl)-1-oxo0-2-aza-
spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [(5S,7R)-9,9-difluoro-2-(3-fluoro-phenyl)-1-oxo-
2-aza-spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [(5R,7S)-9,9-difluoro-2-(3-fluoro-phenyl)-1-oxo-
2-aza-spiro[4.5]dec-7-yl]-amide;

trans-2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-9,9-difluoro-1-
0x0-2-aza-spiro[4.5]dec-7-yl]-amide;

cis-Pyridine-2-carboxylic acid [9,9-difluoro-2-(4-fluoro-phenyl)-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

cis-6-Methyl-pyridine-2-carboxylic acid [9,9-difluoro-2-(3-fluoro-phenyl)-1-oxo0-2-aza-
spiro[4.5]dec-7-yl]-amide;

cis-6-Methyl-pyridine-2-carboxylic acid [9,9-difluoro-2-(2-methyl-pyrimidin-4-yl)-1-
0x0-2-aza-spiro[4.5]dec-7-yl]-amide;

cis-6-Methyl-pyridine-2-carboxylic acid [9,9-difluoro-2-(5-fluoro-pyridin-2-yl)-1-oxo0-2-
aza-spiro[4.5]dec-7-yl]-amide;

cis-Pyridine-2-carboxylic acid [2-(3,5-difluoro-phenyl)-9,9-difluoro-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

cis-Pyridine-2-carboxylic acid [9,9-difluoro-2-(5-fluoro-pyridin-2-yl)-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

cis-Pyridine-2-carboxylic acid [9,9-difluoro-2-(2-methyl-pyrimidin-4-yl)-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

Pyridine-2-carboxylic acid [(5S,7R)-2-(3,5-difluoro-phenyl)-9,9-difluoro-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

Pyridine-2-carboxylic acid [(5R,7S)-2-(3,5-difluoro-phenyl)-9,9-difluoro-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

cis-2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-1,9-dioxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

cis-2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-9-hydroxy-1-oxo-2-
aza-spiro[4.5]dec-7-yl]-amide;

trans-2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-9-hydroxy-1-oxo-
2-aza-spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [(5R,7S,95)-2-(3,5-difluoro-phenyl)-9-hydroxy-
9-methyl-1-ox0-2-aza-spiro[4.5]dec-7-yl]-amide;
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2-Methyl-pyrimidine-4-carboxylic acid [(5R,7S,9R)-2-(3,5-difluoro-phenyl)-9-hydroxy-
9-methyl-1-ox0-2-aza-spiro[4.5]dec-7-yl]-amide;

N-[(5S,7R)-9,9-Difluoro-2-(2-methyl-pyrimidin-4-yl)-1-oxo-2-aza-spiro[4.5]dec-7-yl]-3-
fluoro-benzamide;

N-[(5R,7S)-9,9-Difluoro-2-(2-methyl-pyrimidin-4-yl)-1-oxo-2-aza-spiro[4.5]dec-7-yl]-3-
fluoro-benzamide;

trans-2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-9-fluoro-1-oxo-2-
aza-spiro[4.5]dec-7-yl]-amide;

cis-3-Fluoro-N-[2-(3-fluoro-phenyl)-1,9-dioxo-2-aza-spiro[4.5]dec-7-yl]-benzamide;

cis-6-Methyl-pyridine-2-carboxylic acid [2-(3-fluoro-phenyl)-1,9-dioxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

trans-3-Fluoro-N-[2-(3-fluoro-phenyl)-9-hydroxy-1-ox0-2-aza-spiro[4.5]dec-7-yl]-
benzamide;

trans-6-Methyl-pyridine-2-carboxylic acid [2-(3-fluoro-phenyl)-9-hydroxy-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

6-Methyl-pyridine-2-carboxylic acid [(5S,7R)-9,9-difluoro-2-(5-fluoro-pyridin-2-yl)-1-
0x0-2-aza-spiro[4.5]dec-7-yl]-amide;

cis-N-[9,9-Difluoro-2-(2-methyl-pyrimidin-4-yl)-1-oxo0-2-aza-spiro[4.5]dec-7-yl]-3-
fluoro-benzamide;

cis-2-Methyl-pyrimidine-4-carboxylic acid [9,9-difluoro-2-(3-fluoro-phenyl)-1-oxo0-2-
azaspiro[4.5]dec-7-yl]-amide;

cis 3-Fluoro-N-[-2-(3-methoxy-phenyl)-1-oxo0-2-aza-spiro[4.5]dec-7-yl]-benzamide;
cis 3-Fluoro-N-[2-(3-hydroxy-phenyl)-1-ox0-2-aza-spiro[4.5]dec-7-yl]-benzamide;

cis-N-[(58,75)-2-(3-Dimethylamino-phenyl)-1-o0x0-2-aza-spiro[4.5]dec-7-yl]-3-fluoro-
benzamide;

cis-3-Fluoro-N-[(-2-(4-methoxy-phenyl)-1-oxo0-2-aza-spiro[4.5]dec-7-yl]-benzamide;

cis-3-Fluoro-N-{2-[3-(3-morpholin-4-yl-propyl)-phenyl]-1-ox0-2-aza-spiro[4.5]dec-7-
yl}-benzamide;

cis-3-Fluoro-N-[2-(3-fluoro-5-methoxy-phenyl)-1-ox0-2-aza-spiro[4.5]dec-7-yl]-
benzamide;

cis-3-Fluoro-N-{1-0x0-2-[3-(2-0x0-2-pyrrolidin-1-yl-ethoxy)-phenyl]-2-aza-
spiro[4.5]dec-7-yl}-benzamide;

cis-Thiazole-2-carboxylic acid [2-(3-fluoro-phenyl)-1-o0x0-2-aza-spiro[4.5]dec-7-yl]-
amide;

cis-N-[2-(4-Dimethylamino-phenyl)-1-ox0-2-aza-spiro[4.5]dec-7-yl]-3-fluoro-
benzamide;

cis-3-Fluoro-N-(1-0x0-2-thiazol-2-yl-2-aza-spiro[4.5]dec-7-yl)-benzamide;
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cis-Thiazole-2-carboxylic acid [(2-(2-methyl-pyrimidin-4-yl)-1-oxo-2-aza-spiro[4.5]dec-
7-yl]-amide;

cis-2-Methyl-pyrimidine-4-carboxylic acid [2-(3-fluoro-5-methoxy-phenyl)-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

cis-N-[2-(3-Cyano-5-fluoro-phenyl)-1-oxo0-2-aza-spiro[4.5]dec-7-yl]-3-fluoro-
benzamide;

cis-Thiazole-2-carboxylic acid [2-(3,5-difluoro-phenyl)-1-0x0-2-aza-spiro[4.5]dec-7-yl]-
amide;

cis-2-Methyl-thiazole-4-carboxylic acid [2-(3,5-difluoro-phenyl)-1-ox0-2-aza-
spiro[4.5]dec-7-yl]-amide;

cis-Pentanoic acid [2-(3,5-difluoro-phenyl)-1-oxo-2-aza-spiro[4.5]dec-7-yl]-amide;
cis-N-[2-(3,5-Difluoro-phenyl)-1-ox0-2-aza-spiro[4.5]dec-7-yl]-butyramide;

3-Fluoro-N-[(5R,7R)-2-(2-methyl-pyrimidin-4-yl)-1-0x0-2-aza-spiro[4.5]dec-7-yl]-
benzamide;

3-Chloro-N-[(5R, 7R)-2-(2-methyl-pyrimidin-4-yl)-1-oxo0-2-aza-spiro[4.5]dec-7-yl]-
benzamide;

cis-5-Fluoro-pyridine-2-carboxylic acid [(2-(2-methyl-pyrimidin-4-yl)-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

cis-3-Fluoro-N-[1-0x0-2-(2-trifluoromethyl-pyrimidin-4-yl)-2-aza-spiro[4.5]dec-7-yl]-
benzamide;

cis-N-[2-(2,6-Dimethyl-pyrimidin-4-yl)-1-oxo-2-aza-spiro[4.5]dec-7-yl]-3-fluoro-
benzamide;

3-Methyl-N-[(5R, 7R)-2-(2-methyl-pyrimidin-4-yl)-1-0x0-2-aza-spiro[4.5]dec-7-yl]-
benzamide;

cis-3-Fluoro-N-(2-methyl-1-0x0-2-aza-spiro[4.5]dec-7-yl)-benzamide;
cis-3-Fluoro-N-(2-cthyl-1-0x0-2-aza-spiro[4.5]dec-7-yl)-benzamide;
cis-3-Fluoro-N-(2-propyl-1-oxo-2-aza-spiro[4.5]dec-7-yl)-benzamide;

6-Methyl-pyridine-2-carboxylic acid[(5R,7R)-1-0x0-2-(2-trifluoromethyl-pyrimidin-4-
yl)-2-aza-spiro[4.5]dec-7-yl]-amide;

3-Fluoro-N-[2-(1-methyl-piperidin-4-yl)-1-oxo-2-aza-spiro[4.5]dec-7-yl]-benzamide;
3-Fluoro-N-[2-(1-methyl-1H-pyrazol-3-yl)-1-ox0-2-aza-spiro[4.5]dec-7-yl]-benzamide;

2-Methyl-6-o0x0-1,6-dihydro-pyrimidine-4-carboxylic acid [(5R,7R)-2-(3,5-difluoro-
phenyl)-1-ox0-2-aza-spiro[4.5]dec-7-yl]amide; or

a pharmaceutically acceptable salt thereof.

The compound of claim 1, wherein the compound is:

186



WO 2011/053575 PCT/US2010/054054

Pyridine-2-carboxylic acid [9-fluoro-2-(3-fluoro-phenyl)-9-methyl-1-ox0-2-aza-
spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-9-fluoro-9-methyl-1-
0x0-2-aza-spiro [4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [9-fluoro-2-(4-fluoro-phenyl)-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

Pyridine-2-carboxylic acid [8,8-difluoro-2-(3-fluoro-phenyl)-1-ox0-2-aza-spiro[4.5]dec-
7-yl]-amide;

Pyridine-2-carboxylic acid [8-fluoro-2-(3-fluoro-phenyl)-1-oxo0-2-aza-spiro[4.5]dec-7-
yl]-amide;

Pyridine-2-carboxylic acid [2-(3-fluoro-phenyl)-8-hydroxy-1-oxo-2-aza-spiro[4.5]dec-7-
yl]-amide;

Pyridine-2-carboxylic acid [8-fluoro-2-(3-fluoro-phenyl)-8-methyl-1-ox0-2-aza-
spiro[4.5]dec-7-yl]-amide;

Pyridine-2-carboxylic acid [2-(3-fluoro-phenyl)-8-hydroxy-8-methyl-1-ox0-2-aza-
spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-8,8-difluoro-1-oxo-2-
aza-spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-8-fluoro-1-oxo0-2-aza-
spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-8-fluoro-8-methyl-1-
0x0-2-aza-spiro [4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-8-hydroxy-8-methyl-1-
0x0-2-aza-spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-8-hydroxy-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [8,8-difluoro-2-(4-fluoro-phenyl)-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [8-fluoro-2-(4-fluoro-phenyl)-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [8-fluoro-2-(4-fluoro-phenyl)-8-methyl-1-0x0-2-
aza-spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [2-(4-fluoro-phenyl)-8-hydroxy-1-oxo0-2-aza-
spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [2-(4-fluoro-phenyl)-8-hydroxy-8-methyl-1-oxo-
2-aza-spiro[4.5]dec-7-yl]-amide;

Pyridine-2-carboxylic acid [4,4-difluoro-2-(3-fluoro-phenyl)-1-oxo0-2-aza-spiro[4.5]dec-
7-yl]-amide;
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Pyridine-2-carboxylic acid [4-fluoro-2-(3-fluoro-phenyl)-1-ox0-2-aza-spiro[4.5]dec-7-
yl]-amide;

Pyridine-2-carboxylic acid [2-(3-fluoro-phenyl)-4-hydroxy-1-oxo-2-aza-spiro[4.5]dec-7-
yl]-amide;

Pyridine-2-carboxylic acid [4-fluoro-2-(3-fluoro-phenyl)-4-methyl-1-ox0-2-aza-
spiro[4.5]dec-7-yl]-amide;

Pyridine-2-carboxylic acid [2-(3-fluoro-phenyl)-4-hydroxy-4-methyl-1-oxo0-2-aza-
spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-4,4-difluoro-1-oxo-2-
aza-spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-4-fluoro-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-4-fluoro-4-methyl-1-
0x0-2-aza-spiro [4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-4-hydroxy-4-methyl-1-
0x0-2-aza-spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [2-(3,5-difluoro-phenyl)-4-hydroxy-1-oxo-2-aza-
spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [4,4-difluoro-2-(4-fluoro-phenyl)-1-ox0-2-aza-
spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [4-fluoro-2-(4-fluoro-phenyl)-1-oxo0-2-aza-
spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [4-fluoro-2-(4-fluoro-phenyl)-4-methyl-1-0x0-2-
aza-spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [2-(4-fluoro-phenyl)-4-hydroxy-1-oxo0-2-aza-
spiro[4.5]dec-7-yl]-amide;

2-Methyl-pyrimidine-4-carboxylic acid [2-(4-fluoro-phenyl)-4-hydroxy-4-methyl-1-oxo-
2-aza-spiro[4.5]dec-7-yl]-amide; or

a pharmaceutically acceptable salt thereof

14) A pharmaceutical composition comprising at least one compound of claim 1 or a

15)

pharmaceutically acceptable salt thereof, and at least one pharmaceutically acceptable

carrier.

A use of a compound of claim 1 in the preparation of a medicament for the treatment of a

cognitive, neurodegenerative, psychiatric or neurological disease or disorder.
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16) The use of claim 15, wherein the cognitive or neurodegenerative disease or disorder is
selected from a group consisting of a mood disorder, an anxiety, a schizophrenia,
Alzheimer’s disease, Parkinson’s disease, multiple sclerosis, Huntington’s chorea,
amyotrophic lateral sclerosis, Creutzfeld-Jakob disease, a trauma-induced
neurodegeneration, AIDS-induced encephalopathy, a non-AIDS-induced encephalopathy,

Fragile X syndrome, an autism spectrum disorder, and a combination thereof.

17) A use of a compound of claim 1 in the preparation of a medicament for the treatment of a

gastroesophageal reflux disease or disorder.

18) A use of a compound of claim 1 in the preparation of a medicament for the treatment of

alcohol dependence.
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