SPI ROPI PERI DI NE COVPOUNDS AND PHARVACEUTI CAL USE THEREOF FOR TREATI NG

DI ABETES Di abetes is one of the nost serious health care probl ens
faci ng t hwodeudl4essiing worl d. Some successful commerci al lPgTasaélvabliies or al
treatnments for type two diabetes (T2D) are believed to act through

nodul ati on of the PPAR gamma receptor. 5 Administration of these nedicines
has been associated with undesired adverse effects that sonetines include
hypogl ycem a, |iver danage, gastrointestinal disease, weight gain, or other
undesired effects that may be associated with the PPAR gammma activity. New
treat ment optsraweriRERIBINE BOMROUMDEANEBHARMA cEUSIRIE UE PHEREJFEFOROr  managi ng T2D
are desired to effectively treakReATING@DIRBETES di abetes in nore patients. In
particular, 10 novel nechani sm based treatnent nethods that nmay mnimze or
avoi d effects that have been associated with PPAR gamma activation are
especi al | y desi riighetes is one of thopayt jegioys hsalsh erepieblema ficeg thedeaplepngwhi ch i s
reported asypige eréﬁ&c%gs\ﬁrl%éﬂﬁl%mgi oBj1aBle @Rl k@Y 15 iRUGDiBARC T €al i C
beta cells, 1nsulinona I 1 nes nd human islets. I's receptor is
activated b(§F2Bé@Iuetbnh€9mdit0I H@h@rwﬁhmdﬁlamrwfé@ RPAR gamgmd Beenier- t he receptor is
al so knayn as FF, : et al.

The orphan G prcﬁa'tﬁqeglg1 ngtg%ﬁg Oggl%gr%mégﬁélgeslﬁgi%%gg%sso&gg? ?@giu 3@' lb&%a% %jm and | ong
chai n fatt yeffcisdsy solnﬂmMmaﬁnCBldohnglgbabm@hlévﬁ éamggezga&roimﬁ@l@l discd$311, 2003.
The gl ucos ne cr r ature of
activating ‘é@ﬁ?ﬂ CXhe? %GS%Hreff:ég%%g} %tg %iséecllaﬁ Wﬁﬁ?glr tPgF‘er%% devel opi ng
ef fi caci ousactihiey. d@aveﬁea&@emopﬂnora oﬁ‘elsmgaeﬁio&aifemajplemaﬁf}a Ijreﬁlé dar rmmegmg\ t he

t r eat ment D.. Su s offer ffl acy and r irable safety
brofi e as R Baseins SRRRARGS Rerdisb ot i w8 B R 4RERUGRr onyt ur cas
can be Bspewival hachatgshbadl ercathefitat@mids yap iy hiikigikzeldbaRad efffctsapapl i cation, US

2009/ 0170908 908 IIy di scl gses co V|ng a hydrocarbon
spiro gr ouphaP’Ah‘?%}raésoéﬁngé{‘g%r}% *ECSV?{Q\I}éreaeég?C\lﬁTlﬁ'g‘e%‘? G protei n-coupl ed
receptor 40 (" CRERRMD'a GQﬂMblﬁIc@ﬁlﬁed TR hichtif) fopodQiths Priemasteye does not
rrenti on sel ectivi tg agai nst PPAR gamma Additionally, the conpounds of the

' 908 di scl o&hrcesedrehigh sy %Jaﬁld@d?néa%ncrqah@ ok Rl iBAPoBRcdldined a8 oup that s

free of het@nEAtQM® THs tBGHISAL @vEERbYBdiuhAng VAL LCASH fatifBRNs Ghat he
pr esentllr% cl ai med spiropi peridi ne conmpounds provide desired selective 30
n

acti vat RS typREEptoy ip Hé%@%@t%@fﬁ&léFwRﬁtYafé@ﬂ WRiegaptor IypSee, Briscoe
2011/ 046851&)@&/ awsﬁwé%c@@éﬁ)tgn -coupled re&?%P@}#?ﬁﬁ z@JthLﬁéfb ML b}%n are

potent activators of hi s 1 nvention rovi des a desired nove
treat nent opts driretly agds vagerlaloghalr%mmmlg%%llIqublﬂulérﬁoﬂhat i's unique

conpared t CQRIPB eCd Lrlcbé?@rvcﬁ"lﬁsﬁf?ﬁ &c?e&@ﬁs}‘g%go&ﬂgt‘eﬁtﬂf dﬁ%&u I des

conmpounds t hat se rvely activate conpar e gamma 5The
phar macol ogGRR40, p!ablﬁlg Itles cfeptarp exretientadrgdt Horslev elogng ¢ffipgcicas tlseip@st ive GPR-40

act i Vatﬂf S, wﬁl%1 es?re(P fet %ﬁ%ég&sggﬂhegrglt%[eﬁtoorf Tﬁﬁe Slual éo@ne ohrrlc?saotfe .nt of T2D.

Addltlonally, ese ation may provide a particularly
desirabl e sﬁﬁmcy apd mmbteeieimblewa&ty moﬁllaes tangatradeo exising TRdDakigs savtoasdi ng
ef fects assomate ati.on. 10The present invention is

L.t h PPAR ganma npd
directed to %éWSBEEL\é\tong]f’reﬁ%anf%SrePﬁfFlgﬁy H‘Tslrabl?)r a pharmaceutical |y acceptabl e
salt thereof; whereeenily pRlishsd GSIPeehﬁ@plﬁdfaam tUs=20000up0o08adi(svosy, of H, F and

d: 15R2 is sel fromthe onsi stin CF3, OCH3,
SRR 8 T PSR R S A R s SR T et e A pieos
group CDSTSlﬁattde@ hefe 4dtivieAIG @mﬁ@dd@)@dmec@ﬁ& ARG PR,40MRb&II0RE | east one

sel ected fromthe grou con5|st| ng of R4 and R 4a is H
However, the ‘908 disclosure does ot mention selectivity against PPAR gamma.

Additionally, the compounds of the ‘908 disclosure are compounds requiring a
hydrocarbon spiro group that is free of heteroatoms in the spiro feature. In contrast,
many of the presently claimed spiropiperidine compounds provide desired selective

30  activation of GPR40 without detectible PPAR activity.



R5 is Hor CCCH3; 20X is selected fromthe group consisting of -CH(R3)CH2-,
-C(R3)=CH, -N( RR)CH2-. and -C(0)CH2-; R3 is selected fromthe group

consi sti nyoab1i4essl Cl_3al kyl ; and R7 is sel ected from Phe/use@opsneasi sti ng
of H, G _3al kyl, and phenyl. The present invention provides an internediate
conpound of the formula: WO 2011/046851PCT/ US2010/052126 3 11; or a salt
thereof; wherein: RL is selected fromthe group consisting of H F and O ;
5R2 is selected fromthe group consisting of H G _3alkyl, CF3, OCH3, F

and d; R4 and R 4a are each independently selected fromthe group
consisting of H OCH3, G _3alkyl, CF3, and F, wherein at | east one selected
fromthe group consisting of R4 and R4a is H R5 is Hor CCCH3; 10R6 is
sel ected from t RengoRktR of S $dni08 aRfpolehtadtiddiby bf GPR-40. THisligvei@bect ed from
the group consisting of -CH(R3)CH2-, -CXR%%:CH-, -N( R2)CH2-. and

- C(0) CHez- ; Iravifles asdepigqdimeyelfticaimenteptign agtpecnughsaa ihagnasplogicalnd G _3al kyl ; and
R7 is sel echgghahitAMat REnYHuO UPMGRAEh SbinRrcPity Bhvaifable 3Rhi¥khes ofd RHAGL_4al kyl
and 15phenyl . Conpounds of Fornula 11, wherein R6 is selected from

t he group copsiletdopgowfds dpt Sechydly hetivpte (PRedUds campimd & AR gaewa.i n t he

synt hesi t L ORI Mol iy : hint of this
inventiéﬁ gﬁgvﬁﬁgég%ﬁgﬁﬂggﬁggbgﬁggﬁggﬁﬁg%%gnéPgﬁ%%g§%§ﬁg%§g%?@sent

i nvent i on oactigatprharambe putiewalyl desizabdefot adslie thsalebtntehiedfd@P. fAolditivnellyi,n 20 t he
manuf act ure - ' nt .. . ANot h i LY i-on i's wherein
tho. modi cantnre gV g R oy AR he b FIE AP RN Sl QAT RAE,

enbodi ment fof udehn theitreterhi 2Dyt dveidigefiofts asscompdwil PRAR ghmimaed herein or
a pharnaceuti&?ulx acceptabl e salt thereof for use as a therapy. A further
embodi ment S tHE™ nvention is a conpound as clai ned by the present
invention, or a Thbpreatavkentilid Yireedeptai@ndalfthd foemgaf for use in 25t he
treatnent of diabetes. Further, the invention relates to a conpound as

cl ai med by the present Qv ion for use as a nedicanment. WO
2011/ 046851PCT/ US2010/ 0 Rs o
N
R} \v/<;;7/\0/<::2/4\/40H
R1
R, I

or a pharmaceutically acceptable salt thereof;
wherein:
R; is selected from the group consisting of H, F and CI;
15 Ry is selected from the group consisting of H, Cy salkyl, CF3;, OCHj3, F, and CI;
R4 and R 4, are each independently selected from the group consisting of H,
OCH3;, Cy3alkyl, CF;, and F, wherein at least one selected from the group consisting of
Ryand R 4, 1s H;
Rsis H or C=CCHs;
20 X is selected from the group consisting of -CH(R3)CH,-, -C(R3)=CH-,
-N( R7)CH;-. and -C(O)CH,-;
Rs is selected from the group consisting of H and C,.zalkyl; and
Ry is selected from the group consisting of H, C;.zalkyl, and phenyl.

The present invention provides an intermediate compound of the formula:



4 A further enbodi ment of this invention provides a nethod for
treating diabetes in a mammal, conprising the step of admnistering to the
manmal a wornpoumessas cl ai med by the present invention oPCI/ysh@omsneatically
acceptabl e salt thereof In another enBodi nent, the present invention also
rel ates to pharmaceutical 5conpositions conprising a conpound as cl ai ned by
the present invention, or a pharnaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier. A further enbodinent is a
pharmaceutical conposition of the present invention further conprising a
second pharmaceutical agent. It is preferred that conpounds of this

i nvention selectively activate GPR-40. 10 Relative 1C50s for PPAR activity
of exenplifrgd corrpounds are generally greater than 10 uM supporting that

such corrpoun ot activate PPAR |sof or ns. The conmpound of
Exampl e 1, (#-1[4-(1'H Sp snaene-1, 4' -piperidin]-1'-

yl met hyl )ben m)he /@J&a&r or a salt thereof may be
preferred. Rhe corrpou Exafpl o-Re

(3S)-344-(14-[(1- Methyl 1, R, -di hydro®i 1' 1

15Spi ro[ i ndol e- 3, 4' - pi peri an] 1' -yl ) et hyl ] b8Bhzyl | oxy) phenyl | hex- 4-ynoic
acid, or a ?srglsglt[ﬂgperoeof may be preferred. Wien R5 is CCCH3 conpounds
of Formul a have a chiral center. The present invention contenpl ates both
t he racem cwhwerpounds as wel |l as individual isonmeric forns. Wien R5 is
CCCH3 then the 0 rall Conpounds of Fornul a |
wherein RS is C&_ﬁserﬂ%{edfronpt‘ﬁegrou?c%sg{ﬁ%gfr%ﬁfga erein RS is Hand RL is F
or C can be pr ey seldted Gombe pasp vhsisengio R @1$alkylaﬁﬂ3 RCH;sF, kndr@l; be

preferred. Conpqunds_wherei is Hcan. ferred.
Conpounds wher eiq#i aﬁﬁRr%arﬁle%cﬁﬁﬁgewleéyeﬁe&ﬁdgr %%fﬂ&%“%ﬁlé&é% (ﬁJFi i s sel ected
from the gro0g;Raky! CRgamifF, whiefda) 4 (dakst, one CHEIRR) a2 the @Reip-cDfsidhaAy GFH2- ar e
preferred. ]I%Eng%f ds wherein X is -C(R3)=CH can be preferred. Conpounds
wherein R3 T%* elt'ed fromthe group consisting of Hand CH3 are
preferred. Conpaungg owrecers; R3 is H may be preferred. Conpounds wherein
Rda is H are preferred Conmpounds wherein R2 is selected fromthe group
consi sttthg of H, Gﬁﬁ@cwé}f@mtﬁ?@m@ltsoné‘rs%n%)‘?@lérakéﬁ Conpounds wherein R2 is

H can be prefer rxsfé 1@&5@9&9% ®hQstRg drscis edcfr,pm80 the group
consi sting of H, e Cl—gmﬁjend ?:Bgre prgdrg?rﬁrzed téowr?pounds wherein R4
i s select ed}KrRe}ﬁHZheaI@rQLFb)Cébnsr sting of OCH3, CH3, CF3, and F can be
preferred. WO %e%slée@e%%%%%ég%a&é&{s%zgl@ﬁ{énd@%mm&lﬁ wherein R4 is H

can be preferred.” Conpounds whérein R4a 7s selected fromthe group

consi sti ng of HRangselicted diobibe gioep eensisting Gohourllye. WKBOEI-mIA 2add Rda are
each H ga I%o referred. Conpounds wherein X is -N(R7)CH2- can be
preferred n%ounds wherein R7 is selected fromthe group consisting of H
and Cl1-C3 al kyI G@mgoBndsroé Femmédll, Wdonpo Badsclatted &dm tiR7erdw ©Orl8stormfbe

especially pr red. oun f Fo | g, |1 e in.R %é:l—@ an be
preferred. & 8 ﬁﬁy&%%’p“&‘%g% lgtfldn%g?artr(ﬁlnéﬁ]lg}gy& eeSlrSeQ| ne lropsp e%d n% sten’ rd gm t he
group consi sting f)lfrthEr cabadiGlenantthiRmviestidn ptmriddseheprsebﬁzr crcemtbound as

Conmpounds of, .For. har maceuti ca acc sal t her.eof
aheraine 1 oremed Byt ages i P AP 2 SEit S el BRETRERR Rt 1 Vs o
and R3 2 HhérﬁMnlif@ctm"e@f Eﬁfeéldam&ﬁ@n}&ﬂMHéIf&Hfbbdlﬁﬁﬁmﬂﬂ& ihvaakiodispéteraiateut i cal | y
acceptabl e sal.t ther rein: o] R4 and R4 are each H R5
isH Xis® l%jenbr@rmd‘é‘hmﬁﬁ ‘5‘?38?1@}110 abe&rnéoﬁg‘jﬁh‘? CHPORBERATAT or a

phar maceut i ig@dntiyn AEECREdPh eorﬁ;aduhd tifh@ﬁlﬁ@ﬂ heféiﬂ&fr er)namﬁ&ﬁhcdl@ abeeptablel ; R4 and
Rda are each H, R5 is CCCF1l3 can be preferred. Corrpounds of

Formul a | o%altérleﬁwéfqré}é%mté%rm %@E@&%O@%ﬂ&f@ they v edion 1§ grompopad as

claimed by the present invention, or a pharmaceutically acceptable salt thereof for use in
25  the treatment of diabetes. Further, the invention relates to a compound as claimed by the

present invention for use as a medicament.



Rlis For d when RS is H Rl is selected fromH F and C when R5 is
CCCF13; R4 and Rita are each H R2 is CF3; Xis -C(R3)=CH, and R3 is H can
be preferwodni2@&smpounds of Forrmula | or a pharmaceut i earigs2@aonsaeabl e
salt thereof, wherein: RLis For C #when RS is H Rl is selected fromH F
and O when R5 is CCCF13; R4 and R4a are each H R2 is CF3; and X is
-CH(R3) CH2- can be preferred. Conpounds of Formula | or a pharnmaceutically
acceptabl e salt thereof, wherein: RLis For d when RS is H Rl is
selected fromH F and d when R5 is CCCF13; 25R2 is selected fromthe
group consisting of CH3, CF3, OCH3, and F;, R4 is H R5 is Hor CCCH3; and X
is -N( R7)CH2- can be preferred. Conmpounds useful as internedi ates of

Formula I'l or a phahBee@elintal ddthREGESREA r@vmlatm&mrfsptreamgal%éaeﬁl is F or
C when R is H Rl is selected from H, and d when R5 is CCCF13; WO

2011/ 04685 1POTRUSL CADPHTRIhE 1§ EAdManigingde & manypil prremgewdss eisdst i ng of

C3, CF3, epr%sen@ﬁ%r@on oﬁffﬂlﬁarm%h@&h?‘accfeﬁﬁﬂb%ﬁﬁth%wp consi sting of H,
OCH3, CH3, 3, al kyl; Xis -N

R7) CH2_, and R7 ils a@@r@@h@mmymt banroent prvedtionase rel@eWM@ra@cemcrtor mula | or
a phar e I F or d when
R5p| S masc Uéoﬁ-@%%_,] ‘v&?gcﬁﬁ’?z@l?%%@g‘d%@%@gég %?&%bﬁglg%af eOIlgroup consi sting
of CHS CFaghaﬁnadeuticakhxiadéept% sattdhdRad, ade pbarmkicedtiRBIy acditabte @ECH3A and X i s
N RY) S i cioREEhAL & Bl STRAH o Rligh BE Y bl B g Ceut  cal 1y

accept abl e sa
sel ected frmansm,gelsedaﬁd p]mrﬁ@@ﬁtl@i agkBt.R2 is H R4 is select ed fromthe

group consistin d Xis -N
iy oS can’ be. SHEPEITEA hoCE Ao R ipniR 4t Rer R el HRR AN Sal by
accept alll e RativetlQ80sefof PP A edtRithn ofexemphﬁéﬂ]con@oﬁadsrare(‘g‘enmmnglaﬁenth‘anl-LO Rl is
consi st 1 ng OF WPoeEEeneh sl dis S b R ES B, 16 X i - R(
R7) CH2-; and R7 The c6hiBaan oPBxdiRé erBSM-(4-{[4- (1'HT$1ﬁro§mneslerrew pipbridifie1'conpound

of Formula | wherein R5 is CCCH3 i's generally preferred. The S-isoner of
conpounds orrlmpﬁtv@bqnmdbw}Rilﬁnbé}héXﬁemrcaiplldyormsehé}ere@ﬁmawhepr@&rrs@unds of the

present i nventi are bl I8 r e | conposition
adm ni stered byo[gll v%m]i3 anmd}i? %b 4(3 er gg{'ﬁal’ﬂaach Bgorrpoy tions
are for 107 a$p1@ﬁﬁlid‘lé sur @bérﬂﬂn lsygﬁetmﬁﬁﬁdﬁ%q%bﬁr@hylm@ﬂﬂ%bfcla@rﬂsor%rsdlt processes
for preparl ng sane are well known in the art. See, e.g., Rem ngton: The

Sci ence andh@eefondycs m¢felﬂ=¢f’ar macy (A Gennar o, et al., eds., 21st ed., Mack
Publ i shing Co., 51% Pg maceut i h t abl al t fers to salts
T o 1 o R e PR R B EB B BT b L P
clinical anidﬁ@rnow edreemplaésybdﬂsﬂae rdchafcreeapuiinds as Wll aciadipidadlli@nsait femand
comon et 0. é t hem are wel | own in the art. See, e.g.,
P. Stahl, e ﬁ S ?ﬁ&ﬁ@ a]ir‘ ﬁ%ﬁﬁ Frrd&@?}‘tefa&lﬁlpreé%ﬁ s: Properties, Selection
and Usezo ( VCHA/ deq)wuﬁ@dr FEds) T witerdth RB QECCIe{cabe prefclbar mRapUtddsal
Salts," Jourpal of Pharmaceutical Sciences, Vol. 66, No, 1, January 1977.

wherein Rs is H and R; is F or Cl can be preferred Compounds 'wherein Rs is H and R; 1s

F may be preferred. Compounds wherein Rs is C=SCCHzand R; is H can be preferred.

Compounds wherein R; is H can be preferred. Compounds wherein X is selected from

the group consisting of —C(R3)=CH-, -CH(R3)CH,- and -N( R;)CH,- are preferred.

25  Compounds wherein X is —C(R3)=CH- can be preferred. Compounds wherein Rj is

selected from the group consisting of H and CHj are preferred. Compounds wherein Rj is

H may be preferred. Compounds wherein Ry, is H are preferred. Compounds wherein R,

is selected from the group consisting of H, OCH3, CH3, and CF; are preferred.

Compounds wherein Rj is H can be preferred. Compounds wherein Ry is selected from

30  the group consisting of H, OCHj3, CH3, CF3, and F are preferred. Compounds wherein Ry
is selected from the group consisting of OCH3, CH3, CF3, and F can be preferred.



WO 2011/ 046851PCT/ US2010/ 052126 7 The term "pharmaceutically
acceptable carrier” neans that the carrier, diluent, excipients, and salt
are phar nsoeotiv@edshy conpati ble with the other ingredi elC3/UsSR0I062126
conposition. Certain stereochem cal cé&nters have been | eft unspecified and
certain substituents 5have been elimnated in the follow ng schenes for the
sake of clarity and are not intended to |imt the teaching of the schenes
in any way. Furthernore, individual isonmers, enantioners, or diastereoners
may be separated at any convenient point in the synthesis of conpounds of
Formula | by nethods such as chiral chromatography. Additionally, the
internediates described in the follow ng schenes contain a nunber of

ni trogen, %Kﬂﬁds WA RAG 1 cAN RURGEAD O5AM RS WG R @& dariingct | ng
group may be t sane or different in each occurrence depending on the
particul ar thesgoup eensistrEpi aikClaan be psfonsd + Cempands wheisindrsad Red& t o be

per for med.  dPHRLEbELIAI 206 ASRLOL RGN O CRAGELORE, B freltfibh, known Lo the
skilled artisan and are described in the literature. See 9 G eene and
Wit's, Pr ot e€empaandy whgsein Rn iseelgetad &oeylm giew epnsigting @b@ﬁ&le{m Il anguit s, eds. ,
2d ed 519 T ”@?Q V, S ed according to
Aldrlch%%lé%%%g?gng E%HMﬂ%%QR’wq?gﬂﬁggég%&naaﬁ%9§%%2t|ons are deflned as
fol | ows: "Prep"(kmﬁ@nshwéFpmeﬁaHaﬂmwnﬂiIEQtCE%%emsmnmdeHahple nln refers

to mnute or m A [ G r "

1,1' - (azodi car bor&%/r‘p)%gnds ogg?rln{d& ﬁwﬁw{g% 1?1 i€ ge%} ed f} t?he éé%?gor%sw?{l
butoxycarbomMKﬂaﬁiRAMITemengmﬁnmﬂlchloronethane "Et20" refers to dlethyl
et her; "EtOAc" refers th , al.cohol or
othanol : 1 pa orarird bR B et RSk G ol cohol
or net henol ; " TRAY's HERHnﬂ RuQart eadhlm%@@@e@CH3,aKmLC(R3§#EH ped REB H O
tetrahydrofuran; "TR' refers to retention tine; "ICso" refers to the
concentratﬂﬁﬁﬁ%ﬂﬂgﬁngbent t hat produces 50% of the maximal inhibitory

25r esponse possidungolifds of Fatm@gesita; phadideddtics16f REStALR Jau ket ovieerdudi f i ed
Eagle's Medium "DITT" refers to dithiothreitol; "F12" refers to Ham's F12

medi um "FBS" r et s of 6L Retitl ReaiicAe! Skt Ky (RpSE B san by nigfrase- enbryonic

ki dney; "PPAR" 1 bends®f PEInRNd p&rﬁqahwn%édtealgxé&ep%nd sateeorearptiQr; " PPRE"
refers to peroxi sone proliferator response el’ement; "RPM" refers to

Roswel | 1Par k Merdort BPT $h& pird Ree areeggly f%ﬁflépscpg3a9éistf§(ﬁ$)ﬁ‘pﬁ]ecw bfase, "RFU'
refers to rgl@fiye fluorescence unit; and "ESI" refers to el ectrospray

i oni zation.” WD 2011/ 046851PCT/ US2010/ 052126 8 In the schenes bel ow,
al | substituent Sampoprds obFpraruli ke ajphainegeusigallyacecpiablqab hesrod | whegrat:i ned. The
reagents and st Ag: ORLRAIALSH AR fis SARRLAIN H afl EYwidiAtligbLecte one of
ordinary skill inthe art. hers nay made by st andar technlques of
organi c and&hmﬂého@ycﬂhél&h@#ﬂéthSﬁhRﬁhCHheﬂaﬁhhb§@m$b¢mekhaisyntheses of
known siqfuctura e din the
propar at] ons. and LSRRl ot FEE RS PR B ML SR AT e
Schenme | Step 2R iy Edu@lwlmem Rsis H; R; is selected from H, F and Cl when Rs is C=CCHz;

R4 and Ry, are each H; Ry is CF3; and X is -CH(R3)CH»- can be preferred.

Compounds of Formula I or a pharmaceutically acceptable salt thereof, wherein:
R, is F or Cl when Rs is H; R, is selected from H, F and CI when Rs is C=CCHs;
25  Rpis selected from the group consisting of CHs, CF3, OCH3, and F; R4 is H; Rsis H or
C=CCHj3;; and X is -N( R7)CHj- can be preferred.
Compounds useful as intermediates of Formula II or a pharmaceutically
acceptable salt thercof wherein

R; is F or Cl when Rs is H; R is selected from H, F and Cl when Rs is C=CCHs;



PG = Protecting Goup(l) A conmpound of Fornula | can be prepared in
accordance with reactions as 10depicted in Schene |. Schene | (Step |a)
depi cts twe 2alikbsstti on of a substituted benzyl brom de @Cx/vs2ato/ 052126
appropriate substituted piperidine (3% to give, after reduction of the WD
2011/ 046851PCT/ US2010/ 052126 9 ester in Step 2, a substituted benzyl

al cohol (5). Conmpound (5) can be further extended at the hydroxyl to give
conpounds of Formula | or conpounds can be further deprotected to give
conpounds of Fornmula I. "PG' is a protecting group devel oped for an acid
such as esters and also for an am no group such as carbamates and am des.
Such protecting 5groups are well known and appreciated in the art. See.
e.g., G eeng, @abded¥itom Mk QtRBlcbNRtith OHER,, IdF; @ORNFCandy! RES kSect&UPT a.

A conpound of fornmula (1) is reacted with a conpound of fornula (3) under
al kyl at i on EgRdictgramsopsitiag of Ha§ CHofdls k1 pediFi s it Heor &7CCRE1 Re if Ecogni ze
that there agg RinurRefCHlaIR, A, BRhIER RN FetR6g am ne al kyl ation
resulting fromthe reacti on of 10 benzyl” brom'des and am nes. For exanpl e,
the reacti on of GmpapphobFpmds campbamcaitictlbr apadpiableispltwierdofavhezgdpr opri at e
am ne or am ne Salilp SHENVAR Rl fil KOS PAGRNIIE (8ELACHRIR, iOlcidkfeh o he Of
formula (3) in the presence of a’ base such as dri sopropyl et hyl am ne or
cesi um car bonat @nwkting ofiOrs, @F ¢ Ofpleand FoRs dmdlrRmubra efch)H;RThdl caCHOO; of t he

ester of fo E e S in Step 2 using a reducing agent such
as dii sobut{}]lqg# ﬁmﬁﬁﬁﬁ?ﬁ?oﬁaﬁgg?‘%ﬁreﬁi t hi um al um num hydri de or sodi um
bor ohydri de to dloneoocuispdtmahuld)) or a@hampoadicdl) accaabidrah theecof,uriteh:

al kylated with un of formula (7). under t sunobu_ ditions to give
conpounds of Foﬁﬁ{ﬁ)a%gﬁwh% $Uno ]ulsg%l C&?C{}?%gﬂ\%}%eg%\ﬂéﬁ ¢_(§§][oi?m in the art
and i nvil veRrsie&e R, kgecdctedfromhiod griiy) consittihgaf Ot 0Bk idFe, aatlEhR ais Heorphenol  (7)
usi ng a phosphine sugh tributyl phosphjne, triphenyl phosphine, or
triethyl phoéﬁﬂ@ﬁé a&‘ﬁ% l%ﬁ\?(é%géﬁ%ﬁ nc@rpﬁ%tsﬁ%d'such as ADDP or an

azodi ca(r]I bOX@érﬁﬁcﬁanFoﬁﬁulﬁi;[jBﬁMarrﬁZc@ﬁib iclgnyb mxptgta& (@h(tﬁ&é@) whediher nati vel y,
conpound 5 can be .converted to a benzy romde (6, Step 3) using an
appropri ate brorﬁlﬁ%]f Ph%l‘éi]&é‘rﬁ{l%ﬂclﬁl ‘ééelffﬁ??sfb‘?%%heﬁlrﬁ%ﬁr%ﬁga%% R@&n%o‘&nd (6)
can be al kyik aigged PorSHRRrétD Whdidling 6 HUSCAY @1, @PRLAPF.IrtieHRAseCBICh as

pot assi um carbonate and deprotected if necessary to give conpounds of
Fornul ald . X A& Kdh-28d RajsiCEHicambe prekgrpound of fornula (1) can be

reduced to the biQRORRRZYheRYAPANM of?é)nnu?aslﬁllfb?é’iﬁ'RisﬂCS;ICQﬁ{Jipgéﬁélian? a
reduci ng agent such as diisobutyl alum num hydride or conmpound (2) nmay be

avai | abl e cupieedi HiclSyisemer dickppamddoithis invaricamyt epeially erefamicde or ami ne
salt of formula '[(hézcoéf)(ﬁfﬁdé gﬁthé é}‘]&egteiﬁ)l%n‘ﬁ%ﬁ B r&éraﬁy@&ﬁﬁla@éﬂl&g as

di i sopropyl et hyl am ne or cesium carbonate to give conpoun 85) and t hen
carried on pwrmsdicebmthpatbyreadnonigicied bg@ venetp ofmedss.oMofigreferally (duph WO

2011/ 044851 > 6, 1 . I n i |

phar macgoﬁt i%ﬂ°§§§‘%£{@g§‘%gm§é&€ tr%?n'as‘é% Shnagg%ggﬁ%gpﬁéﬁ%lf%d can be forned
by reacti orprofessn fappapornd st aecwal lofowRon thalagt. (¢ e\gi, Remargtapphopri at el y
Condi ¢ 1 ons. Sadtat PRERATES Sf FBRRS hapruithr duth” L MR Bl ¢

si mul t aneousd.y200ppn hydrol ysis of an 5ester. The formation of such salts is

vel | known and aprcel ahed, 1408 Ak REETRdr B LANGS €0 1 (9) 2
25 invention considered to be acceptable for clinical and/or veterinary use. Pharmaceutically
acceptable salts and common methodology for preparing them are well known in the art.
See, e.g., P. Stahl, et al., Handbook of Pharmaceutical Salts: Properties, Selection and
Use, (VCHA/Wiley-VCH, 2002); S.M. Berge, et al., "Pharmaceutical Salts," Journal of

Pharmaceutical Sciences, Vol. 66, No. 1, January 1977.



In Schenme I, Step 1, a protected piperidine-4-carboxal dehyde (8) is
reacted with a 10substituted phenyl hydrazine (9) in an acid catal yzed
cyclizatiwo20n/gs8se a substituted spiro[indoline-3, 4" -pippErisdémns21£d0)

whi ch can then be al kyl ated and deprofected and further al kylated to give
conpounds of Fornmula (1). For exanmple, to phenyl hydrazine (9) or a
substituted phenyl hydrazine (9) and an appropriate acid such as
trifluoroacetic acid WD 2011/046851PCT/US2010/ 052126 11 is added a
nitrogen protected-4-fornyl-piperidine (8). After an appropriate reaction
time, a reducing agent such as sodi um borohydride and an al cohol such as
nmet hanol is added to give the desired substituted spiro

l'i ndoi ne- 3, 4' - prgt eghe g hResutiiR@bcdpthBlk-calrfdr Sh&Rs that hbarli®d@lieRe ni trogen
of (10) can be al kyl ated by reductive al kyl ati on usi ng an_appropri ate

5al dehyde afﬁﬂalps@ﬁwaﬁ@rsabﬁlieﬁg@maé@mle?lwgcoa@étﬁhle yifk thepthes sgredisnisyasbor ohydr i de
in an approRhitifofci d such as acetic acid and an al cohol such as nethanol .
Fol | owi ng deprotection, conpound (11) can be isolated. Alternatively, the

i ndol i ne ani ne (Ceopinstpreopkenyed cetere Havgibeen laft ppeeified sy cgrtonpubstiwpntas boc
using digt - vk -di . [ j } : : ed under
standar&gcg%gfP%%ﬁggﬁggﬁggg%%gkﬁé?%gﬁﬁgggg%%?ggggﬁa%agggd%§8§%E§h§%ne, and
an appr opr i tatlienityhs gaguegofdle chanasim earbondugherFold, oindpabiepnos.ect i on of t he

pi per 1 di e DLAANED (CRIRAHNTL ) nea Real 50l sy R ohes g 0r oup on

the piperidine nitrogen can be re nder “standard condi t
in the art dwompasdhyilfogehdtbyortlods achds chimbeldbmatogrspliyo Ayidienelynpeund
(11). Conpound o dn.Step, 3.can. then be alkylated wi.th (1),a reviously
Gestri bea  BegmutdsirBRTes o 5P Vit et e By h Ml b ot affoBlry
descri bad i4ndSckign®edting gupp STHeavadiatde @ptetingQirvigy rapngabnchn{eSr Miffetmmimound
(5") can then%be carrhed n tolgive.congounds o..Forqua gL)las descri bed
for Scheme TR fUTgiEdsRoging AR MERREICHE CRGHoB SRR ey and fipparticular

I2|0|11/ 046g51tﬁﬁ§_ HoH?ﬁ%ﬁQ(oQﬁ%lﬁ@r_ngea: The ﬁ%ﬁzti%Iﬂﬁlhgléﬁrbteaﬁ(gp:o_aditions(aler\l)velll(I’l Schg_rre
a substitute enzol c .acCi IS reduced under conditions we nown I n
the art usifigWa te Bqakipdertennd aidrscabednhy Itpratuge. greger- & dHiSeffdd (14) in
Step 1. | n WuRPPieciNEGIYE BX i@ BRARA, (Tl cchdhdre WAQERC AW th a

protecting ﬁ;oup such as tertbutyl-dimethyl silane using a base such as
i mi dazol%® a1t ert-butyl chl orodi net hyl sil ane

The abbreviations used herein are defined according to Aldrichimica Acta, Vol.

17, No. 1, 1984. Other abbreviations are defined as follows: “Prep” refers to preparation;
“Ex” refers to example; “min” refers to minute or minutes; “ACN” refers to acetonitrile;
“ADDP” refers to 1,1’-(azodicarbonyl)dipiperidine; “boc” or “t-boc” refers to tert

20 butoxycarbonyl; “DCM?” refers to dichloromethane; “Et,O” refers to diethyl ether;
“EtOAc” refers to ethyl acetate; “EtOH” refers to ethyl alcohol or ethanol; “IPA” refers to
isopropyl alcohol; “MeOH” refers to methyl alcohol or methanol; “TFA” refers to
trifluoroacetic acid; “THF” refers to tetrahydrofuran; “Tr” refers to retention time; “ICsq”
refers to the concentration of an agent that produces 50% of the maximal inhibitory

25  response possible for that agent; “DMEM” refers to Dulbecco’s Modified Eagle’s
Medium; “DTT” refers to dithiothreitol; “F12” refers to Ham’s F12 medium; “FBS”
refers to Fetal Bovine Serum; “HEK” refers to human embryonic kidney; “PPAR” refers
to peroxisome proliferator-activated receptor; “PPRE” refers to peroxisome proliferator
response element; “RPMI” refers to Roswell Park Memorial Institute; “TK” refers to

30  thymidine kinase, “RFU” refers to relative fluorescence unit; and “ESI” refers to

electrospray ionization.



to give (15). Compound (15) can be al kylated with conpound (7) using a base
such as potassium carbonate and deprotected to give conpound (16) in Step
3. The hywoaxylo4685110 conpound (16) can be converted toPCmaskolonsdes usi ng
brom nating conditions such as phosph®rus tribrom de to give conpound (17)
in Step 4. Conmpound (17) can then be al kylated wi th conpound (3, Schene 1)
under conditions well known in the art wth a base such as cesium carbonate
or N, N-diisopropyl ethyl am ne and deprotected to give conmpounds of Fornul a
(). 15 13 Schene IV (18) 2. deprotection(1l7) Alternatively as shown in
Schenme 1V, 1, 4-bis(brononet hyl)benzene (18) can be 5 nonoal kyl ated with
conpound (7) using a base such as cesium carbonate to give conpound (17).

Conmpound (17) cap tHeRemnke babk ydipfusdin¥ntshineQIRA RS e (Rlica®@DS88s | ) under
conditions well known in the art with a base such as cesi um carbonate or

N, Ndi i sopr opigyietshidedinehel hedepeauip pist eatinpmetsrigs ve sersrplyderddly arailabledil a (1) .
WD 2011/ 046&@%?%&4%@4@@@@4@ Othées may 8t /1428y AandRAUGHIAR Forsleect i ve
deprotection here are various methods to d conponents of
conpounds o'cfndlb@telfmy%{IC(Chgmltsmtvhbzh@rew@ﬁlpg%ﬁ(w\ﬁhe pynthases ﬁ@owmsm@mm in Scheme
V, one a t ehyde
(19) o examprsmpirt BhFEL phipRn R ARHR it Bpbh! S BamROSAl

di oxane- 4, Gbﬂmmnwﬁdnezmynowﬂpawﬁhoavenagel condensation to give (21) in
Step la. Al dehydes can be connerC|aIg¥ rchased or prepared by standard
met hods well known in the art. The benz &ehyde (19) can be substituted
with a hydroxyl or{the hydroxyl can be protected by protecting groups well
known in the ZLE:IKOGhignaﬁdbreaction dren be 10 acconplished using a
typical Gigh Reagentr&u@ﬁ as 1-p yl magnesi um brom de to give (22,
Step 2a). DeprotgcCtion of the Meldrum s atld internediate (22) with a base
such as pyriding-water and an acid mork up gi ves conpound (23, Step 3a), a

car boxylic aci The spriet ect ed hydroxyl, can be deprotected using
borontribroni he acid can WD 2011/ 046851PCT/ US2010/ 052126
Step 1c Ri
X
R4
@ A
R, o PG

Step 2
reduction
R N R,
X
Step 3
R{ N o-PG — = R;
R,
®)

Step 4a

Step 4b R,
LASQU oL
CO,R CO,R
7 Ry

R4a
X
N N\/<:§,«O/<:I/K/4OH
R2 R 4
0

A compound of Formula I can be prepared in accordance with reactions as

PG = Protecting Group

10 depicted in Scheme I. Scheme I (Step 1a) depicts the alkylation of a substituted benzyl

bromide (1) with an appropriate substituted piperidine (3) to give, after reduction of the



15 be protected to give (7", Step 4a) when R5 is CCCF13. It should be noted
that a chiral separation can be acconplished at various steps in the
process swoloa®4et51St ep 3a. Conpound (7") can then be uget/tsgoinsSehene
substantially the same as conpound (7Y to give conpounds of Fornula (1).

5Al ternatively, a hydroxyl protected benzal dehyde (19) can be reacted with
a phosphonium salt such as triethyl phosphoacetate and a base such as
sodi um hydride to forma Wttig reagent to give the ethyl protected
acrylate (24, Step I b). The doubl e bond can be reduced under hydrogenati on
conditions using a typical catalyst such as 10% Pd/ C and hydrogen and

foll owed by deprotection of the hydroxyl using borontribromde to give 10

conmpound ( 7esler iS5t R s8Bstin @R A1chi{o1) 5)C TIntpdSil BPcdtIRAurdtir blendedgime |
substantial ly the same as conpound (7) to give conpounds of Formula (1).

Pr epar at i on§¢ ROk Engly eeompeundsgf Few%l Frcepreuids etsbedahes denfpieeed our t her
illTustrate %lb@cdn%b\éﬁﬁﬁs'o@!ﬁoﬁﬁ@a L5pgp rﬁﬁlaiec&ﬁgpgr&ﬂ;l de%aialséa%ﬂ sh fd dubgasconpounds

of Formul a he names for the conmpounds of the present invention are
general |y pist @édlsmﬂma@PN@W@%@BLmr@ﬁ@tesme@mﬁu@ protepéignar at i on 1

Benzyl spir Bﬁﬂ%‘l?é \%[legéw‘ﬁ aﬂh@ﬁé&ﬂ cg‘:ﬁ egr ¢ S %bf’]%yé@&{% and Wauts, P'Abt%cq 62‘“ on_of

phenyl hydr zine ( roacetic acl’'d ( in a
49: 1 soIut|GnmprKbkw@néwah@buwpnwlIe (50 nL) is heated at 35 C

4- For nyl pi peri dipe- 1- C mml) is
di ssolved in a 4g$¥m%3ﬁ€§$§ﬁ%%%&Q%Vh%ﬁgggéé%%%? ?lqéﬁ%%ﬂﬁ%§§gané added
dr opwi se t aaltigiomcrbditiens (MR 0)5Oh6618R9d inTieearnwillt recognizs thet theeact aat 35 C

overnight. Th € 2011/0 US2010/,052126 16
ool ed°to” bk FEHhIRART Rl Iy rfoe S R G b g 38 ool ) 1 s
added pDTtI@ﬂzﬂhﬁﬁmﬂ@zmhemsmkuEn@nmdethﬂ&wﬁhxbﬂmEqmﬁxﬁmmmbmﬁmmﬂmf45 m n.
The reactio lxbgre is washed with a eo§§ NﬁgCH.ﬁG % 25 qtg and bri ne
(30 ni), driBg"d VD SR BHORTA Ypiae o PYF L P YO YR UL aftgr give a

ye: : ow so: llgCI s%h% f-‘drmdl% ($ah i plréseqircﬁ@wsasﬁIshthe@du@prcfpwmyﬁtnﬁﬁ@ortcgs@m\d/e a

ye Oow SOl | st cro . e not her uor evap rate an
purified bycagl?qnilte &1‘3&%%@8&%8@# fmyla (Bt Jie ﬁ?jb‘myﬂ At tﬁ% é%rﬁlyla acet at e

(8:2) to gimgot E’&lu&ddtals‘ﬁl Qt@@@@blﬂ%a@e%lu@n ﬁ%\e;gt 30eh hMSMtylﬂuﬁl&u& 19xdridd)d crop)
with a total yleld of : mz 323 N%F%% 10 The foll ow ng
t

conpountfs aiBlupYdyEPEy §rs®nt>li S@fiwyﬂ begohydids togdg cBYPeHE (e tGasepognd (5)
preparati oncah theRie @urtﬂélpaleQ@MElcorﬁ@fﬁdsE@fl féMuﬁ Bhdet Mikhn obu BEQENIng -

(trifluoronethyl spiro[indoline- peridine]-1"- carboxylate 391
to give compounds of Formula (I) M1tsun0bu cond1t10ns are well known in the art and

involve reacting an alcohol (5) with a nucleophile such as a phenol (7) using a phosphine
such as tributyl phosphine, triphenyl phosphine, or triethylphosphine and an

20  azodicarbonyl such as ADDP or an azodicarboxylate such as diethyl azodicarboxylate
(DEAD). Alternatively, compound 5 can be converted to a benzyl bromide (6, Step 3)
using an appropriate brominating agent such as phosphorus tribromide. Compound (6)
can be alkylated in Step 4b with (7) using an appropriate base such as potassium
carbonate and deprotected if necessary to give compounds of Formula I. In another

25  variation, a compound of formula (1) can be reduced to the bromo benzyl hydroxy (2), as
shown in Step 1b using a reducing agent such as diisobutyl aluminum hydride or
compound (2) may be available commercially and alkylated with an appropriate amine or
amine salt of formula (3, Step 1¢) in the presence of a base such as diisopropylethylamine
or cesium carbonate to give compound (5) and then carried on as described above to give

30  compounds of Formula (I).



3 Benzyl 7- chlorospiro[indoline- 3,4 -piperidine]-1 - carboxylate 357 4
Benzyl 5- fluorospiro[indoline- 3,4"-piperidine]-1"- carboxylate 341 WO
2011/ 046880RCTI/I83010/ 052126 17 5 Benzyl 5- net hoxyspi r @Cirnsedions2126

3,4 -piperidine]-1"- carboxylate 353 ® Benzyl 5- nethyl spiro[indoline-

3,4' -piperidine]-1"- carboxylate 337 Preparation 7 Benzyl

1-met hyl spiro[indoline-3,4"-piperidine]-1"-carboxylate To a 0 C sol ution of
benzyl spiro[indoline-3,4"-piperidine]-1'-carboxylate (1.15 g,

In an optional step, a pharmaceutically acceptable salt of a compound of Formula
(I) can be formed by reaction of an appropriate acid of Formula (I) with an appropriately
pharmaceutically acceptable base in a suitable solvent under standard conditions.
Additionally, the formation of such salts can occur simultaneously upon hydrolysis of an

5 ester. The formation of such salts is well known and appreciated in the art.

Scheme 11
Os_H H
R4a H R4a N
N\
+
'?l R; R N,
4 PG

© ©) (10)

1. alkylation
Step 2 2. deprotection
R
17
I?7 R4a N
R4a N
O Step 3 NH
. N o-PG R
4 (12) (11)
R2
\ Step 4
R;
R4a N
N
OH
R4 (5') \/Q/\
R

In Scheme I1, Step 1, a protected piperidine-4-carboxaldehyde (8) is reacted with a
1o  Substituted phenylhydrazine (9) in an acid catalyzed cyclization to give a substituted
spiro[indoline-3,4’-piperidine] (10) which can then be alkylated and deprotected and
further alkylated to give compounds of Formula (I). For example, to phenyl hydrazine (9)

or a substituted phenyl hydrazine (9) and an appropriate acid such as trifluoroacetic acid



53.56 mml ), formal dehyde (37% aqueous solution, 1.44 ni, 17.83 mol) and
acetic acid (1.02 nL, 17.83 mmol) in nethanol (25 nlL) is added sodi um
cyanobor oNpniidaessd. 67 g, 10.68 nmol ). The reacti on m xParaskeoasiloned to
warmto roomtenperature overnight. T™e pH of the mxture is adjusted to
approximately 8 with 10 % NaHCO3 sol ution and extracted with Et0Ac (3 x 50
m.). The conbined extracts are washed with water (50 10 nL) and brine (50
m.), dried, filtered, and evaporated to dryness. The crude material is
purified by silica gel chromatography, eluting with hexane:ethyl acetate
(85:15) to give the title conpound as an off-white solid (0.9 g, 75%.

ESI/M5 mz 337.2 (MtH) +. The foll ow ng conpounds are prepared
essenti al | yig a&a&a%etfdg@@%t&teahefofmﬁ rigfne 1DPMERAY Fg%rlz‘[elﬂéﬂc{"&l e,
appropri ate al dehyde 2011/ 0468 CT/ US2010/ 052126 18 Prep. No.

Chemi cal NaimedESE dgent(spglrds s@MH)boB)hBémdgamd 4n ﬁ]@@hw quch-as methanol is added to
enzyl 7- oot e 1oty F el BT b B R el RIS £ifpony ) at e
2; :-b é)o(y :33{‘ é})ﬂioﬁle fnltRERod1 0@k BY hiicpiRicl 8] ké@lq&iv'e RfkylaBoftusiit BelpbHpAsE- 1 -
5 aldehyde and an appropriate reducing agent such as sodium cyanoborohydride in an
appropriate acid such as acetic acid and an alcohol such as methanol. Following
deprotection, compound (11) can be isolated. Alternatively, the indoline amine (10) can
be protected with a protecting group such as boc using di-fert-butyldicarbonate or the
indoline amine can be alkylated under standard conditions using an alkylating agent such
10  as bromobenzene, and an appropriate base such as cesium carbonate. Following
deprotection of the piperidine nitrogen compound (11) can be isolated. The protecting
group on the piperidine nitrogen can be removed under standard conditions well known in
the art such as hydrogenation or acidic conditions to give compound (11). Compound
(11), in Step 3 can then be alkylated with (1) as previously described to give compound
15 (12) and reduced in Step 4 as previously described in Scheme I, (steps 1a and 2) to give

compound (5”). Compound (5) can then be carried on to give compounds of Formula ()

as described for Scheme I substantially the same as compound (5).



355 11 Benzyl 5-nethoxy-1- nethyl-spiro[indoline- 3,4'-piperidine]-1'-
carboxyl ate 367 12 Benzyl 1,5-dinethyl- dinethylspiro[indoline-

3, 4" - pi pawDdDIless1- car boxyl ate 351 WO 2011/ 046851PCTPUSAB200052226 19
Benzyl 1- isopropylspiro [indoline 1323 ,4'-piperidine]-1'-365 c arb

oxyl ate Preparation 14 Benzyl

1- phenyl spiro[indoline-3,4"'-piperidine]-1'-carboxylate 5 To a sol ution of
benzyl spiro[indoline-3,4"-piperidine]-1"-carboxylate (1.5 g, 4.65 mmol) in
1-4, dioxane (5 nmL) is added bronobenzene (0.803 g, 5.115 mmol), 4, 5-

(di phenyl - phosphi no) -9, 9-di net hyl xanthene (0.807 g, 1.395 nmol) and
cesium carbonate (4.54 g, 13.95 mol) at 0 C. The reaction mxture is
purged with nitrogen gas 10for 15 mdatgsiand pal | adium acetate (0.062 g,
0.279 mml) is added. The m xture is stirred at 100 C for 5 hours,

filtered, dilut Wi a niun1ch|orige ol ution, extPact i th EtOAc,
dried with sodium's ate, and concentt® ed under reduce ssure. The
crude material is pur fieé*by silica gel chromatography, eluing®ith

hexane: et hyl acetate129.0: 1.0) to give the title conpound qi.G g, 86.48
%. ESI/M5 mz 399. 4 )NHFD+. 15 Preparation 15 (14)

J Step 2
R
R CO,R;
HO o—<C:2}—<L_ 7 R Br
CO.R B —
\=|/_\=’ R °r : 0-PG

R, ! 2. deprotection R,
(16) (15)
l Step 4 Step 3
R5
Br 0O
\_Q_/ CO.R,
R1
RZ

(17)

In Scheme III a substituted benzoic acid is reduced under conditions well known
5 inthe art using a reducing agent such as DIBAL-H to give compound (14) in Step 1. In
Step 2, the hydroxyl compound (14) can be protected with a protecting group such as tert-
butyl-dimethyl silane using a base such as imidazole and zerr-butylchlorodimethylsilane
to give (15). Compound (15) can be alkylated with compound (7) using a base such as
potassium carbonate and deprotected to give compound (16) in Step 3. The hydroxyl of
10 compound (16) can be converted to the bromide using brominating conditions such as
phosphorus tribromide to give compound (17) in Step 4. Compound (17) can then be
alkylated with compound (3, Scheme I) under conditions well known in the art with a
base such as cesium carbonate or N,N-diisopropylethylamine and deprotected to give
compounds of Formula (I).

15



1- Met hyl spiro[indoline-3,4"-piperidine] To a solution of benzyl 1-nethyl
spi ro[indoline-3,4"'-piperidine]-1"-carboxyl ate (0.85 g, 2.52 mmol) in
nmet hanol WBQonili46dss added Pd(OH) 2/ C (10% O0.15 g) and treTABRINW0621R6 | S
hydrogenated with a balloon for 16 howrs. The reaction mxture is filtered
WO 2011/ 046851PCT/ US2010/ 052126 20 t hrough di at omaceous earth, washed with
nmet hanol (50 nmlL), and evaporated to dryness to give the title conmpound (0.5
g, 98% . ESI/M5 niz 203.4 (M+H) +. The foll owi ng conmpounds are prepared
essentially as described by the nethod of 5preparation 15. Prep. No.
Chem cal Name ESI/M5 (mz) (MtH) 16 tert-Butyl spiro[indoline-3,4'-
pi peridi ne]-1- carboxylate 289 17 1-Methy1l-5- (trifluoronethyl)-
spiro[indoline-3,4"- piperidine] 27&:A8&nSrMet hoxy- 1-net hyl -
spiro[indoline-3,4"- piperidine] 2%3 19

5

1. HO R,
Br CO,R, Br OAQ—&
< > \B 7 R < > CO.R,

r —_—

(18) 2. deprotection (17)

Alternatively as shown in Scheme 1V, 1,4-bis(bromomethyl)benzene (18) can be
5 monoalkylated with compound (7) using a base such as cesium carbonate to give
compound (17). Compound (17) can then be alkylated with compound (3, Scheme I)
under conditions well known in the art with a base such as cesium carbonate or N,N-

diisopropylethylamine and deprotected to give compounds of Formula (I).



1,5- Dinethylspiro[indoline -3,4"-piperidine] 217 20 1- Is

oproyl spiro[indoline- 3,4'-piperidine] 231 21 1-Phenyl spiro[indoline-

3, 4" - pi pawOddnEe65 WO 2011/ 046851PCT/ US2010/ 052126 2PCPrsp@nasiion 22

7- Chl oro- 1- net hyl - spiro[i ndol i ne- 3, 4'H4pi peridine] A solution of benzyl

7-chl oro-1-nethyl -spiro[indoline-3,4"-piperidine]-1'"- 5carboxylate(1.1 g,
2.96 mmol) in trifluoroacetic acid (10 nL) is refluxed for 3 hours. The
reaction mxture is concentrated, the pH of the residue is adjusted with 10
% NaHCO3 (20 nL) to basic and extracted with EtOAc (3 x 20 nmL). The

conbi ned extracts are washed with 10 % NaHCO3 (20 nlL), water (20 nL), and
brine solution (20 n.), dried with a drying agent, filtered, and evaporated
to dryness to give the title conmpoung.h@se& brown 10liquid (0.73 g, 103.9%
crude). ESI/M5s mz 237.1 (MtH)+. Preparati on 23

5- [ (4- Hydr oxyphenyl ) met hyl ene] - 2, 2- di et hyl-1, 3- di oxane- 4, 6- di6ne To a

sol ution of 4-hydroxybenzal yde (20 g, mml) in vvater C(ZEFD m) is
15added Meldrums agjd (2, igret hy1-1, 3 X

mml) as a slurr i\&b
agitated for 2
400 L) . TheCgemy ad ext raets=ar eonag g g,

sodi um sul fate 1; | t éred, auenhaconcen(?ra edRt o a?te)@éﬁl ow solid (39 g, 97 9.
ESI/Ms miz 247. "UM FI). 20 The fol | owf? ﬁ)g compound is preff@red essentially

as descri bed by J e nmet hod of preparation 23. Prep. .
Step 1b Step 3a
0
o |
S0 R, i
(24) OH
| PG, R,
Ste Zb';: ;eecljeu((::ttil\(/)en deprotection @3)
o Step 4aJ
e
HO R,
- ([
OR,
HO R,

)
There are various methods to build components of compounds of Formula (T) that
are well known in the art. As shown in Scheme V, one example is to protect the aldehyde
5 of a substituted benzaldehyde (19) for example using Meldrum’s acid (2,2-dimethyl-1,3-
dioxane-4,6-dione), (20), in a Knoevenagel condensation to give (21) in Step la.
Aldehydes can be commercially purchased or prepared by standard methods well known
in the art. The benzaldehyde (19) can be substituted with a hydroxyl or the hydroxyl can
be protected by protecting groups well known in the art. A Grignard reaction can then be
10 accomplished using a typical Grignard reagent such as 1-propynyl magnesium bromide to
give (22, Step 2a). Deprotection of the Meldrum’s acid intermediate (22) with a base
such as pyridine-water and an acid work-up gives compound (23, Step 3a), a carboxylic

acid. The protected hydroxyl can be deprotected using borontribromide and the acid can



No. Chem cal Name ESI/M5 (nmfz) (MtH) 24 5-(2-Fl uoro-4- nethoxy-

phenyl ) net hyl ene] - 2, 2- di nethyl-1, 3-di oxane- 4, 6-dione 280 WO

2011/ 046880RCQTI/0485010/ 052126 22 Preparation 25 PCT/US2010/052126

5-[1- (4- Hydr oxyphenyl ) but - 2-yny1] - 2, 215di net hy1- 1, 3- di oxane-4, 6-dione 0 0 Ho
To a solution of 1-propynyl magnesiumbromde in THF (0.5 N, 322 nL, 161.28
5mol) is added a sol ution of 5-(4-hydroxy-benzylidene)-2,

2-di met hyl -[ 1, 3] di oxane-4, 6- dione (20 g, 80.64 muol) in THF (200 nL) by
cannul a under a nitrogen atnosphere. Over the course of the addition, the
reaction m xture changed to a thick, yellow suspension. After addition is
conpete, the reaction mxture is stirred for 15 mnutes at 50 C, quenched

with aqueoucseﬂ}%ié&édtoagm (ams f4a?QhérpRS.QHC 2wt h sBoull BiGlotediR& ath¥biure is 10
extracted with Et0Ac 8 and the conbi ned extracts are washed w th

saturat ed biep#ationgap éﬁaw@lohﬂrbﬁdsmaﬂﬁw stepp Bthe pigeese stk snttrdtett to a yel | ow
solid (20 goofRuyd (7”3_% REQRUEL] 4sSin SB1eaduRBnBAIRASe same as ca_llﬂﬁangl(b)OW ng

conmpounds are prepared essentlally as descri bed by the nethod
15pr epar at i ©givesomppwds oNormgladhi cal Name ESI/MS (mz) (M+H) 26

5-[1-(2-§l uoro- Zklterna‘uvely, a hydroxyl protected benzaldehyde (19) can be reacted with a
phosphonium salt such as triethyl phosphoacetate and a base such as sodium hydride to
form a Wittig reagent to give the ethyl protected acrylate (24, Step 1b). The double bond
can be reduced under hydrogenation conditions using a typical catalyst such as 10% Pd/C
and hydrogen and followed by deprotection of the hydroxyl using borontribromide to give

10 compound (7’) in Step 2b. Compound (7°) can then be used as in Scheme I substantially

the same as compound (7) to give compounds of Formula (T).

Preparations and Examples
The following preparations and examples further illustrate the invention and
15  represent typical synthesis of the compounds of Formula (I). The names for the
compounds of the present invention are generally provided by IUPACNAME ACDLABS
and Symyx Draw 3.2.
Preparation 1

Benzyl spiro[indoline-3,4'-piperidine]-1'-carboxylate

H
N

o)
N\<’
o)

20
A solution of phenyl hydrazine (1.29 g, 12.0 mmol) and trifluoroacetic acid (3.0

mL) in a 49:1 solution of toluene:acetonitrile (50 mL) is heated at 35 °C. 4-Formyl-
piperidine- 1-carboxylic acid benzyl ester (2.7 g, 10.91 mmol) is dissolved in a 49:1
solution of toluene:acetonitrile (10 mL) and added dropwise to the mixture

r5  (WO2005046682). The mixture is stirred at 35 °C overnight. The resulting solution is



met hoxy- phenyl ) but - 2- yny1]-2, 2-di net hyl-1, 3- di oxane-4, 6-di one 320
Preparation 27 3-(4-Hydroxyphenyl)hex-4-ynoic acid A sol ution of
5-T1 - (4-Woadnmospssenyl ) but - 2-ynyl] - 2, 2-di met hy1-1, 3 - di POXArsee1/0621220di one
(20 g, 69.44 mol) in pyridine-water 165:1, 390 nlL) is heated at reflux for
16 hours WD 2011/ 046851PCT/ US2010/ 052126 23 and after cooling is acidified
to pH---2 with 5 N HCL and extracted with Et0OAc (2 x 300 nL). The conbi ned
extracts are washed with saturated brine, dried over MgSH, filtered, and
concentrated to give an off-white solid (13.5 g, 96 %9. ESI/M5 mz 203
(MI-1)-. 5The follow ng conpounds are prepared essentially as described by
the nmethod of preparation 27 Prep. No. Chemcal Nane ESI/M5s (mz) (mtH) 28
3- ((2- FI uor ogobted 18 POXMd RREAUSD(H &) & addOL 1 1GaFE] (0.6286 16PREPAGIRsI2Qed29 _
(3S) - 3- (4- Hydr oxyphenyl ) hex- 4-ynoi ¢ aci d 103- (4- Hydr oxyphenyl ) hex- 4- ynoi ¢
aci d enant i pmeenswia¢ © thepdutmnead thy nokiuread stated doretSoginaphy repgonwnmtughis r al pak

A (250 mm X 4 , _mohi e n- hexang, I hase (B) isopropyl
2l cohol i theBeB B Rbept: R st de (Dingly PR G
det ection 22%a@NdhdlePai@td&l th B mbdsttd giVGQSFPlW%Iid.( Fhlcillde RPd RS Ay sthigiQnt i on
time 7.96. ESI/M5 mlz 203 (MfH)-. The m xture of enantioners is also
separ at efd bfyoroRi@a¢ to give a yellow solid (1.25 g, 1* crop). The mother liquor is evaporated and

purified by silica gel chromatography, eluting with hexane:ethyl acetate (8:2) to give the

title compound as a pale yellow solid (1.2 g, ond crop) with a total yield of (2.4 g, 76 %).

ESI/MS m/z 323 (M+H)".

10 The following compounds are prepared essentially as described by the method of

preparation 1.

ESI/'M
Prep. No. Chemical Name S(m/z)
(M+H)

Benzyl 5-
(trifluoromethyl
2 spiro[indoline-3,4'- 391
piperidine]-1'-

carboxylate

Benzyl 7-
chlorospiro[indoline-
3,4'-piperidine]-1'-
carboxylate

357

Benzyl 5-
fluorospiro[indoline-
3,4'-piperidine]-1'-
carboxylate

341




15resol ution using a si

m | ar

the title conmpound. Preparation 30 Ethyl
(3S) - 3- (awbypdriodygshenyl ) hex- 4-ynoate To a 0 C sol uti on ®CT/US2010/052126

(3S) - 3- (4- hydr oxyphenyl ) hex-4-ynoic agid (2.7 g,

(135 ni)
reflux for 4 hours,
Et 0Ac (2 x 100 nL).

13.2 2

met hod as described in W2005086661 to give

O mol ) in ethanol

is added sulfuric acid (2.7 nL) and the m xture is heated at
concentrated, diluted with water,
The conbi ned extracts are washed with saturated brine,

and extracted with

dried over sodiumsulfate, filtered, and concentrated to yellowoil (2.1 g,
68 % . 1H NWR (400MHz, CDC13) 6 7.23 (d, J = 8.0 Hz, 2H), 6.76 (d, J = 8.0
Hz, 2H), 4.9 (bs, 1H), 4.11 (g, J = 6.8 Hz, 2H), 4.04 25(m 1H), 2.60-2.75
(m 2H), 1.82 (s, 3H), T 2T (¢, = 6.8 Fz, 3A). | WD
2011/ 046851PCT/ US2010/ 062126 24 The fol |l owi ng conpounds| are prepared
essentially as described by the pethods#ylgrepargtion 30 Prep. No. Cheni cal
Name EST/MS (mfz) (M+H)| 31 Ethyl | Sefhexyspi ‘I&QE%enyjsghex-& ynoate a 32b
Met hyl 3-(2-fluoro-4- hydroxy-phenyd.4eeridinelyhoat|le, i soner 1 236 5a. 1H
NVR (400MHz, DMSO-d6) 6] 9.25 (s, |1H),cafb@ylajed, J |= 8.4 Hz, 2H), 6.65 (d, J
= 8.4 Hz, 2H), 3.97-4.02 (m 2H| 3.9 (m 1H), 2.59 (d,|J = 7.6 Hz, 1H),
2.46 (m 1H, 1.7 (s, 3H 109 (t—3F =76 Hz,—3H- 32b. Met hyl
3-(2-fluoro-4-hydroxy-phenyl ) hex;4-ynoate is sepdrated by chiral HPLC
(Chiralpak 1A flowrate 0.6 nL/mn, dehedtsion 225 nm [90: 10 hept ane: | PA)
to give 10nmethyl 3-(2-f] uorg-4-hydaaxylsphenydinbex-4-ynoate, |somer-1.
Preparation 33 6 34 piperidine] 1= |

carboxylate

Preparation 7

Benzyl 1-methylspiro[indoline-3,4'-piperidine]-1'-carboxylate

To a 0 °C solution of benzyl spiro[indoline-3,4'-piperidine]-1'-carboxylate (1.15 g,

3.56 mmol), formaldehyde (37% aqueous solution, 1.44 mL, 17.83 mmol) and acetic acid

(1.02 mL, 17.83 mmol) in methanol (25 mL) is added sodium cyanoborohydride (0.67 g,

10.68 mmol). The reaction mixture is allowed to warm to room temperature overnight.

The pH of the mixture is adjusted to approximately 8 with 10 % NaHCOs solution and

extracted with EtOAc (3 x 50 mL). The combined extracts are washed with water (50

10

mL) and brine (50 mL), dried, filtered, and evaporated to dryness. The crude material is

purified by silica gel chromatography, eluting with hexane:ethyl acetate (85:15) to give
the title compound as an off-white solid (0.9 g, 75%). ESI/MS m/z 337.2 (M+H)".

The following compounds are prepared essentially as described by the method of

15

preparation 7 using an appropriate aldehyde.



3- (2- Fl uor o- 4- hydr oxy- phenyl ) hex- 4-ynoi ¢ acid
3-(2- Fl uor o- 4- net hoxy- phenyl ) hex-4-ynoi ¢ acid (0.250 g,
15di ssol weo 20m/d@&i (5 L) and boron tribrom de (0.5 nlL, P8TUSAM0I052126 added

at

solution is concentrated under reduced pressure,

extracted wth EtOAc,

g, 76 9.
m xture of ethyl

dried with a drying agent,

i n et hanol

(

-10 C. The mxture is stirred at ambi ent tenperature for
diluted with water,

1.12 mmol ) is

The
and

1 hour.

and concentrated under
reduced pressure to give the title conpound as a pale brown liquid (0.180

120 ni)

EST/M5 nlz 212 0,4-Hy. 20 WD 2011/ 046851PCT/ US2010/ 052126 25 A
(E)-3-(2-fluoro-4-net hoxy-phenyl) prop-2-enoate (11 g,
nmmol ) and 10% Pd/ C catalyst (1.1 Q)

49
is stirred

over ni ght under hydroget
t hrough di at omaceous ear

" atnosphere with a ball olopsmqgle
thep. VRS Ned WiehiicagihARo!

il

b m xture is filtered
e filtrate is

evaporated to dryness to glve the title conpound g, 90 %9. 1H NWR (400
MHz, DVMSO-d6) 6 7.17 (t,[J = 8.8 Hz, lH) 6. 74 ( 12. 4 Hz, 1H), 6.69
(d, J = 8.4 Hz, 1H, 4.02 (q, J 71 (s 3H), 2.77 (t, J =
7.6 Hz, 2H), 2.53 (t, J=7.6H¢tr% S h@%ﬁio 0= 7.2 H, 3H). The
foll ow ng conpound is prepagﬁd é nl HESCﬁb ed by the nethod of
10preparation 34 Prep. No. em P§n%%2 (m'Z M H)- 35 Ethyl
3-(2-chl oro-4- hydroxy- phenyl)propg Ar epar atji on 36
[ 4- (Br ororet hyl ) phenyl | fret hanol | To a“ 2ot %on of| 4- br oforet hyl - benzoi ¢ aci d
met hyl ester (5 g, 21.82+wob)—in—15-DBCM (200 t)—+s—added DI BAL-H (1.0 M
in hexane, 54.56 nmL, 54|56 mmvl ) drop wise at -78 C. The reaction m xture
is allowed to warmto rgom tenper aBeizgl Betdorstiirried for |16 hours. The
reaction mxture i s quepched w { hm&pdispimd ggbnﬁﬁlun1tartrate (10% sol ution,
8 nmL) and diluted with DCM ?100 L) 4'pl; dﬁ@pbtned of baric | ayer is washed
with water (50 nL), brime (25 nml), dedrbskyver sodi um sul fate, and
evaporated to give the 20 title|conpound as an off white solid (3.5 g, 81
% . 1H NWMR (400 MHz, C13) 6 7)23 - 721 (m 2H) 7 447.3 (m 2H), 4.5-4.3
(bs, 2H), 4.68 (s, 2H). |The fol lfow ng conpounds are prepared essentially as
descri bed by the nethod|of preparaé&gpl§§um04_
methyl-spiro[indoline-
10 3.,4"-piperidine]-1'- 353
carboxylate
Benzyl 5-methoxy-1-
methyl-spiro[indoline-
1 3.,4"-piperidine]-1'- 367
carboxylate
Benzyl 1,5-dimethyl-
12 dimethylspiro[indoline- 351

3, 4'-piperidine]-1'-
carboxylate




WO 2011/ 046851PCT/ US2010/ 052126 26 Prep. No. Chem cal Nanme ESI/ M (n z)
(M+H) 37 [4-(Brononet hyl)-2- net hoxyphenyl ] nethan ol a 38 (4-Brono-2-

met hyl phewol2prmaubgsmol 202 a. 111 NVR (400 MHz, CDC13) PCIZASZ01BAS{1d¢ J = 4
Hz, 1H), 6.98-6.96 (d, J = 8 Hz, 1H),196.91 (s, 1H), 4.67 (s, 2H), 4.48 (s,
2H), 3.88 (s, 3H). 5Preparation 39 Ethyl

(3S)-3-[4-[[4-(brononet hyl ) phenyl ] net hoxy] phenyl ] hex- 4-ynoat e To a
solution ethyl (3S)-3-(4-hydroxyphenyl)hex-4-ynoate (0.1 g, 0.43 nmol) and
1, 4- bi s(bronmonet hyl ) benzene (0.227 g, 0.861 mml) in DVF (5 nL) is added
Cs2CO3 10(0.28 g, 0.861 mml) at 0 C The reaction mxture is allowed to
warmto roomtenperature over 2 h. The reaction mxture is diluted with
water (25 nmL) and extra¢ted wih EtOAC (3 X 10 nL). Theé conbi ned organic

| ayer is washed with water (10 x 3) and saturjated brine solution (10
m.), dried, filtered, amd evapolat ed Bazdrlyness.| The crude product is
purified by silica gel c¢hronmatogisphypylsgkajindolipewi t h hexane: et hyl acetate
15(9.0: 1.0) to give the titd e conpdgupiger{idnecl-1y, 55385 %|. ESI/ M5 nlz (MH) +
415. 4. carboxylate

Preparation 14

Benzyl 1-phenylspiro[indoline-3,4'-piperidine]-1'-carboxylate

N YO
O
To a solution of benzyl spiro[indoline-3,4'-piperidine]-1'-carboxylate (1.5 g, 4.65
mmol) in 1-4, dioxane (5 mL) is added bromobenzene (0.803 g, 5.115 mmol), 4, 5-
(diphenyl-phosphino)-9, 9-dimethyl xanthene (0.807 g, 1.395 mmol) and cesium
carbonate (4.54 g, 13.95 mmol) at 0 °C. The reaction mixture is purged with nitrogen gas
10 for 15 minutes and palladium acetate (0.062 g, 0.279 mmol) is added. The mixture is
stirred at 100 °C for 5 hours, filtered, diluted with ammonium chloride solution, extracted
with EtOAc, dried with sodium sulphate, and concentrated under reduced pressure. The
crude material is purified by silica gel chromatography, eluting with hexane:ethyl acetate
(9.0: 1.0) to give the title compound (1.6 g, 86.48 %). ESI/MS m/z 399.4 (M+H)".
15
Preparation 15
1-Methylspiro[indoline-3,4'-piperidine]
To a solution of benzyl 1-methyl spiro[indoline-3,4'-piperidine]-1'-carboxylate
(0.85 g, 2.52 mmol) in methanol (50 mL) is added Pd(OH),/C (10%, 0.15 g ) and the

oo  mMixture is hydrogenated with a balloon for 16 hours. The reaction mixture is filtered



WO 2011/ 046851PCT/ US2010/ 052126 27 The fol l owi ng conmpound is prepared
essentially as described by the nethod of preparation 39 Prep. No. Chem cal
Nane ESI /WDOS0m/@§ss¢ MtH) 40 Et hyl 3-[4-[[4- (brononet hyl pphamsgéipes2ieéoxy] - 2-
fl uorophenyl ] propanoate a a. 1H NVR0(400 MHz, CDCl13) 6 7.42-7.36 (m 4H),
7.12-7.07 (m 1H), 6.68-6.3 (m 5 2H), 5.01 (s, 2H), 4.50 (s, 2H),
4.10-4.09 (m 2H), 2.92-2.88 (m 2H), 2.60-2.58 (m 2H), 1.24-1.21 (m

3H) .

through diatomaceous earth, washed with methanol (50 mL), and evaporated to dryness to

give the title compound (0.5 g, 98%). ESI/MS m/z 203.4 (M+H)".

The following compounds are prepared essentially as described by the method of

5 preparation 15.

ESI/MS
Prep. No. Chemical Name (m/z)
(M+H)
tert-Butyl
spiro[indoline-3,4'-
16 piperidine]-1- 289
carboxylate
1-Methyl-5-
(trifluoromethyl)-

17 spiro[indoline-3,4'- 270
piperidine]
5-Methoxy-1-methyl-

18 spiro[indoline-3,4'- 233
piperidine]

1,5-

19 Dimethylspiro[indoline 217
-3,4-piperidine]

1-

20 Isoproylspiro[indoline- 231
3.,4"-piperidine]

21 1—Phen3vllspir0'[ir‘1doline— 265
3.,4"-piperidine]




To a solution of spiro-[indene-1, 4-pipridine] trifluroacetate (4 g, 14
nmmol ) in ethanol (25 nL) is added ethyl 4-(brononethyl)-benzoate (2.9 g, 12
6 mol ), wolzboveesshby dii sopropyl ethylam ne (9.6 nL, 56 mEDIUS2010l08212€act i on
m xture is refluxed at 85 C for overriight. The ethanol is renoved under
reduced pressure and the residue is 15 partitioned between Et0Ac (150 ni)
and water (50 nlL). The organic layer is washed with brine, dried over
anhydrous sodiumsulfate, filtered, and concentrated under reduced
pressure. The residue is purified by silica gel chromatography, eluting

wi th hexane: ethyl acetate (8.0: 2.0) to give the title conmpound as brown
solid (2.8 g, 60 %9. 1H NWR (400 MHz) 7.94 (d, J = 8 Hz, 2H), 7.51 (d, J =
8 Hz, 2H), 7.43 (d, J =7.2 Hz, 1H), 7.31 (d, J = 207.2 Hz, 1H), 7.18 (m J
= 7.2 H, 2H), 6.94 (d, J =5.6 Hz, 1H), 6.78 (d, J = 5.6 Hz, 1H), 4.30 (q,
J =7.2 Hz, 2H), 3.67 (s, 2H), 2.8Prfmatign2211.6 Hz, 2H), 2.38 ( t, J =

11.6HZ,2H),209(t J—72HZ 2H), 1.19
(d. J = 12.8 Hz, T Bebalr s espBobidokas 1 bR 2 The 1 o1 | bwi ng
conmpounds are prﬁemmt&)d oébaejmﬂ ell1bry- lametﬂglsgprrb[bmd)hbw Ah@peretinedd'- of
prepar atj on em. cal., Nane .ESI./ %1
B byl - 31 Ao D rl TGHA RTORsipan Woen L ford et Ry Btz oat e
382 43 Et hylkactioredifion)s ébncﬁmiafeﬂl thOpIE e tht rékidue A dARfstediwid] 10 % Ncho3 (20
ylmethyl) benz)ot%tb%mg Zn8d é{ﬁacEtE:d With Etchcu(%rxo2O4mL) S'[qllel‘c(o)#{)l?ledc? Qx?rag'ts are washed

with 10 % NaHCO; (20 mL), water (20 mL), and brine solution (20 mL), dried with a

drying agent, filtered, and evaporated to dryness to give the title compound as a brown

10 liquid (0.73 g, 103.9% crude). ESI/MS m/z 237.1 (M+H)'.

Preparation 23
5-[(4-Hydroxyphenyl)methylene]-2,2-dimethyl-1,3-dioxane-4,6-dione
To a solution of 4-hydroxybenzaldehyde (20 g, 163 mmol) in water (250 mL) is
15  added Meldrum’s acid (2,2-dimethyl-1,3-dioxane-4,6-dione) (24.78 g, 171 mmol) as a
slurry in water (250 mL) at 75 °C The reaction mixture is agitated for 2 hours, cooled in
an ice bath, and extracted with EtOAc (2 x 400 mL). The combined extracts are washed
with saturated brine, dried over sodium sulfate, filtered, and concentrated to a yellow
solid (39 g, 97 %). ESI/MS m/z 247.1 (M-H).
20
The following compound is prepared essentially as described by the method of

preparation 23.

Py ESI/MS
Neop‘ Chemical Name (m/z)
) (M+H)

5-(2-Fluoro-4-
methoxy-
24 phenyl)methylene]-2,2- 280
dimethyl-1,3-dioxane-
4, 6-dione




pi peridine]- I'- ylnmethyl)benzoate 366 45 Et hyl-4-(spiro[indene-

1,4 -piperidin]- 1 '- ylnethyl)-3- (trifluoronethyl)benzoate 416 WO
2011/ 046880RCTI/0485010/ 052126 29 46 Et hyl - 3-chl or 0- 4- [ ( 1PCT/US2010/052126
met hyl spi ro[ i ndoline- 3,4'-piperidin]22l' - yl)nmethyl]benzoate 399 47

Et hyl-4-(spiro[indane- 1,4'-piperidin]- |'- ylnmethyl)-3-
(trifluoronethyl)benzoate 418 Preparation 48
(4-(Spiro[indene-1,4"-piperidine]-1"-yl methyl)phenyl) net hanol 5To a -78

C solution of ethyl-4-(spiro[indene-1,4'-piperidine]-1-ylnmethyl)

Preparation 25

5-[1-(4-Hydroxyphenyl)but-2-ynyl]-2,2-dimethyl-1,3-dioxane-4,6-dione

o
O o}
X

HO
To a solution of 1-propynyl magnesium bromide in THF (0.5 N, 322 mL, 161.28
5 mmol) is added a solution of 5-(4-hydroxy-benzylidene)-2, 2-dimethyl-[1,3]dioxane-4,6-
dione (20 g, 80.64 mmol) in THF (200 mL) by cannula under a nitrogen atmosphere.
Over the course of the addition, the reaction mixture changed to a thick, yellow
suspension. After addition is compete, the reaction mixture is stirred for 15 minutes at 50
°C, quenched with aqueous NH,4Cl, and acidified to pH ~2 with 2 N HC1. The mixture is
10 extracted with EtOAc (2 x 300 mL) and the combined extracts are washed with saturated
brine, dried over MgSQy, filtered, and concentrated to a yellow solid (20 g, 86 %). The

product is carried on crude.

The following compounds are prepared essentially as described by the method of

15  preparation 25.

ESI/MS
Prep. No. Chemical Name (m/z)
(M+H)
5-[1-(2-Fluoro-4-
methoxy-phenyl)but-2-
26 ynyl]-2,2-dimethyl-13- | 20
dioxane-4, 6-dione

Preparation 27
3-(4-Hydroxyphenyl)hex-4-ynoic acid
A solution of 5-[1-(4-hydroxyphenyl)but-2-ynyl]-2,2-dimethyl-1,3-dioxane-4,6-
20 dione (20 g, 69.44 mmol) in pyridine-water (5:1, 390 mL) is heated at reflux for 16 hours



benzoate (2.8 g, 80 nmml) in DCM (50 nL) is added dii sobutylal um num
hydride (1 Min THF, 40 nL, 40 mmol). The m xture is stirred at -78 C for 2
hours. Thworenausssm i s quenched with water (25 niL) and #Cirrusedoas2iz@om
tenmperature for 30 mnutes. The reaction m xture is filtered through

di at onraceous earth and extracted wwth DCM (25 nL 10 x 2). The conbi ned
organic |l ayers are washed with brine, dried over anhydrous sodi um sul f ate,
filtered, and concentrated to give the title conmpound as a white solid (1.5
g, 46 %9. 1IHNW 6 7.94 (d, J =8 Hz, 2H), 7.51 (d, J = 8 Hz, 2H), 7.43 (d,
J=7.2 Hz, 1H), 7.31 (d, J =7.2 Hz, 1H), 7.18 (m 2H), 6.94 (d, J = 5.6
Hz, 1H), 6.78 (d, J = 5.6 Hz, 1H), 5.37 (t, J =6 Hz, 1H, 4.57 (d, J =6
Hz, 2H), 3.4hd aft@nco@f‘ﬁg is 30181%6&%p}‘ﬂ~2:w312 SWHCl?ﬁI)dyexarac:%tﬁi \ifﬁ{gt»OA:lr(ﬁ(@O@ Hz, 2H),
2.06 (t, J= 12 Hz 1. (d, J=10.4 Hz .. The foll ow ng corrpounds
are prepar elaL)esE@r?pmamWeﬁg%w@égecqub%ddwwysaﬁwemr}%érl%irOVErrMg%@aﬂltérﬁ 48 WO
2011/ 0458SIRATLASARAAI B92A30 A0 RSbiia N £HET) 0ok NAITE B4 (Mo T 2) (M)
49 [3 -Chloro-4- (spiro[indene-1,4"- piperidine]-1"- ylmet hyl) phenyl ] met han
ol 339 50 [2-Methoxy-4- (spiro[i ndene 1,4 - piperidine]-1'-

y1 et hy19 phanybheh B RundaBe Brbpdrs ELHRLA & aclsmbd 6 IR dRNBabe4 -

preparation 27

ESI/MS
Prep. No. Chemical Name (m/z)
(M+H)
3-(2-Fluoro-4-
78 methoxy—phenyl)hex—4— 36
ynoic acid

Preparation 29
(35)-3-(4-Hydroxyphenyl)hex-4-ynoic acid
10 3-(4-Hydroxyphenyl)hex-4-ynoic acid enantiomers are separated by chiral
chromatography [column chiralpak [A (250 mm X 4.6 mm), mobile phase (A) n-hexane,
mobile phase (B) isopropyl alcohol with 0.01 % TFA; composition (85:15), flow rate
1.0 mL/min, detection 225 nm) to give the title compound, (4.2 g, 50.58 %) retention time
7.96. ESUMS m/z 203 (M+H)". The mixture of enantiomers is also separated by chiral
15  resolution using a similar method as described in WO2005086661 to give the title
compound.
Preparation 30
Ethyl (3S)-3-(4-hydroxyphenyl)hex-4-ynoate
To a 0 °C solution of (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid (2.7 g, 13.2
20  mmol) in ethanol (135 mL) is added sulfuric acid (2.7 mL) and the mixture is heated at
reflux for 4 hours, concentrated, diluted with water, and extracted with EtOAc (2 x 100
mL). The combined extracts are washed with saturated brine, dried over sodium sulfate,
filtered, and concentrated to yellow oil (2.1 g, 68 %). 'H NMR (400MHz, CDCl3) & 7.23
(d, J=28.0 Hz, 2H), 6.76 (d, ] = 8.0 Hz, 2H), 4.9 (bs, 1H), 4.11 (q, ] = 6.8 Hz, 2H), 4.04
25  (m, 1H), 2.60-2.75 (m, 2H), 1.82 (s, 3H), 1.21 (t, ] = 6.8 Hz, 3H).



pi peridine]-1"- ylnethyl)phenyl]nmethan ol 324 52 [4-(Spiro [indene-1,4"-

pi peridine]-1"-ylnmethyl)- 3 - (trifluoronethyl)phenyl] nethanol 374 53

[ 3- Chl or owo-2p(110468%et hyl spiro [indoline- 3,4'-piperidi nepPCT/US2010/052126

yl') met hyl ] phenyl ] net han ol 357 WD 2021/ 046851PCT/ US2010/ 052126 31
Preparation 55
[4-(Spiro[indane-1,4'-piperidine]-1"-ylnethyl)phenyl]nethanol To a stirred
sol ution of 2, 3-dihydrospiro[indene-1,4"-piperidine] (0.4 g, 1.78 5 mmol)
in DM (12 nmL) is added Cs2C38 (1.4 g, 4 4 mol) and [ 4-

(bromonet hyl ) phenyl | met hanol (0.36 g, 1.78 mml) and the reaction m xture
is stirred overnight at roomtenperature. The reaction mxture i s poured
into cold water and extracted with Et0OAc (3 x 50 nlL). The conbi ned organic
| ayer is washed with brine solution, dried over Na2SO4, and concentrated
under vacuuhhe frtkeving errapavadsers aiepred aseengally 95 dserribgd By the augthgd of

chr omat ogra@N%%re(tghggi ent DCM MeOH 8/2) to give the title conpound (0.6 g,
98 9% . EST/ mz 308.40 (MrH)+. Preparation 56

1' 4 4- (Br ononet hyl ) phenyl ] net hyl J|spi r o[ i ndene- 1, 4] EpiMé&r|i di ne] 15To a 0 C
sol ution of [4-(spiro[indeeeND, 4' - pi Pemiichl Mejne1' -| (m/z)

(M+H)
Ethyl 3-(4-
31 hydroxyphenyl)hex-4- a
ynoate

Methyl 3-(2-fluoro-4-
32b hydroxy-phenyl)hex-4- 236
ynoate, isomer 1

5 a. 'HNMR (400MHz, DMSO-d6) 8 9.25 (s, 1H), 7.01 (d, J = 8.4 Hz, 2H), 6.65 (d, J = 8.4
Hz, 2H), 3.97-4.02 (m, 2H), 3.9 (m, 1H), 2.59 (d, ] = 7.6 Hz, 1H), 2.46 (m, 1H), 1.7 (s,
3H), 1.09 (t, J =7.6 Hz, 3H).
32b. Methyl 3-(2-fluoro-4-hydroxy-phenyl)hex-4-ynoate is separated by chiral HPLC
(Chiralpak TA, flow rate 0.6 mL/min, detection 225 nm, 90:10 heptane:IPA) to give

10 methyl 3-(2-fluoro-4-hydroxy-phenyl)hex-4-ynoate, Isomer-1.

Preparation 33
3-(2-Fluoro-4-hydroxy-phenyl)hex-4-ynoic acid
3-(2-Fluoro-4-methoxy-phenyl)hex-4-ynoic acid (0.250 g, 1.12 mmol) is
15  dissolved in DCM (5 mL) and boron tribromide (0.5 mL, 3.7 mmol) is added at -10 °C.
The mixture is stirred at ambient temperature for 1 hour. The solution is concentrated
under reduced pressure, diluted with water, and extracted with EtOAc, dried with a drying
agent, and concentrated under reduced pressure to give the title compound as a pale
brown liquid (0.180 g, 76 %). ESI/MS m/z 212 (M-H).
20
Preparation 34

Ethyl 3-(2-fluoro-4-methox-phenyl)propanoate



yl met hyl ) phenyl ] met hanol (1.5 g, 4.91 mmol) in DCM (50 nL) is added
phosphorus tribromde (0.667 nm., 6.8 nmol ). The reaction mxture is stirred
for 15 mwotes/@s8sd C. The reaction mxture is diluted wcrhuseavss218d00 nl)
at 0 C and extracted with DCM (2 x 2083 nlL). The conbined extracts are
washed with brine, dried over sodiumsulfate, 20filtered, and concentrated
to give the title conpound as an off white solid (1.1 g, 61 %9. ESI/M5 nifz
369 (M+H)+. The foll owi ng conpounds are prepared essentially as described
by the nethod of preparation 56. WD 2011/046851PCT/ US2010/ 052126 32 Prep.
No. Chem cal Name ESI/M5 (mz) (MtH) 57 |'- [ [4-(Brormrrethy|)-2- chl oro-
phenyl ] nmet hyl ] spiro[inde ne-1,4"-piperidine] 403 58 |'- |

[ 4- (Brononet hyl )x ixtuidet &Q%D(E) Bﬂa@ﬂu&)rbrmﬁlbm&ﬂﬁ@ieﬁﬁbprmgeﬂ&x&(14 o4y peridine]

399 59 I'- [ [4-(Bromonethyl) - oro- phenyl ] net hyl ] spiro[inde
ne- 1, 4' - pi p@mpa,aﬁ@}o%gwc catalyst (1 1 g) in ethanol (120 mL) is stirred overnight under

hydrogen atmosphere with a balloon. The mixture is filtered through diatomaceous earth,
washed with ethanol and the filtrate is evaporated to dryness to give the title compound

5 (10 g, 90 %). 'HNMR (400 MHz, DMSO-d6) 3 7.17 (t, ] = 8.8 Hz, 1H), 6.74 (d, ] = 12.4
Hz, 1H), 6.69 (d, J = 8.4 Hz, 1H), 4.02 (q, J = 7.2 Hz, 2H), 3.71 (s, 3H), 2.77 (t, ] = 7.6
Hz, 2H), 2.53 (t, ] = 7.6 Hz, 2H), 1.13 (t, ] = 7.2 Hz, 3H).

The following compound is prepared essentially as described by the method of

10 preparation 34

ESI/MS
Prep. No. Chemical Name (m/z)
(M-H)
Ethyl 3-(2-chloro-4-
35 hydroxy- 297
phenyl)propanoate

Preparation 36

[4-(Bromomethyl)phenyl]methanol

To a solution of 4-bromomethyl-benzoic acid methyl ester (5 g, 21.82 mmol) in
15 DCM (200 mL) is added DIBAL-H (1.0 M in hexane, 54.56 mL, 54.56 mmol) drop wise
at -78 °C. The reaction mixture is allowed to warm to room temperature and stirred for
16 hours. The reaction mixture is quenched with sodium potassium tartrate (10%
solution, 8 mL) and diluted with DCM (100 mL). The combined organic layer is washed
with water (50 mL), brine (25 mL), dried over sodium sulfate, and evaporated to give the
oo titlecompound as an off white solid (3.5 g, 81 %). "H NMR (400 MHz, CDCL3) & 7.23 -
7.21 (m, 2H), 7.4-7.3 (m, 2H), 4.5-4.3 (bs, 2H), 4.68 (s, 2H).

The following compounds are prepared essentially as described by the method of

preparation 36.



60 |'- [ [4-(Brononethyl)-2- (trifluoronethyl)phenyl]

nmet hyl ] spiro[indene-1,4"- piperidine] 438 61 |'-[[4- (Brononethyl)phenyl]m
et hyl] spwoao{loacssme- 1, 4' - pi peri di ne] Preparati on 62PLCAASBN10/052126
ronmomet hyl ) - 2- net hoxy- phenyl ] net hoxy-26ert - but yl -di met hyl -s il ane WO
2011/ 046851PCT/ US2010/ 052126 33 To a sol ution of

(4- bronmonet hyl- 2- net hoxy- phenyl ) -nmethanol (1.1 g, 4.76 nmol ) in

di chl oronet hane (15 nL) is added im dazole (0.861 g, 5.71 nmmol) and tert-
butyl chl or odi nethylsilane (0.971g, 12.98 nmmol) at 0 C. The reaction

m xture is allowed to warmto roomtenperature and stirred for one hour.
The reaction m xture is quenched 5 with water and concentrated. The residue
is diluted with DCM washed with[water (15 nL) andgdyvge (15 nmL), dried

over sodium sul fate, fiIQQ%ﬁgb‘a1d CORRER Kahed tio gime (the title conpound
Mz, &3}

(1.1 g, 66.9%. 1H NVR|(40 CDC13) 6 7.43-7.14 J =8 Hz, 1H),
7.00-6.98 (d, J = 8 Hz[IF), 6.9¢ (S, IH), 4 73 (S, 2f), 4.50 (s, 2H), 3.83
(s, 3H), 0.95 (s, 9H), |0.10 (s, (FE 10 The dwi ng canpound i s prepared

il

essentially as described by the ﬁ% gtiop 62 Prep. No. Chem cal
Name ESI/MS (mz) (MH| 6337 met oxyp eny methan
38 (4-Bromo-2- 200

methylphenyl)methanol

a. "H NMR (400 MHz, CDCL) 7.25-7.24 (d, ] = 4 Hz, 1H), 6.98-6.96 (d, ] = 8 Hz, 1H),
6.91 (s, 1H), 4.67 (s, 2H), 4.48 (s, 2H), 3.88 (s, 3H).

5 Preparation 39
Ethyl (3S)-3-[4-[[4-(bromomethy])phenylJmethoxy]phenyl]hex-4-ynoate

CO,Et

(@]
Br

To a solution ethyl (3S)-3-(4-hydroxyphenyl)hex-4-ynoate (0.1 g, 0.43 mmol) and
1,4-bis(bromomethyl)benzene (0.227 g, 0.861 mmol) in DMF (5 mL) is added Cs,COs
10 (0.28 g, 0.861 mmol) at 0 °C. The reaction mixture is allowed to warm to room
temperature over 2 h. The reaction mixture is diluted with water (25 mL) and extracted
with EtOAc (3 x 10 mL). The combined organic layer is washed with water (10 mL x 3)
and saturated brine solution (10 mL), dried, filtered, and evaporated to dryness. The
crude product is purified by silica gel chromatography, eluting with hexane:ethyl acetate

15 (9.0: 1.0) to give the title compound (0.1 g, 55.9 %). ESI/MS m/z (M+H)" 415 4.



(4- Brono- 2- net hyl - phenyl ) met hoxy-tert- butyl -di phenyl -sil ane 440
Preparation 64 15Ethyl 3- [4-[ [4- [(tert-butyl(dinmethyl)s ilyl)oxynmethyl]
-3 - et howg-2phienaydsi et hoxy] -2 - fl uoro-phenyl ] propanoatP€TAIS2010/052126 To a
sol ution of 3-(2-fluoro-4-hydroxy-pheXiyl)-propionic acid ethyl ester (0.54
g, 3.1883 mmol) in ACN (20 nL) is added potassium carbonate (1.32 g, 9.56
nmol ) and 4- 20brononet hyl- 2- met hoxy-benzyl oxy)-tert-butyl -di met hyl -sil ane
(1.1 g, 3.188 nmol) at roomtenperature and the reaction mxture is stirred
for 16 hours at 25 C. The reaction WD 2011/ 046851PCT/US2010/ 052126 34
m xture is concentrated, diluted with water, and extracted with Et0OAc (2 x
50 nL). The conbined extracts are washed with water (15 nL) and saturated
brine (15 rﬂ:ﬁe,fontswlﬁgc&M@funM%%aaredfeséeﬁ@mgqs d@s@ﬂb&l‘b?%‘é"'ﬁlétﬁ&%k to give the
title conpound as a colorless gel (1 g, 66.66 % H NVR (400 WHz, CDCl13) 6
7.47-7.45 (Ricpagatiengdhy, 1H), 7.11-7.07 (t, J = 8 5Hz, 1H), 7.00-6.98 (d, J
= 8 Hz, 1H), 6.87 (s, 1H, 6.69-6.65 (T, J = 5. 27z . 5.00 (s, 2H),

4.74 (s, 2H), 4.14-4.09 3. 'S, , 2|%=2,88 (t, 3H), 2.59-2.26
(t, 2H), 1.25-1.22 (t, &&pﬁb’b &%él{lltjsalN%}ﬂ% 3 The foll ow ng

conpounds are prepared essentiatiy as described 'Ly( the|{nmet hod of
10preparation 64. Prep.|No. Chem c IEt I/I\/B (mz) |(MH) 65 Ethyl
(3S)-3444[4- Rtert- butyl (di rret hleyh;;:f) Eé/n hyl ] - 3-|met hoxy-
40 b a
thoxy]-2-

fluorophenyl]propanoate

a. '"HNMR (400 MHz, CDCls) § 7.42-7.36 (m, 4H), 7.12-7.07 (m, 1H), 6.68-6.3 (m,
5 2H), 5.01 (s, 2H), 4.50 (s, 2H), 4.10-4.09 (m, 2H), 2.92-2.88 (m, 2H), 2.60-2.58
(m, 2H), 1.24-1.21 (m, 3H).

Preparation 41

Ethyl-4-(spiro[indene-1,4’-piperidine]-1’-ylmethyl)benzoate

St

To a solution of spiro-[indene-1, 4-pipridine] trifluroacetate (4 g, 14 mmol) in

cthanol (25 mL) is added ethyl 4-(bromomethyl)-benzoate (2.9 g, 12.6 mmol), followed

10

by diisopropylethylamine (9.6 mL, 56 mmol). The reaction mixture is refluxed at 85 °C
for overnight. The ethanol is removed under reduced pressure and the residue is

15  partitioned between EtOAc (150 mL) and water (50 mL). The organic layer is washed
with brine, dried over anhydrous sodium sulfate, filtered, and concentrated under reduced
pressure. The residue is purified by silica gel chromatography, eluting with hexane:ethyl
acetate (8.0: 2.0) to give the title compound as brown solid (2.8 g, 60 %). "H NMR (400
MHz) 7.94 (d, ] =8 Hz, 2H), 7.51 (d, ] =8 Hz, 2H), 7.43 (d, ] = 7.2 Hz, 1H), 7.31 (d, ] =

20 7.2 Hz, 1H), 7.18 (m, ] = 7.2 Hz, 2H), 6.94 (d, ] = 5.6 Hz, 1H), 6.78 (d, ] = 5.6 Hz, 1H),
4.30 (q,J =7.2 Hz, 2H), 3.67 (s, 2H), 2.85 (d, J = 11.6 Hz, 2H), 2.38 (t, J=11.6 Hz,
2H),2.09 (t,J = 10.4 Hz, 2H), 1.31 (t, ] = 7.2 Hz, 2H), 1.19 (d, ] = 12.8 Hz, 2H).



phenyl ] met hoxy] phenyl ] hex-4-ynoate a 66 Ethyl 3-[4-[[4-[(tert-

butyl (di phenyl)silyl)oxy nethyl]-3-nethyl- phenyl]nethoxy]-2-

fl uor o- phwoybjpruegsanoate 496 a. 1H NVR (400 MHz, CDC13pCo/UR2¢16/032146 (d, J
= 8 Hz, 1H), 7.28-7.25 (d, J = 12 Hz, BH), 7.00-6.98 (d, J = 8 Hz, 1H),
6.92-6.88 (t, J =12 Hz, 3H), 5.01 (s, 2H), 4.74 (s, 2H), 4.12- 4.05 (m
3H), 3.81 (s, 3H), 2.71-2.64 (m 2H), 1.81 (s, 3H), 1.25-1.21 (t, J = 8 Hz,
3H), 150.95 (s, 9H). WD 2011/046851PCT/ US2010/ 052126 35 To a
solution of 3-

{444- (tert-butyl-di net hyl -sil anyl oxymet hyl ) - 3- met hoxybenzyl oxy] - 2-f | uor o- ph
enyl | -propionic acid ethyl ester (1 g, 2 1 mol) in THF (15 nm.) is added
tetra-n-butyl ammoni unfluoride (1 Min THF, 3.15 m_ 3.15 mmol) at 0 C and 5
the reaction mxture is stirred for 2 hour at 25 The reaction mxture is
quenched wi the faleveps W%M%Pfﬁmf@bessepﬁélly@sqeém@e@%Y@PFTL?EI@dOxff\n th Et OAc,
washed wi t b, Wat-&fon4@l> nL) and brine (15 ni), dried over sodium sulfate,
filtered, an concentrated to give the title cogpound (1.0 g, crude). The
crude product is used Wthout [further purificatioFSUMS The fol | owi ng
conpounds are prepared| 8speNeijal | yChemickddemebed |by(m/he net hod of
preparation 67. Prep. No. Chenical Nane EST/MS (m(H)MkH) 68 Et hyl
(3S) - 3444[ 4-

Ethyl-3-chloro-4-
(spl‘ro[l‘nQene— 1',4 - 389
piperidine]-1'-
ylmethyl)benzoate

42

Ethyl-2-methoxy-4
spiro[indene-1,4'-
piperidine]-1'-
ylmethyl)benzoate

43 378

Ethyl-3-fluoro-4-
(spiro[indene-1,4'-
piperidine]-1'-
ylmethyl)benzoate

44 366

Ethyl-4-(spiro[indene-
1,4"-piperidin]-1'-

ylmethyl)-3- 416

(trifluoromethyl)benzoate

45




(hydroxynet hyl ) - 3- net hoxy- phenyl ] met hoxy] phenyl] hex-4-ynoate 69 Ethyl
3-[2-fluoro-44[ 4- (hydroxynethyl)-3- nethyl- phenyl] net hoxy] phenyl ]

pr opanoatwo200/046¥312011/ 046851PCT/ US2010/ 052126 36 a. PCHUSRR0O8820M50,
400 MHz) 6 7.37-7.35 (d, J =8 Hz, 1HY, 7.30 - 7.29 (m 2H), 7.259-7.24
(m 2H), 6.92 - 6.89 (dd, J = 12 Hz, 2H), 5.00 (s, 2H), 4.70 (s, 2H), 4.13-
4.11(q, J=8 Hz, 2H), 2.72-2.65 (m 2H), 2.36 (s, 1H, 2.18 (s, 2H), 1.82
(s, 3H, 1.27- 51.23 (t, J =8 Hz, 3H), 1.087 (s, 9H).

Ethyl-3-chloro-4-[(1-

methylspiro[indoline-
46 3 4-piperidin]-1'- 399
yl)methyl]benzoate
Ethyl-4-(spiro[indane-
47 1,4"-piperidin]-1'- 418

ylmethyl)-3-
(trifluoromethyl)benzoate

Preparation 48

(4-(Spiro[indene-1,4’-piperidine]-1’-ylmethyl)phenyl)methanol

5 To a -78 °C solution of ethyl-4-(spiro[indene-1,4’-piperidine]-1-ylmethyl)
benzoate (2.8 g, 80 mmol) in DCM (50 mL) is added diisobutylaluminum hydride (1 M in
THF, 40 mL, 40 mmol). The mixture is stirred at -78 °C for 2 hours. The reaction is
quenched with water (25 mL) and stirred at room temperature for 30 minutes. The
reaction mixture is filtered through diatomaceous earth and extracted with DCM (25 mL

10 x2). The combined organic layers are washed with brine, dried over anhydrous sodium
sulfate, filtered, and concentrated to give the title compound as a white solid (1.5 g, 46
%). '"HNMR & 7.94 (d, ] = 8 Hz, 2H), 7.51 (d, ] = 8 Hz, 2H), 7.43 (d, ] = 7.2 Hz, 1H),
7.31(d,J=7.2Hz, 1H), 7.18 (m, 2H), 6.94 (d, ] = 5.6 Hz, 1H), 6.78 (d, ] = 5.6 Hz, 1H),
5.37 (t,J=6Hz, 1H), 4.57 (d, ] = 6 Hz, 2H), 3.47 (s, 2H), 2.93 (d, ] = 12 Hz, 2H), 2.36
15 (d,J=11.6 Hz, 2H), 2.06 (t, ] = 12.8 Hz, 2H), 1.19 (d, ] = 10.4 Hz, 2H).

The following compounds are prepared essentially as described by the method of

preparation 48



Preparation 71 Ethyl

3-[4-[[4- (brononet hyl) - 3- net hoxy- phenyl ] net hoxy] - 2- f | uor o- phenyl ] pr opanoat e
0 To a swbubildaessi PCT/US2010/052126

342-fl uoro-4-(4- hydroxynet hyl- 3- net hoWy- benzyl oxy) - phenyl] - 10propi oni c
acid ethyl ester (1.0 g, 2.76 mml) in dichloronmethane (25 nL) is added
phosphorus tribromde (0.4 nL, 4.41 mmol) at O C and the reaction m xture
is stirred for 15 mn at 0 C. The mxture is cooled to O C, diluted with
water, and extracted with dichloromethane (2 x 100 nL). The conbi ned
extracts are washed with saturated brine, dried over Na2SO4, filtered, and
concentrated to give the title conpound (1.1 g, crude). 151H NWVR (DVSO, 400
MHz) 6 7.34-7.32 (d, J[= 8 Hz,T IH), 7.12-7.08 (1, gdyms8|Hz, 1H), 6.96-6.94
(d,”J = 8 Hz, 2H), 6.67-682 ([d, Il Kame2H) | 498 (s, 2H), 4.55 (s,
2H), 4.12- 4.09 (q, 2H), Xo90-[2.88 (t, 2H), 2.60-2v3f (1, J =8 Hz, 2H),
1.25-1.22 (t, J = 8 Hz,[3H)" The fotrfowingcompounds are prepared
essentially as described by the nethod of 20preparation|71. WO

2011/ 046851PCT/ US2010/ 052126 37 Pr eg:Chgyo-4cheni ¢al Nane|ESI/ M5 (i z) (MrH)
72 Ethyl (3S)-3-[4-[[4- (br ormrret fapirglimlenaybf'hoxy- phenyl ] met hoxy] phenyl |
hex-4-ynoate 73 Ethyl (3444 4- br@mﬁ@vﬂyl' ) - 3-ret BYY - phenyl ] net hoxy] - 2-

f 1 uor o- phenyl ] pr opanoat|e ylmethyl)pheny methan

[2-Methoxy-4-
(spiro[indene-1,4'-
50 piperidine]-1'- 336
ylmethyl)phenyl]methan

ol

[3-Fluoro-4-
(spiro[indene-1,4'-
51 piperidine]-1'- 324
ylmethyl)phenyl]methan

ol

[4-(Spiro[indene-1,4'-
piperidine]-1'-ylmethyl)-
3-
>2 (trifluoromethyl)phenyl] 374

methanol

[3-Chloro-4-[(1-
methylspiro[indoline-
3.,4"-piperidine]-1'-
yDmethyl]phenyl]methan
ol

53 357




410 74 Ethyl (3S)-3444[4- (brononethyl)-3-nmethyl- phenyl] et hoxy] phenyl ]
hex-4-ynoate 430 Preparation 75

4-[ (tert-wotzgiudsgsmenyl ) si |l yl ) oxymet hy1l] - 3- net hyl - benzalpdehysdeoDe21a6 stirred
solution of (4-brononethyl-2-nethyl-bdnzyl oxy)-tert-butyl-di phenyl- 5sil ane
(3 g, 6.83 mol) in tetrahydrofuran is added sec-butyl lithiumat -78 C
under nitrogen atnosphere. The reaction mxture is warnmed to 0 C and
stirred for 30 min. The reaction mxture is cooled to -78 C, N-fornyl

pi peridine (1.13 nL, 10.24 mml) is added, and the reaction m xture is
stirred for 3 hours at roomtenperature. The reaction m xture i s quenched
wth water at 0 C and extracted with Et0OAc (50 nL x 3). The 10 conbi ned
organic layer is washed wth brine soluftion, drijed over]|nagnesi um sul phate,
and concentrated under vacuun1t04ggyﬁqmﬁ@m;inLe conpound (3 g, 46 %.
EST/MS mlz 389.1 (M+H) 4. Prepar ghé@iine] 8 -ylmethyl)-
[4-[(tert-ButyI(diphenyl)silyl)oxynethgl{ 3-net hy henyl ] met hanol WD
2011/ 046851PCT/ US2010/ 052726 38 (trifluorometh§l IL reé Qol Uition of
4-(tert-buty|-diphenyl-siIanyloxynetﬁmh%ugﬁhet yI benzal dehyde (0.1 g, 0.257
mol ) in anhydrous DCM|is slow y added dii sobutyl al um num hydride (1.0 Min
hexane, 0.3 nL, 0 3 mmul) to the mxture at -78|C. After the addition is
conplete, the reaction mxture is warmed to roomtenperature 5and stirred
for 2 h. An aqueous solution of 2 N sodium potassiumtartrate tetrahydrate
(10 nL) is added to the reaction mPxtparatiomnsl the m xture is agitated for 30

m nutes. The reacti i.s,extracted wth 20 L dried over
magnesi um sul f at e, §£§938ﬁ3§WFH§t8@mP§n%?'ﬁ%§%“@%ﬁ%$6gm@ﬁ%htltle conpound
(0.3 g, 30 %. HSUMEME Zohﬁiﬁﬁa of 2(3Mii)dtospit@Rrdepat At pipstidiné] (0.4 g, 1.78

[4- (Br orpreet Dy ). g ek byl - pheny| Jetory; ter Lo byt vl i phenyl -si | ane

To a st
[4 [(tert bqut:cyﬂc(nwt@mﬂéﬁy) Siethythol QX YR LIME thmdh ARt iy kaabedyhikted Ramedd (0. 3 g,
. 76 mmol ) DCM (30 nmL) is added phosphorus tribrom de

overmght at room temperature. The reaction mixture is poured into cold water and
extracted with EtOAc (3 x 50 mL). The combined organic layer is washed with brine
solution, dried over Na,;SQy,, and concentrated under vacuum. The crude material is

10 purified by silica gel chromatography (gradient DCM/MeOH 8&/2) to give the title
compound (0.6 g, 98 %). ESI/MS m/z 308.40 (M+H)".

Preparation 56
-[[4-(Bromomethyl)phenyl|methyl]spiro[indene-1,4'-piperidine]

15 To a 0 °C solution of [4-(spiro[indene-1,4’-piperidine]-1°-
ylmethyl)phenyl]methanol (1.5 g, 4.91 mmol) in DCM (50 mL) is added phosphorus
tribromide (0.667 mL, 6.8 mmol). The reaction mixture is stirred for 15 minutes at 0 °C.
The reaction mixture is diluted with water (100 mL) at 0 °C and extracted with DCM (2 x
200 mL). The combined extracts are washed with brine, dried over sodium sulfate,

oo filtered, and concentrated to give the title compound as an off white solid (1.1 g, 61 %).
ESI/MS m/z 369 (M+H)".

The following compounds are prepared essentially as described by the method of

preparation 56.
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Preparation 62

[4-(Bromomethyl)-2-methoxy-phenyl]methoxy-zert-butyl-dimethyl-silane



(MtH) 80 Ethyl 342-fluoro-44[4- (spiro[indene-1,4"'- piperidine]-1'-

yl met hyl ) phenyl ] met hoxy ] phenyl ] propanoate 500 81 Ethyl 3-[4-[[3-chl oro-4-
(spirofi nsoreti1044851 pi peri di ne]-1"- yl net hyl) phenyl ] met iroxyUSpo1d/0fi12er o-
phenyl ] propanoate 534 82 Et hyl 342-fl3%oro-44[2- nethoxy-4-(spiro[indene-
1,4 -piperidine]-1 - ylnethyl)phenyl ] methoxy ]phenyl]propanoate 530 83

Et hyl 342-fluoro-44[3- fluoro-4-(spiro[indene- 1,4'-piperidine]-1'-

yl met hyl ) phenyl ] met hoxy ] phenyl ] propanoate 518 84

To a solution of (4-bromomethyl-2-methoxy-phenyl)-methanol (1.1 g, 4.76 mmol)
in dichloromethane (15 mL) is added imidazole (0.861 g, 5.71 mmol) and tert-
butylchlorodimethylsilane (0.971g, 12.98 mmol) at 0 °C. The reaction mixture is allowed
to warm to room temperature and stirred for one hour. The reaction mixture is quenched

5 with water and concentrated. The residue is diluted with DCM, washed with water (15
mL) and brine (15 mL), dried over sodium sulfate, filtered, and concentrated to give the
title compound (1.1 g, 66.9%). "H NMR (400 MHz, CDClz) & 7.43-7.41 (d, ] =& Hz,
1H), 7.00-6.98 (d, ] = 8 Hz, 1H), 6.94 (s, 1H), 4.73 (s, 2H), 4.50 (s, 2H), 3.83 (s, 3H),
0.95 (s, 9H), 0.10 (s, 6H).

10
The following compound is prepared essentially as described by the method of

preparation 62

ESI/MS
Prep. No. Chemical Name (m/z)
(M+H)
(4-Bromo-2-methyl-
phenyl)methoxy-tert-
63 butyl-diphenyl-silane 440

Preparation 64
15 Ethyl 3-[4-[[4-[(tert-butyl(dimethy])silyl )oxymethyl]-3-methoxy-phenyl]methoxy]-2-
fluoro-phenyl]propanoate
O

/@\)LO/\
O F
0

To a solution of 3-(2-fluoro-4-hydroxy-phenyl)-propionic acid ethyl ester (0.54 g,
3.188 mmol) in ACN (20 mL) is added potassium carbonate (1.32 g, 9.56 mmol) and 4-
20  bromomethyl-2-methoxy-benzyloxy)-tert-butyl-dimethyl-silane (1.1 g, 3.188 mmol) at

room temperature and the reaction mixture is stirred for 16 hours at 25 °C. The reaction



Et hyl 342-fluoro-44[4- (spiro[indene-1,4"'- piperidine]-1-ylnethyl)-
(trifluoronethyl)phenyl] methoxy] phenyl ] propanoate 568 WO

2011/ 046850RQT/0485010/ 052126 41 Et hyl (3S)-3444] 3- PCT/US2010/052126

chl oro-4-(spiro[indene- 851, 4'-piperidine]-1'-554 yl nethyl)phenyl ] net hoxy
] phenyl ] hex- 4-ynoate Preparation 86 Ethyl
3-[2-fluoro-4-[[4-(spiro[indane-1,4'-piperidine]-1'"-

yl met hyl ) phenyl ] met hoxy] phenyl ] pr opanoat e 5A m xture of

1' 44- (br ononet hyl ) benzy1] - 2, 3-di hydrospi ro[i ndene-1,4' - piperidine] (0.35
g, 0.94 mmol), ethyl 3-(2-fluoro-4-hydroxyphenyl)propanoate (0.2 g, 0.94
mml ) and K2CB (0.32 g, 2 3 nmml) in DM (15 nL) is stirred overnight at

room t enperaiui&is cliﬁ&nfrﬁ@@ tal1@8d Witk tWdbe® ah§ eglidctdl /GthWidAC €0k 80 Wb erheand
extracted with DCM (3 x 50 nl). The conbi ned organic |ayer is mashed with

brine sol ut§oawbined erEstsayeraigd s waro fdnke e sstieted SEng HAML vdaad YeT The

crude mat ergako, SﬂthféEi' afn'd%gné%}{tra?éd o G AR tlt?e*lfoﬁiﬁ@ﬁlﬂws%%bérlég féﬁ('l%nt DCM' MeOH
8/2) to give the e co&?oun as an off-white solid crude)

ESUMS 502 (@@fré)%) ﬁrIéM&(é Wiz8ZDEENB 7 Hy17.49 (d, J[?SPHZJIHM@UAZ OT (t, 1=

[4-(spiro[i LI

yl met hyl ph%% P?Ré?ﬁ%2§i 8q%? ;%iﬂ(ﬁoae 66%%8%&'1 52Ik52H)5?0(é sol ution
of ADDP (0. 73@)24 g4 (s128), |4ﬂ6+4)09i (1, 2HHF3. 62(857111)1) 29 1 cbed 3t D3 Lptio¥phi ne (0. 291
g, 1.44 nnn i Cfor 15 min. A solution 20 of

[4- (1 H-splr ?Eégh fB%Sf%ngﬁfﬁﬁ fﬁ& -yl met hyl ) phenyl ] met hanol (0. 219 g,
O 9 mol) in THF (2 nL) is added and the reaction mxture is stirred for 15
mnat 0 C | ution of 2 f | uor o- 4-.hydr oxy-ph - hex-4-ynoi c acid
Tethyl  est ePre P Bihs S in g glen b G Eh N RRE R MRS 85 022126 42

10 preparation 64.

ESI/MS
Prep. No. Chemical Name (m/z)
(M+H)
Ethyl (3S)-3-[4-[[4-
[(tert-
butyl(dimethyl)silyl)oxy
65 methyl]-3-methoxy- a
phenyllmethoxy]phenyl]
hex-4-ynoate
Ethyl 3-[4-[[4-[(tert-
butyl(dlphenyl)sﬂyl) OXy
methyl]-3-methyl-
66 phenyljmethoxy]-2- 496
fluoro-phenyl]propanoate

a. '"H NMR (400 MHz, CDCly)  7.46-7.44 (d, J = 8 Hz,1H), 7.28-7.25 (d, ] = 12 Hz, 2H),
7.00-6.98 (d, J = 8 Hz, 1H), 6.92-6.88 (t, ] = 12 Hz, 3H), 5.01 (s, 2H), 4.74 (s, 2H), 4.12-
4.05 (m, 3H), 3.81 (s, 3H), 2.71-2.64 (m, 2H), 1.81 (s, 3H), 1.25-1.21 (t, ] = & Hz, 3H),
15 0.95 (s, 9H).
Preparation 67

Ethyl 3-[2-fluoro-4-[[4-(hydroxymethyl)-3-methoxy-phenylJmethoxy]phenyl]propanoate



mmol) in THF (2 nL) is added at 0 C and the reaction mxture is stirred for
16 hours at roomtenperature. The reaction mxture is diluted with hexane,
filtered woeaniididegsonaceous earth and the filtrate i s evaponst@d/osZibe crude
material is purified by silica gel chSomatography using an ethyl acetate
gradient (6:4) to give title conmpound as a 5 liquid (0.220 g, 42 %. ESI/ M5
mz 524 (M+H)+. The foll owi ng conpounds are prepared essentially as

descri bed by the nethod of preparation 87. Prep. No. Chem cal Name ESI/MS
(mz) (MH) 88 Ethyl 3-[2-chloro-4-[[4- (spiro[indene-1,4"- piperidine]-1'-
yl met hyl ) phenyl ] met hoxy ] phenyl ] propanoate 517 89 Ethyl 3-[4-[]4-
(spiro[indene-1,4"- piperidine]-1"- ylnethyl)phenyl]nethoxy

] phenyl | hex- 4-ynoate 520 90 Ethyl (3S)-3-[4-[[8- chloro-4-[(1-

met hyl spi ro[ i ndol i ne-3,4' - piperidine]-Ll- y) éj@d]phenyl]nethox

y] phenyl ] hex-4-ynoat e
0 F
vea

00—

To a solution of 3- {4-[4-(tert-butyl-dimethyl-silanyloxymethyl)-3-methoxy-
benzyloxy]-2-fluoro-phenyl}-propionic acid ethyl ester (1 g, 2.1 mmol) in THF (15 mL)
is added tetra-n-butylammoniumfluoride (1 M in THF, 3.15 mL, 3.15 mmol) at 0 °C and

S the reaction mixture is stirred for 2 hour at 25 °C. The reaction mixture is quenched with
water and concentrated. The residue is diluted with EtOAc, washed with water (15 mL)
and brine (15 mL), dried over sodium sulfate, filtered, and concentrated to give the title

compound (1.0 g, crude). The crude product is used without further purification.

10 The following compounds are prepared essentially as described by the method of

preparation 67.

ESI/MS
Prep. No. Chemical Name (m/z)
(M+H)

Ethyl (3S)-3-[4-[[4-
(hydroxymethyl)-3-
methoxy-
phenyl]methoxy]phenyl]
hex-4-ynoate

68

Ethyl 3-[2-fluoro-4-[[4-
(hydroxymethyl)-3-
methyl-
phenyl]methoxy]phenyl]
propanoate

69 319




571 91 Ethyl (3S)-3-[4-[[3- fluoro-4-(spiro[indene- 1,4'-piperidine]-1'-

yl nmet hyl ) phenyl ] met hoxy ] phenyl | hex-4-ynoate 538 WO

2011/ 046880RCTI/0485010/ 052126 43 92 Et hyl (3S)-3-[4-[][4- PC3piscapiosdane- 1, 4' -
pi peridine]-1"-ylmethyl)- 3- (trifluo¥onethyl)phenyl] m et hoxy] phenyl ] hex- 4-
ynoate 490 93 Ethyl 3-[2-fluoro-4-[[4- (spiro[indane-1,4'-

pi peridine]-1"-ylnmethyl)- 3- (trifluoronethyl)phenyl]m

et hoxy] phenyl ] propanoate 570 Preparation 94 Ethyl (3 S)-3 - [4-[ [4-

[ (1-nmethyl spiro[indoline-3,4" -piperidine] - 1 °'-

Ethyl (3S)-3-[4-[[4-
(hydroxymethyl)-3-
methyl-
phenyl]methoxy]phenyl]
hex-4-ynoate

70

a. "H NMR (d6-DMSO, 400 MHz) § 7.37-7.35 (d, J = 8 Hz, 1H), 7.30 — 7.29 (m, 2H),
7.259-7.24 (m, 2H), 6.92 — 6.89 (dd, J] =12 Hz, 2H), 5.00 (s, 2H), 4.70 (s, 2H), 4.13-
4.11(q, J =8 Hz, 2H), 2.72-2.65 (m, 2H), 2.36 (s, 1H), 2.18 (s, 2H), 1.82 (s, 3H), 1.27-
5 1.23(t, J=8 Hz, 3H), 1.087 (s, 9H).
Preparation 71

Ethyl 3-[4-[[4-(bromomethyl)-3-methoxy-phenyl]methoxy]-2-fluoro-phenyl]propanoate
O

@\)L .
o F ~
Br
To a solution of 3-[2-fluoro-4-(4-hydroxymethyl-3-methoxy-benzyloxy)-phenyl]-

O—

10 propionic acid ethyl ester (1.0 g, 2.76 mmol) in dichloromethane (25 mL) is added
phosphorus tribromide (0.4 mL, 4.41 mmol) at 0 °C and the reaction mixture is stirred for
15 min at 0 °C. The mixture is cooled to 0 °C, diluted with water, and extracted with
dichloromethane (2 x 100 mL). The combined extracts are washed with saturated brine,
dried over Na,SOy, filtered, and concentrated to give the title compound (1.1 g, crude).

15 'HNMR (DMSO, 400 MHz) § 7.34-7.32 (d, ] = 8 Hz, 1H), 7.12-7.08 (t, ] = 8 Hz, 1H),
6.96-6.94 (d, ] = 8 Hz, 2H), 6.67-6.64 (d, ] = 12 Hz, 2H), 4.98 (s, 2H), 4.55 (s, 2H), 4.12-
4.09 (q, 2H), 2.90-2.88 (t, 2H), 2.60-2.56 (t, J =8 Hz, 2H), 1.25-1.22 (t, ] = 8 Hz, 3H).

The following compounds are prepared essentially as described by the method of

20  preparation 71.



yl ) met hyl ] phenyl ] net hoxy] phenyl ] hex- 4-ynoate 5 CO2Et A m xture of
1-methyl spiro [indoline-3,4" -piperidine] (0.0486 g, 0.204 mmol), ethyl

(3S) - 3- (4wo24r(dasssmonet hyl ) benzyl ] oxyl phenyl ) hex- 4- ynoaPeT(i8210052326 0. 24
mmol ), and Cs2C0O3 (0.156 g, 0.48 nmmol3y” in DM (5 nlL) is stirred at room
tenperature for 16 hours. The reaction mxture is diluted wwth water (30
m.) and extracted with 10 EtOAc (3 x 25 nlL). The conbi ned organic |ayer is
washed with water (3 x 25 nlL) and saturated brine solution (25 nL), dried
with a drying agent, filtered, and evaporated to dryness to give a |liquid.
The crude product is purified by silica gel chromatography (gradient

Et OAc/ hexane 30 %9 to give the title conpound as a colourless liquid (0.095
g, 73.3 %9. ESUMS mlz 537 (MFA)[+. I5 WO 20117 046 &R US2010/ 052126 44
Prep. No. Chemical Nane fggI/N¥S |(NT Z0heldibeihade Et MYlmBy-[2-fluoro-4- [[4-

[ (1-nethyl spiro [indoline- 3,4'|-piperidine]-1"- 3'( p,l]phenyl]nethox
Aphenyl ] propanoate 51796 tert=-Butyt -1 {4-1 {4-(3 - et hoxy-3

- oxo- propyl)-3 - fl uoro- phenoxy]ﬁ%@ﬂ&ﬁ?ﬁh@ﬂ |

(bromomethyl)-3-
methoxy-
phenyl]methoxy]phenyl]
hex-4-ynoate

72

Ethyl 3-[4-[[4-
(bromomethyl)-3-methyl-
73 phenyljmethoxy]-2- 410
fluoro-phenyl]propanoate

Ethyl (3S)-3-[4-[[4-
(bromomethyl)-3-methyl-
74 phenyl]lmethoxy Jphenyl] 430
hex-4-ynoate

Preparation 75
4-[(tert-Butyl(diphenyl)silyl)oxymethyl]-3-methyl-benzaldehyde
To a stirred solution of (4-bromomethyl-2-methyl-benzyloxy)-fert-butyl-diphenyl-
5 silane (3 g, 6.83 mmol) in tetrahydrofuran is added sec-butyl lithium at -78 °C under
nitrogen atmosphere. The reaction mixture is warmed to 0 °C and stirred for 30 min. The
reaction mixture is cooled to -78 °C, N-formyl piperidine (1.13 mL, 10.24 mmol) is
added, and the reaction mixture is stirred for 3 hours at room temperature. The reaction
mixture is quenched with water at 0 °C and extracted with EtOAc (50 mL x 3). The
10 combined organic layer is washed with brine solution, dried over magnesium sulphate,
and concentrated under vacuum to give the title compound (3 g, 46 %). ESI/MS m/z
389.1 (M+H)".
Preparation 76

[4-[(tert-Butyl(diphenyl)silyl)oxymethyl]-3-methyl-phenyl]methanol



met hyl ] spiro[indoline- 3,4'-piperidine]-1- carboxylate 603 97 Ethyl 3- [4-
[[4- [(7-chloro- |-nmethyl-spiro[indoline- 3,4 -piperidine]- 1 "'-

yl ) met hylwphenydspsset hox y]-2-fl uoro- phenyl]prop ano at @CHaBE2@8/0982&t hyl (3
S)-3- [4- [ [4-[(7- chloro-1 1-methyl38 piperidine]-1'-

yl ) met hyl ] phenyl ] net hox y] phenyl ] hex-4-ynoate 571 WO

2011/ 046851PCT/ US2010/ 052126 45 99 Ethyl 3-[2-fluoro-4-[[4-

[ (5-fluoro-I|-nethyl- spiro[indoline-3,4"- piperidine]-1'-

yl ) met hyl ] phenyl ] net hox Aphenyl ] propanoate 535 100

To a stirred solution of 4-(fert-butyl-diphenyl-silanyloxymethyl)-3-methyl-
benzaldehyde (0.1 g, 0.257 mmol) in anhydrous DCM is slowly added
diisobutylaluminum hydride (1.0 M in hexane, 0.3 mL, 0.3 mmol) to the mixture at -78
°C. After the addition is complete, the reaction mixture is warmed to room temperature

5 and stirred for 2 h. An aqueous solution of 2 N sodium potassium tartrate tetrahydrate
(10 mL) is added to the reaction mixture and the mixture is agitated for 30 minutes. The
reaction product is extracted with DCM (20 mL), dried over magnesium sulfate, and
concentrated to dryness to give the title compound (0.3 g, 30 %). ESI/MS m/z 391.1
(M+H)".

10 Preparation 77
[4-(Bromomethyl)-2-methyl-phenyl]methoxy-tert-butyl-diphenyl-silane

.|
Noes

To a stirred solution of [4-[(tert-butyl(diphenyl)silyl)oxymethyl]-3-methyl-
phenyl]methanol (0.3 g, 0.76 mmol) in DCM (30 mL) is added phosphorus tribromide
15  (0.072 mL, 0.76 mmol) at 0 °C and the reaction mixture is stirred for 1 hour. The
reaction mixture is diluted with dichloromethane (50 mL), washed with aqueous sodium
bicarbonate solution, dried over magnesium sulphate, and concentrated under vacuum to
give the title compound as a light yellow liquid (0.3 g, crude). ESI/MS m/z 438.1
(M+H)".
20 Preparation 78
Ethyl (3S)-3-[4-[[4-[(fert-butyl(diphenyl)silyl)oxymethyl]-3-methyl-
phenyl]methoxy Jphenyl]hex-4-ynoate

o —~



Et hyl 3-[2-fluoro-4-[[4- [(5-nmethoxy-|-nmethyl- spiro[indoline-3,4'-
pi peridine]-1"- yl)nmethyl]phenyl]nmethox Aphenyl]propanoate 547 101 Et hyl
(3S) - 3- [ WP[2411j046851 et hoxy- | - met hyl - spiro[ i ndol i ne- 3, 4PCTAISp@viotiR€] - 1' -
yl') met hyl ] phenyl ] met hox y] phenyl ] hex-3#-ynoate 567 102 Et hyl
(3S)-3-[4-[[4-1(1,5- dinethylspiro[indoline- 3,4"-piperidine]-1'-
yl ) met hyl ] phenyl ] net hox y] phenyl ] hex-4-ynoate 551 WO
2011/ 046851PCT/ US2010/ 052126 46 103 Ethyl 3-[2-fluoro-4-[[4- [[1l-nethyl-5-
(trifluoromethyl)spiro[in doline-3,4"-piperidine]-1'-
yl ] met hyl ] phenyl ] net hox
To a solution of 1, 1'-(azodicarbonyl)dipiperidine (0.770 g, 3.075 mmol) in THF is
added tributylphosphine (50% in EtOAc, 7.17 mL, 3.58 mmol) at 0-5 °C. The reaction
mixture is stirred for 30 minutes at room temperature. [4-(tert-butyl-diphenyl-
silanyloxymethyl)-3-methyl-phenyl]-methanol (0.8 g, 2.05 mmol) is added at 0° C. The
5 reaction mixture is stirred for 30 min and 3-(4-hydroxy-phenyl)-hex-4-ynoic acid ethyl
ester (0.523 g, 2.25 mmol) is added. The mixture is warmed to room temperature and
stirred overnight. Hexane (75 mL) is added to the reaction mixture and the precipitate
formed is filtered off. The filtrate is concentrated under reduced pressure. The residue is
purified by silica gel column chromatography (gradient of 10 to 30% EtOAc: hexane) to
10 give the title compound (1.3 g, 83%). 'H (ds-DMSO, 400 MHz) & 7.70-7.68 (d, J = 8 Hz,
3H), 7.53-7.51 (d, J = 8 Hz, 1H), 7.42-7.41 (m, 5H), 7.39-7.35 (m, 4H), 7.29-7.25 (d, ] =
16 Hz, 2H), 6.93-6.91 (d, J = 8 Hz, 2H), 5.00 (s, 2H), 4.72 (s, 2H), 4.13-4.11 (q, ] = 8 Hz,
2H), 2.72-2.65 (m, 2H), 2.36 (s, 1H), 2.18 (s, 2H), 1.82 (s, 3H), 1.27-1.23 (t, ] = § Hz,
3H), 1.087 (s, 9H).
15 Preparation 79
Ethyl (3S)-3-[4-[[4-(spiro[indene-1,4'-piperidine]-1'-
ylmethyl)phenyl]methoxy Jphenyl]hex-4-ynoate

oy |
O
N o N
To a solution of ethyl(3S)-3-(4-hydroxyphenyl)hex-4-ynate (0.350 g, 1.5 mmol) in
oo  acetonitrile (25 mL) is added potassium carbonate (0.621 g, 4.5 mmol) and 1'-[4-

(bromomethyl) benzyl]spiro[indene-1,4'-piperidine] (0.77 g, 2.1 mmol). The reaction
mixture is heated for 16 hours at 90 °C. The mixture is concentrated, diluted with water,
and extracted with EtOAc (2 x 200 mL). The combined extracts are washed with water

(50 mL), brine (50 mL), dried over sodium sulfate, filtered, and concentrated to dryness

o5 to give the title compound (0.3 g, 38 %). ESI/MS m/z 520 (M+H)".



Aphenyl ] propanoate 585 104 Ethyl (3S)-3444[4-[[1- nethyl-5-
(trifluoronethyl)spiro[in doline-3,4"-piperidine]-1'-

yl ] met hylwphenydspsset hox y] phenyl ] hex-4-ynoate 605 105 EPhyIUS2010/052126
(3S)-3-[4-[[4-[(1- isopropylspiro[ind®line- 3,4 -piperidine]-1'-

yl) met hyl ] phenyl ] net hox y] phenyl ] hex-4-ynoate 566 106 Et hyl
3-[2-fluoro-4-[[4- [(1- isopropylspiro[indoline- 3,4'-piperidine]-1'-
yl ) met hyl ] phenyl ] net hox Aphenyl ] propanoate 546 WO

2011/ 046851PCT/ US2010/ 052126 47 107 Ethyl 3-[2-fluoro-4-[]4-

[ (1- phenyl spiro[indoline-

The following compounds are prepared essentially as described by the method of

preparation 79.

Prep ‘ ESI/MS
No ' Chemical Name (m/z)
' (M+H)
Ethyl 3-[2-fluoro-4-[[4-
(spiro[indene-1,4'-
80 piperidine]-1'- 500
ylmethyl)phenyl]methoxy
]phenyl]propanoate

Ethyl 3-[4-[[3-chloro-4-
(spiro[indene-1,4'-
piperidine]-1'-

81 ylmethyl)phenyl]methoxy 534
]-2-fluoro-
phenyl]propanoate

Ethyl 3-[2-fluoro-4-[[2-
methoxy-4-(spiro[indene-
82 1,4'-piperidine]-1'- 530
ylmethyl)phenyl]methoxy

]phenyl]propanoate

Ethyl 3-[2-fluoro-4-[[3-
fluoro-4-(spiro[indene-
33 1,4'-piperidine]-1'- 518
ylmethyl)phenyl]methoxy
]phenyl]propanoate

Ethyl 3-[2-fluoro-4-[[4-
(spiro[indene-1,4"-

iperidine]-1'-ylmethyl)-

ga | T Dylmethyl- |

(trifluoromethyl)phenyl]m
ethoxy]phenyl]propanoate




3,4 -piperidine]-1"- yl)nmethyl]phenyl ] nmet hox Aphenyl ] propanoate 579 108

Ethyl (3S)-3-[4-[[4-[(1- phenylspiro[indoline-

3,4"-piperidine]-1'-

yl ) met hylwphenydspsset hox y] phenyl ] hex-4-ynoate 599 109 EPhyiUS2010/052126

3-[2-fluoro-4-[[4- [(3-oxospiro[indang-1,4" -

pi peridine]-1'-

yl ) met hyl | phenyl ] net hox Aphenyl | propanoat 516 Preparation 110 Ethyl (3
S)-3 444 [4-(spiro [indane-1,4" -piperidine]-1'-

yl met hyl ) phenyl ] met hoxy] phenyl ] hex- 4-ynoat e WO
2011/ 046851PCT/ US2010/ 052126 48 To a sol ution of
[i ndene-1, 4'-piperidine] (0.37 g, 1.68 mmol) in acetonitrile (20.0 nm.), is
added Cs2COB (1.37 g, 4.21 mmol at roomtenperature, followed by the

addition of 3-[4-(4-bro
ester (0.70 g, 1.68 mo
room 5t enperature. The
earth and the filtrate
silica gel colum chrom
title conpound as col or
Preparation 111 10Et hyl
3-[2-fluoro-4-[[3-netho

2, 3-di hydrospiro

Tomet ny
). The
reacti o
s gyap
at ogr ap
ess ge

Xy-4-(s

-benzyl oxy) - phenyl - hex-
r eBoli @B)-BA[xf[Bre s stir
N ¢hlorbur(epitinfiédet er ed t hr
or atiedpipdii@ndgriude pradyct
hy1n(eﬂfy@%]11@5)1]m3ﬁ{@f§e1 hanol

|, 6R0fiThed.4-FBeik % . ESUN

pi ro[ i ndene-1, 4' - p| peri di

4-ynoi ¢ acid et hyl
red overni ght at
ough di at omaceous
is purified by

in DCM to give the

S 522.2 (MH) +.

ne]-1'-

Preparation 86

Ethyl 3-[2-fluoro-4-[[4-(spiro[indane-1,4'-piperidine]-1'-

ylmethyl)phenyl]methoxyJphenyl]propanoate

5 A mixture of 1'-[4-(bromomethyl)benzyl]-2,3-dihydrospiro[indene-1,4'-

piperidine] (0.35 g, 0.94 mmol), ethyl 3-(2-fluoro-4-hydroxyphenyl)propanoate (0.2 g,
0.94 mmol) and K,CO3 (0.32 g, 2.3 mmol) in DMF (15 mL) is stirred overnight at room

temperature. The reaction mixture is diluted with cold water and extracted with DCM (3

x 50 mL). The combined organic layer is washed with brine solution, dried over Na;SOx,

10 and concentrated under vacuum. The crude material is purified by silica gel

chromatography (gradient DCM/MeOH 8/2) to give the title compound as an off-white
solid (0.22 g, crude). ESI/MS 502 (M+H)".

Preparation 87

15 Methyl 3-[2-fluoro-4-[[4-(spiro[indene-1,4'-piperidine]-1'-

ylmethyl)phenyl]methoxy |phenyl Jhex-4-ynoate, Isomer 1

To a solution of ADDP (0.302 g, 1.2 mmol) in THF (2 mL) is added

20

tributylphosphine (0.291 g, 1.44 mmol) at 0 °C and stirred at 0 °C for 15 min. A solution
of [4-(1'H-spiro[indene-1,4"-piperidin]-1'-ylmethyl)phenyl]methanol (0.219 g, 0.9 mmol)
in THF (2 mL) is added and the reaction mixture is stirred for 15 min at 0 °C. A solution

of 3-(2-fluoro-4-hydroxy-phenyl)-hex-4-ynoic acid methyl ester (isomer-1, 0.200 g, 0.8



yl met hyl ) phenyl ] met hoxy] phenyl ] pr opanoat e To a sol ution of
spiro[indene-1,4"-piperidine] (0.515 g, 2.58 mml) in EtOH (15 nL) is added
N, N- di i sopoepulEsdsyl am ne (1.4 ni, 2.589 mmol) and 3-[ 4PCZAIS2010/052126

15br omonet hy1-2-tri fl uor onet hyl - benzy2oxy) - 2- f | uor o- phenyl ] - propi oni ¢ aci d
ethyl ester (1.1 g, 2.58 nmol) at roomtenperature and the reaction m xture
is stirred for 16 hours at 80 C. The mxture is concentrated, diluted with
water, and extracted with EtOAc (2 x 50 nmL). The conbined extracts are
washed with water (20 nlL) and saturated brine (20 nL), dried over Na2SO4,
filtered, and concentrated. The crude material is purified by silica gel
20col um chromat ography to give the title conpound as a col orl ess gel
(0.650 9, 41%m3 0@ TH@'@ Mgzls(aﬂ@&l Miiz¢ amgéacﬁory mikdurd 1s3s§rrédrfor 2bheurd at31 7.29
(d, J = 01 (m 3H) (s, 1H), 01-6.99 (d, J 8 Hz,
1H), 6.6 4 6r0913 t?raperqjur@ Zhwact@pbmlxt@regg d%utg@w@]ahexgne- ﬁj}grefl.@verlm 6. 77 ( s,

é“;) ¥ S. 05 ((ﬁato%weouﬂea% a§d ‘@1@ ﬁqt{fﬁte & BQ/apo%teZig Ths Igl{;uﬁé’%atel?lalﬁz %ﬁrﬁied%ybsrhcg Saz 2. 86
2H), 252. 41gei clggmetpgraghwsm alniz:t ytmtat%rqcbe@ (@@ tpgive Jitle cgnwmd 24, 1.22-1.17
(t, 1 é%§¥@10/052126 49 The fol |l ow ng
conpoun&g gﬁguﬁygzggV%i@gséﬁﬁﬁgﬁﬁéﬁgg de cribed by the nethod of
preparation 111. Prep. No. Chem cal Nane EST/NB (mz) (MH) 112 Ethyl

o o R R AP ALASPDdn o BB Bt o
3-[2- fbyorfmﬁgﬁﬁﬁm8ﬁethoxy 4-[(1- nethylsplro[lndollne 3,4"-
pi peridine]-1'-

Prep ‘ ESI/MS
No ' Chemical Name (m/z)
' (M+H)
Ethyl 3-[2-chloro-4-[[4-
(spiro[indene-1,4'-
88 piperidine]-1'- S17
ylmethyl)phenyl]methoxy
]phenyl]propanoate

Ethyl 3-[4-[[4-
(spiro[indene-1,4'-
89 piperidine]-1'- 520
ylmethyl)phenyl]methoxy

Jphenylhex-4-ynoate

Ethyl (3S)-3-[4-[[3-
chloro-4-[(1-

90 methylspiro[indoline-3,4'- 571
piperidine]-1'-
yl)methyl]phenyl]methox
y]phenyl]hex-4-ynoate

Ethyl (3S)-3-[4-[[3-
fluoro-4-(spiro[indene-
91 1,4'-piperidine]-1'- 538
ylmethyl)phenyl]methoxy

Jphenyl]hex-4-ynoate




yl ) met hyl | phenyl ] net hoxy ] phenyl ] propanoate 549 114 Ethyl (3S)-3-[4-[]3-
nmet hoxy-4-[ (1- nethyl spiro[indoline-3,4"'- piperidine]-1'-

yl ) met hylwphenydspsset hoxy ] phenyl | hex-4-ynoate 567 115 EPhYIUS2010/052126
3-[2-fluoro-4-[[3- nmethyl-4-(spiro[indene- 1,4'-piperidine]-1'-

yl met hyl ) phenyl ] met hoxy] phenyl ] propanoate 514 WO

2011/ 046851PCT/ US2010/ 052126 50 Et hyl (3S)-3-[4-[[3-nethyl -
4-(spiro[indene-1,4"'- 116pip eridine] -F534 ylnethyl)phenyl] nethoxy]
phenyl ] hex- 4-ynoate Preparation 117 3444 [4- [(1 -tert-Butoxycarbonylspiro
[indoline-3,4" -piperidine]- 1 '-

yl ) met hyl ] phenyl ] net hoxy] - 2- f | uor o- phenyl ] propanoi c acid 5

Ethyl (3S)-3-[4-[[4-
(spiro[indane-1,4'-
92 piperidine]-1'-ylmethyl)- 490
3-
(trifluoromethyl)phenyl]m
cthoxy]phenyl Jhex-4-
ynoate

Ethyl 3-[2-fluoro-4-[[4-
(spiro[indane-1,4'-
93 piperidine]-1'-ylmethyl)- 570
3-
(trifluoromethyl)phenyl]m
cthoxy ]phenyl]propanoate

Preparation 94
Ethyl (3S)-3-[4-[[4-[(1-methylspiro[indoline-3,4'-piperidine]-1'-
yl)methyl]phenyl]methoxy]phenyl]hex-4-ynoate

\
N I
<:::§k;%:::z\,,[::i7//\o CO,Et

A mixture of 1-methylspiro [indoline-3,4'-piperidine] (0.0486 g, 0.204 mmol),

cthyl (35)-3-(4-{[4-(bromomethyl)benzyl]oxy } phenyl)hex-4-ynoate (0.100 g, 0.24
mmol), and Cs,CO; (0.156 g, 0.48 mmol) in DMF (5 mL) is stirred at room temperature
for 16 hours. The reaction mixture is diluted with water (30 mL) and extracted with

10 EtOAc (3 x 25 mL). The combined organic layer is washed with water (3 x 25 mL) and
saturated brine solution (25 mL), dried with a drying agent, filtered, and evaporated to
dryness to give a liquid. The crude product is purified by silica gel chromatography
(gradient EtOAc/hexane 30 %) to give the title compound as a colourless liquid (0.095 g,
73.3 %). ESI/MS m/z 537 (M+H)".

15
The following compounds are prepared essentially as described by the method of

preparation 94.



CO2H

A mxture of tert-butyl
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The reaction mxture is evaporated to dryness.
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conbi ned organic layer is washed with water (15 nL) and saturated brine

solution (15 nl),

dried with a drying agent,

filtered, and evaporated to

dryness to give the title conpound as an off-white solid (0.22 g, 72.1 % .
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y]-2-fluoro-
phenyl]propanoate

551

e sofid
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Ethyl (3S)-3-[4-[[4-[(7-
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No. Chem cal Nanme Structure ESI/MS (mz) (MH) 2 3 -(2-F

| uoro-4-1[4-(1'H spirof[indene-1,4"- piperidin]-1"- ylnethyl)benzyl]oxyl ph
enyl ) propaoaoci/aessd . O OH 472 VWY 3 342- Fl uor o P4%[U$2010/052126
(spiro[indene-1,4"- piperidine]-1"- 45

Ethyl 3-[2-fluoro-4-[[4-
[(5-fluoro-1-methyl-
spiro[indoline-3,4'-
piperidine]-1'-
ylmethyl]phenyl]methox
y]phenyl]propanoate

99 535

Ethyl 3-[2-fluoro-4-[[4-
[(5-methoxy-1-methyl-
spiro[indoline-3,4'-
piperidine]-1'-
ylmethyl]phenyl]methox
y]phenyl]propanoate

100 547

Ethyl (3S)-3-[4-[[4-[(5-
methoxy-1-methyl-
spiro[indoline-3,4'-

piperidine]-1'-
yl)methyl]phenyl]methox
y]phenyl]hex-4-ynoate

101 567

Ethyl (3S)-3-[4-[[4-[(1,5-
dimethylspiro[indoline-
102 3.,4"-piperidine]-1'- 551
yl)methyl]phenyl]methox
y]phenyl]hex-4-ynoate




yl met hyl ) phenyl ] met hox y] phenyl ] hex-4-ynoi c acid,
OV N

1101 OF 510

| soner

1

*

i somer

4 3-(2-Chloro-4-1[4-(1'H spiro[indene-1,4'-

1040

pi peri di rvo2ot/oabsset hyl ) benzyl ] oxyl ph enyl ) propanoi ¢ aciPdTiUS2010052100H a
46

103

Ethyl 3-[2-fluoro-4-[[4-
[[1-methyl-5-
(trifluoromethyl)spiro[in
doline-3,4'-piperidine]-1'-
yl]methyl]phenyl]methox
y]phenyl]propanoate

585

104

Ethyl (3S)-3-[4-[[4-[[1-
methyl-5-
(trifluoromethyl)spiro[in
doline-3,4'-piperidine]-1'-
yl]methyl]phenyl]methox
y]phenyl]hex-4-ynoate

605

105

Ethyl (3S)-3-[4-[[4-[(1-
isopropylspiro[indoline-
3, 4'-piperidine]-1'-
yl)methyl]phenyl]methox
y]phenyl]hex-4-ynoate

566

106

Ethyl 3-[2-fluoro-4-[[4-
[(1-
isopropylspiro[indoline-
3.,4"-piperidine]-1'-
yl)methyl]phenyl]methox
y]phenyl]propanoate

546




488 5 3-(4-1[4-(1'H Spiro [indene-1,4'- piperidin]-1'-
yl met hyl ) benzyl ] oxyl ph enyl ) hex-4-ynoic acid oli 0 110 O OH 492 6
(35) - 3- 14%0-20{11046851 Met hyl et hyl ) -1, 2- di hydro-1' H spi r eCruseé 104032146 -

pi peridin]-1"- yl]nethyllbenzyl)oxy] pt7Thenyl | hex-4-ynoic acid 110 0 0 0 OH
536 53 7

Ethyl 3-[2-fluoro-4-[[4-
[(1-phenylspiro[indoline-
107 3.,4"-piperidine]-1'- 579
ylmethyl]phenyl]methox
y]phenyl]propanoate

Ethyl (3S)-3-[4-[[4-[(1-
phenylspiro[indoline-
108 3.,4"-piperidine]-1'- 599
yl)methyl]phenyl]methox
y]phenyl]hex-4-ynoate

Ethyl 3-[2-fluoro-4-[[4-
[(3-oxospiro[indane-1,4'-
109 piperidine]-1'- 516
yl)methyl]phenyl]methox
y]phenyl]propanoat

Preparation 110
Ethyl (3S)-3-[4-[[4-(spiro[indane-1,4'-piperidine]-1'-
ylmethyl)phenyl]methoxy]phenyl]hex-4-ynoate



3-12-Fluoro-4-[(4-1[1- (1-nmethylethyl)-1,2- dihydro-1'H spiro[indole-3,4'-
pi peridin]-1"- yl]methyll benzyl)oxy]p henyll propanoic acid 110° 0 OCH 517
8 342-Fl wwoaed/ogdask1[ (1- phenyl -1, 2-di hydro-1'H spiro[i REDIUS2@0452126

pi peridin]-1"- yl)nethylibenzyll oxy)4 henyl]propanoic acid 40 ii 40 O OCH
551 9 3-(4-1[3 -Chloro-4-(1 '"H spiro[indene-1,4"'- piperidin]-1'-

yl met hyl ) benzyl ] oxy1-

To a solution of 2, 3-dihydrospiro [indene-1, 4’-piperidine] (0.37 g, 1.68 mmol) in
acetonitrile (20.0 mL), is added Cs,COs (1.37 g, 4.21 mmol at room temperature,
followed by the addition of 3-[4-(4-bromomethyl-benzyloxy)-phenyl]-hex-4-ynoic acid
cthyl ester (0.70 g, 1.68 mmol). The reaction mixture is stirred overnight at room

5 temperature. The reaction mixture is filtered through diatomaceous earth and the filtrate
is evaporated. The crude product is purified by silica gel column chromatography
(gradient 3% methanol in DCM) to give the title compound as colorless gel, (0.82 g, 93.7
%). ESI/MS 522.2 (M+H)".

Preparation 111
10 Ethyl 3-[2-fluoro-4-[[3-methoxy-4-(spiro[indene-1,4'-piperidine]-1'-
ylmethyl)phenyl]methoxyJphenyl]propanoate

Pl anl

To a solution of spiro[indene-1,4"-piperidine] (0.515 g, 2.58 mmol) in EtOH (15

mL) is added N,N-diisopropylethylamine (1.4 mL, 2.589 mmol) and 3-[4-(4-

15  bromomethyl-2-trifluoromethyl-benzyloxy)-2-fluoro-phenyl]-propionic acid ethyl ester
(1.1 g, 2.58 mmol) at room temperature and the reaction mixture is stirred for 16 hours at
80 °C. The mixture is concentrated, diluted with water, and extracted with EtOAc (2 x 50
mL). The combined extracts are washed with water (20 mL) and saturated brine (20 mL),
dried over Na,SOy, filtered, and concentrated. The crude material is purified by silica gel

20 column chromatography to give the title compound as a colorless gel (0.650 g, 47.7 %).
'H NMR (400 MHz, CDCl;) & 7.42-7.35 (m, 2H), 7.31-7.29 (d, J = 8 Hz, 1H), 7.20-7.01
(m, 3H), 7.05 (s, 1H), 7.01-6.99 (d, J = 8 Hz, 1H), 6.64-6.93 (d, ] = 4 Hz, 1H), 6.86-6.83
(d,J =12 Hz, 1H) 6.77 (s, 1H), 5.05 (s, 2H), 4.03-3.98 (m, 2H), 3.79 (s, 3H), 3.57 (s, 2H),
2.89-2.86 (d, J = 12 Hz, 2H), 2.79-2.76 (t, ] = 8 Hz, 2H), 2.55-2.53 (d, ] = 8 Hz, 2H),

25  2.41-2.35(t,J =12 Hz, 2H), 2.10-2.05 (t, J = 8 Hz, 2H), 1.22-1.17 (t,J] = 8 Hz, 3H).



2- fluorophenyl)propanoic acid 1016 C 0 OH 0 507 10 (3S)-3-(4- {
[3-Chloro-4- ( 1 "Hspiro[indene-1,4"- piperidin]-1- ylnmethyl)benzyl]oxyl
ph enyl) Wwe-24tymesse acid . 41 a HO OH 527 1 1 (3S)- 342Ct{uB2@losa106 4-

[ (1-nmethyl-1, 2-di hydro- 1'Hspiro[ind¥le-3,4"- piperidin]-1'-

1)

yl ) met hyl i benzyl | oxy)p henyl]hex-4-ynoic acid

The following compounds are prepared essentially as described by the method of

preparation 111.

Pre ESI/MS
Nop' Chemical Name (m/z)
) (M+H)

Ethyl (3S)-3-[4-[[3-
methoxy-4-(spiro[indene-
112 1,4"-piperidine]-1'- 550
ylmethyl)phenyl]methoxy]

phenyl]hex-4-ynoate

Ethyl 3-[2-fluoro-4-[[3-
methoxy-4-[(1-
methylspiro[indoline-3,4'-
113 o
piperidine]-1'-
ylmethyl]phenyl]methoxy
Jphenyl]propanoate

549

Ethyl (3S)-3-[4-[[3-
methoxy-4-[(1-
methylspiro[indoline-3,4'-
114 o
piperidine]-1'-
ylmethyl]phenyl]methoxy
]phenyllhex-4-ynoate

567

Ethyl 3-[2-fluoro-4-[[3-
methyl-4-(spiro[indene-
115 1,4"-piperidine]-1'- 514
ylmethyl)phenyl]methoxy]
phenyl]propanoate




Cl 10 O OH 543 54 12 3-(2-Fluoro-4- { [2- nethoxy-4-(1"'H
spiro[indene-1,4"'- piperidin]-1'- ylnethyl)benzyl]oxyl ph enyl)propanoic
acid .11 w0 2011/0468500H 502 13 3-(2-Fluoro-4- { [3- fl uor ®C#AS2016H052126
spiro[indene-1,4"- piperidin]-1 - yln®thyl)benzyl]oxyl ph enyl)propanoic
acid AP 40

Ethyl (3S)-3-[4-[[3-methyl-
4-(spiro[indene-1,4'-
116 piperidine]-1'- 534
ylmethyl)phenyl]methoxy]
phenyl]hex-4-ynoate

Preparation 117
3-[4-[[4-[(1-tert-Butoxycarbonylspiro[indoline-3,4'-piperidine]-1'-
yl)methyl]phenyl]methoxy]-2-fluoro-phenyl]propanoic acid

7<>—/<O co

A mixture of tert-butyl 1'-[[4-[[4-(3-ethoxy-3-0x0-propyl)-3-fluro-
phenoxy]methyl]phenyl]methyl]spiro[indoline-3, 4'-piperidine]- 1-carboxylate
(0.32 g, 0.53 mmol) and KOH (0.148 g, 2.65 mmol) in ethanol:water (3:1, 4 mL) is
stirred at room temperature for 16 hours. The reaction mixture is evaporated to dryness.
10 The residue is re-dissolved in water (8 mL), cooled to 0 °C, acidified with 1.5 N HCl to
pH~ 6, and extracted with EtOAc (3 x 15 mL). The combined organic layer is washed
with water (15 mL) and saturated brine solution (15 mL), dried with a drying agent,
filtered, and evaporated to dryness to give the title compound as an oft-white solid (0.22
g, 72.1 %). ESI/MS m/z 575.6 (M+H)".
15
Preparation 118
Methyl 3-[2-fluoro-4-[[4-(spiro[indoline-3,4'-piperidine]-1'-
ylmethyl)phenyl]methoxyJphenyl]propanoate hydrochloride



0O OH 40 490 14 (3 S)-3-(4-1[3-Fluoro-4- ( 1 "Hspiro[indene-1,4'-

pi peridin]-1"- ylnmethyl)benzyl]oxyl ph enyl)hex-4-ynoic acid 41 100 HO CH
510 15 3 wQ2eH/046850- 4- 1[ 4- (1' H spiro[indene-1, 4" - pi percaiuspeiv/osybeéret hyl ) -
3- (trifluoronethyl)benzyl] oxyl phenyil) propanoic acid ell 40 F F O OCH 540

HCl

/ CO,Me
O

F

ZT

To a solution of fert-butyl spiro[indole-3,4'-piperidine]-1 (2H),-carboxylate-3-{2-

fluoro-4-[ (4-methylbenzyl)oxy]phenyl} propanoic acid (0.12 g, 0.208 mmol) in methanol
(5 mL), is added HCI in methanol (4 M, 5 mL) at 0 °C. The reaction mixture is allowed
S to warm to room temperature and stirred for 1 hour. The reaction mixture is evaporated
to dryness to give the title compound as a pale yellow solid (0.07 g, 64%). ESI/MS m/z

489.6 (M+H)".
Example 1

(35)-3-(4-{[4-(1'H-Spiro[indene-1,4"-piperidin]-1"-ylmethyl)benzylJoxy }phenyl)hex-4-

10 ynoic acid

2t J

To a stirred solution of ethyl (3S)-3-[4-[[4-spiro[indene- 1,4’ -piperidine]-1°-
ylmethyl)phenyl]methoxy]phenyl]hex-4-ynoate (0.3 g, 0.58 mmol) in ethanol (12 mL) is
added, 5.0 M sodium hydroxide (0.231 mL, 1.156 mmol). The reaction mixture is

15 lrradiated with microwave radiation at 90 °C for 5 minutes. The reaction mixture is
concentrated to dryness, diluted with water, and acidified with 2 N HCI to pH ~4 to give a
precipitate which is collected by filtration. The solid is washed with water (5 mL) and
hexane (10 mL) and dried to give the title compound as a white solid (0.210 g, 73 %).
ESI/MS m/z 492.1 (M+H)".

20 This material could be purified directly or combined with other lots for silica gel
chromatography purification using 10% MeOH/DCM to give the title compound as a
white solid (0.31 g). ES/MS m/z492.1 (M+H)".

The following compounds are prepared essentially by the method of Example 1.



16 (3 S)-3 -(4- { [4-(2,3- D hydro-I'H spiro[indene-1,4" -

pi peridin]-1"-ylmethyl)- 3- (trifluoronethyl)benzyl] oxyl phenyl)hex-4-ynoic
acid el MOR0H/46850H 562 55 17 3 -(4- { [4-(2,3 - D hydPeT/uB2010/052126
"H-spiro[indene-1,4"- piperidin]-1-y¥#2methyl)- 3- (trifluoronethyl)benzyl]
oxy} -2- fluorophenyl)propanoic acid O OCH el 40

. ESI/MS
X
N Chemical Name Structure (m/z)
0.
(M+H)
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492
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dihydro-1"H- \N(

6 spiro[indole-3,4'- @JO . >l 536
piperidin]-1'- Nv@

yllmethyl}benzyl)oxy]p

henyl}hex-4-ynoic acid




F F 542 18 3-(2-Fluoro-4- { [3- nmethoxy-4-(l'H spiro[indene-1,4"-
pi peridin]-1"- ylnmethyl)benzyl] oxyl

502 19 (38P-28t1(0d685f [ 3- Met hoxy- 4-( 1 'Hspiro[indene-
1,4 -piperidin]-1"- ylmethyl)benzyl] o®yl
400 0 OH 521 20 3-[2-Fluoro-4-( {3- nethoxy-4-[(1-nethyl-
oxy) p henyl ] propanoi c

spi ro[indol e-3,4"-
aci d

pi peridin]-1'- vyl

ph enyl ) propanoic acid 0 eli OOH 400F

) met hyl ] benzyl |

PCT/US2010/052126
ph enyl)hex-4-ynoic acid .40,0

1, 2-di hydro-1' H

3-{2-Fluoro-4-[(4-{[1-
(1-methylethyl)-1,2-
dihydro-1"H-
spiro[indole-3,4'-
piperidin]-1'-
yl]methyl}benzyl)oxy]p
henyl}propanoic acid

o

< )

517

3-[2-Fluoro-4-({4-[(1-
phenyl-1,2-dihydro-1'H-
spiro[indole-3,4'-
piperidin]-1'-
yl)methyl]benzyl} oxy)p
henyl]propanoic acid

551

3-(4-{[3-Chloro-4-(1'H-
spiro[indene-1,4'-
piperidin]-1'-
ylmethyl)benzyl]oxy}-
2.
fluorophenyl)propanoic
acid

507

10

(3S)-3-(4-{[3-Chloro-4-
(1'H-spiro[indene-1,4'-
piperidin]-1'-
ylmethyl)benzyl]oxy} ph
enyl)hex-4-ynoic acid

527

11

(3S)-3-[4-({3-Chloro-4-
[(1-methyl-1,2-dihydro-
1'H-spiro[indole-3,4'-
piperidin]-1'-
yDmethyl]benzyl} oxy)p
henyl]hex-4-ynoic acid

543




0 OCH 41 518 21 (3S)-344-( {3-Methoxy- 4-[(21-nmethyl-1,2- dihydro-I'H
spiro[indole-3,4"- piperidin]-1'- yl)nmethyl]benzyll oxy)p henyl] hex-4-ynoic
acid 0 1wbQoOH4658 WO 2011/ 046851PCT/ US2010/ 052126 56 P22/UB2¢1BAF10©r 0- 4- {
[3- nmethyl-4-(1'H spiro[indene-1,4" -54piperidin]-1- ylnethyl)benzyl]oxyl ph
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0O OOH 486 23 (3S)-3-(4-{[3-Methyl-4- (1" Hspiro[indene-1,4"- piperidin]-1"-
yl met hyl ) benzyl ] oxyl ph enyl ) hex-4-ynoic acid * 0O HO OH 506 Exanple 24 (3
S) - 3- [ 4-WO{411/(46851- Met hyl -1, 2 -di hydro-1"'H spiro PCT/US2010/052126

[indol e-3,4"-piperidin]-1- yl)nethyl§benzyl | oxy) phenyl ] hex-4-ynoic acid 5
CO2H To a solution of ethyl

(3S)-3444[4-[ (1-met hyl spiro[indoline-3,4" -piperidine]-1'"-

yl ) met hyl ] phenyl ] net hoxy] phenyl ] hex- 4-ynoate (0.09 g, 0.167 mmol) in

et hanol :water (3:1, 2 nL) is added KOH (0.047 g, 0.838 mmol) and stirred at
roomtenperature for 2 hours. The reaction mxture is evaporated to
dryness. The residue is re-dissolved in 10 water (5 nL) and washed with
Et20 (3 x 5 i) [ The Aagueays3IEmNRiol $ actdifred wth 1.5 N HCI|to pH - 6
The solid precipitatepspiblil@h&ds-washed with water, pand dried. The solid

is dissolved in|di chl R heNmetd- shed wi NaHCC3 | (15 nl),
water, (15 nL) and saturated_anmmoni u opi de sol*uti on | (15, L dried,
filtered, and eyapo

( )
I at. to give'the title conp thd |as an
of f-white solid (0.03‘*13?1‘)%%‘*%5%@% ESI /M5 m z 509 (M) +. 57 The

fol |l ow ng conpouynds entially as described by the method of
Exanpl e 24. Ex qﬁBNBB&%%Bﬁgmﬁﬁ§
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methoxy-4-(1'H- e /@(\)LOH
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piperidin]-1'-
ylmethyl)benzyl]oxy} ph
enyl)propanoic acid

(3S)-3-(4-{[3-Methoxy- s
4-(1'H-spiro[indene- Y

19 14piperidin}-1- | OO ﬁ 521

ylmethyl)benzyl]oxy} ph

enyl)hex-4-ynoic acid
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1,2-dihydro-1'H- @JO AL,
20 spiro[indole-3,4'- v@ 518
piperidin]-1'- -
yDmethyl]benzyl} oxy)p
henyl]propanoic acid

(35)-3-[4-({3-Methoxy-
4-[(1-methyl-1,2- \ o
dihydro— 1'H- N OH
21 spiro[indole-3,4'- QJQ V@” o 538
piperidin]-1'-
yDmethyl]benzyl} oxy)p
henyl]hex-4-ynoic acid




No. Chem cal Name Structure ESI/M5 (mz) (MtH) 25 342-Fluoro-4-(14-[(1-
nmet hyl-1, 2-di hydro- 1 'H-spiro[indole-3,4"- piperidin]-1'-

yl) met hylwbenmyl4bgsty) phenyl ] propanoic acid b 489 26 32¢4/Ub4010/052126
[(7-Chloro-1- nethyl -1, 2-di hydro- |'Héspiro[indole-3,4" - piperidin]-1'-
yl ) met hyl i benzyl | oxy)- 2- fluorophenyl]propanocic acid \ a 49 0 40CH

3-(2-Fluoro-4-{[3- o
methyl-4-( 1'H- /(I\)LOH
29 spiro[indene-1,4'- Qﬁ Npﬁo F 436
piperidin]-1'-

ylmethyl)benzyl]oxy} ph
enyl)propanoic acid

(35)-3-(4-{[3-Methyl-4- [
(1'H-spiro[indene-1,4'-

23 piperidin]-1'- Q‘ NVQ”O 506
ylmethyl)benzyl]oxy} ph

enyl)hex-4-ynoic acid

Example 24
(35)-3-[4-({4-[(1-Methyl-1,2-dihydro-1'H-spiro[indole-3,4'-piperidin]-1'-
yl)methyl]benzyl} oxy)phenyl]hex-4-ynoic acid

P

To a solution of ethyl (3S)-3-[4-[[4-[(1-methylspiro[indoline-3,4'"-piperidine]-1'-

yl)methyl]phenyl]methoxy]phenyl]hex-4-ynoate (0.09 g, 0.167 mmol) in ethanol:water
(3:1, 2 mL) is added KOH (0.047 g, 0.838 mmol) and stirred at room temperature for 2
hours. The reaction mixture is evaporated to dryness. The residue is re-dissolved in

10 water (5§ mL) and washed with Et,O (3 x 5 mL). The aqueous layer is acidified with 1.5
N HCl to pH ~ 6. The solid precipitate is filtered, washed with water, and dried. The
solid is dissolved in dichloromethane (40 mL) washed with 10% NaHCOs (15 mL),
water, (15 mL) and saturated ammonium chloride solution (15 mL), dried, filtered, and
evaporated to dryness to give the title compound as an off-white solid (0.05 g, 58.2 %).

15 ESI/MS m/z 509 (M+H)".



523 27 (3S)-344-(14-[(7- Chloro-I-nethyl-1,2- dihydro-I'H
spiro[indole-3,4"- piperidin]-1'- yl)nethyl]benzyll oxy) phenyl]hex-4-ynoic
acid 540 206@42513 [ 2- Fl uor o- 4- ( {445- fl uoro-I - et hylPCT/uR201diob3ads o- | ' H-
spiro[indole-3,4"- piperidin]-1 - yl)jrethyl | benzyll oxy) phenyl] propanoic
acid 507 29 3-[2-Fluoro-4-( {445-

The following compounds are prepared essentially as described by the method of

Example 24.
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(trifluoromethyl)-1,2- dihydro-1'H spiro[indole-3,4"- piperidin]-1'-

yl ] met hyl | benzyl ) oxy] phenyl} hex-4-ynoic acid oz, , 577 34 (3 §-3-[4-(
1 ' H spi rwpi2ndal46853, 4' - piperidin]-1"- yl)nmethyll benzyl PCOAER010/052126

phenyl ] hex-4-ynoic acid 40 N 410" 00 OH 571 35 342-Fl uoro-4-(14-[(3-
0x0- 2, 3-di hydro-1"'H

Example 38
3-(4-{[4-(2,3-Dihydro-1'H-spiro[indene-1,4'-piperidin]-1'-ylmethyl)benzyl]oxy } -2-

fluorophenyl)propanoic acid
o

5 To a stirred solution of ethyl 3-[2-fluoro-4-[[4-(spiro[indane-1,4'-piperidine]-1'-
ylmethyl)phenyl]methoxyphenyl]propanoate (0.22 g, 0.43 mmol) in MeOH (15 mL) is
added LiOHH,0 (0.20 g, 4.8 mmol) and the mixture is heated at 85 °C for 45 min in a
microwave oven. Methanol is evaporated and the residue is dissolved in water. The pH
is adjusted to approximately 6 and a solid precipitate is filtered, collected, and dried to

10 give the title compound as an off-white solid (0.12 g, 55.0 %). ESI/MS 474.6 (M+H)".

Example 39
3-[4-({4-[(1,5-Dimethyl-1,2-dihydro-1'H-spiro[indole-3,4'"-piperidin]-1'-
yDmethyl]benzyl} oxy)-2-fluorophenyl]propanoic acid

O

; o
N OH
O F
N

To a stirring solution of 1,5-dimethylspiro[indoline-3,4'-piperidine] (0.30 g, 1.38

15

mmol), and ethyl 3- (4-{[4- (bromomethyl)benzyl]oxy}-2-fluorophenyl) propanoate (0.60
g, 1.52 mmol), in DMF (10 mL), is added Cs,COs (0.89 g, 2.76 mmol). The reaction
mixture is stirred at room temperature for 12 hours, diluted with water (100 mL), and

20  extracted with Et;O. The organic layer is separated, dried over Na,SO,, and concentrated
under vacuum to give (0.2 g, 0.376 mmol). The material is dissolved in ethanol/water (4
mL/1 mL) and KOH (0.063 g, 1.12 mmol) is added. The mixture is stirred at room
temperature for 4 h and ethanol is evaporated. The pH is adjusted to approximately 5
with 1 N HCI solution and the precipitate formed is filtered to give the title compound as

25 an off-white solid (0.13 g, 18.6%). ESI/MS m/z 503 (M+H)".



spiro[indene-1,4"- piperidin]-1- yl)methyllbenzyll oxy) phenyl] propanoic
acid 411111 O 00OH 488 36 3 -(4- { [4-(1,2-D hydro- 1 "Hspiro[indole-3,4"-
pi peri di rvoRot/osbsset hyl ) benzyl | oxyl - 2- fl uorophenyl) proparseéio/osncel e 4) 0O
OH SI 475 37 (3 S)-3-[4-[[4- (Spiro [6Indane-1,4'- piperidine]-1'-

yl met hyl ) phenyl ] met ho xy] phenyl | hex-4-ynoic acid ell

The causes of T2D are believed to be two-fold, insulin resistance, and progressive
failure of pancreatic beta cells to produce adequate amounts of insulin to lower
circulating glucose levels. Insulin resistance develops when normal insulin levels are
unable to dispose of circulating plasma glucose into target tissues, including skeletal

5 muscle and adipose tissue. As the pancreas produces more insulin to compensate for the
excessively high glucose levels due to insulin resistance, the pancreatic beta cells
eventually become exhausted and no additional insulin is available for secretion. Over
time, the pancreatic beta cells completely fail and a person with T2D becomes similar to
one with type 1 diabetes. High levels of circulating glucose is the hallmark of diabetes

10 and can eventually lead to serious complications such as heart disease and strokes, high
blood pressure, blindness, kidney and nerve damage, infections, and gum disease.
Therefore, it is important to control and treat T2D as early as possible with exercise; a
proper diet; oral anti-diabetic therapies; and eventually with insulin. Compounds claimed
by the present invention provide additional pharmacological treatment options.

15  Compounds selectively modulating GPR40 may be particularly desirable.

GPR40: Information

Results of studies using transgenic mice over-expressing the human GPR40 gene
under control of the insulin IT promoter recently reported by Nagasumi further support
that GPR40 plays an important role in the regulation of GDIS and plasma glucose levels

20 in-vivo, especially in rodent models of insulin resistance. Nagasumi K, et. al.,
Overexpression of GPR40 in pancreatic f-cells augments glucose-stimulated insulin
secretion and improves glucose tolerance in normal and diabetic mice Diabetes 58:
1067-1076, 2009. These findings further support that the development of new GPR40
modulator compounds may be particularly desired for use in the treatment of T2D.

25

Calcium Flux Primary Assay

The compounds exemplified herein are tested essentially as described below and
exhibit an ECs value for the Calcium Flux Primary assay of lower than 1 uM.
This assay is used to screen compounds by measuring the increase in intracellular

30  calcium levels that results when a ligand binds and activates GPR40, thus demonstrating
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10 response. EC50 (effective concentration at half the maximal response) value of the

OIl is O OH 494 WO 2011/046851PCT/ US2010/ 052126 60 Exanple 38 3 -(4-
[

compound is calculated using Excel Fit software (version 4; IDBS) by plotting

concentration vs relative fluorescence units (RFUs). Percent efficacy is calculated based

on the maximal response exhibited by compound compared to the natural ligand, linoleic

acid. The test compound of Example 1 has an ECs of 186 +/- 93 nM with 91 +/- 10%
15  efficacy when examined in this assay. These results further demonstrate the desired

potency and efficacy as GPR-40 agonists.

Glucose Dependent Insulin Secretion (GDIS) Assays

Because activation of GPR40 is known to result in insulin secretion which is
20 dependent on high glucose concentrations, two separate assay systems (insulinoma cell
line and primary rodent islets) are developed to further characterize compounds that are
known to increase intracellular calcium in the GPR40 primary assay discussed above.
GDIS assays are performed using the mouse insulinoma cell line Min6. Min6
cells are maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) containing non-
25  essential amino acids, 10% FBS, 50 mM 2-mercaptoethanol and 1% penicillin and
streptomycin at 37 °C plus 5% CO,. On the day of the experiment, the cells are washed
twice with 200 ul of pre-warmed Krebs-ringer buffer without glucose. Addition of 200
uL of pre-warmed Krebs-ringer buffer containing 2.5 mM glucose is used to starve the
cells followed by the addition of compounds in the presence of a high concentration of
30  glucose (25 mM). The plate is incubated at 37 °C for 2 hours. At the end ofthe 2 h

incubation, the supernatant is gently transferred into a Millipore filter plate and spun at
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Binding affinities of compounds for the PPAR a, 0, and y receptors are assessed

30  using Scintillation Proximity Assay (SPA) technology. Biotinylated oligonucleotide
Direct Repeat 2 (DR2) is used for binding the receptors to Yttrium silicate streptavidin-
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wherein the conpound is a pharmaceutically accepffable salt. 19.A

phar maceuti cal conposition conprising a’pharnaceutically acceptable carrier
and at | easf; ;.ORgmELARRMRhASHbIALIRRY. any one of Claims 1 through 17 or a
pharmaceutical'ly acceptabl e salt thereof 2520. A pharnaceutical conposition
as cl ai rfed Wyer@riai m 19 further conprising anot her pharmaceutical agent.
21. A nethod for ¢r J i I : I rising the step of

admi ni stering tgltlﬁ%iéﬁ{aégnrﬁlgkﬁgg%%%gﬂhrﬁuags c:’aFi arlrlig;\1 by any one of Clains 1

t hrough 17 or a Rehaschsted dioincthe bypupcosptiaheid]. dakalkylheFe0CH30220dClonpound as

cl ai med by any i . h. 17.9r i accept abl e
cai't ther sof ForcandR4EuR R R e i B HR PR B Y 156 6o

23. A conpo@ds,d5.;dkdi Giedarshf, sgreomee laast ofk adlersedIfrdnintho gghup Téndistng u§e i n t he
treat mem %glid?{bﬁtis?ﬁ’ 24. A conpound of the fornula

Rsis H or C=CCHs;
X is selected from the group consisting of -CH(R3)CHo-, -C(R3)=CH-,
-N( R7)CH;-. and -C(O)CH>»-;
Rs is selected from the group consisting of H and C,_zalkyl; and
15 R7 is selected from the group consisting of H, C;_zalkyl, and phenyl.
2. A compound or salt thereof as claimed by Claim 1 wherein X is selected
from the group consisting of -N( R;)CH,-, -C(R3)=CH-, and -CH(R3)CH,.
3. A compound or salt thereof as claimed by any one of Claims 1 or 2
wherein X is -C(R3)=CH-.
20 4. A compound or salt thereof as claimed by any one of Claims 1 through
Claim 3 wherein Rj3 is selected from the group consisting of H and CHs.
5. A compound or salt thereof as claimed by any one of Claims 1 through
Claim 4 wherein Rjis H.
6. A compound or salt thereof as claimed by any one of Claims 1 or 2
25  wherein X is -N( R7)CH;-.
7. A compound or salt thereof as claimed by Claim 6 wherein Ry is selected

from the group consisting of H, Calkyl.



50r a pharmaceutically acceptable salt thereof 25. A conpound of the fornula
| CO2H or a pharnmaceutically acceptable salt thereof 26. An internediate
conpound WO 20146851 mul a: or a salt thereof; wherein: RCTIUGS2¢8l068212€d from
the group consisting of H F and O ; 68 R2 is selected fromthe
group consisting of H C _3alkyl, CF3, OCH3, F, and Cd; 15R4 and R 4a are
each independently selected fromthe group consisting of H OCH3,

C _3al kyl, CF3, and F, wherein at |east one selected fromthe group
consisting of R4 and R4a is H R5 is Hor CCCH3; R6 is selected fromthe
group consisting of C1_3 alkyl; 20X is selected fromthe group consisting
of -CH(R3)CH2-, -C(R3)=CH, -N( R2)CH2-. and -C(0)CH2-; R3 is selected from

the group consi i ng AQfortpoaiichrGhir ddtekdsicladmel byaim 7 wherein R; is CHs.
2011/ 046851PCT/ US2010/ 052126 70 R7 is _selected fromthe group consisting of

H, G _3al kyl, C(0)oct waprynd orgplthersehisiclaimed by wyipne ahdlatns lrqueh Rer eof as
clai ned by Gal; @ss\éﬁ%@framlﬁﬁegréu&%%%nfg%ﬁfoﬁgomQW Mgrsalt thereof as

claimed by aim?25 wherein RL Ts sel ect
10. A compound or salt thereof as clalmed by any one of Claims 1 through 9

S5 wherein Ry, is selected from the group consisting of H and Cl.

11. A compound or salt thereof as claimed by any one of Claims 1 through 8
wherein R4 and Ry, are each H.

12. A compound or salt thereof as claimed by any one of Claims 1 through 11
wherein R, is selected from the group consisting of H, OCH3, CH; and CFs.

10 13. A compound or salt thereof as claimed by any one of Claims 1 through 12
wherein R, is H.

14. A compound or salt thereof as claimed by any one of Claims 1 through 13
wherein Rs is C=CCHj3

15. A compound or salt thereof as claimed by any one of Claims 1 through 13

15  wherein R; is selected from the group consisting of F and Cl; and Rsis H.

16. A compound or salt thereof as claimed by any one of Claims 1 through 14
wherein R; is H.

17. A compound or salt thereof as claimed by any one of Claims 1 through 14
wherein the compound is the S isomer.

20 18. A compound as claimed by any one of Claims 1 through 17 wherein the
compound is a pharmaceutically acceptable salt.

19. A pharmaceutical composition comprising a pharmaceutically acceptable
carrier and at least one compound as claimed by any one of Claims 1 through 17 or a
pharmaceutically acceptable salt thereof.

25 20. A pharmaceutical composition as claimed by Claim 19 further comprising
another pharmaceutical agent.

21. A method for treating diabetes in a mammal, comprising the step of
administering to the mammal a compound as claimed by any one of Claims 1 through 17
or a pharmaceutically acceptable salt thereof.

30 22. A compound as claimed by any one of Claims 1 through 17 or a

pharmaceutically acceptable salt thereof for use as a therapy.



fromthe group consisting of Fand C; and R5 is H.
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23. A compound as claimed by any one of Claims 1 through 17 for use in the
treatment of diabetes.

24, A compound of the formula

e f

5 orapharmaceutically acceptable salt thereof.

25. A compound of the formula

\
" /I
@b \/®/\o COH

or a pharmaceutically acceptable salt thereof.

26.  An intermediate compound of the formula:

R4a X
N
R
R, 1

10 ;
or a salt thereof;
wherein:
R; is selected from the group consisting of H, F and CI;
Ry is selected from the group consisting of H, Cy salkyl, CF3;, OCHj3, F, and CI;
15 R4 and R ,a are each independently selected from the group consisting of H,

OCH3;, Cy3alkyl, CF3;, and F, wherein at least one selected from the group consisting of
Rsand R 4ais H;
Rsis H or C=CCHs;
R is selected from the group consisting of C;.3 alkyl;
20 X is selected from the group consisting of -CH(R3)CH,-, -C(R3)=CH-,
-N( R7)CH;-. and -C(O)CH,-;
Rs is selected from the group consisting of H and C,.zalkyl; and
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Ry is selected from the group consisting of H, Cy zalkyl, C(O)OC, 4alkyl, and

phenyl.

27. A compound or salt thereof as claimed by Claim 26 wherein Rs is
C=CCHs,

28. A compound or salt thereof as claimed by Claim 25 wherein R; is selected

from the group consisting of F and Cl; and Rsis H.



