1 Novel Spiropiperidine Conpounds Adm ni stration of currently approved
nmedi ci nes for the treatnent of diabetes has been associated with undesired
adver se eVbeaotizesbisat soneti nmes i ncl ude 5hypogl ycem a, | iPeenSdanmngss9
gastrointestinal disease, weight gain, or other undesired effects that may

be associated with the PPAR gamma activity. GPR40 is a G
protein-coupl ed receptor which is reported as predom nately expressed at
high levels in rodent pancreatic beta cells, insulinona cell lines, and

human islets. This receptor is activateld by nedium and | ong-chain fatty
acids, and 10 thus the receptor is also known as FFARL (Free Fatty Acid

Receptor 1). The gl ucose depﬁndﬁlc of jnsuylin secretion is an inportant
feature of activating GPR4O, m\é“pflfﬁ”él“‘ree R8P N excel l ent target for
devel oping effic for use i.n the treatnen tes ("T2D").

i 0 f type 2.diabe
A recently publ | ST By RT U e P e s B s rH S SER RS - 508 )
15gener al | y hds seh asedatebniiloutidsrell adiersg etfedyytlitgoa¢tnen iwpide 0 group feature
d t d h tivit G,.pr.at ei n- | ed tor. 40 (" GPR40"
modul at or's. PR RaMBo AL B e O H e DT & e OESAOURAL T equi 1 ng A
hydr ocar bon espits haighgue atdoaitted &ith lrePPAR daeinerao@mtigns in the spiro feature.

In contrast, man f th resently.clainmed.spiro eridi ne npounds
brovide des red PERELERPEERR T STEhinG SoMRRE A b e PraR
activity. expre€Sedrp dighdsyeBfin todes partveatid bancedls, enspdoentcehbbdsyvatdor s of GPR40.
This invention provides a desired novel treatnent option acting through a
phar macol oot SarY R eaeaRss ME e e e AEP B Ph bEMERE) | hvart abi o
treat mentos amg thcuedch@r ispisokhaasasdvmRa (Fids Fatlyat cidRéceptbt MeThe ghebsevat e GPR40
as conpared (o PPAR ga . 25The pharnmacol ogi cal profi f _conpounds of
ebaat e T S R e e B A R i

desi rabl e f aliis teseptérran thellé eatentin tievefopihg BfficAdalistforanalnl tyg trdateensell ecti ve

GPR40 nodul e%ti %ndigga%és @ff?ﬁ?j’de a particularly desirable safety profile for

use in the t¥&tHeENR D by avoiding effects associated with PPAR gamma

nmodul ati on. 30Tha rpreegemiblishey €iStHaent dppliciiore CSeH09/01 7000RBUATREYE t he
forml a: 23 N N - har maceutical |y

2Ti-r51- 11\ \-r-n- nds havi A ar%lirorrapat and ar . .
accept ab]ISe Sgglil% {‘Yhesrcé)(s) S;COV\PIOGUI’ gfi n:V nﬁf P]S O%G‘?ZOGCS e%g 'Plrl%l% P]F?e gr (%Up consi sting
of H, F and s@ed tbRbeiagividy 03 Gpe@@H8oupled receptor 40 (“GPR40”) modulators. 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 activation of GPR40
20 without detectible PPAR activity.
Compounds of this invention are potent activators of GPR40. This invention
provides a desired novel treatment option acting through a pharmacological
mechanism that is unique compared to commercially available treatments and further
provides compounds that selectively activate GPR40 as compared to PPAR gamma.
25  The pharmacological profile of compounds of this invention, as selective GPR40
activators, can be particularly desirable for use in the treatment of T2D. Additionally,
the selective GPR40 modulation may provide a particularly desirable safety profile for
use in the treatment of T2D by avoiding effects associated with PPAR gamma
modulation.

30 The present invention is directed to compounds of the formula:



X is selected fromthe group consisting of -CH2CH2-, -CH=CH, and -N(
R7)CH27; R7 is selected fromthe group consisting of Hand G _3alkyl; Zi is
sel ect ed woaem1tdse18gr oup consi sting of -C(R3)- and -N 10R8Tius2@é8loessed from
the group consisting of H OCH3, and CH3; Z2 is selected fromthe group
consisting of -S- and -0-; Z3 is selected fromthe group consisting of
-C(R4)- and -N R4 is selected fromthe group consisting of H OCH3, and
CH3; and wherein at |east one selected fromthe group consisting of Z1 and
Z3 is -C(R3)- or 15-C(R4)- A furthet enbodi nent of this invention

provi des the use of a conpound as clainmed by the present invention or a
phar maceutical |y acceptable)§alt thereof for use in the manufacture of a
medi canment. Anot her enmbog=RENL-~0f the invention is wherein the 20

medi cament is for use i gatreerd; of diaket @5. A further enbodi nent of
this invention is the use of atongbun @ med—Nerein or a

phar maceutical |y acceptable salt of Tor cherapy. A further
enbodi ment of the invention is a conpdund as clai ned by the present

i nvention, able salt thereof for use in the

t r eat ment ofré?%ﬁg%%gﬁ%ﬁggéﬁ%&hy?ﬁg%ﬁﬁéent|on relates to a conmpound as

cl ai ned by tWere@Bpresent invention for use as a nedi canent. A further
enbodi ment of this r treating diabetes in a
manmal , conpr|5|§g tﬂ&%&@hﬁ@mggﬁ)h?&ﬁ ?%gﬁ;g 255? manmal a conpound as

cl ai med By the pRE§éh@'Cﬂ0@HL|on or a pharnaceutlcally acceptabl e salt
thereof. 3 xilL@RALAGHEARGMMEN, ot NCHRIESER-¢FVERE I on al so relates
to pharmaceutical conpositions™c r|3|ﬁ a conp as 'clainmed by the
present inveN RoAH»or a pharnaceutlcally acceptable salt thereof, and a
bhar maceut ! cal 1Y kaReaRhankf, BR4hFlonulHilinGls Erfiad) Tent s a

phar maceutical cofposition o ese invention Turther 5conprising a
second pharnaceuZI@aﬂmag@hﬂnﬂ$gﬂmppmeﬁ@mgéﬁc@hb©miﬁéﬂt of the invention

conmpoun of thig ] i I relative to PPAR
gama. %@Iative ?tgg§g$%pﬁ%$%ggggkF%ﬁﬁ%mgﬁtéxenp1ﬁﬁ?%g conpounds are
general ly greateZzﬁhdﬂnqxﬁ¢nﬂ@@@@@P@EnQWim%Sfmddh-conpound does not
activate PPAR |s Q&nuﬂﬁ¥$ﬁgg Pkéﬂﬁt 3¢ qugs of Formula | have a

chiral center. e present 1nv on cont enpl a es both the racenlc
conmpounds as melR4a§dmndﬂvnmmegﬂmsomﬁmhm;ﬁﬂiﬁ%XBVhéﬁEEEWMS -CCCH3 t hen the

S isoner is gene & i@& rein RS is
-CCCH3 are pref eﬁ‘/?‘!érdl}4 aAé%l t&l{eéﬁgftfd Omtngpmrqgl*&%n Iéfl n R |i’gl t(R"ﬂg) Rl is F

are preflérre@REGonpounds wherein Rl is Hare 15 preferred when R5 is

- CCCH3. Conpounds wherein X is selected from-CH2CH2- and -CH=CH are _
preferred. Conpounds wherein X is -CH=CH are preferred. Conpounds wherein

Z2 is -S- are piiether mepdinGongidintiscnilee peividegihe hss of Cerayoundaseclypmed et r ed.
Conpounds whg hor 6Bt imadhBet e eh g quﬁg wherein R3 is

sel ected frorﬁrﬁ&gnﬁg)\’ Orlaor e%prre %ﬁlrcea?‘(/ &%ért‘pounét ?(gl%?\e Réis Hare
preferred. Owmpbengl 2Medianai.nAdothos embgdap@y ofHhe ingersiop isefheraiedie

20  medicament is for use in the treatment of diabetes. A further embodiment of this

invention is the use of a compound as claimed herein or a pharmaceutically acceptable
salt thereof for use as a therapy. A further embodiment of the invention is a compound as
claimed by the present invention, or a pharmaceutically acceptable salt thereof for use in
the treatment of diabetes. Further, the invention relates to a compound as claimed by the
25  present invention for use as a medicament.
A further embodiment of this invention provides a method for treating diabetes in
a mammal, comprising the step of administering to the mammal a compound as claimed

by the present invention or a pharmaceutically acceptable salt thereof.



Anot her enbodi ment of this invention provides conpounds of Fornmula | or a
phar maceutically acceptable salt thereof, wherein: RLis H R5 is -CCCH3;
-X i s -Ch¥QI011/062188s - S-. Anot her enbodi ment of this i nPemuseropsB#e des
conpounds of Formula | or a 25pharnaceutically acceptable salt thereof,
wher ei n: RlLisH R5is -CCCH3; -Xis -CHCH, Z2 is -5-; Z1l is
-C(R3)-; Z3 is -C(R4)-. Another enbodi nent of this invention provides
conpounds of Formula |I or a pharnaceutically acceptable salt thereof,
wherein: RlLis H R5is -CCCH3; -Xis -CH=CH, Z2 is -5-; Z1 is -C(R3)-; Z3
is -CH. 30 Anot her enbodi nent of this inventi on provides corrpounds of

Formula | or ceutl aII accep her e i n RLis F
o G R s by PR ERE ey R BESRL PSR At S SRR 0t

i nvention prcompﬁkﬁmmmmﬁumgs cmﬁpdﬁﬁd mﬂlambdbythapmhmr meeeiab,iocal | y accept abl e
sal t thereof -5--
Zi is )Pham?%e“g%anly&%ﬂt)able S%R%?rﬁo rangr%’g%f%eﬁ lcaii%’ afcﬁi’t%c,ﬁ? FREFt |Aon pr ovi des
compoun d S offuﬂﬁt@r émlb(ﬁhﬂlem)fs a@h&ﬁh@emnm eathposdibh yf the preghaibl extisafuithérher eof |

wher ei n: Rl i S {Anot her enbodi ment of this i nventl on

provi des conﬁ%lﬁrﬁ%%g oﬁ‘ecﬁ\g&ﬁﬁpﬁcq&%&; a%?nphar nmaceutical |y acceptable salt
t her eof , wher ei nin a preferred enEbbdlnS:nl-d)fﬂRﬁnW@tler%@lﬁBundZBfﬂhB imSatimnd X i s - CH=CH

or N( CHS) sgls?tlvé'ly apfalra%e}lﬁr 4;6 rg% t1vie to l%z%[g %z%nérg? SReleQ 5ﬂs Ipr pfrﬂ V\(ﬁlgﬁ% 8P npou nds

of Formula I e &Hl ereof’,
Rl is H R5 m@nplﬁmbﬁnpoﬁﬁdsla% geSeraHi;ﬂgfe@fcrlt]&n—l(Il-ptM}lshppomng INI(a(}d'Bh CHz-; Zi is -
C(R3)-; Z3is lﬁ)ﬂ?'ﬁs@% SDref erred enbodi nent of th| S

compotungd 'does not actlv te
i nvention i 1th ng I'soner corrpound 15 of Formula | wherein R5 is

- CCCH3. 1A pr ef whereRls ie FﬁmﬁHmnmp@ﬁadi ¢fiFermuly Elndvie @ nhirad cantet. o"fmmuesdntof t he

formul a: OH.NO ceutical t.th er eol The

|
conpounds ofmvepu{lorl cogtserélﬁltapel ﬁ(\)}e elr%cﬁm%frcém% nT?ier a ffehb of rﬁlijulal lts‘”ae“c Orms

phar naceutlc,\mlendnmpmﬁlbmheadmﬂiiSQn@ﬁmtnhyllyqawfmrédety of routes. l\/bst

preferably, such 2r91C(9un so (?fl Ptorrnu \%fleerel 1so6a&Cﬁdarpe nrle erre(? tA(?(P tlon%lljy
phar maceuti cal conp Sitions and processes for B ré well known

in the art. cSapounds ghqrelﬁeaerfgarmerl 1§|1ﬁere$oaf@wdeCamﬂ01ﬁdmhar@eRoi‘s H:%hlar macy (A
Gennar o, , et aI

Phar mackat PRd TR R Eahr o R GOy el L IRt o BRCElCH s or e
25i nvent i on -Cin€Hder eatfdried b€oapmedt aixken Kos @llﬂr@ﬁ{{pad prafedéd rCcmmoemdsnar y use.
P mceut| Sl 295 0% 8301 300 RRRIED TRLERC) 08ty reper 10 e
Phar maceut i caimpSedds svheleimdp ey (RS aréSmie%a‘bd dﬁpnam)dnds wherein Rj is selected from
H and CHj are preferred. Compounds wherein Ry is H are preferred. Compounds
20 wherein X is -N(CHj3)CH,- are preferred.
Another embodiment of this invention provides compounds of Formula I or a
pharmaceutically acceptable salt thereof, wherein:
Ry is H; Rs 1s -C=CCHs; -X is -CH=CH-, Z; is —S-.
Another embodiment of this invention provides compounds of Formula I or a
25  pharmaceutically acceptable salt thereof, wherein:
Ry is H; Rsis -C=CCHs; -X is -CH=CH-, Z; is —=S-; Z; is -C(R3)-; Z3 is -C(Ry4)-.
Another embodiment of this invention provides compounds of Formula I or a
pharmaceutically acceptable salt thereof, wherein:
Ry is H; Rsis -C=CCHs; -X is -CH=CH-, Z; is -S-; Z; is -C(R3)-; Z3 is -CH-,
30 Another embodiment of this invention provides compounds of Formula [ or a

pharmaceutically acceptable salt thereof, wherein:

Ry is F or CI; Rs is H; X is -CH=CH-; Z; is —S-.



5 Use, (VCHA/WIey-VCH 2002); S.M Berge, et al., "Pharmaceutical Salts,"
Journal of Pharmaceutical Sciences, Vol. 66, No. 1, January 1977. The term
" phar nacewi2edldey1s8accept abl e carrier” neans that the caPCrArs201diob1sent ,

exci pients, and salt are pharmaceutically conpatible with the other

i ngredients of the 5conposition. The abbreviations used herein are defined
according to Aldrichimca Acta, Vol. 17, No. 1, 1984. O her abbreviations
are defined as follows: "Prep"” refers to preparation; "Ex" refers to
exanple; "min" refers to mnute or mnutes; "ADDP' refers to 1,1'-

(azodi car bonyl )di pi peridine; "DCM refers to dichloronethane; "EtOAc"
refers to eth cet . "THE' refers to furan, "TR' refers
Lo retenti or PR mbRESeRo e i §hiop biE Setbalh 5l PG ER agent. ¢ hat
produces SO%matdmacm»mmﬂablbEdmba:rbcﬁ‘r\yhdrc&sponse possi bl e for that agent;
"DMEM' refers to,Dul fied "DIT' . refers to
dithiothreitol: RFP IR (gﬁl%% s25 r@ﬁ%;ﬁk%ﬁ"’ &é)f'ers to Fetal
Bovi ne Ser umnot'HeEbﬁibordefﬁeet Gfth@lrhemmn pﬁjViﬂbymmmuﬂdsdﬂEgtmulhl?BAR' refers to

per oxi so oliferato vV, receptor; "PPRE" refers to peroxisone
oror 11 or ar oS EUSareshRRE M BB O Lo Roowel | Par k Neror a

Institute; "TK" Refs@rcsCﬂwhﬁh&mH; ne Ki nase "RFU' refers to relative

fl uorescence ual T‘?m QB% nF%Jt%l %nverglﬁrlgrow B ?e{%%»l)r Or§d§ 0?¥%mgﬁl zatl on. In the

schemes bel oW’ 5 84 are as
previously dﬁﬁmme@hncénlyecdeﬁm@e@tl&haaﬁ \slheaafnhl ng materials are generally

readily avail abl 8, L9 %Oosn% 8EH | hary k?}f EF[t lﬁbr%l‘]g)cgzhers- may be made
id'c

by standard t echni qués of ~orgafii i¢! and eterocyc y which are
anal ogous t AArother eytidhesest tiik mlvemwnpsntvrdamantpahﬂlc},zoonrmulaaror gonpounds and t he

procedur es dﬁscra'ce%call'y%ccte I’I%blesaqtt Sy oy epar ations, and Exanpl es which

fol I ow, incltu i Ng any-’nov proce dures " 25schene I 6 (D) (2)
Ry is H Rsis -C=CCHj; Z; is —S- and X is -CH=CH- or —-N(CH3)CH;-; Z; is -
C(R3)-; Z3 is -CH-.
Another preferred embodiment of this invention is the S-isomer of the compound
15  of Formula I wherein Rs is -C=CCHs.

A preferred embodiment of this invention is a compound of the formula:

oy LA,
%“@

/

S ; or a pharmaceutically acceptable salt thereof.

The compounds of the present invention are preferably formulated as a
pharmaceutical composition administered by a variety of routes. Most preferably, such
20 compositions are for oral administration. Such pharmaceutical compositions and
processes for preparing same are well known in the art. See, e.g., Remington: The
Science and Practice of Pharmacy (A. Gennaro, et al., eds., 21st ed., Mack Publishing
Co., 2005).
“Pharmaceutically-acceptable salt” refers to salts of the compounds of the
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



Step 2 \ reduction PG = Protecting G oup A conpound of Formul a |
can be prepared in accordance with reactions as depicted in Schene I.
Schene | weten/deads3depi cts the al kyl ati on of a substit utret/useo0OSBSSt i t ut ed
aromatic heterocyclic brononethyl conpound (1) with an appropriate
5substituted piperidine (3) to give, after reduction of the ester in Step
2, a substituted aromatic heterocyclic nmethyl alcohol (5). Conpound (5) can
then be further extended through a Mtsunobu reaction at the hydroxyl or

al kyl ati on and deprotected to give conpounds of Fornula I. PG is a
protecting group devel oped for an acid such as esters and also for an am no

group such C es 1 .oouch, pretecting groups,are, 10wel |
known and ap F’e@(@%lleﬁ'tiﬁtez@}}’%%%‘e%e.rgee?tgﬁ: O%Q%ai‘ig%ﬁﬁéa%t‘] w8l &t ect i ve

G oups i n ORjank@eByatdaesis, VAU BHo. 1, January 19, conpound of forrmula (1) is

reacted with C ound of formula under al kyl ati on conditions (Step
oy Cneski 1 TEG TR P b bl e b B B et hnper o
met hods and exepigentagd fabraragharmeacalticyllyatompatibiesid the nhefingaditétheofitieact i on of
het er ocy;l i c _brom des and am nes. For exanple, the reaction of an

appropri at e BEBMHEUNd of formula (1) with an appropriate anine or amine
salt such as tri Thadbbaamatisasaidietisat defed HCdrdsaltd AficAiaicauka, V&) i n the

presence of ase. sych as diisapro t hyl ami ne. g _cesium carbonate wil |

C ve . comdanatdr T DUREi RO RRUAThY SIS e PR BEPPER R a ' o

t he al cohol “&s” teferSbeganibly) Sty réfers @tudbur@r agent; ‘SARIDP asfedito $,0but yl al um num
hydride, lithiym al um.num.hydr.i Lr . sodi.um bor ohydri to.give.10 conpound
(5 Compourfiro gy TR HE" bERL R T R TP REOME 1 D3 BTt S or it
(7) undel MacsuaoUEE arics toitarndy dntiralefiiOtdot edetwiogitive; dompoadiads tod  For mul a
(1), (Step 4a). M1tsupobu ndi tions e |1 .kn in the art and invol ve
Fehct | no. an eRRseT PER e fARb RHRRE (B P B bl O B kS U B g
phosphi ne suahhasgdnrt;i“DMBENT pfostp Mufteccol s Mpdi&alaghlad pdinmeDTAr refers to

triethyl phosphi ne.and.ar odi carb | _such.as.A . .

15az0d ot bRy a B LUk P (B RLRG R P12 aP U 3y P LBy s yieina i vel .
conpound 5 céakKbectps ot lemtaedmbtybhic &idpeyo t BIRAR hgfegrto pgossote msliferstohy| sul f onyl
to give conpoun 6, .St ound 6 can..then be reacted.wth (7) using
2 base” sidon S el ot Pk re ER T RO eGP BsBe SERRAC oD 201 o

gi ve conpouncsrsod Résorehlhig Memdrial BnattheTKY aefeata thpmidinedorapo GRS bkfefsor mul a
(1) can be rtggepj%%gﬂﬁcgesac‘engggrrlrpgr?&‘%l”r%?etset%%f:e t(r:(!si % ?O%izg% hyl al COhOI (2), as
shown in Step P Usi ng a Fedudi ng agenfr SIVTo s [N ) ﬁ]tyl al um num hydri de
or conpound (2) male fpberassdicloabhlesubgimmarscinkbd othcawnde amdicytedtaediswi t h an

appropriate amn [~ am sal f.formul g ( S LN the presence of
a base such pgesw%‘?‘ T sg%r}eg?pﬁﬁ%ﬁe%ff’tg%ldn%ar%?g r@%&é%ﬁ%%&%@%ﬁe&& yoava]:fa\t/)l:e)e tgo npound
(5) and 20herneaf orilipdy ekill &isthel es.cOihbm dhag bo wedd ly spnded ccohpguen dBorgdnid=or mul a
(). 25In an i nli t a I ti I bl I f a
conpound of aﬁggér%uer %(V% ??’e%gsﬁryﬁygpc ofer?eggg%}lsrgogtﬁa}%%/%n%%gegg %%lr?wéﬁgrrg%%?]?yat e acid of
Forrmul a (1) swhitahcampoapgsraog rhie ataetdurgshlascnbaion theSahdmes dbegeptiald, endbase in a
sui t abl e sol : ndar d_condi t i ditionally, the formation of
such salts c%ﬁﬁélg%ﬁgﬁg@%ﬁt%ﬁ%@%%& nﬁ%% %@gl ysis of an ester. The
formati on of such salts is well known and appreciated in the art. 30 8

25 Scheme I



Step 4 F7 (5') HP-0 2\c Z., 3 In Schene I, Step 1, a

prot ected piperidine-4-carboxal dehyde (8) is reacted with a substituted
phenyl hydwvezon®e¢®p in an acid catal yzed cyclization toPgIrs2&098138¢i t ut ed
spiro[indoline-3,4"-piperidine] (10) which can then be al kylated to give
compounds of 5Forrmula (1). For exanple, to phenyl hydrazine (9) and an
appropriate acid such as trifluoroacetic acid is added a nitrogen
protected-4-fornyl -piperidine (8). After an appropriate reaction tine, a
reduci ng agent such as sodi um borohydri®de and an al cohol such as net hanol
is added to give the desired substituted spiro findoine-3,4'-protected

pi peridine] (10). Ln Step 2, the indoline nitrogen of (10) can be

al kyl at ed, foka@%ﬁﬁpgﬁ, byedi® reduct A?kalation usi ng an appropriate

al dehyde an&”anaappropriagg;geduciHﬁyﬁgé t “Buch as sodi um cyanobor ohydri de
in an appropriatie acid such as acetic agid and an al cohol such as nethanol.
The protecting group on the piperidine nitrogen can be renoved under
standard conditji-qns \webla known in the art such as hydrogenation or acidic
9 conditions t i onpound (11). npound (11), in Step 3 can then be

al kylated with (1) previously des¢ribed in Schenme I, Step la, to give
conpound (12) and reéduced in Step,4 Aas gviously described in Schene I,
(steps la and to give conpound (%) ound (5') can then be carried
on to give co @,u of Fornula (1)/ as de§cpibed for 5Schene |
substantially the %;ngjﬁb,gpnpound (5). ®chene 111 In Schene 11l a
substituted heterocye{ilc @cid is reduced under conditions well 10 known in
the art using a r@ﬁuc?ﬁb agent sugdh as DIBAL-H to give conpound (2) in Step
1. In Step 2, the nethyb &l cohol,/conmpound (2) can be protected with a
protecting group such®&¥ tert-but’yl -di net hyl silane using a base such as

i m dazol e and tertbutyl chl orodi nethyl silane to give (14). Conpound (14) can

be al kylated with ound (7) using a bgsexsuch as potassium carbonate and
deprotected to gi %p{t@w) stieR 15 . ;I%eo\mst hyl al cohol of
conpound (15) can be ?aed to an al dehydeNwiiPy aif oxi di zi ng agent such

as Dess-Martin periodigane'to give conpound(&16)zin Step 4 or to a bromde
using brom nating conditions such as phosphorusut¥i B+¢ii de to gi ve conpound

(16). Conpound (16) can t a@fyﬁatedQWW%h conpound“¥8), Schene |
under 1. CO,PG ) '

2. deprotection

M R
2. deprotection

PG = Protecting Group )

A compound of Formula I can be prepared in accordance with reactions as
depicted in Scheme I. Scheme I (Step 1a) depicts the alkylation of a substituted or
unsubstituted aromatic heterocyclic bromomethyl compound (1) with an appropriate

5 substituted piperidine (3) to give, after reduction of the ester in Step 2, a substituted
aromatic heterocyclic methyl alcohol (5). Compound (5) can then be further extended
through a Mitsunobu reaction at the hydroxyl or alkylation and deprotected to give
compounds of Formula I. PG” is a protecting group developed for an acid such as esters
and also for an amino group such as carbamates and amides. Such protecting groups are

10 well known and appreciated in the art. See. e.g., Greene and Wuts, Protective Groups in

Organic Synthesis, supra.



10 conditions well known in the art such as reductive alkylation with
sodi um cyanobor ohydri de and, foll owed by deprotection, give conpounds of
Formul a (WP.20ldeersaat i vel y a brom de can be al kyl at ed wprCh/usemmposT3d9 ( 3)
usi ng a base such as cesium carbonate or N, N-diisopropyl et hyl am ne and
deprotected to give conmpounds of Fornula 5(1). Preparations and Exanpl es
The follow ng preparations and exanples further illustrate the invention
and represent typical synthesis of the conpounds of Formula (l1). The nanes
for the 10 conpounds of the present invention are generally provided by

| UPACNAMETmM ACDLABSTM or Synyx Draw 3. 2. Pr epar ation 1 Benzyl spiro

[1ndoline-3,4'- per| box l.ut i of .phenyl
hydrazi ne (1. 20" § oot I ieR Srthiomer St B hed T a a0/ 1
sol ution of anlqlaueunednamehamteprla)l @I(eSﬂllfﬂ_l)l theSarthﬁHtr@dgra:te B4 tHere are a

4- For nyl pi peri 10.91 nmol ) is
G svol ven | iusdr pebgiRoidy FoffanaRiREb Rt TbE e atefiipt ha added
dropw se t 0 hehecpdlix brinedRAINIRAES 6687 le, ﬂihfbacfﬁohtoﬂﬁrﬁappﬁ)pﬁhtbrred at 35 C
over ni ght. The re ionis cooled to O C. an 5m) is
added. Na?BHzf‘”(“BO QHEJO ‘%@@W@h—?ﬁﬁ?p@p&a TR LByt Sucgﬁs“g‘g?m%“%n and the
m xture i s stidraleck H@il’sa145ffhimmlérﬁﬁélnnhe(ﬁreﬂ’eﬂceloéahmhﬂﬂ awd t h aqueous NHACOH (6%

25 nlL) and by.i ovier um sul fate vaporat ed to
dryness to grvErranPRsearram FHEmaf SALETHR it o IPOu AR EEa T om
25Et OAc t o ghsteeofdorpalast opelbt edu@dltd 1!He @ltolidbasgn Stp P ueingpyeducdieagenitsheér | i quor

1B IR MR SSRGS e
(1.2 g, @ d comp@ind\h)t I@ompbu)tdaii) cym el b annerglky&tb‘a@wnhlianpchﬁdm&fom (MtH) '
Preparation (%) un ﬁerﬁltsunobrlrl%t()rt]él ficR' b P &epro eclted " g1§é élolrnp%urpda ro% lgorpn%la (1]) (S?e%r boxyl at €
4a). Mitsunobu conditions 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 azodicarbonyl such as ADDP or an
15  azodicarboxylate such as diethyl azodicarboxylate (DEAD). Alternatively, compound 5
can be protected with a protecting group such as methylsulfonyl to give compound (6,
Step 3). Compound 6 can then be reacted with (7) using a base such as cesium carbonate
and, following deprotection of the acid, give compounds of Formula L. In another
variation, a compound of formula (1) can be reduced to a bromomethyl heterocyclic
20 methyl alcohol (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 1c) 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 compounds of Formula (I).
25 In an optional step, a pharmaceutically acceptable salt of a compound of Formula
(D) 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
ester. The formation of such salts is well known and appreciated in the art.
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Scheme I1



5To a 0 C solution of benzyl

1, 2-di hydro-1" Hspiro[indol e-3,4"'-piperidine]-1"- carboxylate (315 g, 977.5
nmol ), fowvoebdalsymse (40 % aqueous sol ution, 138 nlL, 4.9PedlUS2@nd5BSLL i C
acid (279 nL, 4.9 nol) in nethanol (6.0 L), is added sodium

cyanobor ohydride (184 g, 2.9 nol) in portions over a period of 2 h (sone
ef fervescence is observed). The reaction mxture is allowed warmto room
tenperature and stirred for 6 h. 10 The pH of the m xture is adjusted to
about 8 with 10% NaHCO3 sol ution and extracted with Et0OAc (3 x 5.0 L). The
conbi ned extracts are washed with water (2 x 2.5 L) and brine (2.5 L),
dried over sodiurgsylfate, and evaporated to dryness to give the title
conpound as a paléyyellow solid, (310 g, 98.3%. ESIgM5 mz 337 (MtH)".

Preparation 3 151-Met hyl spigelitdol i ne-Sepd' - pi peridi nej To a solution
of benzyl 1-nethy|l spjroli n ne- 3, 4' - pi peri di @ ar boxyl ate (0.85 g,
2.52 mol) in net R ol (50 ™) is added Pd(OH) 2/ ny0-15 g) and the

m xture i s hydrogepated with a balloon for 16 hours. Thepgeaction m xture

is filtered throug)di at onaggous earth, washed wid) Lr:et hanol (50 niL), and
(

evaporated to dryness to 20 give the title conpound | O.&kygtion98% . ESI/ M
mz 203.4 (M:tH)'. Preparation 4 (3S)-3-(4-HydroxigpReny? Jamesecionynoi ¢ aci d OH
HO 3- (4- Hydr oxyphenyl ) hex- 4-ynoi ¢ acid enantioners are separated by chiral
25 chromat ography [col g chiral pak A (250 nm X 4 6 ng), nobile phase (A)
n- hexane, nobile phase,{j( B) isopropyl alcohol with O. 01,{1% TFA; conposition
(85:15), flowrate Q /mn, detection 225 nn) to. gikvelthe title conpound
(4.2 g, 50.58 % r 7 ime 12 7.96. EShM5 m H)-. The

m xture of enantio $ i's_g&l so 5z rated by—ehitral ol thﬁ” using a
simlar nethod as desgihbed™M MW 2005886661 to give e title conpound.
5Preparation 5 Methyl 5-(bronofethyl)-4-methyl -t hi ophene-2-carboxyl ate 0
To a solution of nethyl 4-netihylthiophene-2-carboxylate (2.7 g, 6 4 mmol)
in dichloronethane (20 nm.) is| a€eiéd 48% aq. HBr (12 nl), H2SO4 (6 nl),
ZnBr2 (5.4 g), 10 and FHCHO (2.2 nL, 37% at 0-5 C The mxture is stirred
at roomtenperature fg¥<16 hours. The solution is diluted with water,
extracted with dic ane, washed with NaHCO3 sol ution, saturated
brine solution, wa e d er &bdi um sul fate, and concentrated to give
the title conpound as anv-ef{ ite solid (3.5 g, 81%. Preparation 6

15Et hyl 2-(2- hydr oxypf®pyl am n@J-2- oxo-acetate OH H 0 Ny. Lo

In Scheme 11, Step 1, a protected piperidine-4-carboxaldehyde (8) is reacted with a
substituted phenylhydrazine (9) in an acid catalyzed cyclization to give a substituted
spiro[indoline-3,4’-piperidine] (10) which can then be alkylated to give compounds of

5 Formula (I). For example, to phenyl hydrazine (9) and an appropriate acid such as
trifluoroacetic acid is added a nitrogen protected-4-formyl-piperidine (8). After an
appropriate reaction time, a reducing agent such as sodium borohydride and an alcohol
such as methanol is added to give the desired substituted spiro{indoine-3,4’-protected
piperidine] (10). In Step 2, the indoline nitrogen of (10) can be alkylated, for example, by

1o  reductive alkylation using an appropriate aldehyde and an appropriate reducing agent
such as sodium cyanoborohydride in an appropriate acid such as acetic acid and an
alcohol such as methanol. The protecting group on the piperidine nitrogen can be

removed under standard conditions well known in the art such as hydrogenation or acidic



0 To a stirred solution of 1-am no-propan-2-ol (15.0 g, 199.7 mol) in
DCM (150.0 nL), is added triethylamne (43.30 nm., 299.56 nmmol) at 0 C.

Chl or o- oxwoaertdes1saci d et hyl ester (22.35 ni, 199 7 mMmoPLTiCS2@d@sts9r opwi se
to the reaction mxture at 0 C and 20the reaction m xture is stirred for 16
hours at roomtenperature. The m xture is diluted wwth water (100 nL) at O
C, extracted with DCM (2 x 100 nL), washed with water (2 x 50 nmL.) and brine
(50 mL), dried over Na2SO4, and evaporated to dryness. The crude product is
purified by silica gel chromatography, %®luting with hexane:ethyl acetate
(3.0:7.0) to give the title conpound as a pale yellow gel (10.7 g, 31.0%.
ESI/M5 mz 25176.2 (MtH)' . Preparation 7 hyl .

>~ acet onyl RIS 5 Hieronparien” ooy isad wn st Potdretriy)

2- (2- hydr oxxg)'a@@wvamynaésc&eqx&s@l@ﬁ& atseep(1400 %ive cofidou@d (MR dredudeddeM (100. O
m.), is added Dess Martin periodinane (25.9 g, 61.07 mmol) at 0 C. The
reaction m xXaprieasipsevipuply desdribpd ip AW dripensde ard)ftogivoctipngbad i | uted 5 with

wat er (100 ) t t i t T nmbi ned

or gani ¢ | ayee il P UAREME N SRt 8 AR T 4 BB K050 Ty
dried over MNaR&SA,substhtigijaposaicad cemeband (sgduced pressure. The crude
material is purified by silica gel chronmatography, eluting with

hexane: et hyl acetate (1:1) to give t¥&®m5H e conpound as a Iight yellow oil
(9.2 g, 87.03%. EB$I/|\/§ mg 174.1 (MtH)'. 10Prepargtion 8 Ethyl

5- net hyl oxazol e- 2- car{fosyate 0 O st a stirred tagion of ethyl

2- (acet onyl am no) - 2- oxpzacetate (9.2 ¢g, 53.12 nmol) i 70l bgne (100.0 ni),
is added POC13 (4.95 ni, 53.12 mml) and the reaction mxture is 15refl uxed
for 16 hours. The readt?on mixture is cool ed, added poftionwise to wat er
(100.0 nL) and stirred vigorously. The organic |ayer is \g/tashed W th
saturated NaHCO3 solution (2 x 50 nL), water g2 x 50 nil) >™®fied over
Na2SO4, and evaporat ed under reduced Hore re The cru material is
purified by silica gel chreqatggraphy el urthng wWeARChexane: et hyl acetate
(8.0:2.0) to gie 1he ound (5.1747 61. 9% %ﬁ@_?,zyel l ow oil. 20
ESI/M5 mlz 156.2 X (WFH)' . Prepat@&ffon 9 Et hyl \ N

5- (br onmonet hyl ) oxazot e- 2- car boxyl at e Foerpotsstianr r ed sol ut i on of et hyl

5- net hyl oxazol e-@s)car Qoxyl ate (5.1g, 32s8¢s3mmol) and NBH (8.19 g, 46.02
mmol) in carbon tetra hFBtt de (50.0 nmL), is added benzoyl

X
R,
z, P
R— 77— CO,PG
Z7Z, R,

(16)

1. alkylation

X R,
C) z ) N 0 0
NH Z,
(3) \—(\ /7_/ %
Z-7, R, OH

2. deprotection
@
R =-CH,Br, -CHO

In Scheme 111 a substituted heterocyclic acid is reduced under conditions well

10 known in the art using a reducing agent such as DIBAL-H to give compound (2) in Step
1. In Step 2, the methyl alcohol, compound (2) can be protected with a protecting group
such as fert-butyl-dimethy] silane using a base such as imidazole and ferz-
butylchlorodimethylsilane to give (14). Compound (14) can be alkylated with compound
(7) using a base such as potassium carbonate and deprotected to give compound (15) in

15  Step 3. The methyl alcohol of compound (15) can be converted to an aldehyde with an
oxidizing agent such as Dess-Martin periodinane to give compound (16) in Step 4 orto a
bromide using brominating conditions such as phosphorus tribromide to give compound

(16). Compound (16) can then be alkylated with compound (3), Scheme I, under



25peroxide (0.79 g, 3.29 mmol) and the reaction mxture is refluxed for 16
hours. The m xture is cooled to roomtenperature and filtered through

di at omracew02208A166183 The filtrate is concentrated i n vackomuseaowhsser ude i s
purified by silica gel chromatography, eluting with hexane:ethyl acetate
(9.2:0.8) to give (4.8 g, 62.33% of the title conmpound as a |ight brown
oil. ESI/M5S mz (79Br/81Br) 234.1/236.1 [MtH]'. 14 Preparation 10 Mt hyl
3- met hoxyt hi ophene- 2- car boxyl at e To a m xture of

3- hydr oxy-t hi ophene- 2-carboxylic acid Aethyl ester (5 g, 31.6 nmol) and
K2CO3 (22.2 g, 161 nmmol) in acetone (50 nL) is added CH3I (10.8 m, 173
5mmol,) dropw se at C. The reaction mxture i.s heated at 55 C for 4
nours. cool SMTES e EemBRE T Rl S SR i rmceous earth, and
the filtrat eyambaongkedt aml fdlowatisrdep@eution, givheonipeahdiwe Forsauth (DUt ed wi t h

wat er (100 and. extracted with ethyl acetate,.(2.x 200 . The_conbi ned
or gani ¢ 1 ayePerE bR B 1S in FER- et et per aoson, and
evapor at ed uwadenate/@dUNrliik@rgylechylantiheeand depatine agiva compmmndsalFodndO (5. 9 ) .
ESI/ M5 m_z %FB.l(I\/H—I)'. Preparation 11 Methyl _

5-(br omoret QI ) - 3- net hoxy-t hi ophene- 2- car boxyl ate To a sol ution of

3- net hoxy-t hi ophene-2-carboxylic acid nethyl ester (5 g, 29 mmol) in

anhydr ous di chl or omet hane (50 mﬂ. - ueouqs%xHBr 22 m., 37%, 98% H2SO4
15(11 ni), ZnBr2(8.5 g) and aqueddS YOI HH qéMfde (37 % 3.8 nL) are
sequential |y addege @lloWinCprefdt@ione et dx@RplBd fikthdr @lusSats the lifvestioatand OOM
tenperature for 14 h. The organic layer is sef)ar ated and the aqueous | ayer
i s extract ederAFseR toa §y2thesioeBhgeampounds ef BErlanBd The gpdies Eortheyer s are washed
with brine i 0] ) e aﬁﬁi, Al ed under
vacuum 1‘Phescgirntjj& élﬁér}%fgt%erﬁqg%lgwgﬂér} a?? g%]g%lgg'\l@i%ﬁ?g%b gel Ac romat ogr aphy

20el ut i ng WAdMDIheRSINe: 8yyd Dacetate (9.5:0.5) to give title conmpound (4.4
g, 60%. ESI/M5 mz 267.1(MrH)'. Preparation 12 _

(5- Bromomet hy1- 3- met hoxy-t hi ophen- 2-y1) - net hanol To a sol ution of

S- br ononet hy1- 3- met hoxy- t hi ophene- 2pegdrxyl i ¢ acid methyl 25ester (1.4 g,
5 2 mmol) in anhydrous dichl oromet hane (50 nL) is added diisobutyl alum num
hydride (1 Min hexane, Berylgpiglindglines3 npipeidigeldpoireexylite - 78 C. After the
conpletion of the addition, the mpyture_is warned to roomtenperature and
stirred for 2 hours. The reaction ifi xkure i o quenched with water (15 nlL) at
-40 C and the mxture is agitate utes at roomtenperature. The
reaction mixture is filtered throughk 30 di8tomaceous earth. The filtrate
is dried over sodiumsul fate and concentrated, to give the title conpound
as a pale yellow liquid (1.2g, 96% . 1HN 00 MHz, d6DMS0) 7.46 (s, 1H),
4.58 (S’lszH)’ 3.84 (s, 3H, 3.73 (s, 2H. Preparation 13

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

7o (W02005046682). The mixture is stirred at 35 °C overnight. The resulting solution is
cooled to 0 °C, and methanol (5 mL) is added. NaBH, (0.619 g, 16.38 mmol) is added
slowly to the solution and the mixture is stirred for 45 min. The mixture is washed with
aqueous NH4OH (6%, 25 mL) and brine (30 mL), dried over sodium sulfate, and
evaporated to dryness to give a yellow solid. The crude solid is recrystallised from

75 EtOAc to give a pale yellow solid (1.25 g, 1% crop). The mother liquor is evaporated and

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



[ 5- (Bromonet hyl)-3 -nmet hoxy-2-thienyl ] methoxy-tert-butyl- dinmethyl-silane
Br To a solution of (5-brononethyl-3-nethoxy-thiophen-2-yl)-nmethanol (0.6
g, 2.5 5 woabjrdemsanhydr ous di chl oronet hane (10 nl) is &duas2610i08320] e
(0.516 g, 7.59 mmol ) and tert-butylchlorodinethylsilane (0.412 g, 2.75
mmol) at 0 C. The reaction mxture is allowed to warmto roomtenperature
and stirred for 1 hour. The reaction m xture is quenched with water and
concentrated. The residue is dissolved in DCM washed with water (25 niL)
and brine (25 nl), dried over Na2SO4, fliltered, and concentrated to glve
10the title conmpound (0.9 g). ESI/M niz (798r/8lBr) 351/353.1 [ MtH]"'
Preparation 14

3-[4-[[5- [(t%?“?“B‘H%WE%? YRR PHLG RS P oiREY G 1oad viskh i & 8492 TSNP 1 met hoxy
]-2- fluoro-phenylMparnopanoate 15To a sol ution of
3-(2-fluoro-4-hydroxy-phenyl)-propionic acid ethyl ester (1.03 g, 4.8 mmvol)
in acetonitrile (15 nL) is added poPwesitiohZcar bonate (2.31 g, 16 8 nmol)
and .

(5- br onomet hy1- 3- net oy A G pRRH 9 et hBRS L2 t <Pty di met hyl - si | ane
(1.7 g, 4.8 nnDIToaD°€@dmmmeﬁpeﬂaturémamdlﬂhaﬁméatmibﬁpﬁ@mmmbPis refl uxed

for 3 hours. The.re i 0 (of0] trated, djl.ut ith water, and
extract ed wWiPKROB(Y gﬁ% 5&7§] § @dﬁgﬁ§ﬁ%°ﬁ$ﬁoﬁ¥?#5@fgg%ﬁ%’aﬁshed with
water (15 mgolpiid aicWiated il uRandla nmt-ﬂanolgé bed ioyaed MareOs, filtered, and

concentrated. The crude material is purifie silica gel chronatography
el uting wit teytrekerydedh (84 §ce apk 11(1@“@“@ OXy atpgmgh af@ ht(prancdfiervescemepound (0.5

, 19 114N|VR 6 .,7.51 J—84
aZ, 1|_/g 6. Q)Bserveg 4@1 (réc\f{lé? (?Jnn[l)l';(% ﬁ%l)lowiel(_ll)wan‘g Lglgbmjfgpz@iaﬁtre andJstlrrea%fo%%lb{Z
4.92 (s, IOZH)The $HD2 tl(eSmxtﬂﬁZi‘ﬁdJus&dl@aboﬂt OBith M% NaHC63 %hl‘ﬂi)n ardDxtradeB2 ( S, 3H) ,
2.86 - 2.82 (t, J =16 Hz 2.61 - 2.55 (m 1.21 - 1.17 (t, J= 6.8
Hz, 3H), 0. 89thEOAg(Hx>5 @LisTI(escOH@m)%d extrpgs meé\ﬁ&ream ivates (¢ By IL) and

3-[2-fluor O‘b‘lliné §2F5)5 ]g h}f d%é(rrggaln%ls)ﬂfeﬁe TR M? atgd to dr ne%§_to give the title

t hi enyl ] met hoxy nyl ] propanoate 16 a sol ution

{4-[5-(tert -compyndds sfrpﬂé]ydl}owmb]am@ﬂ@g,mé%y EQLMS mﬂt BRIXGM+T)".
5thiophen-2-y|nethoxy]-Z-fIuoro-phegy%g-ﬁ% pi oni cacid ethyl ester (0.5 g, 1
O mol) in THF (5 nL) is added tetr $Iannnniunfluoride (1M sol ution

in THF, & nm, 2.0 mmol) at Qpfer Hgmﬁbﬁggpgkﬁﬁnmhature is stirred for 30
m nut es at 25 C. The reaction mxture is quenched with water and evaporated

to a rgmb due. ThEoﬁé@iltema@fb@llé&lr%tbﬂémr%w@q%el@cbﬁcplp%@Pﬂeﬁcwwewgter (15
m.
co%cgztraigg té%g%%%%?ﬂ%{tltZ%MQEOEQ’kgﬁ?%ﬁﬁ&g§§@:%Eﬁm%gfég%ﬁNﬁg, DVSO d6)

6 7.41 (s, Jkdxtureds ﬁﬁiregeﬁatékﬁm(&ta ballGorBfoBld-]unrsl Fﬂ)lc: ré@ct®h mlxtﬁreﬁ5ﬁﬁmd 2H) 5.32
(br, 1H), 485éh , 4.55 (s, 4.00 (g , 2H), 3.75
(s, 3.3 5@0% dlwiyacsovféaﬂh gt (thh myinang €5kl andmyporﬁe% Gyt i (t, J =

14. 8 Hz, give ¢ compoun oS , ~ 1.22 (t, J = 7.2 Hz,
3H), 15ﬁﬂepar at%?éotﬁl Smpduni0.5 3, 580A S EQUME m/2 3.4 B2 (

Preparation 4

(35)-3-(4-Hydroxyphenyl)hex-4-ynoic acid

OH
HO
3-(4-Hydroxyphenyl)hex-4-ynoic acid enantiomers are separated by chiral
25  chromatography [colummn chiralpak IA (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



Et hyl
3-[2-fluoro-4-[(5-fornyl-4-nmethoxy-2-thienyl)nmethoxy] phenyl ] propanoat e

To a sol woantafeesshyl 3-[ 2-fl uoro-4-[[5-(hydr oxymet hyl PcAIsRa100X1B5R -

t hi enyl ] net hoxy] phenyl ] propanoate (1.6 g, 4 3 nmmol) in anhydrous

di chl oronet hane (10 20nmL), cooled to O C, is added Dess-Martin peri odi nane
(2.76 g, 6.5 nmmmol ). The reaction mxture is warnmed to roomtenperature and
stirred for 2 hours. The reaction mxture is diluted with water (15 ni),
extracted with ethyl acetate, washed wilth water (15 nlL), brine (15 ni),
dried over sodiumsulfate, filtered, and evaporated to dryness. The crude

material is r | utin it h.hexane: et hyl
e b LT a8 S5 PSRRI ShELb gt Dpprane: o
367.1 (M+H) resoBltlelpﬁﬁi@a sinildk FneEHoliyi$ described in WO2005086661 to give the title

5-(spiro[i ndene -pi peridine]-1" -yl nethyl)thi ophene-2-carboxyl ate Met hod
A 17 N _c-) Rﬁl--./ o) To a sol ution of
spiro[indene-1,4"-piperidine] (1.4 g, 6 3 mol) in ethanol (28 nm.) is added
met hyl 5- (brononet hyl ) t hi ophene-2-carboxyl ate (1.78 g, 7 6 nmml) and

di i sopropyl amine (3.31 ni, 19 mmol)PEPY#E8M t enperature and the reaction

m xture is 5stirred fMEthj;h@ (igg;ﬂ{o%ealtyl)&qngghy{mgpﬁ%& MEBodviitconcent r at ed,
diluted with water, and extracted with et acetate (g x 200 nl). The
conbi ned extracts are washed with wateg ( m.) and saturated brine (50
mL), dried over sodiumsulfate, fg e concentrated to give the
title conpound (1.5 g, 58% . ESI/ M 340 1 (MtH)'. Method B 10Spiro

[i ndene-1, 4'-piperidine] hydrochloride (128.0 g, 560 mmol) is dissolved in
et hanol (1.5 L) 2, i et hyl am ne
(407.4 m., 1.68 lrllfg? gl}ltgonaéhéggg{lgl% @J%t%% ?aéb&glg%(%l? e??og%?‘/hlo m nut es,
and is stir rdédiﬂOermet@@e (ﬁonnh)esadd%ﬂ%hq SLRr I F 2omb bt Sy (P mL) ZnBr; (5.4 g),

thi opheng: 2-6a1eaxYaLer (759 6. PU Crin kM) <300 Bomleferfih i added at

30C and stlrre m nutes an m xture | eated to 60 C
for 1 h 45 rhoranTBih;e Jobdion lsmuﬁeéwntbmaworeetdacw with@ichlvoveathaphevapred yathce  of

starting Mg, oo, LEAGES Bih §1u§$d Wl gfiof ov]eigso%%kﬂs?l%%tg Lﬁﬁ’ C The

reaction mxture’is concentra ed di ssdlved in HC1 (1 N 1.5
L) is added cdnawpitgliowive theginseraprund S anrdfinghiendli(3vid, €050l 1 d preci pi tat es
and is collected. The material is dh%@é?;ﬁuo‘ﬁ?s in DCM (1 L), stirred for 10

m nutes, filtered, and dried under uum (44 C) to give the 20 title
corrpound15( 150.0 g, 76% . HESI2NShpdrexypa@yhmine-Ehoxo-aditeée f ol | owi ng conpounds
are prepared essentially as descrihgd by dhe nmet hod of preparation 17

Method A). Prep. No. Chem cal Na
( ) - p. '@\/N\Hk o
N
To a stirred solution of 1-amino-propan-2-ol (15.0 g, 199.7 mmol) in DCM (150.0
mL), is added triethylamine (43.30 mL, 299.56 mmol) at 0 °C. Chloro-oxo-acetic acid

ethyl ester (22.35 mL, 199.7 mmol) is added dropwise to the reaction mixture at 0 °C and
20  the reaction mixture is stirred for 16 hours at room temperature. The mixture is diluted
with water (100 mL) at 0 °C, extracted with DCM (2 x 100 mL), washed with water (2 x
50 mL) and brine (50 mL), dried over Na,SO., and evaporated to dryness. The crude
product is purified by silica gel chromatography, eluting with hexane:ethyl acetate
(3.0:7.0) to give the title compound as a pale yellow gel (10.7 g, 31.0%). ESI/MS m/z
25 176.2 (M+H)".
Preparation 7

Ethyl 2-(acetonylamino)-2-oxo-acetate



ESI/MS(m z) (M+H) 18 18 Ethyl 5 -(l'"Hspiro [indene-

1,4 -piperidin]-1"-ylnethyl)- 1,3 -oxazole-2-c arb oxylate 500 19

2- Br onp- awoebtwdee33- (spiro [indene-1,4" - pip eridine] PCTAUSOWB5TI9Y ) t hi az
ole a 20 Ethyl 2- [(1- methylspiro [indoline-3,4" - pip eridine]-1'"-
yl)nmethyl]thiazo |l e-5- ¢ arb oxylate 372 21 Ethyl 5- [(1-

13

0
)OJ\/H\”)LO/\
O
To a stirred solution of ethyl 2-(2-hydroxypropylamino)-2-oxo-acetate (10.7 g,
61.07 mmol) in DCM (100.0 mL), is added Dess Martin periodinane (25.9 g, 61.07
mmol) at 0 °C. The reaction mixture is stirred at room temperature for 2 hours, diluted
5 with water (100 mL) at 0 °C, and extracted with DCM (2 x 100 mL). The combined
organic layer is washed with water (2 x 50 mL) and saturated brine (50 mL), dried over
NaS04, and evaporated under reduced pressure. The crude material is purified by silica
gel chromatography, eluting with hexane:ethyl acetate (1:1) to give the title compound as
a light yellow oil (9.2 g, 87.03%). ESI/MS m/z 174.1 (M+H)".
10 Preparation 8
Ethyl 5-methyloxazole-2-carboxylate

/[ ’i\«o\/
O
O
To a stirred solution of ethyl 2-(acetonylamino)-2-oxo-acetate (9.2 g, 53.12 mmol)
in toluene (100.0 mL), is added POCls (4.95 mL, 53.12 mmol) and the reaction mixture is
15  refluxed for 16 hours. The reaction mixture is cooled, added portionwise to water (100.0
mL) and stirred vigorously. The organic layer is washed with saturated NaHCO; solution
(2 x 50 mL), water (2 x 50 mL), dried over Na,SO,, and evaporated under reduced
pressure. The crude material is purified by silica gel chromatography eluting with
hexane:ethyl acetate (8.0:2.0) to give the title compound (5.1 g, 61.9%) as a yellow oil.
20  ESI/MS m/z 156.2 1 (M+H)".
Preparation 9
Ethyl 5-(bromomethyl)oxazole-2-carboxylate
To a stirred solution of ethyl 5-methyloxazole-2-carboxylate (5.1g, 32.87 mmol)
and NBS (8.19 g, 46.02 mmol) in carbon tetrachloride (50.0 mL), is added benzoyl
25  peroxide (0.79 g, 3.29 mmol) and the reaction mixture is refluxed for 16 hours. The
mixture is cooled to room temperature and filtered through diatomaceous earth. The
filtrate is concentrated in vacuum and the crude is purified by silica gel chromatography,

eluting with hexane:ethyl acetate (9.2:0.8) to give (4.8 g, 62.33%) of the title compound
as a light brown oil. ES/MS m/z (Br/*'Br) 234.1/236.1 [M+H]".



met hyl spiro [indoline-3,4" - pip eridine]-1"- yl)nmethyl]thi ophene-2-
carboxyl ate 357 22 Methyl 4-nmethyl-5- (spiro [indane-1,4" - pip

eri di ne] -wo-20ylosetsBy| ) t hi ophene-2- carboxyl ate b 23 Met IrgII/US2§19/057369
[indane-1,4"- pip eridine]-1"- ylnethyl)thiophene-2- carboxylate 342 24

Met hyl 5-(spiro [indene-1,4"- pip eridine]-1"- ylnethyl)furan-2-carboxyl ate
324 19 25 Ethyl 5-(spiro [indene-1,4"-
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Preparation 10
Methyl 3-methoxythiophene-2-carboxylate
To a mixture of 3-hydroxy-thiophene-2-carboxylic acid methyl ester (5 g, 31.6
mmol) and K,CO3 (22.2 g, 161 mmol) in acetone (50 mL) is added CH;I (10.8 mL, 173
5 mmol,) dropwise at 0 °C. The reaction mixture is heated at 55 °C for 4 hours, cooled to
room temperature, filtered through diatomaceous earth, and the filtrate is concentrated
under vacuum. The residue is diluted with water (100 mL) and extracted with ethyl
acetate (2 x 200 mL). The combined organic layer is washed with brine solution (50 mL),
dried over Na,SO4 and evaporated under vacuum to give title compound as a brown solid
10 (5.9 g). ESUMS m/z 173.1 (M+H)".
Preparation 11
Methyl 5-(bromomethyl)-3-methoxy-thiophene-2-carboxylate
To a solution of 3-methoxy-thiophene-2-carboxylic acid methyl ester (5 g, 29
mmol) in anhydrous dichloromethane (50 mL), aqueous HBr (22 mL, 37%), 98% H,SO,
15 (11 mL), ZnBr» (8.5 g) and aqueous formaldehyde (37 %, 3.8 mL) are sequentially added
at 0 °C. The reaction mixture is stirred at room temperature for 14 h. The organic layer
is separated and the aqueous layer is extracted with DCM (2 x 200 m L). The combined
organic layers are washed with brine solution (200 mL), dried over NaxSQ4, and
evaporated under vacuum. The crude material is purified by silica gel chromatography
20 eluting with hexane:ethyl acetate (9.5:0.5) to give title compound (4.4 g, 60%). ESI/MS
m/z 267.1(M+H)".
Preparation 12
(5-Bromomethyl-3-methoxy-thiophen-2-yl)-methanol
To a solution of 5-bromomethyl-3-methoxy-thiophene-2-carboxylic acid methyl
25  ester (1.4 g, 5.2 mmol) in anhydrous dichloromethane (50 mL) is added diisobutyl
aluminum hydride (1 M in hexane, 21.0 mL, 21.1 mmol) dropwise at -78 °C. After the
completion of the addition, the mixture is warmed to room temperature and stirred for 2
hours. The reaction mixture is quenched with water (15 mL) at -40 °C and the mixture is
agitated for 30 minutes at room temperature. The reaction mixture is filtered through
30  diatomaceous earth. The filtrate is dried over sodium sulfate and concentrated, to give the
title compound as a pale yellow liquid (1.2g, 96%). 'H NMR (400 MHz, ds DMSO) 7.46
(s, IH), 4.58 (s, 2H), 3.84 (s, 3H), 3.73 (s, 2H).



pi peridine]-1"--nethyl- thiazol e-2-carboxylate 355 26 Ethyl 5-(spiro
[indane-1,4"- pip eridine]-1"- ylnethyl)oxazol e-2- carboxylate 341 27

Met hyl 5-WOReirwmestisgl spi ro[i ndoline-3,4" - pip eridine]-1PCT/US2010/057359

yl)nmet hyl ] furan-2- carboxylate 341 a. Crude product b. 1H NVR (400 MHz,
DVMSO-d6) : 6 7.53 (s, 0.5H), 7.21 -7.12 (m 2H), 3.76 (s, 1.5H), 3.65 (s,
1H), 2.84 - 2.82 (d, J=8 Hz, 2H), 2.26 - 2.21 (t, J =8 Hz, 1H), 2.16 (s,
1.5H), 1.96- 1.92 (d, J= 8 Hz, 1H), 1.79 (s, 1H), 1.45- 1.42 (m 1H). 5
Preparation 28 [5 -(Spiro 15

[i ndene-1, 4" -piperidine]-1"-ylnethyl)-2-thienyl]nmethanol Method A 10To a
solution of ethyl 5-(spiro[indene-1, 4" -npi idine]-1"-ylnmethyl)

t hi ophene-2- carboxylate (1.5 g, 4]Pﬁepr?{?§fn§)?% n di chl oromethane (30 nL) is
added DI BAL- H ( 1/b-(BtomohiketHy6-3mmrethgxyalt-thichl | ethokyeert-bagk dimathpi-oihwer € 1 s al | owed
to warmto roomtenperature for . hour foll owed by the dropw se addition of

water at 0 C. The mixture is filtered thr oUgJ(Sdi at omaceous earth, extracted
wi t h di chl oronet hane, and evapor a&@{w'ﬁhe s 15to give the title
conmpound (1.05 g, 769 . ESI/CMS niz 8.1(I\/HrH)'.
/
To a solution of (5-bromomethyl-3-methoxy-thiophen-2-yl)-methanol (0.6 g, 2.5
5 mmol) in anhydrous dichloromethane (10 mL) is added imidazole (0.516 g, 7.59 mmol)
and fert-butylchlorodimethylsilane (0.412 g, 2.75 mmol) at 0 °C. The reaction mixture is
allowed to warm to room temperature and stirred for 1 hour. The reaction mixture is
quenched with water and concentrated. The residue is dissolved in DCM, washed with
water (25 mL) and brine (25 mL), dried over Na,SOy, filtered, and concentrated to give
10 the title compound (0.9 g). ES/MS m/z ("’Br/*'Br) 351/353.1 [M+H]".
Preparation 14
Ethyl 3-[4-[[5-[(tert-butyl(dimethyl)silyl)oxymethyl]-4-methoxy-2-thienyl Jmethoxy]-2-

fluoro-phenyl]propanoate

S sas
Ko Ao

15 To a solution of 3-(2-fluoro-4-hydroxy-phenyl)-propionic acid ethyl ester (1.03 g,
4.8 mmol) in acetonitrile (15 mL) is added potassium carbonate (2.31 g, 16.8 mmol) and
(5-bromomethyl-3-methoxy-thiophen-2-yImethoxy)-tert-butyl-dimethyl-silane (1.7 g, 4.8
mmol) at room temperature and the reaction mixture is refluxed for 3 hours. The reaction
mixture is concentrated, diluted with water, and extracted with EtOAc (2 x 30 mL). The

20  combined extracts are washed with water (15 mL) and saturated brine (15 mL), dried over
Na,S0,, filtered, and concentrated. The crude material is purified by silica gel
chromatography eluting with hexane:ethyl acetate (9.6:0.4) to give the title compound
(0.5 g,21%). 'H NMR (400 MHz, DMSO dg) & 7.51 (s, 1H), 7.26 - 7.2 (t, ] = 8.4 Hz,
1H), 6.92 - 6.89 (d,J =12 Hz, 1H), 6.83 - 6.81 (d, J =7.6 Hz, 2H), 4.92 (s, 2H), 4.82 (s,

25  2H),4.10-4.05(q, J=6.4 Hz, 2H), 3.82 (s, 3H), 2.86 - 2.82 (1, =16 Hz, 2H), 2.61 -
2.55 (m, 2H), 1.21 - 1.17 (t, J = 6.8 Hz, 3H), 0.89 (s, 9H), 0.13 (s, 6H).



20 Method B Met hyl

5-(spiro[indene-1,4"-piperidine]-1"-ylnmethyl)thi ophene-2-carboxylate (150.0
g, 446 0 woubii/ieésisdi ssol ved i n anhydrous di chl or omet han@Ctask)1oontsey a
nitrogen atnosphere at 30 C. The mi xture is cooled to -78 C and DI BAL-H
(1.0 Msolution in 5toluene) (1.2 L, 960 mvol ) is added dropwi se at -78 C
under a nitrogen atnosphere over a period of 1 hour with constant stirring.
The reaction mxture is gradually warnmed to 0 C and stirred for 3 h at 0 C
and 3 h at 30 C. The nixture is cooledlfo -78 C and saturated aqueous NH4OH
solution (1 L) is added dropw se followed by the dropw se addition of DCM
(5.0 L). The mxture is warned to &pom .errPirature and extracted with 10
DCM washed with water (2 L) and satthat'®y'brine (2 L), dried over sodium
sul fate, and evapor at edithiyb3-f-fliness-[[STaydrive nicesi)duecthexyesdded di et hyl et her

(500 nL) and the mxture is @tirlr]e% foi 30&]m'n The precipitate that is
formed is filtered, the filtPAP¥lEoaESIRFRdrI8* M S ness and conbined with
the solid to giv&otka&utidntdf 8- {¢dsrpewhdtyhdinathyhiilagylsoinethy()88m&heky- 64% . ESI / M5

A R N BT T R T T
Nan”e ESI / N.B THH @ )mI() Mrddde?@trd-b-bpify hadeh iyl fsiptideq| Mdbliom@-T13{H 2 mLp2 o
(5 (Spi tof | AUANED i sy Bt 1siae iy BusiP2 50, FYaetsHhol 209 31
[ 2- (Spi ro [ inngiereas dyeAchep imith evated hmisdvadorated to a residue. The residue is extracted with
EtOAc, washed with water (15 mL) and brine (15 mL), dried over sodium sulfate,
10 filtered, and concentrated to give the title compound (0.4 g,). 'H NMR (400 MHz,
DMSO ds) 6 7.41 (s, 1H), 7.19 - 7.15 (t, ] = 8.8 Hz, 1H), 6.85 - 6.75 (m, 2H), 5.32 (br,
1H), 4.85 (s, 2H), 4.55 (s, 2H), 4.04 - 4.00 (q, ] = 7.2 Hz, 2H), 3.75 (s, 3H), 3.58 (s, 1H)
3.16-3.12(t,J=15.2Hz, 3H),2.79 - 2.76 (t, J = 14.8 Hz, 2H), 2.55 - 2.51 (t, ] = 15.2
Hz, 2H), 1.28 - 1.22 (t, ] = 7.2 Hz, 3H),
15 Preparation 16
Ethyl 3-[2-fluoro-4-[(5-formyl-4-methoxy-2-thienyl)methoxy Jphenyl]propanoate

To a solution of ethyl 3-[2-fluoro-4-[[5-(hydroxymethyl)-4-methoxy-2-
thienyllmethoxy[phenyl]propanoate (1.6 g, 4.3 mmol) in anhydrous dichloromethane (10
20  mL), cooled to 0 °C, is added Dess-Martin periodinane (2.76 g, 6.5 mmol). The reaction
mixture is warmed to room temperature and stirred for 2 hours. The reaction mixture is
diluted with water (15 mL), extracted with ethyl acetate, washed with water (15 mL),
brine (15 mL), dried over sodium sulfate, filtered, and evaporated to dryness. The crude
material is purified by silica gel chromatography eluting with hexane:ethyl acetate
25  (8.8:1.2) to give the title compound (0.8 g, 50%). ESI/MS m/z 367.1 (M+H)".
Preparation 17
Ethyl 5-(spiro[indene-1,4"-piperidine]-1'-ylmethyl)thiophene-2-carboxylate
Method A



yl met hyl )t hi azol -5-yl ] met hanol 313 21 32 [2-(Spiro

[ ndane-1,4"-piperidine]-1"- ylnethyl)thiazol-5-yl]nethanol 315 33 [ 2-

[ (1- Met hywepbriaepisadol i ne- 3, 4' - pip eridine]-1'-yl)nmet hpCriuse@n/0613sd -
yl ] met hanol 330 34 [5- [(1-Methylspiro [indoline-3,4"- pip
eridine]-1-yl)nmethyl]-2- thienyl]nethanol 329 35 [4-Methyl-5 -(spiro
[indane-1,4"- pip eridine]-1-ylnmethyl)-2- thienyl]nethanol 328 36
[5-(Spiro [indane-1,4'-piperidine]-1'- 1¥| met hyl ) - 2-t hi enyl ] net hanol 314

To a solution of spiro[indene-1,4'"-piperidine] (1.4 g, 6.3 mmol) in ethanol (28 mL)
is added methyl 5-(bromomethyl)thiophene-2-carboxylate (1.78 g, 7.6 mmol) and
diisopropylamine (3.31 mL, 19 mmol) at room temperature and the reaction mixture is

5 stirred for 16 hours at 90 °C. The mixture is concentrated, diluted with water, and
extracted with ethyl acetate (2 x 200 mL). The combined extracts are washed with water
(50 mL) and saturated brine (50 mL), dried over sodium sulfate, filtered, and concentrated
to give the title compound (1.5 g, 58%). ESI/MS m/z 340.1 (M+H)".
Method B

10 Spiro [indene-1, 4’-piperidine] hydrochloride (128.0 g, 560 mmol) is dissolved in
ethanol (1.5 L) under a nitrogen atmosphere at 30 °C. Diisopropylethylamine (407.4 mL,
1.68 mol) is added dropwise at 30 °C over a period of 10 minutes, and is stirred for 20
minutes. Methyl 5-(bromomethyl) thiophene-2-carboxylate (~50 % pure by LCMS) (300
g, 1.27 mol) is added at 30 °C and stirred at 30 °C for 10 minutes and the mixture is

15  heated to 60 °C for 1 h 45 min. The reaction is monitored by TLC showed the presence
of starting material. The reaction is stirred for 13 hours at 30 °C. The reaction mixture is
concentrated and dissolved in DCM (10 L). HCI (1 N, 1.5 L) is added dropwise with
constant stirring and a white solid precipitates and is collected. The material is dissolved
in DCM (1 L), stirred for 10 minutes, filtered, and dried under vacuum (44 °C) to give the

20 ftitle compound (150.0 g, 76%). ESI/MS m/z 340.1 (M+H)".

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

preparation 17 (Method A).

ES/MS(m/z)

Prep. No. Chemical Name (M-+H)




37 [5-(Spiro [indene-1,4"-pip eridine]-1"- ylnmethyl)-2-furyl]methanol 296
38 [5-(Spiro [indene-1,4"-pip eridine]-1"- ylnethyl)oxazol -2-yl]nethanol
297 22 WO 2011/06618a sol ution of PCT/US2010/057359
2- br ono- 4- met hyl -5- (spiro[i ndene-1,4" -piperidine]-1"-ylnmethyl) thiazole
(3.8 g, 10.12 mml) in THF is added n-BuLi (0.713 g, 11.13 mol) at -78 C
The m xture is warned to -45 C and stirred for 30 mnutes. DMF (1.5 nL) is
added 5dropwi se to the mxture at -78 C and the mxture is slowy warned to
roomtenperature and stirred for an hod?. The nixture is cooled to -78 C,
diluted with water, followed by NH4ClL solution. The m xture is extracted
with ethyl acet ate, dr-ed—over—Na2So4—and—evapotated—to—dryness to give
the title conpound (2.8 g, 85% ESI / M5 rﬂz 325 MtH) ' . 10 |The fol |l owi ng
conpound i s prepared essenti gl W@fﬁﬁ%ﬁz gneby t he rret hod of preparation
v

39 Prep. No. Chemical Nage ES 500
5-(Spi ro[indene-1, 4] - pi peridi nei]g xazol¥h &L, 3 h| azol e- 2- cagr bal dehyde 311
Preparation 41

i s

2-Bromo-4-methyl-5-

19 (spiro[indene-1,4'-
piperidine]-1'-

ylmethyljthiazole

Ethyl 2-[(1-
methylspiro[indoline-3,4'-
20 piperidine]-1'- 372
ylymethyl]thiazole-5-

carboxylate

Ethyl 5-[(1-
methylspiro[indoline-3,4'-
21 piperidine]-1'- 357
yDmethyl]thiophene-2-

carboxylate

Methyl 4-methyl-5-
(spiro[indane-1,4'-
22 piperidine]-1'- b
ylmethyl)thiophene-2-
carboxylate

Methyl 5-(spiro[indane-1,4'-
piperidine]-1'-

23 ylmethyl)thiophene-2- 342
carboxylate
Methyl 5-(spiro [indene-1,4'-
24 piperidine]-1'- 324

ylmethyl)furan-2-carboxylate




5-(Spiro [inden-1,4" -piperidine] - ' ylnmethyl)-4-nethyl-thiazole-2-

met hanol \ s)---NO N 15 To a solution of

4- et hyl -woQspiaseissndene- 1, 4' - pi peridi ne] -1' -yl net hyl ) t RCaaSk@0D57359

car bal dehyde (0.600 g, 1 8 nmol) in DCM (6 nl.) is added DI BAL-H (1 M
solution in hexane, 0.52 g, 3.6 nL, 3 6 mol) at -78 C and the m xture is
warnmed to roomtenperature and stirred for 1 hour. The mxture is cooled to
-78 C, quenched with water, 23 filtered, extracted with DCM and
evaporated to dryness to give the t|t|é9conpound (0.500 g, 83%. ESI/M5 mz
327 (M+H)' The following conpound is prepared essentially as described
by the nethod of Sprepar A—41—Prep—No—Chem¢al—Nanre—ESI /M5 (M z) (MH)
42 [5-(Spiro [indene- 1, i|p erldlne] -1'- ylmet hyl)thiazol - 2-yl ] met hanol

313 Preparation 43 1
[5-(Spiro[indene-1, 4 -phperidin (qm?E% % oxazolggsyl]nethyl

e

oD
T, C)

117

met hanesul fonate 10To a 0 C stl
[ 5- (spiro[indene-1, 4 plper|C|ne -yl net oxazol- 2-yl ]|met hanol (0. 15
g, 0.51 mml) in DCM (10.0 nl) is added trlethylanine (0.18 nL, 1.26 mol)
and net hane sul phonylT chloride (0.05 niL, 0.61 nmpl). The reaction m xture
is stirred at 0 Cfor 1 hour.| The reaction m xtute is washed wth water
(20.0 nL) and brine|(10.0 ni)|, Bt pAgiedndane-h4bDCM dri ed ojer Na2504, and
evaporated to dryness togl15gi|ve th&PeidigRd-lpr oduct (0348 g) |as a brown
liquid. The follow hg conpound i ¢ipileperedlegssential 'y as described by the
met hod of preparatipn 43 Prep. No. carboxylate

Methyl 5-[(1-
methylspiro[indoline-3,4'-
piperidine]-1'-
yl)methyl]furan-2-
carboxylate

27 341

a. Crude product

b. ' NMR (400 MHz, DMSO-dg) : 8 7.53 (s, 0.5H), 7.21 - 7.12 (m, 2H), 3.76 (s,
1.5H), 3.65 (s, 1H), 2.84 - 2.82 (d, J = 8 Hz, 2H), 2.26 - 2.21 (t, ] = 8 Hz, 1H),
2.16 (s, 1.5H), 1.96 - 1.92 (d, J = 8 Hz, 1H), 1.79 (s, 1H), 1.45 - 1.42 (m, 1H).

Preparation 28
[5-(Spiro[indene-1,4'-piperidine]-1'-ylmethyl)-2-thienylJmethanol
Method A

J
L~

OH
10 To a solution of ethyl 5-(spiro[indene-1,4'-piperidine]-1'-ylmethyl) thiophene-2-
carboxylate (1.5 g, 4.4 mmol) in dichloromethane (30 mL) is added DIBAL-H (11 mL,
11.06 mmol) at -78 °C. The reaction mixture is allowed to warm to room temperature for
1 hour followed by the dropwise addition of water at 0 °C. The mixture is filtered

through diatomaceous earth, extracted with dichloromethane, and evaporated to dryness

15 to give the title compound (1.05 g, 76%). ES/CMS m/z 312.1 (M+H)".



Chem cal Name ESI/M5 (nmfz) (MtH) 24 Preparation 45 Ethyl
(3S)-3-[4-[[5-(spiro[indene-1, 4" -piperidine]-1-ylnethyl)-2-

t hi enyl ] ne0howydeptsanyl | hex- 4- ynoat e 5Met hod A To PETASRUIi06TI5Of

1,1 -(azodi carbonyl) dipiperidine (1.30 g, 51 mmol) in THF (5 nL) is added
tributyl phosphine (1.21 g, 6.0 nmol) at 0 C. After 15 mnutes at 0 C, a
10sol ution of

[ 5- (spiro[indene-1, 4" -piperidine]-1'-yl nmethyl)-2-thienyl]nethanol (0.8 g,
3.4 mol) in THF (5 nl) is added and tRe reaction mixture is stirred for 15
mnutes at 0 C followed by the addition of ethyl
(3S)-3-(4-hydroxypheny|)hex-4-ynoategééfgé g, 3.4 mol) in THF (5 nL). The
reaction mxture is stirred for 16 h §%8t roomtenperature, filtered,
diluted with wat Methyﬁﬂd;pﬁ%ﬂirfd@ﬁd— 1341 p\lﬂehhhn@]t lhyime@@@tlﬁ(ﬁﬁer(e& é@rﬁﬂ?lam—) The

conbi ned 15extracts are rine (50 nL), dried
over sodi um{&4&etdd OmnrODéf @asolvaﬂal aeaiffif@ﬁtdﬂﬁg{%%nethﬁﬁ%?3c1r>ulaeeraﬁ18m%1t is

purified by aghdsheae 88b °ChrRBIxQGE al@hcnedetbum qtrgaanIBAhqx?rtﬁM%mﬁ&n acet at e
(8.5:1.5) to give the title coqﬁ( 61 %9 . ESI/M5 mz 526.2 (MtH)'
Met hod B20EPTHSNO) (13'd) 28Y PoRy ﬁﬁﬂ%ﬁ ¥'h R C4u13¢ﬁf&d%1‘é0ge@emt9$@erem 0 mol )
i s di ssol ved genodléth Koﬁf)\gltmo)nstblrﬂ@@ﬂ'rmg Thel ERESNMBLIPBRARILAyanEmeooled to 0 C
DIAD (31.3 g.154.9 go i's %ddeg %Iomﬁ at 0C and st{rred the mxture
stirred for §6mﬁﬁFﬁ Y13 #8nCopd fﬁ%)6&6“63“6““1§%@69“¥ﬂﬁn??n nd

(5-45- (spi r ahdvheRagdeods NHA(FI%(QLMR)Q](}Ejmﬁ&d&'ﬂﬁfb}ﬁbv)sei’ollobv@d@ﬂ-ﬂﬁb hﬂsptvisb ar 301 48. 2(
g,154.9 nnloh% di ssol ved sn a nlnun1argounL of 1111,

ition of DCM (5.0 L). The mixture is warmed to room temperature and2 extracted with
10 DCM, washed with water (2 L) and saturated brine (2 L), dried over sodium sulfate, and
evaporated to dryness. To the residue is added diethyl ether (500 mL) and the mixture is
stirred for 30 min. The precipitate that is formed is filtered, the filtrate evaporated to
dryness and combined with the solid to give the title compound as a white solid (88.0 g,
64%). ESI/MS m/z 312.1 (M+H)".
15
The following compounds are prepared essentially as described by the method of

preparation 28 (Method A)

ESU/MS
Prep. No. Chemical Name (m/z)
(M+H)
[5-[(1-Methylspiro[indoline-3,4'-
29 piperidine]-1'-yl)methyl]-2- 313
furylJmethanol
30 [5-(Spiro[indane-1,4'-piperidine]-1'- 299
ylmethyl)oxazol-2-ylJmethanol
31 [2-(Spiro[indene-1,4'-piperidine]-1'- 313
ylmethyljthiazol-5-ylJmethanol




added to the reaction mxture at 0 C and the mxture is warnmed to room
tenperature and stirred for 12 hours. The solvent is evaporated and the
resi due iwodnsigwbsad i n et hyl acetate (300 nalL), washedP@irfus2evatsr3s§2 x. 10
vol unmes) and brine (10 volunes), dried over -Na2SO4, and evaporated to
dryness, The crude material is purified by silica gel 5chronatography,
eluting with hexane:ethyl acetate (9.0:1.0) to give the title conpound
(33.0g, 48.6% . 1HNWR (DMSO-d6) 6 7.44 - 7.42 (d, 1H), 7.32 - 7.27 (m 2H),
7.22 - 10 The foll owi ng compounds are ptepared essentially as described by
the nethod of preparation 45 (Method A) Prep. No. Chem cal Nane ESI/ M5
(mz) (MH) 46 Et hpt—H3S—3+4+{15 [(;
met hyl spi ro[ i ndol i ne- 3, 4' - pi|peri di ne] - -yl ) met hyl] - R-
furyl ] met hoxy] phenyl ] hex- 4- ynqa &y Zdaﬂ&ﬁtlﬁyéndme] 1_
3-[2-fluoro-4-[[5-(spiPd[i ndeneyhn%th th{%k(g%r}ﬂﬂhéﬂ%h -yl At hyl ) - 2-
furyl ] met hoxy] phenyl ] propandat e 490 Zl
(3S)-3-[4-[[2-(spifo[indane-|1,4' - piperi d| ne] 1' -yl nmethyl ) thiazol -
yl ] met hoxy] phenyl ] hex- 4-ynodate 529

[2-[(1-Methylspiro[indoline-3,4'-
33 piperidine]-1'-yl)methyl]thiazol-5- 330
ylJmethanol

[5-[(1-Methylspiro[indoline-3,4'-
34 piperidine]-1'-yl)methyl]-2- 329
thienyl]methanol

[4-Methyl-5-(spiro[indane-1,4'-
35 piperidine]-1'-ylmethyl)-2- 328
thienyl]methanol

[5-(Spiro[indane-1,4'-piperidine]-1'-

36 ylmethyl)-2-thienyllmethanol 314
[5-(Spiro[indene-1,4'-piperidine]-1'-

37 ylmethyl)-2-furylJmethanol 206
[5-(Spiro[indene-1,4'-piperidine]-1'-

38 ylmethyl)oxazol-2-ylJmethanol 297

Preparation 39

4-Methyl-5-(spiro[indene-1,4'-piperidine]-1'-ylmethyl)thiazole-2-carbaldehyde



26 49 Ethyl (3S)-3-[4-[[4-methyl-5- (spiro [indene-1,4"-p ip eridine]-1"-
yl met hyl )t hi azol - 2- yl ] net hoxy] phenyl ] hex-4-ynoate 541 50 Et hyl

3-[ 2- f | uowo-2411jdedtsaet hyl-5- (spiro [indene-1,4"-p ip eriPArnspo100s7359

yl met hyl )t hi azol - 2- yl ] et hoxy] phenyl ] propanoate 521 51 Et hyl
(3S)-3-[4-[[2-[(1- nethylspiro[indoline-3,4'-piperidine]-
1'-yl)nmethylithiazol -5- yl]nethoxy] phenyl] hex-4-ynoate 544 52 Et hyl
(3S)-3-[4-[[5-(spiro[indene-1,4"- piperidine]-1"-ylnethyl)thiazol-2-

yl ] met hoxy] phenyl ] hex- 4-ynoate 527 53 BEhyl (3S)-3-[4-[[2-(Spiro[indene-

N \SZ”‘O
Aﬂ
9

To a solution of 2-bromo-4-methyl-5-(spiro[indene-1,4'-piperidine]-1'-ylmethyl)
thiazole (3.8 g, 10.12 mmol) in THF is added n-BuLi (0.713 g, 11.13 mmol) at -78 °C.
The mixture is warmed to -45 °C and stirred for 30 minutes. DMF (1.5 mL) is added
5  dropwise to the mixture at -78 °C and the mixture is slowly warmed to room temperature
and stirred for an hour. The mixture is cooled to -78 °C, diluted with water, followed by
NH4C1 solution. The mixture is extracted with ethyl acetate, dried over Na,SQy, and

evaporated to dryness to give the title compound (2.8 g, 85%). ESI/MS m/z 325 (M+H)".

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

preparation 39

ESI/MS
Prep. No. Chemical Name (m/z)
(M+H)
5-(Spiro[indene-1,4'-piperidine]-1'-
40 ylmethyl)thiazole-2-carbaldehyde 311

Preparation 41

5-(Spiro[inden-1,4’-piperidine]-‘ylmethyl)-4-methyl-thiazole-2- methanol
s
N /jiz/\o

To a solution of 4-methyl-5-(spiro[indene-1,4'-piperidine]-1'-ylmethyl)thiazole-2-
carbaldehyde (0.600 g, 1.8 mmol) in DCM (6 mL) is added DIBAL-H (1 M solution in

15

hexane, 0.52 g, 3.6 mL, 3.6 mmol) at -78 °C and the mixture is warmed to room

temperature and stirred for 1 hour. The mixture is cooled to -78 °C, quenched with water,



1,4 -piperidine]-1 -yl nmethyl)thiazol-5- yl]nmethoxy] phenyl ] hex-4-ynoate 527
54 Ethyl (3S)-3-[4-[[5-[(1- nmethylspiro[indoline-3,4"-piperidine]-

1' -yl) metwoRpr1deetsidi enyl ] met hoxy] phenyl ] hex- 4- ynoat e 543CTAR2&6/0Et3RY |
3-[2-fluoro-4-[[5-[(1- methylspiro[indoline-3,4'-piperidine]-

1' -yl ) et hyl] - 2- thienyl]nmethoxy] phenyl ] propanoate 523 56 Ethyl
(3S)-3-[4-[[4-nmethyl-5- (spiro [indene-1,4"-p ip eridine]-1"- ylnethyl)-2-
t hi enyl ] net hoxy] phenyl ] hex- 4-ynoate 540 57 Ethyl (3S)-3-[4-[[4-nethyl-5-
(spiro [indane-1,4'-p ip eridine]-1'- ¥Bnethyl)-2-

filtered, extracted with DCM, and evaporated to dryness to give the title compound (0.500
g, 83%). ESI/MS m/z 327 (M+H)".

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

5  preparation 41

ESI/MS
Prep. No. Chemical Name (m/z)
(M+H)
[5-(Spiro[indene-1,4'-piperidine]-1'-
42 ylmethyl)thiazol-2-yllmethanol 313

Preparation 43

[5-(Spiro[indene-1,4'-piperidine]- 1'-yImethyl)oxazol-2-yl Jmethyl methanesulfonate

N o)
N\/Q»\/O\\%/
O

10 To a 0 °C stirred solution of [5-(spiro[indene- 1,4"-piperidine]-1'-ylmethyl)oxazol-
2-ylJmethanol (0.15 g, 0.51 mmol) in DCM (10.0 mL) is added triethylamine (0.18 mL,
1.26 mmol) and methane sulphonyl chloride (0.05 mL, 0.61 mmol). The reaction mixture
is stirred at 0 °C for 1 hour. The reaction mixture is washed with water (20.0 mL) and
brine (10.0 mL), extracted with DCM, dried over Na,;SO,, and evaporated to dryness to
15  give the crude product (0.18 g) as a brown liquid.

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

preparation 43

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




t hi enyl ] met hoxy] phenyl ] hex- 4-ynoate 542 58 Et hyl
3-[2-fluoro-4-[[4-nmethyl-5- (spiro [indane-1,4'"-p ip eridine]-1"-

yl met hyl )w0-20tiicersgl | net hoxy] phenyl ] propanoat e 522 59 EPhyIUS2010/057359
3-[2-fluoro-4-[[4-nmethyl-5- (spiro [indene-1,4"-p ip eridine]-1"-

yl met hyl )-2- thienyl]nethoxy] phenyl ] propanoate 520 60 Et hyl
3-[2-fluoro-4-[[5-(spiro[indane- 1,4'-piperidine]-1'-ylnethyl)-2-

t hi enyl ] net hoxy] phenyl | propanoate a 28 61 Ethyl
(3S)-3-[4-[[5-(spiro[indane-1,4' - pip éftidine]-1'-ylmethyl)-2-

t hi enyl ] net hoxy] phenyl | hex- 4-ynoate 528 62

[5-(spiro[indane-1,4'-piperidine]-1'-
ylmethyl)oxazol-2-ylJmethyl

a4 methanesulfonate

377

Preparation 45
Ethyl (3S)-3-[4-[[5-(spiro[indene- 1 ,4'"-piperidine]-1'-ylmethyl)-2-
thienylJmethoxy]phenyl]hex-4-ynoate
5 Method A

To a solution of 1,1'-(azodicarbonyl) dipiperidine (1.30 g, 5.1 mmol) in THF (5

mL) is added tributylphosphine (1.21 g, 6.0 mmol) at 0 °C. After 15 minutes at 0 °C, a

1o  solution of [5-(spiro[indene-1,4'-piperidine]-1'-ylmethyl)-2-thienyl]methanol (0.8 g, 3.4
mmol) in THF (5 mL) is added and the reaction mixture is stirred for 15 minutes at 0 °C
followed by the addition of ethyl (3S)-3-(4-hydroxyphenyl)hex-4-ynoate (1.07 g, 3.4
mmol) in THF (5 mL). The reaction mixture is stirred for 16 hours at room temperature,
filtered, diluted with water, and extracted with ethyl acetate (2 x 200 mL). The combined

15  extracts are washed with water (50 mL) and brine (50 mL), dried over sodium sulfate,
filtered, and concentrated. The crude product is purified by silica gel chromatography
eluting with hexane:ethyl acetate (8.5:1.5) to give the title compound (1.1g, 61 %).
ESI/MS m/z 526.2 (M+H)".

Method B

20 Ethyl (3S)-3-(4-hydroxyphenyl)hex-4-ynoate (30.0 g, 129.0 mmol) is dissolved in
THF (600 ml) under a nitrogen atmosphere and cooled to 0 °C. DIAD (31.3 g.154.9 mol)
is added slowly at 0 °C and stirred the mixture stivred for 30 min. A stfution of PPhy
{40.65 g, 154.9 romols and (5-{3-(spirolindenc-1 4'-piperidine}- 1 -vimethyl-2-

thienylimethanol (48.26 £,154.9 yomol), dissolved in a moindoum amount of THE, s



Et hyl

yl met hyl ) t hi azol

(3 S)-3-[4-[[4-nmethyl-2- (spiro [indene-1,4"-p ip eridine]-1'"-

-5- yl ] nmet hoxy] phenyl ] hex-4-ynoate 541 63 Et hyl

(3S) - 3- [ wWD[2Btspisso[ i ndene-1,4"' - pip eridine]-1 -yl et RET)ES2010/057359
furyl ] met hoxy] phenyl ] hex- 4-ynoate 510 64 Et hyl

3-14-[[5-[[(1Z, 22)-2-allylidene-
8-yl ] nmet hyl] - 2-t hi enyl ] net hoxy] - 2-

(400 MHz, CDCb): 6 7.18 - 7.14 (m 4H), 7.12 - 7.08 (m 1H),

1- et hyl i dene- 8- azaspi ro[ 4. 5] dec- 3- en-
fl uoro-phenyl ] propanoate b a. 1H NWR

6.94 - 6.93
(s, 2H) , 4.14 -
260- 256(m

(d, J =4 He, 1H), 6.82 (s, 1H), 6.70 256. 66 (m 2H), 5.12

4.09 (q, J =4 Hz, 2H), 3.74 (s, 2H), 2.92 - 86(m 6H)

2 2.

Q‘l_?,lde pr odué’?g‘lg %Bé?%@f, 1%%%]%5 ngHyF J.](‘L(g[% §m>§ma ‘L m[l %o m( népc,n}pb] i{nm(md

[ 1 ndene- 1, 4'ssipigper | dicne] -The soif dres hyclp)\%azﬁﬂi t—lﬂﬁmdm ia dissolved in ethyl

yl ] met hoxy] phe
[5-(1' Hspi 6T

PR GRS B x40 vorm Ry TS B B

ol u

ti.on

bt Vlcﬁ net hyl

nmet hanesul f ghat@, {18 oghteddo 48 nmmtfbw drindcacet-Ghistpriifie By k0whestl) i s added
h,%hlagfjgrzapmiuzinga \Qﬁih l?etx 1¥e etlgy:f S(}eta:tge é% 1“@5‘{’5 gl)\sé/ ﬁ)lh?ﬁé/ anp%én fi-ynoate

(33.0g, 48.6%). 'HNMR (DMSO-dg) & 7.44 - 7.42 (d, 1H), 7.32 - 7.27 (m, 2H), 7.22 -

7.12 (m, 2H), 7.03 - 7.02 (d, 1 H), 6.97 - 6.92 (m, 3H), 6.89 - 6.88 (d, 1H), 6.79 - 677 (d,

1H), 6.69 - 6.67 (d, 1H), 5.21 (s, 2H), 4.02 - 4.01 (m, 1H), 3.77 (s, 2H), 2.94 - 2.91 (d,

2H), 2.68 - 2.62 (m, 3H), 2.41 - 2.36 (m, 2H), 2.10 - 2.03 (m, 2H), 1.77 (s, 3H), 1.39 (s,

Cs2008 (Q. 39

(0.13

10

1H), 1.27 - 1.14 (m, 4H), 1.13 - 1.11 (t, 3H).

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

preparation 45 (Method A)

ESU/MS
Prep. No. Chemical Name (m/z)
(M+H)
Ethyl (3S)-3-[4-[[5-[(1-
methylspiro[indoline-3,4'-piperidine]-
46 1'-yDmethyl]-2- 527
furyllmethoxy Jphenyl]hex-4-ynoate
47 Ethyl 3-[2-fluoro-4-[[5-(spiro[indene-
1,4'-piperidine]-1'-ylmethyl)-2- 490
furyllmethoxy]phenyl]propanoate
Ethyl (35)-3-[4-[[2-(spiro[indane-1,4'-
48 piperidine]-1'-ylmethyl)thiazol-5- 529
ylJmethoxyJphenyl]hex-4-ynoate




5g, 0.57 mol).

The reaction mxture is stirred at 80 C for

1 hour and

filtered through di atomaceous earth. The filtrate is evaporated to dryness

and puri fweaotyoesisBi ca gel
acetate (6.0:4.0) to give the title conpound as a pal e yellow oi
10 The foll ow ng compound is prepared

28. 29) .

1,4
Preparation 67
3-[2-fluoro-4-[[4-
15yl ) met hy1] - 2-t hi
solution at 0 C of
t hi enyl ) met hoxy] ph
nmet hyl spi ro[ i ndol
(0.273 g, 4.3 mol
stirred for 12 hou
extracted with eth
m.) and brine (10
concentrated. The
title conpound as
10 The follow ng c
nmet hod of preparat

ESI/M5 mz 511.5 (M1).
essentially as described by the nethod of preparation 65 Prep.
Name ESI/M5 (mz) (M+H) 66 Ethyl
- pi peridine]-1'

chr omat ogr aphy,

-yl met hyl ) oxazol -

(39)-

EthyI
.cthcxy 5 ret-hyl-spirofHndoeHne-3:4—p
enyl ]nethoxy]phenyl]propanoate / 30
et hyl 342} f | ushyd<38){3¢B-[Femeriil- 54 n'et hoxy- 2
enyl ] pr opapoas@ro{iddebg, 1. 41pi@mvidde)-1+ n ret hang
ne- 3,44' - pi peri di ndm¢Qy2bBzak2- 1. 0 nnDIﬁAIan
The reagt iydimethoxy|pheayi]lexwaynoeted t o room
rs. 5The mxture is diluted with water (15
yl acetate| The organic Iayer is washed w
), —driediover sodiuntsutf dL e, fittered;
crude nmatefi r|f| r parative
a col orlesp %%af§éf %glﬁ /M5 m
olind eri .
°”p°§9dp'5 prepa % a% %Emmﬂi Hesgy i b
rep
ylmethoxy Jphenyl]propanoate
Ethyl (3S)-3-[4-[[2-[(1-
51 methylspiro[indoline-3,4'-piperidine]- 544
1'-yDmethyl]thiazol-5-
ylJmethoxyJphenyl]hex-4-ynoate
Ethyl (35)-3-[4-[[5-(spiro[indene-1,4'-
57 piperidine]-1'-ylmethyl)thiazol-2- 597
ylJmethoxyJphenyl]hex-4-ynoate
Ethyl (3S)-3-[4-[[2-(Spiro[indene-
53 1,4"-piperidine]-1'-ylmethyl)thiazol-5- 597
ylJmethoxyJphenyl]hex-4-ynoate
Ethyl (3S)-3-[4-[[5-[(1-
methylspiro[indoline-3,4'-piperidine]-
54 1'-yDmethyl]-2- 543
thienyl]methoxy]phenyl]hex-4-ynoate

el uting w t hPheABsaE0051359

(0.07 g,

No. Chem cal

3-[4-[[5-(spiro[indane-
2291 ] met hoxy] phenyl ] hex- 4-ynoate 513

hperidine]-1'-

To a

|, is added 1-
d NaCNBH3
t enper at ure and

m.) and
th water (10
and
TLC to give the
z 553.2 (M+H)'
ed by the



Chem cal

Name ESI/MS (mz) (M+H) 68 Ethyl

(spiro[indane-1,4"-piperidine]-1'- ylnethyl)-2-
t hi enyl ] neOhowyjeptsany| | pr opanoate 538 Exanple 1 15(3 SPC3/Uspeno/0p{359 - (Spiro
[i ndene-1, 4" -pi peridine]-1"-ylnmethyl)-2-thienyl]nmethoxy] phenyl ] hex- 4-ynoic

acid Method A

To a solution of ethyl

3-[2-fluoro-4-[[4-met hoxy- 5-

(3S)-3-[4-[[5-(spiro[indene-1,4"-piperidine]-1"vylnethyl)-2- 20

t hi enyl ] net hoxy] phenyl ] hex- 4-ynoate (1.1 g,

2 0 mol)

i n et hanol

(6 nL) is

added 5 M NaOH (0.83 nL, 4 1 mvl) and2{he mixture is reacted under
m crowave conditions for 5 31 mnutes at 90 C. The m xture is

concentrated, diss
with chloroform (2
saturated NaHCO3 (
saturated brine (2
concentrated to gi

719 . 1HNMR ( DMBO
1H), 7.31 - 7.25 (
7.02 - 7.01 (d, J
6.90 (d, J = 5.6
= 5.2 Hz, 1H) 5.19
= 11.2 Hz, 2H), 2.
Hz, 2H), 2.08 - 2.
mz 498 (MrH)'. Me

Hred—n—water—act-dif+ed—wth—2-NHCEH—at
x 50 mL).| The conbi ned extracts are washe
2 x 5 n), | NHAChy{ 2 Xagorsl)f5-Nater (2 x 5
x 5 m), frcadispvgndsedibunppidiagel filte
ve the tit]e conpoundnb@sijan of f-whitessol
d6, 400 M'lz)thﬁnﬂl]%aeal %hen@*l‘]ﬁropaﬁoé’t@ - 7.41
dd, J = 6.8 Hz, 3H) , 7.21 - 7.13 (m J =
= 3.2 Hz, [IH), 6.96 - 6.94 (d, J = 8.4 Hz,
~ 1H), 6.88 - 687 (d, J =28 Hz [1H) 6
(s, 2H), B.94 (s, 1H), 3.76 (s, 2H), 2.94
59-2.57 (d} J = 7.6 Hz, 2H), 102.41| - 2.36
03 (t, J=1D. 4 Ryl (O3 [4[4AGethH;5-3H) | 1. 22
t hod 5% (spiro[indene-1,4'-piperidine]-1'- 540
ylmethyl)-2-
thienyl]methoxy]phenyl]hex-4-ynoate
Ethyl (35)-3-[4-[[4-methyl-5-
(spiro[indane- 1,4'-piperidine]-1'-
57 ylmethyl)-2- 542
thienyl]methoxy Jphenyl]hex-4-ynoate
Ethyl 3-[2-fluoro-4-[[4-methyl-5-
(spiro[indane- 1,4'-piperidine]-1'-
58 ylmethyl)-2- 522
thienylJmethoxy |phenyl]propanoate
Ethyl 3-[2-fluoro-4-[[4-methyl-5-
(spiro[indene- 1,4'-piperidine]-1'-
59 ylmethyl)-2- 520
thienylJmethoxy Jphenyl]propanoate
Ethyl 3-[2-fluoro-4-[[5-(spiro[indane-
60 1,4'-piperidine]-1'-ylmethyl)-2- a
thienylJmethoxy Jphenyl]propanoate

d extracted

d with

m.) and

red, and

id (0.746 g,

(d, J 7.2 Hz,

7.2 Hz, 2H)
1H), 6.92 -

77 - 6.76 (d, J
2.901 (t, J
(t, J 11.2
(s, 2H), ESI/ M5



Et hyl (3S)-3- [4-
et hanol

125 5 mmol)

[[5-(spiro [indene-1,4'
15t hi enyl ] met hoxy] phenyl ] hex-4-ynoate (33.0 g, 62.7 nol)
(wOoomiseead the m xture is cooled to 10-15 C. FCHUSa@p0§BsD2 g,
is slowy added and the m xture stirred for

heating to 80 C for 2 hours.

di ssolved in a m ni mum anount of water.
The solution is extracted with ethyl
dried over sodium sdPffate and evaporated to dryness.

HC1 sol uti on.
washed with brine,
the crude materi al

The sol vent

met hanol and the m
precipitate is fil

conpound as cream

(s, 1H), 7.438 - 7
2H), 7.046 - 7.039
5.213 (s, 2H), 3.9
2.589 (d, 2H), 2
3H), 1.233 - 1.148
essentially as des
Chem cal Nane Stru
Met hyl spiro [indo

furyl ] met hoxy] phen

-pi peridine]-1"vyl nmethyl)-2-
is dissolved in

10 min fol |l owed by
is evaporated and the m xture is
The pHis adjusted to -7.0 with 1 N
acetate (2 x 20 300 nL)

To

| t ant

ive the title

O d6) 6 12.217

257.126 (m

. 781 (d, 1H),

(m 2H),

2.608
1.772 (s,

pr epar ed

d A

5-

32 Ex No.
[(1-

i s added nethyl t-butyl ether (300 nL) and 0. 2% of
xture—+s—psttrred—for—30-—mnutes—Fherest
tered and dried under vacuum at 48 C to gi
col ored so| F&y((3A)-Bl4l[5-meuglindane- h4'NVR ( DVF
421 4d, 1H), Pisgdincl-FybrihyDd- 3H) | 2,228
(d, 1H), st@ml]metbommlemﬂlemmnoa@ 795 - 4§
72 - 3.928/ (m 1H), 3.788 (bs, 2H),|2.945
422 (m 2H), 2.107 - 2.051 (m 2H)| 1.778
(m 2H). The foll ow ng conmpoupds are
cribed by the nethod of 30 Exanple [ (Methg
cture ESI/MS ( ) 3-1[4- []
ne- 3'4'-piper ’%ﬁf "5'*[“)[[4 mé’ﬂ%h yl] -2-
yl ]teex-4-yno (imethgl ! 1azol 0] 49913
ylJmethoxyJphenyl]hex-4-ynoate
Ethyl (35)-3-[4-[[5-(spiro[indene-1,4'-
63 piperidine]- 1'-ylmethyl)-2- 510
furyllmethoxy Jphenyl]hex-4-ynoate
Ethyl 3-[4-[[5-[[(1Z,2Z)-2-allylidene-
64 1-ethylidene-8-azaspiro[4.5]dec-3-en- b
8-ylJmethyl]-2-thienylJmethoxy]-2-
fluoro-phenyl]propanoate

'H-NMR (400 MHz, CDCL): § 7.18 - 7.14 (m, 4H), 7.12 - 7.08 (m, 1H), 6.94 -

6.93 (d, J = 4 Hz, 1H), 6.82 (s, 1H), 6.70 - 6.66 (m, 2H), 5.12 (s, 2H) , 4.14 - 4.09
(q, J = 4 Hz, 2H), 3.74 (s, 2H), 2.92 - 2.86 (m, 6H), 2.60 - 2.56 (m, 2H), 2.24 -

b. Crude product

2.04 (m, 2H), 2.01 - 1.90 (m, 5H), 1.28 - 1.23 (m, 6H).

Preparation 65

Ethyl (3S)-3-[4-[[5-(spiro[indene- 1,4'-piperidine]-1'-ylmethyl)oxazol-2-

ylJmethoxy]Jphenyl]hex-4-ynoate



(3 S)-3-[4-[[5- (Spiro [indane-1,4"- pip eridine]-1"- ylnethyl)oxazol -2-

yl ] met hoxy] phenyl ] he x-4-ynoic acid 0111 N,...... ,CLOp O OH 485 4 (3 S)-3-
[4- [ [5-WOSQpivwe(ssndene-1,4' - pip eridine]-1'- ylmethyProfszalonz?359

yl ] met hoxy] phenyl ] he x-4-ynoic acid 10* 1\1CLO lip 0O OH 483 5 3-
[2-Fluoro-4- [[5 - (spiro [indene-1,4"- pip eridine]-1"-

29

&
V@Vo%/

(0]

(

To a stirred solution of [5-(1'H-spiro[indene-1,4'-piperidin]- 1'-ylmethyl)-1,3-
oxazol-2-ylJmethyl methanesulfonate (0.18 g, 0.48 mmol) in acetonitrile (10.0 mL) is
added Cs,COs3 (0.39 g, 1.2 mmol) and ethyl (3S)-3-(4-hydroxyphenyl)hex-4-ynoate (0.13

5  g,0.57 mmol). The reaction mixture is stirred at 80 °C for 1 hour and filtered through
diatomaceous earth. The filtrate is evaporated to dryness and purified by silica gel
chromatography, eluting with hexane:ethyl acetate (6.0:4.0) to give the title compound as
a pale yellow 0il (0.07 g, 28.2%). ESI/MS m/z 511.5 (M+1).

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

preparation 65

ESI/MS
Prep. No. Chemical Name (m/z)
(M+H)
Ethyl (35)-3-[4-[[5-(spiro[indane-
66 1,4"-piperidine]-1'-ylmethyl)oxazol- 513
2-yllmethoxy Jphenyl]hex-4-ynoate

Preparation 67

Ethyl 3-[2-fluoro-4-[[4-methoxy-5-[(1-methylspiro[indoline-3,4'-piperidine]-1'-

15 ylymethyl]-2-thienyllmethoxy Jphenyl]propanoate
/
N Q
o
N g 0 F
|



yl met hyl )-2- furyl] nmet hoxy] phenyl ]propanoic acid isi0Ol00H orN-4r'OF 461 6
(3 S5)-3-[4- ] [2- (Spiro [indane-1,4"- pip eridine]-1"-

yl met hyl )whi2analée3 yl ] met hoxy] phenyl ] he x-4-ynoi ¢ aci dPe®/US2010/050B590H 501
33 7 (39)-3-[4- [[4-Methyl- 5 -(spiro [indene-1,4"- pip eridine]-1"-

yl met hyl )t hi azol - 2- yl ] nmet hoxy] phenyl ] he

30

To a solution at 0 °C of ethyl 3-[2-fluoro-4-[(5-formyl-4-methoxy-2-
thienyl)methoxy [phenyl]propanoate (0.4g, 1.0mmol) in methanol, is added 1-
methylspiro[indoline-3,4’-piperidine (0.258 g, 1.0 mmol), and NaCNBHj3 (0.273 g, 4.3
mmol). The reaction mixture is warmed to room temperature and stirred for 12 hours.

5 The mixture is diluted with water (15 mL) and extracted with ethyl acetate. The organic
layer is washed with water (10 mL) and brine (10 mL), dried over sodium sulfate, filtered,
and concentrated. The crude material is purified by preparative TLC to give the title

compound as a colorless liquid (0.2 g, 33%). ESI/MS m/z 553.2 (M+H)".

10 The following compound is prepared essentially as described by the method of
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ESI/MS
Prep. No. Chemical Name (m/z)
(M+H)

Ethyl 3-[2-fluoro-4-[[4-methoxy-5-
(spiro[indane- 1,4'-piperidine]-1'-
68 ylmethyl)-2- 538
thienylJmethoxy Jphenyl]propanoate

Example 1
15  (35)-3-[4-[[5-(Spiro[indene-1,4'-piperidine]- 1'-ylmethyl)-2-thienylJmethoxy Jphenylhex-
4-ynoic acid

Method A

oy LA,
%@

To a solution of ethyl (3S)-3-[4-[[5-(spiro[indene-1,4’-piperidine]- 1’ ylmethyl)-2-
7o  thienylJmethoxy]phenyllhex-4-ynoate (1.1 g, 2.0 mmol) in ethanol (6 mL) is added 5 M

NaOH (0.83 mL, 4.1 mmol) and the mixture is reacted under microwave conditions for 5
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yl ] met hoxy] phenyl ] he
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15

20

25

30

31

minutes at 90 °C. The mixture is concentrated, dissolved in water, acidified with 2 N
HC, and extracted with chloroform (2 x 50 mL). The combined extracts are washed with
saturated NaHCOs (2 x 5 mL), NH4Cl1 (2 x 5 mL), water (2 x 5 mL) and saturated brine (2
x 5 mL), dried over sodium sulfate, filtered, and concentrated to give the title compound
as an off-white solid (0.746 g, 71%)). 'HNMR (DMSO dg, 400 MHz) & 12.2 (bs, 1H),
743 -741(d,1=7.2Hz, 1H),7.31-7.25(dd,J=6.8 Hz,3H),7.21 -7.13 (m, J=7.2
Hz, 2H), 7.02 - 7.01 (d, ] =3.2 Hz, 1H), 6.96 - 6.94 (d,J =8.4 Hz, 1H), 6.92 - 6.90 (d, J =
5.6 Hz, 1H), 6.88 - 6.87 (d, ] =2.8 Hz, 1H) 6.77 - 6.76 (d, J = 5.2 Hz, 1H) 5.19 (s, 2H),
3.94 (s, 1H), 3.76 (s, 2H), 2.94 - 2.901 (1, J=11.2 Hz, 2H), 2.59-2.57 (d, J = 7.6 Hz, 2H),
241-236(t,1=11.2 Hz, 2H), 2.08 - 2.03 (t, J=10.4 Hz, 2H), 1.76 (s, 3H), 1.22 (s, 2H),
ESI/MS m/z 498 (M+H)".

Method B

Ethyl (3S)-3-[4-[[5-(spiro[indene- 1,4’ -piperidine]-1’ylmethyl)-2-
thienyllmethoxy [phenyl]hex-4-ynoate (33.0 g, 62.7 mol) is dissolved in ethanol (600 mL)
and the mixture is cooled to 10-15 °C. 5 M NaOH (5.02 g, 125.5 mmol) is slowly added
and the mixture stirred for 10 min followed by heating to 80 °C for 2 hours. The solvent
is evaporated and the mixture is dissolved in a minimum amount of water. The pH is
adjusted to ~7.0 with 1 N HCl solution. The solution is extracted with ethyl acetate (2 x
300 mL) washed with brine, dried over sodium sulfate and evaporated to dryness. To the
crude material is added methy] #-butyl ether (300 mL) and 0.2% of methanol and the
mixture is stirred for 30 minutes. The resultant precipitate is filtered and dried under
vacuum at 48 °C to give the title compound as cream colored solid (24.0 g, 76%). 'H
NMR (DMSO-ds) 6 12.217 (s, 1H), 7.438 - 7.421 (d, 1H), 7.330 - 7.271 (m, 3H), 7.228 -
7.126 (m, 2H), 7.046 - 7.039 (d, 1H), 6.978 - 6.906 (m, 4H), 6.795 - 6.781 (d, 1H), 5.213
(s, 2H), 3.972 - 3.928 (m, 1H), 3.788 (bs, 2H), 2.945 (m, 2H), 2.608 - 2.589 (d, 2H),
2.422 (m, 2H), 2.107 - 2.051 (m, 2H), 1.778 - 1.772 (s, 3H), 1.233 - 1.148 (m, 2H).

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

Example 1(Method A)

[[2-
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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
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Results of studies using transgenic mice over-expressing the human GPR40 gene
under control of the insulin II promoter recently reported by Nagasumi further support
that GPR40 plays an important role in the regulation of GDIS and plasma glucose levels
in-vivo, especially in rodent models of insulin resistance. Nagasumi K, et. al.,

5 Overexpression of GPR40 in pancreatic f-cells augments glucose-stimulated insulin
secretion and improves glucose tolerance in novmal and diabetic mice Diabetes 58:
1067-1076, 2009. See also, Briscoe CP et al. The orphan G protein-coupled receptor
GPRA40 is activated by medium and long chain fatty acids, Journal Biological Chemistry
278: 11303 — 11311, 2003.  These findings further support that the development of new

10 GPR40 modulator compounds may be particularly desired for use in the treatment of

T2D.

Calcium Flux Primary Assay

The compounds exemplified herein are tested essentially as described below and
15  exhibit an ECsg 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
calcium levels that results when a ligand binds and activates GPR40, thus demonstrating
the potency and efficacy of GPR40 agonists. HEK293 cells over expressing the human
GPR40 ¢cDNA maintained in Dulbecco’s modified Eagle’s medium with F12 medium in

20 3:1 ratio supplemented with 10% FBS and 800ug/ml geneticin at 37 °C and 5% CO; are
employed for the study. Agonist assays are performed using a Calcium 4 Dye assay kit
(Molecular Devices) in the presence (0.1%) or absence of fatty acid free BSA in the assay
buffer (1X HBSS (Hank’s Balanced Salt Solution) & 20 mM HEPES (4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid). Receptor activation is measured as an

25  increase in intracellular calcium using the Fluorometric Imaging Plate Reader (FLIPR).
Maximum change in fluorescence over the base line is used to determine agonist
response. ECsg (effective concentration at half the maximal response) value of the
compound is calculated using Excel Fit software (version 4; IDBS) by plotting
concentration vs relative fluorescence units (RFUs). Percent efficacy is calculated based

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

acid. The test compound of Example 1 has an ECsg of 114 +/- 93 nM with 91 +/- 9%
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efficacy when examined in this assay. These results further demonstrate the desired

potency and efficacy as GPR40 agonists.

Glucose Dependent Insulin Secretion (GDIS) Assays

5 Because activation of GPR40 is known to result in insulin secretion which is
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

10 cells are maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) containing non-
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 pl 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

15  cells followed by the addition of compounds in the presence of a high concentration of
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
200 g (gravitational force) for 3 minutes. Insulin is assayed using a Mercodia Insulin
estimation kit. Addition of Example 1 at 1 uM plus 25 mM glucose to the Min6 cells

20 resulted in a statistically significant, two-fold increase in insulin secretion compared to
that achieved with 25 mM glucose alone.

GDIS assays using primary rodent pancreatic islets of Langerhans are also used to
characterize exemplified compounds. Pancreatic islets are isolated from male SD
(Sprague Dawley) rats by collagenase digestion and Histopaque density gradient

25  separation. The islets are cultured overnight in RPMI-1640 medium with GlutaMAXn
(stabilized, dipeptide form of L-glutamine (Invitrogen catalog # 61870-010)) to facilitate
recovery from the isolation process. Insulin secretion is determined by a 90 minute
incubation in EBSS (Earle’s Balances Salt Solution) buffer in a 48-well plate. Briefly,
islets are first preincubated in EBSS with 2.8 mM glucose for 30 min and are then

30  transferred to a 48-well plate (four islets/well) containing 150 pl 2.8 mM glucose and
incubated with 150 ul of EBSS with 2.8 or 11.2 mM glucose in the presence or absence

of test compounds for 90 minutes. The buffer is removed from the wells at the end of the
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50ver expression of GPR40 in pancreatic /3-cells augnents gl ucose-stimul ated
insulin exemplified herein are tested essentially as described below for PPAR binding and

generally have binding values greater than 1000 nM with 10 uM concentrations of test
compound and are thus considered negative for PPAR activity.
Binding affinities of compounds for the PPAR o, 8, and v receptors are assessed

15  using Scintillation Proximity Assay (SPA) technology. Biotinylated oligonucleotide
Direct Repeat 2 (DR2) is used for binding the receptors to Yttrium silicate streptavidin-
coated SPA beads. PPAR o, 6, v and retinoid X receptor (RXR) a are over expressed in
HEK?293 cells, and cell lysates containing the specific receptors are used in the individual
assays. The DR2 is attached to the SPA beads over a 30 minute period in a binding

20 buffer containing 10 mM HEPES pH 7.8, 80 mM KCl, 0.5 mM MgCl,, | mM DTT, 0.5%
3[(3-cholamidopropyl)dimethylammonio]-propanesulfonic acid (CHAPS ), and 4.4%
bovine serum. The cell lysates are incubated in each well with one of 11 concentrations
of compound in the presence of a radio-labeled (~0.033.8 nCi *H) PPAR o/8 dual agonist
reference compound for the alpha and delta receptor assays and a radio-labeled (~0.037.3

25 uCi*H) PPARy agonist reference compound for the gamma receptor assays, 110.3 pg of
Yttrium SPA Streptavidin coated beads, 0.126 nM HD Oligo DR2, and either 0.3 pg
PPARg with 0.5 pg RXRa, 0.5 ng PPARS with 0.5 ng RXRa, or 1.25 pg PPARy with
3.03 pg RXRa in the binding buffer above plus 14% glycerol and 5 pg of sheared salmon
sperm DNA. Non-specific binding is determined in the presence of 10,000 nM of the

30  unlabeled PPAR o/6 dual agonist reference compound for the alpha and delta receptor

assays and the PPARy agonist reference compound for the gamma receptor assay. The
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the 15cells tlfaostfbctm.dmgeﬂm whiea akds:lmﬂlcmnalmrhg hmifq:r@a@md@rtbmﬂl\ffedmreebeﬁ@éﬁbf a high
concentrati h . for 2

nour s, A 1 el 4y s RRG: s TRol ol B Bpe) TACGRR AR Bty
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CGDI S assays U (fsﬁ(gtog)ﬁgp rpgvr[ §01 dléﬂén{]mtzﬁ%rg ‘ea Sl(i:rr%q‘gr et comPouElgﬁnu%?fa%s are al so
used to chardictieri Aéexebéfehnmis nﬁculﬁadiomozﬂhommdmndsl?&tﬂe m(eajtsbd:andsih(ﬂ]feﬂls@.r e isol ated
R e A T
RPM - 16400 n¥dicdm a/\ﬁom’rpafélmte&mvégmﬁcstmdmmlm Beckmich Ef%pt/alﬂhe T sxofuh- gl ut am ne
brocess. 1 ndarrh LU el oy By By R R M S T Epss|
(Earl e' s Balaanpgsprial RngdhlthBﬁereth(foﬁipomﬂﬂl alodBactieddl agrivadod.of BPARE) y, 1slets
are first preincubated in EBSS with 2.8 nmM gl ucose for 30 mn and are then



30transferred to a 48-well|l plate (four islets/well) containing 150 jil 2.8
nmM gl ucose and i ncubated with 150 pi of EBSS with 2.8 or 11.2 nmM gl ucose in
t he presewmoeoaroéatssence of test conpounds for 90 m nut e®CTise0lo0sT38y i s
renoved fromthe wells at the end of the 39 incubation and assayed for
insulin levels using the Rat Insulin ELISA kit (Mercodia). In this assay
system admnistration of Exanple 1 at different concentrations results in
a 2- to 4-fold increase in insulin conpared to that achieved with 11.2 nM
gl ucose alone. 5Selectivity assays: Perbxisome Proliferator-Activated
Receptor (PPAR) a, 6, and 7 Binding and Functional Assays: Because GPR40

cxan ned i n BRAR" PBBKRS, Skt BRARF OPRUIG! SRt FPGRAT PELGR 010 ©o

det erlrri Pe g hﬁa sethegletinit PyAmtca-ax@mﬁdnf (iClefiﬁ) C@Wﬁﬁﬂd&aﬂsﬁfescgfiaﬂ&o%/@o”pounds
exenplifie erein are test essent | as dgescribe el ow faor PPAR

bi ndi ng and 'GEh&FErTY SHROE Bt TG ide gf}uggftaéfpld@%é%aﬁe@éf KW th 10 i uM
concentrati apsre@f test conpound and are thus considered negative for PPAR
activity. Binding affinities of conpounds for the PPAR a, 6, and 7

recept ors are assessed 15usi ng Scintillation Proximty Assay (SPA)

t echnol ogy. Biveld Hijit=ayadupkiiganaucleat Tdrrdtd st (IRgpRat 2 (DR2) is used for

binding the receptors . to Yttriumsiljcate streptavidi ncoated SPA beads.
PPAR a, 6, 7 andElP SR the ity e ‘B‘F@PL% P%u"ggté’ BVt @@‘S@é&%& i n HEK293
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conmpound f ori.pt)h8lcal ghiaosaideld eletdaterneiaeiitot tall dRaySalendt @, 37, PPAR7amgigoni St
reference conpound, f or a recepto ssay. The 40 bi ndi reaction
(200 o1 per TRA e eheiehl Faf Hepe far g T 8 M THETBACEIT or 0 h
and coumtoed lekiesi Mhepibat ladvsPedcuiion piofit: {apry) tor-6a mitéis hsd tMntizeiletna.
Receptor binding. affinit 0 r . th 0 nds is determned hy fitting
o T poi nt Csadud i e Ro e Beubol SRTRCING B AR T o
equat i on. Kifronsthel € ditane thefcompaitnde wltiCEpedtsib g AT heveblhengedpr T&s @ftf
equation and Kd determ ned.by saturatio indi ng. For the conpound of
Benmpl o1 8P B SR Eh T nbanho o P s e BTRAG acsays
Wi t h concentis alninissred pt 10ang/kk. tNdMonddatstjontdfi heasmpydd 8 EExahpid horhier ei n support
t hat the conpaund of Exanpl sel ectivel y activat.es R40. whi l e .avoi di ng
e undes r d PR e cleal Ry i oo B e e Pyt s My e
general | y gr@&aR dn cotast, Ji0cokd M dlodre si@ fidatlPRMered sothaliats3, 1I9uppoamtiling t hat t he
conpounds avoid PPAR .acti vit i.le providing the desired_ GPR40 .activation.
Gt PPaRe. T BRARR: i BRRRE Pl P AT SRR LSS AT 675 so used
to nonitor tpomt selvedt(. ,iot3y 1.0f ané3dmu/kd deek o drepompasd oChangdd 1 & thatdi, ch ar e

derived from.the renal tissue of an Afric reen nkey, .are transfected
With vari OU?OT eg@ 6‘6% tmcl)rllutea tﬁlae pots. {"he positive Lo s n%ecantf{/[iowergd glucose levels
30  atthe 30 and 60 min. time points. The EDs for the compound of Example 1 based on

AUC:s for glucose lowering is 0.21 mg/kg. In this study, insulin levels were significantly
elevated at the 3.0 and 10.0 mg/kg dose of the compound of Example 1 which is



15 reporter plasm ds using Fugene. For the Gal4 PPARa and PPAR6 assays, a
reporter plasmd containing five tandem copies of the yeast transcription
protei n GO40respase el enent, cloned upstream of a fireCryustmoiofBssase gene
driven by the major |ate pronoter of adenovirus, is transfected together
with a Siman Virus 40 (5v40) driven plasm d constitutively expressing a
hybrid protein containing the Gal4 DNA bi nding domain 20 (DBD), and either
t he PPARa or PPAR6 |igand binding. For the PPARy assay, plasm ds encodi ng
PPARy and RXRa, both driven by a cytonégal ovirus (CW) pronoter are
transfected together with a plasm d containing |uciferase reporter cDNA

driven by the TK pronoter.an receptor. respons | enen X PPRE). Cells
aretranst edvrmhbseieePRAET T SRR Brel e Sl enbo,

char coal - st raf pPRdo FBE&amiild Eekadno Gmerningliiab2ki aftiabat i on, transfected cells
are trypsinized, plated in opaque 96 well dishes (15,000 cells/well) in
DVEM nedi a contai ni ng 5% charcoal -stri pped FBS, incubated for 4 h, and
exposed to 0.17 nMto 10 ti M of test conpounds or reference conmpound in
hal f logdilutions. After 24 hours incubation with conpounds, cells are

| ysed and luciferase activity is determ ned as a neasure of receptor
activation by lum nescence. Data are 30 fitted to a four paraneter-fit

| ogi stics nodel to determ ne EC50 val ues. The naxi mum percent stinulation
is determ ned versus maxi num stinul ati on obtained with 10 ti M of an
appropriate PPAR agoni st reference conpound. No functional activation of
PPARa, 41 PPAR6, or PPARy is detected with the conpound of Exanple 1 when
examned up to 10 iuMin the specific PPAR co-transfection (CTF) /

functi onal assays described above. Thus, the assay supports that the
exenplified conpounds avoi d PPAR agoni st activity, as desired. 5 In Vivo

Ef fi cacy: Intraperitoneal d ucose Tol erance Test (IPGIT) To exam ne
the ability of exenplified conmpounds to activate GPR40 in-vivo resulting in
anti-diabetic efficacy, i.e. an increase in insulin and reduction in

gl ucose levels, a 4-day intraperitoneal glucose tolerance test (ipGIT)
study is conpleted with 10 each conpound tested in the |IPGIT. Mal e
Bal b/c (Al bino mce) mce (8-9 weeks of age) are single housed and fed with
normal rodent chow diet and water ad libitum Aninmals are wei ghed and
random zed by body wei ght and daily body weights are recorded. Upon study
initiation, animals are dosed once per day orally for three days using a
formul ati on carrying 15net hyl cel | ul ose and tween-80. On the night before
the 4-day I PGIT study, animals are fasted overnight in clean cages. On the
norning of the IPGIT (Day 4), animals are dosed orally with conpound or
vehicle alone 60 mnutes prior to the IPGIT (glucose 2g/kg, i.p.). Blood

gl ucose levels are determned fromtail bleeds taken at 0, 3, 7, 15, 30,
and 60 mn after glucose challenge. Plasnma is isolated and used to estimate
respective insulin 20 | evels. The bl ood glucose excursion profile fromt=0
to t=60 mn is used to integrate an area under the curve (AUC) for each
treatment. Percent |lowering in glucose is calculated fromthe AUC data of

t he conpounds with respect to the AUC of vehicle group. The test conpound
is orally admnistered at 0.1, 0.3, 1.0, 3.0, or 10 ng/kg, and a positive
control is admnistered at 10 ng/kg. No concentration of the conpound of
Exanple 1 or the 25positive control significantly | owered glucose | evels at
the 3 mnute tine point during the GIT. In contrast, glucose |evels are
significantly lowered with the 0.3, 1.0, 3.0, and 10 ng/ kg doses of the
conpound of Exanple 1 and the positive control at the 7 mnute tinme point
and with 0.1, 0.3, 1.0, and 3.0 ng/ kg doses of the conmpound of Exanple 1 at
the 15, 30, and 60 minute tinme points. The positive control significantly

| ower ed gl ucose levels 30 at the 30 and 60 mn tine points. The ED50 for

t he conmpound of Exanple 1 based on AUCs for glucose lowering is 0.21 ng/kg.
In this study, insulin levels were significantly elevated at the 3.0 and
10. 0 ng/ kg dose of the conpound of Exanple 1 which is 42 consistent with
activation of GPR40. The results of this study denonstrate that activation
of GPR40 by Exanple 1 leads to in-vivo anti-diabetic efficacy. or a
pharmaceutically acceptable salt thereof;



S5wherein: Rl is selected fromthe group consisting of HH Fand d; R5 is H
or -CCCH3; X is selected fromthe group consisting of -CH2CH2-, -CH=CH,
and - N( RVPCHR/066BOR7 i s sel ected fromthe group consi sPtcmgisedioismag

C _3alkyl; Z is selected fromthe group consisting of -C(R3)- and R3 is
selected fromthe group consisting of H OCH3, and CH3; Z2 is selected from
the group consisting of -S- and -0-; Z3 is selected fromthe group
consisting of -C(R4)- and 15R4 is sel ected from the group consisting of H,
OCH3, and CH3; and wher el n at | east oné3sel ected fromthe group consisting

of Zi and Z3 is -C(R3)- 2. A conmpound or salt thereof as
cl ai med by H?B%‘ V\/nerei n Rl is H 3. A conpound or salt
t hereof as cl'a by any one of Cains 1 through 2 20 wherein R5 is - CCCH3

4. A conpound or Isal tAtémpoand ofase olmilred by C aim 3 wherein the conpound is

the S isomer. 5 A corggound or salt thereof as clainmed by daim1l

wherein Rl is F and R5 i A corrpound as claimed by any one of C ains

1 through 5 wherein Z2 i -( 4z7—2, @oolﬂ nd or salt thereof as
reo?

wherein R3 is H or CH3. \ih?m'u hereof as wherein Z3
is -C(R4)-. 510. A conpound or sal A conpound or salt
t hereof as wherein X is -CHCH. claifred by any one of Clains 1 through 7
or a pharmaceutically acceptable salt thereof;
5 wherein:
R is selected from the group consisting of H, F and Cl;
Rs1s H or -C=CCHj;
X is selected from the group consisting of —CH,CH,-, -CH=CH-, and
-N(R7)CH»-;
10 R7 is selected from the group consisting of H and C,_salkyl;
Z, is selected from the group consisting of -C(R3)- and —N-;
R; is selected from the group consisting of H, OCHj3, and CHs;
7, is selected from the group consisting of -S- and -O-;
73 is selected from the group consisting of -C(R4)- and —N-;
15 R4 is selected from the group consisting of H, OCH3, and CH3; and

wherein at least one selected from the group consisting of Z; and Z3 is —C(R3)- or

~C(R4)-.

2.
3.

A compound or salt thereof as claimed by Claim 1 wherein R; is H.

A compound or salt thereof as claimed by any one of Claims 1 through 2

20  wherein R5 is -C=CCHj;.

4.

A compound or salt thereof as claimed by Claim 3 wherein the compound

is the S isomer.

5. A compound or salt thereof as claimed by Claim 1 wherein Ry is F and Rs
is H.
25 6. A compound as claimed by any one of Claims 1 through 5 wherein Z; is
—-S-.
7. A compound or salt thereof as claimed by any one of Claims 1 through 6

wherein Z; is -C(R3)-.



clainmed by any one of Clainms 1 through 8 clained by Caim9 wherein R4 is
H clainmed by any one of Cains 1 through 10 12. A conpound or salt thereof
as cl ai resolryiamey1sone of Clains 1 through 10 wherein X PSTAINQOIRDFBHR- .
1013. A conpound or salt thereof as clainmed by Caim12 wherein R7 is CH3.
14. A compound as clained by any one of Cains 1 through 13 wherein the
conpound is a pharmaceutically acceptable salt. 15. A conpound of the
formul a 150r a pharnaceutical l'y accept abl e salt thereof 16. A
pharmaceuti cal composition conprising &4pharmaceutical |y acceptable carrier
and at | east one conpound as clainmed by any one of Clainms 1 through 15 or a

phar maceuti cal | y acce tabl £ of . . 17. A phar eut i cal
Gomposi tion as oba 3 BeRG FRimednpy srdhyRIRRo fien
phar maceut i ozaiereaglemHorcm 18 A nmethod for treating diabetes in a mamal
corrprlsmgthesep%admn teri,n o the mal a ound as .cl ai ned by
2y one of Q ai Ol &' B el & ladbed PR prS SRR MR 8P 5 ¢
t her eof . wheretfZ; if(tRppound as cl ai med by any one of CI ainms 1 through 15
or a 25pharmaceut | cal ccep tab salt thereof  for gler apy.
20. A compound as’ci e TGP e Sbh ST Bt B
p_har maceut i cal | ylaccetpbcah);ioand;ai shlt theepeifcldioed hysay bt dfftdaiing ¢ atromhtl 0 of
di abet es. wherein X is -CH=CH-.
12. A compound or salt thereof as claimed by any one of Claims 1 through 10
wherein X is -N( R7)CH;-.
10 13. A compound or salt thereof as claimed by Claim 12 wherein R is CHs,.
14. A compound as claimed by any one of Claims 1 through 13 wherein the
compound is a pharmaceutically acceptable salt.

15. A compound of the formula

(:8 [
OH

o
Ll > |
15 or a pharmaceutically acceptable salt thereof.

16. A pharmaceutical composition comprising a pharmaceutically acceptable
carrier and at least one compound as claimed by any one of Claims 1 through 15 or a
pharmaceutically acceptable salt thereof.

17. A pharmaceutical composition as claimed by Claim 16 further comprising

20 another pharmaceutical agent.

18. 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 15
or a pharmaceutically acceptable salt thereof.

19. A compound as claimed by any one of Claims 1 through 15 or a

25  pharmaceutically acceptable salt thereof for use in therapy.

20. A compound as claimed by any one of Claims 1 through 15 or a

pharmaceutically acceptable salt thereof for use in the treatment of diabetes.



