WO 2011/ 094008PCT/ US2011/ 000153 PROCESSES FOR THE PREPARATI ON OF
(R)-2-(7-(4- CYCLOPENTYL- 3- ( TRI FLUOROVETHYL) BENZYLOXY) - 1, 2, 3, 4-
TETRAHYDROGYCLIGRENSARI NDOL- 3- YL) ACETI C ACI D AND SALTS THERESES/0611ELD OF
THE | NVENTI ON  PROCESSES PORSEHE PREBFARA DION OFYRE-3-(7-04-0YTIGBESTYNE-

i nternedi ates useful int r i f

(R -2-(7-(4-cycl opentyl- é{]{%{ﬁr‘?‘?ﬁfﬁ%ﬁﬁﬁﬁﬁ%ﬁlﬁmwﬁﬁ 3

, 4- t et r ahydr oc i TH2EMY PROCS] CLOEBNF AYBANDUILC3-3T) ACETIEACID ANDISALTY sal ts

t hereof, an S1P1 receptor nodul ator t?%@useful in the 10treat nent of

SIP | receptor-associated disorders, npl e, di seases and di sorders

nmedi at ed by | ynphocytes, transplant rejection, autoi mmune di seases and

di sorders, inflammatory di seas d disor e.g., acute and chronic

i nflanmatory conditi on>s/), cancglfl,ﬁ‘i}ﬁgdu ﬁ%&“@ﬁar acterized by an

underlyi ng def ecthd ]j’ies\éﬂSﬁ?\g:hﬁdSn ﬂerzltelegﬁ:brb(}és@lé adigerrdd@t 3 USETI iﬁfﬂﬁd)_rép;aiahon of

angi ogenesi s, suc S thol ogic (e.g,, a occyr inin tion,

o devel GBIt oS L DRe O K C DR G g TR TG

S1P1 recept Dy)agadicsd @f_m@ﬁf? apsr ssfm%&eéfgs}nm?ﬁ e&ceptet mb@A@ér that is useful in the .

I rmunosuppressive, _anti-inflamuatory, and/ or henostatic aclLivjties, e.qg.

ViTtue 101 nBement PHE T eaeBoyREoT e JHQseh T crOuE SetEs PR TARBHRAES i n

Z econgar yI I wmgh@i%%yfeh,aﬁu@%m Rfdtion, a@tﬂiﬁaﬂfﬁg ﬂgea\éae?e&:dhétbrd:eﬁli @@4rhinjtory diseases
ccordin , Sl recept or ni sts. can be useful as i nos ressive

agents f gr yaa"td disorders (gt g‘i“rtﬁﬁﬁ’ﬁgg‘iﬂ’f“é’é%\%aé‘gmé‘?m cofdiang)eagcer; Ica‘hﬁﬁ‘{)”ér y

di seases anghadliceardddyin @Bddlying@efitein andulahin@ ity of bl REWBSQ4d witindi ti ons),

transpl ant rejection, cancer, aﬁlqlor condi ti ons thaﬁ have an un erlgi nrg

defect in vARZASERESISSYhag Py {‘?e BINQIAEE (5 s ¥ Gequn BT PR oYy MR EHEYPReE L ch

as nmay 1be 253akHetdselgiosis €. 9., as may occur in inflammation, tunor

devel opnent, and atherosclerosis) with fewer side effects such as the

i npai rment of imMune responses to system c infection. The

sphi ngosi ne-| - phosphat e (S| BACKGROWND OF PHEANVENTION a fam |y of G

pr ot ei n- coupl ed égﬁ:e tors contahi nign% g@seven-transrrenbr ane domai.n. These

receptors, referPudd [FEPIRE aggnisisihaygbasp srowrktg ppssess gt least [PRrmURosPRTISaLs, apt-

((JI:L ffer ent: atn&l@xlﬂphnﬁﬁﬂe allﬁcﬁD(E):_ mF)Q@tﬁﬂicR {cfVitids, gﬁfby 6%&5 égﬁxogglglg*ngaguk&cyté &Sﬂﬁeﬁhg,\éel y;
un et_al ., ar maco I cal. Revi ews, .. - , ,.. are activated via

bi ndi ngd®by EIHTSIFGHE fm&gg%%£&ﬁ%%w lmpla%g Pisuiirﬂtﬂ‘@esﬂl% ng ﬁaéC@ffHPtﬁg&-i ne

ki nase- cat ahyaedingi a5 phedcyptart dgbiistd tanseuis¢TOIas iM@undslipprdssive df24ts fomud 1624tPS

receptors activate 9 but agtﬁpﬁq _.\/\ﬁereas S1P2 an d51P% receptors activate

both G and¥fmmie dseases and disprders, Itlapmegy dissesesans ISOREEESr 24 %8 donds t o

an agoni st Wirbdic aflami@foSASoRditiond) Ntahadal kdjdcaén, ealcer, bif/orZohditiohs &t Bivetahe

rowi ng demand for S1P]l agonists useful in the treatnment of S1pP1
g 9 underlying defect }n va%cu arsmtegnuty or tﬁat are assocgted wiﬁ] anglrc])genesis such as may be

25 pathologic (e.g., as may occur in inflammation, tumor development, and atherosclerosis) with

fewer side effects such as the impairment of immune responses to systemic infection.
The sphingosine-1-phosphate (S1P) receptors 1-5 constitute a family of G protein-

coupled receptors containing a seven-transmembrane domain. These receptors, referred to as
S1P1 to S1P5 (formerly termed endothelial differentiation gene (EDG) receptor-1, -5, -3, -6, and

30 -8, respectiVely; Chun et al., Pharmacological Reviews, 54:265-269, 2002), are activated via
binding by sphingosine-1-phosphate, which is produced by the sphingosine kinase-catalyzed
phosphorylation of sphingosine. S1P1, S1P4, and S1P5 receptors activate Gi but not Gq,
whereas S1P2 and S1P3 receptors activate both Gi and Gq. The S1P3 receptor, but not the S1P1
receptor, responds to an agonist with an increase in intracellular calcium.

35 In view of the growing demand for S1P1 agonists useful in the treatment of S1P1
receptor-associated disorders, the compound (R)-2-(7-(4-cyclopentyl-3-



receptor-associ ated di sorders, the compound (R)-2-(7-(4-cyclopentyl-3- WO
2011/ 094008PCT/ US2011/ 000153

(trifl uorwoebtwdoyiwenzyl oxy) -1, 2, 3, 4-t et rahydr ocycl opent afbjuisadoe@sypaceti c
aci d of Formifldrdnetyl)berzgloxOrie, B ddetabydncyiclopatd[Bliidon®w)setipatideol; Fosaela PCT
pat ent appljication, Serial No. 5PCT/US2009/ 004265 hereby incorporated by
reference iNYits enti rety. Accordingly, new and efficient routes leading to
(R -2-(7-(4-cycl opentyl- 3- i f1 uoronet hypbenzyl oxy)-1, 2, 3, 4- .

t et rahydr ocycl opent a[ b] i no S cetic acid of Formula (la), salts, and
internedi ates rel ated thereto eeded. The ocesses and corrpounds
descri bed herein help neet ghesgsand Staet o0 SUMVARY OF THE

| NVENTI ON The process%s and inter S “of ¢bgi present invention
are useful in preparing (R)-2- \
(7-(4-cycl opentyl-3-(trifluoronet hypben ia/ oxyH 1, 2, 3, 4-tetrahydrocycl opent a
[ b] i ndol -3- yflacetic acid of Fornula (I

(R-2-(7- (%8 ¥§1L:1%9@5§ta¥1lm or(a‘hf hefwl dpRORE, Badl ﬁdqeﬁlze\ﬁ &)é}ﬁa'tﬂm %}eﬁal‘}\'lo

15t et rahydr ocycl 0 enta i ndol- 3-ypacetic acid of Formula IS useful in
t he treat nePEl/B82 9/Qﬂi 6r5é@eebr Worazgéa&éubatr%faremegwﬁww s%fewdag Y, p6#dasi s

and mul ti pl &siehesR&1&diBME (R)2-ALECYa B (RdloRakeRhbaRRbkHatl pn  Seri al
No. PCT/ U52009/ 004265 glr%e é/)l n((zo(r grgfeggﬂ ( reoerenge) in |t}§ entirety. One
aspect of t¥Eahyfwseaiepentatbdin ql'érﬁ’l}aéff“&ta% of Bow@dé@s@éts andintermedisterclsicds t hat
are useful g0kp R QR&G P frhRsdes MdioRipBEndS AkderiBdd herein help meet these and other

(R -2-(7-(4-cyclopentyl-3-(trifl uororret hypbenzyl oxy) -

1, 2, 3, 4- t et #&AY dr ocycl opent a[ b] i ndol - 3-ypacetic acid, the salt which was
found t1p be surprisingly and unexpectedly different from what was
previously reported in PCT patent a Ilcatlon Serial No.

PCT/ US2009/ 004265. THEMM FMY@?&TI&%W des, inter alia,

processes for perb&%eg%dhn@ﬁ%dmt&%f ﬁfélp'ires%t invention are useful in preparing (R)-2-
25(R)-2-(7-(4-cycl opentyl-3-(trifluoromethypbenzyl oxy) ; ZF tetrahydrocy

cl opent a[ b] r(dzﬂyclspengybédﬁtﬂuemmsﬂw)wzrﬂamw’ 3 He&)ahydrocyeleﬁwq[@mﬁigl the

fol | oW ng s}{1€Rstic acid of Formula (Ia). (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-
15 tetrahydrocyclopenta[b]indol-3-yl)acetic acid of Formula (Ia) is useful in the treatment of S1P1

receptor-associated disorders, such as, psoriasis and multiple sclerosis, and is disclosed in PCT
patent application, Serial No. PCT/US2009/004265 hereby incorporated by reference in its
entirety.
One aspect of the present invention relates to processes and intermediates that are useful
20 in preparing the L-arginine salt of (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-
1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid, the salt which was found to be
. surprisingly and unexpectedly different from what was previously reported in PCT patent
application, Serial No. PCT/US2009/004265.
The present invention provides, inter alia, processes for preparing an L-arginine salt of
25 (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-

yDacetic acid of Formula (Ia):

OCU@p
,,/COZH

Fa

(Ia)

comprising the following steps:



WD 2011/ 094008PCT/ US2011/ 000153 a) cross-coupl i ng bronopentane with a

conpound of Fornula (Ha): LA F3C (Ha) wherein LG is selected from

t he groupwoansivmgiong of Cl, Br, |, TfO and TsO, in thePpraseneso@ss

5i ) el enent ad) nageresicanpling bromopetare vaith Fe@npatial ofFormula (Tfa)a

cross-coupl i ng-step solvent; and ;, 1Vv) a cross-coupling agent; to
form 1-cycl opentyl-2-(trifl uoronethyl) (Formula (Hb)): F3C 10(Hb);
b)reacting 1-cyclopentyl-2-(trifl uoronﬁp@enzene (Formula (lib)) with
1,3,5-trioxane in the presence of an &s¢ nd a chlorinating agent, to form

4-(chl oronet hyl ) - 1-cycl opentyl-2- (trifleronet hypbenzene of Formula (lc):

15c)reacting a co of R, and R2
are each i ndepenﬁg%flf‘?fgcissfg ‘iﬂ%ﬁ}rl“ téeo?%pecogg}%mcogﬁg&&mﬁo \'ﬁ“{ﬁqlllféthﬁl trogen
atom t o whi ghsch&enf: are both bonded form a 5-nmenber or 6-nenber heterocyclic
ring, agd R3 is S:l C6 a

elemer}{al magnesium;

11) an Fe catalyst;
1i1) a cross-coupling-step solvent; and
iv) a cross-coupling agent;

to form 1-cyclopentyl-2-(trifluoromethyl)benzene (Formula (IIb)):

FsC
10 (IIb)

b) reacting 1-cyclopentyl-2-(trifluoromethyl)benzene (Formula (IIb)) with 1,3,5-trioxane

b

in the presence of an acid and a chlorinating agent, to form 4-(chloromethyl)-1-cyclopentyl-2-

(trifluoromethyl)benzene of Formula (Ilc):

Cl
FsC
(Ilc) )
15 c) reacting a compound of Formula (TIg):
RLN/RZ
@002R3
(ITg)

wherein R' and R? are each independently C,-C¢ alkyl, or R' and R? together with the nitrogen
atom to which they are both bonded form a 5-member or 6-member heterocyclic ring, and R’is
C,-Cs alkyl;

20 with a compound of Formula (IIh) or a salt thereof,

Ry, r:)\/
ONHNHZ,

(ITh)

-3-



20w th a compound of Formula (Hh) or a salt thereof, R4 R6 NHNH2 WO
2011/ 094008PCT/ US2011/ 000153 wherein R4, R5, and R6 are each sel ected
i ndependewol2911faoa0w8t he group consisting of H Cl-C4 al kpCT/uSke1@4o@bkoxy,
hal ogen, Cl-C4 hwhoehlR)IR’, fid-Rardmtioseldemr yndepamdeniytfroos the proiypeompistsgeerfd  of
an indol e-farpm I d, f.orm a o) r a (Lik): R4 r\" R5--L
R 50 r edit TR TG s AR R - Pl Bsh abd e o1

reduci ng- st ephegesehce cdaalindole dowongigid teeforrs atarhysing of BorfolardId): conpound of
Formula (I1j) or a salt thereof:_J5 e)al kyl ati ng the conpound of Fornul a
(HD or a salt thereof, with the A4.(chloronethyl)-1-

cycl opentyl-2-(trifluoronethy ene (Formula QRD, in the presence of an
al kyl ati ng-step 10base, and an ak 0} st bl vent to form a conpound
of Formula (HK): R® X COR?

H

Uy

5 d) reducing the compound of Formula (IIi) in the presence of a reducing-step agent, and a

2

reducing-step catalyst, to form a compound of Formula (Ifj) or a salt thereof:

HO
N\ CO,R3
N

H
(1)

e€) alkylating the compound of Formula (IIj) or a salt thereof, with the 4-(chloromethyl)-1-

ki

cyclopentyl-2-(trifluoromethyl)benzene (Formula (Ilc)), in the presence of an alkylating-step

10 base, and an alkylating-step solvent to form a compound of Formula (ITk):

Ojgyo
N
’ \
H

(IIk) )
) hydrolyzing the compound of Formula (IIK) in the presence of a lipase and a
hydrolyzing-step solvent to form (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-

tetrahydrocyclopenta[bJindol-3-yl)acetic acid of Formula (Ia):

?Cjijvo\(:[@/”
N
\

3 ", _CO,H
15 | (Ia) ; ; and
2) contacting (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-
tetrahydrocyclopenta[b]indol-3-yl)acetic acid (Formula (Ia)) with L-arginine or a salt théreof, in
the presence of a contacting-step solvent and H,O to form the L-arginine salt of (R)-2-(7-(4-
cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid
20 of Formula (Ia).



Ohydrol yzi ng the conpound of Fornmula (ilk) in the presence of a |ipase and
a hydrol yzi ng-step solvent to form

(R) - 2- (7-Wo-20n09eent y1- 3- (trifl uoronet hyDbenzyl oxy) - 1, 2C3/U42011/000153

t et r ahydr ocycl opBEnrtpadskit invdntonFuylita pelvides protedses for fpaapattir gpan(Il-acpinirkSalt of @d

contacting ) y ent rifl -1.2,3,4-

t et r ahydr océ@f(oﬁéﬁf’%%'%gﬁgﬁ &Qg‘ﬁ(z@o"é’@ll {?—Wdégc(y gy%tm'ﬁo%}ar gi ni ne
or a salt tyh)@écemfacldloﬁFdrhmlap(lzesence of a contacting-step solvent and H20 to
formthe L-arginine salt of—(R)-2-(7-(4-

cycl opentyl-3-(trifluorong | ) benzyl oxy)-1, 2,3 , 4-tetrahydrocycl openta

[ 13] indol-3-yDacetic acid of mul a (| a) WO

2011/ 094008PCT/ US2011/ 000153 Th cl esgnt opHf urt her provides
processes for preparing an ECargini ne 3 ¥
2-(7-(4-cyclopentyl-3-(trifluoronethyl)bepzy fcé)?’s" 4-t et rahydrocycl ope
nta[ b]i ndol -3- yflacetic acid of Fornula (la)¥, F C 5conprising the

foll owi ng steps: a)hydrol yzi ng the conp@iand off Formul a (ilk): wherein R3
is Cl-C6 al kyl; in the presence of a |ipase and a hydrol yzi ng-step

sol vent 5t o doopnsifg)he 2olfovar(gstapycl opent y1- 3-

10(trifl uor or w%d)o?fzquyt{w g%)po&ngofepogn&gr(ﬁgpydrocycl opent a[ b] i ndol- 3-ypacet

ic acid of
O
N

(k)

wherein R® is C;-Cs alkyl;
in the presence of a lipase and a hydrolyziﬁg-step solvent to form (R)-2-(7-(4-cyclopentyl-3-
10 (trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid of Formula
(Ia); and .
b) contacting (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-
tetrahydrocyclopenta[b]indol-3-yl)acetic acid (Formula (Ia)) with L-arginine or a salt thereof, in
the presence of a contacting-step solvent and H,O to form the L-arginine salt of (R)-2-(7-(4-
15 cyclopentyl-3 -(m'ﬂuoromethyl)Benzyloxy)-1 ,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid
of Formula (Ia). _
The present invention further provides processes for preparing (R)-2-(7-(4-cyclopentyl-
3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid of Formula

(Ia):
Ocrj\/ \©j@/
«, ~CO,H

Fa

20 (Ia) H

comprising the step of hydrolyzing the compound of Formula (TIk):



b)contacting (R)-2-(7(4-cycl opentyl-3-(trifluoromethypbenzyl oxy)-1, 2, 3, 4-
t et rahydrocycl opent a[ b] i ndol - 3-yDacetic acid (Formula (la)) with L-arginine
or a. sal twoherigofqgsi n t he presence of a contacting-stepprsoivseot/oamnd3 H20 to
formthe L-arginine salt of VY 2-(7-(4-
15cycl openty1-3-(trifl uorometNayp | oxy) -1, 2,3, 4-tetrahydrocycl opent a[ b] i
ndol - 3-ypacetic acid of Fornula ( present i nvention further
provi des processes for preparipg
3-(trifluoronethyl)benzyl oxy) - yche
ic acid of Formula (la): 20 = conprising p of hydrol yzing the
conpound of Forrmula (ilk): WD 2011/ 094003& / U$2011/ 000153 wherein R3
is Cl-C6 al kyl; in the presence of a li and a hydrol yzi ng-step
solvent to form 6 opent y1- 3-
(trifluoronethyp %?5 75(§AC%M&% 4-t et rahydrocycl opent a[ b] i ndol - 3-yDacetic
aci d of Forlnmﬂlea)r@@ﬁm)ofahhﬁe préskydrolyzmesien whveftip fhrar(Rp2 dHbeslopedrlelses for
preparing ; X IBEQRMRLI Si ng
Phe” ot ep-of (TR B SRR 4o R EL LR B Pl SHnReei¥heid

5 (Ia).

The present invention further provides processes for preparing a compound of Formula

(IIKk):

Fa

(Tk)

wherein R® is C,-Cg alkyl;
10 comprising the step of alkylating a compound of Formula (IIj):

HO .
N CO,R3
N

H
)

with 4-(chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene (Formula (Ilc)):

Cl
FiC

(Ilc)
in the presence of an alkylating-step base, and an alkylating-step solvent to form the compound
15 of Formula (I1k),
provided that the alkylating-step solvent is other than dimethylformamide (DMF), or
dimethylacetamide (DMA).
The present invention further provides processes for preparing a compound of Formula

(1):



with 4-(chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene (Fornula
(I're)): In the presence of an al kyl ati ng-step base, and an

al kyl ati ngyovapIs®Bvent to formthe conpound 150f For mulpaT(Uskéi)/000153

provi ded that the al kylating-stgg_s s ot her than dinet hyl f or mam de
(DMF), or dinethylacetam de (DWVA). enqx5@yention further provides
processes for preparing a conpound Rf mula (

2011/ 094008PCT/ US2011/ 000153 HO CO2R3 \where|n R3 is Cl-C6 al kyl ;
conprising the step of reducing a conpo of Formula (H): R4 r\- R6- R6

Swherein R3 is Cl-C6 al kyl; and R4, RS, R6 are;each sel ected
I ndependently fr FE qupa S|st|ng of H, Cl-C&4 al kyl, Cl1-C4 al koxy,
hal ogen, Cl-C4 h y CI- haloalkoxy, and nitro;
comprising the step of reducing a compound of Formula (IIi):
R4
RS‘_lT\ A
SO
R6 X, wCOR?
N
H
(1)
5 wherein R? is C;-Cs élkyl; and R, R’, and R® are each selected independently from the
group consisting of H, C,-C, alkyl, C,-C, alkoxy, halogen, C,-C, haloalkyl, C,-C, haloalkoxy,

and nitro;

in the presence of a reducing-step agent, and a reducing-step cétalyst, to form the

compound of Formula (ILj).
10 The present invention further provides processes for preparing a compound of Formula
(IIi):
R4
RS_'T} A
SO
R6 X C02R3
N
\
H

(1)
wherein R is C;-Cs alkyl; and R*, R®, and R® are each selected independently from the
group consisting of H, C,-C, alkyl, C,-C, alkoxy, halogen, C;-C, haloalkyl, C,-C, haloalkoxy,
15 and nitro;
comprising the step of reacting a compound of Formula (IIg):

Rl _R?
N

éﬁ‘cw

(ITg)

wherein R' and R? are each independently C;-C alkyl, or R' and R together with the nitrogen
atom to which they are both bonded form a 5-member or 6-member heterocyclic ring;

20 with a compound of Formula (ITh) or a salt thereof,



in the presence of a reducing-step agent, and a reducing-step catalyst, to
formthe conpound of Forrmula (11j). 10The present invention further

provi des woaorswe®sf or preparing a conmpound of Fornul a @HET)US2011/000153
wherein R3 is Cl-C6 al kyl; and Ra¢ R5, and R6 are each sel ected

i ndependently fromthe group conq/lrg\ ing of H Cl-C4 alkyl, Cl-C4 al koxy,

hal ogen, Cl1-C4 hal oal kyl, Cl - oR° 7I?Q{k y, 15and nitro; conprising the
step of reacting a conpound of E I ) 1:2,RR N CO2R3 (Hg) , wherein
R and R2 are each independentlﬁCl-CG al K or Rl and R2 together with
the nitrogen atomto which they are botfy onde"NBem a 5-nenber or 6- nenber
heterocyclic ring; 20with a conpound of Formula (Hh) or a salt thereof, WO

2011/ 094008PCT/ Ug2Q1ké8RQ b5 an iMdole-férmitgbachNH3rm a coripdub@ofF 2HERCHI)Of an
indole-formng acid, to form ound of For i

conp la (H ). The present
i nvention furthetheraetdnen E‘é%%@é""f Fprﬁf’eéi?é?‘?r PEFP. r-“(%:ﬁcakoa%%ﬂr*@-s- 1-
cycl opent y leyeropdnty L waneroidtypbenéand Rimfoma) a (Hc): 5 C

F3C c
5 (I1e) ;
comprising the step of reacting 1-cyclopentyl-2-(trifluoromethyl)benzene (Formula (ITb)):
C
ne
(11b) :
with 1,3,5-trioxane in the presence of an acid and a chlorinating agent, to form 4-
(chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene of Formula (Ilc).
10 The present invention further provides processes for preparing 1-cyclopentyl-2-
(trifluoromethyl)benzene (Formula (1Ib)):
e
(IIb)
comprising the step of cross-coupling bromopentane with a compound of Formula (Ila):
LG!
FiC
_ (ITa)
15 wherein LG' is selected from the group consisting of Cl, Br, I, TfO, and TsO, in the
presence of: ’
i) elemental maghesium;
i1) an Fe catalyst;
1ii) a cross-éoupling-step solvent; and
20 iv) a cross-coupling agent;

to form 1-cyclopentyl-2-(trifluoromethyl)benzene.

-8-



conprising the step of reacting 1-cyclopentyl-2-(trifluoronethypbenzene
(Formula (Hb)): F3C (Hb); with 1,3,5-trioxane in the presence of an acid
and a chlwoi2oatidmgsagent, to form 4- PCT/US2011/000153
(chl or onet hyl ) - 1TeymésepamtentorRfuftharipfdvides lemwht)'daémmoeitimis choprisih@(R) ) .

10The prese R re

I cyel bpent S S ATRLPR it bR RN B HES AL ERRER Al s SRR

conpri si ng Ylweetstagyd of Formrubsda)cougxalt igrdof-omopent ane wi th a conpound of
Formula (Ha): 15wherein LA js selected fromthe group consisting of O,
Br, I, TfO and TsO, in the gresence of: i) elenental nmagnesium ii) an Fe
catalyst Ii11) a cross-coupli sol vent; and 20|v)a cross-coupling
agent; to form 1-cycl opentyl-2- gt orone @ WO

2011/ 094008PCT/ US2011/ 000153 ' rENL 86 pf'urt her provi des
phar maceuti cal conpositions conprising (R N R
(7-(4-cyclopentyl-3-(ttifluoronmethypbenzyl oxy) - lh 2,3,4-tetrahydrocycl openta
[b]indol-3- yl)acetic acid of Fornmula (la)(apr a salt ther,eof:

5 and a pharmaceutically acceptable carrier, wherein (R)-2-(7-(4-cyclopentyl-3-
(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-ylacetic acid of Formula
(Ia) is prepared according to any of the processes described herein.
The present invention further provides processes of préparing a pharmaceuticél
composition comprising admixing (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-
10 1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid of Formula (Ia), or a salt thereof:

e,

%, ~CO,H

(1) H

and a pharmaceutically acceptable carrier, wherein (R)-2-(7-(4-cyclopentyl-3-

2

(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid of Formula
(Ia) is prepared according to any of the processes described herein.

15 The present invention further provides pharmaceutical compositions comprising an L-
arginine salt of (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-
tetrahydrocyclopenta[b}indol-3-yl)acetic acid of Formula (Ia):

e,

.,,_-CO,H

(Ta) H

and a pharmaceutically acceptable carrier, wherein the L-arginine salt of (R)-2-(7-(4-

2

20 cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[blindol-3-yl)acetic acid
of Formula (Ia) is prepared according to any of the processes described herein.
The present invention further provides processes of preparing a pharmaceutical

composition comprising admixing an L-arginine salt of (R)-2-(7-(4-cyclopentyl-3-

-9.



, band a pharnmaceutically acceptable carrier, wherein

(R -2-(7-(4-cycl opentyl- 3-
(trifluorwoebtwdoyienzyl oxy) -1, 2, 3, 4-t et r ahydr ocycl opent afibjusealoloeBsy| ) acet i
¢ acid of Reifmotameftygperizglopy)eihB.¢ detabpdiodiclogentablimipl-di/1)idete gridedsesla
descri bed h(e ein. The present invention further provides processes of
preparing a Bharnaceutical conposi tion conprising adm Xxi ng

(R -2-(7-(4-cycl opentyl- 3-
101, 2, 3, 4-tetrahydrocycl opeptsa
a salt thereof: and a pharnace al on accep
(R -2-(7-(4-cyclopentyl-3- r,c N
(trifluoronethyl)benzyl oxy) - 1 2,3,4-tet Adr oy ch.ofmHa b] i ndol- 3- yfl acet i
c acid of Formula (la) is prepared according™ o any of the processes

descri bed herein. 15The present inventi further provi des pharnaceuti cal
conpositions conprising an L- arginine Pt of ;

(R)-2-(7-(4; nﬁxg,'hg}ﬂﬁﬁ éebiaf)ﬂelé Qﬁ‘éﬁh@% i %‘D%ﬁ’gﬁr&ﬁ%@ah%f &a)%?-@-

i f1 uoronet hyl ) benzyl oxy) -
YNndol- 3-ypacetic acid of Formul a (Ia) or
--IeHcarrler wherein

t et rahydrocycl opent ace i C acl For nul - and a

phar mac&ut i walopgntd e n@eﬂl)'é)bmzeloxy}nheﬁéttﬁrafﬂmfow@Pg}tﬁbh!ebb%ﬂyi)a@tlc acid
(R)-2-(7-(4 Ia (1 d according to any of described h

20cycl opent yfogn t a gref?)rﬁe% cfz;f)negn(z)f/?yo?(y eprocesses 4escreter aﬁr;élr ocycl opent a[ b] i
ndol - 3-ypacetic Elmnyeselﬁt gnien fartliar gyovides m«m&n@demmtﬁ@lbhgmqf thgrfgrmpflact he
processes ?g&ﬁk@ﬁgmgerEIn The present invention further provides
processes of preparing a phar maceuti cal conposition conprising adm xi ng an
L-argi ni ne sal t 'Bife grepntanyentignfurthes peqyedes nggn;gnmds\mresented by any of the formulae
2011/ 094008 RCH k) Qé&’f i f h tical ition for freati
(trifluor orretg%‘ ?Eenzy g‘ 1,2, 3, 4-Yetr anydrocycl opent al b] I ndoi- 3- ypacet i ¢
aci d of For&ﬂﬂaﬂﬁpﬁyaﬁo%ﬁ @awﬁamnaeeﬁvﬁeally acceptabl e carrier, wherein

the L-arginine Sﬁlnet r9sfent(11|1?)engon(tzlrtflél= pr@?&ég l:o gﬁas%lprgsented b}é rtyl(sf the foxanulae

(trlfluoronethypbenzy xXy)-1, 2, ra ocycl opent
-yl ) acetic das¢ribedherpippraphrgd e¢caydni&t0pmeefathemoeﬁé@erieﬁcn@dtmreahy of the
processes descripgd, %@ﬁﬁh%mmn furth B%d%& as%&@iﬁhg@ by !a'ﬁ)l (l}*%ﬁe fgﬁﬁ}{ééjes
COprOUI’]dS repr esente y any of formul-ae descri her €i

pr esentl3i nvéaseribed hﬁemtpmﬂreépwr%toemnﬁdhmmgcqseprﬂes@ebﬂdé@reby ffaw§e iBfa t he
formul ae 10&‘8@&% %ﬁ%@gi}ﬁfg% tfifeltiS cbﬂg&t&m&%ﬁeﬁuﬁgoarn RAPEPREM GG sEociated

a
phar maceutical Itron for treatin recept or - associ at ed
di sorder i ndiggaderprianindiyigiual.

These and other aspects of the invention disclosed herein will be set forth in greater

detail as the patent disclosure proceeds.

20
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the effect of (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-
1,2,3,4-tetrahydrocyclopenta[bJindol-3-yl)acetic acid (Compound of Formula (Ia)) in the
Peripheral Lymphocyte Lowering (PLL) Assay after a 1 mg/kg oral dose in BALB/c mice.
25 Figure 2 shows the effect of (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-

1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid (Compound of Formula (Ia)) in the
Peripheral Lymphocyte Lowering (PLL) Assay after a 1 mg/kg oral dose in male Sprague-
Dawley rats.
Figure 3 shows the reduction of mean ankle diameter after 0.3 mg/kg, 1 mg/kg, and 3
30 mg/kg dosing of (R)-2-(7-(4-cyelopentyl-3-(tn'ﬂuoromethyl)benzyloxy)-1,2,3,4-
tetrahydrocyclopenta[b]indol-3-yl)acetic acid (Compound of Formula (Ia)) in the female Lewis

rat collagen-induced arthritis assay.

-10 -



The present invention further provides conpounds represented by any of the
formul ae descri bed herein prepared according to any of the processes

descri bedwbenaim4008he present invention further provi depCTarspaaiooss3
represent ed by dfiguref4 shores thorefiact a(R1-B3d@<4rydhpdntiie}-6riflupgrmphyl@gnatesy-di ng to
any of the € ' . her el o] g ' I fQr_preparing a
phar mceut | P e B RppRMBL Sy accliEheidiRulpBu EBEARE 0k in B 0O

di sorder i rexperimanthl witcieiune encephalobinedits @indE) ossheafteadpbodral dosing bE0.3 mgéagt 1 on

di scl d h i | ] f j t det ai | th t ent

i sol osur e TV Sk Bt epdighian SR B TN E ThE DRAWINGS Fi bure 1 shovs
the effect of (Rjigkre(SAhiws cpwidepXraydiffBacfion (PRI metten Koy [thede aginirgsyly of
1,2,3,/4-tet I N1 - 3- i i . I
() in RO BT B R REL BB DA RIS Hop o PR SRR Bl il @
oral dose iy)aBAkBtid (Goropun@sffqgmnk (B)shows t he ef fect. of

R) - 2- (7- (4- cycl tyl-3- (Leifly t . -

113, 8.t ot r oy B0 525t At AR KIERAY B0 inermomom 05 5L For i o
(la)) in thegiReesdtdi(R)-2-Uy@pdyoloptntylieiwdhiongneidbbinzAosalyl, 38 #er a 1 ng/ kg

i de 30 ametErouprER R R S VhEE il e SORMRMB LT r O"  T
(R) - 2- (7- (4- cyc| Bigeretisheds { theifidgryiroetet mahisis (G Abthyimograd) By the L-arginine salt
tetrahyd ' |- 3=yl ' id f F | @y [
L ety ooy open el BLbndole & 85 beasiy LTI, Gl ERbmBR) 1
2011/ 094008PIJdceiB2@id1(C0MPhHE of Fogmrda @a.hows t he effect of

(R -2-(7-(4-cyclgpentyl- 3- trifulru r t hyl oXxy) - PN (T
1,2,3,4-tetr ahyd‘?l g‘é'[}caf/oﬁ‘gﬁ gllf’bs |ehc?5‘? {Eg-ag%\é%sgftg?éxgc%%’hf ‘Els)arlrtpooféﬁ)dz 671‘ (4For mul a
(la)) ild t heyckrpeyli3ptmiwronztiybbemaylvey)ehz @ ghettabpdredyictopent{[Biidol-dydagetia hdidr
daily oral sing 0f- -0, 3 /[kg, 1 ng/kg, and 3 ng/kg fromday 3 to day 21.
5Figure 5 s@g)m Oadpoé\}:\ﬂrér}ul%?) y diffraction (PXRD) pattern for the
L-arginine salt of

(R -2-(7-(4-cycl opentyl-3-(trifl uo%gmm&b%s&@ﬁ?ﬂﬁ 1, 2,3, 4-tetrahydrocyc
(‘Conpound 0 or mu

| opent a[ b] i ndol-3- ypacetic acid a (la)). Fi gure
6 shows a di ff er €t predesssaninntagnediitesof thepregent BSS)tioner uselgl mrprdpering (R-2-

Lar gi ni,pe salt, of i i 1AL
(R)-2- C1- (A ET SRRy TS pome B S eR) et & iRy ooy clgpegiafolindol
t et r ahydr ocylcetpenidaff Bpinmdtoda)3nyg pasatdref d8)-2-(T-Gocppadyle- Formul a (la)).
Figure 7 sh e [ avi i,G_anak ysi : r r.am. t he
L- ar gi ni ne @n\;\ﬁ%o%‘%x%let ylﬁg&y xy)UEE,S,49tetrahytl'ir¥cyc?op&lz%ﬁ?m&o?—?-yﬁg tic amIi Bf Foriila
(R) - 2- ( 7- ( 4de)yis hsgfd it thd r&tfientiof B LRIrrecoptonyéspbistnd gikadey asldeBerded hereinmadhydr ocyc
| opent a[ b] i pdol- .3- I% etlc acid. dPL lLa)). .Fiqure .8
chows. a. ol SparEs B CE bR ol SERTN Rl R By bRy
15cycl @pent ylreBrdnte infitswotiretyet hyDbenzyl oxy) - 1, 2, 3, 4-t et rahydr ocycl opent a[ b] i
ndol - 3-yl )acetic acid
DEFINITIONS
For clarity and consistency, the following definitions will be used throughout this patent
document. _
30 The term “C;-C, alkoxy” is intended to mean a C,-C, alkyl radical, as defined herein,
attached directly to an oxygen atom. Some embodiments are 1 to 3 carbons and some
embodiments are 1 or 2 carbons. Examples include methoxy, ethoxy, n-propoxy, isopropoxy, n-
butoxy, tert-butoxy, isobutoxy, sec-butoxy and the like.
The term “C;-Cs alkyl” is intended to mean a straight or branched carbon radical
35 containing 1 to 6 carbons. Some embodiments are 1 to 5 carbons, some embodiments are 1 to 4

carbons, some embodiments are 1 to 3 carbons and some embodiments are 1 or 2 carbons.

Examples of an alkyl include, but are not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl,

-11 -



(Conpound of Fornula (la)). DETAILED DESCRI PTI ON The processes and

i nternmedi ates of the present invention are useful in preparing (R)-2-
20(7-(4 -wochopomiogl-3 - (tri fluoromet hyl)benzyl oxy) - 1, 2C3/US2011/000153

, 4- t et r ahy dsaseypll,opbntyh tdrditylj pmlq/],-isfbpentyll, keaeenty; neepaoitydf 1-FRethpibhitsl [(.k.a) and

??lr |t fsl Lgsgeﬁ%@ icfibc}w f%gélglgﬁty [efr aH GHGE y%? bCeHri’g él[}beﬁd agd fhe lk§:/pacet ic

acid of Fornul a Thaerm §Cu€ehalbalkoxyt’ Irsentkanc&atmm of:- (Slfﬁlpatl@l:epddmeabsmm at ed

di sorders as,descyl.i bed n_and as de

appl | cat on MG PR A e S A il 85 5 T Rk,

referende i mﬂlubrsmthbxy, ariflnorobiefHolxdy, DL TINSifluoroethofsg pemhfhmrQeyhoayl ahd:tbﬂhkes tency,
the foll ow ng de ntlo used rou hout t hi ent

30The term "Cl - Ctsr ha{ @,, Cw{%;l?iﬁltg‘endserc‘fe? n o (g&ﬁcé/f)%%vp, e eggfrel as
defined her @iherpmahetaakyrheokubhtmemm heoween ooxyag@enapmrﬁullﬁamsmawBMEmmllﬁr el

to 3 car bong bstntute§ %m& ﬁ:ﬂb alcflgyl cannbesre}%leseent]édg thte fonnugo(ﬂ?é,r %F%n E?s a{ }'Ql | ude

met hoxy, Y, SEBUt oxy,
sec- but oxy anrtbr‘nt Insel I21 :ker4 Whentreqsrmhaﬁ:bnﬂ&l@ek;slpfesbm tﬂmhﬂag;éadmbyobmhasam or

straig or an d.¢ ad| cal 35cont ai ni to 6.car ban
obod L RSB Bl U G et R AR d Sty Bepiio R JOB preB®
enbodi nent s flasre. sme@na)ommems g land caboks, sonrodhbvdimtentsarel  3onrtdncardizoms .

Exanpl es of a ed to |,

e propyt, i SOBRBmOTe ok Bt SPoon s B PEmsE bt PeseBondt b s Pliteasen o

i sobutyl, t @néromethyl dlﬂpemmyﬂhyl trifmpnteytlyl, chlerodifjnervmethyl, 223 -pdladrpkthyl,

1- net hyl but éﬁﬁgﬁ@ 2 eth 1 CHZCHZCHS] 2-met hyl butyl [i.e.,

- CH2CH( CH3) 1 i exy? and the |i ke The term "Cl-C4 hal oal koxy"
is interdded to nmBhateam ialGknhat ‘Gald’dyintendes to efeame fludrercblong, brumog br iodo
directly attached to an oxygen atom Exanples include, but are not limted
to, 5d|flu055n3thoxy, trifluoronethoxy, 2,2,2-trifluoroethoxy,

pent af | uor oet hoxyhatedn t‘higrof’ iskietended to medhveratiieal ot t'lﬁlferﬁ‘zmaha‘ﬂ(bﬁl kyI " s

i ntended to nean n Cl-. u ef i,ned her the k is
substituted with e mee?gaallf(wafo (Ce)ln%dntert]({ed anas B?Pt (frbf \/\/ncérrbgli1 %lk%r}é
fully subst lcbmalmdg Cio £earbrmb m&:ﬂenmytinechadrogm hlaelpheewmcecﬁwbyart @H g&mprrﬂ:tamples

C, L2n+]2 wher F a 8 all%*l?]cct]}g')allnglege %ut art; n AN n¥tﬁ3' to méthaﬂol e_IL}Ba?lf %S(éqfr(é}?,] m)l e than one

hal ogerii's presént gens  nay sare or’ %ahd
sel ected frdmmndifteig-lbotmml,candsheﬁﬂqeng of fI uor o, chI oro, brono or iodo,

preferably fluor enbod t re 1 to rrents
are 1 to 3 car boﬁgeg %%’r‘%eS% 1 {‘ df?%ﬁ ns]eanmmefe t%atértl)tec%? actlv arecﬁ"%

hal oal kyl g lsumh;asthr: Stk ludeptoh uhd mmatela@hyshqlaigldabﬁ phﬂ'maédlmgm’abn&mohsplcharactenstlc of
di fl uor onet t‘Q/

2,2,2-trifl (BHSE F?f/’lforue% i WZHB{U%]F %tglht agﬁqvggltﬁed Ht(f)aﬁglmar ﬁ%pdni%ﬁﬂ% b{ngmgnm' Ql ogen"
or "hal2y' | seceptmemwehhnt«ﬁmundlagfolmmmes:hl oro, brono, or iodo group.
The term “hydrate” as used herein means a compound, including but not limited to a
pharmaceutically acceptable salt of a compound, that further includes a stoichiometric or non-
stoichiometric amount of water bound by non-covalent intermolecular forces.
The term “individual” is intended to mean any animal, including mammals, preferably
30 mice, rats, other rodents, rabbits, dogs, cats, swine, cattle, sheep, horses, or primates and most
preferably humans.
The term “pharmaceutical composition” is intended to mean a composition comprising
at least one active ingredient; including but not limited to Compound of Formula (Ia) and
pharmaceutically acceptable salts, solvates and hydrates thereof, whereby the composition is

35 amenable to investigation for a specified, efficacious outcome in a mammal (for example, without

~ limitation, a human). Those of ordinary skill in the art will understand and appreciate the techniques
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The term"nitro" is intended to nmean a radical of the fornula: -NO2.

The term "Cl-C4 al kyl al cohol™ is intended to nean a strai ght or branched
car bon alwereiligomioai ning 1 to 4 carbons wherei n one hydrogars261asodasen

repl aced wi d4pprognat&fdr deteromingExizethst asacRGohgredi@k has4 dadited yifindcommb obtcanmediasede, but
are not limt et hanol , isopropanol, n- butanol,

tert-but ano‘llpogqle&%dﬁgﬁ?lpén%me term"agonists" is intended to nean

noi eti es t hat | nTleer tert “salvdted es wsed hereia megeegptompoursi, oleludmg bhiencglifited o@ept or
and initiat | ristic of
That ' receptBpRaeyf RO Aate O oPREGHTRE). Ak APlyel BARRRE S RARLARY BF Lo
responsé u p:mnclbomctnn gmmmt phaesoPEnepapd by nongrovaert anterenolEtMabiornds. Ageferced

menbr anes. r . nd,
el udi ng. AepSes OhEs Py U, Bt Bty BRI IR0 BB TRRED,
conpound, t:imxtunfsurt her i ncl udes a stoichionetric or nonst oi chionetric
amount_of water pound, Gy a0 8Y Al &gt NRLIREECH.Alied AL SPSore o the T
term "individual |s |n to nean~any ani na I'ne u& ng manmel s
preferably ®0owme, rats, other rodents, rabbl ts, dogs, cats, sw ne, cattle,
sheep, BOI‘ S€s, O@()) revgrglog %f ? &1 gea@? reQ%E(;%g %ioﬁ%@ﬁgéase co diti(ln)? d;sgrrdfr:q .
"phar rraceutl cal sition nt nean a corrpdsf%l on conpri sing
at | east onim aamldwa@ail thgt redi lwrnﬂ:dlspnsrﬂldudthnglsba;e conditidn oridisediet out Gogvpotiyed of
Formul a (Ia),_and pha éﬁg ) Ivat es and hydrates
t her eof 2rp e%enc%)ﬂr Jlsg’ga qfci:és?at o@g &ggdggf gtltt%e clhﬁe\s‘/igétl gation for a

speci fi ed, effi c@dnrrhustlcmmf@dmeaswfoaemmwamhlbftmn obx dinqabke@ conlition®u tlisorder in

limtation, ) : t e nd
and appr eci e e K \RBEBln RN a3 istishdly DS B bbb IBEIERATT,
for detlérm mndglon/nedllsreder&ine ;acesting furthgr daelopmerti a the patbslpgyeahdéi f | caci ous

out cone bas . needs of the artisan. The term "sol vate" as
used herei ngym g(%lgs?aqcélggyg’a gund including but not limted to a

phar maceuti cal | y(ﬁ@melpmabin@f 8 distasgfforexemplp camredi pratidrad afdjseaétre‘ronﬁmioh odes a

st oi chi onet ' f
non- coval en lsord rérrl%tl) glgﬁq%l%%qor cgg éenégéﬁ err eé’m tPea% °1° X?"gﬁq&'ﬂat&%gy of
non-t oxi c, &lndismse,@ombmmld@ofd@r (iadrveismg K}EtﬂathnlomaﬂﬁMTEmpuomatom)e amount s.
The terymn "treat i. N e | e of
the 1 olfou ng.  100EPeprutkER HneltoHRTSL Pl Bl UATS: S0 MG E° T
di sease, COnldiSd}i’r@cmtlonerm}gs)mdmmhygmlmsslmtmma¢tc tiln e mefbﬁnams edtesipoied t o

the diseas ©in &gés M a%Pna% tm%?u%%;%ql%ﬁ hpﬁgn %grgﬁlaﬂpttnat%%tm(ﬁ%&? %) ez{}l?rﬁal H'ESS(RJ ay

t he pat hol ogy or Ton of a
di sease, fowﬂbbmn@tl fea,m rentrindyit t Thimyudgment dinsdabased cromdirteiyoof fmtordthamrdmrther n an

ISS?T{)}[“O?T;'?Ll %‘)egf’;rg O# %aﬁ%R/ {'sl eexggx!tlgeq b tha mcpud@/ t'hQ Enowqedggﬁl p Qlle Avidal or animal is
25

ill, or will become 1ll, as the result of a disease, condition or disorder that is treatable by
Compound of Formula (Ia) and pharmaceutically acceptable salts, solvates and hydrates thereof.
Accordingly, Compound of Formula (Ia) and pharmaceutically acceptable salts, solvates and
hydrates thereof can be used in a protective or preventive manner; or Compound of Formula (Ia)
and pharmaceutically acceptable salts, solvates and hydrates thereof can be used to alleviate,

30 mhibit or ameliorate a disease, condition or disorder.

PROCESSES OF THE INVENTION
The present invention is directed, inter alia, to processes and intermediates useful in the
preparation of (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-
35 tetrahydrocyclopenta[bJindol-3-yl)acetic acid of Formula (Ia) and/or salts related thereto.
Representative cross-coupling and chloromethylation steps, and intermediates of

Formulae (IIa), (IIb), and (Ilc) of the present invention are provided below in Scheme I.
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15condition or disorder (i.e., arresting further devel opnment of the
pat hol ogy and/ or synptomatol ogy); and (3) anelioration of a disease,
for exanpwe,2oavmiiosr ati on of a di sease, condition or di oradsRol0E@EAE3

i ndi vidual that is experiencing or displaying the pathol ogy or

synpt omat ol ogy of the di sease, condi tﬁﬂ nﬁéldi sorder (i.e., reversing the
pat hol ogy and/ or synpt omatol ogy). 20 er an individual is in need of
treatnment is a judgnent made by g Ta titioner,

physi ci an, pbgkiclan @ssichiphhe LBARS;
veterinarian in ¢ caseof aniwa i thg:i|j an

i ndi vi dual il reqgtepes or Wil hefief it frewp treat mepc Fudgnment
i s made based @3 a variety of factorg,fhat are in the real mofy

caregiver's expe%ti se, but that includes the know edge that the individual
or animal is 25ill, or will becone ill, as the result of a disease,
condition or disorder that is treatable by | ound, of. _For la) and
phar cout | cal | ESESHE FRAgaf 8 O dT LR Ty of BTy e

Accor di ngl Yintefsasapds RAFarinuke (ITd), @1é), d)f),and (Id)af fie@edsént dakhtjonaecgptiadl e
salts, solvates. %nﬁl heylg(r)at es thereof can be used in a protective or
preventive t?ﬁifﬁ‘h‘@ PP ‘Conpound of Formula (1a) and pharmaceutically
acceptabl e salts, solvates and hydrates thereof can be used to alleviate,
30inhibit or ameliorate a disease, CO%%'E“ or disorder. PROCESSES OF THE
| NVENTI ON The present invention 8 Tected, inter alia, to processes
and internedi ates useful in the preparatgon of O Rl R2

(R -2-(7-(4-cycl opent yl-%-aglt rei f | uor omerhypbenzyl )1, 2, 3, 2N”

35t et r ahydr Ry cL®pent af bl 'ndo1- 3-yl )acktic aci d¥of CPeRmuyl a (Jla) and/ or
salts rel ated thereto. Reptgsentati v oss-coupl (mg and ‘@e"‘ dykation
steps, and intBrnediates 8fep FoOr mul ae ), (Hb), and (Hc) of—the présent

i nventijon ar e@ovi ded bel ow i n Schem#llf) WO 2011/ 094008PCT/ U811/ 000153
Schene | 5Representati ve enam ne step and reaction with conpounds of
Formula (I1l), and internedi ates of Fornmulae (lid), (He), (HO and (Hg) of
t he present i nveRt¢iroantative ipjobs/foteidg biep avl intarmBdtatave! Fprm@biaéHe), (Tith), and (I1i)
of the present invention are provided below in Scheme III.

15
Scheme ITI
R4
RS_ﬂ\ ~
L A O
6/ R“\
R _R? R X
N 5_0
iy NHNH R 9 )\/ o
= ) R® N ~CO,R?
CO,R3 Indole Forming Step N
\
H
(Ig) (IIi)
20  Representative reduction step and intermediates of Formulae (I1i) and (IIj) of the
present invention are provided below in Scheme I'V..
25
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Representative indole form ng step and internedi ates of Fornul ae (Hg),
(Hh), and (H) of the present invention are provided below in Schene II1.
Schene | 1W0 201120R@pr esent ati ve reducti on step and i nt er reaitat@3/oofiss-or mul ae
(H) and (H ) of the present inventi oSctemeIprovi ded bel ow in Schene V. 25
WO 2011/ 094008RPCT/ US2011/ 000153 Schene |V Representati ve
all cyl ation s%\ and internedi ates of Fornulae (HD and (1| k) C
S5present in eﬂi are provided below in Scheme V. T

0 .

pOeRENT T Nyention ar epr ol ded beI ow in

Repr esent at i vé\/ @

conpound of IgFor mul a ( \ '

Schene VI. Schene VI Repr esent a fRe salt formatmon step from
conmpound of Formula (I &)y} o hn L-arginine salt 15o0f conpoungdyef Fornul a
(la) is provided belowin Schene VII. WD 2011/ 094008PCT/ US2011/ 000153

Representative alkylation step and intermediates of Formulae (IIj) and (IIk) of the

5 present invention are provided below in Scheme V.
Scheme V
Ho\@f\gj\/co R3 Alkylation Oj@y
2 B
H
. H
(IIj) . (I1k)

Representative hydrolysis step, intermediates of Formulae (IIk), and compound of

10 Formula (Ia) of the present invention are provided below in Scheme V1.
Scheme VI
O]@\/O
\
aw "
Hydrolysis
O\/@\/ Step
5C
) H

Representative salt formation step from compound of Formula (Ia) to an L-arginine salt

15 of compound of Formula (Ia) is provided below in Scheme VII.
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Schenme VI1  An L-Arg salt of Conpound (Ia) One aspect of the
present invention pertains to processes, such as those exenplified by
Schemes IwolbiyavkooBY, V, VI, and VI, (supra), that inveCrasdampousss (I|a),
(Ha), (lib), (lie), 5(Hd), (He),(Hg),Seheme\Wi), (H), and (ilk).

One aspect of present invention pertains to internedi ates, Conpounds
(la), (Ha), (I(bl_(He), (Hd), (He), (M. (Ha), (hn), (H), (H), and (),
as exenplified gnes |, 11, 1, 1V, V, VI, and VIl (supra), useful in
t he preparatlon of ouod @ (la) and/&?‘a sal t AelLatrgehltdier et o,
for exanple, anfd arginine § OH—CoMPRUHIF O qula (1 afomp@@idanspect
of the present invention pertgang to. |ﬁ1efned|at as exenplified in
Schemes |, I, I, 1V, V, X angd VI (supra), thgt i nvol ve Conpounds of
formulae (la), (Ha), (lib), 8 |e) (lid), (He), (Il1), (Hg), (Hh), (H)
(1i1), and (11k) g@ﬁ,@&'omhelp%eﬂtﬁwéﬁlo%mﬂnétsgmcm@s grcﬁepthggmerﬁﬁnﬂza Cgf a,

Br, I, TfO and are each | ndependent
al kyl , or RSchemds RZI,tIHgBE,We Vhind VHL{eupri)t ﬂléigewl‘fpﬁ?ﬂw (e (Hh) t(Hb}l Hee

bot h bogded(lf[&r m% éng?qgeﬁd,gégﬁ) Qﬁﬁbﬁr jer ocyclic ring; R3 is Cl-C6
A

al kyl; and are each sel ected i ndependently fromthe
group consi sti ngOof aﬂﬂect@iﬂmr%mtywem@ll pertaipy teagrmefigica gempowids Ga), (I1a),

or Teo. T B Eon BRI, GRS, (B0 (.23 T, SERAHLIRAGS Sotefile L1, T1 O
sel ect ed fr &h LY, ylcagd ‘@b@é@?rﬂ upegulof thelprep@atiorpefdCompoypngd Csftfﬁgméwﬁebﬁnﬁémg s,
LGL is Br 0Eal rela eﬁ é% A ent %&blgeaﬂtharg#& sél?oﬁomp%ﬁxlldqomls? odi ments, Rl

and R2 are each In sone enbodi nents, le

and R2 t0oget her Wine hsppﬁ@f rhemre@gémvantmmpteﬁammtpememéyteap%emmphﬁqﬂonééwnfe@r m a

5-menber or y6y rVW&‘x{M%J{;% th:ﬂgnvolve Cony bih& QFRAHRO g @gfmﬁ 1 and
ﬁ’ey are both bonde

R2 together Wi'th’the 'nitrogen orm a
6- menber he(deodid| (Ite), r(IIﬂg(Hgé(Iﬂh)s(M(Iéﬁmd(%hwbereﬂl and R2 together with

the nitrogen atofd g s\él%btgé‘fr&ﬂ‘?ﬂe g?&%oé%géx& g%?@i?(ﬂ;rflo’f anPridRTher

heterocyclic ring. In sone todgether with the
nitrogen atom t o RyanER’ arpeagh mdepdndelySorsaebiyt, o Rl andrRS rt%ﬂﬁﬁllei viigh the pigggen
15 atom to which they are both bonded form a S-member or 6-member heterocyclic ring;

R? is C,-Cs alkyl; and
R*, R’, and R® are each selected independently from the group consisting of H, C;-C,
alkyl, C,-C, alkoxy, halogen, C,-C, haloalkyl, C,-C, haloalkoxy, and nitro.

20 . In some embodiments, LG' is TfO or TsO.
In some embodiments, LG’ is TfO.
In some embodiments, LG' is selected from the group consisting of Cl, Br, and 1.
In some embodiments, LG' is Bror 1. '
In some embodiments, LG’ is Br.
25 In some embodiments, R' and R? are each independently C;-C; alkyl.
In some embodiments, R' and R? together with the nitrogen atom to which they are both
bonded form a 5-member or 6-member heterocyclic ring.
In some embodiments, R' and R* together with the nitrogen atom to which they are both
bonded form a 6-member heterocyclic ring.
30 In some embodiments, R' and R* together with the nitrogen atom to which they are both
bonded form a S-member heterocyclic ring.
In some embodiments, R' and R? together with the nitrogen atom to which they are both

bonded form a morpholiny! ring.

-16 -



WO 2011/ 094008PCT/ US2011/ 000153 I n sone enbodinents, R and le
together with the nitrogen atomto which they are both bonded forma

pyrrol i diwgl2ori/aegnosl n some enbodi nents, R3 is nethyl or perhyskottiomisone
embodi ments, R3 Insomt hybodihénts, RO msl Rtbgaihenmvith she rikdogeRatoman svhiRE tisy@redmtth

sel ected i e ntly fr .he group consisting of H CH3, OCH3, OCH2CH3,
F, d, Br, n%ﬁ@?%%?ﬁ%‘f“ﬁ%. In sonme enbodi nents, R4, R5, and R6
are each sel ect el sbme epbotieatts, R’ ismosthyl loeetyyloup consi sting of H, CH3, OCH3,
OCH2CH3, F, O, 3 3 3. In sone enbodi nents, R4, R5, and R6
are each sel ect e@?‘%&gﬁg"n‘%’é‘% 5% fsreéhr?ﬂl't he group 10consisting of H and 0C113.
| n someSenbodi melntssme RAbodRbenty RY, FRGaralRE aeammbh $dlec éndappeettlydfont the groupsent

i nvention pert.ains SO o) I A1) : herein: R3 is Cl-C6

al kyl . I'n sone® g‘ﬁg@%‘?%gﬁt& 3R§e?[§8%’t’ Ey(rr.lngigé (|5¢5193aa|518\r,r\1,r1e1rcc1' ated that certain
features of the Innveatmbedimehs, &, Rl end K'are ablascldcied idiepaidehiydranntht hwupont ext
of separate_enbhodi . SRy e.p .d in conbination in a single
enbodi ment . “CHRTECLE §§3’var|3b§§ﬁ?%a3t’ Sr{élg&gf’%gﬁlé i nvention, which are, for
brevity, descri bldomaembalimens, &R 0indR *siraxgtiesedizd didepamidentlysyonaihs groop
provid separ.at el [l ny suitabl e subconmbi nation. Al conbinations of
t he errggdi n%ﬁflgtmﬁé%‘%%nﬁidkgﬁto the chem cal groups 20represented by the

vari abl es (e.g. InshGemRidim&as, R3, R’ hd R aR5eaclaHd R6) cont ai ned within the
generic chem cal ~f or mul g{sthgesgern; bed  herei e speci raced by the

n i cal l
present invention’§ TEE sf PrEEA VAR n@?/réar’%/sa%%%ﬁ%lprloﬁflﬁg 85?%3 laie(ﬁgi vi dual I y
explicitly recited, to the exernt that such conbi nati ons enbrace stable
conmpounds (i.e., conpounds tnobe i sol Ated, characterized and tested
for biological activity). In additio oryf]&zlp{ati ons of the chem cal
groups listed 25in the enbodi ments de hj,Hg stich ‘vari ables, as well as
al | subconbi nati ons of uses and nedi cal inadications described herein, are
al so specifically enbraced by the preser@ﬁi)i"rluventi on just as if each and
every subconbi nati on of chem cal groups and subconbi nati on of uses and
medi cal i ndi cati angemers ik GCy Aldyain syma BElbeKRERtS IR igetky@ci t ed herein.

301 . Crqss- Coupl i St ep. One aspect_ of the present inventiqn pertains
to pro gsses forp‘g‘raé’ﬁﬁpﬁ‘?@ that gertain ] Fi/‘if-ﬂf-ln(‘inrth‘P’I"ﬁ’b&ci’l‘r%tfﬂfg’S‘@h?%ﬁ‘i’ébe(S‘f‘n
Formul a ( 11lipg contdioPdpakite 9AOEEMES, W2 Alsd /b0 BfII3d in combination in a single

embodiment. Conversely, various features of the invention, which are, for brevity, described in

the context of a single embodiment, may also be provided separately or in any suitable
subcombination. All combinations of the embodiments pertaining to the chemical groups

20 represented by the variables (e.g., LG', R, R*, R, R*, R’, and R®) contained within the generic
chemical formulae described herein are specifically embraced by the present invention just as if
each and every combination was individually explicitly recited, to the extent that such
combinations embrace stable compounds (i.e., compounds that can be isolated, characterized
and tested for biological activity). In addition, all subcombinations of the chemical groups listed

25 in the embodiments describing such variables, as well as all subcombinations of uses and
medical indications described herein, are also specifically embraced by the present invention
just as if each and every subcombination of chemical groups and subcombination of uses and

medical indications was individually and explicitly recited herein.
30 L Cross-Coupling Step

One aspect of the present invention pertains to processes for preparing 1-cyclopentyl-2-
(trifluoromethyl)benzene of Formula (IIb):

-17 -



conprising the step of cross-coupling bronmopentane with a conpound of

Formula (Ha): LGL F3C (Ha) wherein LG is selected fromthe group
consi sti nyoab1i@ogooBr, 1, TFO and TsO, in the 5presencePof/Us2)11mb@asent al
magnesiunm i) an Fe catalyst; iii) 0ss-coupl i ng-step sol vent; and iv)
a cross-coupling agent; 10to form 1- tyl-2-(trifluoromethypbenzene.
In some enbodi nents, LGL is TfO or TsO. | me enbodi nents, LA is Tf0. In
some embodi ments, LGl is selected fromg oup consisting of C, Br, and

I. In some enbodi ments, LA is Br or I.H]bln sone enbodi nents, LA is Br.
I n sone enbodi nents, the el emental magnesiumis in the formof nmagnesi um
turni ngs, 9\?ﬁ§hyﬁﬂk gﬂeprDa§ss ORIRAE DIMBpRBANLSTith DdonPBEHIeT FdAMII9dEa): | N SOME
enbodi ments, the elenmental nmagnesiumis in the form of magnesi umturnings.
In sone errbodl ments, the Fe catal yst &l e(lll) catalyst (i.e., Fe+3).
20l n sone enbodi nent s, the Fe catal yst cg ses FeF3, FeF3.3H20, Fed 3,
FeCl13- 6H20, Fe(acac)3 [i. Fe( CH3COECOSHS) 3], or Fe(sal en) Cl conpl ex.
The Fe catal yst Fe(sal en) Cl conpl ex has mzk)e following formula: |In sone
enbodi nents, the Fe catalyst conprises FeC1 3. 251 n sone enbodi nents, the
cross-coupl i ng- swleqaelebﬁvm@le%h%@m%gwosasﬁtmabf @1, Bo|LyEf}, and FsOs inmthe

embodi npnt Spresteﬁb% of 0ss-coupling-step solvent conprises an ethereal solvent.

1) elemental magnesium;

i1) an Fe catalyst;

1i1) a cross-coupling-step solvent; and
1v) a cross-coupling agent;

10 to form 1-cyclopentyl-2-(trifluoromethyl)benzene.
In some embodiments, LG’ is TfO or TsO.
In some embodiments, LG' is TfO.
In some embodiments, L_G1 is selected from the group consisting of Cl, Br, and L.
In some embodirnents, LG'isBrorl
15 In some embodiments, LG' is Br.
In some embodiments, the elemental magnesium is in the form of magnesium turnings,
magnesium ribbons, magnesium powder, or magnesium rods. |
In some embodiments, the elemental magnesium is in the form of magnesium turnings.
In some embodiments, the Fe catalyst is an Fe(II) catalyst (i.e., Fe*).
20 In some embodiments, the Fe catalyst comprises FeFs, FeF;-3H,0, FeCl,, FeCl;-6H,0,
Fe(acac); [i.e., Fe(CH;COCHCOCHs;);], or Fe(salen)Cl complex. The Fe catalyst Fe(salen)Cl

complex has the following formula:
HQ nH

_N\ /N_

N
OCIO

In some embodiments, the Fe catalyst comprises FeCls.
25 In some embodiments, the cross-coupling-step solvent comprises any suitable solvent.

In some embodiments, the cross-coupling-step solvent comprises an ethereal solvent.
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WO 2011/ 094008PCT/ US2011/ 000153 I n sone enbodi nents, the
cross-coupling-step solvent conprises tetrahydrofuran (THF),

2- met hyl -wetznatnpdoosf ur an, di et hyl ether, dibutyl ether, pCeEtS2ayiinet hyl
et her, or tetrahpdpopymbadiméms, siermeosenbuptingretop slvenhenprossetchydofung- st ep
sol vent co j t.etrahyd ap. 5(THE) ...l n sone e i NEn t he
Cross- couplnag#gg§ ’gzzrg%tﬁ ylé%“ﬁ%?‘lirgélggnd?lﬁ@& hegl? e)zﬁ’cdétfugr%e &" (ed%%qmg?} P?ee[%’ﬁeﬁqfror mam de
(DVF), N nettatyprppyrad.i di none (NMP), hexanet hyl phosphoric acid triam de

HVPA), 1, 3-di meghyl-3. 4.5 6- hydr 01.2( 1H) = pyr i i di
NN NN -t ot PRt Ry bt i Bl e Grip SE e  ont s, the

cr oss- cohbupl (ThF).agent conprises N, N, N ,N - tetranethyl et hyl enedi am ne

(TMEDA). In so enbodi jrent he _craosss.coupl j ng-step.s ent ¢ | Ses
t et rahydrof uran (THEY € ﬁ(?dfl] rfl%ﬂets’é}?eocéoss-s vk %ngﬁ) r?fjsecs(%r‘%’ﬁ%’%ﬁaecs? tanSRBMAY
N, N, N, N -t @inethpidrhyingle {DMI)SdimethyipyrrodiidDANMP), hexmetietghosiihosnisd t he

- | i.ng- I t | i.all . of. S|
cmbaai mont stioqis (P8, Bt S S E b B LR Par iy SR,

sonme enbodi teenhahyléthderstiemiref(TRBERSS- coupl i ng bronopentane with a conpound
of Formyla (Ha) |s condggieglmytdeecrrosg_cgu st Qntialnlg% i t..af.mosphere.

In so enmbodi mefit’ €T £He’S ep’o cross‘fpclo%pgeflnﬁ’ 8??3@&74\{ ne with a
conmpound of tefranethyiahylédgiliammed®NBIXA)ed under a substantially inert

at nosphere conprjsing a n_ar nitrogen.. 20ln_so enbodi nent t he p of
Crose coupl | ng. bPRBHEAPAREeRE o Ao F SRR o T R T By oy oL P g
under a subsidahd dredsicygupling agenatomysseN.8/, CoNpetiasicthylettiienodjenine (TMEDA).N some
AR N X e T T
enbodi nént s, t helnrsomakembeatiment)ehoveess-chupding pgnt aebsandallylfecobwpiound of

25Fornmula (Ha) is about,1.0:1.0 to about 5.0:.1..0, | n, sane
e odl eat o ) heltyiBng Py dod SerbtBith- SRk Somapentang ln  MFpound of

For mul a ( HalformslagHayis cdndictéd Ondeoa albstantiaPy @ieftt.afnosphere. 1 n some enbodi nent s,

the nmolar rati o petween. br.o tane .and t he,.c ound of Eprnula (Ha) is
ot 1 5. 170, O BRRHE ERabh RERESHE Rior BRC L B EATRRNG AL WiRA WipfubiER (°

of Fornul a FitanlaaHiel) tskendueted atdek y subsiastiadilp inett aim@pher®dorywisalg@rgon br Ditrdgedh.

In so enbodi mepts, th lar yatiohetween.the co und.of Fornmula.(Ha)
andhe%re cat al Pepme erBodiBedt, dfuirhedEEiRine WogORRBRE v compalia Br ( [6)

enbodi ment sFortrola () &rcondatted ultdetr wadntahtiidly dr@npouesghot cdraprivingait(dder). and t he
35Fe catalyst i SIna‘stc)n(l)mlél tem%égr:ngﬁts:!',(%het nqolg‘rbrgt% bejfwge:n%'rgmopentane and the compound of
Formula (Ia) is about 1.0:1.0 to about 10.0:1.0.
In some embodiments, the molar ratio between bromopentane and the compound of
25 Formula (IIa) is about 1.0:1.0 to about 5.0:1.0.
In some embodiments, the molar ratio between bromopentane and the compound of
Formula (IIa) is about 1.0:1.0 to about 2.0:1.0. \
In some embodiments, the molar ratio between bromopentane and the compound of
Formula (IIa) is about 1.2:1.0.
30 In some embodiments, the molar ratio between the compound of Formula (Ila) and the
Fe catalyst is about 1.0:0.01 to about 1.0:1.0.
In some embodiments, the molar ratio between the compound of Formula (IIa) and the
Fe catalyst is about 1.0:0.05 to about 1.0:0.5.
In some embodiments, the molar ratio between the compound of Formula (ITa) and the
35 Fe catalyst is about 1.0:0.10 to about 1.0:0.3.

In some embodiments, the molar ratio between the compound of Formula (I1a) and the

Fe catalyst is about 1.0:0.15.
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In some enbodi nents, the nolar ratio between the conpound of Formula (Ha)
and the Fe catalyst is about 1.0:0.15. WD 2011/094008PCT/ US2011/ 000153
In sonme ewbadivmemios, the nolar rati o between the conpoumlrdTafS2Hanmissn (Ha)
and the el enent dhsmagﬂelsidmritsﬂam rdtio(betwe@n the caippeind of Borbwl. (I1a) and th¢ n
some enbodi g t he nol.ar e conmpound of Formula (Ha) and
t he el errenta er?%alne elsjlummllséabé) {)?fqgw&gp?g%about 1.0:3.0. 5In sone

enbodi nents, t hdnmmhaembcmlﬁm@tdaétem rathreetvonep tgrrdmpéunE of Rurhala((Ha) argirtbe t he
el ement al umls abo : t 1.0:2.5. In sone

embodi nent s’ glfeﬁla morar Fdtio %I ?\}\é)et% tE(B‘telactiglr(rbpound of Fornula (Ha) and the
el ement al magneshmomc emiadddro¢nts] (1@ niold ratlorbeswaer therrbmpoumd of EorntuleIiaphraithe at i o
bet ween bro ent ane the n Ll a (Ha), the el enental

magnesi um gll’)l Pah Fleslanisy Orsll{)p'?'sl'%a gl?ﬁq:QEB ryi 0:1.5:0.15. In sone

enbodi nents, t helnsbmpemlﬁodmmm theanidriraty Yervosrn ferbmpaindiof Roranuto(ifad emithof
Formul a ( e)le enta?ogd%cltl%ls q;tou{al?qrgperature of about 0 Cto about 75 C.

In some enbod] ment $E"THE '8¢ "¢foss-coupling bronopentane with a
conpound of For ninlsem¢ Habodnsemsgmtumladatatbem@ehmmatmw thé cabpuhddD C to
about Qgﬁ odi he ) |..n, onopent ane
wth a§§orrp%°lﬁrrﬁl la(@ ee[Tb Eéﬁlgr]?sslu%on u%ﬁceﬁgcfg{a ygtlg?bougg?gtoulrgog about 10 C
to about 45 C. In ssmemmbxrdnowmﬂwtssep of hessqoaplmgrbrmnmstam@umtacrgnﬂ@umdmﬁ)ent ane
with a co und Ha) onduct e he cross-coupling
agent to gpp Flag{ela)gércr%nrl ‘gtleén tﬁ%pe“ftm Oygbﬂug(ﬁ?ﬁgaggﬁ%g {:he Fe catal yst, and
the cross- coupl |1ng;eme erpbmhmesmthetstrpfocﬁpmacmphrgtbrmmsmnmﬁmummmndw&t ure.
In sone e

t
compr 51 no. THREVR AL PR ARy A bR BP0, UERbu £ 8, T 1

cross-déupl i ng- shepms eﬂnbcmmhents tlmcstmbuxf toek- amplangtmd)reomotaanth at@enpvahd of
Lot o e LA Ea P AL 2 FURIBIPRURLARBGEN t0 the m xture
cross-coupl i ng- shepms exlnbcamlents tl&&tmorﬁtmssaening la«txoonen(anﬂvttba adan;m\mdléf C.
Lgn;?rn; ﬁgbf it ar( n%lrs] tcg ddu@tgd % Qagc%dﬁr{ ﬁet ?{gs%l;c&lql)l{?l gegngp)fa le? cggn)l(pt lémg the
cross- coupl clexgematl cﬁpgmsiuueme F|e satglystdarcitthocrods-cauplmp Gtep olvdng td fotne p figst cross-
compri ng HEBREAE Al mmanesi um the Fe catalyst. and the
cr oss- coupl i ng- sinespms embahiments, addingibacaissiemiphtg abaud a iixt@etcomprixmg thd0 C.

elemental magnesium, the Fe catalyst, and the cross-coupling-step solvent is conducted at a rate

d

so the internal temperature during the addition of the cross-coupling agent to the mixture
comprising the elemental magnesium, the Fe catalyst, and the cross-coupling-step solvent is
25 maintained at about 0 °C to about 45 °C. ‘ »

_ In some embodiments, adding the cross-coupling agent to a mixture comprising the
elemental magnesium, the Fe catalyst, and the cross-coupling-step solvent is conducted at a rate
so the internal temperature during the addition of the cross-coupling agent to the mixture
comprising the elemental magnesium, the Fe catalyst, and the cross-coupling-step solvent is

30 maintained at about 10 °C to about 30 °C. |
In some embodiments, adding the cross-coupling agent to a mixture comprising the
elemental magnesium, the Fe catalyst, and the cross-coupling-step solvent is conducted at a rate
so the internal temperature during the addition of the cross-coupling agent to the mixture
comprising the elemental magnesium, the Fe catalyst, and the cross-coupling-step solvent is
35 maintained at about 15 °C to about 25 °C.
In some embodiments, the first cross-coupling mixture is maintained at a temperature of

about 10 °C to about 55 °C.
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In sonme enbodi nents, adding the cross-coupling agent to a m xture
conprising the elenental nagnesium the Fe catal yst, and the

Ccr oss- cowubizng/®#@p sol vent is conducted at a rate so treTiust@nnedis3

t enperat ure dur ilngomhembmighénits) thedirsticives-coupbsg motipt ismpizigest at b cerpeeture ®f ur e
conprising th lo dntgnem um the Fe catalyst, and the

cross- coupl :bnlgtzgt gggggol%ent is 35mai ntained at about 15 C to about 25 C.

I n some enbodi nelntsgme etheodimerss, therstep 9 crosspdouplggrbromhepentaneswitiaa exingionadlofat a

t enper at ur ab 4 /USZO 1/ 00 153
[ Some. entsprHERHE) i SphPu OB BBt imme Rt RO By

t enper ag ur ethc)éonamond of Formle dlabotie 59 c®ss couplmg mixewert femnmehcnmmrsss— t he st ep
of cross- cougl qmbtru?nopent ane with a corrpound of Forrmula (Ha) further
conpri ses tHeP ep of "adding a m xture conprising the bronopentane and 5t he
conpound of For ninlsem¢ Habodﬁmerttslaeddin'lgtbe nmrtmssemmdﬁhig'thgbminmpammaaebm ther m a
second crosg. cou n sone . embodi a e mxture
conpri si ng Re° rdtlgor%:penl{aﬁiaLJ tge e cross'cou”{%}f olrS i dglgf{l%)a r?t 5 S‘?Le first
Cr 0Ss- coupl integnahtiesperntere durio®the uddisch dttheamncalreccsnprisimg thertr@nem@htatcandehieat ur e

during 6 23 a?n%bg :,do o’%ﬁ%ﬁ_@@ﬁto {hu iz gr%s cousfln Qx 1? mne%ta?gb u?ﬂp"é he

10conmp mul a |rs T M xture s

mai nt ai ned abueddd@t 20 C to about 35 C In somne errbodl ments, the

m xture conprisi ortnggm (ang ,%eqrque(t an%)r&(??lglpg%moun%enta dnpféco %HarPdoth the
first cross-coupli UrE™y s*condie arate’so |nter

t enper at ur chdnnn]ar(gal ﬂoeheat‘dsti ctaseowpling néxtmde x¢ aonéuctedrap rasd srmghet inerfal onmopent ane
and the compontukoRlaERE U Bl dFtle SR Corlilsil (PSS EAURL LG G | S

mai nt ai ned at Pabout
second 161 osef-foouyh (Ihg torthe it erossccmahmg mixnecisatairdaihaig ebaut Bﬁ ¥ wfabalzd0t’C20 C

to about 35 C odi nts t he sec nd GOS8 & Ling mxture
i s maint ai ned a‘,[Insm'tne embocf:’ ents t esec C{osiﬁou&? ?%ml {s%n %Ftem rature

enbodi ment sqfabhﬁzgé@amabootrﬁ§§-coupl i ng m xture i S rral nt ai ned at a

t enper ature of Qut 23 t o about 27 sone e #UI
step of cross- coglp |ng ?Cdérrnr%ntsé easﬁ%on\c/imc{oﬁs cou@ r%%ﬂ‘rﬁuelsm ornrlr% feﬂzlﬂer urther
conpri ses tbfeabeﬂtép°6ftomhwe1rﬁﬂrfmg t he second cross-coupling mxture with

aaueousyhCl, 21 SRTEREIEE OB Gnl 1 APPSR SRIPLAE THERERD "
For mul a ( Haof absut 23 °C to about 27 °C.
In some embodiments, the step of cross-coupling bromopentane with a compound of
Formula (I1a) further comprises the step of quenching the second cross-coupling mixture with
aqueous HCIL.
25 In some embodiments, the step of cross-coupling bromopentane with a compound of
Formula (IIa) is conducted wherein:
the compound of Formula (Ila) is:
Br
ne
the elemental magnesium is in the form of magnesium turnings;
30 the Fe catalyst is FeCls;
the cross-coupling-step solvent comprises tetrahydrofuran (THF); and
the cross-coupling agent comprises N,N,N’,N -tetramethylethylenediamine
(TMEDA).
In some embodiments, the molar ratio between bromopentane and the compound of

35 Formula (IIa) is about 1.0:1.0 to about 2.0:1.0.
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Br F3C the el enmental magnesiumis in the form of

magnesi um turni ngs; 30the Fe catal yst is FeCl3; the cross-coupling-step

sol vent owopniigmsooset r ahydr of uran (THF); and t he ecoas2@ooplishg agent
conprises N, N, N'Inlkbmd: ehbc&lire@mwttetshploecresima@mg bfdpEtine with a compound ¢fn some

nmbod d
25 Fgr Irerth (Splsianfnr;ll 8 Pﬁr [‘I“‘(’)é)‘_’(ﬁ)%él{‘o a‘%%flrljr?f gg%?\ﬁeaég% &l E)un% of PO &Ia? and

2011/ 0940085K]Té¢d&2ﬁm/a6@131593) 10toaboultﬂ105§)o3ne enmbodi rrents the step of
cross-coupl ing bﬂlsom %u{lenw he sﬁg o?g'ggsucgg%}?n%fb'r:oro n ne %3 comr{%urgcil&r med

wherei n the nol ar oun e Fe
catal ys§ i §oaﬂnmlu1([li) 1€)pﬁfobﬁied whabio the riold: ralomew@nmmmmf iremiudy (Ifdhendt ep

of cross-caﬁgéllgfr}%@h%gg eurrlr;tgg qutOI] oagggg%% of 5Formula (Ha) is

per f or med ar 'S FAtT 0 bet Ween 't hé conpound of Fornula (Ha) and
the el enental negRese embodsnaim)t}te step©@f drof-doopladgdudémdpetadk: with a compound of sone

enbodi nent e r upling bronopentane with a conpound of
Formul a ( On?lg'] 6@?* gPerIF V\?(")lg}rsleerflﬁ t he conmpound of Formula (Ha) is: Br

10F3C t he eI ement al nthgn@ﬁpwndofSquultaIQHa)‘iar m of magnesi um turni ngs; the Fe
catal yst is FeCl3; the cross-coupling- siep sol vent conpri ses
tetrahydrofuran (THF); and t he cross-coupling agent
conprises N,N,N ,N -tetranet hyl et hyl enedi ne 15(TMEDA); and wherein:

the nohar ratio between br onopent ane Batd the :compound of Formula (Ha) is
about 1.0:1.0 to abou the.nolar. rati o between

the conpound of For mu ﬁzlfﬂﬁﬁtalé?ﬂ?nfﬁﬁ‘gn pedn theform efmagnessm WRiREST 0: 0. 10 t o
about 1.0:0.3; and  theFetdhflysidlRClf ati o between the conpound of Formul a
(Ha) and the el ement alhe crog r-]ceo%i)llilnrg—sltesp S%R/ent compgses tetraﬁydr(?fg OUt(TIJ[F 0; 2 5
the cross-coupling agent comprises N,N,N’, N -tetramethylethylenediamine
15 (TMEDA); and
wherein:
the molar ratio between bromopentane and the compound of Formula (IIa) is
about 1.0:1.0 to about 2.0:1.0;
the molar ratio between the compound of Formula (IIa) and the Fe catalyst is
20 about 1.0:0.10 to about 1.0:0.3; and
the molar ratio between the compound of Formula (IIa) and the elemental

magnesium is about 1.0:1.0 to about 1.0:2.5.

II. Chloromethylation Step
25 One aspect of the present invention pertains to processes for preparing 4-

(chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene of Formula (Ilc):

Cl
Fi;C

(Ilc)

>

comprising the step of reacting 1-cyclopentyl-2-(trifluoromethyl)benzene (Formula (IIb)):

FsC
(IIb)
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H. Chl oronmet hyl ati on Step 250ne aspect of the present invention pertains to
processes for preparing 4-

(chl or onawbybit/id4amgcl opent yl-2- (trifl uoromet hyl ) benzenepofr/uSerimob@sg He) :
conpri si ng whiel3isepoxahe mahepresegeelofay afid pahi ghlerfhafing dgehtuorfomet-hy| ) benzene

(Formul a ( , 0O 2011/ Q94008PCT, ' , 3,5-trioxane in
the pr esenEQ%%Pn}frt]hy Ci %VCQ‘%%“Q@A%ﬁﬁq@?ﬁrﬁgﬁ’é’y&%g%@{%ﬂ“‘%g[r‘ | 4-
(chl or onet hyl ) - 1incspok epbodiyngat?,-tie acid domprisssstlifiyic)abidnaceteaced, trifborpabdic @didc) .

In sone enbgrdier{ﬁ t.he igl_Ci d conprises sulfuric acid, acetic acid,

n%s
. methanesulfonic ac : . 4 )
trifluoroacetic acid, or methanesul fonic acid. 5l n sone enbodi nents, the

aci d cofipri ses t i soinaembadeknts, thecicit compriseseflwndrocticmendt s, -t he aci d
conprises sulfuric acid, ln enpodi ment .chl orinati ng agent

conpri ses thiony Sé’H’FSF“P elfne%g’g%ﬁcqggﬁ?gl ?I? es,ﬁl’f"ﬁi%glghor ous trichloride,
phosphor ous pent acdinerintiedimphts,shhdi aingtinpageiticompules thiomytéhlardesaxklybni ¢ aci d.
10l n sone enhodj nents, the. chl.qrinatj age ' | I C

aci d. 1 sooskonarimers HefReL kP ah s R SR SR ARG B

chl oride. chlorosulfons@ed. enbodi nents, the step of reacting

1-cyclagpentyl-2-(¢trifluoronethyl)hlenzepne (Farnul 1,5 1 , 5-trioxane
I n thqur esence Of AN eéncf)(g‘mglﬁt ’t{é‘) ﬁ?ngrgg%{gflﬁﬁgﬁaesﬁ% %@éro%\%%r?gﬁ(]:a %d in the
presence of a suilt sbleembodivents, thd ileringtimeagentivoshpnwr tlagnyt ¢hdorsteep of reacting

1-cycl opentyl-2-(trifl uoronethy enzene..( Fornul a 1.1b). .w t -1 I oxane
n The bresance. 8%k HBPATER S GG RO BRIl Bt 2 3
subst ant i al (Eormule Ikb) svithd Spfheioganelimths preseneerbOahi acelreng 2 chlbenaing pgenf isr eact i ng

1-cycl opent ¥disderld ldld HOLATRE R BRERAS

15 In some embodiments, the step of reacting 1-cyclopentyl-2-(trifluoromethyl)benzene
(Formula IIb) with 1,3,5-trioxane in the presence of an acid and a chlorinating agent is
conducted under a substgntially inert atmosphere.

In some embodiments, the step of reacting 1-cyclopentyl-2-(trifluoromethyl)benzene
(Formula IIb) with 1,3,5-trioxane in the presence of an acid and a chlorinating agent is

20 conducted under a substantially inert atmosphere comprising argon or nitrogen.

In some embodiments, the step of reacting 1-cyclopentyl-2-(trifluoromethyl)benzene
(Formula IIb) with 1,3,5-trioxane in the presence of an acid and a chlorinating agent is
conducted under an atmosphere comprising substantially nitrogen.

In some embodiments, the molar ratio between the 1-cyclopentyl-2-

25 (trifluoromethyl)benzene (Formula (IIb)), the 1,3,5-trioxane, and the chlorinating agent is about
1.0:0.3:1.0 to about 1.0:3.0:3.0.

In some embodiments, the molar ratio between the 1-cyclopentyl-2-
(trifluoromethyl)benzene (Formula (IIb)), the 1,3,5-trioxane, and the chlorinating agent is about
1.0:1.0:1.5 to about 1.0:2.0:2.5.

30 In some embodiments, the molar ratio between the 1-cyclopentyl-2-
(trifluoromethyl)benzene (Formula (IIb)), the 1,3,5-trioxane, and the chlorinating agent is about
1.0:1.5:2.0.

In some embodiments, the molar ratio between the 1-cyclopentyl-2-
(trifluoromethyl)benzene (Formula (IIb)), the 1,3,5-trioxane, the chlorinating agent, and the acid

35 is about 1.0:1.5:2.0:8.0.
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(Formula fib) with 1,3,5-trioxane in the presence of an acid and a
chlorinating agent is 20conducted under a substantially inert atnobsphere
conpri si nyoanga4@s nitrogen. In sonme enbodi nents, the eCemsediinerss i ng
1- cycl opent y1- 2- Intsome IembcncbmmthprMrﬂect(xﬁdrm]oaed@lki}(muokprﬂqt@lbemzehmxane

e oy eGSR ERd ARtha8 L RLBL I AR50, L cRngHEL R, under an
at nosphere conpri sihg subsStan anI Pi‘tTo Modi , the
nol ar rati ocobéﬁatﬂelnatehfpemmr@gffcalboxpelﬁ "SCl.tOZibmﬁB@f@I fl uor onet hyl )benzene

F I I1b t h 1 -tr] d.t I i. bout
(Formul, (11 5)) e b 05 o oD S AR SRRk
rati o bét we@orniiellb) witly &8 Opemtand ir2the presentd ofan eod id/ pdormenes {genrisrul a
(fib)), the 15“"66%-2'&%&%%%&6 gfna(goutng%?oag?uq%gﬁg agent is about 1.0:1.0:1.5

to about 1.%" e nolar ratio between the 1
- cycl opentyl-2- Intsome Iembod)merhthyl]ndmpzﬁmm@@lr Waloaer(tﬂlazbotx)lﬂudrdmethyl)benzene

| n sgn;[ar ;%@grﬂ&b?‘ﬁg) W?ﬁ 1 (_’\St} qg)‘(arrll?“ial ! Oprba nce of an aﬁlg aié a c::lhloqnatllé%%gy_nl_t is,_

(trifluor omeinbgqménleamzme(aﬁmemﬁﬁbaut(w(b)@abouﬂﬂé °C, 3, 5-tri oxane, the

chlorinating agept, and.t

501 0dloosrcy CEATE FoBuTES RS e 3 o i deltagizidn Gt Bierpe

rl egct5 ing 1- (Pyﬁhlﬁqﬂﬁﬂi))'ﬁﬂtﬁ-l,@ﬁlﬁmbkame lirothe pleydny b effenenid aﬁdFa)clttwlr_amfxg fgenyfitriher
trioxane in r n_a i nati age S

conduet ed. e iiReEF B fieyPOegEh 2 Pl oRef v AELRA FomRATH) 34

enbodi nent smudnhecmmlrngtherzeabthemgloﬂmaimg hompeatdytie B3 ﬁttmﬁahuor onet hyI ) benzene

S(Fornul a ib) \gint om% er%bgdt rlltlt(s):}ﬁle %eddlng tlgehlee}p{ Eigl%?h(‘?tfl oro &ﬁ)ﬁl_g)

chlorinating ag 'S “€8hd e?feflo about 25
C. 15 | n(Feonwa diit)d chi themixsyre t:dﬁeprfsirgph@fmd Gﬁ&hiongatmg agent and the 1,3,5-

1- cycl opent ¥11 2 e(ntgolnfdlllc'fle%,ra g‘raatteh%l t?‘lfp% e%nea.?% era a flth%)adgmtlon oflt 3 5-trioxane
in the presence 0 acideand ca chio JeRE e conduc{led' at a

t enper at ur ec;@foparhﬂl-ﬂ-(tﬂﬁu(fomﬂh)a):b@miené_ﬂ:oﬁnuli(I[llib) mhemeqmwommsirg thd do@d, gteep of
reacting 1- cIo en ( I oraonet h e o J~W th
1,3,5-tri ox‘én%mIan arI;\ér]ﬁprélsé(-l-,nic’fe’ ox&ﬁegmad)tame oe uf 02$| ﬁg I?br?élg%gnt further
conpri ses the st oot eanthodimgnts,the alddmgaha)pemop&ntﬂ—i( (triflddroroetbyiieaehg benzene
gﬁgr {T\L%l( |3 }%}'%nula gﬂ@l)]{ntﬁt ﬁrxsc{(re:rgo er Is%{ qge ac %(Fthe%hl%hnggxg %eqltlt %I;l(li Hlat |3n§ agent
1-cycl opent tribxahe(ig ¢canfllatiairad Aedtdrgal t)mdamtmmh&mb&(aﬁmdnningt}(erl)h)lom of there- m xture
conprising th e chl nat xane

I | Ng. agen

conduct ed- b Py 2B R RianC oy Lo Bt PR Eoerth B SR8 e
1- cycl ope nt};ldmﬂﬂ(lg agehd, arak tberb 8 iyprane smeirtéosdan hisoug I1|5I3§:)to hbl)ut e°Gn xture
conprising the a th hl or i pat Hr’ﬁ |oxane i's
mai nt ai ned at abgnust ome. ?%ﬁ& Snté’btg% ddf% t%gfﬂf)ﬁloé) ﬂgl % ﬂ‘(lldr?reet%l }él bef‘ﬁrele addi ng
t he 1- @pcl offenhyid (b)) ta thé mirgure kexhprydingtbazodd) ¢he chlorinating agent, and the 1,3,5-

trioxane is conducted at a rate so the internal temperature during the addition of the 1-

cyclopentyl-2-(trifluoromethyl)benzene (Formula (IIb)) to the mixture comprising the acid, the

chlorinating agent, and the 1,3,5-trioxane is maintained at about -10 °C to about 0 °C.

In some embodiments,

30 the acid comprises sulfuric acid; and

the chlorinating agent comprises thionyl chloride.
II. Indole Forming Step

One aspect of the present invention pertains to processes for preparing a compound of

35 - Formula (ITi):
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20(Formula (Im) to the mxture conprising the acid, the chlorinating
agent, and the 1,3,5- trioxane is conducted at a rate so the internal

t enper at Wwe 2duriomgyst he additi on of the 1- PCT/US2011/000153
cycl opentyl-2- (trlfluororrethylpbenzene (Formula (fib)) to the m xture
conprising the acid, the chl OF, ting agent, and the 1,3,5-trioxane is
mai nt ai ned at about -15 C t® Et\/( C._In enbodi ments, the adding
t he 1-cyc|openty1-2(tr|fluo th @ Fo(§(glf_g3a(f|b)) to the

m xture conprising the acid, he chl or ag and the 1,3, 5-
trioxane is conducted at a rate so the intennal tenperature duri ng the
addition of the 1- cyclopentyl-2-(trifl ?on’ét hypbenzene (Fornmula (Hb)) to
the mxture conprising the acid, the ch i nati ng agent, and the

1, 3, 5-trioxane ighei@h Rt aigesy aByl; @Q@H‘t Rj ]an Qe hi@ eﬁ’cﬁh@h‘l@ct@d Qdeﬂeﬂde%ﬂﬁﬁom the
enmbodi ments, 30the acid conBr ses sul'furic acid chl orinating agent

conpri ses tHPWAPNsismEsf Hee! Hlkxln(alo¢‘é‘llﬂ?fb’*ﬁah’§er5tce§4 haloalkyl Ci-C Iglpalkexpect of

the presentyjjjRyAti on pertains to processes for preparl ng a conpound of
35For rrul a (H): WO 2011/094008PCT/ US2011/000153 R4 r\' R6-- Q R6
whereinSle is Cconprigingjfie stepqfrepefing rsompeind pEFamwladBigh sel ect ed

i ndependently fromthe group consi sF;ﬂ ngeof H, Cl-Ca alkyl, Cl-C4 al koxy,
hal ogen, CI-C4 haloallcyl, C-C4 hal oraT koxy, and nitro; SConprl sing the
step of reacting a corrpound of Formula (Hg): R2..R2 N CO2R3

CO,R?
(ITg)
wherein R' and R? are each independently C,-Cs alkyl, or R' and R? together with the nitrogen
atom to which they are both bonded form a 5-member or 6-member heterocyclic ring;

with a compound of Formula (ITh) or a salt thereof,

Ry (:)\/
\©\NHNH2

10 (ITh)

in the presence of an indole-forming acid, to form a compound of Formula (ITi).

b

In some embodiments, the step of reacting a compound of Formula (IIg) with a
compound of Formula (ITh) or a salt thereof, in the presence of an indole-forming acid,
optionally comprises a drying agent. |

15 In some embodiments, the step of reacting a compound of Formula (IIg) with a
compound of Formula (IIh) or a salt thereof, in the presence of an indole-forming acid,
comprises a drying agent. |

In some embodiments, the drying agent is selected from the group of magnesium
sulfate, sodium sulfate, and molecular sieves.

20 In some embodiments, the drying agent is magnesium sulfate.

In some embodiments, the drying agent is sodium sulfate.

In some embodiments, the drying agent is molecular sieves.

In some embodiments, R' and R? are each independently C,-Cg alkyl.

In some embodiments, R! and R? are each independently methyl or ethyl.

25 In some embodiments, R' and R? together with the nitrogen atom to which they are both

bonded form a 5-member or 6-member heterocyclic ring.
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(hg) , wherein Rl and R2 are each independently C1-C6 alkyl, or R and R2
together with the nitrogen atomto which they are both bonded forma

5- menber wWo 26tvoud@er heterocyclic ring; wth a conpoundPofi/USesimivb@sg hn) or
a salt thereof, IRdormd emiR@inign®, RbarHiNIPzether with the njgrogaenod t@fhiahthey are both

i ndol e-formin cid .to forma compound of Forrmula (Hi). In sone
enbodi nent srg,on?ﬁ‘ﬁo%’i%%'%Pg?re%}:etr?cﬁgl@m&mpound of Formula (11g) with a

conpound of For Mukend ¢rhtodinemtsaRSaldt R ttbgetleovith ihe nithgepatanenebichfhepare both
i ndol e-formin id_optionally conprises a drying agent. 15In sone
enbodi nent srﬁon?ﬁqgg@ @Wogé‘n?leact ing a conpound of Formula (11g) with a
conmpounsl of For riulkémd érhbodimantsaRS aldt Rttbgetteofvith the nithgerpates enwichthegare both

i ng agent. In sonme enbodi nents,

i ndol e-formin id, _conprises a dr

the dryi ngrg%(geﬁitafgﬁ“%é g’@eg@frelﬁ?ef?cg%mt%n& group of nagnesi um sul fate, sodium
sul fate, and no lheatd anbaimanesR' 201 R tegether with ddinitigtisatomhewtich theg amdettit i s
magnesi um sbul ifi‘%éfe l.n ??pmg enbogilglepts, the drying agent is sodiumsulfate.
In sone enbSBTHERTEPPEFHEYAPVINE Ag&nt is nol ecul ar sieves. In sonme

enbodi nents, R IarémE&miaudinedcR' imidRegetentvity tHehitfogeabthaylto whith gepere both

enbodi gent nd R2. are each independently nethyl or ethyl. 25In sone
enbodi ﬂ@nt :",0“%f§‘ﬁ‘ap‘ﬁ’z"‘€'8§et her with the nitrogen atomto which they are

bot h bonded f or ninadorhe ertddatients; REand R thgtheh otk rheaytalgbe atbinng whickiMBey are both
201170940081 T/ 5201103033
In some embodiments, R’ is methyl or ethyl.
In some embodiments, R? is ethyl.
15 In some embodiments, R*, R®, and R® are each selected independently from the group.
consisting of H, CH;, OCH,, OCH,CH,;, F, Cl, Br, CF;, OCFs, and nitro.
In some embodiments, R*, R’, and R® are each selected independently from the group
consisting of H, CH;, OCH;, OCH,CH,;, F, Cl, CF;, OCF;.
In some embodiments, R*, R®, and R® are each selected independently from the group
20 consisting of H and OCH3.

In some embodiments, R*, R®, and R® are each H.

In some embodiments, the compound of Formula (Ii) is:

@\/O
N, wCO,R?
N
\
H .

In some embodiments, the compound of Formula (Ii) is:

©\/O
Ny wCO,Et
N
\
H .
In some embodiments, the compound of Formula (IIg) is:
' )
N
-
@“COZEt
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I n sone enbodi nents, RI and R2 together with the nitrogen atomto which
they are both bonded form a 5-nmenber heterocyclic ring. In sone
enbodi mrerwe,20Rl09ad R2 t oget her with the nitrogen at om ProTmise@h/ovhiey are
bot h bonded f or ninpyme ehbatimstts, tHelcompame of Fbouhila@h) ss, (4 RbenayldxyRhehgyet her
with the ni%;dpagl%g, atomto which they are both bonded form a 6-nenber

het erocycli ¢ ring. In sone enbodi nents, RI and R2 together wth the

nitrogen atomto which they are-tath bonded form pi peridinyl or
nmor phol i nyl . In soidTen s, Rl and R2 together with the
nitrogen atomto which they are ot h”10montked form pi peridinyl. In
sone enbodi nents, R and R2 together vm' I trogen atomto which they

are both bonded form norpholinyl. In sone e %nt&salmei&of.net hyl or
ethyl. In some odi ment R3 s ethyl. .151n.s . enmbhodi nen 4, R5, and
R6 are each sel eCt*&H° F’ﬂ%ﬁ%@ﬂﬁs@ melcﬁmf’?%‘%otf %8m§1|]ao@fpﬁéso(ggﬁ?’?¥q§’§yt)§¥n§? CHS,
OCH3, Og£H2CGydrazing hidrochBirideCF3, OCF3, and nitro. I n sone enbodi nents,
R4, R5, and R6 are each sel ected i ndependently fromthe group consisting of
H, CH3, OCH3, OCH2CH3, F, d, CF3, OCF3. I n sone enbodi nents,

R4, R5, and R6 ameomeehbsimeant d@d ihdutkefoemimgatidyomprises 4 Bengedadid &QCIoswds St i ng
of Hand OCH3, In sonme enbodi ments, R4, R5, and R6 are each H In sone
embodi ment s24 he compound of Formula (H) is: In sone enbodinents, the
conmpound of For nitlsamé Einpodiigents bhe inddle-Rbriing @tid @ciinpievet scetid fed, GofMpadaBeticof

Formul 3, (HA).id $:18u9npo,, H,50,, methanesulfonic acid, formic acid, HCI, ZnCl,, FeCl,, HCI, CuCl,
Cul, BF;0Et,, Zn(Tf),, Yb(Tf),, Sc(Tf),, or AlCl,.

In some embodiments, the indole-forming acid comprises a Brensted acid.

In some embodiments, the indole-forming acid comprises acetic acid, trifluoroacetic
acid, p-TsOH, H;PO,, H,SO,, methanesulfonic acid, formic acid, or HCI. It is understood p-

15 TsOH is para toluenesulfonic acid (i.e., 4-toluenesulfonic acid).

In some embodiments, the indole-forming acid comprises acetic acid.

In some embodiments, the indole-forming acid comprises trifluoroacetic acid.

In some embodiments, the indole-forming acid comprises a mixture of acetic acid and
trifluoroacetic acid.

20 In some embodiments, the indole-forming acid comprises a Lewis acid.

In some embodiments, the indole-forming acid comprises ZnCl,, FeCl,, HCI, CuCl,
Cul, BF;0Et,, Zn(Tf),, Yb(Tf),, Sc(T1),, or AlCl;.

In some embodiments, the step of reacting a compound of Formula (IIg) with a
compound of Formula (ITh) or a salt thereof, in the presence of an indole-forming acid is

25 conducted in the presence of a suitable solvent.

In some embodiments, the step of reacting a compound of Formula (IIg) with a
compound of Formula (ITh) or a salt thereof, in the presence of an indole-forming acid is
conducted in the presence of a protic solvent, a halogenated solvent, an ether solvent, or an
aprotic solvent.

30 In some embodiments, the step of reacting a compound of Formula (IIg) with a
compound of Formula (ITh) or a salt thereof, in the presence of an indole-forming acid is
conducted in the presence of a protic solvent.

In some embodiments, the protic solvent comprises a C,-C, alkylalcohol solvent.
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WO 2011/ 094008PCT/ US2011/ 000153 In some enbodi ments, the conmpound of
Formula (I1h) is (4-(benzyl oxy)phenyl) hydrazine: NHN H2 , or a salt

t her eof . W0 2011/094008 | n sone enbodi nents, the conpound ofPCFarsouhiaoqiss h) is
(4- (benzyl oxy) phianying elﬁbgddinazé ﬂ&stvpcblfcmhirxgraiodmpodnﬂ ofﬁmlmmlgdbvﬁthﬁt s, the

I ndol e-form rrlrg) acd! q {}fh a ﬁnst CI dercl)ce \gl ; ({1 sone
embodi nent sCTPRE |°ngo1n(1a $or mich§Sacid o &S acoef'mm a&i %rm?gr‘?cf "fior oaceti c
10acid, p- T@ﬁ&ucteﬂmm;esmsmahamemmmemom c acid, form c acid, HC1,
ZnCl2, FeCl3, H

QFt T0 Yb Tf or Al C13.
I'n some embodi meRtETe F’H%Odlnﬁe § B‘% Fﬁ?ﬂﬁﬁe%ﬁélv %C%m TR sezmglro@%%)éet ed acid. In
some enbodi nent sin sbﬂneemlxdhrhe}té trerstep@f aactthgaaomposdof ﬁmatuﬂec(ﬂg() with a
trifluoroacetic net ha esulf |c .aci d formc
het o Resprinppas oty Abenn ket AR AT EHRBPFUR A 0 (1 e
4-t ol uenesuohduuited 1ﬁdied>)eseﬂcaoﬁa)rmhee§630dﬂt.rrent s, the | ndol e formng acid
conpri ses acetic,_aci the |

.SO enbodi.nent s,
conprises trifl u18r381388?1 Od"onl%qr{% .thelrg%ps?&?é‘a STHH%‘HE f’lﬁ%l 3 m%étﬁfor n ng
aci d conpr i @apoandvfFottmda dih)at e kilcthaeoflinahdpresende afaf gdoktfotmiagadid is20l n some

enbodi ngnt s ole-forn.ng acid conprises a Lew s acid. In sone
embodi ent sé"“%“#ged‘ﬁg’c‘}|pées‘f‘8?ﬁﬁ{gapé‘§icd°lc¥8’%rises ZnC12, FeCl3, HCl, cud,
Cul, BF30Et2, Zninkoe enibddidehts, Be(apfoti2 soloent Abriprdes dchtosiaile oetotnent. ment s, t he
step of reacti ng, a co conmpound of Formul a

upnd of Formul a wtha .
(Hh) or a salt tlr?egf’lé’?)ggg?d;mf'ﬁ% tlﬁragggg’ﬁé‘él('%‘?)c%{ﬂprfsﬁ%ﬁé’?‘frgfm ng acid is
25conduct ed i n theome esbotdimernd, tie aptitic allvent s@hptiad tolukre. some enbodi nents, the
step of reacting,a co upnd qof Fornmul.a with oun f. orrrula(Hh)
or a salt thereof IR n"l?'ﬁ%&ﬁ?'g%é éep(ﬂf re&f(ﬁtll_'%)r‘?cf(?fngf"fr%ro%?ﬁ%‘“i%&{??i "d""@onduct ed
i n thelpr esenpeudf ofFopndi (ITh)o kb ¢dntheresf, athopresratead as dldeRbrmingacid Ber

sol vent, or%q%glﬁg%r. F}%%(%él) v\%ﬁ% ﬁ' alEylz?lcéH%l Sorirbngl ments, the step of reacting

a conpound
In some embodiments, the C,-C, alkylalcohol solvent comprises methanol or ethanol.

In some embodiments, the C;-C, alkylalcohol solvent comprises ethanol.

In some embodiments, the step of reacting a compound of Formula (IIg) with a

20 compound of Formula (ITh) or a salt thereof, in the presence of an indole-forming acid is
conducted under a substantially inert atmosphere.

In some embodiments, the step of reacting a compound of Formula (TIIg) with a
compound of Formula (ITh) or a salt thereof, in the presence of an indole-forming acid is
conducted under a substantially inert atmosphere comprising argon or nitrogen.

25 In some embodiments, the step of reacting a compound of Formula (TIIg) with a
compound of Formula (ITh) or a salt thereof, in the presence of an indole-forming acid 1s
conducted under a substantially inert atmosphere comprising nitrogen.

In some embodiments, the molar ratio between the compound of Formula (IIg) and the
compound of Formula (ITh) or a salt thereof is about 1.0:1.0 to about 1.0:2.0.

30 In some embodiments, the molar ratio between the compound of Formula (IIg) and the
compound of Formula (ITh) or a salt thereof is about 1.0:1.0 to about 1.0:1.5.

In some embodiments, the molar ratio between the compound of Formula (IIg) and the
compound of Formula (ITh) or a salt thereof is about 1.0:1.0 to about 1.0:1.3.

In some embodiments, the molar ratio between the compound of Formula (IIg) and the

35 compound of Formula (ITh) or a salt thereof is about 1.0:1.0 to about 1.0:1.1.
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conpound of Forrmula (Hh) or a salt thereof, in the presence of an

i ndole-formng acid is conducted in the presence of a protic solvent. In
sonme enboaDrent®4008he protic sol vent conprises a Cl-C4 aChyisadiaobab3
solvent. WO 201b/50@¢ 8OBRGTIUSAC Sleb®OB:28B1g a compound of Horudn@lyliwitkat s, t he
step of reagctin ung.of FE I wth a conpound.of Fornmula

(11 hy %or o SppeF 3R it ST Bedt, b milchet & of BRRARMIRL o0
conduct ed iwntdvedpr 2zempemtuod ofabbal26 Emattedt FACvent . I n some enbodi nent s,

t he hal ogenated sal vent, c ri ses.di chl or onet hane. | n_sone . enbadi nent s,
the step of reac isﬂrélggm%%(%%%ﬁsn%‘ecic'%e%l‘—)gFer?%fng a(C ﬁﬁ’f"’%“t"EF‘é“%‘%angfﬁﬁn%Sf Formul a
(I'rh) of a ®aipputdwdFentfiyla (Ikh)tohe syt theresfcm thd presen¢erndah erdblerfoinnigg @vdd, ds | S
conducted in_the presence, of ther,.sql vent.~ I n sone enbodi nents, the
step of read Flhcgedé‘g%geﬁnﬁgrﬁtﬁlae%f%%&‘%rsﬁu{:éo%%lﬁbtvmcfh a conpound of Formul a
(11h) or a salt hbemeembodimerits$)theptepd rraetingfa campoundolf €emodaflhy) watbiad i S
10conducted in th esen of a rotic,solvent.. In.s enbodi nents, the
aproti o sol ame Ry EoRRTL T a3l FRER Lind BrstEior ap hoBBIE RS ont o, < no
aproti c sol soaticteaianp tenpesacataboutto0i*Ceo adont &tk enbodi nents, the aprotic
sol vent,,conpri ses tol uene,. | n_some enbodi S h tep of

reacti h% a corrpoI?Jlriq' T f mE%drlrrnrﬂTtsa t}(el%e)p O\?\Aretaﬁtm§ Bty %n(%)ggo%?utl@@u“?tg a(I I h) or a
sal t t her eodompomnd dfdFopmés dhiger afsalathereoltl ol the fresentend aa diddleiforntiopaidt ed i n t he

presence of a Cl- th al.cohal. sol.vent... I n.sone enbodi nents, the Cl-C4

CI:4 al.l c \

comprises formatign of an.imine intermediate of Formul : .

al I cyl al cohBImPE8TveR conpri ses et hanol or "ethandl . I'n some enbodinents,
In sone embodi ments, the

the CI-Cl allcylal cohol solvent comprises ethanol.

step of reacting a conpound of Form (Hg) with Ocqitpdund of Fornul a
(11h) or a salt thereof, in the quse/n e of an in forming acid is
conduct ed under a substantially inee/ atyfosy . sone enbodi nents, the
step of reacting a conpound of Fortul a (Hg) h_a Bbnpound of Fornul a
(I''h) or a salt thereof, in the presence of an i Al e-f or ni ng acid is
conducted under a substantially inert at rmsphép@ conpri si ng .argon or
nitrogen. 251 n spne _enbodi.nent §,; .t step of reacting a conpound of Fornul a
(Hg) with a corrp%’tfﬂﬁ'e(g?qg?;%?lﬁraf’} (’ﬁﬁqﬁ?ﬁl' or a salt thereof, in the presence of
an i nddbe- f or mi nip same dmbsdimens| R¢t R'dandRfeire éacsHbst anti al |y i nert at nosphere

conpri sing nitrogen. ln.s odi sS e nol rati o between the
conpound of For Ssmfﬁﬁ‘}’°déﬁ‘8“f’ﬁ§?%§ﬁgd’ﬂﬂ§e ’%’%&#ﬁfeaeaf}ﬁ[h) or a salt
t her eof i s about Inlsofhe tmBodimerthahe steh. d¥ récfihg a3dhposraindt Ferrhda (Il ™tith,a t he nol ar

ratio bet V\egorr]nl}ogr?d (g: o OMQ ?Ill%forlg%zrﬂ%leraeoé !_rilq;le S'rggan}:eh(?f an indole-forming acid

comprises formation of an imine intermediate of the formula:

CO,Et

NH
NH, _

In some embodiments, the step of reacting a compound of Formula (IIg) with a

20

compound of Formula (ITh) or a salt thereof, in the presence of an indole-forming acid, is
continued until about 8.0% or less of the compound of Formula (IIT) is present as determined by
HPLC.

25 In some embodiments, the step of reacting a compound of Formula (IIg) with a
compound of Formula (ITh) or a salt thereof, in the presence of an indole-forming acid, is
continued until about 6.0% or less of the compound of Formula (III) is present as determined by
HPLC.

| In some embodiments, the step of reacting a compound of Formula (IIg) with a

30 compound of Formula (ITh) or a salt thereof, in the presence of an indole-forming acid, is
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conpound of Forrmula (I1h) or a salt thereof is about 1.0:1.0 to about
1.0:1.5. In sonme enbodi nents, the nolar ratio between the conpound of
For mul a (WiQroamd4doke conpound of Forrmula (Hn) or a salt pCharseafi/od@sabout
1.0: 1.0 to cabtnited hntQ:ahoud 5.0Vnordessef abadpared bSEorinhie (D) iapreseat asaletzerhinedby t he
conmpound of glg(arrul a (Hg) and the 35conpound of Fornula (11h) or a salt
thereof is AboGt 1.0:1.0 to about 1.0:1.1. WD 2011/ 094008PCT/ US2011/ 000153
I n sone enbodi neltseme tmBoditheas, tfe stepat teactnga comppowdvf Fafnuko@igihvaheHg) with a

conpound of For mul Hh a salt.thereof, in th resence .of an.

i ndol e- f or nﬁoﬁﬁo'g}bélogf g?’é&%@ﬁ&%? éﬁtttgfre(g{‘tngl%pé?sﬁ ctfrogalg "R 'g%?m’igsac&ﬂfso about
80 C. | A sodoatiardadkilaboit 4,0% drdess o€the odmpaad bf Frgmaladdipe presknods deerminkdby Hg)
with a 5COhiQJLIJd of Formula (Hh) or a salt thereof, in the presence of an
i ndol e-forni acid, is conducted at a tenperature of about 50 C to about
70 C. I n sone enhgaingembaliméhs tigtsep obfeactdgaitcomgowdnded Fpauwhd(Iky) withramul a ( Hg)
with a conpound t her eof

f I 1 h I o b f
ndol - { or rateuth o PO e enChe ol Bube R G wn i Sak BT BN e T hout
65 C. 10l n sapeisenixotipaeisemeridig st efystallizihg @etcomgouwnd od Fpawid(IHY atkor nmul a
i.th f I o |t th f,..int f

a1 nddPe- FSPRTRGA e L st Bl GaR SR St st e RBH P S0 e ae s O
Formul a (| HjormiR4 (@H2R3 R5 R6 I n sone enbodi ments, R3 is ethyl. 15In sone

nmbodi ts, R4, | : h.H | i t R3,i t hyl ,
SO TEILS: o Sy SR RS o B R R By B,
reacting a emipponte Fofmio(Iih) d a(sHgthenabf, in the presepeanfdn afdolecfbmih@adid, firjheor a
of an' i m e BB SO g P o Epre oo polnd s P n) 47!

15 temperature of about 0 °C to about 5 °C.

In some embodiments, the step of reacting a compound of Formula (IIg) with a
compound of Formula (ITh) or a salt thereof, in the presence of an indole-forming acid, further
comprises the step of isolating the compound of Formula (ITi). In some embodiments, isolating

the compound of Formula (ITi) is conducted by filtration.

20
Iv. Processes for preparing compounds of Formula (IIg)
~ One aspect of the present invention pertains to processes for preparing a compound of
Formula Formula (IIg):
RLN, R?
@fLHc:OZR3
(IIg)
25 wherein R? is C,-Cs alkyl;
comprising the following steps of:
a) reacting cyclopentanone with a .secondary amine of Formula (TId):
RI\N/R2

H
(d)-
wherein R! and R? are each independently C,-Cs alkyl, or R' and R? together with the

30 nitrogen atom to which they are both bonded form a 5-member or 6-member heterocyclic ring;

to form a compound of Formula (Ie):
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NH NH2 In sone enbodi nents, the step of reacting a conpound of Fornula (Hg)
with a conpound of Forrmula (Hh) or a salt thereof, in the presence of an
i ndol e- f owoizng/@etod, is continued until about 8.0% or | @€3/uskotiioeois®pound
of Formula (H') is present as determ neRl byrRHPLC. 25l n sone enbodi nents,
the step of reacting a conmpound of Formul& (Hg) with a conpound of Formula

(Hh) or a salt thereof, in the presence an indole-formng acid, is
continued until about 6.0%or |less of th onpound of Formula (H') is
present as determ ned by HPLC. @by Sore enbodi nents, the step of

reacting a compound of Formula (Hg) with a 30c®fApound of Fornmula (l11h) or a

salt thereaqfy, I A ot d9f Féthul &ith QLo &@6f Ebrmbi (¥
2011/ 0940085I3)>CT/ 8552%%%001 3 cont i m‘}ea(r}ﬂ%?]t it @ b Rdn b Forml I(e?? of the

conmpound of Forrmula (HI') is present as deferm ned by HPLC. I n sone
enbodi nents, the step of reacting a co ¢h Formula (Hg) with a
conpound of Fornmula (llh) or a salt thereo(% ih the presence of an
i ndol e-formng acid, is 5continued until about 4.0%or |ess of the conpound

of Forrmula (H) | sent _@aspdet erm ned by HPLC In sone
embodi nent s, the‘kllzetr&ehl{cl)ﬁofS rleﬁct]éi;rig a compound of Fornula (Hg) with a

conpoundl of toferrmth¢ eenirionhd ofdiorule 4Mg). t her eof , in the presence of an

i ndol e-form ng pd, FoFRARL 8RS 2t e steps of isonerizing and
crystallizing tﬁgaéorr%%%{r@gof For mﬁ?zaﬁ(" i) at a 1Otenperature of about 20 C
to about 25 C t olnfsomprmbedimpindy end R opathes iwitly theaiitiogen atoauia ovhish teyrapa osh

(H). enhadi ] - reacting a conpound of
Formul a (Hggon\l/i\n&lt%ms } o#érl%érr%gﬁeg& (?llc?ll%g'or a salt thereof, in the

a conpoun
presence of an immemﬁmﬁgs,%wR?@g@hﬁémfbébﬁgﬂr%@a@woﬁh@btwa&‘?ﬂth ng
said squen&jngghﬁ‘,gg’grsi_lﬁgnqgrﬁ&grgcﬁggpggnd of Formula (H) to a 15tenperature

out 5 C I n

of about 0 Cto a . 1 , sone enbodi nents, the step of reacting
a conmpound of Folrsamg efnbedimeits, iR andBiostihed voth tikgritiegen alopHy vdichgheyrg both

t hereof, inthe BLE a;Rf an indole-formng acid, further conprises the
step of isg?at[gdng t%gﬂ&gol ound of Formula (In). In some enbodi nents,

i sol ating the cobpowadmbedimentsR’ and Ry tpgéther vathdbectizeen ptofy toyhighithay, arolpth
|'V. Processeg, hof foRh §Rahdii: fFQIBANGE,0f Formula (Hg) One aspect of
the present I nvention pertains to processes for preparing a conpound of
For mul d5For mul a fokgine empodiments, R' and R? together with the nitrogen atom to which they are both
bonded form piperidinyl or morpholinyl.
In some embodiments, R' and R? together with the nitrogen atom to which they are both
bonded form morpholinyl.

In some embodiments, the compound of Formula (ITe) is:
O
N
20 é .

In some embodiments, the step of reacting cyclopentanone with a secondary amine of
Formula (IId) is conducted in the presence of an azeotropic solvent.

In some embodiments, the azeotropic solvent comprises benzene, toluene, cyclohexane
or anisole.

25 In some embodiments, the azeotropic solvent comprises cyclohexane.

In some embodiments, the step of reacting cyclopentanone with a secondary amine of
Formula (ITd) is conducted under a substantially inert atmosphere.

In some embodiments, the step of reacting cyclopentanone with a secondary amine of

Formula (Hd) is conducted under an atmosphere comprising argon or nitrogen.
-31-



CO2R3 (Hg) 25wherein le is Cl1-C6 al kyl; conprising the follow ng steps of:
a)reacting cycl opentanone with a secondary am ne of Fornula (11d): ,R2 (Hd)
wher ei n Rvoand/®200ar e each i ndependently Cl-C6 al kyl, orCRIUSand/0RAS: oget her
wi t h the 30ni t r dgeomatmbndimentd) ilelsteploéreactimg chdofentaondedthfasecondary ambredadr  or

2011/ 094008 GAIBYT FODSEs L ! FBsH R PRAT Hiect | ng the compound of
Fornul a (He) wi tlh sameenpatimehtothefariauhte dfidfyjlopebtahinelatiDRig3edonddry amineoi N R3
o, Ch 0 gy LKy D5 ORI AL PO @ (1), (Ve namne
ni trogef at om t anwhine bmbdiiyieras, thehnadlir ritonadedcld@nmaencandrériserondary Smimeober
heterocyclig Il N9md)is about 1.0:1.0 to about 1.0:1.5.
In some embodiments, the molar ratio of cyclopentanone and the secondary amine of
Formula (I1d) is about 1.0:1.0 to about 1.0:1.2.
In some embodiments, the molar ratio of cyclopentanone and the secondary amine of
10 Formula (IId) is about 1.0:1.0 to about 1.0:1.05.
In some embodiments, the molar ratio of cyclopentanone and the secondary amine of
Formula (IId) is about 1.0:1.0 to about 1.0:1.005.
In some embodiments, the step of reacting cyclopentanone with a secondary amine of
Formula (IId) is conducted at a temperature of about 60 °C to about 155 °C.
15 In some embodiments, the step of reacting cyclopentanone with a secondary amine of
Formula (IId) is conducted at a temperature of about 65 °C to about 111 °C.
In some embodiments, the step of reacting cyclopentanone with a secondary amine of
Formula (IId) is conducted at a temperature of about 85 °C to about 95 °C.
In some embodiments, the step of reacting cyclopentanone with a secondafy amine of
20 Formula (IId) further comprises a step of removing water.
- In some embodiments, the step of reacting cyclopentanone with a secondary amine of
Formula (IId) further comprises a step of removing water via a Dean-Stark water trap.
In some embodiments, the removing water step is conducted until about 10% or less of
cyclopentanone is present as determined by gas chromatography.
25 In some embodiments, the removing water step is conducted until about 6% or less of
cyclopentanone is present as determined by gas chromatography. '
In some embodiments, the removing water step is conducted until about 3% or less of
cyclopentanone is present as determined by gas chromatography.
In some embodiments, the removing water is conducted until about lOl% or less of the
30 secondary amine of Formula (IId) is present as determined by gas chromatography.
In some embodiments, the removing water is conducted until about 6% or less of the
secondary amine of Formula (IId) is present as determined by gas chromatography.
In some embodiments, the removing water is conducted until about 3% or less of the
secondary amine of Formula (IId) is present as determined by gas chromatography.
35 IVa. Reacting the enamine of Formula (Ile) with a compound of Formula (IIf),
Step b)
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I n sone enbodi nents, RI and R2 together with the nitrogen atomto which
they are both 10bonded form a 5-nenber heterocyclic ring. In sone
enbodi mrenwe,20Rl09amd R2 t oget her with the nitrogen at om roTwise@h/iovhiey are
bot h bonded f or ninpyme einbaliimstts, the step of Feactengrtiee emipodideEFosnulR(II€ ndthR2
together with the nitroge tomt o whigh h _bonded form a

6- nenber he%oénrp(())grildccfr}:l:tgn?‘ﬁ?'ng.lﬁfﬁoﬁéuscg‘%n {e%ﬁ‘B%)e ?ereen ag,aggagroglﬁé&@gt oget her with
t he nitrogen at olsbme ehbatiméthe yhearzeotivpiclholvem demprises banpérpetolueha) yyclahexane

nmor phol i nyl(.)ran.sole In sonme enbodi nents, RI and R2 together with the

ni t rogen at it “whi ch they are both bonded form norpholinyl. In sone
enbodi mént s, t helncomip embeliénts;tierazt@ropidedlvers corBfrises cyclohexang sone

enbodi nents, the step of reacting, cyclopent.ano ' sec ary am ne of
Formil a (H) i o Ponanerenrary e Pl sl A Aol Ot FaR et BTt

I n sone enbadhpsent & Fotrtwda @R ¢t dooghicedsinder @stbstaotiglyi is@tatinesphenae, t ol uene,
cycl ohexane or apisole., 25l n sone, enhodi nments, the t I Qpi¢. S0l vent
conprises cycl oh&f%‘g < mbOd?mentT’Ehesséeﬁe@éeﬁﬁtbn&nh%%%mﬁou?cﬁ%ﬁg) e‘%gk)lie)r“g%’cat i ng

cycl opent anameound ¢f Farswa A & opndurtadenddr afrotmmgplerd dddiprisisg egodoratitecgennder a
substantially inert atnpsphere. In.s enbodi ts step of
reacti ﬁé cycl ope SgﬂlSﬁgB(\)/\ﬁrtnﬁm%z ﬂéeesé%)no zrieraf/tm CH;r‘!ficeomc?fo “Formy aulf k_@?} V‘l'l%sh %onduct ed
under an at congohsd & Foanids (I3f) igcoadwosd vadernn hnegphrere codibrising Widogen.

2011/ 094008PCT/ US2011/ 000153 I n_sope enhbodi ment s, e st of
reacting cycl opeft®3AS ﬁ%‘g%ﬁ?lﬁm% tgeer@(élﬁrdﬁﬁ%gegvr‘f?engg RS f??’f"i’-\’aj 8?‘2 Aadfuct ed

under an at cosgphsd ef Foanyla (13f) igabout .®§emo about 1.0:20n some enbodi nents, the
o 175! o CHERERATRDR, W e RERIRa N M SR Lo e

about 1.0:1.0 to agout Séie e nen ati o of
cycl opdist ancsmgpoandloft vemsle () deabputalnd: he todbokor.omil8a (HJ) is about 1.0:1.0 to

about 1.0:1.5. I n s(ﬁme odien t he ar_ r of anone

e .S | af | cyelopent
i s s BRRER I B RERNS per gt ol oy B A e

and the secondary ‘amne o
I n sone enboshpoend ef Forhela (i3f)ay aboat §.@1.0fto ahoot bfpéAt anone and t he secondary

am ne of 10Formu knaso(nlé%}nbi)(%m%‘r?ts,l{ﬁe r%blgr: r]étic()) bét\%eeaflqgeu (t:orrilp'ogﬁd]' de*5<)'rmula (ITe) and the
compound of Formula (IIf) is about 1.0:1.0 to about 1.0:1.2.

20 In some embodiments, the molar ratio between the compound of Formula (IIe) and the
compound of Formula (IIf) is about 1.0:1.1. .

In some embodiments, the step of reacting the compound of Formula (Ile) with a
| compound of Formula (IIf) is conducted at a temperature of about 25 °C to about 105 °C.
In some embodiments, the step va reacting the compound of Formula (He) with a

25 compound of Formula (IIf) is conducted at a temperature of about 55 °C to about 100 °C.

In some embodiments, the step of reacting the compound of Formula (Ile) with a
compound of Formula (IXf) is conducted at a temperature of about 60 °C to about 95 °C.

In some embodiments, the step of reacting the compound of Formula (Ile) with a
compound of Formula (IIf) further comprises a step of removing water.

30 In some embodiments, the step of reacting the compound of Formula (IIe) with a
compound of Formula (IIf) further comprises a step of removing water via a Dean-Stark water
trap.

In some embodiments, removing water step is continued until about 5.0% or less of the
compound of Formula (Ile) is present as determined by gas chromatography.

35 In some embodiments, removing water step is conﬁnued until about 2.5% or less of the

compound of Formula (Ile) is present as determined by gas chromatography.
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In sonme enbodi nents, the nolar ratio of cycl opentanone and the secondary
am ne of Fornmula (Hd) is about 1.0:1.0 to about 1.0:1.005. In sone
enbodi mrerwe,20tiw4®B8ep of reacting cycl opentanone w th aPrseasadanyoiaii ne of
Forrmul a (Hd) is bowdaetmbodimbnts réreoqhey witerrstepod conbioued Gl aBott@.(8h oitss b theC.
151 n sone e di h t.ep of reacting,cyclopentanone wth a secondary
am ne of Fogyg(%&%agﬁtha 5%&%IF§ “gggg 18%%@%%?3@8m3 ggqaht 65 C to about
111 C I N Bowwe embodlimmes tremovitipewstéregepos caneactiiungl abyatl 1036 oit lass@ifiehew t h
a secondary_am ne Fqr (Hd). is conducted at, a te rature of about 85
C to about GEMRRUM ggFongul%gllélprggoe%{easéiﬁﬁgﬁfleﬁé%%a,s c}f,rﬁrélaté’géghyc')f reacting

cycl opefit anone wirtdoma egbocimehas,yreraonimpewaér skprocamihed ukid) abbutrd e or lesryftHeses a
step of renpvin r. . In s enbodjments, the step of reacting
cycl opent andh& O\g\? W%nlsme%g%@ésr ?/resa%pags‘e%etggmﬁ%dr?ﬁﬁagc%ﬁofnj’togr GPli‘}ﬁer conpri ses a
step of renoving water via a Dean-Stark water trap. In sone
errbodirrentsV the,r ngvhg& wat er step is conducted until about 10% or |ess
of cyclopentanonge'?'Bresgnt as determ ned by gas chronat ography. 25In sone
enbodi nent s, t heOneaspwitnfithaatesent fiverion pertomsttol ptoeebsesron pre@ibiagh c@fiponnd be£ss of
cycl opent angne i s ese as determ ned by gas chronmat ography. In
sone eﬁ@odiﬁgﬁP?f4ﬂ£gaP§%%$$ g wat er step is conducted until about 3% or

|l ess of cyclopentanone is present g§ determfmed by gas chronatography. In
sone enbodi nents, the renoving water teqxgﬂbil about 10% or |ess
of the 30secondary am ne of Formula ( Ly present” as determ ned by gas
chromat ography. In sone enbodi nents, the renoving water is conducted until
about 6% or | ess of the secondary am ne of Forrmula (Hd) is present as
determ ned by gas chromat ography. In sone g odi nents; the renoving water

i s conducted unt| - %o Jiess of the secondary am ne of Fornula (Hd)
IS present as de%vg?r%‘lpﬁggs %\/ebagl?h’chr omat ogr aphy. 35l Va. Reacting the enam ne
of Fornul a ¢aseprisingtte steped moloeingla ofmpcondrof Borpip XISt ep b) WO

2011/ 094008PCT/ US2011/°000153 4+ In some enbodi nents, the step of
reacting the conmpound of Formul a ) with a conmpound of Forrmula (HO is
conducted in the presence of qﬂs_éze tropic sol vent. I n .sone

enbodi ments, the azeotropic solv S3
or anisole. 5ln sone enbodi nentg® the aze
cycl ohexane. N

(i)
15 wherein R*, R*, and R® are each selected independently from the group consisting of H, C;-Cy
alkyl, C,-C, alkoxy, halogen, C;-C, haloalkyl, C;-C, haloalkoxy, and nitro;

tgluene, cycl ohexane
iR conpri ses

>

in the presence of a reducing-step agent, and a reducing-step catalyst, to form the
compound of Formula (ITj). '

In some embodiments, the compound of Formula (ITj) is:

HO
N\ CO,Et
N

\
20 H , or a salt thereof. -

~ In some embodiments, R’ is methyl or ethyl.
In some embodiments, R? is ethyl.
In some embodiments, the reducing-step agent comprises formic acid and a reducing
base.
25 In some embodiments, the reducing base comprises an inorganic base.

In some embodiments, the reducing base comprises a carbonate base.
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In sonme enbodi nents, the step of reacting the conpound of Fornula (He) with
a conpound of Formula (Ill) is conducted under a substantially inert

at nospherw0 2011/094006n sone enbodi nents, the step of reactcmgistéie/ocaspound of
Forrmul a (He) w tln same emp@iirnehty) thefreduring dafetdanpsses swiilung t@bonaregmitassiom

at nosphere fotel gti soi n%. argaglongtre nitrogen. 10l n some enbodi nents, the step of
reacting the co ouRd 8t “FEormil a (He) with a conmpound of Formula (IIl) is
conduct ed under hnoat mmb@tiecss, denrpductigbgsertbinpoige Bodium carbdmates 0 Ime

enbodi ments, the, _nol ar %acﬁringntsp%ev}e nit%e congound tof. Fora¥l ae(He) and the
conpound of For mii*8™f PP e about 8. 12 G T8 S BUE S H b0 In
sone enbodi nent sin sbie efibddunentg theoedeingdese coleriee apoigadc ahinEbaseul a (He) and

t he 15conpound ofn For %%.&ens ithserg(tgu%%t bl'eO: 1.0to abo.utd.l.etg: llr'n§'e In
sone enbodi ment s SPRE SHBY AT T at i o - DElReAIT PRRMESAPOURE CFROFMI*a (He) and
t he conpoundletaflathinetimathflDinesorabiethylarhin®.: 1. 0 t o about 1. 0: 1. 4. I n sonme

enbodi ments, the nolar ratio between. the conpound.of . Formula (He) and the
cormpound of For niis8™¢ ﬁ@g?cém%ﬂ%%gl?e ri&ﬁ? .bﬁset°8rq1§‘6§)e5?"e%y&ﬁnime2. 20l n some
enbodi ment s, t helnrsomakembadiinentd) dievedrirghepcataiysicothpodes patadisha (He) and t he

compou of Formul a is about 1.0:1.1. In sone, odi nents, the
step oggr eacting Sﬁglg ?%H%dgﬂﬁrgs’gqe rﬁ%‘FPﬂﬁf%ep(cﬁ%}ySt\/\ﬁoPﬁn%?s 8@%@3}1%10 H’Oﬁ‘br nul a
(HO i s conduct edinabma einbodirmeras, tiieeredicinglsteptca@ystCotmprigdd abidut 2@palladidm os one

enbodi nents, the step, Qf reacting the compound of Fornula (He) with a
25conpound ‘Ef‘fb"ﬁg?%muglO?jﬁPS‘E‘?‘Smc"&ﬁC&{Pé’Ped at a tenperature of about 55 C to

about 100 C. | n Boore emfbadinoms) s redleigsstepraalystreeaptised gbdun €0% paldimdorof
Formula (He) with a conpound of Fornula (HO is conducted at a tenperature
of about 60 38’({“0 about 95 C. In sone enbodi nents, the step of
reacting the conpooid embodimentsltize stdpgef ratiutihg a canpynod ofF oihul@ilh the (ph&nce

further co ises.a ste f renmoyving water. 30ln.s nbodi nents, .the step

of 1 oact | ngPk e BBt PR B PR F bl ten e BTRon 6 PO PHL A IE

further conpiveaes a step of renobving water via a Dean-Stark water trap.

I n sone enbodi nepts, repoyin ter step is continued until _about 5.0% or

| ess of the. compBUNEe SFOPSISHIF AR e otreiging  Eppoute Eremale (1 o fhe pitgence

chr omat ogr apfwredi@higrstepaigent i) @ dedweing Step caaipst isgnidvatednin gie @peserge oHantedimirgd
2'50\%0{ | ess of the conpound of Formula (He) is present as

unti | out
det er miﬁed BSP A hr omat ogr aphy. WD 2011/ 094008PCT/ US2011/ 000153 In
sone enbodi nent sn soee@mbodjmests,ehe sdépagf rednciagatompiadd ofiFormubliiijtin the@esarce| ess

21;1 r E)Pr:t gg?gg %r}gdtggngg?elb%len% a(ny%)re(juging-rst%g %arllgly& ?s c%g uectiergi i1[1] 8‘% ptr)e%ergg'%f a feducing-
step solvent comprising a C;-C, alkylalcohol.

In some embodiments, the step of reducing a compound of Formula (ITi) in the presence

25 of a reducing-step agent, and a reducing-step catalyst is conducted in the presence of a reducing-
step solvent comprising methanol or ethanol. . |

In some embodiments, the step of reducing a compound of Formula (ITi) in the presence
of a reducing-step agent, and a reducing-step catalyst is conducted in the presence of a reducing-
step solvent comprising ethyl acetate.

30 In some embodiments, the ethyl acetate is substantially free of dissolved oxygen.

In some embodiments, the step of reducing a compound of Formula (IIi) in the presence
of a reducing-step agent, and a reducing-step catalyst is conducted under a substantially inert
atmosphere.

In some embodiments, the step of reducing a compound of Formula (Hji) in the presence

35 of a reducing-step agent, and a reducing-step catalyst is conducted under a substantially inert

atmosphere comprising argon or nitrogen.
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In sonme enbodi ments, renoving water step is continued until about 1.0% or
| ess of the conmpound of Fornula (He) is present as determ ned by gas

chr omat ogwepbhy/09%ioa some enbodi ments, renovi ng wat er st epTits2@andiinzied
until about O. 5%1(30mé aslsoddxﬁemmmecsappﬁwdubing‘a @urrpwwhchof(ﬂdejxula dlip metbepresease

det erm ned ol})é r & h{eo rrg‘etnf%n@ Pf e\éucm a?atl s?n concﬁ@ted under zé substantg]lg 1r9§1peCt of

t he present |nvé1r°11tnfgon ains prepari
10For mul a (dﬁ]rlephereaorslaisingtdrtergemf vvherel n R3 S Cl C6 al kyl; conmprising

}?Ze SRgepagL ngdglgl 8°%% rﬁgés%l(ia é;ngneﬁ mof? éat(g}\{’ B %})ech oﬁ?‘fnﬁ og??%ngﬂa@ %s%ecr ﬁignof
H Cl- G aldcud, andGhe (éﬂucaxhg@xqi,s abalt d)@elrQ 1.Clo z(BdutHaﬂ.@ai&Ocyl Cl- C4 hal oal koxy,
A e L
enbodi nment sacid, hmithﬂﬂéﬁﬁmﬂigbasé 1sl§bcru1n]|10a1 ((:Hp)o aib©ut 1.0:5.08.0sonme enbodi nents, R3 is
methyl or ethyl. "In somg gngocf' men(%s the n%lgr ratBSbetween rthﬁ:ycompound of Formula (IIi), formic
acid, and the reducing base is about 1.0:2.0:2.0 to about 1.0:4.0:4.0.
10 In some embodiments, the molar ratio between the compound of Formula (IIi), formic:
acid, and the reducing base is about 1.0:2.0:2.0 to about 1.0:3.0:3.0.
In some embodiments, the molar ratio between the compound of Formula (i), formic
acid, and the reducing base is about 1.0:3.0:3.0.
In some embodiments, the step of reducing a compound of Formula (IIi) in the presence
15 of a reducing-step agent, and a reducing-step catalyst is conducted at a temperature of about 15
°C to about 55 °C.
In some embodiments, the step of reducing a compound of Formula (IIi) in the presence
of a reducing-step agent, and a reducing-step catalyst is conducted at a temperature of about 20
°C to about 45 °C.
20 In some embodiments, the step of reducing a compound of Formula (IIi) in the presence
of a reducing-step agent, and a reducing-step catalyst is conducted at a temperature of about 25
°C to about 35 °C.
In some embodiments, the step of reducing a compound of Eomula (ITi) in the presence
of a reducing-step agent, and a reducing-step catalyst is conducted by adding the reducing base
25 to a mixture comprising the compound of Formula (IIi), formic acid, the reducing-step catalyst,
and the reducing-step solvent.
In some embodiments, the step of reducing a compound of Formula (ITi) in the presence
of a reducing-step agent, and a reducing-step catalyst is conducted by adding triethylamine to a

mixture comprising the compound of Formula (ITi), formic acid, the reducing-step catalyst, and

30 the reducing-step solvent at a temperature of about 25 °C to about 35 °C, wherein the compound
of Formula (IIi) is:
©\/O
Ny, ~CO,Et
N
\
H
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In sonme enbodi ments, the reducing-step agent conprises formc acid and a
reduci ng base. 25l n sone enbodi nents, the reduci ng base conprises an

i nor gani cwbasa/ookmwssonme enbodi nents, the reduci ng base eoFpS2EI@SOES3
carbonat e base. In\46in2ehbddxad0s) 8RCTdpldSRMLdND D und ofForrhmaﬂImm ma‘pre@kinﬂents,
t he reduci ng. base um c rbon otassi um earbon

cesi um car b%fr?arféucmﬁ ﬁé{? n%g%drl%%lﬂ 3P %%ys‘r?ef uct n‘g’gm%gget%%%t & %%alléz&ﬁ um
carbonat e. thacsoendobittinaie (R, in the@rasette of eilyy] bassae anitpptasas pot assi um

granr lrjlgngtége Sin S]%rgﬁmggr% (():i 1%&% %%aplzmg deuc%lmn lil,ln(%i Ego gg){l%g%?ncﬂgted ta[ﬁq‘:j)f’:ll a,
di met hybam uemperelnu&tdfybmm)ﬁ@to 4bolnZit Wy | am ne or triethylam ne. In sone

enbodi nent s, the r educi ris

embodi ments, t he ™8 .ﬁ‘gd“é‘ %cgafﬁ1zln§$§ eccé’m 'ims%gosf %B%H?aaﬁtl %Coﬁ%’ftﬁd%

enbodi nment stembéremfeeﬂubouug°@ttce¢boual5a°lcyst corrprl ses pal | adi um on car bon.

I n some enbodi ment cin cata ri.s abou

pal | adi um on carg'cfﬂfnf: Jlm?n Y G%% taﬁ r%m(gﬁ &ggﬁﬂ tﬁféaﬁﬁmﬁ‘ﬁééa fhent s,

t he reduci n‘@mﬁéret}nre(lﬁfabduyﬂ;@ °©orrpr| ses about 10% pal | adi um on car bon 15I n
some enpodi nents, the s a co und or nmu he
presengg of a reffePRETSe é ent%]éhetslfl g‘*‘&‘”?% %Wto@n ?%%“8&%?9 gresence
conduct ed iof atrbdilcmlg@&@ragﬁlt ahd a raim:lhg-bﬂeﬁ cadystefndther comprises the btap sfisdating the
enbodi nment S ther&ﬁ 1 éﬁ uci ng a conmpound of Forrmula (Hi) in the
presence of “APPR r?ﬁm%? agent, and a reducing-step catalyst is
conducted in theInp:bms embedinéntg isobding thegoDdPaine jpf BatutanILj) is conductbdibys one
enbodi ment s the step of reducing a conpound of Fornmula (H) in the
presence of g PBuci ng-step agent, and a reducing-step catalyst is
conductléd in the presence of a reducing-step solvent conprising a C1-C4

al | cyl al coh 1 n sone enbodi nents, the step of reducing a
conmpound of ornﬁfka’a(tﬂ?)s Pn the presence 250f a reduci ng-step agent, and a
reduci ng- st ep caOa¢ 3spect bfthe presknt ingehtion pertenspo eoeesse faf prepatieglalcomgunddep

sol vent conprl S, kget hanol or ethanol. In sone enbodi nents, the step
of reducing a cozgo ind of Formula (H') in the presence of a reducing-step
agent, and a reduci ng-step tal yst
reduci ng-step sol vent conp

is conducted in the presence of a
hyl acetate.

(k)

20 wherein R’ is C,-C; alkyl;

comprising the step of alkylating a compound of Formula (IIj) or a salt thereof:

HO
N\ CO,R3
N

\
(1j)
with 4-(chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene (Formula (Ilc)):

Cl
F3C

(IIc)

2

25 in the presence of an alkylating-step base, and an alkylating-step solvent to form the compound
of Formula (ITKk).
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30l n some enbodi nents, the ethyl acetate is substantially free of dissolved

oxygen. In sone enbodi nents, the step of reducing a conpound of
Formul a (WD)20iwosdee presence of a reduci ng-step agent, &oW/Es201@00050g- St ep
catal yst is condcbmd emhoth‘nneras shdﬁkydaﬂn'gatebyolivmtstoﬂa:t thos pineetleylformamide In

sonme enbodi t he ste of .Formul.a i n the
presence 35@2f;§1ﬂ5 UG Tbé; e ts éﬁen@kﬂg}ﬁgteg %umort]he-r gagdlmeﬂ%ylﬁ(cl_{ %mde
conduct ed u@dA).dn mnbmmumhﬂsythc mlkyltatlr%smm]rvemtes oibctmhansm sntjelaro@dn goyup
nitrogen. WO 2011/ 083 enbodi nents, the
step of r educr 1|§1tmgef fglcr)m%1 fp acr)?&%% 39‘9% agfithylacettaﬁ"degr ese?nce of a

reduci ng-step aghm)meamtioammdumqmgxpgmeimfd’anmﬂyéllk)ns conduct ed under a
substantially inert atnosp e conprising nitrogen. In somne
enbodi ments, the nolar rat{o petween the conpound of Fornmula (H), formc
5acid, and the reduci ng bas¥ i pput 1.0:1.0:1.0 to about 1.0:6.0:6.0.

In sonme enbodi nents, the nol ar lo et w conpound of Forrmula (H ),
formc acid, and the reduci mgChase i§ ab £ 0.cb,Bt t o about
1.0:5.0:5.0. I n sone enbodi nents, t i
of Fornula (H), formc acid, and the reducing base is about 1.0:2.0:2.0 to
about 1.0:4.0:4.0. 10In sone enbodi nents, the nolar ratico between the
conmpound of Fornms@n{eléh,})odlﬁ@ﬁtmfélaﬁbtﬂyuﬁ@ghyt he reduci ng base is about
1.0:2.0:2.0 to about 1. 3. 0. I n some enbodi nents, the nolar ratio
bet ween t he corrpBlﬁ?@eGWbF‘BP’Fr’HFé‘(‘Ht?yl formic acid, and the reducing base is

about 1.0:3.0:3. stome embodimehts SRR AteFBAleSs aﬁx'ﬂ@rgﬁﬁx@'@as@f reduci ng a
conmpound of Fornmul a H|)b in the presence 150f a reduci n% step agent, and a

reduci n§- step cafmiopsen %dIE’S‘i’f&LIE"E diylafingzstepdazssrmpiises 2 68 %‘B’&has‘?LS C to about
55 C I N serRnRrERMEEinRAE She AikRatilpQRpBhsd REhpfidd Godurk QAPeHARG p&issingr mul a
(H) in the presence of a reduci ng-step agent, and a reduci ng-step catal yst
i s conduct efPTaNALE, FEAHWPSIBPROT about 20 C to about 45 C. 20l n some

enbodi nents, thensdogfe eﬁfboﬂ@féﬁtﬁltnegamylst@fgp;wrbdseqa‘onﬁagmésamﬁ lel)oriaf& t he
presence of a reduci ng‘{% p agent, and a reduci ng ste cat IS
conducted at a t &hiS P “’6\“5 éB%ﬂ{‘yl?‘E}lgétetPéc’]a‘(Efﬁﬁ m Siable S"ll"‘ﬁ‘tsome

enbodi nBNnt's, thepsioaf eﬂfboalafém@lmgamymmm&dwait cb@piaeh an i(ﬂf‘bt)c sbneﬁthe
presence of a. reducing-step agent, 5}2 a reduci ng-step cat argst
conduct ed by addnhhﬁ’mteﬁé’bf’ Hﬁ&?ﬁﬁeﬂ %t"lzs‘ffi? Salvﬁ‘?tff”ﬁ?‘ése%‘iﬁﬂ“F “Pﬂ"e

conpound of ik Andntilld (DMPY aﬁh@ﬂ@rawlamidb gmml | Uedahgdrofuedh (TRFRbYLREoniaNé t he
reduci ng-step sol vent. sonme enbodi nents, the step. of reducing a

conmpound of For rrénS&lrmﬂ)b()iilﬂletltﬁethiﬁlsﬁéétm,géte@rSobrel%téamemSﬁ@a°§t°élﬁ"1§gent and a

reduci ng-step catméopelenibddieRndUas ﬂfdylb&h sBBeithid @bAMIRANY fee dfGvaderM Xt ure
conpri si ng t he conpound  of Formul a ! ormc acid, the reducing- step
%Rﬂ’

catal yst’, and 30th¥mestberingnst Bpst atigg a goppaypd Pk rmelaH 3§ 25 € t o
about 35 C, nhef &lith 4GB ofaEREYNdeRiopaayINI{taNdibnethyjbenzene (Formula (Ilc)) in the

presence of an alkylating-step base, and an alkylating-step solvent, is conducted wherein:

the compound of Formula (Ifj) is:

HO
N\ CO,Et
N

\
H or a salt thereof;

25 the alkylating-step base comprises cesium carbonate; and
the alkylating-step solvent comprises acetonitrile.
In some embodiments, the step of alkylating a compound of Formula (IIj) or a salt
thereof, with 4-(chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene (Formula (Ikc)) in the
presence of an alkylating-step base, and an alkylating-step solvent is conducted under a

30 substantially inert atmosphere.
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WO 2011/ 094008PCT/ US2011/ 000153 I n sone enbodi nents, the step of
reduci ng a conpound of Fornmula (H') in the presence of a reducing-step
agent, amdoaorieduwmsng- step catal yst, further conprises trhe/ustep/oofis3
crystal lizing thiasoaspabedimerdts, Bersmplofialkylkiing 4 centphendnf #emmde (1) oedt daltl

acetate and, hepta : lLln s di men crystallizi he
conmpound of thﬁg&trrﬁv Bgi'((ﬂlcjrorf’%thg%ﬁﬁ(é?%ea %g? '(gmé? 'S rr?p%gly g WF ?eﬁfo%géﬁcg%é‘? 0
about 20 C. presence of kmalkyintngeswdpddseyemnt & allgfatmpatep saiveng istcoaducedpodend of

Formul a (ng ist?ntﬁﬁ”%‘é%%@ﬂots tere?c?%%gggggrtgg{gm%o ag'out 5 Cto about 15 C

In sone enbc?al men e cconpou of Formula (H) is
conduct &d at a tRrpae ahbédemetts, afeatdp of Blk@atirigH conponrel « Fooulila@y) sr a salte St ep

of reducing,a c of Formula (H).iLn the presence of.a r \ng- st ep
o one SRR PP BUTYI b S B AS FRGEe e b B oo
i sol ati ng tpreseacyian alttylafingFoephaked afdHid alkylating-step seloere isewbddiedendes 2 | sol ati ng

t he conpound,of Fornula (| I s conducted by filtration. 15 VI. Al kyl ating
St ep ﬁ%tarﬁ'élg%@fmﬁ’gofﬁ%repcrog?gﬁlpgPlﬁtlr\(/)%?lnt'i on pertains to processes for

preparing a conphubshe embddiments, she(thdlinratio bet@é@ntecidbromedyl)d -@iiofmtgdiky| ;
ComP LS R B B o EOERSHB b B9 0 S R ene
(For mul a ( 1the hlkylating-step base is about 1.0:1.0:0.5 to about 2.0:1.0:3.0.
In some embodiments, the molar ratio between 4-(chloromethyl)-1-cyclopentyl-2-
(trifluoromethyl)benzene (Formula (Ilc)), the compound of Formula (IIj) or a salt thereof, and
the alkylating-step base is about 1.0:1.0:1.0 to about 1.5:1.0:2.0.

15 In some embodiments, the molar ratio between 4-(chloromethyl)-1-cyclopentyl-2-
(trifluoromethyl)benzene (Formula (Ilc)), the compound of Formula (I1j) or a salt thereof, and
the alkylating-step base is about 1.0:1.0:1.0 to about 1.2:1.0:1.5.

In some embodiments, the molar ratio between 4-(chloromethyl)-1-cyclopentyl-2-
(trifluoromethyl)benzene (Formula (Ikc)), the compound of Formula (I1j) or a salt thereof, and
20 the alkylating-step base is about 1.1:1.0:1.3
In some embodiments, the step of alkylating a compound of Formula (IIj) or a salt
“thereof, with 4-(chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene (Formula (Hc)) in the
presence of an alkylating-step base, and an alkylating-step solvent is conducted at a temperature
of about 15 °C to about 90 °C.

25 In some embodiments, the step of alkylating a compound of Formula (IIj) or a salt
thereof, with 4-(chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene (Formula (IIc)) in the
presence of an alkylating-step base, and an alkylating-step solvent is conducted at a temperature
of about 21 °C to about 85 °C.

In some embodiments, the step of alkylating a compound of Formula (Ilj) or a salt

30 thereof, with 4-(chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene (Formula (II¢)) in the
presence of an alkylating-step base, and an alkylating-step solvent is conducted at a temperature
of about 65 °C to about 80 °C.

In some embodiments, the step of alkylating a compound of Formula (IIj) or a salt
thereof, with 4-(chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene (Formula (Xc)) in the

35 presence of an alkylating-step base, and an alkylating-step solvent, further comprises the step of
adding 4-(chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene (Formula (Ilc)) to a mixture
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(Hc) 25in the presence of an al kyl ating-step base, and an al kyl ati ng-step
solvent to formthe conpound of Fornmula (Ilk). WO

2011/ 094006RCTI/198®811/ 000153 I n sonme enbodi ments, the alpcagisatiiiogei1ss ep
sol vent i s o@nipesing Herodporat! lof Férowmie(iijte a(sivereof, nlkglatmeg-gerbimde, mediilBylatirige
al kyl ati ng-ste I ' er than dinethylacetam de (DVA). In sone
enbodi nent ss',%eptﬁ%g%lgtlt%{go&%éb?H(gfats}rtl%%uxéuorﬁvent I's other than a sol vent of the
group consi st i ngincbmdembaodupérts) ndding 4+ech{dodkgthyd )z thcylilopebtyl-acet am de (DVA) .

oo ment RSP SaDEnCRTRRNE DS MR, Sl B onpdBgii i |,
sonme enbodi (;lljmmsa, salt terea, hydyhtihg}gelsbap ahdtsl(kyliagm@sﬁepi sobaegtaéltmldbta@bwitmmaﬁn§ one
come. enbod e Bierieh SR P e e B Bof ARCh BRI BRI RERT e
pot assi u m c(aniiﬂm)nane&hyl)menzcmfs(_ﬂ: umm:aﬂhpmule. alkyiatipg mextericonpnseng the c¢mm>und of
e e PR S SRS DR P Ryl N SR o
enbodi ment sgbotitBs °@l kyl at i ng- st ep sol vent conprises an aprotic solvent. In

sone enhodi nents, the all | at i ng-.s sol,vent _conpri,se t.pne
> but arlBne, " di noPy T SPREEE (e ARG e Ay A Pl €6 oucss

tetrahydrof.an (THF) or acetonitrile. In some enbodinents, the
al Loyl ating- st e, sgl.yento FOIRL kREHAGEE AL Cocnlof SQMBoSTOH JER, Pas t e
tTafPlry of ‘water.

al I cyl ati ng-step solvent 1S subs A ree
°C.
In some embodiments, the alkylating mixture is maintained at about 75 °C to about 80
15 °C.

In some embodiments, the step of alkylating a compound of Formula (IIj) or a salt
thereof, with 4-(chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene (Formula (Il¢)) in the
presence of an alkylating-step base, and an alkylating-step solvent, further comprises the steps
of cooling the alkylating mixture to a temperature of about 50 °C to about 60 °C and filtering the

20 alkylating mixture to form a filtered mixture.

In some embodiments, the step of alkylating a compound of Formula (ITj) or a salt
thereof, with 4-(chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene (Formula (Ilc)) in the
presence of an alkylating-step base, and an alkylating-step solvent, further comprises the step of
precipitating the compound of Formula (IIk) from the filtered mixture.

25 In some embodiments, precipitating the compound of Formula (IIK) from the filtered
mixture comprises reducing the volume of the filtered mixture.

In some embodiments, precipitating the compound of Formula (IIk) from the filtered
mixture comprises reducing the volume of the filtered mixture by about one half.

In some embodiments, the step of alkylating a compound of Formula (IIj) or a salt

30 thereof, with 4-(chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene (Formula (Il¢)) in the
presence of an alkylating-step base, and an alkylating-step solvent, further comprises isolating
the precipitate of the compound of Formula (IIk) from the filtered mixture.

In some embodiments, isolating the precipitate of the compound of Formula (IIk) is
conducted by filtration.

35 _
VII. Hydrolyzing Step
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20l n sone enbodi nents, the step of allcylating a conpound of Fornula (H)
or a salt thereof, with

4- (chl or owetzhyllop4@scycl opent y1- 2- (tri fl uor onet hypbenzeneCtRseomioan1§Hc) ) in
the presence of @mweapdcydfhé prgsestiopenberspertasns b poceaded dy Ipadpamee @-8r7-¢461 vent ,

i s conducted wher ei fy-1F J M S

allcyl ati ngcyglt0 %en ‘?5,5’18-1 é:ug%n% 8&{}2109 m %%gg%t%g§&%éyglﬁha}tﬂb]lnq%ﬁg Pgﬁe%acsl% ep
sol vent conﬁﬁbsmsaaaktonltrlle. I n sone enbodi nents, the step of

all cylating a conpound of mula (11j) or a salt thereof, W th

4- (chl oronet hyl ) - 1-cycl op 1-2-(trifluoronmethypbenzene (Formula (He)) in
the presence of an allcyl atingystaep base, and an allcyl ating-step sol vent

i s conducted under a 30substan [ DSiphiere. WO

2011/ 094008PCT/ US2011/ 000158C hodment s, the step of
allcylating a conpound of Forrmula (H) ~sal t tﬁérébf wth

4-(chl oronet hyl) - 1-cycl opentyl- 2- (trlfluoronehhyl)benzene (Formula (11c))
in the presence of an al kyl ating-step b&e, and an aIkyIatlng step sol vent
i s conducted under a substantially inert atnmosphere conprising argon or

ni trogeh. Sdompsising thesisp ¢f hxselyzing heompowupd effFoahy (1AKX ng a conpound of
Formula (HD or a salt thereef, with

4- (chl oronet hyl ) - 1- cycl opeQat yi1- 2-(tri f I uor onet hypbenzene (Formula (Hc)) in
t he presence of an al kyl ati base, and an allcyl ating-step solvent is
conduct ed under a substanti al | conprising nitrogen. In
some enbodi ments, the nol ar F3Gti o betmea ogeLRYy| ) - 1- cycl openty1l- 2-
10(trifluoronethyl)benzene (Fornula (Hc) p conpound of Formula (Hj) or
a salt thereof, and the al kylating-step base |5 about 1.0:1.0:0.5 to about
2.0:1.0:3.0. In sorme enbodi ment s(he nol ar rati o bet ween

4- (chloronethyl) cg opentyl-2- (trifluoronmethypbenzene (Formula (IR),.

t he conpound of @HD a salt thereof, and the aIkyIatlng step base

is about 1.Q:fe ]Q'es%n& Jre hﬁpsg'dﬁd é‘-hy’sﬁré-lyﬁngstgp somhﬂo$&ﬂp(f tgtf'—e ol ar
rati o between 4-(chl oronethy I} opent ri oronethyl% enzene
(For mul a ( 14mfyorometylboerayiouit! 58, 4ﬁ6ﬁf%m¢racx0¥qpynteib igdod-drvDagetie peid pf Formylat he
al kyl atjpng- ghep base is about 1.0:1.0:1.0 to about 1.2:1.0:1.5. I n

sonme enbodi ments, the nolar rati.o between 4-(chloronethyl)-1-cyclopentyl-2-
(trlfluoronethypB@ﬁgﬁﬁém?¢%WW%ﬂhﬁimﬁW$(“Fﬁélconpound of Fornula (H ) or a

salt thereof, ang, 2QREbadik¥htatR NYetRjiep base is about 1.1:1.0:1.3

In some embodiments, the lipase is selected from the group consisting of lipase B
Candida Antarctica, lipase Mucor miehei, and P. fluorescens.
15 In some embodiments, the lipase is Candida antarctica lipase B.
In some embodiments, the lipase is immobilized Candida antarctica lipase B.
In some embodiments, the hydrolyzing-step solvent comprises a suitable solvent.
In some embodiments, the hydrolyzing-step solvent comprises dimethylformamide
(DMF), dimethylacetamide (DMA), dimethylsuifoxide (DMSO), tetrahydrofuran (THF), or
20 acetonitrile.
In some embodiments, the hydrolyzing-step solvent comprises acetonitrile.
In some embodiments, the step of hydrolyzing the compound of Formula (IIk) in the
presence of a lipase and a hydrolyzing-step solvent, is conducted wherein:

the compound of Formula (IIK) is:
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In sone enbodi nents, the step of al kylating a conpound of Fornula (HD or a
salt thereof, with

4- (chl orolmtzmnllo)%(mscycl opentyl-2-(trifluoromet hypbenzeneCthseomloanigc)) in
t he presence of an al kyl atyng-step base, and an allcylating-step solvent is
conducted at a tenperature poyut 15 C to about 90 C. 25In sone

enbodi nents, the step of allcyl j
t her eof , with 4- (chl or onet hytd e o ri fluoromet hypbenzene
(Formula (Hc)) in the presence of an alllcylat yig-st&p2Hase, and an

al kyl ati ng-step solvent is conducted at a ter?berature of about 21 Cto
about 85 C. In sone enbodi nents, the step of Hllcylating a conpound of
Formula (H ) or a salt 30t her eof

4- (chl or onet hyl ) - 1- cyi&f Bbaéﬁtsy‘?m?b’(h??q ?‘F’ﬂﬁt“é’ﬁ@f‘ﬁ&?ﬁﬂi@?ﬁgn%“d( Formula (Hc)) in

the presence of an al tlﬁyh@&rb1pgn§t§telps@a&eeonﬁﬂﬁesa.aet&h{rwI ating- step solvent is
conducted at a tenperature of about 65 C tao about

| n. so
enbodi nent s, t helnspapempodipents, thestepgt Bydrahirpg it C‘E}t‘pqﬂﬁﬁi ﬁ{ﬁ‘ﬁm(‘ﬁqukpw tges al t

t hereof 5 W frBseflcelot Bhipsse aRd bHﬂd}GI}Z&%&ﬁE}Qm’&lM@c&rd(l&téd fnl thoprederidirl phespagae
(Formul a ( )%e in the 35presence of an allcylating-step base, and an
allcyl ati n Iep sol vent, further conprises the step of adding

4- (chl or oret hyl )mlso&yek@&ﬁxa&mgh& s rdftlw@l@gﬂgem@mb@meﬁF&rﬁprarmt@m(thte)) to
a mxture WO 2011/094008PCT/ US2011/ 000153 conpri sing the conmpound ?
Formul a (I 1messpeepfadpeseppds Bufrolyzing-sion solvenyls sendyctpdiwdhe prtemeq qfeytlatp Hgst ep

sol vent to tﬁxﬁfeﬁh@&b}ﬁ&ﬂaﬁ&dt%tota%dﬂtER)UFe I n sonme enbodi nents, addi ng
4- (chl or omret hyl ) cycl opentyl-2- (trifluoronethyDbenzene (Forqné H‘etg‘HC)) to

the miXPure conphsgmﬁ@mt%meaﬁﬁwﬁt bhygaang hesprpund of Formyly ®of

al I cyl ati ngpredetRt &asleaseaﬂ@la By devllyahi- agp SRRt 8 QbnRBkd inShe praged &d phbdphate
heating so the internal erature during the addition of

4- ( chl or oneRHir 3t alpHc?/f@IbB‘ﬁg t9 802t 8654 i £ | uor omet hyDbenzene (Formula (Hc)) to

the allcylating mszstn%ebmmtt suterb@eptmy&emaglﬂﬁc@tqp&mwmnﬁlu (IKPin tBe Sal t
t hereof, al kyl ati ng step base, and all c%l ating -steip solvent is lﬁﬂmﬁu 20 C

to about 85PiEsenqgNif lipassand aByhiplraing-step stluenhiscpsAuged imfhepresenreoliBPREhAE ai ned

at aboyt 60pEfek Bt ARPHMabER 73 thALSLEB. errbodl ments, the allcyl atl ng mxture is
mai nt ai ned at about 70 C to about 85 In some enbodi Lr(}fnts

al I cyl ating ni xt BrsemMF §mBedimens. ﬁ’éf‘oF‘%’tOfé%‘BﬂtyZ“?sﬂ’@CP’Bp%S Fe@utas@m inthe |

sone enbodi ?i%ﬂ:rn&a oftaPaselaB®a G dralykink 8leh Blvent RRoRRLRE irthe f1@8Rtd oF alphdiphater a
salt thereo

4- (chl or onet"tfﬁr)‘talp}&%bﬁ‘ﬁgrﬁt?fb?‘t@tor| f | uor orret hyl ) benzene (Formula (He)) in

the presence of gfsomkkifbadimbsts, theRe FH9droB g 8RR cBmpMIndtol RemRlL@NS &l went ,
further. conprises the steps of cooling the aFk | ating mxture to.a

t enper #0ur ePisFenghRfialipsty apd BYUBERE SioP o EeRiSepAsted ﬁgtht Pigsence of a phosphate
buffer at a pH of about 7.8.

‘In some embodiments, the phosphate buffer is a sodium phosphate buffer.
In some embodiments, the phosphate buffer is a potassium phosphate buffer.
In some embodiments, the step of hydrolyzing the compound of Formula (IIK) in the
25 presence of a lipase and a hydrolyzing-step solvent is conducted at a temperature of about 0 °C
to about 75 °C.

In some embodiments, the step of hydrolyzing the compound of Formula (IIk) in the
presence of a lipase and a hydrolyzing-step solvent is conducted at a temperature of about 20 °C
to about 65 °C.

30 In some embodiments, the step of hydrolyzing the compound of Formula (IIK) in the
presence of a lipase and a hydrolyzing-step solvent is conducted at a temperature of about 30 °C

to about 55 °C.
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20al l cylating m xture to forma filtered m xture. I n sone

enbodi nents, the step of allcylating a conpound of Fornmula (H ) or a salt
t her eof , wOt2h109¢@Rl| or onet hyl ) - 1- cycl opent y1- 2- (tri f | uoromatskeipbEsz ene
(Fornula (He)) ilnsbiheepbeisemts thefstepof bydylyzbg mge@hmmnbaﬁmmaladnahin the
allcylating-ste o vent er. c ses t 0,
conmpound of x orér)?u? IE”TSF ﬁ'}d?fr{y%)q?'ﬂ%g'?l %oilavregt Con%f’ste(ﬂ% ggjljﬂr%r{m rrghlle Jc} r%nts
pr eci pi tatltngbdidnesmnpound of Formula (Il1k) fromthe filtered m xture

conpri ses reduci t he v er.ed. m xtur
embodi nents, pr efg‘%%mf gf’b()%lm %e om oun%‘lml?' 2R e GEPoE P? RyFymyle (*Iﬁ?amq%et ered
m Xt ur e5 conpeses@sf b digase nmrga h)hieolyz)ﬂlgmep @lvehthie cdnidhtted ac tempdrajmre obaboattLAC. one

?ﬁjl ; ' O:‘ n asggFt € %gniﬁg?rg%?dﬁment% e s?e% O?Lyda (l)lly%Xg %Ee Icgrgpoung FPRHNR (ﬁi() 1Ir:1q{1erm| a

fh( chl or OﬂEﬁrEBﬁhc)&oIadw@le @mbmhyyiielis:n(lg -steff sol@no fm&h:ydbh@nxcﬁml&ts(tdﬁmf limlaangﬁ-lle) ) ![ n
e presenc ste at i ven
Further corgyPdaerr Bty R PR bRy B a B Ton B ioBdsr o R il
(11k) from )tlheetfclablﬁe)lt"éﬁfmiﬁiax(ﬂ@l‘e In some enbodi msnt s, isolating the
preC|p| ate of the co r d b iltration. 35
VI, rol yzin §?@§%%i’% 65 dgu%éfug%ﬂ%%o&ggcéﬁgp 1éct of the
pr elsent ![ n\{@ﬂﬂdominqﬂlﬁyﬂ)bmszzcy)el 21BQQMQ&Oéwtopmﬂpmdohg-yﬁE%alaac(l('f le(Ebrm;ﬂa[ o1 ndl
cyc openty r QIre ahydrocycl openta[b]in
-3-y1) acegi% IQ @(g’rc ﬁi&rg?ﬂq@ﬁome&g%ﬁlg’{ﬁlﬁ% step of hydrolyzing a
c o npound  of tetrattytitobgcldpehti(biindol-3RB)ac&ic@tid O Farnluld (1a) has amenhit@nprie sereeofof a

| i pase and |neg step solvent to form (R)-2-(7-(4-cyclopentyl-3-

(trifluor ON&OH{%KO AT0%y) - 1, 2, 3, 4-t et rahydr ocycl opent a[ b] i ndol - 3-yfl aceti ¢
aci d ofisFornul a Hn&@ina):mbddarnanmﬁaﬁh@depMnioﬂ;a,th&R)Qs(?n(stclyylbpantylét hyl. In sone
enbodi nent s f%s Sf-JI ected

fromthe gr %‘E(‘%’é%ﬂ%ﬁ‘yt‘)c% nzﬁlox?’) |2 %’ésq gtr%n%ao??g? R em a‘foélzé 'yg acetlf Q&as e ¢dr
m ehei, and(®, (R)LZt,I(GF(e&yﬂomntyl54(mfmoma1eehybbdnzymx;t)sl 234e |lipase is Candi da

ant arctica !e{rgla%rocyclopenta[b]mdol 3-yl)acetic acid of Formula (Ia) has an enantiomeric excess of
about 98% or greater.

20 In some embodiments, after the step of isolating (R)-2-(7-(4-cyclopentyl-3-
(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[blindol-3-yl)acetic acid of Formula
(Ia), (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-
tetrahydrocyclopenta[b]indol-3-yl)acetic acid of Formula (Ia) has an enantiomeric excess of

about 99% or greater.

25

VIII. Hydrolyzing Step and Salt Formation Step

One aspect of the present invention pertains to processes for preparing an L-arginine salt
of (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b}indol-
3-ylacetic acid of Formula (Ia):
OQ@@
s \©f§},,/coz

30 (I2) :

comprising the following steps:

a) hydrolyzing a compound of Formula (IIk):
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In sone enbodinents, the lipase is imobilized Candida antarctica |ipase B.
In sone enbodi nents, the hydrol yzing-step solvent conprises a suitable

sol vent . \Nozsnwvmmﬁbodlnents t he hydrol yzi ng- st ep sol vear/usenpidEes

di et hyl f or mam de (DWF), rthylacetanide (DMA), di net hyl sul f oxi de (DVSO) ,
tetrahydrofuran (THF), or itrile. In some enbodi nents, the
hydr ol yzi ng- st ep sol vent conprl acetonitril In sone

enbodi ments, the.step of hy N6 : Formula (I1k) in the
presence of a lipase and a hydrolyzi ng- g ﬁ% conduct ed wherein:

t he conpound of Fornula (11k) is: WO 20 1/UQ4008PCT/U82011/000153 t he
| i pase is imobilized Candi da antarcthi% paBe B; and the hydrol yzing-step
sol vent conprises acetonitrile. In sone odlnents the step of
hydrol yzi ng the n la (I'1k) in the 5presence of a |ipase and
a hydrol yzi ng- sf@%ggggvgﬁgkzEﬂggﬁducted in the presence of a phosphate
buffer. in tHerpresenve obaiadé #rairat by drol yrangsstepolybnthy throl(R)e2 -6 (4- ¢)elopcmxj€3u nd of

F I I t [
For T 2 ! kg BEEABR09, 21 A R3S A0t INALOLHELROS iR et 1<
about 930. d#9)mdsone enbodlnents the step of hydrolyzing the conpound of

F I I t I (O
Form 2 (1) | hABRESTER, S ekl conen AP anWUSLNs  penstep solvent 15
about 8.5. tetrahydrocycldpmte[b}i@@ﬁrb'@d«teme a‘tlé (thelaﬂaepmaif LJalggdnmaI or zisalgthedeef, in
conpound. ofm Gl A ! cbitdottaB- R SoRLR SRS Bltofhy bt ARG AL A 1R (74

hydroly2|ng S ep vent 1 s~ conhduct e e presenc
15buf f er atcyalopgstydf3- (atiblutonwl@l)b@zalbw)tl,m S-tetrahydrocylchp@mar[’e]lrehbbdl)mm &id t he

step of hquglxéhpﬁa he conpound of Fornula (Ilk) in the presence of a
| i pase and a hydrolyzing-step solvent is conducted in the presence of a

phosphat e bufferVHIa aHphtobykinglStenta)7. 6 t o about 8. 0. I n sone
enbodi nment s, y | npound of Fornula (ilk) in the
20pr esence of a ?%ggggghgxgﬁﬁh“é ﬁgtgﬁep solvent is conducted in the

presence of a phosphaembodiments, R® is ethyl

In some embodiments, the lipase is Candida antarctica lipase B.
15 In some embodiments, the lipase is immobilized Candida antarctica lipase B.
In some embodiments, the hydrolyzing-step solvent comprises a suitable solvent.
In some embodiments, the hydrolyzing-step solvent comprises dimethylformamide
(DMF), dimethylacetamide (DMA), dimethylsulfoxide (DMSO), tetrahydrofuran (THF), or
acetonitrile. »
20 In some embodiments, the hydrolyzing-step solvent comprises acetonitrile.
In some embodiments, the step of hydrolyzing the compound of Formula (IIKk) in the
presence of a lipase and a hydrolyzing-step solvent, is conducted wherein:

the compound of Formula (IIK) is:

O
N

\
H

25 the lipase is immobilized Candida antarctica lipase B; and
the hydrolyzing-step solvent comprises acetonitrile.
In some embodiments, the step of hydrolyzing the compound of Formula (IIk) in the
presence of a lipase and a hydrolyzing-step solvent is conducted in the presence of a phosphate

buffer.
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buffer at a pH of about 7.8. In sone enbodi nents, the phosphate buffer is a
sodi um phosphate buffer. In sonme enbodi nents, the phosphate buffer is a

pot assi urwphosplaioe buffer. I n some enbodi nents, the stepTafS2éwao@byzi ng

t he conpound of Hopmeitmbddithénts, ithe stepef Bijiolessagnte cafipand bfEsmukakiin the

hydr ol yzi ng- vent s, conduct : re. of about t.o
about 75 C.gprgsteg‘pe O%grlfp%sgﬁré %lﬁ)b%g?'zrlr@%%f ?oﬁ‘ﬁgt %? ‘ggég%t?‘; ‘ﬁiﬁr%FSf%?en% ap E%Spc%errpound
of For nul a Huffet §t)a pHnoftabeut progs e 9.6f a | i pase and a hydrol yzi ng-step
solvent is conducted at.a.te r r Qut OlIn
sone enbodi nment ;’1% The“s (gbm%ﬁqg%?%% Ioggfc{r{%@%ﬁ%{hg%?r%%ﬁ&ﬁgogfo 81ra2§llkgn(t enc) in
t he preSsencwesshcenfhilipas endmblydrolpaing-stywlvegt is taplusted indhd preencearid pbospblatat a

t enperat ur e ;er tho'ﬂfof:%ﬁou%to%% %1%555 C. WD 2011/ 094008PCT/ US2011/ 000153
In some enbodi nents, >R step ot ydrol yzi ng the conpound of Fornula (I11k)
in the presence hfsome binpakieeras) thestdpyod hpdrylzzingths teppaol vERdrmuk (Bdhohubd ed at
a tenperature of about 35 t o about 45 .C 1n S enbodi nent s, .the. step of
nydr o yz ngEiee Aot anet B R e et s o RETE FIRERER G2 phBaEE g
a hydr ol yzi ingtes steypHsaflabent7.3its ab@nw8dct ed at a tenperature of about 40 C

I n sone,enbodi nents, the step of hydrolyzing the c u of . F la (111()
in thgq 8r esence glfSOféle ﬁ“ﬁ%dz%?e’g%gheé t%fé?%%ﬁ%lzlﬁﬁﬁhse t% %%‘g‘glg‘?\?gﬁ mu%atfﬁ{k grtﬁe

conpri ses tpresesteays adipase aod ahydngjytingstep solvent is conducted in the presence of a phosphate

(R -2-(7-(4-cyclopentyl-3-(triflugronethypbenzyl oxy)-1, 2,3, 4-tetrahydrocycl
opent a[ b] i ﬁbg?éf @t-ap;?g%%é?lﬁggatg?%oug?'%or mula (la). 10l n sonme enbodi nents,
after the step oh sosiokmbodiger(ti)xhedtdpof hddrolyeihghendyfoudd of Formula (TIK) in the .
((:t ;Lf 11”81[ 0%%8?%%%0 (ea[?i%(s'e%é{ ) hjarBlyAngstbS LAY ALORNELPRGRE SERLLNGQ bnds ol acet
(R) - 2- (13- ( 4buffec htoyEhofiabeB-7(& r i f | uor omet hypbenzyl oxy) - 1, 2, 3, 4-

t et rahydrocycl opgnt al bl i ndol - 3-y1)acet] ci.d of.. For.nmul.a. (il has an

enanti omeric excglssgm(% Jng 6rﬁlfnt§élx% oPSpg‘F‘eé% g?r.ls iﬁdhur%%hr?éphea}ﬁ)bél Trents, after
the step of isol htsomgemB)diRerty, (ke mpsihatedntlyrlis potassium phosphate buffer. _
LT poromet vl ) BeRe B atherks, Inclnch Jr R G1YL BRESHBRRALFEGH.ARho Frupacet i ¢
(R-2-(7-( 4prc§eobmfeﬂi1)y$-aﬁd ¢ hydrblyziog-stap sdivepbs ranductey pt-alteBpSatdre of about 0 °C

t et rah%r oc%calbglﬂ%t,é[ b]i ndol -3-yl)acetic acid of Fornula (la) has an

enanti omeri ¢ exceSs of about 98% or greater. 20l n sone enbodi nents, after
the step of isol htsomg eBydi@erty,-thedstapyfhpgrelyting thg-compound of Formula (IIk) in the .
L HOrOMELIMERSNAh A By dortify L&) LMPI.QGNEL RS BhBLLOL skl Breet T €
(R-2-(7(4- myabbmméﬁc.i/l- 3-(trifluoronethypbenzyl oxy)-1, 2, 3, 4-

t et rahydr ocycl opgnt ar bl i ndol - 3- cetic.acid of Fornul.a.fla an

enanti oneric excglssgmg mlab%(grﬁlf nt@é&)o%erp 0gf rh é‘gf) fé:'rm.n g%‘f WP?qndﬁ;f/g?%r?uglagﬁiﬁ% 11'Stth(ép and
Sal t Fa@b5mat presen&t @ lipase and a Gydrolysipgstep edlvdnhs cpdrsed bt 4 tamperbtuerof peout 30 S t o
processes f%rab rt%ga&i ng an L-arginine salt of

(R -2-(7-(4- cyclll opentyl-3-(trifluoronethyl)benzyl oxy)-1, 2,3, 4-tetrahydrocyc
| opent a[ b] i ndo1- InFoypambbdiments,ithe sép dEduydnalyaing ke)compound of Formula (IIK) in the

presence of a lipase and a hydrolyzing-step solvent is conducted at a temperature of about 35 °C
to about 45 °C.

30 In some embodiments, the step of hydrolyzing the compound of Formula (IIk) in the
presence of a lipase and a hydrolyzing-step solvent, further comprises the step of isolating (R)-2-
(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-
yl)acetic acid of Formula (Ia).

In some embodiments, after the step of isolating (R)-2-(7-(4-cyclopentyl-3-

35 (trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[bjindol-3-yl)acetic acid of Formula

(Ia), (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-
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30 conprising the follow ng steps: a)hydrolyzing a conpound of Formul a
(ilTk): WD 2011/ 094008PCT/ US2011/ 000153 wherein R3 is Cl-C6 al kyl; in
t he presewmoeofoaoBi pase and a hydrol yzi ng-step sol vent PCO/USee111000153

(R) - 2- ( 7- ( 4etcapgdiropshvpyrita[Blindol-3-yl)acetic acid of Formula (Ia) has an enantiomeric excess of
(trifluoro PR i xy)-1, 2, 3,4-tetrahydrocycl opent a[ b]i ndol- 3-yl)aceti
c acid of n@?ﬁ?ké‘%%ﬁée? and b)contacting

(R) - 2- (7- (4- cycllopent grib@inients, &ftar drecwaptolfi ysolaben@)2a({yF-c dclSheBty h3-

t etrahydro ! i =35 Y e i ' FFOF Ml : | L-argi ni ne
or a salt f(ﬁ‘g{ruggo?ﬂ} Eh?hg%nhzglg%b é?éér/igge%gbycgo%gfﬁ?%}g [?Jh'{gﬁgis?ggécg%% %/C\({a%n(%&é’ﬂaﬁﬁzo to
formthe L-Ga)giRn2A@-(4eaydopeftyl-R]trifu¢rgméthyl)benzyloxy)-1,2,3,4-

cycl opentyl- 3- i 2t hyphenzyl oxy) - st et opent.al b] i nd
oYL ne L S SELEATTAETIA bRl fhL FOANEL BN R L
enbodi ment sphoRI8Yeorigetatey.l or ethyl. In sonme enbodinents, R3 is ethyl. In
sonme enbodi nment i pase. i s ndi da .ant ar ctj |, pase. B. .15l n sone
enbodi nment s, th?hf§§§2%&¥@“?ﬁ%% ?Iffg?cﬁﬁﬁgﬁﬁé&g%gg#%%yéngpbéée B. In sone
enbodi nent riftuesniegtgyihbénzylioxy-1s2, Bp-teahydrodyclopema{b il -3y banetiaidido Swrmeaat .

In so enmbodi ts,,the hydrolvzing-s sol.ve ofpri ses

di met E??for@ﬁ%‘?ﬁiﬁ’j&”&%ﬁ%@ﬁ%ﬁ%re Ehi ee“%yb‘&ﬂ?'ﬁ’zé’ et hyl sul f oxi de (DVBO)
t et r ahydr of tetrzdugdroTtdiepentafib]imdod8 eblateatic kad o2Bdrmukd@h® hendncalantentesc excas of
hydrolyzinq%s&ﬁgo(glwggg conprises acetonitrile. In sonme enbodi nents,
the step of ﬁy rd1yf¥ng‘the compound of Fornmula (ll1k) in the presence of a
| i pase and a hydrol yzi ng-step solvent, is conducted wherein:

15
Representative HPLC Method for Chemical Purity Determination

It is understood that the HPLC methods that retention times provided herein are
approximate and are depend on numerous parameters that are know by those skilled in art, for
example, the column, the column temperature, flow rate, solvent(s), the HPLC system, and the

20 like. A standard for any of the compounds described herein can be readily prepared and the
retention time easily determined for a HPLC system and conditions other than those described

herein.

A representative HPLC method to determine the chemical purity of (R)-2-(7-(4-
25 cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid

of Formula (Ia) or the L-arginine salt thereof is described below:

HPLC Conditions:
Column: Agilent SB-CN, 3.0 x 150 mm, 3.5 pm
30 Mobile Phase: A: H,0 with 0.05% Trifluoroacetic Acid (TFA)
B: 70% Methanol / 30% Acetonitrile / 0.05% (TFA)
Needle Rinse: Methanol
Flow Rate: 0.75 mL/min
Column Temperature: 50 °C
35 Detector Wavelength: 225 nm
Sample Injection Volume: 5uL
Data acquisition time: 26 minutes
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t he conpound of Fornula (I11() is: 25the lipase is imobilized Candi da
antarctica |lipase B; and the hydrol yzi ng-step sol vent conpri ses

acet oni t rwbeo11/094008 1 n sone enbodi nents, the step of hyacoluszengodise
conpound oszﬁmlerﬂiJihaan(l | k) in thMepgredence of a |lipase and a

hydroly2| S con n the presence of a phosphate

buffer. 19%8%8%@%&T/USZO?%§B§%T% In sonme enbodi nents, the
step of hydroly2|ng t he conpound of Fornula (I1l1k) in the presence of a
conducted in the presence of a

| i pase and a hydrol yzi ng-step sol vent EIgeteln

phosphate buffer at a pH of about g‘g) glyjltlg 0. In sone enbodi nents,

the step of hydrol y2| ngastﬂlgcrgb% ciU F«?xglget(e)rm”# n&glfmléalj n]iy!]e SEreEence of a
| i pase and a hygds ey(mlr O StEP u.xc... Hg Cphc j'u =t 23.. H eqof a
phosphat e buffdr ; H of abput 7.0 t§ abou . Ilr r%

enbodi nents, the w(ap*of hyar o] yzisng| t 138 carrps)unzl ofS For msf a (I75k) in the

presence of a |fpase—and—a-hydrelyz-hg—step—sobvent .aeom*“cted A t he

presence of a phozﬂﬁ { bu??er aﬁéa OH f hbol ét 7.3% o0 B%ﬁt %5 10l n sone

embodi ment s, t herxaj emzmltMyds%mmacteheAaﬂr(mpMﬁd of For nul a (I k) in the
resence of a li e an )| yzin | v is conducted in the
Bresence of a phggbhgﬁ%k%g?Té?3 ﬂﬁ% ?QB%PKTgAG to about 8.0.

In some enbodi nents, the step of hydrolyzing the conpound of Formula (I1k)
in the presence of a |lipase and a hydrol yzing-step solvent is conducted in

the presence of a phosphate 15buffer at a pH of about 7.8. In sone

enbodi nents, the phosphate buffer is a sodi um phosphate buffer. In sone

enbodi nents, the phosphate bufferCdnspoandda@siicationphosphate buffer. In sone

enbodi ments, the step of hydrol yzusagHM.Coopftiewt of Fornmula (ilk) in the
presence of a |ipase arujmshywdqiwbpgrmteﬁnﬁmg\@&muﬂpﬁﬁﬂ,@juct ed at a

CD

t enper at ure of—about 0 C 20t about 75-C Fh—sonrp—enbodi-pents,—the
step of hydrolyzing the conpou@@tnmundia? mula (I1k) in theRpYeets@nB@eémma*
about 20 C 1ol ket 65 e O Y he ctop-of —hydotysing—the
conpound of Formul a (11k) Gompeprd of Formula (ITb) 10.9
Impurity 1 11.6
Impurity 2 12.2
Compound of Formula (Ilc) 12.8
Compound of Formula (Ili, R? is ethyl, E isomer) 15.1
Compound of Formula (IIi, R’ is ethyl, Z isomer) 16.8
Compound of Formula (Ia) 18.0
Compound of Formula (ITk, R? is ethyl) 19.6

* Retention times can vary depending on the HPLC system and conditions.

15 Representative HPL.C Method for Enantiomeric Purity Determination

A representative HPLC method to determine the enantiomeric excess of (R)-2-(7-(4-
cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[bJindol-3-yl)acetic acid

of Formula (Ia) is described below:

HPLC Conditions:

20 Column: ' Chiralpak IB, 5 pm, 4.6 x 250 mm
Mobile Phase: Hexanes/TPA/TFA (97:3:0.05)
Needle Rinse: Ethanol
Flow Rate: 1.0 mL/min ~
Column Temperature: 30 °C
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25presence of a |ipase and a hydrol yzi ng-step solvent is conducted at a
tenperature of about 30 C to about 55 C In sone enbodi nents, the
step of hydnoliywiiwg t he conpound of Forrmula (I1k) in thecprnss@noa1ss a
| i pase and RetéyalrWdvgkength- st ep s2b%memt i s conducted at a tenperature of

about 35 C .4 . 301 n enbodi nents, the step of hydrolyzing
t he conpoun%%(ﬂ)?eb@%%tﬁ%ﬁs\é&%ﬁ'k) 'z&ﬁe presence of a lipase and a

hydr ol yzi ngPs#t equstlon 6éme;, f urt héy mowtesri ses the step of isolating (R)-2-

(7-(4-cycl ~3-(trifluoro benzyl oxy)-1, 2, 3, 4-t et rahydr ocycl opent
a[ b] i ndo1- gé)a%%%%%%flé acid of Eglfrehrr%*’(g (la). I'n sone enbodi nents, after the
step of 5i sobatplaGorcRYtralier( 7- (4- cyCimghvht y1- 3- . .
SOt woromet MYRhelRIh e o 27 4a L FhE A S REHEL SRER AcRLHBEg A3 ypacet

c acid of Formula )
(R) - 2- ( 7- ( 4tecahyiopeidpgita®Blifdal 3fiaceto et luyih the rboMesryditichs 2 ®Dodt-24. Mfnutes.

2011/ 094008PCT/ US2011/.00Q15 | opent.al bl i - 3- i,Cc, aci d
of Formula (Ia) aesretgrﬁtloélﬁ%e?flo%)@'r&%IZX%E(‘?:C g%gn%ﬁﬁgggﬁrlﬁgg/g%’rgf@%{ggg Z’Trz’.3’4'

I n sone enbwethydntg]lopahtaiinddld-Wlaegicafidiusiog theiabgye(cR)di@en Ts dbdut3PS ropatas.y 1- 3-
(trifl ygt onet hypbenzyl oxy) -1, 2, 3, 4-t et rahydr ocycl opent a[ b] i ndol - 3-y1) acetic
acid of "Fornula 5(la),

(R) -2-(7-(4-cycl yi#nt Cantdetirigr Step b+ SateFénppivion Sydpoxy) - 1, 2, 3, 4-

tetr a.hydr og:ycl Opﬁlns%rarllL blll‘l{') ncflir(r)ll ﬁtB_glc)ogggtH (-:ste Cs'ol@eﬁfcorlr__lg I?SI’&JL glmgi{)l%)s 1@%\? an
enanti oneric excess of TABOUL 98t oF gr Eat er. 155 sone - enbodi ment s,
after the step oh sosiekmbodigertRthebopfacting-stopsblyperdbmpri®s a C,-Cs alcohol.

(trifluoromethyp e(@ﬁg')e%’égéifn%mé’tﬁe Gt Sz LREN CHARSTIL AbRbEIIRbRs- YPaceti ¢

acid of Fornul a

(R) - 2- (13- (4- cycl ypemt phbdiftnts, fthaxontpsighy Beeb)z islcondurted pded a qubstantially mert

t et rahydrocgt%log ent a[ b] i ndol - 3-yDacetic acid of Fornmula (la) has an

enanti onmeri ¢ excess of about 99% or greater. 15 Representative RPLC Met hod
for Chemi cal PurIntspmPembodimpas,iticontacting in step b), & comdheted undsd a sitatantidlly kPl C

met hods that,_retention.ti i herein are approxi mate and are depend
on nurrerousguﬁlgrgpélr%{e}tcgl?lgn{léfﬁa?g%’?%%ﬁ]%\%gby those skilled in art, for exanple,

t he col um, the bolmeembedipentsthe @ntattingin stap b), issohdvetet (18der ashimtabiillg isgrst em
and thc=2020I I k% A %é%?ﬁ%gdni%gr any of the conpounds descri bed herein can be

readily pre?)tglr%p ‘a etention tine easily determned for a HPLC system

and condi ti ons oinremetmbaoditnans ehamsler iabebetivemdR2-(A(d-eplopseyitat i ve HPLC
method to dﬁ}iﬁﬁoqj)rg&h);lﬁ%nﬁpo@(w-ﬁab,@tg&iﬂyxrog;clcgp@té[%]iﬁczo_l-(?aégl_l)acetic acid (Formula
(Ia)) and L-arginine is about 1.0:1.0 to about 1.0:1.2.

In some embodiments, the molar ratio between (R)-2-(7-(4-cyclopentyl-3-

25 (trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopentalb]indol-3-yl)acetic acid (Formula
(Ia)) and L-arginine is about 1.0:1.0.

In some embodiments, the contacting in step b) further comprises the step of adding an
aqueous solution of L-arginine to a first contacting mixture comprising (R)-2-(7-(4-cyclopentyl-
3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid (Formula

30 (Ia)) and the C,;-C; alcohol to form a second contacting mixture.

In some embodiments, the first contacting mixture is at a temperature of about 45 °C to
about 75 °C.

In some embodiments, the first contacting mixture is at a temperature of about 50 °C to
about 70 °C.

35 In some embodiments, the first contacting mixture is at a temperature of about 55 °C to
about 65 °C.

In some embodiments, the first contacting mixture is at a temperature of about 60 °C.
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25cycl opentyl-3 - (trifluoronethypbenzyl oxy)-1, 2,3, 4-tetrahydrocycl openta
[ 13] indol-3-ypacetic acid of Fornula (la) or the L-arginine salt thereof
i s descriwedobaloews HPLC Conditions: Col umm: Agil ent SB- ENT/UB2@100@59 nmm
3.5 pm 30I\/bbi | e Bhrame embodipentsifurtheOcqpdpvising ittel steps gﬁ@ehmg:thﬂedcmd(cpﬁmtirg 70%

Met hanol A= t hanol Fl ow
Rat e: 0. 75 ?‘ ér@g@ﬁg%bﬁlqéﬂeﬁhéelfg{%é{g %g 0@@%@3&? gF ength: 22.5 nm
Sanpl e | nj e@mﬂwﬂmmﬂmﬂlow) I&B&-tetwdwcﬂrsc)tdoomt@[bhmozs -yheeetit ed offdrmula
2011/ 094008RGT/ US2011/ 000153 Sanpl e Di | uent Met hanol Sanpl e

Concentration0.69 ng/nil. Gadient (Using HPLC Conditions as Descri bed
Above Fbr Det er ninrsomg eGhedvinerds, theaepling igeondnited at@ rate ¢Habpgat 0.04 °C/minute to

about 4.0 °C/minute.
In some embodiments, the cooling is conducted at a rate of about 0.1 °C/minute to about
2.0 °C/minute.
In some embodiments, the cooling is conducted at a rate of about 0.4 °C/minute to about
10 1.0 °C/minute.
In some embodiments, the cooling is conducted at a rate of about 0.4 °C/minute.
In some embodiments, contacting (R)-2-(7-(4-cyclopentyl-3-
(trifluoromethyl)benzyloxy)-1,2,3 4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid (Formula
(I1a)) with L-arginine or a salt thereof, in the presence of a contacting-step solvent and H,O,
15 further comprises the step of isolating the L-arginine salt of (R)-2-(7-(4-cyclopentyl-3-
(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[bJindol-3-yl)acetic acid of Formula
(Ia).
In some embodiments, the isolating is conducted by filtration.
In some embodiments, after isolating, the L-arginine salt of (R)-2-(7-(4-cyclopentyl-3-
20 (trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid of Formula
(Ia) has a purity of about 95% or greater as determined by HPLC.
In some embodiments, after isolating, the L-arginine salt of (R)-2-(7-(4-cyclopentyl-3-
(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid of Formula
(Ia) has a purity of about 98% or greater as determined by HPLC.
25 In some embodiments, after isolating, the L-arginine salt of (R)-2-(7-(4-cyclopentyl-3-
(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-ylacetic acid of Formula
(Ia) has a purity of about 99% or greater as determined by HPLC.
In some embodiments, after isolating the L-arginine salt of (R)-2-(7-(4-cyclopentyl-3-
(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid of Formula
30 (Ia), the (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-
tetrahydrocyclopenta[b]indol-3-yl)acetic acid of Formula (Ia) has an enantiomeric excess of
about 95% or greater. .
In some embodiments, after isolating the L-arginine salt of (R)-2-(7-(4-cyclopentyl-3-
(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[blindol-3-yl)acetic acid of Formula
35 (Ia), the (R)-2~(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-
tetrahydrocyclopenta[b]indol-3-yl)acetic acid of Formula (Ia) has an enantiomeric excess of

about 98% or greater.
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23 23.1 26 % (A * 75553555 75 75 % (B) * 25 45 65 95 95 25 25 *(A) H20
with 0.05% Trifluoroacetic Acid (TFA) (B) 70% Met hanol / 30% Acetonitrile /
0. 05% ( TA%® 2Cormpewad | dentification (Using HPLC Conditi en3/tssoibeswss bed
Above For Det er rnnomgeriveivhangd, afRuisotayihg the L-arginine salt of (R)-2-(7-(4-cyclopentyl-3-

(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[bJindol-3-yl)acetic acid of Formula

(Ia), the (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-

tetrahydrocyclopenta[b]indol-3-yl)acetic acid of Formula (Ia) has an enantiomeric excess of
5 about 99% or greater. .

A representative HPLC method to determine the enantiomeric excess of (R)-2-(7-(4-
cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b}indol-3-yl)acetic acid
of Formula (Ia) is as described above.

A representative HPLC method for the analysis of L-arginine for the L-arginine salt of

10 (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3 ,4-tetrahydrocyclopenta[b]indol-3-

yl)acetic acid of Formula (Ia) is described below.

Representative HPL.C Method for Analysis of L-Arginine

HPL.C Conditions
15 Column: SeQuant ZIC®-HILIC, 2.1 x 150 mm, 5 pm
Mobile Phase: (A) 20mM Ammonium formate, pH 6.2
(B) Acetonitrile
Needle Rinse: Methanol
Flow Rate: 0.4 mL/min
20 Column Temperature: 30°C
Detector Wavelength: 206 nm
Sample Injection Volume: 5ulL
Data acquisition time: 15 minutes
Sample Diluent Methanol
25 Sample Concentration 4.0 mg/mL
Gradient Program
Time (min) 0 8 10 10.1 15
% (A) 20 80 80 20 20
% (B) 80 20 20 80 80

The retention time of (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-
tetrahydrocyclopenta[b]indol-3-yl)acetic acid present in the L-arginine salt of (R)-2-(7-(4-
30 cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3 4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid
using the above conditions is about 1.2 minutes.
The retention time of L-arginine present in the L-arginine salt of (R)-2-(7-(4-
cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid

using the above conditions is about 8.6 minutes.
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Compound I D Retention Tinme (mn)* Conpound of Fornula (lu, R3is ethyl) 6.2
Compound of Formula (Hb) 10.9 Inpurity 1 11.6 Inpurity 2 12.2 Conpound of
Formul a (WO@ep112@4@8Conpound of Forrmula (H, R3 is ethyl pCEUSSam®n)1515. 1
Compound of Formula (Hi, R3 is ethyl, Z isonmer) 16.8 Conpound of Formul a

(la) 18.0 Corrpou?ﬁie pqgcetstr%)gcrim | % herencR§bt!: oxﬂo@é{? z)tcfz%rﬁiggtolﬁs TtBhQ I C{dt | mes

can vary dependi ng ‘o em and con resen I ve HPLC
Met hod for Emamtin Geerti or Bxemiptley pfatdtlerfmrm&iolimbe monitored\by spctecsmmcamcane, HPLC

00 5O AR R SR SR L SL8%0 £ R pameen ooy
dol- 3-ypac e$p|ectr(mb0tdmdf'y (e@r, AN -ais{bleg,)or msms@ronmm, dv by glw.omatography such as high
performance liquid chromatography (HPLC) or thin layer chromatography.

In some embodiments, preparation of compounds can involve the protection and
deprotection of various chemical groups. The need for protection and deprotection, and the
selection of appropriate protecting groups can be readily determined by one skilled in the art.

10 The chemistry of protecting groups can be found, for example, in Greene and Wuts, Protective
Groups in Organic Synthesis, 3™ Ed., Wiley & Sons, 1999.

The reactions of the processes described herein can be carried out in suitable solvents
which can be readily selected by one of skill in the art of organic synthesis. Suitable solvents
can be substantially nonreactive with the starting materials (reactants), the intermediates, or

15 products at the temperatures at which the reactions are carried out, e.g., temperatures which can
range from the solvent's freezing temperature to the solvent's boiling temperature. A given
reaction can be carried out in one solvent or a mixture of more than one solvent. Depending on
the particular reaction step, suitable solvents for a particular reaction step can be selected. In”
some embodiments, reactions can be carrie;i out in the absence of solvent, such as when at least

20 one of the reagents is a liquid or gas. |

Suitable solvents can include halogenated solvents such as: carbon tetrachloride,
bromodichloromethane, dibromochloromethane, bromoform, chloroform, bromochloromethane,
dibromomethane, butyl chloride, dichloromethane, tetrachloroethylene, trichloroethylene, 1,1,1-
trichloroethane, 1,1,2-trichloroethane, 1,1-dichloroethane, 2-chloropropane, hexafluorobenzene,

25 1,2,4-trichlorobenzene, 1,2-dichlorobenzene, 1,3-dichlorobenzene, 1,4-dichlorobenzene,
chlorobenzene, fluorobenzene, fluorotrichloromethane, chlorotrifluoromethane,
brornotriﬂuoromethane, carbon tetrafluoride, dichlorofluoromethane, chlorodifluoromethane,
trifluoromethane, 1,2-dichlorotetrafluorethane and hexafluoroethane.

Suitable solvents can include ether solvents, such as: dimethoxymethane,

30 tetrahydrofuran, 2-mthyltetrahydrofuran, 1,3-dioxane, 1,4-dioxane, furan, diethyl ether, ethylene
glycol dimethyl ether, ethylene glycol diethyl ether, diethylene glycol dimethyl ether, diethylene
glycol diethyl ether, triethylene glycol dimethyl ether, anisole, or t-butyl methyl ether.

* Suitable solvents can include protic solvents, such as: water, methanol, ethanol, 2-
nitroethanol, 2-fluoroethanol, 2,2,2-trifluoroethanol, ethylene glycol, 1-propanol, 2-propanol, 2-

35 methoxyethanol, 1-butanol, 2-butanol, isobutyl alcohol, z-butyl alcohol, 2-eth0xyethanol,.

diethylene glycol, 1-, 2-, or 3- pentanol, neo-pentyl alcohol, t-pentyl alcohol, diethylene glycol
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HPLC Condi tions: 20Colum: Chiral pak 1B, 5 gm 4.6 x 250 nm Mobil e

Phase: Hexanes/ | PA/ TFA (97:3:0.05) Needl e R nse: Ethanol Flow Rate: 1.0

mL/ m n- Gubunt/oberwper at ure: 30 C WO 2011/ 094008PCT/ US20 RLTAGRMIB0Mes ect or
Wavel engt h: G®methyBethgs] diethylfrecglycohmbiulethybetlid, aytloDatsol dwgey! slcbhahphenaigr 45

m nut es San%? & Iuent Met hanol 5Sanpl e Concentrationl.2 ng/nL The
retention tffis'

(R)-2-(7-(4-cycl S}p@bﬂtyt.ﬂ_lvesns(ctan irfclude ppried fojyehe oy Txhgnzdne2cyBlodexane, pentane, _
tet r ahydr oyel apaNkAL Bl ARk bl ASaMCa ACH S| M1 EnBRONE oFBATHed, NS 18
(5) - 2- (7- ( doctapel 1mpanmynans r(aplmhanemoteoahydmﬁphre eapdnitxije) diineghyBsulfoxide,

tetrahydroc cIo t C itions is
ot 0" SHHATEE ) (PR, ] AGEL Btk BROE RPN o1
sonme enbodi e b@:tatet h&pmpyitaaaate,rsglfslmep 1.3 alivghyl-3oohpatsbglre 260 pabinelimat,vent .
In sone enb th nt act e oI vent co | ses. a | cohol .
In sone enbg%dlm r}fﬁ 21 (gazogon et rr‘%gth gp()l SO ‘%rﬁ trame{r%f Ky é%ltr?rg%ang pa

al cohol . 15litwotzorape anbanhdne mci;.;diitghmt 0 mtrmted tongy,N- mmt}gﬁoﬂn)amxdcs Nd‘én duct ed

under QOSUb }ng‘t llag‘eltI 1de|: rfl(?r{ntaml HR%P(E\-Ay'iaC tamlde N }{ylf% a 1&”%9' ments, the
contacti ng i S TEonauCt e y Fnert at m)sphere

conpri si ng di'mgthpﬂpmpmnamrdegmd hexamethylphosphoﬂamICEO]mB Lmdd:rsxdodfsm{ mersonlo€ordinary

contact i ng Ikﬂl tl?éaarpt.)nattha%th% Qr%ua%lgﬁ reH:rsdtertheaf ugﬁ%gnt I al ly inert :
20at rmsphere co Some e "the nolar ratio

bet ween (R)-2- (7 (4- cyclopentyl 3- (tri dluoronet hyl)benzyl oxy)-1,2 ,3
, 4-tetrahydrocycl openta [1)] indol-3 1F%/)ll)\aqﬁzatlc acid (Formul a (Ia)) and
L-arginine is about 1.0:1.0 to about

Rll

wherein R, R’, and R" may be the same or different. In some embodiments, R, R', and R" are

15 each independently selected from H and C,-Cs alkyl. In some embodiments, R, R', and R" are
.each independently selected from H and C,-C, alkyl. In some embodiments, R, R', and R" are
each independently selected from H and C;-C, alkyl.

Supercritical carbon dioxide can also be used as a solvent.
The reactions of the processes described herein can be carried out at appropriate

20 temperatures which can be readily determined by one skilled in the art. Reaction temperatures
will depend on, for example, the melting and boiling points of the reagents and solvent, if
present; the thermodynamics of the reaction (e.g., vigorously exothermic reactions may need to
be carried out at reduced temperatures); and the kinetics of the reaction (e.g., a high activation
energy barrier may need elevated temperatures).

25 The reactions of the processes described herein can be carried out in air or under an
inert atmosphere. Typically, reactions containing reagents or products that are substantially
reactive with air can be carried out using air-sensitive synthetic techniques that are well known
to one skilled in the art.

In some embodiments, preparation of compounds can involve the addition of acids or

30 bases to effect, for example, catalysis of a desired reaction or formation of salt forms such as
acid addition salts.

Example acids can be inorganic or organic acids. Inorganic acids include hydrochloric
acid, hydrobromic acid, sulfuric acid, phosphoric acid, and nitric acid. Organic acids include
formic acid, acetic acid, trifluoroacetic acid, propionic acid, butanoic acid, methanesulfonic

35 acid, p-toluene sulfonic acid, benzenesulfonic acid, propiolic acid, butyric acid, 2-butynoic acid,
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In sonme enbodi nents, the nolar ratio between (R)-2-(7-(4-cyclopentyl-3-
25(trifluoronethyl)benzyl oxy)-1, 2, 3, 4-tetrahydrocycl opent a[ b] i ndol- 3- ypacet
ic acid (Wornu/m4qoBa)) and L-arginine is about 1.0:1.0. PCh/USQeM/000153

enbodi nment syinglhectic aciti gehiangc and, dernob)aciiLiteplesic eadpriases atihamostnep aofd addi ng
an aqueous sal utalnglrc\aolf L-arginine to a first contacting m xture conprising
(R) - 2(7(4 CcycC openf 3-(tri

fl uor onet hypbenzl;liampje)baiqszn@% 1ittle'umah@rdxide:y@dimpbmraxipd,)a])taisshdmhy@oxie}qaacet iC
%C;(?UI(’ gor n‘ulltgluml c(arbo}'lgte asgcgf%&lggrbg :]‘attecgnc? %o‘%a%]gﬁm c?r%ona? Iglo %)?a%gﬁle nﬁ)ﬁggeﬁgg Ia.{]ga
t enper abur eindhdeabumte lltﬁhﬁltt:CbtoaMMdeE)alﬁomdes metallamldm;metdmydmjldeﬁ;gmtd t he
first conta Xt ur e, of bout t

35hi sone e‘?r%%@g%ﬁ? la’%fl %’? eremg%] cxt1 ails mc}u% % RS lmf’gné ?O&Qﬂe)lglas £t e of
about 55 C éfonamwthyﬂsaacn -bukyth omdeserrembmdudmanﬂsde sbmamfalnn@, po:tasstuacamldgam xture
Isimi‘t eﬁbggrﬁg{?ﬁ li‘lnlgﬁ n%eﬁ?gyd‘r'ldes mclude so\é\{‘) gh %1/ gggtgoslsu% §g Q%qﬁétgusxmc é\ad In
contacti ng mdxtamdlaamhnude;sxwwdlemdlmg anmﬁot:lssxamg;alrts dfeneﬂajﬂ tethyl n-propyl,

(R -2-( - .

(trifld ronﬁ?‘% @5’%1%1 A - tgimsthylsijyliand eyclobersd sshsiitisd A4 i ndo1- 3-yI ) acet |
c acid of For mJI Taihe(doa)pouxﬁils dessoberl }erﬂﬁocimﬂieatmmdtﬂme(ecgthwngom@rmWUM ed at a
rate of abos%gr 0c r?t4r g/IA s'?elfléoeflso%i%rsaspu%bl as enaotlocr:/nerrrs1 nH d1 ter me S, D int & unless
embodi ment s$ EHETES P8 oConduct 8u A Tat e Vs 25 AP WIS ¢ o
about 2.0 Cbtrrermﬂemdlcated Salts of the brcscsmnneremsbddt mtmIsasymh&trmalby suragltixtsd
gﬁgggﬂéﬁ i 2.t ?ch an Heg 1s$l§1ted iy} (a)tlc%lig) ca¥e or race{nlcofg 8/11 htodﬁon ho& to pregfare_
In s OrrEISEFquﬁicaMyucm/e foom aoh K)plg:a(lR)ctﬁe $tartind matecihlo perknydm Br the art, such as by
(trlfluororret zyl oxy 3,4-1 dro clopenta[b]lndol 3-yl)acetic
acid (For mul 3 q%{ O;Il %erpﬁ lxmes Orb Seter(%(r’se%Qtyve > ?(ff"ler eof, in the presence of a
contacting-step Wprecﬁsseadekchm heﬂeﬁfaanﬂaheuereosalvpnvmsh ﬁlhnemgtgfypn ohctiopol at i ng
t he L-arqgi n| N yC

(trifluor onef ’%n¥ Ygiéﬁ%ey rg&%‘j Z}T&gre%gezf% er{a?3 §/n n(gé%(r: Ogﬁrélﬁzt%)f'%ﬁ |Ir)1r8((i)LTE @%‘F) aceti
c acid of Failsam:ﬁrahc(dl ia pne dterecs gmer. b ochicti®ndas be tdndu¢tedduab thagthe grodtmndﬂth_e ed by
fslal E r g]EfO? g) reﬁc_:tto.?_stl‘t}ffaé%}%}y I'Ctgl% glgeb %qnorrrgaural cenIeEseJresent lll‘lﬁl s&gﬂng ma?erlals | nine
20(trifl uor caetonycpbanyhd cmmy@cteli s@¢h3hat-thegiroduayaliticogadtiop emttand ¢hivdlodent8r thht) acet
ic acid of Formtla

1s sub n%ally inverted relative to a corresponding chiral center present in the starting materials.

sone

f-"

Resolution of racemic mixtures of compounds can be carried out by any of numerous
methods known in the art. An example method includes fractional recrystallization (for
25 example, diastereomeric salt resolution) using a “chiral resolving acid” which is an optically
active, salt-forming organic acid. Suitable resolving agents for fractional recrystallization
methods are, for example, optically active acids, such as the D and L forms of tartaric acid,
diacetyltartaric acid, dibenzoyltartaric acid, mandelic acid, malic acid, lactic acid or the various
optically active camphorsulfonic acids such as B-camphorsulfonic acid. Other resolving agents
30 suitable for fractional crystallization methods include stereoisomerically pure forms of B-
methylbenzylamine (e.g., S and R forms, or diastereomerically pure forms), 2-phenylglycinol,
norephedrine, ephedrine, N-methylephedrine, cyclohexylethylamine, 1,2-diaminocyclohexane,
and the like.
Resolution of racemic mixtures can also be carried out by elution on a column packed
35 with an optically active resolving agent (e.g., dinitrobenzoylphenylglycine). Suitable elution

solvent composition can be determined by one skilled in the art.
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(la) has a purity of about 95% or greater as determ ned by HPLC In
sone enbodi nents, after isolating, the L-arginine salt of

(R) - 2- (7-WO-2011019¢98Nnt y1- 3- PCT/US2011/000153
(trifluoronet hypBereypoxyy ddscihed hdreinednd ahlfsdhanenf caropenineudelsliisudapts St aypacet | ¢
acid of Forgg(”lrﬁnél 6ﬁle R?e%ngduﬂysr tf%alcgo %P or95§1{ ereﬁf £8to gs 1§au&§fn(%se ned by

HPLC. 251 n sone I ments, ating n| ne sa
(R) - 2- (7- ( 4baging Itmqﬁgmt: ytl)nn}'. number but dlfferent mass numbers For example isotopes of hydrogen

(trifluor o%ngpgeq%ﬁ%xﬁé)&}mgl m; 3, 4-tetrahydrocycl openta [b]indol-3-ypacetic

acid of Fo as a purlty of about 99% or greater as determ ned by
HPLC. 5 I n sﬁmompbmds desoitied hafeireandisalsl theréaf gart i iheladeghutomericsfaimns, of

(0111 uor onEkgUBeRayl SRR, et Sy sy R e g o FSFTRABT S Yhacet ¢
acid of Formlfamﬂb}(dpar)oprmthslbstltuuon

R -2-(7-(4- | trif
E e% i ah§/dr (()Cyg?/gpg ent ﬁ%mgalgt };r al Q{Wam ge%*cprr_%tb thelpr(’)c(efseﬁ dfi_slcrlbed

enant i oner i hﬁr@n{,ctmuaﬂfnsoaibom anchﬁiﬁﬁoatlogroga'atmns such as coricent&tlme ﬁ@rduontl nments,

after ol a I, cl

(trifl l}gl’ orr%a gf“%bsg)}#zr'pﬁ;sg ?{?%n gé [Q’ ?‘ {Z y%"é%%}é"fropﬁé R% dnaf b§ d)acet i
c aci d of Fonsvldtath88¢sired produmas

(R -2-(7-(4-cycl opentyl1-3-(trifluoronethyl)benzyl oxy)-1, 2,3, 4-

t et rahydrocycl opent a[ b] i ndol-3-yl)acetic acid of Formula (la) has an

enant i oner | USEX AMISINFERMEIIATES or great er.

2011/ 09.4008PCT/ O%s%c(?gptilggrfzent my An%n ﬁf Sfﬁd gWQ alzgelmeﬁhecfaaté prepa?e(aI ta}l)p g the

L-arginine salt cycl ope -
(trifluér ondttlwmbeeﬂxyﬂcsmyl)edbemrs 4-t etrahydrocycl opent a[ b]i ndol - 3-yl ) acetic
acid of Fornula

(R 27(7- (4 oyel ShBhishBrepton prbesovitesphasmassyticskmopsigons cqmrisng

t et r ahydr ocsaviropedstpadphied hyimiwﬁ”—tl}d pracetes es desirthedherfior nul a (1a) has an

enanti oneri ¢ EXCLRS r?{ent 1@\%%{% f%?tl’l/gr% ov%e?é%ogésis)?s o( %engﬁg_??p?a%agguttégll ve HPLC

net hod to determn e enantioneric exc

cycl opent y leq@apositipr ¢anprisme bérpBerZopronyd of Fonda @[al ataahytldreo€ wehepent a[ b] i nd
ol - 3-ypgacet ) A e

Cepr es 2t o PRy fb RSl vt R BeREREDIRE FBIRNE da) o spip pefdoris

L- ar gi ni ne papdareddfy any of the processes as descnbed herein.

10(R) - 2-(7- (4- Cyﬁ%&g Btylrjrvegtlé fu%-tkéd%%&g‘i’iﬂéépﬁ’?tf?%& 88&’3 e%’h%fe gntb;?ﬁt (r)\"j‘vhydr oc

ycl opent a[ b] i ndo ypaceti c acl escr
Repr esent at proees#dPLE@ phdpritrarphbonactuizhy@impoofions foﬁu‘cgamngm Sl-IiPL@cémmehssqcumsl
15Col umm: Se C, 2.1 x 150 nm 5 vim Mbil e Phase: (A 20mM
Anmoni um fo&n%?é“g Iﬁgl%i 1B) Acetonitrile Needl e Ri nse: Met hanol

25 The present invention further provides uses of compounds, as described herein, in

processes for preparing pharmaceutical compositions for treating an S1P1 receptor-associated
disorder.

One aspect of the present invention pertains to compounds represented by any of the
formulae deécribed herein.

30 One aspect of the present invention pertains to compounds represented by any of the
formulae described herein for use in a process for preparing a pharmaceutical composition for
treating an S1P1 receptor-associated disorder in an individual.

One aspect of the present invention pertains to compounds represented by any of the
formulae described herein prepared according to any of the processes described herein.

35 One aspect of the present invention pertains to compounds represented by any of the

formulae described herein prepared according to any of the processes described herein, for use
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Fl ow Rate: 0.4 nL/ m n 20Col uim Tenperature: 30 C Detector Wavel ength: 206 nm
Sanple Injection Volune:5 1. 1L Data acquisition tinme:15 m nutes Sanpl e

D | uent Mewbanolos2®Sanpl e Concentrati ond4. 0 ng/ nL G adi entCPrusgeianoiissre (m n)
0 8 10 10. linhréde{sAr [2€padife 8phaPDaczoticy (@)pogoorRfdr Feating an S1P1 receptor-associated

disorder in an individual.

Compound of Formula (Ilb)
5 One aspect of the present invention pertains to a compound that is 1-cyclopentyl-2-

(trifluoromethyl)benzene of Formula (HIb):

FiC
(IIb)
One aspect of the present invention pertains to a compound that is 1-cyclopentyl-2-

(trifluoromethyl)benzene of Formula (IIb):

FaC
10 (1Ib)
for use in a process for preparing a pharmaceutical composition for treating an S1P1 receptor-
associated disorder in an individual.
One aspect of the present invention pertains to a compound that is 1-cyclopentyl-2-
(trifluoromethyl)benzene of Formula (Ib) prepared according to any of the processes described
15 herein.
One aspect of the present invention pertains to a compound that is 1-cyclopentyl-2-
(trifluoromethyl)benzene of Formula (IIb) prepared according to any of the processes described
herein, for use in a process for preparing a pharmaceutical composition for treating an S1P1

receptor-associated disorder in an individual.

20

Compound of Formula (Il¢c)

One aspect of the present invention pertains to a compound that is 4-(chloromethyl)-1-

cyclopentyl-2-(trifluoromethyl)benzene of Formula (Ilc):
Cl
FiC
(Ilc)

25 One aspect of the present invention pertains to a compound that is 4-(chloromethyl)-1-

cyclopentyl-2-(trifluoromethyl)benzene of Formula (Ilc):
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80 80 The retention time of
(R -2-(7-(4-cycl opentyl-3-(trifluoronethyl)benzyl oxy)-1,2, 3, 4-

t et r ahydrwoyeiiapensal b] i ndol- 3-ypacetic acid present i nPCmaskelangiiss ne salt
of (R-2-(7-(4-

30cycl opentyl-3-(trifluoronethyl)benz »
i ndol-3-ypacetic acid using the above con
The retention tine of L-arginine preseff
(R -2-(7-(4- cyclopentyl-3 -(tri

, 2,3, 4-tetrahydrocycl opent a[ b]
ons i s about 1.2 m nutes.
Clargi nine salt of

Ilc

f1 uoronet hypbenzyl oxy) -1, 2, 3, 4-t et rahydroc c? openta [13] indol-3 -yflacetic
aci d using fhgeabQ ﬁc&gﬁgTFSegmd}ﬁlaﬁ%gﬁticgl-c@m%%%r tre;a\%%a S1P1 receptor-

2011/ 094008PCT/ US2011/ 000153 The processes described herein can be

moni t or ed adsesiadrisordst ardp individedb e met hod known in the art. For exanple,

product formati 0fnLaARed? Bt PPt Fidderti¥n 5{5}&%&955%9;50%@&% 4-&&”&Bm@tﬁyﬁ-tllgl ear
or

magneti c resonance spectrosco ), I nfrared spectroscopy,

py (e.g.,
5spect r dphotysiepentyl-2-@ri @J.O,TOWX}]}{’slilZlﬁn@)f,Foﬁflmﬁﬂi@ psqpated peseedingto apy ofishe
chromat ogr aphyeseYalcAsdteRth. Per f ormance |iquid chromat ography (HPLC) or
thin [ayer chromatography. In sone enbodi nents, preparation of conpounds
can invol ve the Pnoaspest phthe pigseng@myension pertadts tof cerppaund thati dritlderbmgihplids. The
need for pr i @,@ﬁ{ . i i | ate
protecting %Ircg)g%dsfﬂ (?ar_l beoq(?g% ilﬁgﬁ iég{]%frﬁﬂﬁlg%ih&/ﬁ)géﬁg&ghﬁaf@ag tigﬁlq{ﬂgﬁ%rt.
10The cheni BPgeyses flespribpddietein §or gpongrecass fprrrengtingla phapnacextégapampopiiofoeene
and Wig, Prohifeid Y1 FQpBRadsbeidE O@MrGer RYH S8 31(1 Ed., Wley & Sons,
1999. The reactions of the processes described herein can be carried
out in suitable solvents which can be readily selected by one of skill in
the art of organcemp¥ifdiofFermutd(dagb! € sol vents can be substantially
nonreactive with the starting materials (reactants), the internedi ates, or
15products at t hEne esppréphthe peseniinveiior Reitais tp @ sernpaynd obfemelaMed out
e.g., tenperatures which can gange fromthe solvent's freezing tenperature
to the solvent's boiling tenpexature. A given reaction can be carried out
in one solvent or a m xturer®df-nore than one saql vent. Depending on the
particul ar reaction step, suit Py enrt.s s@ a partjicular reaction step
can be selected. In - sone erSodi ments, Drons Eﬁzﬁabe carried out in the
absence of solvent, such as when at |east” 20pne of the reagents is a liquid
or gas. Suitable solvents can include hal ggeRated sol vents such as: carbon
tetrachl ori de, bronodi chl oronet hane, di sMBochl or onet hagne, bronoform

chl orof,orm bronogchl .or ene%r@n di ﬁ ermnmet ﬁ$ne, utyl chl.ori %e,
di chl orlgrret hane, "EBEFAC B e@ﬂgﬁla@ B ’q?r"fnéi st ﬁgétﬁg,mdi‘,’e“ crifly from the
group consisting of H, C;-C, alkyl, C,-C, alkoxy, halogen, C,-C, haloalkyl, C,-C, haloalkoxy,

and nitro.

In some embodiments, R? is ethyl.
In some embodiments, R*, R®, and R® are each H.
20 In some embodiments, R’ is ethyl, and R*, R®, and R® are each H.

One aspect of the present invention pertains to uses of a compound of Formula (ITi):

an |
wherein R’ is C,-Cg alkyl; and R*, R®, and R° are each selected independently from the
group consisting of H, C,;-C, alkyl, C,-C, alkoxy, halogen, C,-C, haloalkyl, C,-C, haloalkoxy,

25 and nitro; in the manufacture of a medicament for treating an S1P1 receptor-associated disorder.
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trichl oroethane, 1,1, 2-trichloroethane, 1,1-dichloroethane,
2-chl or opr opane, hexafl uorobenzene, 251, 2,4-trichl orobenzene,

1, 2- di chiwocbarmwene, 1, 3-di chl orobenzene, 1, 4-di chl or obenzarse)11/000153

chl or obenzene, fOneaspoeoizim@esehil imamoon partaing toowset dfarvempound of the formula:

chl orotrifluoronethane, bronoiygifl uoronethane, carbon tetrafl uoride,

di chl or of | uor onet hane, chl or I uor onet hang,_trifl uoronet hane,

1, 2-dichl orotetrafl uor et hane~asd @ ane. Suitable solvents can

i ncl ude et her solvents, such as: di &028D0 tetrahydrofuran,

2-nt hyl t et rahydrof uran, 1, 3-di oxane, / lNoxane furan, diethyl et her

et hyl ene gl ycol dinethyl et her, et hyl ene glrycol di et hyI et her, diethyl ene
gl ycol dinethyl ether, dlethylene gl ycol diethyl ether, triethyl ene gl ycol
di net hyl etinéie magnfagtyteef agredicangentfor tieatingan SAP heaeeptor- associateddisoedo.e sol vent s

can include protég gwcrmﬁépreeﬂﬁnvaﬁon BELES o JEEY faNBlnp oﬁrdf&treﬁnuk?

ni troet hanol, 2-fl uoroethanol 2-trifluoroethanol, ethylene g ycol

1- propanol , 2- propanol , 2- SSR%thoxyethanoI 1- butanol 2- but anol , |sobutyl
al cohol , t-butyl alcohol ye hanol drethylene egcoI, 1-, 2-, or 3-
pent anol, neo- pentyl'alcoh di et hyl ene gl ycol WO
2011/094008PCT/U82011/000153 hy ~ie@@¥$ene gl ycol nonoet hyl

et her, cycl ohexanol, benzyl aIcohoI g gl ycerol . Sui t abl e
solvents can include aprotic sol vent s, such ﬁs benzene, cycl ohexane,

pent ane, hexane, toluene, cycloheptane, (gt hyl cycl ohexane, heptane,

et hyl be%zene o, m, or p-xylene, 5octane, indane, nonane, naphthal ene,

t et r ahydr of ur an, wlm':cﬁﬁ RhlstGlid6alkyHiaﬂd?R‘h)R|5 aﬂlemeieahh selpctepindépichdentle fromtthey |

L?Lg}at S cet a%r%r}{) cog% %rlgtagﬁ Qbé‘? ajF)goé ﬁgloaggne tCOr&e ’haloal@ll C rrgtlba){oalk%)e(;[I,OHe

1, 3-di net hyahd&m% ﬁaﬁxb@tyfajmﬂpmgébhbmﬁwunml dermisizion for treating an S1P1 receptor-

1, 3-di net hy tg]d i none ., gk met hyl pyrrolidinone, tetranethylurea,

ni t r omet hant SOCla it ‘Bé‘ﬂi‘éh‘% Y%4nd amides, including but not linmted to,

N, N- di net hyl for n@umd adpgct OF the preédt inednitigh ﬁsﬁ'&irﬁmd glegmpoand@fifiotkayla (Ili):

N- et hyl acet am de, N- net hyl formm de, N, N- di net hyl propi onam de, and
hexanet hyl phosphoram de. It i 8 _under st ood by a person of ordinary skill in
the art that that the term féie refers to the following fornula: wherein
R R, and R' may be the sarrek Z Oer eqt sonme enbodi nents, R R, and
R' are 15 each independentl|ygrsel ected @oH5 al kyl. In sone
enbodi rents, R, R, and R' are each i ndeg dlently selected fromH and Cl-C4
al kyl. In sone enbodi nents, R, R, and R arﬁ each independently sel ected
fromH and C1-C2 al kyl. Supercritical cé&8ion dioxide can also be used as a
sol vent. The reactions,of the processes desgribed herei'n can be carried out

at appropriate oheEsin &y a2 !kikiicahRo & aBéRr arg@rghselgeted dpnsadengly fremehe
skilled in dérb@b @hniistinBRR AL CPC? ﬁlﬁﬂp@f @} Ak }Wl(lglen @@ngoglﬁyl 06, BxSRke, the

melting an borlrng points o reagents and solvent, 1f present; he
t her nody nan"éSites far Mg ip @ REQCES oY RECRIrNg § physmengyticpl Wﬁeﬁrﬁ% trrelaserl SHal may

need t qsbe &@gp[dr_eggog%daigoragthglegld;ve({mleratures) and the kinetics of the
reaction (e.g., hi gh activation energy barrier may need el evated

t enper at ures). 2@%@?%3@@? BREenbInventien pertains & e sorproyad phiympla (M) prepaisd be

carried outacktdiiko £y o id@FocBRed MBEIbe@hdaPhere. Typically, reactions
containing reagents or products that are substantially reactive with air

can be carried otteaiBschaf th prescahaventipn perpifsiet Femrosad pf Fpraula (HRprepped we| |
known t o ongc&iinkkeshyiof tHelpeocBésts described herein, for use in a process for preparing a

20 pharmaceutical composition for treating an S1P1 receptor-associated disorder in an individual.

Compounds of Formula (IIj)

One aspect of the present invention pertains to a compound of Formula (Ifj):
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In sonme enbodi ments, preparation of conpounds can involve the addition of
acids or 30bases to effect, for exanple, catalysis of a desired reaction or
f or mat i orwof20sialotooBor ns such as acid addition salts. PCT/URz@Mpb@ESHCI ds
can be inorganic or organic acids.ydnhor ani cids include hydrochloric
acid, hydrobrom c acid, sulfuric acidj phari ecgaged, and nitric acid.
Organic acids include formc acid, ace scid, trifluoroacetic acid,

propi oni c acid, butanoic acid, nethanesulfqpic 35acid, p-toluene sulfonic
acid, benzenesul fonic acid, propiolic aci dﬁn.putyri c acid, 2-butynoic acid,
WO 2011/ 094008PCT/ US2011/ 000153 vi nyl acet & aci d, pentanoic acid, hexanoic
aci d, heptanoic i 0GtAanoi cid, nonanoic acid and decanoi c aci d.
Exanpl e bases i n%ﬁélfgglﬁ %(ﬁlrt%r?] ydr oxi de, sodi um hydr oxi de, potassi um

hydr oxi de, |it hi Ons sasdofthe presenbuivention aetrdisde & coraprang of BswplgdIbar bonat e.
Some exanpl e strong bases 5include, but are~pt limted to, hydroxide,

al koxi des, metal anmides, nmetal hydiPdes 8 di al kyl ami des and

aryl am nes, wherein; al koxides incl o@ t v S#Rum and pot assi um salts
of methyl, ethyl and t-butyl oxides; metalNami des include sodium ami de,

pot assi um am de and |ithium am de; netal hyrides include sodi um hydri de,
pot assi um hydride and |ithium hydride; andIhktal dial kyl am des include

sodi um and potassiumsalts of methyl, ethyl, n-propyl, 10isopropyl,

n-butyl 5 t- but yl WherginRedsyG allpl; farese dyaprasrssdpr Pspiivgiaipagcatirdes. The
conmpounds  dgsedokielfo §ERinD aft 8P DR cHRN- AL R eE disbrderin ak AMiviEhaONE OF nore
stereocenters). Al stereoisoners, such as enantioners and di astereomners,
are intended unl €8%2pedief i sesqnh dverion gertassy tp 8 copPeuRg obF aswla(ikyentedon
that contai f..aaEE ity e procebislidstitle@deel bON at oms can be isolated in
optically active or racemc fornms. Methods on how to prepare 15optically
active forns froRPropPreaf thy peesent yrvension peitaies thacappeng obFampladily nrepafede art
such asgby 5&8RQlnith Y Flihe RERWeS ddttrileld hE3infor B iR b BFROS FbrgedpaMiy Sy Nt hesi s.
The processes described herein can be stereosel ective such that any given
reaction st Birm#guiiGal spmpaEtion fopipating an BEY1 reesatpentseciatid disprder ip an pAidual.
stereoi somer f or gBsomhe REBIMMEN Neis étRy1al SO enriched in one stereoi somer. The
reaction can be conducted such that the product of the 20reaction

substantial |y relmsons ealedipentydy ds etherthan edht ers present in the starting

materials. The r gaGileRQmbS@Mets € iPELGMBURLRA such that the product of the
reaction contains a chiral center that is substantially inverted relative
to a cddresponding chiral center present in the starting materials.

Resol uti on of ra€empeurdsif Hprmulaflikbnpounds can be carried out by any of

nuner ous mnet hodsrqgl??ggrgctif 2‘% %S%?nvg@%éfpémgtgaggﬁlga dloPPbHfESIG.act i onal

recrystallizatio reoneric t resolution) using a

"chiral resolving acid" whj is an optically active, salt-form ng organic
acid. Suitable resolving ager fractional recrystallization nethods
are, for exanple, optically act acids, suc the D and L forns of

tartaric acid, diacetyltartat y
acid, malic acid, lactic acid or the var active
canphorsul foni ¢ aci ds such as 13-canphors Mic acid. Oher resol vi ng
agents 30suitable for fractional cr ystal(h'k;atifbn met hods i ncl ude
stereoi sonerically pure forns of p- >

wherein R® is C;-Cg alkyl.

20 One aspect of the present invention pertains to a compound of Formula (IIk):

rt%rd')Z(F‘23 acid, mandelic

O@\/O
FaC \EIQ\/COZR3
N
\
’ H

(k)

3
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met hyl benzyl am ne (e.g., S and R forns, or diastereonerically pure formns),
2- phenyl gl yci nol , norephedri ne, ephedrine, N nethyl ephedrine,

cycl ohexy\lvetzhyﬂltmmone 2- di am nocycl ohexane, and the | iPK&/US2011/000153

Resol uti on of ra\&lmmmR?nsﬂan@B(ybao"ruaé m@ﬁn@:essafbrpre;uhnogmphgm%wmadm on a
col um packed 35w t active .resol vi ng agent g.,

dinit robenzoy pc%non eatl §ﬁJé Xcteg aess%cllatff(gl?]oré%%verﬁp dl(‘:"g(r]rgom tion can be
determ ned by on@nmpdct etdm preseheingmtion p&@r@mmdamoﬁmmm{szmnmaﬁﬂfﬁs
The corrpounacég rgl ora{nb%?the ;o%esrgeaegcr%% esrether eof can also include all

i sot opes of urri &7 riedi ates or final conpounds or
salts tﬁereof I@mnarsp®50ﬁth¢:i>ras3bet inhamsien p&rtams t&amm’p@und]é Ramala filbmreparadnber
but different iS of h en.include
tritium anaacﬁloerulf‘érl %?g"?lﬁ’reocgsges (%acn”'gé @éées"é’rt? g ré’?eﬁygn BAEE t her eof
can al so | r;mbt_mteelttmltoonmosnmnnfformtmgamﬂfnPaSedeﬁtbeasemmdtedchwrdnmarmmdialunajrreri C
forms can be i nslee_‘%w | bﬁodJmen?s rStel cltal ly | ocked into one form by

appropriate sub Pt PO p carryl ng out preparation of conpounds
according to theInpbmeersbc&mndesthsbﬁcérhmneihm t he usual isolation and
purification op at| lons, s I%Qntsa? trat hE filtration, 1lOextraction,
sol i d- phase ext r actioR" recrys ald eé 2B Hr omat ography, and the |ike may

be used, to isolate the desired products USES AND | NTERMEDI ATES
One aspect of theompanrsbf Fernani (fan provides, inter alia, int er medi at es

prepared by any &Eof t he rocesses descri bed pr esent

i nventi on furt hePP$ABSA AHEC PRsePhigeaen B%ﬂauﬁéﬁgﬁ‘?f“ﬁ%?@l %"6‘??8?‘ I%X?Sr‘meBB?}%unds
pr epar ed by(Ra-Q?]UQi-cj?dkﬁ)egiybﬂetﬁﬂﬁé‘roﬁ&hﬁlﬁﬁ:ﬁfyldﬂ@ﬁ-1J2Qtleieﬁahgdrocyclop-Ehﬁ[H]n:he&@nt

i nventi er prayide r.ocess preparing a pharnaceutica

corrp05| ?I orP' Sﬁﬁrafg ﬁg %‘iﬂ‘i‘i‘)n&”’cf&ﬁ% § of Formula (1a) or a salt thereof
with a 20pharmaceutically acceptiable carrier, wherein the Conpound of
Formula (la) or a salt thered prepared by any of the processes as
descri bed herein. The prese provi des

i ntermedi ates, as described h [ psSes for preparing

phar maceuti cal conpositions for® treatl ng receprapHassoci at ed
disorder in an individual. 25The present inwv&ntNon further provides uses of
conmpounds, as described herein, in process s) f orH preparing pharmaceuti cal
conpositions for treating an Si P1 receptor=-associ ated di sgrder. One
aspect of th resent ent i pertains to,c S. e nted by any of
t he formul ae(?1 sh?:rrn?aﬁeuélcﬂyraéfe %%}f Ehe" e‘{vseree%: the @W}h@'{ﬁ' Céd%&t“ [ gventl on
pertains to(mﬁrqmnm%d)bemptoes)em é;é-tbnyahaahycwfopbﬁte[bjmﬂoﬂrmyb)ecedesmd pbEgmakr ei n

for use in I QCessS forrdglg%) %}ee“d‘pc ar CnL{)tehgergncorrpom tion for

treating an lsgfparr%%zécﬁ oreas¥t I'sor i ndi vi dual . One

aspect 20f the prhsemt emhmhmentar(pr(l @i-ayslopentyl Srfaflitdsnatigpbesglokedl . b§,4any  of

;[j ggc : IO Lg‘dj ! ﬁg tral q-leyﬁrcolz:glc oep%ntg ﬁ doq 3t l)eageq{ceagid%? Egr%han@a)tls? us%g ¥or%eat§ngean % 1 pf; esses

receptor-associated disorder in an individual, wherein (R)-2-(7-(4-cyclopentyl-3-

(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid of Formula
(Ia) is prepared according to any of the processes described herein.

25 In some embodiments, the pharmaceutical composition comprising (R)-2-(7-(4-
cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid
of Formula (Ia) is used for treating an S1P1 receptor-associated disorder in an individual,
wherein (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-
tetrahydrocyclopenta[bJindol-3-yl)acetic acid of Formula (Ia) is prepared according to any of

30 the processes described herein.

One aspect of the present invention pertains to processes of preparing a pharmaceutical
composition comprising admixing (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-
1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid of Formula (Ia), or a salt thereof:
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350ne aspect of the present invention pertains to conpounds represented by
any of the fornul ae described herein prepared according to any of the
processeswoestwiol@d herein, for use WO 2011/ 094008PCT/ PEZ0B241000158 i n a
process for preparing a phar utical conposition for treating an S1P1
receptor-associ ated di sorder ~adi vi dual . Conpound of Fornula (lib)
50ne aspect of the present |nvent pertalns to~a, conpound that is

1-cycl opentyl-2- (trifl uorometdypbe O 0 i) i b): One
aspect of the present invention pertains tlg cotfpoundCoOprat i s
1-cyclopentyl-2- (trifluoromethyl)benzene o FoNnmula (fib): 10(lib) for
use in a process for preparing a pharmace ﬁ;calitonposition for treating an
SIP 1 receptor-associated disorder in an i leidual ; One aspect of

the, presentalsa(eiii o BAf Lelank0amie CARDRNNG: (D3I Ecdagusl opent yL-2

(trifluoronethypbenzene of Formula (fib) prepared accor to any of the
processes dé&sftuoramethyDbenaylory):1,2,3 44@“@@ ogysjopentalblindohé-yprastesrid piReemtlaon

pertains t ? prepa&ﬂgm&hﬁ u;§wlﬁg¥%hgg§ga%;h§mdﬁ&&hfIuoronethypbenzene of

Formula (fi according to an rocesses described herein,
for usedin a prd@@@@P%@@f%¢E@ﬁmtmgﬂmoph@ﬁmﬁ@eﬂﬂﬂdﬁK4@DﬁwEBWiBon for

treating aq@uoﬁﬁe&@)%i{ﬁrox@slsf&t%ﬁﬂ aibaef ggt{teh[bﬂd% LDt BiRbe Fflula

Compound of " For e aspect’ o I nvention pertains
to a co rrp()u@@j) or g 521t there Pr@mrq} Qm@ﬂhlg Itg anyy-of the processes descnbed herein.

cycl opentyl-2- (tphd JsP&E OFRL BERREAZEREN Bértaﬁgwtﬂ&@«g!ﬂ@)c?clop né(\, k) 250ne aspect
of the present inven efrtains to a conpo that i1s 5? chl oronet hyl') - 1-
cyclopenty1@@ﬂ%¥m¢¢kﬂb¢uw§%ﬁ&bbéﬁi@ﬁéY@b%FbWQWMhhwkkywbmwhcamdomenmh
10 (Ia) or a salt thereof, prepared according to any of the processes described herein, for use in a
process for preparing a pharmaceutical composition for treating an S1P1 receptor-associated

disorder in an individual.

L-Arginine salt of Compound of Formula (Ia)
15 One aspect of the present invention pertains to pharmaceutical compositions comprising
an L-arginin,e salt of (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-
tetrahydrocyclopenta[bJindol-3-yl)acetic acid of Formula (Ia):

g

.,,_-CO,H

(Ia) H

and a pharmaceutically acceptable carrier, wherein the L-arginine salt of (R)-2-(7-(4-

b

20 cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[bJindol-3-yl)acetic acid
of Formula (Ia) is prepared according to any of the processes described herein.
In some embodiments, L-arginine salt of (R)-2-(7-(4-cyclopentyl-3-
(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid of Formula
(Ia) is used for treating an S1P1 receptor-associated disorder in an individual, wherein the L-
25 arginine salt of (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-
tetrahydrocyclopenta[b]indol-3-yl)acetic acid of Formula (Ia) is prepared according to any of

the processes described herein.
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WO 2011/ 094008PCT/ US2011/ 000153 (He) for use in a process for preparing
a pharmaceutical conposition for treating an S1P1 receptor-associ ated

di sorder WO 2an/a9m@8vi dual . One aspect of the pres&mus201n»erss on
pertains to a cdnpommdmbddanerits the-pherdmacguting ttomypipJsitibn comprising an L-arginine salt of

5cycl openty, e myl,g, r r ceqrdi ng
to any of t %%p& y(éysso sn ngaé g&ggﬁﬁgﬁ&eﬁ;ﬂ&% w’%ﬁ%@%@&’?"?‘g’fe gttqﬁzlﬁ%r e3$ent

i nvention p;é)atalcmsxdtoﬁFanw@r(ﬁa)umbed fattreptsrgdn St Pl mrepertabspkipted disorder in an

cycl opentyl i £1 uor t hy: f, Cy) prepared according to
any of the n%%'l(((:%asl’s her%régl(r:rﬁ“ %g@ﬁﬁg@g&ﬁze??j@{@élo r(tl«/;lcj?)rocess for preparing a
phar mac&ut i (maﬂuoummqﬂw)benzz@hﬁ)elr 2 l@)ttq:t@aydrnqcmer@l[b]ﬂjkiot 2 obptede aad sidoimtled

di sor der I ndi v dual Qynd Eoydmdlaq f L), One aspect of the

pr esent mv%%ﬂ%repar Ccordmg J@ n'z)(r)(ﬂcﬁscf 4 &?ru a(H): 4 CO2R3
15wherein R3 i s «mca@ﬁecabﬂ@d: pre@mdmmtloﬂﬁ@rtaamdo Récase o€ preparme la@biradceutical
|ndependentl mthe. gg cons tgli 0:.9f ﬂfﬂz‘ﬁ@%}éﬁé}; t}gltl C4 al koxy,

hal ogen, Oﬁ olnfpnfl %ll%ghi]rgwa i

enbodi nent s(,tnﬂR&_rormetl@’ﬂ)lbyﬂzylo_kyD hbﬁﬁ-tardhmfpmmsqtaMdoR&yl)a@dc Rﬁd aflormakkh H.
20ln s enpbodi nrents, R3 is ethyl, and R4, R5, and R6 are each H One
aspect of the present invention pertains to uses of a conpound of Formul a

/,/COZH

(Ia) H

and a pharmaceutically acceptable carrier, wherein the L-arginine salt of (R)-2-(7-(4-

3

cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid
of Formula (Ia) is prepared according to any of the processes described herein.

15 One aspect of the present invention pertains to the L-arginine salt of (R)-2-(7-(4-
cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopentafblindol-3-yl)acetic acid
of Formula (Ia) or a salt thereof, prepared according to any of the proceéses described herein.

One aspect of the present invention pertains to the L-arginine salt of (R)-2-(7-(4-
cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid

20 of Formula (Xa) or a salt thereof, prepared according to any of the processes described herein,
for use in a process for preparing a pharmaceutical composition for treating an S1P1 receptor-

associated disorder 1n an individual.

INDICATIONS

25 S1P receptor agonists having agonist activity on the S1P1 receptor have been shown to
rapidly and reversibly induce lymphopenia (also referred to as peripheral lymphocyte lowering
(PLL); Hale et al., Bioorg. Med. Chem. Lett., 14:3351-3355, 2004). This is attended by
clinically useful immunosuppression by virtue of sequestering T- and B-cells in secondary
lymphoid tissue (lymph nodes and Peyer’s patches) and thus apart from sites of inflammation

30 and organ grafts (Rosen et al., Immunol. Rev., 195:160-177, 2003; Schwab et al., Nature
Immunol., 8:1295-1301, 2007). This lymphocyte sequestration, for example in lymph nodes, is
thought to be a consequence of concurrent agonist-driven functional antagonism of the S1P1

receptor on T-cells (whereby the ability of S1P to mobilize T-cell egress from lymph nodes is
-61 -



R4 5 R6 wherein R3 is Cl1-C6 alkyl; and R4, R5, and R6 are each
sel ected i ndependently fromthe group consisting of H Cl-C4 alkyl, Ci1-C4
al koxy, mabagam9e4@B- Ca hal oal | cyl, Cl-C4 hal oal koxy, 25&nd/us2amnopoish t he
manuf act ur eedifced) anpirsisters agorfisor off thedith lrgeeaptor 81 Finph @odeindothel ssoEict tha

di sor der . e%? 11[1 Q go%ggs%‘ggq;l%nyééga:{l%{l gp&%l%?i’?c%] % is 15(9ea%t gl:tflattl?rhﬁia %gr%e nt

i nvention pe ai ns a-co
manuf act ur e’Va)tﬁrea42ﬂédﬁééméﬂ®4 B@umttﬂceta:tt ehExpert Szmllnlveugpﬁ)mgs A6:38L28H 2aD7).

glofrgggﬁa of 5?’%%)%%{[)({%(1 )that| %%Xgﬁﬁjs%@; 5§l?}/ ?&%ﬂtgr L16K %rl%,&{fl:fffn Bent Po%l%%% I%Tp%ytel kyl :
and R4, 5 R5,sequestrdion éSaenzeea@Ih EBbECheapd, 7700 8PONIBEMHR,12004) ramdnhahblsgcwmjwuhout
consi sting Of a1|r_|men(fjgf 1(r]nmunf3 ké/sp(bnlsgé o?gste%llc( ?rf%é(:%lort] ainr&m 1’1n ecl; al. %aﬁsgkan%nor(f yl

Cl - C4 hal od maceut i cal
conposi ti on72kTHA- 759%)01 ;ByinkmaiBi erfad, TrewbmoPmaséb&}(bﬁeleQnmor der in an

::2? Imvji gu?:_“ 10%"&-&23 ect fen&ot thrs%? rece;l)t(r)]r\é %Qst z{ l?rga er rolieain rIl)rson'%o ng vgsgu ound of

integrity is suppox’ted by work implicating the S1P1 receptor in capillary integrity in mouse skin

10 and lung (Sanna ef al., Nat Chem Biol., 2:434-441, 2006). Vascular integrity c.an be
compromised by inflammatory processes, for example as may derive from sepsis, major trauma
and surgery so as to lead to acute lung injury or respiratory distress syndrome (Johan
Groeneveld, Vascul. Pharmacol., 39:247-256, 2003).

An exemplary S1P receptor agonist having agonist activity on the S1P1 receptor is

15 FTY720 (fingolimod), an immunosuppressive agent currently in clinical trials (Martini ef al.,
Expert Opin. Investig. Drugs, 16:505-518, 2007). FTY720 acts as a prodrug which is
phosphorylated in vivo; the phosphorylated derivative is an agonist for S1P1, S1P3, S1P4, and
S1P5 receptors (but not the S1P2 receptor) (Chiba, Pharmacology & Therapeutics, 108:308-
319, 2005). FTY720 has been shown to rapidly and reversibly induce lymphopenia (also

20 referred to as peripheral lymphocyte lowering (PLL); Hale et al., Bicorg. Med. Chem. Lett.,
14:3351-3355, 2004). This is attended by clinically useful immunosuppression by virtue of
sequestering T- and B-cells in secondary lymphoid tissue (lymph nodes and Peyer’s patches)
and thus apart from sites of inflammation and organ grafts (Rosen et al., Immunol. Rev.,
195:160-177, 2003; Schwab et al., Nature Immunol., 8:1295-1301, 2007).

25 In clinical trials, FTY720 elicited an adverse event (i.e., transient asymptomatic
bradycardia) due to its agonism of the S1P3 receptor (Budde et al., J. Am. Soc. Nephrol.,
13:1073-1083, 2002; Sanna et al., J. Biol. Chem., 279:13839-13848, 2004; Ogawa et al., BBRC,
361:621-628, 2007). ‘

FTY720 has been reporteéi to have therapeutic efficacy in at least: a rat model for

30 autoimmune myocarditis and a mouse model for acute viral myocarditis (Kiyabayashi et al., J.
Cardiovasc. Pharmacol., 35:410-416, 2000; Miyamoto et al., J. Am. Coll. Cardiol., 37:1713-
1718, 2001); mouse models for inflammatory bowel disease including colitis (Mizushima et al.,
Inflamm. Bowel Dis., 10:182-192, 2004; Deguchi et al., Oncology Reports, 16:699-703, 2006;
Fujii et al., Am. J. Physiol. Gastrointest. Liver Physiol., 291:G267-G274, 2006; Daniel et al., J.

35 Immunol., 178:2458-2468, 2007); a rat model for progressive mesangioproliferative
glomerulonephritis (Martini et al., Am. J. Physiol. Renal Physiol., 292:F1761-F1770, 2007); a

- mouse model for asthma, suggested to be primarily through the S1P1 receptor on the basis of
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wherein R3 is Cl1-C6 al kyl; and R4, R5, and R6 are each sel ected

I ndependently fromthe group consisting of H Cl1-C4 alkyl, CI-C4 al koxy,

hal ogen, vD-2@t/deadosal kyl , Cl - Ca hal oal koxy, and nitro; POT/US2@1i0M0183 pr ocess
for prepariwgk asightae fERleatdpeabhganotBB¥i287 otidzko et &l rJeGtin.Agvesn 194:2935-2944,

15r ecept or oci at ed rder i. l.adi Vi . he
present i n7000t BROBERArS: §5vay Akl l) tRon orbrppen P RsBRRGERRRL 1T, g
to any of t(BmlpkmeBsEBnrdethMé@O(hél‘léi 2003); a mouseOmedeh §ppepicalermatiés pr esent

I nvention riai np f | . Il .0 any
of the pr oggsé%s ?3 efség?l?% & 6’"th1 i Xor f%w 53042 E &o@%ﬁ@é‘% ?%6%?&%?13 glégr%?fﬁgglg%
20phar nace ummge(ll(acdbﬂmoﬁ j Triaespldno rPrtxr, é 8‘1499@021 ﬁO(HlFalmcmsc eptidforagsenic dupasl

di d di - f

O UL - L i g
2011/ 0940088GT. Dhﬁ%llﬂﬁ%m 2007)whiemedets fRIhewgna@iid @ehraisKylatsu@n et césbaedt of
the pr eserc‘:tGI 'éqrb‘égﬁ Ezlrrgarl'fJPleZ 3% a3 t2%00"" M;Rmﬁ?“é?gl 9&1(59’5 Rk a49(z?]d4l4?10 2009| Caa[ rein

R3is Cl ar nateu
conpositi o Mmédet fok mﬁaltnnmge aven& (Klaitose ecgplaor. E;as&oc 78 eld lﬂoﬁb mebese mededsrfor

I ndi vi etoft t 4k ertains, t
el et R R el P R 4585 480 B ARl
descri bed hmrrﬁ8m168m90(msp’mqgetot Chvécap frosemiogy P@30i362008rMakiasalt, 0 a

conpound of For ] a 10accor di f AN cesses
descri bed hEF&P rfmtaf’fﬂ's 7&5}235#0?1&9;& E(ﬁgé néoggef ‘%?‘gegsﬁghéé%‘%g%é"%‘ﬁﬁﬁ %ﬁ%ggt i cal
conposi ti onszrMattonelaislsngsmz szKeubazeptxmen'aMCWaorebi Waiss Biade27:647-@i3,

| ndi vi dual '2({02&??5%0& oAk 11;[fPammR§o ?eagtgolayfl)lioinﬂ'g é&%m@ﬁi&%hﬂ?j‘hﬁ) R3 is

ot her than ‘€
15 (Zhang et al., J. Cell. Mol. Med., 11:307-314, 2007); and mouse models for graft coronary artery

disease and graft-versus-host disease (GVHD) (Hwang et al., Circulation, 100:1322-1329,
1999; Taylor et al., Blood, 110:3480-3488, 2007). In vitro results suggest that FTY720 may
have therapeutic efficacy for §-amyloid-related inflammatory diseases including Alzheimer’s
disease (Kaneider et al., FASEB J., 18:309-311, 2004). KRP-203, an S1P receptor agonist

20 having agonist activity on the S1P1 receptor, has been reported to have therapeutic efficacy in a
rat model for autoimmune myocarditis (Ogawa et al., BBRC, 361:621-628, 2007). Using the
S1P1 receptor agonist SEW2871, it has been shown that agonism of endothelial S1P1 receptors
prevents proinflammatory monocyte/endothelial interactions in type I diabetic vascular
endothelium (Whetzel et al., Circ. Res., 99:731-739, 2006) and protects the vasculature against

25 TNFa-mediated monocyte/endothelial interactions (Bolick et al., Arterioscler. Thromb. Vasc.
Biol., 25:976-981, 2005).

Additionally, FTY720 has been reported to have therapeutic efficacy in experimental
autoimmune encephalomyelitis (EAE) in rats and mice, a model for human multiple sclerosis
(Brinkmann et al., J. Biol. Chem., 277:21453-21457, 2002; Fujino et al., J. Pharmacol. Exp.

30 Ther., 305:70-77, 2003; Webb et al., J. Neuroimmunol., 153:108-121, 2004; Rausch et al., J.
Magn. Reson. Imaging, 20:16-24, 2004; Kataoka et al., Cellular & Molecular Immunology,
2:439-448, 2005; Brinkmann et al., Pharmacology & Therapeutics, 115:84-105, 2007,
Baumruker et al., Expert Opin. Investig. Drugs, 16:283-289, 2007; Balatoni et al., Brain
Research Bulletin, 74:307-316, 2007). Furthermore, FTY720 has been found to have therapeutic

35 efficacy for multiple sclerosis in clinical trials. In Phase II clinical trials for relapsing-remitting
multiple sclerosis, FTY720 was found to reduce the number of lesions detected by magnetic

resonance imaging (MRI) and clinical disease activity in patients with multiple sclerosis
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In sone enbodi nents, R3 is other than nethyl. 15 Conpounds of Formnula (11Kk)
One aspect of the present invention pertains to a conpound of Fornmul a
(Irk): wotzerigiomoR3 i s Cl-C6 al kyl. 200ne aspect of thecprissantooiisyenti on
pert ai ns t oKappsrepau Eagl. JFofedlBas:{124K)140, 208; Mt tidi @940 B3RETOLIB 000153
wherein le Ls Cl-( - Lor use,i,n._a,proce f,or ar i )
phar maceut i%’é‘lgs’(]:lg'(r%g%' H?%W %g?ngte?8%[9?’%1{%56%&%&#%33}; }ge?'-lszti 2?5%‘,%;; 58d2007,

di sorder i nBawkmanoli Rhaghugblogy & Therdpaticaslp 6:34-10%, 2000. BPFE&Ong curmreuidniniPhise
pertains t cpmpound of Fornmula.(llk I [ ceprding to of .t he
processes égséurdﬁ Sé’gr%'ingg'ﬁ?lanos’ﬁ%n uétgpéee%%erosfse@ﬁgﬁg?@’sgﬁ rmagolosh %%%Dee ¥4t ns

t o a cofpouhid:&af10EM00T Baumirdke) erpl.c PaeerdOpie Clovediign Prugs, 89830189t M 7pPocasses

descri bed herein, for use.i.n a pro y I eparing a pharnmaceuti cal
conposi ti on"f?f’“”{"ﬂé‘g’?@’rf’é’% er, zc§,g§§§z-5? 206’%}

gpt or-associ ated di sorder in an
I ndi vi dual . | n sSResent®ybOWT720elk deenRBpdrted &t Hayt anti-virad activiteriipedficrdand Bas bR | S

other than ethyl..10ln sone .enbodi nent le her tha t hyl . Conpounds
of For mui a e inhe BrbfiGg BRRomRRe iy o D W APk g AR o
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(1111 uor onBEHgBRBRIGTERSE -te mediasgngl bypuliods P SR (15 PRERTL 3- y pacet i ¢
aci d of For mldrazaibradf it. Fraptiegplandareadcio adbeiged withnyarafial llerqgiadelssatction,
descri bed here

(R -2 (7 argelsy it S FPREL R, Pyruttinyt giefog Pyba 40 - ctooozn1
15 doi:10.1371/journal.ppat.1000211, 2008).

It has also been recently reported that a short-term high dose of FTY720 rapidly reduced
ocular infiltrates in experimental autoimmune uveoretinitis. When given in the early stages of
ocular inflammation, FTY720 rapidly prevented retinal damage. It was reported to not only
prevent infiltration of target organs, but also reduce existing infiltration (Raveney et al., Arch.

20 Ophthalmol. 126(10), 1390, 2008).

It has been reported that treatment with FTY720 relieved ovariectomy-induced
osteoporosis in mice by reducing the number of mature osteoclasts attached to the bone surface.
The data provided evidence that S1P controled the migratory behaviour of osteoclast precursors,
dynamically regulating bone mineral homeostasis (Ishii et al., Nature, 458(7237), 524-528, 2009).

25 Agonism of the S1P1 receptor has been implicated in enhancement of survival of
oligodendrocyte progenitor cells. Survival of oligodendrocyte progenitor cells is a required
component of the remyelination process. Remyelination of multiple sclerosis lesions is
considered to promote recovery from clinical relapses. (Miron et al., Ann. Neurol., 63:61-71,
2008; Coelho et al., J. Pharmacol. Exp. Ther., 323:626-635, 2007; Dev et al., Pharmacology

30 and Therapeutics, 117:77-93, 2008). It also has been shown that the S1P1 receptor plays a role
in platelet-derived growth factor (PDGF)-induced oligodendrocyte progenitor cell mitogenesis
(Jung et al., Glia, 55:1656-1667, 2007).

Agonism of the S1P1 receptor has also been reported to mediate migration of neuralv
stem cells toward injured areas of the central nervous system (CNS), including in a rat model of

35 spinal cord injury (Kimura et al., Stem Cells, 25:115-124, 2007).

Agonism of the S1P1 receptor has been implicated in the inhibition of keratinocyte

proliferation (Sauer et al., J. Biol. Chem., 279:38471-38479, 2004), consistent with reports that
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prolonging graft survival without inducing general immunosuppression, and this difference in
30 drug action is believed to be relevant to the synergism observed for the combination (Brinkmann
et al., Transplant Proc., 33:530-531, 2001; Brinkmann et al., Transplantation, 72:764-769,
2001). .
Agonism of the S1P1 receptor has been reported to have therapeutic efficacy for
prolonging allograft survival in mouse and rat skin allograft models (Lima ef al., Transplant
35 Proc.,36:1015-1017, 2004; Yan et al., Bioorg. & Med. Chem. Lett., 16:3679-3683, 2006).
FTY720 has been reported to have therapeutic efficacy for prolonging allograft survival in a rat
cardiac allograft model (Suzuki et al., Transpl. Immunol., 4:252-255, 1996). FT'Y720 has been
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(CHS). Adoptive transfer of immunized lymph node cells from mice treated with FTY720

during the sensitization phase was virtually incapable of inducing CHS response in recipients

(D. Nakashima et al., J. Investigative Dermatology (128(12), 2833-2841, 2008).

30 It has been reported that prophylactic oral administration of FTY720 (1 mg/kg, three
times a week), completely prevented the development of experimental autoimmune myasthenia
gravis (EAMG) in C57BL/6 mice (T. Kohono et al., Biological & Pharmaceutical Bulletin,
28(4), 736-739, 2005).

In one embodiment, the present invention encompasses compounds which are agonists

35 of the S1P1 receptor having selectivity over the S1P3 receptor. The S1P3 receptor, and not the
S1P1 receptor, has been directly implicated in bradycardia (Sanna et al., J. Biol. Chem.,

279:13839-13848, 2004). An S1P1 receptor agonist selective over at least the SIP3 receptor has
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In some embodlments the S1P1 receptor-associated disorder is a disease or disorder
mediated by lymphocytes.
35 In some embodiments, the S1P1 receptor-associated disorder is an autoimmune disease

or disorder.
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been found to haye ther uti.c ffica cler S .in

orini cal i ol o B RRRBRSREnE, o P S dtg i i i Resh S Rethie

mul ti pl28 scteperdision,injbrfY720 was found to reduce the nunber of |esions
detected by nmagnetic resonance I Ssease activity
in patients wt hﬁlrrsﬁ) Fi %eé]scﬁlté’rdées lrgﬁg@bigf?%zg%bégﬁ%ﬂ%gﬁ 800153
(Kappos et aémepNhEngI J. 355 1124-1140, 2006; Martini et al.

.EX pert_ Q_DI n. | nvﬁxs emlg{?&l glﬁ%ts égﬁéﬂ’gdgcjfgtbégsosg dteg é}sor%% po 10m%¢18%é1€@§15ReV| ews

in Medicinal Chem S r'i-nkmann
Therapeutics, 11l Mle}:ﬁibpdlﬁﬁﬁl?)the W}%pnosassomzrtequrdarms daaise |11 studies

of rem, ting-relapsin %J r05| Brl Pha rracol .00y &
Ther apalti ca. ' 1 1ot pBY B Ine ST T S A B e SRR st .
Drugs, 16: 283 289‘; soR@@mbodaxntetthe SIP1 receptor-associated dlsorder is thyroiditis.

In some embodiments, the S1P1 receptor-associated disorder is vitiligo.

In some embodiments, the S1P1 receptor-associated disorder is hepatitis.

In some embodiments, the S1P1 receptor-associated disorder is biliary cirrhosis.
35
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al ., Pharmacol ogy and Therapeutics, 117:77-93, 2008). Recently,
FTY720 has been reported to have anti-viral activity. Specific data has
been preswoted/imo8he | ynmphocytic chorionmeningitis viru®CrSMI)L/0n083e

nodel , \AherHHARMMEUTEMBC@MBOSHH@NSMth ei t her the Arnmstrong or the
clone 13 strain rerren 2008) .
FTY720 has been reepaSP?c #F presen mven 10 ?ér%a?ngﬁgp?npgen iy ?ngge? %nyl nlhefct ed

Wi t h Fr anci feghillae desdribedhseis use(d mt}epmpdnaa@t ¢frpahnﬂaymuhal cadpositioher eby reduci ng
t he baCt erl al COAL? h%razgsl gct Optﬁl I‘C enﬁn@en%o%%exjta St(l5j l%&r%%%h%ca CSOII‘laSS lglllsat ed W h
tularem a, ul ceroglllandu i o1 RE BEE : rra In iofand - a t yphoi dal
di seases ( E. coBarisihgCnmptuand of FRiros (Pa)toh@ghaﬂ;(nide)itxcaﬂi@ﬂﬁﬂtiﬁle salt thereof and one or

15doi : 10. 1371/ ur nal at . 10002 has, al so be recently
reported that ?ﬁ cetuh%)a@? 8§ Cﬁptaﬁ‘ %%18“8%) ngm}egt&p I foRhEeGe o‘gﬁll ar
infiltrat eScompoﬁqurcbmmmimg Ccamomndmﬂ?vemuluéhl) eltaphatm&eutmhﬂgnaogepmxhe daht ahdhg
early st ages 19&‘1 ocu 1? tab?mgrargeron FTY720 rapidly prevented retinal
damage. It ?/vﬁ ac%‘“(?? ??C?p only prevent infiltration of target organs,
but al so reduce Mesdmhmglrmdnfslolf thegitdsent ifvRanenagudeta adthad opeiduci@dpht hal nol .
126( 10 0, 20 een reported that L en th FTY720

reli evég %ﬁf%accf%}%él °°H‘8a%‘é° CO relcs)lﬁ ?‘glglf“élglcﬁ(l’m%ound ??/- Fat uIV\‘Ing t he nunber of
mat ur e ost emfrm'emcalhtachmmetsaltt}beeolﬁm ﬁmnﬁa&emcaﬂsrmadmm qarrevi ded evi dence

that SIP controled t aLor aV| our t recursors
dynami cal | y reguféfm{r%gorﬁon epr%areﬁ% REDY: aespgt%f"?(?wma Pg ifo tpEe
458(7237), Gaﬂpcﬁ% of 006N (TaQ Bﬁ«gpmm:meuticaﬂj’l eccaitﬁblasaﬂteh)aeqsifmth masidbaefmely
inplicated in.e cenent f . suryival. aof 0| ode ro n|t cells.
survi val ©of S FORRRRERER r2ouy Holt Rt on bR SR s B0 e M o1 ¢ he
renyel ilfat i @lpigooiasse mtaemeelkadrsaapeon of multi pI e scl er osis lesions is
e e L P ORI B ots L A B AR ES M L Chacl - AT
323: 626- 635tabl2hiog | ubaeantsmndaisxmegﬁnsmmdmlus@ﬂnwlewmid'&mn]apﬁnbrabs 117 77-93,
2008). It aldso has. been . hovvn tha&_ﬁ?e (§1P1 rece r Ip@ ays a .

minigtration. Liquid preparatio al admministragion 1 of'so utlons
pl at el et - def Ve gro B BP i nduce O|Id/ rocyte progenitor
cell m togee‘rmslmens( a]qmnglse)t aily susfiénbians &n8 sﬂIﬁﬁ@AlI&&iZt;veB;OﬂlE))ral preparatlons m&gbﬂl sm
of the ﬁ ntfleeo P adhaswger%?at Qae e‘ber cogs lrtltlt tl(u)wgt%rd or%%gthers 1rta%tl 1 f neural
stem cel'l s towar |nj Ur &dVa7 eds 0 S TentT Al NV Sys e(
i ncl udi ng |veha:1¢lmforemszbehddiﬁoxﬁ5amutn/ak sm:basjsuspsqndmg of &mmggmts,,noﬁhw@el | s,
25:115- 124, rece en cat ed
in the inhi Be% c(i)es Iglncllg.ldlr;%edlglg ons(t)y?rgse&ao}fesfagclll g%vogggs(ag u% Pran? %e aﬁ& IE{%) {h
Chem , 279: B@ddfire38ti08s. Pﬁﬁﬁté])al daosegrsfostsemniy b ;frépared[b@ IdisSoltnthommnd of

2011/ 094008 CT 11/ 000153 SI i nhi noc rol,i f.erati Kim
Coa O Gor 1 Tttt g Pty st ebhak S SRR St i R VEREE bt
kerati r2écyt amlahngttlmsohmt)n hefore filling dnd séuding ad gdproptibee,vialbi afiputeahésher jiseeone

bl ocked, and _an_associ.ated inf ammat i on igni.fjca path etic
factors of %cneéa Gt 2CRE B alppmpf’%r%&‘&i%‘a% 1%?%%:1@%19 fgéorpﬁ% %%gster
Cull s, 76: 4forms. 2005) SFTY720 has been reported to have therapeutl C
efflcacy in inhipiting.p j ogene such, as I y occur
in tunor devel opﬁen U%fi E%%Wugﬁl%o ngl 8"%@%@ chflhlf—l ¥ ereo gﬁght to
i nvol ve agofirsnied nttche‘tlaﬁndd@dnqabmmoslnox(s(mmgtechx’nquesa]vell Bhoin to&]hmsmn th@ 8P,
9082- 9089, ch che . 2 270, 200 TY720
has be%ﬁ r eéo%le d)lci'%rmryﬁeutlcalgrh céeéﬁ]ag}ftciargleresf ?19(:%% t o§fe menI 10 e%%e ein élre%clljnlwrrxga in dl:a q
met ast ati ¢ ayrforexgmphes dee anmgﬂaﬁnﬂaﬁezetmdmu P@dctzned;fa%armacy mﬂ‘/lﬂdtt&gmoet al .
Cancer Res 720 has reported to have

t her apeut | cLlé’]‘)’fIllcozr?ngligl S&Z\anq}ﬂ)lsé(fdﬂgesr 8anar°e ?gt atic hepatocel |l ul ar
carcinoma (Lee eN\édxlc it iCpaspible @zan, far usRastreaticht, &b 8GR FatF (Ia) or a

pharmaceutically acceptable salt thereof may, in an alternative use, be administered as a raw or

35 pure chemical, it is preferable however to present the active ingredient as a pharmaceutical

formulation or composition further comprising a pharmaceutically acceptable carrier.
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It has been reported that oral adm nistration of FTY720 to m ce potently

bl ocked VEG--i nduced vascul ar perneability, an inportant process associ ated
wi t h angiwoena#i9$008 15i nf | antati on, and pat hol ogi cal con@cCriusae 190083 as
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278(47) 47281-47 9 20 . cal ¢t
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transpl ant HEIjrﬁGt Bottaity Ofofh %stcammhehmpwewnﬂ)rk r192‘3/ner gi sti c conbination
wi th a ¢l assical munos sant ud| ari.n A.,FK506 and RAD
(an nmr i nhi bi tofr“)mlmfefJ aPP @8%’“55 ﬁI(IJC:lA%%%tt lgtﬁrr?]l?? O%Ehree‘:t%i rgl’sasli tg%ffﬁ
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pr ol ongi ng ggtgrfe% ssalfllr ¥ \égcl,no\tll\g an nistratl dnucrI I r%glli tlor mu?fgu {())n Ssr{ atlonand
this differ ncelngb“érrugatlmls eleve 0 Pe PeT CUART Yh

syner gi sm obsefifletdeh dr by am’amsdexmmbpa\at irmnsc(eBmllphtclmrdmpatsab drug Bt acsypbbettrater oc.
33:530-531,,2001; .Br Tra ntati

agont sm ot Phe sk nf STRAE B Rhongl B ORESENAR R fin s PE e ebor
efficacy f otheplncgl ?By;gcaﬂg, tadnls@gnﬂfpbtcwrcvmpaie ammnmnns@lamkmglaystka mnglk| ogr af t

nodel s (Lim S 35Pr 15-1 200 n taI
Bi oorg. & I\/Br(fssuﬁsengltwe a? CSR’e f%&ﬁ %g%%m% (%ycr &%7 Eedea% fln g%n repor t ed
t o have t hepsipaut skdl wefthd ara«mjfl mderstpndndndragpragatatuem@hmfmesswmpm@a& forn a rat

cardi ac all gqg node i. et al 1996) .
ETv720 has BT yBGei s iiounE Bt 05 st FESIR tssoiy T
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(Yanag et a 3599 ically
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survival , afemhbtiastand ymnedcgag‘s theedof yndvin tslhrhcfgmui nogipigr dnipléyetl o whdzt omdp asani ne

r enal aIIog survi val .and ren allo raft suryi.va et

al ., Cell CESE?TL*L‘?“? cagsuler: Td’q“b‘%é%‘)h B“‘é‘&?“g’ ‘§15F?m“\{“°“st ‘E%lr"“ét ofrsiltagt has
been. report eatbsules ﬂldaedmtlhher speudl] for efaf use ao yhefform qffsopangoriey fcalréqmgr aft

2;:’1\6/:’ \glfils t : gaclglrna at1 n (r)]r 11?‘ t}llec%ﬁlmafft ﬁterl ednellectagld s&gt%or}ls osrparente{?ﬁl g qup %8?8‘:‘? model
(Shim 225 et swcutanc(&ls)wé SUc}mh,anﬂab&utR:alz}oﬂﬁesmﬁ@@ﬁc) unlm@agzﬁ&mltlmedﬁaaybeen
reported to_have ther fflcac ntlon W|th 0 n

oot (e RRTS e i R e PO et Ra bt S RBIEI B

aci d, an i nlrgoddients aoﬁ sqzuh lunit dodageofyms ﬂne)sc(m)alri oty spmblla)af@cmg: aaiohmglfdfetactlve

survival both in rat renal .al rat rdiac allograft
el ¢ Supoiirdfenfedntherls Gl b llcRld RS fbea B indele B Ly ) 1 B 2 1 09T &1L

et al., J. Heart Pbuqsrgl aﬂnmnsmhemtthe mﬁnm&t&%omﬁmmn mdytbehatheferarofy fopor t ed

that a gonj, t 4 | n_co nat i

subt he;13 aogeutl mp&dse %ﬁﬂ%&og%ﬁ%"?é {l“@nd %% ?C%trs&,% compr?g1 g&?{"l r’i’Eef%?lfl%r)
can pr ol ong nrad¢ incthe ﬁbrraof aﬂcbsagrtalﬁttcoatammg\aaiart(cﬁ’anamctunabfthe Liigeringtedign®

Bi ol ogy, 13.1227-1 06 bowel ogr af l,..FTY720
has been r e[])%rrfl%l zf%uCh (f sas%c/:zllnenrt Sg‘J?}es ps'ﬂ%ﬁ f/alg\{/%{nk t %o“(lszzsr %r mlesgor > tpflg%grg Vflth

smal | bowel caINemgma]fatddmuemuvlads léc&skagmmoletoraktarch or Iamzsp Etallchlmﬂdbmders such
13:161- 168, 200 7 I rted to h ve y in
a mouse isl8° "t"e ceﬁ l%fe f%ﬁ‘lolg? Vel ragncslaplc%rﬁtsa i 6’rr1 gg?‘ﬂgl‘l}fj@%&iﬁgg afoR?
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human i sl et C?a&c ot rrEa%nesmm stearate. The active ingredient may also be administered by injection as a
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evi dence no detrinental effects on human islet function (Truong et al.,
Aneri can Journal of Transplantation, 7:2031-2038, 2007). FTY720 has
been r epowoedit4eoeduce the noci ceptive behavior in thePsparSeai/erse i njury
nodel for nmmmﬁiabrhWberpaj for eMainple, chties deatosdepeata noay bpuesitaaglsaitatiien synt hesi s
(0. Costu et acb %#)g%crgpa ogarr%el | ul ar and Mol ecul ar Medi ci ne 12(3),

995- 1004, 2 eenreported to inpair initiation of nurine
contact hyperse néompountl ybf F@hiSla. (I/)dopphaveadentinaly ercewible saits tﬁezaeﬂcalny)npktdrwd e
Sle'r'tﬁa{ ! 3”: ?(]E‘ggeeé Lt egl%% ac§£¥g§§ml%8£1t1&% stg*e‘cl‘?%csaﬁ”% gi.‘é% éegtsbl%o fifiolc>
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350f the Sl P1 r e&‘&q:)dlqse whenvising Gedpecid ofi Roymuiv din) érreephSiBeutiealppicoeptablehelt S1P3
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solid organ grafts. arthritis, includ rthriti IS,
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di sease, incI sease,. and C Lve o i tiss em ¢ | upus
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growt h; whether further active ingredients are administered in addition to Compound of Formula (Ia) or

a pharmaceutically acceptable salt thereof as part of a drug combination. The dosage regimen
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30 rheumatoid arthritis; diabetic retinopathy, atherosclerosis; cancer;
chroni c pul nonary di sease; acute lung injury; acute respiratory di sease
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pharmaceutically acceptable salt thereof, the pharmaceutically acceptable carrier can be either

20 solid, liquid or a mixture of both. Solid form preparations include powders, tablets, pills,
capsules, cachets, suppositories and dispersible granules. A solid carrier can be one or more
substances which may also act as diluents, flavoring agents, solubilizers, lubricants, suspending
agents, binders, preservatives, tablet disintegrating agents, or an encapsulating material.

In powders, the carrier is a finely divided solid which is in.a mixture with the finely

25 divided active component. In tablets, the active component is mixed with the carrier having the
necessary binding capacity in suitable proportions and compacted to the desired shape and size.
The powders and tablets may contain varying percentages of the active ingredient. A
representative amount in a powder or tablet may contain from 0.5 to about 90 percent of the
active ingredient; however, an artisan would know when amounts outside of this range are

30 necessary. Suitable carriers for powders and tablets are magnesium carbonate, magnesium
stearate, talc, sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, methylcellulose, sodium
carboxymethylcellulose, a low melting wax, cocoa butter and the like. The term “preparation” is
intended to include the formulation of the active ingredient with encapsulating material as a
carrier providing a capsule in which the active component, with or without carriers, is

35 surrounded by a carrier, and which is thus in association with it. Similarly, cachets and lozenges
are included. Tablets, powders, capsules, pills, cachets and lozenges can be used as solid forms

suitable for oral administration.
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prepari ng desaieolime Musion or in multi-dose containers with an added preservative. The

pharmaceutical compositions may take such forms as suspensions, solutions, or emulsions in

25 oily or aqueous vehicles and may contain formulatory agents such as suspending, stabilizing

and/or dispersing agents. Alternatively, the active ingredient may be in powder form, obtained

by aseptic isolation of sterile solid or by lyophilization from solution, for constitution with a

suitable vehicle, e.g. sterile, pyrogen-free water, before use.

Aqueous formulations suitable for oral use can be prepared by dissolving or suspending

30 the active component in water and adding suitable colorants, flavors, stabilizing and thickening
agents, as desired.

Aqueous suspensions suitable for oral use can be made by dispersing the finely divided
active component in water with viscous material, such as natural or synthetic gums, resins,
methylcellulose, sodium carboxymethylcellulose, or other well-known suspending agents.

35 Also included are solid form preparations which are intended to be converted, shortly
before use, to liquid form preparations for oral administration. Such liquid forms include

solutions, suspensions and emulsions. These preparations may contain, in addition to the active
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solublllzers dispersants and others and, if appropriate, customary propellants, for example

include carbon dioxide, CFCs, such as, dichlorodifluoromethane, trichlorofluoromethane, or
dichlorotetrafluoroethane; and the like. The aerosol may conveniently also contain a surfactant
such as lecithin. The dose of drug may be controlled by provision of a metered valve.

35 In formulations intended for administration to the respiratory tract, including intranasal
formulations, the pharmaceutical composition will generally have a small particle size for

example of the order of 10 microns or less. Such a particle size may be obtained by means
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35 manner to alter or to eliminate a property of the compound. In one general aspect, the “pro-
drug” approach is utilized to facilitate oral absorption. A thorough discussion is provided in T.

Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems Vol. 14 of the A.C.S. Symposium
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Amorphous Sohds in: Polymorphism in Pharmaceutical Solids, ed. Harry G. Brittan, Vol. 95,
Marcel Dekker, Inc., New York, 1999. Accordingly, one aspect of the present invention relates
to processes for preparing hydrates and solvates of Compound of Formula (Ia) and/or
pharmaceutically acceptable salts thereof, as described herein, that can be isolated and
35 characterized by methods known in the art, such as, thermogravimetﬁc analysis (TGA), TGA-
mass spectroscopy, TGA-Infrared spectroscopy, powder X-ray diffraction (PXRD), Karl Fisher

titration, high resolution X-ray diffraction, and the like. There are several commercial entities
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WO 2011/ 094008PCT/ US2011/ 000153 For preparing suppositories, a | ow
melting wax, such as an adm xture of fatty acid glycerides or cocoa butter,
is first wolzbadaowd t he active conponent is di spersed hechgsa@o0silg3

t her ei n, asthh)prrsfﬁdequichgnd difigentsévens foomegefprmg%lvdtestaudeydrstest drearopnertasis.i nt o
conveni ent size 0 cool an | i
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addition to the active ingredient, such carriers as are known in the art to
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suspenspons and Mh\&ilmlswillfb@rdesldh@qjhgreamﬂc&ml o wayaifepecificapyinglne Tgé y col

sol utions. exa r a ectlon I| uid pr ons,, 10can be
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di sper si ng BT VY 1@ S0 e g/ sudp (th’ﬁﬁ SEREElY g sterl ‘e injectable
preparation may also be a sterile injectable solution or suspension in a
nont oxrﬁ parenteral |y acceptable dil iﬁ@'{%@@ ol vent, for exanple, as a

sol utiof in 1, 3-but anedi ol . Anong 15 ggt abl e vehicles and sol vents
that may be enpl Iblyﬁdltedrsentmesecrf thd?{nrmgerrm&nﬁmi are is}mmamdmeifslhmo'ﬂg exagplds. (e
chloride sol ytion xed oil onvent.i ona

ol oyed ageluB b S Prubies Rbdnan i B Same st FRRIE R BE
fixed oil nmyenlnenen‘pépnymﬂllarsrmmﬁde a@mjﬂslﬁetcbmpmdoanmltﬂhq’cgfcdemrmw I n
addi tion, fatt acids.s as_ol.eic aci i se.in the pre i on of

i nj ect abl es""SBEHHBENNE" ar‘f:%ar’?ﬁﬁl aﬁco(r‘?%% %oti‘e Qgﬁﬁ%r acve% trra(yge osag@%ept abl e
salt ther eoAutn’Hymtvbnsﬁmlm 6roCrUhabdwilditra Farson9déraln @dﬁinﬁhaﬁatnk@tqoﬂﬂo@e g by
injection, for gcp to unsderr p0| gcl;ta'r n_or contgdnuous nerlégo ) df?n‘fll
presented i nan}fﬁ?rte 0@ 1o MR grrpouﬁ &%, commé?nfl T?SV(V]DU §§“ fipse voI urre
i nfusi on orskilkediutht krtdose cont ai ners W th an added pr eser vatr ve The

phar maceut i cal cggéposrlthg e TR If such .f ns‘i3 aaf sol utions,
or emulsions in IR VARS S(é(fu% nnucv%amnéglggc reﬁ%f“’ﬁ%;} i°R anitis aetnory
agent s suchpaas paumpiemc{pm@i) witi thbfesidnal nglvamn digdl ushdsp mf&em:g NM@.nibbrewatlons

Al t I th ti i b d b
asept] &0 sorberas ookdS wlMG BBITE et R SRR IR o

consti t uti osinghtt dd -adablet efdoebletshi cl e, e. g. st erile, pyrogen free wat er

bef ore use. u for S use c
prepared by di ssoiVh Sr?ﬁg’ ?ﬁ uspﬁglﬁglth@%%?%g %& ??286“‘& %%Ihe??'tswfn ~R ‘?ﬂ%r and
addi ng sui t 3til-@04& dlPoSlambhdru Thd; Ao Dstectst: 8BDIHI0AI Ry SaimthdihinekenodagphgaliiG, as

desired. QuUS. suspe i ons urtab n _be made by
di spersi ng th& }ﬁsﬁngﬁi’ H g%[ﬁ%f&f‘?e\? OIB%?ﬁ)ggﬁak?(ﬁw\?{bpgﬁ %‘? Y8 us

mat eri as, SABMRES Spiak; LSro&wamrAﬁeyyﬁ hetic guns, resins, nethylcellul ose,
sodi um car boxynet hyl cel | ul ose, or other well-known suspendi ng agents.
35Al so included are solid form preparations which are intended to be
converted, Ekomple y beeparration 8£1-Cyelopémgyli H(tFiflusnopreelydbaizend:@onggound af

adm ni strat on. 5 liquid forms include sol utions, suspensions and

enul si ons. foa Eﬁbbarations may contain, in addition to the active WO
2011/ 094008Method32011/ 000153 conponent, colorants, flavors, stabilizers,

DL bl o L O S0 eGSR e ¢ e

epi derm s C(IIlp)grsnﬁigscfald:thwna (la) or a pharnmaceutically accept abl e salt

E ?:ngfer x?/ B: { ];ﬁr m‘llb i jac et regclzt(r)]} vrs;rz‘lasr}:\%géd cﬁy %ﬁﬁZ g li,) .lamodt rlnggrr])gdlum turmngs (% 1.0¢g,
3.33 mol, 1.5 eq.) under N,. In a separate flask FeCl; (36 g, 0.22 mol, 0.1 eq.) was dissolved in
THF (150 mL) (caution, exothermic) under N,. This dark brown solution was allowed to cool to
35 ambient temperature and then added over 10 min to the reactor content under N, at an internal
temperature of about 10 °C. TMEDA (402 mL) was added to this yellow/green mixture keeping

the internal temperature below about 20 °C (slightly exothermic). The resulting rust brown
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O ntnments and creans may, for exanple, be fornmulated with an aqueous or
oily base with the addition of suitable thickening and/or gelling agents.
Lot i ons s 2be/eoosul ated with an aqueous or oily base aoa/useéii/onoisgener al
al so cont ai mixonewas stinmod et aarbiing feperagiraige hh sndes Naltieh il hiangs 4Gt ssactdi sper si ng
agents, sus a F'bg%] or. col A gent s.
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salt ther eo?\} (?)r&g?héffn rreace Slﬂcl:cgl(%o%péiﬁ%ﬂe({rfga%%ﬁp eso % exar}' (??je{%

adm ni st er efiitas vae coseitstedunderexdutd @esgre (HOadrr ate?ﬂd’@m tchmer antnynhenhh{mv gon,
this can be f Si punp
nebul | sor, S PHAQr B HERCaE PR B HPLCH S-SRkt BT AL Elpssfial

i nhal erl5 25Fih1alr5r8%c)whtchmls ufedrimthe hewt stepl wiithews furtier pmifodticdonpound of For nul a
(la) or a pharmaceutically acceptable salt thereof as an aerosol can be
prepared by processes well known to the person skilled in the art. For
their prepaMathod2, for exanple, solutions or dispersions of_ Compound of
Formul a (1a) or Brd) gra:{t{(r)?i%?llltdycﬁ) Xtyﬁf tug‘lg)l et€ btenztegg L m (;undw?i?or ula.
wat er / al cohol i xt o es 0r” suit sa |ne SOt 0N Ca (bep one usi ng
cust onmary aC[Ib)),ﬂ\EelegscialerreaRMampl e benzyl al cohol 300r other sui tabl e
preservatives, abso i.0R ha cers asin e hi oavai lify,

sol ubi ?élazers di lé?gergggﬁ%%{etg%ffac%elfys an{J6I aP ma e%ump% ee G‘gto °1t’
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di chl orodi f| trichl.orofluo

i ohl or ot et PGP0 R et QR HREPT TR Bk ol sebyionameemeditl y al so
contain a samlbiamttamerasmre hsmgad iec¢ bdth hmal thélffwldeﬂ)szer 3ff mohrto therB\L fesctarenttewt | ed
by prOV|S|on fa.net ons. |ntende

adm ni strat| OCfr%r {\Ibattaﬁ Sha e‘g t‘fnrl% §ure Of r accg qfolf%]{% ”8 1%;%%‘5}1\/{}&%; o? mfr at1ons,

t he phasnacedded k@lpmgcuhq)ogmal nempemtlufe tgkrne201d Qgrhghﬂy excahfmmwl) I ﬂpaessultmg eussi ze

for exampl e, of the r..of e article size.may be
obt ai neq” by BRGS0 A5 oh et by SRttt e p B0
exanpl e by helewdhr@ amd omixtiih ehl -tesior2Mrifldopemaihydlbemese @dohg, b 7tnaolpande

sust ai ned re| i [ nt be e rnatively
the active DiamBsrhu s ¥RosgEE e e R e Re DR NG s A o
exanple, a pl@um thmmermﬂ teniperagak betwnem253m ﬁMwomwdbcmbasAft@umddmon

| act ose r iva ch as,_ hydr LAet cel l ul ose
and poI yV| na aﬁ ﬁl %%g??%\%?m&e& ereeﬁc ent lx eywasge(l\%\/cf{ea(r%ega@ral%}lkw Il forma
gel in the nmghtcdkpwbwo cBhlato;ao\mdenalctmmasurt pfﬁf@myl duenghedwent @20HCH (Etht
dose form for cartridges el atin,
blister paCE s’i h?i_(t(;asr%}l V\?‘Irakeh s?(h amlam he mtemal empe%rgnlr nl?efé v% r?Se %ﬁ [)cag’tlon very of an
i nhal er. Thexqeanivhddist ﬂcahemheqﬂazﬂ actetarm(s Lames pdded endotbé yeactor aonieht atius@gte

forms. Ins gr%@ierﬁt%rr%er&t@rg for 1 h. The phases were separated and the aqueous layer back extracted

35 with ethyl acetate (2.5 L). The combined organic layers were washed with H,O (1 L), brine (1.5
L) and dried (Na,SO,). The solvent was rotary evaporated at 35 °C and the residue fraction
distilled under high vacuum (65-70 °C, 0.15 Torr) to give 823 g of product (58%, not wt%
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10preparation is subdivided into unit doses containing appropriate
quantities of the active conponent. The unit dosage form can be a packaged
pr epar at iw0,20ti@4@ackage cont ai ni ng di screte quantiti esPafi/yseapan@ss on,
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i norgani c and organi c_aci e en incl yde. bu e not
limted to, acet?rep“ﬁ‘é'ﬂagpigaﬁf’ genqil%éﬂbgﬁrggl%g‘yﬂﬁg%ﬁe @6‘? (‘)"ﬁ%l 3&%% Y c,
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speci fic chead d:ablvgd mupmhy{mwmonde Nhehedmtlthambr(mémsz),dmedmsdréia@ﬂ)u filtevedan

I ndi vi dual t ndconcettrted dundguc r%lss%}er ere ST VEASO” }ied |ve tQl‘z"chf;)oma ogg' h

conpound. PFO- rugs can nethus e viewed as conp ds*cont one Sor Tror e

speci al i zedtorgwe—thcoutiecxzopxpomrelca'swellgzsmnpg LSda m/zn= alar,r Mz@ﬁﬂ] 35rranner to

al ter iJrinat e a pr.oper _ n gne general aspect,
Phe ol b obh TR EadnRr R clabe By G dRH i neh a1 © OS0! 2P

t hor ough di scussiroa solgtiquraf\t {@<€afiflupromethiyd)gheoyl)cyelnpentinolS6 &g, 22.1Pmoobriugs  as
Novel Delive S. S

D011/ 094008 PTG TIR V@éé‘i%ﬂjléé’ﬁ{deés%o R PR RO R e e was | ug
Desi gn, ed. hﬁxlmndeca)veﬁuglhw;thAmEdmg@rbaﬂbmr ifbecrearttion alixtis as filitred thraughl

Per ganon Pr ® dinents. o D a
met hod of préoatﬁcﬂrﬁe zmag Shar ureufn’to & WateﬁQ(())Es)Fﬁ“l on(?ffx(%r tﬁé }r{r}ga @F g ﬂergpy"
conpri i5ng Abkdombigd Omhﬁbllaydr wis \Ed§b¢dnmltlaw4téle() xd’lS n&)phadmaéﬁﬂ@ﬁﬁltgmd

accept abl e Sa tL Eoli]\?eh was! remo tmqger ré’c\fucer}l 1€S ure qlve tﬂe tléf n(?ovr\rlnmo hda(ét %Se'i!ltl cal
agent as descr| erein and a pharnaceuti ca acce rr

It is notedNMRa40MvETe, SDPL) ﬁvdlnlla%elr@ @, éHmuL&ll-leit(naQHa@t(mv?eli(ngQHDiBeBms in
har naceut i e n i d for e only in humans,
: 5 TR A P ST oL e PETd oL it o0 )

but in other cent a vances in the area
of ani mal health- care mandate t hat 10consi deration be given for the use of

active ﬁgenkxampﬂebhae%arsaitioﬁ %f E'-‘Zéiﬁo‘%‘&%&ﬁyn fl-%g'cl;[);beei\ltytl ZG@rlﬁeoerethyl)benzene
(Compound of Formula (Ilc)).
Method 1
Preparation of 4-(Chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene

(Compound of Formula (Ilc)), use of 1,3,5-trioxane and chlorosulfonic acid.

35 To a 5 L jacketed reactor concentrated sulphuric acid (718 mL) was added and cooled to
an internal temperature of about -10 °C under N,. 1-Cyclopentyl-2-(trifluoromethyl) benzene
(405 g, 89 wt%, 1.68 mol) was added to the reactor content at once. To the resulting dark brown
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characterized cb¥ g Qﬁ) S tIinown in the art, such as, thernogravinetric
anal ysi s (T& OV EATEdS 1%1 &t roscopy, TGA-I nfrared spectroscopy, powder
X-ray di ffraction (PXRD), Karl Fisher titration, high resolution X-ray

di ffraébi on@ng%%he | i ke. There are several commercial entities WO
2011/ 094008 011/ 000153 that provide quick and efficient services for
i dentifying sol vmqmr:ami olnchmoeananyla-lrc@clbbemyltra@hﬂuorﬁmmylwemmani es
of fering these seruvi cl W | on Phar ec W.l m ngton, DE),
Avant i um TeCnHHGg e gﬁ g:fgg ‘éﬁdy%;%rt'?ﬁaf‘e ("&é@é i gijoridery “5The

i nvention wll bSultﬂ.&B:&bldeEdOGl], mlmmasdﬁhﬁerkedbmomwom jacieediréactioreveasEn| es.

The foll ovm es are offered illustrativ poses, .and are not
intended to" efw@‘n%j{?g’pfrﬁvéerﬁr?b&a Pﬁc}gﬁvalrﬁﬁﬁﬁe?moﬁd@@p@fi caeftEd 9% t he art
will readi| yhileheger. Tbemd/\azrsloeblyd m‘4150@&hdt}h@@l cHiedR(BA7ahE, MY bl) ¢an be

TP gt s at o PR P32 o6 Vi il BB, Phrbashor e Rr S RIE T ATEER VO B8 ng
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infra, are naféd (atdﬁ@h@'fm@xﬁrre vtdaex&:&rﬁhﬂmﬁrnamtdlvvarsaoéledm -9PC Znd1-1,

15Aut ol\ﬁm ver % cert

eerr a on 9.0.7. |n
i nst ances c6 qﬁlzzrrég ﬂtéorr%me &[09 8 S K%( 3’8ﬂaqdﬁ$fl°‘fv vé”earb%i
names woul dfiunecliemogiddzdditiby), thh esdamsﬂ(wdsl e@othéermid :hﬂ the temperature we@lﬁ&ﬁﬂtnﬂéd
shifts of pro on ucl ear, resonanc e
parts per m )Httl on%fme?ﬁ WP g(%e F &% ta‘ii‘avrasg’s‘%%ﬁ“‘éﬁgﬁﬁ 5, O@o‘%{a& g’ﬁ%?ence

NVR abbr evi & f@B38min. The reactlon mixture was gradually warmed up to15 °C and stirréd overnight.

Analysis of the reaction sample by TLC (5% EtOAc-hexane)) showed only product. Analysis by
35 LC/MS showed the product and the slight presence of the dimer (i.e., bis(4-cyclopentyl-3-
(trifluoromethyl)-phenyl)methane). The reaction mixture was cooled to -2 °C and quenched with

controlled addition of water (11L) and the temperature was maintained below 15 °C during the
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20are used as follows: s = singlet, d doublet, t = triplet, g = quartet,
m= multiplet, bs = broad singlet, dd doubl et of doubl ets. LCVS
spec: HPLWOpanp®1008C- 10AD VP, Shi madzu I nc.; HPLC syst emctarstoiolob@ss3
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Aut osanpl er,; nt | 150EX
with TLYIrJ bo TBF §“p nzg%‘sr?ﬁﬁétwla g&& Wﬁ@; %{:I?[[éf?E \/vavF"‘les e édt Npﬁéo Exanpl e
1. Prepar at(ﬂXmL)dblldwdaya@zlbﬂpeﬁmy ielﬁt-l((nt Whd M[IBEdayet Wi firadn ms‘red &@blmcw (@lL)of
Forrmula (11b Pr e

ooyl operntbnd @LY e bl RAE BSOS nassNacson diterdand s sl ) s00 g

scal e reactkQfved under redu éa s&gekoéb%#%%%dna%sp&g \mg ggfa@%%w THen(at- 4 L)

and magnesi um t ur ni ngs In a separate

fl ask FeCl @rq%t vjas ponfigd bmracul@n distldptipn pfcpO-i §é9olg\i@a 2iTerrpipbtaindlge pyifie
(caution, &Ja%%%er g)femow%ﬂ & @@%y ﬁwsmh%lp%au@%x&hhl@md to

cool to 35anbient te ure and then added over 10 mn to the reactor
cont ent und@PLQpurdy, 983 7Vafbepeskilareeenper at ure of about 10 C. TMEDA (402 mnl)
was added to this yellow green m xture keeping the internal tenperature

bel ow about 20 C (slightly exothermc). The resulting rust brown WO

2011/ 0%@a008Methpd)32011/ 000153 mi xture was stirred at anmbient tenperature for

1 h under N2, B{%ﬁoﬁoh¢€éhl&%n§thyﬂ‘? ii;chﬁféﬁﬁﬁd ?Hﬂiu%?(% Sl?enéé]yl %’}Eﬁlﬂ&ﬂndc&o'

bel ow about and a m xture “of tri onet zene (500
g, 2.22 nolKorawda @kdhocycl opent ane (397 g, 2. 66 mol , 1 2 eq.) added

dr opui se Unigs ANprdardlioh 3 S1ch USOHTBonL RubfdckVBLfhed ETPET At Ur e bet een

about 25-3 tion, the reaction " mxture was stirred at
about 25 C underTopsabutionef fighlorog}- (trifheetomethylhshzoicacidh(10 A7 &1 46cd mmehper at ur e

of aboys 0 feidifd) HU@H&‘)‘%QS XMdEE'C(ﬁchmli‘% shifurlc)acf(0.81 ikl §28Fhnlod). ma&%@ t he

internal tenperature bel ow about C (caution, exothermc) . 1PC s
after conpl ¥asihsgfed prdenredit Mﬁlléﬁdﬂmrvmﬁlifm‘gawgwm fQWPolmr@Hstiem¢re$ﬂre and

i ndi cating gk b uiRARRE pRRYrdRYEMPLEMd CRHERbRS §55 MG 50 /A4 lvith! ¢ €r

t he quench, hexane (3 L) was added and 10t he reactor contents were stirred
at anbi ent VappEhetolid &ag then gtirted Withessatyrpteslagquegus sodgwmpbicabentegalitiomie remensous

| ayer back %Tréﬁtﬁltaﬁs(alfwﬁé J&J‘ﬁﬁé}@@aﬂd]drle}i un@%ac%l%*% gl‘%gthgrtﬂ@@brﬁpduﬂa & astY?er €
dried (Na2S slurried wth silica (75 Itered washing th

sol i ds2(i t hSOhéklé)nleg £ 1 HIYMRYARO Mbizt ¢RER) &/mn é&ﬁésehltl} d08 dd. o4 Hédﬂé,e‘?dl“

pressure (109 (0838t BHLIH] @ 9y 2P0l | (317 g, 97.3 Area % by
HPLC, 87. 71</%/t%b HPLC (con%al ne(d’ res?dual exane by NWR), corrected

15yi el d 58%tep Bmmmas)éwqthylﬂf@ycmlltykﬁ-éqmﬂmmmtlyl)hsmm purification.
Met hod 2 ¥ ﬁﬂ@(fqammeqb sM g&i&kmﬁ &hxﬂyd?of&taﬁ igsloyQr, cmt,mem RenzLee

(Compound of Fornula ( scal e reaction. 20To a 30 L”jacketed
react or, drvcwtxlwau)eslamhmgﬁ@s%ﬁmuﬂm micthgs 20544314, rmw) e resultisg eq. )

wer e QQ§6d M EioNGas én?re@aﬁgmli&ﬁp%rin!tr@% 1 H 865t ag&@%ugyenslorpwmhded%&@leq )

was di ssol ve
4-chloro-3-(trifluoromethyl)benzoate (7.00 g, 29.3 mmol) and bis(tri-tert-

~ butylphosphine)palladium (1.35 g, 2.64 mmol) at room temperature. The mixture was heated
under reflux for 2 h. The mixture was allowed t6 cool to room temperature, quenched with
saturated aqueous sodium bicarbonate solution and filtered. The filtrate was extracted with ethyl
30 acetate. The organic layer was dried over anhydrous sodium sulfate, concentrated under reduced
pressure and purified by silica gel column chromatography to give the title compound as an oil
(7.64 g). LCMS m/z =273.2 [M+H]"; 'H NMR (400 MHz, CDCl;) 6 ppm 1.57-1.66 (m, 2H),
1.68-1.82 (m, 2H), 1.82-1.94 (m, 2H), 2.04-2.21 (m, 2H), 3.33-3.49 (m, 1H), 3.93 (s, 3H), 7.54
(d, J=8.21 Hz, 1H), 8.13 (dd, J = 8.34, 1.77 Hz, 1H), 8.27 (s, 1H).
35 Step C: Preparation of (4-Cyclopentyl-3-(trifluoromethyl)phenyl)methanol.
To a solution of methyl 4-cyclopentyl-3-(trifluoromethyl)benzoate (8.16 g, 30.0 mmol)
in 1,4-dioxane (200 mL) was added lithium borohydride solution (2 M in tetrahydrofuran, 30.0
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in THF (800 mL) (caution, exotherm c) under N2. This dark brown sol ution
was cooled to anbient tenperature using an ice bath and then added over 35
nmto t hewBQoli/mwemst or contents under N2 at an internal pcensesiatonies of 10
C. To this me]39%9whgobeFhemixtucervegs hEMEDAdedreAud for 2. Phaddene wesgdiowgd tohe

internal te rature bel ow 2 C%Ii ht exof her m QI_ET resul.ti rust
brown m xt uf é’Ft\fx)ésorré < fgrgguea%nnggr © ﬁl?' §rgenf{1%d ‘?’Jl)rt%ld%ag aﬂfie.og gl %1’2‘3‘8 or pI{I:(%'n gnt was
al | oned t o oealic logdr was &par@tedinod the pyuebur leyenfvas extracted with ethyl acetate. The

1-brono-2-(trifl yoronet hypbenzen 150 . B7 nd_hr cycl opent ane
(11925, . st Sref IR RRRATRS ol 38l v Sofiy TRiple, OB MG RRE0Y ©
mai nt ai fi t hpesse @ndplrifted bp eitied gal eolimah visematdgraBOto@iveabeutitiecrompextaser i c) .

After the addition 3 e &xahherm ided, . th i

mi xt ure wascos(frlferr%la(:?%l(:1 gb?é@ﬂ%?ﬁ ]\igz’over ﬁpsgq;?{n ﬁ%@?’é&é& ZtF@ fg%%ﬁé}ﬂ)m’gjri:n’

i nternal tenpetat melf2.B-L1a0d, J)ehdhedint iy SONHECH)(4871(d, 1=8.2h Hza2H)s uch
arate as t i,at ain.t interngl .t ratur e, bel ow 15 C (caution, very
exot herm c)?“%?‘t"'ggm’tlﬁg’ gﬁ%@c%, lgt%ﬁ{yzl’ ?QEZPQE(S@I%}; L) was added and the

react or constepD: Préparaibnaif 4gqChioeorhethei atyelb pentylf2oftrifludrombtigl)pbreses wer e

separated and th ueous | r...back tract.ed..35w et hyl acet at .5
oy Pt ombi ned BREaR BRI G EhET AR b X WmAGT MRS 0
and dried (iNaxag@h)oridd (teS mb] MehinmedsTheohatuye easdpaedbtehd °atfo35h efardt wdse
residue fragtio doinslt)illed under hi gh,.va ‘Lm 65-70, C 0?1 n)m.to %ve.
555 o ot pralnel ieBbl i ltpeE by AEH At B B Bt 1A ik e e o o)
as a clear pardairih®se and ditred. for Hnid\RIdrBit wee £xtraddd withidichDihistici6s. Tha ofzanic

1. 952, 04 (Pmdkas gty v s gt fodbbariany P s, B e vl

- CH2) - 15Met fpdihnBsulfate and cdic@mated bihden regiaced pressure to give the title compound as an oil

1- Cycl opent y1-.2~ (it 10 f enzen 0 F I t wo
st 2;/) pr gceséa&gp'&lg Wﬁ%@%}g@g( I?‘%% %%ﬁé%‘%&%@%%ngb‘éﬁzg‘% A?H)ED# 'g%'é%ggti on
of 1-(2-( Tr {rh, |26y 2006e2. b3/(n), 2ZHRBy37) (Qyioteqg gerR. i, 1H 4558l (s,t2H) N7 .44 (d, J = 8.00 Hz,

1- br ono- 2-( I o1 (p. 22 mmol ) in anhydrous 10THF
(10 n) vvasE@Of&sgg&’?ﬁ'@%‘h%qﬁgﬁaﬁgepﬁsggtzﬁg}ﬁunder argon at nosphere. BuLi
(2.5 Min hexanes, 1.068 niL, 2.67 mml) was added in drops with efficient
stirri ng- ngegroﬁa}‘ction m xture was stirred at -78 Cfor 40 min. A solution
of cycl®Open (0.243 g, 2.89 mol) in anhydrous THF (1.5 nlL) was added
slowy (in Breppeatioatof 4-(Ghlaronidthyl)-2agtlopentyli2xtrifl@romsthsh)benzexk (@ompsBndof Or
30 mn, gra uallgglisrkgught to roomtenperature, and stirred for 1 h. The
15reaction hYSEY s cooled by an ice bath, quenched with water, and

aci dified t SteplA:PrépabytieddiMéthyl 49€Chiopnrd-¢trifluatcmethiTjbenddage. SOl vent was

renoved under reduce ressur e. e residye.was .dis ed,{,n hyl. e

Chlor i de. washed g feae hbired nEeSRPIRIREwf = RE Dals s IMER
concent2sat eb00nden4.8 esl)cadiufic asé (B7enl, BUe mhed) whiseddws Tixumixhiregadsyinsd hi ca gel
(2:2;’0 ;_m'E CI\)/? {_E‘%?l%)_( ﬁcr) 6%%’}&»\%5? Foloijlﬁngi ptge? S0 v%ﬁﬂe%g?osratg{' un%lc:trI regluzc% %regg)ré. ’ljﬁgr\é%ulg}l)gz =

1- Cycl opent lidui@refidné R 6@mbrebdydujddenmanewater whereby@ vehits chspensen fafned. The

(32°nL) " was “SH00% Pitied BROEAp 4G G55 RaoBL G ab b RV G oG
hydr ogenat e@hosobid miagtifiedwinti¢r vactuyrdfoo y@h fddlalved b4 h itvd ICeagivieol titlexbmpeundas
and extPact SR e 979 8 g i @ EuRRRoRCk fon AR 38, B8 4280 ™
washed wi t hHeplttBy 8.{Q(dd, 5881z, 2.0 HzetH)p 889 (dd23MHzfIH)t er ed ’

Step B: Preparation of Methyl 4-Cyclopentyl-3-(trifluoromethyl)benzoate.

To a solution of 4-chloro-3-(trifluoromethyl)benzoate (196.7 g, 824 mmol) in THF (100
mL), cyclopentylzinc(IT) bromide (1979 mL, 989 mmol) was qdded dropwise at 7.8 °C. The
35 temperature at the end of the addition rose to 22 °C. Bis(tri-t-butylphosphine)palladium (21.07
g, 41.2 mmol) was added to the dark brown solution at the same temperature, and the resulting

mixture was stirred at 70 °C for 8 h. The mixture was added to saturated aqueous NaHCO; (100
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and the sol vent was renoved under reduced pressure to give the title
conpound (4.3 g). NWMR (400 MHz, CDC13) & ppm 1.58-1.67 (m 4H), 1.81-1.90
(m 211) ,w.206/@48 (m 2H), 3.32- 3.43 (m 1H), 7.22-7preé/uSe11bidr3
7.45-7.51 (mL)&@DFL, stﬁreﬂat thel sandete@periztyre dr130. mid Gk thap hte222C fBrZapélﬁlairésollnn@f

4- (Chl - f.l h
FOI(’ mul gr ?ﬁgu)sglenzl%fv gd%ﬂrto}{éh 8%1I£t€tédagl Iijeofgﬁgg%or%egtra?egzuggg Vgcuurrrrlp ?He sohgs

IA—: (Ch: or(()ﬁw&yh)as}ihdwuhlﬁupgn??@rﬁu tHe|filkeatow doyribjrioe mith tiee ;(r@mqs&mmdntm‘teS ]
ornmul a us rioxa oni, a To, a
j acket ed re?f)gtt%r gg’ﬁlggﬁfgram{zs “SUPD eurlfilqggl(g %@qg‘l]l‘:)ti % cfl cool ed
to an i At el’@&LSQ&nﬁm&ﬂlanéccmﬁemda&dMndei&dﬁcddﬂadﬁﬁurm give the tltle compound as an
added o TS ANGH DSARBRT e BB U e Pt et i SRS Rlob ol
2011/ 094008€0TL;) S 1/70Q®0%3, 216), UiRB-Arv5ch, 2i))$ 196 fl&Ti(m, aH) @.2(223 (imnkH), 3487
nol, 2 eq.),wa 1d nder i I ntaj ni,n 'ten ature
bel ow about (M t’%d_(ggf#i %3%%)0?3??%2)_%%@%}5?%@ ’til g?é*tnef?g’% g,
6. 73 nol, 411831 \AI=aldélHd 18K). such a rate as to nai nt ain the tenperature
bel ow ghou caution, | aye t.herm te ure rose to 17 C over
30 ni naIB ClStéeg% gf ép(?ﬁa“ ﬂﬁ'@%‘?%ﬂ’%ﬁﬁ&‘gﬁ?ﬁoﬁﬁ hf"zegjsanf’ e formation of
:[A\ Pte di {nﬁr (i det Tbas«(ldticﬁlygfha_pﬂnlbeylg;ds-((cx:{f]{ubfolmlﬂzmyhDb?t;hgté 0224|g£|823ymmn maing) . t

er e additi a r . owe nore s |ng
mtorialy i B0 RSP UAE e el Farso bty I e o] PP B
(5 L) wth .iThe rd@gltmg]i;dsﬁenmah Miagistitted gt $itufe°(t foir 815halChd damipbrioah Woletidelhaw 25 C
The reactor 2 i,ce d agueous
| ayers extr %\A/‘?é&o\t/{n ?ﬁmhtgx BQ ad](uﬁte%@lj)eby le a#‘%{sgegﬂv{éﬁg %Ooggpar Q1PEAS B5E t he
th ueoudsl ay e::cpaﬂaad lﬁn(gﬁottllri]ﬁﬁ]h&dls phdsk }mmoml()&nds N?ojl (20lgpwere raﬂdade'ﬂqeo:rogmmed 4
ayers were fi red thro urate
Naoos (1, asesisigr Yt v iR FiOA« R Lo i) TR KRB il eI 30 o
at 30 O anplretnbesly epathted nganiaphasb nmdvhe oorhbnmlssgﬁlct hﬁemmghceatrqnbdlgidalf regudedl ca
el uting and_wash

ol.vent .was .r [ or a 0 ton

ot 50" 2T oPHTRR, ik Rl Son R R I Qb B0 o ERRY AP R G st
1558% as awyelwashedovith EtQAsamohm ml). fThe cembinkel qmgzmcbs &terama&ryf emapdwed mﬂrthef | ed
(95" we Aoy iR B iR ver b RO e Slnsd G it A laPaaTReN"
cont ai ned rmﬁbdlgss lidquad dilogy. LOMSmes 2ad [Nead] y' BANMROH00 Wiz CDCQ) Eppmowvid 1S
recovered i ar
1< Cahtor ot s 5 205 L S BR e AL ERLTR Pt h P BRI £ Bl
Formula (I 161):)1,H)u$@2 6f 2H), 3.557146i(mx2Hhe 7 ad ¢, 1H). onyI chl ori de. Sul furic
acid (1.606 nsfe t.h 0..L jacketed reaction
vessel 11 SER Ui go - (iR amEM - e RerenErdigobabfet R benteRE T o o
inlet asd con necﬂ‘e(l4 t;@;lapeﬂﬁl;h(thﬂecrrbﬂnethylﬁjhenyﬂm&t}aﬁblc{1 MB§ 1¢Dmhm) thoonyd. 5 C
and thionyl 7.4 I e ia an. addition
funnel . The® 8’5 t %9%-{, 1?11%_11? Wf%a({%ﬁg&ﬁémf a SH%H’ ﬁéet% Wam?mt ge memal o Guri ng
addi ti on. Tmpmanﬁub@wmsoaﬁdbe(cboﬂﬁ W1Eh 1be-@atar) dTHE, rasu!imrgrrmm&mas(sﬁﬁﬁi 4505. 621
nol ) added | f t ches 5 atch action
t enper at ur e (ge(f \%égfahngﬁgwgdetfyo %% % daﬁ ‘f“x e w?s) (ioflceél tﬁ%u'%greg&cgﬁ RESWEIY The
m Xt ur e was theocdubag by residae lamledhntom:nércmM)lmﬂel( \tlgOrﬁlhstfrngT}k'eylh))dDE nz ene
(802.8 F B wZ,rAé?separatgd Xr\{%%heaa%ggoqls% e {eg with C%fj gi t(_Ja 400 mL). The combined

organic layers were washed with saturated NaHCO; (400 mL), brine (2 x 400 mL), dried

(Na,S0y), filtered over fresh Na,SO,, and concentrated in vacuo to give the title compound as a

pale yellow oil (113.3 g). '"H NMR (400 MHz, CDCl;) é ppm 1.67-1.57 (m, 2H), 1.81-1.71 (m,

2H), 1.94-1.84 (m, 2H), 2.16-2.07 (m, 2H), 3.39 (quintet, J = 8.6 Hz, 1H), 4.61 (s, 2H), 7.49 (d,

35 J=8.4Hz, 1H), 7.54 (dd, J= 8.4 Hz, 1.6 Hz, 1H), 7.63 (d, /= 1.6 Hz, 1H).

Method 5
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funnel (controlled addition), the addition was exotherm c and the

t enperature was nai nt ai ned exotherm between -5 to -2.5 C. The reaction was

hel d bet weerzotiavsoso +3.5 C for 1.5 and at 5 C for 30m RCT/Ase0mA@amss on

m xture vvasPngpmluaﬁ biyd-yehlomchethy D b eylcopEneyh 8- (g ifluor @detbylgheniaple (CorApaindsifs  of

the reacti og f by TLC (5% Et OAc- hexane)) showed only product. Analysis
by 35LC/ M5 NEWe ¢ product and the slight presence of the diner (i.e

bi s 5 4-cycl o&emt\yl:re:imra(ttohiof hmomnfelt-dyylo})emhb?%hﬂnmioh&rlq))beﬂ'zhﬁe .r eacti on t

m xture was coo Wi ntro er
(11L) and the ten?)ae i‘ftll?P o cgcq(rlpg ﬁp gt?tﬁjeaoromfth%ﬁtlegze@e u??’ng 4mm° et
2011/ 098008442 IS0 Il @0 HBonaige1 0203 m{uéaéh mineod)u Thomixnee waestmxteh&/rem c). The
aqueous sl urr S ed. w. th 4L resp ectl vel y).
The conbi ned" %%6‘11 E?/Steé“%%é e & V\latn {lmfdaatt 4@@@6315(}'1;%_563@% WS by

brine (1L) \smslpoh]iedmto iChevaldf Bid dxargaed walsCle(EialTIhy CHaGlh gternw dslwasksidevith(vitdr, and
brine (2L).

a dr SHA tere
sol vent 5re 9/‘% r?cfgi’u%léafuce mgﬁlé)%us%r éﬁlfﬂyw}t e#al?‘ﬁgrg%?%hf&wgsd%g%m&rl
913g (cr uderSOg:hid)the sbiventcwas dememed dodedr redasedppuesiure. dithe baﬁlduawuumrd' ied by kilied | on
at 90- on. t tanth r|f|, er fai nt
yel | owqg 8"%%’&25’%& g‘i’iafq OmP?nn r%g) %@rpﬁnlgg)t é?(‘s HPLC
purity, 98 ﬁ)?]?/d 61>y 7§emJ<4Ha)r Bag-1. 8&0!1«}321—[‘90(1932 OFPI(mpZH)aB 1®A.26{m, 1H), 7.57 (d,J=
4- (Chl orone | ) ope | .1 wor t ) henzene (Conpound of
Formula (Ti %?%f lgﬁ 6Xd “g g%‘éﬁéﬁi r&iu{ g{d 8%r£F QBH B%
4- Chl or o- 3- S&pBEPt@mmmhyth}ehpmm (t'i"'ﬂ'luar(mmlthbﬂ)b@ﬂthiehyde
4-chloro-3-(trif 0 th enzoi cid 1), i n 15met hanol
(100 1) was. added TEaTE LT SO RGP e P B e AR o 2ol ) The
m Xt ur a5was(uhfhareotthyiberzeneal 18& gokeSniugbl) andldnbydrovst THIE(1vi®Inig) undeveadgono cool
to room t en%(-)nf)? 5111 ere, Lhe, apsgﬁu 181{]\%2?ns i 3well undceol;)lefi?o l-}%%gr( rg.?%s[yg%rltthg };u?,l ﬂ\’l

solid. The ere
stirred w t i hesines, aaédnﬂqaémmmbdvaa mideid draddopn(@lioe1yd @hduthe exactiam mmmm/\easany

resi dual sulfurl a f|| r dan drie a to.give e title
conpound as A tclf’w(% "ﬁ"“a fg &PPWC{?A(%“ p/l—égn Sa E% m 3. 96
(s, 3H), 7 ﬁiﬁps(a:i ~78F€ (Sloﬁfny)J%e rﬂlkt)lre \&hs:lstlrrédja:l -7801°€ Br 2 min2héat qum t:bhi))eraﬁlre37
(d, J= B:
1 yer Bent Ph o 1P s AR il deid!Red Wi 2 M piet and expgeisdo
M sol ution Etﬁ)/ﬂtoe‘lfheammbrcdéyar . 1 w&aed)mewam; dfiedavet Na,8Qs aadl dmdentrated in vacuo
cycl opentyl chl ori de sol
e Poeul 11 Raa MR Sinaas ob &) ModBe LoP ouh S il B o Qo Al )
above sus peDMS@qu\)\aspmdcﬁéd hed, 3y, 1479 hdo¢mg-28D,(1L95-2.0U0, ARt 339-). beaz ddl).e
(7.00 g, 29 ), @n tri-t hi 35 g, 2.64
nmol ) at 5216 {H?peg rlg qu 8'81%%’ A gf{&&gbvéggﬁzgt ége%ﬁ[‘).ggﬁ a[ﬂ 4? rﬂ%&ﬁ or 2 h. The
m xt ur QSWaS Sep I(b\Beebatrm(maﬂI(4-O@clbpmtylt39(tﬁﬂnatoureﬂ;yl)gham:)h&@hamt. h sat urat ed
aqueous sodi um bi.car onat sol.uti filt t
extracted with eirﬂylso ncogt‘la?"ébp ﬁ'é 3(63( uﬁfoéneﬁﬁ’ég nzevgeh % icfa%\?gﬁmn}%)dr ous
sodi um sul f ethanol @QdneENwascddéd sodiderborehytiidd 004 28,5238 nanal) mﬂrthé mixturbyasi | i ca
gel colum chr t ogr.a i hetltlec nd.as.an o (7,.64..0).
Pave o SRR Rl sl bl flet e GRERRANA ARG e BltedelindiN )

HCl dlluted with more water and extracted w1th CH2C12 The CH,Cl, layer was washed with

30 water, dried over Na,SQ,, filtered and concentrated in vacuo to give the title compound (0.22 g).

LCMS m/z = 227.5 [M-H,0+H]". "H NMR (400 MHz, DMSO-ds) 6 ppm 1.54-1.72 (m, 4H),

1.77-1.89 (m, 2H), 1.93-2.05 (m, 2H), 3.19-3.28 (m, 1H), 4.52 (d, J= 6 Hz, 2H), 5.28 (t, /= 5.6

Hz, 1H), 7.52-7.6 (m, 3H).

Step D: Preparation of 4-(Chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene.

35 To (4-cyclopentyl-3-(trifluoromethyl)phenyl)methanol (110 g, 113 mmol) thionyl
chloride (329 mL, 4.50 mol, 10 eq) was added dropwise at such a rate as to maintain the internal

temperature between 10-25 °C (cooled with ice-water). The resulting mixture was stirred at 50
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1.68-1.82 (m 2H), 1.82-1.94 (m 211), 2.04-2.21 (m 211), 3.33-3.49 (m
1H), 3.93 (s, 3H), 7.54 (d, J=8.21 Hz, 1H), 8.13 (dd, J= 8.34, 1.77 Hz,
111), 8. 2¥0(2811/@8 35Step C. Preparati on of PCT/US2011/000153

(4- Cycl openiG/fbr 35 htfolidwed by orhett By PC.he myiktureetds aorekntrated under rdducad gedsukeiand  Of

met hyl 4-cyglopentyl-3-(trifluor | t 8. 16 30. 0 ) in

T 0 i oxana 9000 g atdic polt8 Tk AR BN, Sndirfls g TRk

t et r ahydr of werangpad@d@nd ©a@dly KR4SRI WSPOHAIO0 S8 mil), TizLotbimd| ). The
m xture was_ heated under reflux for . 2. i Xt ure al.l.o to cool
to room tenp&ra 1§¥eés Hé W(?%}}egfwdfﬁl Sf/t%rcfttfé rﬁ%}fg@ 3&?@%@%?’5&&2‘%@8 “]ﬁ();ldlf\‘%% ution to
pH 5. The ofNpal0.p filtarge bvardssisEpaOataed canehttated ingueeotosaffoad/4(chivasmait - ket ed

with ethyl acetate., The conbi ned or i c.layers. dpi eqd pnhydr ous
sodi um sul f%?'tcé)?en%igé&hhffuroé?née yE)ﬁ) ezr%m?egd%lee “5h7 8%2@:3'2 g’a% A’g'ur i\ﬁl{deRg“@yy silica
gel col um NibzpOBCHY Einy 1.60—-¢i57émt 218), 1181 -4 .70 gmp2Hdin d.94 s 1884dol, i), @96 —@id7

o) 1051 106 o Rgnh 5t s BB Padce ToRue Ty 7agig g

111), 4.71 {d,1.6)Hz,AHRY.63ad, 241y HZ718B- 7. 47 (m 1H), 7.49 (d, J = 1.14 Hz,
111), 7,60 (s, 111). Step D. Preparation of

4- ( Chl (}Pomet hyl ) - 1-cycl opentyl-2-(trifluoronethyl)benzene. 10To

(4- cycl openEydmge 81 Prieparacion 0EEthyl J(himoypdolinbgyoloper(t2-éhylidenefacBatennol ) was
added t hi on chl ori 5.5  dd. 2 I Jhe m xture was heated at 50 C
for 2 h bef%éoé“‘fot““%gﬁ% %@\gﬁ’t‘cﬁ Bec')'fﬁrr"éﬁrt%%terrper ature and stirred at
room t enper at ur eCgaleteniagdrie.(4. 00 kg)mnatphiolded $6 pguné dyclahegene (29Gkg) wetd rred f or
5 mn before it S tracted with dichloronethane.. The .organi c extract was
vaahod i ¢ noeed PSSR BRCh R P edlllio Q5 IR AN G BF T Pner it
anhydr dis 1&maodi, ainitepdif iaks asdhdDearttankitrapt Be reaatbe contantie el hqatedss atioat §50°Qi ve

155 1,63 (I oomer panpiey2q fao Sy bonet bttty e o atih of AT

2H), 3. 37 ( ftaikritapt TheJeaetiGn oz the thdminel(i 58 4{cgclo@hienylhorBolire, CdmpouBd 00 Hz,

111), 7.52 (d = 00 Hz...1 ».7.61 (d =.1.52 Hz,. 111). oMet hod. 4
ot ebar at L onF St (e Per SR R, A 5 et Wi sinistoed eioF & Fisr R i e
( Conpound ofeehed nerhpleté Wher) dhe nfdtehplide arkruapley GC isoverifiéd fokbie sk than 3% by GC peak

4- Chl oryg- 3- %rtgi fl uoronet hyl ) benzoate. To a sol ution of
4- chl oro- 3- 't%i f 1 uor onet hypbenzoi c acid (200 g, 891 mmol) in MeOH 25(600

m., 14.8 nol), silihdadter castents (22 cobled dbowred|°L andisthgdiiedalatEli€ompoundine was
stirred at pefl or. 6 .hysal l.ow CO0 nd the, solvent rated under
educe. pr esETRRRIEMRERT R, RieSfif b Ger g sliop SRS VAl ABIRIRLRMS e " o
wat er wher ellywly safas toenaintsip@n sit@mnal ftampeeture 6he 8& 0. i Tde vaastof ¢dnteatsetraindtedas hed
with 0.05 N_.Na 2 m.) foll by H20 (3,x.200 nl).. The, ,soli d. was
dri ed under a‘%}’é@}uﬁ??? ngrhap%rgr‘%%%@%@c’% 25t He%a?%mai‘%teelyt vo R Y nEter
conmpouryd 30asthaRecanfStarkiriap.€l'hs odaction( th Fokmthg¢namirie-citeNit dedfed ddrizpletPhzthe 6
ppm 3.98 (s, 311)., 7.62 (d. J = 8 4 111),-..8.16 d = 8. eo e 0 Hz,
D 8 30 ( Beahtles. Srobbimertishigt i o it Mt B Bablbrsodny
4- Cycl opent GC-pgak 4red. Theigyctuietadny/olinan roettue . was vacuum Bistileda 4l *Cand 4 fom of Hg
4-chloro-3-(trifl uor hyl ) benzo . ({ ). in THE Q0 ni),
cycl opentyl %’lrﬁr@ﬂel Tosgggdrﬁ:gec} 0?’%8'?5?%1?_6, ﬁgég]g‘erhf%qayéﬁé%)&? > g}r'acr) e\fd\jtésge}’eat 7.8
C. The 35 t emper, atdsthereaultingleiod waf vichemaddll¢d 20048.1 66 end $ m2PHEto remove
Bi s(trigqpt-butyl i al,l adi 1.07 41. 2 | ) ed t he
ark briun SOMPREARRE, FARE Pebd il sho dfibre T AR BURE G Be "1
stirred at wact@ dooten® stirredfd@s A Xitha mexmesvadtied fuohes fordibdtae ebeatied0S. NaHCO3
(100 The product slurry was collected by filtration, washed with two portions of aqueous
ethanol (6.31 kg ethanol dissolved in 32.27 kg water). The filter-cake was further washed with
water (19.99 kg), dried at 45 °C to 50 °C under vacuum for 71 h. The product, ethyl 2-(2-
35 morpholinocyclopent-2-enylidene)acetate (4.84 kg, Compound of Formula (IIg), wherein R’is

ethyl) was obtained in 42.8% yield and 99.6 Area % by HPLC.
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WO 2011/ 094008PCT/ US2011/ 000153 nL) at 0 C, stirred at the sane tenperature
for 30 mn and then at 22 C for 2 h. The resulting suspension was filtered
t hrough Gebi20a(mYy00and the filtrate concentrated under vacwarseoiTheo1ssl i ds
wer e washed wit HHE#MA((4(((H\4Hz3@MS@L¢)6)6le(tJ‘J +72aiz3Hp8e. 3eam5i(ﬁele)4\n'2f7&-2t7I§e

previ ous c nc c (2 x
600 nlL), bri ngﬂi 3%%59%8%5% 3 r| e ﬁﬁ&%@ﬁfﬁd‘gﬁ%ﬁ gsg\‘g%@e,m at ed
under reducetP-poxEsuHe II(ZM:Qane:atckléoﬂ@l;H]a\I@Q@bZH)(ﬂomé2&812 oviaHge oil (227 g)
wi thout further purification. LCMS miz = 273.4 [MEH; 'H NWVR (400 MHz,
CDC13) ppm1.71-1.60 (m 2H), 1.83-1.75 (m 2H), 1.95-1.87 (m 2H),

2.21-2. 11 (ERanipid 4: I3 ephraiaiLioff/ ZE thyl2-B-(Betdyloxi),2-dbydrocydop it blimddd8 (d, J=

Toa oo o apiehdiieote (Godpdiug ot FBriy D WmeRalRe bl ol RS and -

To a sol ut iRfuretach-H)ycl opent y1-3-(trifl uoronet hypbenzoate (224 g, 823 mmol)
in 1, 4- di agane §600 m.), LiBH4 (494 nl, 987 mmol, 2 Msolution in THF) was
added drop 22 C. The resulting suspension was stirred at 85.5 C for
5.5 h. The dark Tronittogalputded s vaasctMSeﬂarg@l @- (lﬁénayldxyt)ﬂstmjdbihyadjzmst ed to 5

géuzgﬁ hgéyg oﬁglﬁn?%ggzhz)ljs dmﬁé‘&z "6‘0"9[’)( g e oé’ﬁrclfedeny %S%ﬁf Eg%gt gquggus

| ayers vver e.®aholatl eqt Gunipourtd i/ARorihida KIPS@hdrtih R3 Tshathyibt Emanol €ykel) avdacaidded to

t he previousl rate ani c .phase_a e ned..or gani CS,
concent r at €4’ dﬁﬂggﬁr@w@%ﬂgﬁl‘é@& gwasl'ﬁése?}as@l tclC aﬁlg% TEISHOR P EHQmer |t1yt ered
t hrough a mﬂ@for@eldi@méﬁa&smmaaﬂ@mmmowzﬁ@X/\Aaqe%\ggl”&mnm wis dhbf@At (3 X

400 L Th rTb d e t - th 20d k b
R R T O

give Tnestitl e
conpounsl asmeatioadl fesempletjon by HRILO agg waiﬂdﬁdm’éctcompzetewsen[tm imihd interthbdNWR (400

g/::l)'Z gD%é?’)zw%jes? %@n %i%qué ‘??'glgeﬁtltggn}alnt%g%?ra%degv%é crﬁﬁsgc{rﬁ)'_ﬁ(lﬁgn Efmpﬁrga?uéf?' (22 §E§ m

7.55-7.46 (and h2]|d|)for =2 &Bur(s $q alldy. cridtadlivaiion Hdepateatdation obthe Z-isomer to the E-

4- (Chl oronet h I) -C pent y |flu nzen 2570 .
(4-cycl open‘ﬁ’f% T " a%? uoer(t)urrret ﬁi/?cﬁ(o e?1y| ?%\%{E?aaﬁ%IfAtfrf(_lLél%S%tirlc?kernwr%ﬁ rfn,sed
t hi onyl chI with dﬁllc(d.}ﬂﬁn(m.@ x406m1 amd OC 1& SCadibkefiltat calpwras einsdd v@ﬂn*mta(t atlé as to

mai nt a| i nternal e et we ool ed wat er).
The 't 020l 1 frg TRt SEERECT TR il WG HRed Biekrefds PRl (A b T ML °5h
C. The m xtHg etovedifordao Senio &k)esla yeltbew paveldticed pressure and the resul ting

aytrs s0wer o sepirurudoaNa: HEtEha0 £ 7Rk ke G 2k ST ARLaBRIST; oo

m_) The codi @ed=010g8n2H), |5apds, SHNETE2 a3 HE 6.Ri(8d) Jsat 4) a1 magﬁamm( 1Y)

bri ne i ( A), . filter ver and
concent r at eéjng 2361%&%17 {)1'%{d%glq{)h%ﬁ/%éaécgrgﬁﬁ)ﬁzﬁ]gggé'g%é zsgpéi[\?ow oi |
(113.32§). (MHRER (400 MHz, CDCL13) (3 ppm 1.67-1.57 (m 2H), 1.81-1.71 (m
SH), 1.94-1.84 (m 2H), 2.16-2.07 (m 2H), 3.39 (quintet, J= 8.6 Hz, 1H),
4.61 (s, 211), 7.49 (d 35] = 8.4 Hz, 1H). 7.54 (dd, J= 8.4 Hz, 1.6 Hz,
1H), 7.63 (MIethhd2 1.6 Hz, 111). Met hOd 5 WD 2011/ 094008PCT/ US2011/ 000153

Preparation of 4- Ch 1-2- | yor ) benzene
( Compound of 8rartr‘u 3*?{%0@?”@@%“ ?Eg ‘*‘gﬂ 8??'(%1" A )

4- Br ono- 1- cylﬁlengemt@té((zm(npounﬂlonﬂﬁbmmhi@li))demnR’ is Eohyd, sl Rft RGmandR® are
1-cycl %Benté/l %i)_(trlfl uor onet hyl ) benzene (0.5 g, 2.334 mmol) in acetic

To a nitrogen-purged 250-mL round bottom flask equipped with ah overhead
mechanical stirring and condenser was charged (4-(benzyloxy)phenyl)hydrazine hydrochloride
(40 g, 160 mmol) and zinc chloride anhydrous beads-10 mesh (25.01 g, 183 mmol). The reactor
was alternatively evacuated then backfilled with nitrogen (3 times). A solution of ethyl 2-(2- ‘
35 morpholinocyclopent-2-enylidene)acetate (41.6 g, 175 mmol, 1.1eq; Compound of Formula
(IIg), wherein R? is ethyl), ethanol (80 mL) and acetic acid (80 mL) was charged. The internal

temperature rose to an internal temperature of about 47 °C. The resulting mixture was warmed
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5acid (2.5 nL) was added brom ne (1.202 m., 23.34 mmol). The m xture was
stirred well, concentrated H2SO4 (2.5 nlL) was added, and stirred at 40 C
for 1.5 hwWOTBha/memsti on m xture was poured into ice-wat ecTarsdoigxovriast ed
with CH2ClZo aH’dme6(I}€2£x‘a112ndrﬁnyed bwéﬁ’L@a@hmidteWat hnma‘amre wdscdetraa/seditotajzsma 5¢al uti on

of sodium t | 93l flca)'ltlFterwz%% t}\{\é itllpere Ee rmseg| xlé’(Ymi socfldls gr% over

Na2SO4 and Sus%enfvenlt W8 enoved Gnder c}uce p essure)\ﬁﬁe residue was
puri fi ed bydred undearciOge Ipressurofabéue gd QY mblgglNMRtlhrbcatmdthepne@nmfnd (250

my) . "H NMWR ( de. 1.7

1.95-2. 04 (mrgg‘H“M@ i%“%%"q%’%]e’@f%m”%ed@”?a‘( tera“‘fdé‘q“]zﬂr%“d f‘aﬁ‘iﬁedas“ %gl‘d(sd J= 2
Hz, 1113, Nﬁ&dl(ldthndel;ecﬂmeﬁ peessurg (4424 5 3E)) 19 rShepHS) tdRrffpditha titlocongfound (14.4

4- Cycl opent % ~(trifluoromethyl)benzal dehyde. hi a 15 nlL round- bottoned

fl ask vvere% d 4-bronmo-1 -cycl opentyl-2- 15(trifluoromethyl)benzene
(0.186 g, 0.635 nmmol) and anhydrous THF (1.86 nL) under argon atnosphere.
The sol utim’@ésti rred well and cooled to -78 C (dry ice | PA bath). BuLi
(2.5 Min , 0.281 nL, 0.703 mml) was added in drops (slowy) and

t he reacti dfreparation ef VZEthyli2-(7aBemtyldxp)n ,2-alilperadyaloperftajb]id@oli3(4H)- Anhydr ous
DVF (0 0..76 ded i RS AlRTid PGS A e_m xture
was Stlél’GOy igfne-)al@?a&% @3"50?9 ‘H’é“r%a Qtlﬁj’r‘gg?ﬁe nelrlrpltsarﬁé ugaéld%]¥ an% M The
reacti on waechiinched with water, acidified with 2 M HCl and extracted with
Et OAc. The EtOAc yer, Was .was teJ rle Na2SO4, and
concentrated in v%cu%la{pmceldk’/rgs{a 5° aretl%)zm@' @ (%I| (60 ng). LCMVB

mz = 243. mlﬁwcloﬂchfa[ﬁ‘]ﬂbﬂoléﬂQH) M@ne)%@-lﬂl@ bgp rGDIiId.uBEd fising s(lmlaré}jr{)c,edures

e, 1H, 5 dofatoydindtigod 8 Bty it em%%s%% i andor 15y
25St ep 1E: Fltceqomcad indmethrfds(1An@odpeqzua'mlyﬂyas%repltacadf\hﬂmmmlefcimanyis)anﬂt hanol .
10032° Ohut | bRl sl UCHABAR Nl FrOM bR RIELINIRRIEH AEMkABA D O

1.032 mml)lne |um o1l drl
1. 238 mvol ) Feslhg HOheCudil, Xull IBF ; QRS Zrt(Tﬁ{, O (E,, $m§T)m hmm@lﬁReHcaorfsmslng tHcse The

m xt ure was_,gquepched dlfle HC1 th nore
maer and RHEROE e, hBldleiaBEL Sais & Wrk ol Behare B2 AT M0 TOTS
dried over dﬂaﬁ@m,y)ﬂQldnle'dE:dydqsmtntaDﬂméwit%a{)esdldbme)acammo to give the title
conpoung (0.22 g). LCMS miz = 227.5 [ M H2O+H +. 11- INVR (400 MHz, DVBO-d6)
.5 ppm™1.54-1.72 (m 411), 1.77-1.89 (m 211), 1.93-2.05 (m 2H), 3.19-3.28
(m 111), 4EGdngles: Br-epi‘ral-iun oDRthy] 2-B-Hgdifoky-1,2;3,5tebrahlydrotclypental§dsl-8- (m
3H). Step D Pre

4 O or omel TR beP et Kormyta @iy MY hespig R itk Benzene. 35To

(4- cycl openmgthod (t r| fI uor orret hyl ) phenypret hanol (110 g, 113 mmol) thionyl

hl id 329 r’d_
SO by L i T e (6 M T R R B e
The reg6l tiyljpcatarl ure was stirred at 50 WD 2011/ 094008PCT/ US2011/ 000153 C
for 3.5 h foll O\A%ﬁie %&nﬁxture otf %Y12C7 -gerrz?/r x@sf%—gheh ro&)Fc on%r(latglibi)l cso?q Af\?\ﬁger

reduced pressure an e resu |ce ter (450
i nL) under )dtctgm)me&t@(ﬂls rg; 2P milod ahd y@% sk’d&ﬁb(lse%s&}nalr Btgdo. a&dnﬁoﬂbenaqtakﬂus

phase extracted §1(3>< 40 'l;EL he co | ned eF: rs re
haahed w ¢ ngePLids SRR st e e i AT a5 A AR AE b fEbRed S
filtered oveithpreastivaba? &Gl catalybt eith deridiadreolf ﬁonmv aodi®. 483mh;‘ 4% rdmol). The
4-(ch| orreth cl 1) i.f or on e ne as a pale yell ow
o 1 (12875 bk ol REEP Ff i, Theg e B ALY RRel SRR VT 50"
1. 71 (m 2 1dgrtiortwBd matht-Buing thre tem-ﬂ)exau&e 485°C, ZJIﬁﬁi comple@bdYitioBo3Bethyjanime ghe J=
8.6 Hz, 1H), .4 61 4 5 8.4 Hz,
V6 te. 1y g ey e Bpocd ool Kn pelilg 0 B0 36 Tkeasnin ¢ £, [V
2- ( 2- nor phoprogressyal wys doltowzd by YiPLAao m))amc&ttlaeto@nﬁa(émmwmnoﬁ of-garting mateiig) ,
Wherein R3 ks Bl dure of ethyl 2-(7-(benzyloxy)-1,2-dihydrocyclopenta[bindol-3(4H)-
35 ylidene)acetate) and the debenzylated intermediate. Approximately after 4 h at 50 °C, the
solution was cooled to about 20 °C, the Pd/C was removed via vacuum filtration and rinsed with

ethyl acetate (30 mL). To the filtrate was added water (75 mL.) and the biphasic mixture was
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Cycl opent anone (4.00 kg), norpholine (4.16 kg) and cycl ohexane (7.96 kg)
were charged to a 50-L gl ass-lined reactor equi pped with overhead

agi t at i onwoj2ackmooBenper at ure 15control, a nitrogen inl eCT/isead1a0@san- St ar k
trap. The rematticned. dhabtwatiss wee eashed et watr:réﬁa:oéﬂ m8Y c@dentrddl W@déromcuum with

appr oxi mat e/ Yat gzm.Pﬁ)ZQQ @&t Omﬁl?r{lurg %ttlr VIR %ﬂag?dtv? l'yetlzyl acetalgeq(l 37V@mjeja Idn the

Dean-Stark ira ormthé enamn
4-cycl opent ﬁlnyérmonqahtmdtedmmeﬁmnmmum rofhinfon smlvalu(ﬂelelithy\hectete Gl IRhL)awas R2

t oget her vvltht gen at om orm |n eerre l ete
when t he rm?hﬁ ?ontg rﬁg untt nge ar&f eres‘f}g?%n%?‘glag“)ag e e(géo p@% g3£@g})peak
20area. 5 were%gerdemﬁtmmngmetlmnnm rampaatoect 6¢1°C. (T hab@umonﬁﬁs@o&/rmdcaetekiycb

gl yoxal at e f For Hf et h 0 %
solution in é #333‘8@ tD\i\fas r%’de Sthﬁ_ry ‘%ﬂaes’v%?rtle&ﬁutgee S rc emsg{i Yih gec?zanes 8 %
i nternal tenpeamsltthe ®1idf dried@0th€vactiom aveast ar40C6td effbrsl tlvwrtk chmameﬂ (2.@8 g,bout

85 Cto 95 or . teI 26 hours so as to collect approximtely 0.94
kg of V\/ater%z%g le?(ﬁ ﬁ%‘éﬁa trap The reaction to formthe enam ne

ester was deened'ENMRH @ft)el\mzeDMS@d&)rﬁeam g/ £ 7.1&lz, 3H), 2.02-2.11 (m, 1H), 2.41 (g, J

& cyel ggent eqy IDLANglnek ATPIL &% FC1a8 Yok ih) 9d £0 108 d.ens, L0Rn . 5%

by GC peak a toluene Was VacUumadi's at 41
C and 4 mm G, IH), 40 (lqah-’eVﬂ Hw2H), 6/491(dbk J e\, 8dkahd), 69236, Jg).3 HEhgD, 7.61 hanol

(47.59 kg) _ t.0,t h ere It| {)

vacuum di stﬁ?eg@%ggg)f 4& (%ﬁgﬁ el%czts ﬁg}}ﬁor}‘dcrl\g?rﬁ"\ézeca sf(c’)rlé\)‘gH ﬂgk&go Wal)nd

Et hanol (6. 3@.X@)+BMd water (8.00 kg) were charged to the reactor and the
reactor contents stirred at 25 C. The mi xture was stirred further for 16 h

at about 0 - 5 C The product slurry was collected by filtration,
washed 14 t hMetdnd®orti ons of aqueous et hanol (6.31 kg et hanol di ssolved in

32.27 kg water). ,The filt r 9.99 kg),
dried at 45 C t o 5®2E8 ?hh ?5 7% roxy?‘&pif“'t%l[ae YHr o 518 “ﬁi’ﬁn?(’(‘ -(2-

35nor phol i npbgmtaoqa(e]ompzuemwfdmm@ alge,t\ﬁhere(nél{:‘aﬂethgl,) Oorrpound of Formul a

WL VD 2011/ 05a00artr BaToRHRouD pagtsk Mol XIZmBn L ElY £ P00 1y

g)l\/gg} g6) 6( ?(b}:n@lox&l 1, 2ﬁlkgdﬁ)cﬁclmntaﬂj}mdol23.(4:9)-)31dda&)z(cmatezIl-§ g, 43.2#8ma)) 7191 }(urrgsedgl—%B
(10705, Byl PuCligh (B dh o P omite ot st fe ol oS bt B0

238.2 ( M+H) with Wﬁmbébﬂad&roapﬁethﬂ @ﬁamf(lﬂﬂhﬂ H2PG/ inmol). The solution was degassed

2-(7-(Benzy oxyt?l ?Zd%l—f)‘ydcﬁw(;ted apent %‘Lrplf'r:tF #alysggﬂg%&%hégenef)facet ate

( Conpound o PR are each
H). Method M. 97TmL,al3ﬂmtm<ﬂ)g§he mintgre dvaSallowed ag it forvieB matugs girtbthylamine (18.05

(4- (benzyl oxy) phe dra2| 10 hydrochl.oride (5 yl

S 5 ot phol ThBRTEaB S SO okt R gty Byt o dupu
Conpourtd of °Gw3ﬁﬂCaT(1d—ty)qnomms hnldn atR® °rasfoetlhyrlalrlqw ﬁirrnamdm doinpletiby. Thad acet ic
acid (0.75 e) toIlhe | ntmerli szail En% ec{b tI&EI;LE‘C "é?s ral tSe le?on 9{6 soﬁtltrpgar eaction
was noni tore& plr—ﬁ?f Por a’pear ancal 6f° lotnclpfnf) ot el als VA TFA (1.2
eq, 294 g, 2od&l thO yC mdsthc b:mlgseﬂd,@rw remeved whai daaxumaﬁmawnvndglnmd witht ®rmial

tenperat ur € P etléyq ce?ate a%e 3 n‘-EI)-PVg% dsé %E %o t?v];] ate and I’él tp%gselg f'x%%.re &3P letion

by HPLC and consi ere imne 1 n bf erned

partitioned. The organics were washed w1th water (2 x 90 mL), concentrated under vacuum in

30 bath temp 40 °C to a minimum stir volume, chased with ethyl acetate (1 x 30 mL) and further
concentrated under vacuum to a minimum stir volume. Ethyl acetate (22.5 mL) was charged to
the crude and the resulting solution was heated to 60 °C. Heptanes (67.5 mL) were charged
maintaining the internal temperature at 60 °C whereupon erystallization was initiated. The slurry
was cooled to 40 °C and aged for 1h, further cooled to 5-10 °C and aged for 0.5 h. The slurry

35 was filtered, the filter cake rinsed with heptanes (2 x 60 mL) and the solids dried in the vacuum

oven set to 40 °C to afford the title compound (8.86 g, 79% yield) as light beige solids.
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was | ess than 4 Area % The internal tenperature was decreased to room
tenperature (22 C) and held for >12 hours to allow crystallization and
i soneri zavoaniia4dtoRe Z-i somer to the E-isoner. The reacPCOS2MNe3 was
cooled to 4 C 2'HINBIRA400 Mz BMSOF&g: & 1.20 @1/ <2k Ezydtd), 2.0024d (wi tH), 241 (4, £d

th | (3 fill 1
crhanol (3 £s398 2543655719 oS IRL I 25848, 495, 4850 ! Dpni,
pressure (46n, 1H),@.11X8, J=n7.Hilz) 2H)p 6 4P (dk; d= 291788sz (HD6W(®§=62§/HkI1®{/)4bQ)Mer.
111 NWR 40 & .49
(m 21, . 97 (GO TR G E 15105 Ay glend BB fnior B Shound 3.
2.4, 6.4 H2260]2](M+H)7 16 (m 1H), 7.54-7.30 (m 511), 11. 27 (s, 1H). LCMVS
mz calcd for C22H20NCS3: 347.41, found: 348.4 25(MH) +. Met hod 2

Preparati on of ElZ Ethyl
2- (7- (BenzyMesioi31, 2- di hydr ocycl opent ai bl i ndol -3(4H)- ylidene)acetate

(Conmpound o rein
30each H). I’reparat‘?B °5Emyi i éy\gﬁdboﬁrdengz é%(.‘) ﬁxrdcﬁggpegoﬁﬁ?lo%? Pgi}ﬁce&’qtﬁl pped
wi th an ove(Gwathune ohBEsrinada (I5j), Wherein Rhidethghdenser was char ged
(4- (benzyl oxy) ph | ). hydr azi ne E i de, (40 n
chl ori gé anhydr ogtgxf%%%pafﬁt Qr?eosfﬁg% ’2‘3 (g'ii‘qé Xyl%éx r‘r’g& il)jzloxloh nH(?pee)é’Ea[HS?aré%xg Tate.
al ternativel y evacuadlatibntdfiethyliheidcidlbmdtantchitboxylite PFAT o 397 lmmls))and #hg @k ut i on
of ethyl 2-{2- 35pmor j n cl opent - 2-e ene 9
T req” CompBRTEROPeHaITE] & WY ETRR e U L SRR G e PmhiD) Tan
aceti c aci dThSflixfdrd wudlseareh ay Hed. fod Tveh. iITht ecrlrala)l/astﬁetanae bfftahid the ﬁ‘msle:ak@wasn
internal te rature of eresultln wa d WO
2011/ 094008 PEFFURID LN %g‘g"[ ‘szg‘é&g ilogs "t“séﬂfbfewg%‘ﬁ F@E RS teys igtid pyas
i nternals teppeiedbyiheildge] gREEgiISE thettifle adpbundasTight PdlosURPRIS4.08). LCMSERed
and the filt I e ) ried
under r educe§4gg9§§ﬁfe }%%@Y)\@l% &gg:??h é—‘a)i 329(2?\1;&27 Hﬁ‘ﬁ?zcéﬁg Zgﬁégpr eq‘ence
of nor phol i He, 3SH)hE9F-288I(rh,i 1D, :aorhzds (WEZIE), R.B5 2150 @22 5h-2v60t(ey 113080 1dd) and
filtered. The r 5 9 mm of
Hg.) to aff cﬁ([%hégfﬁ? V@)%ﬁ@a gg 24{939 ggg‘%%g?ﬂfdu"hﬁb‘( é Zﬁge‘gh%é {on of
El Z Ethyl 27(7HzBanzyl oxy) -1, 2- d| hydr ocycl opent a[ b] i ndol- 3(4H) -
10yl i de e) acet at ound of Fo | a (Hi Wierein R3 is Ethyl, and R4,
R5, ano2 R6 are egﬁ"&% ?);eparat“’“ Ofl&é{}%’f%ﬁé?p%ty&eéﬁﬁr‘%%d ‘to prepare ElZ ethyl
2- (7- (Benzyl oxy) alsoRtioflofurien CDC(yeihepﬁmoﬁxﬁdﬁ]yl)nﬂeﬂocﬁc{léﬂdhtayédaﬂﬁﬂﬁata(:ﬂl(}ag gokave
been conduct ed us sim | r oc r e 1 and 2
(xanpl o4 migebnin R Bbmfl off HICIED APufvetedeitt ok R dfeuent
Met hods 1 amds 2moegb@atd redicyd prasufeand Geeehidit bwhas parfiichas b&d/eaﬁEtdA@ (500el)S
acid selected, fro he followng |ist sOH, H2SO4.
acid, form & 1%&1 ) fq“ﬁ%éi ﬁt‘lsep"éff}ﬁﬂ-‘r “déeiFaCtﬁli@&E‘%% 22 (‘%g‘gmﬁ}g‘lé‘?f )2,
Sc( Tf ) 25 andorbifeddorgdidaajerOnce wsmag with@B© (300 mL), brine (300 mL), dried over Na,SO,,
decanted and concentrated to yield the title compound as a white solid (22 g). "H NMR (400
MHz, CDCl;) & ppm 1.59-1.72 (m, 1H), 1.75-1.90 (m, 1H), 2.03-2.10 (m, 1H), 2.20 (dd, J =
10.9, 8.9 Hz, 1H), 2.30-2.40 (m, 2H), 2.40-2.50 (m, 2H), 2.80 (dd, J = 15.7, 7.2 Hz, 1H), 11.5
(s, 1H).
30 Step C: Preparation of Ethyl 2-(2-Oxocyclopentyl)acetate.
To a solution of 2-(2-oxocyclbpenty1)acetic acid (23.6 g, 166 mmol) in absolute ethanol
(400 mL) was added H,SO, (16.28 g, 166 mmol). The resultant solution was heated under reflux
overnight. The reaction mixture was concentrated and the liquid residue was added into ice-
water (200 mL). The aqueous mixture was extracted with DCM (3 x 200 mL). The combined
35 organic layers were washed with H,O (300 mL), brine (300 mL), dried over Na,SO,, decanted,
concentrated and dried under vacuum to afford the title compound as a light yellow liquid (27.2
g). LCMS m/z = 171.3 [M+H]; 'H NMR (400 MHz, CDCl;) 6 ppm 1.19 (t, J = 7.14 Hz, 3 H),
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alternative acids (i.e., Bronsted acid or Lews acid) were shown to prepare
El Z ethyl 2-(7-

(Benzyl oxwp-2011209¢k0Bydr ocycl opent a[ b] i ndol- 3( 4H) - yl i denepataisata/00883 Exanpl e
5: Prepar ati.9n1.62 (r&tlHy), 1.65-1.80 (m, 1 H), 1.92-2.02 (m, 1 H), 2.12 (dd,J=16.7, 8.86 Hz, 1 H),

2-(7-Hyd t &Gogpound.
of ( Folr-iyrmlr gx%}—%?'g%/\ﬁ%fzeﬂ&)g&'?gﬁ%agr( t%gb’%%gé€kmdisgﬁoé6%z YILI) Q‘”&‘?éﬁaﬁ at'i dgu(r)\f
Et hyl 2-(7- Zﬂﬂl)droxy 1,2,3,4-tet rahydrocycl opent a[ bl i ndo1- 3- 25yl )acet ate.

The EI Z m xture { .

2-(7- (benzyl oxy)gfp B g?(‘lﬁ’?' o E AT Ry B Ay 2 ey oS aaleladel-3 7 5
g, 21.59 mmy)aretated 10% Pd/ C (50% wet; 1.13 g, 10.58 mml ) were taken up in
et hyl acetate (6 : and
foll owed with pr% oaralgﬁ lgé? W%’%’e ([2;1(_)2@ ?%B@Efdn(a%w t| oﬁ/ﬁo%M }szl}%g
aci d (2.48 1.1 m6wl)8vermbisplved ineDHB (3 nliy srduetsethly] cmhedlwa@ (§t1i2rg, {4 minoD) amiln.
{erper at ur g ofencs Mo TP (8, £ Bih Pl Aol B BROH AR Bal e
was stirredhéawd aabouted 5t 180 *Rifons es\fleotdobnetd ROTG, DEA 63rig gt 24.60m@ol) Fhe
oot b ARHTRTAER L0 2168 Mg P LAl b LR s
2-(7-(benz ydrxdxlye)l phrtitionkdibgtivesn yiblloetate afldb}vatm:l dlte Budduk)layeBEy ﬂXdecne) taaetvathe)
and the deb%ﬂﬁ%e %[tg q‘h'e@ [}?cp cl)zgz} %extr Y %érlf Etc? (l)\)ér ggdgu% S Qfag ﬁ‘lttergcpang the

sol uti on was €ool'ed to a was renoved Via vacuum
filtrati on emcentrated etenfetcediphepiuradbe etseltafiBOlutiop waFdilutdrewithi 0% ethil apetate added

veer (75 o 0dd B BAGR) €0l SRR EN0R R, 204AAO4R08PCTI HER0IHY 90153

partiti oned e organi cs concentrated
under \lacuugnlmlumnahrbmaﬂogttaﬂhmogtveMP gbﬁedlyameeﬂlum -$2i3r4-vol ume, chased with

t hyl t
i 1 mum st eyt had Al S ORI A R PP Slooy AR,
and the r einlhdmmglrswhmlssglrve@\msl)(ﬁ‘de(&bnim andgooled tol-‘lé"pﬁ Hoam t(1&4mmg)(2 B0 wdy 21.0
1% o) B 100G i DENYSpARY b TR REBN G Shillof s T B ORI e
filter cakerenitiog@uxtwictwnshbpraite seaflProem3@mperatin. deiqtldws mturdsvadcxtedted thr¢ehe

f.f 7 . 5% V]

vacuum v eneh Pt Sod e s TRl s SR
g g g g % Emdeﬂr‘bdl)ced Predstire( Ghe rl‘s@@e \ms&bu@ﬁﬂgby stlkda, gchoﬁﬁnIQchﬁsna(tcpgraprwq give the i
Ca 3 =7, 1T Slbpyfs G 8P SR g0zt sl i MR sboddns b Poott)ap &7
1H), 7.07 (d7.23, 8HE 2145:2.8Hm, 1B),250((&d, JEH,8, 102 BB, (1§, 2.68{p.86 (LEMBI)N3 #8-3 4B ¢,
f C151117 : Q, : 0. - -
Prepar at i on gh “EP Ry B i BSRARy = F 0Y r Ah s S SATL OO PR e T 7 .
yl)acet2at e (Mps@dsrid)of Fornmula, ain, Wierein R3 is ethyl). To a 3-neck
250nmL round bottom fl ask was charged El Z m xture of ethyl 2-(7-

(benzyl oxy) - 1, 2-di hydrocycl opent a[ b] i ndol-3(4H) -yl i dene) acetate (15 g, 43.2
nmol ) and pMegled £0Wi th N2. 10% Pd/ C (50% wet; 2.34 g, 22.02 mmol) was

acetace (12braparfYE Rl ATRRE e ok BN Bl R o
fol | owed by((fdmpqymdanonmda 13), WﬂleteheR%utemy!bst with the addition of f ormc
Tri et hyam ne. ( 1ogek ol SR EC Bl fATA Rl drbe rpg%ﬁf&mﬁblﬁg% N
i nternal tephsettere bet ween about 24
To a solution of 2-iodo-4-methoxyaniline (20.0 g, 80 mmol), ethyl-2-(2-
oxocyclopentyl)acetate (20.5 g, 120 mmol, 1.5 eq) and tetraethyl orthosilicate (21.7 g, 104
mmol, 1.3 eq) in anhydrous DMF (100 mL), was added pyridine p-toluenesulfonate (0.807 g,
35 3.21 mmol, 0.04 eq). The dark brown solution was stirred at 135 °C for 5 h under N,, allowed to
cool to 100 °C and then added DIPEA (31.1 g, 241 mmol, 3 eq) followed by Pd(OAc), (0.541 g,
2.41 mmol, 0.03 eq). The resulting mixture was stirred at 120 °C for 22 h under N,,
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25C to 30 C. The reaction was held at 30 Cfor Ih to allow for reaction
conpl etion. The reaction progression was nonitored by HPLC. Upon reaction
conpl eti omp 20hiw9s@B Ut i on was cool ed to 20 C and the cat aCydats20d/H@ 184S
renoved Vi aovcntratnd findet reduced presguck- Thaseiduam4shiakdn uprin BEMe filigred themight elug\W\at er
(90 ) was ar 0 i phasi ¢, m r
partiti oned’ fcs't'F'ﬁ gﬂ%d[h asrﬁl{:egﬁwzts ek&go%ﬁde%g%i r%ﬁu‘%\?\g?rgsrsurfzf&e rﬁgédrét a,s conceﬁ’t rat ed
under vacumlﬂmargemmrchtcmmp)gd@hﬁtq giveathatitié enmposid. LOMS mire, 27¢ 4dNEd]W t h

ethyl acetate ( Opm cENtrAg der v 2
m ni mum stir voljsutﬁ%ﬁ E'fel?)“ aceE ﬁéh?ﬂ%g'g \7\/515’ c‘htmq1 gt c?lagé%@[{)ﬁu@é:iand
the restil tivipcatateut i on was heated to 60 C. Heptanes (67.5 nL) were charged

ma‘l nj[ ai ni ng t hesl:)elble 6'53mL wiP t?n%it #&?tg%tlcﬁg-n k\é\@gor gggo@qlﬁedﬁgf’%{] c%glgépn was

initiated. The urr was coo e er cooled to
5-10 C and Hg¥dirftenal)(ide aactorieatig] BB (7236mb.s761 mimcé}eais adtitiktofthe D@V vatik e

rinsed with he es..(2 6 d dl’ledl V. moven
set to 40 C?tltnb gagf ﬁa&f%ﬁe(et}{y?tz r(ﬁ’e:)n(‘:a{(:)}1% oﬁjgg A‘Stﬁ{r ocyc}(ﬁ)‘?ﬂta QPE‘? 3aﬁﬁF Flt bei ge
solids. W342621%/ HQ&Q@@PE‘UQMZD%MDD@&&Bded in drops maintaining the mletﬂldilmp@:thﬁﬁ)e VHz,

AT -%%’0("%:Affﬁﬁ*hﬁ“%ddé%%ﬁ%gce% el T o Pl o o=, 5

1H), 3.41- 31'65@10(1 mixtidelwas éloWIIy doqredjmo Thidfurelof ic2 H)OO nfl)48d gatarated K,QOA40BmL) Hz

10,55 (s, SRR athed 08 it primsdoto e sty e ablprdihe«

(M FH) +. h/btd@oi)Sdnd&o&p‘eMgS@pﬁlta‘éd E‘tdl‘Dphcentrated under reduced pressure. The residual

2-(7- Hydrox 3,4-t dro t nd of
For mil & (11 BV bR veT piritst B R G RAE: By RGN I o BE P it R %Y
1-(2- Eﬂhoxyg)ZL@MtSeﬁ/hyIZ)SO 2- oxocycl opent anecar boxyl at e. To a solution

of ethyl 2-oxocycl opentanecarboxyl ate (93.27 g, 597 mol) and ethyl 2-
bronpacetate (144.64 g, 866 Mol ) in acetone (1.2 L) was added K2CO3 (165
g, 1194 mroEjampll6: Praeparatien vi@R/SHckthel2- G?((4HByC(bp‘kmﬁyl 24trifluofdmetbyl)bedzylovsy)-
filtered of she . The
filtrate \/vaIs’2 ggﬁ&%ﬁfy({r?@ﬁ%g gaf[i’ '5&61235 ceta?e (ﬁomﬁ’l (%&no g&% é]k?} 3%“ a
silica gel B?isg:thyl) give the title conpound as I i ght yeI low liquid (54.7 Q).
LCOVB mg = [ MFL1]+ 1H NVR (400 M, CDC13) 6 ppm 1.23 (t, J= 7.14
Hz, 3HY 1. J= 7.14 Hz, 3H), 1.95-2.03 (m 1H), 2.06-2.15 (m 2H),
2.35-2.50 (m letjqpaéhtﬁﬁoﬂ(BS) Ethyl 2J-(4-CyBepeatydt3-(friflibsordethg) Odzylpxy)111) |
295(de 09 = 7.14 Hz, 2H), 4.12 (q, J=7.14
Hz, % %a tﬁtmé‘go%‘{r F%tEPb&npﬁ%losng f(’tgceycl opentyl )acetic Acid. A

sol uti on of et hyEthsgLJ( . ls_/tdi'nxym 23, &xmhﬂb@yempmmﬁh]ymbbmhamm@da‘ﬁ Daxi0 ed)e
(50.0 g, 206 M _HC1 _?%tr?d at 100
Cfor 6 h. :zi\zﬁsm"ﬁgr dmt l_l%?n(teé:%ﬁ(\)/g%)bog%ﬂaskstlna(ljlgzi%1né§nsz1h1€_eleyv\§lr§] ? M Casi due
was parti tlmwdlléye(EmmncaEbo@Ae A%BD8 1rﬂ_e)q)&4adclfbﬂg20n(t<206ﬂlatk)Ac¢\qmeﬂu@50 afer was

separated and xtr h h 25€0 rgani c
oo o ver o ORI e e st 2 be e SRR foted i SR e S0
decant ed anChi@omoethyl)- a{cgdo;teotyyaétrdlubﬂmmﬂhyt)b@zmr@ﬂﬂg:dl la:g) wasnthatged slowiyd (22
g). 1H NMWR 11 -1, 111),

D 0372 10 hier 20 s gt fponB B g st TR b vetgfsd i bcBing b o
2.40-2.50 ( the cRirlys wa aBOutRddC addthe Stdtnal feriperityre atHhe erlofBhe(chargd w3 aboBORX ep C:
Pr epar at,i on, Oxacycl opent o, on of
2-(2- o>6<31(i))cycl(gpen‘%R?4 %mcpeh coact al(' %“e a%’},s)c?g?&ta%n)aﬁcrnzogour?ﬂlt% l§§tg§ﬁ%/¥’lol (400
m.) was addeshvei2iSDt frodiclGy IgPL(thﬁftmrmjl Hours Thegrezctionl tempritatusoivert redusedviismheat ed

under reflu ou}/%% t%gh(mé-glﬂ & 'E)%%%t} Imm tes )1(%% ﬁ%}%to(r\h%ﬁl% %117(;1?\;/%(1115{39 { tffb&c

liquid resi ue was” a i ce-wa queous m xt ure was
extract ed windR25D@M EBleam2p0 ﬂnatk) Ceri’ch%wawtmmeda glass smtered ﬁlter funnel and

acetonitrile used to wash and pack the filter aid. The acetonitrile wash was discarded to waste.

35 The packed Celite® was approximately 0.5 inches. The reaction mixture was cooled to about 54
°C and filtered through the Celite® filter aid in the glass sintered filter funnel and washed with
the 125 mL acetonitrile heated to about 50 °C. The acetonitrile filtrate was stirred under nitrogen

.91 -



35 organic |layers were washed with 1120 (300 niL), brine (300 nm.), dried
over Na2SO4, decanted, concentrated and dried under vacuumto afford the
title compound/msooa |ight yellow liquid (27.2 g). LCVS mCz/us2diibo@s§ M FH| +;
1H NVR ( 400atNhibjenCGEGAd)tufe fapind Rout ST hetfiltralewds chAcdrrateBurkder redWd pressure at

2011/ 094008ERCT. 1/.00015 . 505 1. 6 .. 1. 65- 0

1.92-2.02 (%‘%"“éﬂﬁi)%%’z"?‘igza E“b%,s uR22q0Re ,"% g‘].“%i%‘“ﬂzzafs Cfnﬁﬁ%d']?%f@‘g g%’ﬂéh?’(%{ wa 1y
2. 30- 2. 44 (wged ® thdnsfe2th68urgihto @ FLISunliDottén Bladkz Theldtrry wasGHirrédjunddmiffoged atiz,
27- Wy oS R P D PBIAS I8 sl o ey e g wnder

2-1 odo- 4- rrenitrog,eyl;mi, 1.2 Rmrs 250miy of Sreth3natwab placeddn @i day/balt bath. The solids were

1) and ¢ ot PRBRHDE URERE ot ic e grou L i rg 3R o mlaandl (50
pyri di nunp- {1ab onelloffortateaolidRie) pladtdB4 vagnud oBéhlsenarabgut 22 PE faadAd dourihe
120-C, D EAteoR e SRET R e o Bndirur Ry bee ¥ o oea o0
0. 241 nmol ) tewetrydroagd@dnta[biiedsl Sagjacee (Cothpousd vERoratlh (MR whakeinR *his amd), t hen
partitiqgned t n..e |  acegt.at d water. The aqueous | ayer was

ext ractlgd tZM&/gé}é\%e‘Ylﬂl %We%é’eqyﬁ%f&me conbi ned organic extracts were
dried over sodi utH SMK @beMH4, heaoeddpd .28 aneée il 8H), arsdarsor(edudyd.83-
D B IR A O AR 2 B AL s BRI A BEE 2P 11
concent r at esle@and, 130)y4.13 @/ BY.152H), 646 {5 QH), 600 |(ddyri =T, GO gHR Pty (d,0gt¥e 1.9
g of ethyl 2-(7- Xy- 1,02, 3.4 tetrahy ygl.o blindol-3-yl )acet ate
cont ai ni ng lr%@’sliz{alr;fi%#@t ?%'S%Z( %ﬂ 23)20@3’%’#3@%?1?‘%1 @cg? g{dgb—.ﬁ%gﬂ%n][g?&t Gias

di ssol véd i hHDANN (SOH)rLCMS/zcolold 6d G, :100;: B8S.64) foundbesom @erH)21. 0 nl, 21.0
nmol, 1.0 Min DCM was added and the reaction was stirred for 1.5 h. lce

wat er was added and the reaction m xture was all owed to reach room
t enper at ur eMetlivd 2aqueous ni xture was extracted three 20tinmes with DCM The

mbi ned [ . dri [ | s fd |t d trated
inder reduced pr Eedaraion ot Bs Bk 2k s P8 fR-g8RE
'Cw ﬁmt o%8mm;?lfmt(:ngbléykgoéygmpbith[tﬂindmﬁ;p%wta@@5(2) ng). LCVB rﬂoz = 560. 3 [ll/ti)l-l];
250 (A 3= 16, BoeTin o e PRy 2 Bl g Sobincle st pfle By 1
471. ig ?624J( mé).ozrhg, 0.183 ﬁ?ncx(lm;l 4j(ch18roﬁ1fth&1)4 I;;tgtz]ﬁpéir%}ﬂ-(&gj%rdrﬁhthy])bmzfned(lﬁk? 1H),
: , J=_8. S : 0 ar n o
32 (5- by o0 57 e T s ik ST ok o7 PR A a8 ouna. o
Formul a (| 1mixturélmas etirred RBrobs: tehieyitire o3& Highep fikeredihemah atiitet) and cdntdnyated
2-(7-Meth -1,.2,.3,4-tet dr o I ) j | -3- yl). tate. . T
ol Ut on of W ik i YSiPRIC 506" B HBEC i rs e blfFrsfheshd n
oxocycl2Bpenpippai €38 mg) POMS my/z =UR6.5iMBH]".1. 5 eq) and tetraet hyl
orthosilicate (21.7 g, 104 mmol, 1.3 eq) in anhydrous DVF (100 niL), was

added pyridi ne p-tol uenesul fonate (0.807 g, 35 3.21 mmol, 0.04 eq). The
dark brown Methiddn was stirred at 135 C for 5 h under N2, allowed to cool

(0.541 . "2.41 s gropgr Lot by G i mu R PRy 120 ¢ °
for 22 h undgs,A2trahyiibod@loped@H)ARNI-yhin2thid/ 000153
30 ' In a 2L, 3-necked, round-bottomed flask under nitrogen atmosphere were placed ethyl
2-(7-hydroxy-1,2,3,4-tetrahydrocyclopenta[blindol-3-yl)acetate (55.85 g, 215 mmol), cesium
carbonate (84.2 g, 258 mmol), 4-(chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene (68
g, 259 mmol) in DMA (670 mL). The mixture was stirred for 15 minutes at room temperature
and heated at 50 °C overnight. The mixture was cooled down to room temperature and filtered.
35 The filtrate was concentrated under vacuum. Hexanes (400 mL) were added and the mixture was

heated to 40 °C to give a dark solution. The solution was cooled down to room temperature over
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concentrated under reduced pressure. The residue was taken up in DCM
filtered through a plug of silica and the sol vent was evaporat ed under
reduced pwesur®4008he resi due was purified by silica gelPCraiSanm/000153

chr omat ogr aphyetkend)iThe mixnge tiab Eencerdrafed imehcud GMSIriefl Bnder Rabhud t¢ divé thiefltitle St ep
B: Preparatjon of I _

2-(7- I—Iydrox%?y?f)'f}déﬁé??%} I’gwfdf’%cy4gp'(%pent a[ bl i ndol - 3- 5yl )acetate. DCM (305
m.) was transferred to a 1 L 3-necked round-bottoned flask and cooled to -
11 C (interpal L ce acet.one : I 72 761 | dto
the DeM w + ot 7 ErgBRRhGTRt R0 3 e mpfnti-PchuorbiieaiBed-y H3H- 535

2- ( 7- meb hoxtgtrahyirgcyélopeita polfipdoled: yd cotpeadid ( Gxjmprond o8 Fyiiiade (Ia))and4 A Ggnige 152
nmol ) inDC@/I was, added, i.n..drops (,nt ai ni he i nternal

t enper at ur e afé‘?)‘#ﬁgg%ﬁ'gygh%’g%gﬁ“"&@ re(fmettﬁ’?eﬂ% Xy gg’zbh‘g reacti on was
stirred fortetrahydreéyelupaitah]indol3-ylJdveti¢c sdd (Compavind o Fernwvas (la))owl y pour ed

into n‘ixtur& ﬁf li!ce (400 nL) and saturated K2CO3 (400 nlL) and stirred wel |
(pH mai nt ai %8+ 9-7). The organic |ayer was separated, washed with bri ne

(1 x 100 ntyl;epdm'tiegoDQllb-g-GW{(S@%’plobéﬂtyB-ﬁﬁﬂaﬂd)gmgHM)bnthgﬂ1,ﬂﬁdlﬁI‘ reﬁuced ;
o s 1 16a gRrapiariirenatebl - URRaEHH G5 Barhalf ot dpl e T penb

Exanpl e 6: $iepreraifi on of (R S)- Et hyl

2-(7-(4- I 1-3-(trifl b I - :
L5 31 a1 et r anycP B FERRRRUG b e Rt S K s ey 3
(11k), Wier etmhirBotyldpeing|b]indebDdehiedc dcid. Preparation of (R'S)-Ethyl

2-(7-(4-Cyclopentyl-3-(tri.fl uor | ) benz -
1573, 4. totr anyar bty S R AL P orppegypbenzytons)1.2:3.4-
2- ( 7- hyldr oxtgtrdhydrodyclerteatafbdihgel 3ed)acétatp % W HH . he minoB-iy pacmitated 1 §5241) & 95001. O

eq) was char i nt L. 3:neck round. bot flask set.in.a heatin

ot o1 i ¢ ng tyeqeR Sbr corppct Bt frHldhr 88 oG ASthoShid MadoRERK s
chgr gﬁd i nt addedpothssiaskphosihet doffér (i =1, (1264, pi y 7883 arcHaliged liyratlditithe“ 1fplasedik,

and the reagti m xture was..stirred .w a _magnet i I gl

(Ot o orret noed Aot mpSsbiBhd - fifloh R IRSFIEH L Sa8b e D8 vy e reouant
charged sl oydlipwougpen2éh wasntitrebatwhodt d0 AE@ abdendy, fdnd6 hewstTioghe mixttre)rleM cifheacid
eTnoh {oBELA ol bl PR UL AR e A
t enper at ur ewashsd with ACN @ed SahL)7 BheZonbiR(Ed tfidtkatandfvashing. vieréioancentiated iatatoatd3095 %
conversion oduct HPLC. After, 2.5 .hours the reactio rature was
otuced 11 of usOGEm B ineraiilbland Pt EndARRLLR BORTRELA 4he
acetonitri | brife56¥oil). Tha faybe ateetkepayatbdan@ thtrague@bs Cayat widuxtranedeyigr Ef0AzRgR x 40

Celite(r) wa aced .in a glass sintered . filt unnel. .and etenitril

lsed to vasTEARGE EaRyheY e okt Salied Wina B, HAD P B WS RO B il
to wast2s. 3bvidndafSag kiedanfel artdeiondenuaed &3P rrOxindatvedupmbo give ac bwgge oih@hickaabi on
m xture was ,cool ed to about 54 C and filtered.through the. I ry. filter
T It o gralind huRog Mon Erpedfife et Sl P e 0% S obndinlel
acet oni t ri | R)e@t(@dytlopeatyddi(trBoomethybbanzdbonili 2,3, 4-eethydrocytlepentegblstdpk-3-ed
under nitrogen .. V\O. 1/ 094008PCT/ 1US203 1/, 00015 i of enperature for
e hour - TR R R Rl RRE AT AR R0 a3l B Sk P L L | O
C form ng a thi cBteplBiPrypar2tich ofil-akgiding Shlt b&(R)-22@94CYiclopetdtg3- 375 nL of

net han wa ed t ansf er | ur into a 1.L.r boit o ask. The
Crur ry e CriBeE R AR R L5 2tetharaRlc oo B naipt R4S £ (¢ ARk wnd
The slurry weEorphdc@e))i n an ice/salt bath and stirred under 5nitrogen for
L.2 hours. 150 i, of. DRLNANGY $7R)-RLAGETcloPerl sl G RreaBBblizy b 525 495

wer e

tetrahydrocyclopenta[b}indol-3-yl)acetic acid (41.41 %w/w; 9.043 g, 19.77 mmol) containing
the (S)-isomer as the ester impurity in a 200 mL round bottom flask was added IPA (150.72

35 mL). The mixture was heated at 60 °C under N, till the oily residue dissolved completely. The
resultant orangé solution was heated at about 60 °C for 5 min. Seeds of L-arginine salt of (R)-2-

(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-
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filtered in a Wiatman di sposable filter cup at about -11 C and washed with
chilled nethanol (125 nL). The off-white solids were placed in a vacuum
oven set WO 2010980089 C for 22.5 hours to afford 35.7 g eCTatshyli/000153

2- (7- (4- cyollppeant (362 S tveiefaddalr Sheetebdspiransugpenrsd) in theXr@igd solution. A 2.27 M

uner oi n R HEAP RN AL RGh T (VIR LoPIPRUD SRR orn Bl BURuldd Lypey

(400 MHz, Ndétd)ﬂ&-thkﬁ)nx(‘tﬁe droﬁ@xs@ byerJ&m'i’n A light y@ldy, prd_cqﬁthtelfp@@:d(gmdudﬂb{]_) 1.83-

255 (o ey e i SR b Sl i,

6.79 (dsl, Jof tlik siﬁspeﬁsu& \HB allihw&d to?ir(ﬁ)lat glbut 0.42Cperimidate td Fom té’er?at(ld: THe = 8. 8

Hz, 111), 7 6 . , = 8. 151I—I)
o 51 (s, 1hRorovs et sreafordl heatndtsiipn? oypluty Sk likand b diy

Met hod 2 and the (ﬂk@\&ﬁsr \wsh@lrvvmf IPARB S)GrEL}‘gpld EtOAc (3 x 15 mL). The filter cake was
2-(7-(4-Cyc t rlflu rorret I ).

1,2,3,4-tet r%?ﬁﬁ{(}r écyc openf:af1 N % aéégéi arglﬁb"?galé()fs(g? lzjt(l n of ethyl
2- ( 7- hydr oxoyelbpéhtyd; Mm%rcaﬁsﬁdﬂ)bmlowp)ehz a,Elbittahﬂdme)@IOppadbhmow(yB@ce&tw

0.193 I 4 I vl ) 5

(152,070, S BTGNS 8B SR B el et AT g RED
0.231 mmol )DST hﬁhdmeﬂthstrsehd/m whispivetdd, atystamencoreppad stithae amr@eragghgates
filt dth |i.t d~und duced . Th
iltere rouogq%glglga{l%g IEIISE&“F cog&g%zrog%lgt?un er reduced pressure. The

resi due was p |ve e conpound as a |light 25pink
oil (38.7 nmy). LW@O&M&BDMS%&IﬁppNﬁtSHddS(Hm, 8H), 1.81Pr (@, 3H),drP3e% 13

(R/'S)-Ethyl, 2- ( (£ 51 ORE ) e

1,2, 3, 4-tet(rnéiI:13§/‘I ro@ opeﬁﬁ%ﬁ g]} ’o%)fé'?{gl;%{gtjentag?'g#’ 6%?%12219?%;5732-'?&12%,
round- bsttoﬁ@deasB (mnlié)l;Sm-BBGgngIé)L pB8pe e, Wk &.1p(sa2BH 64016dd, J = 8.75,

2- (7- hydr ox h y [/b] t g, 215
nmol ), cesi %‘r"n&léla’r%gha%ﬁtd(§4¥%b% %)89217&? g’%dﬁzl 11315 G P 8ok ﬁ? ﬁé

4- (chl or onel.iy(d) J - 808dHz pdn 7221 F)r 7.10- &ﬁﬁ(htm B 849 ésn HY. EMS m25elcdriro| )
in DMA (670 ) = ~TRE e S r u at room tenperature
and heat ed giqhgg’ B \/6glr réég lfnd\,\&%el (%\1)[5% ?é ﬁujrg%%tﬂhg? to room
tenperature and filtered. 35The filtrate was concentrated under vacuum
Hexane (4019151_ Mer e added and the m xture was heated to 40 Cto give a
dar k s ut| sol ution was cooled dowmn to roomtenperature over WO
2011/ 094008PE§15htmﬁb[(Iomalaa-ﬁytk)pmk&{mﬂuﬂmnethydlhgnzylms-lddncbent rated in

Vazgg g‘ndEgg ﬂééjr.r;decliprpel%kbg ndo g‘,)gceetltc chldt(bompoun%rm%‘ld%ulgij(?a% 79). LOVB nlz

(R-2-(7-(4-Cycl Apénbgalpr:éee@qusftd prepaneTeR) Ry(7 Y hEyelppaxyB- 1, 2, 3, 4-

g}lgt [?‘2}(8:’ ﬁﬁg l (%&a)‘rp%r{ﬁ}ﬁ#benzy oxyi 1 § 3341 tetraﬁitylclr(%)c? opentg[%ﬁrq@oqlé%aggtlc Egld %J)rﬁp&hg) )
(R) -2-(28- ( 4eﬁlimﬂnolpélal)yx$m§o(hbxr liffabas e tlizgd, fdJenaydlg)tly,) folloWin® wére shown to

tl\/g: ngygr Og?i{)gc{r& z:e‘:?rlta?)‘ Ie:t 1I 7 970 d -cyclxgen?y":l‘%l(ﬁ'lfﬁ %rome h%ﬂpn%%%)ﬂf,z,@f mula (la)).
(R -2-(7- (4te€yhydtqa§!¢1t>gemaﬂ>](rlﬂolra‘-yluwctam Ry @eatytlorgnryl B-2, 3, 4-

101 et 1 ahydr AeHG) SRERNNRLIP 2T A BB S RIBY AL Rl THbnk @)

of Formula (Ia)). General hydrolysis conditions and % enantiomeric excess (% ee) are shown
30 below for the following enzymes, lipase B Candida Antarctica, lipase Mucor miehei (MML),

and P. fluorescens.

Solvents Enzyme pH Temperature % ee
0~25 % DMF in )
lipase B Candida antarctica 7.5 22-37C 38~94
phosphate Buffer
0~25 % DMF in )
lipase Mucor miehei (MML) 7.5 22~37C 29~44
phosphate Buffer
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Salt Thereof. Step A Preparation of

(R -2-(7-(4-cycl opentyl-3-(trifluoronethyl)benzyl oxy)-1,2, 3, 4-

t et rahydrwoyeilgpenwsal bl i ndol -3-yl)acetic acid. To a sol eCirams2af/o0@e3 et hyl
2-(7-(4-cycl ppes PMBm( t1{i f | uor onet hyl ) benzyl|oxy) - 1} 2, 3, 4-
15t et r ahydr o ﬁl Olpaﬁq a}.[rb] i ndo1F3fyareisenst at e (20700 ¢, 42900 rmyl 926
acetonitrile ¥‘§% néu “%'la 500 nlL three-neck |RBF egli pped with |magnet|ic
stir bar, N2 iPketnzyinbaleimeeifmeblizat)d condenser was added potassi um

phosphat e buffer 5 ,. 1.0 H = 7.80), an jtion of

| i pase B, Candi d%&ﬁﬁfgfé??véﬁ?%ﬁvidﬁgﬁ d?%rgg@?!ﬁggwyf%%’ 5t (1.0 g,
5865 U g, S5@bfuotdmethierz@Bul )t BB, 4yetdhpdvosyueRpenabimiondsi)sdetit ba@dl(@dmpabadit 40
C under N2 f 16 hours, To.the mxtyre, 1 Mcitric acid 20was added to

adj ust the ﬁoﬂggr(}@g%ivﬁwlr\ﬁ%g?ﬁe%}?ﬁter ed on a Whatnan filter cup. The
solids were washed with ACN (3 x 15 nlL). The conbined filtrate and washi ngs
were copcentirated_ai about 3 under. ya Lve an orange residue,

whi ch was p ’Fat"i“ﬁf 8:%6"%@?%8&%’5‘&“(% ﬂ#’r‘%’g@gﬁ‘ﬁ"é’ewgfamy The | ayers
wer e separ aftafluarothetiybbatypeysl 2 ayactrimsirecytiopaita{d]inddi3-yjaddee dcil.x 40 nl).
The conbi ne rgani c | ayers were washed with H20 (2 x 80 nL), brine (2 x 80
m.), dried Na2SO4, decanted, and concentrated at 30 C under vacuum
to give an or ang)ai({7,(4:\@htiopentds-@iflebnmedgbensalony)rn,z38,4r oom t enper at ure
?‘é)ef o ?gt ( Zt_%g%\ég)ﬁgﬂ(lf;ig%g@)]igécﬁ-r}gﬁ)agétlc 2870 7P o FIM AL M issolved in TPA

- (trifligor ores7hyll))he nzydinxy j661, kg, I, %1 nerhdl plyschidaal/s|agplatdrainbyaten @z6B-13-).
ypacetic acid. The crude S assayed.t 1.41 wt % (9.194 wi t.h. 99.42%
ee. Step B: |BrOFREHPEITOBHOT A} Bt eﬂé" %a‘{%f-’ Aﬁ‘f“’ ksldj“-"za-t E{*ﬁtf’%l’ obBRTPIS-
30(trifl uor naefodiyed) Dierrzactioxinixture HasSwémiedtts ANYWIcansiyg the pasaipithtbltd diskolve3Fhel ) ace

(ks 501 (RIPRIR SLoFOLRA AL ooy B IR LERIRL ) v

t et r ahydr ocyliwep @ndoa| folabsrd A8 °GbyfojeaoBitdtiag aeisolidsdY fltdativh/ Thie sOlidddRregwash& 77

nmol ) nt ai nj th -i.sonmer, as the ester, | rpty.in 00 nL round
oLt T ack AL et A BRE greorgie it SH TR AP et Eat ed at 60
under N2 ti (thilida@ém@hylbetriatixel)E2 didss@dhyédeptopphtefbiihdol-3HMacdtie acid { BOtmgr ange
solution was heated at about 60 C for 5 mn. Seeds of L-arginine salt of
(R)-2-

(7-(4-cycl oprgtiodl> 3- (trifluoronet hyl)benzyl oxy)-1, 2, 3, 4-tetrahydrocycl opent

al b]i ndo1- 3- 011/ 094008 Us2011/.00015 | cet at 362 wer e
S e Exanile G PEeSon SR AT r AT ARD L EF eSS 57 atceous
sol uti @o of (tkiflas@niky@)befeyl}9)- 1k,3,43eé-4hgirodRlopéntafihinfiols-ghavatie@dd.t 0 about

60 C was added ipto the m xture dropw se qver_30 m n. | i ello
precipitate for ffpd*r’g’df%rl‘?"erfﬁ qugtyé—gdfr Q'{?ﬁ‘.’mﬁ‘ﬂﬁnéﬁ‘gfﬂggg’@%ﬂg’f
stirred for Fahmilh @@p)).addi tional 30 min. The tenperature 50f the suspension
was allowed to drop at about 0.4 C per m'nu];e to roomtenperature. The

m xture was agitated occasionally at roomt erature overnight. The
suspension was filtered and the cake K ed with IPA (3 x 6 nL) and

Et OAc (3 x 15 nlL). The filter cake wa at room tenperature under
vacuum overnight to give L-arginine salt R) -2-(7-(4-

cycl opentyl-3-(trifluoronethyl)benzyl oxy)-1¥2, 3, 4-tetrahydrocycl openta[b]in
dol-3-ypacetate @5a%@itmé-hgscéi‘rﬂglgdgébo&g%-f@%ﬂﬁipp%wﬁ% metiRkical¥Brd8 Area %

99.6 % ee. TG, PXRD, PLM
25 thermocouple, and nitrogen inlet, was added dry THF (35 L) and cooled to 0-5 °C. To the flask

was added Iron (IIT) chloride (2.7 kg, 0.15 eq) portion wise over 30-60 min. and stirred for 15-

30 min. resulting in a clear greenish solution. Under a nitrogen atmosphere in a dry 100 gallon

glass lined reactor was added THF (87.5 L) and magnesium turnings (4.05 kg, 1.5 eq), and

cooled to 0-5 °C. To the THF and magnesium mixture was added the solution of FeCl; in THF
30 at a rate to maintain the internal temperature below 10 °C. To the resulting yellow/green mixture

was added TMEDA (15.5 kg, 1.2 eq) at a rate to maintain the internal temperature below 20 °C.
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DSC i ndicated the solid as a non-sol vated, crystalline conmpound wth an
average aggregates size of 18.05 mcrons and a nelting point of 202.69 C
1H NVR (400 2WH2940KS0- d6) 45 ppm 1.53-1.80 (m 8H), 1.81PLTAB2¢IN00@AF) ,

1. 93- 2. 13 (The résiiting Pead¢ion(raigfturedwasiisaté@to 49-4568 CHer 1 11(391 nd Pmgur¢ dif] brgme-215. 12,

o 61 1, Mo L L U b Py s e Bl
J; 2‘.] f08Hé , thd tdpctioll nR@uiec! a thte 1§ mMakntdim an ibkgrmal Enpdrafude bedaw 35 8@ The regsn_lnmg 11)72
(LCIVB mz c S{F% 10 %%GHZZL%) E%ﬁlg (S%Stﬁétﬁ) ngégm?%ou nglgpéglﬁﬁtf n‘? %ibs?‘fuglit{% co&%ﬁ
(100, (¥aciaidteinal)tempddreledo-S2C. Po thpaesalting mixyfre was added 6 N HCI (100 L 1.5h) at
(5 o RIS Wiy R DAY i & v
Addi ]E : onal the eeecuMIBE GODEppay a&idéd%ndzhe(r?aomc@}tcﬂt@w@mtmd $r 30 min. The _

t - 3=V t
(K11 uor onBL X GRReN A8y el Sk Al i aeyeLARSIYAL i kol e o 1
exanpl e, t hegdngl lhyend wige weshed stitb WhOt(60 hy tiried (H9 &) aralodriet YESO.). The mixture was

2-(7-(47cyc r I ?’é) %n] d(d§
tetr ahé%r ocﬁlg (;%Qfé%%%h[ 1}1 'ilhé *Hglcpﬂr;?gg%{% g&(@é {6tibked %y G 10&11 111 e ﬁ) 451 3-
(trifluor ometcmbﬁbﬂzzydtro%y)ntd_a gle® dry reatton e saiwch@m'albca{itbq urrddovacany pacetic
acid (Conp of Ce i's con dition d-.%
enant i omer |@achtce?§d; )@n ee3 évapér)mﬁomﬁ?'%}%%e gijx? &' oIaI Vésvcmo%sélqgl 7y
| i pase B Cavigtodaliqhitt wasatidsalaed inihpptares K00dr) and mmd tlﬁrbﬁéh)a, silécaghlug. (25 kg)m’}&s cens.
Sol vents Enz H Te % % hos at | i pase B
Cand da: ant oo e SR Fepiants 181,C 508 peed FRAREGD el
15 containing the product were evaporated to provide the title compound as a yellow liquid, 11.7 kg
(49.2%), purity as determined by HPLC was 94.1%. "H NMR conforms to reference standard.
Step B: Preparation of 4-(Chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene
(Compound of Formula (ILc)).

Cl

20 To a 100 gallon glass lined reactor equipped with a stirrer was added concentrated
sulphuric acid (48.6 L) and cooled to an internal temperature between about -5 to -10 °C under
an atmosphere of N,. To the sulfuric acid was added thionyl chloride (26.99 kg, 2 eq) at a rate to
maintain the internal temperature below -5 °C. To the resulting mixture 1,3,5-trioxane (15.3 kg,
1.5 eq) was added portion wise at a rate to maintain the internal temperature below -5 °C. After

25 the addition of 1,3,5-trioxane, 1-cyclopentyl-2-(trifluoromethyl) benzene (24.0 kg) was added
drop wise over a period of approximately 2-3 hours. The reaction mixture was stirred at 0 °C for
approximately 34 hours, allowed to warm to room temperature overnight and subsequently
cooled to an internal temperature of 0-5 °C. To the resulting mixture was added water (316 L)
drop wise over a period of approximately 5-6 hours (Note: Very exothermic). After the

30 quench with water, the resulting aqueous mixture was extracted with MTBE (243 L and 123 L).
The combined organics were washed with saturated NaHCO; (100 L), brine (100 L), water (100
L), brine (100 L), and dried (MgSO,). The mixture was filtered through an in-line (1 micron)
filter cartridge followed by an additional in-line (0.45 micron) filter cartridge into a clean dry

reactor. The solvent was evaporated under vacuum (jacket < 30 °C) and further evaporated
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| i pase Mucor mehei (MW) 7.5 22-37 C 29-44 WO

2011/ 094008PCT/ US2011/ 000153 5% DMF i n phosphate Buffer P. fluorescens 7.5
30 C 19- 280 2pr1iem4@azyne (i.e., non-inmoblized) EaebTafS2atheoabove
enzynes pr ondeedctuireat36<i0°edT{eRysubting il (whs @istllaipmi¢ryhighdacuum to provide the title

trifl - 14 I i AL ti
(€1 1) or e ARSI b ot 01 ANOLORYELAREN, RPDLAdo)tzvgpcet i
Pr epar at i orNMR donfrrgs teirefereSl standdrd( R) - 2- ( 7- (4- Cycl opent y1- 3-

trifl t hyl <], t h I
i( n(r:ilol- g?;lo;n; c e%/i %tgé(@?gl'e%%twé C?¥ f}hy‘}2-(§-M&pxa{n%gyc?op%gg?—%ﬂl@ene)acetate
(R) - 2- (- ( 4Coywpoopdof KornBda @F)f WhereorRtisEgiodnazy| oxy) - 1, 2, 3, 4-
t et rahydrocycl opent a[ b] i ndol - 3-ypaceticacid (174.7 ng, 0.381 mmol) was

di ssolved in TA 10(1.57 nL) and L-argi (66.4 ng, 0.381 nmol) was added
as a solution in water (263 [IL). The gefledus sol uti on was warnmed to 40
C. After 15 mn at this tenperaturég, preckpi tate had forned. The reaction

m xture was warmed to 70 C causi ngpt preciPitate to dissolve. The heat
bath was turned off. A precipitate began to format 40 C and the reaction
m xture was al | ofesdopentarawg (2209 ke auarpiR@ne( 2388 dekand sty ¢lelexpneg43-AEkgotares by

e
(trifl uor oneniglpbeitregdnarlyt and PDenAStarks trap Hipd reaetpréatsaistveek biidated & abeuydS)scet i ¢
acid ( ]l§0 nig)% °&/q$ﬂ99rogimately 26 h while removing water using the Dean-Stark trap. The reaction
to form the enamine (i.e., 4-cyclopentenylmorpholine, Compound of Formula (ITe) wherein R
and R? together with the nitrogen atom form a morpholine ring) is deemed complete when the
morpholine amount is verified to be < 3% by GC peak area.
The reactor contents were cooled to about 60 °C and ethyl glyoxalate (Compound of
15 Formula (HIf) wherein R’ is ethyl; 58.74 kg, 50% solution in toluene) was added to the mixture
slowly so as to maintain an internal temperature of < 80 °C. The reactor contents were heated to
about 85 °C to 95 °C for at least 25 hours while removing water using the Dean-Stark trap. The
reaction was deemed complete when the eneamine (i.e., 4-cyclopentenylmorpholine) amount by
GC was verified to be less than 0.5% by GC peak area. The cyclohexane/toluene mixture was
20 distilled under vacuum, ethanol (261.80kg) was charged to the reactor, and the resulting solution
was again distilled under vacuum. Ethanol (34.76 kg) and water 44.00 kg) were charged to the
reactor and the reactor contents stirred at 25 °C. The mixture was stirred further for 6 h at about
0-5 °C. ’
The resulting product slurry was collected by filtration, washed with aqueous ethanol
25 (34.76 kg ethanol dissolved in 176.00 kg water). The filter-cake was further washed with water
(110.00 kg), dried initially at approximately 36 °C for 1 hour under vacuum and subsequently at
approximately 50 °C under vacuum for 17 h. The title compound was obtained as a tan solid
(23.48 kg, 37.8% yield).
Step D: Preparation of E/Z Ethyl 2-(7-(Benzyloxy)-1,2-dihydrocyclopenta[b]indol-

30 3(4H)-ylidene)acetate
s .
N
N o)
H
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Exanpl e 8: Preparation of L-Arginine Salt of (R)-2-(7-(4-Cyclopentyl-3-
20(trifluoronethyl)benzyl oxy)-1, 2, 3, 4-tetrahydrocycl opent a[ bl i ndol-3-yl)ace
tic aci d.wo2011/098t08p A: Preparation of PCT/US2011/000153

1- Cycl opentyl- 2- I¢a4(IOIIugiassﬂmt<ﬂ15pla9tbmz®n€d ‘(V’@)mdmmﬂagitfatiﬁojankdteﬁn(phhb)r@. To a

50 L three I, ,

25t her moooriar io- L MR b, AR BEURARS, Bhi AIERAIRUEMOT GLES Ly 1o
0-5 C. To theel ﬂ@thmklewaltsv ézcttha'tlZ {23-oarphblinorydépent2-deyliféhefacktate (22.0P%Kge)04or ti on
Wi se over [ S l.ear

greeni sh sorﬁ gg%dm ﬁﬁ‘g‘g}%% 2:1]% ?gﬁgﬁqa&%ﬁnlégher acelncgclh'hid 5"1%389463?% q&l ass

| i ned r2act siterWegeathd echtdritiFar 8liovE:d|t) stazritfonﬁynegieumgttanon lamg&ner( HealGhg tlo@0°C1 5
eq), and co 1.um m Xt ur t he
sol ution ofglé?% %8 Cotarﬁ—lgwfggttmtt ‘;&Fe tgﬂl rK?n al npefrﬁmre il %S% ger?f)neornat ure
bel ow 10 C. mﬂiolrtt Were tadsmber mgerya$ bM@xm@lmanes wmlsanakﬁd@tby‘lﬂdﬁ@bfo((ks 5 kg,
1.2 ea) at i (u10) el.ow 20 WO
2011/ 0940088 fﬂé‘?ﬁ%fn@fﬁygii%‘gﬁgﬁ rzegu ‘“‘%"é’ § g?fen dtb“er)aceta% 2 %eat ed to
40- 45 C f orhytirdaongrcontnat. aVhenx4- (heezmxy]phbmd)mdrazinc( HPLE Pugeowst hi [ TFAb@hbene
(25 kg, e cl ope 1 1.2 .eqd) was. .a to the
reacti on mOk @léﬂgdl ?58@?‘8% eggﬁa?%%gl%ﬁs(saﬁmgr)ﬁwgsr %héifgeggggré?}g? )ﬁ"rnggeﬁ'dﬁ 1(l)°v1\1/r25 C.
The resul t i wiylertbagied reaptiont roik @irensias radlht@madatt60°%t 5‘1C wath newmaokﬂqmolathAe

overni ght apd.s entol-y LNt C To
Che. resul ¢ T S POES R FaiEed Ll S0 M STRALA N Btion B, 7
mai ntain t heaﬂmwpndlbywmeA&emlmrig@k 66)‘\’/Cl66i‘3C(fmaante|asir12 hoes yheemok oententof .

Alter Uhe aigRSDlonVIER(Z00 b o8, AR Ae LEAE AN TSRS

stirred for ases wiere separ ated and eous layer "back
extractled w@@ td\ﬂISBEo(/e?5p1tr)>x1mIt¢B' Tloovips. Sedmgmgamamtahraglet&at\ﬁ.enwrm tedlowi t h

20 (S0 L) ishingidof )z ARAC hede (N By TR SGHAUIEE S AR ik er ed

through an T'n- |ne( ter cartridge an: a
in-1ine (0. #&ction orixame. Thé Z ésomemandrl Woeeri%hbwa aomdneafthdreyctroeamxmre wakhe

| t t ket I at Wi i h
hept anes. (2 BEL 1y Bk pASHITOE AT 2t SRR B BRh B RP
di ssol ved i Aidoept @nest Qflmet@)tloandxtprasmd lﬁWmaginéPm lica plug (25 kg). The

the fraBtions. 15cnrR st PrABRARNER ottt b Clolf B8R nOSPLARRR) 71T
conpound asfiléergde ll“he:madqu’ms dhargeﬂd With(@ha(nag(?.z ke, 1p100| rhags egide vvbrcmwae stirted HPLC
e
For mul a ( Li grpJuct {iter 2ekEgware 10 r%tdr ons ghagged withrddnel € 8 ke, 06 b mppeeduini)i h a
stirrer V\B.SW%QQQQS G grpcf Jh"ial}e%céo 0°C to 5°C and then used to wash the product filter cake by
.25 displacement. The reactor was charged with USP purified water (100 kg, 4.744 mass equiv.),
and the temperature was adjusted to 20°C to 25°C. The USP purified water was then used in
;three approximately equal portions to wash the product filter cake three times, the first two by
reslurrying and the third by displacement. The reactor was charged with ethanol (16.4 kg, 0.778
mass equiv.), stirred and chilled to 0°C to 5°C, and then used to wash the product filter cake by
30 displacement. The washed product filter cake was dried under full vacuum first with a jacket
temperature of 35°C for 1 hour and then with a jacket temperature of 50°C. While drying
continues with a jacket temperature of 50°C, the product solids are turned over every 1 hour to 3
hours, and product samples are analyzed for loss on drying (LOD) every =4 hours. When LOD
was < 1%, the product was cooled to < 30°C. The yield of the title compound was 13.06 kg

35  (37.59 mol, 44.7%).
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sul phuric acid (48.6 L) and cooled to an internal tenperature between about
-5 to -10 C under an atnosphere of N2. To the sulfuric acid was added

t hi onyl oWbaniide4qo86. 99 kg, 2 eq) at a rate to nmi ntai nPCmaseoxti@o0as

t enper ature bel ofitep ¥: Crephoatiduenf gy [2t[7HHy drosyt 12,8,4dtetBalydrédyokopagablindd-3k g,
1.5 eq) wasylgdggge portion wise at a rate to maintain the internal

t enperat ure ow -5 C. After 25the addltlon of 1,3,5-trioxane,

1-cycl opentyl-2-(trifluoronethylg benze (24.® kg) was added drop wi se
over a period of approximtely 2- T &\,_Khe Jfeaction m xture was stirred
at 0 C for approximately 3-4 hour s} o) qved Yo @arw to room tenperature
overnight and subsequently cool ed to anHi nternal tenperature of 0-5 C To

theresultingm ter (316 r W se r a period of

appr oxi mat el y 5 éﬁql\é@ﬁﬁﬁ? i“)y{f ‘8%%%?{%%%&91(9‘%%50’9%330(1uench with

\ﬁ/;;tt e[r ] tshe n%lﬁﬁdibdyb]’(bgerﬁﬂbl](&ﬁlulﬁ(ﬂHX—Bllidldae)MateQﬂ/Z t&ﬁitatd I\dmugb'; IW(BE/(?L gf(/)f)@l_'lvetagd 123
: e conbi saturate ri ne

(100 1y, otk EEQgRATE) St tRA SctBB 00 el the SRREASt oty Sctnomiti Mdite nas

filtered thtriethghmie (n 16 kg)’k&s(aﬂldd”dil T e reshiting efixtG@rwas halige férivhd Lwed.3R%gRN

addi ti onal | filter cartrlggghl nto a clean dry reactor.

The sol vent ™ %m%’{}téé‘B}géEeelﬂteﬂﬁgtg%“pﬁr&mﬁﬁbfljogélée © A5 ey ProgrgSY Wt der
evapor at ed fol\Gv2D8y1HPIOZ QOBEHIH lHSZ&iﬂ]k@QGﬂsﬁ&pﬁé}dﬁTstthﬁfguwﬂarﬁl (i35 EADmfxturd he

resul ting oi i.stille h va oV the tifle conmpound
e vl onpt st Ghbowt oo el TR Pl et reed e 00" av06
"H NVR conf édbebzylaedrifttiiedaee Asttedpgkinately 30 minutes an Sddetibnel anduaPefeddiOstiof
() e el ook e K e donie o B AL S35 BOVRES. mor phol | ne
(22.88 kg) almyﬂrsgyelopaﬁafamo( Q@Hf&h&@):)att@a’teaﬁhﬁé gefikdidebanzAeed int@inadi&i: Waged
react or equi,pped [ acket tenperature control, a
ni trogen i nfl%) \r%"g TDZ%] a‘%?’r@g]lrﬁgalb’erglaﬁ RS ‘Yer‘ggpﬁr% tg%"”ﬁ}é?é H&4ted to
about 85 C dditridge fffer Eolfodied By i BXinFaX Bk irdibie Poliwhink €iltEl O e TOraelvey added ng t he
o Copon: SHAT B U SRS e boeh B pRB R e rretand o
\tNﬁget hﬁr Wi t(hlcélhﬁteﬁIuhdle(i)gﬁmuﬁtaﬂmppfr@?lﬂmglyrm‘ﬂlh6‘1(] tag nfithif@n snﬁ Vﬁlﬁﬂﬁ'ﬁiﬂu}ﬁ onpl ete

en the nor nount rified t e 3% GC p area. The
react or conf’%ﬁ‘? 2\?\5#‘% ‘Eabg(:?fig“dis‘?“é lﬁf“r%ﬁaséb‘él?ﬂ C‘é‘icg%ﬂateﬁl“? TIPLE @ Bonpound
of 15OI Fo (r]I rruhmﬁﬁ&fsmr wihernie mce%ah&tm Boetate @8.8%4) ks chx@dd ﬁ)thﬁr}ldH}niixﬂlré f@iduene)
was a tg the m re s so as to ntaj,n an interna erature
of < g, - hrt e FtoB o Bt RepEorig Dot Hiuies b5 T g Tetth, ot
I eastjI 25 gouﬁﬁltTMng m%rﬁml:]dﬁg)ehmireﬁt 60SCNYhd oritibe ads ol kobled. apﬂ-lbﬁmfa%Cti on
was deene te en. t am 4-¢c nt en
Amount by G mes YR PRSI 5 F RGeS DU L aer
E:;égl OQSE a )nel:atke Wﬁft@luﬂ’le&ﬁwh@ﬁa\ﬁ%(Z? Qdikg)ant lefélgil a;adera UBRYUThe refdnaigcshspensm

1. g) was to,. reactor, and the.re sol yti on was again
distilled uwa%?ﬁis%{:%ﬁ%e splideifist updey; vaggup o IR 52&% Sdungyheles@char ged
to t he 25eactginganODy e me)ashﬁlsrd&mt&rvoﬁlpsﬁddr(s Q@lkfﬂtm%% SZ.eldTbea g1t ur e was
stirred further for 6 _h at about 0-5 resu tlngj2 roduct slurry was

5

col lected by fil SR Sﬁepaﬁﬁtﬂ?éﬁ(mﬁt@dﬁéaﬂcé‘flﬁaml (34.76 kg et hanol
di ssol ved l(tnhﬁﬁr&(kﬂkg@)bwiyﬂfx)/)-l Ihey- tfetrhhﬁrme)@iﬁgem ]i‘n!dmtil m@ miofd
0

wat er (110. dried init] II at appr oxi mate ur under
vacuum and 88‘5@%5%%'93/“’&?”5})&’6 ithdt-ely 50 C under vacuumfor 17 h. The
title conpound was obtained/as, a tan solid (23.48 kg, 37.8%yield).

Step D. Preparation of ElIZ &thyl
2- (7-(Benzyl oxy) -1, 2-di hydroclycl

ta[ b] i ndol 303(4H) -yl i dene) acetate VIO
2011/ 094008PCT/ US2011/ 000153 o~ o
F | N o)
H

F
30 To a 50 liter glass reactor containing ethyl 2-(7-hydroxy-1,2,3,4-

tetrahydrocyclopenta[b]indol-3-yl)acetate (2.000 kg, 1.000 equiv.) was added cesium carbonate

(3.266 kg, 1.300 equiv.) and acetonitrile (15.720 kg) under nitrogen. To the resulting mixture
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To a 400 L gl ass-lined reactor equipped wth overhead agitation, jacket
tenperature control, and a nitrogen inlet was added

(4- (benzywoxygipleecvgl ) hydr azi ne hydrochl ori de (21.08 kg, pCTABGIMObESEqUI V. ),
et hyl 2- (2 wmrapcﬂwdléfr(nhiogpmedpbrit cy2logenyyliZdem@)ceaettiai)bef2e: G22R g2, 1110084uimd| e
equiv.), ethan (

1.746 nmass eq. %Eroé%@a e%)( grt%hhé)%? gg@?ﬁ?ﬁ%glﬁgg}ﬁ*s&rgg géagtﬂa&)% Icrig a%d ?étn%éf gft

m nut es, agh¢ additon offrdchidremethdd 1cm©0}teoty6®@tfbox©5@h(3166)@2¢rartlgpetz)ctqmgntsttar t ed.
VWile stirr tegsgeg wer e

t aken over ‘%’ér?\?}éér%egtt&;@% ro@ gr%rlzat lﬁag@kr@n&ﬁg{tgégg?\%%%g (%lécgb)éﬁ P%IE’I?C for
(4- (behzyl t@@)’@lh%ldp)ﬂtg{dhm ﬁgl)a@mwin the reaction mixture was less than 2.0 % area by

2- (2-nor ph t When
(2 (bonzyl Al GrE AR R s RE PR 20 A N AE R R i, 77
mol , 1.200 ﬁmlféteethwvlth s®cti§5®o mEo%e eguinsalts (Mote: elﬂmlrbﬁd(4welppeap¢b130m mately 1

hour whi | e r

reactor | acParoRiibREerRBRY L Ml odBRp R Bl Hay préeiplale

hydr azone artbw 3 8. erftltenctakofwast wgh\:@mﬁh fresh hot (GOPC & SRED aqw:mmutlbl(%GS&dsg HPLC.
After irr : of the
Feacti o i ifdedh afbshlief et Moo R rmdfodl e oI\ RO O
was cool ed ¢oobirsBifrates w2ECoosweatrateppy vaciira dstiljat®n wathagackSttemperatgre wh60°C +

mai nt ai ned t I f r to
the desir edﬁ)téclfsjogtthe l;egmaas dhice dt e:tTg'rl g‘lglr)h%\g aﬁ%r@ &iaoﬁllé m% ecoé%gté%%ﬁ%r;ext ure.
The Z i sonesrtlnargdayl-i’actslmrbml%m‘edl cjanlteemnp@fatqrhd 608@ ¢t1036. Omcetapain, efted
nonitored b [ rri ch was
cont i nued URFT eie ks aided ORELALodpncihd Ll ke ccerk el Brsnctlihn 7o 20
by HPLE 20distdlagen wittedjacksatsinipenatund oft60°€ ks’ Ceto elrendtof Oluing O%Prwvmtelﬂﬁ | east
2 hours and, t I Y/ kg,

1. 300 massdléquiullS \gt “{'éd i %E&gor\l/t\%gsevg rlgr%gr.:&eld{ tg\rqg%cmﬁﬁl gﬂ}e r%% %ﬁljg%%%ang% fPle4n used
in two apprioxistatsilijatetaatysplbiatioons the praiue Tiye rapdtmgtsherypras diltered fihk fiéter cake
twi ce. The e iV.),

whi ch was s{alﬁé?g%%&? v(‘:/?}?ﬁkggd? 0 e%cﬁ @g&b ?’g %é(%g %esgé{/\n@g% f‘g’%g r oduct
filter cakeurdyr %mnsgﬁéé@nén‘tc unTlﬂ]élemaht toss avas Xlhemugwds w2%MHo hisAdp310P43 ed
wat er 00 % e tenperature was adjusted to 20C
to ZSC%Theh%ébﬂ/ tﬁl?glr)ﬁé taﬂgei?\()l@sed in three approxi mately equal
portions to was hStBhé} mrqduviouqu I(R)e2 (T keyclopemtgl-3-(tnifle orankeghfljbestylaxyp by

reslurrying } ' i CE reactor was charged with
et hanol (161’%’91%&?'!;8‘?3;#%&?#3 és(ntg%ﬁ?{i/a)%,eﬁgat%t}cr%gpand chilled to 0OC to 5C, and
¢t\ffilter cake by 30di spl acenent. The washed
2 full vacuumfirst with a jacket

C nperature of 50C.
Df , the product solids

product filter cake was driwsd-
tenperature of 35C for 1 hourga
Whil e drying continues with a)ack % _
are turned over every 1 hourFtg 3 hours oduet™3gnpl es are anal yzed
for loss on drying (LOD) everyhours. V\hen s < 1% the product was
cooled to < 30C. The yield of the title conmpound was 13.06 kg 35(37.59 nol,
44.79% . WO 2011A0NOBHGTOWE0 VY o tdi3ontaining Staspurk phézphgiamandbasic .16t hy|

I R T Al

5di hydr ocycé¢ayperin é{SB]prmﬁI@lW@{n(B-l)l 0y ek Hemé) liseglassacacr Fasradded ethyl 217-(Rg) , 10%

Pd/ C (50% fhyh 1@@, Q%E,?OQ £5hyl 1 %—% 13-\ DGcetat

suspensi onm%s\% gs 53X Wi t*ﬁ’ 2)d t??&ette &arra#}%e&) g@é% f S added.

To the res u(3tq9ﬁéfg,nh QQOGFMVMspaadﬂeﬁa'fdmamnmretwdm@@bﬂm&@ﬁ 18 g, 293250 unltsfkg
of ethyl ester starting material) and acetonitrile (22.32 kg). To the stirred contents of the reactor

30 was added the previously prepared 1.0 M potassium phosphate buffer. The resulting mixture
was stirred under nitrogen at a temperature of 40°C + 5°C until the (R)-2-(7-(4-cyclopentyl-3-
(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid concentration
was =35% area as determined by HPLC (Note: although the reaction usually is complete after

about 10 hours, the reaction mixture may be held at 40°C £ 5°C overnight). The stirred reactor
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while maintaining the internal tenperature at below 35 C. The reaction
progression was foll owed by HPLC to nonitor the conplete consunption of
starti ng wateri/ehoogi . e., ElIZ m xture 10of ethyl PCT/US2011/000153

2- ( 7- ( benz ydooteyts wereodiet oot SH€re 5 Cpadttia] i3] watksijus@( 4d-hetyédndiend § by eldditi@) ofand

t he debenzy] r f f £ i onal
anount of foroh‘ll%gn 8@?1%0%51%3}8%9% B8 eqdl? e%\ddgg‘g \gﬁli eﬂjyp gu fl|r:%11e B@a@é‘ﬁgg’héf

et hyl 2-(7- r@mmzyﬂxtexwvert fmeredtdtydxpmlymilqbpiemd bpds¢ arnimlizs;fhétdlabd gfitrhtdeaits)ﬂcet ate
and the rel at zZyl nt.er r4m ne S whre0 @r ea
by HPLC. Thrgacr(ga’i'g %Oﬁlgcg’ﬁf a?téedvéeﬁleg&q#’?} ‘th g%n% the A’ %ﬂl 2 cartTi dge
filter $ol|adetbaolyedantoithe-reactoe. Thetiged Iemtommpmls stmcngceh’irdtecbuo a vpluntetod 1.0
filtrate a?&'ﬁ% Va(;[ulelrrnd(glﬂatlc%x)at Qnagkettlge ﬁﬂgﬁ d@ﬁ(gdttr %o ere c rrtwlagI oned.
The organl cs AT & PEEPAT Ry ficen tr €r vacuum a pr oxi mat el y
60C 5C to ®mided asthyhacntzse (5r58\2(kghzmd USi’tmxymlﬁediwettea(de&s Rg_) Eh«@p)utewwvew@mdd and t he
m xture was,furt concentrat ed under r v nme.
Once again eOHEﬁI Sta(a‘?l(%:(’ertaaeas ?qlélmél Saﬁl 2\l/vsa°sluuc ecl)lrflyoeall n% rHeeQE:rE%}dn%b ﬂfee&land

20t he resulmtmqlskg) \uztsladdledwaﬁcﬂeae Plths¢ srpaqapmomftmaﬂmtwseﬁﬁﬁ)at@n wde porapiets, th37. 2
kg) verg C ed mai ta' ni L6 u 60 The solution
was sl 0\% yhg‘go aélae‘{“s E’)r T OXI ﬁ%et e1\ S&B ?no (Ef oerie {Sgsf?tk 8 U%Pf ugF%d'rS to
facilitate watyS@2BE kgatas dmde?lﬂnetvx&l approyimeidy équbtmtmhs afdtbe éthjrltaeetate akae was
reslurried | g‘s vbaes (;E Qe)v\%'l(ie th]I cel%aq l%ggwettp%sfeagft f%t eca£ 0 08d tlfng}eactor Wwas

resul ting suspen5| on T CETEaPand the $6 rifed’ dhder ' vacuum at

appr oxi mat etinsed @ith etﬁyl(aaemne I(838lPeg)land sdded toZtﬁdczybqygo(lthﬁng thesethyl h8érate ;ﬂlaaef ford

the title cor ound 6. d

Preparation 0 ea(clt-@r%a EPR Fgéélufrglaﬁ}& :[:‘fs (&)) enf dwﬁé‘% R k), acetone (§ o kg)
(trifluér onaﬁreyl-ly) mwsms(yg)ahdmeatm b@ltartemmrroﬁymlthqmruoawab irardb€dreed byck)tacet a
':_ Zagtcg:*mggﬂglg_ Irer:ﬁ:tﬁr an%ﬁnﬁeglﬁa]tiog\)/%h %\!]rrelrgtlo% VQ ugle z?f 'lz'tLrlX |2)L by3v(%-crt(1)urr?‘ dlstqlaklon &' gl ass
t et rahydr ogjﬁdteopenptxaﬁltc] ofrpatd + 32 |d‘a>cth¢ ghaor(v2s @0drdReproanGid4. 64 kg)\ang aftas added
cesi um car a Val. & t 1

under nit rosglenlggﬂi;érets n%neq w§ congglt tlgcé}c{agg et{/‘%?{o itk?véc l§m gllh%
2011/ 094008&@]&0@826}&13@&@0@ b535°ﬁ)ais$°éljafedle reactor was added 2-propanol (7.333 kg) and

4- (Chl (}bon‘eflea%d)wn% sg 1, E:¥tls éuglfthf ?en(t)srgassq¥ec? I%ge sZt e ré ct012 go8 gangs WET! 100
equi v.) over ap tge our RE al ni ng the "€ Fedy eac?

cont ent s at cdb&@ to BQ‘IC ﬂﬁﬁ"Cend ﬁheeda.ﬁidlugh @Imedifum-porosxty fntted glass filter to remove any
4(ch|oroneth t trnifl uorometh ene, t f eact o
contonts vl b R foHRERE ¥ Lpfepid) bR ISP RE Ok s (AR, o

et hyl 2-(7-hydr 08§9PH Tr&)a&atltﬁt eftlr-Alngidine Sylt Iof)(ié)rﬁt—ﬁ[(b-]@mﬂxpéntsl-ypac etate in
the reactiop. . xtur 4cale action m xture
was cool ed {lgﬁ'gbremegg Aoy F XP')t {e?r?gg'tetral@? rﬁcyC%Be'}ltaﬁﬁ)'ﬁfg%lﬁ iﬁac § %cé&fl | ter

cl oth W5t h @mpownd bbFerenmy dapesi um sal ts (Note et hyl

2-(7-(4-cycl opentyl- 3-
(trifluoronethyl)benzyl ox

1 2,3,4-tetrahydrocycl opent a[ b] i ndol- 3- yDacet at

e may precipitate bel ow 30 je filter cake was washed with fresh hot
(50C 5 C) acetonitrile (5R658 k¢ 10di vided appoBxi i n%gly t hree equal
portions). The filtrates were returnec f ea/cgor conbi ned

filtrates were concentrated By vacuum & \fation Wth a jacket
tenperature of 60C 10C. To the reactor wasHadded et hyl al cohol (3.156 kg)

Facket tenmper at uf8iop VgD RS clal iy Bk o BRI Bichin P SR HED S

S'ddt(:aidl Itgt ;[ gé(?é”amb!pemw (tlhtﬁum‘mtbﬂlbsnmw b,@ﬁdetnttrarlaﬁ@dycﬂnpemalbﬂmdnl 35| .
appr oxi mat e et 4 E6Eks, 1 BURERAL L e dsainbit inbi Br  BARARL Y 1
t he terder akg)rteadmﬂt titeaotalewungrto 4pm@umatety016f7aldkg oft (&-@- (Y-I(I‘écmlqpsmal-$-i zation of

t he product A t i erya shed
i en oo o o ‘ﬁg‘ﬁ% ehAi i’%ﬁ?ﬂz”“ §89nho %GZ%%"WT‘? ol BN oFic SRl Bt e
under vac uumrmnt%ré}tlr&d@lmmatdd 1) ﬁ@°®\@|5gjﬁt Té ths seagtwewashaddfd ssedmperigr(bvi de
3. 0943 20kg alfggl}ﬁeos%} 3t (?(5—9)(7525-0);0?()%6%1&{-% -?ﬁﬁg%ggtﬂgl)b%ﬁzﬁo@?ll !2(,:13',4-
tetrahydrocyclopenta[b]indol-3-yl)acetic acid, 26.4 g, 0.0145 equiv.). The reactor contents were
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Step G Preparation of

(R -2-(7-(4-cyclopentyl-3-(trifluoronethyl)benzyl oxy) -

1, 2, 3, 4- tworahyuamsycl opent a( bl i ndol - 3-yl )acetic acid. ACIAG2MbbofiEer

sol uti on wessinpd fop apreckimatalys minngs gd0E€<H UTE pllasphititrohmpargbasi(202(29.100259,

. 0335 o0l PRI, 4 iy 20 ool ROLEe A AP BRI G

liter gl assl haawhde mwagmatg:thﬁstetehyéac@P (o?ﬁe(nﬂs—at 60°C + 5°C. The stirring of the reactor

Go1- 3yl ) acapishh bk Byt ol Shd ARl AREREL
i mobi | $ zedppBBinid: gle 02932(5/@11mm lt(fﬁkrgmotb agt¢rhperates PEZS“Cta¥’Cl Ogeermait eri al ) "and
et pl RSOk T IR T SRR e B gy S0y addd
m xt ure wasm&tmamngdhmnimramtetqf G@ﬁﬁ& atC.dhe asqdengilumewasfﬁltbfﬁa an® Gelfilter dake he
(R -2-(7- (4 cycl

(trifluor onmbt hypgenzyhly Qy%pa‘i"‘é%s‘i ktgéifvrl% f(ljtrhtr)egf r(()”f)lemr"l1 eaﬁ%q]ualrﬂ?o o a?%acet iC
acid concean1a¢thyiraceAas(135% &g dwidas irdaxt mpmmedelpyqude@n@Non filek tdkowgh t he
react | 5' uX vacuurrpaLE ia§ ntﬁl?he wei Qlosg)ziI e? ’thhrc]) i e&g} )I Onrowd)étllég? may
be hel ?&overnl t (estlrre rBact B - toE =\

2011/ 094008&6&1\682@1;&%16@&315332 S%Iytekt)msa wwstellivowlidd to 25 C 5C and the pH

was adjustedto d, 5 |t|on of, on.of citric acid
(278.5 g, 0.228 gﬁ%l 8“%2992"20 Sae%yE“andé’ﬁmu‘?““ft%’ 3030 st UEOnSEy) . The
react or conitmpersmweaOé 46 PCLEG A W dight Lemu9t0|~{m®m Wag@o5%. I]Mke:oaﬁmlsplhms phat e
and citrate sam% ofthe peactor and solids were washed with acetonitrile
(4.827 kg) and e con |ned filtrates were 5added backed into the reactor.
The stilbred reacFioe admmmelrlbts oﬁ\ﬂaeé arg)sutt&awmeedrepm@uw@ auhfearmﬁall)lth(s shmeo 2.0

0y, vacuu flghl LAk Aoy LATKSL SSURENAL LS Bhplihs RSB B 1o
kg). The coeickenfthe mleasﬁ)llmwamh% 20 Q203.6CG,303.4t °C, éas 79 10 amd 203t9é§Catrhd a

sol uti on of }"égqxé{nﬁtiolssoguk%%(la‘ é%\%rasam Efrogluera!:ﬁ cl)f% WRLELS f{)&o&(sgz) oYas added
to facilita Separation arat on was hpl et’®, the
10l ower aqu@@ct% 4.eo9&10. 1\&%65@@12%(1 A sol ution of sodi um chl or| de (5.569 kg)
in USP,purified water (12.38 kg) was divided in two approxi mately equal
portions and the ethyl acetate phase was washed (2x). The ethyl acetate
phase was tEmmlileDrHiphmtlonaf thaUadojura nalt bf'(dt)ae(mmychmtyli-aqsed w th ethyl
acetate (83 d dde aLal nJ etate
ohase. The (lprerRliSuBGEen oLt 38 SO SERbH MR R afER 115 5
kg), acetone (4. Bidf tigse, (R.l-ae(ﬁld4eyd‘lgﬂenabé{(mﬁlao@ﬂlﬂfhyﬁbeg)zyl@(}d-lw-et hyl
28ﬁ2:‘;?r 2} é%lllj'gheyfi{_lorcg% openta[%)gmgcﬁc%yl ?ﬁc ac%nyaslsﬁlﬁrelgd 1?1%8 l%orbtrlle overni Lﬁ%rx?g'tlte{e aP Ltion
at a j a6ket dm@npproduaeme:mfallﬁia@mﬁmo theerystadlinedorot @0 m@waaﬁhﬂedia@antoymhol
(14.67 kg) i tirring t Xture concenfrated to a
vol une of 1ml|[j‘5j ?nad E ]ifnxbye Vg%ﬁ%jnqg &ﬁ“ﬁll o(ﬁmg1 °%Wasa%: 8‘?1) m ?Ei)t“ Erg of 55C
5C. To the cadaohocectarashachd€2iM) apd Ziplalnof wHtat. tBéB&eédj:)g \ailﬂdcrgﬂhhmdwu amd t h

oL D ot e B L6 SRR e SELGF o B, RILES B0 LBB5I At
fitted- gl asthetalbinmrsalf of (R@RHV-€4-ayvjopieniyl- @étnﬂmrsmbﬂmyl%ehzqumyw;zcﬁé a 2-pr opanol

solut! 95 com bR Sg Ll LR LIS RS Step H

(trifluoronethyl )benzyl oxy) - 1 2,3,4-tetrahydrocycl opent a[ b] i ndol - 3-y1) acet i

¢ acid 25( %gapm OqO 0{"he e?fect ong)(-& ?‘) ?}4— Q(H)aé&t‘%'?? tlggl{orgxlngt% l)ﬂenzﬁ%xy)-l??,ﬂh—ai ni ng

t he 2-propan "ut1on
2-(7-(4- cyctenmmly)iyc%;(ehtal[li]indot ma@ynh)bémﬁy:hpoayn)d-oimnﬂuld{lae))mahydr ocycl ope

nta[ b] i ndol etl | 1. 000 equiv.) was added an
addi ti onal Pﬁ%ﬁ/e?%&f Bf’épgﬂ‘gfng%%%sﬁkg) to adjust the total volune to
appr oxi3at eAy 16Mbuké¢ ROL @fssayR) - 2- ( 7- (4- cycl opentyl- 3-

Animals: Male BALB/c mice (Charles River Laboratories, Wilmington, MA) were

housed four per cage and maintained in a humidity-controlled (40 to 60%) and temperature-
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(trifluoronethypbenzyl oxy)-1, 2, 3, 4-tetrahydrocycl opent a[ b] i ndol - 3-ypaceti c
acid. The reactor contents were stirred and heated to 60 C 5 C. To the
react or waie 2addmdooseed material (Larginine salt of PCT/US2011/000153
(R-2-(7- (4>ongr<niledp®w371°19 fdility oh ad2 brig hhigptbdarizgpicex(lightd orPat ®;39-am) with free

t et rahydro p@g] 3 The
react or con B%% lér{l‘}g%l d O{%@%S}f‘lﬁ@gfbg&ﬁ%& %@g’(ﬁ% %@%3%’% 1?é)r“)re%d for
appr oxi mat e:inyw‘iekwfﬁlable@tlattOG& a@imy filaptefaresstiog.i on of L-arginine (502.5 g,
added over " appr G arayyiceRAYBLEls L0 Bk REEOFRLER S 0-ET oot 3°
contents at(rEGrons@yl)béreyloxy)rl;d, hd- t@fahydnecypkeamacﬁlv]nrdomﬁ'mcstxaamcﬁﬁl@owg: was

Sappr oxi mat ST S B B e dRle Bl ASPAPUn B 1D SERE e BingBbon.

Once at appnampiesrwexelcyllez&mt hiowopdseddss. BkmlmVﬂeammetlzmémh3$Oﬂumedaﬁmr

appr oxi mat in the te rat ure of h [ &3 | ting
slurry was etflg(idt“éarséﬁﬁecgg e C%KQ ptglécrtureakgémq%te K& f%ouat%%%ﬁlﬁé&m 5% 0 6. 2511
kg di vi ded donntf msaﬁtaarpgmsmg a@E@me%aTOOﬁAbbotdm)nraaxnds wibbbitt EarhyIlL) acetate
(13.560. kg d| VI ded .egua ortl ake was
10dri ego undéy \?grétull}ﬁ%ug arﬁB%Qgrg%ﬁ?urﬁ“r?i/ 1 %410 he aggléo% %ﬁocﬁl © (%L to
provi de 1. &ovntlkigshofvniférehd 3 héue grmnﬂmdndlo(\:&ﬂth@%yloehmt)byalg test ccmymuad inl ne

sol i d. HPLC | ur ity %. . EPRANtIOMer i c PULLt % . DSC mel ting
onset terrpera e %@ 2%41&15 ati)@l Pﬁf’ E ToLery pou A%lt%ﬁﬁgt%]&/a?m %% NWR
confirns t hgeriphearal dyrophecyé lq“heng.-ltsnahmparehSEommspmtdom ofoffighrel1cha (BF2-(h@- L- ar g
salt have bee u5| ub t hod . as
descri bed a%o@ggltﬁﬁg(%% ntgll)%e fox f’ ’ef%eet?aa{’%?c gmggnﬁy[gfubcﬁ Bglgn%kc Qc%a h
of thelbot Sexhﬂntet‘sach@iltyl' leVBldu(ﬂﬁBPBBlcﬁlenﬁg)(}ylﬁﬁhoﬁgmmﬂﬂfbhlcﬁse 203. 79 C and
203.97 C t?e qu\ Rt Loss out to -110 C for a sanple fromeach of the
lots is as Tol | OWA: 6%@ 0.04% 0.03% 0.10% and 0.12% 20 Exanple 9:
Preparation of t NBingGs: MalmSm@ub mﬁvle(yR)atsm(vé'eké dfa(gy(at ﬂ:pEﬂﬁs}ullyBGCharles River

(tri f | uor On]?ébh% s(?)nze\(e l?ougéd two pE:r dage (Im%tmalrnXme Ci‘lluglE)(F oLl?olieHgm 603A>)yan21acet !

c acid.
(R-2-(7-( 41emycrht0memtliydlle8 (Q&-VZ H) teziloyred £1y2 hb2h iiglm’m;l@ cytle IhQ),tsfbn at 6:30 am)

t et rahydroc penta C agetonitrile
over i St Vit PECRGAL R bE(dy HPALE bihel LA motBE plictid B8 bAloP 151 Bl
crystalli nealrowedrm(%@eekgfhahaSatmdd@dxeam&tabfacmtymeﬁ)r( testimg) and the m Xt ur e was

warmed to 60 C ?%O&E S5 Iw%rrza V\\@é% aalctﬁl)e %lt()e%oreaffj&lsg %(%22-3‘7‘-{4; {:)[c? Ctg un acetate

solution (2 M then s t and
al | owi ng to(tmmwmetmybbnwbxﬁebmﬂaetp&aydrbwcbpeﬂdr[b]mmmmawgc sadl bddosimg
filtered and d iu

(R -5 (7- (ase GRea By WP Bl MR 3 wBhugiasgs 140 e periohen
30tetr aﬁydrkﬂogd:damplemvm[ehbllefwh«ih{ Shypapet-icseddlood wss @llvdied éa mdvelting Eatizengp] e
10: The eff £GL

(R)- 2 (7 (45 ERbis Sel sPpme(GROD, o MBS SoNs Ayt ige  CELL-DYN®

t et rahydr oc&lﬂbcﬁpurwta{abbmnoded ABbgtﬂBaak;dL) mstaxmedt Remhtpamrpdesexftedfmrl?hgdrauma)) in

t he Peri pher | ho Lowerin use P

Ani mal s: 9 %&%@F%ralfnt}i%ogll V\ﬁeo gpé%P) La%S)f('% or?tleée%/gowon{) LRC%SCS&%X I%\She

housed f our Pme rountlgyethe rest qasmpnmmi in eoinpams@ Withnvediceyis ralidativd dfekk tést@ommlﬁo%

and t enper aéx%b?ﬁng activity or inducing peripheral lymbhocyte lowering. It is apparent from inspection of
Figure 2 that (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-
tetrahydrocyclopenta[b]indol-3-yl)acetic acid exhibited activity for inducing PBL lowering

(lymphopenia) in the rat.

35 Example 11: The effect of (R)-2-(7-(4-Cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-
tetrahydrocyclopenta[b]indol-3-yl)acetic acid in an arthritis rat model.
Female Lewis rats were used in this study. Acclimated animals were anesthetized with

isoflurane and given the first collagen injection (day 0). On day 6, they were anesthetized again
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WO 2011/ 094008PCT/ US2011/ 000153 controlled (68 to 72F) facility on a 12

h: 12 h light/dark cycle (lights on at 6:30 am with free access to food
(Harl an Twblad/oo@oange, CA, Rodent Diet 8604) and wat er pChluseomweo@Esal | owed
one week of fohabis¢caad ¢adlagénonjett@naColimgén & aqirdpatey bl @faking atdasd/mhgoluRbil inAsHay :

M ce were gjven a_.1.00 mg/k al., dose .of the (R)-2;(7-(4-cycl aoper - 3-
5(trifluor ghmgfeﬁ\?Sf)lé'n%/ufig‘%l/‘jn%i?g?%{agﬂaélfi rngﬁvglrﬁgcgg%ﬁné6%&?&1%#%&3@-5%%%’%et ic
aci d or doshang mishg et a b€adss¥ememhtgtiddelduls dsen whenplaged inevarat Bach animal t ot al
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bost - dose. Pra v 08 nleT LR Rk Rle P B SRR SR L RbEpaRe G S B aias

col l ect &d vi a caTdataenty(pediyur,e. miikg dospigatolineg bédgan ot iy { £BCpntirund thuelighg

| ynphocyte count,. .was. obtained usi.n LL-DYNCr) 3700 .. bot. t
Labor at or | e‘ga,y%g\%%‘tvteﬁlﬁ’%roﬁ ,COTH_O)UHCT i ns?? %%@ket“.'a}/ﬁ?gg% ML %?éhe PRI e G n
Figure 1, imdwhhohglpErdndlvelipgt mbisomthehty wpthe apkles tikeBloh deys9rthrough Ehawn f or t he

5 hour group. Red i f t.he nt b e test C ound in conparison
with vehicl goxquu?#gl%)é%ﬁ-@éc ygp petng'?hf(glsqﬁloﬁoﬂ%gbﬁwzgﬁﬁ)bli’ﬁr’g_g activity or

i nduci ng petetrfityefoalclépentafvdiaydl S -yioeicianig, widdobal aappar afd3 hg/kgnResdpeaed | on of
Fi gure 1 that =2-(7- G4 . . . .

y el opdht y 1Bl i Fid? S g arE Aoy SRy ion o5 Figuge 3 pt RG-S ¥IBERNE N b i
do1- 3- ypacetttifiucderhahyl fhexdyiday }- B21,3 getbtirahly drpcfobopent @ lindoh-g-yPBtetik avie exhiljted

(1 ynphopeni a). in th% muse.na%}%gadta Fé%L.A@sa%f. Ani mal s: Mal e

Spr ague- Dawf &Y foF Ledpeng i A8 A" EEt of study) (Charles River
Laboratories) were housed two per cage and maintained in a

hum di t y- coBkdample @2t THCAROCEE (R)AZH(1-ehPpd@ied tyd-3qorifluoddm ety iBzyl2xyy i1, X84 | i ty
on a 12_h:12 h light/dar I ights .on at 6: 30 20m th free access
2o oodS( afnvrdrddpintigfs dhadths o P Brer a R AT AR IR “Rat o wer e
al | oned oneEnepkalomyblithi(EAZ).i on to the aninmal facility before testing.

(P:i;‘ ) 9_5?3‘}/( 4[:{2;3 8 pcrge %ﬁé%)?thae ilil'\iegt(l)onmél %g s}%';v?ilto ggf%%he(r)gpeutic efficacy in multiple

(trifl uor omsdduydistyeshayingxtytd hdve 2heBapéuticedfficy o eapgrorhempd adtajrajunadol - 3- ypaceti c
acid, or dosin ehicl e 5% nmethyl cel.lulose in sterile water) in t ot al
Vol uire-of - 1t OPMBlEARG e TE N B P i Pl Sl I e Bl hours
post - d@de. Bitabbishedasdelg|BAK {s @dluvddan roddugs by injgticradtheyedin oligodendpdyat e cel |

count (CBO),, includi ogyt.e coun obt ai ne ing a.CELL- DYN(r)
3700 ( Abbor EVREAFRAPL b AR Beingr myif R R AR N EP LTy eiap el
present ed i prokeolipid erofin (RLPMéptide.per i pheral bl ood | ynphocyte (PBL) count is
shown for the 5 .grou edyction of the PBL count by the test conpound
in conmparisth wi Fﬁy@'é%ﬁs‘bcfglgi“?'flﬁﬁcﬁ‘ati ve of the test conpound 30exhi biting
activity or i nduamimgalpdtemplealsaBLI6G/miph iyt @ weeksf bgecat stait of sudpaciesnt from
(R s 35 ey Et i St ) e B s oHy b st P mgipianeg ima bmidiey-

t et r ahydr ocyaitopen®aioble) mditmeryprashiraled (6847223 fasilingch a2 h:V2 h Yightaiark

(R 2- (- (4o B ATy YRDRRR S eiels oo B DR Grofecy p AB&nIF!
t et r ahydr oc 9614 prehva¢rbMicedadre dlopledl ated ek ofibatdtuationas t}mrahiifrrai faicﬁityrmtforerodel .
Femal e Levvi§ gats were used in this study. Acclimted animls were

anest heti zed W h i sof | urane and given the first collagen injection (day
0). On3ay 6, thiyduetoeotibaE: Makiveedinagmizad subt@3neously¥30 pL per hind flank, with a

uas. pr opar olP b R g g R RO 6 o R OB SRt S o EhR
vol unes of eglthlabankdlad Myosheorptieh eberceivsisl Mica elsaicasived/ 200 ag omlssis foxed by
intraperitoneally on the day of immunization and 48 h later.
Clinical scoring: Severity of disease symptoms was scored as follows (in increasing
35 order of severity): 0 = normal; 1 = limp tail OR hind limb weakness; 2 = limp tail AND limb
weakness / weakness of 2 or more limbs; 3 = severe limb weakness or single limb paralysis; 4 =

paralysis of 2 or more limbs; 5 = death.

- 104 -



hand m xing until a bead of this material held its formwhen placed in

wat er. Each aninmal received 300 uL of the m xture each tine, spread over 3
subcut anewoosi/me®son t he back. 5Treatnment (p.o., q. d. pChuskéigodssi ng

vol une) began onDrigytré&tiaed: Micet wareldabed hnaby;ghthdzalyicuz@r (zﬁ)ch(?»(éh&dbm:n@ﬂ 3-
corrpounds n_at .24 h int ryv and 9
t hrough 17 ﬁorowethﬁépenr%ﬁlox ré%%%t%tﬁg%£? W%{o ni@ﬁte@n dte ié’ﬁace?g%céyémgf atf??'ough
17. The conﬁn@md@ 3 until day 21 Dosmg volume is 5 mL/kg The compound, (R)-2- (7 -(4-cyclopentyl-3-

(R - 2(7(4 cIo 1- [ oxy 4

t et r ahydr ocY uc()’f)oen E% |Zﬁ180yl) 135 gHq%ttf:)e | célyacté’? tg[gv\jas&%%%’é%l:e g aid yras dosgd gt 3
ng/ kg. Resud.3 mghigel hefip esehmedkei Mldéwgmwelghedldtaxly Mieppat enhitdreddailyfspect i on
of Figure 3.t 7(4cc|o

(trifiuor orr%atyhﬁ“)”%@rf%r c}loxye)syrfp%mﬁ;'g& ‘E{e]h &e SR Y Bl SIFFAF BTSSR %2y pacet i ¢
aci d exhi bi medtoaadtdaﬂy foy 2 fhaire weaita.dlerdgctrmaﬁthamwestychf divedtse synmporhdigy (R} 2-(7-
Exanpl e 12: (4 el € éﬁ-?- Qr’glo ethyl)benzyloxy): -tetrahydrocyelope ngol-3-yl)acetic

(R -2-(7-(4 @/‘(‘:P%S %E fofn hfyf UoroRet hy%’%’%enzy?' oxyf-li,n?,[@, 41 y

15t et r ahy dr @idyialcoppatised Bith nchadle @aylhahaa:mzb o€ thaGistboampotmdaahibiting ttekapéuticoi mmune
Enceph oung-of t shown to
have tﬁérapgrhﬁ% Hbé‘ﬁé E[ & gPRArenb] frf”?l (ea 'S¢ glﬁ ‘slrles‘{1 i (12%??“'} L'cycf %’q%a

t her apeuti c(txeﬂlforcﬁmlwl)‘benz@bopgyi,m,nttetkah&drbq:cmpemn{bbmmmah@nyedld éx}ﬁbl(eEEAE) , an

ani mal node| | ti cler05|s In certain exenplary well-
20est abl i sh¥§") ﬁ’b‘(ﬁ‘g]lye mOLE‘fAE F&5%duced in rodents by injection of nyelin

ol i godendrocyte gl ycoprotein (MOG peptide, by injection of nyelin basic
prot ei n ( VBRjanypsle b3 EffejceaﬂfDompoﬁnqsrant(mrkliapimlepremyeﬁ the(lRtP) pepti de.

A. MOG- i.pduced EA

age at 1§t art of gf"maays’)wl\)ﬁa%q{%%l% {TZ#% 0 g@arlmﬁar%lo%egyfilvﬁ)rel\r/\%) Jan eﬁ ﬁsed

Iour pe [ ca@mrhnﬁwmlabbatmd(zwmnmfgmnmli@? twyth ca:tdrati ;rantshmming d@ﬂ(ﬁﬁ??ata&dences I
enper at ur e;,con facili n.a cle

(I15ht < o DBRTEG0RRORG b robonB ek s esd ot PR S C

Rodent Di et deeﬁa(ﬁdmgamh Rzalsmre allivivexkat emsteona e eknie decone:. meewexemom&mmuamoﬁ to

the ani el (6! sk RERQIS o B0 e AL DCH B oA M 55 HEH Go b8y 260

subcut aneou$F
MDG35 aﬂpepfanm@, onemlIIIs]th eght/dark cydle (hgmsmsplae’i @0 &n)ewiridfre: aachsmoafnd)d @riami ni ng

4 mg/ mL he i oha I | osi sQ rece 00 ng
per Cussi ot BH: PRPRAEF ROUE RIS o S S Bu et LR AsBR B ST
later. Ci ntoah‘darmnﬂrfaclﬂgybéfemefstlhy of d| sease synptons was scored as foll ows

\(,\Lgk:,lgggeagl ng 31&82{5?,% e(1)1 ea\lll' l:;)r%asﬁlgkﬁ%rggle ergmllgﬁ Hgglgntg# trr%lsmﬁ%m (g\:relchsl nd l I gb

= severe |i msma:kl reSRHuass nxangérgents ofiblqod padsyisd Gystalicdipaslzl msar&rtaﬁalz or m)r e
i mbs; 2§ = I(leﬁsaés,qiean 1\'4:1@, gc?d]y]térggedr'z(x)f{l)rig PCE %(?r%%tjl'\glgrqg %-egfy moving conscious animals.
These data were transmitted via radiofrequency to a computer which binned the data into 1'min
averages using DataSciences ART software. Telemetry recording occurred over a 21-h period,
starting at noon and continuing until 9:00 am the following day. A maximum of eight rats were
tested at a time, and the same eight rats were utilized for all treatment groups in a within-subject
30 design.

Drug treatment: Rats were injected orally with vehicle (PEG400) and (R)-2-(7-(4-
cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3 4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid
at 1:00 pm. A full study (vehicle + 3 doses) required four separate testing sessions, which occur
on Mondays-Tuesdays and Thursdays-Fridays. During each of the testing sessions, the eight rats

35 were divided into four treatment groups such that each group comprised N = 2 for any given
session: Rats were re-tested in subsequent testing sessions in a crossover design such that by the
end of the four sessions, all animals had received all treatments in a pseudo-random order, and
each group comprised N = 8.
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Drug treatnment: Mce were dosed orally, with vehicle or
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subst anti al i on | ca
( R) 2-(7- (4= ZOQ(I:doﬁp'ell’et yetsi@r 411D, Builde 100ved, iyguive 6 shovarayd fickeri2iaBscdnrning calorimetry

- 106 -



t et rahydrocycl opent a] b] i ndol -3-yl )acetic acid, thus exhibiting no or
substantially no activity for bradycardia. Exanple 14: Powder X-Ray

D ffractiwo20AXRD8 15Powder X-ray Diffraction (PXRD) datCa/useera/oewbs ect ed
on an X Per(DSPRGeiviRgrapofod e Ldarginimastloofd®e2-({-BANalopentglad-, Inc.) with a Cu
source set at. 45 Kk d , [V E, | O radjation. . and
an X Celera ot}uoﬁ)érfet}aﬁgﬁg?gz%gﬁ i’%’lg? rtl\gl}r r?éHrS%IS() £%é [?]bnr 8?%%%%@ 't %cé&j{/(g)rr{l glrlndusi ng
a silicon pdwdenulsf@andard NI ST # 640c. The calibration was found to be
correct when it was tested with NI ST #675 | ow angle diffraction standard.
Sanpl es were prepared for 20PXRD scanni ng by pl acing several mlligrans of
gent |y §r oubxnpderxe dirdroait@razinsedrip Aealysib BGARNd snoot hing as flat as
possi bl e by pressin i gh _paper ':ﬂlg) | e wi-th fla bj . The
sanpl es were anmggﬂ\eﬁr%‘?rﬁlegtgg S%LP' %g%@)}éas ?reférg'lr‘l'gﬁrel Fhegtc%lﬁlgh%née\}%r %tchlgé}r\ange
of 5 to 40 QWO. Fhedosttunreuious cslitantedrpythe vendos®d 0 W inhin Hostempersiuraisof the. Q67
20. Diffraction.data were vie nd.anal yze pth.the X.Pert. a_ Vi ewer
Sof tware, -ETo5H ErSpiBie SRS TP LA ek Nyl nf it gt

Fi gure 5 shows vargmnidemedé i @§C/diid. ffiroactaSon ~2 XRDpamlt tves pladedrintd Aeofen
argining salt of . .

(R)-2- (9. ( A=TPEPapaRvypesy Feed 0 P 00l BTG Sy s gs yeightloss were

t et r ahydr ocopthlapdnsiag beiUniieksaBAyhystsct00€ sefovate, (GSsiopdUbdBoild 40.0 16) Eigred) ) .
Exanpl e 15: ,Differential Scannin Lopinetr DSC).. . 30D f fer i

Seanni ng. ooyt P S E eI FEA TR SR e B e Ve
Q000 at 10cyClopgntyl-3ttrofinordiethyh)berzydx)-1,T,hd-tetrabydrucyevipevias ] indal-B yt)ateticl a@d
this scan r e blyndtol%?oveurlléj 2rl)for tenperature and energy using the nelting
poi nt and e HIBPpy of s r?'of an i ndium standard. Sanples were prepared
by pienging a sanple-pan lid with a thunb tack or other sharp tool and

taring this_lid giﬂr\gap\(/)m'rggr %Olsl%rrgl e-pan bottomon a Mettler Tol deo MX5
| e*was [ﬂ sced®

bal ance. Th%x%@)slanp Yt he bottom of the tared sanpl e pan. The

sanpl e-pan |id fHygredosinitiggisymdapurtdesirgengynemisamitratsomptiondmlygsanTE and pan
were rewei ghed to t anpl e wei aght .. Thermal even nseh Laqperature,
ent hal py ofe?rB%rla%on ) gé’f\cl. B. "F\/\llleeggmglgl“@ﬁggf eéiaa sﬁsslflgagarf" (ﬁ%a %eﬁ\l/ogér%gg hq/S\nal ysi s 2000
sof twar e, velscom dryibPsteBwiat tindt 40 W 4@, 19%-RYfore206nishiesvd he isdihEdecamditiond

scanni cal ori V.-, 106 11 20110 008PCL/ 011/ Q00 .

Chor mogdam FOF 28 v it o 20 Mo RN K % Ao R 9 A e

(trifl uoronetsdvhkdkbénryy Hxynutel, Qoridcohitivetorvedight rlmoycdioaitadr?] Hondowhigheypacet i ¢
acid (Conpound ormul a. (J,a)). SExample, 16:  Thernal vinmetric Analysis
(T | PO el el Vel Rl oA Cind S e SR " rn

| nst r unent ssorptivo analyss fQHMO L-afgisine pedt af (REIH7-@Wayclopdnityrlat ed by t he vendor at
10 & mn. for.te rat ure. usy the curi e point.of ferrom i C
standard. THAMSEPRTRDESIE T80 PG fy PR B h DR 28K ee n an
wer e pesf or offtbratla @@))C/ min. from-25 to -250 C. Sanple was placed into an
open 1l0sanpl e pan, previously tared on the TGA bal ance. Thernmal events such
as weight-loss were cal cul ated using the Universal Analysis 2000 software,
versi on 4. 1Pxariple 18 Hordognddis ThingResolVedsitoovescande (BITRET) AvsagFor DireatrtaA MBI S
(TGA) ther E‘arpel;lort the L-arginine salt of (R -2-(7-(4-

cycl opentyl- s(“t Pt uor onet hyl ) benzyl oxy) -1, 2, 3, 4-tetrahydrocycl openta[ b]in
dol - 3-ypacet i ¢ athacofrfonpi@)d-(d{4-Bpiopehtal-§-(taflloroh&thyl)benzyloxy)-1,2,3,4-

30 tetrahydrocyclopenta[blindol-3-yl)acetic acid was shown to be an agonist of the S1P1 receptor
(e.g., human S1P1 receptor) using the HTRF® assay for direct cAMP measurement (Gabriel et
al., Assay and Drug Development Technologies, 1:291-303, 2003) and recombinant CHO-Kl
cells stably transfected with SIP1. CHO-K1 cells were obtained from ATCC® (Manassas, VA;
Catalog # CCL-61). The compound was determined to be an agonist of the S1P1 receptor and

35 was detected in the HTRF® assay for direct cAMP measurement as a compound which
decreased cAMP concentration. The HTRF® assay has been used to determine ECs, values for

S1P1 receptor agonists.
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Exanpl e 17: Vapor Sorption Analysis. Hygroscopicity was neasured
using a dynam ¢ noi sture-sorption analyzer, VTI Corporation, SGA-100. The
sanpl e wasopbaopdoas-is in a tared sanple hol der on t he PUTIUSRal@omes A
drying step was Principle ofiheGsauydHTRF Rissdyorit @8 murahexted SromCiehio-8iSt mer (Bedford,

dit 2 ® 0% RH and
condi {1 ons. RALRAGED Gl bt RS20 SHLRAAR i b 800 F1 o
change of <Bufiaway Rthau resdogwimus b.elyﬁ’rprmwledhé CHOK 1 vdls andetgacer @MBef or e
cont i nui ng fageléc{] v%lt}pglx%l%leséf Q?e'__\g cgul(u%dxtl%l%hr? 1z%d B?!i %togc;c"l:’onipanﬁtJA%P g‘nr%l%log IS

for the L-arginine sa
(trifluér ontabd:igd yitleOryptaex Yhe shedfiBsigndl eter,élhyldscmuqcabaopmqe eriedyi tregiefe, BRET) @mcet i

c acid (Conpound. 250f Fo neou Resol ved
Fl uor esf:eng}e)vfrﬁ#ﬁﬁr(’ P? 'i{“{Le (ncer%ﬁa 1S ﬂﬁkﬁf&%ﬁﬁﬁtﬁfﬁrﬁ%s Ig}?)l ound
(R -2-(7-(4-cycl smdamknsve (I‘he ﬂﬁdremeramh;wéimrmgﬂ m)ﬁf{lic stan8ards (0310 to 712

t et rahydr ocygl t b gQni st of
t he S1P1 re%ﬁe;[p or "[1 Jed eassa S“_’(%§ fr%eféi{e%dtaorblse %?n r?tﬁ h%%rrb%argézsay for
di rect cAI\/Paamalmgrteﬁeﬂttt n(aﬁaﬁactu&t’s etstradtipns Ihsﬂyorwndlcaramg oD&mehm;pjass(mst

Technol gi es 1- 303 cells

t ransf e ted® mploﬁn irﬁfmpalféq’kﬁzf) alcu\?\%geangb eéilt(r)]de Y ere?ﬁe qyé(f?‘]\&b (Manassas,
VA, Cat al ogcdhcéiﬁaaﬁxsb)r:eﬁrhﬁaceaot’rp@awMaslaxdeueaem ned to be an agoni st of t he
Si Pl receptor agdt Pas det ef.}hel%T z}Sgae HTRﬂFyéeaou suglg%/ [Vr(;stgl rect jCAVP
measurenent as a 35“@\% ecr €856 concentra AP PPE HTRF(r)
assay has beemtnaﬂﬁabcm«inrgeds the kit rmanEﬁBﬁrexfainsEmctran im et egtmoe pagatiist s.

WO 2011/ 094 PCT/ US2011 rin F(r ssay
it vas. pur cRBeaLPREgT R Pemrhin e Bo Ehila o R RR s B o)

The HTRB(r) t}ﬁs:sxaeymeuqapmlts@ehs Irgnsfdreedidis@0 iesorablmnﬁHDrKl vadls |1rm'sruh phsspbate bet ween
endOgenOUS %@%Ee(f saPnc congnm (ﬁ caﬂlumcclz_l'l%nl%e aP a%flseﬁlﬁlrllldch on%e Sﬁ‘g\ﬁ{lpltlloagnel ed \M t h

t he dye d2. I's”visua

anti body 5| &bidbed (m tch:alegypnmoe sup‘ﬁlamesqaémthlml\@ﬁ @ﬁmuM() anCEro lipram(20 eM()ence
resonance en e I porti o t

concentrati (()p %%(“O&C%r%sglnedbfﬁ/g n&] ?ﬁi dis gwgfcaéatzla {Bkﬁ and'c t%@lgé’ﬁndard
curve: The Rbbozdy mspmnvn@)rbtlo\eec(lﬁﬁssmmhﬁﬁﬁdnmubtomﬁvenéb\dfndéli’ft&* (0.17 to 712
nM cAMR), i nc¢l u %ﬁ%H C used t enera .CAMP
st andar%) cuP‘%P@gén(?l&%(rl |tﬁgo e Ki Wa%%%ou féﬂS}( erln %mv?\tlsvter u oHsL agoltﬁtgngs’

f | uor escenc @aitlairsborgo MI; hetakog#m’lKéSJI(Iﬂ@ﬂO1mpeoﬁrpbmmipmnddaoffqnoﬁmblhuﬁvheth):n was

cal cul ated an sed to deduce [ t Q ref nce
to the cAMP' s?lléagedla?&oo(r:n LFY Statire’ Piclio e o‘?’élvﬁaes tgsns%ge({ #ﬁt %ﬁdgﬁ%ﬁ 93 gstgy was
carried out 1mlssmgufﬁ:rhmb5 sL W@tmhteaslyeisbuﬁdrlaycoahmdhaigt thanuffdeeirdsist

manuf act ur er.' i.nst ctlons in.2 Ltof‘_e voI mé |1
pl at e f or mat” frﬁpn(?x? latew thre ifn ChigFuba ¢ 8HSRY ,a%ure alloho d@l\ﬁb). To

each of2515t Itleaesap@ratermtraid wel I's was transf erred 1500 recorrbl nant CHO- Kl

cells in 5 !IL phos |ne cont in i de and
magnesi um chl ori Q %ﬁé@ﬁm?lﬁf/ﬁ rTSadZ’H VT lalller& 1%ga @R:)Anla#%@{aﬁm
suppl enment edLAHTIEIGZH IBND(D(lr:h&ﬁ V) ordin igi@i™ ij@]mlEla&r }EMmc(np Ba3 pimoblas teedase
inhibitors; Sig { MO, ..cat # 1587

R6520, respective y?m c?lgﬂum%%f %%,er 8 mve’nno’bﬁnn n"%5 e?ﬂfmgln ldlﬁggﬁuegg et
(PBS+ 20supphenentledoldvwihg tbblepi L NKH4A77 (vvat er-sol ubl e forskolin

deri vaté'ove; Si gnaGen Laboratori es,

Compound ECs, S1P1 (HTRF®)
(R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-

102 pM (n =22)
1,2,3,4-tetrahydrocyclopenta[bJindol-3-yl)acetic acid .

Citation of any reference throughout this application is not to be construed as an

admission that such reference is prior art to the present application.
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Gai t hersburg, MD; catal og # PKI-NK11477-010)) or 5 pL conmpound buffer. The
pl ate was then incubated at roomtenperature for 1 h. To each well was then
added 5 prkocAMRwda@dsconj ugate in lysis buffer and 5 pL Crgptist@imonpugate in
| ysi s buffer acciode sigiledon theertkyill ravagnifeatbitwareus snodifedtiane,taddinens, The pl at e
was then fur r.. i ncubat at._ro enperatyre for hour ., after which

25 he. assay Tt ienhans PR BRIMLETRRE Ahaliel B bt din bSRARMIBIC! shed
usi ng a PHERpatiag fromNs spil éEGE nvattion abdipdeathprefNEs), corsidEreYmsthmnAarcope of the

(Per ki nEl mer Erennnt CA) mcropl ate reader. Certai n conpounds of the
pr esent inf@ﬁ?ﬁgﬁ and their corresponding activity values are shown in the
follow fig tabl e 30 Conmpound EC50 S1P1 (HTRF(r))

(R -2-(7-(4-cycl opentyl-3-(trifluoronethyl)benzyl oxy) -

1, 2, 3, 4-tetrahydrocycl opent a[ b] i ndol-3-yDacetic acid 102 pM (n = 22)
Citation of any reference throughout this application is not to be
construed as an adm ssion that such reference is prior art to the present.
application. WD 2011/ 094008PCT/ US2011/ 000153 Those skilled in the art wll
recogni ze that various nodifications, additions, substitutions, and

variations to the illustrative exanples set forth herein can be nade
W t hout departing fromthe spirit of the invention and are, therefore,
considered within the scope of the invention. - 109 - WO

2011/ 094008PCT/ US2011/ 000153 CLAI M5 What is clained is:
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51. A process for preparing an L-arginine salt of (R)-2-(7-(4-cyclopentyl-3-
(trifluoronethypbenzyl oxy)-1, 2, 3, 4-tetrahydrocycl opent a[ b] i ndol - 3-ypacetic
acid of Pyorenliz09¢doa): conprising the followi ng steps: POoa)usganoboszs ng a

conmpound of Forrmula (ilKk): wherein R3 is Cl-C6 al kyl ; in the
presence of a |lipase and a hydrol yzi ng-step solvent to formsaid
(R)-2-(7-(4- CLAIMS

cycl opentyl [;omet hyl ) benzyl oxy) -1, 2, 3, 4-tetrahydrocycl openta[ b]in
dol-3- 15 IYégékf%L%g?é of Formula (la); and b)contactlng sai d

(R-2-(7- (4 cycl opentyl-3-(trifluoromethypbenzyl oxy)-1, 2,3, 4-

t et rahydrocycl op i sW th L-arginine
or a salt t%ereogqﬁln Jﬁngg%gg %22%? &ﬁeéﬁ ?Q@EPQSH* dg&ﬂ vent and H20 to
form sai d L- ar gi tiiflecrgméthylipenzyloxy)-1,2,3,4- tetrahydrocyclopenta[b]mdol 3-yl)acetic acid of
(R)-2-(7-(4-cycl ppen 5(%33 (trifluoronethypbenzyl oxy)-1, 2, 3, 4-
20tetrahydrocyc|openta ]indol- 3- yl)acetic acid of Fornula (la). 2. The
process according to clai wherein R3 is ethyl. 3. The process according
to claim1 or 2, wherein sa ase is immobilized Candi da 25antarctica

| i pase B. WD 2011/ 094008PCT/ US /000153 4. The process according to any
one of clainse 1 to 3, whereig A Z-A4 #pD sol vent conpri ses

di et hyl f or mam de (DWF), dlnethylacetanl DVI) , i @@sthy| sul f oxi de (DVBO),
tetrahydrofuran (THF), or acetonitrile. 5% TH® process according to any one
of claims 1 to 3, wherein said hydrolyzkp -stép sol vent conpri ses
acetonitrile. 6. The process according to claim1l1, whereinh: said conmpound of

Formula (I1k) i S comprising the following steps:

10 a) hydrolyzing a compound of Formula (ITk):
)
N
H
(IIk)

wherein R? is C;-Cg alkyl;
in the presence of a lipase and a hydrolyzing-step solvent to form said (R)-2-(7-(4-
cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-
15 yDacetic acid of Formula (Ia); and
b) contacting said (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-
tetrahydrocyclopenta[b]indol-3-yl)acetic acid (Formula (Ia)) with L-arginine or a salt
thereof, in the presence of a contacting-step solvent and H,O to form said L-arginine

salt of (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-

20 tetrahydrocyclopenta[b]indol-3-yl)acetic acid of Formula (Ia).

2. The process according to claim 1, wherein R? is ethyl.

3. The process according to claim 1 or 2, wherein said lipase is immobilized Candida
25 antarctica lipase B.
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CO2Et said lipase is inmmobilized Candida antarctica |ipase B; and said

hydr ol yzi ng-step sol vent conprises acetonitrile. The process according to

any one olochaioveoog to 6, wherein said hydrolyzing in step/uspiitiogoisbnduct ed

in the presénce Tlic mog@bospirding tdanfyfose obdlaims p b BfwlatrdusaidZhy@rdiyrirebatept 8. 0.

The process accorgding to .cl aj I i d. phosphat e ris a

pot assi um phosph?a"’t‘éen i ggés%ﬁ%tz%fo\ggg@gk Q%@gk’gi‘ﬁegh );t%%e%rr?f/degﬁy@f clains 1 to

8, wherein said &ysthylsyifoxidy (DMSQ)etrallydrdfigac @it odr ecktatitrize. t enper at ur e of

about 30 C to about 55 C. The process according to any one of clains 1 to

9, wherein said hydrolyzing in step a), further conprises the step of

i sol ati Ag s&i d (Repedess dcdordipg tpeyrny df Gaims 1 to 3, wherein said hydrolyzing-step

(trifluoromethypbenzyl oxy)-1 3. 4-tetrahydrocycl opent a[ b] i ndol - 3-ypacetic

aci d, wherein af ?oe‘Fen?s/%?lm %‘%%Fe;t?l?ltﬁlg?' sai d

(R -2-(7-(4-cycl opentyl-3-(trifluoronethyl)benzyl oxy)-

1,2, 3, 4-tet éahydg@% rgclegsoéacggr l[nb]t(i) (.[Ildi(r)rl i :é&h\élp%%ceti ¢ acid has an enantioneric

excess of about or " grea er ' The process according to any one of clains

1 to 10, wherein sai dsadaingoundigf-BireplagdkMvient conpri ses i sopropyl al cohol.

WO 2011/ 094008PCT/ US2011/ 000153 12. The process according to any one of

clainms 1 to 11, further co sing the step of isolating said L-arginine

salt of (R)-2-(7-(4-cycl openty? (trifluoromnethyl)benzyl oxy) -

1,2, 3,4-tetrahydrocycl opent gl b A - 3pypacet 'ci d, wherein after said

isolating, said L-arginine $aft o ® CO,Et

(R -2-(7-(4-cyclopentyl-3-(trifluoronet hylybegzyl oxy)-1, 2, 3, 4-

5t et rahydr ocycl opent a[ b] i ndol- 3-ypacetic acidlhas a purity of about 95% or

gr eat erPas det er ni ned by HPLC. 13. The process according to any one of

clainms 1 to 11, furth@aﬁdﬁﬁu@@rsiiﬁlhﬂan&émc@&i%agfar&tﬁahigaswgar&ﬁi d L-arginine

salt of (R)-2-(7-(4-cyclopentyl-3-(trifluoronethyl)benzyl oxy)-

101, 2, 3, 4- t et r ahydr oc{2f BEXYANSTiem eivenseampRssrrdomitily, " wherein after said

isolating, said L-arginine salt of

(R -2-(7-(4-cycl gpentyl1-3-(trifluoronethyl)hbenzyloxy)-1,2,3,4-

t et r ahydr ocycl opgﬁ‘? RIPEASH #raonding g any-qneof elaizisildo fawhessin smid Rydrofeng @ sR@dss of

about 93% or gr eaf@hducikdkthd BRsMCOELSThodHaRDUIAG b PHAMUDANR.6@S atthed 0B 1 tO

13, further conprising the step of isolating said L-arginine salt of

(R -2-(7-(4-cyclopentyl-3-(trifluoronethypbenzyl oxy) -

i, 2,3,4-tet Balf]%/dﬁ?@ﬁ%&éaﬁ)%bﬂ[r@tb BidRh 7 3hétRGRS pHosiale BuiihiaE €btasind
-arginine salt o :

(R) - 2- (7- (4- cyc| Bprspbaebustert i £ | uor omet hypbenzyl oxy) - 1, 2, 3, 4-

t etrahydrocycl opent a[ b]i ndol -3-yl)acetic acid is a crystalline form 20 15.

The process according to claim 14, wherein said crystalline formhas a

powder 2 ray- di f TPaROFSHaeRmRl apateof Alausdde Snvheasin yaid bydiplyzing instapiagur e

5, a differentiaks eaaRRIAG RAIpSRIAESTYoli DY J sR6EssPast antial Iy as shown
in Figure 6, a thernogravinetric analysis (TGA) profile substantially as
shown in Figure 7, or a dynam c vapor sorption 25(DVS) profile

substanti al hy. as Tﬁ@ﬁfW@esE EbcEfdg'LgrtSal%l onk®f citnsll-t8 OOWRIr&8 szﬁ&h&dr@f&zing in step a),

(R -2-(7-(4-cycl gpeﬁgtyl- 3-(trifluaoronet hypbenzyl oxy)-1,2, 3, 4-

t et r ahydr ocycl op&Hths] Smpras thestspnt dsolating said (:fe)i%\’/@r(ﬁ‘r"@ﬂo 8y6Pdi ng to any one
of claizss 1 to 1itn'ﬂuoromethyl)benzyloxy)-l,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid,

wherein after said isolating, said (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-

1,2,3,4-tetrahydrocyclopenta[blindol-3-yl)acetic acid has an enantiomeric excess of

about 95% or greater.

30 11. The process according to any one of claims 1 to 10, wherein said contacting-step solvent

comprises isopropyl alcohol.
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30 17. A pharmaceutical conposition conprising an L-arginine salt of

(R -2-(7-(4-cycl opentyl-

3-(trifl uvwoanatdeypBenzyl oxy) -1, 2, 3, 4-t etrahydr ocycl opentafrhjseordobe133 ypacet i
c aci d and 1&. phéfhegpoeedsiacairdiyg @aop ptadfchinal ro ldr furthéreoeiprisisgihd step af gi ni ne
salt of (R)-2-(7

cycl opent y1- 3- (t§c§1$1n§8:%1% HEFRYS Baétnozfﬂe Sy revslopenpylBriflyeromethRFy IR Y)a  b] i n
dol- 3- 35yl) acetl,23,a¢dtethydoqycepentatb]imiotdytadetc sad Myreofﬂteoialdzlbéiam s&id 0o 15.
WO 2011/ 094008PGT/ US2011, roc n rympceut i cal
conposi ti on Corrpcil-’r?r 1n1ne sat p@}%g iﬁqﬁcl(%en F?\?tﬁguosr ft:tp%fr) nglloxyg)tila 3@

(R -2-(5-(4- cycltdméxydmdyc&pémta[bilhdwﬂ@ﬂr)acdmyphéhzsyi muxiyy) of bpayt 35%-or greater as

t et rahydrocycl opgnta a[nb(ltnﬁpt 3-yl)acetic acid and a pharnmaceutically

accept abl e carri€r, Wher %ih said L-ar ginine salt of

(R - 2 (7 (4-cycl opentyl 3-(trifluoronethyl)benzyl oxy) -

1,2, tetrahy aocycl opent |nd01 ac d is pr.epared according
to any one of cld%}} ocfssacco %L ER % r’n‘étoﬁ‘:'%r apms freat ﬁ]ﬁ%ercﬁmg Egﬁlle Step of ‘
receptor- a§500| atceahn@lsamL%gmma s&ofi (R)sll(ﬂ Gld@lclopﬁﬁjﬂﬂ—(%ﬂll@rc&ﬁhﬂtﬁ)bﬁﬁz@rdxwg to
ia;?g: E‘? In\e“ g;la![ ? 3 Q%ﬁ%l%h;’ rggy%%pen%a[gpecfoﬁg ace%g' lcu‘!i , W feIelenC;}f{er saldle Jggllélt%g, gafld an
(R -2(744-cycl oaea:tgyime&alé of (|Rf)42k(m(onﬁﬂdspppﬂyemwllﬂowymethy%eazﬂexy) 1,2,3,4-

t et rahydrocycl op [ aC| accordin

phar mmoeut s val _CERpoLH SR BLY A b B S bl e et R e Sal
of (R)-2-(744-cyelgepent yl-3-(trifl uoronet hypbenzyl oxy) - . .

1,2, 3,4-tetrahydrocycl opent a[ b]i ndol-3-yDacetic acid according to claim 16,
in the manufacture of a medi cament. Use of an L-arginine salt of

(R) - 2- (744-rycl dpenrydessAeddrding tolmmy onedfiydihbe mzysl ﬁxt)h):r comprising the step of
1,2,3,4-tetrahydrocycl o nta,b cordi m 16,
i n the manuf act ur(gat}(; 3 ma&glll n]enéﬁg (sz%(ﬁgﬁ ogfn Clr?t (tr uoé?{mé{’]ﬁ}bfnzy?oxy
recept or - associ at,2g 4detmbydiecyclopentd[bhidyi- Myl’rbeceﬂabctld Wherem said L-arginine salt of

(R-2-(7(4-cycl tr|f rreth nz 3, 4-

t et rahydrocycl op@ﬁ?é?%‘lc)ﬁ: %i JJJgace tgglsb n lox ﬁﬁz#ggt o claim16 for use
in a nethod for tbﬁ\:ﬂmyﬂmeﬂﬂdmmh[bmﬁddlhqlhwmmcldns mymllmetfody by therapy. An
L-argi t}ne salt of

(R)-Z-? (4-cycl opentyl-3-(trifluoronet hypbenzyl oxy)-1, 2,3, 4-

t et rahydr ochscl opEtpaddeysi andmdimgtwdlalmclet whereit iseld agstollitd fmgnthas cpawder XGaf or use
in a method for re ept or -.assQci d di.sorder. The
met hod accor di ng‘g F%c%‘fna@ pat%"ésué’été%la ?’ﬁsg%t g’“érf %ﬁ?ﬁegl ggfreﬁtlaérscgaf‘ﬂlf’%e sal t
of (R)- 24744- cycrallanm&n'yﬂ)se)t(:{ce sibistantizdlyet khopladn Figln@)oy ) thbrmRogavdmetric

tetrahydrocycl ope dol %%c ic acid |a) according to
el m 33 Cuher o obgr A R E sttlPh S Bbmip Bipotn s BF e BT GRRIAN T ¢ o
t he gr@fip consi sWR) podfile ubgsantaly ss showetimBigaed. arthritis, Crohn's di sease,
transplant rejection, nmultiple sclerosis, system c |upus erythenatosus,

ul cerative colitis, type |I diabetes, hypertensive nephropathy,
gl oner ul oscléer osAsL angmnaxadhoéI(R)|-3Cﬁa(emyalopmmeai(uslmmmdﬂjy@bmzyhm@ Bzhge: WO

2011/ 094008PCT/ US2Q11/ 000153
(R~ 2- (- (4- cycl SENRE R e (P oBE T SE TR yotrng (g ap one of lams 1

t et rahydr ocycl operital b] i ndol - 3-ypacetic acid of Fornmula (la): conprising
t he step of hydrolyzing a conpound of Formula (I1Kk):

17. A pharmaceutical composition comprising an L-arginine salt of (R)-2-(7-(4-cyclopentyl-
3-(triﬂuoro_methyi)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]ind01-3-yl)acetic acid and
a pharmaceutically acceptable carrier, wherein said L-arginine salt of (R)-2-(7-(4-
cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-tetrahydrocyclopenta[b]indol-3-

35 yDacetic acid is prepared according to any one of claims 1 to 15.
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wherein R3 is Cl1-C6 alkyl; in the presence of a |ipase and a

hydr ol yzi ng-step solvent to formsaid (R -2-(7-(4-

cycl opentw@-28t1(awnioBl uor oret hypbenzyl oxy) -1, 2, 3, 4-t et r ahpdmramsg@ihopans a[ b] i nd
ol - 3- ypacelsi ¢ a&pobcas oForpaning a ph@inacc@6eal Th@q@hione@ﬁpramcaﬂdﬁmm -cl ai m 25,

sai d | ipase i s 1 0w0Br s REL R RpR o B o BB O Tt Doece "

accordi ng to anytethgdotyctipantafb]iddl-BeylRdticahd asd mpl&ambem/odnphopzptaftge iy,

SO et ComDr ! oS G PER A8 0L AR R AT R, 1

process5 accor di nig2,8 8-tetrajtydrneyclopertd[blimdol-2y1)aceti@ 7Gid istpesperer asa@iding to any one

hydr ol yzi ng- st ep Ive onprlses acetonitrile. 30.The process accordi ng
rts claims m:o 1 .

to claim25, whet&i™ s3] conmpound of Formula (ilk) is: WO

2011/ 094008PCT/ US2011/ 000153 said |ipase is inmmobilized Candi da

antarctica |pas | yzi.ng-ste vent co

acetonitri I T'ﬁgle g?erérseaa ?gg?ﬁa% péo%ﬁsoma%d dlsf’rd% A amrg%gdlfa?cwns‘ erein

sai d hydrol y2| ngadnﬁms:aﬁt@uotszedimdrmddabmmeeﬂhereﬁ achergpeptiaiip bfi¢ceivdbathduat ofain a pH

of abo 7.6 to about §S,.88 r.disn toca|m31 ein said

phosphi&e bufferﬁa?ménesaﬁgf(s _ 'C§C ?Péefné’ﬁg&?jfﬂélr m‘ﬁ%)%r A1 \gh%lordl ng to

any one of cl ai ntBtreﬂﬁdltOchIBﬁ)pnmﬂ’bﬂinmlﬁ ﬂhcdxcfayxdraodoydmm clasmd¢6nduct ed at a

tenperature of a rm% 1cq.ct81% astlthutaCSSrg. tocq pocess accor ding to any one

of clains 25 to RGP T I S A \Ji t her conprises the step of

isolating said (R)-2- (7 (4 cyclopentyl 3-

(trifluor Or%t hyl sbeeo 4 )nn? aa[ 619) i-g}-@-cy l(cj);r)eo %X%l (%H‘Fu%%o?‘l[nemyll)genzgl'loxy)ypacet e

aci d, wherein after> 8ard

(R -2-(015-(4-cycl Dh@ﬂttmﬂahﬁdr()atyrcloﬁ)bmdbblm)ﬂ—BWDb@mzyhd)xgc)»dmg to claim 16, in the
1,2,3,4-tetrahydroc cl 9 M)Jal ndoI 3-ypacetic acid has an enantioneric
excess of about 0 OfF grea 5. A process for preparing a conmpound of
Formula (I1Kk):

21. Use of an L-arginine salt of (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-

.-n

1,2,3,4-tetrahydrocyclopentabJjindol-3-yl)acetic acid according to claim 16, in the

20 manufacture of a medicament for the treatment of an S1P1 receptor-associated disorder.

22. An L-arginine salt of (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-
tetrahydrocyclopenta[b]indol-3-yl)acetic acid according to claim 16 for use in a method
for the treatment of the human or animal body by therapy.

25

23. An L-arginine salt of (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-

tetrahydrocyclopenta[b]indol-3-yl)acetic acid according to claim 16 for use in a method

for the treatment of an S1P1 receptor-associated disorder.

30 24, The method according to claim 19, use according to claim 21, or L-arginine salt of (R)-
2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3,4-
tetrahydrocyclopenta[b]indol-3-yl)acetic acid of Formula (Ia) according to claim 23,
wherein said S1P1 receptor-associated disorder is selected from the group consisting of:
psoriasis, rheumatoid arthritis, Crohn’s disease, transplant rejection, multiple sclerosis,

35 systemic lupus erythematosus, ulcerative colitis, type I diabetes, hypertensive

nephropathy, glomerulosclerosis, myocardial ischemia-reperfusion injury, and acne.
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wherein R3 is Cl-C6 al kyl; conprising the step of allcylating a conpound of
Formula (H): 25 HO CO2R3 wth

4- ( chl or owetzhylgp4dscycl opent y1- 2- (tri fl uor onet hypbenzenectfseomlioan1§ilc)): -
115 - WO 2m511/ 084088REH Hu$R01d ()T 43-cyclogentyt }-(irfluddomethy Bismagdexydfl, 2604-

al kyl ati ng-step {] 0 form said conmpound
of Formula (il k)ggg%ﬂrocyo%p% taﬁ’ I%X(Ll% ?’get& g@ O?Elé?n%gaal aI | cyl ati ng-step
solvent is other than a so nt of the group 5consisting of

di et hyl f or mam de (DWF) and s | acet am de (DMA). 36. The process

according to claim 35, wherein | S et hyI 37 The process according to
claim 35 or 36, wherein sai d C j e Qaspsconpri ses 10cesi um
carbonate. 38. The process accor di ng to one of, eC@iHrs 35 to 37, wherein
said al kyl ati ng-step sol vent conprises ac&tomitrile.
H
(Ia)

b

comprising the step of hydrolyzing a compound of Formula (IIk):

EN

CO,R?

wherein R? is C,-Cs alkyl;
in the presence of a lipase and a hydrolyzing-step solvent to form said (R)-2-(7-(4-
cyclopentyl-3-(trifluoromethyl)benzyloxy)-1,2,3 ,4-tetrahydrocyclopenta[b]indol-3-

ylacetic acid of Formula (Ia).

10
26. The process according to claim 25, wherein R’ is ethyl.
27. The process according to claim 25 or 26, wherein said lipase is immobilized Candida ..
antarctica lipase B. ‘
15

28. The process according to any one of claims 25 to 27, wherein said hydrolyzing-step
solvent comprises dimethylformamide (DMF), dimethylacetamide (DMA),
dimethylsulfoxide (DMSO), tetrahydrofuran (THF), or acetonitrile.

20 29. The process according to any one of claims 25 to 27, wherein said hydrolyzing-step

solvent comprises acetonitrile.

30. The process according to claim 25, wherein:

said compound of Formula (IIK) is:
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1539. The process according to claim 35, wherein: said conpound of Formula
(I''Dis: said allcylating-step base conprises cesium carbonate; and said
al | cyl at iwQ-28t18p94®8| vent conpri ses acetonitrile. 40. Thecprse@asso@astor di ng
to any one of clainms 35 tog , Wherein the nolar ratio between said

4- (chl oronet hyl ) - 1- cycl operty -t rifluoronethyl)benzene, said conpound of

Formula (11D or a salt thereof, ] said all cykating-step base is about
1.0:1.0:1.0 to about 1.2:1. Pick 24,0 ¢ s according to any one of
claims 35 to 40, wherein said allcylati conductBeFtat a tenperature of
about 15 C to about 90 C. 42. A process M eparing a conpound of Formul a
(11D WD 2011/ 094008PCT/ US2011/ 000153 HO CO2R3 wherein;R3 is Cl-C6 al kyl;
conprising the step of reducing a conpoung%of For mul ?Fdél li): R4 fR6-- QO

R6 wher ei n R4, Sajdpasg3 immpobilized £gpdde gractednasfdeéBAdent Iy from t he
group consisting of HaidGldfedyzalgkiydp, sofvdnt Gmptide®¥tonftaleogen, Cl- C4 hal oal kyl ,
Cl- 4 hal oal koxy, and nitro; in the presence of a reducing-step

agent, and a reducing-step catalyst, to formsaid conpound of Fornula (I1ID.

43. Thesproness AeGREEisREcdng tdinioflof MRS 23 1 I3wheieif b hydrdigzindRE process
according to claim42 or 43, wherein said r?dum nIgI-step a%ent conpri ses
formic acid and @ng@&gdp%pﬁ%g of a phosphate buffer at a pH of about 7.6 to about 8.0.

32. The process according to claim 31, wherein said phosphate buffer is a potassium
phosphate buffer.
10
33. The process according to any one of claims 25 to 32, wherein said hydrolyzing is

conducted at a temperature of about 30 °C to about 55 °C.

34, The process according to any one of claims 25 to 33, wherein said hydrolyzing further
15 comprises the step of isolating said (R)-2-(7-(4-cyclopentyl-3-
(trifluoromethyl)benzyloxy)-1,2,3 4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid,
wherein after said isolating, said (R)-2-(7-(4-cyclopentyl-3-(trifluoromethyl)benzyloxy)-
1,2,3,4-tetrahydrocyclopenta[b]indol-3-yl)acetic acid has an enantiomeric excess of
about 95% or greater.

20
35. A process for preparing a compound of Formula (IIK):

)
N

\

amk

wherein R’ is C,-Cs alkyl;
comprising the step of alkylating a compound of Formula (I1j):

HO
N CO,R3
N

\
H
25 11j) ,
with 4-(chloromethyl)-1-cyclopentyl-2-(trifluoromethyl)benzene (Formula (Ilc)):
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45. The process according to claim44, wherein said reduci ng base conpri ses
triethylam ne. 46. The process according to any one of clains 42 to 45,
wher ei n swORorgdw®BNg- st ep catal yst conpri ses pal | adi umPCAUS20ih@0@ESHCESS
according to any one of clainms 42 to A6, wherein said reducing is conducted
in the presence of a reducing-step so erein said reducing-step

sol vent conprises ethyl acetate. 2548. The ess. according to any one of
claims 42 to 47, wherein the nolar ratg 3¢ ai d conmpound of Formul a
(I'ti), formc acid, and said reducing basq]k§ about 1.0:2.0:2.0 to about
1.0:4.0:4.0. 49.The process according to any one of clainms 42 to 48,
wherein said redkﬁQh&ﬁedeﬁc&&ﬁ@BMﬁ%s&?ba@e LEIRENRIMNE-sRD sR@dto fim Gaid O
about 55 C. - 117 - WO 2011/09400 / US2011/ 000153 50. A process for -
preparing a conptfirreuest offormip Kk 11): R4 r\- R6-L QA.,0 R6 N,

wherein R3 is Cl-C6 apieyided ﬁﬁ‘@aﬂ‘hﬁkyﬁa@ing-@i@? sdffen@fs@tHRAMEN # 4185t 8Cthe group

i ndependently fromthe group consisting of H C-C4 al%yl Cl- 4 al koxy,

hal ogen’ Cl-C4 hegnsighin |d}me@ryl%zrnm%ﬁ§m&@nﬁ dypeihylaceiogudedBMAY si ng the step

of reacting a conpound of Formula (11g): |'t,R2
36. The process according to claim 35, wherein R’ is ethyl.
37. The process according to claim 35 or 36, wherein said alkylating-step base comprises
10 cesium carbonate.
38. The process according to any one of claims 35 to 37, wherein said alkylating-step

solvent comprises acetonitrile.

15 39. The process according to claim 35, wherein:

said compound of Formula (TIj) is:

HO
N\ CO,Et
N

\
H

2

said alkylating-step base comprises cesium carbonate; and

said alkylating-step solvent comprises acetonitrile.

20
40. The process according to any one of claims 35 to 39, wherein the molar ratio between
said 4-(chloromethyl)-1-cyclopentyl-2-(trifluocromethyl)benzene, said compound of
Formula (ITj) or a salt thereof, and said alkylating-step base is about 1.0:1.0:1.0 to about
1.2:1.0:1.5. |
25
41. The process according to any one of claims 35 to 40, wherein said alkylating is

conducted at a temperature of about 15 °C to about 90 °C.

42. A process for preparing a compound of Formula (IIj):
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, wherein R1 and R2 are each independently C1-C6 alkyl, or R and R2
together with the 10nitrogen atomto which they are both bonded form a
5- menber WO 26tvmwmi®8r het erocyclic ring; wth a conmpoundPeofi/USesrriob@san) or a

salt thereof, , R4 r\- R5-1- QA . Ho, 0 .R6 2 wherein R4, le, and
R6 are each sel ected independently fr ou C%Qmsisting of H 15C -Ca
al kyl, Cl1-C4 al koxy, hal ogen, Cl-C4 h \cyl,  Cl-"C4hal oal koxy, and nitro;

in the presence of an indole-formng acid, \to forma conpound of Formul a
(E). 51. The process according to clain1501r£herein R and R2 together with
the nitrogen atomto which they are both b Hded form frorpholinyl. 20 52.
The process accordi NGy} G.fmlrdid®,-80.Rh; 51, wherein R3 is ethyl. 53. The
process according to any one of clains 50 to 52, wherein R4, le, and R6 are
each H. 2554. Thecommistgshestpef aidueing o ceampoundhefl iprmeleglllls 50 t o 53, wherein
sai d conmpound of Fornula (11h) g? (4- (benzyl oxy) phenyl ) hydrazi ne
hydrochl oride. WO 2011/ 094008PCI{AS2011/ 000153 55. The process according to
cl ai m 50, wherein said conpoum@{? orngla (Hg) As: cs3N)

¥

/-
R X, ~CO,R3
N
_ \
an)
5 wherein R*, R, and R® are each selected independently from the group

consisting of H, C;-C, alkyl, C,;-C, alkoxy, halogen, C,-C, haloalkyl, C,-C, haloalkoxy,
and nitro; _
in the presence of a reducing-step agent, and a reducing-step catalyst, to form

said compound of Formula (IIj).

10
43, The process according to claim 42, wherein R’ is ethyl.
44, The process according to claim 42 or 43, wherein said reducing-step agent comprises
formic acid and a reducing base.
15
45. The process according to claim 44, wherein said reducing base comprises triethylamine.
46. The process according to any one of claims 42 to 45, wherein said reducing-step catalyst
comprises palladium.
20
47. The process according to any one of claims 42 to 46, wherein said reducing is
conducted in the presence of a reducing-step solvent, wherein said reducing-step solvent
comprises ethyl acetate.
25 48. The process according to any one of claims 42 to 47, wherein the molar ratio between
said compound of Formula (ITi), formic acid, and said reducing base is about 1.0:2.0:2.0
to about 1.0:4.0:4.0. .
49. The process according to any one of claims 42 to 48, wherein said reducing is
30 conducted at a temperature of about 15 °C to about 55 °C.
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CO2Et . 556.The process according to any one of clains 50 to 55, wherein
said indole-formng acid conprises acetic acid. 57. The process according
to any orwoahiialaioss 50 to 56, wherein said reacting isPcoruseatmdish t he
presence of a Cl-C4 allcyl al cohol solvent, wherein said Cl-C4 al kyl al cohol
sol vent 10c&hpr i Ag@socessHamnméparibBa cobpupd offessuladddr di ng to any one of clains
50 to 57, wherein the nolar ratiﬁ, bet ween sai d conmpound of Fornula (Hg) and
sai d conmpound of Formula (11h) salt thereof is about 1.0:1.0 to about
1.0:1.3. 15 59. The process acF@QE gto any one_of clainms 50 to 58,
wherein said reacting i s conduct : e of about 25 C to about
80 C. 60. A conpound of FornulartH ): R4 EAT@RR® N\ 20(H ) H
wherein R3 is Cl-C6 al kyl; and R4, R5, an 6~6re each sel ected

i ndependently fromthe group consisting of H, ¢1 C4 al kyl, Cl-C4 al koxy,

hal ogen, CI-Cl hal oal kyl, Cl- C4 hal oal kox@lll) and nitro. 2561 A conpound

according to claim42, Wnerql n R3 is et h¥{4, and R4, R5, and R6 are each H.
wherein R? is C,-Cs alkyl; and R*, R’, and R® are each selected independently

5 from the group consisting of H, C,-C, alkyl, C,-C, alkoxy, halogen, C,-C, haloalkyl, C,-

C, haloalkoxy, and nitro;
comprising the step of reacting a compound of Formula (IIg):

R{ _R?
“N

-
é/ECOzRa

(Ilg)
wherein R' and R? are each independently C,-C alkyl, or R' and R? together with the
10 nitrogen atom to which they are both bonded form a 5-member or 6-member
heterocyclic ring;

with a compound of Formula (ITh) or a salt thereof,

e,
0L
RS
NHNH,

(ITh)

wherein R*, R®, and R® are each selected independently from the group consisting of H,
15 C,-C, alkyl, C,-C, alkoxy, halogen, C,-C, haloalkyl, C,;-C, haloalkoxy, and nitro; in the

presence of an indole-forming acid, to form a compound of Formula (IIi).

51. The process according to claim 50, wherein R' and R? together with the nitrogen atom

to which they are both bonded form morpholinyl.

20

52. The process according to claims 50 or 51, wherein R? is ethyl.

53. The process according to any one of claims 50 to 52, wherein R*, R’, and R° are each H.
25 54. The process according to any one of claims 50 to 53, wherein said compound of

Formula (IIh) is (4-(benzyloxy)phenyl) hydrazine hydrochloride.
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55. The process according to claim 50, wherein said compound of Formula (IIg) is:
@
N
=
6/%00213

5 56. The process according to any one of claims 50 to 55, wherein said indole-forming acid

comprises acetic acid.

57. The process according to any one of claims 50 to 56, wherein said reacting is conducted
in the presence of a C,-C, alkylalcohol solvent, wherein said C,-C, alkylalcohol solvent

10 comprises ethanol.

58. The process according to any one of claims 50 to 57, wherein the molar ratio between
said compound of Formula (IIg) and said compound of Formula (ITh) or a salt thereof is

about 1.0:1.0 to about 1.0:1.3.

15
59. The process according to any one of claims 50 to 58, wherein said reacting is conducted
at a temperature of about 25 °C to about 80 °C.
60. A compound of Formula (ITi):
R4
RS_W_\ o~
u/ = o}
RS X COR3
N
L
20 (L)

wherein R? is C;-Cg alkyl; and R*, R®, and R® are each selected independently
from the group consisting of H, C;-C, alkyl, C,-C, alkoxy, halogen, C,-C, haloalkyl, C;-
C,4 haloalkoxy, and nitro.

25 61. A compound according to claim 42, wherein R? is ethyl, and R*, R®, and R° are each H.
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