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i mproved process for the preparation of 1, 3-
substituted indenes of the formrula R R / R3 5 R4AO O
R' wherein Rl, R2, R3 and R4- are as defined bel ow
Conmpounds of fornula | are useful internmediates in the
preparation of certain aryl fused azapol ycyclic
conpounds mhlch exhi bi t act|V|ty as agents for the
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n&ibbitlteeiberies ante toheuisise  of that conpound as an
internediate in the gynthe5|s of certaln aryl fused

azapol ycyclic conpéinds. Uni t e®'St at es Pat ent

Application Seri al 35 filed April 04, 2002

di scl oses 15 the preg of aryl-fused

' nt er medi at @s havi ng the
formula 1. The synghesis, donposition, and nethods of

use of certain aryl fuseg -polycycllc conpounds

whi ch exhibit activity BOage®R for the treatment of

neurol 4 di sorders is disclosed
et R Reg& aﬁ&‘?’e E’%%%?%gé'é‘ﬁmo 550 131. The
f or ego?%@POUEdP pifommia haigl yseft ntsracdigies Pait'e ptepgipion of certain aryl
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?%Nﬁ §‘§Hps @8 5P0&8&ss for preparing a conEound

of theUmfegr&tgtlea AReenR ApRatipn Ser@gRNo. 09/514002 filed February 25, 2000

discloses the preparation of 3-aminomethyl-indan-1-carboxylic acid methyl ester and the use

of that compound as an intermediate in the synthesis of certain aryl fused azapolycyclic
compounds.

United States Patent Application Serial No. 10/124,135 filed April 04, 2002 discloses
the preparation of aryl-fused azapolycyclic compounds from intermediates having the formula
1.

The synthesis, composition, and methods of use of certain aryl fused azapolycyclic
compounds which exhibit activity as agents for the treatment of neurological and
psychological disorders is disclosed in United States Patent No. 6,410,550 B1. The foregoing
patent applications and patent are incorporated by reference herein in their entirety.

Summary of the Invention

The present invention provides an improved process for preparing a compound of the

formula

R‘'0” TOR

by conducting a solvent-free reaction between a compound of the formula



10

15

20

25
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conpound of the fornula WO 2004/ 048318

wEasB293/ 005121 -2- R R2) \ \ Il R3 X COPCHREANR/005121

and an al cohol in the presence of sulfuric acid. The

al cohol is a nonohydric alcohol of the fornmula R4CH

or a dihydric al cohol selecte® fromthe group

consi sting of ethylene glycol, 1,3 propylene glycol,

and 1,2 propylene glycol. 5 1In a preferred enbodi nent,

the al cohol is a dihydric alcohol. Preferably the

di hydric al cohol is ethy'ene glycol. As used herein,

the term solventntree, rfefers to the conpl ete absence

of an inert organix Conpounds hgvi ng the

formula Il are prepared eacting a conpound of

formula R2 R/ 11¥, X R ®L¢H2©HQV'

3-ethoxyacryl ate &3 &n i mért water i scible organic
solvent. The reaction is catalyzed by a m xture of

pal | adindan lalcolbat &t thé eresérice of lifotiecacid. pivejbhsles a adordric alcohol
bozﬁl% foH%w. 4?9@'5\%"’1 A ch ﬁoli]gel&,@é’%f:ﬁé)rﬂ Mhe %J&ﬁ 'cgr%ris'iin f ethylene
wat er m sci bl e organi c sofvent is conpl ete % removed.

| gvcola 1.3 peopdeRegiceh Bt #RRPYIeN8SYSY| vent is rempved by

di sti lih atpré@¥érredldmbabiirient, Geeiand & 4 BihgdiiRRYRSIS PRfferbihethe dihydric
fé?roﬁéjllis?gth Ilénel Ilyboland 1l above, R is an electron

Wit raMA%g é%oup selected fromthe group consisting

of cyafsoysed|hecsiy trtqaqem@'vgnt-f@pkyfecsatob@ﬁy:prpplete absence of an inert
Aryaricdolemy! , aryl, trifluoromethyl, and sulfonyl. R2

Co Co GIPIRCE g e BPRBAY PP SPBUE g posha o ormuia
hal ogen, sul fonyl, al , al kylgmm no, am de, ester,

attached can form a nonqc) c or bllcyclic ring. R4

is ClL to C6 al kyl or twoy/RF grgups together forma C2

to C3 al kyl ene bridge.R?n the preparation of conpounds
having the fornmula Il, the preferred catalyst is

cwitp ethy edtetbexyacrpiet inran tert prater JaiBERle |rganicesaiueat. arftie reaction is
t Edtdipred B XMkRROSIIMASUM Bllckak! icfRHeSyiphosphine, and a base. Upon

completion of the reaction, the inert water miscible organic solvent is completely removed. In

aryl -al kyl, hetero-alk and aryl -al koxy. Also, R2 and
20 R3 together with the atons to which they are

a preferred embodiment the solvent is removed by distillation.

With reference to compounds of the formulas |, Il, and Ill above, R' is an electron
withdrawing group selected from the group consisting of cyano, alkoxy carbonyl,
alkylcarbonyl, arylcarbonyl, aryl, triflucromethyl, and sulfonyl. R? and R® are selected
independently from hydrogen, C; to Cs alkyl, C; to Cs alkoxy, trifluoromethyl, halogen,
sulfonyl, alkyl, alkylamino, amide, ester, aryl-alkyl, hetero-alkyl and aryl-alkoxy. Also, R? and
R® together with the carbon atoms to which they are attached can form a monocyclic or
bicyclic ring. R*is C,to Cg alkyl or two R* groups together form a C, to C5 alkylene bridge.

In the preparation of compounds having the formula Ii, the preferred catalyst is
comprised of a mixture of palladium |l acetate and tricyclohexylphosphine. Suitable bases
are alkoxides of Group | metals. Preferably the base is sodium t-butoxide. Suitable inert
water miscible organic solvents are tetrahydrofuran, 2-methyltetrahydrofuran, and 1,2-
dimethoxyethane.

Preferably the solvent is tetrahydrofuran.

After complete removal of the organic solvent, the reaction mixture containing the
compound of formula Il is added to the alcohol. It was surprising and unexpected to find that



are al koxides of Goup | netals. Preferably the base
is sodiumt-butoxide. Suitable inert 25 water m scible

wee@anissisol vents are tetrahydrof uran, PCT/IB2003/005121

10

15

20

2-met hyl tetrahydrofuran, and 1, 2- di net hoxyet hane.
Preferably the solvent is tetgahydrofuran. After

conpl ete renoval of the organic solvent, the reaction
m xture containing the conpound of formula Il is
added to the alcohol. It was surprising and unexpect ed
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R3 R Pd(OAc)Z Rbo~x + Et O-~~CO2Et P(cyhex)3 \'1/ ~ 4

C02 Et X THE R R4 NaOt - Bu rlnekv RZ R 1. heat /
I 2. nono- or dihydric alc I H2SO4 R40 OR4 3.
base — ’ —
. R
R R' Pd(OAc), R <
X CO.Et P(cyhex)
+  EO7 X2 T, CO,Et
. X THF rR*
R NaOt-Bu _J
m v .
R} 1
@ R 1. heat
U 2. mono- or dihydric alcohol,
R® l H,SO,
rR‘0” “oRrR* 3. base

Compound Il is produced by the addition reaction of the compound of formuia Il to
the unsaturated ethyl 3-ethoxy acrylate (IV) in the presence of tricyclohexylphosphine,
palladium {l acetate and a base in an inert water miscible organic solvent, preferably
tetrahydrofuran (THF). The reaction proceeds at a temperature between about 58°C to about
62°C, preferably at 60°C. The reaction is carried out for a period of time of about 3 to about 4
hours; preferably about 3.5 hours.

Compounds of formula 1l are cyclized and converted into the acetal (1) by reaction
with an alcohol and sulfuric acid. Generally a compound of formula ll is not isolated prior to

conversion into compound I. In a preferred embodiment, compound Il is added, without prior
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| Compound Il is produced by the addition reaction of
the conpound of formula Il to 15 the unsaturated

wetdwlo4B1et hoxy acrylate (1V) in the presence BET/IB2003/005121

tricycl ohexyl phosphine, palladiuml|]|l acetate and a

base in an inert water m scible organic sol vent,
preferably tetrahydrofuran (4fHF). The reaction

proceeds at a tenperature between about 58C to about

62C, preferably at 60C. The reaction is carried out

for a period of time of about 3 to about 4 hours;
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pa0eP,aobbunds of formula V are useful intermediates in the synthesis of certain aryl fused
azapolycyclic compounds exhibiting activities in the treatment of neurological and

psychological disorders.
Scheme 2 illustrates the conversion of selected nitrile compounds of formula | into

compounds of formula V
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The conversion of compounds of formula V into the aryl fused azapolycyclic

compounds of formula is illustrated in Scheme 3.

Scheme 3
R2 NH2 Rz
———eeee N—
step 1
3
R R3 0]
CO,Et Vi
\V; step 2
RZ
N—R®
step 3
R® R°CHO R°

Vil
R’is hydrogen, C;-Cg alkyl, unconjugated Cs-Cg alkenyl, benzyl or alkoxy C4-Cs.

In step 1 the amine-ester compound of formula V is cyclized with sodium t-butoxide in
ethanol to form the nitrogen ring compound of formula VI. The carbonyl! function is reduced
with sodium borohydride-borontrifluoride giving the aryl fused azapolycyclic compound of
formula VII.

Examples of specific compounds of the formula VII are the following compounds:

4-ethynyl-5-chioro-1 0-aza-tricyclo[6.3.02'7]dodeca-2(7),3,5-triene;

3-trifluoromethyl-1 O-éza-tricyclo[B.3.02'7]dodeca-2(7),3,5-triene;

4,5-bistrifluoromethyl-10-aza-tricyclo[6.3.1.0%"|dodeca-2(7),3,5-triene;

4-choro-5-trifluoromethyl-10-aza-tricyclo[6.3.1.0%"1dodeca-2(7),3,5-triene;
4-amino-10-aza-tricyclo[6.3.1 .02'7]dodeca~2(7),3,5—triene;

4-nitro-1 O-aza-tricyclo[S.3.02'7]dodeca-2(7),3,5-triene;

4-methyl-10-aza-tricyclo[6.3.0>]dodeca-2(7),3,5-triene;
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VII'I VIl R5 is hydrogen, Cl1-C6 al kyl, unconjugated
C3-C6 al kenyl, benzyl or alkoxy Cl1-C6. In step 1 the

w@nione4s3st er conpound of formula V is cyclizedP@i/iB2003/005121
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vas oc Ol'h‘étdoh'@bdlrﬂﬂ of fImsLIg I, and amqutddg@ﬁ rsd&rtututéﬂje@nrrest&é@ Bf. formula

k\IIR n%rthﬂr Bﬁqor?cgp c]aﬁ?l %cic%p%ble saqtf Rﬁl%?a%gr q% g%tlvl:' C%Tééugds) can be

anyo rosi S
d%ﬂgﬁrmtﬁr@d A eithgy Jeg peh Jiapsremial |(@.ax ﬁwrouahdfneeweaof dIpash) yntranasal,
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cers, Tﬁ%eoc ronpcyt ona

R0 Re eapoas Hen o SPu S, AR it SRR g rom abour
db@kemd ep & BUDTHO0 o1y fed day; ipredanabiyt form aleaot P-hdo @lawli B mg per day in

C& Qividah Q846! Sithou dq'f\l VaRhiBhs w#?%@@e@gdn r%ﬁendlng upon the weight
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praédidament| asahaieRan tep tybe pisphamsseslitica formulation chosen and the time period
and interval during which such administration is carried out. In some instances, dosage levels
below the lower limit of the aforesaid range may be more than adequate, while in other cases still
larger doses may be employed without causing any harmful side effects, provided that such
larger doses are first divided into several small doses for administration throughout the day.
The active compounds can be administered alone or in combination with
pharmaceutically acceptable carriers or diluents by any of the several routes previously indicated.
More particularly, the active compounds can be administered in a wide variety of different dosage
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of formula VI and their nitrogen substituted
derivatives of fornmula 20 VILI, and their

phar maceutical ly acceptabl e sgrts (hereafter "the
active conpounds”) can be admnistered via either the
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Zg%ogé%gspﬁﬁ:ry (|1 BZI@O%/M?%M tgtrgh%r%rane(‘lge LL %I Bhbined in

be combi ned vari ous pharmaceutically acce
i fRaster %%ndrth%liegultaﬁt Pigre ‘f’?ﬁsﬁ’f reg fof a%m@t’?s a %Fp§uITé§ mixture was then

t ende smndmwh%wc&.@a eegeag gar the% ) Wl dEPBIERRr 2 at 5°C.
cre ositoril es

P B4 eadine RS Yl wbimi¥ TP 45 el ShipdTbh B Seatiieooled back t
S 5rEp EMei coniBnts ﬁn’neeﬂorabWe'eSIGdnLdldWGtargéb it tekator 3 ¥V 2Shours. at 10°C
S b g b oS BB ROUA, T RS v v
neowly bxated tré@adiata sate vémcs?Cl er adtdl (6 ihours.) andathen held at 60°C for 4
Y S sweet ened,

ORFTESAILLER) SRR S Bl Rl SIS e e
pi eteabyfirofuign é toe re@e@ag@ﬁtwwtiw offorire neactian was dgeinebged to 10°C
I anduiricidc %@b@cﬂtad&d%&ert 25 hétpé)étho@%rt%yreéﬁé%br%& héé%rd {0 40°C at

oral adm nistration ablets nay contain a vari et
e @t?,pf&tpg 2°thpe§ I’”?Hré% pgﬁf)sand held at 40°C for 8 hours. The reactton was cooled

to 10°C and ammonium hydroxide (44.8 kg) and water (201 L) were added. The slurry was
warmed to 20°C and granulated for 2 hours. The solid was filtered and washed with water

(61 L). The crude solid was recharged to the reactor and water (220 L) added. The slurry



10 lubricating agents, and fillers. Aqueous
suspensions for oral adm nistration may be enbodi ed
woRd/ofgsayor, coloring matter, and diluent. FBCT/IB2003/005121
parenteral admnistration, a solution of the active
conmpound may be suitably buffered and may be dil uted
with a vegetable oil or propyBene glycol. 15 The
foll owi ng exanple is provided for the purpose of
further illustration and is not intended to limt the
scope of the clainmed invention. Exanple
Ivab gy BiuBtedab2G0-fX-44 hicderand FMnifiteredeThe filtar dase was washed with water
wet (36.9 kg, 255. 0Ol es),
g?gyoarrr]gé %’ Al biefe (59 (50 kg, 255. 20 imol es),
and t etheameltae odivivgn 22622%G were conbined in reactor 1
and the resultant solution was stirred at 25C unti
needed (4 hours.). PalladiumIl acetate (1.3 kg,
5.7nmol es), tricycl ohexyl phosphine (1.9 kg, 6.7noles),
and tetrahydrofuran (148 L) were conbined in reactor
2 and the resultant m xture was stirred for 30 m nutes
at 25C. The m xture was then cooled to 5C and sodi um
t-butoxide ( 61.3 kg, 637.7 noles ) was added to
reactor 2 at 5C. 25 The resulting m xture was war ned
to 15C and stirred for 15 m nutes and then cool ed back
to 5C. The contents in reactor 1 were then slowy
charged to reactor 2 over 2 hours. at 10C and then
the contents in reactor 2 were stirred for 15 m nutes
at 10C. Reactor 2 was then slowy heated to 60C at a
rate of 8 to 2C per hour (5 hours.) and then held at
60C for 4 hours. The reaction was then cooled to 5C
and et hyl ene glycol was added at 5C. The 30
Tetrahydrofuran in the reaction was then distilled
of f. The reaction was again cooled to 10C and
sul furic acid (88.4 kg) added over 1.5 hours at 10C
The reaction was heated to 40C at a rate of 8 to 12C
per hour (3 hours) and held at 40C for 8 hours. The
reaction was cooled to 10C and anmoni um hydr oxi de
(44.8 kg) and water (201 L) were added. The slurry was
warmed to 20C and granul ated for 2 hours. The solid
was filtered and washed with water 35 (61 Q The crude
solid was recharged to the reactor and water (220 L)
added. The slurry WD 2004/ 048318 PCT/1B2003/ 005121 -8
was granul ated at 20C for 4.5 hours and then filtered.
The filter cake was washed with water (61 L) and the
product dried at 55C. The nelting point was 227-229C
WD 2004/ 048318 PCT/ 1 B2003/ 005121
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-9 W claim1. A inproved process for preparing a
conpound of the formula R2 R R3 R4A0 O R4 which
w@oopnises (a) conducting a sol vent-free reactPONIB2003/005121
bet ween a conpound of formula R~ R2\ \ Il R3/ X
CO02CH2CH3 5 and a nonohydric or di hydric al cohol in
t he presence of sulfuric acid9 and (b) treating the
reaction product with a base and water to neutralize
residual sulfuric acid; wherein R is an electron
wi t hdrawi ng group selected fromthe group consisting
of 10 cyano, al koxycar boxyWeclaimky| car bonyl, aryl,
nitro,q trifdHprRsesbidss f@a@paﬁﬂgfa%mbburﬁ%f fBGbrRdiaar e
sel ected independent Ly from hydrogen, C1-C5 alkyl,
C, - C5al koxy, triflRaronethyl, Ral ogen, sulfonyl
al kyl , al kyam no, anjx < 7 aryl -al kyl ,
het er o- al kyl and ar or R2 and R3 toget her
with the carbon ato they are attached form
a 15 nonocyclic Ol ring; and each R4 is
i ndependently C, to C6 qlk or two R4 groups together
forma C2 to C3 alkyld&®bri@j; and X is selected
fromthe. r? p consisting of chlorine, bromne, and
R FRmBiSES (3 RendiBe &SN ERITRRdPIRIOR RENeR A RO PRISHS opmula
sai d al cohol is a nonohydsic al cohol of formula R4 OH
wherein R4 is C, te C6 alkyl or a dihydric al coho
wherein said 20 Gi\pydri \<Icohol IS seleqfed fromthe
group consisting o Hyl eng¢ gl ycol, 1,3, propyl ene
glycol, and 1,2 p ene glyee cH3cHIhe process
according to cl ai erxin said cénpdund of fornula
Il is prepared (a) reacting a conmpound of formula

| drlg aand%@;hydﬁc or dihydric alcohol in the presence of sulfuric acid; and

(b) treating the reaction product with a base and water to neutralize residual

sulfuric acid;
wherein R' is an electron withdrawing group selected from the group consisting of
cyano, alkoxycarboxyl, alkylcarbonyl, aryl, nitro, trifluoromethyl, and sulfonyi;
R? and R® are selected independently from hydrogen, C,-Cs alkyl, C4-Csalkoxy,
trifluoromethyl, halogen, sulfonyl alkyl, alkyamino, amide, ester, aryl-alkyl, hetero-aikyl and
arly-alkoxy; b
or R? and R® together with the carbon atoms to which they are attached form a
monocyclic or bicyclic ring;
and each R* is independently C, to Cg alky! or two R* groups together form a C, to Cs
alkylene bridge; and X is selected from the group consisting of chlorine, bromine, and iodine.
2. The process according to claim 1 wherein said alcohol is a monohydric
alcohol of formula R* OH wherein R* is C, to Cqg alkyl or a dihydric alcohol wherein said
dihydric alcohol is selected from the group consisting of ethylene glycol, 1,3, propylene glycol,
and 1,2 propylene glycol.

3. The process according to claim 1 wherein said compound of formula |l is

prepared by (a) reacting a compound of formula HI

1
R3 R



10

15

20

25

[l R3 X WO 2004/ 048318 PCT/1B2003/005121 -10 wth
et hyl 3-ethoxyacrylate in the presence of a catal yst

wa@pa4as3imert water mscible solvent and (b) PCT/IB2003/005121

conpl etely renoving said sol vent upon conpl eti on of
said reaction; wherein RL is an electron w thdraw ng
group selected fromthe groug-consi sting of cyano,

al koxycar boxyl, al kyl carbonyl, aryl carbonyl, aryl,
nitro, trifluoronethyl, and sulfonyl; and Xis 5
selected fromthe group consisting of chlorine,

Ri9 8 e?3=-et adr;@eﬂé ﬂ\ethe ﬁFégeng ofB @ata@staefnﬁ a‘ﬁeﬂ\é?lc\tﬁﬁd miscible solvent
|nde£en en fromh dro

apq(@ Spmple[tq.ly mgp%ﬁ% Weﬁt %811 SM&'OEU IC}( rx?dtno :!Nh%r%m
al kyard isoan alettche, wn&lﬂtawmg gaoupl s@ctewfronhmtaegrwpaq:qoyl}stlr@rm cyano,

‘ r rom b an is
?(kX%é%(%%ﬁm |8erd_h’§| ac o aﬁ QER R, t\MJ&B 6BYI0SHA WFEHYE and X

are a forma nmonocyclic or
Belesied fram the ﬁ@up gonsising 9 PP r%’B@BﬁTPILPd“”Fo | ai m 3
wher eRA as@iRYaré aélaecty@mdep@n@nm fcdrohgdraden, @atblCaaikuine] fo Cs alkoxy,
etate, tri o] LI .
Bk LU, UG RUAR R, o108 by, 1o v
eemeked by dlstlllation. 15 6. The process according
to cl g} ®22anghRY @igethedivih abmohaltorms t@ wiichyttey areakttazthed form a
7. The process according to claim6 wherein said
HFFQHPF€r§ 3%8P i s ethyl ene col. 8. The process
of cl &i m 3 Thmeresess sq:pdilngnfer‘tla'mag axheifin £ Catal) e midure of
p§ua%ﬁhqpatc%%te frkmhteiwphawme &AnSiaséi ng of

tetrahydrofuran, 2-neth rah rofur
di met Roxy 199 REQY S @CC0 ngT ‘B\[T{)ge‘g%er%{ccg'rdglgﬂ\éeﬁ 5 removed by

clisttiatlorB wherein said inert water mscible organic

sol vegt is 4 \M% B(o%@é%ﬁ&tdﬂgﬁ\ﬂ claﬂﬁroz wil&18in R5i8 GR SIS0l R&CIHy8iiddcohol.

toclaim1 erel n sai d base

11. THe pr J@@g@cgﬁcﬁfzﬂplﬁg tq gale] glwmarflnmréq, %X)ﬁjnct: ﬁ,cghol is ethylene
epgpound of the formula I is 3- 25 [1, 3]

di oxolgan- 2-yl i po%@sssc!_l'cfa[?ﬁjg Wﬁet%ln SR hahivhiel nBcibi Zolvddies selected

process accor wherein said base is g
AiloRoO%E cgeouafcoas'st@scﬁmet'lahyﬁé?faqa" FrmethyiiptaBydrofran, and 1,2- dimethoxy

aazpeding to claim 12, wherein said base is sodi um
t-but%%ide

"The process according to claim 8 wherein said inert water miscible organic
solvent is tetrahydrofuran.

10. The process according to claim 1 wherein said base is ammonium hydroxide.

11. The process according to claim 1 wherein the compound of the formula | is 3-
[1,3] dioxolan-2-yliden-3H-indene-1-carbonitrile.

12. The process according to claim 4 wherein said base is an alkoxide of a

Group | metal.
13. The process according to claim 12, wherein said base is sodium t-butoxide.



