; FGHI e3ef Ld, 6Tf\ WD 02/ 059092 The invention relates to a process for the @
preparation of (3-cyano-1 Hi ndol
7-y1) [ 4- (Wofdhwsyoophenet hyl ) pi pera2| n-1- net hanone of thechrapriviasl .

PCT/ EPOI / 15240 PROCESS FOR THE PREP. ’,mum

(3- CYANO 1H | NDOL- 7- YL) (4- (4- FL PERAZI N- 1- YL) - METHANONE AND
SALTS THEREOF 5 10 15 20 25 30 F ~-N N#s6M O N/ H and salts thereof, and
of internediates in the synthesis. The conpound

(3- Cyanopéobég@%k ey %‘f‘“‘%‘é'{ %wm@ﬂﬁa Hy HRQRe A% 1 Y B DRaNgAE

t he correﬁgg 91 grsalts surprlsm
selective affinity to 5-HI2A receptors n partlcul ar, they are selective
y

5- HT2A ant agoni sts. 5- HT2A ant agoni sts exhi bit cllnlcally anti psychotic
activity with no or mninmal side effects and are correspondi ngly regar ded
as antipsych i géi,@h jused in
the treat mnﬁﬁﬁ%ﬂg@p%?@g@ﬁ& %érgzarztp?rd?% table to d| stur an@gos in

ser ot oner gi ¢ T-yhs(@-fusdrophesetbiyl)pipertin-dsyjmethanome of thestortneta |, pani ¢

il nesses, obsessive-conpul sive disorders, pain, sleep disturbances,

sl eepl essness, eating d rders such as anor ey pervosa, bulima,

addi ction behaV| ou ,épenence on c in add n- causi ng subst ances,
such as LSD and , cardyovasqul di sqr dersi~ syek_ascyari ous jangi na

di seases, Raynaud's syndrone, internittent & audiicat)jon, cardiac or

peri pheral vascul ar spasns, fibronyatgra, cafdi aqgar/ hythnia and t hronmboti c
ill nesses, since the substances inhibit platelaty aggregation.

conbi natdon with classical or atypical neurol eg{li cs, the si deJ'mmmmlmmlllmmml|

i nduced by t hghd'8alfOIh@RdfC Bn§ ¥R iMBriiediBfeRSATHe sGMihagist 0 the T
ocul ar pressure, the substances can WD 02/0S9092 -2 PCT/ EPOL/ 1s2eddz+al so

be enpl oyed in gl aucoma therapy. Toxic synptons caused by poison ing wth,

f | e, | i b th Th

compounds. can 14 gr@paad {38 HE RN SO Motokhe eI BIEREL 1 5 human
and veterinary_ l]ﬁ@m%lrﬂ#re é‘-ﬁlﬂheC@éTrééﬁdnﬁﬁfg’fEﬁﬁlélé Fééﬁ’,daé‘@ﬂtabl@rémsd' ates for
the preparation of further nmedi canent active ingredi'ents. Since (3-cyano-1

H-i ndol y4- I )E’twp(lﬂnglydm\/@mmwﬂyafflpll)p@ré—ﬁh;& Tegentats: apagditglagnideyal t s
t hereof are v, RY medi canents, the 10 preparation is of
extrenely hi gﬁe%/ﬁﬁ"!‘e‘g'é{?t 'Pi'ﬁrrﬁgaﬁtﬁrbggﬁ%f t he present invention was therefore

to find a novel and effect ive synthesis variant for the 5-HTZA receptor

antagoni sts. 15 The invention therefore relates to a process for, the
prepar ati on o?-HT2a@ptagenists exhibit clinically antipsychotic activity with no or minimal

i ndol - 7- Y1) §i ot BRERHSUOHRIrRRY Pedahada Y MR BFERINEs PavieFrelr mul 2

I, F CN
20 side effects. In addition, they can be used in the treatment of neurological

disorders attributable to disturbances in serotonergic transmission, such as
depression, anxiety states, panic ilinesses, obsessive-compulsive
disorders, pain, sleep disturbances, sleeplessness, eating disorders, such
as anorexia nervosa, bulimia, addiction behaviour, dependence on certain
5 addiction-causing substances, such as LSD and MDMA, cardiovascular
disorders, such as various angina diseases, Raynaud’s syndrome,
intermittent claudication, cardiac or peripheral vascular spasms,
fibromyalgia, cardiac arrhythmia and thrombotic ilinesses, since the sub-
stances inhibit platelet aggregation. In combination with classical or atypical
30 neuroleptics, the side effects induced by the neuroleptics can be sup-
pressed. Owing to the reduction in ocular pressure, the substances can



20 ~---- ~ OH and salts thereof, characterised in that 25 (1 ) an indole
ester of the formula Il NI I HROO30 in which Ris an alkyl group

havi ng f re@mokoksme® carbon atons or aryl al kyl, WO 02/ 0S9@Q3/EPo1/15240
PCT/EPOL/ 152.10 -3 is fornylated, (2) theg forrryl ester of the formula Il |
H5 O/ NIIl HROO110 in which Ris ad-defined above, formed from (1)
Is reacted wth hydroxylam ne to give an oxine derivative of the fornmula IV
OHNI1I5 NIVHROOZ20 in which Ris as defined above (3) the oxine of

251 NV H RGPPSRt YBLCARa BRI T SRROTE s YD 30 ()

the ester of ihbevithofondxanyple sergapalin,fdaacbe suppressed ugnagdhe substances.
H- i ndol e7- car boxylic acid, WO 02/ 0S9092 PCT/ EP01/1S2-10 -4 (5) the
3-cyano-1 Hindole-7-carboxylic acid is reacted with

1-[2-(4-fl uorﬂ@@@%hﬁﬁh&bbﬁ&r@éﬁé% Kedad h%o‘i&hﬁﬁ@ﬂfadweghg’r‘édié?ﬂs fprmpound
of the fornula I he resul tant base of the fornula
convert2d i nthuroae aofl \Aeltsrlnaiymctmne They can furthermore be used as mterme-

diates for the preparation of further medicament active ingredients.
Since (3-cyano-1H-indol-7-yl)[4-(4-fluorophenethyl)piperazin-1-yljmetha-
none and salts thereof are very highly promising as medicaments, the

10 preparation is of extremely high interest.

The object of the present invention was therefore to find a novel and effect-
ive synthesis variant for the 5-HT2a receptor antagonists.

15 The invention therefore relates to a process for the preparation of (3-cyano-

1H-indol-7-yl)[4-(4-fluorophenethyl)piperazin-1-yljmethanone of the formula

l,
O~ o
" %

20
\_7
/
H
and salts thereof, characterised in that

o5 (1) an indole ester of the formula ||

A\

N\ Il

H
R—0O (0]

30 in which

R is an alkyl group having from 1 to 6 carbon atoms or arylalkyl,



treatment with an acid. The substituent Rin the fornulae Il to VI is an
al kyl group having from1 to 10 6 carbon atons or an aryl al kyl group. The
al kyl growp losjoes ably has 1, 2, 3 or 4 carbon atons and ipgTigpei/ees e, for
exanple, methyl, ethyl, n-propyl, |soprogyl n- butyl, sec-butyl or
tertbutyl, furthernore also pentyl, 1- or 3- nethylbutyl 1,1-, 1,2- or
2,2 15 di met hyl propyl, 1-ethylpropyl, hexyl, 1-, 2-, 3- or 4 nmet hyl pentyl ,
1,1-, 1,2-, 1,3-, 2,2-, 2,3- or 3,3-dinethy|buty|, 1- or 2- et hyl but yl ,
1-ethyl-1- netgygﬁﬁ' gb, 1-et hyl -2-met hyl propyl, 1,1,2- or

1,2, 2- trlnethylpr pyl, furthernore trifluoromethyl or pentafl uoroethyl. 20

. AryI al kyl is alternatlvely -(CH2) o-Ar, where Ar is preferably phenyl or

napht hyl , and ca 1 2. Ar | kyl is, in particular, benzyl,
phenyl et hyl H'!fpﬁl' f?@?ﬁ?f{hepfé’fmpéﬁlarl y preferably benzyl. Ris

- preferably rret hyI or ethyl, particularlyHreferably ethyl. 25 The indol e
.esters of the fornula Il are comercially “g¢apl able or can be prepared by
known s§nthetic methods. The prepara ion wan, for exanple, be carried out
starting from 3-net hyl - 2- ni trobenz geTf, which is comnmercially

avai l able, by the followi ng reactig 30 1 ) estew’ fication of

3-net hyl -2-nitrobenzoic acid, (2) s K Wth an ,IN-di nmet hyl f or mam de
acetal to give a 3-(2 dinmethylam novinyl)-®-nitrobenzoic acid ester, and
WO (1 2/059092 -5 PCT/EPIT1 / 1 S2-40% :89 sequent pal | adi um cat al ysed
ring closure reaction to give tReQ@ndok ester of the fornula | |. Suitable
indole esters of the fornula | | are, in particular, methyl 1 Hindole 5
7- car boxy!| at ein whlules ad-defﬁrddeaﬁ’emar boxyl ate, tert-butyl 1

H i ndol e7-car d ben dol e-7- c boxyl ate. T £\ 3 Nt hesi s
according to t{()) gpﬁ ?ﬁdﬁ r?@%ﬁr"i"f"t&‘g{??‘vaﬂ"@ di¥eAnfime V&si ng
ethyl 1 Hindodigef | Qyyl ate. 10 Suitable N N-dinethylformanm de acetals
are, for exanple, i met hyl f or mam de bis[2-(trinethylsilyl)ethyl]
acetal, N, N-dinet hyI for mami de di benzyl acd&Hl, N, N-di net hyl f or mam de

di butyI acetal, N, Ndinethylformam de di Nert-butyl acetal,

N, N- di net hyl f or mam de di et hyl acetal, N, NN\gi nethyl formam de dii sopropyl
acetal , 48, N-di met hyl f or mam de di methyl 15 acetal, N, N-di methylfornmam de

di neopentyl acetal, N, N-di methyl f opfraRieedi propyl acetal and

N, N- di met hyl f or mam de et hyl ene ace i cular preference is given to
N, N- di net hyl f or mram de di et hyl acet 2 N, N- di et h)}Vf or mam de di net hyl
acetal. 20 The pall adi um catal ysed cyclisatjon reaction is carried out
anal ogously to the nethod of Leingryker-Battho [Clark R D. et al,

Het erocycl es, 1984, 22, 195-221IR-®tch® D. et al, Organic Synthesis, 1985,
63) 214-225]. The reaction conditions selected are known fromthe

literat gb Howehvieh R istas?8efirredhslboveyossi bl e t o use ot her processes known
fromth&“literature, which are not explained in greater detail here, for
the preparation of conpounds of the fornmula Il (lit.: Houben-Wyl, Methoden

gth %gf‘?j Onesitfe bYRAEBAteorRURA & HOBHS! inth a GRMINGSNE RERT P theD.

formula V
CN

25 A\

R—0O (@)
in which R has one of the meanings indicated above,

30
(4) the ester of the formula V is saponified to give 3-cyano-1H-indole-

7-carboxylic acid,



30 The fornylation of a conmpound of the fornula Il to give a fornmyl ester
of the formula Ill, in which R has one of the neanings indicated above, is
carried gupodeahegously to the nmethod of Vilsneyer-Haack pdpEero@s:et al .,
WO 02/ 0a9092 PCT/ EPOL/ 152-40 -6 ImniumSalts in Organic Chem stry Part 1,
New York, John Wley & Sons Inc., 1976, 4pp 234 ff, pp. 237 ff]. The
reaction is preferably carried out in an aprotic poI ar solvent and at
reaction tenperatures between 0 and 50 and with heating to from 100 to
130C. Particularly preferred solvents are 5 di net hyl fornmam de (DWVF) and

m xtures of DMF with aromatic hydrocarbons, such as benzene, toluene or

+ xyl ene, or wi(SfthklB-tyano-ahiiddele- ~Zaatbaxylitacigtis yeasted sithdbhe(4-Renp- The

10 of PoCis. 'p%eﬂ ieihilpieraa T S raRobber @ G o B eodiq piinre Py noenee

 particular, %qxgﬁ@r bonyl - 3-i ndol ecar boxal dehyde,
7- ethoxycarbonyl- -1 ndol ecar boxal dehyde,
7-tert-SHut oxycar bonyl - 3-i ndol ecar boxal dehyde and 7-benzyl oxy 15

e parti cul anb) e RARam S e i fiy 3 BrBRERLTIOA0 oF s A bRACT " O

car boxal dehquéatﬂ;@ﬂt%hrghta@@ of the conpounds of the formula Il1, as
descri bed above, is 20 carried out under standard conditions (lit.: Kurtz
P., Houben-Weyl) Met hoden der Organ. Chemi e [ Methods of Organic Cheni stry],

Vol . VIII, Geﬁ Thi rI , -T i i ! t4 gl arly
pr ef er abl y car qgﬁlﬂ)b% B"oﬁH rfogbﬂt)attegg{&s%' J]fa!%lzcgﬁhhﬂlév!@ f@Iﬁ,"g{;nzene,
t ol uene1g xyl @éarfbbnl\é%’ms&ir dreamriifll gr@sp.bet ween 0 and 50, in particular at
roomtenperature. The preparation of the cyanoindole esters of the formula

V, as descri bed above, is carried out by treatnent with acid. Suitable

A e o g QUGG DrelePR 3L, 3 ads4 EatpBnatofEtiRF R REcRoree | ¢

sul furic acid rirc ac orf “drgani c aci such form c acid,
acetic acid, fpr bQéM? I dthoiniethydai-grapy!, issprapys nHmtyh secrbutyl omtast-r eact i on
er

t | ar | bly 0210S 5 d out
i ghboi |1 ng RYbHETTIOr s PARldh 1 SR BETE Vo 1 3P4 her eof i ¢ h
t I 0 t 50C.
S n o B8t it Bhes TRV SR REIECE, 25 ef st e b o i ed
out in situ, {,3e.2,2n 23-003, Bedlmpthyttmﬂyl dnat Bgimsdbytytd einédh@hYli et al,
Z. Ch 1983, 23, 214-215, th t b d. Th
one- pg{n proce%@p(zﬁ Jeathyleg gt PE‘?RI;’E’ t&%pl né? %‘?E‘ﬁ‘eﬁ@p@%&ﬂ&h’i@&@ﬁ?hesi s?
10 The Sapo”'t{)ﬂﬂﬁafdrﬁé‘thgfcgt;f@htﬁfﬂfm% of the fornula V to give 3-cyano- 1
ylic

Hi ndol e- 7- car box is carried out under standard conditions (lit.
Houben- Wyl , Met hoden der Organ. Chemi e [ Methods of Organic Chem stry],

Coor & ™ Xeh s ShibiHib o oRs RIHBRORL F by el &) o' o Zm
al ternative tﬁa@hﬁyr %ﬁb oS@éwaebl qagri D Arylalkg! i85 ireparticelav,agnzyaphehgle be

carried out enz rcally h the aid of esterases. Suitable esterases
are, ethyl or naphthylmethyl particularly preferably benzyl.

R is preferably methyl or ethyl, particularly preferably ethyl.

25
The indole esters of the formula Il are commercially available or can be
prepared by known synthetic methods. The preparation can, for example,
be carried out starting from 3-methyl-2-nitrobenzoic acid, which is com-
mercially available, by the following reactions:

30 (1) esterification of 3-methyl-2-nitrobenzoic acid,
(2) reaction with an N,N-dimethylformamide acetal to give a 3-(2-

dimethylaminovinyl)-2-nitrobenzoic acid ester, and



20 for exanple, Bacillus sp. esterase, Bacillus stearothernophilus
esterase, Candida lipolytica esterase, Micor mehei esterase, horse |iver
est er ase,wgagpMo9yces cerevisiae esterase, pig's liver epcgfsHis24o

Ther noanaer obi um brockii esterase and pig's liver esterase isoenzyne 1. The
esterases may al so be enployed in i mobi?rsed form Commercial 25

i mobi |'i sed esterases are, for exanple, pig's |liver esterase (PLE)

i mmobi | i sed on Eupergit C or on oxirane-acrylic beads. Enzymatic reactions
are prefer abI carId, i §'¢%re Ivents

in particul ar Icohoﬁge&;%né g?&@f‘rﬁﬂétaw,éfeﬁerfng;ﬁy@% be Sregés%%&ﬁé fhe

02/ 0S90) 2 PCinddte Bsterbfihe fdrmutad. reacti on of 3-cyano-1

H i ndol e-7-carboxylic acid with 1-[2-(4-fluorophenyl)ethyl]piperazine or
one of the salts, in particular, with 1-[2-(4-fluorophenyl)ethyl]piperazine
* di hydrochl ori jterature
for the acyl a ﬁl‘ﬁtgr?ll % @H%@grfﬁth%Woﬁlgqﬂﬁiea% Béﬁ@ﬁ[w%%@/ ngggées lto
806 (19%4)]. Zﬂoammylate tetlnyl 1dd- mloimzs:abb@(wmerMbbutlyhaaHeodqjeunds in the

presence of i nert I f suit olvepts.are .

hydr ocar bons -caroexya %@'ﬁ‘g Bzﬁm}z&?@%y@% E@tséfﬁﬂ‘fs'ss?l%‘?‘?rg'ggacetone
and but anone;,3h& fiinfion F/FArtRSl 2fRphbly BhRRPbut ARG ERRANPLINAON-7-

n- but anol ; ﬂeﬂr@, Schﬁnas tetrgﬂ?/(ﬁofura% (THF) and Ig@ogﬂio ane; am des,
such as di netda;bcbxylatnm de (DVF) or N-nethylpyrrolidone; nitriles, such as
acetonitrile, if desired also m xtures of these solvents wth one another
or mxtures with water. The addition of an acid-binding agent, for exanple
an al kajg or @dfaﬂné W%bmwﬁmbﬂwé@éthgearecwr@@meow Npigasthgnat e or of
anot her salt of a weak acid i or alkaline earth 15 netal s,

pref erabl y offopoasde bis{2- @Umahhulsilyl)eﬂ'lyﬂlamataloN Nidémathyiforroamide an or gani ¢

an xcess of APBrALALsRRI Rea ARy B oy A RA SR e
condi ti ons usaﬁ.detd]aeﬁfmwaé@télenmaahemglfoﬁnmwmetr@bauétaﬂ Nynd 150,
normal |y between 20 and 130. 20 Instead of the 3-c

H i ndol e- 7- cadigetyyiiosmasiide dl|$OPT§PﬂI%‘@@Jo%‘s’ﬂﬂ"@%@*@%ﬁ@%@#’"@iﬁﬂ ves of
this acjg, pr Jue?@aﬂrg&.mgt@@mgh«@é fAeBBERQIYbLE), 36 NginRlinfirdifici fRgon d! N9

car boxy IC ac ri ca e or’an active ester

of 3-cyano-1 dibidpIPheetét aind bDNBdlmtIbed'naﬁﬁdé?émM§acétath s type for
activation of _the carboxyl group in ':%Rbcal ac | ati on reactions are

descri bed i n Padicular @f%fﬁtﬂ@e(lﬁﬂw%\)@ di"i‘ﬁth]ri raniderdietiyt aeetakandh as

Houben- Wyl , e [ Methods of Organic

Chem stry], ﬁg%ﬁ@ﬁ@r@%‘ﬁ@'ﬁ%@ qu% Activated esters are

advant ageously formed in situ, for exanpl e by addition 30 of HCBt or

N- hydro succini m&l VO 02/ 59092 g / EPO1/ 1 cﬁao Th@ o&md

1-[ 2- (4 IuorBﬁb@m@ﬁ Q'Bwtﬁwﬁﬁ F&E'fsﬁém Feadign s Gafied gyt apalo %nd can
be pr epared. bineGRBHER! 4 ARANoRIIREEARET, [RAIRAD St MBtdrejdis, n@eaozazskn Il ed
in the art. gescrl ption o? reaatlonls di scl ose for exanple) in
DE 2855703. 5195-Qé$uBab:hb Ihaestealoﬁ)rgalm SpminBBts.ﬂ%ﬁrﬁ:be?t%ﬂﬂé]rted into the
associated acid addition salt using an acid. Suitable acids for this
reaction are those which give physiologically acceptable salts. Thus, it is
possible to “‘?ﬁ%'ré‘éﬁt%rt!dhdﬁﬁrﬁsselé&éd %?@Rﬁd)\ﬁnfﬂdrﬁ tie Mersturb. Howkswhak i c

aci ds, such as drochloric acid 10 or hydrobrom c acid, phosphoric acids,
such as26rt hoqsraiscppossubleetome ather procasses known froanthe lteratures, whicheateor e

organi c acids etail a | i ic or

het erocyclic %%%}Wi%'r‘edmg é\%tgﬂ h%&er g%ﬁ{'ﬂ %resé%tlpﬁhcﬁ ogppoq{ﬂ%ga&fl c acids,
. such as form geapifuladlf Qit!: HdmﬂedrwmpNétﬁb@eﬁi@eﬂOrQarva(Dh@melMiethods of

di ethylacetic acid, malonic acid, succinic acid, pinelic acid, 15 fumaric

acid, mal ei ¢ @rganic Chemistrelc Georg- a'lhteiﬁﬁ?'é/e&'@gdsmﬂﬂﬁra acid, benzoic acid,

30 The formylation of a compound of the formula Il to give a formyl ester of
the formula I, in which R has one of the meanings indicated above, is
carried out analogously to the method of Vilsmeyer-Haack [Jutz C. et al.,



salicylic acid, 2-phenylpropionic acid, citric acid, gluconic acid,
ascorbic acid, nicotinic acid, isonicotinic acid, nethane- or

et hanesul Wonhes®@o2 d, et hanedi sul fonic acid, 2-hydroxyethapegulphf260 aci d,
benzenesul fonic acid, p-toluenesulfonic acid, naphthal enenono- and

-disul fonic acids and 20 lauryl sul furi c@cid. In a preferred enbodi nent,

the salt formation is carried out in a solvent mxture of acetone/water in
<(51 ra/('; [ o(of between 5:1 and 4:1 by precipitation using hydrochloric acid
379 . (3- Oyapmidid 5880k G ity PERRNRBRSYork i

et hyl ) pi per agﬁﬁ}@ﬁ/ ?lﬁrggtnhgr dnrﬁ(? éﬁ%ﬁpobﬁfgﬁi 'de,ealii_)gorf b‘rj?r%%wlller%l %SfotTrSt her
e][m?ﬂl rr;ant o{ln&.@égiﬁp%m%%ﬁfm%cﬂﬁgfﬂt (Tlheheacptiur{eilstpref&rablue:ao:lf}%d]fouhiaoI e ester
0 e formul a can reac irectly, without prior saponification to
3 cyano- 1 iAERE0S RO SORAN endctt doachtin ShiaSsatudl behystaE ahd 58

phenyl ) et hy! IHcAGHS Felfindfo froRPTOEROrEl-0g Parduldny siserédsoRents aehem cal
am nol ysi s. . 02/0591192 -10 5 10 15 PCT/EPOL/’1s2-t0 The chem cal

a{n nf)l ﬁshs Zaimﬁytfargaeﬂde)ggbgﬁﬂg?de?mmgegpfB%ME gethrﬁ;pmﬁilcof Menger F. M

et al., J. e oC. , -9 T lochen ca L alysis can
be carried omxdr?(iﬂ%@%ﬁbﬁc a l?,er}zgggt ?oﬁ[ﬂe%q oax@gp@, Cﬁfn‘ﬁ'%f“'ﬁ??%ﬁﬁ%‘! a Vv

wi th 1-[2-(4-dycHsoRhnrstyipsiiaiddm pexmgi ne or one of the corresponding

salts in the presence of "a’lipase or an antibody. The bi ochem cal
am nolysis can be carried out, for exanple, by the nethod of Gotor V. et

al ., Bioorg. d 1 . . ' | t.per

i kewi se rela fo{'%’gaql'ﬁpdgi%g"i&qrwéféégga%aﬁg%hugﬁr@wgéﬁg-pﬁ%r&e

H-i ndol +(0/- yl )dfP@et,f | uor ophenet hyl ) pi perazi n- 1-yl ] met hanone of the fornula

| F CN H- and salts thereof, characterised in that (1 ) an indole ester of
the formula Il 20 NI I HR-O Oin which 25 Ris an al kyl group having from

1 108 carbons it 3% (GinyRhdbR' éotérs drtnk Rrla!IFAre ik balituid 7 MetrRRyeT ©f

the fornul a

carbonyl-3-indolecarboxaldehyde, 7-ethoxycarbonyl-3-indolecarbox-
aldehyde, 7-tert-butoxycarbonyl-3-indolecarboxaldehyde and 7-benzyloxy-

15 carbonyl-3-indolecarboxaldehyde. The synthesis according to the invention
is particularly preferably carried out using 7-ethoxycarbonyl-3-indole-
carboxaldehyde.

The oximation of the compounds of the formula Ill, as described above, is

20 carried out under standard conditions (lit.: Kurtz P., Houben-Weyl,
Methoden der Organ. Chemie [Methods of Organic Chemistry], Vol. VIil,
Georg-Thieme-Verlag, Stuttgart).

The oximation is particularly preferably carried out in polar aprotic solvents,
25 such as DMF, benzene, toluene, xylene or NMP, at temperatures between

0° and 50°, in particular at room temperature.

The preparation of the cyanoindole esters of the formula V, as described
above, is carried out by treatment with acid. Suitable acids are, for

30 example, inorganic acids, such as hydrochloric acid, sulfuric acid or phos-
phoric acid, or organic acids, such as formic acid, acetic acid, p-toluene-
sulfonic acid or methanesulfonic acid. The reaction is particularly preferably



w0112/ (159092 5 -11HO/ N 11l H R O O PCT/ EPQOL/ 152-t0 in which Ris as
defi ned above, fornmed from (1l ) is reacted with hydroxylam ne to give an
oxi me denyvpabiwwayl0 of the formula IV OH N/ NIV 15 H R @c@epokch R is
as defined above, 20 (3) the oxine of the fornmula IV is converted into a
cyanoi ndol e ester of the formula V CN N &-25 HR-O Oin which R has one of
t he nmeani ngs i ndi cated above, (4} the ester of the formula V is converted
into the conpound of the formula 30 | by am nolysis using

1-[2- (4-fl uorpfk SN -BBIIRE b es@énh b I n w
621 1156002 peERELY B 96%-6‘1'@5{33?6%3&?3@3“3 B bR DR MBI e | @S
converted i ntrixtures tiereobwithlapsotin/solventeaattemperatunesihetretan 26 amd a f urt her

enbodi nent of, the process ac ing to the invention, the conpound
3-cyano-1 H- i Y% 'é‘-pﬁrﬁ‘é‘mﬁ%%&%rﬁaci d can be prepared by hal ogenation of an
» indole ester of the formula Il N1 I 10 HR O O as descri bed above to give

a conmpound of the fornmula VI Hal 15 NVI HR OO in which Ris an alkyl
group Havi ng Inropartictlar embadijoantxefdhe psecessy stapsy(1) to (Jrareigarriedod in Br or

|, foll db ti LT hal t] f f |
. as descr il anBvkSRepdf BreiRss REAR-RRY ki oG IR B A A crelfs (1 1t -
Houben- eyl , fdg83noden14lon 5, without the intermediates being isolated. The one-pot

process gives better yields compared with the stepwise synthesis.

10 The saponification of the compounds of the formula V to give 3-cyano-1H-
indole-7-carboxylic acid is carried out under standard conditions (lit.:
Houben-Weyl, Methoden der Organ. Chemie [Methods of Organic
Chemistry], Georg-Thieme-Verlag, Stuttgart).

15 The saponification is particularly preferably carried out using KOH in
methanol at room temperature.

As an alternative to chemical saponification, the ester cleavage can also be
carried out enzymatically with the aid of esterases. Suitable esterases are,
20 for example, Bacillus sp. esterase, Bacillus stearothermophilus esterase,
Candida lipolytica esterase, Mucor miehei esterase, horse liver esterase,
Saccaromyces cerevisiae esterase, pig's liver esterase,
Thermoanaerobium brockii esterase and pig's liver esterase isoenzyme 1.
The esterases may also be employed in immobilised form. Commercial
25 immobilised esterases are, for example, pig’s liver esterase (PLE)
immobilised on Eupergit® C or on oxirane-acrylic beads.
Enzymatic reactions are preferably carried out in aqueous buffer systems,
but other solvents, in particular alcohols, such as ethanol, may also be

present.
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Organ. Chem e [ Methods of Organic Chem stry]) Georg-Thi ene-Verl ag,
Stuttgart) or anal ogously to Heterocycles, 1986, 24, 2879-85) ibid. 1989,
29, 1663-wpodwssmr Chem Soc. 1985, 107, 2943-5; J. Og. @oempoi/ 923 58)
2058-60, or J. Chem Soc., Perkin Trans._1, 1989, 2009-15. 30 The

brom nation or iodination in the 3-posi’t§6n of the indole can |Iikew se be
carried out anal ogously to Bocchi et al. Synthesis 1982, 1096-1097. WO
U2/ (1 S~W92 -13 PCT/ EP(11/1S2-tU Exanpl es of suitable solvents for the

hal ogenati on ﬁfeeréb)cﬂbﬁwab@%o-ﬁ%ﬁu@é-m@m@ﬂﬁic A Wathel -pngh-RubRNE;
hal ogenat ed hydrocar bons, such as dichl oronethane and chlorof orm ketones,

such as acet qienyhethyllpipecszine ar ooaef the salts impartisulainvith lef2dnftngro-

i oxane: - am dRemDRtABGerA Atttk ¥ came ot B REIRD TH® done:
Cnitrites, sughownh RERItABIIkEratie faRthel dcyliftin' FarAines JHBEDbEN-WBRSEC.SOI vent s
w th one another. Conpounds prepared in accordance with the invention by
hal ogerfat i on Vi@uenee! 5/Hlppageainto 806120 T). Howaves; 8-i9 algo; passilie 1o eadioxyl at e,

met hyl 3-bro | ndal.e- {- . i - :

i ndol o- 7 c g seydbBsdo fif Piesghes s an Bl sthelt BiShdissyf svitoble, ny,
3-bromo- 1 H igei@rits aré RyD@CHEHES, setigs banzene-tdludnersial gyléne;dioned,at e,
tert-butyl 3-chloro-1 Hindaol e-7carboxylate, tert-butyl 3-bronp-1

H i ndol e- 7- c&Ushan agatone and-idenenes alephwls.suchias matianoh-ethanlxipoat e,

benzyl 3-chl = ' ] = I I e

H- i ndol e- 7_C%rﬁgég%%ﬂygﬁgl%neﬁ%tpggisgéﬁ?afqgﬁléﬁ 0 g&éﬂgﬁ&gwg%x The use
of et hyl0 3- branm-aities rslwheas/dinsethplforhetnsider DMMydr B-mettigipyrrolidone;

Hi ndol e- 7-carhoxylate is particularly sujtable in gggor dance wiith the

i nventi on. 20MitriRS, SYEE @stanetenitrte. it desird algemigitsep ObthasgsSARRDUWHAS of t he
formula VI by, . S | @,gé)dl VR CapE hod of
Cassar L. et oa’f&?”%ﬁgm%ﬁgﬁy%ge‘?{tﬁ?’ééf Ehfg%dd@@ 3, \%\nbltﬁh&ﬁ(ljlbggﬁdég‘g’t al ysi s
or anal ogouslfgr eramptke amtlkatl arfaliGdinerearth Meta thydtoxide, daneonatSac. , Per ki n
Trans. 1 1999, 25 16, 2323-2326 atani N al, J. . Che 1986,
51 "a714- 16, HipaRoPala GotAnclasLsgbota emk aqhabihs kel peliding eath, |y
preferapdy i i i : | S0 " )2
preferapyy | Mheefigseretabl o potdtivth ctfigorateiut or tiDaldition 89 &

organic base, such as triethylamine, dimethylaniline, pyridine or quinoline,

or of an excess of a piperazine derivative, may be favourable. Depending

on the conditions used, the reaction temperature is between about 0° and

150°, normally between 20° and 130°.

20
Instead of the 3-cyano-1H-indole-7-carboxylic acid, it is also possible to
employ derivatives of this acid, preferably the preactivated carboxylic acid,
or a corresponding carboxylic acid halide, a symmetrical or mixed
anhydride or an active ester of 3-cyano-1H-indole-7-carboxylic acid.

25 Radicals of this type for activation of the carboxyl group in typical acylation

reactions are described in the literature (for example in the standard works,

such as Houben-Weyl, Methoden der organischen Chemie [Methods of

Organic Chemistry], Georg-Thieme-Verlag, Stuttgart).

Activated esters are advantageously formed in situ, for example by addition
30 of HOBt or N-hydroxysuccinimide.



The invention therefore likewise relates to a process for the preparation
of (3-cyano-1 Hindol-7-yl)[4-(4-fluorophenethyl)piperazin-1-yl]nethanone

of the fowguhAsdoed F ~\ ~ 1 / CNO N H and salts thereof pcg/ipoaedesi sed in
that 10 (1) an indole ester of the formula Il NI | H15 RO Oin which R
is an alkyl group having from1 to 6 car$on atons or arylalkyl, is

hal ogenated, 20 (2) the halogen group of the ester of the fornula VI Hal N
VI H25 RO Oin which R and Hal are as defined above, fornmed from (1 ) is

converted int 4 O M hel il -1
ol o 7-caltsosa pouad P Moot B Ainigacate gy Best ave ovane
P'CtT /h EEO[ /2 1(5§~|G||owkﬁar0¢8)ﬁanlble meﬂa?dob)lccbwemﬂiohat procaesdasayhioh areikmown toeact ed
W -[2-(4-fl uoro phe € ' ' lts t f. t ' h
Copound of the AecraLPaIed It (h BE P8 i & sl R VintBetlvm a1 i 5
+ converted intg: gRemple. it DESSE4s7dyy treatnment with an acid. A further aspect

of the invention rePates to compounds of the fornula IVOH 10 NIVHROO
15 in vhich Ris an alkyl group having from1 to 6 carbon atons or

i cat e ababessulanebse gt dte rmblaleRn Abiealveten R Bng Bpdhiet Bl e 1O
e hat o BoanugtspRospniag, Sl dcidio ey satendre sy cover
t her eof . OH Hifive physiologically acceptable salts. Thus, it is possible to use inorganic
acids, for example sulfuric acid, hydrohalic acids, such as hydrochloric acid
10 or hydrobromic acid, phosphoric acids, such as orthophosphoric acid, nitric
acid or sulfamic acid, furthermore organic acids, in detail aliphatic, alicyclic,
araliphatic, aromatic or heterocyclic monobasic or polybasic carboxylic,
sulfonic or sulfuric acids, such as formic acid, acetic acid, propionic acid,
pivalic acid, diethylacetic acid, malonic acid, succinic acid, pimelic acid,
15 fumaric acid, maleic acid, lactic acid, tartaric acid, malic acid, benzoic acid,
salicylic acid, 2-phenylpropionic acid, citric acid, gluconic acid, ascorbic
acid, nicotinic acid, isonicotinic acid, methane- or ethanesulfonic acid,
ethanedisulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic acid,
p-toluenesulfonic acid, naphthalenemono- and -disulfonic acids and

20 laurylsulfuric acid.

In a preferred embodiment, the salt formation is carried 6ut in a solvent

mixture of acetone/water in a ratio of between 5:1 and 4:1 by precipitation

using hydrochloric acid (37%). (3-Cyano-1H-indol-7-yi)[4-(4-fluorophen-
25 ethyl)piperazin-1-yljmethanone, hydrochloride, is formed.

In a further embodiment of the process according to the invention, the

cyanoindole ester of the formula V can be reacted directly, without prior

saponification to 3-cyano-1H-indole-7-carboxylic acid, with 1-[2-(4-fluoro-
30 phenyl)ethyllpiperazine or a corresponding salt by chemical or biochemical

aminolysis.



25/ N~Ilva, / N 1 VWb HHROOROOIin which R has one of the neanings
i ndi cat ed above. 30 Preferred conpounds of the formula IV are WO

02/ (1S9( Q8 n2AdvvEt hyl 3- hydr oxyi mi no-1 H-i ndol e- 7- car boxpgtepo/ed2ly!

3- hydroxyi m no-1 Hindol e-7-carboxyl ate, PCT/EPOL/ 152~0 tert-butyl

3- hydr oxyi m no-1 H-indol e-7-car boxyl at e 18rd benzyl 3-hydroxyi m no-1

H- i ndol e- 7- car boxyl ate, where both the Z- and E 5 forns and m xtures of
these are' included. Particularly preferred compounds of the formula IV are
ethyl (2)-3- i I

(E) - 3- hydr OXW%‘]F et R Siindsid ?ég‘rﬁg&a; (6B (& Brarfipl8yby the method of
conmpounds of Némgdrdt. rMJetail\(Jcamn behemeBacetbas, 31hé3nbtthods 10 descri bed

oo el o i ot OB geidal Srieo S s el Ot TRaah gxinle. By 8hBHoTof ¥ &7
+ H-indol -7- y') éorhf}%uﬁale Mﬁhtywvﬂtm?qﬂwmémﬂﬂém Behyl|piperayide 8l t S

t her eof, escr ove 15 A further aspect of the i'nvention rel ates
to comﬁ)unds arfe oftbefoormespandingisalts in th@praaemce)of a lipaise lor @ni antipedyl ky|

h 1 6 d
Al Kyl and ar y\8 RpPheRie! BRGNS rBnRe Y Chabr s aaPi BviRe ;ABBE; .. - o

conpounds of 6f*t§otBPvma{§4 \Blebﬁgormé@mhé’mcygg@ 7. Hgongde- 7- car boxyl at e,
ethyl 3-cyano-1 H i ndol e-'7-carboxyl ate, tert-butyl 3-cyano-1

H i ndol e- 7- car boxyl ate and 30 benzyl 3-cyano-1 H-indol e-7-carboxyl ate, and

The i nvent i onhen¥apie MeiRioe HidvErIpRIEE o7 Pt or il ARpaBRier ' ™ *°

3- cyanot@d HI(BGBvaﬂoYTMdzﬂwmag4 -fixorapierdithyl figperagipotuy]metiaridre éfor mul a vV
can be prepared by the nethods descri bed above for conpounds of the fornula

. the formula |
F T\
‘QKN N CN '
5 /" o \_/
H/
and salts thereof, characterised in that
(1) an indole ester of the formula |
20 N\
N I
\
H
R—-0O O
in which
25 R is an alkyl group having from 1 to 6 carbon atoms or arylalkyl,

is formylated,

(2) the formyl ester of the formula Il

30



5 The conpounds of the fornmula V are valuable internediates in the
synthesis of (3-cyano-1

H-i ndol - 792 ohlodogo4- f | uor ophenet hyl ) pi per azi n- 1-yl | met hanoperaipd 5l S

t hereof, as described above. 10 The invention |likew se relates to the
conpound 3-cyano-1 Hindol e-7-car boxylild -acid and salts thereof. A further
aspect of the invention relates to conpounds of the formula VI 15 VI R-C~ v
in which Ris an alkyl group having from1 to 6 carbon atons or arylal kyl,
20 and Hal is CI, Br or | and salts thergof. Alkyl and arylal kyl have one
of the meanings indicated above. 25 prefe ncompounds of the formula Vi

. are nethyl 3-brono-1 Hindol e-7-carboxyl ate, ethyl 3-brono-1

H i ndol e- 7- car boxyl ate, tert-butyl 8~ '§-1 H- i ndol e- 7- car boxyl at e and
benzyl 3-bronmpb-1 H-indol e-7-car box d 0 met hyl 3-iodo-1

- Hindol e-7-carboxyl ate, ethyl 3-io0d +\jndol e- 7- cdilboxyl at e, WO

02/ US9WU92 -18 tert-butyl 3-iodo-1 H{ndole-7-carboxyl ate and benzyl
3-i0do-8 Hindol e-7-carboxylate, and sal t sHt hereof. PCT/EPU 1 /1520 The
process according to the inventRe®1s~Particularly preferably carried out 5
usi ng ethyl 3-brono-1 Hindol e-7-carboxylate or ethyl'3-iodo-1 Hindole-7
carboxylate. A salt of the conpounds of the fornula VI can be prepared by

t he net hods descri bed above for conpounds of the fornula I. 10 The
conpounds of intéich Rniglas defingdeabayeuabl e i ntermediates in the synthe sis of

Sai 2t her eorfon8H et (] 1 s GEY WRREBR NP PGUB Eb e dafRalid "0CC AN
assunedi@d hat & thefemrulakdVyvl led in the art 15 will be able to utilise the

above description in the broadest scope. The preferred enbodi nents shoul d
therefore nerely be regarded as descripti

N
A\
v
15 N
H
R-0 o
in which R is as defined above,
20 (3) the oxime of the formula IV is converted into a cyanoindole ester of the
formula V
CN
A\
N Vv
\
25 H

R—-0 @
in which R has one of the meanings indicated above,
(4) the ester of the formula V is converted into the compound of the formula

30 | by aminolysis using 1-[2-(4-fluorophenyl)ethyl]piperazine or one of the
salts, and



di scl osure which is absolutely not to be regarded as [imting in any way.
Al tenperature data above and below are given in C. In the follow ng 20
exanpl es,wooenmest i onal wor k-up” mnmeans that water is addegcrfepoggRseary,
the m xture is adjusted, if necessary, to a pH of between 2 and 10,
depending on the constitution of the end2pr oduct, the mxture is extracted
with ethyl acetate or dichloronethane, the phases are separated, the
organi ¢ phase is dried over sodiumsul fate and evaporated, and the 25

product is p i ;

crystal i sat Kéﬁheégéﬁ%?'@ %gélg.fcligé%@ti'hni}ﬁg '?bé’ﬁ@e@?h @8§é of it \éi’?'ﬁ e 30 2.9
m of phosphdreasmenywith@an atddare added slowy to 7 m of N, N-di nethyl
formam de in a nitrogen atnosphere (fornylation solution). 5 g (0.029 nol)
V1' O 02/ 0s9f 192 PCT/ EPO1/ 152.40 _19 of methyl indol e-7-carboxylate are

- dissolved in 7 mM of DW and added slowy to the fornylation solution,
during which the tenperature does not rise above 30 degrees. The m xture is
t hen wér med dn anOfthfeoerrtmdlmeMOftAétpetbceasmaqogdnngh@thﬁ utventtom dhpoured into

wat er and neutralised, usin g? ¥dro i de ion t he deposited
crystals arecpinm “GYAN 'nQB - SRTORY, Caf %paé%ag g';)y(89 9% of
theory). 1.2 t.%n<d1>éw|ﬁameres%@ﬂ@ftthélfamﬁaal|p 7-carboxylate 10 5 g of

nmet hyl 3- fornylln ol e-7-carboxylate (0.024 nol) are added to a solu tion of
0. 03 nol of hydroxyl anmoni u -~.dr- hioride in di met hyl f ormam de. The
reaction mxture is heated & 25 ™Nygr one hour and subjected to
conventional work-up, givVing of met hyl

3- (hydrqaxyi m nomet hyl ) i ndol e-yYcar boxyl at e. 151h. 3.

Met hyl 3- cyanoi ndol e- 7- carboxy ate 5Hg of nethyl

3- (hydr oxyi m nonet hyl )i log~ rboxyl ate are suspended in 20 m of
toluene, 1 nm of sulfonyl chloride is added, and the m xture is 20 refl uxed

for one hour. i i tate give 4.5 g of
met hyl cyanoi ns??&?@@ gggﬁ%éﬁgw&gEg&?hﬁ?&guggﬁm ndol e- 7- car boxyl i c
acid 25 4.5 g (0.022 rml) of net hyl cyandialdol e- 7- car boxyl ate are suspended
in 100 M of nethanol, and a solutigp of /30 mM of sodi um hydroxi de sol ution
(w=23209 in 30 M of water is adgead Qom tenperature. Stirring over
night gives a virtually clear sol | ch is filtered and evapor at ed.
Water is added to the residue unt M&¢ Blar solutionyis fornmed, and the

m xture is 30 adjusted to pH = 2 usilng cofgentrated hydrochloric acid with
i ce-cooling. The white crystalﬁ a(r) 'dtered off with suction and dried for
2 hours under -

in which R is an alkyl group having from 1 to 6 carbon atoms or arylalkyl
20 and

Hal is Cl, Brorl,

followed by cyanation.

The halogenation of the compounds of the formula I, as described above,

25 is carried out under standard conditions (lit.: Houben-Weyl, Methoden der
Organ. Chemie [Methods of Organic Chemistry], Georg-Thieme-Verlag,
Stuttgart) or analogously to Heterocycles, 1986, 24, 2879-85, ibid. 1989,
29, 1663-7; J. Am. Chem. Soc. 1985, 107, 2943-5; J. Org. Chem. 1993, 58,
2058-60, or J. Chem. Soc., Perkin Trans. 1, 1989, 2009-15.

30 The bromination or iodination in the 3-position of the indole can likewise be
carried out analogously to Bocchi et al. Synthesis 1982, 1096-1097.




WO 02/ US91) 92 PCT/ EPUL/ 152~0 - 20 reduced pressure, giving 4 g of
3-cyanoi ndol e-7-carboxylic acid (97. 7% of theory); mp. 317.5 - 318.5. 1.5.

7-{4- [ 2- (oRkmeiephenyl ) et hyl | pi per azi ne- 1- carbonyl }- 1 H ippaaipefisz4o
3-carbonitrile 5 g (0.027 nol) of 3- cyan0|ndole 7-carboxylic acid are

dissolved in 40 m of hot N nethyl pyrrolliSdone, the solution is cooled to
40, and 7.6 g (0.027 nol) of N, N-carbonyl diim dazol e are added. The m xture
is stirred at 10 roomtenperature for a further one hour. A suspension of

N LAt MoTaRINE T S8 BRI 7 16 RURIGRRBIOH HFe pdrakrdBnsbuch

N- et hyl pyrror’ sequent 'y poure mnutes, a clear

- solution is fgyp@szened tgluene aﬁdezytmedhahoigehatedrmmtratarbdeppmm asThe mi xture
is stirred overnight at roomtenperature. The crystals are fbuEered of f

wi th sucti on,digisfsaethiane @ndghlorptorgy; \hegywej, §ueh %3 acetone and butanone;
- 7-{4-[2-(4-1l - -

H |{ ndE)I eg- car g%@?%h)aésg ﬁémﬁdg:étﬁégg ﬂ]saw Wh@dﬁ P]létaggl r?tthe(r% p.) of
192. 0 193.5. slioh ammﬂaa:uadraﬁwms(THF ) and dioxane; amides, such as dimethyl-
7-{4-[2-(4-fl I 01
[+ ol e 3. cAoBBAMGS (M) ghe b ok BByRRlidarzontaiey; 4 3 aePoBltihenet hy!

pi per azi n-1-y. h
7-{4-[2-(4- Fl%ﬂoﬁtgﬁgﬂéﬁﬂ‘%é?hﬁf%ﬂ%%?ﬁ??ﬁ/e?@sc\g}tggﬁsla}no{ ?‘LI ndol e

3-carbonitrile, hydrochloride 25 2.1 g of the free base obtained in
accordance wth 1.5 are heated in 5Q m of et one,. and e s added
until a clear eféﬁpat'r‘aﬁpr%"aff‘o‘ﬁ%accﬁgﬁpﬁ? Wﬂtg%ﬁ? 'We@"fwrb%r\{\% %érb%t Woric acid
(w = 3740 andarg, forHxaf CPI@%EEHW31c$\|6rbeﬂ~l-$ﬁddléﬂdcérﬁox9' LY me&hwﬁbrcﬁno-
subsequent |y evapor at e hal'f the volune in a rotary 30 evapor ator. The

preci pi tated H;landnim?ecar@exylster. |nDQtBV|e3i|Q§i0f~1Wlﬂ(ﬂp'@t?c@amxymé% iedlayl\@-t h

021 0. 9002 P o) 1A 3 Sk B, st Biobicky Priflple- L3aro bte oy 1

Hi ndol e- 3- Caéth9mJiddd - lhd@.éw @Qﬂb@ Ngl‘éﬁe ,(6A%uey| 3-tisleroL) H-iAldclerposi ti on
range 314 - 319. Exanple t hyl 3- c7yan0| ndol e- 7-car boxyl ate 9.1 ¢

of Iphosphor y| carhpuylatee teft buydi@éh'omﬂ Bd- 'WOléf -ganbexWate. derdhd S- th IhCF
ndol 018 ¢ar pHIRAQE -LETRRLRIS IHBoPl FENEe 1AL Rt s FlndESTT

10 the tenper I&Umci‘—1Hlﬁﬂ@letbcéfbox&fdt@andrlmnlzsbm-loﬂo 1125ndd>lbe7 sm1bob(ylate| S

added dropwi se while still hot to a solution of 6. 3 o hg&r(‘myl anmoni um
chloride in 4bheusemf gt BryyPme-HiringRle- faarboxyats S?f Fed at 120C

for a furt hermagl{em( r&gp&}y %r oug%ﬁ'% fly[asﬁntapl‘érlﬁ%cb&tdé :egtvﬂfh thextracted with

ethyl ace tate ter um ni um oxi de and evapor at ed)
giving 4.5 g ihvenfiomet hyl 3-cyanoi ndol e-7-car boxyl ate having a nelting
range o% 212 213.5 (48.9% of theory). The further reaction is carried out
anal ogo Qly to Exanple 1.4. to 1.6. 20 Exanple 3: 3.1.

Et hyl 3- br onoi §if@lsfindrita bR 8¥eh&logen group of the compounds of the formula VI
by the cyano group is carried out analogously to the method of Cassar L. et
al., Adv. Chem. Ser. 1974, 132, 252-73, with nickel catalysis or analogously
to the method of Sakamoto T. et al, J. Chem. Soc., Perkin Trans. 1 1999,

25 16, 2323-2326, or Chatani N. et al, J. Org. Chem. 1986, 51, 4714-16, with
palladium catalysis.

The cyano group is particularly preferably introduced with palladium cataly-
sis.
30



12 g of pyridine hydrobrom de perbrom de are added to a solution of 5 g of
et hyl indole-7-carboxylate in 50 g of pyridine. The reaction mxture is 25
war med t owdQrhsoand stirred until the conversion is conpl ecq/pbi/pm@bout 3
to 10 hours). Conventional work-up gives ethyl 3-bronvoindol e-7-carboxyl ate.
3.2. 3-Cyanoi ndol e- 7-carboxylic acid 36140 021 1159092 - 22

PCT/EPI'l1 1/152-t0 7 g of éethyl 3-bronoindol e-7-carboxylate are dissolved in
70 g of NWP, and 4 g of CuCN are added. The mi xture is heated to 100-140C
With stirringg : ; I i jRGt i gnal

wor k- up, gi V?E\hgﬁbp%%%]o?%%ﬁg? !}i_&%gr Eﬁ’ﬁﬁ@%?ﬁ@ %%gﬁgtﬁ?%ﬁgrﬁrmga@tni on of
- the 3-cyanoi r8alyand- thHuiruhoty7l-yl¥4 44 iftiorephemetihdipiperazim byl getisanoneofExanpl e
1.5. to 1.6. EO 15 20 .25 30 WD 02/0a9092 -23 Patent C ains

pcT/ EPUL/ 152.t08farMBadcess for the preparation of (3-cyano-1

- Hindol-7-yl)[4-{4-fluorophen ethyl)piperazin-1-y|]

net hanone of the fornmul a

| 5F~N~CNI OH10 salts t hereof , charf i i

i ndol e ®ster of thE—{ 3 NI ) T5\R OO
N N

and salts thereof, characterised in that

10
(1) an indole ester of the formula Il
A\
N\ {
H
15 R—O o)

in which
R is an alkyl group having from 1 to 6 carbon atoms or arylalkyl,
is halogenated,

20 (2) the halogen group of the ester of the formula VI
Hal

A\

N\ VI

H
25 R—0" 0

in which R and Hal are as defined above,
formed from (1) is converted into a cyano group, with the ester being

saponified to 3-cyano-1H-indole-7-carboxylic acid at the same time,

30



R is an al kyl group having from1l to 6 carbon atons or arylalkyl) is

fornylated, 20 (2) the fornyl ester of the formulal Il H25 RCr Vr in
whi ch R iwoagnswb: ned above, 30 forned from (1 ) is react edraipoiris24o
hydr oxyl am ne to give an oxine derivative of the fornula IV WO

U2/ US91112 -24 OHN5/ NIVHROO inWich Ris as defined above,
PCT/ EPUL1/ 152~(1 10 (3) the oxine of the formula IV is converted into a
cyanoi ndol e ester of the formula VV 15 RO- ~Oin which R has one of the
meani ngs i ndi K 3 e of, L @thV1 irs. jfied to
i ve 3 cyano- 1T %GRE S AU T BRAHIE agid 15 rpACEH L [2 (2 J0eRS
. Hi ndol e- 7- c pheoyletihyl]pipedazise oeasltetheneafto give the compound of the

1-[2-(4fl uorqgher%I )et hyl ] pi perazine or salts thereof to give the conmpound
of the formlf@Muadn@NG5 (6) the resultant base of the formula | is
converted into one of its salts by treatnent with an acid. 2. Process
according to Claim1, characterised in that steps (1) to (3) are 30

carried out 44) theoesultant kaset ofdbpformula\\ds ocon ipteoTe pPUs sais by - 25 3.
Process according t imJl, characterised in that in step (4), the ester
of the for rrult%?a\tﬁl'legingh%é}?%ﬁ' into the conmpound of the forrmula | by

am nol ysis using 1-[2-(4-fluorophenyl)ethyl]piperazine or one of the salts.

5
A further aspect of the invention relates to compounds of the formula IV

OH
NF
10 N
A\
N v
\
H
R—0O O

15 '
in which R is an alkyl group having from 1 to 6 carbon atoms or arylalkyl,
and salts thereof.

Alkyl and arylalkyl have one of the meanings indicated above.

20 Compounds of the formula IV may occur in two isomeric forms, compounds
of the formulae IVa and IVb. The general formula |V covers the individual
isomers of the formulae IVa and [Vb as well as mixtures thereof.

OH
—~ /
HO~ N, N
N
25
) IVa N
N N IVb
H \H
R—0O O R—O o
30 in which R has one of the meanings indicated above.

Preferred compounds of the formula IV are




4. Process according to daim1l, characterised in that 3-cyano-1

H- i ndol e7-carboxylic acid is prepared by hal ogenati on of an indole ester of
the formave oklosdh@2 N~ | | H R O O in accordance with C ai mpgTigpogidss a
compound of the formula VI Hal 15 NVI HR- OO 20 in which Ris an alkyl
group having from1 to 6 carbon atonms orf®aryl alkyl, and Hal is C, Br or
I, followed by cyanation. 25 5. Process according to one or nore of C ains
1 to 4, characterised in that Ris ethyl. 6. Process according to one or

more of O ai . RBLRI-irkffle 70cdrBBkylat
1-[2-{4-fl uoﬁ%ﬁﬁxrr\%@g{défgﬁ?lpi perazine is r(Erarp %féd as the di hydro30
- chlori de. etioyl B2hyfrep@miRETHEnBOE-7-tafttoxylse,7. Process according to one

or nore of d ai t , Gh ri,sed,in th the b 3- -1
H- i ndol - 7-y| )@ﬁﬁ‘ﬁﬁﬂﬁ%ﬁ@}?ﬁ h%ﬁ%_é?-ls;%me@ t?ﬁgphgﬁgn(e < convert ed
Cintoits hydr%ﬁg%\/\-}h?grﬁ)xgirﬁino@ﬂ- e7LabbyRsteOivhiehe bbf thel 2 4nd EH F N 10

/ NIVHROOI : I's an al kyl group ‘having from1l to 6 carbon atons
or aryl&l kyl foansland meiatures phthesefaredncl@yedhoi ndol e esters of the formula V

arylalkyl . 2 afEEy PeerBrel sBbeusds e R VAR L 0. Car boxyl 1 6 acid
and sal ts t hestR@f(Z)-8lhydroxgaitid sHAhdblBET -Caroxlfate/l 30
ethyl (E)-3-hydroxyimino-1H-indole-7-carboxylate and E/Z mixtures.
A salt of the compounds of the formula IV can be prepared by the methods
10 described above for compounds of the formula I.

The compounds of the formula IV are valuable intermediates in the synthe-
sis of (3-cyano-1H-indol-7-yl)[4-(4-fluorophenethyl)piperazin-1-yllmetha-
none and salts thereof, as described above.
15
A further aspect of the invention relates to compounds of the formula V
CN

\
20 H
R—07 0

?

in which R is an alkyl group having from 1 to 6 carbon atoms or arylalkyl,
and salts thereof.
Alkyl and arylalkyl have one of the meanings indicated above.
25
Preferred compounds of the formula V are
methyl 3-cyano-1H-indole-7-carboxylate,
ethyl 3-cyano-1H-indole-7-carboxylate,
tert-butyl 3-cyano-1H-indole-7-carboxylate and

30 benzyl 3-cyano-1H-indole-7-carboxylate, and salts thereof.
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25 Preferred compounds of the formula VI are

methyl 3-bromo-1H-indole-7-carboxylate,
ethyl 3-bromo-1H-indole-7-carboxylate,
tert-butyl 3-bromo-1H-indole-7-carboxylate and
benzyl 3-bromo-1H-indole-7-carboxylate,

30 methyl 3-iodo-1H-indole-7-carboxylate,

ethyl 3-iodo-1H-indole-7-carboxylate,
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ake ° sis of (3-cyano-1H-indol-7-yl)[4-(4-fluorophenethyl)piperazin-1-yljmetha-

none and salts thereof, as described above.

Even without further details, it is assumed that a person skilled in the art
15 will be able to utilise the above description in the broadest scope. The
preferred embodiments should therefore merely be regarded as descriptive

disclosure which is absolutely not to be regarded as limiting in any way.

All temperature data above and below are given in °C. In the following

20 examples, “conventional work-up” means that water is added if necessary,
the mixture is adjusted, if necessary, to a pH of between 2 and 10,
depending on the constitution of the end product, the mixture is extracted
with ethyl acetate or dichloromethane, the phases are separated, the
organic phase is dried over sodium sulfate and evaporated, and the

25 product is purified by chromatography on silica gel and/or by crystallisation.

Example 1:
1.1.  Methyl 3-formylindole-7-carboxylate

30 2.9 ml of phosphorus oxychloride are added slowly to 7 mi of N,N-dimethyl-
formamide in a nitrogen atmosphere (formylation solution). 5 g (0.029 mol)
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1. ethyl 3-(hydroxyiminomethyl)indole-7-carboxylate

10 5 g of methyl 3-formylindole-7-carboxylate (0.024 mol) are added to a solu-
tion of 0.03 mol of hydroxylammonium hydrochloride in dimethylformamide.
The reaction mixture is heated at 125° for one hour and subjected to con-
ventional work-up, giving 5.1 g of methyl 3-(hydroxyiminomethyl)indole-7-

carboxylate.
15
1.3. Methyl 3-cyanoindole-7-carboxylate
5 g of methyl 3-(hydroxyiminomethyl)indole-7-carboxylate are suspended in
20 ml of toluene, 1 ml of sulfonyl chloride is added, and the mixture is
20 refluxed for one hour. Evaporation and extraction with ethyl acetate give

4.5 g of methyl cyanoindole-7-carboxylate, m.p. 212°.
1.4.  3-Cyanoindole-7-carboxylic acid

25 4.5 g (0.022 mol) of methyl cyanoindole-7-carboxylate are suspended in
100 ml of methanol, and a solution of 30 ml of sodium hydroxide solution
(w = 32%) in 30 ml of water is added at room temperature. Stirring over-
night gives a virtually clear solution, which is filtered and evaporated. Water
is added to the residue until a clear solution is formed, and the mixture is

30 adjusted to pH = 2 using concentrated hydrochloric acid with ice-cooling.
The white crystals are filtered off with suction and dried for 2 hours under
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*-10%& () - ! * -HAN-niethylpy@Blidohe/@d $olantipoisdeds|€d 1o H0°, and 7.6 g
(0.027 mol) of N,N-carbonyldiimidazole are added. The mixture is stirred at
10 room temperature for a further one hour. A suspension of 1-(2-(4-fluoro-
phenyl)ethyl)piperazine dihydrochloride in 40 ml of N-methylpyrrolidone is
subsequently poured in. After 5 minutes, a clear solution is formed and just
afterwards white crystals deposit. The mixture is stirred overnight at room
temperature. The crystals are filtered off with suction, washed and dried,
15 giving 5 g of 7-{4-[2-(4-fluorophenyl)ethyl]piperazin-1-carbonyl}-1H-indole-
3-carbonitrile as the free base having a melting point (m.p.) of 192.0 —
193.5°.

The chemical names 7-{4-[2-(4-fluorophenyl)ethyl]piperazine-1-carbonyl}-
20 1H-indole-3-carbonitrile and (3-cyano-1H-indol-7-yl)[4-(4-fluorophenethyl)-

piperazin-1-ylmethanone are synonymous.

1.6. 7-{4-[2-(4-Fluorophenyl)ethyi]piperazin-1-carbonyli}-1H-indole-
3-carbonitrile, hydrochloride

25
2.1g of the free base obtained in accordance with 1.5 are heated in 50 ml
of acetone, and water is added until a clear solution is formed. A mixture of
0.6 ml of hydrochloric acid (w = 37%) and 1.2 ml of acetone is then stirred
in. The mixture is subsequently evaporated to half the volume in a rotary
30 evaporator. The precipitated hydrochloride is filtered off with suction,

washed with acetone and diethyl ether and dried, giving 1.6 g of 7-{4-[2-(4-
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' Example 2:

S 2.1.  Methyl 3-cyanoindole-7-carboxylate

9.1 g of phosphoryl chloride are added to 30 mi of dimethylformamide with
ice cooling at a reaction temperature of 20-30°. A solution of 8 g of methyl
indole-7-carboxylate in dimethylformamide is added dropwise, during which

10 the temperature rises to 40°. After one hour at 125°, the solution is added
dropwise while still hot to a solution of 6.3 g of hydroxylammonium chloride
in 40 ml of dimethylformamide, and the mixture is stirred at 120°C for a fur-
ther 15 minutes. The mixture is poured into water, extracted with ethyl ace-
tate, filtered through neutral aluminium oxide and evaporated, giving 4.5 g

15 of methyl 3-cyanoindole-7-carboxylate having a melting range of 212 —
213.5° (48.9% of theory).

The further reaction is carried out analogously to Example 1.4. to 1.6.

20 Example 3:
3.1. Ethyl 3-bromoindole-7-carboxylate

12 g of pyridine hydrobromide perbromide are added to a solution of 5 g of
ethyl indole-7-carboxylate in 50 g of pyridine. The reaction mixture is

25 warmed to 30-50° and stirred until the conversion is complete (from about 3
to 10 hours).

Conventional work-up gives ethyl 3-bromoindole-7-carboxylate.

3.2. 3-Cyanoindole-7-carboxylic acid
30
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The further reaction of the 3-cyanocindole-7-carboxylic acid is carried out

analogously to Example 1.5. to 1.6.

10

15

20

25

30
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(1) an indole ester of the formula i

15 H

in which
R is an alkyl group having from 1 to 6 carbon atoms or arylalkyl,
is formylated,

20
(2) the formyl ester of the formula Il|
H
o
N\
25 N ]
\
H
R—-0O O
in which R is as defined above,
30 formed from (1) is reacted with hydroxylamine to give an oxime deriva-

tive of the formula IV
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in which R is as defined above,
10 (3) the oxime of the formula IV is converted into a cyanoindole ester of
the formula V
CN
A\
N \Y
\
15 H
R—-O 0]
in which R has one of the meanings indicated above,
(4) the ester of the formula V is saponified to give 3-cyano-1H-indole-7-
20 carboxylic acid,
(5) the 3-cyano-1H-indole-7-carboxylic acid is reacted with 1-[2-(4-
fluorophenyl)ethyl]piperazine or salts thereof to give the compound of
the formula |, and
25

(6) the resultant base of the formula | is converted into one of its salts
by treatment with an acid.

2. Process according to Claim 1, characterised in that steps (1) to (3) are

30 carried out as a one-pot synthesis.
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salts.

5
4. Process according to Claim 1, characterised in that 3-cyano-1H-indole-

7-carboxylic acid is prepared by halogenation of an indole ester of the

formula Il
10 N

N\ Il
H
R-0O O
in accordance with Claim 1 to give a compound of the formula VI
H
15 al
A\
N\ Vi
H
R—0O O

20 in which R is an alkyl group having from 1 to 6 carbon atoms or aryl-

alkyl, and

Hal is Cl, Brorl,

followed by cyanation.
25 5. Process according to one or more of Claims 1 to 4, characterised in

that R is ethyl.

6. Process according to one or more of Claims 1 to 5, characterised in
that 1-[2-(4-fluorophenyl)ethyl]piperazine is employed as the dihydro-
30 chloride.
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5 | 8. Oxime derivatives of the formula IV
OH
3
N
AN
AN
10 N\ v
H
R—-O (@]
in which

R is an alkyl group having from 1 to 6 carbon atoms or arylalkyl, and
15 salts thereof.

9. Cyanoindole esters of the formula V
CN

20 N vV

in which
R is an alkyl group having from 1 to 6 carbon atoms or arylalkyt,
25 and salts thereof.

10. 3-Cyano-1H-indole-7-carboxylic acid and salts thereof.

11. Compounds of the formula VI
30
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in which
R is an alkyl group having from 1 to 6 carbon atoms or arylalkyl, and
Hal is Cl, Bror |,

and salts thereof.
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