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(54) Title: METHOD FOR THE PREPARATION OF CITALOPRAM

(57) Abstract: The invention relates to a method for the preparation of

citalopram comprising, in either order, subjecting a compound of formula

) (T wherein Y is a cyano group or a group which may be converted to a
cyano group, R is hydrogen, -O-RE, NH,, NHCHj; or -N(CHj), wherein R!

/ COR

)

is selected from hydrogen, alkyl, alkenyl, alkyny! and cptionally alkyl sub-
stituted aryl or aralkyl; to i} reduction of the double bond in the side chain

of formula -CH=CH-COR: ii} conversion of the group -COR or a reduced
form thereof to a dimethylaminomethy! group; and iii) if Y is not cyano,
conversion of the group Y to a cyano group; followed by isolation of citalo-
pram base or a pharmaceutically acceptable acid addition salt thereof.



is selected from hydrogen, al kyl, alkenyl, alkynyl and optionally alkyl
sub- stituted aryl or aralkyl; to i) reduction of the do ; he
side chain of formula -CH=CH COR ii) conversion of thengﬁﬁgﬂﬁ%%fﬁﬁﬁ a
reduced forh?PHE¥of to a di net hyl am nonet hyl group; and FPEFPKPFONEZ 5 not
cyano, conversion of the group Y to a cbano group; followed by isolation
of cital o- pram base or a pharmaceutically acceptable acid addition salt

t hereof . 131dtuga orihe Preplfidion WA BA30 PCT/ DKO1100162 Met hod for the
Preparation of Cital opram The present invention relates to a method for the
preparation of the well-known antidepressant drug

ci t al opr amle presepipventidnytiales tne yysthog fdr Fhe breparatidn gbihe phlkimdwn-anti®passayding- 5- i SO
benzof ur annizﬁo@aﬁ,wﬁt&rﬁeﬂ]ﬁamiﬁ’@ﬁlsﬁﬁpumﬂmoph&.gnh,rzvcﬁmfooﬁis ramis a
wel I'- knQwn a tLngressant drug that has now been on the market for sone
years and “T8WES the fol lowing structure: NC It is a selective, centrally
acting serotonin (5-hydroxytryptam ne; 5-HT) reuptake inhibitor, 15

accor di ngl Bahiavsiid offileifkRREGSSaNt - activities. The antidepressant activity
of the compound has been reported in several publications, eg. J. Hyttel
Prog. Neuro-Psychopharmacol. & Biol- Psychiat. 1982, 6, 277-295 and A

G avezn AcC#zipgyoliN aatdil-knSea adidepk &8aht dribHthathzSaodBBen dnthe wake datReindragys aiidir t her
been dH§C|Qéﬁﬂe&@mﬁﬁ@%ﬁﬁ%&?Cts in the treatment of denentia and
cerebrovascul ar disorders, Ep-A-474580. 20 G talopramwas first disclosed
in DE 2,657,013 correspondi ng 6. US4, 136, 193. This patent publication
describes the preparation of cita = one gethod and outlines a

further nethod, which may be used fgi p epari ng ctal opram 25 According to
the process described, the correspondi ng wor ophenyl ) -1, 3-di bydr o- 5-

It is a selective, centrally acting serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitor,

15 accordingly having antidepressant activities. The antidepressant activity of the compound has been
reported in several publications, eg. J. Hyttel Prog. Neuro-Psychopharmacol. & Biol. Psychiat.
1982, 6, 277-295 and A. Gravem Acta Psychiatr. Scand. 1987, 75, 478-486. The compound has
further been disclosed to show effects in the treatment of dementia and cerebrovascular disorders,
EP-A-474580).

Citalopram was first disclosed in DE 2,657,013 corresponding to US 4,136,193. This patent
publication describes the preparation of citalopram by one method and outlines a further method,
which may be used for preparing citalopram.

25  According to the process described, the coxrespondmg 1-(4-fluorophenyl)-1,3-dihydro-5-
isobenzofurancarbonitrile is reacted with 3-(N,N-dimethylamino)propyl-chloride in the presence of
methylsulfinylmethide as condensing agent. The starting material was prepared from the

¢ corresponding 5-bromo derivative by reaction with cuprous cyanide.

30  International patent application No. WO 98/019511 discloses a process for the manufacture of
citalopram wherein a (4-(cyano, alkyloxycarbonyl or alkylaminocarbonyl)-2-hydroxymethylphenyl-
(4-fluorophenyl)methanol compound is subjected to ring closure. The resulting 5-( alkyloxycarbonyl
or alkylaminocarbony)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran is converted to the correspond-

CORFIRMATION Copy



i sobenzof urancarbonitrile is reacted with

3- (N, N-di net hyl am no) propyl -chloride in the presence of

net hyl sul figylpesli de as condensing agent, The starti ng13n%%)e;%%ﬁ:02004
prepared fromtne correspondi ng 5-bromp derivative by reaction -wit

cuprous cyanide. 30 International patent application No. WO 9810 1 95 11

di scl oses a process for the manufacture of cital opramwherein a (4-(cyano,
al kyl oxy cargoeypno dsrivaiivignddlin Tweyvern deoipativy isthenalkylated mith A{3-pheny| -

(4-f | uor opRsMIIRYHEMaloEQIGRGH Brder t6 othiRkidAdpaeh.t O ring closure. The
resulting 5-( al kyl oxycarbonyl or s

al kyl am nocar bony) - 1- (4-f | uor ophenyl ) -1, 3-di hydr oi sobenzofuran is converted
t o t he. coftrhaspynsriBingypheemfound hgGHalopin 61y BEBSVAPTTRA bKOhd GDREurabk | ng
5-cyang d%;dcysawaea_mﬂﬁmhégw@mhﬂ%&o\sa%mn Sanbylheda vahlecoRb&ihd Which 2 (3-
di et hyl am n%ggro%yl hal ew e in order to obtain citalopram It has now,
sur pri si ndt?y ** B&E e?&ﬁfﬁ‘ﬂ?t AmIgoRronY L& P%n may be manufactured by a novel
favourabl e 5 process where a"l-(4-fluorophenyl)-1, 3-di hydroi sobenzofuran is

al kyl at ed pit did18iof BEBRSUELrRE fohthe PGS Qﬂe{%&s@'mm%@u@egﬁ&bmk R ARAr 0Py

group. The _al Kylation process according to the inventjon i s partjcularly
advant age SH-Hatsis berelyrensyiop gt the alkylgineggent s guridadvhgtronateduntipn ©dbs on of "t he
al kyl api ngmage of alkyhtiayaigatio béneed Bynade pasibie! Toaprotesd dfeheliveatimipnovides

al kyl ating; g@g%nt to be used is made possible. The process of the

i nvention &? vides high yields. Sunmary of the invention 15 - In one
aspect of the present invention, there is provided a nmethod for the

pr epar at i Sammhrcifitlalioyeneison conpri sing subjecting, in either order, a
conpound of fornmula (nn wherein Y is a cyano group or a group which may be
conve HE ed Intofﬂe Sp&Y G2 pQEéﬁHQventBn,' Rerd Y ﬂ%@@e% methb fofthe prw:ationmﬁngﬁl -N(CH3) 2
whereih R= i s selected from hydrogen, .al kyl, al kenyl, al kynyl and 20 -

opt’i onal | §PmRARGA SURERSES (e gy ARt to i) reduction of the double
bond in the side chain of fornula -CH=CH COP, and

L]

wherein Y is a cyano group or a group which may be converted to a cyano group, R is hydrogen, -O-
R!, NH,, NHCH; or -N(CH;), wherein R' is selected from hydrogen, alkyl, alkenyl, alkynyl and
-'20 - optionally alkyl substituted aryl or aralkyl; to '

i) reduction of the double bond in the side chain of formula -CH=CH-COR; and

if) conversion of the group -COR or a reduced form thereof toa
25 dimethylaminomethyl group; and
" i) if Y is not cyano, conversion of the group Y to a cyano group;

followed by isolation of citalopram base or a pharmao;cutically acceptable acid addition salt thereof.

30 The conversions mentioned under i), ii) and iii) above may be carried out in any order.



ii) conversion of the group -COR or a reduced formthereof to a 25

di net hyl ami nonet hyl group; and iii) if Y is not cyano, gg&gﬂggpzw4 t he
group Y to a cyano group; followed by isolation of citalopram base or

phar maceut i vab byssamcept abl e acid addition salt thereof _ BBc-ﬂihggmmer Si ons
mentioned under i), ii) and iii) above may be carried out in any order. 13
Sept enber 2004 WO 01/68630 PCT/DKO /00162 3 5 10 An enbodi nent may rel ate
to the reduction of the double bond nentioned under i) above may be ‘
carried out bef re the a reduced formthereof nmay be
converted t0° %}?‘eﬁé’f aé‘?f?ﬁ’ﬁﬁﬁgm?}°fﬂ}“8?}’;§le§’§“dl]%%‘?“4‘f“)ieré)l5‘8ﬂ’i’émaﬁé‘f’nver si on of
t he group ‘detlfdOatbefizarlmggmmt(@ﬁmyrdﬂe:edzanm|haebfmairbeabmangdtsw t abl e point
during thedinke@Aghih@bny Bod Palldi§.ar enbodi ment, the conpound. of formula
(I'l}) used is a conpound wherein' Y is cyano. Anot her preferred enbodi nent,
may be The conpound of fornula (1I'1) nmay be prepared by reaction of a
conpound ofy D ohey i y be
converted {Zoﬁvgfs{CEHgﬁtg grou %%Y%Og%ugg&n%oung ggt\%tg{ys e[eﬁ%rﬂlrtm nglEh&R
wherein R 68y cular, fimentythe co %ﬁlﬁwedmepwmuwwesens& ect ed
from hydr ogejano. al kyl , al kenyl al kynyI and optionally al kyl substituted
aryl or aralkyl; to form a corrpound of forrrul a (l1l). 13 Septenber 2004 WO
01/ 68630 PCT/ DKOL/ 00162

10  Another preferred embodiment, may be the compound of formula (1II) may be prepared by reaction '

of a compound of formula

wherein Y is a cyano group or a groﬁp which may be converted to a cyano group, with a compound
. having the formula ’

/\coa

_ an
15

wherein R is hydrogen, -O-R', -NH,, -NHCH, » -N(CH3), wherein R' is selected from hydrogen, -
alkyl, alkenyl, alkynyl, and optionally alkyl substituted aryl or aralkyl; -
to form a compound of formula (III).



3a In anot her aspect, the present invention there is provided a conpound
having the fornmula wherein Y is a cyano group or a grou

converted to a cyano group, R is hydrogen, -O R, NH2i Piﬁ%k%nw%ﬁa%%gHS)Z
wherein R is selected from hydrogen, alkyl, alkenyl, alkyn and
optional | y %98 68&0bstituted aryl or arg;kyl or an acid ’??%ﬁmgﬁlt
thereof Yet another enbodiment may rel at€®to an anti depressant
pharmaceutical conposition conprising citalopram manufactured by the
process of the invention. The group Y which may be converted to a cyano
group may .be electeg from hal ogen, J WD 01/ 68630 13 P&M t T OBRO4 4

“0 SCe- (Cﬁ‘éﬁ“" S el the gresprd senyion-aereys providegyepmpopadtping GCORIR o1 - NHR
wherein R and R' is selected fram hydrogen, -al kyl, al kenyl , al kynyl' or
opti onal | y al kyl substituted ar) ‘ ar.lkyl and R s hydrogen or

al kyl carbonyl, or Y is a group "a R10 R12 5 wherein Uis Oor S
R12 - R13 are each independently ~ 1 hydrogen and al kyl, or R 2
and R13 together forma C2- ain t ereby formng a spiro ring;
R10 is selected from hydrogen and al ky is | selected from hydrogen,
al kyl, a carboxy group or a precursor \Qroup therefore, or R0 and R’
together forma C2 -.s alkylene chain thareby formng a spiro ring. Y nmay
be any other group, which 10 nmay be converted to @ cyano group. The

al kyl ati.on step where the conpound of formula (1) is reacted with a

conpound  Gfpefe 14 aacym grbt§3 or 8 gfohﬁah,xh ..%rbe bﬁﬂm@k‘dtto byyaﬁa sawm& yRirogef) €O-

conmpound of, formul a ( a base, such for exanple

(1t hi qroi¥ s B dﬁ%ﬂ Nécy‘ﬂs)zwlmms (ﬁeﬂflaﬁeq ﬁwcmw&s%lm *}lkwh Aomfand

NaHVS 15 (dp&mnphmyﬂsdusﬁmteaa@norseﬂkyumazoercxdrmaladmiakmetedes such as NaOwe,
"KOVE Li Ove,” NaCt ert Bu,

Yet another embodiment may relate to an antidepressant pharmaceutical composition comprising

citalopram manufactured by the process of the invention. ' <

The group Y which may be converted to a cyano group may be selected from halogen,



KOertBu or LiGertBu in an aprotic organic solvent such as THE
(tetrahydrofurane), DMF (dinethylformam de), NWP (N net

et hers such V&@"Hﬁ’?é{’%yl et her or di oxal ane, tol uene, benzgﬁﬁg@ﬁ‘gms and
m xtures thereof The anion formed is theh reacted with a conmpound of
formula (11) whereby a group of fornmula 20 CH=CH-COR i s introduced into
posi tion | -BfSQAHEF)sShenbatiun &, -FHAGCOPB} FANRR s AWAR'S witrein & #nd®iés gr oup
-COR i's - OQY G R BYard2En, SRV Bkdn altq%ym%pﬁdaamme@aﬂmged P QIReh B &MEi N

this group 1s a di rreth |'am nomet hyl gfoup by reducti on, swtably in tol uene
usi ng Red- A&hy&sogal ?@Hﬂéﬁrﬁe}w&gﬁﬂs %Owéf?ﬂmém i s - CONHCH3 or - CONH2,
conversion to the di methyl am nonmet hyl group may be carried out by, in

ei ther order, reduction to form an ne and net hyl ation or reductive

am nation forma dinmethyl am nonmet hyl-gff oup. 30 The reduction of the am de
may be carried out in toluene usfng Red-Al as a reducing agent. 13

Sept enber 2004 WO 01/ 68630 PCT/ [PKA J B2 5 The net hyl ati on of the amne .
may be carried out with nethyl atihgyaggats such as Mel or Me_, SO4, wherein
Me is nmethyl. The nethylation’is carried out@wsing conventional procedures
for carrying out such reactions. 5 Alternatively, nethylation to forma

di met hyl.am p¢ Q{EEI@ Yog'Qup may be carried out by reductive amnation.

Accor di ng to I S procédure, the conpound carrying a -NH2 or a -NHCH3 group

It S reacteg? wife séaqueuaﬂ&nﬁ%&i}c@&ﬁm hyRd ol ey, aam‘airm%gkﬂbydﬁnarTCﬁ

ri oxane in presence o r educi.n CN. e
reductive aﬁﬁ‘?ﬁ ‘“lﬂéﬂ"&ﬁfwga 2 SR qﬁ@gﬁg‘s Séﬁcg%\é’mhl\%ﬁ?ﬁ?n ab“fi d"‘c dur es f or
carrying ouelccsc&:ﬂnm alodge akkyl, 4 GutibBy hemorR presurs@@ig@up therefoes: of BhandR't he )
di urmet hyl am REEELAY b cOr AR B infer&R ErnGid 2 Qo k. YERHelaNPother group, which '

10  may be converted o a cyano group.

The alkylation step where the compound of formula (I) is reacted with 2 compound of formula (II) is
suitably carried out by treatment of the compound of formula (I) with a base such as for example
LDA ( lithiumdiisopropylamine), LIHMDS (hexamethyldisilasan lithium), NaH, NaHMDS

15  (hexamethyldisilasan sodium) or metalalkoxides such as NaOMe, KOMe, LiOMe, NaOtertBu,
KOfertBu or LiOter{Bu in an aprotic organic solvent such as THF (tetrahydrofurane), DMF
(dimethylformamide), NMP (N-methylpyrrolidon), ethers such as diethylether or dioxalane; teluene,
benzene, or alkanes and mixtures thereof. The anion formed is then reacted with a compound of
formula (II) whereby a group of formula

20 -CH=CH-COR is introduced into position 1 of the isobenzofuranyl ring system.

Compounds wherein the group -COR is -CON(CH); may be converted to the corresponding
compound wherein this group is a dimethylaminomethyl group by reduction, suitably in toluene
using Red-Al as a reducing agent
25
When -COR is -CONHCH; or -CONH,, conversion to the dimethylaminomethy] group may be
carried out by, in either order, reduction to form an amine and methylation or reductive amination .

form a dimethylaminomethyl group.

30  The reduction of the amide may be carried out in toluene using Red-Al as a reducing agent.



amnation with dinmethylamne or a salt thereof. Suitably by reaction with
dimethylamine in the -presence of a reducing agent suciy as

NaBH3CN. Di net hyl am ne may be added to the reaction in- t% pt%ﬁrﬁgfl% 4the

di et hyl anmwio awssedel ori de salt or as a netal salt of di methyimgdimeisz\Wen R
Is -COOR , the conversion to the dinethgl am nonet hyl group may be carried
out by conversion to the corresponding am de foll owed by reduction; and

optionally IIO reductive. amn to form

di net hyl am%“ﬁ%%&onﬁ ﬂﬁ“‘““z’@a’%ﬁéa‘&ﬁ‘? s {/“eg‘gl a‘b‘g‘f Mo MesiPwof t he
est er w t hwhereinMeriemethyle Ty radthyjatinis Meyied o ummh‘tcntutnh@rmﬁuerencameg

-COOR , t hguteaR&kSdnen of this group to the di nmethyl anmi nonet hyl group nay
al so be carried out by reduction to the correspondi ng al cohol followed by
conversion of the alcohol group to a feasible |eaving group and

consecut i valtymatiedy trietpiatDb tcafpro mtmmhmhﬁmonpmmbemmmtﬁyh&baﬂé b) -

with rnet haﬂ.,ﬂmoaemul@%ﬁgs% DRl Bl e Pl £ %gﬁ (22 30EAL LA, £ 0 form a

di net hyl am no _ group, o form
the cor r esfBwl i camPABdLY é‘ﬁﬂa a‘ﬂ’d e, P"l‘?’f@‘i"@“ hole OWPWF!I{HT@PP%P& eductive
anmi nati on temcingragmstdhmm SN NABH,GNO The reditivaentiidtion isttgied out usigpect of the

present i n%gpgnh%[p&%g&gn%ﬁw%uq%h%a L@l opram prepared as defined in

t he above "aspects an a “Cohol may be formed froma
corrpoquI wherein -COR is -COOR by reduction of the ester using Red-Al as
a reduci ngwagemis -cHoﬁcoS&pstcaﬁbme d@{a@.ﬂmnm:ﬁﬂqﬁ@%ﬁ%a?@ A&l O&i&&cn& The

aI cohol nverted t | eavin u uch haI ogen,
I phagl!riligzt ga%?tﬁ) ?‘rn,uml'nmc 0 ség %Zu}t%lyﬁb % callcsonaﬁg]kﬂ%lmcgw I kynyl

or opt onaansyncapﬂwdwwgsqnt @P‘eéw ordYaBIREMN] FDymeﬂlxigmmea@r bmdd@d tplﬁher eagent s

such as t mm 2l theTOin6T the By RYniEEonldrfas Yot GP QY thélf sal€bimethylamine.

15
When R is -COOR', the conversion fo the dimethylaminomethyl group may be carried out by
conversion to the corresponding amide followed by reduction, and optionally methylation or

reductive amination fo form a dimethylaminomethyl group.

20  The amide may be prepared by reaction of the ester with an amine, preferably NH(Me), or a salt
thereof i

When R is -COOR!, the conversion of this group to the dimethylaminomethyl group may also be
carried out by reduction to the corresponding alcohol followed by conversion of the alcohol group to '

re a feasible leaving group and consecutively reaction

25 a) with dimethylamine or a salt thereof,
- b) with methylamine followed by methylation or reductive MEon to form a dimethylamino
group, or
¢) with an azide followed by reduction to form the cormresponding amino compound and

thereafter methylation or reductive amination to form a dimethylamino group.

30

In stlll another aspect of the present invention, there is provided a citalopram prepared as deﬁned in

the above aspects and embodiments,

The alcoho! may be formed from a compound wherein -COR is -COOR! by reduction of the ester 1*

using Red-Al as a reducing agent.



5 The resulting conmpound carrying a suitable | eaving group is then reacted
with dinmethylamne or a salt thereof, e.g. M, N(CH3)2 W@ggﬁbﬁﬁkﬁzbghlJ{
or Na". The weattisdn i s suitably carried out in an apr ot I ecorganmssol vent
such as THE (tetrahydrofurane), DV (di mét hyl formam de), NWMP (N net hyl
pyrrolidon), ethers such as diethylether, or dioxal ane, toluene, benzene or

al kanes an res there e | ea rou 0 be rep| aced

G et hy1 am 8 AP0 00 Pk S or I A B PR SRR L P et o BB L of
a base. Al t®@rmuii0r805R’ wieeircRipdki chlicaylrajiyng onoisnallblikel substiavédregylgr oup,
such as a smlpmﬁa&a%ummﬁgeageﬁt@sucﬂaéﬁ?onﬁmé %eeyzaldrﬁe asyRpblifed: above, may
be reacted with an azide, such as sodium azide, followed by reduction
using Pd/C as a catalyst to form the free am no group and thereafter

net hyl atd onTleresnkidg cdnpoendaairyiag 3 suitablolehdwgngreupds tretrbacted with dimeghybunine k2 The

| eaving gr Ol o8l M0 menr)ewhégﬁﬂr%tldar%t T lpgangb@,a&dyw%umfan

rrethylamnefollovve methylation or reductive amnation to form a

di met hy| ani 3PEHC REEANG F‘ﬁ‘f‘?‘b‘i‘i"*h?é dtezalyarofigeng), DME (dietrkiompemide YMESht s such
as Mel and ﬂw&ﬂﬁ@ﬁrmhdhﬂrﬂhem sivéh asﬂleﬂﬁr&théﬁbfwbxalaﬂ'é)&)lm IbyHzedeiopsikinss andr r i ed out
usi ng conv L. '

At e nat e P . 68 WA 62 68 b okt Pk vy iy A By ity

descri b¥d a%vféyla%mvm Ahlgridedn Pra%ewéﬁ Base- agpsly, hegoprend Gyingiafuitrbles

0- 8, Ij he C(]Wg%hﬁlﬂ duéh aaafmpmﬂate ORI -$E,- R GakieindRY i01d Uefiigd BIRRE ImMaPbeW t h A
cyani de sourc X R1 re
(R 5)4 indi cat?d d w‘tg'gﬁ gm&mc g%mmlél%g'\l’fong&% Eugmus?g EWF T(‘i er fa?"}n“ihI>£ wcfg\lhrg

sel ected f%ﬁwmqg@m am]@erﬁftcamgﬂhflaWF redentiveypraination & famky flimethylamine B
presence ofggyppal | adi um catalyst and a catalytic anount of CQu' or Zn2', or
with Zn(CN)2 in the presence a palladiumcatalyst. The 30 conversion of a
conpountt wherein Y is hal ogen, or CF3-(CF2)6-S2-O wherein nis 0-8, by
reacti on wiThe lcaviog groip enag elsw beaepierep bedimathglawine &y pattion dith metatamingdollowedy be
carried OUHMQngﬁﬁﬁﬁ&Q&Qdﬂ}mﬁ%hgﬂ%%@ﬁ&dﬂwmmmﬂﬁéS C or Br the conversion
to a cyano group may also be carried out by reaction with a 35 cyani de
source, for exanple KCN, NaCN, CuCN, Zn(CN)2 or (R15)4NCNwhere (R15)4

i ndi cat es fMethylation may be carried out with methylating agents such as Mel and Me,SC,, wherein Me is

20  methyl. The methylation is carried out using conventional procedures for carrying out such

Teactions.
Alternatively, methylation is carried out by reductive amination as described above.

25  When Y is halogen or CFa-(CF;)~-SO;-O- wherein n is 0-8, the conversion to a cyano group may be
carried out by reaction with a cyanide source, for example KCN, NaCN, CuCN, Zn(CN), or
R"®)NCN where (R"®), indicates four groups which may be the same of different and are selected
from hydrogen and straight chain or branched alkyl, in the presence of a palladium catalyst and a
catalytic amount of Cu” or Zn*, or with Zn(CN), in the presence a palladium catalyst. The

30  conversion of a compound wherein Y is halogen, or CF;{CF;):-50,-O- wherein n is 0-8, by
reaction with a cyanide source in presence of a palladium catalyst, may be carried out as described in
WO 0013648.

When Y is Cl or Br the conversion to a cyano group may also be camried out by reaction with a
35  cyanide source, for example KCN, NaCN, CuCN, Zn(CN), or (R"*);NCN where (R’ %)s indicates four
groups which may be the same of different and are selected from hydrogen and straight chain or
branched alkyl, in the presence of a nickel catalyst. The conversion of a compound wherein Y is



groups which may be the sane of different and are sel ected from hydrogen
and straight chain or branched alkyl, in the presence oﬁ3gegieﬁ%yzoo4
catal yst. The conversion of a corrpound wherein Y is 13 Se {;'F glrm WO
01/ 68630 PCYPBKES?PH0162 7 hal ogen or CF3-(CF2)n SR-O wherern nis o 8, by
reaction with a cyanide source in presence of a nickel catalyst may be
carried out as described in WD 0011926. 5 Wien Y is an oxazoline or a

t hi azol i nehattfgert HeCH QCRYHSD,{0- Whetkine ic 08y sacom with acyayde sourayn presesrafned
out as deslggﬂepcggp; ﬂga%e@%@fﬂasd%ﬂed\/n' s CHO the conversion to a cyano
group may car out by conversion of the fornyl group to an oxinme or
simlar gr¥@POBiP26eaction with a reagent of fornmula R 6-V-NH2 wherein R16
is 10 hydrogen, alkyl, aryl or heteroaryl and Vis 0, Nor S, followed by
dehydr ad i OWheti Y I3 aﬁommiﬂamradlﬁbgliﬂe aft thenfgrnaudpe(@Y), thd cnvessiantph evapdinginbyd catriedr i de,
acetic anh ridine/HCL or phosphor pentachloride.
Preferred %’{'ggasg&gn syﬂﬂg}%?iare hydr oxyl am n and conpounds wherein R 6 is
alkyl or aryl and Vis Nor O 15 Wien Y is -COOH, the conversion to a
cyano gr oUmnmdrey isRgics; a{ercbﬂqrsg,utto Adyanolghdip ﬁﬁp be&mela@uﬂg cabiesion ohthefandd, ' est er
or anide. The acid_chlori | S conveni egﬁtar{g obttﬁ yvtﬁﬁa&,ﬁ%% ef, the
acid with Pespiean p@peoersjmi f‘ﬂ"ﬁ'éﬁafm““o"f’ 3t OF PEBIRR s o VEnY Rl B 155

t ol uengn Orhyﬂﬁh&iﬁﬁlﬁylp@ﬁw haérodgyl and A isa0, W ar §, faltowrdtby déhyliafiorddith a common

di methyl fo este ' ai.ned rh an
al cohol , #Ha‘%]’émﬁ F‘%CEQ 05 8"“"3’ ﬂnyicmogde acenE g‘%ﬁ@&g? m@ﬁ{gﬂ g‘] or a$ Lewi s
aci d, suchpeaschigide. BSR4 reP@BIR’ -VPEIzﬁredemwn andaq::gngqaqngwh,egqnyli isiokst er

may be)obt ¥ Q ke acid chloride by reaction with an al cohol. The
ester %a@‘i’%& d (ﬁf}rorl de may then converted to an am de of by am dation
W th ammnl a or an alkylamne, preferably t-butyl am ne. 15 The conversion

to am g€ N@¥erP¥y SACOOHONRE &nR&SloDY 2 RAE BloBPmBY beldaRic@ it @1a thd coltespandmgiacid Or  an |

chloride, ester or amide.

The acid chloride is conveniently obtained by treatment of the acid with POCl;, PCls or SOCl, neat
or in a suitable solvent, such as toluene or toluene comprising a catalytic amount of N,N-

20  dimethylformamide. The ester is obtained by treatment of the acid with an alechol, in the presence
of an acid, preferably a mineral acid or a Lewis acid, such as HCl, H,80, POC;, PCls or SOCL.
Alternatively, the ester may be obtained from the acid chloride by reaction with an alcohol. The ester
or the acid chloride may then converted to an amide of by amidation with ammonia or an
alkylamine, preferably t-butyl amine.

5

The conversion to amide ﬁlay also be obtained by reaction of the ester with ammenia or an

alkylamine under pressure and heating.

The amide group is then converted to hcyano group by dehydration. The dehydrating agent may be
30  any suitable dehydrating agent, and the optimal agent may easily be determined by a person skilled
in the art. Examples of suitable dehydrating agents are SOCl,, POCl; and PCls, preferably SOCl,.

In a particularly preferred embodiment, the carboxylic acid is reacted is reacted with an alcohol,
2 preferably ethanol, in the presence of POCl;, in order to obtain the corresponding ester, which is
35  then reacted with ammonia thereby giving the corresponding amide, which in turn is reacted with
SOCI, in toluene comprising a catalytic amount of N,N-dimethy]-
formamide.



al kyl am ne under pressure and heating. The am de group is then converted to .

a cyano group by dehydration. The dehydrating agent may bg i tabl e
dehydr at i ng vwgeness3eand t he opti mal agent may easily be det g&ﬁ%ﬁg{%ﬁ%

person skilled in the art. Exanples of stitable dehydrating agents are
SOC12, PCC13 and PCls, preferably SOC12. In a particularly preferred
enbodi nent, the carboxylic acid is reacted is reacted with an al cohol,
preferably ethanol, in the presence of POCI 3, in order to ﬁbtgin t he .
cor r espondiMigmestels 2 cREPERS wersy isEROHmRY E‘Ei’e\?\?tf%”"glh%?sé{ MereBT Yt Vi ng
t he corr espedd ko Pma the sile Wi itredted with Addiydrating agat axdl asiifdnamBOa] desiribed ol Wéne
conpri si ngwgal ytic amount of N, N-di nethyl formam de. WO 01168630 13
tseyMK 710 8 Alternatively, a conmpound where Y is -COOH may be reacted
wi th chlborosul fonyl isocyanate in order to formthe ni %ri Ee, or tjfeat ed
with a dehyWheY gNEBEnvhes R inhydrqsen e frensrsics Rjacwpe SRESIPAEOmsd 5738, 5
Wien Y is -d¥ERation 20 @IBwE by réaStidhyethaDeModt hefeabiy BNOomdIORCH ad/arNaCNsis

preferably perforned. b diazotati on and.f.ol ] owed act i ' .
Vost - pr ef ot J P Bk llieoes ole Opues Rin b3 ibfo PGl apbect bbaind
al kyl car bonyd correfpendipgompnaid wberein Rt"iissl ich idthecbeartednsdesdrtst phrive. Thher eby
obt ai ning .t he. correspondi J j . S Hwhich is then
conv'ertlfread gllé'gr gg’éﬂa%edp%ig%ﬁ\}gfl iﬂe%&f@gﬁy %%%@f@nﬁ%ty be perforned either in
acidic or basic environment. Starting materials of fornmula (1) wherein Y is
hal ogen may be prepared _as descrihed in GB 1526331 conpoungds | a
(D) *oher of Sirtstmeta e Sy ) Thaan iy e aLa e & Saoa s FoisehaT
conpounds  dempaindesr formulAQl) 9B 640 ;O-SOMIRdF, ohy beprepated arjalogoslydp ien Y is -
an oxazolin [ i t aRal aoadslh®otde
Srfimfl el B0 IRAL ol R ERGLAL R hee

R o M AL T AR O
conpounds V#agH&inds Whdréin YGIohhaldehydle @Ry be frepunal sasibghasly tothy @oipoumdyddsaribed apar ed
anal ogous| yasRA?O BQ?OS%Q%BI%}‘)’IO%Q svﬁ)%%ﬁlr\.bged in _

-COOH, and esters and amides thereof may be prepared analogously to the compounds described in

WO 98/19511 and compounds of formula I wherein is -NHR™ may be prepared analegously to the

20  compounds described in WO 98/19512.

The reaction conditions, solvents, etc. used for the reactions described above are conventional

conditions for such reactions and may easily be determined by a person skilled in the art.

25  The starting material, of formula (I) wherein Y is a cyano group may be prepared as described in US
patent No. 4,136,193 or as described in WO 98/19511.

The compounds of formula (II) are commercially available or may be prepared form commercially
available starting materials using conventional techniques.

30 '
Citalopram is on the market as an antidepressant drug in the form of the racemate. However, in the

near future, the active S-enantiomer of citalopram is alsc going to be introduced to the market.

S-citalopram may be prepared by separation of the optically active isomers by chromatography.
35



WO 98/ 19511 and conpounds of formula | wherein is -NHR'™ nay be prepared
anal ogously to the 20 conpounds described in WO 981195123 sEpRnitRAGHHAN
conditions, solvents, etc. used for the reactions describgg Q@Wlmafe
convent i onalYC U8 ti ons for such reactijons and may easily Eg’ e?ernined by
a person skilled in the art. 25 The starting material, of formula (1)

wherein Y is a cyano group may he prepared. a escri In US natent No.
4,136, 193 BF“‘%"‘H&?&P‘?%B@%FB’FH“ "@%%fé%i’f.ﬁ‘y‘ﬁ?gmg%ﬁ%%ﬁﬁ%g°r8&r ?‘r“’r?u a?( 11) are
commer ci al gryupchagiing Aldhenowo sixgyrbdicatpusapdused, shdraymethyinethyd) laprbyyl, Zanredyt.dbl e
starting r rjals HsLng C i t | qYEShvBLnbiial opramis on the
mar ket asn%%ﬁﬁ%ﬁﬁﬁégﬁggggﬁﬁaﬁgEgiﬁﬂabﬁégﬁgp%?gﬁﬁ¥ﬁg ngénate. However, in
the near future, the active S-enantionmer of citalopramis also going to be

i nt r odug edg;t, 4 SR Kfitalloysy1 Ghdpetiioay, A6y sk sRLANBVRIRGY reeBakatban of the

optically active 1soners by chropmatography. 35 13 Septenber 2004

01/ 68630 PeTppieciding gnegivule Wé&‘b‘ﬁ%g" dﬁ%%?ﬁé“glr’ﬁr"ééi “b@ﬁ%?fap%?‘aﬁ’rﬁ’gﬂ he
ter m al kyl eth@Ep2pi9l, andbugmgined or unbranched al kyl group having from one
to six carbon atons inclusive, such as nethyl, ethyl, 1-propyl, 2-propyl,
1- butyl, 2-butyl, 2-nethyl-2-propyl, 2,2-dinethyl-I-ethyl and

2- et hyl - | Tirepydryl rerSto thawo} or bicgtlicempbcyelivaramiaky sryip, suck ayrbenyl grd npphthyl,
designat e such. gro having fromtw to six carbon atons, including one
doubl e onﬁpgﬁﬁg%ﬁﬁgﬁé bond respectively, such as ethenyl, propenyl,
butenyl, ethenyl, propynyl, and butynyl. The termaryl refers to a nono-

or bicycli@hégﬁg%g; dfGs R ICwEH- QM Byl 58/ 81Rky] &Sas RERBY Abod)d napht hyl, 10 in
particul ar pheny .Mghe termaral kyl refers to aryl-alkyl, wherein aryl and

al kyl i's as defined above. Optionally al kyl substituted aryl and aral kyl
refers to eptdnald WicRsmbitytbd S1anPsralkyipifers tormy amiirilio glotps, whith osy eptibsdli t ut ed

with one o re al kyl groups.
15 i;e srglgstitutgd v@ﬁ ong or mcpre alkyl groups.
Halogen means chloro, bromo or iodo.

Citalopram may be used as the free base, in particular in crystalline form, or as a pharmaceutically
20  acceptable acid addition salt thereof. As acid addition salts, such salts formed with organic or
inorganic acids may be used. Exemplary of such organic salts are those with maleic, fumaric,
benzoic, ascorbic, succinic, oxalic, bismethylenesalicylic, methanesulfonic, ethanedisulfonic, acetic,
propionic, tartaric, salicylic, citric, gluconic, lactic, malic, mandelic, cinnamic, citraconic, aspartic,

stearic, palmitic, itaconic, glycolic, p-aminobenzoic, glutamic, benzene sulfonic and theophylline

[ Ny
[

acetic acids, as well as the 8-halotheophyllines, for example 8-bromotheophylline. Exemplary of
such inorganic salts are those with hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric and

nitric acids.

The acid addition salts of citalopram may be prepared by methods known in the art. The base is
30  reacted with either the calculated amount of acid in a water miscible solvent, such as acetone or
3 ethanol, with subsequent isolation of the salt by concentration and cooling, or with an excess of the
acid in a water immiscible solvent, such as ethylether, ethylacetate or dichloromethane, with the salt
separating spontaneously.
The pharmaceutical compositions of the invention may be administered in any suitable way and in
35  any suitable form, for example orally in the form of tablets, capsules, powders or syrups, or

parenterally in the form of usual, sterile solutions for injection.



Hal ogen nmeans chloro, brono or iodo. Ctal opram nmay be used as the free
base, in particular in crystalline form or as a phar mc@&"sﬁ'e%@Hb\érZ@&
acceptabl e a¥Pd®1/4%3#ti on salt thereof. As acid addition salRCI/DIMYEH6E] t s
formed with organic or inorganic acids nfy be used. Exenplary of such
organic salts are those with maleic, fumaric, benzoic, ascorbic, succinic,
oxalic, bisnethylenesalicylic, nmethanesul fonic, ethanedisulfonic, acetic,
propionic, tartaric, salicylic, citric, gluconic, lactic, malic, mandelic,
ci nnani ¢, dif P%"E‘B?ﬁeﬁt!"a’atjg qfipps of the inygptiop may ke preRared by CRERioR ,megwsea fec,
p- am nobenzeti Bor egdmifie pblets nog bz progaraibly fndxing the adive ingegibntvtithrediRby @psbnte
aci ds, as vagh/hr ﬂﬁiﬁ&t@ﬁzd%ﬁ@éﬂu@&tﬂ% bRt B Srixtflin sﬁﬁmg&aﬁﬁmmﬂpmmnml line.
y Q hose with hy

Exenpl ar such i norganic Salts are t rochloric,

hydr obr i Exaspies ¢fiafligvants oF filisits compiiss FRBYSfEChaRRito FTt talouml, magnesiym gteagplp,g
addi ti on sgklafine)factoie glnapandmhertiky. A% opeeqdfvad obaddiieé, heldeidgnamwmal N t he art.
The base i i I Lher I - Idin a
vater i scibia mnPa iy B i ohBR ek B, S8 AHabET IR Rmdin
isolation of the salt by concentration and cooling, or with an excess of
t hed_ aci d iseluBontdbahjedtiEh hisyl e lpRepsed Matisolving €2 adtire @ighidlentdne possiblc Bydimesinat e
or dic nt

or gnet hape, .w the. sal t epatatin nequsl The.
phar nagllgut i*PAl Ogtﬁﬁf)%‘écf'{{]oro'ﬁgc%fl’ Er?"lf%_mﬁ \E;teerh1 ?‘%tﬁg ﬁ‘%‘?fs%% 58"?71‘%&“ g? i g%"?f‘n any
sui t abl e werplumecstdniisingte salytion gid Bllingit inghitablefappodsscaryilals. Smveduitabld additifie f or m
of tabl et s, comRREdabIBSusedR WGk 20 be 8ded! BSch atonicRALRAG bl tived) aftidRiddry, er.0f
usual , sterile solutions for injection. 13 Seppl enber 2004 PCT/DKO /00162

WO 01/6863Q_ 10 The ar,maceuti cal farnul ati ons of the invention may be
pr epar ed b%hﬁlﬁ’ﬁ%'ﬂ?FSBWQF‘ﬁﬁ"ﬁﬁ@gyihﬁ?cluﬁ‘émgﬁ’faﬂ’?p??br exanpl e, tablets may be

prepared by m xing the active ingredient with ordinary adjuvants and/or
di luents arigxagluﬁslequently conpressing the mxture in a conventi onal

tabl etti ng mas¢hi'ne. 5 Exanpl es of adjuvants or diluents conprise: Corn
starch, potato starch, talcum magnesium stearate, gelatine, |actose,

guns, and tguldok 6 1-AMoRHRGAH) 2L iR oz daldh-5ct BonithR] (2 ! 6X65mol Fn TR,
(50 mL) was added dropwise to a solution of LDA ( Butyl lithium 1.6 M (15 mL) , disopropylamine
20 2.6 g)at-30 °C under an atmosphere of nitrogen. After stirring at — 30 °C for 10 minutes a
solutien of 2 compound of formula (IT) ( 0.02 mol) in THF (25 mL) was added dropwise and
allowed to warm to room temperature and stirred for a further 60 minutes. The reaction was then
quenched with ice, extracted with toluene (3 x 50 mL), washed with water (50 mL) and concentrated
under reduced pressure. The residue was purified by chromatography on silica gel using mixtures of

25  n-heptane/EtOAc as the eluent.



preservatives etc. may be used provided that they are conpatible with the
active ingredients. Solutions for injections may be prepageg g\tntggrggg‘hw ng
the active ingredient and possible additives in 10 a part mp t he sol vent
for injection, moefigseably sterile water, adjusting the sol upconktimotshe
desired volunme, sterilising the solution &hd filling it in suitable

anpoul es or vials. Any suitable additive conventionally used in the art
may be added, &dabhs as tonicity agents, preservatives, antioxidants, etc.

The invention is further illustrated by the foll ow ng exarrpl es. 15 Exanple
1 A solution of ro hen , 3-di h dr oi obenzof ran: 5-carbonj tril e
(2 o U 05 1o o g O bl p B g P B Pl e ERTRS Lo (

Butyl 1ithium fongulM (15 nl) , disopropylamine 20 2.6 g) at -30 C under an
at mosphére of nitrogen. After stigring at- 30 C for 10 minutes a sol ution
of a conpound of formula (11) (0.02 iQ THE (25 nL) was added dropw se
and allowed to warmto roomtenper g 10! stirred for a further 60
m nutes. The reaction was then quenc¥ Z e extracted with tol uene
(3 x 50 m.), washed with water (50 nL) anncentrat ed under reduced

LE ()

pressure. The residue was purified by chr pgraphy on silica gel using

m xtures of 25 n-heptane/ Et OAc as the el bepny. 13 Septenber 2004 WO

01/ 68630 PCFI DKO1/00162 ii Cains 1.: A nethod for the preparation of

ci tal opram ¢onprising subjecting, in either 6rder, a®onpound of formula 5
ing wherein“Y is a cyano group or a group which may be converted to a cyano
group, R gg hy eheygje i s a-cfano Boyup dueiZrouN@H3nay be M4 @HIB) 12 2 piaey spup, Bis hydogsw @t ed

f rolm hydr leE lRahhylmcﬁL KER0H,), Fhdotiris @idbled £ Hy@O gk iy P hikank 1, AldRFiahd Ut ed
aryl or ara : y tlona.cl)ly alkyl substituted aryl or araltkyl; to '

10 iy reduction of the double bond in the side chain of formula -CH=CH-COR:

- 1i} conversion of the group -COR or a reduced form thereof toa
dimethylaminomethy] group; and

15 i) ifY is not cyano, conversion of the group Y fo a cyano group;
followed by isolation of citalopram base or a pharmaceutically acceptable acid addition salt thereof.

2. The method accordmg to claim 1 wherein the contpomd of formula (II) is prepared by

20 reactionofa compo:md of formula
Y.
(>

M

F

" wherein Y is a cyano group or a group which may be converted to a cyano group, with a compound
having the formula



10 i) reduction of the double bond in the side chain of fiasSeplembeCho®H COR
ii) conversion of the group -COR or a reduced formthereof to a

di et byl ar ni nonet hyl group; and .15 iii)zif Y is not cyano, conversion of
the group Y to a cyano group; followed by isolation of cital opram base or a
pharmaceutically acceptable acid addition salt thereof. 2. The nethod
according to claim| wherein the conpound of fornmula (I11) is prepared by
20 reaction of a compound of fornmule mswherein Y is a cyan group or a group
whi ch may be converted to a cyano group, mﬁtqu conpound having the
formula 13 Septenber 2004 12 wherein R is hydrogen, -OR, -NH2, -NHCH3 or
-N(CH3) 3 wherein R is selected from hydrogen, alkyl, alkenyl, allcynyl,
and optionally al kyl substituted aryl or aralkyl; 5 to forma conmpound of v

f (():rQT(J lcni) g I |vdh§feirx3£{ is hp&rogan} o, @gg,aﬁﬁtng ot B(CH I \ﬂieﬁ]ein R\V_ﬁﬁeﬁiﬁtﬂ? fr&@{dr@gez;\, |

- apd the copversion of this r. tg t i met hyl am nonet hy

group is céﬂ?¥é@mﬁﬁfﬂWViﬁﬁgﬂgPF%W?hwﬁ“%mg¥%§nﬁﬁf%ﬁsﬂaccording to claiml, .
wher ei n 5- C@Rfol8 a-capddadHal fasmula@INH, and t he conversion of these groups is
carried out by, in either order, reduction and nethylation or reductive

am nation to forma di methyl am nonethyl group. 5. The method of claim1
wherein R iBs - CHie matliod sveordinpipetein brvherin-FORIS-CHNtEHN g the sonversiay pEthis oup i s
carried outyy d G BGletyRmadBRilieRitp Y chiiedbit®y bodh@ighne or a salt thereof.

6. The nmethod of claim1l wherein Ris -COXX “and the conversion to the

di met hyl am nonmet hyl group is carried out by conversion to the correspondi ng

am de fgl | aned Nye 2Ghb®abEhOR RRAl 1 Gitfele@nNEORYis AEOINICHor aTONM, I educt i ve
r.oun. f.claiml )

i nation t di et hyl ani nonet hyl n. 7. The nethod
her o1 n R 1463 BOOTHESENEL PRESTU FArEE 81 1 e ghupE o g nevifion e

reductive amination to form a dimethylaminomethyl group.

5. "The method of claim 1 wherein R is -CHO and the conversion to the
15  dimethylaminomethyl group is carried out by reductive amination with dimethylamine or a salt

thereof,

6. The method of claim 1 wherein R is -COOR! and the conversion to the
dimethylaminomethyl group is carried out by conversion to the corresponding amide followed by

20  reduction and optionally methylation or reductive amination to form a dimethylaminomethyl group.

7. The method of claim 1 wherein R is -COOR' and the conversion of this group to the
dimethylaminomethyl group is carried out by reduction to the corresponding alcohol, followed by J

conversion of the alcohol group to 2 feasible leaving group and consecutivety reaction

a) with dimethylamine or a salt thereof,
25 b) with methylamine followed by miethylation or reductive amination to form a dimethylamino
group, or
¢) with an azide followed by reduction to form the corresponding amino compound and  thereafter

methylation or reductive amination to form a dimethylamino group.

3¢



di met hyl am nomet hyl group is carried out by reduction to the correspondi ng
al cohol, followed by conversion of the al cohol group to1§§ Ohgaw ng
group and consecuti vel y reaction 25a) wth dinmethylam ne or sa t t her eof ,
b)w t h net hywekagss ol | oned by niethylation or reductive am:mknmmmo form
a dinmethyl am no group, or Oc)with an azidde foll owed by reduction to form
t he correspondi ng am no conpound and thereafter nethylation or reductive
am nation to forma di methyl am no group 13 Sept enmber 2004 WO 01/68630 13
8. A conmpound haV| the for wherein Y is a cyano group or a group
which can b con\ﬁe “’ﬁga"a’t"gg]\}'ea’aﬂ ™H%up, R is hydrogen, -O R, NH2, NHCH3
or -N(CH3)2 wherein R is sel ect ed from hydrogen, al kyl, al kenyl , aI kynyl
and optionally alkyl subst i t U .@ Qr aral kyl, or an acid addition salt
t

t hereof. 9. Cital oprarn prepared g to the method of clains 1-7.

wherein Y is a cyano group or a group which can be converted to a cyano group, R is hydrogen, -O-
. 5 R!, NH,, NHCH; or -N(CH;); wherein R' is selected from hydrogen, alkyl, alkenyl, alkynyl and
v optionally alky! substituted aryl or aralkyl, or an acid addition salt thereof.

9. Citalopram prepared according to the method of claims 1-7.



