Titlex METHOD FOR THE PREPARATI ON OF CI TALOPRAM [err] Abstract: The

I nvention relates to a nethod for the preparation of ci

conprising, in either order, subjecting a conmpound of fo?%&%gﬁﬁﬂqe{ 904
wherein Y i SY@0¥884Ho group or a group whjch may be convert BETPEOHOMIRy ano
group, R is hydrogen, -O-Rerr], NH[err]f NHCH[ err] or -N(CH err])[err]
wherein R err] is selected fromhydrogen, alkyl, al kenyl, al kynyl and
opti onal | y vedtkod foSthle Préphi-dtidh eflCididpra@r aral kyl; to i) reduction of the

doubl e bond in the side chain

The present invention relates to a method for the preparation of the well-known antidepressant drug
citalopram, 1-{3-(dimethylamino)propyl]-1-(4-fluorophenyl)-1,3-dihydro-5-isobenzofuran-
carbonitrile.

(¥}

Background of the Invention

Citalopram is a well-known antidepressant drug that has now been on the market for some years and
10 has the following structure:

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-
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of formula -CH=CH COR ii) conversion of the group -COR or a reduced form
thereof to a dimethylam nomethyl group; and iii) if Y if: 89ieGY:8M5%004
conversi on @f sihg;Proup Y to a cyano group; followed by i %i 0%0!(3

cital o- pram base or a pharmaceutically, acceptable acid a on sa
thereof. 13 Septenber 2004 WO 01/68630 PCT/ DKO1100162 Met hod for the
Preparation of Citalopram The present invention relates to a nethod for the
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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.



cital opram wherein a (4-(cyano, alKkyloxycarbonyl or

al kyl am nocar bonyl ) - 2- hydr oxynet hyl phenyl - (4-fl uorophe

conmpound is subjected to ring closure. The resulting 5-?y§%@ﬁﬁ@§§%§% onyl
or ‘al kyl am oo at/&se3vy) - 1- (4-f 1 uor ophenyl ) - 1, 3- di hydr oi sobengeftkaiotd
converted to the correspond 13 Septenben 2004 WD 01/68630 PCT/ DKOL/ 00162
2 ing 5-cyano derivative and the 5-cyano derivative is then alkylated with
a (3- dinmethyl am no) propyl hal ogenide in order to obtain citalopram It has
now, surprkggn h "been found that cital o ranlnay be manufactured by a
novel favoirSBres ntﬁli;ae; 6eéz§esto\%ﬁ g:ld%ctmn of the double bond mentioned under i) above may be

a"l - (4-f | uerraieetbylole-tit e®up iGORr 0 redobéfmbhercdimay 5 cahweirddas €d wi t h a conpound
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IS provi dedeganbet hod for the preparation of cital opram conprising
subjecting, in either order, a conpound of fornmula (nn wherein Y is a cyano
group or a group which may be converted to”a cyano group, R is hydrogen,

-O R 10 NHpnotiHEHgTed embqdin@r3 ngy ighiescamhpouitof femde(l®otag de premrad hy dadigen,  al kyl |
al kenyl , abdeyBpoumitdfod@uia optional Iy alkyl substituted aryl or aralkyl; to
i) reduction of the double bond in the side chain of formula -CH=CH COP,
and ii) conversion of the grouyp -COR or a reduced formthereof to a 25

di net hyl am nonet hyl group; and Ty ! is not cyano, conversion of the
‘group Y to a cyano group; followe i sl ation of cital opram base or a
phar maceutical ly acceptable acid™s on salt thereof 30 The conversions
mentioned under i), ii) and iii) above jmy be carried out in any order. 13
Sept enmber 2004

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

/\coa

) ()
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).



WO 01/ 68630 PCT/DKO /00162 3 5 10 An enbodinent may relate to the
reduction of the double bond nentioned under i) above i out
before the group -COR or a reduced formthereof may ben?%%egFF&%F?b&P

di et hyl am nonet h group as under ii) above. Conversion of the group Y to
a cyano gr o¥{? %ﬁ@%ﬁe carried out at any suitable point dur PGigPKHA0162
reaction. In a particul ar embodi ment, the® conpound.of formula (111) used is
a conmpound wherein Y is cyano. Anot her preferred enbodi nent, nmay be the
compound of formula (111) may be prepared by reaction of a conpound of
formul a n1m@e einyY %s a Cﬁ nQ group or, a group which nay-be converted to a
cyano group- oW t'fred: ! et g PreYidede Sopasra bedrtbs el n R i s

hydrogen, -O-R’; -NH2, -NHCHS-; -
hydr ogen, al kyl, alkenyl alkyl
or aralkyl; to forma conpound of f2
01/ 68630 PCT/DKOL/ 00162 3a In ansthertas
i s:provided a conmpound having the form}a_wherein Y is a cyano group or a
group which can be converted to a cya”6 g\oup, R is hydrogen, -O R, NH2i
NHCH3 or -N(CH3)2 wherein R is sel ect\ed yrom hydrogen, alkyl, aIkenyI,

al kynyl and optionally alkyl substituted aryl or aralkyl, or an acid

addi tion salt thereof Yet another enbodi nent nmay rai ate to an

ant i depressant pharnmaceutical conposition conprising citalopram.
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converted t,0 a Y303 arQ éﬁ be sel ected from haloge
5 R, NH,, CH; or -N(CH:), whcrem R 1s selected from hydrogen, a]kyl alkenyl, atkynyl and

optl.qnally alkyl substituted aryl or aralkyl, or an acid addition salt thereof.

CH3) 2 wherein R is selected from

and optlonally al kyl substituted aryl
Pa (111). 13 Septenber 2004 WO

o Lhe present invention there

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,



J WD 01/68630 13 P&M t Tj BBR94 4 -0O S2-(CF2),~-CF3 , wherein n is 0-8,
-CHO, -COOR, -CONR R'" or -NHR''" wherein R and R' is

hydr ogen, al¥XQPl6&bkenyl, al kynyl or optionally alkyl subs?ﬁ%ﬂﬁ?ﬁ‘g@ﬁ or
aral kyl and R'* is hydrogen or al kyl car‘bonyl, or Yis a group of formula
R10 R12 5 wherein Uis Oor S; Rl2 - R13 are each inde endently sel ected
f rom hydr og@rSQar@F -l whayin Ris2-8reHRTGODBY MR asrINHR" whereig RARR" éne
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al kyl, R is cted f dr ogen, , a carboxy group or a

precur sor gsrla’dﬁ’g%@rag‘ﬁ@?@o“ybmﬁ‘sﬁ‘%%Oﬁf"”“‘flbget her forma C2 -.s al kyl ene
chain thereby formng a spiro ring. Y may be any ot her group, Wmch 10 may
be converted to a cyano group. The T<yl ation step where the conpound of
formula (1) is reacted with a conpoygndr™®f fornmula (H) is suitably carried
out by treatnent of the conmpoundyof Yormula (1) with a base such as for
exanpl e LDA (lithiundiisopropylafpnineyx, R HVDS (hexanet hyl di si | asan
lithium, NaH, ‘NaHVS 15 (hexa yHall skkasan sodi unm) or netal al koxi des such
as NaOwve, KOwe, LiOwe, NaQtertBu, KQtertBu ov)LiQertBu in an aprotic
organi ¢ sol vent such as THE (tetrahydr of urane), DMF (di nmet hyl f ormam de),
NVP (N et Q-}ﬁe@ﬁrlﬁ‘%ld&%) et hers such as diethyl ether or dioxal ane,

t ol uene, benzene, al kanes and m xtures thereof The anion forned is then

reacted wi tgw ﬁk*egg&,eﬂ ﬂﬂeﬁesdmﬁpge%@ﬁ&h h))dr(\@éﬁ E&lh&kyﬁ oﬂl@éﬂﬂ mﬁomrcmna aZf).

CH=CH COR i's_i duced | Sltl on lpof th s nzo ura ul ;0g system
Conpounds WALY q‘f’ C%)\k‘ qée%r#ﬁ’ Sogen o t he

correspond |selgcte&:ﬁnmmmem/akylea q:arltohy SIOYY @ @ Precurser gdmnﬁleh@mm lhorm‘tﬂqyl group

-COR IS - CH3 or - H2, conversion to t

e di net hyl am nonet hy
be 10  may be converted to a cyano group.

group may
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.

)
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carried out by, in either order, reduction to forman am ne and nethyl ation
or reductive amnation form a dinethyl an nonet hyl groups g &uction
of the-am de may be carried out in toluene using Red-Al"- asérg(eaa@ghgl ng
agent. 13 Sayrewsew 2004 WO 01/68630 PCT/ DKO /00162 5 Thechekéydoghi on of
the am ne may be carried out wth nethylsati ng agents such as Ml or

Me ,SO4, wherein Me is nethyl. The nethylation is carried out using

conventi on r dur for carrying, out,K su reactions. | ternatively,
ot gl it | okks BUBASRHLFR: dihe OB/ dobih o o B et as e By
reduct i ve wherindeiipmethylc Thrmstindptivoistcirtisd pit siwrtonentidnalpresdpenfaceaoging yi ng a
-NH2 or a-pllkdH3edtidslp 1S reacted 'w th conpounds such as fornmal dehyde,
par af or mal dehyde or trioxane in presence of a reducing agent such as NaBH4
or NaBH3CN. The reductive am nation is carried out using .conventional

pr oceduf es Altgnatigaly, mpihyigrion tit foscdimetigdtiriomasyl gibOp thby DAbeRedRul 1§ rediiG:
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react i on vicRHeddvieompeuds sHeh as formpldehyds, paafarmeldelyde g traxage ingesarsenfa such as
NaBH4 or Ne@ikdEhgenDiuck idYaBIlonNaBIRIND Fhasddetvd snitdtion isica@ied b@ksibg t he form

of the di ngl.byk ' QEI-Q . a netal salt of dinethylam ne.
Wen R.is - C%g , %Eégulg%sﬁgllers o%oﬁgdcﬁﬁeg&(flﬁénet hyl am nomet hyl group may be

carrielf out by conversi on to the correspondi ng am de followed by .
reduct i on, WaarR apCHO) whieysionRé thy Halet9Rm@lomethHdesiipbimss basdried dubby deSucti®f M a

di met hyl anj: £ reup. . 20 The .am be. pr.epared b eaction of the
est -y ¢ reniech s BBy g AP Sl M3cRhEC P B il B

- COOR:  t himeseung 0E3 wilusimgegent syplsasgaBHipon NRBFHENJ Dimethyldraint monbe ddded tgittsup may
al so be  GedotibeR HRUbmDY HeRRtidihyl@iindnfunt (HorAP 18 RUNGaltdCRBGhy it oved by

conver g on of the al cohol group to a feasible |eaving group and
consecut| vﬁ{'lé{ililes%(s{l)ﬂ{lthg gon%):rsi\(l)\fl l:orghed&irge.etﬁﬁ l'atm:le eyl grt;)upa mg}?llx;[ camt réﬁ%&tq;y’
conversion to the cotresponding 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 still 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.



b) - with rnethylam ne foll owed by nmethylation or reductive amnation to
forma dimethylamno group, or c) with an. azide foll owgglsR¥chdHebdLN tO
form the corwespesssd ng am no conpound and, thereafter metprraikonnoe:
reductive amnation to forma di net hyl améno group. 30 In still another
aspect of the present i nvention, there is provided a cital opram prepared as

defined in ove aspgects an nts. The al ol may for
from a conpBUAORH &GP ol %ﬁﬁ“’f"é‘eg RSPl JeaP R PR B BTHPRE: SR PTG
Red- Al as aforredard)-$@--Rlgehstein R® igalSd pilent) srikyRfiRd opti@I Ik BE B0 nRGBHDKO 1/ 00162

6 The al cohghigByYPchBYwilefoRY fich %Qha‘b[(i)&l&lcfrﬂ@Sﬁe@}l&ldrﬁ@%s?ﬂhl%&uac such as
hal ogen, or a sul'phonate of formula R wherein Ris al kyl, al kenyl,

al kynyl or optionally al kyl substituted aryl or aralkyl, by reaction w't h
reagent s5 suthe ressitingceupphchaoyinglesuvitats ieh iy gwipdsathextm;eldwlmhdmhedw)anemﬁm a5 The

resul ting CQHHQH:GP' e Eafw W(C'ﬁ Pwidilih BPLEL SR ”&eQ&a@ﬁHﬁ id s'iut&ﬁ‘;‘?&n‘ie@%ﬁtt lﬁ% Wi th

di nmet hyl am ne or hér eof wher el n. Mt or

Na". The r BREtic aﬁ%arﬁe S@rﬁ‘r S&frr 3 Tc‘%r(FeFe‘H’d@&Fthgm (d'apﬂlaslfrreaerd@hw (%r vent
such as THEméthg pyradiidei)pdthersanel) as dBNEleﬂdt nmdn-galaﬁe) Edbang, ﬁax)zenelﬂwﬂka(nbh andet hyl

pyrrol i don),; ﬁﬁé@%e?eo?“ﬁﬁle%&ngér%ﬁ;ﬁ%kﬂl B3k o Ba%edqa'y ﬂg}ih ind ) HR0GH wiENZENE OF

al kanes an m Xt ures group o) be repI aced by
di met hyln Heethylanseamvr giondedmpregaesioka bats| AFemaybmiErPEPIUad cIngrsYiEte of
a base. Al tlearvrtgtgtdtxﬁl Sich ds heulﬁmﬂae NG -WS(DLQR"&dﬁMintmlﬂJ # deﬂneavbomg ngy @,

such as a Zr LQEP%% aShe su%ﬁasso mmazr% ﬁ% géu@n% '1"?1% 8 E];cargaﬁ t%%m? may'

be reacte RaR 821 de. uctron

usi ng Pd/ C thefres a@mowr‘;@tand @emnme&weﬂmmeedwrnemgmmf? famma #lnerhelamerer

met hyl ati ong&p. reductive amination to forma dinethylamno group. 15 The
| eavi ng, group, may al so be replaced by dinethylamno by reaction with

nmet hyl alt ne fol | oned by nmethylation or reductive amnation to forma

di et hyl am Fe leakipg brphim iniap alsoreerefieced by dimethylamine by teactivn it i‘raﬂwhgnrag'dm“@dsuch

as Mel and gyegeaQbioNBiGEfktveMaiaBion to form a dimethylamine.

Methylation 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



20 methyl. The nethylation is carried out using conventional procedures for
carrying out such reactions. Alternatively, methylati On13§;99%ﬂe$§0@41t by
reductive am nation as descri bed above. 25 Wen Y is hal Oﬁgﬂl}gﬁ“ﬂ (CF2)o
SC2- O wher¥PRVEE3E 0.8, the conversion,to a cyano group carried
out by reaction with a cyani de source, ¥or exanpl e KCN, NaCN CuCN, Zn(CN) 2
or (R15)4NCN Were (R 5)4 indicates four groups which nay be the sane of
di fferent laRgdesreCiB¢CRYISHE-O- fwnaamh:yisi f-8gereanion with acyphide sdwede i presehreaniehed

aIkI atalyst and a catal ytic amount of
e MBS i yiic amy

e presence a palladiumcatalyst. The 30
converS| onVBr041%énpound wherein Y is hal ogen, or CF3-(CF2)6-S2-0O wherein
nis 0-8, by reaction with a cyani de source in presence of a palladium
catal yst, Whsh D& aft axdzblitd opalthizasline ey folmadh (IV) thaAOnGExI@3d 8cyaythmay be damied] or
Br the cony group may al so be carried out by reaction with
a 35 cy ?Es cscngidﬁcgl(g?%?%elxanple KCN, NaCN, CuCN, Zn(CN)2 or
(R15)4NCvahere (R15)4 indicates four groups which may be the sane of

di fferent wagh 24:THREMRCbARrsidh @A B oae Iihag’;l nelcasﬁerda.ugiytcommon oDthe fonginched
npound

al kyl, in the presence of_a nickel catalyst %

wher ei n Y §FRUPFRanAINEpR5ERilaD gFewP b y\ﬁﬁ“ﬁT/"@%%'ﬁf‘ F %@ﬁ ’7‘9}?? m(')gen or
CF3- ( Ck2) Nhy3dger aliyi@ylek hetétodrd afih B js (bw aréa:bﬂownd bwdtliydrammyvaﬂl atemgwour ce in
presence of.a nlcke cata

0011926. 5‘5"9%‘?’&‘“3(3%‘*& mﬁéﬁlﬁéﬁ*m o 5t ‘F%“g‘g‘i”%}g’“@“ dﬁﬁ‘% or rruf’ éﬁ% the
conversi o npehtaclﬂorcdydh«:fermdyeag@taﬁﬂfﬂ‘&ﬁ arediydroggdanein s@rqomﬂmﬂhwmﬂﬂﬁ When
Y is ‘CHO, Ine CORYRRELQN 10 a cyano group may be carried out by conversion

of the forny group to an oxinme or simlar group by reaction with a
reagent of formula R 6-V-NH2 wherein R16 is 10 hydrogen, alkyl, aryl or
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dehydratin l_gent for exarrpl e thionylchloride, acetic anhydride/pyridine,
pyri di ne/ H%P f SHHPEBRYF- pentachl oride. Preferred reagents RL6-V-NH2 are

hydr oxyl am n and conpounds wherein R6 is alkyl or aryl and Vis Nor O
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.



15 When Y is -COOH, the conversi on to a cyano group may be carried out via
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-COOI-I, 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
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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, cinnamie, citracenic, aspartic,
stearic, palmitic, itaconic, glycolic, p-aminobenzoic, glutamic, benzene sulfonic and theophylline
acetic acids, as well as the 8-halotheophyllines, for example 8-bromotheophylline. Exemplary of
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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.
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of tablets, capsul es powders or syrups, or parenterally in the form of
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(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.



The pharnmaceutical formulations of the invention may be prepared by
conventionhal nethods in the art. For exanple, tablets may daepiRanes by
m xing the active ingredient with ordinary adjuvants and/or diluents and
subsequent |y comwasssng the nixture in - a conventional tabl ett/breoomschine.
5 Exanpl es of adjuvants or diluents conprilde: Corn starch, potato starch
tal cum nagnesium stearate, gelatine, |lactose, guns, and the |ike. Any

ot her adj uvant Gmadditive, col ourings, aromm, preservatives etc. may be
used provided that they are conpatible with the active ingredients.

Sol utions for. injections may be prepared by. dissolvi.ng. the active
Cngredi ent - arkd AR B B Ry S gmertg PG R SRR A poryrgp o
injection, prefendbly sterile water, adjusting the solution to the desired
vol une, "sterilising the solution and filling it in suitable anpoul es or
vials. Any suitable additive conveptioy used in the art may be added,
such as.tonicity agents, preservati any1 oxi dants, etc. The invention is
further illustrated by the foll ow ng™é o Exanple 1 A solution of
1-(4f|uoropheny|)-1,3-dihydroisobenzofuriq!gﬁfarbonitriIe (4.8 g, 0.02 nol)
0

in THE (50 mL) was added dropwi se to a {on of LDA ( Butyl lithium1.6
M (15 nL) , disopropylamne 20 2.6 Q)  at C under an at nosphere of 7
nitrogen. After stirring at- 30 C for 10 mnutes a solution of a conpound
of formula %II) (0.02 nol) in THE (25 nlL) wa$§ added dPopwi se and all owed
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residue was purified by chronatography on silica gel using mxtures of 25
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ii Cainms 1.: A nethod for the preparation of cital opram conprising
subj ecting,ioi nyei t heg.@h dfhe doBuiCRIPRRGid0 bhain bPfoh A CR=tRGOR:

- 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 according to claim 1 wherein the compound of formula (IH) is prepared by

20 reactionofa comj)olmd of formula
Y.
(>
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F

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



wherein Y is a cyano group or a group which may be convensg Sdptethbzr 9@no
group, R is hydrogen, -0- R, NH2, NHCH3 or N(CH3)2 wherein R is selected
from hydrogen, al kyl, al kenyl, al kynyl Y d optionally al kyl substituted
aryl or aralkyl; to 10 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 dinetbylarninomethyl group; and .15 iii) if Y is not cyano,
conversion of the group Y to a cyage greup; followed by isolation of

ci tal opram base or a pharnaceutically accept J e acid addition salt

thereof. 2. The method according to claiml erein the conpound of fornula
(I'11) is prepared by 20 reaction of a conpound of forrmula mwherein Yis a
cyan group or a group which may be converted to a cyano group, with a v

C 2} nmpound fzmhieﬂga tshgdbgmmol i, igiz,&-hﬂﬂt:ﬁgr&er:(@@gﬁw&%wkie% ﬁ;e&echriF:ﬁ 8Wa§re@,ge n,
-OR, -NH2, - r -N ) rein. is.se e rom hydr ogen,
al kyl, al k&g %8@?{9‘{‘:@@0 P lafl“%?ggidl?w °"s‘15§§l’i tuted aryl or aralkyl;

5 to fosm a fanpeonsbued of famual(ED(111). 3. The nethod according to claiml,
wherein -COR is -CON(CH) 3 and the conversion of this group to the

di met hyl am nonmet hyl group is carried out by reduction. 10 4. The net hod
accordi ng Bo cl dhermethodregrdingitocBER].j vhereORARHS -EIN(CHENP ths genversien eldhiger si on

of these grLAB% tS dGRitylafthoRBhyRYoup istafied HRby Mdd&ion. ' €duction and
met hyl ati on or reductive amnation to form a di net hyl am nonet hyl group. 5.

The met hod of claim1l wherein Ris -CHO and the conversion to the 15

di met hylpamisnonetrhy me@b®atporifig ©alairh €OvtRiin -TYRIie CONHCHS o EOII] on Wit h
dimethylam ne or a salt_  thereof. 6. TI}E’ net.ft}%g f C(}la'.m 1. wh rle{'én Ris )
" 000K and TP ROGRIPR PEESE GO corier @R AD AT CHT AT EVRI T o out

by conver sirafctive siviratieon fempodistthgaminvdehyl gtdupwed by 20 reduction and
optionally nethylation or reductive amnation to form a di net hyl am nonet hyl

gr oup. )
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¢



7. The method of claim1l wherein Ris -000R and the conversion of this
group to the dinethylam nomethyl group is carried out bygre gggﬁ&ggo?g t he
correspondi ng al cohol, followed by conversion of the al cohol group

feasi bl e Ieawum@mgﬁ@up and consecutively reaction 25a) mntbcdmnnﬂmyhanlne
or a salt thereof, b)with nethylam ne fol3l owed by niethylation or reductive
am nation to forma di methylam no group, or Oc)with an azide foll owed by
reduction to formthe corresponding am no conpound and thereafter

met hyl ati on, or reductive. ani nat o forma dinethylam no group. 13

Sept enber 2904 V\é‘ﬁ’fﬁ’%‘g'ggﬁvmgi %"““)f compound having the fornula wherein Y
IS a cyano group or a group mhlch can be converted to a cyan group, Ris
hydrogen, -O R, NH2, NHCH3 O~ 2 Wherein R is selected from
hydrogen, al kyl, alkenyl al kyny tionally al kyl substituted aryl or
aral kyl, or an acid addition sal et AR Cltaloprarn pr epar ed
according to the nethod 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
vl optionally alky! substituted aryl or aralkyl, or an acid addition salt thereof.

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





