WO 01145483 PCT/ DK01100147 ME 11 OT3 FOR THE PREPARATI ON OF PURE
CTl " ALOPRAM The present invention relates to a process for the manufacture

of the %*%Wn anti depressant drug cital opram PCT/DK01/00147
| -[3-(di i m no) propyl ] -1-(4-fluorophenyl) -

1, 3-di hydr o-5-i sobenzofuran 5 carbonitrile, in particular a process for
preparing pure cital opram by cyani de exchange. Background of the Invention
Citalopramis a well-known antidepressant drug that has now been on the

mar k eieirOD FORTHE PREFARATIDN CFPURECTTAI®OPRAM owi ng structure: NCO ~ Na F It
Is a selective, centrally acting serotonin (5-hydroxytryptam ne; 5-HT)
reuptake i nhibitor, which 15 has further been disclosed to show effects in
the tr eThayeesentaiventiommeletesioampeess fos Bieswaaulaetprg of thg welhkapymantidapresapl g 74580,

. Gital opy, 4. hasi - DL R dihgR6-5e%bancing- t 0 US

4,136, 15%1 |’Is_ijp(§f.§ltécr?t§yla§%hb i c:ﬂ Pg’r?ﬁf . a. ?élu)?llli es a.process for preparation
of cist abubmitriles nprticwe agupcewdor PTG WA s glopam c&%’?q%\%{nf’%' by reaction

Wi th cuprous cyanide in a suitable solvent. Further processes for the
‘preparati on of cital opram by exchange of 5-hal ogen or 5-CF;-(CF2), n-S% O
with cymd"ﬁﬁhﬂ?@%ﬂ‘ in WD 0011926 and WD 0013648. Qther processes

I nvol ve: 25 Conversion of a 5-amdo or 5-ester group to a 5-cyan group (WO

9819513) . .Conver si of a 5-amn - 323 3D 12)
Conver S&W%mas%’iﬂ@g?‘ﬂw a’&%mﬁss%ngdrgg &g@%ﬁ%ﬁagg%%{é\?\%ﬂ%ﬁ%%%) Conver si on
of ayg5- axaRObilewthg suctizet hi azol i nyl group to a 5-cyan group (WD 0023431) 30

3 m:oIiz
q

¥ @®

It is a selective, centrally acting serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitor, which
15 has further been disclosed to show effects in the treatment of dementia and cerebrovascular
disorders, of. EP-A-474580.

Citalopram was first disclosed in DE 2,657,013, corresponding fo US 4,136,193. This patent
publication i.a. ouflines a process for preparation of citalopram from the corresponding 5-bromo-

< 20 derivative by reaction with cuprous cyanide in a suitable solvent. Further processes for the
preparation of citalopram by exchange of 5-halogen or 5-CF3-{CF;)y-80,-O- withcyanoare
disclosed in WO 0011926 and WO 0013648,

Other processes involve:
25 .
Conversion of 2 5-amido or S-ester group to a S-cyano group (WO 9819513)
Conversion of a 5-amino group to a 5-cyano group (WO 9819512)
Conversion of a 5-formyl group to a S-cyano group (WO 9900548)
Conversion of 2 5-oxazolinyl or 5-thiazolinyl group to a 5-cyano group (W O 0023431)
30
1t has furned out that it is difficult to manufacture citalopram in the required quality. The processes
of DE 2,657,013, WO 0011926 and WO 0013648 comprising exchange of 5-halogen with cyano as
described above have been found to give the desmethyl-citalopram derivative in unacceptable
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I't has twonedsgyt that it is difficult to manufacture citalopramin the
required quality. The processes of DE 2,657,013, WO 001182HpRagaey) 0013648
conpri si ng exchange of 5-hal ogen with cyano as described above have been
found to give the desnethyl-cital opran2derivative in unacceptable WaW ON |,
copy WO 01/45483 PGI/DKO /00147 2 anounts. This inpurity is difficult to

renovf . W@s’ﬂakmmkyiagxfﬁa,]gg,mr to extensive and expensive
puri fi callieRfnd (,% Thus, a proé’g f 'kF’%é’PPmlmmpwtﬂsives
formed duri ng t é ic%%é‘rpé?‘ieﬁsﬁs -of cital opram exchange reaction i.e. the
exchange of 5-halogen or the like with 5- apt cyani de obtain a conmerci aI ly

attracmhuga gs CI t al opr a ano, is necessary in order to
has een- fouﬁ@lﬂ*ﬂ%fn%ﬂ H‘&'ﬁigfﬁf}}m z)tbpampmwoftcm ed by *
rea 8ﬁ g9 Feagtion hmthkﬂbhnngt cs@-wag,gﬁ oPthe fik or med

g%m\g/r ou$ am
may beoytaﬁﬁlb%ﬁﬂﬁe?&axf)f E"H\?a F ﬂduct 10 by~ ¢ %W%Bﬁdkﬂgp .
procedures. Summry i talopRRY | ngly, the present invention |
provi des a novel process for the preparation of cital opramof 15 fornul a-

NC t 1Ith@ﬂﬂwlﬁaeﬁﬂnhﬂt}%ihslae%? nd of For nula U. z ~21 F wherein Z
is iodgy. Q_g chloro or ﬁ%%‘ iy HaY begemoved byxeacion withn 6, 7
I'S

, YR ¥ & sirpilag 'nmnamb
CE 45 oo e o bRk o8 AT

Summary of the invention

Accordingly,

the present invention provid )
15 formula provides 2 novel process for the preparation of citalopram of

20  in which a compound of Formula II

¥ .
am o
wherein Z is jodo, bromo, chloro or CF3-(CF,),-

- SO7O-, nbeing 0, 1,2, 3, 4,5, 6, 7 or 8, is
25 subjected to a cyanide exchange reaction with a o ’

cyanide source;



WO 01145483 PCT/ DK01100147 3 the resultant crude cital oprann product is
optionally subjected to sone initial purification and subsequently treated
wi t h an woitiss4gr an ami de-1li ke group form ng agent sel eE@'E‘BKgV@Fﬁ?t he agents
of formulas (a), (b) or (¢): Y RCOX HalJWR'" R'--SOZ Hal 5 (a) (b)
(c) where X is halogen or a group OCO R, Hal is halogen, Yis Oor S, W
is O Nor Sand RR R, R' and R'" are each independently selected from

t he group consisting.of hydrogen, alKkyl. optionall substit I or

ar al Kyl S FES TRRCH P ROGNG 't Sridiely Busreecedond e At iFpel B 01
and/ or Ghysghiently teatd with armhides by ahidtliksgbiporming ageit seléotadrimnthe mgeotsder to
renove %he Ian%)cdiﬁji f@i_med fromthe crude citalopram and the resulting

ci t al opt*5H-pt 5e optionally further purified, worked up and/or
.isolated as the base or as a pharmaceutically acceptable salt thereof 15
In a further aspect, the inventi relates to the above process in which

t he conpound of_faqr aic is hel § enaptiomer _and the product obtained is
esci tal oprarn. }T"ﬁe)(r’g}’t&anot herHa(Sispe(?Ff—-t e presgﬁ'f”$¢w—é'ﬁllgion relates to an
anti depressant pharnmaceutical copgposition 20 conprising cital opram

manufsact ured by t process of t i nventi on. Acco?c ing to the process of
the invepLi M hdidien B&° O, B RRARER TR bl 3 Wis SN e iR R, RC OB p
~y F 2571S react’ed w the amde

] or am de-|ike ‘group for reagent of
f or mul aanddl’” areyach indepgndenslyrsglepted fomdbg graumsonsipiing of Bé‘g?seﬂearﬂéygg’%??ﬁ of
for mul agdMiuted aryl or aralkyl;

= 10  the reaction mixture is then subjected to an acid/base wash and/or crystallisation and recrystallisation
of citalopram in order to remove the amides formed from the crude citalopram; and

the resulting citalopram product is optionally further purified, worked up and/or isolated as the base
or as a pharmaceutically acceptable salt thereof.

15
In a further aspect, the invention relates to the above process in which the compound of formulall is

the S-enantiomer and the product obtained is escitalopram.

In yet another aspect, the present invention relates to an antidepressant pharmaceutical composition
20 comprising citalopram manufactured by the process of the invention.

According to the p’a"ocws of the invention, the desmethy! citalopram impurity of formula I

[

H,

G
NC 1\’;
= O 0 ~H

F am

25
is reacted with the amide or amide-like group forming reagent of formula (a), (b) or (¢} to forman

amide or an amide-like compound of formula IV:



WOO01/ 4500 Aa@FsA8IKal / 00147 4 NC 1 H3 O N--A OV) wherein Ais a group R, .
-CO, R-CO, R-WQCy- or R''-S02-, wherein R R, R' an8CRDKOIgPEnRd 5 Y
are as defined above. The reaction prgduct of formula IV nay be renoved by
aci d/ base wash or crystallisation and di scarded, and cital opram may be
obtained as a pure product fulfilling the requirenments of the-health
authorities. Furthernore, the reaction may be carried out under convenient
conditions. 10 Througho%t his specificatiqggw th clainms, hal ogen nmeans
chloro, brono or iodo. T RAE referp Y0 a branched or unbranched

al kyl group, such as nethyl, I.. 2- propyl, 1-butyl, 2-butyl,
2- et hyl - 2-propyl, and 2-net\ e termaryl refers to a
carbocyclic aromatic group, Aral kyl refers to a aryl-alkyl.”
group wherein aryl and al kyl fined above. The atyl and aral kyl
groups may optionally be substity e.g. wth alkyl groups, formng for
exanpl e tolyl. The cyani de exchande.reaction is a reaction where the
substituent Z in the conpound of formulal i is 20 exchanged with a cyan’
group. The cyani de exchange reaction gay be carried out: Wwen Zis Br, b
reaction with Y cuprous cyanide in a suitable sdfVent as described in US
4,136,193, 25 Wen Z is iodo, bronmo, chloro or CF3-(CT2)a-SQ2-0 , n being

0, 1, %hérethA R : , eaction with a cyanide-source in the

presence ofA § apggﬁpgkﬁle@’mq%'a@%t §s$f"‘éﬂ6‘ o RS 51800y whereamRRP, ROfand BUP WoindN2 as

deécrﬁb%aaﬁ@ﬁv@mnem&ﬁﬁﬁmadfmawe%% SRmdhf KON, NaCN or

((Ra) BN i ndi cates four groups I'C e

L& & ﬁmﬂ%"ﬁd ¥ agifbase yypsh

differént and are s?’éﬁ@? 5) mmng@mnmwmtﬁmm% branched
requ .

al kyl* tsa:fﬂwéhg&tﬁdnﬂ;oﬁ@@gpm@,ﬂ@& lpeer&ction may be carried out under

convenient conditions.

10 Throughout this specification with claims, halogen means chioro, bromo or iodo.
The term alkyl refers to a branched or unbranched alky] group, such as methyl, ethyl, 1-propyl, 2-
propyl, 1-butyl, 2-butyl, 2-methyl-2-propyl, and 2-methy}-1-propyl

15 Th i i
e term ar}.ll refers to a carbocyclic aromatic group, such as phenyl. Aralky! refers to a aryl-alkyl
gmup wherein aryl and alkyl are as defined above. The aryl and aralkyl groups may optionally be
substituted, e.g. with alkyl groups, forming for example tolyl.
. The cyanide exchange reaction is a reaction where the substituent Z in the compound of formufaI[ is |
exchanged with a cyano group. The cyanide exchange reaction may be carried out: |

When Z is Br, by reaction with cuprous cyanide in a suitable solvent as described in Us
4,136,193,

25 . Whefx Z is iodo, bromo, chloro or CF5~(CF;),-S0,-O- , n being 0,1,2,3,4,5,6, 7or 8, by o |
reaction with a cyanide source in the presence of a palladium catalyst and a catalytic amount of
Cu’ or Zn* as described in WO 0013648. Preferred cyanide sources are KCN, NaCN or
(R)N)CN where (R?), indicates four groups which may be the same or different and are
selected from hydrogen and straight chain or branched élkyl. Alternatively the reaction may be

30 carried out with Zn(CN), in the presence of a palladium catalyst.



30 carried out with Zn(CN)2 in the presence of a palladiumcatalyst. WO
01145483 PCT/ DKO1100147 5 The pal | adium catal yst may be any suitable Pd(0)
or Pd(flywgepaags ni ng catal yst, such as Pd(PPh3)4, Pd2(REFEE014884H7PPh) 20 2,
etc. The catalysts, the reaction conditions, Cu"'" and Zn sources, etc are
further described in WO 0013648. 5 The pal | adi um cat al ysed process is in
particul ar convenient when Zis Br. Wen Zis O or Br, wwith a with a
cyani de s tdRul QBRI ARARGRy Qftakle PAO)RIPd E@lté{ﬁﬁ calhfyst, @GS i bed in WD
0011926. glr:ﬂefcpglrrgg;c ayﬁilr s%ﬁ’r’ces aré%\l g((R'}:Qr:%1 where (R4
i ndi cat es Fd@ﬂha)gﬁdﬁéi@}sv?dm%yﬂ%@hﬁ gzl gstsnibe W“@PF‘P@%’H% sel ect ed
from hydro BioBla £ R&b BoBkadr anched al kyl . The reaction may
optional | y ge%g?%ggg&out ‘?‘n tx}@le presence of a catalytic amunt of Cup' or
.Zn2''. The nickel catalyst may be any suitable Ni(0) or Ni(lIl) containing
conpl d ¥ Bilparte e bofvenithisHRA 2iser.

(cs.a $y| \)mk{' %%lﬂ%t% and ﬁip 'S prgferabl y prepared in situ. The 15
-ni ckel catalysts and the reaction condltlons are further described in WO

0011926 | SUlie1GoaNgaeNt when Z s
. The m%?’h%ﬁ?’k(‘gtmé&g@orrmf%aﬁfﬁ erel n |5Etrorm or ctglgtgro may be
prepar ed fdeseribbd nrW0O 0011826. mfmﬂmﬁhmei;%K%QT@PT%D@CI?;@'}&@SM| bed in

be o opar ol hPSHBECRRRNBY WG B s i of By g e ol g ol BhrogBEE- 0 Y

wheregn Z anasemgmshmm&anmmﬂ@wnm@beenunwygﬁmdmm&@r@&yﬁt used
I n the process, of. the at | is preferably a 25 conpound of Fornula
(a), nore ?fraé’f‘ ‘b‘l"?iou&% X’g' %nhydrl de or an acid hal ogeni de, nost

pr-ef er abl y acetlc anhydr| de or acetyl chloride. This agent is used in an

anount of up to 10 |t dent on the
cont ent of Thedge éé’é’ﬁ&?t t?lvr}gxfg)foggm ce%%uﬁ’&rgn‘%lngg%g‘m%??g opr am
product regulist, g&hfag}qmm@g (@y%%m?mgﬁamdﬁﬁam&fmmynmmészﬁm eg t o“;
30 SOITEII’IItla| urification befgre t | is reacted wt
an adf de wc@hca&%rsﬁendﬁk?ﬁcwawﬁpa?w%& g‘gfﬁ‘%ewég%%ct i on,

crystallisation, washing with a m xture of an aqueous and an

The nickel catalysed process is in particular convenient when Z is CL.

The intermediate of formula X1 wherein Z is bromo or chloro may be prepared from bromo- and
20  chlorophthalide, respectively, as described in DE 2,657,013. The compound wherein Z isiodoor Z
is CF;-(CF,),-S0,-0- may be prepared as described in WO 0013648. Preferably the intermediate

wherein Zis Bri is used.

The amide or amide-like group forming agent used in the process of the invention is preferfably a

25  compound of Formula (a), more ;ircfcrably an acid anhydride or an acid halogenide, most preferably
acetic anhydride or acetyl chloride. This agent is used in an amount of up o 10 mol/mol% of the
amount of citalopram dependent on the content of the desmethyl-iupurity of formula 1.

The crude citalopram product resulting from the cyanide exchange reaction may be subjected to

30 some initial purification before the citalopram product is reacted with an amide or an amide-like

group forming agent, ¢.g. extraction, crystallisation, washing with a nrixture of an aqueous and an
 organic solvent in order to remove metal salts.

The acid/base wash may be performed by:
35 e Dissolving the crude citalopram product comprising the amide or amide like product of formula
1V in a proper solvent, e.g. toluene,



or gani cwemi4ess in order to renmove netal salts. The acid/ base wash may he”,
performed by: 35 Dissolving the crude cital opram producPCLOKp1/0@4sNg t he

am de or am de like product of formula Win a proper solvent, e.g.

t ol uene, WO 01/45483 PC |1 DK01100147 & then adding an aqueous acid until-
the mxture is acidic (e.g. until pHis about 0.5- 3, nore preferably

about ?) thenjaddingaamaaquegust dvid BAR1RS SnifPARS ntai ni ng cital opram

di scar di r}gefg,lggly%&ﬁq'?]&dohase. cg&pri si ng l?ﬁgﬁg’néﬁe PHniscabouti &% Hmgeict of

formula 1Y, and the rrasﬁ’aﬁ@m'ﬁ 2qHerws Dhasp bontanibgitatophiyn, addi t i on of a base,

and di§sd’|‘§?i"ﬁ§‘gt‘h%°fmm&dompﬁﬁngﬁle%ﬂ&rﬂrgmﬁgl]i{g@nt. Tg n collecting the

or gani € ﬂﬁrdégﬁ)ughhéle%ggiaﬁw%ng%_be FSsol v &gyt o ﬁV”%W@#ﬂent

sol gent,ﬁ%ref erably tol uene. THE 208Hen ke basenandhlissalving/the Ridbre 3 b T OT."
a’,“"lﬁﬁi’?mstm or H3PO4 or a carboxylic acid such as acetic acid,

exanpl e
and t Ire [Theecdlleetihgthe/orgshi gonveni ent base, preferably NH3 or NaCH The
e any suitable solvent preferably the sane-as -

second organi c sol vent may
used in the fast step of the acid/ base wash. 15 Further renoval of the

ami de B crude ditaloprina npiydd Wsboldd if, 9% LV and other impurities may if
necessary be carried out by crystal I | gﬁ{ﬁ“&#“fﬁ&?ﬁ?ﬁ"@% &l |isation of the
cital opram base (cf. Dutch patent No 1016435) and/or crystallisation and

relky asif psedmiayrbeafy minpha & xla'&? I le.salt of citalopram 20
Accor dﬁdh@hstaeetﬂ%i(fggj Elgrled eﬁu’%fgg%@rren i%?t’taﬁﬁé‘%%%?@ﬁbw@_@bmmﬁum opram
S re%ﬁgé}ipg% é%tlam i@“ 8 B apyeennvenieny basbopreferablyt NB, 6:Q%¢0H ifag Crude
cital vent auhy e ahp euiBRojventt of an oil;. the reaction.

l pivent ﬂ?aeé%rsﬁl esgaﬁeéﬁt“s"frfﬂ thefirg, steprafc

m Xt uthe abid/ba@shegd With a m xture of an’aque ol Vv
solvent, e.g. a mxture of H2O et hyl enedi am ne and tol uene or of an

aqueous EDTA-sol ution and toluene, in
15 F : . .
urther removal of the amide or amide-like product of formula IV and other impurities may if

ne::ests:y :;Z carried out by erystallisation and/or recrystallisation of the citalopram base (cf. Dutch
patent No 1016435) and/or crystallisation and isati i .
P | and re-crystallisation of a pharmaceutically acceptable salt

20 According to one preferred embodiment of the invention:
® 5-Bromo citalopram is reacted with a cyanide source as described above:
¢ theresulting crude citalopram is isolated as the base in the form of an oil:
. - - . - - ’
the Teactxon_ mixture is washed with a mixture of an aqueous solvent and an organic solvent, e.g.
N a mixture of 1'120/ethylenediamine and toluene or of an aqueous EDTA-solution and toluene, in
order to remove metal salt (originating from the cyanide source);
*  upto 10 mol/mol % acetic anhydride is added: '
* the reaction between the acetic anhydride and the desmethyl-citalopram impurity is allowed to
take place, either neat orin a solvent;
¢ the reaction mixture is acidified by addition of hydrochloric acid:
3 0 - - - ’
e the a.qlfeotm phase containing the citalopram product is scparated from the organic phase
contaming the acetamide impurity of formula IV (A =acetyl);
-®  The organic phase is discarded;
s The aqueo.us phase is made basic by addition of NH; or NaOH and an organic solvent is added;
® The organic phase is collected and the free base is crystallised;
s . s v
¢ Thereafter, a pharmaceutically acceptable salt of citalopram, such as the hydrobromide or ‘
hydrochloride, may be prepared by methods known in the art.



25 order to renove nmetal salt (originating fromthe cyanide, source); up to
-10 nol /nmol % acetic anhydride is added; the reaction between the acetic
anhydri Q@ gipMksdshe desneth 1-cital Y opraminpurity is RCIRNEYOHT t ake

pl ace, either neat or in a solvent; the reaction mxture is acidified by
addi tion of hydrochloric acid; 30 thge aqueous phase containing the

cital opram product is separated fromthe organi c phase containing the
acetam de inpurity of formula IV (A = acet The or asels
di scar dEuhs, theltrpstalinedesmphieseacied mﬁha@%&gp% W"B%a‘ﬂ? NaCH and

an or gan .y Rk %f‘rﬁ, suééasaaééi&@,or ethanbl) QiR E\Qﬁéqlﬁﬁn ilsbﬁﬁtﬁ: df heaatf Hyeeom&dﬁatml the free

base is crysta sed; 35 Thereafter, g:rrac utlcqlll CREP! abl e salt of
cital opﬂ@mmtmm@@ﬁﬁ@‘mf A Haler ,?musmp HioPt e y be prepared by
met hods %ﬁ@@ate&&mr@i&hmwﬁawpmgwaﬁMMe Hydidbesnide pro

“crystal | b 1 t of acid
r 5 ekroct s om s Rned by kS g %é%‘?ee;]@?“ch%ﬁ%%@*ﬂﬁugubgeqﬁght
isolati ﬁ@feﬁblﬁrﬁ&eﬂﬁh@%pmmmm&tabbmwaﬁmﬂ%lpﬁgw Gkergpltsiofan excess of
the aci d@#“@f’f’ﬁ ﬁ§h eo%%%kmsggﬁﬁ YAk 2 AR bPils@tdgt., et hyl acetate

or di ch? sepa%atl ng spontaneously. The
hydr obr om de or 5 hydr ochl ori de of cital opram obtai ned by the nethod of the

| Vet |00 8B Kot iR vt §18 lnintRie it g b a3 Midinpur

nost pre y nore than . %purlt Ocher salts, of %’e})oprarn e.g.

t he 10x admytsaitabieefprnn fersxayepie prelly Aebll GanStlFs PTETS, O W i's process. Ile

phar mac éi al %%@&i‘léﬂ%sﬁfﬂe&mm}cm may be adninistered in any
sui t abl gn 10 any suitable form for exanple orally in the form

of~ t abl et s capsul es, powders or syrups, or parenterally in the form of
usual Siﬁérﬁhln%;as@bbm G BSlakions of Heeweitivn maybeplpbmm@mmwl nfeghodsiingkd ons of

the invention My DGeRLePRl ST 1§ UMKED k. ARk kiR ditdPadjuvents
15 and/or diluents and subsequently compressing the mixture in a conventional tabletting machine.
Examples of adjuvants or diluents comprise: Corn starch, potato starch, talcum, magnesium stearate,
gelatine, lactose, gums, and the like. Any other adjuvant or additive, colowrings, aroma,
preservatives etc. may be used provided that they are compatible with the active ingredients.

20 Solutions for injections may be prepared by solving the active ingredient and possible additivesina
part of the solvent for injection, preferably sterile water, adjusting the solution to the desired volume,
sterilising the solution and filling it in suitable ampoules or vials. Any suitable additive
conventionally used in the art may be added, such as tonicity agents, preservatives, antioxidants, etc.

“ 25  Finally, it has been found that the base may be formulated injo very good and stable solid
formulations with good release properties (cf. Dutch patent No 1016435).

“The invention is further illustrated by the following exarsples.

30 Examplel

Preparation of crade Citalopram base (1-{Mdimdhykmino)propyl}-1-{4~ﬂnomphenyl}-1,3—

dihydro-5-isobenzofurancarbonitrile)

Co(DCN (197 g, 2.2 meol) is added to a solution of 1-{3~(dimeﬂ1ylamino}propy1}~l-(4-ﬂuoropheﬂyl)—
35  1,3-dihydro-5-bromo-isobenzofurane (720 g, 1.9 mol) n sulfolane {250 mL). After the reaction

mixture has been heated to 150 °C for a period of 5 hours, sulfolane (500 mL) is added. The reaction

mixture is cooled to 80 °C where ethylenediamine (aq, 50% w/v) is added. Toluene {2 L) is added

and the phases are separated.



art. Forwesuke, tablets may be prepared by nixing the active ingredient
with ordinary adjuvants 15 and/or diluents and subsequerPOIyDKAMBILHSSI N
the m xture in a conventional tabletting nmachine. Exanples of adjuvants or
di luents conprise: Corn starch, potat@® starch, talcum nmagnesium stearate,
gel atine, |lactose, guns, and the like. Any other adjuvant or additive,

col our iThgorganic phase is ffths Waltli Cy. e _used provided that they are
conpat iﬁiq@le%%ﬁarlsh% aﬁ{!}i ve 1@@%@9’%'@& W8 andwster (2650@ til . Mhe MY be
prepared by solvin " His organy ASe dEpredowed vn waetb, possi bl e additives in a part
of t he S4QEEmudefGitalopnine bast & isoltéddsah af! grile fyﬁr adj usting the
solution to the desired volune, sterilisi nd’pf"ﬁe“% m’%ﬁ afea) ling it in
sui table anpoules or vials. Any suitable additive conventionally used in '
t he Jar xpmplede added, such as tonicity agents, preservatives, antioxidants,
etc. 25 Finally, it has been found that the base nmay be fornulated into
very gglgd and stable solid fornulations with good rel ease properties (cf,.-'

Dut ch pHRCATRHoRST ergde sitalopramiisy iemoeing i 13- ki ted by the
f ol Icom,ﬂgiilgmwﬁiiﬁbpmo?é’;ﬂﬁﬁﬂi -,% F;fﬁe%gr-ea ilf)n 0 Sj(? r Wéﬂ %t‘{’gf“(‘fﬂpg%/ﬂy se
{1- (3- (di et hyl an i no) propylT- _?— P8 %enyD- 1, 3- _
di t; dr&S-l.sobenz&;ggcar bouitrile) Cu(I)CIA\fI ]g|197 g, hé' |2) m)lsz_) is added to a
¥t i Gndeditalbpfat Exh@piei -(4-fluoro ) -
i?B-d:l_ O DI Or No- %‘%Pg?}g%gyl%l};%a ,gaf."gte#m?ypnxﬁx-gaﬂ%mmao(f%o
m). Af D T Wak3-GibydrolfeiastenzdigankaboRittiots jod of 5
hour s, 1n talyene (1fk). AR anhydrids (A0 04 mol ti m xture 1s c(gsgplg%f]to 80 C
wh f i g (()o V) @qs%@g&f“#@?'ﬁwwwea@d@d d
the. oo otor0 5 B % syt e p¥in s ok hchigibbmo 10 o, Al PhaSe
is fu%@mmdﬁhﬁﬁmmm_@@@cmaﬁ/ﬁ)%ﬁ) nd water. (2x500 ). The
voisat'tdﬁwimilﬁrahcﬁ{iﬁ: 5 e o;zg?li & ghase ar e r@ﬁ&?@&“WB%ﬁﬁ.adMg of
crude,l_gi tal opram base 15 150dret/E) Shrers (1.5 s ddded adiphases a54akied PLC
( Peak ' &F dypous phase igdiscarded and the solvents are removed from the organic phase in vacuo

A yield of 330 g of an oil containing crude free base of citalopram and toluene is isolated.

The content of l-[3-(methylamino)ptopyl]-1-(4—ﬂuorophenyl)—1,3-dfhydro-5 -isobenzofuran-
carbonitrile is < 0.1% mol/mol.
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Purification of crude cital opram by removing 1

[ 3-(nmetl-Yl am no) propylj-1-(4fl aorophenyl) -

1, 3- di hywo®1/8s4830benzof erancarbonitrile as its acetam dgcr@ﬁmdf‘ﬁﬁ’e

cital opram base from Exanple 1 (324 g 1 nol) having a content of approx.

2. 5% nol / nol  of

1-[3- (et hyl am no) propyl | - 1- (4-fl uorophenyl) 1, 3-di hydr o- 5-i sobenzof u*anc
bOnitrile is dissolved in tol uene)Ql&éF@S Acetic anhydride (10 g, 0.1
nole) is added and the reaction m is heated to 60 C for 30 mn.
Water (2 L) is added, the pHis adjusted to 1 by adding conc. HO (aq, 12

M and ,th has r e organi c phase is discarded and the pH
of the &QU‘SB p asep?ega&?f)%&%lawto 9 with the addition of ammonia (aq,
25% w v). Toluene (1.5 L) is added and phases are separated. The aqueous
phase is discarded and t solvents are renpved fromthe organic phase in
vacuo. A yield of 330 g of = pg crude free base of cital opram
and toluene is isolated. Théd ~

| - [ 3- (et hyl am no) propyl ] - 1- (¥
carbonitrile is < 0.1 % nol /nol .

1. A process for the preparation of i
conmpound of forrmula Il Z F 10 whe i s iodo, bronno, chloro or
CF3-(CF2),,-SA2-0, n being 0, 1, 74, 5, 6, 7 or 8, is subjected to a

cyani de exchange reactl on with a cyanl de source;

5 F D _

) -1, 3-
20\WO 01/ 45483 PCT/ DKO1/ 00147 9 CLAI M5
aloprarn NCB OF {I} in which a

in which a compound of formula I

10 X
wherein Z is iodo, bromo, chloro or CF3-(CF)-S0-0-, n being 0, 1, 2, 3, 4, 5, 6, 70r8is
subjected fo a cyanide exchange reaction with a cyanide source;
the resultant crude citalopram product is optionally subjected to some initial purification and

15  subsequently treated with an amide or an amide-like group forming agent selected from the agents of

Formulas (a), (b) or (c):
Y
R—CO—X HaI-JLW--—-R" R™"—505;—Hal
@ ) ©
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the reswoensqsgy ude cital opram product is optionally subjected to sone
initial purification and 15 subsequently treated w th aRCAFKI/00147an

am de-1ike group form ng agent selected fromthe agents of Formulas (a),
(b) or (¢): Y RCOXHal W__R R ,10soy-Hai (a) (b) (c) 20 11 \-

1111111111222 i 1\ 1111 1111111 L M5 WO 01/45483 PCT/ DKO1/ 00147 10
,S 0Oor S, Wis 0,

wher e Xhew Xishalgeen ave geounBOP-10, 8R4 R hat i s~hal.ogen,. Y

N or Saﬁm”ﬁregchséﬂcteﬁ%i" o ordle each Se Xg?g;"rfsrgﬁﬁﬂmg %S3nhReRMBI’st i ng

of hydrogen, alkyl',“and op - GHAPICGnsipg of Avdragen, alkyl; hndeptishialykbstingeqt he

reacti 8¥ TaEaBe i s t hen subj ected to an aci d/ base wash and/ or

crystallisation and recrystallisahon of citalopramin order to renove the
e crude cital opramm xture; and the resulting

am gesthgperac 0d fromt ] .
ci t al opr any prauate is eBﬁWmfpynmidleMaﬂUMdr%@sde&ﬁq?&g aggu.i sol at ed*’
as t heoflsitalepram in ardpive remerhd £tk foREARL2R) E""‘Bal't thereot. 10 2. 3f’ 9
process according to Caim1l characteri SEYP fSitaloprmn miitete; and ani de- | i ke-
groupé{!é)rmlrjg agent is an agent of formula R-CO X, wherein R and X are as
def i ndbe fesuliddgritalopraniprodieeispbRsH: ' to, Glaim 2 characterised in
that tahaxamdficar a@fgp%% J IE%:’ eg%?g%ﬁ?glr ‘%&Q&f?“é“gé‘nﬁnf? isolated g5 theksseor aci d
anhydride or an gcy af osa .~ 4. The process according to Caim3

agent is

characterised in that the am de or ami de-like group formng
s according to Caim3 characterised

aceti . arteproradd kol dlfs iR T&}g,, [05es .
in that the am de or %\m'(bc}%m } liarkcterised in that the amid or amide-like group forming
agent 1s an agent of formula R-CO-X, wherein R and X are as defined in Claim 1

3. ’I‘he process according to Claim 2 characterised in that the amide or amide-like group forming
15  agent is a carboxylic acid anhydride or an acyl halogenide.

4. The process according to Claim 3 characterised in that the amide or amide-like group formin
agent is acetic acid anhydride :

20 5. i i i
T}.xe process according to Claim 3 characterised in that the amide or amide-like group forming
agent 1s an acylchloride, preferably acetylchloride.

6. 'I.'he process of any of Claims 1-5 characterised in that Z is Br and the cyanide
N reaction is carried out by reaction with cuprous cyanide in a suitable solvent.

7. The process of any of Claims 1-5 characterised in that Z is iodo, bromo, chloro or

CF;-(CF;).-SO;-O—_, nbeing0,1,2,3,4, 5, 6, 7 or 8, and that the cyanide exchahge reaction is

carried out by reaction with a cyanide source in th i

€ presence a palladi i

s p um catalyst and a catalytic
30

CS:.F The process of any of Claims 1-5 characterised in that Z is iodo, bromo, chloro or

3-(-CF2).,-02-0-, nbeing 0, 1,2,3,4,5, 6, 7 or 8, and that the cyanide exchange reaction is carried
out with Zn(CN), in the presence of a palladium catalys. A

35 9. The process of Claim 8 characterised in that Z is Br.

10. The process of any of Claims 1-5 characterised in that Z is Cl or Br and that the cyanide

A



group formng agent is an acylchloride, preferably acetylchloride. 6. The
process of any of Clains 1-5 characterised in that Zis Br and the cyani de
reacti ORyed gy/sadsr i ed out by reaction with cuprous cyani deCT/RK@IASUA7t abl e
solvent. 25 7. The process of any of Clains 1-5 characterised in that Z is
i odo, bronp, chloro or F3-(CF2)a-S0 q0-. N being O, 1, 2, 3, 4, 5 6, 7 or
8, and that the cyanide exchange reaction is carried out by reaction wth
a cyani de source in the presence a palladi um catal yst. and a catalytic
anmount eXch@gt reaetiof ivarrBd o8t wittrecypridesourse ipfthenegscwe o é Bterised
in that tgggbmmh 0 EF3- (CF2) 0- % 0-, n be| ng 0, 1, 2, 3,
4, 5, 6@&%&%2%&% t the%%n%dzg exchange reaction is carried out
with Zn(CN)2 in the presence of a palladiumcatalyst.. 35 9. The process of
G ai m 81£Ak 3rk&E b5CHint 10 diardctofisibintiat Z14C1. The process of any of Clainms 1-5
characterised in that Zis d or Br and that the cyanide 1111111
X111$111111111 1{I1 * C WD 41145483 PC / DKOL100147 11 exchange reacti on
is carried out with a cyanide source in the presence of a nickel catalyst,
optionally in the presence of a catalytic amount of Cd+ or Zrcz+. 11. The
process of Claim 10 characterised in that Zis d. 5 111
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