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(54) Title: METHOD FOR THE PREPARATION OF PURE CITALOPRAM

\ (57). Abstract: The present invention relates to a process for
NC the preparation and purification of citalopram (I) in which a
0 N\ compound of Formula (II) wherein Z is iodo, bromo, chloro

o or CF-(CF),-80,-0-, nbeing 0, 1, 2, 3, 4, 5, 6, 7 or 8, is
subjected to 2 cyanide exchange reaction with a cyanide source;
the resultant crude citalopram product is optionally subjected to
some injtial purification and subsequently treated with an amide
or an amide-like group forming agent; 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 mixture; and the resulting

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

AT 0101 0O O

WO 01/45483 A2




10 has the following structure: NCF It is a selective, centrally acting

serotonin (5-hydroxytryptam ne; 5-HI) reuptake inhibitor, oyhjghongkd has

further b&eroids4ssl osed to show'effééts in the treatment o? denentia and

cerebrovascul ar disorders, cf. EP-A-474580. Cital opramwas first disclosed

in DE 2,657,013, corresponding to US 4,136,193. This patent publication
outI I nes a process for preparation of citalopramfromthe

cbr'res | ve by reaction with cuprous cyanide in a
Sui tabﬁggﬂgf}gg(?ﬁwwﬁp@%@e@@s 6%)% preparation of cital opram by
exchange of 5-hal ogen or 5-CF3-(CF2)n-SO2-O with cyan are disclosed in WO
0011926 I
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5-thi azol i nyl groug to a f cyano group (WO 00 343 Y 30 It hgs turned out

that it is difficult to manufacture cital opramin the required quality. The
pr ocesseBackdrobkd & theyveid®n WO 0011926 and WO 0013648 conpri si ng exchange
of 5-hal ogen wth cyano as described above have been found to give the
desnet hyl -ci tal opram deri vative in unacceptabl e 90HRRVATI ON CON WO 01/ 45483
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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, cf. EP-A-474580.

Citalopram was first disclosed in DE 2,657,013, corresponding to US 4,136,193. This patent
publication i.a. outlines a process for preparation of citalopram from the corresponding S-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-CF;-(CF,),-S0,-O- with cyano are
disclosed in WO 0011926 and WO 0013648.

Other processes involve:

25
Conversion of a 5-amido or 5-ester group‘to a 5-cyano group (WO 9819513)
Conversion of a 5-amino group to a 5-cyano group (WO 9819512)
Conversion of a 5-formy! group to a 5-cyano group (WO 9900548)
Conversion of a 5-o0xazolinyl or 5-thiazolinyl group to a 5-cyano group (WO 0023431)
30

It has turned 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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Thus, a process for the renoval of inpurities formed during the preparation

of cital o ram by cyanide 5 exchange.reaction i.e. the exehapse2eis
5- hal ogen 8r° f‘?]‘é 31ike with 5-cyano, is necessary in order to obtain a
commercially attractive manufacture of citalopram It has now been found
that the desnethyl-citalopraminpurity 2y be renoved by reaction with an
am de-formng group or a simlar group. The am de forned may be separated
from t he ahbiad. TR QEpity 1sJ£2ffibMt BRI ARR] wifRink ub BroBE RS HAARS to exHBHE Y Of
the inventjon Accordin g the present invention provides a novel process
for the ALRRFEEaBRoe bbeiisam of | 15 Tormila RCN O F 20 in ahich a
conpound of Fornmula Il Z ON F can wherein Z is iodo br ono, chI oro or
CF3- (CF2 u ed to
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somne i ni i J i reated with an am de or an
am de-1i E‘é‘g%é‘ra%ggﬁ%%{yﬁgﬁgg%ﬂ?“@ ecte @%rﬁ‘t he agents of formulas (a),
(b) or (c): Y

It has now been found that the desmethyl-citalopram impurity may be removed by reaction with an

amide-forming group or a similar group. The amide formed may be separated from the final product

10 by conventional work-up procedures.
Summary of the invention

Accordingly, the present invention provides a novel process for the preparation of citalopram of
15 formula

20 in which a compound of Formula I

an

wherein Z is iodo, bromo, chloro or CFs;-(CF,),-S0;-O-, n being 0, 1, 2, 3, 4, 5, 6, 7 or 8, is

25 subjected to a cyanide exchange reaction with a cyanide source;



R CO X Hal "iJWR'" R'"'-SQZ Hal 5 (a) (b) (c) where Xis hal ogen or a group
O COR, W g Eal ogen, Y is, Q.0r--§ Wis O Nor S and Ry :Fezffs -and R
are each cpéjﬁﬁ ently sel ected fromthe group consisting of hydrogen,
“al kyl optionally substituted aryl or aralkyl; 10 the reaction mxture is
t hen subj ected to an aci d/ base wash andf or crystallisation and
recrystallisation of citalopramin order to renove the am des fornmed from

the crudeneCiehidafiPérade cANGbrih Hréd@stulst bit@naliyt Alvflied RbAE Ysitial SurlRbinNRd ¥
téed as the base or_as a

further rified, worked u nd/ or i.50].a
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i nvent i oformelaafaggb)a (¢)he above process in which the conpound of formulall
is the S-enantionmer and the product obtained is escitalopram In yet
~another aspect, the present inventj,on relates to an antidepressant
pharmaceutical conposition 20 confrising cital opram manufactured by the
process of the i|Rva0+0h. Accom4li tw—tIge procegs_ofolhgyjjnvention, the
desmethyl citalopraminpurity of fornula Il NC CH3 ONCHF (EM 25 is
reacted with the ama)de or am de-ligke group form ng rgagent of fornula (a),

(b) or (c) to forman amde or an am de-like conpound of forrmula IV.: WO
01/ 45483 wigre X is htlogen s 2 grourAsCO/G BeNshalogen, YisOor S, Wis O, Nor Sand R, R, R”

and R’” are each independently selected from the group consisting of hydrogen, alkyl optionaily
substituted 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
Ina ﬁlrﬂmr 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 process of the invention, the desmethy] citalopram impurity of formula ITE

H,

C
NC |
Oy

F am

25
is reacted with the amide or amide-like group forming reagent of formula (a), (b) or (c) to form an

amide or an amide-like compound of formula IV:




F wherein Ais a group RRCO, R-CO, R'-WCY- or R"'-S2-, wherein R R,

R' and R'! g@% 5 Y are as. defined above. The reacti onspriggeetompf
formul a |%“H%V renoved by aci d/ base wash or crystallisation and
di scarded, and cital opram may be obtained as a pure product fulfilling the
requirements of the health authorities.4Furthernore, the reaction nay be
carried out under convenient conditions. 10 Throughout this specification
wi th clains, hal ogen nmeans chloro, bronmo or iodo. The termal kyl refers to
a branched or unbranched al kyl group, such aqnmethyl et hyl, 1-propyl, 2-
propyl, 1 -butyl, 2-butyl NQs< ayl -2- propyl ,| and 2- nethyl-l-propyl 15 The
termaryl refers to a carbocyd H qt i such as phenyl . Aral kyl
refers to a aryl-alkyl group =Y and Ik are as defined above.
The aryl and aral kyl groups nmay optiopatly be substltuted, e.g. with alkyl
groups, formng for exanple tolyl. The—eyani de exchange reaction is a
reaction where the substituent Z in ¢t gonmpound of formulall is 20
exchanged with a cyano group. The cy®ni de exchange reaction nmay be carried
out: Wien Z is Br, by reaction with cOprous cyanide in a suitable sol vent
as described in US 4,136,193, 25 Weni is iodo, brono, chloro or
CF3-(CF2), S»-O- , n being 0, 1, 2, 3, 4, 5 6, 7% 8 by reaction with
a cyani de source in the presence of a palladiumcatalyst and a catalytic
amount of = Cu+ or Zn2+ described in WO 0013648, Preferr ni

sources FPEreReNs AR Rs R0~ R4 Nher & (ﬁQ;uWPfﬁﬁPBaBef’ff’aﬁﬁa ‘gab‘%

whi ch smay Read deBin&idbBveO Thekieddtigh Pﬂfﬂu& BelfoRu@a IV R PBé Rtholddu abMﬂ:ra@g»mh aﬂ d |
straight chain or branched alk Al ternatively the reactiqg e

carried GUFalEttenzpt ed, ﬁm@ loprias giR¥ ke Wm%dﬁaﬁ pug vm%é'elgllvg ?he

Wo01/ 454%’@2&113%@ e Hefith aathbRfePBhtRAhGHCALRLY S Inay By cali®ddhundtl t abl e Pd( 0)
or Pd(11) containing catalyst, such as Pd(PPh3)4, Pd2(dba)3, Pd(PPh)2d 2,
etc. The eEHFRtspditionhe reaction conditions, Cum and Zn++

10  Throughout this specification with claims, halogen means chloro, bromo or iodo.

The term alkyl refers to a branched or unbranched alkyl group, such as methyl, ethyl, 1-propyl, 2-
propyl, 1-butyl, 2-butyl, 2-methyl-2-propyl, and 2-methyl-1-propyl.

15 The term aryl refers to a carbocyclic aromatic group, such as phenyl. Aralkyl refers to a aryl-alkyl
group 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 formulall is

20 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 e When Z is iodo, bromo, chloro or CF3~(CF,),-S0,-O- ,nbeing 0, 1,2, 3,4, 5,6, 7 or 8, by
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 alkyl. Alternatively the reaction may be
30 carried out with Zn(CN), in the presence of a palladium catalyst.



sources, etc are further described in WD 0013648. 5 The pal | adi um cat al ysed
process is in particular convenient when Zis Br. Wen Zsbgukd20ds Br, with
a with a WOIHE3 source in the presence of a nickel catalyst, as described
in WO 0011926. Preferred cyani de sources are KCN, NaCN or ((R3)4N) CN where
(R )4 indicates four groups which may bg& the sane or different and are

sel ected from hydrogen 10 and straight chain or branched al kyl. The
reaction na%q;allhdimlcitylykimagae enyebitatilé PA(0) dr Re(IP candniag catalystauetedsal yti c

amount of I be. an ui t 0) or
Ni(11) con?g‘i'(ﬁ. ﬁ%ﬁ@%{,ﬂ%@éﬁ ot Thétahiens Y v chiop Condiigs Ko h3) 3,
(((err) - ar ysourcht, @ﬁﬁtﬂ&iﬁﬁrde@hbedamwoooméaimreferabl y prepared in situ. The
15 nickel catalysts and the reaction conditions are further described in WO
0011926. The nickel catal ysed process is in particular convenient when Z is
C . Thg i nt Ereyailaditre cathlyfedrpracksa id ih pwitieulai conniest wiea@ds Br. chl oro may be
prepared from bronmo- and 20 chl orophthalide, respectively, as described in
DE 2,657,013. The conpound wherein Z is iodo or Z is CF3-(CF2)n-S2-0 nmay
be pr eparsedWisn AesClariBedwiting W HEvhaiad Sourderie the pedbdnge binickel ctadiegaat e

't he pr ociiegesy iy WS BR: PERFEogaf Bpimt - KOO bRLH ot AR OO Wi 5

(a), nore peef andidatey foun gﬂmjamlﬁﬂhymy hedtBe amme andisielcst dna hmgeimtdiaf;omhﬁrogen

pref er ny C n t hl ori d iLs,used in an
Drountd of W ReERiet an PhiriPeT A e helimstiv Wt Phpealh AR B RESBH « he
cont ent of sthecaglBsiorinbyltof Gp'irizny. of fornmula M The crude cital opram
product resulting fromthe cyani de exchange reacti on nay be subjected to
30 sone initial purification before the cital opramproduct is reacted with

an am de or Tigmickei aiaws't ey bging WpitabNI(0) gr NH) dontatig complex adichants as a

crystallisation tha f an ueo nd an i C
solvent in ‘E?Fag’@f’s éﬂl&?ﬁb Hls[‘g{P%iC 5te g g?H&%@b&a"é@aﬁﬂfﬁg‘%ﬁor med
by: 3% Di sgieieVidtystdd@idtdfti6n éonliRiphadit Rl deicriBOIAWG 00D9Réle am de or

am de |ike product of fornmula 1V in a proper solvent, e.g. toluene,

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

The intermediate of formula XX 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 isiodo or Z
is CF3;-(CF;),-80,-O- may be prepared as described in WO 0013648. Preferably the intermediate

wherein Z is Br is used.

The amide or amide-like group forming agent used in the process of the invention is preferably a
25 compound of Formula (a), more Iireferably an acid anhydride or an acid halogenide, most preferably
acetic anhydride or acetyl chloride. This agent is used in an amount of up to 10 mol/mol% of the

amount of citalopram dependent on the content of the desmethyl-impurity of formula TII.

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, e.g. extraction, crystallisation, washing with a mixture 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

IV in a proper solvent, e.g. toluene,



WO 01/ 45483 22 June 2005 6 then adding an aqueous acid until the m xture
is acidic_(e.g. until pHis about Q.5- 3, nore preferabl yrabaeods and
separatinﬁ&} S48ueous phase containing citalopram discarding the organic
phase conprising the am de or am de-like product of fornmula IV, and then
maki ng the aqueous phase basic by additibon of a base, and dissolving the
m xture in an 5 organic solvent. Then collecting the organic phase The

crude cital %ﬁ%ﬁhxﬂ@%n%uéih@é&%%ﬁtﬁ th@nmxrqufa&% f@t utf M%fa oupre f.%r ﬂiz,lrey

t ol uene. 10 The acid used e any m neral aci for éexanp
H2SO4 or  H3POEraly abophl) BB@(WF&“%&’P%PCW%%Hh“’é%‘:%é"é‘t*?g:mﬁb’imm and the base used
nmay be any aRew@ing 8 lbrddis PhaspE@hRizabihe i @amiROte pldaget of REAMNE TP Mani C

oy e Y R e SRS Rl A8 RO i o e S o e

am de- bi ke prgasivedlveot. fornula |V and other inpurities may if necessary be
carried out I ﬁ%E nd/ or recrystallisation of the cital opram
base (cf. &h&ﬁ%a%%t¢ 58@%%35) and/or crystallisation and
re-crystalllsatlon of a pharmaceutically acceptable salt of citalopram 20

Accor di NOTHQnRIRQitAbAE RS be 8RR T ”i?e[hg/ Bfivehidf sbﬂ&ﬁrﬁrbi@f&bl telad@e OO Cci tal opram
is reacted wth a cyani dé source as descri bed above: ghe resul ting crude
citalopramis isolated as the base in the formof an oil; the reaction

i |Xt urie i FhewoRheel mat te aay mlm a€ld,dbr eac@m;alg U UEBrsH]S08 Bt HeO] obilcdb@yglit scid
solvent, e.g. _a.mxtur enedi am ne
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S added,mmg Jeasl on between the acetic anhydride and the
desnet hyl - opran1|npur|ty Is allowed to take place, either neat or in
a sol vent;

15  Further removal of the amide or amide-like product of formula IV and other impurities may if
necessary be carried out by crystallisation and/or recrystallisation of the citalopram base (cf. Dutch
patent No 1016435) and/or crystallisation and re-crystallisation of a pharmaceutically acceptable salt
of citalopram.

20 According to one preferred embodiment of the invention:
» 5-Bromo citalopram is reacted with a cyanide source as described above;
¢ the resulting crude citalopram is isolated as the base in the form of an oil;
» the reaction mixture is washed with a mixture of an aqueous solvent and an organic solvent, e.g.
a mixture of H,0/ethylenediamine and toluene or of an aqueous EDTA-solution and toluene, in
25. order to remove metal salt (originating from the cyanide source);
e up to 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 or in a solvent;
e the reaction mixture is acidified by addition of hydrochloric acid;
30 e the aqueous phase containing the citalopram product is separated from the organic phase
containing the acetamide impurity of formula IV (A = acetyl);
- The organic phase is discarded;
» The aqueous 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;
35 & Thereafter, a pharmaceutically acceptable salt of citalopram, such as the hydrobromide or
hydrochloride, may be prepared by methods known in the art.




the reaction mxture is acidified by addition of hydrochloric acid; 30 the
aqueous phase containing the cital opram product is separapgduhd 2005 he
organi ¢ pWa¥45883nt ai ni ng the acetanmide inpurity of formula IV (A =
acetyl); The organic phase is discarded; The aqueous phase is nmade basic
by addition of NH3 or NaOH and an organ¥c sol vent is added; The organic
phase is collected and the free base is crystallised; 35 Thereafter, a
phar mac e ug,| e r : rom de or
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t han 99. T¥slpprer, e grthg oxglate; mppaisoberpbtained fromvenopge fap by thispro@esher salts of
citalopram e.g. the oxalate, may al so be obtained in a very pure form by
this process. The pharmaceuti cal conpositigns _of the invention may be

admi ni st dPeBbaTRacsRNcateAMPQEHens\Rhihe Aygntion mayde sdpmisterad b Py PEFRS YRR anpl e
orallyi ralnjlr h&taﬁ]@fiﬂpforbﬁﬁip}:ﬁ@allﬁfiﬂ&&bmsoftﬂﬂmeﬁlﬁulei p(?&ydetmﬁ,syrﬁﬁs, or ]
parent era Nt or m.of usu terile solutions for injection. The
phar mace ¢ tﬁ’l'aﬂ?B’rtﬁﬁ}o&?‘i%ﬂ?ﬂoﬂ?ﬁ%@ﬁﬁuﬁﬁf]inifﬁé%y be prepared by
conventional nethods in the art. For exanple, tablets may be prepared by
m xi ng t ' A ' Ry i ' : i nts
and sabsaicarplRubabaalRih: i bO0kfon By bR A ot pha i 1S
machi ne. apxEangkample tabledy mayietpserated iy mixing the agivp figgedienttyirordnapy HUVHS at o
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Any ot her_ adjuvant. or additive, colouri ngg% aroma, _preservatives etc. may

be used PrauPlgeef adivyints ¢ &ffucntseopgrea b rmy siarhy pafate plarch ipUre MAgHTSHER SrAe,

gelatine, lactose, gums, and the like. Any other adjuvant or additive, colourings, 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 info very good and stable solid
formulations with good release properties (cf. Dutch patent No 1016435).

The invention is further illustrated by the following examples,

30 Examplel

Preparation of crade Citalopram base (1-[3-(dimethylamine)propyl}-1-(4-fluorophenyl)-1,3-

dihydro-5-isobenzofurancarbonitrile)

Cu(D)CN (197 g, 2.2 mol)} is added to a solution of 1-[3-(dimethylamino)propyl]-1-(4-fluorophenyl)-
35  1,3-dihydro-5-bromo-isobenzofurane (720 g, 1.9 mol) in 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 (ag, 50% w/v) is added. Toluene (2 L) is added

~ and the phases are separated.




20 Solutions for injections may be prepared by solving the active

i ngredi ent: and possibl.e additives in a part of the sol vest jfr2gos] ecti on,
pref er abl WOsH¥F13e water, adjusting the solution to the desired vol une,
sterilising the solution and filling it in suitable anpoules or vials. Any
suitable additive conventionally used 8n the art may be added, such as
tonicity agents, preservatives, antioxidants, etc. 25 Finally, it has been
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| Prepar g ?EH &&de@ﬂdﬁﬁraﬁ 33@4 R NoBEA8 &Coil. Purity 2 ROX. 85% by HPLC (Peak area)
(1-[3-(di met hyl am no) propyl ]-1-(4-fl uoropheny?

di hydr o- 5-i sobenzofurancarbonitrile) Cu(l)CN (197 g, 2.2 nol) is added to a
sol ut i PN Eshkmpke[23- (di et hyl am no) propyl ] - 1- (4-f1 uor ophenyl ) -

1, 3-di hydr o- 5- br ono- i sobenzofurane (720 g, 1.9 nol) in sulfolane (250 m.).
After the reaction mxture has been heated to 150 C for a period of 5

hour s, skefifitative of &x@@e pitlloprandejdechoviiigel - Be@etiybimino)pxepyl] el -{4sihwoephedyl}-o 80 C

wher e et ijjl (ﬁﬂﬁgjo%rgg g?é"g'ﬂ“@%}g%’%fg}’g;ﬁs g\?ﬁ:‘i’d Toluene (2 L) is added and

t he phases are separ une 2005 8 The organic phase is
further washed with EDTA (aqg, 500 nL, 5% w v) and water (2x500 ni). The

vol at jg ecmfeeftalaﬂrﬁn bR Mob ExafipRaAN (124 RNEHET) 8dven %ﬁ%ﬁ%ﬂaﬁbr&@@l&% mothol@f Of
féggﬁ Sr E% Org%ﬁﬁ%m%?@l@l '115569 @%rggﬁv%ﬁgﬁhymggﬁf{ﬂoﬂ%@gﬁ H#(jc
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| ope car, eaS|sac am de
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2. 5% nol Aegihasef are separated. The organic phase is discarded and the pH of the aqueous phase is adjusted
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A yield of 330 g of an oil containing crude free base of citalopram and toluene is isolated.
The content of 1-[3-(methylamino)propyl]-1-(4-fluorophenyl)-1,3-dihydro-5-isobenzofuran-
carbonitrile is < 0.1% mol/mol.

20




60 Cfor 30 mn. Water (2 L) is added, the pHis adjusted to | by adding
cone. HCl @7 #é M and the phases..are separated. The orgamhs2pbsse is
di scar ded "and"¥ pH of the aqueous phase is adjusted 15 to 9 with the
addition of ammonia (aq, 25% w v). Toluene (1.5 L) is added and phases are
separated. The aqueous phase is discarfled and the solvents are renoved
fromthe organic phase..in vacuo. A yield of 330 g of an oil containing .
crude free base of citalopramand tolygggsgd S i sol ated. The content of
1-[ 3- (et hyl am no) propyl ] - 1- (4-fl uorophenyl)-1, 3-di hydr o- 5-i sobenzof ur an-
carbonitrile is < 0.1 %nol/nmol. 20 WO01/45483 22 June. 2005 9 CLAIMS 1. A
process flor Atpecegrfaphe plepaationtof citatapkdapr am NC O N 5 F in which a conpound
of formula H ZON F 10 wherein Z is iodo, brono, chloro or
CF3-(CF2)n-S2-0, n being 0, 1, 2, 3, 4, 5, 6, 7 or 8 is subjected to a
cyani de exchange reacti on WQ.h anj de sourbe; the resul tant crude
ci tal opram product is optional S ed toNsone initial purification and
15 subsequently treated with a . ide-like group form ng agent
selected fromthe agents of (b) and (c) : Y

in which a compound of formula IT

(Im
10

wherein Z is iodo, brome, chloro or CF;-(CF;),-SC»-0-, n being 0, 1, 2, 3, 4,5, 6, 7 or 8, is

subjected to 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) and (c):

Y
R~CO—X HalJ'LW*--R“ R"—S0;—Hal
(2) (b) ©

20




R-CO-X Hal jt WR' R'"-SOZ Hal (a) (b) (c) 20 22 June 2005 WD 01/45483 10

where X is halogen or a group O CO- R, Hal is halogen, Y iz funer2085 Wis O
Nor Qddhsiks R, R' and R'' are each selected fromthe group consisting of
hydr ogen, al kyl, and optionally substituted aryl or aralkyl; 5 the
reaction mxture is then subjected,to an aci d/ base wash and/ or
crystallisation and recrystalli sati¥n of cital opramin order to renove the
am des forned fromthe crude cital opram m xture; and the resulting

ci t attepram iptagducta grevpoptGbRal Haf if helddenrY pub bf $,6d is QY keslandR a1dri’sol at ed
as aS L ' ; le. s reof .. 10 2 The process
e g KRR Bt Bkt a0y S o F o
for HAGrakEht is an agent of fornula R-CO- X, wherein R and X are as
defined in Caim1l. 3. The process according to Claim?2 characterised in

that, the am de or. am de-|| ro formng, 15 agent is a carboxylic acid
a% hy & CH&°8 f“‘%f%’feé%@lrm W§f68§§ﬁ? %ﬁc}éﬁ%aserw\%shpﬁ%’eéw‘%?%lﬁa PR etrgstElisAtion 3

chardd cttadeprge ch érdertthaimovh éheaniidbe f@med ffothatht tdiée gabppaf Gixragndagent i s
acetic acid anhydride 20 S. The process according to Caim3 characterised
in that the amde or amde-like group formng agent is an acylchloride,

pr efld GH ea@lopIaEhPEticd e omsionatyduhas pes §ebfwarked wf ard) iagletsd 35 B

charbagétoeabﬁ@ﬁ{agegtigahﬂgcczptmeglttgépg)f_t he cyani de exchange reaction is carried
out by reaction with cuprous cyanide in a suitable solvent. 25 7. The

bq'ocess of any of Clainms 1-5 characterised in that Z is iodo, brono, chloro
or 2. The process according to Claim I characterised in that the amide or amide-like group forming

agent is an agent of formula R-CO-X, wherein R and X are as defined in Claim 1.

3. The process according to Clatm 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 forming

agent is acetic acid anhydride

20 5. The process according to Claim 3 characterised in that the amide or amide-like grc;up forming

agent is an acylchloride, preferably acetylchloride.

6. The process of any of Claims 1-5 characterised in that Z is Br and the cyanide exchange

reaction is carried out by reaction with cuprous cyanide in a suitable solvent.

25
7. The process of any of Claims 1-5 characterised in that Z is iodo, bromo, chloro or
CE3-(CF2)s-S0,-0-,n being 0, 1, 2, 3,4, 5, 6, 7 or 8, and that the cyanide exchange reaction is
carried out by reaction with a cyanide source in the presence of a palladium catalyst and a
catalytic amount of Cu" or Zn™
30 o

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

" is carried out with Z,(CN)> in the presence of a palladium catalyst.

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



CF3-(CF2), S2-O0, n being 0, 1, 2, 3, 4, 5, 6, 7 or 8, and that the
cyani de exchange reaction is carried out by reaction w t ausyzouzde source
in the pr&eaéeS48¥ a pall adium catalyst and a catalytic anount of Cu' or
Zn2t 30 8. The process of any of Clains 1-5 characterised in that Z is
i odo, bronp, chloro or CF3-(CF2)n-SO2-3, n being 0, 1, 2, 3, 4, 5, 6, 7
and 8, and that the cyani de exchange reaction is carried out with Zn(CN)2
in the preexscgnce oft. a.soall di um_ cat al.ﬁst. 35 9. The process of . C aim8
char act er PSEHEY [R5 cprried O Wit gcyanifie saypeg ine prsjence f a gycke) cajalyst, gptignally
char act eringleprésandelvéis cafaljtic aBloustrof Blu” arigh’t. hat t he cyani de 22 June 2005, WO
01/ 45483 11 exchange reaction is carried out wwth a cyanide source in the
presence of a nickel catalyst, optionally in the presence of a catalytic
anount of liodke pioceenofiClaipn10 chyeactarisedbinghasZ iCChi m 10 characterised in that Z
is .5 5




