1 METHOD FOR THE PREPARATI ON OF PURE Cl TALOPRAM The
present invention relates to a process for the

manuf acture of the well-known anti depressant drug
cital opram
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It is a selective, centrally acting serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitor, which
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 5-bromo-
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:

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-formyl group to a 5-cyano group (WO 9500548)

Conversion of a 5-oxazolinyl or 5-thiazolinyl group to a S-cyano group (WO 0023431)

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



30 It has turned out that it is difficult to

manuf acture citalopramin the required quality. The

processes of DE 2,657,013, WO 0011926 and WO 0013648

conpri si ng exchange of 5-hal ogen with cyano as

descri bed above have been fomnd to give the

desnet hyl -cital opram derivative in unacceptable 2

I, S 4 Pty ifficult to renove .by.usual .

amno TP Rl mprblt S AU ikl 1l SO0t G G e Brenive
ami@%ﬁ@ﬁ@WV 143{1PR Poessdson processes. Thus, a process for

the renoval of inpurities fornmed during the

preparatiqon of cjtal opram by cyanide exchange )
Thusy %B‘g‘f“rs%&)r ﬁlﬁ“ é‘?m?‘ﬁieotg%’eﬁ%w@ &orped Buring, thrguspagtiop Recifalopgam by cyanide
exchu\ihgchca'ﬁti@yi&nmﬁ ek&aﬁ@ﬁi_f Sshalo¥er di tI 18 Rviﬂ@-cy_@m, & Rcdsary in order to
ome%%m%ﬁéémﬂ%_agtﬂﬁct'ég na uf%cture of citalopram It

ARG KR FEIN I REC Y HY CHEE P hy | - ci t al opr am
impurity may be renoved by reaction with an
H . o 0 T L de . ‘

A4 R e 6 U051 ) AR s R eion i
amideforpang groRngr agBpilar gppupr B apidedarmegmpre yenafatadfeom the final product

by cdnRMidhil WRIAGS otidngst 0 a first aspect of the present
invention, there is provided a. nethod for the

preparation of purified citalopramof fornmula NC C N~

Suminatyofrikeimvaltionf desnet hyl cital opram havi ng the
formula NCCH3 NCOH F (Ill) 3 conprising
optionally subjecting a crude cital opram product
containing the desnethyl cital opram

According to a first aspect of the present invention, there is provided a method for the

preparation of purified citalopram of formula
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by removal of desmethyl citalopram having the formula
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the am de or am de-like group form ng reagent of
formula (a), (b) or (c) to forman amde or an
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the reaction mixture is then subjected (o 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 citalopram product is optionaily further purified, worked up and isolated as the base or

a phammaceutically acceptable salt thereof. -

" In a further aspect, the invention relates to the above process in which the compound of formulall 1s

the S-enantiomer and the product obtaiied is escitalopram.

In yet another aspect, the present invention relates to an antidepressant pharmaceutical composition

comprising citalopram manufactured by the process of the invention.

Also disclosed herein is the desmethyl citalopram mpurity of formula I1I
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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:
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di scarded, and cital opram may™®be obtai ned as a pure
product fulfilling the requirenents of the health
authorities. Furthernore, the reaction may be carried
out under convenient conditions. 1OHThroughout this
specification w al ogen ans chloro, brono
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1-propyl, 2- propyl, 2- butyl,
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quﬁgﬂgcgggﬁ%ﬁ’of a pal l adium catal yst and a catal ytic
anount of Cu' or Zn2+ as described in WD 0013648.
ed cy nlde rce re KCN, ) 4N) CN
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containing catalyst, such as
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

e

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 ¢ When Zisiodo, bromo, chloro or CF3-(CF,),-80,-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*)sN)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.
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Pd(PPh3) 4, Pd2(dba)3, Pd(PPh)2Cl 2, etc. The catal ysts,
the reaction conditions, Cu' and Zn++ sources, etc
are further described in WD 0013648. 5 The pal | adi um
catal ysed process is in particular convenient when Z
is Br. Wwen Zis d or Br, with a with a cyanide
source in the presence of a nickel catalyst, as

dese pallsdiym catalys 0e1begap suikble PAW) ePdamentiningsatlygssugh s
KEPPH O Adbal, (FRPEHCENWARE @atal&%&, fhfe' Bdi; o‘ﬁgiﬁ&%“éw and Zn"™*
groups which may be the same or drtrerent and aré
s BPUERSESHF Fre Biherdesasigechin WO AAB648.r ai ght chain or
branched al kyl. The reaction nay optionally be carried
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aci d hal ogeni de, nost preferably acetic anhydride or
acetyl chloride. This agent is used in an anount of up
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The crude cital opram product resulting fromthe
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The amide or amide-like group forming agent used in the process of the invention is preferably a
compound of Foermula (a), more ﬁreferably 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 ITT.

The crude citalopram product resulting from the cyanide exchange reaction may be subjected to
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:
¢ Dissolving the crude citalopram product comprising the amide or amide like product of formula

1V in a proper solvent, e.g. toluene,
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35 Dissolving the crude cital opram product conprising
the am de or am de |ike product of formula IVin a
proper solvent, e.g. toluene, 6 then adding an
aqueous acid until the mxture is acidic (e.g. until
pH is about 0.5- 3, nore preféerably about 1) and
separating the agueous phase containing cital opram
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c et nlc se The crude citalo
o B DS G 5 BB B i o
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o 80P 81ebHd o thd Banid B4 or H3PO4 or a car boxylic aci d
such as acetlc acl and the base used nay be any
conveni ent base, preferably NH3 or NaOH The second
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the sane as used in the first step of aci d/ base

wash. 15 Further renoval of the am de or am de-Ilike
Theraoiiuced mby lﬁsxmylmhimrdl\{mé,l‘fdrbﬁhﬁhﬁre HGI;{IlﬂBxi , H, 3G, of BYPQfor a carboxylic acid

{ stal l.l sat| on

oD ELRAC Vil 3t RS Vel oBd ey By S0 St B RO A, or NeOH. The
semﬂmmmomnmasbe 2y dvitablecsolrsnigirtfesblyi thnsaamais used in the first step of
thé Seidbyswaly i sation of a pharmaceutically acceptable

salt of citalopram 20 According to one preferred

enbodi nent of the invention: E 5-Bronb citalopramis

FurBaCeffdvil §fIthél afiR U SidkAileCRodiRt 8 Fulied AROMBsr impurities may if
|talo ramis 1solated as. the base

the resul t.i rude
nefssarh B paspied 94t b ervst] lsatwfl Rad/beisystaisaioR o1 ihe otalomam bass (of. Dutch
patent No 40 16433)uhéd/ oodrystdllisatieremid e-o bt RiSdtion B€la plitriBdc@@ivally acceptable salt
(f?%*gent e.g. a mxture of H20/ethyl enedi am ne and
ene’ or of an aqueous EDTA-sol ution and toluene, in

25 order to renove netal salt (originating fromthe

A&uﬁmggsglw&feﬁéd embllinfeflt ok thed RbdnfiBh:, 70 acetic anhydride

1S a
*  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 2 mixture of an aqueots solvent and an organic solvent, e.g.
a mixture of HyO/ethylenediamine and toluene or of an aqueous EDTA-solution and toluene, in

order to remove metal salt (originating from the cyanide source);

¢ 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;

* the reaction mixture is acidified by addition of hydrochloric acid;

¢ 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;

¢ Thereafter, a pharmacentically acceptable salt of citalopram, such as the hydrobromide or
hydrochloride, may be prepared by methods known in the art. '
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the reaction between the acetic anhydride and the
desnet hyl -citalopraminpurity is allowed to take

pl ace, either neat or in a solvent; the reaction

m xture is acidified by addition of hydrochloric acid;
30 the aqueous phase containi’ng the cital opram
product is separated fromthe organi c phase
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page%%g’{ng?llégjﬁ g A}%]ua] Shend? %%‘i’tg’ﬁf g’é mé?C% IE)hydr ochl ori de of
C|talopran1obta|ned by the nmet hod of the i nvention has
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uti cal ositions of the inventjon may be
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The pharmaceutical fornulations of the invention may
SOIE{)?%I%L e@t%n ¥1a§ Q{grg&géﬁﬁfaslol@t g@%%vé ﬂgxfe&gnt taﬁ(é boss%ER:raddmvw ina
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steAMInSHO SAEHMNLA HllBe ﬁpﬁl%ﬁﬁﬂbﬂkgaxﬁﬂbﬁlegb?(ﬁélﬁ @Anly BuiBible additive
npl es” of adj uvants
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Finally, it has been found that the base may be formulated info very good and stable solid

:;4

- formulations with good release properties (cf. Dutch patent No 1016435).

The invention is further illustrated by the following examples.

Example 1

~ Preparation of crude Citalopram base (1-[3-(dimethylamino)propyl]-1-(4-fluorophenyl)-1,3-

dihydro-5-isobenzofurancarbonitrile)

Cu(DCN (197 g, 2.2 mol) is added to a solution of 1-[3-(dimethylamino)propyl]-1-(4-fluorophenyl)-
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 (aq, 50% w/v) is added. Toluene (2 L) is added

and the phases are separated.
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adj uvant or additive, colourings, arong,

preservatives etc. may be used provided that they are

conpatible with the active ingredients. 20 Sol utions

for injections may be prepared by solving the active

i ngredi ent and possible additives in a part of the
'Ih%%lrgéﬁi@&;hése ks ﬂn‘ﬂie?%éhgﬁ‘mtﬂ ‘Eﬁ‘lﬁ (@%‘5&0&& ?‘vﬁ‘%ﬁé §hter (2x500 mL). The

ustin he solutjon to esl re
materi %nfgon@ the oeganig phase ageremevef f vagpol t in suitable

548 g0 tiu@SCitdloprinfbae isAfblatéd dstad Bt SpuRielipbroX 5% by I-IPLC (Peak area)

conventionally used in the art nay be added,” such

tonicity agents, preservatives, ant|OX|dants etc. 25
Exampdd2:y, it has been found that the base may be

formul ated into very good and stable solid

formul ati ons with good rel ease properties (cf. Dutch
Pugsiication olgrudg risalgpyam iy eemavingn Li{H (méthkylémino)propyl]-1-(4-fluorophenyl)-
Ia-hihya.totﬁismnmfum@alfbehmmae s saagﬂih@s 30 Exanple 1

Preparation of crude Cital opram base

(1-[ 3- (di net hyl am no) propyl ] - 1- (4-fl uorophenyl)-1, 3-
Crﬁﬁehﬁﬁibﬂaﬁ-bh&cﬂ‘lﬂnzﬁwan megp Dindol)ihb g £¥bntehfdY appdE. D5% mol/mol of

o By o e 1 Bk bseefipnsabopile s isaved

in tol\@nel{1tHyidr Aschic bnlgydridé @0lgetz ﬁfow) irndded 420thg reattich mixbyre istheated to

LB AR TSl g ) Py e 130
theqnlipges prg sepata@OThe organic phdstasl dls@ﬁh@d pwktbe¢ PP of theagqueousphiss is adjusted
to 9 %h ﬁ'fcl aﬁ&ln&pof(;n%lﬂfae(a& i3y \fﬁ? q"oﬂ:@aa’t?ﬁ (5% adé&oﬁ\ﬂ’{pﬁgseé ate separated.

ded. Toluene (2

Th% éﬁ?ﬁ?l&tpé@e wsilspn@%ar@ém EOlYfﬁ%E@@ TEROYed nﬁmc.the ovaaenhags infyacuo.

A )E@(lT 6¢ 1{3@% of 519 il %nitanﬁ?( W’uﬁ% frél Uisé/\ﬁfcﬁiloﬁrﬁﬁ 2fProllehe 1sT§'bﬁteéi
VO terials fro r pha re.r

ik of - B o bRl ot oy oS et

cmhmnmmnBKMI%Hmmwmw approx. 85% by HPLC (Peak area) 5
Exanple 2: Purification of crude cital opram by
renmovi ng 1-[ 3-(met hyl am no) propyl ]-1-(4-fl uorophenyl) -
1, 3-di hydro- 5-i sobenzof urancarbonitrile as its
acetam de. 10 Crude cital opram base from Exanple 1
(324 g, 1 nol) having a content of approx. 2.5%
mol / mol  of '
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ro- 5-i sobenzof urancarbonitrile is dissolved in
toluene (1.5 Q Acetic anhydride (10 g, 0.1 nole) is
added and the reaction mxture is heated to 60 C for
30 mn. Water (2 L) is added? the pHis adjusted to 1
by addi ng cone. HCl (aq, 12 M and the phases are
separated. The organic phgi%n%,ﬁ; di scarded and the pH
of the aqueous phase is adjusted 15 to 9 with the
addi tion of ammonia (aq, 25%wv). Toluene (1.5 L) is

1. ﬁ%d%ﬁhﬂlﬂﬁ%ieﬁbﬁ WERALAIGFm of BEnAfUeOUs phase is
di scarded and the so]I)vents are renoved fromthe
organi ¢ phase in vacuo. A yield of 330 g of an oil
contai ning crude free base of cital opram and tol uene
is 1solated. Tﬂg content of
1-[ 3- (et hyl am RL-Of; -(4-f|uhropheny|)-1, 3-di hyd
ro- 5-i sobenzof ur an- honi Ori | e s> 0.1% nol/nol. 20

“he/preparation of purified

citalopramof formula 5 N ON F by renoval of

desnet hyl cital opram havi ng The formula NC CH3 NCO H

10 F am conprising opti onsubj ecting a crude

ci tal opram product contai nizag”t he desnet hyl cital opram

inpurity to sonme initial purii\fication and subsequently

treating the crude product wikh an am deg?r an

am de-1i ke group form ng agent sel ected omthe

agents of Formulas (a), (b) or (c):

by removal of desmethyl citalopram having the formula

- NC

(L)

comprising optionally subjecting a crude citalopram product containing the desmethyl citalopram
impurity to some initial purification and subsequently treating the crude product with an amide or an

amide-like group forming agent selected from the agents of Formulas (a), (b) or (c}:

Y
R—CO—X HalJquR" R"—S0;—Hal
(a) (b) (c)

where X is halogen or a group O-CO-R’, Hal is halogen, YisOorS,WisQO,NorSand R,R’,R”’
and R’’’ are each selected from the group consisting of hydrogen, alkyl, and optionally substituted
aryl or aralkyl;



10

15

15Y RCOX Hal--LWR'' R''-SOz Hal (a) (b) (c)

where Xi s hal ogen or a group G CO R, Hal is hal ogen,

Yis Oor S, Wis O Nor Sand R R, R and R'" are

each selected fromthe group consisting of hydrogen,

al kyl, and optionally substituted 20 aryl or aral kyl;

10 the reaction m xture is then subj ected to an
the 1%%&1?)/ E]%E}xtﬁellss a?n su %ét(e) toan F@%se wr%ah ?%1%]()': 818rlsta{118at1rog ﬁ:&,rgcrystalhsatmn
of Cttﬂepramnd@rderft@ resroule fhp emdbh@nmdfdnu thie tcaide pitdopram )ixjure;, and ‘

and the resulting cital opram product is optionally

further purified, worked up and isolated as the base
the ggpulting catagﬁlamr?a%dé‘a&lﬁ ertionsllyurthep perificd: werked wvad isglated 2 the base or
a phkfgcRItREIBSRcpEBRIsAlt ihgreb® - Cl ai m 1 characterised in that

the am de or am de-like group formng agent is an

agent of formula R-CO X, wherein R and X are as
2. J&f proedss havofdingitorClhim 1 @h&actéliedpn decthe amide of ﬁﬁuﬁg—hkfogroup

o ] L.i Kk

o SAhets BNALA LR L0 L ki1 oK 48, S Ul ol

an acyl hal ogeni de 4. The process accordl ng to CI aim

3. &h@ ﬁ%&@g LRbidRRG, LRk b@ﬁar‘h&@nﬁemlﬁj ﬁlapt'he aad e éduh@ lxﬁ';r S5 forming
mng .agent js acetic acid ydride 15 5.

age‘ﬁFscfc"é‘%’xﬁlfc?ﬁﬂd’PM“flﬁo@néngloﬁqﬁ‘ﬂeact erised in t hat t he

am de or am de-1like group form ng agent is an

4. e pr%gesso gccg %ing% 8{a1errr1 ? bﬂ%a&gr?ste in Hlat tile amide or amide-like group forming
agent is acetic acid anhydride

5. The process according to Claim 3 characterised in that the amide or amide-like group forming

agent is an acylchloride, preferably acetylchloride.



