WO 01/ 47909 PCT/ DK99/00739 Method for the Preparation of G tal opram The
present invention relates to a nethod for the preparation of the well known
anti- depressant drug cital opram

1- [ 3- (diweblrytoesri no) propyl ] - 1- (4-f 1 uor ophenyl ) -1, 3- di hydPOTHK9%00739
i sobenzof urancarbonitrile. Background of the Invention Ctalopramis a
wel | - known anti depressant drug that has now been on the market for sone to

years and has_ the follow.n ruct - NCW, O F (lI) It is a selective,
cent raIWthé&ﬁoﬁgh%éFWS#'?fgf'z&H%Pgiét ryptam ne; 5-HT) reuptake inhibitor,
15 having antidepressant activities. The anti depressant activity of the
conmpound has been reported jn_se I i | . ) el ... Prog.
Neur o- @%%ﬁ%rlﬁﬁ?&q ¥ liag?soto_ a ‘Bésf‘@{é‘%ifg{)% kg‘%&%&%@;ﬁ (ﬁt(;f';lgﬁéu %%L Y avem
Acta Psychilt qnC@ffoprarhdB13-(dimethylab@indPopyl T he4 Cruispsphiealy1na s -dihgdrobeen

di sclosed to show effects in the treatnent of denentia and cerebrovascul ar
di sosdeisshenEPRufantTdHBWIlE20 Cit al opram was first disclosed in DE 2,657,271
corresponding to US 4,136,193. This patent publication describes the
preparation of cital opram by one nethod and outlines a further nethod that
may be used for preparing citalopram 25 According to the process

descri bed, the corresponding 1-(4-fluorophenyl)-1, 3-di hydro-5-
i sobenzBadkgaound bbihietlnveRtlols reacted with

3-(N, Ngit%ﬁ%mgﬁagﬂ%mlahg@ﬁ%és% . %@?ha@ﬁﬁ RES oRfthe market for some

met hyl s e as condensl ng age The starting material was
Pr ep@r €fars and has the following structure:

NC
NMe,
o 2

F 0y

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

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

20
Citalopram was first disclosed in DE 2,657,271 corresponding to US 4,136,193. This patent

publication describes the preparation of citalopram by one method and outlines a further

method that may be used for preparing citalopram.

25 According to the process described, the corresponding 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.
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fromthe correspondi ng 5-brono derivative by reaction with cuprous cyani de.
CONFI RMATI ON COPY WD 01/47909 2 PCT/ DK99/ 00739 According to the second

nmet hod, which is only outlined in gengral termnms, cital op
obtained”%?”fPWb cl osure of the conpound: Br OH OH W, FE E%?%m?%%

presence of.a dehydratjng.agent. and subsequent exchange of the 5-brono

gr oup \%Ff‘?fdm@a i?g??dgmgﬁﬁg’o‘g@c@%‘?ﬂi}ﬂBVt?l%ﬁ‘gl%g%‘lP’Eail HEsed@IgPam FRay sy nul a
11 i's gbfaiiel®S rifeQiBsare HrtREPRADNRG de by two successive Gignard reactions,
i.e. with 4-fluorophenyl magnesium chloride and N, N-di net hyl am nopr opyl
magnesi um chl ori de, respectively. 10 A new and surprising nethod and an
internediate for the prepargtion of cifalopramwere described in US Patent
No 4, 650, 884 according to whith akyinternedi atg of the formula NC OH OH
NMe2 F is subjected to a ring Sur eorgacy’i on by dehydration with strong
sulfuric acid in order to 15 oOb i-val opram The internedi ate of
formula I'll was prepared from 5-cyanopht halide by two successive Gignard
reactions, i.e. with 4-fluorophenyl gr‘\si um hal ogeni de and

N, N- di net hyl am nopropyl magnesi um hal ogeni de, respectively. Further
processes are disclosed in Internatioma{ patent application Nos. WO

98/ 019511, WD 20 98/019512 and WD 98/ 0}9513. WD 98/019512 and WD 98/ 019513
relate to methods wherein a 5-am no-, 5-carboxy- or 5-(sec.

ami ﬁocm@gmsqufaq dehydiaging @gfrg@p@@ul@sgqmm exchange of the 5-bromo group with

cyano using cuprous cyanide. The starting material of formula II is obtained from 5-

bromophthalide by two successive Grignard reactions, i.e. with 4-fluorophenyl magnesium

chloride and N,N-dimethylaminopropyl magnesium chloride, respectively.

10 A new and surprising method and an intermediate for the preparation of citalopram were

described in US Patent No 4,650,884 according to which an intermediate of the formula

NC OH
NMe,
OH

F
is subjected to a ring closure reaction by dehydration with strong sulfuric acid in order to
15 obtain citalopram. The intermediate of formula III was prepared from 5-cyanophthalide by
two successive Grignard reactions, i.e. with 4-fluorophenyl magnesium halogenide and

N,N-dimethylaminopropyl magnesium halogenide, respectively.

Further processes are disclosed in International patent application Nos. WO 98/019511, WO
20 98/019512 and WO 98/019513. WO 98/019512 and WO 98/019513 relate to methods
wherein a 5-amino-, 5-carboxy- or 5-(sec. aminocarbonyl)phthalide is subjected to two
successive Grignard reactions, ring closure and conversion of the resulting 1,3-
dihydroisobenzofuran derivative to the corresponding 5-cyano compound, i.e. citalopram.

International patent application No. WO 98/019511 discloses a process for the manufacture



successive Gignard reactions, ring closure and conversion of the resulting
1, 3- di hydroi sobenzofuran derivative to the correspondi ng 5-cyano conpound,

i.e. cit I nt ti | t licati No.

i scl osORORUBI o< o "the manuf act ure W 01147909 3 PCTFORIST 750 of
cital opram vi/ner ein.a . ) _
(4- subsHli FLRIERFEBL WYREFE% e PRy P SRt slr e yamstinehsay)-(finambeny Lsesthanohd i s
subj ect@ehpolnd i Sutit RS LA ¢1dshR £rﬁ§i¥1|e$1je£lﬂti§g %L&*aﬁgdtalgheﬂ(

1- (4-fluorophenyl)- 1, 3-di hydroi sobenzofuran converted to 4t_ﬂ]éor((:)g}rlerné/ls)|E)ondi ng
5- cyanol,#dilydeisabenzofuranickyyeteddo thé correspodliog fratyayd detivaiveraagydlihahtegeni de

in ordef..to tain citalopr 5 Final | nmet hods, of preparing the

i ndi vi dU4 aé%aﬁﬁtf(l}@%rrmsnob)‘flgeﬁgélf)%?f’rl%‘?ﬁnaorréérd? QE{AB]S%H?(?H{EI@S Pat ent No
4,943,590 fromwhich it al so appears that the ring closure of the

i nter ilate 0o formula.lll nay. b arri.ed out.via a labile ester with a
base. | gangty” pikhads At BEiEr ecRiifiel Rl et i Rpes Bredigasasind hew

pr oces Patdht My £b43,b90 ot RhieRREATLS kfJeaisORat e HAE PR uRY o Bihe liﬁté%cfﬁjte Leaction
of a di hydrobenzofurane with a diene. Summary of the i1nvention

Accor difagnyla TH meaydrecsgaind quivean labe esi¢ravidisa basea novel nethod for the
preparation of <citalopram its enantioners and acid addition salts thereof
conprising: Reaction of a conpound of formula O Me2N F (I1) 20 with a) a
di ene Hawnhngowhigechootmd shat Icital¥pram may be obtained by a new process in which the

citalopram skeleton is formed by Diels-Adler reaction of a dihydrobenzofurane with a diene.
Summary of the invention

15 Accordingly, the present invention relates to a novel method for the preparation of

citalopram, its enantiomers and acid addition salts thereof comprising:

Reaction of a compound of formula

Me,N
F : )

20 with

a) adiene having the formula III

e
X
.

wherein X is selected from O, S, SO,, -N=N-, -CO-O- and -O-CO-, followed by oxidation

(1)

to form citalopram,

25



X (Il'l) wherein X is selected from0O, S, S02, -N=N-, -CO-O and -0-CO,
foll owed by oxidation to formcital opram 25 WO 01/47909 4 PCT/ DK99/ 00739
or with ound of formula RCl; CF~ (n') 5 wherei j yl, or
opti onal&é@ﬂi@ﬁt uted aryl or aryl al ‘kyl, fol |l owed by colrll)\%}r%slégg/rqag t he
resul tipg.gompound of formula RO O NWe2 (V) F wherein Ris as defined
above to a conpound of formula 10 O O NWwe2 (M) F

\C}-b

wherein R is alkyl, or optionally substituted aryl or arylalkyl, followed by conversion of the

b) acompound of formula

(V)

resulting compound of formula

RO. I
%
. NMe, )

wherein R is as defined above to a compound of formula

o]
%
NM
- 2 (v

which is converted to a compound of formula

NC
' i
I NMé,
F

(VD)

10

15 followed by oxidation of the compound of formula VII to form citalopram.



which is converted to a conpound of fornmula NC O NMe2 WF (VIl) 15
fol |l owed by oxidation of the conmpound of fornmula VII to formcital opram WO
01/ 47909 5 PCT/ DK99/ 00739 The reaction of the conpound of formula Il with
the di en®OH4Wnula 111 is carried oft using the conveRGIEHAI0BAct i on
conditions for carrying out reactions of the Diels-Adler type. Thus, the
r eact i ohhg agfign fishg cerapeundc f denmulmIlavighothe elixine of diednids 1D éncaeried odt@kigne,
1,3,5- fri =3 fenmperature between 60 d 180 C, preferably
at o1 i, CBVRARALAERE0n Rl R o ARG ety L Dicls KL Ee.di ono
of fornhha, khd rdaeaels is uitdbly choledBditdh LEolvhg, | : nB9; Bhe
formula | X LMe2NI mheré??lx I s as defined abg@gsﬁggg%ﬁ%gh?@%ﬁgb 3?ﬁe

i nt er mel@imatleylbenzens; ¢tip temperatpehetv een G0padfl8P 761 preferably @i teflurpr am  The
oxidgtion of the internediate of formula IF is carried out in presence of
oxygén and agents such as Pd/C, S, dideoxyquinon, and chloranil. 15 In
SOme Cam@l réaction WIGhE chmBoRRNBP Bt IIf WikthAdieht ofFofinila GRRLIUAM: the

conversi on of ) ] ]
formation of the intermediate having the formula

a i

F

NC

MezN

ar

wherein X is as defined above.
10

Oxidation of the intermediate of formula II" leads to the formation of citalopram.

The oxidation of the intermediate of formula II' is carried out in presence of oxygen and
agents such as Pd/C, S, dideoxyquinon, and chloranil.

15
In some cases, i.e. where the compound of formula III is a 3-cyanofuran, the conversion of
the intermediate of formula II' to citalopram is carried out in presence of a Lewis acid or a
mineral acid. Suitable Lewis acids include ZnCl,, TiCls, BF; Et,O etc. Suitable mineral
acids include hydrochloric acid, sulfuric acid etc.

20
When the compound of formula III used in the process is the 3-cyanofuran, the intermediate

of formula II' may be isolated.

The reaction of the compound of formula II with the compound of formula IV is carried out
25 using the conventional reaction conditions for carrying out reactions of the Diels-Adler type.

Thus, the reaction is suitably carried out in an inert solvent, such as benzene, toluene, 1,3,5-



the internediate of fornmula Il' to citalopramis carried out in presence of
a Lewis acid or a mneral acid. Suitable Lewis acids include zZnd 2, Tid 4,

BF3 Et 2 itable mneral acids, include hydrochl ori j | furic
8’85’8“7\‘7@; 6., pETRfilod00RY

acid et n the compound of forhula Ill used in the process is the
3-cyanof ur the internmediate. of formula |1' may be isolated. The
reacti W%ﬁyr]?ﬂéz%%r%&}ﬁ’alpsfﬁ?%#’ﬁmean|6r|0 hd: B4 He reslordlnat silukorFhd eyl v i s

carri eghdilylalidd subbtitdtchRER GRTYRMIA qv_?_ﬂﬁlag ?ﬁfﬁ%}g@tu&%n\gltﬁ isﬁgss[itlflé)r{t% %l?({}lr %s' ng out

reactions of t'he Diels-Adler type. reactiron s sui arried
out i nhalpgdnpalkyl, stlowemts. such as benzene, toluene, 1,3,5 WD 01/47909 6

PCT/ DKQ9/ 00739 tri net hyl benzene; at a tenperature between 60 and 180 C
preferably at reflux. The aryl and arylal kyl substitutents Rin formula IV
may SbeThubenveraerdf Wit tonspdeti afufortislasvich aasompaindgefnformlilayVl iakkesy etc.

5 The cony rsti.on of the cgrrpou(gd of fornula a\c( to a conmpound of formula Vi

i s sui FRBFYOUIAARPBECOSE A BRUA GUEATAME W LkHBE™ed* i n an aqueous

al kal i ne medi a. The introduction of the cyano group into the conpound of
formula VI, is suitably carried out by reaction of a conpound of fornula
VI wi t Fhouentrqdugtam, ofothe TVBENSTonp dntoatle soupound ofréatimarld 811) svemitably etiydr at i on

or o OGP AR R PR DB KT O sy

cari eghedidt folfovpsde s8N Cdhdration €WuSingC icne#GibnaS déRfdrdin Mnl sBEB, ot 20

The conpound of formula VIl is oxidised to formcitalopramin presence of
oxy genthigiylchiesides BRC:, Sofhoma VBsmeier Hagesx WHaemBMS W isorsadi the etaction is a
furtheg,

compouniap et R B PRk B fE A R R R ey

The compound of formula VII is oxidised to form citalopram in presence of oxygen and

15 agents such as Pd/C, dideoxyquinon, chloranil etc.

In a further aspect, the invention relates to the above processes in which the compound of

formula II is used in the form of the S-enantiomer.

20 In yet another aspect, the present invention relates to citalopram and S-citalopram
manufactured by the process of the invention, and an antidepressant pharmaceutical

composition comprising citalopram or S-citalopram manufactured by the process of the

invention.

25  According to the present invention, the compound of formula II may be prepared from a 4-
fluorobenzoic acid derivative and transformed to citalopram and its salts by a process,

comprising:

1) Reaction of a 4-fluorobenzoic acid of the formula VIII

coy
F :

(VIID)

30



20 I n yet another aspect, the present invention relates to cital opram and
S-cital opram manufactured by the process of the invention, and an

anti depressant pharmaceutical conposjtion conprising ci S
S-cital 8%9%7%?guf actured by the process of the inventi%%ﬁgg Acngordi ng to

the present invention, the conpound of fornula Il nmay be prepared froma 4-
f1 uor oWZ‘ﬁ%‘? é{n ’ég}?‘ &f8r F%P&Plf‘ﬁ}é%gw&o’t'p'ﬂgﬂorw t BherpmaR odaly’ aregselectedsal t s

by a p 0 i S dore i - f r 0k-g_achkd of t he
o mul 01 TTeros 8 TR (i AR Ol P gt B0 Mo 667450 aner ei n
Y i s hahegenMds penétal iby andZos @, pre@etidrkgroup oNRydRo gt €s1eivedRdy AebvRl ofr €
selected from hydrogen, alkyl, alkoxy or R and R' together forma ring,
with e pretegl -OE‘?%} wherein M+ is a netal ion and Z is a protection
group or hydrogen, followed by renoval of the protecting group Z;, 5 ii)
reacting the resulting conpound of fornmula I X OOH F (IX) with a Gignard
r eagenti) hzadctimg théesshlbmgebapbhdvyf foHAYNBNKE2 wherein Hal is chloro or brono;

o]

OH

(IXx)

with a Grignard reagent having the formula HalMg(CH,);NMe, wherein Hal is chloro or
bromo;
10

ii1) reduction of the resulting compound of formula

NMe, X

to form a compound of formula

NMe, XI)

15 which is treated with a dehydrating agent to form a compound of formula II.

The reaction of the compound of formula VHI with M", *C=C-CH,-0Z is suitably carried
out in tetrahydrofuran, Et,O or toluene. Suitable protecting groups Z include
tetrahydropyran, trialkylsilyl, etc. =~ The protecting group is removed according to

20 conventional methods for removal of protecting groups.



10 iii) reduction of the resulting conpound of formula HO OH F NMe2 (X)

to forma conmpound of formula OH OH F NMe2 (XI) 15 which is treated with
a dehydrating agent to forma conpound of fornula Il. T | of the
compoun¥ ¥4 Wrula Vi1l with M-, -CC- CH2-QOZ i s suitabrlictlgfﬁ%/@gﬂ out in

tetrahydrofuran, Et20 or, toluene. _Suitahle protectin roups Z include
et 1 anbeeDny e ErrmpRy o FUTRLER VR Ceats 1ae gt o g ed sk oot

accor i eh@dnalOrcaObHeaddRiRl BB s RactGITOVE; ' ps. WO
01/ 47909 § PCT/ DKO9/ 00739  Reacti o of the %%DW%IF\% o OGRS hrBdhuPh. |C

G i gnaredctrama gaaitds tstrafgidréfedinobit Ousidigluenzonvent i onal reacti on conditions for
Gignard reactions. Suitable solvents for Gignard reactions include
tetrahydrofuran, Et20 and toluene. 5 Reduction of the conmpound of formula X

IS garReQf}tiOH bf tHe MARUN@6f BIrANOK iy 8hrfigd BanBYwhiler oPEthandt oA arcdgl ySt as
t he redum_ng agent. Treatnent of the conpound of fornmula XI wth a
dehydr eitd higdkg entelysts astheredicings@ent ed out in tol uene, Et OAc or
tetrahydrofuran. Suitable dehydrating agents include tosylchloride, 10

met hanesul fonyl chl ori de etc. :

Treatment of the compound of formula XI with a dehydrating agent is suitably carried out in
toluene, EtOAc or tetrahydrofuran. Suitable dehydrating agents include tosylchloride,

10 methanesulfonylchloride etc.

Alternatively, the compound of formula II may be prepared from 4-fluorobenzaldehyde

and transformed to citalopram and its salts by a process, comprising:

CHO
E- :

(xn
15 1iv) reaction of 4-fluorobenzaldehyde of the formula

with M", “C=C-CH,-O-Z, wherein M" is a metal ion and Z is a protection group or
hydrogen; followed by
20

v) oxidation of the resulting compound of formula XIII

oz

(X1

25 and removal of the protecting group Z to form

OH

(IX)



Al ternatively, the conpound of formula Il may be prepared from
4-fl uorobenzal dehyde and transformed to citalopramand its salts by a

process, conprising: CHO F (X11) 15 jv) reaction of 4-f dehyde
of the W[T/J‘Flgwwith M, - C=C- CH2-OZ,d wherein M- is a rre}%fa#f?gﬁ&g%dd Zis a

protection group or hydrogen; followed by 20 v) oxidation of the resulting
conpound of forrmula XIIl OHOQ F (XI1l) 25 and renoval of the protecting
group ¥)to faactiorof the Gbinpsund of)foii1d IX 47S00GARET +EASORY 100 TRIhe Yormuleact i on

of the f formula X with a Gignard agent. having the formula
Hal w(%ﬁ%@@%ﬂ@ TSRy "flslsc?“hq%rloooro:b?%?%rrof,tﬁl%’lefio%(foﬁ‘{ﬁfé@ﬁv‘é? teon of
the cesm Affor NI 8 tRe dingdid ©P MM AE dEQFBLY Sbdvk, @S descri bed
above. 5 The reaction of the conpound of formula XIl wth MW ,-CCGCH2 -z

is suitably carried
The reaction of the compound of formula XII with M ,"C=C-CH, -OZ is suitably carried
out in tetrahydrofuran, Et;O or toluene. The protecting group Z may be tetrahydropyran
trialkylsilyl etc.

10 Oxidation of the compound of formula XIII is carried out in presence of oxygen, suitably

in presence of agents such as Pd/C, DDQ, chloranil etc.

The protecting group Z is removed according to conventional methods for removal of
protecting groups. |

15
According to a third embodiment of the invention , the compound of formula I may also be
prepared from dimethyl aminopropyl-4-fluorobenzophenon and transformed to citalopram

and its salts by a process, comprising:

20 viii) reaction of a compound of formula

NMez  (XIV)

with a Grignard reagent having the formula HalMgCCCH,0OMgHal wherein Hal is chloro or
bromo; followed by conversion of the resulting compound of formula X to a compound of
formula IT as described above.

25

Reaction of the compound of formula XIV with the Grignard reagent is carried out using
conventional reaction conditions for Grignard reactions. Suitable solvents for Grignard
reactions include tetrahydrofuran, Et,O and toluene.

30



out in tetrahydroftiran, Et20 or toluene. The protecting group Z may be
tetrahydropyran trialkylsilyl etc. 10 Oxidation of the conmpound of formula

Xl is carrle in presence of OXy suitably in agents
such as WAAHATRHG chloranil etc. The(grotectlng gr oup ZBF§&§§%§WﬂB

Accor Aot ERTRE r%ﬁ%%&%ﬂ?ﬂ%ﬁﬁﬁ%éﬁfhe@faenqcﬁfgftogﬁutﬁl{sgﬂn%iggorfstbe i a
I may @ésaatRf ofpél%?é’;frﬁﬂ i E&Q@téﬁ iy E){eﬁ‘l i ano-'tﬁll)]g}%'holb? '&Fo%&e gon and

transforned to citalopram and its sal a pr cess onprising: 20 viii)
react i oiawt-paridgmsondd-ofa-TbpyAneS-carbenitdle2 (XIV) with a Grignard reagent
havi ng the formul a Hal MpCCCH2OWHal wherein Hal is chloro or brono;

foll owed by conversion of the resulting conmpound of forrmula X to a conpound

of  § ormhétal dyndresides eitilbpdmal®udinedabHRACHNBAs@Thd e ForRaURdHAtqihes Mul a
XIVwith the Gignard reagent is carried out using conventional reaction

condi t ifonhtef erariigphaf gitzlepiam. ofBe ngygliiatsimediatey oftfornwa (0,i @iprod (X)
reacti 1N d toluene. 30 WO 01/47909 10
PCT/DKSE?G%%%éMgg%%%é |ng&%g&ﬁhggﬁ?géﬁg%%ﬂﬁ%odlnent of the invention, the
diene of fornmula Il used for the

The starting materials of formula IIl are known or may be prepared by conventional

10 methods.

Thus, 3-cyano-furane is a known compound which may be prepared from the corresponding

3-bromo-furan, 3-formyl-furan or 3-carboxy-furan using conventional methods.

15 3-cyano-thiophene 1,1-dioxide may be prepared by oxidation of 3-cyano-thiophene, using
e.g peroxide. The 3-cyano-thiophene is known from the literature and can be prepared from

the corresponding 3-bromo-, 3-formyl- and 3-carboxy-thiophenes.

4-cyano-pyridazine can be prepared by oxidation of benzopyridazine using e.g. KMnOj, as
20 the oxidation agent, followed by decarboxylation of the resulting pyridazine-4,5-
dicarboxylic acid and conversion of the carboxylic acid to a nitrile using conventional

methods.

2-Oxa-2H-pyran-5-carbonitrile can be prepared from the corresponding carboxylic acid

25 using conventional methods for the conversion of a carboxy group to a cyano group. 2-
Oxa-2H-pyran-5-carboxylic acid can be prepared as described in Organic Synthesis, IV, p.
201-202.

The intermediates of formula II, X, XI, X1III in the form of enantiomers, may be obtained

30 using conventional separation techniques or as described in US-A-4.943.590.

It is advantageous to treat the compounds with an optically active acid, for example with (-)-

or (+)-tartaric acid or (-)- or (+)-camphor-10-sulfonic acid, in order to separate the



preparation of citalopramis selected from 3-cyanofurane, 3-cyano-thiophen
1, 1-di oxi de, 4- cyano-pyridazi ne and 2-oxa-2H pyran-5-carbonitril. 5 The

total sy LgoOf citalopramas outljned above, conpri sggridig of novel
i nter mdﬂ?@gé»ﬁ’?or the preparation ofhci tal opram The nos’gl I ntg,‘ebﬁﬁvgdi at es

of form : | 'y X) .0l Lbustrat ed above al so formpart of the
pr esen'[(qll ;llsge\fédﬁ%cl}%enéc‘f] tél% 3 Fuéé Iildnté) 1%0&?%5}?%@ lcaﬁ-‘/ 1"1‘3}"r‘?1ﬂ0glploP’P‘Ii a% ge?hﬁ%’r 8% may
be prepasaidhdiyofconventi onal 10 net hods. Thus, 3-cyano-furane is a known

conmpound whi ch may be prepared fromthe corresponding 3-brono-furan,
3-fornyl-furan or 3-carboxy-furan using conventional nethods. 15

3-cyan I - di axi y..he epared by oxi.dat.ion of . .
3- cyang‘-htg%ggﬁg?% gouréﬁ)érj%ﬁééﬂg (ggragg i égb’ ?‘ﬂaé/e%e 31¥aﬁ%lg ta?glldgwe%it, MeldiBon £ rom
the §i tphambaceaticily acreptiblepraejdaradditionosaltst heertiohs® ssboRe] M8 IxRRPID -the
3-formyl - apd 3-carbaxy-thi ophenes. 4-cyano-pyridazine can be prepared by
oxi dat i HTOSB%B'QHZIB’&W E¥CneCusi ng e.g. KMiO4 as 20 the oxidation agent,
fol |l owed by decarboxylation of the resulting pyridazine-4,5- dicarboxylic
acid and conversion of the carboxylic acid to a nitrile using conventi onal
met hodghe 2ZoMpauHoHgenarel Somauld dmayr bd esedam the fipe bpdr @thsfd pilariaceutically
correspondi ng carbgxylic id .25 usi.ng conventional nmethods for the
conver ?F‘ber?ta(??e acid &8@%9’)} S@?ﬁl?beotf %a@gﬁﬁ:@tlﬁpéﬁ&’ sych salts formed with organic
Oxar@HopYa@Barfic GRIBIN bE 136d. eRibl cﬁfs%gﬁro?gan?é i ' i c
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t he forfwmatfic,ebamioiomeserbinnysubeniobt exatied bigbethglengsatioylice nivetinatsusfopiy at i on
t echni ques cgr 1?‘,}is.descrt.i bed i.n .US-tA-4.. 943. 599. It is advantagequs to treat
the confBORTS G AFFEptTeBPry> J8e SUIHICT Girie o8 o PRUg.. yoalis
(+)-t a:nﬁaintﬂﬁl@c, aGithaific, ( -ditraddhic( +hsadiRN Qfeatil; SPHIMRMNY, C i@EhHe, | yQJifler pt O
separate the

P aminobenzoic, glutamic, benzene sulfonic and theophylline acetic acids, as well as the 8-

15 halotheophyllines, for example 8-bromotheophylline. Exemplary of such inorganic salts are

those with hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric and nitric acids.

The acid addition salts of the compounds of the invention may be prepared by methods
known in the art. The base is reacted with either the calculated amount of acid in a water
20 miscible solvent, such as acetone or 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
25 and in 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.

The pharmaceutical formulations of the invention may be prepared by conventional methods
in the art. For example, tablets may be prepared by mixing the active ingredient with
30 ordinary adjuvants 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



WO 01/47909 11 PCT/ DK99/00739 diastereoisoneric salt mxture and to
isolate the optically active conpound as free base or as a salt thereof.
The salt conmpounds (11), (X d (XI), my be an i htion
salt, iﬁgpﬁg?ﬁﬂg 5 pharnmaceutically aggeptable aci d addi?Fgﬁhggﬁggb
menti oned above (gor eﬁﬁgﬁle the hydrochl oride, hydrobrom de, etc. The
conpourfd BN EhafdiveE & S AR BESSHYARVESSCie-HaRY pediserhpeoviffedathatthey

phar macgeltdhpatitle wbGEPARRE trgdEdight@ddi tion salt thereof. As acid addition
salts, such salts forned with organic 10 or inorganic acids may be used.
Exempl ary of such organic salts are those with maleic, fumaric, benzoic,
ascorbiOhnsugcbpkg.c@§%“5g,lpi%pethghgnqﬁalicxlic. nmet hanesul f oni c,

et hane iSRS nPE USEES 1Y, PESPHTES OV a1 WPg dhe asfiye pngredient gnq gossipleiconi c,
l'act 5 c,addRivie§ in a pRHGLIeGolvehi AT &tiof] SrEREMN SteriRSPAEL h&ustlLRE sGmti
palmtic, itaconic, glycolic, p- am nobenzoic, glutam c,” benzene suP?onic
and t hedephsyesié vabeng, stesidisaion ofshoeolitionsanchEli®e1is shisiloe bmpphigh bf mads. f or
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aci ds. phéseratives, agglotidans,eal.t s of the conpounds of the invention nay be
prepared by nmethods known in the art. The base is reacted with either the
cal cul ated anmount of acid in a water 20 m scible solvent, such as acetone
or ethanol, with subsequent isolation of the salt by concentration and
cooling, or with an excess of the acid in a water inmm scible solvent, such
as ethylether, ethylacetate or dichloronethane, with the salt separating
spont aneously. The pharnaceutical conpositions of the invention may be
adm nistered in any suitable way 25 and in any suitable form for exanple
orally in the formof tablets, capsules, powders or syrups, or
parenterally in the formof usual sterile solutions for injection. The
pharmaceutical fornulations of the invention may be prepared by

conventi onal nethods



in the art. For exanple, tablets may be prepared by m xing the active
ingredient with 30 ordinary adjuvants and/or diluents and subsequently
conpressing the mxture in a conventional tabletting nmacli | es of
adj uvanWé)‘gr‘“%ﬂS’I uents conprise: Cornldtarch, potato stgéac%ﬁﬁ?éfn

magnesi um stearate, gelatine, |actose, guns, and the |ike. Any other WO
01/ 4796%AIMS: pCT/ DK99/ 00739 adj uvant or additive col ourings, arons,
preservatives etc. may be used provided that they are conpatible with the
active ingredients. Solutions for injections may be prepared by solving the
act i vel.i nymedhehfor dimdpnepasiidyl ef cifalgmemtarneay dfntsenpaidmet ahdacigalddion f or

i njection, gref er.abl ﬁﬁsteri | e wa%er, adj u tfjfn%lt he solution to the desired
vol ume, SPES thereL foBRAIERS FREISBOLE COMPARS afifPTNHE i n suitabl e ampoul es or
vialss. Any suitable additive conventionally used in the art nay be added,
such as tonicity agents, preservatives, antioxidants, etc. WO 01/47909 13
PCT/ DKQ9/ 00739 dains: 1. A nethod for the preparation of cital opram or
any of its enantioners and acid addi 70 salts thereof conprising reaction
of a conmpound of forrmula 5 0 Me2N F'(II)’ with a) a diene having the
formula NC X

@
with

a) adiene having the formula

(1

wherein X is O, S, SO, -N=N-, -CO-0O-, or -O-CO-; followed by oxidation to form

10 citalopram; or with

b) acompound of formula

15 wherein R is alkyl or optionally substituted aryl or arylalkyl, followed by conversion of the

resulting compound of formula



(I'11) wherein Xis 0, S, S, -N=N-, -COO, or -0-CO; followed by
oxidation to form 10 citalopram or with b) a conmpound of fornula RO CH2

\CH2 (N)_ 15 wherein Ris al kyl or opti,onally substituted yl al kyl ,
fol | owed"BY148M er si on of the resul ting conpound of for 1&%‘{1‘?@?@78&‘ NVE2 (V)

WO 01/47909 14 PCT/ DK99/00739 5 wherein Ris as defined above, to a
conpound of fornmula O O NMez which is converted to a conpound of formula
NCONM2 F (VII) 10 followed by oxidation of the conpound of fornula VII
to formcital opram and thereafter optionally converting the free base or
an acid addition salt of citalopram thus

5 wherein R is as defined above, to a compound of formula

(o)

NM
E €2 (vn

which is converted to a compound of formula

NMe,
(V1D

NC
(L)
F
10 followed by oxidation of the compound of formula VII to form citalopram;

and thereafter optionally converting the free base or an acid addition salt of citalopram, thus

obtained, to a pharmaceutically acceptable salt thereof

15 2. The method according to claim 1 characterized in that the compound of formula II is

prepared by

1) reaction of a 4-fluorobenzoic acid derivative of the formula

: .COY
F

(VIID)

20 wherein Y is halogen, especially chloro, -O-alkyl, -NR'R" wherein R' and R" are selected
from hydrogen, alkyl, alkoxy or R' and R" together form a ring, with M", “C=C-CH,-0-Z,



obtained, to a pharmaceutically acceptable salt thereof 15 2. The net hod
according to claim1l characterized in that the conpound of fornula Il is

pr epar ed Ey i eaction of a 4-fluor nzoi c acid deri vatiNeg&fo/ob formul a
\ COY | 0(‘(‘7%3"?) 20 wherein Y is ha?@éen especi aIIy chI oro, -0-alkyl,

-NR R’ R | f hyd | k
ana e TBEAENE, Ko PP Sp 7 (3 5]l mRB BV oo pamarst of -

PCT/ DK92¢ pY3ve2fing @raanr |s a netal ion and Zis a protection group or
hydr ogen, foIIovved y renoval of the protecting group Z;, and ii) reaction
of the resulting conpound of formula I X 0 OH F (IX) 5 wth a Gignard

r eagenti) hasattieh 6hde resamnlgdoipbMi{ 6H}BNYER wherein Hal is chloro or brono;
10 iii) reduction of the resulting conpound of formula HO OH F NMe2 (X)

o}

OH

(IX)

with a Grignard reagent having the formula HalMg(CH,):NMe, wherein Hal is chloro or

bromo;

10  iii) reduction of the resulting compound of formula

NMe, X)
to form a compound of formula

OH

NMe, (Xn

which is treated as a dehydrating agent agent to form a compound of formula II.

15

3. The method according to claim 1 characterized in that the compound of formula

II is prepared by

vi) reaction of 4-fluorobenzaldehyde of the formula of the formula XII



to forma conpound of formula OH OH F NMe2 (XI) which is treated as a
dehydrating agent agent to forma conpound of formula Il. 15 3. The net hod

according to claim1l characterized in that the conpound Il is
prepare8%%9”ﬁ?$’reaction of 4-fl uorobthzal dehyde of the ﬂ%ynggu%?)the

formula XII WO 01/47909 16 PCT/DK99/00739 CHO (XII ) with M, CCCH2 O Z,
wherein MI is a netal ion and Z is a protecgion group or hydrogen; 5 v)
oxi dation of the resulting conpound gf Tormula XIIl OHQZ F (XII1) and
removal of the protecting group Z to a conmpound of formula IX 0 OH
F F

(X1I)

with M', “C=C-CH,-O-Z, wherein M is a metal ion and Z is a protection group or

hydrogen;

5 v) oxidation of the resulting compound of formula XIII

OH

oz

-
(XIIT)

and removal of the protecting group Z to form a compound of formula IX

0

OH

F
(Ix)

vi) reaction of the compound of formula IX with a Grignard reagent having the formula

10 HalMg(CH,);NMe, wherein Hal is chloro or bromo;

vii) reduction of the resulting compound of formula

NMe, (X)

to form a compound of formula



(I'X) vi) reaction of the conpound of formula I X with a Grignard reagent
having the fornmula 10 Hal MJ( CH2) 3NMe2 wherein Hal is chloro or brono; vii)
reduction of the resulting conpound formula HOOH F o forma
corrpouna’v%f’”%’F%ul a WD 01/47909 17 P&T/ DK99/ 00739 OH ﬁ*@“&ﬁ%%% XI)
which is treated with a dehydrating agent to forma conmpound of formula II.
4. The nmethod according to claim1 characterized in that the conpound of
formula 5 11 is prepared by viiigf reaction of a compound of formula 0 F
Nve2 (XIV) with a Giignard reagefit hgying the fornul a HalMyCCCH2OgHal ,
wherein Hal is chloro 10 or vi X) reduction of the resulting
conpound of formula HO OH

F
NMe, XD

which is treated with a dehydrating agent to form a compound of formula II.

4. The method according to claim 1 characterized in that the compound of formula

5 Ilis prepared by

viii)) reaction of a compound of formula

NMez  (XIV)

with a Grignard reagent having the formula HalMgCCCH,OmgHal, wherein Hal is chloro

10  or bromo;

Vix) reduction of the resulting compound of formula

NMe, x)

to form a compound of formula

OH

NMe, XD
15

which is treated with a dehydrating agent to form a compound of formula II.



F NMe2 (X) to forma conmpound of formula OH OH F Nve2 (XI) 15 which is

treated with a dehydrating agent to forma conpound of formula Il. WO
01/ 47909 18 PCT/ DK99/00739 5. A coml)gund havi ng t he forM/ﬁFb—Qg’ F NMe2
(X) 5 ANt s enantiomers and acil® addition salts thefeor. 6. A

conpound having the formula OH OH F NMe2 (XI) 10 any of its enantioners
and acid addition salts thereof. 7. A conpound having the formula F Me2N
5. A compound having the formula

NMe, x)

5 any of its enantiomers and acid addition salts thereof.

6. A compound having the formula

NMe, XN

10

any of its enantiomers and acid addition salts thereof.

7. A compound having the formula

o]
. Meal a

15

any of its enantiomers and acid addition salts thereof.

8. A method according to claim 1 wherein the compound II is used in the form of the S-

enantiomer.

20

9. Citalopram prepared according to the method of claim 1.



Il 15 any of its enantionmers and acid addition salts thereof. 8. A nethod
according to claim1l wherein the conpound Il is used in the formof the S
enantioner. 20 9. Cital opram prepar according to the aim1l.

WO 01/ 4%@1/4f809PCTI DK99/ 00739 10. gé-jci t al opr am pr epar e?%@@g?%&’%? to the
method in claim8. 11. A pharnmaceutical conposition conprising a conpound
according to claim9 or 10 5 suitable together wwth one or nore

phar nps et di G priin prparidalb & dm@hs B metBbd H LIMEDES-

11. A pharmaceutical composition comprising a compound according to claim 9 or 10

5 suitable together with one or more pharmaceutically acceptable carriers or diluents.



