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(57) Abstract: The present invention relates to a method for the preparation of citalopram or any of its enantiomers and acid addition
salts thereof comprising reaction of a compound of formula (II), with a diene having formula (II), wherein X is O, S, SOy, -N=N-,
~CO-0-, -0-CO-, or with a diene having formula (IV) wherein R is alkyl or optiopally substitrted aryl or arylalkyl. The invention
also relates to intermediates used in the new process for the preparation of citalopram, as well as citalopram prepared according to




Title:. METHOD FOR THE PREPARATI ON OF CI TALOPRAM [err] %s}urng% The
present invention relates to a nethod for the preparation of cital OBT}am or
any of its enantioners and acid addition salts thereof conprising reaction
of a compound of fornmula (l11), with a diene having forrmula (I11l), wherein X
is O S, SO wodumb=N-, -CO-O, -OCO, or with a dime harcagxogoers a (IV)
wherein Ris alkyl or optionally substi tut ed aryl or arylalkyl. The
invention also relates to internediates used in the new process for the
preparation_qof c t al opram prepared according to the
new processl‘8 @8&%&895% %ﬂ dzltfgogyg iI@Et hod for the Preparation of

Ci tal opram PCT/ DK99/ 00739 The present invention relates to a nethod for the

preparationgf 1LOg, V‘ﬁ‘m’vén&sf]%ea%la nﬂﬂﬁﬂeﬁﬁ@[& pRpAGHi6H bRKRPGEMmown anti
1-[3-(di nmet mno propyl ] f | uor ophen 1, 3-di_hy

dr o- 5-
depressant drug citalopram, 1 [3-(d1methyiammo ropyl] -1- (4—ﬂuorophenyl)-1 3-dihydro-5-
5  isobenzofurancarbonitrile.

Background of the Invention
Citalopram is a well-known antidepressant drug that has now been on the market for some

10  years and has the following structure:

Tt 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 cotresponding 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 correspon&ing 5-bromo derivative by reaction with cuprous cyanide.

CONFIRMATION COPY



5 isobenzofurancarbonitrile. Background of the Invention G talp ﬁé%bhs a

wel | - known anti depressant drug that has now been on the market sone 10
years and has the following structure: NC (1) It is a selective, centrally
acting ser Ot%(ﬂmfyi g hydroxytryptanine; 55;HT) reuptake inhi BicGiogndBe havi ng
anti depressant activities. The antldepressant activity of the conpound has

been report tteI Pr o

Neur o- Psyc h%%ﬁgdr&réﬁ \{?Lr %O&gl‘%%thwé‘lsh%ﬁl a@y?m%é]ﬁ%, genegl e, Kitalgpraim max b, o
Act a Psychicbtaineddyaning closh@af the7d®mpodiad- 486. The corrpound has al so been

di scl osed to show effects in the treatnent of dementia and cerebrovascul ar
di sorders, EP-A 474580. 20 Cital opramwas first disclosed in DE 2,657,271
corresponding to US 4, 136, 193. BFhi spatenee publicati on describes the
preparation of cital opramby one out Mres a further method that
may be used for preparing cital opra ceording to the process

descri bed, the correspondi ng 1-(4-fluorofphenyl)-1, 3--di hydro-5-

i sobenzofurancarbonitrile is reacted w

3- (NN- di net hyl am no) propyl -chloride in presence of

met hyl sul fi nyl net hi de as condensi ng agent=/The starting material was
prepared- fromthe correspondi ng 5-brono deérivative by reaction with
cuprous cyani de. CONFI RVATI ON COPY, 28 June 2004

5  in the presence of a dehydrating agent and subsequent 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 magnesivm 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
NM

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

N,N-dimethylaminopropyl magnesium halogenide, respectively.

Further processes are disclosed in Intemational 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



WO 01/.47909 2 PCT/ DK99/ 00739 According to the second method,,aij.ghohg only
outlined in general terns, cital oprammmy be obtained by ring closure of
the conpound: 5 in the presence of a dehydrating agent and subsequent

exchange of t -bronmo group with cyanog, usi ng cuprous cyag

starting mat 8?531%‘”8‘{9 formula I is obtainkd from 5- bromp%&égﬁg t wo
successive G4d rd reacti.ons, i.g.. W 4-f 1 uor en magnesi um chl ori de
and N, N-di ne?fh%%g?ﬁr% p‘?@%@? %%ﬁ&@%&'ﬁ%‘%ﬂ%‘?ff’ ,"‘ﬁ@gﬁéﬁ-{‘b@vwh%l)wthmland
surprising neidpothdidubjected tefing diosire dn@lthd RAuEhE BauBE@E] L4 FhbRpRATAD
were descr glbga i%_@US Pat ent No 46850 884 according to which an

i nt er nedi at ety ‘SPWS%HNGHY—'“{ do ?{?tfiogé'fﬂé‘&dlpé SeEyane gerivagveiant alsdated on
by dehydr at i wifh 3L dimethyRREn o IRMEgeAfdedn bidlePloWBaid QtalopraRt @i N ci tal opram

The interpedi ate of formul a :If’ was prepared from 5- cygnop'ht hal i de by two
successi v& i gnhard reactions, i.e. with 4-fluorophenyl magnesi um

hal ogeni de &ishilyNnbhodsaftpispating ferindipiiual CRGRRAIcH A Q%’disrcﬁﬁ&?ﬁﬂgg ely.
Further” pro essegI re %i §%I?ose i&\% | nternati onal patent application s. WO
08/ 019511, iBeRbHodEHS, 98 I Bich ) appersy Siat (e rog/ciesyriof taviatengediagr £9513
relate to nebARISTIMGY B¢ fardedod Ha abilesAiiR N Yasd! 5- (sec. _

am nocar bonyl ) phthalide is subjected to two successive Gignard reactions,
ring closure and conversion of the resulting 1, 3- dihydroi sobenzof uran

derivati g 49 pidEod BELERRAE HR L ., e...cital optam,.
I nternational patent gpgjﬁgcat#ohﬁﬂg. C%agg’%%%%? Bc‘f’i gc %s‘ggceﬁ Eﬂg}@écgsﬂl?or
t he manuf actolinlopram 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

m

20 with

a) adiene having the formula Il

N .
e

X
e

am

wherein X is selected from O, S, 8O,, -N=N-, -CO-0- and -0-CO-, followed by oxidation
to form citalopram, '
25



28 June 2004 WD 01/47909 3 PCT/ DK99/ 00739 of citalopran1mhergu néo
(4-substituted-2-hydroxynethy|phenyl-(4-f|uorphenyl)nethanoF conp%%%d IS
subjected to ring closure and the resulting 5-substituted

1- (4-fl uorophen L%{ 1, 3-di hydr oi sobenzof nran converted to the correspondi ng
5-cyano deri VERPVAI9UNd al kylated with a4(3-dinethylanino)pWGﬂPFﬁﬁpﬁéenide
in order to obtain citalopram 5 Finally, nethods of preparing the

i ndi vi dual ®n iomers of citalopramare disclosed in US Patent No
4,943,590 fromwhich it also appears that the ring closure of the
internediate of formula Il nmay be carried out via a labile ester with a

base. 10 | tbhagcomenoupdehformayiad t hat cital opram may be obtained by a new
process in which the «cital opram skel eton qc,? formed by Diels-Adler reaction
of a di hydrobenzofurane with a diene. y of the invention 15
Accordingly, the present invention relatps to a novel nethod for the
preparation of <citalopram its enantionersta acid addition salts thereof
conprising: Reaction of a conpound of fornul a% 20 with a) a di ene having
the formyla Il wherein Xis selected fromO0, S, 502, -N=N,- -CO0- and
-0-CO, followed by oxidation to formcital opram

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

resulting compound of formula

F Wez (v

wherein R is as defined above to a compound of formula

RO,

10
T
F ez v
which is converted to a compound of formula

o8
(

[ . F

NC

vi)

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



25 28 June 2004 WO 01/47909 4 or with b) a conpound of_forngbﬁug¥%8§h

PCT/ DK99/ 00739 wherein R is alkyl, or optionally substituted ary

arylal kyl, followed by conversion of the resulting conpound of fornula
] ned above to a conpound of formula 10 which is

wh in R S f
coﬁ\r/glrtned Itgvgogjgﬁﬂ@und of formula is foldowed by oxidati onf‘JPERERYnpound
of formul a | to.formcital opra 2 ne 2004 5 10 15 WO 01147909 5.
PCT/ DKo9/ 00735 el pabt rorihrite 0%81‘@6%1%88}1@8 giene of formula I iydadecidenatigene

f | a Ithd comventivnal ettt cotitifls foeanSHY SRt lefitRdhs & n L tions
?Lr ggg‘;i ﬁg ufm?:eact i,onscof, he t%?gl s- Adler ?gpﬂg%{f‘%gz%&{ Pgelsrég% 5 i s
sui tably carﬁﬁ“‘%cf pafachop & syfablyn¢arried o ins splvenénmch tas|beereae, tbhidn§-1,3,5-

trimethylbenzene; at a temperature between 60 and 180 °C, preferably at reflux.
5 ,
Initial reaction of the compound of formula IT with the diene of formula I leads to the

formation of the intermediate having the formula

NC,

|88,
§ )

. MeN
F

a
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 chioranit.
15 |
In some cases, i.c. where the compound of formula I is a 3-cyanofurai1, the conversion of
the intermediate of formula IT' to citalopram is carried out in presence of a Lewis acid or a
mineral acid. Suitable Lewis acids include ZnCly, TiCly, BF; Bt,0 etc. Suitable mineral
acids include hydrochloric a¢id, sulfuric acid etc. |
2 a
When the compound of formula T used in the process is the 3-cyanofuran, the intermediate
' of formula IT" may be isolated.

The reaction of the compound of formula II with the compound of formula IV is carried out
25 wusing the conventional reaction conditions for camrying 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-



trimethyl benzene; at a tenperature between 60 and 180 C, preferably at
reflux. Initial reaction of the compound of formula 11 with ?ﬁe’”ﬂ?éﬂ%of

formula I'll leads to the formation of the internediate having the formula
wherein X | WOH/4E8? i ned above. Oxidatiog of the internedi aperpkedgrisul a |1
| eads to the formation of cital opram The oxidation of the internediate of

formul a | trijgthylbenieae) ab atteinperptuesienwesnf0 S/ ggNe s guch.as Pd/C,
| n_some cases, (%ﬁ%?fe%hggp%trfﬁ‘éx'c ﬁ%ﬁ‘@(ﬁd of

S, di deox [ hl or ani. |l .

formula I S i@%@?@gﬁ?ﬂtﬁgﬂ}n farmulaoh erayi kensubktitutedewitin et aR@h@ 8o
formul a | halogen, aldyhhlkpx@red. s carried out in presence of a Lewis acid or a
m neral acid. Suitable Lew s acids include zZnCl2, Ti Cl4, BF3 Et20 etc.

Sui tabl e m neral acids include hydrochloric acid, sulfuric acid etc. 20

When t He dbesouvesiaf of theroonmpotid of fRguiaNvt s, the 3-cyanof uran,

the i”termﬁ—ﬂ%@%ﬁ%}FOf forrru|hg’.IT npy be P‘s{cflt}%%{é&szﬁﬁg OEE%qﬁ%gﬂd%/swﬁ@ly

conpound of T0 A0 pgueqps $r1dip medigiop inanaqubodsalimlinameNiai s carried out 25

usi ng the conventional reaction conditions for carrying out reactions of

the Diel s;Adler type. Thus, the reaction is suitably carried out in an

i nert sol véh{d °§‘E¢\,’°ﬁn£ the pyasaggroupointeethe cofpduil 2BfodMiR @%ﬂ@b%yfﬁge%og 6
C

PCT/ DKO9/ o H3%eddiibA B B ¥ 1 enperat ure between 60 an ,

preferably g?? reflux. Tﬁ%&;‘%@;&ﬁé‘ “"":Yiﬂvgiﬁkﬁﬁ&ﬁu%m PUTMEEN i dmagueousul a |V

may bel%suBsdint frlloavedi b detiysitation e ntusing U ebnvaftional dehydrating agents such as
thionylchloride, POCl, P,0s or a Vilsmeier reagent. When TMSCN is used, the reaction js

suitably carried out in presence of a Lewis acid such as ZnCly, Znl, or BF;, Et,0.

The compound of formula VII is oxidised to form citalopram in presence of oxygen and
15 agents such as Pd/C, dideoxyquinon, chloranil efe,

In a further aspect, the invention relates to the above processes in which the compound of
formula I1 is used in the form of the S-enantiomer.

20 - inventi |
According to the present invention, the compound of formula I may be prepared from a 4-
fluorobenzoic acid derivative and transformed to citalopram and its salts by a process
comprising: ,

11} Reaction of a 4-fluorobenzoic acid of the formula v

25 '

> PO

(VD



hal ogen, al kyl, al koxy, etc. 5 The conversi on of the conpou la V
to a conmpound of fornmula VI is suitably <carried out in an ggdgh%QBQQFdic
medi,a or in an aqueous al kaline media. The introduction of the cyano group

into the con%o%% sﬁg formula VI, is suit?bly carried out pyrbRagderen of a
conmpound of GMIPY Vi with NaCN, KCN, of TMBCN in an aqueous 10 nedi a

fol | owed by_gdeh: ation usj . i Lali n gent s, such, a

t hi onyl chl owgﬁgl,%d‘é&ﬂ] %?g%%g%éggé@}f)’s%iﬁggﬁg%geMhﬂ%gnmﬁ\gcﬁr 9 S§leﬁ€egd,

t he reacti ofomSydfoged, allyy, alldky oeR' sid R togpheSene & riaf, withew,SCaCiCHs0d) as
ZnCl2, Znl2 or BF3, Et20. The conpound of fornmula VII is _oxidised tg form
ci t al opr am Phergindd cisaomelnl igg kA InmprotesSomganR or RijErsenstolieed by removal of

di deoxyqui n OF 3N tc. In a further aspect, the invention relates to
t he above p?lggggés}lggél n ghz?ch the conpound of forrmula Il is used in the
formof the S-enantioner. 20 According to the present invention, the
conpound of .. L] a 4- fluorobenzoic acid
derivative 3%35%%5?%g?§m§§®gﬁg%k{a§d its salts by a process,
conprising: i) Reaction of a 4-fluoroben oic acid of the formula VIIl 25 28
June 2004 WO 01147909 7 PCT/ DK99/ 00739 wiere i s hal ogen, especially
chloro, -Oalkyl, -NR R wherein R :

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

to form a compound of formula

F
NMe: )

15 which is treated with a dehydrating agent to form a2 compound of formula II.

The reaction of the compound of formula VIII with M, "C=C-CH,-OZ is suitably carried

out in tetrshydrofuran, Et;0 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.



from hydrogen, al kyl, alkoxy or R and R' together forma rizggd,u Wi §Q4M',
"CCGCH2-O-Z, wherein MFis a netal ion and Zis a protecti na?g or
hydr ogen, followed by renoval of the protecting group Z; 5 ii) reacting
the resultin nd of formula IXwith a Gignard reagent having the
formul a Hal NQQYWNEZ wherein Hal is cfloro or brono; loa’FTW?/@ai?ction

of the resulpti f Qrayul form a_conmpound of fornula 15 which
is treated Wt Egg geﬁggé}g?%&l oggfgrur‘ﬁuq?‘ggf‘ fhnthe Grenasd sepgent is erredzout nsinghe
reaction of cenventienapowcadionfeohditions for \Grignal fdactins = Erfitalislo fHnd |+ ably
carried out_in tetraJl}ydr f%r n, Et Oogrﬂtol uene. Suitabl?sg%?ﬂgtsfgﬁﬁn ard
groups Z i nkgAGHeEs mely &T‘I{ng Bg’r‘?ﬂa L anditpluens. | y| | etc. The protecting group
is removed according to 20 conventional methods for renoval of protecting
groups. 28 June 2004 WO 01/47909 8 PCT/ DK99/ 00739 Reaction of the conpound
of fornul’a REIYHER of the cempeimdrd foraudeXtis carried put idvatertor eetiangl usERMNARFNGN2

reacti on coggitinaRs cdtQ%st GslB kg ions. Suitable solvents for Gignard
reactions include tet rghy r of uran,ge%%éo and toluene. 5 Reduction of the

compound of formula X is carried out in water or ethanol using Raney-N

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. |

Altematively, the compound of formula II may be prepared from 4-ﬂuorobenzald<;,hyde
and transformed to citalopram and its salts by a process, comprising:

: ACHO -
F em)

15 iv) reaction of 4-fluorobenzaldehyde of the formula

with M', *C=C-CH,-O-Z, wherein M" is 2 metal ion and Z is a protection group  or
hydrogen; followed by
20

V) oxidation of the resulting compound of formula XIII

’ 25  and removal of the protecting group Z to form

OH

{ax)




or a Lindlar catalyst as the reducing agent. Treatnent of t%ﬁgn‘gﬁg d of
formula XI with a dehydrating agent is suitably carried out "Tn Y ne,
Et OAc or tetrahydrofuran. Suitable dehydrating agents include

tosyl chlorid t hanesul f1 onyl chl ogi de etc. Alternati
conmpound of oor%?%ﬁﬁ may be prepared frbom 4-f | uor obenzal géﬁ%gw&ogﬁd

transforned to citalopramand its salts by a process, conprising: 15 iv)

reaction of A4-fl uorobe?@%l dthd%_ogff the formula with Mk, -C C-CH2-0O Z,
wherein M+ T a IFBTRP Of B cgRgewnd;od fopmy th prighasdfragent haxieg g dormula

fol | owed byHIBANCHKNNRS iviitrad HAISs [cBodd ok rwmﬁ&mﬁnggegg;yf]%g%@aﬁ%e@M

25 and renoval of the protecting group Z to form (I

01/ 47909 9 wEpoupkebloraHa igithe commopndef formuing ag despibadcibote. f or mul a | X wi t h
a Gignakd reagent having the fornmula Hal Mg(CH2) 3NMe2 wherein. Hal is
chloro or brono; followed by conversion of the conpound of formula X to

t he conpountizofeastionrofithe ¢ampeindl f GormbladX G ydtheM " 5 CHIBCHe aBL isOniably tchied

conpound of 01It Sh r%ﬂ'a%ydxrlo%umnw, tEQZdVIgr toluce:ilg i ‘l:l;'ez pfo?ezcti}xgs g;?colljllpvtz(’.’j1 ?nla%/r b%attretrrellhg'gr@yran
trialkylsilyl etc.

10 Oxidation of the compound of formula XIIT 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,
i5

According to a third embodiment of the invention , the compound of formula IT may also be

prepared from dimethyl aminopropyl-4-fluorobenzophenon and transformed to citalopram
and its salts by a process, comprising;

20 wviii) reaction of acompound of formula

NMe:  pav)

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

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

30 ’



out in tetrahydrofuran, Et20 or toluene. The protecting gro e
tetrahydropyran trialkylsilyt etc. 10 Oxidation of the co gt]’rlzfaggpo#)ornul a
XI'll is carried out in presence of oxygen, suitably in presence of agents
such as PdlC,w 29 |l oranil etc. The profecting group Z is _renoved

accordi ng to conventional nethods for rentval of protectind“dMKIYe073% 5

Accordi ng t g @otqil ﬁ;}%}@ .H"EH t he i nvention, the conpound of fornula
Il may al sogt)e prg'ret[g)(fl1 e ?rom %‘f%ﬁyﬁ%ﬁ?ﬁ PEdbe diene offosmela 18 ptset fon thend

t r ansf or med prepagatioa lof mitalvpraanis selested fbins3-HyansfupmeCRS _ctgfgﬁﬁ' i ng; 20 yiii)
reaction of co nd of.for a w t? a Gr_riﬁi?nard regaéleont aé\?lslﬁgg%%d%’i
fornul a Hal ﬁg@&ﬁ%%f‘—ﬁiﬂ TR PR CaBNiBo or  bromo; fol | owed by
conversion of the resulting conpound of fornmula X to a conmpound of fornula

Il as dessfr'ggegﬂ albov . .25 Reaction of the conmpound of formula XIV with the
G i gnar d ¥ edggffialisgntacsis ofcifaloptam asioyfined gbavenconmuists the asd sfaovel Gitimkdd@ss T Or .

Gignard redgtthe araitioh ! ﬁal%ﬁlaiﬁe_n | d reactiops |nclude
t et rahydr of yr an, @Eetpzo and tcol uene. '33’%3 %@J"'ﬁl}gﬁéﬁ“’%@% S\&fcf?mé%‘iﬁb@h@d X
PCT/ DK99/ 00 Phwtrated above also form part of the present invention.

The starting materials of formula III 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—formy1—ﬁm 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. KMnO, 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 intermeﬂiates of formula II, X, X1, XIII 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 (H-tartaric acid or (-)- or (+)-camphor-10-sulfonic acid, in order to separate the
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2- oxa- 2Hpyran-5-carbonitril. 5 The total ,synthesis of cital ?ﬁ;ﬁ'ﬁ
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3- car boxy-t hf ophenes. 4-cyano- pyri dazi ne can be prepared by oxidation of
benzopyridazi ne using e.g. KMO4 as 20 the oxidation agent, followed by

decar boxyl atd e td lL.dazine-4, | carboxylic.,acid an
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2- Oxa- 2H py raacepblearchbmidition|selt drreoli A acipadditibrf sabis) stdlesalie forafd arith (ﬁ?anic
carboxylic aci.d 25 usﬁiiﬂr)l cgqveg&zi nal matgo‘glél for .the conversiagn of a
carboxy & ofh RYBHILHA g’a}‘ on Pl?ﬂ_ﬁﬂ PUCR exeas pAis AP dhose vithomateise
prepared as fiaged,| batloic) H¥dbI0] Gusikit,N@xhlo, bi¥mefhylenaiicyii2 - mdthshesulfonic,
intermedi ates of formula I], X X, X Il in the form of "enantioners; may be
obt ai ned ethanedisulfonic, acetic, propionic, tartaric, salicylic, citric, gluconic, lactic, malic,

]

mandelic, cinnamic, citraconic, aspartic, stearic, palmitic, itaconic, giycolic, p-
amincbenzoic, glutamic, benzéne 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 caiculated 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 so[ve;nt, 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 fnethbds
in the art. For example, tablets may be prepared by mixing the active ingredient with
30 ordinary édjuvants and/or diluents and subsequently compressing the mixture in a
contventional tabletting machine. Examples of adjuvants or diluents comprise: Corn starch,

potato starch, talcum, magnesium stearate, gelatine, lactose, gums, and the like. Any other
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hydr obrom c, sulfuric, sulfamc, phosphoric and nitric acids. The acid
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known in the art. The base is reacted with either the cal cul ated anount of
acid in a water .
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and in any suitable form for exanple orally in the formof tablets,

capsul es, pQ\'ﬂd’E‘F‘S or syrups, or parenterally in the formof usual sterile
solutions for injection. The pharmaceutical fornulations of the invention
may be prepared by conventional nmethods in the art. For exanple, tablets
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a) adiene having the formula

wherein X is O, S, SOz, -N=N-, -CO-O-, or -0-CO-; followed by oxidation to form
10 citalopram; or with

b) a compound of formula

15 wherein R is alky] or optionally substituted aryl or arylalkyl, followed by conversion of the
resulting compound of formula ..

RO,
i .
) +

NMey
E 8]




WO 01/4790913 C ai nms: PCT/ DK99/ 00739 1. A nethod for the prfzgajuﬁéi g@ of
citalopramor any of its enantioners and acid addition sal t r2 ?
conprising reaction of a conpound of formula 5 with a) a diene having the
formula NC Mwherein Xis 0, S SO, -N=N, -COO, or -0- : owed by
oxi dation to WRPH™®0 cital opram or with%b) a conpound of ﬂ%&@é‘lﬁiﬁgm (M
15 wherein Ris alkyl or optionally substituted aryl or arylal kyl, followed
by conversion of the resulting conpound of fornula.. 28 June 2004 WO

01/ 47909 14 5 wherein R is as defined above, to a conpound of fornula which
I's converted to a conpound of fornula NC

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

]

¢ NMEz v

which is converted to a compound of formula

NC.

8o
»

N
. Mez

(VD

10 followed by oxidation of the compound of formula VII to form citalopram;

and thercafter optionally coﬁ\rerting 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 T is.
prepared by

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

. i /UY
¥ " .
F

(VED

20 wherein Y is halogen, especially chloro, -O-alkyl, -NRR" 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,



PCT/ DK99/ 06739 10 fol |l owed by oxidation of the conpound of nﬁéa 3%I to
formcital opram and thereafter optionally converting the free 8

acid addition salt of citalopram thus obtained, to a pharnaceutlcally
accept abl e sgld fBggeof 15 2. The nethod;according to cl ai rpdpsiafaes er i zed
in that the conpoung of fornula nis. prepared by i) reaction of a

4-f | uor oben ! i hal o
especially c ro -0 a %ﬁ%%ggwhgﬁg%ﬁﬁEﬁhgﬁgﬂﬁﬁgg£bf 8?%%ﬁ%amn?¢¢§h
hydr ogen, aﬂkyMWﬁahg@mwnﬁimd and R' together forma ring, with M,
'C=-C-CH2-0OZ, 28 June 2004 WO 01/47909 15 PCT/ DK99/ 00739 wherein M' is a
netal ion and Z is a protection group or hydrogen, foll owed by renoval of
t he prot ect ithgewtion pf the reguling compund of Xhe resul ting conpound of
formula I X5 (XX) with a Gignard reagent having the formul a

Hal My( CH2) 3NMe2 wherein Hal is chloro orf bronmp; 10 iii) reduction of the
resul ting conpound of forrmula to form a ‘onpound of formula which is
treated as a dehydrating agent agg ‘onpound of fornula H

'l

ax)

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

bromo;

10  iii) reduction of the resulting compound of formuia

to form a compound of formula

NMe; (X1

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
I is prepared by

vi})  reaction of 4-fluorobenzaldehyde of the formula of the formula XTI



15 3. The nmethod according to claim1 characterized in that ztsgﬁm‘é?@@ﬁ?“nd of
formula |1 is prepared by vi) reaction of 4-fluorobenzal dehyde he
formula of the formula XI1 28 June 2004 WO 01/47909 16 PCT/ DK99/00739 with
M, ""CCH2-O Z, wherein M is a netal ion and Z is a protection group or
hydrogen; 5 WOBK478%: i on of the resultingl®onpound of for WFST'QFP%""&#S
renoval of the protecting group Z to forma conpound of formula | X 1X) vi)
reaction of the conmpound of formula I X with a @jgnard reagent having the
formula 10 Hal My( CH2) 3NMe2 wherein Hal yf'oro or brono; vii) reduction
of the resulting conpound of fornula Mt m a conmpound of fornula 28
June 2004 WO 01147909 17 M PCT/ DK99/ 00739 i cheays treated with a
dehydrating agent to forma conpound of fornmula I1I.

with M, *C=C-CH;-O-Z, wherein M’ is a metal jon and Z is a protection group or

hydrogen;

5 V) oxidation of the resulting compound of formula X111

OH

|

[er4

F
XIn

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

=4

oH

@)

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 formuia

HO OH

to form a compound of formula



4. The method according to claim11 characterized in that th?BC.RJﬂB%ﬁQQ of
formula 5 Il is prepared by viii) reaction of a conpound of “formu wth a
Grignard reagent having the fornula Hal M\JCCCH2OmHal, wherein Hal is chloro
i 0 or bronp; waga@duction of the resulfjng compound of fqigibeidse form
a conpound of forrmula 15 which is treated wth a dehydrating agent to form
a conpound of fornula Il. 28 June 2004 WO 01/47909 18 5. A conpound havi ng
the formula M5 any of its enantioners~and acid addition salts thereof. 6.
A compound having the fornula 10 NMep &y of its enantioners and acid
addition salts thereof 7. A conpound Hng the fornmula 00 15

NMe, (p:4)]

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 IIisprepared by

viii) reaction of a compound of formula

NMe:  (XIV)

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

Vix) reduction of the resulting compound of formula

HO — OH

to form a compound of formula

NMe;
15 0

which is treated with a.dehydrating agent to form 2 compound of formula TE,




any of its enantioners and acid addition salts thereof. PCT/ Bﬁ%{?’ﬁo%g‘?

nmet hod according to claim1l wherein the conpound Il is used
the S- enantioner. 20

WO 01/47909 ' 18 PCT/DK99/00739

5. A compound having the formula

NMe, 0

5 any of ifs enantiomers and acid addition salts thereof.

6. A compound having the formula

NMé2. (XD
10
any of its enantiomers and acid addition salts thereof,
7. A compound having the formula
F eak a
15
any of its enantiomers and acid addition salts thereof.
8. A method according to claim 1 wherein the compound I is used in the form of the S-
enantiomer.
20

8. A,
m of



