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e (57) Abstract: The invention relates to a method for the preparation of citalopram comprising reaction of a compound of formula

‘;‘- (K) with a corapound having the formnla (JI) wherein R is halogen or -O-SO,-X, wherein X is alkyl, alkenyl, alkyny] or optionally
= alkyl substituted aryl or aralkyl, and R* is dimethylamino, halogen, -0-80,-X wherein X is as defined above, provided that R is
not halogen when R! is dimethylamino; and if R! is dimethylamino followed by isolation of citalopram base or a pharmaceutically
acceptable acid addition salt thereof, and if R! is halogen or -0-SO.-X, wherein X is as defined above, followed by conversion of the
resulting compound of formula wherein R? is halogen or a group of formula -0O-SO;-X wherein X is as defined above to citalopram,
followed by isolation of citalopram base or 2 pharmaceutically acceptable acid addition salt thereof.
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al kyl " substituted aryl or aralkyl, and Rlerr] is dinethy] gm no, hal ogen,
-O-S0[err]-X wherein X is as defined above, provided t hat Septpaber 04, o) ¢ ogen
when R[err] thylamno; and if Rerr] is dinethylam d by

I sol ati on of m? P%pr am base or a pharmaceutically accept %@1‘%&%{@ %ﬁe
addition salt thereof, and if R[err] I's hal ogen or -0-SO[err]-X, wherein X
I s as defined above follomed conversion of the resulting conpound of
fornul a wheM$ “H’df(f%ﬁhﬁ?r@smﬁa#efdéhlwrana group of fornula -O-SQerr]-X
wherein X is as defined above to cital opram foIIovved by I sol ati on of

thereor. | SopsapvanRl R b ortodb PRttt ol WERiRDE Filer et de
Prepar ati on cﬁ‘ﬂoméﬂ[ﬁ)@i@?ﬁhﬂﬂwmﬂﬁﬂwﬁm@h&nﬁhiﬁ-éihﬂireg-zaobenaoﬂmtlchﬂ)dlﬂfrﬂm t he
preparation of the well-known anti depressant dr ug ci tal opram

| - [ 3-(di met yl.am n 1- (4f1 uorophenyl) -1, 3-ddi ycl ro- 5-i sobenzof uranc
arbonitril e@" ‘E‘“@%?S{“SS%’J‘ Y™ the Invention G taI opramis a well-known
antldepressant drug that has now been on the market for some years and has

t he foll
oo mﬂ%ﬂgw&hﬂgﬂmﬁ 5- 13T) reu;l)]tisgrLe In ‘Iﬁ]b ggﬁ&%ljsxmgg I ng 9

serotonin ( am ne; I'tor accor

havi ng aﬂ% g%‘dﬁ"e‘é@ tF'i‘h ties. The antidepressant activity of the
conpound has been 15 reporteqq' n several publications, eg. 1. Hyttei. Pr og.
Neur o- Psychophar macol . & Biol P @ \ 1982, 6, 277-295 and A. Gravem

Acta Psychiatr. Scand 1987, 75, 0 The qorrpound has further been

di sclosed to show effects in the t¥eatfe f-Ndenenti a andcer ebrovascul ar
di sorders, EP- A-474580. 20 Cital oprapwas first disclosed in DE 2,657,013,
corresponding to US 4,136,193. This gnt ' publication descri bes the
preparation of cital opram by one netkgd’and outlines a further nethod

whi ch may be used for preparing cital opram According to the process
descri bed, the corresponding 1-(4-fludtophenyl)-1,3-d vydro-5-

It is a selective, centrally acting serotopin (5-hydroxytryptamine; 5-HT) reuptake inhibitor,
accordingly having antidepressant activities. The antidepressant activity of the compound has been

15 reported in several I;ublicaﬁons, eg. 1. Hyttel. Prog. Neuro-Psychopharmacol. & Biol. Psychiat.
1982, 6, 277-295 and A. Gravem Acta Psychiatr. Scand. 1987, 75, 478-486. The compound has
further been disclosed to show effects in the freatment of dementia and cerebrovascular disorders, EP-
A-474580.

20 Citalopram was first disclosed in DE 2,657,013, comresponding to US 4,136,193. This patent
e, publication describes the preparation of citalopram by one method and outlines a further method
which may be used for preparing citalopram.,
According to the process described, the comesponding 1-(4-fluorophenyl)-1,3-dihydro-5-
25  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.

International patent application No. WO 98/019511 discloses a process for the manufacture of
30 citalopram wherein a (4-(cyano, alkyloxycarbonyl or alkylaminocarbonyl)-2-hydroxymethylphenyl-
(4-fluorophenylymethanol compound is subjected to ring closure. The resulting 5- alkyloxycarbonyl
or alkylaminocarbony)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran is converted converted to the
corresponding 5-cyano derivative and the 5-cyano derivative is then alkylated with a (3-
dimethylamino)propylhalogenide in order to obtain citalopram.
' CONFIRMATION COPY



25 i sobenzofurancarbonitrile is reacted with 3-(N

N- di met hyl ani no) propyl -chl oride in the presence of methyl SEHEPRY #%i de as.,
condensi ng WQ& 1475he starting material was prepared fromgddkormoide
correspondi ng -Sbr ono derivative by reaction with cuprous cyani de.

I nternational patent application No. WO 98/019511 discl oses a process for

the manufacture of 30 cjtalopramwherein a (4- ano, al kyl oxycar bonyl . or
al kyl ammcalt'( Py WHF%XV%?W%&HW° mf“é g%f“@‘ﬁﬁ”é;ﬂwd)'ﬁ‘e"c %@ﬁ{ﬂ%"‘&'&]ﬂf’ound
i S subjectegraeesring closure. The resulting 5-( al kyl oxycarbonyl or

al yl am nocar bony} 1- (4-fl uor ophenyl ) -1, 3-di hydm sobenzo+n n is converted
converted tg the corresponding 5-cyan derivative and the 5-cyan derivative
is then al kyhetlofetifpprpoess posordigg fnthe yentinn apsicdad admmigenys beatse ths formationy
obt ai n ci& alod py-groducEOb-pdRidicksAbin GOé AdkyBeing agineis R0R4d WO D lddtion in the

PCT/ DK01100 i S| i -
be manuf act 31?1 g‘&t%gméd%@re J?/gﬁ‘?*’gﬂszﬂ“gr ceﬂélg'?% a ﬂﬂ%?{wg%ﬁ O%r%iosgglrggi%my '

accordi ng t dishgisldnvention is particul arly advant ageous because the
formation 5 of by-products by polynerisation of the al kylating agent is
avoi ded whegeby a reductian in the anount of al kylating reagent to be used
i's made ssgﬁ e “fﬁ]ge’ﬁ%egc%nss of the invention also provides high yields.
10 Summary of the invention Accordingly, the present invention relates to a
met hod for tAaeordginglpdlrecprésent inyéntion tebates b aametiond fprrthegirepgrationcef citdleprrnpfomprisingrpound
of formul a vt ars o @aurg the fornula 15 (a) wherein Ris hal ogen
or -0-S02X wherein X i's al kyl, al kenyl, allcynyl or optionally alkyl

substi fut ed

with a compound having the formula
15 '

R\/\/F\‘1

wherein R is halogen or -O-S0,-X wherein X is alkyl, alkenyl, alkynyl or optionally alkyl substituted
aryl or aralkyl and R! is dimethylamino, halogen or -O-80,-X wherein X is as defined above,
20 provided that R is not halogen when R! is dimethylamino;

and if R! is dimethylamino followed by isolation of citalopram base or a pharmaceutically acceptable
acid addition salt thereof,

25 .andif R is halogen or -0-SO,-X wherein X is as defined above, followed by conversion of the
resulting compound of formula



aryl*or aral kyl and R is dinethylam no, hal ogen or -o-sog-x erein Xis as
defined above, 20 provided that R is not hal ogen when R P&PIEM ‘Eﬁ%“am’ no:
and if R igs dinethylamno followed by isolation of cital ogram base or a
phar maceut | YQ¥§¥% ceptabl e acid addition salt thereof, FCTBDRVMY ¢ R s
hal ogen or -O S02 X.Werein Xis as defingd above, followed by conversion of
the resulting conpound of formula 1 Septenber 2004 WO 01/51478

PCTI DKO1100140 3 wherein e is hal ogen or a group of fornula -O SO2- X,
wherein Xis as defined above, to,gitalopram followed by isolation of

ci tal opram base or a pharnmaceuti caMNy ageepnt abl e acid addition salt thereof
5 One enbodinent may relate to a ne e a conmpound of formula (Il) is
reacted with a conpound of fornula aherein Ris - O S2-X wherein X
Is as defined above and R1 is dinethylamno resulting in the direct
formation of citalopram 10 Another enbod] may relate to a nethod where
a conpound of fornula (11) is reacted wth onpound of formula (111)

resul ting conpound of fornmula (IV) wherein i s hal ogen or a.-group of
formula -)-S02 X, where Xis as defined above, is then converted to
citalopramby reaction with 15 a) dinethylamn or a netal salt thereof, b)

met hyl am n f.ol |. reductive. animatjo r c), .an i de, fol | owed by
reduction t%hefeglﬁﬂfl?dwg&/gg’bwrae%% ﬁgﬁ"ﬁ'ﬁ’&‘gﬁf%% 8’%?18‘8#0‘5 é‘r@é‘iﬂé@é’&fﬁ? gifalopram,
met hyl at i orfolbewed byl isolationenf aitdlapedni tase. or 2 Phabihdchiticallyabdeptble staDslidiiemaltMyeop! OVi de

the novekl intermediates of the general fornula (1V). .The alkylation step

where the conpound of formula (I1) is reacted with a conpound of fornmula
(1) is One embodiment may relate to a method where a compound of formula (II) is reacted with a

compound of formula (IIf) wherein R is ~0-80,-X wherein X is as defined above and R'is

dimethylamino resulting in the direct formation of citalopram.

10 Another embodiment may relate to a method where a compound of formula (II) is reacted with a
compound of formula (IIT) wherein R and R' are independently selected from

halogen and -O-80,-X. The resulting compound of formula (IV) wherein R? is halogen or a group of
formula -0-S0,-X, where X is as defined above, is then converted to citalopram by reaction with

15 a) dimethylam;‘n or a metal salt thereof,
' - b) methylamin followed by reductive amination, or
¢) anazide followed by reduction to form the corresponding amino compound and thereafter
methylation or reductive amination.

20 Still another embodiment may provide the novel intermediates of the general formula (IV).

“The alkylation step where the compound 6f formula (IT) is reacted with 2 compound of formula () is
suitably carried out by treatment of the compound of formula (I) with a base such as for example
LDA (fithium diisopropylamine), LIAMDS (fithium hexamethyldisilazane), Nal, NaHMDS (sodium
‘hexamethyldisilazane), or metalalkoxides such as NaOMe, KOMe, LiOMe, NéOtertBu, KOieriBu
-and LiOter?Bu in an aprofic organic solvent such as THF (tetrahydrofirane), DMF
{dimethylformamide), NMP (N-methylpyrrolidon), ethers such as dieﬂxylcther, or dioxalane, toluene, -



suitably carried out by treatnent of the conpound of for
base such as for exarrpl e LDA (lithiumdii sopropyl am ne)pgﬁatﬁ({#’gsz@qtthl um

hexanet hyl di Nai |, NaHVDS (sodi um ' hexanethyl dis I azane or
ot al el kot b0 RRRE LS NaOV, KOVB. LiOWe, NaQrer|Bu, KoteRqupkol il
LiGertBu in an aprotic organic solvent sdch as THE (tetrahydrofurane) DIVF
(di met hyl f ormam de), NWP (N-net hyl pyrrolidon), ethers such as diethylether,
or di oxal anebengegp %&@BCSEB‘BBW@@WOQOM m@nmgmmw#dmcommw

benzene or afkaneempidrety ﬁ;ﬁﬁ'f&rﬂﬁfae@ﬁro@@ﬁ@ﬂ s}l}g?&? .ﬁilr% aagt ed
V\nthacorrp 1.l rou ormula -0132- CHZ2 CH2
R2 or a group&gﬁﬁﬁ?%%ﬂu&—&% ?lrg‘gqs K% oduced into position
1 of the isobenzofuranyl ring system 5 The conpound of formula (1V) is v
then reacge Der eof U

wher ei n Mt |O|Isﬁe!||f|B rfhpeactl on 1s sﬁ%?h?fy c‘grarmleteag agtEi{ eof%ﬁa% t| c
organi ¢ sol \R§Hs): gb@‘!ﬁn £ isllifor(Nadt ﬂéhgﬁd@@ﬁm switebly caDiigd ofitin petrhgticlorganin woloken)y ,
NVP (N- met hyductiP¥d Ak @iy drofitN6)] DM Hid g}rgm n

t ol uene, benzgne or (a?%nes aﬁd m xtur es ther e&y ﬁMEe co J"? gtgr mul a
(1V) may al o35 dictipylether, epdipwslanttolpese, berrens, of Wigwes aoh mintires thrrentt Fhy lcempaynd um

chloride. 10fTheubeRy mapilsCiRtoiveteds cit3phieR) Bacti] ith da8eBy{RhordulecHIGRIBL | ONS
descri bed above are conventional conditions for such reactions and may

easi | y bdéo dekbereactivnaoislitions, palventsets kied fardheirenctitta dastithed Aovesroednvartibyal t he
conpound of g, m azi de,
e&mus?orameab&ngm%«;@ggygde@e@mﬂa% oBls &%’ﬁﬁ%“or“d“‘“ |

foll owed by reduction, using e as a cat t he
corresbondlng am ne of fornula 15 CV) and thereafter nethylation or

reducti ve aniltadaticdy, the céBothdoftfaRRrEs rédted SRR LME, Wth JsQsditth axide] M)lowady
al so be Conﬁmﬁqﬁg’%%?ﬁém b%lyrst,e%%ﬁn ecv&r%&n ancoﬂ. nes to forma

conpound of
Ni
O NHz

F o
and thereafter methylation or reductive amination to form citalopram.

- The compound of formula (IV) may also be converted to citalopram by reaction with methylamine to

form a compownd of formula
(I
N

F ™) '

20

-

FaN

followed by methylation or reductive amination to form citalopram.



foll omwed by nmethylation or reductive amnation to formc 1i)%al or% %1

Sept enber 2004 WO 01/51478 5 PCTI DK01100140 The am no gr ek

conpounds of fornmula (V) and (M) may be nethylated with np@ﬂyk@yubﬁg

agents such WORBMnd Me2SO4 wherein Me is methyl. The methylation is

carried out using conventional procedured for carrying out such reactions.

5 Methyl groups may al so be introduced into the co % U V) or

(V1) by redu@hsapno esprppintthotempeddeldomylal(¥ ﬁtﬂﬁﬁ@ﬁf*‘g@é’a{‘}}yg’*“%tvﬁ B0tnds of

for rr:gl a (|V2:| eaétésﬂchama ah@ﬁvfeESf)jthr&bMdiﬂmhylnﬂﬁgﬁﬂwlhhms cfatnertahtdfﬁhyde

par af or mal dehyde .or . triagxan.in reduci ng agent suc as NaBH
‘i‘ﬁlé 8%%?? carx?mgo&g&%r&fz o%s

or NaBH3CN. nis carried out using conventional
procedures for carrying out such reactions. 10 The starting nmaterial of

LOF mJ'g ((jlsl )Mzwlmg a&&&hﬂ&dd&aﬁﬂdtge& nipBuddSofifainelai(V)Ne (VB bl 86yci®3 or as
escribed in e_conpounds 54‘9&9 or may
be prepared PrEAT %?ﬁr‘ﬁ@ﬂsrﬂgwg% 7o R%%%@%@%ﬁgh}m& \éﬂtthal opram
is on the napMammswhaafwtmd@qu@smmdﬂ%dq% trioxan in gresppesrol ¢ FRIVGINEA8FR fh
Hovever, in E!'xg HISARAEEN Ghe L BRRGAliBos RS duDBBE c@fvertiohal ploog@ator S

al so going to be intrqduced to the market. 20 S-cital opram may be prepared
by separ atloﬁa‘B‘ant"H"e"”“ﬂ‘dP?"@ﬁ‘Fsry active isoners by chromatography. Throughout
the speciifocation and clainms, the termalkyl refers to a branched or

unbr anched alTisy $tartimy materidh af forruld (D may be preprre a¢ desenitisd in US Bavent Nact 136193 or 3y ch
as net hyl, th I propyl, 1- butyl, 2 -butyl,

2- met_hyl 2 propﬂedmzﬂ@%gwlg 1%yl -l -et hyI and 2-net hyl - | -propyl. 25
Simlarly, alkenyl and al kynyl ~respectively, designate such groups having

fromtwo to spx G&ﬁ;somﬁ (I &eUShwi) oP By B0 Yhb@ed @0l IRbwi eorpetndsonihe
respecti veI Y, suctl s et henyl propenyl but enyl ,
conven -

Citalopram is on the market as an antidepressant drug in the form of the racemate. However, in the
near future, the active S-enantiomer of citalopram is also going to be introduced to the market.

20  S-citalopram may be prepared by separation of the optically active isomers by chromatography.
Throughout the specification and claims, the term alkyl refers to a branched or unbranched alkyl
gronp having from one to six carbon atoms inclusive, such as methyl, ethyl, 1-propyl, 2-propyl, 1-

butyl, 2-butyl, 2-methyl-2-propyl, 2,2-dimethyl-1-ethyl and 2-methyl-1-propyl.

Similarly, alkeny! and alkynyl, respectively, designate such groups having from two to six carbon
atoms, including one double bond or triple bond respectively, such as ethenyl, propenyl, butenyl,
ethynyl, propynyl and butynyl.

30 The term aryl refers to a2 mono- or bicyclic carbocyclic aromatic group, such as phenyl and naphthyl,
in particular phenyl.

The term aralkyl refers to aryl-alkyl, wherein aryl and alkyl is as defined above.

35  Optionally, alky] substituted aryl and aralkyl refers to aryl and aralkyl groups, which may optionally
be substituted with one or more atkyl groups.
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parti cul ar
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phenyl. The term aral kyl refers to aryl-al kyl, wherein aryl and

VeeP1Fd® above. 35 Optionally, alkyl substitut EETHAEMOUHAY

aral kyl refers to aryl and aralkyl groupsg which may optionally be

substi t ut ed
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gth one or re alk groups. 1 Septenber 2004 WO 01/51478
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art. The baégﬁbbnmmemﬁh&dwﬂﬁdcpmmMmﬂca@nmmahmulated anDunt of aci.d in a
wat er m sci bl e solvent, such as acetone or 15 ethanol, w th subsequent
|solatbon of the salt by concentration and coollng, or with an excess of

the ‘acid i
or dichioro
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the i nventi

20

25

30

35

he pharmaceuti cal fornul ati ons of
ed by conventional nethods in the

The pharmaceutical compositions of the nvention may be administered in any suitable way 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 nvention may be prepared by conventional methods in the
art. For example, tablets may be prepared by mixing the active ingredient with 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 adjuvant or additive, colourings, aroma, preservatives
etc. may be used provided that they are compatible with the active ingredients.

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

The invention is further illustrated by the following examples.

in particular as cital oprambase in



art. For exanple, tablets may be prepared by m xing the active ingredient
with ordinary adjuvants 25 and/or diluents and subsequent B§PIEBWREF €924 ng t he
m xture in a conventional tabletting nmachi ne. Exanples of adjuvants or

di l uents conyPioEe1478or n starch, potato starch, tal cum nagiagikmosuear at e,
gel atine, lactose, guns, and the like. Any other adjuvant or additive,

col ourings, aromm, preservatives etc. may be used provided that they are
conpatible\ﬂqqﬂﬁﬁk active ingredients. 30 Solutions for injections may be
prepared by dissolving the active ingredient and possible additives in a

art of the sol,vent r.injpection, ef erab sterile_ water, adjusting the
g olution to ‘%ﬁoéuugggf i‘@'cflu"(?ﬁiﬁiﬁl}?é'?gép& ’F‘?‘i’gﬂzﬂ%‘éf’ﬁé’a@’ﬁ‘?lﬁ‘ﬁ 1 SaheE IF%’II‘ Piii%%q in
sui t abl e anpol)ivesadded dripsvise to 2solntian HFTDAI(@uigithitun 16 M {5 i) ndRGHrbSMadihe/(2 63 d
in the ar dded uch as.t.onici agent s, eryatives, _

ant i oxi da%t g?mg?@aggmfﬁg .ﬁ%ﬁf%‘%"%"% %?rts gf‘tl13§gﬁiﬁtléﬂa“5’§?s?ﬁ@“?°al°fow ng
exanpl es. | tBeglod hdlide/suiouata (000 iroh AL (PRI DKGlaf®a fitbpwisd arkDalewadd@o wark to

sol ution of ) - l.sob of uran-5: carbonitdie (4.8 g,
0,02 violy i roiEpHRRRrted ol bk bliling 4R QMR PGB it

li thium 1. 6 a¥irgeted with yoluege (3si9mapywashed with atey(SmE) 3u cercerd@teCuudaieducedh

at nospher e Qfeshlird, idueA s SRy Eindieh . : ) 5 a solution
of the alkq% half%gﬁghlpﬁﬁﬁate ?%?QZ ngl}ﬁ%égﬁé% ?25 L waéﬁgdded

dr opwi se ¥n qﬁﬁ%?%%ﬁ%%ﬁmﬁﬂ@eWF@%%?P@H%gFaﬁﬁpéW&Wngwwmﬂ@ﬂﬁ@@ﬂaGHIurther

60 m nutes. The reaction was then quenched with ice, extracted with
tol uene (3 50 ), washed with water (50 nL) and concentrated under
reduced pressaﬁ'P " The residue was purified by chromat ography on silica get
usi ng i xtures of n 10 heptane/ Et OAc as the eluent. The resulting anion is

ELh F 3[ ?al\llf: }\I-eg iﬂr%%l%?'/%f %9K%%ﬁ%%’%%&?@%%ﬁ%%%ﬁ%ﬁ%&%%@% enzofi

nau 15 d&&r Isefpnifrild (Citfi@ram/Qxplateh. Oxal ate): To a sol ution of

1- (4-fluorophenyl)-1-[(3

p-tol uenesu l'IfoCz)iggllut?o);Qf ?—Qﬁ t}tlolrc]yp-hg-ﬁy?):f[?zﬁtro?u-el?c;tiﬂgogyl?ls:ygp%pﬂ]-1,3—dihydr0—5—isobenzo-
furancarbonitrile (0.20 g, 0.4 mmol) in DMF (10 mL) was added friethylamine (1.4 mL, 7.0 mmot)
and dimethylammonium chloride (0.41g, 5.0 mmol). The reaction mixture was stirred at 70 °C

20 overnight, then cooled to room temperature, poured into ice/H,O and extracted with EO (3 x 30
mL). The organic exiracts were washed with H,0 and brine, and evaporated. The residue was purified
by silica gel chromatography-(heptane, EtOAc, triethylamine 1:3:4%) and crystallised from acetone
as the oxalate salt (0.12 g, 70%). DSC (open chamber), Togse = 158.§6, Tpeax = 162.14.'"H NMR
(DMSO0-dg) 6 1.42 (1H, m); 1.51 (1H, m); 2.22 (2H, t,J = 8.0 Hz); 2.62 (6H, 5); 2.95 (2H, t, /= 8.0

25 Hz); 5.15 (1H, d, /= 14.0 Hz); 5.23 (1H, d, /= 14.0 Hz); 7.18 (2H, t, J= 9.0 Hz); 7.59 (2H, dd, J =
5.0 and 8.0 Hz); 7.74 (1H, 4, J=7.5 Hz); 7.79 (1H, d, J= 7.0 Hz); 7.80 (1H, br s). ’C NMR (DMSO-
ds) 8 19.3; 37.0; 42.3; 56.7; 71.2; 90.3; 110.7; 115.2; 115.3; 118.8; 123.2; 125.8; 127.0; 132.1; 139.9;
140.0; 148.161.4; 164.3. Anal. (CuHuN,0, CH;0y) caled. C: 63.76; H: 5.59; N: 6.76. Found C:
63.50; H: 5.78; N: 6.63.
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R
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furancarbonitrile (0.20 g, 0.4 mmol) in DVF (10 n3L) was

triethylamne (1.4 nL, 7.0 mol) and di metthyl ammoni um cﬁ Qf?ma‘ér%@%lg
5.0-mmol ). The reaction mxture was stirred at 70 C 20 overnight, then :
cooled to ro ﬁ’l"lléff‘ﬁ rature, poured into ice/ H20 and extr ace@uipgsiroaidit 20 (3
x 30 nL). The organic extracts were washgd with H2O and brine, and

evaporated TR gﬁ&ﬁ gsidue was purified by silica gel chromatography (heptane,
Et OAc, trieth mne 1:3:49% and crystallised fromacetone as the oxal at e

sal t (0 12 g, 709 . DSC (open chanber), T = 158.96, T = 162.14.' H NMR

DVEO- d6 6g,epaga J= 8.0 Hz): 2.62 (6H,
g) 2, 95) ( 2 hmm’%@@%&%’%ﬁ%@éaﬂ“gﬂﬁﬂ% 3@@-@%&@11 ((ZJ, J=
14.0 Hz): ?@P&l&ﬂﬁ(&@lepgmo%) 7.59 (2H, dd, J= 5.0 and 8.0 Hz); 7.74
(113, d. s_ 7.5 Hz): 7.79 (113, d, J= 7.0 Hz): 7.80 (1H br s). 13C N\R

(DMSOda)gD93 37.0; 42.3; 56.7; 71.2; 90.3; 110.7; 115.2; 115.3;
118.8; 123 g laggm ﬂ%?i'ﬂ@ 100 ool 33% ipgitgmol) wabRdd td 4 @hitb oﬂl-(ﬂfﬁﬁmgh

(Q@H21N20, QPHREHnemttbistbxyspropAf1,T Sihydsb-5350 09m
i s E&f“ﬂ“”“%‘ﬁ*"%wimi“@m

0) propyl | - 1a(mmmshpmmmmg,ﬂ&1&nﬁwﬂ£ﬁm‘%8m fla. M@B@@@P ”'gﬁe&)

Citalo t
\(NaS added t &2 @é?o i on M‘ﬁb@?‘g’aﬁk e preanic extract was washed with brine, dned

APk A e i f"g e ngh Biibo@panORL MM ARRRMLEL 1ol |
gtl rreg at Ero%mte erﬁgﬂtnure %xﬂﬁwﬁgﬁoaé g;")t),lpﬁﬁ 08%"11391]’“!)63% 0011585@
the (r]I eact i 8 m&xté - s Mﬁmcmt oure iflentibAlaGi (16Q m@nmﬁggﬁgbﬁgms \A‘/;ax%ﬁ%ge

e an
\rMetSIh gl’l ? éfﬁ an me%?ﬁ%r S%H%ﬁ@%ﬁ‘bg ﬁgéﬁkr??&% To-Kreddts 63675 ca
gel (Etcgse éaf é 'trlethylamne 75: 25: 1)

Example 4

Preparation of l-(3—Az:idopropyl}-l-(tl—ﬂuorpphenyl)-l,B-dﬂrydro—S—isobenzoﬁmncarboniﬁile:
20
Sodium azide (5.5 g, 80.5 mmol) was added to a solution of 1-(4-fluorophenyl}-1-[(3-methanesulfo-
nyloxy)propyl]-1,3-dihydro-5-iscbenzofurancarbonitrile (4.0 g, 10.6 mmol) in DMF (100 mL). The
resulting mixtwre was stirred at 40 °C for 3 h, and then refiuxed for 2 h. After cooling the reaction
e mixiure was poured into H,0 and extracted with Et;0 (4 x 200 mL). The organic extracts were
25  washed with H,0 and brine, dried and evaporated to give the crude product as a brown oil (3 g
T 45%). 1HNMR(DMSO-ds)ES 1.40 (24, m); 2.22 (2H, m); 3.30 (2H, t, J = 6.6 Hz); 5.10 (1H, d, /=

13.7 Hz); 5.21 (16, 4, /= 13.7 Hz); 7.18 (2H, t, /= 8.5 Hz); 7.59 (2H, dd, J=5.2 and 8.5 Hz); 7.78
(3H, s +d,J=8.1 Hy).

30 Preparation of 1-(3 -Aminopropyl)-1-(4-fluorophenyl)-1,3-dihydro-5-isobenzofirancarbonitrile:

A mixture of l-{3-azidopmpyl}—I—(4-ﬂu0mphenyl)—1,3-dihydro-5—isobenzoﬁh~ancarbo-niﬁ-ﬂe (13 g,
4.4 mmol) and paliadiur on carbon (0.6 & 5%) in ethanol (50 mL) was hydrogenated for 2 h. The
mixture was filtered through Celite and evaporated to give the crude product as a brown oil ©.8 g,
35  66%). "H NMR (DMSO- de) 8 1.11 (1H, m); 1.22 (1H, m); 2.12 (2H, m); 2.48 (21, t,J = 7.1 Hz);



and crystallised fromacetone as the oxalate salt (0.72 65% . DSC (open
chanber), T =158.56, T = 161.59. The NWR spectra were ih%?ﬁt?@ Br % t hose
obtained fromcital opram oxalate prepared in exanple 2. Anal. (C20H23N20,
C2H204) cal cWwoo@s1488. 76; H: 5.59; N 6.76. Found C. 63.57;PCTIKMH001305]; N,
6,77. Exanple 4 eparation of 1{3-Azidopropgyl}1-(4-fl uoropheuyl) 1,3-di T
ydr o- 5-i sobenzof urancarbonittile: 20 Sodi um azi de was

) nmol )
ded To- o SORUEHof ot 130 ek 119G o Hen A TER 1 othbu B8 ok 458 (H, & J= 55

nyl oxy) pr opyind-gks Badi oy, & B= k3 0gnzole angy-bonihdi e (4.0 g, 10.6 namol)
in DVF (100 nL). The resulting m xture was stlrred at 40 Cfor. 3 h, and

then refluxed for 2 h. After cooling the reaction mxture was poured into
H2O. and ext r Brepaeiombt 13 ENAMinéthylad DO)propyl]- 1- A ducdspeiyl)d , 3aKkyidacs-Sobssiofranvashed

th H20 and ted t [ th d duct
brown of 1 3( 18 (Rl BB D R 1) 8 1740 (200w 2.5 (511 m:
3.30 (211, t, J= 6.6 Hz); 5.10 (111, d, J= 13.7 Hz); 5.21(111, d, J=13.7
Hz) ; 7.18 ( 2dodidm cybmobBroRyddds {0 30 g594(£&4) whkladadfto% RixfofSr-@-Afhoprdpy -(a-

(3H s+d, J=8. 1Hz). 30 Preparation
1- ( 3- Ami nopr %\W@M»de&pﬁwmmtﬂy 408 5-3. %@B@Hz@fl dermaldehyBo 44 i | e

1 A mixture @f, $4(3naZ38PRE PHO) ﬂetﬂzﬁlmlf tw%ﬂ)ewd ?mﬂh&wéﬁsost%ed at room
i sobenzof ur ancar bo- n t%rtl e 1 3 ') and pa éladl um on car bon (0 6

g, 5% i nlet FERGHUE E'ﬁfst fugnGyanpbpo USRS
filtered t hrﬁ)ttgildeﬁﬁiel(ﬂ.ez &ﬂdZﬁ’Vrﬁlﬁﬂ} aﬁfedsﬁlﬁngameoﬁhanpéﬁwhafopnqdwmaauawbg own

5 10| (311" a5 leF i PR, e g s a0 St Thon

PCT/ DKOL/ oo.wbm chromBoggiphy (IEtQAc,d;epta‘m igthythinine 55:290)1of Trechesiiug BavEHtE) grude product,
7.15(211,t, Jifﬁc fn M%glﬁﬁu&face@%@sgw&m@sﬁ el MBI 8 Wde

7.78 (2H, s+d J= reparation o
Di et hyl di n’éﬂﬂcﬂwfh} (@WP@@P@M@HW -oxalae prangrad & exampls e Anadf (hdinlN.G,

car boni t ri | e¢,i,6], Val,ORERINC: 636d; &t £47; N: 6.69. Found C: 63.28; H: 5.64; N: 6.67.

Example 5

20 Preparation of 1-(4-flucropbenyl}-1-{3-(N-methylamino)propyl]-1,3-dihydro-5-isobenzofurancarbo-
nitrile, Oxalate Salt:

The compound was prepared from methylamine (60 mL, 120 mmol, 2 M solution in THF) using the
; —> method described in example 3. Yield: 760 mg, 36%. "H NMR (DMSO- dg) 3 1.40 (1H, m); 1.41 (1H,
=25 m); 2.25 (2H, f); 247 (3H,8); 2.83 (?H, t,J=8.0Hz); 5.15 (IH, d,/= 132 Hz); 5.21 (1H, 4,/=13.2
Hz), 7.18 (2H, t,J= 9.0 Hz); 7.59 (2H, dd, J= 5.6 and 7.5 Hz); 7.73 (11, 4,J=8.1 Hz);'7.81 (BH,d
+s,J=28.1 Hz).

Preparation 1-{3-(N,N-Dimethylamino)propyll-1-(4-fluorophenyl)-1,3-dihydro-5-isobenzo-
30 firancarbonitrile, (Citalopram, Oxalate):

A solution of 1-[3-(N-methyl-ammonium)propyi}-1-{4-fluorophenyi)-1,3-dihydro-5-isobenzofuran-
carbonitrile (0.70 g, 2.24 mmol) and formaldehyde (0.5 mL, 6.7 mmol, 37% aqueous solution) in 98%
formiic acid (5 mL) was refluxed for 4 h. After cooling, 4 M HC1 (2 mL) was added and the resulting
35 mixture was evaporated. 1 M NaOH (50 mL) was added to the residue and extracted with B0 (3 x
100 mL). The organic extract was washed with brine, dried and evaporﬁted. The oxalate salt was



Sodi um cyanobor ohydride (0.34 g, 5.4 mmol) was added to a_ m xture_ of

1- ( 3- Ami nopropyl ) - 1- (4- 1 September 2004

f I uor ophenyl) -1, 3-di hydr o- 5-i sobenzof urancarbonitrile (0.

and formal dSQMESHB. 44 nl, 5 4 mol, 37%in H20) in net hé‘ﬁGﬁ’kPWIﬂ) The
resulting mxture mas stirred at roon11010enperature for 3 h, then was

odded I SRR Y bl Sl ooy T T 0 Y TEEN

was quencheﬁmﬂnMMWhmﬁmahdmhx&maommdﬁWhmhmﬁmﬁﬁmmihﬁmnmganﬂOnenmqmﬁzshmhre

L1 ot hy am A CRORRECFs O (oGNS TR BANEH B ARS8 6 6 e

i solated as the oxalate salt fromacetone (0.31 g, O. 8 mol, 30 %9. The NWR
spectra were 15 identical with those obtained fronlcitalopranloxalate )
prepared in exanple 2. Anal. (C 01121N20, C2H204, % H20) caled. C 63.06;
H 5.67; N 6.69. Found C. 63.28;, H 5.64; N 6.67. Exanple 5 20 '
Preparati on of

1- (4-f 1l uorophenyl)-1-[3-(N-nethyl am no) propyl ] -1, 3-di hydro--5-i sobenzof uran
carbo- nitrite, Oxalate Salt: The conpound was prepared from nethyl am ne
(60 m., 120 mmol, 2 Msolution in THF) using the nethod described in
exanple 3. Yield: 760 ng, 36% 'H WM (DVsO- d6) S 1.40 (111, m; 1.41(111,
25 m; 2.25 (211, t); 2.47 (3g, s); 2.83 (2H, t, J=8.0 Hz); 5.15 (111, d,
J=132 Hz); 521(111, d, J= 13.2 Hz); 7.18 (211, t, J= 9.0 Hz); 7.59 (2H,

dd, J= 5.6 and 7.5 Hz); 7.73 (111, d, J= 8.1 Hz); 7.81 (31L d + s' J=8.1
Ft) rneparation

1-[3- ( , N-Di net hyl am zno) propyl ]-1-(4-fl uuorophenyl)-1, 3-di hydr o-5-i sobenzo
- 30 furancarbonitrile, (G tal opram Oxalate): A solution of

1-[ 3- (Nmet hyl - anmoni un) propyl ] -1- (4-fl uoroephenyl ) -1, 3-di hydr o-5-i sobenzoftn
ran carbonitrile (0.70 g, 2.24 mmol) and fornal dehyde (0.5 ni, 6.7 mmol,
37% aqueous solution) in 98% formc acid (5 nL) was refluxed for 4 h.

After cooling, 4 M11C1(2 nL) was added and the resulting 35 m xture was
evaporated. 'l M NaOH (50 nL) was added to the residue and extracted with
020 (3 x 100 nL). The organic extract was washed with brine, dried and
evaporated. The oxal ate salt was 1 Septenber 2004 WO 01/51478

(




PCT/ DKO1/ 00140 10 isolated fromacetone (0.22 g, 30%. DSC goEen chanber),
T = 157.73, T = 160.80. The NVR- spectra were identical WeHePREsE Wbt ai ned
fromcital opram oxal ate prepared in exanple 2. Anal. (C20H21N20, C2H204,
Y4 H20) cal g’@“*@“ﬁs. 06; H 5.67; N 6.69. Found C 63. 24FCPKBII0 \

6.62. 1 1 Septenber 2004 WD 01/51478 PCTADKOL100140 11 CLAIMS 1. A nethod
for the preparation of citaloprain conprising reaction of a conpound of
formula Il SDAIMB a conpound having the formula (B) 10 wherein R is hal ogen
or -O-SOz X wherein Xis al kyl, alkenyl, alkynyl or optionally alkyl
substitutedi. aryh nfhodfokkteYrepARkbnBE cilafopRinBe P dntFddfon 7@ k4 5

wherein X is as defined ab)(?\k/e, provi deg tha?ﬂR I's not ha?%gg?]dtsz%rﬁ%lﬁ(i S
dimethylam no; and if R is dinethylamno followed by isolation of

ci tal opram base or a pharnaceutically acceptable 15 acid addition salt
thereof, and if R is halogen @ . wherein X is as defined above,
foll owed by conversion of the re{ gonmpound of fornmula NC 20 1

Ty with a2 compound having the formula

RWR

10 wherein R is halogen or -O-SO.-X wherein X is afkyl, alkeny], alkynyl or optionally alkyl subshtuted
aryl or aralkyl and R' is dimethylamino, halogen, -0-S0,-X wherein X is as defined above, provided
that R is not halogen when R’ is dimethylamino;

and if R' is dimethylamino followed by isolation of citalopram base or a pharmaceutically acceptab]é
15 acid addition salt thereof,

and if R' is halogen or -O-SO,-X wherein X is as defined above, followed by conversion of the
resulting compound of formula

20



foll owed by isolation of cital opram base or a phar maceut{' al I% ac tabl e
acid addition salt thereof. 2. A nmethod for the preparat bgy opram
accordi ng tQyglepkig cONprising reacting the 5 conpound o wth -
a sul phonyl qgst e!rSﬂZaw ng the formula OV wherein Xis as de]%qlrﬁﬁ%dliﬁh I a| m 1
foll owed by isolation of cital opram baselZor a pharnaceutically 10

accept abl e w&m@gsm@enmlg;ou%nﬁo&aﬁa 0380, T GndIBh R9cksf Qﬁnehgﬁovp{o%g Fh0n Of

ci tal opram @ﬂor ng to claim1l conprising reaction o ?
formula (11)°v% s FitppEam begr qrnemwmcwweméa@mmmm i s
as defined in clai m 1 foI | owed by reaction of the resulting conpound of

formJIa(IV) wth a hyl a rretal aIt t hereof, 20 b) rrethylamn
fol | owed by % edud %/tg%fe %M“%gﬁ gP&F%&éﬁnwmammm .
formthe @O@Mﬂdfﬁgnlmﬁwnhaﬁﬂqmm&iﬁhﬁlﬂghmﬁﬁﬁﬂaﬂ met hyl ati on or
reductive animation, to formcitalopram 25 4. The nethod according to
clains 1-3 wherein the reaction of a conpound of formula (U wth a
compound of formula (I111) is carried out in presence of a base selected
fromLDA (lithium diisopr opyl"m—ﬁ’e‘j\/l_/\l%%"’(’hexarret hyl di si |l asan

lithium, NaB NaHVDS (hexanet hyl di sil asan- sodi um _and ni et al al koxi des such
as NaOwve, KOwe, LiOwve, NaGertBu, KO ertBu and Li rf B.

wherein X is as defined in claim 1 followed by isolation of citalopram base or a pharmaceutically
10 acceptable acid addition salt thereof.

3. The method for the preparation of citalopram according to claim 1 comprising reaction of 2
compound of formula (I} with a compound having the formula

P ™
(HIt)
15

wherein R and R? is as defined in claim 1, followed by reaction of the resulting compound of
formula (IV) with

a) dimethylamin or a metal salt thereof,
20 b) methylamin followed by reductive amination, or
¢) an azide followed by reduction to form the corresponding amino compound and thereafter
methylation or reductive amination,

to form citalopram.

25
4. The method according to claims 1-3 wherein the reaction of a compound of formula ()
with 2 compound of formula (1II) is catried out in presence of a base selected from LDA (lithium-
diisopropylamine), LIHMDS (hexamethyldisilasan lithium), NaH, NaHMDS (hexamethyldisilasan-
sodium) and metalalkoxides such as NaOMe, KOMe, LiOMe, NaOter/Bu, KOterfBu and LiOterfB.



