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Prepar &0 ognasii1 C t al opram The present invention rel ates poT/@KIwodsed for the
preparati on of the well known antidepressant drug cital opram
1-[ 3- (di met hyl am no) propyl ] - 1- ( 4- fI uor ophenyl ) -1, 3-di hydr o-5s
|sob zaf uran onitr nd of the Invention. Ctalopramis a
qﬂn%v?}né %ﬁggﬁgr?peasrgdﬁ 5?3&5 m has now been on the market for sone to
years and has the follow ng structure Nc~~ 0O It is a selective,

cent rgld gre@att' MO RSP QRIS t65a My etaga MbF YiRd %P@praﬁauoﬁ S nd ! QR Pt B G D! tor,

is accor avi ng anti epressant activitjes ress

act i viapye t%@g&sﬁ?ﬁﬁhﬁa, ha3-(duasthylamgioeeryi- ls@vgﬁﬂfﬁppml)rgétdﬂwﬂso -S5eg. J.

Hygtqgmbaﬁﬁgﬁradxgwognﬂfevchopharrracol & 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 treatnent o f denentia and

cerebrovascul ar di sorders, EP-A 474S80. 20 Cital opramwas first disclosed
657. 271. corr espandi ng to US 4,136, 193. This patent publication

desDEl?%dé(@r?% f@‘ alrrné/f’RPn ‘of cital opram by one method and outlines a

Fur t Heitalomtmoid afvlvmﬂﬂmnwyl didgpredsanb drugr thptahasmepwe ibeel optiasmmarleet Aocsoméng t o

t respondi ng
n§4p¥ﬁ%gsger§§1p eny%ﬁolﬂ%q’é %Qﬁwg'% 5i sobenzofurancarbonitrile is reacted with
3- (N, N-di met hyl am nojpy opyI chloride in the presence of

met hyl sul fi nyl net hi de asyCo SNng agent. The starting materi al was
prepared fromthe corresfjondi hg 50brono d&'ﬁvatl ve by reactio

cyani de. 30 According to m@wn is only outlined |M% "” ﬂﬂ
ternms, cital oprammay be obtai ngd g clmure of the conp

MAY 2002 WD 98/19s11 2 Br~, CH20N.CH3 | N ~ CH3 Formnula || PCT/ DRYPFI660511
in the presence of a dehydrati dgent and subsequent exchange of the

5-brono group with cuprous cyag imghguizggtsi Cg ga;[g;];?h realmmmmmmumﬂl“m

obt ai ned from 5-bronopht hal i de B

wi th 4-fluorophenyl magnesium clg oride and N, N hyl am nopr Ggasoz+
magnesi um chl ori de, respectively. A new and su ﬁﬂ“é‘ g nethod and an
intermedi ate for the preparation of cital opramwere described in US Patent

No 4,1650a &8k cties ardirnldy hctiwhserbtoam (Shltyeiromdiyataniot; §HE)frenpuaka iibitor,
15 accordingly having antidepressant activities. The antidepressant activity of the compound has

been reported in several publications, eg. J. 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 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 which may be used for preparing citalopram.

25 According to the process described, the corresponding 1-(4-fluorophenyt)-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.

30 According to the method, which is only outlined in general terms, citalopram may be

obtained by ring closure of the compound:



to CH3 N~ CH3 Formula |11 is subjected to a ring closure reacti onShifAY 2002
dehydr@gjﬁﬂgwlth strong sulfuric acid in order to obtai pEtbréMwsauM The
intermediate of Formula I'll was prepagred from 5-cyanophthalide by two
successive Gignard reactions, i.e. with 4-fluorophenyl magnesi um

hal ogeni de and N, Ndi net hyl am nopr opyl magnesi um hai ogeni de, respectively.
15 Finally, nethods %‘f\p,r/épg\r,izﬁ z@ﬁe i ndi vi dual enantioners of cital opram
are disclosed in US Pat !nt 4,943,590 faHgm which it al so appears that the
ring closure of the int Wla 1l may be carried out via a

| abil e ester with a base. 2o It 7 SYkpr i singly, been found that
cital opram may be manufactured Xy a novel favburabl e and safe pr ocedure

usi ng conveni ent starting ma s. Sunmary of the invention zs

Accordi ngly, the present invg relates to a novel nethod for the
preparation of cital opram conpkisSing the steps of WO 981 19511 a)
reduction of a conpound of Fornula TV R 5 3 OH 6 MAY 2002 PCTI DK97100511
Fornula |V wherein R is CN, CF 6 al kyl oxycar doompuloH C, 6

al kyl: ami |, ki LR 38 s B S t S [N nd of
For it PESGRE B e ek At s as"%%i%en“e‘fﬁthé%o‘é’”@‘ﬂ%%?éﬁdv'W’
obt aiquprysayenidpolimistaftingonatgrial of Farmufa-IN is\obtaingd from 5-bromophthalide by

two successive Grignard reactions, i.e. with 4-fluorophenyl magnesium chloride and N,N-

5 dimethylaminopropyl magnesium chloride, respectively.

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\/\/ CH20H .
Hj

e K
CHj,

10 F Formula III
is subjected to a ring closure reaction by dehydration with strong sulfuric acid in order to
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.

15
Finally, methods of preparing the individual enantiomers of citalopram are disclosed in US
Patent No 4,943,590 from which it also appears that the ring closure of the intermediate of
Formula ITI may be carried out via a labile ester with a base.

20 It has now, surprisingly, been found that citalopram may be manufactured by a novel

favourable and safe procedure using convenient starting materials.
Summary of the invention

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

comprising the steps of :



./ Formula VI wherein R is as defined above c) then if R is cyanobuMp¥g2002
the cowouosithsof Formula VI directly in the next step andPCT/DR970851C, . 6

al kyl oxycarbonyl or C, _6 al kyl am noc& bonyh converting the conpound of
Formula VI to the correspondi ng conpound wherein R is cyano; and ~a d)

al kyl ati ' npound of formula VI (R = CN) with
3-di rr@t h@?%%gﬁo({pfg?gwﬁﬁgﬁgggﬁ?’gﬁ?ﬁqgasi c conditions thereby obtaining

cital opram 6 MAY 2002 WD 98/ 19511 PCTI DK97/00511 4 NC CH3 | N~ CH3
Formula | which is isolated as the Yhse or a pharnaceutically acceptable
salt thereof. s In anoth®! asgect,/the present invention provides the novel
i nternedi ates of Formula V. TNFt her aspect of the invention relates to
the novel internediate for prepdrati®n of citalopramof Formula VI wherein
R is C,_6 al kyl oxycarbonyl o C ™ al kyl am nocarbonyl. In yet another
aspect, the present invention relafes to an anti depressant pharmaceuti cal
conposition conprising cital oprafamanufactured by the process of the

i nvention. Throughout the specificad:on and clains, C,_6 alkyl refers to a
branched or unbranched al kyl groty Hfaving fromone to six carbon atons

i nclusive, such as nethyl, ethyl, p-propyl, 2 is propyl, 1-butyl, 2-butyl,
2- et hyl - 2-propyl, 2, 2-di net hyl -1-get hyl aqﬂ)zlﬂgf yl -1-propyl. The

3-di et hyl am nopr opyl hal ogeni de used may be tH& thi ori de, broni de or

i odi deheneireR eis&BY,\C t ladkydoywaitbay! @oC Tedkyledimcabongf t he conpound of

For, . 0 Jyfid i uci ng agent, preferably
bySméf?éﬁﬂg%ngg&gﬁg{e,Jt{s’{ﬁgﬁe\égféltﬁgtacﬁgj gPHd(;rgpiire uz;{hg? in basic conditions or
with zink in agqueous acetic acid. The ring closure of the conpound of
Formula V may be effected by an aci®tr via a labile as ester with a base.
Acidic rind closure is per by/an i norganic acid, such as a sulfuric
or phosphoric acid, or an or ni &yaci d, such as nmet hyl sul f oni c,

p-tol uenesul fonic or trifluor ace i c a@Hd. The basic ring closure may be
performed via a | abile ester, Ch g§s the nethane sul fonyl, p-toluene

sul fonyl, 10-canphorsul fonyl, triflyUQroacetyl or trifluoronethanesul fonyl
ester with addition of a base, su agy triethyl am ne, dinethylaniline,
pyridine, etc. The 30 reaction is|erflorned in an inert solvent, preferably

with cooling, in particular about l and is preferably carried out by a
one-pot procedure, i.e. with esteri@icag#?n ggdvsinultaneous addi tion of
t he base. WD 981 19511 5 6 MAY 2002 PCTPBERS7/'00511

wherein R' is as defined above thereby obtaining a compound of Formula VI

R1\ N
(>
/\/

|

10 - F Formula VI
wherein R is as defined above

~
N\

¢) then if R'is cyano using the compound of Formula VI directly in the next step and if R'
is C, 4 alkyloxycarbonyl or C, ¢ alkylaminocarbonyl, converting the compound of Formula VI
to the corresponding compound wherein R' is cyano; and

15 d) alkylating the resulting 5-cyano compound of formula VI (R' = CN) with 3-dimethyl-

aminopropylhalogenid in basic conditions thereby obtaining citalopram,



~When R is an al kyl ani nocarbonyl group, the conversion to cyano méyMa& 2002
per f or "8® BR9gdnventional nitril synthesis. Thus, the anmi ME/BKOEWSHII a V
wherein R is an al kyl am nocarbonyl ghoup is preferably converted to the
cyano conpound, i.e. citalopram by reaction with a dehydrating agent, npst
preferably thionyl chlgeide gr phosphor pentachloride. 5 Wien R is an

al kyl oxycar bonyl group, tF @ version to gyano is preferably perfornmed via

t he correspondi ng am de grd is thgnh3converted to the cyano group in
t he same way as compounds 0O ey ein R is an al kyl am nocar bonyl

or 3
group. to The reaction of al kyl oxycarbonyl tYanide is carried out by
hydrolysis with an acid or a bas Ed subsequent conversion to acid

V

chl ori de and ami dation by react|ion th ammoni a or an al kyl an ne,
preferably t-butyl am ne. Acid olysis may be performed by use of any
suitabl e acid, such as HBr, HC, ,IJ-IBr/aceti c acid. Basjc hydrolysis may be
performed with any suitabl e base, such as KzCO*%° , KOH, etc. The
conversion to am de may al so be is obtained by reaction of the ester (R is

an al kyl.oxycarbonyl .gr.ou wiih a nia aor _an.al k m ne under pressure and
heat i n‘k{;l.“cﬁ(’ sgllmegésgget%qsggaap argba}r%gt}ctag& af%epttahbze E%jgﬁltgreﬁ?‘oup as gescri bed
above. Alternatively, an ester, i.e. a conpound of Fornula VI wherein R is
| kyl ; I : ith

ahi br QP RO FRE e T ReRPiRelih oy IgH bR AEEERACLIER dERBRRFENY. o 1
step d) is carried out by addition of the 3-dinethyl am nopropyl hal ogeni de
to theyc . R~ i r , : n

et her i iRg Mpd! AOUE, fellion Solafs 1) (1 gt SEmRt 0L prépielhidt? ot

di et hy¢iedgpsam of ﬁ%ﬂh@laﬂﬂe‘é’bﬁé@ Rifis &, pakaloxyeaberdiink s alieilamiapsasberdpy | ami ne

(LDA). The process of the invention may be carried out with or w thout
isolation of the internedi ates. .30 Gt her, reaction conditions, solvents,

et d0 dieY&orRahiri HRSF. dbhAreseahinyeahor Jelatesetoc A1 GHEISPRESTRRY PoaRacpubeal

deterng shibrecoR@rEaly Glaldprad mahutdeeurad by thdgroséIof itidini@itdni al s of
formula I'V may be prepared fromthe correspondi ng phthalide conmpound by

reaction with a Gignard reagent of 4-hal ogen-fluorophenyl as exenplified
3s Wi tThrbhighdmanesievificali@gend daims) G helifydirkfevd rga bemchédor sbiremsted alkyD

981 19511 Ry -0 Q.6 F ~~~ t, L [ A rei o s .def n

above. SBUREY BB BT Qs e R & i 1F8oRIED:

gr asp, prohwl, $ thextylj hyutyhtmietiyd-2efrop s Adtdimethyltagthpleandrlemathedt lggopidscri bed s
in Tirouflet, 3.; Bull.Soc.Sci. Bretagne 26, 1959,35. O her starting
materials of fornmula IV may be prepared from 5-carboxyphtalide by reaction
wi t h thieopdinsthdaminepeapyliiateaende. gsesl kagiol beothec, chgpridek yrgmiigre o 1odide,

5- car bgreyRidiahhdidfdecommerci al |y avail abl e and may be prepared by wel |
known procedures (Tirouflet, J.; to Bull.Soc.Sei. Bretagne 26, 1959,35). In
a preferred enbodi nent of the invention, R is cyano.

20 The reduction of the compound of Formula IV may be performed with any convenient
reducing agent, preferably by NaBH, in an alcohol, such as ethanol or methanol in basic
conditions or with zink in aqueous acetic acid.

The ring closure of the compound of Formula V may be effected by an acid or via a labile

25  ester with a base. Acidic ring closure is performed by an inorganic acid, such as a sulfuric or
phosphoric acid, or an organic acid, such as methylsulfonic, p-toluenesulfonic or trifluoro-
acetic acid. The basic ring closure may be performed via a labile ester, such as the methane
sulfonyl, p-toluene sulfonyl, 10-camphorsulfonyl, trifluoroacetyl or trifluoromethanesulfony!
ester with addition of a base, such as triethyl amine, dimethylaniline, pyridine, etc. The

30 reaction is performed in an inert solvent, preferably with cooling, in particular about 0 °C and
1s preferably carried out by a one-pot procedure, i.e. with esterification and simultaneous
addition of the base.



" In another enbodi nent of the invention, R is C _6 alkylo 75199 W—
C, 6 al KYPWI¥Up t s being preferably ethyl, propyl, or bé%& 3 Hrably
ethyl, 2-propyl or t-butyl. In yet another embodi ment of the i nvention, R
is C, _6 al kyl am nocarbonyl, the C,_6 al kyl group being preferably et hyI,

propyl wih RUiYbn aﬂf)@irﬂfn@bir}éox%fl@{'bu 2&1Erdbﬂ%rsfbrn fo- @yanwlmamtp@f&ﬁ\eaaéy y

t - butyl 0 d t he f

base oFOREREOHIAFICONTIACAl Ky adbe TSt B EOFB AU TEREaR) b Pnalkabmings
aci d adaibbnyingreap tis preserablysahvertddotonthd opatd comgaumid; ier cntzﬂoptganlbty @adttb:m may
b vy Qf f

be SRR oA SRR, AL cALREROBRE IR Rl rad Uer
met banesul f.oni ¢, ethanedi sul fonic, 25 acetic, propi on| c, tartaric,

sal i cykiifen fsra!ncalkﬁk)k'ﬁﬁ%&l’yl Lagbi the dﬁk’bl%lon%%é bS] n{)t‘éfé?ﬁﬁg?érfoﬁh%({ ggoni c,

aspartic, stearicg, 7 Ctatonic, glycolic noben utam c,
benzenéhes‘iﬂffeémf@l%&lamﬂfegfﬁw whiGhelsher pRUVEREE L0 ﬂ&scxné@ Brap inrfhe sarte way

8- hal oLbeaapyidds ReForh@h VaxaRaER s analkyRemAytdbsd gheuphpl ary of such
inorganic salts are those with hydrochloric, hydrobrom ¢, sulfuric.

sul fam c, phosphoric and nitric acids. 30 The acid addition salts of the

cormpurms ré@ilod of PIkeRAKEHAbEYY] e hvidtsis kaniud dud bl hh@dmlysis With dpafed bsa barct ed

with elt rthe alculate anpu of acjd in.a i.bl e sol.vent, such
as pssiart Gt irtotae FoRcoH o, A5b idhsBn i Shuttsr Cif irrdphitt o
subsequﬂqylarmmel pielfemblgft bitgl amine. Kycid dnclesllysiatman banphrﬁmmledrlg/ ue¢ ol dnfy an
excess h cldyi ve [

ot i 28D B fne AR Rl B L ot S Rl ara S I 7 o€ bR ERI b
The phanyraci¢abié bade, smi‘paﬁsKﬁ@né\IaﬁH,t KOH, rﬂt@rifheocmnwal;ﬁldmetoa&imdmrsa)eaksd ben any
sui tab i i f I gnﬁll&e’ ,0f
t bf et éﬁtaﬂ’?&ﬂ @Fgedcﬂoﬁ%érﬁg e%tr%pégr u@ﬁfiﬂag%ﬁ% rent e&PFfHu%P Mt}L or mé g?%sual
steril eileéﬂxmnﬁ @néerfmpssprq ad heshing T ﬁﬁéierﬁié@mﬁi eaﬁorweﬂ%t%w@agn@grqune

i nvent LORedBYedLEJeEPar ed by conventional nethods to in the art. For
exanple, tablets my be prepared by m xing the active ingredient with

ordi nary adjuvants and/or diluents and subsequently conpressing the m xture
in a comeantivelyahn teaft, 6ld. iangnimaali dfeForfrtddrMIeshatinall] bvantkyxydibogt s

SRl By el e by SR Bt b e GO

aromma, th&rm&devatlves etc. may be used provided that they are conpati bI e t s
with the active ingredients. Solutions for injections may be prepared by
solving the active ingredient and possible additives in a part of the

sol vent'ht etkylationgotstapnd) isroefreadadyit pysadditidneo e ésrdmm@twlaninngrolply&a&geutdieon to
the degd pedey :ﬁ?;}dh’?iﬁ of%ﬁﬁhlh'\zlam‘@ N dlhrb?ex%%x%dl@éhtaﬁﬁhfaslah'é? 1 Pre%& pigb! e

anpul es or. v sui t ab itiVve convent’i onal use e art
may2be 1e?dé|1earth<§i>/@waa% (Dﬁfm.? Brad e%ree ¥r disthlethervas, t ﬁrﬂrF%f’XlF%iaﬂft% 28%.C.
Exanpl geefa}lag[yl ]nﬁﬁlﬂ{dlﬁapﬂo?ylfaﬂﬁﬁ Jlustrated by the follow ng exarrpl es. 25
Exanpl e 1 (4-Cyano- 2- hydf - oxynet hyI phenyl ) (4 fluorophenyl)nethanol. A

sol ution of 4-fluorophenyl magnesi um brom de, prepared from

4- f | uoMhb pesvelediake tvehdén Gay Be éarietloe) withdr MaEgBasisolatidn b Nihe dsictiéiiatgs. 4. 4
nole) in dry THF (1200 nL), i1s added 30 dropwi se to a suspensi on of
5-cyanophthalid (500 g, 3.14 nole) in dry THF (3000 nL). The tenperature is
kepto b&ther oadtionAddnditidnhescuklity, iedn ars coovantiend, contigionedod swwh wehations eands

The 1 odt et BO e PR byadBlop SERENT et 0] 1 < added 10 the mxtur ¢

in portions of 50 grams and is stirred the night over at roomtenperature.

3s AboyteZ43tiR hiteriA9!ofeRbRulaSIV §HRY 66 ﬂr@pa‘fé’&'ﬁ%% i cved Bn&lﬂg%twld)e i's
added to the reaction m xture,. The resultlng solution is extra ted wth

Et OAc (CORBOBNGDY  Tepsiignol iR B rignatdy eeagetty@inf dialoggr-duorophemd east etamplidsApound
(780 ofittathe aibo@kdiumhhioBerdi8e HEBEES N r&RAb@EcHeale: f ur t her reacti on. 6
MAY 2002 WD 981719511 PCT/ DK97/0051 8 A pure sanple is obtained after colum
chromat ography on silica gel using EtQAc/n-Heptane (1/1) as eluent. The
title conpound is obtained as crystals after evaporation of the eluent. DSC
onset: 116.5 C



."H NVR (DVSO-db, 500 MHz): 4.42 {IH, dd J=13 Hz, J=5 Hz), 4.53 (1H, HdMA¥13002
Hz, J=SwOb#)9516.45 ( 1 H t J=5 Hz), S.98 ( 1 H d J=3 I—|2’§3T/DE§<974005111( 1 H,

d J=3 Hz), 7.15 (2H, t J=10 Hz), 7.35 ¢2H, m, 7.74 ( 1 H, d J=8.5 Hz),

7.77 ( 1 H dJ=8.5Hz), 7. 83 (I H s). Anal. calcd. for C"H, zN, F, Qz

C, 70.02; H 4.71; N, 5.45. Found C, 70.01; H, 4.71; N’OE 51. 1-(4

fl uorophenyl) -1, 3-di hydr oi sobestzofuran 5- carg@oni |Ie o Crude

(4-cyano- 2- hydroxynethylphenyl quorophenyl) (700 g) is disolved

in H3PO4 (60% 3000 ni) and t MIA gn is hea 80gC for 3 hours.

Tol uene ( added a fases are s . The aqueous phase

is further e jth Lgl_uene_@LQOQ,nL) The tol uepe phases are joined
and the solv renoved i n vacuo. The renai ning
recrystallized OH (99% . Yield 219 g (29%. Cofset: 97 C. t s ' H
NVR (DMB O-d6, 500 MB): 5.1 S ( 1 H, d J=12.5 Hz), (I H d J=12.5
Hz), 6.27 (_1 H, s) 7.21 (2 H t J=10 Hz), 7.25 ( 1 J=8. Hz) 7.40
(ZH m), 7.FamulaVyl 4§ J=8.5 Hz), 7.90 (1H, s). Anal. Eal chorfImla

H, N, F, @hereta R & 3Qefided4bé2, N, 5.86. Found C, 75.01; H, 4.22; N, 5.83. 20
1- (3- D net hyl am nopropyl )-1-(4

fl uorophenyl) -1, 3-di hydr oi sobe~i zof ~ran-5-carbo~ti~rile. n-BuLi (1.6 Nin
hexaneWhza®R ik k dyan@gebeg, theschmxsg)mnmﬁyls&lﬂfmt(léﬂgma@.bé prepaedd 45 gsehivad in

DMVE (15 a n| rmsphere
|- { 4- ff‘h"EFB%ﬂ%n{/r ?Sﬁﬁ ek RISt s e e boni i 1 (62 g, 0.26
nole) is dissolved in DME (500 rrL) and added dropvm se while the terrperature

i k I f 4

Gt 1 oGRS Blting Bpe{raltlof RSNV 8 b8 Brdfhutly oS- EBbSiREAIE mONbAAD 0
g, 0. 8itmlthipnyk chiivisi¢ iand othen por.¢ ialkanelt or GO @laﬂanme i:@@box»gnht@hdeemved
After QQHme?cxaﬁJﬁgwaﬂme A b W@é rﬂ%gparréﬂ 30 el Hnokal p%d%dug}(@)ﬁj’[ﬁx%%@l { Of.

m xture IS poured onto ice wa and extracted wth ene (2x500
L) 10 TﬁelloﬁcgaSﬂchi@ﬁ?ﬁlé2i6sl%3&$53ct ed vvlth HJ (4 |~ , 500 nL). The acid
solution is nade alkaline (pH = 10) with NaOH (I ON) and extracted wth 30
t ol uengra( ‘F‘P(r% L V\Q@h |s shed w tggwater (3x200 m). The tol uene phase
i s dri &Y BIfSET 08 8 Y§CUPR. AL R EYRPt h active carbon and the
solvents are rem)ved |n vacuo. The t|tIe conmpound (64-71 g) 76-84% is
obt ai ned _as, an o Q. 1 H , 3 H,

2 BoFRp sfbhamgh 2 AR, b U detbanionh, IndPaethy
d Uszlbcﬁlgrmgferabmethymﬂxopy,l ai8ng, pﬂzﬁe;ab}’y 518yK 2Hpropyl,or3dudytl. 2 Hz J=8.5 Hz),
7.70-7.78 (3H, m. The oxalic acid salt is crystallized from acetone. DSC

onset: 156 C. Anal. calcd. for C'H ,NF G ; C 63.75 H 5.60: N 6.76.
Found & yet apether-embodizenof ghe anventien, Y126 o aliplaggnagsionyd ik s@nphikyb

' CT/ DO Qéﬂa AréeE19eear l,-#- moreaefa%slgyétﬂgen rkgyl or t-butyl, most

4-~| uoro hen nt et hanol . PR’@%U“ on rop gnesi umbr om de,
pr epar &l FMH ¥yLior obr omobenzene (21 g, 0.12 nole) and magnesi um turni ngs
(3.49, 0.14 nole) in dry THF (150 m), is added s dropvmsetoasuspensmn

of 5-ethoxycarbonyl phthal j.de (,2Q.6 0.1 nole). i ry THF (150 m
Cemmer T BRHORR b Al FEtedE lnfaPbs et Aohe sk hett Yo AR atampqraticall ) on
m Xt ur ecteptatie aciddddinennalyitierenfeAs amdradmmmh ea{ttsesxamusaéts fEtIhﬁthth(oSQﬁuﬂbl) is
addedtothere tio mxtue Iy th t ( I\){ to.the
o ur RS S e Lt SR N bibatieapo B eddiEfirl

t enper denzrac, ascorbid eusmhmenxélcabemeétytnneehlucyﬂw anmtbamuﬂf«am;m’nhamﬂrslulfonicde

(sab, aaﬂeﬂ?‘);g &Bh)srxtx& Sta?fiﬂ‘;d SBf?cytl e £apa 'ﬂlcggil\lm tic] NGald! £ {léig r&fuﬁi N9
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Solutions for injections may be prepared by solving the active ingredient and possible
additives in a part of the solvent for injection, preferably sterile water, adjusting the solution
to the desired volume, sterilization of the solution and filling in suitable ampules or vials.
20  Any suitable additive conventionally used in the art may be added, such as tonicity agents,

preservatives, antioxidants, etc.

Examples
The invention is further illustrated by the following examples.

25
Example 1 -
(4-Cyano-2-hydroxymethylphenyl)(4-fluorophenyl)methanol.
A solution of 4-fluorophenylmagnesium bromide, prepared from 4-fluorobromobenzene (605
g, 3.45 mole) and magnesium turnings (107 g, 4.4 mole) in dry THF (1200 mL), is added

30 dropwise to a suspension of 5-cyanophthalid (500 g, 3.14 mole) in dry THF (3000 mL). The
temperature is kept below 5 °C. After the addition is complete, the reaction mixture is stirred
the night over at room temperature.
Ethanol (4500 mL) is added to the reaction mixture and NaBH, (238 g. 6.30 mole) is added to
the mixture in portions of 50 grams and is stirred the night over at room temperature.

35 About 2/3 of the solvents is removed in vacio and water (4000 mL) is added to the reaction
mixture. The resulting solution is extracted with EtOAc (2x500 mL). Evaporation of the
solvents leaves a crude title compound (780 g) as an oil which is deemed pure enough for

further reaction.



. WO 981 1981L NG ;12 CH3 | N CH3 Formula | which is isolated@spikbfrodsa S ToE-4002
phar maceutically acceptable salt thergof. s 2. The nethod of Caiml
wherein R is CN. 3. The nethod of daim1 wherein R is C 6
al kyl oxycar bonzﬁn 4. The method of Claiml1l wherein R is
W

al ky| AnPHEEAPBiIIobtainedatigpo bepypchiveriatggsnhy 5 51193, EerHEnE XA oHeR ai m 3
or 4 \WiRr(@!1) aCelifendl gl titieScopiptyihd is GHtORYE as cl9btalitifiel evapordtRmaTitie elubd. |

o o B Shsgt i dbe Tt BUttel on ot the. sompound of Eorml o oIVl s

B:g T grmdwm(msmﬂﬁ, N_?EM—IE)@W @Hgdldg+13 HchFSaHz)eﬂfﬁar((DH ddli JeEd Hanslll;]s in

o ok LSS S S ars FO PL L 5B o 2T 10 el o

perfoﬁrﬁaﬁd(Zlby na)y) 7i74di BladiJe8 Sl z), 7§:]c(hHaé Ja8 5d{z§ur7f&3r(|1H m)r]c phosphorl c acid,
n

o, 2 SRR, BN ORI A e s TR ISR IO o5y

closure of the conmpound of Formula Vis perforned by a basic ring closure

via a I Lfoe;ggﬁé,g;) p_;eigwgp %bwzwrg;5%am,;l9ngous esterification and

addltlon Claim8 wherein the labile ester is the

methakaude(4-eyano-2-pydroximstyinhepphi fluorophenyhrmsthanpt GR012) it diselvedimacet vl
gr rrte [ Ei lbgp (Guat m}m[&? faﬁd‘ﬁig s%ﬁiti%%@ﬁgl’_aﬁéeclﬁ SRR (drS ﬁoruwma%denemm th is
| 1 dl | ereln
Comy eribighand (heBaeds oes SHPRA Sl ThaPHLTIE PhEvcs Srther EX By B IORE { ho
\(/:vl(")lr r eswmtmxlnh 'BliiE t@ﬁze@é?ﬂ@ses are Jﬁfdﬂﬁﬁna@%dwnkﬂareTMOV&ﬁzh@dcw Theakm 10
ereln e re on O I out
L by LA e ke rys g o ECHEY68%5 NPl 119 £amef) B8 Snsf o KY
chhor i HNBIRI(RIMSIGHAL, 500 M z): eats (10, d-Ixli2t Y Ha)ysedi (AHod Jat2 4lHke)) AT i(hH,
refer - byt ) A J i t
byt i riﬁgg/} L SR R2s Dt iR IR RS 0Bl i, A7 He, A9 ety 260
1H, s).
Anal. caled. for C,.H,,N,F,0,; C, 75.30; H, 4.22; N, 5.86. Found C, 75.01; H, 4.22; N, 5.83.

20 1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-carbounitrile.
n-BuLi (1.6 N in hexane, 320 mL) is added to diisopropylamine (55 g, 0.5 mole) dissolved in
DME (150 mL) at - 50 °C over a nitrogen atmosphere. 1-(4-fluorophenyl)-1,3-dihydroiso-
benzofuran-5-carbonitrile (62 g, 0.26 mole) is dissolved in DME (500 mL) and added
dropwise while the temperature is kept below - 40° C. After addition (45 min), the dark red

25  solution is stirred for an additional period of 20 min. 3-Dimethylpropylchloride (100 g, 0.82
mole) is added in one portion at - 50 °C and the cooling is removed. After 60 min, the
solution is warmed to 50 °C for 120 min. The reaction mixture is poured onto ice water (1 L)
and extracted with toluene (2x500 mL). The organic phase is extracted with HC1 (4 N, 500
mL). The acid solution is made alkaline (pH = 10) with NaOH (10 N) and extracted with

30 toluene (500 mL) which is washed with water (3x200 ml). The toluene phase is dried
anhydrous Na,SO, (50 g), treated with active carbon and the solvents are removed in vacuo.
The title compound (64-71 g, 76-84%) is obtained as an oil.

'H NMR (DMSO-d,, 500 MHz): 1.20 (1H, m), 1.30 (1 H, m), 2.00 (6H, s), 2.10-2.20 (4H,
m), 5.12 (1H, d, J=13.5 Hz), 5.20 (1H, d, J=13.5 Hz), 7.13 (2H, t, J=8.5 Hz), 7.58 (2H, dt,

35 J=1.2 Hz J=8.5 Hz), 7.70-7.78 (3H, m).

The oxalic acid salt is crystallized from acetone. DSC onset: 156 °C. Anal. calcd. for
C,,H,,N,F,0, ; C, 63.75: H, 5.60: N, 6.76. Found C, 61.60: H, 5.62: N, 6.63.
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~@riide (4-ethoxycarbonyl 2-hydroxymethylphenyl)(4-fluorophenyl)methanol (30 g) is
20 dissolved in H,PO, (60%, 250 ml) and the solution is heated to 80°C for 1.5 hours. Water
(300 ml) and EtOAc (100 ml) is added and the phases are separated. The aqueous phase is
further extracted with EtOAc (100 ml). The organic phases are joined and the solvents are

—

removed in vacuo. The yield of the remaining somewhat impure oil is 30 g.
'H NMR (DMSO-d,, 500 MHz): 1.3 (3H, t J=7 Hz), 4.3 (2H, d J=7Hz), 5.17 (1H, d J=13

25 Hz), 5.35 (1H, d J=13 Hz), 6.25 (1H, s) 7.20 (3H, d+t J=8.5Hz J=10 Hz), 7.41 (2H, m), 7.86
(1H, d J=8.5 Hz), 7.97 (1H, s). )

I-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-carboxylic acid.
Crude ethyl 1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-carboxylat (30 g) is disolved in
30 EtOH (96%, 150 ml) and aqueous 2N NaOH (150 ml). The solution is refluxed for 1 hour.
1/2 of the volume is removed in vacuo. The aqueous phase is extracted with EtOAc (2x100
ml). The aqueous phase is made acidic (pH=1, conc. HCI) and after cooling to 5 °C the white
crystals are filtered off. Yield 16g. Overall yield is 66% starting from 5-ethoxycarbonyl-
phthalid. Mp 187-190 °C.
35 'HNMR (DMSO-d,, 500 MHz ) 5.15 (1H, d J=13 Hz), 5.33 (1H, d J=13 Hz), 6.23 (1H, s)
7.18 (3H, d+t J=8.5Hz J=10 Hz), 7.40 (2H, m), 7.84 (1H. d J=8.5 Hz), 7.94 (1H, s) 12.95
(1H, bs).
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F Formula IV
wherein R' is CN, C, 4 alkyloxycarbonyl or C, ¢ alkylaminocarbonyl,
b) effecting ring closure of the resulting compound of Formula V

Formula V
wherein R' is as defined above thereby obtaining a compound of Formula VI

(0]
=
g

F Formula VI

R‘\l §

=

15 wherein R' is as defined above;
¢) thenifR'is cyano using the compound of Formula VI directly in the next step and if R is
C,.¢ alkyloxycarbonyl or C, 4 alkylaminocarbonyl, converting the compound of Formula VI to
the corresponding compound wherein R'is cyano; and
d) alkylating the resulting 5-cyano compound of formula VI (R' = CN) with 3-dimethyl-
20 aminopropylhalogenid in basic conditions thereby obtaining citalopram,
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3. he method of Claim 1 wherein R is C, 4 alkyloxycarbonyl.

4. The method of Claim 1 wherein R' is C, ¢ alkylaminocarbonyl.

10
5. The method of Claim 3 or 4 wherein C, 4 alkyl is ethyl-, propyl-, or butyl, preferably
ethyl, 2-propyl or t-butyl, most preferably t-butyl.

6. The method of any of Claims 1 - 5 wherein the reduction of the compound of Formula
15 IV is performed by use of NaBH, in an alcohol, such as ethanol or methanol in basic
conditions.

7. The method of any of Claims 1-6 wherein the ring closure of the compound of
Formula V is effected by acidic ring closure performed by an inorganic acid, such as a

20 sulfuric or phosphoric acid, or an organic acid, such as methylsulfonic, p-toluenesulfonic or
trifluoroacetic acid.

8. The method of any of Claims 1-6 wherein the ring closure of the compound of
Formula V is performed by a basic ring closure via a labile ester preferably with
25 simultaneous esterification and addition of base.

9. The method of Claim 8 wherein the labile ester is the methane sulfonyl, p-toluene
sulfonyl, 10-camphorsulfonyl, trifluoroacetyl or trifluoromethanesulfonyl ester and the base
is triethyl amine, dimethylaniline or pyridine.

30
10.  The method of Claim 3 wherein the conversion of the C, ; alkyloxycarbonyl to cyano
is performed via the corresponding amide group.
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13. The method of Claim 11 wherein the hydrolysis is performed by use of a suitable
base, prefarably K,C0O;, NaOH or KOH.

/D
14,  The method of Claim 8, wherein the reaction of C,, alkyloxycarbonyl to amide is
carried out by reaction of the ester with ammonia or an alkylamine under pressure and
heating.

/o

15.  The method of any of Claims 4 and %-14 wherem the amide is converted to the cyano
group by reaction with a dehydrating agent, preferably thionyl chloride or phosphor
pentachloride.

16.  The method of any of Claims 1 - 15 wherein the 3-dimethylaminopropylhalogenide
used as alicylation agent in step @) is the chlonde, bromide or iodide, preferably the chloride.

17.  The method of any of Claims 1 - 16 wherein the alkylation in step d) is carried out in
an ether, preferably 1,2-dimethoxyethane, THF, Diglyme or diethylether.

18. The method of any of Claims 1 - 17 wherein the alkylation in step d) is carried out in
the presence of a base, preferably lithiumdiisopropylamine.

19,  The method of any of Claims 1 - 18 wherein the starting material of formula IV is
prepared from the corresponding phthalide compound by reaction with a Grignard reagent of
4-halogen-flucrophenyl, preferably a 4-fluoraphenylmagnesiumhalogenide, most preferably
the magnesiumbromide.

20.  The methed of Claim 1 wherein R' is cyano, the starting material of formula IV is
prepared from the corresponding phthalide compound by reaction with 2 4-fluoropheny!-
magnesiumhalogenide, the reduction in a) 15 performed by NaBH, m an alcohol, the ring
closure in b) is effected by an inorganic acid and the alkylation in d) is carried out by use of
direthylaminopropylchloride in an ether in the presence of lithiurndiisopropylamine
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£ Formula V

wherein R' is CN, C, ; alkyloxycarbonyl or C, ¢ alkylaminocarbonyl.

22. A compound of Formula VI

1

R T

~
I

F Formula VI

N

wherein R' is C, , alkyloxycarbonyl or C, 4 alkylaminocarbonyl.

23. A method for the preparation of citalopram comprisiné alkylating a compound of
R1
N
| 0
A \/
g

F Formula VI

formula VI

NS

wherein R' is with 3-dimethyl-aminopropylhalogemd in basic condwions in which the
reaction is carmed out 1n an ether, preferably 1,2-dimethoxyethane, THF, diglyme or

diethylether, in the presence of lithiumdiisopropylamine



