; bcdef ge3ew FwA | L6TF+7( WD 98/ 19511 PCT/ DK97/ 00511 Method for the
Preparation of Ctal opram The present invention relates to a nethod for the
preparation of the well known antidepressant drug cital opram

1- [ 3- (di metyydsadpo) propyl ] - 1- (4-fl uorophenyl)-1, 3-di hy =
isobenzofurancag%onitriIe. Background of the Invention.d%ﬁ?ggggggﬁlis a
wel | known anti depressant drug that has now been on the market for sone to
years and,,h he. fallow.n ucture: CH3 N~ CH3 Fornula | It is a

sel ecti vg‘,‘e@éﬁ?‘%’a F?r?@ ﬂ/‘% 033{'%&85?% (5- hydroxytryptam ne; 5-HT) reuptake
i nhi bitor, 15 accordingly having antidepressant activities. The

ant i depr eHfeapresedt invéhtion Riatdshe £ HERRIANGr KRS pREKAtISE BL i Fell Nend Y Sl

publi cati eg...J. .Hyttel, BProg. ur.o-.Ps har macol . Bl,.

Paychi at SPksBP ok bl 1.3 eubEt R poRa) TR et ity Tedfuiro 51087, 75
, 478- 486isobpnzofwangathenitrilaas furt her been di scl osed to show effects in the
treatnment of denentia and cerebrovascul ar disorders, EP-A 474580. 20

Cital opramwas first disclosed in DE 2,657,271 corresponding to US

4,136, 193. This patent publication describes the preparation of cital opram
by one neB#ckdreund ofthe/lnpention. f urt her nmet hod which may be used for preparing
ci t al opr apitaleysamdGELH Wil Reow® aﬁtm@%@ﬁsﬁlﬁQﬁ@g fhatkdsi do®Obech R (FOMAASPRP LMY

1-(4-f] uorophenyl).:1.3-di hydr o-5i sobenzof urancarbonitrile 1s reacted with
3- (N, Odi%%%ﬁ??éﬁ%ﬂ%?%?gg§¥&%%F’ride in the presence of

met hyl sul fi nyl net hi de agecondensi ng agent. The starting material was
prepared fromthe correspondi Myy5-wr ono dekhvative by reaction with cuprous
cyani de. so According to t \QBQQ whi chyT8 only outlined in general
ternms, cital oprammy be obfa#he h%ﬁpﬁqg/uLosure of the compound:

CONFI RVATI ON COPY WD 981 19511 jPCT/ DK97/ 0®%81 2 CH3 N ~ CH3 Formula ||
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Formula I

It is a selective, centrally active serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitor,
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-fluorophenyl)-1,3-dihydro-5-
isobenzofurancarbonitrile is reacted with 3-(N,N-dimethylamino)propyl-chloride in the
presence of methylsulfinylmethide as condensing agent. The starting material was prepared
from the corresponding 5-bromo derivative by reaction with cuprous cyanide.

30 According to the method, which is only outlined in general terms, citalopram may be
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obtained by ring closure of the compound:
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in the presence of a dehydrating agent and subsequent exchange of the
5-brono group with cuprous cyani de. The starting material of Formula Il is
obt ai ned from 5-bronopht hal i de by two successive Gignard reactlons i.e.
with 4-fl ugyepdpsl magnesium chloride and N, N s d'”EthykéﬂbSQRk%
magnesi um chl ori de, respectively. A new and surprising

internmediate for the preparation of cital opram were described in US Pat ent
No 4, 650, 884 accordi ng Q whlchaﬁkéﬁyernediate of the fornmula CHg N ~ CH3

Formula I'll is subjecte osure reaction by dehydration with
strong sulfuric acid in or i s opram The internediate of
Formula IIl was prepared fr - ide by two successive Gignard

reactions, i.e. with 4-fluorophenyl “fragnési u®Haal ogeni de and

ogeni de, respectively. is Finally,

met hods of preparing the individg enantionmers of citalopramare disclosed
in US Patent No 4,943,590 from Wk it also appears that the ring cl osure
of the intermediate of Fornula Il may be carried out via a labile ester
with a base. 20 It has now, surprFsingly, been FeumthHhat cital opram may be

manuf act ugetle *fsyeséhce %vgldeﬁﬁya@iug agén? af SRt @g&aﬁgum}dy?bpoqmc nyeni.ent

starti ng mat er 1 al 131 e Lnvent1on pl’ esent
i nvent i on “PREPYY ‘é’é‘“‘f"b er?B‘\r/‘&g HYeo ot Fymulal i pitpinedifrpmd- ?IPm@Phthﬂ@prba(m
conpr i si ngwo lseccesspGrighard reactivdd, 98 wBIS 2HBSHAENCD Fa@MBibin Shidgidd a@URIN-On of a

conpoungd Qfmdmy 1 Hingprb l%agﬂ’sfgﬁﬂbﬁlldn)ﬁe%'éﬁlv@llyl ngl s CN, Cl-6 al kyl oxycarbonyl

or Cl-6 al kyl am nocarbony effectin closure of the resulting
conmpound of Forrmula V
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

N, Ndi net hyl am nopr opyl magnesi u
y\ ()

NC\/\ - CH0H
CH
| OH P

\CH3

10 F Formula ITI
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 III 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 :



OH 1 ROHFormula V wherein R is as defined above thereby obtaining a
conpound of "Fornmula VI R ~o Fornmula VI wherein R is as defined above c)
then if R is cyano using the conpound of Formula VI directly in the next
step and i fyy&log/io5::CL- 6 al kyl oxycarbonyl or C1-6 al kyl am pegdkbaiayh:
converting the conpound of Fornula VI o the correspondi ng conpound wherein
R is cyano; and 15 d) al kylating the resulting 5-cyano conpound of formula
VI (R = j yl hal ogenid in basic conditions

t her eby o%waﬁcﬁqﬁ‘gngf€&@€pgdmw°mﬁw 98119S11 PCTI DK97/ 00511 4 NC ' H3 CH3
Formula | which is isolated as the base or a pharmaceutically acceptable
salt thereof. 5 In another aspect, tI?¥ present invention provides the novel
i nternedi ates of Fornula V.RA aspect of the invention relates to

t he novel internediate for preg dqtion of citalopramof Formula VI wherein

R is C, _6 al kyl oxycarbonyl o Pkyl am nocarbonyl. In yet another
aspect, the present invention relatds to an antidepressant pharnaceuti cal
conposition conprising cital opram ufactured by the process of the

i nvention. Throughout the specifidatign and clainms, C,_6 alkyl refers to a
branched or unbranched al kyl grou \Qa ing fromone to six carbon atons

i ncl usive, such as nethyl, ethyl, Propyl 2 ~s propyl, 1-butyl, 2-butyl,
2- et hyl - 2- propyl, 2, 2-di net hyl - 1-e and 2- ne thyl - 1- propyl . The

3-di net hyl am nopr opyl hal ogcni de use nay beF AN ori de, broni de or

i odi de, pmdkeina!iy CNOE,. gﬁﬂkyhﬂyohbon&bor‘ﬂ]eamgmmntonmborm t he conpound of

For mul a, 1) nayechfgmﬂgr{leguwtwremtﬁ,%xoﬁ SUHERE S uci ng agent, preferably
by NaBH4 in an altcoho such as et hano o in basic conditions or
wi th zink in agueous acetic acid. The rlng closure of the compound of
Formula V may be effected by ap acid via a labile 2s ester with a base.
Acidic ring closure is perfor i norgani c acid, such as a sulfuric
or phosphoric acid, or an organilc agid, G@pch as nethylsulfonlc

p-tol uenesul fonic or trifluoroa id. The basic ring closure nay be
performed via a | abile ester, such as|the nethane sul fonyl, p-toluene

sul fonyl , 10-canphorsu|fony|, trifl cetyl or trifluoronethanesulfonyl
ester with addition of a base, such|as {jriethyl am ne, dinethylaniline,
pyridine, etc. The \]

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

z
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¢) then if R is cyano using the compound of Formula VI directly in the next step and if R'
is C, ¢ 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,



30 reaction is performed in an inert solvent, preferably with cooling, in
particular about' 0 C and is preferably carrled out by a one-pot procedure,
i.e. with csterification and simnmultaneous addition of the base. WO

98/ 19511 PG ¥#4{,00511 5 Wien R is an al kyl am nocar bonyl.or fhibs; t he
conversion to cyano may be perfornmed by conventional nltrlT synt%e5|s
Thus, the am de of Fornmula V wherein R is an al kyl am nocarbonyl group is
preferably converted to cyano conpound, i.e. citalopram by reaction
wi th a dehydrating agent, st pr-efwrably thionyl chloride or phosphor
pentachloride. s Wien R is § kylgxycarﬁﬂhyl group, the conversion to
cyano is preferably perfornedN&a r RS onding am de group which is
then converted to the cyano group jn the sa may as conpounds of Formul a
VI wherein R is an al kyl am noca Y| group. t o The reaction of

al kyl oxycarbonyl to am de is carnieddout by hydrolysis with an acid or a
base and subsequent conversion to gcid chloride and am dation by reaction
wi th ammoni a or an al kyl am ne, preFerably t-butylmaxigne. Acid hydrolysis
may be perforned by use of any suitable acid, such as HBr, HCl, HBr/acetic
acid. Basic hydrolysis may be perfornmed with any SU|tabIe base, such as
K200" NaOphigkdpisoleted as thabassong phasinarsuticslin ntcdpabimsaltahaeotbe t s obt ai ned by
reaction of the ester (R is an al kyl oxycarbonyl group) with ammonia or an

| kyl d h d
The cyaho B aent padhmgEohb R PR apte, BRphelifeiarmuni Vo, 5 o

conmpound of Forrmula V1 wherein R is an al kyl oxycarbonyl zo group may be
[‘deo! %’SG?\ @ﬂgﬁf nei;lgf @@Qﬁ@mehﬁda férdté%rsbsmef N lﬂté%m@afo? Ebaﬂ{tﬂﬁr?ft o form
e nitri e

c%alo ram o the

n,in st carrl I'tion
3- di met hyl“am nopr %ﬁi?ggghfrﬁlgi by Q'Hélkgg’ﬁ%c&ﬂ’ﬁ Eﬁﬁ?‘ﬁm\’ﬁ” Ryl = oN) in
a proper solvent, such as an ether, preferably 25 1 2 di net hoxyet hane

(DVE), 1dHn yeli Gﬁdﬂi@ &Bpectli BE és@ﬁthﬁ(rentxbﬁ‘ rb1R@s E’J ar Shifi&e Qéssﬁt ﬁ%aeﬁf 1@;12: ?‘b leé
|

[ithiumdiiso ro am ne roce the | entlo
out with &P™ oqugp f'g&%ﬁ’r"é’? mf"l’fga‘i? Fiﬁ!ﬁ’gaprgﬁé@ﬂésm&%@l reaction
condi ti ons, solvents etc. are conventional conditions for such reactions

and rmay egsidu ?hcb.@ t&%e&man&dmwcmmee@,%qm $ Kelfdrd ﬁ)da biindnbé® o@ﬁﬁcinanm%]aﬁ%ﬁ” | ng

mat eri al s _of ron1t($ corre ng phthal i de

conmpound B oulpe}?&nlgoiﬁo%of‘%?&/S‘é"f“gﬂ’é?ﬁ'“}séﬁ‘d%‘f" SR A g ?\tHY dd¥IPhentyl as
exenpl i'f i ®Pr3b Iviiut, 2-btylnZapethyl-2oteplb §2rdindethylr -¢thyd afib2-hottiyhd-prapytt i on
schene: WO 98] 19511 PCTI DK97100511 6 R R~ \I \ OOF ~ ~ -MyHal Formul a

Vil The 3-dimethylaminopropylhalogenide used may be the chloride, bromide or iodide,

preferably the chloride.

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, trifluoroacety! or trifluoromethanesulfonyl
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
is preferably carried out by a one-pot procedure, i.e. with esterification and simultaneous
addition of the base.



wherein R is as defined above. OH F Formula IV When R is a cyano group,
the starting materials of fornula VII nay be prepared as described s in
Tirouflet, J.; Bull.Soc.Sci. Bretagne 26, 1959,35. O her starting materials
of formula be prepared from 5-carboxyphtalide by peactd th

t hi onyl chl‘@/ltg%xalnd then C, _6 al kanol _.or C,_6 al kyl am nié 7%951‘{“
5-carboxyphtalide is connerC|aIIy avalpable and may be prepared by well
known procedurgs (Tirouflet, to Bull.Soc.Sci. Bretagne 26, 1959,35). In
a preferr &@w@rﬁod&.%ﬂw mm?%@%ﬂv?émn &, copverfign (Q, gyigo may be\ pefRsmAE LY

enbodi mentomwfentidnel mln/l&yhlhmls TRus, ithe 8nid6 ofi Fyhudx Yoahdsein\R' ,is thalklamimd-Ky |

group bei fo€ t pr opyl

group b y@&b&{ﬁ ?Jua% greﬁetér 2 g;gn?tb the%yzptgp bpouRd, Sle &&@A&M ﬂ}geacéi%n

al kyl ani né‘@%‘r"’b’ﬁ rat‘“ﬁﬁ‘éer@ megt prelerablythiony Aoy ?Pé‘P%Hﬂ"V‘C’é‘PH‘}q propyl, or
butyl, preferably ethyl, 2-propyl or t-butyl, nost preferably t-butyl. 20

2s 30 The vﬂ{éﬂ’ﬁpqg\gl af(yIGWE%@lel %EUuBWh@ c!)nv@ﬁ%ntl@c 3q|s ﬁr%fe?ﬂ?y AééraCI 2@51 or as

a pharmaceuti ca ition sal her eo dition

Sl te oqdte oHemONIRE B el inn densorerted Bihe EYoe EE0UD o hersame
Exerrpl ar y aptomspomhdsoofFanimda YhwhsrearR it dncddkeylamindearbehy fgranp. f unari c, benzoi c,
ascorbic, succinic, oxalic, bisnethylenesalicylic, methanesulfonic,

et hanedi s | foni ¢, propjioni¢, tartaric, salicylic, citric, gluconlc
| actic,0 na‘lhi’ Feact FPé‘r?g éﬁ‘i”L’xY‘E?#??H&]rfP @midejis casriedAut by hydselyéis with an agid pea bessl niti c,
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hydr ochl ors GB‘?IE‘t);‘i‘ﬁ B” {Py/geetig Eﬁ‘ sic hygrobsisHBRY e a‘?’fﬁmﬁF‘i Wit aci ds.
The aci d ady smltabh: tmed, tsachods Kﬁ@,,d@aﬁmuﬁﬁﬁ cteyTHeeopveesiar tadmh;te may htsd beknown

in the,ar t acid
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and cool i ngdesoribadiabbvean excess of the acid in a water imm scible sol vent,
such as ethylether, ethylacetate or dichloronethane, with the salt
separatin pont aneousl y.. S The p ceutl cal npasi tions of the

i nventi on%r‘i?aﬁ‘ée B Sitesticr é&omaouaﬁf diompulp v mfﬁ"aﬁg i5 #p alkylowisambanyle form
for exanplgeouprady he hydrslipedfaod thenfredeteld | vathschlareynifolyd $socyrnutd dn rder tsfoimps, or
par ent eraltf“ym}rnet he formof usual sterile solutions for injection. The
pharmaceutical fornulations of the invention may be prepared by
conventional nethods | o in the art. For exanple, tablets nay be prepared
by m xi ng Thhalkgktiow in stepod)as caritd mitthly additiom af the Sdjimethyltrainapidpylhaldgenident s and
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ot her adj Lprefmablgﬂltlauiddlispmepximhma(ILIMJ); aroma, preservatives etc. may be
used provided that they are conpatible 15 w t h the active ingredients.

Sol utions for in ons may b red ving.the tive ingredi ent
Sd poas: PIHE PERIEHSOT bis SRt e e SBReR Y0t o S IAY SEF BXEmShEES: bl y
sterile water, adjusting the sol ution to the desired volune, sterilization
of t he 450l (3thérABachBA chrdidnd Csolvents Uikd, 3Rl &rﬁ&ﬁi&hﬁ%oﬁdméﬂs%xs such Gedel¥nsSahat abl e
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The starting materials of formula IV may be prepared from the corresponding phthalide

compound by reaction with a Grignard reagent of 4-halogen-fluorophenyl as exemplified
35 with the magnesiumhalogenide in the following reaction scheme:



Exanpl es The invention is further illustrated by the foll ow ng exanples. zs
Exanpl e 1 (4- Cyano- 2- hydr oxynet hyl phenyl) (4 fl uorophenyl) net hanol. A

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

4-f 1 uor obr ogg ne (605 g, 3.45 nole) and nagnesiumtu 749, 4.4
nole) in dry ?ﬁn@%?lzoo m.), is added 335 dropwi se to a suggiélgg?,cl)({r?}lg
5-cyanophthalid (500 g, 3.14 nole) in dry THF (3000 nL). The tenperature is
kept below 5 C. After the addition is conplete, the reaction mxture is
stirred the night over at roomtenperature. E&hanol Ho nL) is added to
the reaction m xture and NaBH4 238 g, 6.30 nobe added to the m xture

in portions of, 50 grans and | rh@ql he ni gh ¢r ap roomtenperature.
3s About 2/3 vent s |s d in vacuo wat er (4000 nl) is
~added to the re Ftl n noxt ure—Hre—Fesuhd- Ng solutionl]is extracted with

Et OAc (2x500 niL)> ration of the solvents |eave rude title conpound
(780 g) as an oil whichy,is deenmed pure enough for fqrth¢r reaction. WO
981 19511 PCTI DK97/00511°8 A pure sanple is obtained ™3
chr omat ogr aphde}ﬁ,u;avnca gel using EtOAc/n-Heptane (1gl) a%mehMdget. The
title conpqu re ks ON&%H% crystals after evaporatlon of the eluent. DSC
onset: 116 5 & i f'db, 50Q MHz): 4.42 (1H, dd J=13 Hz, J=5 Hz),
4.53 (1H, dd J=13 Hz, J=5 Hz), 5.45 ( 1 H t J=5 Hz), 5.98 ( 1 H d J=3
Hz), 6. 14 Wheh Rlis ﬁjcﬂmg* g}dllia,,thg stdrbingd Ableridls JF&AMIE V11 rﬁa}sl'y:b A‘r@ﬂﬂredrﬁk des?:nl?éh (1H

d J=8.5 Hz ) . d.
C, SH, 2N°F, ég’mg‘“’{fg}%‘?%ﬁ% B’ﬂ"‘g“gﬁ é9§195§53Found C, 70 01: H, CZ (7:| N,Or5. 51,

| -(4 fluorophenyl)-1, 3-di hydroi sobenzof uran-5-carbonitrile. io. Or ude

(4- cHxéggZ- ébthama@s ht@ﬂ(&lpbﬁﬁ)ﬁhﬂlﬁ‘w%dﬂ@ﬁ&%%ﬂ' ﬂmtstban,e Qe By rdastigh sol ved
In

% and t.he for 3 ours.
Tol uene (| ﬂﬁ‘ﬂ %}H%Ld& rIi}Ef’" u]% aFé“ '° 3'818{61 u¥ phase
is furt hercoemerﬂa@ltyedvm\lablh amélra@hée (mm@dnb)) werrHeaowol memlmpha@wfbt,elg oi ned
and t heyos oBMESHcH oA BRethdiRRBEMshAs)yacuo. The remai ning crystals are
recrystallized fromEOH (99% . Yield 219 g (29% . DSC onset: 97 C. ~ s 'H
NVR (DMSO db, 500 MHz): 5.15 ( 1 H, d J=12.5 Hz), 5.32 ( 1 H d J=12.5 Hz),
6.27 (1 Hna@)efemdzmb()@memtOthﬁllUVqﬂE9n Ry7isgBao. 1 H, d J=8. S Hz), 7.40 (2H,
m, 7.71 ( 1H d J=8.5 Hz), 7.90 (1H, s) Anal . calcd. for CSHNFO,; C,
15 ( gODl E’é tIH %H:r %Ef, g%gefrvt ?fn%rlhlg:?, 15 né}?ﬁ Aky?oxycalr\{ionyf %w Cs alkyl group
3-di hyd'ﬁoﬂ!ﬁmgémf@fa aﬂxys;»mwbehbwlmr erahb’&h)/il Zpropyl ¥ Hyutflexane, 320 nl) is
added to diisopropyl am ne (55 g, 0.5 nole) dissolved in DVE (150 nL) at -
50 C over tr trms e .
12 (- 1 corfob AS S EnBbEREROSE Se imenion B in Gse lvBBITCEFPIIL (B Cyr ¥
mole) is d&rgnsmb%gj PquPTEMAEC(h?Zb(PTQﬁY) Oéirb@t}'étdn‘e@faé}ymiwl,s%rpmyl er tl’léylt gwpler at ur e
is kept beéremamyét(bug] After addition (45 mn), the dark red 2s solution is
stirred for an additional period of 20 mn. 3-D nethyl propylchloride (100
g, O. 82°nol e) is added in one portion at - 50 C and the cooling is renoved.
After 60 nihe commeunsofigenesal Fosmplardmay heoussd athe diee baw arian a phiwanacamicallyon

m xt u rT ﬁ i Sacbéiiﬁb(ﬂdiacﬁl’ﬁdﬁh itiofi GalveAE06f. As acuﬁdd&mﬁl selxst ERA Qs Mirhéd &g{h@mc 62x500
e of a t e

soI ution i 59%31!’ eaaﬁ(%?y s a(lg @@B@S OVtws‘%] hﬁa%ﬂql S'i'](ss ?{ﬁﬁié)ﬁ%wex{nf‘ghct g’(ﬁna\f\ﬁc’t h 3o

t ol uene (5 M)aSWﬁblérF“PCSmWh’éd mﬂiylﬁm@lrcytlexm@nmu)fomrrwéhapedlwéfnewphase

i sI dri te:sz.l amwr@ﬁpnoigiaz Bdrid, 5&1@91;;]; tc{tﬂ?} gdccmot ha@gt lmhﬁccﬁfahdyﬂcaeﬂnﬁxﬁi@

sol vents ag enove . vacuo e.title oun

ot entS 2RISR 0 Cidcbhit Sy SRR A T, S B

m, 2.00 (®Wonig)and ghq)ghyglnzeoac@uﬂamﬁg as svelizas (thg Smaloamcophy_l_lgles SoHeRample 80 ( 1

H d J=13blombhkophd1iiha. (E&anla $F&ubh Hadrganic Safls (add thébe, wiB Hydleohlde, J=8. 5

) 710 el g, e g daflad. o vt aL T am acetone

6.76. Fund C, 61.60: H, 5.62: N, 6.63. wo 9an9sl1l rcmmx9~~oosm 9
Eksanpl e 2The acid addition salts of the compounds may be prepared by methods known in the art. The

base is reacted with either the calculated amount of acid in a water miscible solvent, such as



(4- Et hoxycar bonyl - 2- hydr oxynet hyl phenyl ) (4-fl uor ophenyl ) net hanol . A

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

4-f1 uor obr onobenzene (21 g, 0.12 nole) and nagnesiumturnings (3.4 g, 0.14
ol e) in drygobghesyd50 M), is added s dropwi se to a susp §U

5- et hoxycar bonyllpht halide (20.6 g, 0.1 ymole) in dry THF ?’%3}(5)%/ 51LI'h
tenperature is kept below 5 C. After the addition is corrpl ete the reaction

m xture is i h erature (300.mM) is
added to ¢ Ierop bEehdE wh I RRtisthighd? B SARFLGRS oot 0 B { e
mi xt ure i nAph&¥Essodksthefacihisyd wates dpymiscifle is@wym such s fedpylethenoethylacetate 0om

t enper at ur dichldfomethane/ /ith sheasale sdparitingspohanssagyo and amoni um chl ori de (sat.
ag, 300 nm) is added to the remaini ng oil. The pH of the resulting solution
is adjusted to 7.2 with aqueous 4 N HO and extracted with Et OAc (2x 100
m). Ev époT*ml@ﬁnwuttcnlemgwps;Bm@ thezipeantion gyayide administeredbimpmy suitabde my 0| |

(30 g) whi g insangleaiEte g fo? Raughle fopdllyfi furthmfnnrﬁa@mbt@neagsmtsN?{Rv

200 M) Ay P o g by ooty 2o o1 1&%5

J=3 Hz}, 7.13 (2H, t J=1 OHz), 7.33 (2H n), 7.64 ( 1 H dJ85Hz) ),
7.90 (1 HrhethbhdmSackutigl) fornfuldtfdng oflithElinventionfrhdiyie ﬂre;fafed b(\érconventmnal methods

fl |

(4-ot ﬁ@@i?ér%o#? Ol LERRAAT Re Hich f‘?‘?%f’@?%%spwvmsy%anm Py o) s
20 di ssol va.cuu\iansm qﬂ@m}@ ag@)csubﬁesluea ¥l comeressing, theomiitere Hoaa ednventi®@@L f or
1.5 hour s. tabitiag n(aB&ﬁldTE):mmlek cEtaG}ﬁcar(ts’L&thﬁEx)ts b(ﬁnﬁﬁgﬁgorﬁ@ﬁrchh tﬂb%ﬁ&% are

separated. T us e | r extract.e . The
organi c ph?lscgﬁl %%égé%mm Qtagﬁte’dg‘?ﬁme 3{:}% & Eams, 2, tgni%%d@yn%gr é‘%‘“’a? & yield
of the r enzddﬁmgowﬁma@mp,mp@at@iep efcsmapbgyused pronjded (iBbey as, cospaitie ) :

1.3 (3Hs twitkthehetive idgradiémddd, d J=7Hz), 5.17 (1H, d 3= 13 2s Hz), 5.35 (1H, d
J=13 Hz), 6.25 (IH s) 7.20 (3H d+t J=8.SHz J=10 Hz), 7.41 (2H ), 7.86
(1H, d J=8.5 Hz), 7.97 (1H s). 1-(4

~| uor ophen§alytions For, inigetipnsi @@béﬁz@fqnaraﬁbs ©hingo iyl dcve irigeediagt aod pessibie

1-(4-fl uormﬂmyixw)aﬁaxﬁoﬂih&w@tﬁﬁ BRE6H, Preteralily @t%ﬁi@%éraédlfsﬁﬁ)gﬂl)esbﬁxtl&h sol ved

in 30 Et 0% ueol ( ution.is

refl uxed%@rtggdﬁsu%g VO{ITHEZQ lzt%ﬁb tﬁe Smué}g;}l en@?%m %1““\9'%{8&819“!??18 éﬂﬂf‘eous
phase i ¥ eRpy setably adlitive mm@twpzlw ysgd imihp artingy bryadded; sughhasstenicisy agenits, aci di ¢
(pH=1, congresdriddtivesanrdionidhms, ekpoling to 5 C the white crystals are filtered
off. Yield 16g. Overall vyield is 66%startingfrom

5- et hoxycag kphthalid. M 187-190 C. 3s 'H NMR (DMSO-d6, 500 MHz ) 5.1 S
(I H dJ=l 6.23 ( 1 H s) 7.18 (3H, d+t
J=8. SHz Jnif‘o‘“lﬁfi‘%m"‘ffa‘ﬁ‘eé Qém‘}ﬁdq’y?h%@ﬁ?W‘i‘gﬁf‘a“EP‘%—s 5 Hz), 7.94 ( 1 H s) |
2.95 ( 5 H bs). WO 98/ 19511 PCTI DK97100511 10 The conpound obtained is

t hen convemg,q q the correspondi ng cyano conmpound which again is al kyl ated
as descri bed |n Ex 195 PCT/DK 7100511 11 CLAIMS 1. A
met hod f ox G Heangide éff"él”f’ﬂf‘}‘”@)’?%@éf‘?fﬁ? °si ng the steps of s a)

reducti on @&fsohtiowofbilustophenHmagnekiam|brorfilde, @fepmed 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 vacuo 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.



O Fornmula IV wherein R is CN, C _6 al kyl oxycarbonyl or C, ~
al kyl am nocar bonyl, b) effecting ring closure of the resulting conpound of
Formula V~0 OHR~ . /OH\~ Fornula V wherein R is as defined above

t hereby obtgwpekmg2 conpound of Formula VI Fornula VI is \t}? Eg;,/(gbsﬁ is as
defined above; c) then if R is cyano ysing the conmpound of Formula Vi

directly in the next step and if R is C _6 al kyloxycarbonyl or C _~

| kyl a.Vl

b eaponck e AR08 W15 SRSl SR LB csu 1 ng
5-cyano cd &/ﬂﬂascﬁluqnbﬂhﬁilﬁe sgmpopnd tsobmewatqasys@lmﬁee@mmoon of the eluent.

am noprop)dbgtabmam@js P@®. basi c conditions thereby obtaining cital opram

81 195% 0 | i i | at b
or a phar ey B ‘?,9 Sty (10 dRALEs L S B, WSl B LIRS BE 0, P2
S G AN ARG S 00 KL I IR I UL
al kyl oxycar3so@ul m),4.7410H, de8i50Hz)pf. 77018, §U=18.5\ey, €183 (R, §s C, _6

o ko am nogag il e e BECTI R #0, ry ifEL  £ipt i 1

preferably t-butyl. 6. The nethod of any of Clains 1 - 5 wherein the _
reduct i on Bf4-flseophempoliBdilglrofsobentdfirah3- dz)eboinﬁn@el’fornﬁd by use of NaBH4 in

| | Th t hod
a2 e O R o SRR B L, 0
i s eff ect d&PRy(04%, 40Q0 mLhapddherslutien jsdettert il “Byforihhdurn Tolueried( 1000 L) such as
a 20 sul f uidded amd tlﬁlﬂﬂﬁﬁb@ @fel sepapdtedd Th@iquacﬂls h@@'ﬂ# fortid bﬁracﬁ:ﬁ%th"%&uene

nmet hyl sul f Qni.c. 0 f orpacetic he net hod of
Ty ot G S0 R ThOIHERE SR UL Gin8d e e oM R Gy M TG 0 i <
per f or med Biniag pRstRlS are fﬁ@’%@‘%ﬂ rf@“\ﬁtQHe@?%b iYield 3L% & 2990 IPIC ahdey 9Ri°Eh
15 'HNMR (DMSO-d,, 500 MHz): 5.15 (1H, d J=12.5 Hz), 5.32 (1H, d J=12.5 Hz), 6.27 (1H,
s), 7.21 (2H, t =10 Hz), 7.25 (1H, d J=8.5 Hz), 7.40 (2H, m), 7.71 (1H, d J=8.5 Hz), 7.90
(1H, s).

Anal. calcd. 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  I-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-carbonitrile.
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 HCI (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, O ; C, 63.75: H, 5.60: N, 6.76. Found C, 61.60: H, 5.62: N, 6.63.



2s simul taneous esterification and addition of base. 9. The nethod of C aim
8 wherein the labile ester is the nethane sul fonyl, p-toluene sulfonyl,
10- canphorsul fonyl, trifluoroacetyl or trifluoronethanesul fonyl ester and

the base i swhloggdsy! am ne, di nmethylaniline or pyridine. ng kg.moThe met hod
of Claim3 wherein the conversion of ttya Cl-.6 al kyl oxyca Biiy10%Y cyano is
performed via the correspondi ng am de droup. WO 98l 19511 PCT/ DK97/ 00511
13 11. Thqgm},{}@edz of Claim 10 wherein the reaction of C, _6 al kyl oxycar bonyl
to amde is carried out by hydrolysis with an acid or a base, subsequent
conver si orf“ghaxsabarmi-&y e’f)’m&y@&’m&ﬁrfbwr@ﬁew:mthhmt wi th anmonia or an

?Ih kylh a(T' nleA s@nﬁflﬁffaMIMrdphagﬂrﬁign@dﬂﬂﬂﬁmnﬁde];Bge%)ggcffrmtﬁt: rd%ior@b%u% 1"‘*‘H‘ar ein
e ro | ne. use o ul | suc as , ,
i/ oot | & 22 QB8 ERLRESm RS (6 o d o e P 10 Ryhiscriged s | &

per f or méd d59PWisetofsugpension oftfethaxsenchonpipbthalidel{2/6 KA DRpleNaGry THFKGS to 14.

The net hodn)f THelterhpBraAurehaicpi Beldws ¢ ook hﬁ'&dtﬁfiorﬁseﬁmgll:{é}/&@@é&?orn%qxl:r to
Wt ar 'k

amde is ¢ | 0 reaction of the ester nmonia or an yl am ne
under pr e(sig%t;r}ee%gtﬁed'ﬂ%hetté%ﬂa?foomstenl_]%e.ra“ﬁ"?e met hod of any of Clainms 4 and 9-14

By
wher ei n t H&hanei @Qowiémgﬁqféﬂfe@@immxwmd NgBHL(7.tog, 0.2amid)tyudded to a

dehydr at i nihc mixtint in gordne oakHoyt 1 fre@nill iselired fof & hokirs RS AipeRRRL achl or i de.
16. The 1 15 Wherc '

f i s - in,the .
3-di et %Wﬁ%ﬁ?ﬁ!&%‘?‘%@g?‘%ﬂﬁ V8§e"?n‘i“8“eo_ a7yl amuomung @P’k‘iﬂ (sati 9n300gahhis addedstodhe d) i s
t he chl or iT6@2NEEEH; 1\9@ pat ofthniesndtingso lution istaljpstedite Thwith aqheousd/N Hhandret hod of

any of Cl aiuscad wi BONRqEA00 ) B bf 89sdenERedl e GG, ", 20

cther . br LSy 4yl TR IGHNEL iy L e e, O O oL DTSR i
carried oull WRt(ﬁMS&é@ébeMHé}i 18 (B sid=7 blzh #er(2B) ¢/J47THz 4 3564.5 @B rOPY| ami ne.
19. Thos ma dsolaian saf (BLAES) sos i WhRneL) d(8Y 6 AL, T Atk ol O

o mi'a [\ \gupreocees boon e 4 ssond n IS O LbonEny C

4-f | uor ophenyl magnesi umhal ogeni de, nost preferably the magnesi unbrom de.
20. The neBrndd-(@itublophéryl)- 1Byl SisdBentofr&d $08bo e Starting material of

fornmul a | r Ir the corr ondj thalide conpound by
reaction v\(\n:r%lﬁe(g g'% ?*’ (%gl’rog ‘(ﬁ%ﬂ‘r&‘{%’%’g“’%@ﬁ%@ﬂ%ﬁ‘gﬁf ™ ,thaf’ﬂ]e(ggéh'tﬁct ion in a)
i s per £r fiolBgd IRGBPQ, (6A%a?50ank ewbrhe salitionrs hngted itw8ICefori 1S bours. Wbl ect ed by
S_n i ?ﬁr ?aru}@l) mal)iatld BIOAd (160 al)kyddatd a1 ﬁhéblﬁ%esj{aﬁ: sefrdte e %9&!{81?&% phE& iff
i met hyl a . Ok a er i.n the presence

i t hi und ?ﬂs“@%?%’%%?nwﬁtﬁ Egtas&)t@gi‘%%‘? T3 atpAp R AN the solvents are

removed in vacuo. The yield of the remaining somewhat impure oil is 30 g.

'H NMR (DMSO0-d,, 500 MHz): 1.3 (3H, t J=7 Hz), 4.3 (2H, d J=THz), 5.17 (1H, d J=13

25 Hz), 5.35 (1H, d J=13 Hz), 6.25 (1H, 5) 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).

1-(4-fluorophenyl)- 1, 3-dihydroisobenzofuran-5-carboxylic acid.
Crude ethyl 1-(4-flucrophenyl)-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 S-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).



21. A conpound of Fornmula VOH 1 ROH Formula Vs wherein R is CN, C _6
al kyl oxycar bonyl” or C, _6 al kyl am nocar bonyl. 22. A conpound of Fornula VI
~0 Formula VI wherein R is C,_6 al kyl oxycarbonyl or C, _6

al kyl am nocgplgmeshy 23. An antidepressant pharmaceuti cal P%?H%g%otshon
conprising cital opram manufactured by tjge process of any o arns 1 - 20.
is 24. A nmethod for the preparation of cital opramconprising alkylating a
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5. The method of Claim 3 or 4 wherein C, ¢ 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 - § 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, 4 alkyloxycarbonyl to cyano
is performed via the corresponding amide group.
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The method of Claim 11 wheréin the hydrolysis is performed by use of a suitable

acid, such as HBr, HC!, HBr/acetic acid.

13, The method of Claim 11 wherein the hydrolysis is performed by use of a suitable
base, preferably K,CO,, NaOH or KOH.

10
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.

15 15, The method of any of Claims 4 and 9-14 wherein the amide is converted to the cyano

group by reaction with a dehydrating agent, preferably thionyl chloride or phosphor
pentachioride.

16.  The method of any of Claims 1 - 15 wherein the 3-dimethylaminopropylhalogenide
20 used as alkylation agent in step d) is the chloride, 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.

25 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

30 4-halogen-fluorophenyl, preferably a 4-fluorophenylmagnesiumhalogenide, most preferably
the magnesiumbromide.

20. The method of Claim 1 wherein R' is cyano, the starting material of formula IV is
prepared from the corresponding phthalide compound by reaction with a 4-fluorophenyl-
35 magnesiumhalogenide, the reduction in a) is performed by NaBH, in an alcohol, the ring
closure in b) is effected by an inorganic acid and the alkylation in d) is carried out by use of
dimethylaminopropylchloride in an ether in the presence of lithiumdiisopropylamine
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22. A compound of Formula VI
R1
N
L
P
2
|

F Formula VI

N

10

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

23.  An antidepressant pharmaceutical composition comprising citalopram manufactured

by the process of any of Claims 1 - 20.
15

24. A method for the preparation of citalopram comprising alkylating a compound of
formula VI
R N
| o
S
]
NS

F Formula VI

20 wherein R' is with 3-dimethyl-aminopropylhalogenid in basic conditions in which the
reaction is carried out in an ether, preferably 1,2-dimethoxyethane, THF, diglyme or
diethylether, in the presence of lithiumdiisopropylamine.



