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- ‘WO 01/43525 _ PCT/DKO01/00123
Method for the Preparation of Citalopram

The present invention relates to a method for the preparation of the well-known antidepressant drug

citalopram, 1-{3-(dimethylamino)propyl}-1- (4—ﬂuorophenyl)-l 3-dihydro-5-isobenzofuran-
carbonitrile.

Background of the Invention

Citalopram is a well-known antidepressant drug that has now been on the market for some years and
has the following structure:

It is a selective, centrally acting serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitor,
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 treaﬁnent of dementia and cerebrovascular disorders,
EP-A-474580.

Citalopram was first disclosed in DE 2,657,013, 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.

According to the process described, the corresponding 1-(4-fluorophenyl)-1,3-dihydro-5-
isobenzofurancarbonitrile is reacted with 3- (N, N-dimethylamino)pmpyl-chloride in the presence of
methylsulﬁnyimethlde 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
citalopram wherein a;(4-(cyano, alkyloxycarbonyl or alkylaminocarbonyl)-2-hydroxymethylphenyl-
(4-fluorophenyl)methanol compound is subjected to riﬁg closure. The resulting 5-( alkyloxycarbonyl
or alkylaminocarbony)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran is converted to the comes-



[err] Abstract: The present invention relates to a nmethod for the
preparation of citaloprain conprising reaction a conpound of formula (1)
with a conpound having fornula (11) wherein X is a suitable |eaving group
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L

- CH( OR[ eWP|% 18 Perr]), -C(ORlerr])(OR(err])(ORerr]). - COBRIEMKYI/00123
-CH err][-CONH err], -CH-CHRerr] aBd -CONHR[ err] wherein Pg is a

protection group for an al cohol group.. PS[err] and Pg[err] are protection

gr Oupmﬂmngmaﬂmgvqumﬁ-@hﬁdd@ﬁ%ﬁ[@ﬂﬁaﬁ?k I pgadent |y sel ect ed
y

from ﬂinl‘e‘ﬂ )Egﬂéd” d IIO substituted aryl or .
aral k Foad'p')jg‘ ergéfm%r%aﬂ?ﬂ? ]C’) form a chain of 2 to 4 carbon

at ons, each of Rerr]. Rerr], Rerr], R[err] and Rlerr] are independently

o oy i O P 7

or aral k err]. is rogen or

(ePr )F%éFé‘i"ﬁ“"é“‘ryE“‘aé ﬁgﬁf%@!&bb%éﬂwﬂ@mm«zﬁm :uikylae&wﬁh a@bmpéénd group R
t o f owhich nehybe chyleftod RaBRhaN}akit Qpﬁ@,q,ubsol ation of cital opram base or a
pharmaceutically acceptabl e salt ther eof. 23 Septenber 2004 WO 01/ 43525
PCT/ DKO / 00123 Met hod for the Preparation of Cital opram The present

:a R ;/ :a rtealiolaiontpesetsacarding toaht ifrantibdie paftiwiad Pidvamtagbud REale e M,
(di rred?ﬂﬁi/l am ngs}ﬁ}r# %”‘Ff‘%lﬂ gpé"?%lamﬁ[eaﬁﬁt)m aroiged whergby,a redustiop i ieof ur an 5

c dPbomeunt lqéamgg thde possitde (i additiing thie pRicastiof thednvaftibrr KNOWN

ant i gsslﬂ [o} that has now been on the market for sone years and 10
has the followng.structure: NC It is a selective, centrally acting
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20 | ‘wherein X is a suitable lcaving groupand R is -CPL—O—-Pg, -CH 7-NPg1sz'. -CPIa-'NMePg.,
- -CO-N(CH,), -CH(OR’)(OR’ , -C(OR')(OR*YOR?), -COOR’, -CHz-CO-NHz, -CH=CHR! or
o -CO-NHR",whcrem Pg is a protection group for an alcohol group, Pg; and Pg, are protect:on groups
. for an amino group, R' and R? are independently sclected from alkyl alkenyl alkynyl and optaonally
alkyl substituted aryl or aralkyl groups or R' and R2 together form a chain of 2 to 4 carbon atoms,: | each of

25 R’ R, R®,R®and R are independently sélected from alkyl, alkenyl, alkynyl and optionally a!kyl
subst!tutcd aryl or aralkyl and R® is hydrogen or methyl;



EP- A-474580. 20 Citaloprarin was first disclosed in DE 2,657, 013,
corresponding to US 4,136,193. This patent publication describes the
preparation of cital oprarn by one nmethod and outlines a further nethod

whi ch nmay be used for preparing citalopram 25 Accordi ng #bSemembrr@dess
descri be®oemss2scor r espondi ng |- (4-fluorophenyl)-1, 3-di hyci‘(?f/l?l’(ﬁmo:n

i sobenzofurancarbonitrile is reacted sMth -

3- (NN- -g{j#r net hyl am no) propyl -chl oride in the presence of :

met hyl T A GeReaund akthefonouladensi ng agent. The starting material was
~prepared fromthe corresponding 5-brono derivative by reaction with . .
cuprous cyani de. 30 Internatkqgnalpatent application No. WO 98/019S 1 1-°
di scl oses a -process for the nman cytir & of - ci'tal opram wherein a- (4-(cyano,
al kyl oxycar bonyl or al kyl am nock | )2- hydr oxynet hyl phenyl - ‘ :
(4-f1 uorophenyl ) net hanol conmpountd*i's Stihj eeted to ring cl-osure. The
resulting 5-( al kyl oxycarbonyl or R -
al kyl am nocar bonyl ) - 1- (4- f | uor ophenyl )
converted to the corres 23 Septenber 3§
-pondi ng 5-cyano derivative and the 5-cyax dehjvative is then alkylated with
a (3_ dinethylam no)propyihal ogeni de in Ford(el' to obtain cital opram It.
has now, surprisingly, been found that citalapram my be nmanufactured by a
novel viRyanRaPds LBGRS e .
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followed by removal of the protection group to form the corresponding alcohol of the formula

10

B The alcohol group may then be converted to a feasible leaving group such as halogen or —0-SO;-R°
" wherein R° may be alkyl, or optionally alkyl substituted aryl or aralky, and the resulting compouﬁd
. may-then be

7 a) reacted with dimethylamin or a metal salt thereof to form citalopram,
15 ) b) reacted with methylamin to forma compound of formula (XH) below followed by reductive
amination fo form citalopram, or ' |

¢) reacted Wlth an azide followed by reduction to form the corresponding amino compound of

fqn_mjla .(VD below a_nd thereafier methylation or reductive amination to form citalopram. -

e ’20 ‘"Ina secord embodiment, the compound of formula (I) may-react

) . ‘with a compound of Ifox.mula (i) |
wherein R may be —CO-N(CHj),, followed by reduction of the resulting compound of the formula



15 A first aspect of the present invention provides a nethod for the
preparation of cital opram conprising reaction of a conmpound of fornula (I)
(O with a conpound having the formula X ~/ (H 20 wherein X is a suitable
| eaving group and Ris -CH -OPg, -CH NPg]Pgi, -CH, - NVePiSeptmheaqes) 2,
-CH(OR 5 C(ORAXOR) (OR), -COXX', -CH2-CO- NH2, - ng NM
wher ei n- éﬁl‘?{?a protection group for ,an al cohol group, Pg ﬁﬁé’d?"%}é
protection groups for an am no group, R and Rx are independently sel ected
fromal kyl, al kenyl, alkynyl and optionally al kyl substituted aryl or

aral kyl groups or R an gr forma chain of 2 to 4 carbon atons, ?
each of 25 R6 and R are in epe,den dy selected fromalkyl, al kenyl,

al kynyl and optionally alky ‘ tut ed ary’r or aral kyl and Rg is -
hydrogen or methyl; WD 01143525 t§ 2 cbﬁppound of the formula 3 23
Sept ember -2004° PCT/ DKA /00123 wh' Q RIs as defined above; followed by
conversion of the group Rto a diffe anf nomethyl group and isol ation of
citalopramin the formof the base as a pharmaceutically acceptable salt
5 thereof 1In a first enbodi ment, theé conpound of formula (I) may react.
with a conpound of fornmula (11) wherein R may e CH2-O Pg, wherein Pg may
be a protection group for an al cohol group, followed by renoval of the
. pr ot ettt forin cittlaptpnt 0 form t he correspondi ng al cohol of the formula 10 The
~al cohol group may then be converted to a feaS|bIe | eavi ng group such as

haI ogen or -0-S2-R

- Ina tthd embodlment the compound of formula (I) may react with a compound of formula (E15]

_ 5 wherein R may be -CH,—N(Pg;}(Pgz) where Pg, or Pg, may be protection groups for an ammo group

. and thereafter removal of the protection groups to form a compound of formuta.
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followed by methylation of the free amino group or reductive amination to form citalopram.
10
In a fourth cmbodimcl‘lt, citalopram may be prepared by reaction of a compound of formula (1) with
a compound of formula (IT) wherein R may be —CH(OR")(OR?) or —(OR4)(0R5)(OR6) where R', Rz,. -

: RY, R® and R® may be defined above to form a com[iound of the formula (VIIa) or (VIIb)
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wherein R may be al kyl, or optionally al kyl substituted aryl or aral ky, and
the resulting compound may then be a) reacted with dinethylamn or a netal
salt thereof to formcitalopram '.15- b) reacted with nethylamin to forma
compound of formula (XQ below fol | owed by reductive a’rriZ&e&dptﬁmtteozﬁQﬂr m

ci tal opramvoai/asspsreacted with an azide followed by reductlf@#g s m t he
correspondi ng am no corrpound of formga (VlI) below and a

met hyl ati on or reductive amination to formcitalopramln a second-

enbodi nehereintRIeR’, RIS und RO fmdydreras ldafiddd)abowy f1BAEH b t@ctﬁ)
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PCT/ DKOlih@yR@nind ford citalopednk.al opram I n a thl rd enbodi ment, the compound of
formula (1) may react with a corrpound of formula (I1) wherein R may be

- CH2 N(Ralg i 2_or e protection groups for an am no
group and ?ﬁerea&@%l"g %ﬁfﬁ P'ﬁ@d\:ﬁf tré@FPﬁﬂfWngﬂdafﬁmma)mmound
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r educt I%ﬁlr%%{r]r]la@g%ﬁ‘gg? 0 for mcitalopram 10 In a Tourth e I men

ci tal opra ed by reaction of a conpound of formula (I) with a
conpound of fornmula (11) wherein Rmay be -CHOR )(OR2) or -(OR4)(OR5) (OR)

where R, R2, R4, RS and*Rg_pay be defined above to forma conpound of the
formul a (\/Ia) or (Vilb) NC

vin
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. 3 - .
‘wherein R®>may be as defined above, which may then be converted fo an amide of formula (V) or an

alcohol of formula (IV) which may be converted to citalopram as described above.

. 10: In a sixth embodiment, there may be provided a method for the preparation of citalopram whereina
compound of formula (I) may be reacted with a compound of formula (I} wherein R may be - -
~CH>—CONHj; to form a compound of formula

F

(x)

I

15; which may be treated with hypohalide to form a compound of formula



WO 01/ 43525 PCT/DKO /00123 5 wherein R, R2, R, R5 and R6: may be as

defi ned above, followed by deprotection of the conpound of formula (VHa)
or (VIIb) and consecutively reductive am nation of the resulting al dehyde
with dimethylamin to formcitalopram In a fifth enbodi #3fieptesitenP@dr ar n
may be pyeppussdsby reaction of a conpound of fornula (1) Berbx@ieepsround
of formula (11) wherein R may be -COgR3 and R3 may be as defined above to
forma conpound of the fornula wherein R? may be as defined above, which
may then be converted to an amde of formula (V) or an al cohol of fornula
(1'V)" which may be conver ted ti tal opram as described above. 10 In a sixth
enbodi nent, there may be prgvi dgd a\net hod for the preparation of

cital opram wherein a conpo gt mul a (+) may be reacted with a

py-be BH2- CONH2 to form a conpound of
ith hypohalide to forma conpound of
formula 23 Septenber 2004 - WO (c) Y4355  PCTJDKOL/ 00123 6 (VrJd fol |l owed
by nethylation of the free am no d or reductive amnation to form
citalopram In a seventh enbodi ment;{here may be provided a nethod for the
preparation of citalopramby reactioh of a conmpound of formula (1) - th a
Conmpound of formula (11) wherein R may be -CHf¥HR7 to form a conpound of
formula"Nc wherein R may be as defined above, which rmay be oxidised to

f or t hfcllowedhy methylatior ofitherée drifino group or reductive amination to form citalopram.

! In a seventh e‘mbodlment there may be provided a method for the preparation of citalopram by

~5,‘ reaction of a compound of formula (I) With a“compound of formula (I) wherein R may be -

-CH—CHR7 to form a compound of formula

-—

10
followed by reductive amination with dimethﬁlamin to form citaloprain.
In a eight embodiment, there may be provxded a process for the preparatlon of mtalopram wherein

| the compound of formula (I) may reactwnh a compound of formula (1) wherein R may-be —CHz-

1_5 ‘ Me(Pg;) followed by removal of the prou.ctxon group to form a compound of formula



10 foll owed by. reductive amnation with dinmethylamn to form cital opram
In a eight enbodi nent, there may be provided a process .for the preparation
of cital opramwherein the conpound of fornmula (1) may readwi th a conpound
of formula (I11) wherein R may-be -CH2 Me(Pgi) followed by3Serisiger #04 he
“protecti oW@0B23 0 forma conpound of fornmula WO 01/43525 p-ggkefhigiroer
2004 PCT/DKO /00123 and thereafter nexhylation of the am no group or -
reductive amnation to formcitalopramlIn a-final enbodinent, there nay be
provi ded a nmethod for- the preparation of cital opramwherein the conpound
of fornmula (1) may react' s th_a conpound of formula (11) wherein R may be
-CO NHR$ wherein R$ may be dipgen or nethyl, followed by reduction of
the resulting tonpound of t sherein R$ maybe as defined
above,” to forma conpound of TeFf ei 4R may be, as defined above,
foll owed by nethylation .or reducti i ien to form "cital oprarn_ 23
Sept enber 2004 A second aspect of resent i nventi on provi des an :

- internedi ate having the general fo & wherein Ris Ris -CH2-0Pg, -CHZ
NPglPg2, -CH2-NUePgl, -CO N(CH3)2, =€giH(OR )(OR2), -C(ORAXORS)(OR), - COORS,
-CH2- CO-NH2, -CH CHR7 or -CONHR&,'V\,hrei n Pg i&ma protection group for an
al cohol group, Pgl and Pg2 are protection groups for an- am no group, Rl and
R2 are independently selected from al kyl, alkenyl, alkynyl and optionally
al kyl substituted aryl or aral kyl groups or RL and R2 together forma
chain n atons, .each of R3, R4, R5, R6 and R7 are

i ndepe%’gﬁ%ﬁﬂééﬁ‘g'ﬂcﬁeé’” ﬁ-glﬁ\ai“?'%?lwp,“ﬁdmylﬂ?ﬂmmrk@rfydm citalbpoh.i onal |y al kyl
subst.i u%eigl' Fr%{) dQr aral kyl and R8 is hydrogen or nethyl, and acid

5 Inal embodiment, there'may be provided a method for the preparation of citalopram wherein

| the compound of formula (I) may react with a compound of formula (I) wherein R may be -CO-
" NHR® wherein R® of

Fhe formula

may be hydrogen or methyl, followed by reduction of the resulting compound of

F X1y

10 | wherein R® may be as defined above, to form a compound of formula

- }-- - PPN ——— ,.8,__, . Y ime e . ' ) . - . . . . . . e ey e, .
wherem- R may be as defined above, followed by methylation .or reductive amination to form
citalopram. ' |



;addiztion: sal.ts.thereof .A third aspect.of. the.present.invention.provides-.an, . .

Ji'ntermediate-havirg the foriul a. NC and acid additioen salts thereaof: 23
“Septenber 2004 . 7b A fourth aspect of the present invention provides.an "

“internedi'ate having the forimul a MHz ‘and aci d- addi ti on’ salZ8$eplegben?004except -

the L-tartrate salt. Afifth aspect of the present invention provides an
~intermediate having the fornula .. and acid addition salts thereof. A

~ sixth aspect of the present invention provides an internedi ate having the
formula Nc and acid addition salts t h2r eof , except the hydrochloride salt.
23 Septenber 2004 WD 01/43525 PCT/ DKO1/ 00123 In yet another enbodi ment,
the present invention may relate to an- anti depressant: pharnmaceuti cal '

B R L S R ST s RS

reacted with a conpound ofwjornula (11) is b5.suitably carried out by
treatment of the conpound © | (1) with a base such-as for exanple
LDA ( Lithiundiisopropyl ani nej 8 (hexanet hyl di silasan lithium, NaH
~NaHVDS {( hexanet hyl di sil asan sad and.get-al al koxi des such as NaOwe,
“KOMe, LiOwe, NaQertBu, KOQeriBu and YiQ&tBu in an aprotic organic -
sol vent. such as THE (tettahydrofura{f DM (di et hyl formam de), NWP (N

ni et hyl pyrrolidon), ethers such as | et her or di oxal ane, toluene, 10
benzene, or al kanes and m xtures th .. The anion forned is then reacted
with a conpound of foermula (IL1) whereby a®roup of fornula -CH2-CH,-R i s

i ntroduced into:position 1.of the F .

~ wherein R is R is -CHy-O-Pg, -CH,-NPgPg; , -CH;-NMePg;, -CO-N(CH;),, -CH(OR')OR?), -
-~C(OR*YOR®YOR®), -COOR?, -CH,-CO-NH,, -CH=CHR” or -CO-NHR®,-wherein Pg is a protection group
for an alcohol group, Pg; and Pg, are protection groups fo,r' an amino group, R¥and R> are independently
selected from alkyl, alkenyl, alkynyl and optionally alkyl substituted acyl or aralkyl groups or R! and R?
_ tbgether form a t-:hain of 2 to 4 carbon atoms,‘ea'ch of R%, R*, R®, R® and R’ are independently selected from
alkyl, alkenyl, alkynyl and optionally alkyl substituted aryl or aralkyl and R is hydr-ogen or methyl, and acid-
addition salts thereof. : ' ‘

A third aspect of the present invention provides an intermediate having the formula

and acid adfiifion‘ salts ﬁle;‘eoﬁ '



i sobenzofuranyl ring system Leaving groups X, nmay be a hal ogenide or a
sul phonate. of fornula -O SO2-R wherein Ris alkyl, 15 or optionally alkyl
substituted aryl or aralkyl. Suitably, e is mnet hyI or p-nethyl phenyl. The
substituents R and R2 are preferably al kyl, or aral kyl &3 SRpteanigr B04
together forma chain of 27to 4 carbon atons- Suitably, R and Rt are
identical. 20 The substituents R3, R, RS and R6 are preferably al kyl, or
aralkyl. Suitably, R4, RS'and R6 are _identical. R is preferably. alkyl or
aral kyl . 25 The al cohol protecting grédBp Pg may be a trialkylsilyl group, a
~benzyl group or a tetrahydropyranyl gr oup (FIRP). 30 According to the . :
i nv ed t f rmthe conpound of
for%fd'ﬂ? @&?O%Q%E%%ﬁgﬁ‘&hgﬁ%*’%c@ﬁ%ﬂE)n edear{on%?/%ﬁlg@? %rot ection group
i n-question Thus, where the protecting-group is trialkylsilyl the
proteecting group nay bewde -\- by treatnment w th a base; an organic or

m neral: acid or a flouride J-as\ KF or trial kyl am noflouride. Were Pg is
benzyl, .the protecting gro e renoved by reduction using Pd/C or Pt/C
as a 35 catalyst. 23 Septentfer 2§04-WB.041"43525 PCT/ DKO / 00123 Where Pg i s
a tetrahydropytanyl (THP) group, protecting group nmay be renoved by
treatnent wth an organic or m gé acid, or resins carrying Wgroups
such as Dowex H or Anberlyst. T ohol group in the conmpound of formula
(1V) is converted to a feasible | eaw® ng group such as 5 hal ogen, or a

sul phonate of formula -O SO -R wherekn R is asvndefi ned above, , by reaction
with reagents such as thionyl chloride, rresyl chloride, tosylchloride, etc.
10 T 1 ran d| nmet hyl f or mam de), NWP (N-Et hyl

pyr r%’ﬁ ég%dd l%s#‘ ﬁe’é“ﬁ’ tamteg“' , |

-—

A fifth aspect of the present invention provides an intermediate having the formula

. and acid addition salfs thercof.

A sixth aspect of the present invention provides an intermediate having the formula

and acid addition salts thereof, except the hydrochloride salt.



di et hyl et her, or dioxal ane, toluene, benzene, or al kanes and m xtures

t hereof. The conpound of fornula (I1V) carrying a suitable | eaving group
may al so be converted to cital opram by reaction with dinmethyl amoni un;
chloride in presence of a base. Alternatively, the conpoud$Bepteniter 8004 (1V)

carryi nowe osMdzabl e | eavi ng group, such as a sul phonat e opci/BkoiMI23
-0-S0,-)-e wherein Ris as 15 defi nedgabove, may be reacted wth an azide,

such as sodium azi de, foll'owed by reduction.using Pd/C as a catalyst to
forma conpound of fornmula (VI) and thereafter nethylation or reductive
ami natf ¥t uthes embedimentp theapresemh invertinpona radte o amahtdeptesyant pharmacegtical

- sui tasm&w@mm@pgﬁ@&gmlmgmmaa@fa@medbmﬂmme@ss of thingétiahopr am by reacti on
W th methylanine to forma conmpound of formula (XI1) above, foI | owed by

hyl L T th
I S S U i ) e AR . 1

am de of f-ormula I S conveniently ¢
a Tedusd hgcaayéwt blj treagmenihef lhfem‘rppwwg)f&npbtfﬁdw&m rsesuch aat e et h

di met I f n I\/Hr S L|.
or "N Dfp SR poh Rinit MR G korme it nlp N MARUBA T, ¢ s or ven
such &@wpmﬂéwwww)mm@mdwéamnm KOMe, DiONe; R@eBps wher ei n
Ris AL iohexs q”x . t oget her
W th ﬁ)etgﬁé%t omltéo V\hl’l%#a*ﬁded& e 2@?%%%1" ga? orm §Hahymgwsubst ituted
‘pht hal{imedylfogrmagide), P A-sredulpymolidpn) ethers SlR@asslmdlyByﬁr andiohbane astaseyd Usi ng
COfY € Bk br AR I Lotectd rou

phtﬂyhal i m de br rogpsgﬁa@&ﬁ% Eeﬁcg%/ag?ot%gﬁiég%aﬁ i no ‘Ejﬁb’g 'ng’“‘fq"é'gt ment
with b’(‘z(ﬂgw berebya mlmﬁfmﬂ;nﬁﬁeﬁﬁa-ﬁokmw&méuﬂm;mspmﬁueﬂmeng group i s an

aral kygob‘g&gmpm},ﬁ%@%.benzyl it may be renoved by reduction, typically —
I n presence of” Pd r Pt/C as a catal yst. 35 The sul phonate groups of

formul a - O S02- R maybe renoved by treat ment with Red-Al. 23 Septenber 2004
Leaving groups X, may be a halogenide or a sulphonate of fo:mula -0-SO>-R° wherein R®is alky!
15 oroptionally alkyl substituted aryl or aralkyl ‘Suitably, R® is methyl or p-methylphenyl.

The substituents R’ and R? are preferably alkyl, or aralkyl or R and R together form a chain of 2 to
4 carbon atoms. Suitably, R' and R? are identical.

20 The substituents R?, R?, Rs and R® are preferably alkyl, or aralkyl. Suitably, RY, R.S and R®are
identical.

R’is preferably alkyl or aralkyl.

?S 'I'he alcohol protcctmg group Pgmaybea tnalkylsxlyl group, a benzyl group or a tettahydmpymnyl
group (THP). '

-According to the invention, the alcohol profecting group is removed to forrn the compound of

formula (IV) using conventional methods for removal of thc protection group in question. |

% - -

- - Thus, Where the protectmg ‘group is tnalkylsily] the protecting group may be removed by Ireatmcnt
- with a base, an orgamc or mmmﬂ acid or a flouride such asKF or tnalkylaxmnoﬂomde

Where Pg is benzyl, the protectmg group may be remioved by reductmn using Pd!C or Pth asa
35 catalyst



WD 01/ 43525, 10 PCT/ DKO /00123 The free am no group in the conpound of
formula (VI) may be nethylated with nethylating agents 2u8éptaabdvi2doand
Me2SO4, wherein Me is nethyl. The nmethylation is carried out using

convent i oW 0t/ 43s%cedures’ for carrying out such reactions. 5 jvely,
citalopramis fornmed by reductive am mation. According to trﬁslblgm@téyure,
the conmpound of fornmula (VI) is reacted with conpounds such as

f or mal dehygR®g iPafegh or trioxan in presence of a reducing. agent
such as WﬁEBlM Qr Naa_B@(h,l%f}h}fgg‘eﬁ_)r%%l‘&’chewte&ﬁ%&@Pbﬁmybcreﬁmvcdladr@tmmsi ng
convent I'OhAT OBt erdeResl acigh onrasinscanying B ganipdeuck asbowd kQnfiif,gompound of
formula (Vila) or (Vilb) may suitably be converted to the corregpbndi ng

al dehydphﬁf%halr at meglt8 W th an organic or mneral acid or with resins
carrying gr CUp® & disroyRousd REformnla V) ismenwented st a fedsibld Raving sralb 5iRd as

al dehy dilegay. obe swphwnate bEfbrina a-50,-RPWRELARGEAURkLMSLAT patiaon, 1 e. by
react i maapei ' Janine .in.the presence of a feduclRgadatt such as
st AR Mo e Golciind

NaBH4 or BH3CN. Di etedc-t he reaction in the form of
t he di nct hyl anmoni um chl oride salt The ester derivative of fornmula (Viii)

may be Temssalting dorhgbusidl {s3hARERD: VWil dﬁrﬁ%he;ga?%%gg%%% ¥ alrrgfg{‘% M{’fmfaof ]m;' e

(1'V) by reductian,of the ester usin
cor Eﬁgs g:(')fg? Eﬁ"ﬁ%ﬁ '% Irhitie Ths rercsionris Sal'ég?lb) capyedromtiititan@pro6ié ofghic SSV&k st LD
NH( M) (terahpiraturang), DMF@hR My lforsiabdidy! € nt yseful for conversion
of 2 CoRmRHARL: O df QLA %HEIBX tooﬁéﬁ%’g’mhg?" eﬁ%ﬁﬁﬂf idop) fthers suchaeH| Br 2.
Oxi dat i on “of- \tﬂff}e conpot )i prelianys Jnd ymilures gereo & dTeltompyuddiggat ment  of
t he corfpBwadVFaeatrying§ sigbledeaving grqad hiay a5 cohol , .water,

g @rddP midly a W%ﬁé&gcﬁounﬁg%feal{:mﬁb (%)

a'(:_gt | C dafdt ]%_g,gg,gr . f. Alternatjvely, the conp

ney be tr el(j}{ ed W th °§f>‘<’f‘%§f‘ "?%ﬁe nﬁcg‘éftrﬁel?s% Jeferatively thyiconpomit dlfo@mke@sy KMhOA.
The r e fHOIPERSUAYIA oeviagsionp, aucbasp sulpitnatt of fkiikth 2058, R WhkreGUiohiall v be
cars edefined abyve/ RACH @A tedvlifh an azide, such as sodium azide, followed by reduction using

Pd/C as a catalyst to form a compound of formula (VI) and thereafter methylation or reductive
amination to form Citalopram.

The compound of formula (IV) carrying a suitable leaving group, may also be converted to
citalopram by reaction with methylamine to form a compound of formula (XII) above, followed by
methylation or reductive amination to form Citalopram.

20

The reduction of the amide of formula (V) is conveniently carried out in toluenc using Red-Alasa
reducing agent. '

. _
/25 Suitable groups Pg, and Pg, are aralkyl or -O-SO,-R° groups wherein R’ is as defined above

typically benzy! or tosyl, or Pg, and Pg, together with the N atom to which they are attached form an
optionally substituted phthalimide group.

The protecting groups, Pg, and Pg> may be removed using conventional methods for removal of
30 such protective groups. The phthalimide groups may thus be converted to an amino group by
treatment with hydrazin or methylamine and ethano.

Wh_ere the protecting group is an aralkyl group, such as benzyl, it may be removed by reduction,
typically in presence of Pd/C or Pt/C as a catalyst. ' ' -
35 |

The sulphonate groups of formula -0-80,-R® may be removed by treatment with Red-Al.



.30 dinethylamn in presence of a reducing agent such as NaBH4 or NaBH3CN.

Di net hyl ami ne may be added to the reaction in the formZﬁSentmemle%nmnl um
chloride. The am no group in the conpounds of fornula (X I XI'V) may
be net hwQouéssd th nethyl ating agents such as Mel and Me ,K @23 n Me
is methyl. The rnethylation is carri B4 out using 35 conventional procedures
for carrying out such reactions. 23 Septenber 2004 . WO 01/43525 11

PGT/ Dkt /520 O@M@ ﬁ'ﬁfe'cxﬁh&{mdhhﬁnﬁlm o) %9'39111(‘.91 da TRA) (%?J&ea Qr mJ' a

(XI'1) and (XL.V) reducti ve anlnatlon

hi s ERIAQUFLEN MRS Qe HIeH eyt MeoHa1op s copied puf wing comespien

~ conpo disrbCor eusrying dkbdudR Regetions.par af or mal dehyde or trioxan in presence of
a reducing agent such as NaBH4 or NaEH3CN.: The reductive am nation isS-«
carried out using 5 conventional procedures for carrying out such

r eatt iAltesnativélp, citelaptairan famediby tedurtive sminsteonl Sccaidng teithixbrbedurk/ye r eact i ons

descri | ' may
cast | 7ORRo Y frfbhf (VRN BB POM corBilsshetl3 exaidiHiid, AR ARR %g

mat er itapxapfin pigemes of a(riglucmylwt pich palNeH aer NeBIGON éale mdu@gepammp

4, 136 49340t g BRRETALSobeduMCod BleRAdhl such Feadflons75 ate conpounds. of
fornula (1) are commercially available or may be prepared from
cormmercially available starting materials using conventional techniques.
G @l %&Mnb&nﬁmffdﬂﬂumﬂtormﬁnmhww%dwilig c&rfbsﬁ&iﬂufg&lldﬂlﬁjc t he
race me ar t he active.S-enantio

Ci'Cal O BreRe itam ghehg o mse if bt S5ine HEr Rt Mt SEPPUPOR; n rray

be prepahaumby separation of the optically active isoners by
chr omat ogr aphy.

e

The resulting aldehyde may be converted to citalopram by reductive amination, i.e. by reaction with
15  dimethylamine in the presence of a reducing agent such as NaBH, or NaBH;CN. Dimethylamine

may be added to the reaction in the form of the dimethylammonium chloride salt.

The ester derivative of formula (VIII) may be converted to citalopram via the corresponding alcohol
of formula (IV) by reduction of the ester using Red-Al as a reducing agent or via the corresponding
20 amide of formula (V) by reaction of the ester with NH(Me), or a metal salt thereof.

Suitable, the agént useful for conversion of a compound of formula (IX) to a compound of formula
(VI) is NaOH/Br,.

Oxidation of the comi)ound of formula (X) may be carried out by treatment of the compound with

25 ozone in a polar solvent such as alcohol, water, acetic acid or esters thereof. Altemnatively, the
compound of formula (X) may be freated with oxidation agents such as NalQ,, OsO,/NalO, and
KMnO;.

The reductive amination of a compound of formula (XE) may suitably be carried out by reaction with
.30  dimethylamin in presence of a reducing agent such as NaBH, or NaBH;CN. Dimethylamine may be

added to the reaction in the form of dimethylammonium chloride. »

The amino group in the compounds of formula (XII) and (XIV) may be methylated with methylating .
agents such as Mel and Me,SO;, wherein Me is methyl. The methylation is carried out using

35 conventional procedures for ean'ying out such reactions.



Throughout the, specification and clains, the termalkyl refers to a
branched or unbranched al kyl group having fromone to s#3Septgrphs 2604ns

i nclusive, such as nmethyl, ethyl, | -propyl, 2-propyl, 1- butyl, 2-butyl,
2-met hyl WO pv43s3 , 2, 2-dimethyl - | -ethyl and 2-nethyl -1 -p go ‘ﬁ'i#ﬁlarly,
al kenyl and al kynyl, respectively, dggignate such groups havi V% two to

six carbon atons, including one double bond or triple bond respectively,

Corm arut el e Ry in B Shbounas SLOMRN G XD ot onegiinaat by Lich a5
phenyl '°§W‘d“’ﬁ AHEHgR- | Accoulingrio his proesdirey the bariyohind JH S m%g,pb@(}g i{ efers to
t ronal

aryl - adehgtéd withesripoindy sith A6 i def i ned above, y al kyl
= aléc !%%‘)LeCIF bp%fagérél}ay({ch%ﬁﬁr Hioxpnippreseneg@fa whi ch ray

subst i%&% arl)(l a}Qd

opt i onal 1y 5 {58 o PR Nn Tha cedoetivemminatiokiglcagic@o@Sisiny  Hal 0gen
meafs WRVatignal prosedreron @dping 3& staemBRy, 2004 WO 01/ 43525 FCT/ DKO1/ 00123
12 Cital opram may be used as the free base, in particular the free base in
crystaglline form or as a pharmaceutically acceptable acid addition salt

t her eof™® TREteRFeRdiions, solowmtss etbiied forithh realivds dbRFi BRI S g O

| nor gaohditios fBSsubRYeationt'Sfidn l.ary of such organic salts are those with
mal efic, fumaric, benzoic, @%&&%F%’@E‘?WHW&W@ in the art.

bi snet hyl enesal i cylic, nethanesul fonic, 5 ethanedisul fonic, acetic,

pr &bi die startingmhadrial of fHANILY) kb i.c...l acti.c, malic, mandeli c,
ci nnaqg%ﬁbgd &.r@&gﬁ}oﬁ gs pa_rjt i ?bﬁ&e’%ri & g%)%ﬁgrﬁgt"i' vs pfﬁeﬁ%f‘é?ﬁ’é?%@@ﬁi c,

p- am nobenzor ¢;. glhu %&"‘I t, -benzene sulfonic and theophylline acetic acids,
as well as the’8-hal ot heophyllines, for exanple 8- bronotheophylline.

Exenphae ¥ oSECeE Lc salts.are those with hydrochloric, hydrobromc,
sul furi g °'§'§J°| f arﬁ;}gi,) Hﬁa@gﬁ%ﬁ?‘&mﬁﬁ&ﬁﬁﬁm@e%mm Weppl feomi chradeteiitpn sal t s

of thév%%hlﬁéﬁﬁh‘gmabembgewﬁMnmemmmﬂs known in“the art. The base is
15 _

Citalopram is on the market as an antidepressant drug in the form of the racemate. However, in the

near future th.e active S-enantiomer of citalopram is also going to be introduced to the market

S-citalopram may be prepared by separation of the optically active isomers by chromatography
20 .

Throughout the specification and claims, the term alkyl refers to a branched or unbranched alkyl

group having from one to six carbon atoms inclusive, such as methyi, ethyl, 1-propyl, 2-propyl, 1-
butyl, 2-butyl, 2-methyl-2-propyl, 2,2-dimethyl-1-ethyl and 2-methyl-1-propyl. |

o .. .
_..J.S Similarly, alkenyl and alkynyl, respectively, designate such groups having from two to six carbon
atoms, including one double bond or triple bond respectively,

- ethynyl, propynyl and butynyl.

such as ethenyl, propenyl, butenyl,

The term aryl refers to a mono- or bicyclic carbocyclic aromatic group, such as pheny! and naphthyl
3¢  in particular phenyl. - |

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

Optionally- alkyl substituted aryl and aralkyl refers to aryl and aralkyl groups which may optional ly
35 be substituted with one or more alkyl groups.

"Halogen means chloro, bromo or iodo.



reacted with either the cal cul ated anount of acid in a water m scible .
sol vent, such as acetone or ethanol, with subsequent i s®l3¢ntembesr200he salt
by concentration and cool i ng, or with an excess of the acid in a water

i mi sci bY@ %YP¥ent, such as ethylether, ethyl acetate or diRGHRXGIFRne,

W th the salt 15 separating spont ané%usl y. The pharmaceuti cal conpositions
of th vention nmay. be adm nistered in ar%sttabl e way and in any

suita té opBrHnay b usedagihe Geglrass. 8 particulas gherfese Brssiin crystalling formagrsishes,  powder s
or sy Iphﬁﬁacﬂlhcal@%ceépt&l&dcl&/adﬂiﬁoﬁ B th@EdR R adiPatfition! s, %h%ﬂks%}n?e%% O r

injection. 20 The.p ﬁr rraCﬁgtlcal formul ations of the Invention nay

pr epaPBRFIGPT IOREARIGACGR BaY Hﬁed?cmlww%qrgmmm%mﬂmsewxmmlms may be
pr epamdmhybéﬂzaicmcﬁrhe subdihi¥ oxh i) bR GPlendbiich i AL B uvant s - and/ or
di | M ubse uentlé conpressing the nmixture in a conventional

t abl ef® “g"nsﬁgﬁ‘&‘ﬁn 1c PIERIgR1 '@artsy saligyligyeitmicseligonisi lagn melieommdelie:  Cor n

st ar ckinnmaicasitachnit] Hpartit, &E&Héﬂpalﬂﬁﬁ@ faconiE, V&M A -EmindBerdGic A thilic, | act ose,
gunmns, and th |.I ke wg%@l her adj.uvant or additive, colouflngs,  aromns,

pr esePFIE 'f’é‘“d Ing agege B?‘%Fﬁ‘éé‘ﬂl 3t 8-haletpeontyllinesafuckasipde 8 t h t he
act i vbrdritgh@ﬁhﬁBﬁcSEx latl oPERh irdFgahid]sBIEtaOfSse Wth IRrdRHBRA lving the
active lbﬁgr%?%ent arﬁpﬁgm bl e adgaht lves in ae pa}g}tar O?ﬁ?ﬁehﬁvgrgpﬁégﬁ? for

i nj ectt Bipsphacicapd piricagidsy | adj usting the solution to the desired
volume, 30 sterilising the solutlon and filling it in suitable anpoul es or

vidls. Any suitable additive conventionally used in the art may be added,
such #be sauhaddition salgaufitle: comipeiels A rbup@paredw;ﬂ&h&@n&@wn ff the arl MGe ibRGAL i ON i S

g
furth follo xa | es t enber 2004 WO
01 el AR R i RS sl SR8 AR iR b, S Boktone o -
1- ( 4- FiharalopiHeswpsonuent Sokatibryofithd @hlbemm:ﬁnmnn snd:m)hﬁgq iot with @n éxbe® o thc0. 02

1) | v etnQla mml:,: LDAW tyl. lithi
T)G) Mha(]l_ ?ﬁ?%}ﬁ%ﬁlﬁéﬁsﬁég &9‘@%}@? Eh?l &tzﬁg H.rh!:l'ﬁg Rethand Etﬁ'ﬁ'leysalt thium
15 arating Spontaneously.

The pharmaceutical compositions of the invention 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.
20
" The pharmacentical formulations of the invention may be preparéd 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 maschine.
Examples of adjuvants or dituents comprise: Corn starch, potato starch, talcum, magnesium stearate,

25  gelatine, lactose, gums, and the like. Any othe;' 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 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,
30  sterilising the solution and filling it in suitable ampoules or vials. Any suitable additive

conventionally used in the art may be added, such as tonicity agents, preservatives, antioxidants, etc.

The invention is further iltustrated by the following examples.

- 35



5.2.6 g) at-30 C under an atnosphere of nitrogen. After girri'rI\% at - 30 C
for 10 minutes a solution of the alkyl halide (0.02 rml% SEPImRe| 294m )
was added dropvvi se and allowed to warmto room tenperature and stirred for
a furtherV8®#Hdt es. The reaction was then quenched with PEHPKO®®0K2ACt ed
with toluene (3 x 50 nL), washed withldwater (50 nL) and concentrated under
reducquxaﬁlr?es ure, The residue was purified by chromatography on silica gel
usi ng mx ®%es of n 10 hept ane/ Et QAc as the eluent. The resulting ani-on is
then reacted with a conmpound of forrmula (I1). Exanple 2 Preparation of I
-[(3-b 0X r | 1-1-(4-fluorophenyl)-1, 3-di hydro-5-i sobenzof urancar bon
itril eg{lg"g‘!‘“&“i’%}?ﬁ’?‘?%ﬂ]"%‘:"§‘)‘l=3'&ﬁ‘¥df°’s0m oS carbonitrle (4.8 g, 0,02 mol) in THF .
1- (4- f Kifbmbphenddyd drowisd toydbmtiBir dEITEMRGS WHARS 260D isthl | Gisl2e i 2 ¢
ol § '2'257%'5@3 (ogp nl) was added to a sol ution of LDQ?SEW’%WWI%“'WE (70 -
m.) "at - Pnéemdgpngimgse eefditrogen. nAfterEing anf 8@ PC &irilp mimgesat solotdnC f or
30 m n of the atidyliidiide (0002 HENEYTHISE2D H2YRRE LlYd &b 2 mml) in THE (10
sl e i Mbed @ vl Fogsth, 20

m.) wag_added an Ih&re ulting mxture was allowe war m
t enper el and.stirred &g adysthep 6iminyies, ) Thp ecaptionrwas shenasernsbesteith icat 0 i ce/ H, O

(100 nijtraated wethitslaedeq@ x SWnitl), Vrlshdd i v?fat&?ﬁ_gb) rﬁﬂi:? %lﬁiilgrgpeg%agé‘ﬁn%ere}éé{cg ts fere

washed _w t h O (100 n) and_ brine (100 evapo Silica
gel chPSHE{%S 5%#%?‘?@?3?'5%@ byhrpmatgeraphy on s¥ineedl esingimixtgavef t-he  product as
an i | héptand/RIO AL 89the elubht IR 5Bl i : 1 1 H, ; 2.23
(2H, m); 3.38(2H, dd, J =.5.5 ano‘i‘EI %?'é&@%teg%ﬂg&azﬁ’mgﬁ‘ﬂ%ﬁg‘ﬂ‘%ﬂﬁg d, J
=13.7 Hz); 5,19 (1 H d, J=13.7 Hz); 25 7.15 (2H, t, J = 8.8 Hz); 7.25
(3H, JExanipRZ Hz); 7.32 (2H, m; 7.58 (2H, dd, J = 5.6 and 8.8 Hz); 7.75
(3H, m. Preparation of 1 . ‘
-(4-fluorophenyl)-1-[3-(tetrahydropyranyl oxy)propyl]-1, 3-di hydro-5-i sobenzo

- f ur aPvepsRAidFT H(EbenBflox - to give the titl
compound 8 o e alotHoBAE MR B ESnEES b Hok Faipabouintig®
(111, zn): 1.65 (1H, m; 2.20 (2H, n): 3.30 (1H, m; 3.38 (1H m: 3.55
(1H,  A)spluBorb6E (-Mmumﬁhgﬁuﬂtﬁsfd:ilk.lyhro@q}dbeéoﬂﬁanéérbkniﬁfle &2 83 PbBlyin e (15

d,\]:4&3,(3|—|z), 7.15 H t,
i {40 mL was added to a solution of LDA (12 mmol) in THF (70 mL) at —78 °C under an atmosphere

of nitrogen. After stirring at~78 °C for 30 min, a solution of benzyl-3-bromopropylether (2 mL, 12

mmol) in THF (10 mL) was added and the resulting mixture was allowed to warm to room

20 temperature and stirred for 2 h. Then the mixture was poured into ice/H,O (100 mL) and extracted

with EO (3 x 150 mL). The organic extracts were washed with H,0 (100 mL) and brine (100 mL),

dried and evaporated. Silica gel chromatography (heptane, EtOAc 5:1) of the residue gave the

product as an oil (2.0 g, 60%). '"H NMR (DMSO-d;) & 1.35 (1H, m); 1.45 (1H, m); 2.23 (2H, m);

, 338 (2H, dd, /= 5.5 and 6.6 Hz)); 4.38 (2H, s); 5.14 (1H, d,J=13.7 Hz); 5.19 (1H, d, J = 13.7 Hz):

25 TI5(2H,t,J =88 Hz); 7.25 3H, J = 727 Hz); 7.32 (2H, m); 7.58 (2H, dd, J = 5.6 and 8.8 Hz);
7.75 (3H, m).

Preparation of 1-(4-ﬂuompheny])—l-[3-(tetrahydropyranyloxy)propyl]—l,3-dihydro—5-isobenzo~
furancarbonitrile: |
30

The same procedure was used to give the title compound as an oil (2.0 g, 60%). '"H NMR (DMSO-
dg) 8 1.40 (6H, m); 1.52 (1H, m); 1.65 (1H, m); 2.20 (2H, m); 3.30 (1H, m); 3.38 (1H, m); 3.55 (1H,
m); 3.65 (1H, m); 4.45 (1H, dd); 5.15 (1H,d,7=13.0 Hz);'5.19 (11, 4,/7=13.0Hz); 7.15 2H, t, J

=8.8 Hz); 7.58 (2H, dd, /= 5.7 and 9.0 Hz); 7.75 (1H, d,J = 8.0 Hz); 7.79 (2H, s + d, J = 8.0 Hz).
35 '



); 758 (2H, dd, J =5.7 and 9.0 Hz); 7.75 (1 H d,_J = 8.0 Hz);
s +d, J 8.0 Hz). 35 23 Septenber 2004 V\D 023 Sgpie@mber 2004
/00123 14 Exanpl e 3 Preparation of

= 8.8
7 1,

oVBIERRIP) - 1- (3- hydr oxypr opyI)41 3- di hydr o- 5- i sobeREFMKZMBEBhoni t r

|

0

Hz
21
oL
| u
(i

(
| e:

7.
PCT.
1-

[ ) A solution of
1

9 (
/ DK
4-f

5
4-f ro nyl)-1, 3-di hydro- 5-i sobenzof urancarbonitrile (13.4 g, 60
nnDr) i (450 nL) was added to a solution of LDA (76 mmol) in THE (30
m) '‘at -78 C under an atnnsphere of nitrogen. After stirring at -78. C
for 30 on r.o propox -tert- butyldinethylsilane (16.8
m, 72 PFFRBT“}“"?H ‘t"%‘&’?’ﬁtl o ?ﬁéwl@s-‘m spbengofitancarbanityites

allowed to warmto roomtenperature and stirred for 2 h. Then the i Xt Ur e

was Jpo d into i 00 . and extracted with Et20 (3 x 500 niL
The ‘br G el ofcEl Biorebign ot e s Sibettbireoitnd ﬁém@a@omm )
dried THF @96 p(dl)aiaedddding ol BRkigh 6 IBA fhs ) Fﬂwﬁ rgﬁ%'iﬁ“a ),,and
was added | -MHC (200 nL). The resulting solution was”s irre “T#8om

t enper aFPEBher Pl pitrpgendyfier SHEpgra &8 °C $prl Icming @l solukipn nﬁ(&;grroambmpémmran e,

Et OA ; 10
“HOR S D iRt EHE, 8ol BT [t 94 oo ing B0 Spttng bty )
= 15 63 ta“szp(quqw Jer@emymsism@qmrdma‘mmmmﬁrem(slﬂduddiﬁoiloa/mon)
7 7 (80 rit, ha dfbbilin oG § S0 el g o el kg wit G0 0 7
H br’d, ? SRR faracts Were pashed with B (0071 o
519397 9 mmyi bringA 5, mi)) Bricd) an{g i&p&‘atedznleiigsx&a&aﬁdi.;&fédgn mkiknd] {400%312) £d
a,sol ution
11 (3. b s LRl GAEREP 1pé Rl Sohuin Yes SRR piing o tamscie biadncar bo
-t EI t r ¢vaporated Siljca ] G]Hﬂnﬂbgmlﬂﬂckhkptﬁi&mﬁ&rﬁ?mlﬂ&ﬁesnglﬁ: gavaumt@% plod®iRds) i n- ¢
et hano reactron_m Xture was
refl uxJ'e"d&ﬁ regr_g g“%? ﬁ%&i& QM@? 25 ng{()“? %té@ézn tens-8 Hsdn BH @H. a.0bm
t ﬁriper 6.2 iz Mlﬂgtve;exﬂﬁ)hs (M, Gaf + uyzrﬁhg 1f7|t(l11;1,r@t.1ﬁ ywt@lfngyemgr %ixethfllrld
e res e C omao ra 0 glve | e
product lgc%gﬁa?hvgg I(ﬁt"dfd g(})%'ﬂ%é &%7%2/&‘ D778 @H, brd s = 6. }
_ (DMSO-dg) & 27.4; 37.3; 59.8; 71.0; 90.7; 110.5; 114.8; 115.2; 118.8; 123.2; 125.6; 126.9; 127.1;
132.0; 139.9; 140.6; 149.5: 160.9; 162.0.

20  (ii) To a solution of 1-[(3-benzyloxy)propyl]-1-(4-fluorophenyt)-1,3-dihydro-5-isobenzofurancarbo-
nitrile (1.2 g, 3.1 mmol) and 1,4-cyclohexadiene (5.5 mL, 58.1 mmol) in ethanol (50 mL) was added
Pd/C (4 g, 5%). The reaction mixture was refluxed under a nitrogen atmosphere for 2 days, then
cooled to room temperature and filtered through Celite. The filtrate was evaporated and the residue
was purified by silica gel chromatography to give the title product asan oil (0.75 g, 80%). '"H NMR

25 (CDCL) 3 1.5 (2H, m); 225 (2H, m); 3.5 (2H, t); 5.2 (2H, dd); 7.05 21, t, J = 10.0 Hz), 741 (3H,
m); 7.49 (1H, br s); 7.56 (2H, J= 7.0 Hz).

(ii) To a solution of I-(4-ﬂuorophenyl)—1-[3-(tetrahydropyranyloxy)pmpy!]-l,3—dihydro—5-
isobenzofurancarbonitrile (1.5 g, 4.1 mmol) in methanol was -added catalytic amount of p-
30 toluenesulfonic acid monohydrate (60 mg) and the resulting mixture was stirred at room temperature

for I h and then evaporated. Silica gel chromatography (heptane, EtOAc 5:1) gave the title produci )
(1.0 g, 91%).'H NMR (CDCl;) was identical with that obtained from 1-[(3- benzyloxy)propyl]- -(4-
fiuorophenyl)-1 3-dﬂ1ydro-5-1sobcnzoﬁ1rancarbommle ' )

35



25 (CDC13) S 1.5 (2H, mM; 2.25 (2H, mM; 3.5 (2H, t); 5.2 (2H, dd); 7.05
(2H, t, J =10.0 Hz); 7.41 (3H, m; 7.49 (1H, br s); 7.8%S¢ptember]2002, 0
Hz). (iii) To a solution of
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catal ytic anount of p 30 toluenesulfonic acid nonohydrate (60 ng) and the
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15  Example5

Preparation of 1—(4-ﬂuorophcnyl)—l-[(3-methanesulfony!oxy)propyl]~l,3-dihydro—5—isobenzo
furancarbonitrile:

20 To a solution of l—(4-ﬂuorophcnyl)—1-(3-hydroxypropy])—1,3-dihydro-5-isobcnzo—
furancarbonitrile (14.4 g, 50.0 mmol) in THF (500 mL) at 0-5 °C were added triethylamine (30 mL,
41.8 mmol) and a solution of methanesulfony!? chloride (11.6 mL, 150 mmol) in THF (20 mL). The
resulting mixture was stirred at room temperature overnight, then added toluene (200 mL) and
washed with H,O and saturated agueous NaHCO; solution. Evaporation of the organic phase
25  followed by silica gel chromatography (heptane, EtOAc 3: 1) of the residue gave the title product as
an oil (12.0 g, 64%). 'H NMR (CDCL) & 1.70 (2H, m); 2.25 (2H, m); 2.90 (3H, s); 4.22 (2H, t,J=
7.0 Hz); 5.14 (1H, d, J= 132 Hz); 5.14 (1, d,J=13.2Hz); 7.01 QH,t,J=9.0 Hz); 741 2H, d; J
=9.0 Hz); 7.45 (1H, d, J= 8.0 Hz); 7.52 (1H, s); 7.61 (1H, br 4, J= 8.0 Hz).

30 Example 6

Preparation of 1—[3-(MMdimethy]amino)propyI]—l~(4-ﬂuor0phenyl)-1 »3-dihydro-5-isobenzofuran-
carbonitrile, (Citalopram, Oxalate): | l

35 To a solution of !-(4—ﬂuoropheny1)—1-[(3-p-toluenesulfony]oxy)propyl]-1,3-dihydro—5-isobenzo-



Preparation of
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extra »0-639 m.). The organic extracts were vvashed W th HZQ
and bri ne, and evaporated. The residue was 5 purified by silica gel

chron#égg@?ﬁy (heptane, EtQAc, triethylamne 1:3:49% and crystallised from
aceto e oxal ate salt (0. 12 g, 709 . DSC (open chanber), T = 158. 96,

Tpisa = 162.14.1H NVR (DMBO-d6) S 1 42(1H m: 1.51 (1H m: 2.22 (2H t,

J=8.Q Hz
epal)ahon ot6 l2 [3( gvl_}\f—dlmethylammo)propyl] 1-(4~fiuorophenyl)—1 3-dihydro-5-isobenzo-
fm'ancarbomm]e (Citalopram, Oxalate):

Dimethylamine (18 mL., 100 mmol, 33% in ethanol) was added to a solution of 1-{4-fluorophenyl)-
20 1-[(3-methanesulfonyloxy)propyl}-1,3-dihydro-5-isobenzofurancarbonitrile (1.0 g, 2.7 mmol) in
ethanol (10 mL) and THF (20 mL). The resulting mixture was stirred at room temperature for 1 h
and at 60 °C for 3 h. After cooling, the reaction mixture was evaporated. 1 M NaOH (70 mL) was
added to the residue and extracted with Et;O (100 mL). The organic extract was washed with brine,
dried and evaporated. The residue was filtered through silica gel (EtOAc, heptane, triethylamine
25 75:25:1) and crystallised from acetone as the oxalate salt (0.72 g, 65%).DSC (open chamber), Tone
= 158.56, Tpear = 161.59. The NMR-spectra were identical with those obtained from citalopram.

oxalate prepared in example 6. Anal. (CyH, N0, C,H,0,) caled. C: 63.76; H: 5.59; N: 6.76. Found
C:6357, H: 5.51: N: 6.77.

30 Example 8

Preparation of 1-(4—ﬂuorophenyl)-1 [3-(phﬂ1a11m1dopropy1)]—l 3—dlhydro-5-130benzofmancarbo-
mtnle

35 A solution of 1-(4-ﬂuorophenyl)—1,3-dihydro—5-ispbenzoﬁ1ranca1bonih'ilc (4.4 g, 20 mmol) in THF
(40 mL) was added to a solution of LDA (24 mmol) in THF (70 mL) at —78 °C under an atmosphere



= 8.0 Hz); 5.15 (1H, d, J= 14.0 Hz); 523 (IH -d, J= 14.0 Hz); 7.18 (2H, t,
=06 0 Hz): 7.59 (2H, dd, J=5.0and8. OHz): 7. 74( 1H, d, J=7. 5R8)September 2004

7 9( d J=7.OHz); 7. 80( 1H, brs). 13CNMR 10 (DMBO- d6) 8 19.3; 37.0; 42.3;
56.7, 71. Wo@@ess 110.7; 115.2; 115.3; 118.8; 123. 2 125.8 32.1;
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Example 9

Preparation of I-(3-Azidopr0pyl}-l-{4—-ﬂuoropheny1)—1,3—dihydr0—5—isobenzoﬁ1rancarboniu'ilc:

20 Sodium azide (5.5 g, 80.5 mmol) was added to a solution of l-(4—ﬂuor0phenyl)—I—[(3-methancsu]fo-
nyloxy)propy!]—l,3-dihydrb-5—isobcnzoﬁuancé‘rbonihile (4.0 g, 10.6 mmol) in DMF (160 mL). The
resulting mixture was stirred at 40 °C for 3 h, and then refluxed for 2 h. After cooling the reaction

| mixture was poured into H,O and extracted with Et;O (4 x 200 mL). The organic extracts were
, washed with H,O and brine, dried and evaporated to give the crude product as a brown oil (13 g,
25 45%). '"H NMR (DMSO- dy) § 1.40 (ZH, m); 2.22 (2H, m); 3.30 (2H, t, /= 6. 6 Hz); 5.10 (1H, d, J =

13.7Hz); 5.21 (1H, 4,7 = 13.7 Hz); 7.18 (2H, t, J= 8.5 Hz); 7.59 (2, dd, 7= 5.2 and £.5 Hz); 7.78
(H,s+d,/=8.1 Hz).

Preparation of l-(3-Aminopropyl)—i-(4—ﬂuor0phenyl)-1,3—dihydro—5:-isobenzoﬁ1rancarbonitrile:
30
A mixture of 1-(3-azidopropyl)- 1-(4-fluorophenyl)-1, 3-dihydro-5-isobenzofurancarbo-nitrile (13 g,
4.4 mmol) and palladmm on carbon (0.6 g, 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 (0.8 g,
66%). '"H NMR (DMSO-dg) 5 1.11 (1H, m); 1.22 (1H, m); 2.12 (2H, m); 2.48 (2H, t,J = 7.1 Hz);
35 5.15(1H,d,J= 13.7Hz); 5.19 (1H, d, /= 13.7 Hz); 7.15QH, t, J = 8.9 Hz); 758 (2H,dd, J=52
and 8.5 Hz); 7.72 (1H, d, J= 8.4 Hz); 778 (2H,s +4d,J=8.1 Hz).
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H O and extracted with Et20 (4 x 200 nL). The organit extracts were washed
with H20 and brine, dried and evaporated to give the crude product as a

br bwn Egpmple13 g 25 4599, 'H NVR (DVSO- d6) 8.1.40 (2H, m); 2.22 (2H, m;
3.30 (2H, t, J=6.6 Hz); 5.10 (1H d, J- 13.7 Hz); 5.21 (1H d, J = 13.7

Hz);.7.18 (2H t, J= 8.5 Hz), 759(2H dd, J=5.2 and 8.5 Hz); 7.78
) Preparation of 1-(4- ﬂuorophcnyl)—l-[3—(N-methylammo)propy1] 1,3-dihydro-5-isobenzofurancarbo-

nitrile, Oxalate Salt:

20 The compound was prepared from methylamipe (60 mL, 120 mmol, 2 M solution in THF) using the

method described in example 7. Yield: 760 mg, 36%. 'H NMR (DMSO— ds) & 1.40 (1H, m); 1.41

(1H, m); 2.25 (2H, t); 2.47 (34, s); 2.83 (2H, 1,J = 8.0 Hz); 5.15 (1H, d, /= 13.2 Hz); 5.21 (1H,d,J

=13.2 Hz); 7.18 (2H, t, /= 9.0 Hz); 7.59 (2H, dd, J= 5.6 and 7.5 Hz); 7.73 (1H, d, J = 8.1 Hz); 7.81

(3H, d +s,J=8.1 Hz). I
)5 o

Preparation 1-{3-(N,N-Dimethylamino)propyl]-1 ~(4-fluorophenyl)-1,3-dihydro-5-isobenzo-

furancarbontitrile, (Citalopram, Oxalate):

A solution of 1-{3-(N-methyl-ammonium)propyl}-1-(4-fluoropheny})-1 ,3-dihydro-5-isobenzofuran-
- 30 carbonitrile (0.70 g, 2.24 mmol) and formaldchyde 05 mL, 6.7 nimo!, 37% aqueous solution) in

98% fo:_'m‘ic acid (5 mL) was refluxed for 4 h. After cooling, 4 M HCI (2 mL) was added and the e
resulting mixture was evaporated. 1 M NaOH (50 mL) was added to the residue and extracted with
Et;0 (3 x 100 mL). The organic extract was washed with brine, dried and evaporated. The oxalate ’

. salt was isolated from acetone (0.22 g, 30%). DSC (open chamber), T@ = 157.73, Tpeax = 160.80.
35 The NMR-spectra were identical with those obtained from citalopram. oxalate prepared in example
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15 brine (100 mL), dried and evaporated. Silica gel chromatography (heptane, FtOAc 5:1) of the
residue gave the product as an oil (5.5 g, 86%). '"H NMR (CDCl5) 8 1.52 (1H, m); 1.70 (1H, m); 2.28
(ZH, m); 3. 81 (2H, m); 3.89 (2H, m); 4:835 (1H, t, J = 4.0 Hz); 5.14 (1H,d,J=13.2 Hz); 5.19 (1K, 4,
J=13.2 Hz); 7.04 (2H, t, J = 8.5 Hz); 7.41 (3H, m); 7.49 (1H, s); 7.58 (1H, d,J= 8.0 Hz). ¥C NMR
(CDCl,) 8 27.8; 34.4; 64.2; 70.6; 90.1; 103.2; 111.2: 114.5; 114.8; 117.9; 122.2; 124.5; 126.1; 126.2;
20. 131.2; 138.7; 139.7; 148.5; 159.0.
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r

Preparation of 1-(4-fluorophenyl)-1-(3 -formylethyl)-1,3-dihydro-5-isobenzofurancarbo-nitrile:

3 A  solution of 1-[3-([1,3]dioxolan-2~yl)ethy])—l-(4—ﬂuor0phcnyl)-1,3—dihydro—5-isobenzoﬁ1ran-
25 carbonitrile (5.30 g, 16 mmol) in 30 % aqueous acetic acid (200 mL) was refluxed for 5 h. The
reaction mixture was cooled and extracted with CHCL, (3 x 400 mL). The organic extracts were
dried and evaporated to give the crude product (5.0 g, contained about 8.0 mmol of the preduct as
judged by NMR and HPLC, 50%), which was used in the next step without further purification. '"H
NMR (CDCl;) 3 1.49 (1H, m); 1.61 (1H, m); 2.38 (1H, m); 2.51 (Iﬁ, m); 5.15 (2H, br s); 7.01 (2H,

30 tJ=80Hz); 741 (3H,dd +s,J=56and 8.0 Hz); 7.51 (2H, d, J= 8.0 Hz); 7.61 (2H, d, J = 8.0
Hz).

| Preparation of 1—[3—(MN—dimcﬁ:ylamino)propyl]-1-(4—ﬂuorophenyl)-1,3—dihydro—5-isobenzo- '
furancarbonitrile, (Citalopram, Oxalate):
35



Preparation of

| - (4-f1luorophenyl)-1-[3- (N nethyl ani no) propyl ] - 1, 3- di hyd?$5eptP@beed¥8df ur anc
arbo- nitriie, Oxalate Salt: 20 The conpound was prepared from et hyl am ne
(60 ni, YSOUM3SS 2 M sol ution in TSR% using the nethod dBEEAKIBH0123
exarrple 7. Yi eId 760 ny, 36% QDlvso d6) & 1.40 (111, m; 1.41

(1H, ; 2.83 t, J= 8.0 Hz); 5.15 (1H, d,
J =13 n%f"i!ri'j‘ °Y§‘ mbﬁf!deép o, (14f3m201i|2'fs adgle @a(:gmm of chude 19(3fotaYlethy)}39 ( 2H,

dd J (zi—ﬂu(ﬁolﬂﬂﬂyly 1 S-drﬂﬁim-? is6Berkzdftancbondrike §§ F?:-% I_gx%iau}cd Shou S %imoq or tb]e 8.1

al 1- (N,,N-Di net hyl
o& 4I f |t mgi?ig%@ J #%@E&%éﬁgy@g@mpmd @117, 14 Gintradpfr am
al a T W,
1- [3 (N: : yl - amb*rggl)ﬁ X 'Irhgpeml r?muﬁ u%srsonrﬁg To)omlte'?pﬂ?Wa‘?v t’s@ﬁbnzof u
ran? 3@*’6%#%%-%}% mL) @dmogc (L)W}mdlwasmddvrﬂnﬁmtm ylc)e Thadmesils, phse?

I fV d fl df 4
g § W SR Bth R 11 200 i S ol el b e P64 i seRvEEE. was
evg%ozﬁlile@l gellcmrn@twﬂsro(hmt?nwvﬁwwda%ylmﬁ:hezsmsl)obf&hamé@xtgag&Hﬁdnd 1 fjh
Et lﬂ‘pom ra rine ried an
evaporé}t ed. The ox vz;%gtgo éﬁ&gg’%%@&ﬁ Bor a?*g%‘%%@g?g&ﬁ%b g (QEC“gc a@é")@ DSC
(open EraSPP3, Tpbe=16%34 The NMR-$80trS Pere 3dentited witktasp elthinad A6 Qith IR Cal

Sept erhare AR o1 IS8 MG CRIGRA B0 RS e R SEERE siscrowms oos,

el FD)CC@Q:SGIH 56988 @%. H ‘5.67; N 6.69. Found C. 63.24; H 5.65; N
6.62. Exanple 11 5



Preparation of

1-[3-([1, 3] di oxol an-2-yl)ethyl)-I-(4-fluorophenyl)-1, 3- dPRyPEPEMEe; X8henzo-
furancar b%h 5? A sol ution of

1- (4-f 1 uoropheny 3 1, 3-di hydro- 5-i sobenzofi aancar boni tri | e KCI/BB0gg0128. 7
mol) in 10 THE (40 nL) was added to 4 solution of LDA (24 mmol ) in THE
(100 mM)creApmé8 C under an atnosphere dfnitrogen. After stirring at -78 C
for 30 mn, a solution of 2;2-(2-bronmpethyl)-[1,3]- dioxolane (2.8 nkL, 24
mmol )ain THE (20 nmL) was added and the resulting m xture was allowed to
warmto reo re an rred for 2 h Then the mxture was poured
into i ce/& % %%ﬁﬁ?m g e ?éfd‘f"@ﬂ“’% CORPHEIRGrepdion a30Mpernd of TRuRKDANI. C
extracts were washed with H20 (100 nL) and 15 brine (100 nlL), dried and '
evaporated. Silica gel chromatqgraphy (heptane, EtOAc 5:1) of the residue
gave the product as an oil (5.5 g386%-—\H NW (CDCI3) S 1.52 (1H, m;
1.70 (1H, m; 2.28 (2H, m; 3.81 ;03.89 (2H, m; "4.85 (1H t, J =
4.0 Hz); 5.14 (1H, d,J= 13.2 Hz); 52 (441'd, J= 13.2 Hz); 7.04 (2H, t,
J=8.5 Hz); 7.41 (3H, nm); 7.49 (1H, s); 7358 (1H, d, J= 8.0 Hz). '3C NMR
(CDCI3) 8 27.8; 34.4; 64.2; 70.6; 90.1; 183-; 111.2; 1145; 114.8; 117.9;
122.2; 124.5; 126.1; 126.2; 20. 131.2; N, 139.7; 148.5; 159.0.
Preparati on of
1- (45f1 uorophenyl )-]-(3-fornylethyl)-1,3-di Rydr®- 5-i sobenzof urancarbo-ni tri
| e: Asolutlon of F

I-[3-([1, 3]droxo|an 2- yI)ethyI) 1- (4-fluorophenyl) -1, 3-di hydro-5-i sobenzofu
ran- Z&nqagmyﬁgﬁdﬂ,ﬁm%%e%gnﬂl 16 mol) in 30 %aqueous acetic acid (200 m)
was retluxed for 5 The reaction m xture was cool ed and extracted with
CH2CI 2 (3 x 400 nL). The organic extracts were dried and evaporated to

gi ve the crude product (5.0 g, COW about 8.0 nirol of the product as

j udged by NVMR and HPLC, 509%, whktch S used in the next step w thout
further purification."H NWR (CDC 3) 8 1.49,,51H, m; 1.61 (111, m; 2.38
,(1H, m; 2.51 (Iff, rn); 5.15 (2H, br s); (7 01 (211, 30t J 8.0 Hz);

7.41 (Sheretit s & and He).. 7.51 (211, d, J = 8.0 H); 7.61
(211 ¥ s""%'l’i‘i_lcg Vi B35 10 & 15 b, -Crfy Mg g, “CH,-NMcPg,,

1 ROSNICHeh PR N SRR XORDI), UoooRheoMl-Loi; 5- [:gopenzo-
f u r ANCNHIBNhdrlih By 1&%&@&09 b ey Ll%ct:he)l » LR oL

! 0 group, Pgiand Pg, are protection groups for
an amino group, R'and R? are independently selected from alkyl, alkenyl, alkynyl and optionally

alkyl substituted aryl or aralky! groups or R and R? together form a chain of 2 to 4 carbon atoms,
each of R’, R, R*, R®and R’

are independently selected from alkyl, atkenyl, alkynyl and optionally
15 alkyl substituted aryl or aralkyl and R® is hydrogen or methyl;

o8
S

F

to form a compound of the formula

NC

(1))

wherein R is as deﬁned above; followed by conversion of the group R to form a

20 dimethylaminomethyl group and isolation of citalopram base or a pharmaceutically acceptable salt
thereof.



23 Septenber 2004 WO 01/43525 PCT/ DKOL/ 00123 20 Sodi um cyanobor ohydri de
(0.76 g, 14.4 nmmol) was added to a mixture of crude |- (323 GeptginberBD}- . 1-
(4-f1 uorgphen | )-1, 3-di hydr o- 5-i sohenzof urancarbonitrile (5.0 g, contained
about 8. Qﬁﬁfg the conpound as judged by NVR and HPLC)PCGHARKO01/00123

di met hyl anrnoni um chloride (1.17 g, 22.4 nmol) in et hanol (50. n) at 0-5
C. The requh_]é“3 m xture was stirred at roomtenperature overnight, then 5
added %ol ue ‘Eﬁ?PE?fdﬁlH&’ deigpl-whereip theicpmpaindved Siradla)tisireltté k08 nL). The

aqueomr@baﬁﬁoffwrﬁﬂ RdhelefcR W.€11,-BL %,QTQm %gbl ned organic
extrac‘I ﬁgte dri (ﬂzgal)d eva or at eréﬁggffll ca Hﬁa\r&orr%?grg? f?tane

Et OAc,'°FP ‘3’2150 e fgrmuylhe resi due gave the title corrpound '

whi ch was |soI ated form acetone as the oxalate salt (2.7 g, 82% . DSC (open
chanber), = 159.55, T = 16%:% heNVR-spectra were identical with

t hose obt ai ned from cital opram §| at\g prepared in exanple 6. Anal.
(C28H21N20O, C, H204) calcd. C 63 /5.59; N _6.76. Found C. 63.65;
5:69; N 6.80. 23 Septenber 2004 W 75 ReTDKO /1 00123 21 CLAIMS 1. A
nmet hod for the preparation of cital opr rrprl sing reaction a conmpound of
[ Q& formula (1) wherein Xis a
suitable leaving group and Ris -CHZ- -CH, - NPg, Pg,, -CH, - NMePgx, 10
-CO-N(CH3) 2, -CH(OR XOR), C(CR4)(CRS)(),{N;COCRS, -CH -CO NH,, -CH=CHR7
or -CO F

5 and therca‘ﬁergorivcrsion of the aicoho] group fo a feasible leaving group and reaction of the
mulﬁng_ compound .
a) with dimethylamin or a metal salt thereof to form citalopram,
b) with methylamin followed by reductive amination to form citalopram, ;i)r
¢) with an azide followed by reduction to form the corresponding amino compound and thereafter

10 methylation or reductive amination to form citalopram.
3. The method according to claim 1 wherein the compound of formula (I) is reacted with a
compound of formula (IT) wherein R is -CO-N(CH;)Z followed by reduction of the resulting
compound of the formula

15

to form citalopram.

4. - The method according to claim 1 wherein the compound of formula | (I) 1s reacted vﬁth a

20  compound of formula (1) wherein R is -CH,-N(Pg1)(Pg2) followed by removal of the protectxon

groups to forma compound of formula



NHRB, wherein Pg is a protection group for an al cohol group, Pg, and Pg,
are protection groups for an amino group, R and R2 ar@3§ﬁl@%§@bﬁ!@ﬁ@4y
selected from al kyl, al kenyl, al kynyl and optionally alkyl substituted
aryl or- aMR&PB52§r oups or R and R2 together forma chain (phﬁg&? afsar bon
atons, each of R3, R R5, R6 and R7 2a3e independently sel ecte rom al kyl ,
alkenyl, al kynyl and optionally 15 alkyl substituted aryl or aral kyl and
RS is hydrogen or nethyl; to forma conpound of the fornula NC wherein Ris
as defined above; fol | owed by conversion of the group Rto forma 20

di met hyl am nonet hyl groupeand 4 sol ation of cital opram base or a

phar maceutical |y acceptabl e tRereof 23 Septenber 2004 WO 01/43525 22
PCT/ DKO / 00123 2. The net hod brdi/hg to claim| wherein the conmpound- of
formula (1) is reacted with a~conpgeund~Qf farnmula (I1) wherein Ris
-CH270- Pg fol l owed by renoval of thg_protection group to formthe

" correspondi ng al cohol of the for and thereafter--conversion of the
al cohol group to a feasible |eavirk pup and reaction of the resulting
conpound a) with dinmethylamn or atefal salt thereof to formcital opram
b) with methylamn followed by reducthve am natjon to formcital opram -or
c) with an azide followed by reduction to form the correspondi ng am no
conmpou | ation_or reductive am nation to form

ci tal ogl?d a@h&@%ﬁé%ﬁﬁfvﬁ %’5&%{&?56?%3/ Yigiop 8f e frpumingemuptarotrh eitdoprmaund of
formula (1) is reacted with a conmpound of formula (11) wherein Ris

N( ) 2 Ihgxxg uct on of the resulting conpound of the
fgror?ul g_:H?’ ‘I,'héﬁ ccor%g toc alm wherein a compound of formula (1) is reacted with a

) compound of formula {an wherein R is -CH(OR!)(OR?) or -C(OR*) (ORS )OR®)
of the formula (VIla) or (VIIb)

to forma compound

F (Vi)

(V1Ib)
- I 2

wherein R, R*, R, R®°and R® are as defined above, followed by deprotection of the compound of

(VHa) or (VIIb) and consecutive reductive amination of the resulting aldehyde to form

Y citalopram.

- 10 formuta

6. The method according to claim 1 wherein a compound of formula (1) is reacted with a

compound of formula (IT) wherein R is -COOR? to form a compound of the formula



15 HC Mto formcitaloprarn. 4. . The nmethod according to claim1l wherein
the conpound of formula (1) is reacted with a 20 conpoufédSentembeni®Pd (11) -
wherein Ris -CH2-N(Pgl)(Pg2) followed by renoval of the protection groups
to form¥Of%¥B8nd of fornula 23 Septenber 2004 . WO 01/ 436IPDRM/00123

PCT/ DKO1/ 00123 NH2 (VI) and thereaft24 reductive anmination or nethylation
of the free amno group to formcitalopram 5 5. Tie nmethod according to
claiml1l wherein a conmpougd of fornula (T) is reacted with a conpound of

formula (11) wherein Ris = R) or -C(OCRA)(OR)(OR6) to forma
compound of the formnula (V] (VI‘1 ) NC NC (M 1b) wherein Rl, R2, R4, RS
and R6 are as defi ned above, ed by deprotection of the conpound of

10 formula (M la) or (VIII,) and consecut've fRAductive ani'nation of the

The net hod according to claim
*acted with a conmpound of formula

pound of the fornmul a 23 Sept enber
oV

wherein a conpound of formula (I)
(') wherein Ris -COORS to form a=eg
2004

F

which is converted to an amide of formula (V) followed by reduction to form citalopram, or the
compound of formula (VIII) is reduced to form the corresponding alcohol of formula (TV)

followed by conversion of the glcohol group to feasible leaving group and consecutively
reaction = -~ '

e

5 a) with dimethylamin or a metal salt thereof to form citalopram,

i
Mt

" b) ‘With mietliylamin followed by reductive amination to form citalopram, or

¢)  withan azide followed by reduction to form the corresponding amino ;ompound and thereafter
methylation or reductive amination to form citalopram.

10 7. The method according to claim 1 wherein a compound of formula (I) is reacted with a'
compound of formutla (II) wherein R is —CH,-CONH, to form a compound of formula

NH

(X)

* which is treated with hypohalide to form a compound of formuta

NH,

15




WO 01/ 43525 24 PCT/ DKO /00123 which is converted to an am de of fornmula (V)
followed by reduction to formcital opram or the - conp88fgriembeedidd| a
(M11) is_reduced to formthe correspondi ng al cohol of forrmula (1V)
fol | oned PP ®HEARPr si on of the alcohokggroup to feasibl e | eRcirmKagrooms and
consecutively reaction 5 a) with dimethylamn or a nmetal salt thereof to
form cig.al opt a b) wl thylamn foll owed by reductive am nation to

for m GifoR wed by ﬁﬁhyiﬁ“‘“& ?}'\L/‘kf fipe abing pode oF 8 nivgtianea Gt ctalopant of M ¢ he
correspondi ng am no conmpound and thereafter nethylation or reductive

am nat igon t forﬁhaital ran].lo 7. The method according to claim| wherein
a conmpound of 8§ F‘amt‘io g toglajm 1 whegging qompgundofinfoounlal (Ibfs réatedmlith o H)

wher ei woRpéumd o FdAm@aXdH, wheteih RN G-SIP 'ﬁ%rﬂicoir%(} ich is treated
wi th hypohalide to forma conpound of ?%rnula N ﬁﬁ%%d%ﬁg%b 23 Sept enber
2004 . WD 01143525 PCT/ DKO1/00123 25 followed by nethylation of the free
am no group or reductive amnation to formcitalopram 8. The nethod
according to claiml whereicn alN{Upo nd of fornmula (1) is reacted with a

conpound of forrmula (I1) wher R | O-CH=CHR7 to forma conpound of formula

F Xn

10 . followed by reductive amination to form citalopram.

9. The method according to claim 1 wherein the compound of formula (I) is reacted with a

compound of formula (IT) wherein R is -CH,-Me(Pg,) followed by removal of the protection group
fo form a compound of formula .

i5 o




S NC wherein R7 is as defined above, which is oxidised to forma conpound
of formula Nc 10 . followed by reductive amnation to formcital opram 9.
The nmethod according to claiml wherein the compound of formula (1) is
reacted with a conpound of formula (H) wherein R is - CHZ3\kgrtgmberi2804 owed
by renoval of the protection group to forma conpound of formula . NC 15
23 Sept enber 2004 WD 01/ 43525 PCT/ DKOL/ 00123 26 and thereafter-nethyl ation
of the amino group or reductive amnation to formcital opram 10. - The

net hod aweomdsszg to claiml wherein the conpound of fornulparpilerigaidseact ed
with a conpound of formula.(ll) wheggein Ris -CO NHR& wherem%g I's - .
hydrogen or nethyl, followed by 5 reduction of the resultlng conmpound of -

t he f@ﬂﬁrﬁcmaﬂhem@yhﬂaﬁof&emﬂmd@fﬂuﬁeﬂmhﬁms amintid b ound of - fornu a
10 wherein R8 is as defined above, followed by nethy at| or reductive
am nation to. formcitalopram 11. The nethod accord| ng to claiml| wherein

t he rd8ct i diegiethod acooptintu obino wﬁ&émdw?coﬁﬂphuﬂﬁéﬁfmﬂml ! ﬁ%ggd%flthforrml'a
rom

(rey i res nc se selected f
(.1ithrubdii sgg’rr@gg% %BgN?[ﬁeY Grein iy Q sdvdrogensermdthylhfolloned tya H;

NaBvDsedustiqnind serresubting Mmdaﬁhsfoﬁuum and rret al al koxi des such as NaOwe,
KOMe, LiOwe, NaQertBu, 'KOQertBu.and LiQGertBu_ |2. An internediate
havi ng the general fornula 23 Septenber 2004 :

F anm

wherein R® is as defined above, to form a combound of formula

10 wherein R® is as defined above, followed by methylation or reductive amination to form citaldpm:h.
11.  The method accordmg to claim 1 wherein the reaction of the compound of formula ([) w:th a
compound of formula (II} is carried out in presence of a base selected from LDA
: (lltlumndnsopropylamme) LiHMDS (hexamethyldisilasan lithium), NaH;, NaHMDS

15 (hcxameﬂlyldlsnlasan sodium) and metalalkoxldcs such as NaOMe, KOMe, LiOMe, NaOferiBuy,
KOtertBu a:nd LiOtertBu.

12. '. An intcmlediate having the general formula



WO 01/ 43525 27 PCT/ DKol/ 00123 wherein Ris Ris -CH2-0-Pg, -CHz NPglPg2,
~-CH-NwmePgl, -CONCH3),, -CHOR)(OWN, - C(OR’)(O?S)(O?%??‘BPW;ZOM
-CHZ-CO-NH2, -CH=C} ? or -CO NHR8, wherein Pg is a protection group for an
al cohol - group, Pgl and Pg2 are protection groups for an amino group, R and
"R2 are 5 iwdepgisgent |y selected fromal kyl, al kenyl, al kynyl _and optionally
al kyl substituted aryl or aral kyl gr s or R=d R2 toget hé’r%?ﬁ?lé&é?‘w’di n of
2 to 4 carbon atons, each of R3, R, R6 and R are independently.
selected from al kyl, al kenyl, alkynyl and optionally al kyl substituted aryl
or aralkyl and R8 is hydroget - and acid addition salts thereof
10 i 13. Ari internedi ate having |l a and acid addition salts
“thereof. 15 14, An internedi ate ™ gL formul a 23 Sept enber 2004 WO
01/ 43525 _ PCT/ DKO1/ 00123 28 and acid rtign salts thereof, except the -
L-tartrate 'salt. 15. An internediate h the, fornmula (XO and acid
addition salts thereof 10' 16, An int ate having the fornmula and acid
addition salts thereof , except the hy#§ | oride salt.
)

F

whmein Ris R is -CH,-O-Pg, -CH,-NPgPg; , -CH,-NMePg,, -CO-N(CH),, -CH(OR")(OR?), -
COR’)OR’)(OR?), -COOR’, ~CH,-CO-NH,, -CH=CHR or -CO-NHR®, wherein Pgisa pro;ecﬁon
group fp’r attalcohol group, Pg, 'm_ld Pg, are protection groups for an amino group, R'and R? are
5 independently selected from alkyl, alkenyl, alkynyl and sptionally alkyl substituted aryl or aralkyl
groups or R' and R? together form a chain of 2 to 4 carbon atoms, each of R?, R*, R*, R® and R” are
independently selected from alkyl, alkenyl, glkynyl and optionally alkyl substituted aryl or aralkyl
and R%is hydrogen or methyl, 2nd acid addition salts thereof.

101 13. Anintermediate having the formula

and acid addition salts thereof.

15
14, Anintermediate having the formula



23 Septe__mber 2004

WO 01743525 ' . _ PCT/DK01/00123
’ ' 28

F (Vi)

and acid addition salts ﬁxe'reof; » €Xcept the L-tartrate salt. ‘

15.  Anintermediate having the, formula

!
i

5

xn
and acid addition salts thereof.
100 16. An intermediate having the formula
. St -
N
oan

"and acid addition salts thcrcof » except the hydrochioride salt.





