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{54) Title: STEPWISE ALKYLATION OF 5-SUBSTITUTED l-(4-FLUOROPHENYL)-1,3—DIHYDROISOBENZOFURAN_S

(57) Abstract: Methods for manufacture of citalopram through stepwise alkylation of 5-substituted 1-{4-fluorophenyt}-1,3-dihy-

droisobenzofurans are disclosed.




Stepw se al kyl ati on of 5-substituted

1- (4-fl uofophenyl)-1, 3-di hydr oi sobenzof urans The preseéhBeptevibstdoon rel ates
to a nethod for the preparation of the well-known anti- depressant drug

ci t al opraieno1/4842%- ( di net hyl am no) propyl ] - 1- (4-f | uor ophenyl petfipRexdionsedr o- 5- 5
| sobenzof urancarbonitrile. Background of the Invention Citalopramis a
wel | -knun anti depress rug that has now been on the market for sone 1o
years a%&‘%%e? 3t *ﬂé’s tﬁﬁ3df‘€ﬂ“°f\l@!’?“5flk1a?'@é‘ﬁéﬁ?‘ﬁ%,ﬂz%@m#sal ly
acting serotonin (5-hydroxytryptam ne; 5-HT) reuptake inhibitor, 15
accordingly having anti depressant activities. The anti depressant activity
of the ag'mmmmina@tbeaenlateepm method fostie prepgargidnl dfahe welisknoag antl- Hytt el
Prog. Neuro-Psychophar macol.. .Bi ol Psychi at.. , 6, 277-295 and A
.Gravem 8?%3%@5@ﬂﬁgg?ﬁakp?d%&d[ﬁf%%‘gyffﬁlmfﬁ?@Plbe!*%‘?%er%ﬁ%hha-%@mért her
beensdi sedbesfFutiacabonufbf ects in the treatnment of denmentia and
cerebrovascul ar di sorders, EP-A-474580. 20 Citalopramwas first disclosed
-in DE 2,657,013, corresponding to US 4,136, 193. This patent publication
describ [ ' cital opram by one nethod and outlines a
further%ﬁ% c')lg'deoq\/\ﬁ?g#&r@f/ﬂ e used for preparing citalopram 25 According

to the process described, the correspondi ng .
henyl ) -1, 3-di hydro-5- isobenzofurancarbonitrile is reacted with

1-(4-fluyorop ydr.
3-(N, N g%“ﬁ@!’m &4 Wellknewy antidgpesssan drug thahasioss beenondhe market for some
met hyl s | . l.ng agent. The starting material was

: preggre ro%ﬁ%{ﬂggg(gﬁ%@ggn [ ngc' 5-brono derivative by reaction with
cuprous cyani de. 10 Septenber 2004 WO 01/68629 PCT/ DKOL/ 00159 2

- International patent appli cag%on No. WD 98/ 019511 di scl oses a process for
thé manufacture of cital opr where-ma 4- (cyano, al kyl oxycar bonyl or
al Kyl am nocar bonyl ) - 2- hydr oxy- @

It is a selective, centrélly acting 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 Psychiair. 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 2,657,013, 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.

25 According to the process described, the corresponding 1-(4-fluorophenyi)-1,3-dihydro-5-
isobenzofurancarbonitrile is reacted with 3-(N,N-dimethylamino)propyl-chioride in the
presence of methylsuifinylmethide as condensing agent. The starting material was prepared

from the corresponding 5-bromo derivative by reaction with cuprous cyanide.

CONFIRMATION COm
—



met hyl phenyl - (4-f | uor ophenyl ) net hanoi conpound is subjected to ring
closure. The resulting 5-( al kyl oxycarbonyl or 10 September 2004 ~
al kyl amwooeassbkzsny| ) - 1- (4-f 1 uor ophenyl ) -1, 3- di hydr oi sobereAaimKes0i 39
converted to the correspondi ng 5-cyanopderivative and the 5-cyano

o aer S rel e aptiin s Waohh Liobeit gy dihe st
T e Tl o
. g. ,
e B0 R B B o WS 4T T2 e
react i QfihpdaisEP& o it otverted 1§hd Eﬁi?é%gbﬂdiné 9-@9:1@&&%&Hv9%?& e ﬁéfa%%nt

I nvention, there is provided a nethod for the pfeparation citdl opram
conpr i denyatieaistthemyalkylatedpating (biinichyfainmd)plopyhsieganid? inepdaseobsitCN, OH,
Otriflate halogen, NHRS wherein R5 is hydrogen or Cl1_6 al kyl carbonyl,
CHO, Cdgtﬁg’,l’r%\lHR' wherein R6 and R7 each independently are hydrogen or
Cl 6 alkyl, or Ris a oxazoline-or a thiazoline of the formula R4 wherein
Uis 0 or S 10 Septenber 2004 WO 01/68629 PCT/DKO1/00159 3 R - R2 are
each i Adkgsaeare suipyisinghs deer fqund thatwitalogeam any beimynuiagtyrpd by @moRel and R2

t th f C2 5.al k .chaj by f ' Spi i-ng: . R3 i
o eet davauraiP abreSy Rhe - SRl T Hibfphe AT fupRohdofth il
al kyl , @rivatiseaby epvibe é_Hdiﬁox%ﬂﬁH_B&ﬂfneﬂfy%ﬂinoﬁﬂ%ﬁ?B&H&hﬁ Oﬁﬁfonﬁi%(,%d R4 .
together forma C2-; alkylene chain thereby formng a Spiro ring; 5 with

r eage H@P@méwolp@p@iamrﬁgf the subsbimpant imihei S pesHiass saif substituent is converted
3-(N Nﬂo?%h%%ﬁbo gt'aoguﬂgylle time in the reaction sequence.

Summary of the invention

In an aspect of the present invention, there is provided a method for the preparation of

. citalopram, comprising reacting a compound of formula I

wherein R represents CN, OH, O-triflate, halogen, NHR’ wherein R? is hydrogen or Cy.
alkylcarbonyl, CHO, CO,R®, CONHR’ wherein R® and R” each independently are hydrogen or C; ¢

alkyl, or R is a oxazoline or a thiazoline of the formuia

R4

R3
N
o LY

wherein Uis Oor S;




substituent. Optionally, if Ris not CN, it is converted into a CN group at
a suitable tine in the reaction sequence. One enbodi neBtptemper@o0pri se of

the addwig@pseh @ C1 chain: 10 This reaction may conprigserskeifigsd ol | ow ng
subsequent steps, sonme of which may be perfornmed together and the order of

whi ch may be changed in ways known to%hose skilled in the art: a)

addi ti dR' oR? ar&achhadapeﬁdenagdeﬂaaem frofn ydogencindi ()., AN Chr R San@R 0BGty
acti vat rcéo step c) or includes 15 sinultaneous addl t | on of

NVE2 or °5‘Pé’c§? ga aip thereby rming, 2 SPIraNBE; lﬁaﬁeé?ﬁ!ﬁdsﬁpmt

(optio 1 to a
5- cyang@ggr %lu h UR 2%%@%& i,,ﬁé}%, Fllé?%ﬁ! O@k&%%fﬂg%&%&u %g’;%bg% %%BBI n one
pr ef er rthdreﬁlrbpmm’emﬁ Riftogdtkerdbaw e Ca1; Iaﬁcyﬂmﬂelohmmrtbemb)eﬁsmﬂﬁg/a Bsirqeng;or med: a)
addi_tion_ of the CI Eal n-b) additign of C2 chain and o

di mét hyVHHieAwns dhrisby himne af?)ep&’)seé@ﬂl%’t‘fféli'ﬂ3 @?NWP%{EXI?IB‘HO)FIEWI (one- pot

pr oces ssubdtitenh) )Qptiehal yOIFRI iOARION, 488 dondérleiiMg a ONEr&MRS h kiitdbRAimeR t0 a
5- cyano- %FOU’EHVD 01/68629 4 NC 3) R conversion to CN NMe2 R NMe2 The Wttig

reacti off "I*SRHFTIER Y he art and conprises an ylide derivative of suitable

. ~ One embodiment may comprise of the addition of a C-1 éilain:
‘, 10
This reaction may comprise of the following subsequent steps, some of which may be performed
togetﬁer and the order of which may be changed in ways known to those skilled in the art:
a) addition of a C-1 chain
b) addition of a C-2-chain, which is optionally activated with regard to step c) or includes
15 simultaneous addition of NMe; or precursor fhereof
c} addition 6f NMe; or precursor thereof.
d) (optional) adjusting of oxidation level
e) (optional) conversion of Rto a 5-c3;ano—group
f) (optional) conversion of NMe,-precursor to NMe,.
20

In one preferred embodiment of the above, the following steps may be performed:

a) addition of the C-1 chain
b) addition of C-2 chain and of dimethylamino-substituent
25 ¢) adjustment of oxidation level (one-pot process with b))
) (optional)“derivatising the substitutent R to a 5-cyano-group



structure - in the present invention an ylide such asPh3P=CH CH2NMe2. The
product of this reaction contains a double bond whicl) §&ptepbsreds4 by
met hodswkrtaisee2bn the art. 5 Anot her enbodi nent may rel at pcT@Koneomsel | ow ng

st eps:

a) addition of the G1 b) Gigpard reaction c) elinmnation and

reduction 10 d) {basptlonal) conversion of Rto 5-cyano-group F Nwve2 1)

WttigR
reductio
group perfor
Gignard re
~al cohol, whi

b 2) HCO2R- R

1on Q 2 reductjlgﬁ %I ~ZNVe2-®l i nation  NM and
zo(m @ godi aoCIhe addition of the G 1
d PMEonveati-gnaP 2metdieds, whi ch 0t owed by a

hon. The prodict fromthe Gignard reaction is a secondary
Masequent reduction 1) base

r DF 10 Sept eyber 2004 PCT/ DKO1/ 00¥59 of the resulting

doubl e bond. Reduction of the double bond is performed by standard
met hods. 10 Sept enber 2004

10

15-

NC

3) R conversion to CN

(L
NMe,

The Wittig reaction is known in the art and comprises an ylide derivative of suitable

structure - in the present invention an ylide such asPh;P=CH-CH;NMe;. The product of this

~ reaction contains a double bond which is reduced by methods known in the art. )

Another embodiment may relate to the following steps:

~a) addition of the C-1

b) Grignard reaction
c) elimihation and reduction

d) (optional) conversion of R to 5-cyano-group

1)base

R
O o 2HCOR R
or DMF

elimination
and reduction
Me, ——

Yet another embodiment may félate to the.addition of the C-1 group performed by conventional
methods, which may be followed by a Grignard reaction. The product from the Grignard

reaction is a secondary alcohol, which is subjected to elimination and subsequent reduction
of the resuiting double bond. Reductio‘h of the double bond is performed by standard
methods. |



WO 01/ 68629 PCT/ DKOL/ 00159 Still another enbodinment may relate to reacting
the compound of formula | as above by addition of a 1D 2emtiaber.2004 may

conpri sg,, .of foll owi ng steps sonme of which nay be per ther: 5
a) addi t"°ocH’e ‘%5%0- 2-chain b) addition of G-1 which is Optﬂ;‘g’?{g?ﬁyﬁ"g tivated

with regard to step ¢c) c¢) addition of NMe2 or a precursor for this group.
d) optionally adjusting oxidation |levél; e) -(optional) derivatising Rto
5-cyano-substituent 10 In one preferred enbodinment, the foll owi ng steps may
be per f gfingsbihdNMaBodin & M4 kdaton rta@ﬁ@kh&lﬁ‘orhikhad dornlahtabéve bpraedlﬁm &k

mbodi nent, the foll st f 3Si H duction Z
D G DD it TN PR the OGPy UG At OO e RKE562 6 vet

anot her enbodi nent, the follow ng reactions may be perforned 10 Sept enber

2004
5 =a) addition of C-2-chain

b) addition of C-1 which is optionally activated with regard to step c)
¢) addition of NMe; or a precursor for this group.
d) optionally adjusting oxidation level; |
€) (optional) derivatising R to 5-cyano substituent
10

In one preferred embodiment, the following steps may be performed:

1)base
—— ——
3) hydrolysis 0 ©
F
R  NC
@ 0 R conversion to CN O 0
NMe, NMe,
[ :
15  Inanother preferred embodiment, the following steps may be performed
: ‘ R
0 X(CHay R O MONorchNo. O o reduction
— 0 > . —_—
O Z =-CH,NO,, -CN

F

NC
R to CN conversion
——




PCT/ DKO / 00159 Me2NCN Oal kyl NMe% Reduction of the nitro group can be
performed by nethods known in the art. One preferred 1078¢1€8bdro.0612 in the
presenceWst olR$6ID. - MCN represents netal cyani de such as NFOU/DREEIZn( CN) 2
or CuCN. Methylation of the am no groupgcan be performed by inter alia CH3I

or by reductiye amnatio f. faormal dehyde. Preferred reductive conpounds
are NaBI—&u %ﬁ@ﬂgggm hq&?fdﬂ%?grég%e%%mor bepeeomiedsent invention, there is
provi dedga cital opram prepared according to the [

above aspen & Det ai | edmgescri pti. fot he i nve t

starting nmaterg %r neybe prepared a ﬂi@%ﬁf‘%m
YAD 981019511, The Airst gaddltlon step

No. 4.136.193 i as described

where the co d of fornul Is reacted with a Gl llor G2 reag t, is

sui tably cars ¥t ie it 'of the conpoulid .o formula:(]).with °*
i ne), .iHVDS ~ NaH bS;

a~ase' such as #or exanpl eLDAL(, (ithiundiisopivpyla
and- Na in an aprotic organic.sol ventsuch as"THF
(tetrahydr ),.-blVFé I met hef o ' , . (N-net hyl pyrrolidon), ’
et hers sucheas-di hy\iwafdew e8¢ @ t ol uene benzene; -or  al kanes
and m xtures t reof fol |l owed by :additifoA o f"H&C— . or G2 reagent. -As

used herein, - | (G 2) reagent’ teagent which 'in a cheniical

. [ yable of adding 'a CG1 k(& 2) fragment to a nol ecule. 10

Sept enber 2004F WO 01/ 68629 PCT/DKO /00159 7 Reductions can be perforned

by the nmethods known in the art. The nmethods for converting the group R

into a cyano substituent can be any of the follow ng nethods:

Reduction of the nitro group can be performed by methods known in the art. One preferred
method is H; in the presence of Pd/C. C \'-:;

"MCN represents metal cyanide such as NaCN, KCN, Zn(CN), or CuCN ]

Methylation of the amino group can be performed by infer alia CH;1 or by reductive
amination of formaldehyde. Prefei‘f_éd reductive compounds are NaBH; or NaCNBHa.

In another aspect of the present invention, there is provided a citalopram prepared according to the

method as defined in the above aspect and embodiments.

Detailed description of the imrention:

“The starting material of fonﬁula-(l) may be prepared as described in US patent No.
4.136.193 or as described in WO 98/019511.

The first addmon step where the compound of formula Iis reacted with a C- lor C—
reagent, 1s sultably carhed out by treatment of the compound offormula (1) Wlth aubase such '
. as for cxample LDA ( ilﬂuumdusopmpylamme) LLHMDS JNaH, N JHMDS, and NaOMe in
- an aprotlc o’r:gamo solvent such as THF (tetrahydroﬁlrane) DMF (dlmethylfonnamlde)

NMP (N-methylpynohdon) ethers such as dxethylether or droxalane toluene benzene or
 afkanes and nruxturec thereof followed by addltion of theC—I or C—2 reagent

As used herein, 2 “C-1 (C-2) 're‘a'gent‘l isa reegent which in a chemical reaction is capable of
- adding a C-1 (C-2) fragment to a molecule.



5 (1) Ris Otriflates or hal ogen When Ris halogen or Otriflates of the
formila CF3-(CF2).-S2- wherein n is an integer in theSegagbe@®4 i ncl .,

t he conv ' 0 a cyano group nmay be carried out by rea a 10
cyani de %b'@@é% or exanple KCN, NaCN, CuCN, Zn(CN)2 or (%#W@\Eere
(R$)4 indicates four groups which may be the sanme or different and are

sel ect e iRy HhlbroRtEd b n@rgago&shaio%%tm afched CL alkyl, in_the

presence of a palladi'um catalyst an catal ytic amount of Cu{ or Zn2+, or
with Zn(CN)2 in the presence a palladiumcatalyst. 15 The cyani de source is

used in sto metric.a un excess efera val ents
o usedtlsmotath PR FEETE Ryt e Ry any R iRetelg o any aF ol e
(Bu) 4N+ methbhe cyani de conpound is preferably NaCN or KCN or Zn(CN)2. The
:pal | adi um cat al yst nay be any suitable Pd(0) or Pd(11) containing catalyst,
such Jas 20 Pd(PPh3)4 Pd2(dba)3, Pd(PPh)2C 2, etc. The Pd catal yst is
‘convenl lﬁ%@% ynt of 1-10, preferably 2-6, nost preferably
»about 4 fso m)unts of Cu* and Zn2+, respectively, neans
subst oi chi onetric armunts such as 0.1 - 5, preferably 1 - 3 eq. %relative

to reactants. _Conveni entlémﬁabout "[2 eq. 1s used per eq.. 25 Pd., Any
conveni efen Guisdilegen o O- t%rpfr%h?fq;@%%s-(%lnﬁ zqo\fﬂéqr@mabwmt@aem t he

for M of i lraidRh-ENik1, 'ﬁe“c@ﬂb’&ﬁbﬁ%ﬂ#&%ﬁ% ﬁﬁmy e G eﬁgjufea WieRidRal S Br

|, the coriVersion to a cyano grou ty reaction
Wi t hio Cudyahidenéduhay tfor akahylist KCNp réaw,eCaCNecZn{@baﬁmmﬁ }NCDe wheret @D i s

f d .at el ted 3 t th h t
the 1 eadfiBa &?ég%ggrgw sBichIG oF 817 S G ACER R Hpesrlecard P’g'rl pragen
(R9) 4W 6q, sl tgdh i Bfafcid | ¢ A9V PSn ?ﬂe bitRert df! hiepﬁﬁad g%?gﬁ& er

f:orhm an ring Is the counterion. In one enbodi nent I nventi on,
( R9) 4N )(:ataiym@&am of\Oud bt BaH26r With Zn(CN), in the presence a palladmm cataiyst

15 The cyanide source is used in a stoichiomeiric amount or in excess, preferably 1-2
equivalents are used pr. equivalent starting material. R®)N* may conveniently be (Bu),N" .
The cyanide compound is preferably NaCN or KCN or Za(CN),.

The palladium catalyst may be any suitable Pd(0) or Pd(I) containing catalyst, such as
20  Pd(PPhs)s4, Pdy(dba)s, PA(PPh),Cl,, etc. The Pd catalyst is conveniently used in an amount of

1-10, preferably 2-6, most preferably about 4-5 mol%.

Catalytic amounts of Cu* and Zn?*, respectively, means substoichiometric amounts such as

RS

0.1 - 5, preferably 1 - 3 eg. % relative to reactants. Conveniently, about % eq. is used per eq.
25  Pd. Any convenient source of Cu” and Zn™" may be used. Cu" is preferably used in the form
" of Cul and Zn®" is conveniently used as the Zn(CN); salt.

When R is Br or I, the conversion to a cyano group also may be carried out by reaction with
Cu(CN) without catalyst. In a preferred embodiment, the reaction is performed at elevated
30 temperature.

In another aspect of the invention, the reaction is performed in an ionic liquid of the general
formula (R%),N*, X, wherein R® are alkyl-groups or two of the R’ groups together form an

ning and X is the counterion. In one embodiment of the mvention, R)NX represents



10 Septenber 2004 PCT/DKO1/ 00159 In another particul ar aspect, the
reaction is conducted wth apol ar solvents such as beh28agembaryli@ne or

mesityl

1000TH b

wi t hout

06 %1%2 nder the inf! uence of m crowaves by _usi ngpd;r/ﬁ]{oﬁgmsmewave
y Igro abo. In a particular aspect, the reaction is perforned

added sol vent. 5 The terrperaturse ranges -ar e-dependent -upon t he

reaction type. I&nno catalyst is present, preferred tenperatures are in
t he range of 100,{,2?)0 C. However, when the reaction is conducted under the
r

i nfl uence of m
t.o above 300 C. y

The 1o

preferred tenperature ranges are between 120-170 C
Wewg.red range is 130-150 C. If a catalyst is present, the

preferred tenperature range is between 0 and 100 C. Mire preferred are
tenperature ranges of 40-90 C. Most preferred tenperature ranges are

bet ween

18Gm8fhefpartibule¥ fxpect] tia ¢édction ¢eudidutted svithspblae solvensisoch avteenzene,

ﬂg)maves, the tenperature in the reaction m xture may raise
re

conventional conditions for_ such reactions, and Sn%;geasi_l y.be determ ned by

a per sorKydeie rauesitylenp andppder fecintipencs of migiowgye

e o WO Re bR B PPty ook gt tirkPaRo TG ERORRL, o

grougs which may be the sanme of different and are selected from hydrogen

and strai.ght chain or branched Cl1 alkyl, in the presence_ of .a nickel

cat al ystTheTlempatasie rangss areylependent BROTEHG reagHem BiPs- MneGRIayst i RIFst
ey R ERTR S e e e or O 200 G oeP P ol e

atal ysts an

anount ahis€ud asaveA9P{C. Bore preferred temperature ranges are between 120-170 °C.

10

15

20

25

30

most preferred range is 130-150 °C.

If a catalyst is present, the preferred temperature range is between _0 and 100 °C. More
preferred are temperature ranges of 40-90 °C. Most preferred temperature ranges are

between 60-90 °C,

Other reaction conditions, solvents, etc. are conventional conditions for such reactions and

may easily be determined by 2 person skilled m the art.

When R is Cl or Br, the conversion to a cyano group may also be carried out by reaction
with a cyanide source, for example KCN, NaCN, CuCN, Zi(CN): or RHN)CN where
(R®)4 indicates four groups which may be the same of different and are selected from

hydrogen and straight chain or branched Cy.¢ alkyl, in the presence of a nickel catalyst.

The nickel catalyst may be any suitable Ni(0) or Ni(Il) containing complex which acts as a

- catalyst, such as Ni(PPhs);, (n-aryl)-Ni(PPh;):Cl, etc. The nikkel catalysts and their

preparation are described in WO 96/11906, EP-A-613720 or EP-A-384392.

In one embodiment of the invention, the reaction is carried out in the presence of a catalytic

amount of Cu* or Zn?*.

eir preparation are

‘descri bednifict¥udi HERBuedeR-ofrfiédiiites) théRnfyeBitdid 92 thel reactivm raixhodinmmnt  of

~the invention, the reaction is carried out in the presence of a c,ﬁ}alyticf
c s

SIEG A6 IYAYS a cyano

D



< The reactiions

10 Septenber 2004 WO 01/68629 PCTI DKO1100159 9 In a particularly
prefeérred enbodi nent, a nickel (0) conplex is preparedl® Seseimberndioar e t he

cyanat i qggro?@@%%’on by reduction of a nickel (I1) precursorpwbl%ﬁléyi Cl2 or

Ni Br2 by such as zinc, nmagnesi um or mangan in the presence of
excess. of.- conpl ex }igands, - preferably®triphenyl phosphin. | 5 The

Ni - cat aly §tparfoufARY BRI ¥mbsBhent) a3Rck@NOY BémBlex Qs Prebiredhii GtR MRk tRe 6.
most preferably dbout 4-5 nol% Catal ytic anmounts of Cu+ and Zn2+,

r espect cyasiajion meachion dytreduntioniod matekel(11) pragnrser surbrasNiCligr MiBr: by 8 metal,
preferably 1 - .3 eq. % .Any conveni ent, sourc f + and.Zn2+.may. be, used.
Gis 1o AP g Hiegtes iy e SRIER OF 11 R od o ¥ ee B AR it a "o
t he Zn(@k@f&raaglﬁ-ipﬁénylﬁmjspﬁd_in situ by reduction of a Ni kkel (11) conpounds
using zinc. The Ni catalysts are i.e. Ni (0), Pd(0) or Pd(l) catalysts as
descti bed by Sakakibara et. al. in 15 Bull. Chem Soc. Jpn. 1988, 61,

1985-19 r r; ' )k P ¥ 2C 2.
ST AN G s RBEISHS 210 UEERR) S, Mo UL
Sakaki babeutet-5nwl%. in Bull. Chem Soc. Jpn. 1988, 61, 1985-1990,.
Preferred solvents are acetonitril, 20 ethylacetat, TB F, DMF or NMP. Ris

a oxazoline or thiazol | ne. y\hen R is an oxazoline or a thiazoline of the
for mul B4R} AnoI€bEER" bhd ¥n®, Wsptively, means substoichiometric amounts such as

10 0.1 -5, preferably 1 - 3 eq. %. Any convenient source of Cu* and Zn®* may be used. Cu" is
preferably used in the form of Cul and Zn®* is conveniently used as the Zn(CN); salt or
formed in situ by reduction of a Nikkel (IT) compounds using zinc.

The Ni catalysts are i.e. Ni (0), Pd(0) or Pd(II) catatysts as described by Sakakibara et. al. in
15 Bull. Chem. Soc. Jpn.1988, 61, 1985-1990. Preferred catalysts are Ni(PPh3); or Pd(PPhs)s, or
PA(PPh),Cl,. |

The reactions may be performed in aﬁy convenient solvent as described in Sakakibara et. al.
in Bull Chem. Soc. Jpn. 1988, 61, 1985-1990,. Preferred solvents are acetonitril,
20  ethylacetat, THF, DMF or NMP.

R 1s a oxazoline or thiazoline.

When R is an oxazoline or a thiazoline of the formula

R4
R
N

R2
26
wherein Uis O or S;
R! —R* are each independently selected from hydrogen and Cy.6 alkyl, or R* and R? together
form a C, 5 alkylene chain thereby forming a spiro ring; R! is selected from hydrogen and
Ci alkyl, R?is selected from hydrogen, C,. alkyl, a carboxy group or a precursor group '
30 therefore, or R! and R? together form a Cy_5 alkylene chain thereby forming a spiro ring; the

conversion to a cyano group may be carried out by dehydration or altematively where U is



Rl - R4 are each independently selected from hydrogen and Cl1.6 al kyl, or R3
and R4 together forma C2_5 al kylene chain thereby fodBeptgmber3oso ring;

Rl is sey8®lisgkbr om hydrogen and C 1 -6 alkyl, R2 is selgel/Boféd1®
hydrogen, C 1 -6 al kyl, a carboxy gr ouE%or a precursor group 30 therefore,

or RL and R2 together forma C2.5 al kylf'ene chain thereby formng a Spiro
ring; t S theomlyrdeovage of ahe yamolige aing omredimentwithea ragkidal hyitidRy slioht 20n  or
alternatively where Uis 10 Septenber 2004 WD 01/68629 PCT/ DKO1/ 00159 10
S, ther P&F9 ec‘i’re‘é{gﬁé‘éhbf the thiazoline ring or treatnent with a radical
initiator, such as peroxide or with Iight. The dehydrati on agent nmay be
any suitable dehydration agent conventionally used in the art, 5 such as
phosphoilbeyiehydration agknt ntalyiberaply shitablé dehydphiospigontpenvetioheliy ded iPPie art,

(pol yphaosphoric acj d), and P40l1a. The, reacijon may .,be carried outf in e
preséncé¥yt aff o?c'b%hp‘émﬁgg& oufieh @OB?FM& ,tffl’tc’@?}f?é?ff%%%“‘{%e pb
dehydr a%&?pﬁ&?ﬁbﬁ@%id@%né POl "MeSeadtRAIRAY bel calried okOIPRISSke b E R s 10
formed by rfeaction of a chlorinating agent, preferably an acid chloride,
e.g. phesgmirbassxaioplas piitidinede, thionyl chloride, phosphoroxychl ori de,
phosphor pentachl oride, trichloromethyl chloroformate, also briefly
referred to as "di phosgene”, or bis(trich)oronethyl) carbonate, also

bri ef | y Aleheitivel, tige dchydtation f&%&ﬂfiﬂ@' be WiVilkneeidrarededt \i.e. ﬁ'ﬁoﬂ?oﬁﬂ@ WHéh is

N, N-di net hyl formam de or a N, N-di allrylal kanam de, e.g N, N 15 .

di @ hy Ifeeaada hy geactionc ph g sthdorifiafingmgent, peefgeahly a8 aci chloride, e.g. phosgene,

chl orom engadi hy Lii: Qi Ni .chl ori . i iS -
pref er gtt(;) %r e%glrn[eigé’i nltHslﬁ)ﬂ by ala(ggl]ngﬁ%ﬁs@hg%g‘g?]f\{géﬁﬁgsﬁ%%gﬁﬁ’%ﬁ%c%lﬁ%d% ure
cont ai nittighloteeettiyr t thlgrododiatd,i Nds®r bridflgz okdfareediens valsi vediphekgehe, tegit i ary -
am de. 20 Wien Uis S and the conversion of the thiazoline group into the o
cyan gr Sisétrichloremethyly carpenats alsor hefy rpferted {0 a5 etriphesasre”s dekl o satianyon of -
t he thi | ne,.l efegat, | u i.n A anj hyent,
rore. pr aFlee pFudts B CREEBu SO0 for o ROCANIERMERIATILE SRV
15  dimethylacetamide. A classic Vilsmeyer reagent is the chloromethylenedimethyliminium
chioride. The Vilsmeier reagent is preferably prepared in situ by adding the chlorinating
agent to a mixture containing the starting oxazoline or thiazoline derivative and the tertiary

amide,

20 When U is S and the conversion of the thiazoline group into the cyano group is made by

thermal transformation, the thermal decomposition of the thiazoline is preferably carried out

in an anhydrous organic solvent, more preferably an aprotic polar solvent, such as N,N-

dimethylformamide, N,N-dimethylacetamide, dimethylsulfoxide or acetonitrile. The
temperature at which the thermal decomposition transforms the 2-thiazolyl group to a cyano B

25  group is between 60 °C and 140 °C. The thermal decomposition may conveniently be

_carried out by reflux in a suitable solvent, preferably acetonitrile. The thermal cleavage may

conveniently be carried out in the presence of oxygen or an oxidation agent. A thiazoline

- group where U is S and R? or R! is a carboxy group or a precursor for a carboxy group can

' _:ilso be converted to citalopram by treatment with .a radical initiator such as light or

30 ‘peroxides.

'R is CHO, CO,R® or CONHR’



~di et hyl formam de, N, N-di met hyl acet am de, di net hyl sul f oxi de or

acetonitrile. The tenperature at which the thermal d&e Bepanbdri 2004
transforps the 2-thiazolyl group to a cyano 25 group is between 60 C and
140 C. THE /P83l deconposition may convenientiy be carRGERKBUPIR ref | ux
In a suitable solvent, preferably acetohitrile. The thermal cl eavage may
conveni r OXIda
agont . A TEIEXS (RO *S?%‘ﬁ"m@r%*‘ ERAR e AR BRSO up o
a pr ecurfeonyk gseuptacar g 0g|smm|tar(gmup i 1saction vudﬂa/magaﬂl Rt‘Q;VcNHa Ivméfeﬁﬂn by
Initiat peroxides. Ris

h |
G0y ot VBRI iyl sk Hessgo! i Vi a 65 oo BReDY bomsision when
Ris CHCtbatobﬁn&gfbwgwmﬁrﬁo@dawa&tﬁggg&t%)'e;b,ﬁn;ﬂ@g{‘é@%rﬂbﬁdebxc& ”VerS' on

of the fornyl group to an oxinmé or Simlar group |ohW|
reagént aRhpdndalpyridips pyridine/RIC Qrs)hnwpDMQch!ambr Plafdugeki ,re@e;ﬂls R}P-Vhelﬁgr oaryl
and V |saI

- dehydr at'i ‘%’é”&e}l‘agﬂ?ﬂ‘ff an déo%‘ﬁgglflgywﬁ%gv ?'ﬁﬁo al@%l%? 15%5 by a conmon

anhydri de/ pyr| di ne, pyridine/HC or phosphor pentachl oride. Preferred

reagents Rl1-V-NH2 are hydroxylam n and conpounds wherein R10 is al kyl or

aryl anWIlglN*GpQB- W@ﬁnwm@nimo group wanbeeariohotioviatheyano group nmay

be carri cid chloride, or ester and ami de. 10
| el hld okl LESRA M A

The aci ob alned by treatnent of the acid with

- POCu8, PCl1l5 or SOCl12 neat or |n a suitable solvent, such as tol uene or

t ol uene S a.catalytic .anpount, of NN-di net hyI formam de. The ester
i s obt afﬁ‘@?“'@ i(ﬂ?)ggg rﬁ%ﬁ?n"(ﬁ“ellﬂﬁ obtaiped by freatment eb st aciReut-POWe BGln oR6 i s

as_def i aestiahonsr id B sl grd 15
o e Lo Barter it Rk ah ot AlEbr ol sihilie d ai-dmdlol
thé estef Nlﬁydmmﬂlydfotmmnktd: Theesiths abtdinedby aeattenbyf theacid with aintdicchidl
al cohol 8?1 ter .t he iéj chloride is
i R6- Wherein R 1s as de above, m the presence of an acid, preferably a mineral acid
15  oraLewis acid, such as HCI, H;S0,4 POCls, PCls or SOCl,. Alternatively, the ester may be
obtained from the acid chloride by reaction with an alcohol. The ester or the acid chioride is
then converted to an amide of by amidation with ammonia or an C, ¢ alkylamine, preferably

t-butyl amine.

20  The conversion to amide may also be obtained by reaction of the ester with ammonia or an

alkylamine under pressure and heating.

The amide group is then converted to a cyano group by dehydration. The dehydrating agent
may be any suitable dehydrating agent, and the optimal agent may easily be determined by a
25  person sklllcd i the art. Examples of suitable dehydrat:ng agents are SOCl;, POCl; and
PClIs, preferably SOCl,.

In a particularly preferred embodiment, the carboxylic acid is reacted with an alcohol,
RPOH, preferably ethanol, in the presence of POCI;, in order to obtain the corresponding

30  ester, which is then reacted with ammonia thereby giving the corrcspc;nding amide, which in -
tum is reacted with SOCl; in toluene comprising a catalytic amount of N,N—
dimethylformamide.



then converted to an am de of by am dation with ammonia or an Cl

al kyl ami ne, preferably t-butyl am ne. 20 The conver si®8eptembdriode4 may al so
be obtained by reaction of the ester with ammonia or an al kyl am ne under
pressur eW@/68&3t i ng. The anide group is then converted t 8CHPEIUAYSYroup by
dehydration. The dehydrating agent nayzbe any suitabl e dehydrating agent,
and the timal . agent ma asi | e.de L, hed a2 er.son,skilled in
the art .‘ﬁ%@%ﬁp@é choélﬁﬁciéﬂgl ‘é’hgéh ?Satil:gjéﬂa[g@r%gy Qr a‘%&]vﬁl, rgsuéﬁ;gyi
PCI5, prigd&hnkth ¥n Sfdet & fobfl the Ritvile] Sukaatddywith & deliydeatimdpedt a4 sulfdi@mide
carboxylic acid is reacted with an al cohol, R6OH, preferably ethanol, in

t he pressicecriffed POACT/DEKS0BPMBE. t 0 obtain the corresponding 30 ester, which
is then reacted with anmonia thereby giving the correspondi ng am de, which
in turnis reacted with SOC12 in toluene conprising a catalytic anount of
N, N- sdi retdwHROr mani de. 10 Sept enber 2004 WO 01/ 68629 PCT1DKO1100159 12

Al ternatively, a conmpound where Ris -COOH may be reacted with

chl orosul fonyl isocyanate in order to formthe nitrile, or treated with a -

‘dehydr at n f ] : | | g

Ri sNHR5.w$§%’é§gi§z_W ﬂ@‘,e% e‘?‘gﬁ%%?% tﬁ%ﬁ&@%&%&ﬁ’e fé&‘ﬁ%ﬁ’%g&? g’t‘Q’ ’gfgg?%ino i s
pr ef er aldydipgsthiesrad follywed b adaatibwithiCNT. Mdsopeeterily NedNO; ard GikCN
CN-..Most preferably NaNC2 and CuCN and/or NaCN are used. V\hegl R5.is Cl1

al kyl caradfrNaGN arcused; When Ry isGig ?élbl’léﬁrb%ylh’;}bsr’&!‘!ﬁi' subsctedde Aydrobistsai ni ng
the corr | - | | | 80518 W8

des clg)i be@%ﬁg%&&ﬁﬁ%ﬁ%%?%f%?g@n%ﬁ%gh%gﬁf i(l)grmrrgdlseﬁit her isﬁﬂg}éi&{ﬂvgﬂ%(ﬁsbasi C
envi r onngestribed dbalveTtarhydeglipss nmg be performed cither bamadio or hasiaenvironment.
pharmaceutically acceptable acid addition salt thereof As acid addition
salts, such salts forned with organic or inorganic acids my

Citalopram may be used as the free base or as a pharmaceutically acceptable acid addition

' salt thereof, As acid addition salts, such salts formed with organic or inorganic acids may
15  be used. Examples of such organic salts are those with maleic, fumaric, benzoic, ascorbic,
succinic, oxalic, bismethylenesalicylic, methanesulfonic, ethanedisulfonic, acetic, propionic,
tartaric, salicylic, citric, gluconic, laétic, malic, mandelic, cinnamic, citraconic, aspartic,
stearic, palmitic, itaconic, glycolic, p-aminobenzoic, glutamic, benzene sulfonic and
theophylline acetic acids, as well as the 8-halotheophyilines, for example 8-
20  bromotheophylline. Exemplary of such inorganic salts are those with hydrochloric,
hydrobromic, sulfuric, sulfamic, phosphoric and nitric acids.

The 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
25  acetone or ethanoi, with subsequent isofation of the salt by concentration and cooling, or

with an excess of the acid in a water immiscible solvent, such as ethylether, ethylacetate or

dichloromethane, with the salt separating spontaneously.

The pharmaceutical compositions of the invention may be administered in any suitable way
30 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.



15 be used. Exanples of such organic salts are those with maleic, fumaric,
benzoic, ascorbic, succinic, oxalic, bismethylenesal l@$tptember 2004

" et han_ewg({:l?%?&%, et hanedi sul fonic, acetic, propionic, Bk ool

. : . : : : 9 .
salicylicC ric, gluconic, lactic, malic, mandelic, cinnamc, m?raconlc,

_aspartic, stearic, palnitic, itaconic! glycolic, p-am nobenzoic, glutanic,

-

-with the

benzene Thelphafhsceatichl foragaink bf B iReatib® mag bé prepased i3l donkéntidhel methods
8- hal ot heophyl | i nes, for exanple 8 20 bronot heophyl l.ine. Exenplary of such

i nor ganiis theagrt- ¥ oz esampissteblgisarayrhepreparedby muxing therashve Mesediens with i ¢
Lfam . ar | S ; : o Al fth
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Wit h ei tchaverdtivhaloablettinatrasschine ianplesadiadjuvinta opndifwentsdontprisk oCaalsieeh,, such
as 25 acetone or ethanol, wth subsequ i.solation of the salt by -

nt .
concént Pafate starke tal e, ggnegipm SHFRRHE, 6 ARG 2Ot EHE ARAILRP i ADYXar
| i sci St tafoh kA GRE AeSised profidel i epBt hane,
Qh@e‘{?ﬁ sepg}uavt%i%%bu?%gﬁt ane%&]’g‘%?va e phar r:’,mzsaltizﬂeuti]c)fal ({:égnposmions of
t he i nvent campatibfe bathdbkaative irggredientsy any suitable way 30 and in any
suitable form for exanple orally in the formof tablets, capsules, powders
or syrups, or parenterally in the formof usual sterile solutions for

_inj ecti @RuibRs RaRhRERSHs BBPYe r@@g@é—bﬁ&ﬁ?ﬁg'ﬁg—&@&@ Pedian +hd go%sfiﬁe

pharmaceutical fornulations of the invention may be prepar el .
convént iaddiivesrint spats of tha solvent{or injestion, pxefarsbly, sterdlp watas, adiysting t%ﬁ speliaad by

m xi ng the active ingredient. with rdi naky. adj-uvant,s.and/or dil.uents and
Subs equen s et veligien e fiing ek fon Bor REEMiod 1 Atble AMpailes £t YL

maschi neAnyRREBledldRivedehen@bhAlyQised id e it mayBEUddee; suble hsitonicityGlgentd, pot at o
starch, talcum nmagnesium stearate, gelatine, |actose, guns, and the |ike.

~ Any ot hawesegdfiyon antigpidamaliets ve col ourings, aromm, preservatives etc. nay

be used provided that they are conpatible with the active ingredients.
Solutions for injections may be prepared by solving the active ingredi ent
and 1pos STHebeghbit thedpedifiesionand clang, tiod tetnh elkyblefersto & brancixdemtunbranched
preferably sterile_ water, adjuysting the sol ution '

alkyl group having from one to six carbon atoms inclusive, such as methyl, ethyl, I-propyl,

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

Similarly, alkenyl and alkynyl, respectively, designate such groups having from two to six
20  carbon atoms, including one double bond and triple bond respectively, such as ethenyl,

propenyl, butenyl, ethynyl, propynyl, and butynyl.
The term aryl refers to 2 mono- or bicyclié carbocyclic aromatic group, such as phenyi and
naphthyl, in particular phenyl.
25
The term aralkyl refers to aryl-alkyl, wherein aryl and alkyl is as defined above.
Halogen means chloro, bromo or todo.

30 Example

Synthesis of Citalopram via 1-(4-flnorophenyl)-1-formyl-1,3-dihydro-5-

isobenzofurancarbonitrile:



to the desired volune, sterilising the solution and filling it in suitable
anpoul es or vials. Any suitable additive conventionald gepi&@Bed J00lhe art -

“may be zwlﬁg%séych as tonicity agents, preservatives, argdOBkegdhs etc.
15 Throughout the specification and clgins, the termalkyl refers to a

branched or unbranched alkyl group having fromone to six carbon atons

i ncl usi Ve4-Buctopaermtie{ Hgtmyld: hfihydro-pisopgnzofurgnqsrbanyjirile. 1A soluiipn of 14ét y| |
2-met hyl.- 2- pro 2e2-di et hyl -1 et hyl, and. 2-net hyul -1 -Qr.o inmiarly,
a1 keny! THREPLER ) S oiRuod P hebrsArl Qe 5 sl AT S v <o
Six  20uGaLhey RO5FutidntETUSA 001 ARRIFRUIRR (Mﬂ? andz7g 9¢ phder BAREMosphere
respectively, such as ethenyl, propenyl, butenyl, ethynyl, propynyl, and

but ynyl of dimegerrTheanixture efasniiowed & wamoto -o40 W0 dyrmlg 45 mar. Foeshty distibednat i c
such as phe and . _naphthyl, in

group, nyl h particul ar phenyl, .25 The term
ar al Eyl metind fQrmpzte Qi/z/? mJ-bIl%l‘?mQJ&é‘iaéF‘ "élr";?ﬁ}“éltﬁlnl%ﬁrﬂw% ?tgy%tgnﬂgf"faﬁed above.
Hal ogen A, : i : BE&@?I[ 1S, & | pram
Vi a 1-(ﬁ%9gp g%%}?gfé%ﬁ%ﬁqwﬁéﬂeﬁ%ro- - e&%@%ﬁh@éﬁ%ﬁr onld'?ri | e:
10 Sept gmbinivii QAlorlOsO#i68hd REA¢tEd@ithEI2693 ¥4 00Inl )Y} The vogamihexydc)s 1
formyl -J, 3-di hydr o- 5-i sobenzof urancarbonitrile. A solution of 1-(4-

f 1-uor opersWeshed wvigh brjmp; drisd paderaperstady SHice sebdupmatography gheptane, EtOAfvI ) in

THE (15,nl) ..was .gdded to a sol ution af ( ' at -78
C tnder 4aTo5eERALS Eveufe Rrafietta s Sl GTR A § SRR 5 20
C dyg i nepi 3, =y 0 BLRSINO/H, i § 8% mmdet Bieh; 7.97 (1, €); (V@ HYl, J £3.08R)) was
added at this tenperature, and stirring was continued for 1 h while

war mi ng7t7® @HOd, rié® Heke ni xt ure was poured into ice/saturated anmoni um
chloride solution, and extracted with Et20 (3 x 100 nmL.). The organic
~extracts

1-[. 3—(Etkoxycarbonyl}ethyl]—] -(4-fluorophenyl)-1, 3-dihydro-5-isobenzofurancarbo-nitrile.
Triethy! phosphonoacetate (5.1 mL, 22.8 mmol) was added to a solution of LDA (2238
15 mmol) in THF (100 mL}) at —30 °C under an atmosphere of nitrogen. The mixture was

stirred at this témperature for 1 h, then a‘solution of 1-(4-fluorophenyl)-1-formyl-1,3-
dihydro-5-isobenzofurancarbonitrile (5.8 g, 21.7 mmoi) in THF (50 mL) was added. The
mixture was allowed to warm to room temperature during 2.5 h, then poured into ice/H20.
The pH was adjusted to about 5 by addition of acetic acid and the aqueous phase was
20  extracted with Et20, dried and evaporated. The crude product (8.0 g) was hydrogenated in
ethanol (150 mL) using PY/C (1.7 g, 5%) as catalyst. After 16 h, the mixture was fiitered
through Celite and evaporated. Silica gel chromatography (heptane, EtOAc 5:1) afforded the
product as an oil (4.2g, 57%). IHNMR (CDCI13) 6 1.20 (3H, t,J=7.0 Hz); 2.25 (2H, m);
- 2.50 (2H, m); 4.05 (2H, q, ] = 7.0 Hz); 5.15 (11, d, J=12.7 Hz); 5.19 (1H, d, J = 12.7 Hz);
25 7.02(2H,t, J=9.0 Hz); 7.40 (3H, m); 7.50 (1H, s); 7.60 (1H, d, J = 8.0 Hz).

1-[3-(N,N-Dimethylamido)ethyl]-1-(4-fluorophenyl)-1,3-dihydro-5-isobenzofuran-
carbonitrile. Methyl chloroatuminum dimethylamide (30 ml., 20 mmol, prepared from
~ . dimethylammonium chloride and trimethyl aluminum in toluene) was added to a solution of
30 1-[3-(ethoxycarbonyl)ethyl]-1-(4-fluorophenyl)-1,3-dibydro-5-isobenzofurancarbonitrile
(2.6 g, 7.7 mmol) in toluene (50 mL). The resulting mixture was stirred at 50 °C for 19 h,
| cooled, poured into ice /H20 and extracted with Ef20 (3 x 200 mL). The organic extracts
weré dried and evaporated to give the product as an oil (2.6 g, 100%). 1H NMR (CDCI3) &

L



were washed with brine, dried and evaporated. Silica gel chromatography

(heptane,  EtOAc 4:1) of the residue gave the product 1 $cBegber20%. 1H NVR

(CDbC13) $5.35 (2H, s); 7.10i0 (2H, t, J =9.0 Hz); 7.50 %ﬂk %ﬁl J = 5.2
“and 9.0 MAWORB7 (1 s): 7.60 (1H, d, J = 8.0 Hz); 7. FS(IREYHLY oz .
~1-[3-(Ethoxycarbonyl )ethyl]-]1-(4 fluoridphenyl)-1,

3-di hyd i 3} -AAutf Lhe i at e .1 m,

22,8 MO Gk Ad0e T8 4 oo ar of LB S B I R R S ) e

-30 C unndi4.brandtl 692 8641 HNd)t 2.8§ €1, sThe 15 b, uk, & =<0 He);i)r 5.20 (HY, d.Hi s

t enper at ur.e ) h n_a.sehuti f,1-(4x o] yl)-1-for -1, 3-
o hydr o=d 3Rk 2B aEh ad: Bantar T +E 0 5 o bl ARNERYad T B B e
added. TH§ 7.50 KIS mgﬁaldoy\e@_.ogzy_varmto roomtenperature during 2.5 h,
.then poured into icel/H20. The pH was adjusted to about 5 by addition of
acetic acid and the aqueous phase was 20 extracted with Et20, dried and
evaporated. The crude product (8.0 g) was hydrogenated in ethanol (150 nlL)
-using Pt/C (1.7 g, 5/a) as catalyst. After 16 h, the m xture was filtered
through Celite and evaporated. Silica gel chromatography (heptane, EtOAc
5:1) afforded the product as an oil (4.2g, 57%. 1H NWR (CDC13) S 1.20
(3H, t, J =7.0 Hz); 2.25 (2H, m; 2.50 (2H, m; 4.05 (2H, q, J = 7.0 Hz);
.5.15 (1H, d, J = 12.7 Hz); 5.19 (1H, d, J = 12.7 Hz); 25 .7.02 (2H, t, J =
9.0 Hz); 7.40 (3H, nm; 7.50 (1H, s); 7.60 (1H, d, J =8.0 Hz). I-[3-(N,N
D net hyl am do) et hyl J-1- (4 fl uorophenyl)-1, 3-di hydro- 5-i sobenzof ur an-
carbonitrile. Mthyl chloroal unm num di nethyl anide (30 ni, 20 nunol,
prepared from dinmethyl ammoni um chloride and trinmethyl alum numin tol uene)
was added to a solution of 30 -

1-{3- (et hoxycar bonyl ) et hyl ] -1- (4-fl uorophenyl) -1,

3--di hydr o- 5-i sobenzofuranc arbonitrile (2.6 g, 7.7 mol) in toluene (50
m.). The resulting m xture was stirred at 50 C for 19 h, cooled, poured
into ice /H20 and extracted with Et20 (3 x 200 nlL). The organic extracts
were dried and evaporated to give the product as an oil (2.6 g, 100%. 1H
NMR (CDC13) 8 10 September 2004 WO 01/68629 PCT/DKO /00159 15



2.26 (2H, t, J =8.0 Hz); 2.45 (1H ddd, J = 1.8 and 9.9 and 16.0 HZ) 2.59
(1H, ddd, J = 8 0 and 14.6 and 16.0 HZ) 2.86 (1 H 80 Septer8Ber(2D0M, -
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J 8:0 Hz) ¥610 Septenber 2004 WO 01/ 68629
| ¢R8che® 16 Clains 1, A nmethod for the preparation of cital opram

ng reacting a conpound of fornula (1) ti 5 wherein R represents
O-triflate, hal ogen, NHRS wherel n RS is hydrogen or Cl-6

IIO

vl ogent:. &y MEBOL TR e BFeparaion g7 galoei oS FrRetg f ARBP Rt el PBPH o Ra

10 wherein is 0 or 55 R - R2 are each independently selected from
hydrogen and Cl16 al kyl, or R and R2 toget her forma C2 5 al kyl ene chain

t her eby

R4 is selected fromhydrogen, Cl1 6 a
group 15 therefore, or R3 and R4 toge

t her eby

addition of the 3-(N, N-dinethyl am no)pr
of claim 1l wherein a one-carbon group is™%

claim1l

formng a Splro ring; R3iB ed from hydrogen and C1 al kyl,

, & carboxy group or a precursor
erfforma C2_5 al kyl ene chain
forming a Spiro ring; with reagei: t her eby obtaining a stepw se

C

substituent. 20 2. The net hod
ded initially. 3. The nethod of
wherein a two-carbon chain is addgd initially. 4. The method of any

of clPainms | and 2 wherein the carbon is added by reacting a conpound

wherein R represents CN, OH, O-friflate, halogen, NHR® wherein R® is hydrogen or Ci¢

alkylcarbonyl, CHO, CO,R®, CONHR wherein R® and R’ each independently are hydrogen

.10

or C,¢ alkyl or R 1s a oxazoline or a thiazoline of the formula

R4
R3
N

R2

‘ Ri%\/‘K
wherein Uis O or S;

R' - R? are each independently selected from hydrogen and C.¢ alkyl, or R' and R? together

- form a Cy.5 alkylene chain thereby forming a spiro ring; R? is selected from hydrogen and

15

20

25

Cus alkyl, R* is selected from hydrogen, C,¢ alkyl, a carboxy group or a precursor group

therefore, or R? and R? together form a C,.5 alkylene chain thereby forming a spiro ring;

with reagents thereby obtaining a stepwise addition of the 3-(N, N-dimethylamino)propyl
substituent.

2. The method of claim 1 wherein a one-carbon group is added initially.
3. The method of claim 1 wherein a two-carbon chain is added initialty.

4. The method of any of claims 1 and 2 wherein the carbon is added by reacting a compound
of formula (I) with DMF or HCO,R’ in the presence of a base.

5. The method of any of claims 1 and 2 wherein the carbon is added by reacting a compound

of formula (I) with CH>O in the presence of a base.

1



25 of formula (1) with DM or HCO2R in the presence of a base. 5. The
‘nethod of”any of clainms 1 and 2 wherein the carbon islGS8ggemby 2004cting a
conmpound of formula (1) with CH2O in the presence of -a base. 10 Septenber
2004 WO WO Y4892 PCT/ DKOI /00159 17 6. The method of any BFT/PKAIAMSH and 2
wherein the carbon is added by reactingza conpound - of forrmula (1) wth C02
~in the presence of a base; 5 7. The nethod of claim®6 wherein the

carboxyl -derivative is reduced to the hydroxynethyl derivative. 8. The

net hod o, lalﬁ)tnaﬁodlbﬁdn?&)fl:lail%s 1Gnanavhérsih Bieafbdnl 16 a88aTREEIng! LpRANS

conprise _activation tollowed by al kylation via cuprate derivatives. 10 9.
The met Hfdosnulapl) with €Dajrmthe prospreediadasesi n the two carbon chain is added
by reaction .of the conpound of fornmula (1) with CH3CN in the presence of
:a base. 10. The nethod of any of clains 1 and 3 wherein the two carbon

chai 3 i s7. Stheenbthyd ofadaiii @wherkn e cidbexylaivpwativt Bfredueedrtd e hiydrowdmbthyl
acetylene.. 11. The nethod of any of clainms 9 or, 10, wherein the subsequent
-reacti off¥"¥8W¥ri se addition of CH20 and HNMe2. 20 12. The method according
to claim3 wherein the reaction is perforned by subjection a conpound of
formula Ito base and X(CH2)2Y wherein X and Y are |eaving groups. RR

X( CH2) 2'8. The nittkodwfidnydf atiwos di h@ and Tovkdrein e shbseqient téactionsabmgese 25 14.

The et hod ACSo% Nt by aiiacdh vl AblTRe duivbina: 13 Whereln the compound 11

10
9. The methed of any of clatms 1 and 3 wherein the two carbon chain is added by reaction
) -of the compound of formula (I) with CH3CN in the presence of a base.
~10. The method of any of claims 1 and 3 wherein the two carbon chain is added by reaction
15  of the compound of formula (I) with acetylene.

11. The method of any of claims 9 or 10, wherein the subsequent reactions comprise

addition of CH,0 and HNMe;.

20  12. The method according to claim 3 wherein the reaction is performed by subjection a

compound of formula I to base and X(CH,),Y wherein X and Y are leaving groups.

R R
" X(CHy),Y

13. The method according to claim 12 wherein Y is halogen.

25 |
14. The method according to any of claims 1, 3, 12, 13 wherein the compound III is reacted
with MCN or CH3NO; in the presence of base to form a compound of formula IV which is
subsequently reduced and then dimethylated by CHs!Y or by reductive amination of CH,O



with MCN or CHBNO2 in the presence of base to forma conpound of fornula IV
which is subsequently reduced and then di nethyl at ed HySépt&hbarr2004

reduct i Wyoaiileagdel on of CH20O WD 01/68629 .18 R F 1V 15. Thermrbivoeiss
according to claim 14 wherein the reducfél ve reagent is NaBH4 or 5 NaCNBH3.

NMVe2 16. The nethod according to claimi12 wherein- is added to a conpound
of formula I'li followed Py addition of Oalkyl. to e met hod
accordi NmCE fr Ciglicabars @ b wher ei f th up R, i Smeidlion a upinvand
I s conver "hfga CN groul a sttabl e agé of “tThe reactians. 18f
Ci tal opram pr ed accord| ng t he net hod clainms 1-17. 10 t enber
2004 ' PCT/ /00159 - F
Z=-CN F
F N -CH2NO2
15. The method according to claim 14 wherein the reductive reagent is NaBH, or
5 NaCNBH3;.

16. The method according to claim 12 wherein Mg is added to a compound of formula 111
followed by addition of Me;NCH,O-alkyl.

10 17. The method according to any of claims 1-16 wherein the group R is not a CN group and
is converted inte a CN group at any suitable stage of the reactions.

18, Citaloﬁram prepared according to the method of claims 1-17.



