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FOR THE PRODUCTI ON OF PAROXETI NE Fi ﬂ\um mmﬂ“wnvent i on The held of the
present invention is the synthesis active compounds. A highly
stereospecific process for synthesis of.gpapoxetine is descr iztsedubeznw n. s
Prior_ar oxetine is a conmpound w dely used for the

depre&(?hﬂsa%‘ne structural fornmula of ghis conpound is aéﬁ?%@ﬁg%ﬁso (I): 0cn
0 0 NHio The nmolecule of formula (1) contains two chiral centres on the
pi peridinic ring, osition 3 and 4, respectively. O the four possible
|sorrerBRQﬁE$StHQR i‘lﬁr@ﬁ@ﬁumo&b% BARQXHETINFur at i on 3S. 4R, known as

4R-frans- 4- fluorqgphenyl - 3-~ [ 3, 4( et hyl enedi oxy) phenoxy] nmet hyl )
pi peri Rieldo F'% ‘%’ﬁ&bl ogically acti ve Ther ef or e, the processes for

synt h

2 rir @hﬁﬁb?ﬁ M REGhaR NG syRrcs bomaIg actioitormbunds. & |
St r UCtHgRly st¥lospevift processifor ef/mhesm af pavoketirals @escrib‘é)d Hdteor 4R-frans).
Sonme procésses for synthesis of paroxetine known to the art are based on

the fdtrietadh of an internediate of fornmula (11)
Paroxetine is a compound widely used for the treatment of depression.

The structural formula of this compound is as follows (1):
F

R
Oﬁs\
o~ \ O
3S

Iz

10 The molecule of formula (l) contains two chiral centres on the piperidinic ring, in
position 3 and 4, respectively. Of the four possible isomers, only the isomer having
absolute configuration 3S, 4R, known as 4R-frans-4-(p-fluorophenyl-3-{[3,4-

(methylenedioxy)phenoxymethyl} piperidine, is  pharmacoiogically  active.

Therefore, the processes for synthesis of paroxetine must result in the formation
15 of the 4-(p-fluorophenyl-3-{[3,4-(methylenedioxy)phenoxylmethyl} piperidinic

structure, exclusively in the aforesaid conformation, 3S, 4R (or 4R-trans).

Some processes for synthesis of paroxetine known to the art are based on the

formation of an intermediate of formula (11)
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2.8 J,Ul_ 2003 WO 00150422 2 HN R (11) PGI/EPO0O/ 01430 where R represents
an al kyl group. Starting fromthis internediate) the product_of fornmula (I)
is obtained by: (i) reduction of the piperidinic double bo@ﬁ %#43m3

al kyl ati on of the oxygen of the hydroxynethyl group, and %iii) renoval of
t he aWR0/58428up R s bound to the nitrogen. In order tok 043 product
(1) with the pharmacol ogically active gonformation) the process requires
the isolation of specific isomers fromthe correspondi ng racem c m xtures
and the tgeatnment of the same until obtaining derivative (1) with the
desired cdonformation. For exanple, patent application WO A-9636636

di scl osed the synthesis of 0 4-aryl pi peridine, wherein a derivative of
formul a is separated into the two optical isomers by crystallisation
with gpticatdyy active salts, The two optical isoners are then separately
conveited info paroxetine. Therefore, the process requires separate and

i ndepgndent __gynthesis routes for isonmers treatnent and) consequently, can
har dl y™~g~&Cal ed up to comercial size. ~ s According to another process

enant i g#Per 9 }%ted by crystallisation with L-(+)-tartaric acid. The
[ [ ally converted into paroxetine by N-deal kylation. (n
, Z¢ two distinct isoners separation cycles are required)

{ng i a considerable | oss of product in the form of undesired
Npnsequently, this process too 2 8 JUL 2003 WO 001 50422 3

PCTI EPO0R01430 can hardly be applied to conmercial -scal e production. The
process disclosed in patent application WO A-9322284 is based on the
stereosp@ificity of esterase-catalysed reactions. In this case, the enzyme

b " BROH PSR RSN R0, Bl S BB APAT I e BheSile T SRR E B

e SRR DB OSB8I B Bont, ) Mot n

di sadofatiieagegen of thee hydryxmethyt geoup, and (iii) removal of the alkyl group R

5 bound to the nitrogen. In order to obtain the product (1) with the pharmacologically

active conformation, the process requires the isolation of specific isomers from the
corresponding racemic mixtures and the treatment of the same until obtaining
derivative (1) with the desired conformation.
For example, patent application WO-A-9636636 discloses the synthesis of

10  4-arylpiperidine, wherein a derivative of formula (Il) is separated into the two
optical isomers by crystallisation with optically active salts. The two optical isomers
are then separately converted into paroxetine. Therefore, the process requires
separate and independent synthesis routes for isomers treatment and,
consequently, can hardly be scaled up to commercial size.

1s  According to another process (J. Labelled Compounds Radiopharm., 1993, 8,
785), the derivative of formula (ll) is hydrogenated and alkylated as per the above
scheme; subsequently the diastereoisomers are isolated by chromatography while
the enantiomers are separated by crystallisation with L-(+)-tartaric acid. The (-)-
trans isomer is finally converted into paroxetine by N-dealkylation. In this case,

20 two distinct isomers separation cycles are required, resulting in a considerable

loss of product in the form of undesired isomer. Consequently, this process too



instability. The aforesaid reactions are usually slow and nust be carried
out under ' precise pH and tenperature conditions. ~ o In brief, the
separation processes known to the art cause a consi derabl e2l8og8L ¥03pr oduct
in the formof isoners with undesired configuration or require separate
procesgucsy@dogr for the conversion of said isonmers. In pRCTIEPOI/0¥430t he
processes known to the art entail the gesolution of racemc mxtures in
whi ch the dextro- and | evorotatory conponents are present in substantially
simlar proportions

e ~g res at, approx. half of the resol ved
pr oduc€andardlyhe %nr&@grte&@nwer%ﬁ&@t%m% ienverted into the desired

for t ning, idtess L8FoSE . Bri Skl NORAREAT RS A& 3685 e
in hi gbtefesé;s&ﬁfd.@ dfeééteragéréatgtylsaa |r¥aelicﬂf§1ﬂn'tﬁstdh€sem¥ﬁéi ehey nﬁﬁﬁﬁg§es not
I nvol ving i soner resolution 20 cgc es and not reqU|r|ng separate a

t r eat nehost tife tdnmayongbfea w@am ox)é@cpnepuramn. whetefmrmtger(es tringuapd 1.1 (

1. 2 1, di ph hi I ds:
1. 7 ‘iﬁ@”fooim§ ang pﬁmtq_d §y conven%uona ong rl'ﬁe latter (%Spml{tl,llrt%erl Jands

(5,5 (s kTR g o g 48 e o

4, 4' - bprstazBeiBya Phgs Bereespedificiby; Sts d@‘aﬁ&aﬁta@éb a'i'e3th61'ehb PRhesst ané:
PYRPHOS 30 1.7: DIOP 1.8: BDPP ~ WD 00150422 4 2 8 JUG 2Q03 PCT/ EP00101430

Det ai | instateibtyr The iaderessid ne@ctlnos,xme gRugly slowaandpjust beosarriad qut ansier

I nvention.to rov de a gg&cess for the synthesis of paroxetine. The process

‘conprlgﬁesc'sf% fa(ﬂ t&%%[ gﬁgndgonﬁydrogenatlon of a conmpo! nd of fornula
(Mo I’H‘%'h@f ﬁhé SePatitfitPp ﬁﬁ'e%@é@%ﬁ%”!ostrfecartQ%L@b@'conéﬁer le loss of

5) car boxyal kyl') “an optlona y substituted phenyl) an optionally substituted
benzyl pradiiat itthe dgematfi isomees mgtic andegised copfiguratiopl QIXI‘eIfUIEB separtei on

et ehioche V9 e e s e
o o St SR OTBER L ATTRIN, 1.,
ses amlev@otémmmmtgny@@eeém inrashstantizgly i shmilad Brepaatibhewithaakl y
en]r <I ChrGedsuclitetrh:a;/ g;t)rlJr\é)i gfalffo?grzrglrgsolvég product is to be discarded or independently
converted into the desired form.
Therefore, the need for developing highly stereospecific processes for the
synthesis of paroxetine, whereby the desired isomers are obtained in high yields,
is felt. Particularly urgent is the need for processes not involving isomer resolution
20 cycles and not requiring separate ad hoc treatments of the single isomers.
Description of the figures
Figures 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8: Examples of chiral diphosphinic
ligands:
1.1: BINAP
25 1.2: BIPHEMP
1.3: (5,5'-dichloro-6,6'-dimethoxy-diphenyl-2,2'-diyl)-bis-(diphenylphosphine)
1.4: (bis-4,4'-dibenzofuran-3,3'-yl)-bis diphenylphosphine
1.5: 4, 4'-bisdiphenylphosphine-2,2’',5,5' -tetramethyl-3 3'-dithiophene
1.6: PYRPHOS
30 1.7:DIOP

1.8: BDPP



2. B JUL 2003 WO 00/50422 S PCT/ EP00/ 01430 N R NR (1V) c) N-deal kyl ati on of
conpound (1V), resulting in paroxetine (1): ¢cn 0 O In forrmula (11), R
preferably represents an ethyl group. Should R represent an optionally
substituted phenyl or benzyl, the substituent is preferabl ¢ 8aJylc 2B 5)

al kyl . ound of formula (Ill) obtained in step a) i Wo
asyme E&S/ééﬁ??es on the piperidinic ring, in position 5(312?1%@,,&%3&
respectively. Said product is obtained to as a m xture of
4R-enantionerically enriched cis (111la) and frans (111b) isomers, where
each ddetailedtidescriptien of the $nwertiémans) is mainly present in the form

havi nq absolute configuration R on the carbon atomin position 4 of the

pi per iltisnpo ohiggt obiha Reesest invertioanthpravide ia arogessnfordhedsynthesis ofeant an

O R TR L gk, ) 1 Lo o T
R O i i 0. i W § R BB b 1

(John ons) (1985). The cataly e use ogenatron (step
a) sare (GRGakg, K6|-Cniiarhoxyalkyliean loptisnafly Tsubsﬁﬂuté@phéﬁglalamomb@aﬂ@s W th
chiral diphaosphinic |igands., Said catal és.ts are responsible for the

react i orsubstituded peenzvl.csaid hxdrogengtionn e@gosahalymcgtbyoﬁ complex of a

4R- enant,i_o jca nriched.derivative.of formula (111).. Mnbers this
cl ass art'!eangﬁdn[ hb%ﬁgngtﬁi o&"%ﬁt lepq'&éﬁPg\"Hﬁesl'%r\dﬁ' c&??"é’?'ngi p‘ﬁosﬁhi‘ﬁ%‘c

| i gands enantiseticNYRNAERE chRoRGads IBRANM/ gﬁ%_es to the chiral ligand to
give a chiral conpl éx capabl e of catalysing ighly stereospecific

hydr ogenati on of the double bond. PrefBrred transition netals are
rutheniu rhodiumand iridium -~o Exafiples of chiral diphosphinic |Iigands
are the caqnpounds belonging to the forjulas indicated in Figure 1.

Ovor———
OH OH
N
R R
(1) I

10 b) reaction of the compound of formula (lll) with a reagent capable of transforming
the -OH group into a leaving group, followed by nucleophilic substitution with
sesamol (3,4-methylenedioxyphenol), resulting in a 4R-enantiomerically enriched
derivative of formula (1V);



Exanpl-es of transition netal conplexes with chiral diphosphinic |igands are
t he conpounds of fornula RuX (L)niBINAP] Y', described in the

pat ent. applicati on EPA-366390) or the conpounds of forrmula t x ) is
described in EP-A-245959. Preferred conpl exes are the conpbBini4: 2003

{RudCl ( cyngg [ BINAP] } ClI; RuHCI [ BLNAP] 2; Ru2d a[ ( Bl NAP] P00/01430

Rul BI 9]0?’ %2; Ru[ BI NAP] (CF3CQ02) 2, ard the conpounds of fornul as 2 8
JUL 2003 WD 001 50422 RuCl p-cynene RuCl p-cynene CI H3CC H3CC C CI C
PC1' / EPQO/ 01430 2 8 JUL £003 WO 00150422 8 RuCl-p-cymene s_~~i /,\
PCT/ EPOQYy 01430 Cd and the conppunds of fornmula { Ru(p-cynene)X(BlI NAP~ 1' X',
where X tepresents a hal ogen ajom such as the conpound (

Ru( p- ¢ R gent i oned above, all these conpl exes are
chi rall;  only one of the chiral forns, e.g.

(S)BI NAP o (R) BI NAP generates i@ the 4R 5 enriched product: this formis

not detgym nable a-p+-ofi) bu S ed by performng a
| vvit>h

the ligand in

(1 vy

c¢) N-dealkylation of compound (IV), resulting in paroxetine (I):

F
0]
R \\\\ > M
o o
3s O
N
H

5 In formula (ll), R preferably represents an ethyl group. Should R represent an
optionally substituted phenyl or benzy!, the substituent is preferably a (C,-C ;)
alkyl.

The compound of formula (1) obtained in step a) contains two asymmetry centres
on the piperidinic ring, in position 3 and 4, respectively. Said product is obtained

10 as a mixture of 4R-enantiomerically enriched cis (llla) and trans (lllb) isomers,
where each of thé two isomers (cis and trans) is mainly present in the form having
absolute configuration R on the carbon atom in position 4 of the piperidinic ring.
By the term “4R-enantiomerically enriched” it is meant an overall enantiomeric
excess (also called overall “ee”) of at least 80%. The enantiomeric excesses are

15 calculated as described in J. March, “Advanced Organic Chemistry”, 3@ Ed.,



one enantionmeric form(e.g. (S)-BINAP) and checki ng whet her the

hydr ogenat ed product is enantionerically enriched in the 4R or 4S form in
the synthesis of paroxetin the enantioneric ligand resulting in the
4R-enriched formw |t have to be io ~5 used. The transition netal conpl exes
wi th chiral diphosphinic |igands can be used as such or in 2 &udpodEd form
e.g. onto a polyneric matri x. Hydrogenation is typically carried out in

al cohol i ¢ and/ or hal ogenated solventsgat 1 to 150 atm and 60C to 150C) nore
preferably at 5 to 15 atm and 100C to 130C, and nost preferably at 10 atm

and 12QC. Lim ive anples_ Qf above sol vents are ethanol,
et han@ﬁ?P%?Br8:03]9??(?’5&3@(%”&%?’33341PgsémolY 2 8 JUL 2003 VIO 001 50422 9
PCTI E i , inC] (ol k i hane
trichF@%%géﬁggg%%@gy%gﬁﬁ@épré@kpggﬁggghAgcgfgkﬁggto nnfgpgggﬁgpﬁgﬁs )
enboditfientiags dheramsitienimétal eoimplexes twitls ghiesti dibhosphialy ﬁ?an@éleSaid _
hydrogenated product (II])) substantially tree fromthe 4S-form by this s
expr ecatalysta are nigsponsibia fdcthef reactiqn 1ateyecspedficityb)ands cattove the
resent, Wth an enanti oneric ecc f.the 4R form of, .at,.least 95% the
b6t alabtEInme o R o EETeaH spEhenisferiveliie & fortodls, (HAMEBATS 9Bt 1 on
. . . A ey ol N h
 Son S B8 Sihat5rlioR e Cemple G PSS AR BB A
sel ectsaid icpmpiexes;chemetapcobidirdtekitbithefchiral ligengtogbssa chiral ceraptdxon

conditions are substantially those described aboye, i.e. from1l to 150 atm
and emenRabla gheat @9arm9@§ﬁ¢@oapeslf@&moa@mtmo&tb@cdwlq:b@e,d- and nost

or ef ergalay a4 Lo AR 2ACHANEIRS! o hdsla it 20 the above

nmenti oned”enant’i oneric eccess | e'solvent is to be chosen
an@ng:Extraplesr ofrehirahlipfospHimianidandss @pe ofh@nebmpotpldét Benyimg %o the

cycl ohexanol, and their mxtures, and the conplex is to be selected from
(RuCl (fpapuiesdndicsiedBinNAippiect) RuHCI j (S) - BI NAP] Z) Ru2d 4[ (S) - Bl NAP] 2( NEt 3) .

As a further a n when t he hydr nation reaction i.s_catal d, b
CRucr Eamee T AR EARATSE coffpIokeS SHEC Bhkdl greshhils biafds &r 65 von:
the af ) ! ol . . . . L o h

ext(:ar 2ndglry 20 favourrgﬁlth;R?(%\[;Z"F[Ei on 'p;(')e oFﬁtéf%%g?e E)Ié%e?ﬁt gi (llé]%lﬁ}! Iﬂ'mijOOOaA)ni n
5 hrs A-886890,0r theegompwinds ef fommda (&0t her adds significantly to the anove

di scussed .adyant ages. o und, (111) resulting fromstep. .S, used as
2135 o HpariBed i BPR 2ebee. MIBREY bomdietds drp B roRPeLnaS: BRuCkpsy b
requi r i .r : s f un ' a

| cavi oI TINARIRCh | RGN AR, R AT RARIATEG, " RUBINARK O

r eage RUgBINAPI(RIFRCAREL ahd dine eompousids efiformulds, net hanesul phonyl chl ori de,
benzenesul phonyl chloride. Said reagents are added to conpound (111)) at a
tenperature conprised between -20C and +25C (preferably 0C-5C) in the
presence of an inert solvent (e.g. a aromatic or aliphatic hydrocarbon,
such as toluene), and of a basic conpound (e.g. an organic base like
triethylam ne or an 30 inorganic base or basic salt). This reaction results
in an activated internediate of formula: WO 00150422 OX (X ~ Bs | Ts /
Ms) NR 10 2 6 JUL 2003 PCT/ EPOO/ 01430 Thi s product, by addition of sesanol
(3, 4- net hyl enedi oxyphenol) in a basic nedium is transfornmed into a
4R-enantionerically enriched conmpound of fornmula (I1V), mainly in the frans
form Sesanol) as a liquid mxture with an alcoholic s solvent) preferably
4- et hyl pentan-2-o0l, is added in a 1:1 equiv. ratio referred to

benzenesul phonyl chloride or nethanesul phonyl chloride or tosyt chloride.
The



mxture is conveniently heat-refluxed preferably for a period of 2 to 4 hrs

to give 4R-enantionerically enriched traps-di astereoi soner
guantity of cis diastereoisoner) which is elimnated by cr
is obtained mainly in the traps form whi

The product (1V)
enanti oneric
mai nt ai Wé?:l?o@

experi ment al

gﬂri chnment previously produced is al nbst co
shown by the HPLC anal ysis data presented
part. Step c) consists in t‘he elimnation of the alkyl group R

(I'V} and a m nor

?/étﬂlrle&@gt ion. to
%xﬁ@)ﬂuso

bound to the nitrogen atom The reaction is perfornmed by techni ques known

to the art.
m xed w th pheny
hours at roomt¢g
foll owi ng formnul
hyCrc~ 11 At the
a ~u~ 2003 PCT'/
enriched inits
porti onRp@®H Nng 4
par oxet bf@/nﬂéﬁe i

reagents i'n steg

by various techri

1- et hyl - 4-f | uor
hydr ochl ori de) 3
formula (I1) may
schene: C'J F I|.

RuCl-
p-cymene

Accdrding to a is pr

forn

Ry

o)
O

QIQigur ‘

di.nment) the product (IV) is
nd allowed to react for 1 to 6
arbam c derivative of the

ferred e
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HCHO- CHOH 2 N ND RR (VII ) (MI 1) sto |; 20 25 4-Fl uorobronmobenzene
and nmagnesium are allowed to react to give 4-fluorophenyl magnesi um brom de
(VI)) to which 1-al kyl -4-piperidone is added. The resul ti8pddeidd8B is

1- al kyl -4-{p-fluorophenyl)-4-hydroxypi peridine (VI1)) which is dehydrated
in posMO@SIR24 of the piperidinic ring by heat-reflux WEHERMARE Hzs04,
to obtain 1-al kyl-4-(p-fluorophenyl)- 1,%2, 5, 6-tetrahydropyridi ne {V111).
This product is finally converted into the product of forrmula (I1) by
addition, in the sane reaction nmedium of aqueous fornmal dehyde {Prins's
reaction). In the prpcess of the invention, catalytic hydrgogenation a)

| argely i ncreases thg percentage anount of enantioners useful| for
paroxetine (4R) fornption, and reactio |l ows the use of |compound (I I

) in both cis and trhps forns. It fol ["0ws that the quantity product to
be di scarded as isonprically undesiref is velly | ow and, consejquently) the
yield to paroxetine |s high. Furtlher pr esent

utes for cis
d processes

invention is that it}lavoids foll
and frans isoners) ap is insteadlrequire
known to the art. Anpther adiant S that the
af or esdRHCERGMONRr | ¢ exces \ rate pIessure (5to
15 atm: under thesefcondi ti t pr ocess mayQB%yélly scajed up to
comercial size. A still advant age of the present invEntiQQ i s that
hi gh enanti oneric exgesses may ke obtained also with | ow cata] ystt¥substrate
ratios, i.e. ranging|from 11200fto 1 /1000. The use of low qupntities of
catal yst favours | ow pro j The foll gwi ng exanpl s are shown
by way of indication| not o &8 JUL 20Pp3 WO 00150422
13 present invention| EXPERI PART 0101430 A) Synf hesis of
1-ethyl -4-(p-ffuoroppen | ~ydgax=g/f peri di , A ca. P.9 Msolution
~ of 4-fl uorophenyl magnesi um brori de (1.9 equi b 31 nol es)|s prepared as
usual from magnesi un] and 4-fl uor qbr onohen was titrated, cool ed
to 0C, and added dropw se over appro . with a clear spl ution of
comercial 1-ethyl-4}piperidone (1 edquiv., 031 noles) in THF} (60 m ). Once
the addition had beep conpl eted, the i was nai ntai ned at room
tenperature for 1 hr| to The reacti on MyAfe was cooled to 5 and added
with 360 mM of a 20%-NH4ACL solution. At the end of the addi4id&dn, the phases
wer e sepbtheat esmpodnd$ of dorgauiact Iah@;eymaepg@mmgem:t whérg NEsépre§BAtsaqueous
phase was extracted with two portions of 2 m of toluene. The residue was
evapoEab@l@gan@teme steh @srthe gaapedndd Ru(p-slymena)odBRIARIA .t h 420 i of a
20% NHACI sq@l uti,on. ~s The or%aniq ;()hase V\R.S (_:oncené.rat ed and cool ed. After
filtr &S0 tPn?ﬂ@%&ng?giﬂP%?% omplexes are chiral; depending on each complex,

only one of the chiral forms, e.g. (S)BINAP or (R)BINAP generates in the 4R-

s enriched product: this form is not determinable a priori, but can be easily selected

by performing a screening hydrogenation test of compound (l1), with the ligand in

one enantiomeric form (e.g. (S)-BINAP) and checking whether the hydrogenated

product is enantiomerically enriched in the 4R or 4S form: in the synthesis of

paroxetin the enantiomeric ligand _resulting in the 4R-enriched form will have to be
10 used.

The transition metal complexes with chiral diphosphinic ligands can be used as

such orin a supported form e.g. onto a polymeric matrix.

Hydrogenation is typically carried out in alcoholic and/or halogenated solvents at 1

to 150 atm and 60°C to 150°C, more preferably at 5 to 15 atm and 100°C to
15 130°C, and most preferably at 10 atm and 120°C. Non limitative examples of the

above solvents are ethanol, methanol, n-propanol, isopropanol, n-butanol,



t hus .obtained, 40.9 g of a pale yellow solid product were isolated. Its
HPLC anal ysis (Colum Symmetry Shield RPB, El uent aceto:? rile:buffer =

90: 10 (KH2P04 0.025 Mat pH 2:5 with H3P04), flow Il m] h)‘"iﬂetzg[@tor v 215
nm showed assay of 98% and purity > 98% with a yiel dP@{-,Eﬁ&)/gMgd) The raw
producwoab/se2acti on was used as such ign the next reaction. On the raw
product the followng GLC M and H - NVR anal ysis were perfornmed, allow ng

t he, fol | pw t t h N CDCl 3 8
o A B RGOS SOt R SRAEE
b 8 b H di 2.59 {2 J=17.3
2s F&)%Pﬁ%’ga?hlén?@ ( 51)8 (an)t : 5” ?er7| 3I Ir—]||z;: (ra!t 23% c - CH3§ H)qu) mz (%:
(Zigog ;\A%cldr(ﬁ)lng} QD§ ?\itkﬁgéspet% érABbaimie?ﬁ c(fmé présﬂiht Gr%\)ntlo% it(Spopsitle (0), 84
1 et hy(P btain the hmémsgna ytosimt &ch),xwﬁ&tamally fgeeafrern the 4B;torop\by tﬂinme (11)

Laaeo e igedian X 5 iBBnP ing UHRAMGEms id) 4t k) Isotnersds drenSat By a5
ol es&wﬁfen%nfn@h@ﬂcde%&é@@gf MO0} HA113Patlia Son@ V8T GRERMES 0

solution (37%in water eat -refl uxed er magnetic stirring for
6 hrs. e)ZBwsn(lidaMr(Hlb/)/as alsen 2c86PedThis realinatienpisr etast eprefersed i sidcavith 60. 9
m of a 30% aqueous sol ution of NaCOH) and extracted repeatedly. The
conbi MEINIEIZREICE substartiallynaveidshany vieredbat desse iNithe fefmerofappdesired

vas areatE e sHUE ehfEndhE e APty sy AR SElhiE HeltRityRae: 1o
Preci pheapckse Thslr@sdtiopr tsiRiifbns argPsubstablidlly thbae dekupieesi sbvelye,

obtained was filtered) washed with isopropanol’, and the resulting solid was
di ssol fvemh 1 m\ﬂéﬂamaaddeﬁ@d@dto\/ﬁ 50° Q\roprespreferably ab8l to2 Snatmrarek h€A°C The

nas. eV siBiGAnE MBS rpBARY (9t 10 R 20 4 Db ahrBavaR RS GtiRay; ng
HPLC ptz'\(e' E¥ove gr%ﬁtfo%klu@ﬁbrﬂﬁgﬂ@ﬁé Ycobi€lof é?l?@%?teéff%”m'\? \fHHJ sl foepuf fer =

90: 10 ( KHZPO4 25 M at w th H3P04) ow 1 etector UV 215
nn} . Tdleoserel dmﬁng:onqhommdombtr)arms pyvepawipounisopropanals déetmaanel,i sed as

o et 9 esenth sl o by ek I 4 pe Spltsreq o bl o 1,
7 R i AN " REICIS PR, R ROBINAPIING 45" B 7 20),

204 ( Jm&h)sr %@@aﬁﬁf@e Vifién ( e hydisgenatibn) )rebéfor 25 chtalgsed, 36y (RUEHp-39) )

109 (85), (a%% %68) 20 C) Synthesis of 4R c ']5%!8- and 4R

traps- M(re—rbe l&ﬁPe] b ~In3: tharsmwsﬁyp 1 sopyerands A8 Be soivent. 4he 111 bl
R=Et | f S T, i di
(1 oitybfafes Se5tfia shdrbiofiit BaRY e ardiiteaiin & MRyt <0
a ampor kfaﬂ@ufé&éé‘ddh@efﬁ"orl@atﬁ of prdddat0@)ito (e [pOe%eimc iofs feddtioh(ma},

cynene) (S} Bl NAP] } CI' )@Prew ously generated by m xing a solution of
{S) - BIWaBh(glemest er gyidsiggificaptipto the gpoveriscaske dyamtag@&h

1[ 5;1 GZ Z-fﬁ% %Xgﬁ%%ﬁl )I rel‘.ﬁﬁlngﬁ%lgl %gé%b 'Q&%&ana%qysﬁgéra sllg\e/e ﬁrglr gs
(capi lihahy rfedt vaactivh Gtep b)eStel BC pstfuirigeitsty te tradsitrm Eﬁe -’I@HCgroﬁ of

resulting mxture was cooled to room 30 tenperature, filtered on lite,
and corrppourd dii!)ainte caueawingr gseup dyt eagtion sdthpan appropriate reagent.

25 Preferred reagents for this operation are tosyl chloride, methanesuiphonyl
chloride, benzenesulphonyl chlqride. Said reagents are added to compound (iil),
at a temperature comprised between -20°C and +25°C (preferably 0°C-5°C) in the
presence of an inert solvent (e.g. a aromatic or aliphatic hydrocarbon, such as
toluene), and of a basic compound (e.g. an organic base like triethylamine or an

30 inorganic base or basic salt). This reaction results in an activated intermediate of

formula:
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The crude product obtai ned was anal ysed by HPLC (Chiradex [i-cycl odextrin
Merck, eluent: methanol:buffer 15:85 (NaH2P04 1.38 gli, ;ﬂged vviﬁ@h Na2HP04
up to pH 6), flow 1l nlmn) Detector W 215 nm) and the MULod®3i ¢
excessR oiBbfLz2det erm ned for both cis and frans di aster gir3epgaloi4zolhe
followmng results were obtained: frans, 16e > 99% cis, ee >_ 99%
Cislfrans ratio: 55:45; overall ee > 99% The cis and traps
di aster eo}:sorrers wer e separated and characterised by MPLC purification on
silica ge for anal ytical purposes. ~0 4R-cis diastereoi soner had: mp.
50-53C and 'H NMR (CDC13), & (ppm: 7.44 7.20 (2H m aromatic H);
2H, m aromatic H; 5.8-4.5 ~(1 H br s, -OH); 3.9-1.6 (10H m
ng + hexocyclic CHz); 2.25 (2H) q) J = 7.2 Hz, ethylic CHz);
= 7.2 Hz, ethylic CH3). M5 mnmiz (%: 237 (M) 23), 222 (43))
(11 ), 114 (29), 109 (20), 84 (16), 72 (17), 58 (100). ~s 4R-
frans thastgreoi soner had: mp. 90-92C and 'H NWR (CDClI 3), 8 (ppm: 7.37.1
(2H, m afomatic H); 7.1-6.85 {2H, m aromatic H); 3.5-3.0 (4H, m
pi peridinifc ring); 2.7-2.2 (4H, m piperidinic ring + hexocyclic CH2);
2.15-1.65{(5H, m plperldlnlc ring + ethylic CH2); 1.14 (3H) t) J = 7.2 Hz,
et hyl i c €AY, Mg; (9%9: 237 (M 34))) 222 (76), 206 (16)) 133 (14), 114
) 84 (@%) (X2Bsds / W8)20 (100). D]i Synthesis of 4R-cis-
-#- (p-fluorophenyl)-3-h dy roxynethyl -1 ethyl ~peridine (11lla
arid (11b) =Et]. in the presence of Ru~Cl4Lj S)-BlI NAP] Z NEt
Tet r ahy0 RP ridine (1) [REEt] (5.0 g; 21.4 mmol) was hydrogenated in 40 m
i sopropangl at a working pressure of 10 atm at 120C in the presence of 2~
Ru2C14[ (S) - Bl NAP] 2( NEt 32 previously generated by adding {S)-BlI NAP and Et3N
(0.03 W)pqogiugt.sbypaﬂ@l ion of seramICH( etwm@ewprm Binngobpsion 2 n

t ol t.- d t t t t

i ynodBSaHE 1 SRS L LR A v o ey B o rhngend At dOf LR x ur e

was Ccqp)edmamly Qﬁ”ﬂ‘lbeim% FbHhE Sedhhtdl, fais! BT u19”nf?>€tu@|\hﬁl'? arfHlcEN@ROr at i on

under ‘reduced ~o pressure, 4.3 g of product (yield wer e obtal ned. The

enant isoineritc pesferatle 4-wbthyipentaaLial, ismddedlinby ‘Uﬂaesquemtmomfesredam VO

00/ 50422 8 JUL 3 ,PCT/ EPQQ/ 01430, det HPL C anal

(ni ¢ 4805 PERGAL 2EPTHE N BigthanGaiphoR: filedienat tasiiegadn:

1.38 f t 215

. %ﬁ%’%@ﬁ?%ﬁ#g‘*i‘eﬁzﬂfﬁﬁgﬁ@xécﬁfﬁ. sy 1o Y Pefibd B2 (ORI S 8 gile
4R-enantiomerically enriched trans-diastereoisomer (IV) and a minor quantity of

cis diastereoisomer, which is eliminated by crystallisation.

10 The product (IV) is obtained mainly in the trans form, while the 4R enantiomeric
enrichment previously produced is almost completely maintained, as shown by the
HPLC analysis data presented in the experimental part.

Step c) consists in the elimination of the alkyl group R bound to the nitrogen atom.
The reaction is performed by techniques known to the art. According to a

15 preferred embodiment, the product (IV) is mixed with phenyichloroformiate in

CH,CI, and allowed to react for 1 to 6 hours at room temperature. At the end, the

carbamic derivative of the following formula is obtained:



traps,, ee > 99% cis, ee > ~98% s Csltrans ratio: 50:50; overall ee Z
99% E) Synthesis of 4R-cis and
4R-traps-4- (p-fl uorophenyl ~- 3- hydr oxYnet hyl - 1et hyl pi peri ¢ighgulL|2069 and
II'lb) [R=Etl, in the presence of RuHCI[~S, -BINAP] z Tetr idine (11)
[ REEt WQBV/E422 21 4 mmol) was hydrogenﬁt ed in 40 m iso%?%/ggwugt a
wor ki ng pressure of 10 atm at 120C in*the presence of RuHC [ (S)-BI NAP] 2,
previ ously generated by adding (S)-BINAP (74.0 ng) 0.120 mmol ) and Et 3N
(0.017 ml} to a solution of [RuUd 2(COD)]~ (14.9 nmg) 0.0531 mmol) in 3 n
EtOH) heaf-refluxing for 6 hrs, and evaporating the m xture to dryness. The
reacti on jhgs discontinued after 5 hrs at 120C) and the m xture was cool ed
to rooprtenpgrature. After filtration on Celite, and evaporation under
reducdgfl ~5 pressure, 4.2 g of product (yield 83% were obtained. The
enantijpnmeri c excesses of both (11la) and (111b) di astereoi somers was
det er mNged 4% HPLC anal ysi Chiradex (3-cyclodextrin Merck) eluent:

uf fer 15:85 ( NeH 1- jlhl, added with NazZHP0O4 up to pH 6),

flow 1l m §mn, Detector e following results were obtained: 20
traps, eelzr 99% cis, /trans ratio: 50:50; overall ee z 99%
F~ S, ~r prMes] s 4R cis% o
AR-tr gps- 4- (& f 1 uor dPhen~r TI3- hy~droxymet hyl - 1et hYl pi peri di ne (111a) and

in the presence of Ru[(S -BI NAP~(OAc)2 Tetrahydropyridine

.0 g; 21.4 mmol ) was hydrogenated in 40 ml Zs isopropanol at
essure of 10 atm at 120C in the presence of Ru[(S)BINAP] (QAc)Z
(48.0 ng, 10.057 nmol ), previously generated, according to the nethod
describedlin Inorg. Chem 27, 1988) 566-569) from[RuC 2(COD)]~ and (S) Bl NAP.
The react©EMOnBB di scontinued after 18 hrs at 120C) and the mi xture was
cooled to roomtenperature. After filtration on Celite, and evaporation
under ~o reduced pressure, 3.6 g of product (yield 71% were obtained. The
enant iWHeh isctherdw&esds of ‘both (111a) and (111b) diastereoi soners was 2 8

JUL 2 P erm ned by HPLC anal ysi s
( Chi r%ﬁgt}g\?gg%yﬁé}x@ﬁgﬁ%@i@10438‘lﬁél%l?q t hanol : buf fer 15:85 (NaHzZP04
1.38 g/!)Fadded with Na2HP04 up to pH 6)) flow 1 m/min, Detector UV 215
nm. The following results were obtained: frans, ee > 43% cis, ee z94% 5
Cs/translratio: 10:90; overall ee >_ 89% G. Synthesis of 4R-cis and
a- f | uor ophen~r ~- 3- hydr oxynet hyl - 1et h~pi peri dine (111la) and
~(R=Etfl, in the presence of Ru[{S -BI NAP~{CF~, CO~) 2
dropyrfidine (11) [R=Et] (5.0 g; 21.4 mmvol) was hydrogenated in 40 n

olZdt a working pressure 10 atm at 120C in the presence of

) .031 mmol )) previously generated from

Ru( (S) Bl NpAP] (0Acz) 2 dis CHZQy Z ,added with trifluoroacetic acid,
stirring for evapgrat ed, re-dissolved in toluene and
hexane afaNa] | oWEINt o ¢ fse~dhe reaction was discontinued after 20
hrs, dnd the Y xturPwas codled to roomtenperature. After filtration on
Celitg, and egvaporation under t ~ reduced pressure, 3.7 g of product (yield
73% were obtlai ned. The enantiomeric excesses of both (11la) and (111b)
di ast ereoysoners was determ ned by HPLC anal ysis (Chiradex [i-cyciodextrin
Merck, elRrent: nethanol:buffer 15:85 (NaH2P04 1.38 gll, added w th Na2HP0O4

up to pH6)) flow 1l m/mn, Detector UY 215 nn). The following results were
obtai ie@btgived, ahich de enandigmesiaglly eenrichemdyin Giss 4R Hesmr fparoxetne)s df

oS5 o8 i phRTEL PR BDL P BAT RS Uiy

crystallization. Pure paroxetine (1) is thus obtained.

|

The compounds of formula () used as reagents in step a) of the process
described herein may be easily obtained by various techniques known to the art,

10 e.g. by allowing 1-methyl-4-fluorostyrene to react with formaldehyde and
ethylamine hydrochloride, as disclosed in WO-A-9636636.

Alternatively, compounds of formula (Il) may be obtained as shown in the following



18 2 8 JUL 2003 PCT/ EPO0O/ 01430 ComplexYield (%ee (illa) (%ee (111b)

(9% Overall ee (9% Exanpl e C88999999Exanpl e D84999899Exarrplf E@ﬁg%&g%&aml e
F71439489Exanp| e G73699385 It can be seen that the overal#8 i ned was
never pk$ d@« 0% in all tests; in particular, for the ex®giVEre0/043D, E,
performed with preferred Ilgands and s;osol vents both the overall ee. and
the specific (111la)- and (111b)-ee's were of 9899% Exanpl e C was repeat ed
with g li‘%%grent al coholi c or hal ogenated sol vents, in order to check the
sol veR? ect on the enantioselectivity. The hydrogenati on tenperature was
120C and the geaction was discontinued after 5.hrs. The pesults are

summari sed i he follow ng table. Solve tConverS| on (% ¢e (1l1la) (% ee
(111b} %Cl—%?

. 9598i -

an ee o I

toI uen| c solution of te m xt ure of enanﬁl oners (1llla) aﬂd (111b) (40. Og
169 nmmol ) obtained according to the precedi ng exanpl es was m xed) at room
tenperature and under(Mii rring) with tratiyl anmi ne (1. 7;¢quiv., 286 nmol)
21.0 5 m)) and subsequently wth a solution of nethansul phonyl chloride
(1. 2 defluorgbraobenzienel5and nl nagnesivinuerare( 48llowed addedrehabptbsegiveer 1

m xture was stirred at, 25 or 3 hr iltere The liquid phase
hs wASHRIORbE Ry sk DIaNEBo (Vs 1) wihiGBn | S AsPREdone g od

“” e Th%dr‘é%%ﬂ id) p‘?@&ﬁétﬁtsl g-{élﬂy-%{qﬂﬁ'@okg; ﬁgﬁ) ér&géﬁ%{*@% éﬂ}lfl%H%ﬂe (240

and trea utl respect

tO thes Eﬂlehydkraeedfm(;ﬂdsiﬁdn el dflthbbblpe‘rﬁ%lmmrhg by3héatdeflur with aqueous
4- et hyl pent an- 2- 01 (100 m&rand w th an a%:eous solution of NaOH 10 M (1.2

equi v/ S@«é@p@fe&almd-amlﬂr fivasophenyh)ad, Ssbrietrahydsppyridine ntyiil). TEUIS3 m).

f eact PRGN OREHGisSRFRERY TSk e lEtof RRLIF () HERabRian: i e same
neut r abadtioramedidg, ef agiesuPiiafaldeRyde Rridd'sdeadtih)aqueous phase was
extracted again with toluene. The or gani ¢ phases were conbi ned and

caticen the aroaess af dbednpeaticnr eatatytic bydroganatiosm)3@rgalyi ilnneaqse(smhﬂm) of

G st BREGHTRa0 2o} o1, endnfoders IsUP Sof Halialie (ERN oRRedh! vk
| SOPr PRARRIN @Pguéﬂgqﬂew&oﬂe&ﬁaéénb@n) u%atht Er@ aﬁB ﬁréﬁ@?or‘i'hé‘slf %l%ssorfer

(hydrochloride) precipitated in 74% yi el
hydr ouhﬂatdhecmmvuﬁytdfqnodecttmberdledandmoaa |$wmen¢aityeurtnyesjre¢m \aenwhmw n

t basi f t th, o NaCH, d. ext ti f th h ith
ol uered: enaseausne RN o eonaibiisdioho oi ve the 4R-iraps |
35t B RRCHABES, LhP8alanace?dr Ing)preXefl Sy ARy TSN ATBLGRSIichoid 1Y of

sai d di ast ereoi'soner dete m ne | radex ~cyc extr

el uentndepdridem| syimbiiéter retfiesdof tis¥and itedrisy Isomense agiis Hingtd aldr @aqgiredtloy 4. 1
W th AcO—l%R flow 1 n |l mn, ‘(ector W 290 nm) was > 99% NMR anal yses
carri repieIIRneasHRr OBRERER BpwRtodhetart- i ncl uding the recording of 'H

and ' 3G iREF bdantadd b IhEPreseHeliflaANG) §8"that 'the 4BFESHia! &fhtiomeric

excesses may be obtained at moderate pressure (5 to 15 atm). under these
20 conditions the process may be easily scaled up to commercial size.
A still further advantage of the present invention is that high enantiomeric
excesses may be obtained also with low catalyst/substrate ratios, i.e. ranging from
1/200 to 1/1000. The use of low quantities of catalyst favours low process
investment.
25  The following examples are shown by way of indication, not of limitation, of the



2 8 JUL ~DO- WO 001 50422 20 PG'|I YEPOO/ 01430 Heteronucl ear Shift Correl ation
Long Range, and NCESY tests, allowed to assign the correct stereochem stry
to the two reaction products. The product 4R-traps free ngsgm_ q(mal e yell ow
syrup) has the follow ng absorbances: ' H NVR (CDClI 3), 8 (ppm: 7.16 (2H,
m H Woewssaienyl); 6.96 (2H, m H fluorophenyl); 6.62 f(qf/F-PW@)“Q =s 8.8
Hz, Hsesamol); 6.34 (1 H d, J =2.4 Hz, Hsesanpl); 6.13 {1 H dd, J =
8.8 and 2.4 Hz, H sesanol); 5.87 (2H 13, OCHZ O; 3.58 (1 H dd, J =9.5
and Z&ekgﬂtlﬁb@@on3 45 (1 H) dd) J 9.5 and 6.8 Hz, CHZ-O; 3.31 (1 H m
CHN,; 2.45 (3H m ethylic CH2 + plperldlnlc CH,; 2.20 (1 H m
plperlw (4H m plperldlnlc CH; 1.17 (3H t) J = 7.2 Hz,
CH3) . , to 205(16) oy 109 (14),

by ??5'3920%‘9% o 105080 spyaseesiym b (0, 051moes)
mek hy [pgpaieei \ushesoxsly W%bghé@fwm" AR (41 ﬁﬁoﬂoB‘r&hbbéﬁﬁeﬁe Gh TﬁFl wggl) in

di chl oronet hane (135 m) was cooled to OC and added dropw se over 15 mln t
s wi t fitrated)| gooled tof Ofbieand ciddad dropiviseeo(ar2agpx. Uo4 minpMith a clear

di chl or t hape (22 n1 | ear , yel | WSQ|U e} s maintai ned at room

F erpesaiian phrotisraial LR oedeRe h eda .51 maloae T HENBE Bt vo
port| f i C S a ess. and
re-di sso é)ﬂa& ({R?A;ﬁfgggéfghgoﬁaﬁgq‘hte@géﬁ l@ﬁnaﬁé %@éﬁ%&%}ﬂ’éﬁ Iltered
and adgﬁ@emmreid%ﬂhg (343 mmol) of solid zo KOH and heat-refluxed for 2
hrs. The m xture was then cooled to roomtenperature and added with 150 m

vaer Theneeastigannixtyieawas aesled parafetnd added ity 366uml of @s20%eabH,C!

e SoRBIeE Aling, &0 o 308 RN e pilseRutln B8Saiad Fnid s bibale "S5 7o
Par Ox g Méré\ﬁéﬁo@éﬂe@et%wéa%s Tﬂfeeéq&’ééé’é pHse!WES Wktrac vﬁtt@ﬁ Rl d Qpd dried.

21.9 ¢ (59.3 mol par oxétin hydrochl oride were thus iso
pr oducno)rtltarrrﬁiqus%ﬂ byll iPLicluePenEhe yreSkivel wasPByaponaded : arat éhentolueinice: buf f er

hy v eedoReseriL washea with A2 it & 2o VGl SoIfR o Boss o
ctr %@éé%aswa%s ESnEhtARER SRNESoIk! !@ft% tﬂﬁfa"lidﬂ@fﬁ’%tﬁrec%t%té JUL

3 21 CL Process for the synthesis of paroxetine rising the
foI | owhug dtitajped, 340.9 hg dfogepriei yallmfé solidoprmiuct voéref dsatated. (s HPLMhere R

isﬁ_b?t.ga[ RS pHERyI (vt ShigIe BB EiETE SEAByis aer y SOcbnati on
0el ng (R g%z@ywafggg{'zeg vith HIEG)ShEWOl IR, BhicdhUAAR18! RpsPhi ni c
esd 1 of Tor I a

I |gan ing I n a 4RenantioneticAll'y enriched ctompoun
(1'11) :shidwedRagsy of F8%| bhil purity > 98%, with a yield of 58%.

20 The raw product of reaction was used as such in the next reaction.

On the raw product the following GLC/MS and H'-NMR analysis were performed,
allowing to assign the following parameters to the compound (VIl)
'H-NMR (CDCl,), 8 (ppm): 7.55-7.44 (2H, m, aromatic H) 7.01 (2H, m, aromatic H);
4.4-3.6 (1H, br s, -OH); 3-1.75 (8H, br m, H piperidinic ring); 2.59 (2H, q, J= 7.3
2s  Hz, ethylic-CH,); 1.18 (3H, t, J = 7.3 Hz, ethylic -CH;). MS, m/z (%): 223 (M*, 19),
208 (85), 190 (43), 122 (34), 109 (26), 95 (35), 94 (20), 84 (100), 71 (16), 57 (26),
56 (26).
B) Synthesis of 1-ethyl-4-(p-fluorophenyl)-3-hydroxymethyl-1,2,3.6-
tetrahydropyridine (11) [R=Et]
30 A solution of compound (VIl) [R=Et] (10.0 g; 44.8 mmol) in aqueous H,SO, (40 ml
water and 29.7 g H,SO,) was added with 4.0 g (49.3 mmoles) of a formaldehyde




b) reaction of the conmpound of forrmula (Ill) with a reagent capabl e of
transforming t o the -OH group into a | eaving group, foll owed by
nucl eophilic substitution with sesanol (3, 4-nethyl enedi oxyphenom

resulting in a 4R-enantionerically enriched derivative qQf (rv)y: w
~s ¢) VKPSE@?“K%/I ation of compound (1V), resulting in par g’fgj{ﬁﬁg}%%‘) 2
8 JUL 2003 22 o 0O NH 2. Aprocess as gained in claim1, wherein R
represents an ethyl. 3. A process as clainmed in any of clains 1 and 2,

wher eisalutions@78s rowplee) adld wab haasidfiuxediiddr MhbRetd stittng!fo? PRRTI Ni C
ligands, the transition netal is selected s fromthe group consisting of

r ut herfiheniituredivamtiaeniceoledi tonfoom tempersdierss basiftadawitb50.8 mhef af30%ai s 1
| ganddupeds SEHEn QnNebiH SR0serEERet HRIREIYonPRRPIDPes: FETaEL) |
? RUX( ?@%ﬂﬁ%ﬁﬁﬁﬁ?ﬁ%& oﬁeiﬁi@%;%@é%%ﬂmgb?s JUL 2003 WO 00/ 50422
235 PCTHePRsYidUel3in the #dripr _@t@syelaﬁv-ol'@'iq?disjc@u@fbﬁ!ﬂi/aﬁ|diitﬂ‘_éd witl® 76 mither ei n
said complex of a transition nmetal with chiral diphosphinic |igands is
pr epaisepropaseland added with gaseous HCI in order to precipitate the hydrochioride
of compound (ll). The suspension thus obtained was filtered, washed with
isopropanol, and the resulting solid was dissolved in water and added with NaOH
30% until pH 12 was reached. The resulting mixture was then extracted with
10 toluene and the organic phase was evaporated. The compound (lI) was thus
obtained again 6.32 g), having HPLC purity > 96% (Column Symmetry Shield
RP8, eluent acetonitrile:buffer = 90:10 (KH,PO, 0.025 M at pH 2.5 with H,PO,),
flow 1 mi/min, detector UV 215 nm). The yield of compound (Il) was 60%.
Compound (If) was characterised as follows:
15 m.p. 58-60°C; 'H NMR (CDCl,), 8 (ppm): 7.37-7.29 (2H, m, aromatic H); 7.01 (2H,
t, J = 8.6 Hz, aromatic H); 6.07 (1H, d, J = 3 Hz, olephinic H); 5.2 (1H, br s, -OH);
3.89 and‘ 2.60 (7H, m); 2.53 (2H, q J = 7 Hz, ethylic CH,); 1.16 (3H, t, J =7 Hz,
CH,). MS, m/z (%): 235 (M*, 29), 204 (100), 202 (36), 176 (21), 160 (21), 149 (25),
135 (37), 133 (39), 109 (85), 84 (17), 56 (68).
20 C) Synthesis of 4R cis- and 4R trans-4=(p-fluorophenyl)-3-hydroxymethyl-1-

ethyipiperidine (llla) and (lllb) [R=Et], in the presence of {RuCl(p-cvmene)(S)-

BINAPLICI
Tetrahydropyridine () [R=Et] (35.5 g; 150.9 mmol) was hydrogenated in 300 ml

isopropanol at a working pressure of 10 atm, at 120°C in the presence of {RuCl(p-

25 cymene)[(S)-BINAP]}Cl, previously generated by mixing a solution of (S)-BINAP
(0.378 mmol, 0.235 g) in 21 ml of CH,Cl,;MeOH 1:1, with [RuCl,(p-cymene)],
(0.188 mmol, 0.115 g), and heat-refluxing the mixture for 2 hrs. The reaction,
controlled by GLC analysis of successive samples (capillary column AT-35), was
discontinued after 2 hrs at 120°C. The resulting mixture was cooled to room

30 temperature, filtered on Celite, and concentrated at reduced pressure to give 33.2.
g of product (yield: 88%).



hydr ogenati on m xture of step a. s 6. A process as clained in any of clains
1 to 5 wherein said hydrogenation is carried out at a pressure of 1 to 150
atm in an alcoholic or hal ogenated sol vent or mixtures RHeubbf2M0%t a
tenperature of 60C to 150C. 7. A process as clainmed in claim6, wherein

sai d hydowssestion is carried out at a gressure of 5 t PABERAMIAMY at a
tenperature of 100C to 130C. 8. A procéss as claimed in claim?7) wherein
said hydrogenation is carried out at a pressure of 10 atmand at a

t enperpiaiichudd prd@et Sbtathedl Wers analysebiabyedPLE ¢CRIrEBet-Re E@@bﬂtrﬁa' d

al coholic or hal ogenated sol vent uséd in Step a. 'Is select e& rom

di chl dvierokt ehrent: methanmdboffer 1S@EE (WaldaPO4 4 BRigdnaddedywitioNa2iHPD4 and

their m xtures) .and, said conplex of a transition ~s nmetal with chiral
di phoé{Pn'(%P@ ﬁ‘?f danas milmi, Deategar Wy edrpirex agd) therenantiommeric excesses

ruzal A RIS G OH 5 3 AR LeShiSRaeE, The fojowingresils 1 1o o

wher eiersafaihedogent used in step b., capable of transform ng the -OH group
into a | eaving group) is added to conpound (I11) at a tenperature conprised
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%100 & () - #SHIO%I| & ()- 1By 9A0% | & ()- SHIOWM| & ()- y gl 1 o\ F
104] 104] 104| Yy10%| & ()- ;#10%H & ()- 9%0%| & ()-

2#10%4| & (&0/ G&W&O%ﬂrl & ()- dE\ QF"10%&' () -:"10%& (X’CTIEP00/01430
L 109%<& VP05 () y10%<& () - 3" 10%<&)6) - VGdE\ OF& 9%40%<& () -
gl0%& ()-"109%& ()- " 10%& ()-f" 10%& ()- $10%& ()-

Aoves 4 *#ula?r;?% by ik citenplysibondhadey, Posuddexsdn Merck, eluent
10%& (r%efh Tt 15 g5 (A PO, ARG Jd)de’éK\JvWaxHﬁo JHOBEE 6, 1w 1

mi/min, Detector UV 215 nm). The following results were obtained:
trans, ee = 43%; cis, ee 2:94%.

5 Cis/trans ratio: 10:90; overall ee 2 89%.
G) Synthesis _of 4R-cis and_4R-trans-4-(p-fluorophenyl)-3-hydroxymethyl-1-
ethylpiperidine (Illa) and (llib) {[R=Et], in the presence of Ru[(S)-BINAP(CF,COQ,),
Tetrahydropyridine (Il) [R=Et] (5.0 g; 21.4 mmol) was hydrogenated in 40 ml

isopropanol at a working pressure of 10 atm, at 120°C in the presence of Ru[(S)-
10 BINAP)(CF;CO,), (50.0 mg, 0.031 mmol), previously generated from Ru[(S)-
BINAP}(0Ac,), dissolved in CH,CI, ,added with trifluoroacetic acid, kept under
stirring for 12 hrs, evaporated, re-dissolved in tolueﬁe and hexane and allowed to
crystallise. The reaction was discontinued after 20 hrs, and the mixture was
cooled to room temperature. After filtration on Celite, and evaporation under
15 reduced pressure, 3.7 g of product (yield 73%) were obtained.
The enantiomeric excesses of both (llla) and (lllb) diastereoisomers was
determined by HPLC analysis (Chiradex p-cyclodextrin Merck, eluent:
methanol:buffer 15:85 (NaH,PO, 1.38 g/l, added with NazHPO4 up to pH 6), flow 1
mi/min, Detector UV 215 nm). The following results were obtained:
20 trans, ee 2 69%; cis, ee 2 93%.
Cis/trans ratio: 34.66; overall ee = 85%.
The results obtained by enantioselective hydrogenation are summarised in the
following table:
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J Pl ] o
/&0:9:‘& ()- #SI /(i?)%& () ) !%‘f‘%&%&&'

10|(SI P yA?20P1f, 1(530/ ()-10%&
()- 1 Th&LO%& ()-!1&810%& ()-"$ |L0%& ()-f 1(cy&()-!!!!!!!(%pezor 10 |10 10
10&10%&: ! 9 '9.-&;02@'_94&1.;0,/& Q-1 a@zCk |, @ 0%
Example C |88 99 99 99
Example D |84 99 98 99
Example E |83 99 99 99 -
Example F |71 43 94 89
Example G |73 69 93 85

It can be seen that the overall ee obtained was never below 85% in all tests; in

particular, for the examples C, D, E, performed with preferred ligands and
5 solvents, both the overall ee. and the specific (llla)- and (lllb)-ee's were of 98-

99%.

Example C was repeated with different alcoholic or halogenated solvents, in order

to check the solvent effect on the enantioéelectivity. The hydrogenation

temiperature was 120°C and the reaction was discontinued after 5 hrs. The results

10 are summarised in the following table.

Solvent Conversion (%) ee (llla) (%) ee (llib) (%)
CH,CI, 62 08 99
i-PrOH 100 99 99
n-PrOH 59 : 95 98
i-BuOH 80 96 98
Cyclohexanol 93 98 96

As can be seen, all solvents afforded an ee of at least 95%. In the case of i-PrOH,
in addition to an ee of 99%, a very high conversion rate (100% in 5 hrs) was
15 observed.

H) Synthesis of 4R-cis- and 4R-trans-4-(p-fluoropheny!)-3-hydroxymethyl-1-ethyl-
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! % -1 cy 0% & ()-! 10% 10% & () -
1?”% i aebesrueEleKBhe seysml methyansJonad ik A eameedR e () - v
109%&
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10% & The>mnare> Wil slif@d %510 f6r@BOPK @hd ﬁllél%& (Dhe 1iglidl @hadl/ was
10% & () -#10% & () - S&??, ?; ???@EeF ! @$10%& () -
washed with water and 'the resultmg organic phase was concentrated under
reduced pressure. The residue (47.2 g) was dissolved in toluene (240 ml) and

10 treated sequentially with a sesamol solution (1.0 equiv. in respect to the mixture
of (1l1a) and (lilb), 169 mmol, 23.3 g) in 4-methylpentan-2-ol (100 m!) and with an
aqueous solution of NaOH 10 M (1.2 equiv. in respect to the mixture of (Illa) and
(illb), 201 mmol, 20.3 ml). The resulting heterogeneous mixture was heat-refluxed
for 3 hrs. The reaction mixture was then washed three times with water until

15 neutrality and the organic phase was separated. The aqueous phase was
extracted again with toluene. The organic phases were combined and
concentrated at reduced pressure. GLC analysis (SE-30 capillary column) of the
viscous oil residue (55.0 g) revealed the presence of cis and trans
diasterecisomers (IV)in a 10:90 ratio.

20 The residue was dissolved in isopropanol and added with gaseous HCI. Only the
4R-trans diasiereoisomer (hydrochloride) precipitated in 74% yield (125 mmol;
49.1 g).

The hydrochloride was then re-converted into a free base by dissolution in water,
basification with 30% NaOH, and extraction of the aqueous phase with toluene.

25 The organic phase was evaporated to give the 4R-trans diastereocisomer free base
(44.1 g). Yield: 99%.

The enantiomeric purity of said diastereoisomer determined by HPLC (Chiradex B-
cyclodextrin Merck, eluent: methanol:buffer 40:60 (1% triethylammine with pH
brought to 4.1 with AcOH), flow 1 mi/min, Detector UV 290 nm) was > 99%.

30 NMR analyses carried out on AMX-600 BRUKER spectrometer including the

recording of 'H and *C spectra, 1H-1H COSY, Heteronuclear Shift Correlation,
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10@3 s &y 3.49 (igted .)J'-"QIUQMCG’/&W(GJH' -ﬂ)’f%.ﬂ%&“l(-{) rﬁa@hrbbt) @aB3H, m,
”Sy$1%(§/ﬁg§n(c) Cst}-O(;))/f%e(n)dlrIlc SR 540 A, Eottamic LY 9147 @M, m,
piperidinic CH); 1.17 (3H, t, J = 7.2 Hz, CH,). MS, m/z (%): 357 (M", 2), 220 (13),
10 205 (16), 137 (7), 109 (14), 98 (10), 82 (12), 72 (100), 58 (23).
1) Synthesis of paroxetine hydrochloride (1
A  solution of  4R-trans-4-(p-fluorophenyl-3-hydroxymethyl-1-ethyl-3-(3,4-
methylenedioxyphenoxymethyl)piperidine (IV) [R=Et] (26.5 g; 74.1 mmol) in
dichloromethane (135 ml) was éooled to 0°C and added dropwise over 15 min
15 with a solution of phenylchloroformiate (22.6 g; 144 mmol) dichloromethane (22
ml). The clear yellow solution was maintained at room temperature for 3 hrs, and
then washed with 150 m! of NaOH 1M and two portions of 150 ml HCI 6M. The
organic phase was evaporated to dryness and re-dissolved with toluene (190 ml).
The resulting mixture was then filtered and added with 19.2 g (343 mmol) of solid
20 KOH and heat-refluxed for 2 hrs. The mixture was then cooled to room
temperature and added with 150 mi water. The organic phase was separated and
the aqueous phase was re-extracted with two portions of 100 ml water and
evaporated to dryness.
The residue was dissolved in isopropanol (85 ml), and added with HCl 37%.
25 Paroxetine hydrochloride was thus precipitated, filtered , washed and dried. 21.9 g
(59.3 mmol) of paroxetin hydrochloride were thus isolated. This product, analysed
by HPLC (Symmetry Shield RP8, eluent: acetonitrile:buffer 70:30 (KH,PO, 0.025
M at pH 2.5 with H,PO,), flow 1 mi/min, Detector UV 290 nm) was found to have
assay 99% and purity 99.9%, with yield 80%. Spectroscopic data were in
30 accordance with literature data.
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b) reaction of the compound of formula (l11) with a reagent capable of transforming

10 the -OH group into a leaving group, followed by nucléophilic substitution with
sesamol (3,4-methylenedioxyphenol), resulting in a 4R-enantiomerically enriched
derivative of formula (V).
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15 ¢) N-dealkylation of compound (IV), resulting in paroxetine (1):
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5 from the group consisting of ruthenium, iridium and rhodium.

4, A process as claimed in any of claims 1 to 3, wherein said complex of a
transition metal with chiral diphosphinic ligands is a ruthenium complex selected

from a compound of formula (I) described in EP-A-245959,"
or a compound of formula {RuX(p-cymene)[BINAP]} X:, where X is a halogen
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6. A process as claimed in any of claims 1 to 5, wherein said hydrogenation is
carried out at a pressure of 1 to 150 atm, in an alcoholic or halogenated solvent or
mixtures thereof, at a temperature of 60°C to 150°C.

7. A process as claimed in claim 6, wherein said hydrogenation is carried out at a
pressure of 5 1o 15 atm and at a temperature of 100°C to 130°C.

8. A process as claimed in claim 7, wherein said hydrogenation is carried out at a
pressure of 10 atm and at a temperature of 120°C.

9. A process as claimed in claims 1-8, where said alcoholic or halogenated solvent
used in step a. is selected from dichloromethane, n-propanol, isopropanol,
isobutanol, cyclohexanol, and their mixtures, and said complex of a transition
metal with chiral diphosphinic ligands is a ruthenium complex selected from
{RuCli(p-cymene)[(S)-BINAP]}Ci, RuHCI[(S)-BINAP),, Ru,CL[(S)-BINAP],(NEt,).
10. A process as claimed in any of claims 1 to 9, wherein said reagent used in
step b., capable of transforming the -OH group into a leaving group, is added to
compound (lll) at a temperature comprised between -20°C and + 25°C in the -
presence of an inert solvent and of a basic compound.

11. A process as claimed in claim 10, wherein said inert solvent is toluene and
said basic compound is triethylamine.

12. A process as claimed in any of claims 1 to 11, wherein said reagent used in
step b., capable of transforming the -OH group into a leaving group, is selected
from tosyl chloride, benzenesuiphonyl chloride, methanesulphonyl chloride.

13. A process as claimed in any of claims 1 to 12, wherein said sesamol (3,4-
methylenedioxyphenol) is added ad as a mixture with an aicoholic solvent in the
presence of a base and the reéulting mixture is heated for 2 to 4 hrs.

14. A process as claimed in any of claims 1 to 13, wherein said N-dealkylation in
step c. is effected by reacting the product (IV) with phenylchloroformiate, and

treating the resulting product with a base.



