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le CHEM CAL PROCESS FOR THE REDUCTI ON ED - 3- HYDROXYMETHYL- 4-
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the preparation of (-)-trans-1-benzyl-s-"" _ ' :
hydr oxynet hy1- 4- (4-f | uor ophenyl ) pi-peri-dine'®hch is a useful internediate

I n the Spreparation of paroxetine. 1 US Patent No. 4,007,196 discloses

conpounds whi ch possess anti depressant activity. One particul ar conpound
di scl os GHEMIGAL hPRO iR THE KRERUCTION (O dxBBSHEVERR] ~HriY DRAXYMETHYBt4q @-FAUO-
bel ow. REPHENYL EHAEBIHE™ s been found to be especially useful in the
treatnment of depression and several processes have been described to
prepare this i njbistisventioonglatasdo alBweeSoios gesprepatstion of §-)traperiperaykd-
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conpoumsd opreparatichaf Garoxsetine.

US Patent No. 4,007,196 discloses compounds which possess anti-
depressant activity. One particular compound disclosed in this patent is known as

paroxetine and has the structure A below:
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This compound has been found to be especially useful in the treatment of
depression and several processes have been described to prepare this important

compound.

15 WO 96/36636 (which is incorporated herein by reference) discloses one
such process. Step C in claim 1 of this application describes the reduction of a

compound of formula B
X

2 .“‘\\\OH B

N
|

R,

to give a compound of formula C
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11111111112111111111112111111111111111 *@00001* 00 OHC N | RL in which X
ies hal ogen, preferably F, and RL is C2-5 al kyl, phenyl Ci-5 al kyl or .
substituted phenyl Cl1.5 alkyl. The reduction is carried out using a mnetal
hydri de WRBRFZYX preferably, according to claim4, LiAl H4 rTREAORHS The
only exanple given 5 in the application relates to a conpound of fornula
B, inwhich Xis Fand Fli is ethyl, whi was reduced using a m xture of
sodi um hydride and |ithium al um nium hydride. Wen this reaction is carried
out, follow ng the conditions desibed in 10 W96/36636, in the case
where X is F and Fil is benzyl, it| has been found that unacceptable |evels
of defluorination occur. This inpudRity is difficult to separate fromthe
desired conpound at this stage al ¢sults in the presence of the desfluoro
anal ogue of paroxetine in the fi conpound. Once again it is difficult to
separate the desfluoro anal ogue off paroxetine from paroxetine. This results
in time 15consuning separation pracesses which ar€ wasteful of material and
costly. Surprisingly a processhasppeen found in which a mninal
amount of defluorination occurs{duriipg the reduction stage. The present

i nvention provides a process for e preparation of a conmpound of formula I
F20 00 OH 3 in which R1 represéﬁts an am ne protecting group wherein a
conpound of formula Il R,

in which X is halogen, preferably F, and Ry is C,.5 alkyl, phenyl Cy.5 alkyt or
substituted pheny! Cq.5 alkyl. The reduction is carried out using a metal hydride
which is preferably, according to claim 4, LiAlH4 or NaAlH,. The only example given

5 in the application relates to a compound of formula B, in which X is F and Ry is
ethyl, which was reduced using a mixture of sodium hydride and lithium aluminium
hydride.

When this reaction is carried out, following the conditions described in

10  W096/36636, in the case where X is F and Ry is benzyl, it has been found that
unacceptable levels of defluorination occur. This impurity is difficult to separate

from the desired compound at this stage and results in the presence of the
desfluoro analogue of paroxetine in the final compound. Once again it is difficult to
separate the desfluoro analogue of paroxetine from paroxetine. This results in time

15  consuming separation processes which are wasteful of material and costly.

Surprisingly a process has been found in which a minimal amount of
defluorination occurs during the reduction stage. The present invention provides a
process for the preparation of a compound of formula |

F
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in which RL is as defined above is reduced by a netal hydride in the

presence of an 5inorganic salt in the presence of a diluent.

Swtably ne protecting group is one which is inert n by a

nmet al i ‘éeﬁ%r eferably the amine protecting group is se ec@sgﬂ)@%‘% a)

al lyl, b) benzhydryl, c) methoxynmethyl, d) benzyl oxynethyl, e)

tetrahydropyranyl , f) an 10 optionally substituted benzyl group, Q)

di (p- met hoxyphenyl ) net hyl, h) triphenyl nethyl, i)

(p- net hoxyprhlwrn)dh)RH repesseintedamajng protictihg gyalipd- pyri dyl net hyl , k)

2,4,6-trinmethyl benzenesul phqn ) toluenesul phonyl, m benzyl sul phonyl,

n) a Cl-6 é('Y"lg}lF'“gﬁ'?ﬁmpo °39?|%mfl?boro Cl-4 alkyl group, p) an al kynyl group

or q) p-nethoxybenzyl or optionalfy substituted anmonium Mre preferably

the amine protecting group is 15| a benzyl group which is optionally

substituted on the phenyl ring by e or nore of the follow ng groups: a

01-4 al kyl group, a Cl.4 al kox p, halo or nitro. Most preferably Rl

represents benzyl. Suitably the<getal hydride is sodium hydride, potassium

hydride, nagnesium 20 hydride, cqlcium hydri de, sodi um borohydri de,

pot assi um bor ohydride, |ithium bqg ohyolrw l'i t hijgm al um ni um hydri de,

sodi um al um ni um hydri de, al umgtu sodi um

bi s- (2- met hoxyet hoxy) al um ni umjhydri de a I i thi um nono(01. 4

al koxy) al um ni um hydride, a lit AT di (CL. 4 al koxy) al um ni um hydri de or

sodi um di et hyl al um ni um hydride of mxtures thereof. Preferably the netal

hydride is I|ithium 25al um ni um hydjide or sodi um al um ni um hydride. Mre

preferably the nmetal hydride is | |th| um al um ni um hydride. 4

Sui t abl y t he whishuR] iseis dafinall dbyde ishedusediby a metat Ingdridarig ¢heopreSelce ofcarmol ar

equi valents with respect to the amount of conpound of fornula Il used.

Pr ef er aBl y 'E‘W@aa'ﬁﬁﬁﬁt'“ Hye presanca R fieNtised is in the range of 0.75 - 1.25

nol ar equi val ents. More preferably, the amount of netal hydride used is in

the range of 0.90 - 1.10 5nplar equivalents. Suitably the inorganic
salt is a salt oBuitabhhinenamMEGARTGRCiRGGHRHR (Tnpne whishuminet R reqdugtiom By or

iron, or mxby ﬁ?drﬁcréer P%feré%ﬁ)ﬁfr%r aRine prldteching qﬂéufb fs S@bétel Frotn Rlanglepyal t

of lithium sodium calcium "zinc, magnhesium hanum or iron or m Xtures

10 t her eof .bamshednsh e9)emetaxymethylng) gteawlowethvb e tateydropy@mvl i B hatum

chlori 36 S&HfoH?}fhls%Bhﬁgtecpaltﬁ'nEﬂ} cllQrg, th) z'cn@ rﬁe{h%&y&eenybﬁ@my(l | )1>

chl ori iron ride hanum’'chlori de, magnesi um chl ori d

magnesi um ftrlgb?ﬁmethwhglhWWQWM)WV‘WWBY'umdimﬂ&l@'évﬂfmlmﬁh‘ybé()

t her eof

magnesi uli:?g gegiﬂ?réa&éﬁégl&d%ﬁ&yg' ei@k&l c)i al rﬁéng’fer @N Pégﬁ YT

rragne5| um cdiky grale, 0) a tr:fluorér I05. 4rw(yhgmupnp)‘ an aikblnysl gnomn:elsq) ﬂ)}a&tmmaybbwm
t ted in d ted th | 1e th

hat ¢ he. acnalopal it el AmalBe NP pEdfep et GO e aRubS -

netal Rgdr Ia‘isehiyn bkﬂld whleﬁn& @M%aﬂ?@u&ﬁﬂut’eﬂ@r&ﬂ@lphenﬁlorn@aﬂ))ﬁ on&@F nfxap! e,

in the case of I|'ithium alum nium hydride and %ne5| um chloride the active

speci es naythBefOHﬁVé'nBrngMﬁ’se %p1ﬁa%]h3é§lr9%9 g drirac@kosh pEBmiigioest DicalMA® ni um
hydrid d l'ithi | hydrid
ydri de, |”39@FE?5% rHHPeQth%‘l O”@l e or |ithium magnesi um al uni ni um hydri de

or a conp esiumc e and lithiumalumniumhydride. It is to
be understood that this process covers all such equivalents. 25 Sui tably

h fi . d I
e arouT |00, ki B b BR o Bl B e o

f or mul @oll ide, I?faﬁa‘uﬁﬁahydhdehesmunbou@hyum gporassiam borsidrids, nm'u:nhle
range of Mor e preferab t he anpbunt of anic salt used
isin the r%ﬁf@EVQﬂdeO 7‘@"'”'1‘ alumiHE) Hydudfsi SRd'YRt umnivmy b%% glgminipm

amount  of ey eie MR Obisi( erﬁékhéxyje'thdié}/%lumlnlum hydpldiel ad| ithilRe Hbhd(En, s
an organic liquid which is inert to thé metal hydride enployed and is

pref erabl y akexj)atgminidimr hydrisec amithivrd  &i{C .0 aliokgaluminieme hydeds yor tgeslium | uent
'S an et herdig{hyﬁalluhr%glru%:ﬁ{/c? egrrm&tu%é( herrg"oft 'IBEF\ rablyM?a efdl ﬁ{lc?nra%qls)ﬁthﬁuhrr?
25  aluminium hydride or sodium aluminium hydride. More preferably the metal hydride

is lithium aluminium hydride.



35diluent is selected fromtet rahydr of uran, toluene, dioxane, diethyl

at hey, diisopropyl 5 ether, t-butylnethyl ether, diglynme, ethylene glycol
di met hyl _et or mxtures thereof. Mst preferably the di i
tetrahydwg{}‘?;&?nz.o Suitably the ampbunt of the diluent is in é%%}ﬁ’gg%f 1
part by weight to 100 5 parts by weight with respect to the conpound of
formula Il enployed. Preferably the anoug of the diluent is in the range
of 2 parts by weight to 50 parts by weight with respect to the conpound of
formula Il enpl oygdtabhbthe pmebet afbingtal hgdrideoused sfintthe rdngaieh0.9 <5 moldarhe
range of 3 parts,b Lght to 10 parts b i j t,t

cormpound of FWMAA S\p"ﬁhgﬁfﬁe ?éod&eﬁjno‘?m&{Cg@h?@%"o&y%gﬁéﬁéfg%edssprlegagglly ri ed
out at a tenpenraidunt of Mdthlehydadgaised is iFOBetrangdef BAI5 4 1B5 pwilartequivaidrgs.

the range. 0-Muocrelgseey i rati St REE) ubied Bhed B e Bhof oL P 78 ® 1"

t enper at gr e rhélat Bguivasee. 0- L00C. Most preferably the process is carried out
at a l1lb5tenperature in the range 50-70C Sui tably the anount of
desfl uoro conpound obtained is in the range of 0.001%to 1% Thi s percentage

figure refers to ghrohed hoRRhri seds Rysdiher LA, gegibed nitemesiube daictunt he
Exanpl es. Preferably the anount of desflu rggﬁ%rrﬁou d. 200bt ai qe_d IS 15{% t he
range of 0. COAC. aNtRAmR ofBPR YPrekEresN§ache b B¢ inpLaanic,s'bis hHIfEnd

obtai ned is dift $MRAILANIRDIRIM OedlBlimt Qirfd, 2¥agnesium, larthgnith asreifgh 6f niiktares
present invention is advantageous because It provides a E%:C?’\}gr ecursor to

par oxet i'Re. thaiegkeMore Prafgrably thBtinaradyc salt i sifded Bem Ithi Ideo ApduMds of

formula | bycrﬁano@nefefréia.ino%hfafnd&,hezsr{avféhrwe,gn@Hp(li)néﬂoﬂdé,e% n@l)%ﬁféﬂdeﬂ‘ or
exanpl e halo or tosyloxy, b) reaction with sesanol or a salt thereof, c)

renoval of tlhethppemeidrisg. mesnpsikD drtidspiiagnesivy fiypride| magpesymiamideor
exanpl e the é}y%pg&}iﬁhi fgideabl w@uﬁe@%@wﬂrw& bRy thBandeahiysHigise.

30The invention ustrated ‘the follow ng Exanples which are given b
way of exanphegmasiym dherids, maagnesitndrromidee gt MagnesiHBs dideanpfine $spagally

char act Gkl SRy ANGIGE nlIBsA disideol | oWl ng procedures: gas- | qui d
chromat ogr aphy;” high pertormance |1 quid chromat ography; elenental analysis;

nucl ear magnetic resonance spectroscopy and infrared spectroscopy. 6

Thedesf | uor oc0moy%%ggﬁgéﬁgf@%h%%%%xWe@ﬁ&étéa in detail. It will

phenyl pi peri di ne.
1(-) -t r ans- lbdeppseticded pyrtomserekiigd intthedatt|toatr bpHratye redyeing ageet may be

L L S e ol s AMSBPL IR SO RN
under 1@ t r gerFor Bxample tiutte csse of tithiune dlvanitiutmgatdgde aod BEEQnesid ¢deride
sol ution of tﬂwg)écjﬁile species may be one or more of magnesium hydride, chioromagnesium
aluminium hydride, magnesium aluminium hydride or lithium magnesium aluminium
hydride or a complex of magnesium chioride and lithium aluminium hydride. ltis to
) be understood that this process covers all such equivalents.
25
Suitably the amount of inorganic salt used is in the range of 0.25 molar
equivalents to 5 molar equivalents with respect to the amount of the compound of
formula Il used. Preferably the amount of inorganic salt used is in the range of 0.5 -
1.5. More preferably the amount of inorganic salt used is in the range of 0.75 -1.25

30 molar equivalents with respect to the amount of the compound of formula I used.

Suitably the diluent is an organic liquid which is inert to the metal hydride
employed and is preferably a solvent for the compound of formula Il. Preferably the
diluent is an ether or a hydrocarbon or a mixture thereof. More preferably the

35 diluent is selected from tetrahydrofuran, toluene, dioxane, diethyl ether, diisopropyl



benzyl- 3- hydr oxynet hyl- 4- (4-fl uorophenyl)-1, 2, 3, 6-tetrahydropyridine (0.60
o, peeparation given in W96/36636) in THF (1.7 nm) was added dropw se over
appr oxi matgedgy/s2g20m nut es. The reaction mxture was stirred pag/pEposbRes under
reflux for 4.2 hours. The m xture was cool ed to anbient tenperature and
then stirred in 15 an ice/water bath whilst water (0.1 m) then 5M sodi um
hydroxi de solution (0.1 m) and water (051 m) were added. The suspension
was diluted with THF (5 nml) and the m xture filtered. The residue was
washed wit hethar tautyimethyl)ethay digkmeonistihdens idivcphdimethy akshion gaixiwses
evapor at ed {Heg&dr. Wghﬁé_ier&b@/&ﬁéﬁﬁuérﬂ iDietangdeoplrhew oi I (0.49 g). This oil
was anal ysed by G.C, iral "HPLC and 1H nnt. 20 G.C Conditions: Colum :
DBl 1.5gm 15m x 0.53mm Carrier gas (B) Flow 4.5 ms/mn. Initial tenp: 40C
for 1 mn. Ranp ] e i P it i :
15cm | ong, 4. 6m§ﬁ%€%¥ﬁgﬁ)a@?g§£igbe ?g%ﬁlﬁg i'reng]'éprlgﬁ? %F]gs&dcﬁ) %Wfiggg,kdjﬂﬂ%
surface Sof R@fteRY WeigBadh rasaeet tedhpcommavnda0f| fpridadeempioyed.siRreteraplpups:;

particle si = | v teldnm
SonoDi 1 o phigemIals: e iR PGP 2ahif o2 parB il SRS B8Y Belorf o
1.69) and Owithgegpecttedingmampcund of (dmhda dit @mployedt bore piaerably the amount

98/ 52920PCT 0 - !nglg - : ,
2(-)-trans-1- gﬁ]ig%ﬁégk@t rox%?hval E%S( %X WF'L?SF 6%%%83?? BY [\Svee}qh(tjiwr'ltg respect

Li t hi um al utei the gemippdnd défarmulBHFep®y8dml of a 1M sol ution) was careful ly
added t@ substantial |l y anhydrous magnesi um chloride (1.58 g, 1.5% H20)"
under nitrogen. The m xture was stirred and heated to 50C and then a
sol ution of (+)- $Suitably the process is carried out at a temperature in the range of -70°C to
benzyl- 3- hy%r ot%(gmet h&é- 4- (4-f |l uorophenyl)-1,2, 3, 6-tetrahydropyridine (5.0
g) in THF (1% 291R9 Peiakofitgeduan lowed,\Rueteiably dhe Reacess isscariienipiisat ahe
reaction m MmiRaiisinsthel aRge a01G0bOI |m&e%}gf'érraﬂlgfthé Broch&d isbedifal] Sut e

m xture was cooled to anbient tenperature and then stirred in an 1 ce/water
bat h whi | st teneesatu(@indtheirangé 8+10ORC. 1Blosoplieterably dn@prabess & carii@h o(Dat8a )
and water (0.8 mH) w_erg added. The suspension was diluted with THF (5 nl)
and t he' % xtemRerature By tag rangfS3-£9i%ue was washed with THE (3 x 10 m) and
the conbined filtrate and washi ngs were evaporated under reduced pressure
to give ayellowoil (3.3 g). This oil was analysed by G.C, Chiral HPLC and
1H nnr usi ng t heSuiaRly tthe ramelay cofi drsfluaogempPred mbialoed isvérs oy rangel Bpur e

b i I o ' %:Qf .t f H
by ot TRl gk, @i OTh Agth Rad Bl i 9561 PERICATRRUES o
manner to Exetyddedgsaibedin tiecErouoplagi Piederablyetbe rantmont ioh desfhiopo tompoufidbl e 1

equi vaizht s8R TRREl] Bl hge B G oTatie sy M ekosalsBR FR MG Bl Abstiore
enpl oyed; Gu@npowratobtaimpetds imrthe maigegsfaplop] to 0.2%.

The process of the present invention is advantageous because it provides a

pure precursor to paroxetine. Paroxetine may be obtained in a pure form from

25 compounds of formula | by a) conversion of the hydroxy group into a leaving group,
for example halo or tosyloxy, b) reaction with sesamol or a salt thereof, c) removal

of the protecting group Ry and optionally d) salt formation, for example the

hydrochloride salt as the anhydrous form or the hemihydrate.

30 The invention is illustrated by the following Examples which are given by way of
example only. The final product of each of these Examples was characterised by one
or more of the following procedures: gas-liquid chromatography; high performance liquid
chromatography; elemental analysis; nuclear magnetic resonance spectroscopy and

infrared spectroscopy.



HPLC = hi gh performance |iquid chronmatography;

conpeund; The figures in these colums refer to percentage by
normal i s ABLE 1 EXAVPLE NO || g THF M L1AIH4 M CI 2 M
equi v | I\@EP 9%2?%-5% Ol U Rpobbad¥Y

10

15

20

25

30

GLC % (-F) HPLC 3 0.60 1.7 1.0 0.5

6

The desfluoro compound is (-)-trans-1-benzyl-3-hydroxymethyl-4-
phenylpiperidine.
EXAMPLES

Exampie 1 (-)-trans-1-benzyl-3-hydroxymethyl-4-(4-fluorophenyl)piperidine

Lithium aluminium hydride in THF (2.0 ml of a 1M solution) was carefully
added to substantially anhydrous magnesium chloride (0.19 g, 1.5% H»O) under
nitrogen. The mixture was stirred and heated to 50°C and then a solution of (+)-1-
benzyl-3-hydroxymethyl-4-(4-fluorophenyl)-1,2,3,6-tetrahydropyridine (0.60 g,
preparation given in W096/36636) in THF (1.7 ml) was added dropwise over
approximately 2 minutes. The reaction mixture was stirred and boiled under reflux
for 4.2 hours. The mixture was cooled to ambient temperature and then stirred in
an ice/water bath whilst water (0.1 ml) then 5M sodium hydroxide solution (0.1 ml)
and water (0.1 ml) were added. The suspension was diluted with THF (5 ml) and
the mixture filtered. The residue was washed with THF (3 x 5 ml) and the combined
filtrate and washings were evaporated under reduced pressure to give a yellow oil
(0.49 g). This oil was analysed by GLC, Chiral HPLC and 'H nmr.

GLC Conditions:
Column : DB1 1.5um 15m x 0.53mm

Carrier gas (B) Flow: 4.5 mls/min. Initial temp: 40°C for 1 min.
Ramp 5°C/min to 300°C for 7 mins.

HPLC Conditions:
Column : 15cm long, 4.6mm internal diameter comprising particles of silica, the

surface of which has been modified by chemically bonded octylsilyl groups; particle
size = 5um, Column Temperature 35°C.

Detection wavelength : 214nm.

Mobile phase: 15% v/v acetonitrile, 0.1% v/v orthophosphoric, acid (SG 1.69) and

0.1% w/v sodium butane sulphonate in water.

The product was 98.7% pure by normalisation and contained 0.3% of the

desfluoro compound by HPLC.

25 9%-F) = % of desfluoro'
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Example 2 (-)-trans-1-benzyl-3-hydroxymethyl-4-(4-fluorophenyl)piperidine

Lithium aluminium hydride in THF (16.7 m! of a 1M solution) was carefully

added to substantially anhydrous magnesium chloride (1.58 g, 1.5% H20) under

5 nitrogen. The mixture was stirred and heated to 50°C and then a solution of (+)-1-
benzyl-3-hydroxymethyi-4-(4-fluorophenytl)-1,2,3,6-tetrahydropyridine (5.0 g) in THF
(14.2 ml) was added dropwise over approximately 5 minutes. The reaction mixture

was stirred and boiled under reflux for 6 hours. The mixture was cooled to ambient
temperature and then stirred in an ice/water bath whilst water (0.8 ml) then 5M

10  sodium hydroxide solution (0.8 ml) and water (0.8 ml) were added. The suspension
was diluted with THF (5 ml) and the mixture filtered. The residue was washed with
THF (3 x 10 ml) and the combined filtrate and washings were evaporated under
reduced pressure to give a yellow oil (3.3 g). This oil was analysed by GLC, Chiral
HPLC and 1H nmr using the conditions described above. The product was 97.0%

15  pure by normalisation and contained 0.2% of the desfluoro compound by HPLC.

Exampies 3to 8

Examples 3-8 were carried out in a similar manner to Example 1 using the
20 conditions described in Table 1. In Table 1 the following abbreviations are used:
M equiv Il represents molar equivalents with respect to the amount of the compound
of formula Il employed;
GLC = gas liquid chromatography;
HPLC = high performance liquid chromatography;
25  %(-F) = % of desfluoro compound,

The figures in these columns refer to percentage by normalisation.

TABLE 1

EXAMPLE ] THF LiAIH4 MgClo Time % || % (-F)
NO. g ml | Mequivil | Mequiv il h GLC HPLC

3 0.60 1.7 1.0 0.5 3 0.1 0.3

4 2.56 | 512 0.9 1.0 4 0 0.2

5 0.48 1.0 0.75 1.0 5 2.9 0.4

6 0.50 1.0 0.75 0.75 4 2.6 0.4

7 0.60 1.7 1.0 1.5 5 4.2 0.2

8 1.99 4.0 1.0 0.8 4 01 0.22




2.6 0.4 7 0.60 1.7 1.01.554.20.281.994.01.00.840.10.22 W

8/ 52920PCT/ EP98/ 02826 8 Exanple 9 _ :
(-)-trans-1-benzyl- 3- hvdr oxvmet hvl - 4- (4-f | uor ophenvl ) pi per.i di ne _5Sodi um

al umi ni UOPE2? e in THE (2.0 M of a 1M sol ution) \/\2915 Ear"gf(;iJ FJ02bed to
substantially anhydrous magnesi um chloride (0.19 g, 1.5% H20) under
nitrogen. The m xture was stirred and heagted to 50C and then a sol ution of
(+)-1- benzyl-3-hydroxynet hyl-4-(4-fluorophenyl)-1, 2,3, 6-tetrahydropyridi ne
(g. 60 g) in }'AFmé|&97 m ) was added dropw se over approximately 2 m nutes.
The reaction

(-)-trans-1-benzyl-3-hydroxymethyl-4-(4-fluorophenvi)piperidine

5 Sodium aluminium hydride in THF (2.0 ml of a 1M solution) was carefully
added to substantially anhydrous magnesium chloride (0.19 g, 1.5% H,0) under
nitrogen. The mixture was stirred and heated to 50°C and then a solution of (+)-1-
benzyl-3-hydroxymethyl-4-(4-fluorophenyl)-1,2,3,6-tetrahydropyridine  (0.60 g) in
THF (1.7 ml) was added dropwise over approximately 2 minutes. The reaction

10  mixture was stirred and boiled under reflux for 4 hours. The mixture was cooled to
ambient temperature and then stirred in an ice/water bath whilst water (0.1 ml) then
5M sodium hydroxide solution (0.1 ml) and water (0.1 ml) were added. The
suspension was diluted with THF (5 mi) and the mixture filtered. The residue was
washed with THF (3 x 5ml) and the combined filtrate and washings were

15 evaporated under reduced pressure to give a yellow oil (0.49 g). This oil was
analysed by GLC, Chiral HPLC and 'H nmr using the conditions described above.
Starting material 13.2% was still present in the product as analysed by GLC. The

amount of desfluoro compound as determined by HPLC was less than 0.1%.

20
Example 10 {(-)-trans-1 -benzvl-3-hvdroxvmethvl-4-(4-fluorophenvl)piperidihe

Lithium aluminium hydride in THF (2.0 ml of a 1M solution) and toluene (0.69

ml) were carefully added simultaneously to substantially anhydrous magnesium

25  chloride (0.53 g, 1.5% H,0) under nitrogen. The mixture was stitred and heated to
50°C and then a solution of (+)-1-benzyl-3-hydroxymethyl-4-(4-fluorophenyl)-
1,2,3,6-tetrahydropyridine (2.60g, preparable as described in W096/36636) in THF

(3.6 ml) and toluene (0.4 ml) was added dropwise over approximately 5 minutes.

The reaction mixture was stirred and boiled under reflux for 3.5 hours. The mixture

30 was cooled to a.mbient temperature and then stirred in an ice/water bath whilst 0.
5M sodium hydroxide solution (4.1 ml) was added. The suspension was diluted

with THF (10 ml) and the mixture filtered. The residue was washed with THF

(10 ml) and the combined filtrate and washings were evaporated under reduced
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wat er ( Owd d¥lshodohen 5M sodi um hydroxi de solution (0.1 M) pegeresiRse 0. 1

m ) were added. The suspension was diluted with THF (5 nl) and the m xture
filtered. The residue was washed with THF (3 x 5 m) and the conbi ned
filtrate and washi ngs were 15 evaporated under reduced pressure to give a
yellow oil (0.49 g). This oil was analysed by G.C, Chiral HPLC and 11-1 nnr
usi ng the qoassure dngivéesyellovedil bBYe). Shigrail wgs analgsedaby C3-Q% hikad HRALG |

oSl 1 ARFAPARYthe B ALY REC N ol AP AR Gl comoune

10(-)-trans-1-benzvl- 3- hydr oxvmet hyl - 4- (4-fl uor ophenyl ) pi peri di ne
Li t hi um al um ni ym_hydri Lo, THE | ution d .

(0.69 nl) 14 ul Hoxithefucd!
magnesi gm 25chl oride (0.53 g, 1.5% H20) under nitrogen. The m xture was

ti d d heat t 0C d t i f .
) L b eans "SGR At sy DRk SRl o 3 M soltion) waR MUY i di ne
(2.60g, prepfealbeubstafegigranbgdrous MResRESB@MIde (TT6F gf Gnderitfogurd T uene

(0.4 M) was, added dropw se gver approxigate 5 mnutes. The reactign
m xt ure wasTeYre rRF af '%?ng‘etﬁ‘ 0 PQfg??BEJ Xrt‘ﬂn Q.SSDTLHGGr of (fbﬁébﬁ%ﬂ’ fe 30

was cool ed i _4tan F 1 ! ANy e/ h
whi 1ot 0. S '4&%@%@‘?3?%3’6"%%5%'§5>ﬁ',§’§"é;‘da?d‘r’f@h‘2ﬁ8%%2‘?1’5i on
was di 16t edvas RACTHRINODGISE qvearaPPIOMAtelt Gr Binutes.er B reanlion deixtitie Was

hed wit h_JHR ~ t ' j | ' :
evapor at ed Tee b adilet e BEASE s THOLHAR piR TP T Blent
a yel | ow oitenper@Breghnd Thérs stiréd wainainelwaserdbap @it (ChMr sddiviPLigdsexnidel H

. The title. i wad% h 3 I
1) - tr anss T B R e B O el e T RS R R AP S Rt ©
Li t hi um al URHRI(Tmihack thebemixtur Hike(edl. 7bherresiduecawad/veshed math) TiWa$7 ody afidil | y

dded t tanti.al L y..anh i ' 5 ' :

adied. e SURet SOl AL Yol SR ARSI A8 SR et BB, 1 00T
(+) - 1- benzydiv@a yeyldwaily(0miohy) 1 - g dit fvias analyed p§)GLIC, Zot8rab HRL aig did oyt i di ne

(1.12 g) in THE. (2.2 m). 10 was e I OpW se over approxi mately 5

i nut es. TREhPr Eté%?c?rap]oqﬂcg&qu@n%gqgt/gpftga c@ﬁﬁu%r&qog}ﬁ)ogﬁ er ref lux for 4.2
hours. The m xture was cool ed to anbient tenperature and then stirred in an
ice/water bath whilst 0.5M sodi um P g‘rxi de solution (2 nml) and water (0.1
m) were adefmPlede s, dadransdsbenzyl- oA g RRRLAV IRIRENOINE i xt ur e
filteregdy The residue was washed with THF (7 ml) and 15 the conbi ned
filtrate and washi ngs were evaporated_under reduced pressure to give a
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12H-trans- 1- benzv1- 3- hydr oxvnet hvl - 4-(‘(4-f | uor ophenylgé)l peri di ne 20
stirring under nitrogen keeping the temperature below 20°C. The mixture was

stirred and heated to 50°C and then a solution of (+)-1-benzyl-3-hydroxymethyl-4-
25  (4-fluorophenyl)-1,2,3,6-tetrahydropyridine (2.15 g, preparable as described in
WQ096/36636) in THF (3.92 ml) and toluene (2.32 ml) was added dropwise over
approximately 30 minutes. The reaction mixture was stirred and boiled under reflux
for 4.0 hours. The mixture was cooled to 0-5°C in an ice/water bath whilst sodium
hydroxide solution (2.48 g, 5%w/w) was added. The suspension was filtered. The
30 residue was washed with THF (8 ml) and the combined filtrate and washings were
evaporated under reduced pressure to give a yellow oil. This oil was analysed by
GLC, Chiral HPLC and 'H nmr. The title compound contained 0.24% of the

desfluoro compound.



Li thi um al um nium hydride in THF (7.24 ml of a 1M solution) was carefully
added to substantially anhydrous magnesi um chloride (0.698 g), .in THF (32.
M) wt tirLi,ng under nitrogen keeping the tenperature The

m xt ur em\Xg’sJ"QSHZ?r ed and heated to 50C and then a sol uti ont%(;eff(?"\ﬂéS’g;;%26
(+)-1-benzyl- 3- hydroxynet hyl-4- 25
(4-fluorophenyl)-1,2,3,6-tetrahydropyridiqge (2.15 g, preparable as

descri bed in W96/ 36636) in THF (3.92 nl) and .toluene (2.32 nl) was added
dropwi se oveExadiIsOABTBL €4 Y wille NBdMtidEDut ThE ERERE i ManMErxioU ERa@Re 3bi bued
and boil ed under, ref lTux for 4.0 hours. The m xture was cooled to 0-5C in
an i ce/ wat er'®BaFRIViRRgNGsiugy §higHI® PY FoelRe eguivatenbaf the mgta) salidpgicatedias
added. The sgwsp@nstrapievwas filtered. The 30 residue was washed with THF (8
m ) and the conbined filtrate and washi ngs_ were evaporated under reduced
pressure to give a yellow oil. This oi A 2anal ysed by GLC, Chiral HPLC
and 1H ngr. The title conpound contained 0.24% of the desfluoro conpound.
WO 98/ 5292QPCT/ EP98/ 02826 10 Fxanples 13 & 14 re carried out in a
simlar manretNeo| Metahfalt [12 Sjufimeepl acPngrodiginesi un¥eckMor i [d& Bgs-Huarsl pr
equi val ent |of the|lnetal salt Hediscatbd asGtBown ijn TAUG 2.| TABIRLQ Ek. No.
Metal Salt |Stil8 T| meMdhurs| % Prbduct | GLC 968M GLQ % D26-f | uoro GRBC 13| MBI 2

1 96. .
4 0.0 14 MgBr, 1 97.8 0.55 0.21
SM = Starting material

Example 15

10

This example was carried out in a similar manner to Example 12 except that

the toluene replaced THF as the solvent and that the mixture was heated at 110°C
with stirring for 2 hours. This procedure gave the product (93.7% pure by GLC)
which contained 1.07% of the des-fluoro compound by HPLC.

15

Comparative Examples

In comparative reactions in which no inorganic salt was present the amount
of desfluoro compound obtained was in the order of 2-4% and proved to be very

20  difficult to remove.



0.13 14 MpBr2 1 97.8 0.55 0.21 SM = Starting material Exanple 15

Thi s«exanpl e was carried out in a simlar manner to Exanple 12 except that
the tol ugnpogi@piaced THE as the solvent and that the m xtuperypssdigsd ed at
110C with stirring for 2 hours. This procedure gave the product (93.7% pure
by GLC) which contained 1.07% of the des-fluoro conpound by HPLC.

Conmpar ati ve Exanpl es In conpar&tive reactions in which no

i norgani c salt was present the anmount of desfl.uoro conpound obtained was in
the order of 2-4%and proved to be verQlafiasli fficult to remove. 11 Cains
1A process for the preparation of a conpound of formula I 5in which Rl
represents an am ne protecting group wherein a conpound of fornula I I n
whi ch Al istlas dafprocsbsdbothe preparatircefta bympouret eflfoimpdailde i n t he presence
of an inorganic salt in the presgnce of a diluent. 10

~"SoH

N
l

R

1
5 in which Ry represents an amine protecting group

wherein a compound of formula Il

F

Z " 0H

|
R,
in which Ry is as defined above is reduced by a metal hydride in the presence of an

inorganic salt in the presence of a diluent.
10

2) A process according to claim 1 wherein the amine protecting group is
selected from a) allyl, b) benzhydryl, c) methoxymethyl, d) benzyloxymethyl, e)
tetrahydropyranyl, f) an optionally substituted benzyl group, g) di(p-
15  methoxyphenyl)methyl, h) triphenylmethyl, i) (p-methoxyphenyl)diphenyimethyl, j)
diphenyl-4-pyridylmethyl, k) 2,4,6-trimethylbenzenesulphonyl, |) toluenesulphonyl,
m) benzylsulphonyl, n) a Ci.¢ alkyl group, o) a trifluoro Cq.4 alkyl group, p) an

alkynyl group or q) p-methoxybenzyl or optionally substituted ammonium.

20 3 A process according to claim 2 wherein Ry represents benzyl.



2) A process according to claim1l wherein the am ne protectl ng group is
sel egted froma) allyl, b) benzhydryl, c¢) nethoxynethyl,

benzyl ox e) tetrahydropyranyl f) an optionally s . ;(ﬁglz benzyl
gr oup, éLHéﬂs%%h()lS et hoxyphenyl ) met hyl, " h) tri phenyl net hyqéi/tw 6

(p-nethoxyphenyl)dlphenylnethyl 1) dlphenyl 4- pyridyl met hyl ,
2,4,6-trinethylbenzenesulphonyl, 1) tol uergesul phonyl, m benzylsulphonyl

n) a ClL.6 al kyl group, o) a trifluoro Cl-4 al kyl group, p) an al kynyl group
or q) p-nethoxybenzyl or optionally substituted anmoni um WO

98/ 52920PCT/ P98/ 2826 12 QCess accor d C i
wher ei n t he ‘Het al era??S&ea‘fC)Q’%’g% QRAHRIF TR I ﬁ%f"éss %g '%ggvg*ag‘%}eg um
|h‘yd[1 i de, bcalﬁdélum m,ydr.d@tﬁpotswhlnmmyhﬁd@hré\dgnaéimmdpwasm wrcsbultmr ioydridie] dﬁdlgm .

i t hi um borohydride, |ithi um al um niyn ride m a n|u ride,
al uni ni um hyRRTPANANIAR, PQIATSM F?rOhﬁaﬁﬁ)xp Ut x 9" ﬁﬁi'ffﬁ b umiy E} é
I : L hi u;n ﬁvnm&déhagkmw abmmmgumm Igydirdedf% aluamhluhhl wyudaé glsdﬁlum bis-(2-
al koxy) al umi ni um ride ot sodium die al um i.de. or res
R T AR K T A s e SN
hydride is |l|tltnt]h1u'8\(@| k'nalm)&fﬁhwmdn‘ii%ﬁhdéoﬁ' H@Hlé‘ﬂnuﬂ"eny‘iHlﬂJrhmrh deydride & A

process according to any preceding cl’ai mwherein the i'norganic salt is a
salt of I|ithhixtgrestuiredh magnesi um cal cium zinc, |anthanumor iron, or
m xt ures 15t hereof. 7) A process according to cI aim6 wherein the
inorganic salt is a halide salt. 8) A process according to claim?7
wher ei n 10he %)nor gArprocessl acdosdingdm esiy Lpreddting olaird eyhareigntdsi matab hydiidie isor

nmagnesi um i qqé‘“%ﬂ'g?ﬁg@“&ygﬁgﬁﬁg"@ar %H?vth% r(M%d?recedl ng cl ai mwherein

t he dil uent on or ure thereof.
2510) Par oxet i ne whi ch has been prepared froma conpound of fornula I,

prepared accQrding to any. p revi ous clal ver of
t he hydroxy roupglﬂ{?%esi 3 g(ﬂ% og?%Bre Sj'n§ i\%‘ﬁ \%Iﬁ]eer%ﬂtﬁ\ .ﬁ%r %R{& Sgar" 'g%gal t
t hereof, c) saoivathiupi, ddtunpr Bhgeddiurg, oaloium, Rlncanuhtlmqn‘turmlmlltoy\, @y rsialures

formation.
15 thereof.

7) A process according to claim 6 wherein the inorganic salt is a halide salt.

8) A process according to claim 7 wherein the inorganic salt is magnesium

20 chloride, magnesium bromide or magnesium iodide.

9) A process according to any preceding claim wherein the diluent is an ether

or a hydrocarbon or a mixture thereof.

25 10) Paroxetine which has been prepared from a compound of formula |,
prepared according to any previous claim, by the steps of a) conversion of the
hydroxy group into a leaving group, b) reaction with sesamol or a salt thereof,

c) removal of the protecting group Ry and optionally d) salt formation.

30



