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the m xture of déhydidtieh characteristics of appropriate mesh molecular sieves are employed to promote

the condensation reaction between 4-(3 4~dichlorophenyl}-3,4-dihydro-1(2H)-naphthalenone

30 and monomethylamine. The appropriate type molecular sieves (specifically, those having a

pore size of about 3 Angstroms) are contacted in-sifu with the mixture of 4-(3.4-

dichlorophenyl)—3,4-dihydro-1(ZH)-néphthalenone and monomethylamine, and adsorb the.

water formed from the condensation reaction. Once the desired condensation reaction is

essentially complete, forming N-[4-(3, 4-dichiorobhenyl)-3 4-dihydro-1(2H)-naphthalenylidene-

35 ]methanamme the water saturated molecular sieves must be removed from the product

contarmng solution by filtration prior to lSOlathl‘l of the ketimine product. Furthermore, used
sieves must typically be regenerated if they are to be reused.

The process of this invention provides a novel and useful synthetic route to N-[4-(3,4-

dichiorophenyl)-3,4-dihydro-1(2H)-naphthalenylidene-jmethanamine, known to be a useful

40 intermediate in the synthesis of sertraline. This novel route involves a condensation reaction

drochloride is the active
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comprising reacting 4-(3,4-dichlorophenyl)-3,4-dihydro-1(2H)-napthalenone, depicted below
and also referred to herein as “tetralone”,



20 This invention relates to a process for prepar| ng
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di hydr o- 1( 2H) - napt hal enyl i dene] nmet haneani ne, dep| ct ed bel ow, .-

err conprising reacting
El- ( 3], 4- di ch%’r’gﬁﬁ?gﬁyl ) - 3, 4- di hydr o- 1( 2H) - napt hal enone, deplcgtnggimt}gllgow
“"and also referred to herein as "tetral ong', WO 99/ 36394
PCT/ 1 B98/ 01619 - 3-

5 (+)
with moenomethytamine in an alcohol solvent selected from primary, secondary and
fertiary straight or branched (C,-C;) alkanols, and other alcohols having a boiling point, under
reaction conditions, that is greater than about 5§5°C, and in which monomethylamine is soluble.
Exarnples of suitable solvents for use in the processes of this invention are benzy!
10 alcohol, phenol, ethanol, n-propanol, isopropanol, t-butanol, iscbutanol, n-butanol and
methanol, .
Preferred solvents for use in the processes of this invention are alcohols, as defined
above, having a vapor pressure that is about 1 atmosphere or lower under reaction conditions.
A more specific embodiment of this invention relates to the process described above,
15 wherein the ketimine product of formula If that is formed in such process is hydrogenated to
form a mixture of racemic cis sertraline and racemic trans sertraline.
The terms “sertraline” and “cis (+) sertraline”, as used herein, both refer to cis-
{“ S)(4S)~N-méthyt~4—(3 ,4-dichlor6phenyl)—1 ,2,3,4-tetrahydro-1-naphthaleneamine.
The term “trans (+) sertraline®, as used herein, refers to trans-(1R)(4S)-N-methyl-4-
20  (3,4-dichlorophenyl)-1,2,3,4-tefrahydro-1-naphthaleneamine.
The term “cis (-) seriraline”, as used herein, refers to cis-(1R)(4R)-N-methyl-4-(3,4-
dichlorophenyl)-1,2,3,4-tetrahydro-1-naphthalensamine.
The term *trans (-) sertraline”, as used herein, refers to trans-(1S)(4R)-N-methyl-4-
(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-1-naphthaleneamine. . .
25 The term “racemic cis sertraline”, as used herein, refers to an optically inactive
mi;(ture of ¢is (+) serirafine and cis (-) sertraline.
The term “racemic trans sertraline”, as used herein, refers to an optically inactive
mixture of trans (+) sertraline and trans (-) sertraline. '
The term “racemic sertraline”, as used herein, refers to an ophcally inactive mixture of
30 racemic cis sertraline and racemic trans sertraline.



[err] 5 wi th nononet hyl am ne in an al cohol sol vent

sel ect-ed from-pri+mary,--secondary and ‘tertiary strai ght or 'branched
(Jerr]-Clerr]) alkanols, and other al cohols having a boiling point, under
reaction conditions, that is greater than about 55[err]C, ] { ch
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such process i $elRydrogenated to forma mxture of racemc cis
sertraline and racem c trans sertralingycH ' The terns
"sertraline" and "cis (+) sertraline", |as Used herein, both refer to cis-
(1S) (4S) - N-met hyl - 4- (3, 4- di chl or gptn) 1, 2, 3, 4-tetrahydro- 1- napht hal eneam
i ne.- ~ The term "tran$ raline, as used herein, refers to
trans- (1R) (4S) - N- et hyl -4- 20 l/

(3, 4-di chl orophenyl)-1, 2,3, 4-t et rahydr o} 1- napht ha’ eneam ne.

The term"cis (-) sertraline", as usedXerein, refers to

ci s-(1R) (4R) - N-net hyl -4-(3, 4- di ophenyl)-1

, 2. 3, 4-t et rahydr o- 1- napht hal eneam ne. - " The term"trans .(-)
sertraline", as used herein, refers to~Tangt (1S)(4R)-N nethyl -4-

(3, 4-dichl orophenyl)-1 , 2,3, 4-tetrahydrig- 1- napht hal eneamni ne. 25

The term"racemc cis sertraline", as ed herein, refers to an optically

i nactive m xture of cis (+) sertraline and cis (-) -sertraline.
The term"racemc trans sertraline", (Bs used herein, refers to an optically
i nactive M X1 6F &n BtiokalipBirickett) (+5 MiduFerdri tRe(+RBRY LY 8Rftictrels StaRd Edid, NE.
The term"r e%s?,e(fgjg%r aline", as used herein, refers to an optically
i nactive mxture o racemc cis sertraline and racemc trans
sertraline. comprising reacting the optionally pure (+) enantiomer of 4-(3,4-dichiorophenyl)-3,4-
' dihydro-1(2H)-napthalenone, depicted below,

| 0

Cl

(+) .
. or an optionally enriched (+) mixture of the (+) and (-) enantiomers of the same,
15  respectively, -
' with monomethylamine in an alcohol solvent selected from primary, secondary and
tertiary straight or branched (C,-C;) alkanols, and other alcbhols having a boiling point, under
reaction conditions, that is greater than about 55°C, and in which monomethylamine is soluble.
A more speciﬁc embodiment of this invention relates to the process described
20 immediately above, wherein the optically pure or optically enriched (+) ketimine product of
formula I’ that is formed in such process is hydrogenated to form an optically pure (+) mixture
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g?péﬁ optionally enriched (+) mixture of the (+) and (-) enantioners of the
same, 10 respectively; conprising reacting the optionally

. - (-3, 4-dichl or ophenyl ) - 3, 4-
. S:J[S dl(’ ;) 1?2$t In%&%[.‘af;eﬁtéqée a}g!e:ﬁngf-@(feqygl[ngwx an optically enriched (+) mixture of cis {+)

sertraling, trans (+) sertraline, cis (-) sertratine and trans (-) sertraline.

This invention also relates to 2 process for preparing a mixture of racemic cis sertaline
and racemic trans sertraline, comprising reacting a compound of the formula |, as depicted
above, with monomethylamine, hydrogen gas (Le., under a hydrogen atmosphere) and a

10 hydrogenatlon catalyst in a solvent selected from primary, secondary and tertiary straight or
branched (C4-Cq) alkanols, and other alcohols having a boiling point, under reaction
conditions, that is greater than about 5§5°C, and in which monomethylamine is soluble,

This invention also relates to a process for preparing an optically pure (+) mixture of
cis (+) sertaline and trans (+) sertraline, or an optically enriched (+) mixture of cis (+)

15 sertraline, trans (+) sertraline, cis (-) sertraline and trans (-) sertraline, comprising reacting a
compound of the formula I', as depicted above, with monomethylamine, hydrogen gas (i.e.,
under a hydrogen atmosphere) and a hydrogenation catalyst in a solvent selected from
primary, secondary and tertiary straight or branched (C,-Cg) alkanols, and other alcohols
having a boiling point, under reaction conditions, that is greater than about 55°C, and in which

20  monomethylamine is soluble.

Other more specific embodiments of this invention relate to the above processes,
wherein the solvent is selected from phenol, benzyl alcohol ethanol, n-propanol, xsopropanol
n-butanol, t-butanol, isobutanol and methanot.

As used herein, the term (Cy-Ce)alkyl refers to straight chain, branched or cyclic

25 saturated hydrocarbon radicals containing from 1-6 carbon atoms, and to saturated {C,-Co)
hydrocarbon radicals containing both cycllc and stralght chain or branched moisties.
d Des i e Invi
.. The process of this invention, as well as the use of the ketimine products of such

processes in the synthesis of sertraline, are illustrated in the following schemes and described
30 below.
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5 of cis (+) sertraline and trans (+) sértraline, or an optically
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and racem c trans sertraline, conprising reacting a conpound of the fornula
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a hydrogen atnosphere) and a 10 . hydrogenation catalyst in a solvent
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(derr]-Cerr]) alkanols, and other al cohols -having a boiling-point, under-- - -
reaction - condi ti QRs; that is greater than about 55[err]C, and in c
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| n accor dancwow#36394 he process of this invention, the reacPFEH¥1%rm t he
ketimne is generally carried out preferably in a | ower al kanol
solvent. It is preferably carried out usiffy an excess of

nmonomnet hyl ami ne with respect to 4-(3,4-dichl orophenyl)-3,4-di hydro-1 (2H)-

5 . In accordance with the process of this invention, the reaction to form the ketimine is
generally carried out preferably in a lower alkanol soivent. It is preferably carried out using an
excess of monomethylamine with respect to 4-(3,4-dichlorophenyl)-3,4-dihydro-1(2H)-
naphthalenone. It is most preferably camied out using ethanol as the solvent and a range of
between 2.5 and 9.5 moles of monomethyl amine per mole of 4-(3,4-dichlorophenyl)-3,4~

10  dihydro-1(2H)-naphthalenone.” This reaction can be carried out at temperatures ranging from -
about room temperature to about 120°C. It is preferably carried out at a temperature between
about 40°C and about 60°C. The preferred reaction pressure will depend on the mole ratio of
monomethyl amine employed, as well as the vapor pressure of the alcohol solvent, and will
typically be in the range of about atmospheric pressure to 60 psig. The reaction is most

15  optimally performed in a pressure rated vessel, although atmospheric conditions have been
successfully employed to achieve acceptable reaction compietion. The reaction is continued
under the conditions described above until such time as it is substantially complete, which is

_ typically in the region of about six to apout twenty hours. |
Most preferred reaction promoting solvents for use in this application include primary,

20 secondary or tertiary alcohals such as ethanol, methanol, isopropanol , n-butanol, t-Butanol,
as well as aryl alcohols such as phenols, substituted phenols, benzyl alcohol, substituted
benzyl alcohols. Preferable characteristics of the above alcohol solvents in this connection
include low vapor pressure as well as high monomethylamine solubility. it is also believed that
the minimal solubility of the desired product (N-[4-(3,4-dichlorophenyl)-3,4-dihydro-1(2H)-

25 naphthalenylidene-jmethanamine) in such solvents favors an improved reaction rate, as well
as more facile prodi:ct isolation through ﬁltrétion and optimal yield,

Dehydration agents, such as molecular sieves, while not-required, may be employed
externally to the medium distillates to improve the desired ketimine reaction yield and rate.
Upon conipletion of the ketimine reaction under the above specified conditions, the

30 desired product, namely N-4-(3,4-dichlorophenyl)-3,4-dihydro-1(2H)-naphthalenylidene]-
methanamine, may be isolated in a simple manner by filtration, or via concentration and/or
displacement -of the solvent with another appropriate solvent such as hexane, foliowed by
filtration of the solid ketimine product. _ _

Alternatively, and preferably, the resulting alcohol ketimine mixture is processed

| 35 directly forward, without isolation, to the next synthetic step in the production of éertraline,
whereby catalyt'ic hydrogena_tion of the ketimine to form a mixture of racemic cis and racemic
trans sertraline (the next-stage intermediate in the synthesis of sertraline) is performed with |

the same alcohol as the solvent. The hydrogenation to racemic cis and racemic trans



napht hal enone. It is nost preferably carried out using ethanol as the
solvent -and a‘range of between 2.5 and 9.5 nol es of nononet hyl - ani-ne -
per. mol e of 4-(3,4-dichlorophenyl)-3,4- 10 dihydro-1(2H)-naphthal enone.
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reaction i SsMogdrahfe m@Pbé l&&hédywﬁ@ﬁéc@ismd eima. aﬁepmamner ﬁrrﬁaa&reci m&@l o o
al t hough at m)sgherl c, CQ ave,

achi eve accept SBFEePYAY hq%%l(qur!?pl erfnl"“gﬁ’ '“'Fh'edurcé mma & mgmgnt i nuegg{c‘%’"e
under - t he .condéminaling aGE’SQ?hl innolyes lyerptiningn tacemie ddh“idicwm?i@"w')tii fghydishEnt i al | y

;:0 rmlt et ﬁ Whi CRaphthalenone wity ﬁsbﬁo%{eihylaﬂniﬂe ity 2giton. 5Qeﬁo|eaamwmer&s)xanaca amm;
wenty our s

rr.e act | s for
use in this ap?}'idm@%'fat'c’d'ncata#é{vgapté" a%r Ncgcro, q%ﬁca t(%gr " erre 4 ‘éer i cohol s
such as et Hgnoqstartlma'qqﬁawndqrgbmrqgs@_ﬁ@pspherﬁ,_%m aquqﬂ solye.nBaQ ¢afiped above qn’ul as
wel'l as aryl ahyae&gsﬂ Gpteke GEusdsor fieaBRtish is SHEMsk brtvR tb RIRAPkR. Thief?éaﬂlonaé cohol ,

substituted weeanSlflouPlSORlehm Tl Shablc BIBLRSERE! SIS, Rl bl 20OV

al cohol solvenp conne essure as
wel | as hi gh ndfi6iaabayti78i6. ple pespuisirem eiput 20tpsip & alpul HOGRS(g] E’%fe% ly Rempabout  t he

m ni mal sol ubi bg biig & atoliescdssy. UAGkr AficRel W6ditions, the racemic 4-(3,4-dichlorophenyl)-3,4-

(N-[4-(3, 4- ?’ ghy%r Q %Lr)tha%h%eqé mgeng%%&%%_pemnc -4 ]43 4—d|chlor%f>henyrh)3 4-d|hé/8ro-

naphthaleny n suc
reaction rate, 1@'5”"\'/9@1“?'3"3'“"‘3"9'1"&@3%?"@ ?'ﬂc‘f"‘r'@d‘ﬁ?'bd%?edl g dheadesiipd MR gh
filtration andreghit BBbert4lifd fhd racemic trans sertraline. Dehydr ati on agents, such as

mol ecul ar si eves, \é\fﬂe Spﬁatfé?é%& teﬁx?g'%(eq%ge ?‘Sﬁe:ﬂg @gkqpéhgry l%gction is fro?\%@iu?%‘elté y tO

the nediumdistill € ove m ne reac 1eld a
rate. : about 100 @peﬂﬁ’ ‘E‘ﬁﬁﬁ?’@f’ irange effhyqrpgen peessures ifdromagedt 0GR E?rﬂﬂ’@‘r‘t Phe
above speciZui egsig Gnelinbst pre®rabie etnpa@tures d@sHithie the rghgeo olabbut 207an®eabout 50°C, and

N[ 4- (3, 4-di chl %Q@Q%&Lr}blégygmgémgsrsgre; rgmm R@%&Q@#ﬁ Plycju{ ﬂﬂ% to about 60

met hanam ne, |naS|rrpe manner tration, or via,
concentration aﬂ%llor di spl acenent ‘of the sol vent with anot her
appropri at e sol vent Pefechle astalystsdantde refiutibrosrestiuttlye amination ﬂéslcrdbeabbm irefudé he

solid ketimne RB ﬂ&uﬁladlum and other precious rﬁt‘:tél%l:o%{el' z/?ﬁls po s ect | ﬁ:%@t&l@bhltt he

resultlng al co etimne mxture 1s processe orwar
wi t hout i scAPat PYFUM cgroengle oesther ssym ﬂ@f"?@ &t BbWF'ﬂ‘ the ear'wamm R cfalviic

sertraline, hydrogefsioreibdusipat al yti c hydrogenation of the ketimne to forma

m xture of racemc ﬁdll@w.ﬁggél:n{pféﬁcﬁ{%f%e reductior! Fe36ifn, Saefnfreftual ts“;?erfGMG t&‘?éﬁovét age
|nterrred|ate|nthec§%¥t esl s sertraliLne) 1Is

same al cohol a8MF§Fa SUFysh rress FRopRYYRBE FLPTYR Y‘gd‘ﬁtﬂ%t@?r??,""lf F?pla‘f?ﬂ‘ef‘ta"é e m c

trans the original solvent with another suitable solvent such as an alternative alcohol,
30 tetrahydrofuran, methyl ethy! ketone, or toluene. . '

The resulting solution of racemic N-methyl-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-

1-naphthalenamine may be treated with an appropriate acid, and the desired cis-N-methyl-4-

{3.4-dichlorophenyi)-1 2,3,4-tetrahydro-1-naphthalenamine salt isolated by filtration.

Alternatively, and most preferably, the solution of racemic N-methyl-4-(3.4-

35 dichlorophenyl)-1,2,3 4-tetrahydro-1-naphthalenamine may - be " chirally resolved by

éombination with an appropriate optically pure acid, such as (D)(-}-mandelic acid, to afford the

mandelate salt of cis (+) sertraline, which can then be isolated by ﬁftrafion. The resolved 'salt

can then be hydrolyzed to form the sertraline free base having the same stereochemistry,



WO 99/ 36394

PCT/.1 B98/ 01619 - - -t - 11¢ 5
sertraline may be carri ed out successful I y e|ther after ket| m ne_formation
is conpl ete, of : concurrently with the ketinmine formation, in a

reductive arWe$2363% manner. The reducti ve ani nati on aPprBIEIhyol ves

conbi ning racem c 4-(3, 4-di chl orophenyl)- 3, 4-di hydro-1 (2H)-

napht hal enone wi th nononet hyl ani ne (i deal"-lzy 2.5 to 3.5 nol e equival ents)
and a suitable hydr ogenati on catal yst, such as Pd/CaCJerr] (typically -
up to about 20% w/.w.relative-to- the 10.. starting material), under a '
hydr ogen- at nps n L

hydr ogen uptg{a).kgmg'ézgasn thgh t‘?e %oﬁVegtgcpﬁl&o%h%nxl%m\ac?ﬂiﬁal%géé E‘gtﬂ gﬁqgr%s of Qért Ahn? ot e
This reaction ihavingthe saffwtecaamews&mciuew e bydpehiefide safpusingtratods W@‘rh"a\bfbut
20[ err] C-t o abadkhost@Odkamin théart pref erably from about 30[err]C to about

/0[err] G, at a presﬁ%ﬁtu{t&%ﬁn@ﬁ%?%e%ﬁévgﬂngeséﬁ%ﬁ&ealé’&ué@ ghtically peJr?e{]fabl y

from about 20 ese con
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converted i1 O abeveane @advor will (icld the d;btieﬁuy Plire P oftiydly) erdickedfifthatttfaine imine of the
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m xt ure of cemc ClIS ser ne and rans ser

The preferr ed tséfFFHLB? feqpase. s éaftfb?n kefrenviglsr ity é‘ﬁ&?ﬁ'fe‘hhsfdé&b‘?"idﬁ salt o Oﬁhebm
about  20[ err] Cshitof sertratine.about - 100[ err] C, and the preferred range of

hydr ogen pressures 0 Si nDst
pr ef erabl e t enper at G'?ees (%%Dgép&%\en D %-dg'y 3&1@&?9#%%%9@? G 6 ‘%’f‘*r “%'c{' out
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range from abouyntiesiz@sbygthbsa sailiih tieCart using cofbrgchemical reagents and conéribed abl e
catalysts for L oa@&%ggsheﬁ,n%s.t SEASE ieSe RO/ A, URRAIRE, ARRYVERC) Ude

pl ati num pall um an reci ous et pronot ers ‘'on supports such a
“carbon, graphi tN®;4 %”@5"3E’é*PEC}PHIH?'E%{‘F%'Sﬁa't%e'B'PWOY%@? NoythPdSpt#ts, al | of
whi ch are wel | knowas illustrbtee incSabemieyd, uge of the optichllypegeraihe amnthe BEtisg mterial

Fol | ow ng ceypliGlseQitifihe io!?r%u nergé&?&n' ARinkESHhL hé%stnﬁoffnkJangrt@Pe's&&é the & éfsé” med

to renove process_ cata . Excess nonone amne Is renmoved via
di stillation arﬁ%FFB‘F’ sa"%'m&t%r?ét& pregess, becausehgh "'Bfr'ieéT"H%tP"%aBP’!/@ﬁ‘Et'%\F’tdrfh%tnot her
sui t abl e sol vermydregeodtioaledantivearbigationa teattionsadesoibed aboBe proteeti rvth yroksedvatioa rof

met hyl ethyl kejpdenenftty.t Ol Uene. The resulting solution of
racem c N-net hyl - 4- i chl or 1)-1,
- napht hal enani ne ré@e S e B P bt o e Ol Ao s RV 1 e

ci s- N- et hy?5 4-3, M:cnloro;(hSnyn-Sdrctmargﬂ @ﬂhmmlen&hdgneamammtnmahydfnm 1 434

- ngp ht h?' ena][n %Bll‘é@bﬂenﬂ)s@{ -GihyaR- 1@H)-§1éﬂh¥h’él@ﬁdn@n Furthermore, this novel rofe! GdsBidkd vel v,
T ohl o ooy bkl B8ty & ik e SR rerih 2 sty

resol ved by  methyl-i-naphthalenamine mandelate, the mandelate salt of sertraline, which can easily be

converted into the sertraline free base and other pharmaceutically acceptable salts of

- 30 sertraline, in a manner that eliminates several intermediate isolation steps. “The process of

this invention provides the above mentioned ketimine in pure form and good vield, with the

significant advantage of eliminating dehydration catalyst related by-products such-as titanium

dioxide, monomethylamine hydrochloride, and spent molecutar sieves as described above.

The' elimination of by-products specifically improves both process safety and economics.

35  Titanium tetrachloride is expensive as well as hazardous. Also, the proper and safe treatment

~of prboess by-products is expensive. Furthermore, the process of this invention allows for

processing the ketimine intermediate directly forward to the next two synthetic steps in the

synthesis of sertraline, most ideally in a common solvent, thus éliminating the need for



conbination with an appropriate optically pure acid, such as

(D) (-)-mandel i ¢ aei d; -t-o--af-ford the-- - ---mandel-ate salt of cis (+)
sertraline, which can then be isolated by filtration. The resol ved salt

can then be %E}glgw}ed to formthe sertraline free base hay®ggédtfsisane
stereochem s WO 99/ 36394
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5 which can then be converted into other pharnaceutically acceptable salt
forms of serftraline havi ng the sane stereochem stry, including the
-:hydr--oehl-ori- de-salt, -usi-ng -nethods well known - - to those of skill in the
cart. -+ -5 isolatioh. fof thaskelithihal Siterraddiate &t iBploding thd, overake ecdnomie vizbidig af 3hd S

carried out usi ") J gpsrﬁ r optically enriched) (+)
tetral one as th%%g%ggrt%ﬂé cHon it e rafn% the reaction conditions described 10

above, the reaction Wlﬁ?"g‘W%‘F"amP'ﬁ%'"lﬁfﬁt? &4l oo liitdn seape. dhs 1oveliPraress tished)
(+) sertraline inventom. of t he . formula 11", which can then be converted,

Wi thout requiring a separate resol ution S%&@[E#ﬂto t he sertraline
free base, which can then_be converted in o [Ne deS| red hydr%chl oride salt

or other. 10 salt of sef ] line
4- (3, 4-di chl or ophenyteyraiGhe463l h;wanmeﬁ)(lle)mmpMMethmuEMyMSom zsnlmu:ha s -the

15 starting ”Bglﬁéﬂl@éregs% rattgbevegﬁ‘ écﬁﬁp?ﬁ! iR HE c?n%é Hﬁc%\g@r? §ou9;e Hhi Sk @t on,

may be readily nt hesi ze usi ng conmmon

chemical r eagen‘f°§'e%'u‘f’d§§c?ﬁegﬁf"?“3ﬁqg|a¥“"e 1. 19m§f HBH%”Sb?ddB‘? lj‘aﬁﬁ‘t? SEWF 28D, such
as those outl i nBw rhiytud/igivarined h50-55FC anet stiaéd urider thiSe Rarditats for approxiNately 16

4,536, 518 onst hgudosr Gl > @5%NalefioRad mmemsstteeysm\mlm h’a% oc%ls}red%sufeab?é%
1984. tical pure

tetral one as th@agf'%Aﬁ?edax‘H[ﬁt‘ tg?" ‘T°°‘§‘bt°§§3$me ﬁ@a“ﬁ‘g‘fT’Fﬁ?ﬁ’i‘é" ‘fa&i"ﬁéﬂcﬂp tion
el imnates the eraysbdi2tywinfto ketreipre) andodecaigrizing earbdne(25kerw iaegalone) are addexeni ¢

sert r al i ne La{ ﬁénd'tﬁe merep.rs %Fé@ﬁﬁlze[dQQ%?Mé@nM 5o H@ewﬂfrﬁﬁw%aﬁezre[&ﬁéo nth Bre -
reaction an e a ion r i
described above"PPet& W%ef'%gpﬁﬂg 4@% tﬁtf?%'f??eowe Faté of p@f°§?’??8‘lfhefﬁes'ief"‘§"°" Is
The novel pRBcespstingtd uii kydiogercyptake pegaeso v uhtiidhearegdtigminixiutsds stioyn 49 eqplainf iced
route to N-[4- gaater than 3% total unreacted teh'alone and imine. Upon completxon the mlxture ls cooled

]Sf’ofn dlllc?l?)oz?phenyelsg tﬁén ngC )édcg the ca n arBht(:ebtglys?n%move fVE%Dn ces

monomethylamine is then removed by vacuum distillation of ethanol, via disptacement with
fresh ethanol (2B, anhydrous). Once the level of residual monomemylamine is shown to be
. 25 below 0.1% w/v, mandelic acid is added (30.0 g, 0.9 mol egs) and the mixture heated to reflux.
The desired mandelate salt of cis (+) sertraline Is crystallized from the mixture by slow cooling
to approximately 5°C to control the selecting crystallization. The product is isolated by
filtration and washed with chilled ethanol. Enantiomeric purity and overall purity can be
enhanced by recrystallization from ethanol, while use of carbon in the recrystallization offers
30 additional control of product color. Typical yield from tetraione to recrystallized mandelate is
38%, with respect to the weight of the racemic tetralone starting material.
mi line Mandelate Formation in Me

_ Tetralone (63.6 g, 1 mol eq) is combined with methanol (250 mL) in a suitable -
35 pressure rated vessel equipped with agitation and hydrogen source. The ‘mixture is cooled to
0°C and monomethylamine (21.1g, 3.1 mo! egs) added in a sub-surface manner. The mixture
i warmed to 50-55°C and stirred under these conditions for approximately 16 hours, or until >
95% conversion to imine has been shown to have occurred by suitable analysis. The mixture



di chl orophenyl) - 3, 4-di hydr o- 1( 2H) - napht hal enone. Furthernore, this novel
route, described - above, facilitates the ability to produce
(1S-cis)-4-(3,4-dichlorophenol)-1,2,3,4-tetrahydro- N

met hyl - 1- napht hal enani ne mandel ate, the mandel ate salt of sertrali ne, which
can easily 09936394 converted into the sertraline free bast¥4%d er
pharmaceutically acceptable salts of 30 sert raline, in a manner that
elinminates several intermediate isolation?st eps. The process of this

i nvention provides the above nentioned ketimne in pure formand good
yield, wth the significant advantage of elimnating dehydration - -

catal yst- rel at q?_léﬂﬁ:o cﬁtﬁ EE-EZ"C géscattdlyts?(ﬁ'-"z AT fo tetralo%)%& géacolo dzmg carbgn

~ nononet hyl am ne h {g nt nol ecu sl eves as descri
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by- products is expensive ernDre ocess Q s 1nvention all ows
f or pr oc EEE{§ shewn ?éP"tﬂ‘i‘ AR 9%eRiEPanett g@é”’ﬂ?ﬁ"@éﬁ?‘rﬁ""?ﬁﬂﬁdw{ﬂ’et &PPhe next
two synt hetioc strepation, thet higture is cooled ipriésh @an 25°Cfang ¢etcadbn angdl cataysttremabedby y i n a
g(é'rn}TF ggg ?B\{gggf ltr&tm'l's E%e%%&ﬂ:;ﬂefﬂgaﬁuh@ls %ﬁ%rﬁ&éd by vacuum dnéégcgﬁén’t)’@ﬁ%é]ﬁhafg! 5
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follow ng exampbgs; b Hﬂu@tfhefdss,remsnd@ae 81 of ks [y Sertrlin® GRMAized fiffn MO ¥fkurd™ OCESS

of this i nventi o

EXAVPLE 1 11  BY Siow cooling toapproxmetelysaf°ey The piesupts et dtighengar washed win
Mandel at e For nebiledrmethandtt Beantidmeric purity and overall pliily faml horeehanG&3. 13 repryshllimatibn eq) i s
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. Sub-surface narsegiventis 32%.The m xture is warned to 50-55[err]C and stirred
under theseggonditions for approxi matel yelbwdizErs hours, or until > 95%

conversion to imne has been shown toEE have o curr?g Eg sui tabl e
ormation i cohol )

Tetralone (165 g, 1 mol eq) is combined with isopropy] alcohol (700 mL) in a suitable

pressure rated vessel and the mixture cooled to -5°C to -10°C. Monomethylamine (60.2g, 3.4
mol egs) is added and the mixture heated to 85-100°C for 16 hours, whereupon 95% imine
25 conversion was shown to have occurred. The mixture is then cooled to -15°C for 24 hours,
and the product isolated by filtration in approximately 92% vield and approxirﬁately 95% purity.
As an alternative, in a related experiment, Pd/CaCO; catalyst and decolorizing carbon is
added to the cooled reaction mixture, and the imine hydrogenated to racemic sertraline free
base in a manner similiar to that described above for ethaol and methanol series.

30 : EXAMPLE 4 _

' eductive Amination to Form Racemic ine Free Base In Ethano
Tetralone (120 g, 1 mol eq) is combined with ethanol (2B, anhydrous, 600 mL) in a
suitable pressure rated vessel, and the contents cooled to 0°C. Monomethylamine (43 g, 3.4
 mol eqs) and Pd/CaCO; catalyst (3% w/w to tetralone) is added, and the vessel pressurized to
35 50 psig with hydrogen while warming to 50°C. The mixture was maintained under these
conditions for approximately 10 hours, whereupon 92% cis plus trans racemic seriraline,
approximately 4.5% tetralone, 2% imine and iess than 1% dechlorinated side products are
typically observed in the mixture. Catalyst is then removed by filtration, followed by vacuum



anal ysis. The m xture is then cooled to 20-22[err]C, a palladiunical cium
carbonate (Pd/CaCJerr]) catalyst (1-2%wwto tetral one) and

decol ori zing carbon (2-5% ww to tetral one) are added and the m xture
is pressurized to approximtely 50 psig with hydrogen. Th are
war med to bQREM%5 and 40[err]Cto facilitate the rate g;‘cqg‘%’rg@ggnation.
"The reaction is 20 continued until hydrqgen uptake ceases, or until the
reaction mxture is shown to contain no greater than 3%t ot al
unreacted tetral one and i m ne. 'Upon conpletion, the mxture is cool ed

to less than 25[err]C and the carbon and catal yst renoved by filtration.- --
Excess . snoasi@iohislrémiave excess rhdibfethyRiiihee Mahgeli/RBUEED ¢li0Dimd éftf is@Bdddf

et hanol , via dj i L t hanao 1\Welg .once the. .
Cevel of roei S EE aal i bper i LSl 43k R o BRRKH B! Sl
-mandel i ¢ aci d MandggedamEion ERanoExpmplitleqs) and the mixture heated to

refl ux. The desired mandel ate salt gdaMpLEs(+) sertraline is
crystallized fromthe m xture . | in Propvl AecRRPr OXi mately S[err] C
to control the selecting crystalllzalr on. e product 1S isolated_ by

11 Cration Bnd wesHERER (e i Moker) i SRR WIBrCHR GRS OB Byp BiePver al |
purity can be pressureeatbhiveasst] he nib@de kooikd to25C) D rbhawatekinbe @100 g\b7 Il use of
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38% with respdtarthisgimeriae Risiuigit cogipd on°F arddha riodugiseigied Refiteatian inj 9260 Yield er i al .

EXAVPLE 2 and >95% purity. Sertraline Imne through Sertraline
Mandel ate Fgrmation in Methanol mn%g%gtral one (63.6 g, 1 nol eq)
i's conbi neoi] with methanol (250 nmlL) in a Sultable 35 pressure rated vessel
equi pped wth agl t at i SpEEinedmRe rodeh-Racemic Seriraling Hyd ochlorde Farmationin Etha Ito

O[err] C and nononet Tepkiams @26 (;mq) icmu .mﬁmsthamd(ddﬁg.aa.mrnface
manner. The m XLUGE pressure ratieéve\é@ei E@Qpéo%ﬁ%f{‘a%r?{nﬁlh&r@g@ﬁ scikrdel HRE HRERNs t hese
y 16 urs, or_until > 959

conditions for approx]ate | ) 95% conversion to
i M ne has beenc?%ﬂﬁhotcoarﬂmmb'é'&fi‘m’\?déblﬂ- S URprUVaRaY) Paded in FiFub-RERr e
WD 99/ 363940 manner. The mixiure is warmed to 50-55°C and stirred under these conditions for
PCT/ 1 B98/ 01619approximately 16 hours, or untii > 95% conversion to imine has been shown to have occ‘u;]réd
by suitable analysis. The mixture is then cooled to 20-22°C, lsdICaCO3 catalyst (1-2% w/w to
tetralone) and decolorizing carbon (2-5% wiw to tetralone) added and the mixture pressurized
to approximately 50 psig with hydrogen. The contents are warmed to between 25 and 40°C to
25 facilitate the rate of hydrogenation. The reaction is continued until hydrogen uptake ceases,
or untit the reaction mixture is shown to contain no-greater than 3% total unreacted tetralone
and imine. Upon completion, the mixture is cooled to less than 25°C and the carbon and
catalyst removed by fitration. Excess monomethylamine is then removed by vacuum
distillation of ethanol, via displacement with fresh ethano! (2B, anhydrous). Hydrochloric acid
30 (35%, 21.5g, 1 mole equivalent) is added and racemic sertraline hydrochloride isolated by
fitration. Overall purity can be enhanced by recrystallization from methanol, while use of
carbon in the recrystallization offers additional control of product color. Typical vield from
tetralone to recrystallized hydrochloric acid salt of racemic N-methyl-4{3,4-dichlorophenyi)-
1.2,3 4-tetrahydro-1-naphthalenamine is 85%. Alternatively, the ethanol solution of racemic
- 35 free base is distiled under vacuum to remove monomethylamine, with ethanol being
essentialiy repiaced by tetrahydrofuran. Hydrochloric acid (35%, 21.5g, 1 mol. eq) is added

and racemic sertraline hydrochloride isolated by filtration as described above in ethanol.



5 is then cooled to 20-22[err]C, Pd/CaCJerr] catalyst (1-2%wwto
tetral one) and decol ori zi ng- carbon----- (2-5%w w-to-tetral-one) .added and
the m xture pressurized to approxinmately 50 psig with hydrogen. The
contents are warned to between 25 and 40[err]C to facilitate the rate of
hydr ogenat i o O PREfeaction is continued until hydrogen uptPGREBMEMERs or
until the reaction m xture i s shown t@ contain no greater than 3%
total unreacted tetralone and imne. Upon 'I0 conpletion, the mxture is
cooled to less than 25[err] C and the carbon and catal yst renoved by
filtration. Excess nonomnet hyl am ne-i s -t hen-renoved by vacuum di spl acenment
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The desired mandel ate salt of cis (+) sertraline crystallizes fromthe

m xture 15 by sl ow Algatehtspatet a%plré&&m BRd chaﬁo?aQ[:u%HraL& N

i sol ated by fl|ﬂf ?Rﬁnﬁﬂgrﬁﬁéged W th Al chilled nefﬁanﬁfﬁkﬁggg%F@neric
purity and overal urit e enhanced by recrystallization from
ei ther met hdRol or eﬁ“ﬁ&f?é?"t inygntionds pes dimigskd incspobroly thenspebifie ensrodigsrtabidsiabat,i on

~of fers additi onatich are intefifiatasQingid filugMa@myi ot xn&i\ﬁﬂuglraspéaémf%l:nv)!ﬁtﬁnl\ drﬂ;r{c%u

tzgt ra.l one to reﬂu%ﬁérﬁurﬁp%?&tnggndd eltl%%se argmwtthm tﬁE e scope %ﬁm o2S Solvent T's 32%

| mne Formation in Isopropyl Al cohol Tetralone (165 g, 1 -nol
.eq) is conbined with isopropyl alcohol (700 nL) in a suitable

.pressure rated vessel and the m xture cooled to -5[err]Cto -10[err]C.
Mononet hyl am ne (60.2g, 3.4 nol eqs) is added and the m xture heated
to 85-100[err]C for 16 hours, whereupon 95% i m ne 25 .conversion was shown
to have occurred. The mxture is then cooled to -15[err]C for 24 hours,
and the product isolated by filtration in approximately 92%yield and
approxi mately 95% purity. As an alternative, in a rel ated experinent,
‘Pd/ CaCJ err] catalyst and decol ori zing carbon is added to the cool ed
reaction mxture, and the imne hydrogenated to racemc sertraline free
base in a manner simliar to that described above for ethaol and nethanol
series. 30 . ' EXAMPLE 4
Reductive Am nation to Form Racem c Sertraline Free Base |In Ethanol
Tetralone (120 g, 1 nol eq) is conbined wth ethanol (2B, anhydrous, 600
m) in a . suitable pressure rated vessel, and the contents cooled to
O[err]C. Mononethylamne (43 g, 3.4 nol eqs) and Pd/ CaCJ err ]
catalyst (3% ww to tetralone) is added, ‘and the vessel pressurized to 35
50 psig with hydrogen while warmng to 50[err]C. The m xture was nai ntai ned

under these conditions for approximately 10 hours, whereupon 92%ci s
plus trans racem c sertraline, approximately 4.5%tetral one, 2% imne-
and | ess than 1% dechl ori nated si de products are typically observed

in the mxture. Catalyst is then renoved by filtration, followed by vacuum
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distillation to renmove excess nononet hyl am ne. Mandelic acid (65.8 g, 0.9

nol eqs) is added and the product isolated in simlargyi
quality as pé¥°?$ﬁ§?3bove description for Sertraline Nhﬁ%% g@gﬁﬂﬂ
Formation in Ethanol (Exanple 1). 7.
EXAMPLE 5 : Sertraline Imne Formation in
Propyl Al cohol 10 Tetralone (140 g, 1 nol eq) is conbined with
n- propyl al cehol- (700 nmL)- in a-suitable - - pressure.-rated vessel. The
mxture is caoled to -5[err]C, and nonongtdmEam ne (100 g, 6.7 nol - eq)
~added. The m xture is heated to 100[err]C, and stirred under these
conditions for 12 hours. After this time, the mxture is cooled to
-15[err] C and the prbduct?i SBFEeedorbyrrenaring a3 4rdichigmobepylel. dtdinydro-1(3d >95%
purity. 15 napthalenylidene]methaneamine, depicted below, : EXAMPLE 6
Sertraline Imne through Racenic-SertraI'Bﬁ@Hydrochloride Formation in

I

Et hanol | Tetral one (63.6 g, eq) is conbined with ethano
(anhydrous, 2B, 250 nL) in a sid apile pressure rated vessel equipped
with agitation and hydrogen source NE ture is cooled to Of[err]C
~and nononet hyl am ne (21.1g, 3.1 el rlents)-g ded in a sub-surface 20

‘manner. The mixture is warned to 5055[¥rr] C and irred under these
‘condi tions for approximately 16 hours, or until > 95% conversion to

imne has been shown to have occurred by suitable*anaL¥sL§;;H$%N11}‘§
‘m xture is then cooled to 20-22[err]C, CJerr] cataly 1- 2% W
¥cjo tetral one) awl
50 psig with h H"[

itetral one) and decol ori zing carbon (2-5¢
m xture pressurized . t o approxi mate _
contents are warned to between 25 and 4d? rr]Cto 25 facilitate"th® rates
of hydrogenation. The reaction is continued until hydrogen uptake ceases,
or until the reaction mixture is showi*to contain no greater than 3%total
unreacted t al.gne.: : Pen y i mxture is cool ed
1o Tess t han*2apanrs eeind Al - RenelR GRS Sond bbnd heheafob.
filtration. Excess nononethylamne is tRen renmoved by vacuum
- distillation of ethanol, via displagemefif with fresh ethanol (2B
anhydrous). Hydrochloric acid 30 Y h. 59, 1 nol e equivalent) is added
and racem c sertraline hydrochl or gt ed by filtration. Overal
purity can be enhanced by recrysta on from net hanol, whil e use of
carbon in the recrystallization offers additional cantrol of product color.
Typical yield from o

()

. with monométhylamine in an alcohol solvent selected from primary, secondary and tertiary
straight or branched (C,-Cg)alkanols and other alcohols having a boiling point, under reaction
conditions, that is greater than about 55°C, and in which monomethylamine is soluble.

15 } 2. A process according to claim 1, wherein the ketimine product of formuila i
that is formed in such reaction is hydrogenated to form a mixture of racemic cis sertraline and
racemic trans sertraline. |

3.. A proces's- for preparing the optically pure (+) enantiomer t;f N-[4-(3.4-
dichlorophenyl)-3,4~dihydro-1(2H)-napthalenylidene]methaneamine, depicted below,



tetralone to recrystallized hydrochloric acid salt of racenic

-N-nethyl - 4(.3, 4--di chl orophenyl ) - 1,2,3,4-tetrahydro-1- naphfhalenan1ne
is 85% Alternatively, the ethanol sol ution of racen1c 35 free hase is
distilled under vacuumto renove nononet hyl am ne, with et h% }g‘}%‘fbi é}g
essentially MEPRE¥E by tetrahydrofuran. Hydrochloric acid f% Bp304ol% 5, 1

nol. eq) is added and racem c sertraline hydrochloride isolated by

filtration as described above in ethanol . % WD 99/ 36394

PCT/ 1 B98/ 01619 ' - 16-

5 -.Overall purity can be enhanced by recrystallization from methanol,

-whi-l e use of carbon in the recrysigli zati on hydrochloric acid salt
3

of racemic sertraline is approximtely

pat ent applications, and publicati '
by reference in their-entirety. 1l
limted in scope by the specific

Al'l patents,
ed above are incorporated herein

The present invention is not
S descrgbed : whi ch are

intended as- single illustrations of individual aspects of the invention.
Functional |y equi val ent conpositiogs and nethods are within the scope
of the invention. .~ WD 99/36394
PCT/ 1 B98/ 01619
Cl
Ci
5 : (+)

or an optionally enriched (+) mixture of the (+) and (-) enantiomers of the same, respectively;
comprising reacting the optionally pure (+) enantiomer 4-(3,4-dichloropheny!)-3,4-dihydro-
1(2H)-napthalenone, depicted below,

e -_—

o LT

Cl

) :
10 or an optionally enriched {+) mixture of the (+) and (-) enantiomers of the same,
respectively,with monométhylamine in a solvent selected from primary, secondary and tertiary
straight or branched (C,-Cg)alkanols and other alcohols having a boiling point, under reaction
conditions, that is greater than about 55°C, and in which monomethylamine is soluble.
4, A process according to claim 3, wherein the optically pure or optically
15 enriched (+) ketimine product of formula II’ or an optically enriched (+) mixture of the (+) and
(<) enantiomers of the same, that is formed ip such reaction is hydrogénated to form an
optically pure (+) mixture of cis (+) sertraline and trans (+) sertraline, or an optically enriched
(+) mixture of cis (+) sertraline, trans (+) sertraline, cis (-) sertraline and trans (-) sertraline.
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i chl or opheny -
napt hal enyl i dene net haneam ne ﬂ“ﬁﬂ““ﬂ"ﬂm mnl PCT/IB98/01619
[err] 0-99/36394 10 conmpri$ing rkacting *

"4- (3, 4-di chl om)phenyl) 3, 4-di hydro- 1(2H) &apt hal enone, depicted bel ow,

[err]

10 .

15

20

25

30

35

5. A pro\,ess according to claim 1 wherein an excess of monomethylamne with
respect lo the tetralone starting material is employed.

6. A process according to claim 1 wherein the reaction is conducted at &
temperature in the range of about 50°C to about 120°C, and a pressure in the range of about
atmospheric pressure to about 100 psig.

- 7. A process according to claim 1 wherein the solvent is selected from methanol,
ethanol, n-propanol, isopropancl, n-butanol, t-butanol, phénol. and benzylalcohol.
8. - Aprocess according to claim 1 wherein the solvent is methanol.
9. A process according to claim 1 wherein the solvent is isopropanol.
10. A process according to claim 1 wherein the solvent is n-propanol.
11. A process according to claim 1 wherein the solvént is ethanol.
2. A process according to claim 2 wherein the ketimine produi:t of formuia Il is

hydrogenated in situ in the same alcohol in which it was formed to yield a mixture of racemic
cis sertraline and racemic trans sertraline.

13. A process according to claim 3 wherein an excess of monomethylamine with
respect to the optically active tetralone starting material is employed.

14. A process according to claim 3 wherein the reaction is conducted at a
temperature in the range of about 50°C to about 120°C, and é pressure in the range of about
atmospheric pressure to about 100 psig. ' .

18. A process according to cléim 3 wherein the solvent is selected from methanol,
ethanol, n-propanol, isopropanol, n-butanol, t-butanol, phenol, and benzylalcohol.

16. A process according to claim 3 wherein the solvent is methanol.

17. A process according to claim 3 wherein the solvent is isopropanol.

i8. A process according to claim 3 wherein the 'so_ivent is n-propanol.

18. A process according to claim 3 wherein the solvent is ethanol.

20. A process according to claim 4 wherein the ketimine product of formula It' is
hydrogenated in situ in the same alcohol in which it was formed to yield an optically pure
mixture of cis (+) sertraline and trans (+) sertraline, or an optically enriched (+) mixture of cis
(+) sertraline, cis (-) sertraline, cis (-) sertraline and trans (-) sertraline. _

21, A process for preparing a mixture of racemic cis sertaline and racemic trans
sertraline, comprising rg.acﬁng a compound of the formula |, as depicted in claim 1, with
monomethylamine, hydrogen- gas, and a hydrogenation catalyst in a solvent selected from
primary, secondary and tertiary straight or branched (C,-C,) alkanols, and other alcohols

This Sheet Has Been Replac TH'S SHEET HAS BEEN
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wi th nononet hyl am ne in an al conot—softvent—setected from primry, secondary
and tertiary strai ght or br err])a{kanols and -ot her-
al cohol s having a boiling point, mnm llnamﬁ m conditions, that is
greater than about 55[err]C, and i 1 whi ch nononet ylan1ne I S soluble 15

2. A pro®s®ng¥sording to claim 1, wherein the ketim n@BABHAEYof
formula Il ' that is forned in suchreactlonls hydrogenatedtoforma
m xture of racem c cis sertraline and 20 racemic trans sertraline.

3. . A process for preparl ng t he optlcally pure (+) enantlorrer of

N-[4-(3, 4-

g'efglwor opheny| ):a\%a%fbgzlhgyﬁrnp A&?Ja%.mk%h@% : gfa&sat%uaangw 5% n gl ct ed
PCT/ | B98/ 0161 9Menomethylamine is soluble. ' . o .18-
[err] . : 22, A process for preparing an opttcally pure (+) mixture of cis (+) sertaline and

trans (+) sertraline, or an optically enriched (+) mixture of cis (+) sertraline, trans (+) sertraline,
cis (-) sertraline and-trans (-} sertraliné, comprising reacting 2 _compbund of the formula I, as

10  depicted in claim 3, with monomethylarﬁine. hydrogen gas, and. a hydrogenation catalyst in a
solvent selected from primary, secondary and tertiary straight or branched (C,-C;) alkanols,
and other alcohols having a boiling point, under reaction conditions, that is greater than about
55°C, and in which monomethylamine is soluble. |



5 " or an optically enriched (+) ni xt ure Of theRE*PLﬂ@E(N[ENFFJ@HE@TS

of the sane, respectively; conpr|5|ng reacting the optically pure (+)
enant i omer <{yd Sosk3sh chl or ophenyl ) - 3, 4- di hydr o- 1( 2H) - naRATABESIOI6E?
depi ct ed bel ow, [err]

10 or an optically enriched (+) mxture 9. the (+) and (-) enantioners of
the sane, - respectively with nononethylam ne in a solvent selected from
primary, secondary and tertiary strai ght or branched
(err]-Cerr])al kanol s and ot her al cohols having a boiling point, under
reaction conditions, that is greateﬂ ppan about 55[err]C, and in which
nononet hyl am ne is soluble E A process according to claim
3, wherein the optically pure or 15 enriched (+) ketimne

op
product of fornmula I1' or an opti({ ched (+) mxture of the (+) and
(-) enantiomers of the sane, that I n such veaction is
hydr ogenated to form an : opt i plre (+) nmifture of cis (+)

sertraline and trans (+) sertrali ne,
m xture of cis (+) sertraline, trans (
trans (-) sertraline.

an optically enriched (+)
rtraline, ertraline and

S]] M

Cl

5 (+)
or an opticallyenriched (+) mixture of the (+) and (-} enantiomers of the same, respectively:
comprising reacting me@_ﬁ_q.;_ny pure (+) enantiomer 4-(3,4-dichlorophenyl)-3,4-dihydro-
1(2H)-napthalenone, depicted below,
O

Ci

(+)

10 or ancptically enriched (+) mixture of the (+) and (-) enantiomers of the same,
respectively,with monomethylamine in a solvent selected from primary, secondary and tertiary
straight or branched {C,-C,)alkanols and other alcohols having a boiling point, under reaction
conditions, that is greater than about §5°C, and in which monomethylamine is soluble.

4. A process according to claim 3, wherein the optically pure or optically

15 enriched (+) ketimine product of formula I}' or an optically enriched (+) mixture of the (+) and
(-) enantiomers of the same, that is formed in such reaction is hydrogenated to form an
optically pure (+) mixture of cis (+) sertraline and trans (+) sertraline, or an optically enriched
{+) mixture of cis (+) sertraline, trans (+) sertraline, ¢is (-) sertraline and trans (-) sertraline.

REPLACEMENT SHEET
25 Jut 2000




W0"99/ 36394 -

“PCT/ | B98/ 01619 | 5. Apr ocessR&EhA@@\@J SHEET

wherein an exce f m)nomat hyl am ne with respect to th e
starting rrat‘ﬁf%’g’ﬁq%é enpl ayed A process g%i@%@hggto
claiml1 wherein the re conduct ed aly tenperature in the
range of about 50[err]Eiml1BH Ll]r]C and a pressure in the range of
about at nospheri ut 100 psig. 10 7. A

process according to claim1l wher ein the solvent is sel ected from et hanol ,
et hanol , n-propanol, |sopl&p anol

benzyl al coho ocess a°°°'$\"gptr°(§%5§ dw égr@@r%\l ﬁésts 6’? 5]°3?’Pﬁt€ylﬁm'é? Wi,

the solvent is respectmdte tetralone starting material®% employ8d.pr ocess according to claim1

wherein the sol vent %S ' SR&r&Q?XD%cordmIg to ClalTﬂ ]\_fglerei]nothe reétn% Q€%§§du§\&8 OJtCH ng

to claim1l wherein the solvent 1S n-
accordi ng to cl temperatuyshie thei rangelnf abast Waﬁtto aboub 12056 cind a pressure in the range anbout A

process accordi Qgotahefid Hedbure 9B50uEI0D psige ketim ne product of formula Il is
hydrogenated in gllo'[‘?l‘el n&%\é‘ samau cakhagl in which it was forned to yield a

m xture of M@cenmic 7- '&P‘:?c%séﬁ’?%‘f"m%"'a'ﬁw WhREeiR he splveri s selepied fpm ethanol,
13. A pr ocessetAsHn hbrdpand, casdra}opam -volansicibitandl, sheAdlsahd BEnzyiaronart hy | ami ne

with 20 respect to,the tlcal ctive t al.ope startin terial |s
erpl oyed. 8. "® 4 plocseR el S gt B sSusHLie bl el 1 ¢ 1
reaction i s conductefl at A& process actordinpdo elbioy twiereib the soleend)is isvipropbrmolit 50[err] C
to about 120[err]C Sd‘d ap BloGess Weordiny 1b BSin ?@&?e:&ihe%&@ lsn-propang1 ”DSphe”C

pressure to about 10 eg cess accor
cl'aim 3 whef®in the 8blv PfOF%“@é‘FOé‘&'tQéG°‘P'F’bW'PR§?'h!i‘ﬁ(§P‘V3"2§ ethaé'c"hanol

n- propanol, isopropamgl, npm&s%ru&omaﬁg &waamczl wnememelkeurﬁmp@mw fahmmlls
16. A process, accor

17. A process %95?98?%?‘{:8 sf"b'"g'? ?We?'%i t'"e‘f"rl’{crt R‘aai’(éf’vfé’ﬂ? y'e@ 3 @5{}? %éﬁ?ﬁm’c

18. A pr ocesscisservalide and racentit lansiseriraliner ei n t he sol vent i s n-propanol.

19. A process accoygli ngy @&c&%saécaarén%%raﬁkmgém%' ER of Mok Jﬂéﬂ@r?meggnh

20. A process accordi ng ereint ket1mne pro
formula 11" 2Ps ’eSPeCt‘°HM§@héﬁ‘%‘e¥'ﬂ°@lsﬂﬂﬁ“ﬂ9ﬁ“ﬁ‘ﬂ@‘ is gMRoyedcohol in which it

waz Ior rred(t;) yi eltd ) OPAIFSE&JeES/ afddfding to claimNB Xftidfef m)& reaa?ha coffuttedl dtne
an rans (+) sertraliln or Q +) m Xtur
() sertrali e, Eeae et ARk S0 o] 1A03F op s brlfdth i i g o oo

sertraline. atmospheric presspre to abolt fl0psigss for preparing a m xture of

racemc cis sertalinggandy P%E@ég‘aecofr&@'}éc@ﬁm :?@ﬁéréﬂhb@&ven@@@%bé& RS hiz@fahting

a conpound of the fornula icted inclaiml
nononet hyl adP ne Ry Ptﬁ@ﬁ"ﬁd@“m&ﬂlf' &-oMtPRe! Johwieael; Qﬂ?"@eﬁ“ﬁlt’?%zty'afcﬁh% sol vent

selected from 16. A process according to ciaim 3 wherein the solvent is methanol.
17. A process according 1o claim 3 wherein the solvent is isopropanol.
18. A process according lo claim 3 wherein the solvent is n-propanol.
19, A process according to claim 3 wherein the solvent is ethanol.

30 20. A process according to claim 4 wherein the ketimine product of formula I¥' is
hydrogenated in situ in the same alcohol in which it was formed to yield an optically pure
mixture of cis (+) sertraline and trans (+) sertraline, or an optically enriched (+) mixture of cis
() sertraline, trans (+) sertraline, cis (-) sertraline and trans (-) sertraline.

21. A process for preparing a mixture of racemic cis sertaline and racemic trans

35 sertraline, comprising reacting a compound of the formula |, as depicted in claim 1, with
monomethylamine, hydrogen gas, and a hydrogenation catalyst in a solvent selected from
primary, secondary and tertiary straight or branched (C,-C¢) alkanols, and other alcohols
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(54) Title: NOVEL PROCESS FOR PREPARING A KETIMINE
(57) Abstract

This invention relates to a novel improved process for preparation of N—{4~(3,4- dichlorophenyl) —3,4-dihydro-1(2H)- naphthalenyli-
dene)methanamine from 4-(3,4-dichlorophenyly-3,4-dihydro—1(2H)-naphthalenone and monomethylamine,




