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PROCESS FOR THE PREPARATI ON OF PHENETHYLAM NE
DERI VATI VES TECHNI CAL FI ELD The present inventi

relates to an inproved process for the preparatimwmmmmwummmm
5 phenet hyl am ne derivatives by hydrogenati on of *159159%
phenyl acetonitriles in the presence of a nickel or
cobalt catal yst. BACKGROUND The conpounds of fornula
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The present inventi %é‘ﬁé ed to an

|n'proverrent of the secon gaction. According to

t he pr aratlo dd| sedin e . 186 .. tet, .
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Twelfth Edition 1996, No. 10079). As disclosed in U.S. Patent No. 4,535,186, the

compounds of formula | can be produced by coupling a ‘cycloalkanone or a
cycloalkenone with an appropriately substituted phenylacetonitriles (step 1), and then
catalytic hydrogenation of the coupled phenylacetonitriles (step 2). The present

invention is related to an improvement of the second step reaction.

According to the preparation method disclosed in the '186 patent, the coupled
phenylacetonitrile is hydrogenated over rhodium on alumina catalyst. However, the
use of an Rh/Alumina catalyst is not desirable in terms of manufacturing costs, and

thus, Rh/Alumina catalyst is not considered practical for industrial scale synthesis.

PCT WO 02/50017 discloses a process for preparation of phenethylamine
derivatives by hydrogenation of phenylacetonitriles in the presence of a nickel or

cobalt catalyst. Exemplification of PCT WO 02/50017 teaches a hydrogenation
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derivatives by hydrogenati on of phenylacetonitriles in
the presence of a nickel or 25 cobalt catalyst.
Exenplification of PCT WO 02/50017 teaches a
hydrogenation | 1TLLLILE FLED VLD VL MVELLE VELL LT
[l *rnnnm process carried out using a pretreated

ni ckel or cobalt catalyst, for exanple, Raney nicke
or Raney cobalt, in an organic solvent, such as

S ) 4 RSB e B G f o, e
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cobal t, are alkaline in their manufactured fornms, and
thus, require pretreatnent with an acid, which is a
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g ni ckel - q_rye)éobalt Ieg%: I.I St Wi ﬁ 0 p;ieéthr ?g?a;ngﬁ‘?ig{ basic
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at gbove room t h ' ;
ﬁpgglgsgong{tlgelqﬂagggam??ﬁrgé#cregﬁﬁg%/ gr%%f Q@?&gﬁ?&gy iR t488ry amines
ogenat i or, [ 4 ' '
S%/aiéqr?ﬁ@%nq!!é)s?rp? 2&@%#8 2@]}'&@% Itatgsdéﬂfctgﬁ 3 kthB9%sderleNBelow, and the
reaction may proceed slowly. In light of this, the pretreatment of a nickel or cobalt

catalyst with an acid is not desirable.

It has been found that if hydrogenation of phenylacetonitriles in the presence
of a nickel or cobalt catalyst is conducted under a basic condition at above room
temperature such as those used in the process disclosed in PCT WO 02/50017, such
a hydrogenation reaction results in cracking of the starting nitrile compounds to
produce 4-methoxyphenylacetonitrile, which may be hydrogenated to produce 4-

methoxyphenethylamine impurities, as shown below.
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20 produce 4-net hoxyphenyl acetonitrile, which may be
hydr ogenat ed to produce 4- nethoxyphenet hyl am ne
impurities, as shown below. -2 CN zr)"O H2 MXO ---
noo, ( CN OH NaOH / 400C CN H2 NH2 neoeb Meo acidic /
H2 primary / secondary / tertiary am ne The present
invention is based in part on a finding that

invention is di
hydr ogenati on rea
catal yst to obtain

hydrogenation of 5 coupled phenylacetonitriles using
a nickel or cobalt catalyst igya basic condition atNa

hi gher tenperature duces_s b tantial, anmounts
phenal kyl am rfEYE puriti es. hen-aJ—k-)Ll—am ne
impurities are/very sinidoar to e desired &H

products of

imary amnes in terns of physical and

chem cal euerties, and thus, it is very difficult to
separate :- rom@}hﬂo‘@esue end proglucts 10 he_NH;
i mprove g@/\s‘m i
mpurMéQe are diffive to separate, "4"% an
advant age o r previ ously known processes. SUMVARY 15
Accordi ngly, gne of the objects of the present

eadiednt o an i npr ovg,;mm sehdad) / tertiary amine
fon using a nic or cobalt

The present invention is based in part on a finding that hydrogenation of
coupled phenylacetonitriles using a nickel or cobalt catalyst in a basic condition at a
higher temperature produces substantial amounts of phenalkylamine impurities. The
phenalkylamine impurities are very similar to the desired end products of primary
amines in terms of physical and chemical properties, and thus, it is very difficult to

separate them from the desired end products.

The improvement of reducing impurities, in particular, impurities that are

difficult to separate, is an advantage over previously known processes.

SUMMARY
Accordingly, one of the objects of the present invention is directed to an
improvement of a hydrogenation reaction using a nickel or cobalt catalyst to obtain
high yield and purity compounds of formula (l), with decreased production of
phenylalkylamine impurities such as 4-methoxyphenethylamine, by conducting the

reaction at temperatures between 5°C and 25°C.
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high yield and purity conmpounds of formula (1), wth
decreased production of phenylalkylamne inpurities
such as 4-net hoxyphenet hyl am ne, by conducting the
reaction at tenperatures between 50C and 25"C. -3

Anot her object of the present invention is to provide
a sinplified process. for the preparation of
conmpounds of fornmula | in high yields and purity,

whi ch does not require pretreatnment with an acid of a
ni ckel or cobalt catalyst and is thus cost 5

e pr okt e U5 i FPofin i o B Blocess o
g :gt?ﬂggrsgza@%&; o% E,qrﬁﬁcplg% ;fclarﬁ}q:lag{ ﬁ'lh@?ngpg% a&\ﬁ]aonueria/u er'cSp_ does not
10 DETAI LED DESCRL PTI ON _

L RERa s B mec@“& 350581 oD oblE ERAERPa i s oos

of a conpound of forrlula 1, N112 OR4 R3 R2 P42) n
15fapveananAndusiial B3ler o ortho or para substituents,

i ndependently selected fromthe

A further object of the present invention is to provide an improved process

for the preparation of phenethylamine compounds of formula (Il) in high yields and

purity.

DETAILED DESCRIPTION
One aspect of the present invention is to provide a process for the

preparation of a compound of formula |,

Ry

U
wherein R; and R; are ortho or para substituents, independently selected from the
group consisting of hydrogen, hydroxyl, C4-Cs alkyl, C,-Cs alkoxy, C;-Cq aralkoxy,
C,-Cy alkanoyloxy, Cs-Cs alkyimercapto, halo or trifluoromethyl; R is hydrogen or
C+-Cs alkyl; R4 is hydrogen, C4-Cq alkyl, formyl or C,-C; alkanoyl; n is one of the
integers 0, 1, 2, 3 or 4; and the dotted line represents optional olefinic unsaturétion;

comprising hydrogenating a compound of formula lil,

-4-
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group consi sting of hydrogen, hydroxyl, Cl1-C6 al kyl,

d -Ce al koxy, C7-C9 aral koxy, C2-C7 al kanoyl oxy,
Cl-C6 al kyl mercapto, halo or trifluoronethyl; R3 is
hydrogen or Cl-C6 al kyl; R4is hydrogen, Cl-C(1 al kyl,
fornyl or C2-C7 al kanoyl; n is one of the 20 integers
0O, 1, 2, 3 or 4; and the dotted line represents
optional olefinic unsaturation; conprising

hydr ogenati ng a conpound of formula Ill, -4 CNOR4 R2
I OX P13 (CM)n R in the presence of a nickel or
cobalt catalyst at a tenperatureNof 50Cto 25'C. 5
Anot her aspect of the present ipvention is to provide
a process for preparing a_ conppu@Rgf fornula (11) N
/IR \R6 OR4 R2 3 (C R2, R3, R4, n

and the dotted lin ! i abové R 5i s
hydrogen or 10 Cl-g al\/l is ClYyCe al kyl;
1

()

in the presence of a nickel or cobalt catalyst at a temperature of 5°C to 25°C.

Another aspect of the present invention is to provide a process for preparing a

compound of formula (if)

(n

wherein Ry, Rz, Rs, Ry, n and the dotted line are as defined above; Rs is hydrogen or

C4-Cs alkyl and Rgis C4-Cg alkyl;
comprising hydrogenating a compound of formula (lli) in the presence of a nickel or
cobalt catalyst at a temperature of 5°C to 25°C to produce a compound of formula (1)

and alkylating the compound of formula (1).
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conpri sing hydrogenating a conpound of formula (111)
in the presence of a nickel or cobalt catalyst at a
tenperature of 50C to 250C to produce a conpound of
formula (1) and al kylating the conmpound of fornmnula
(1). -5 The al kylation of a conpound of fornmula (1) to
a conpound of fornula (11) can be conducted by

met hods wel| known in the art. Such alkylation and the

reaction conditions to be escri bed
pat ont The alyadas of gompoider ofSpp-Ba L {p S Fermediag L i (1 can

Rgarafé?agbgt b %f\g(i;i i 5&5\@{1 g{ﬁ'ﬁl%ﬁog‘uﬂ Iaﬁw?gp@%ﬁa the reaction

cnp%on%as%“o%cﬁs ¥l q%%a#sa 7S5 Palel N 4B E8) rgrporeted by
S hcjl alkyl; R4 is hydrogen R5|s

h)‘/'%fﬁ?@@é gre '@its(%‘ ] and Re | sCl- C3an al kyl . 10

More preferably, R is hydrogen, and R2is other than
hydr ogen, R2 bei ng in a para position, and n is 2.

12" 2 e RS ey 7y 6 e Joan vy tore
?%ﬁ%{i{]g CZ%@EW ( gh'g lﬁ%se ?)n%{l}%) cﬁlloﬁo?ﬁgélﬁg qm%methyl or
! S 6% !Fv‘nﬂ%e& KEH LB o Pasogp, s hvogen or
N@@h%?ﬂ &%\‘{H—%‘g 'ﬁ@l lglr]\?eﬁlngf a)~ine. 20 In

accordance Wth the present invention is provided
compounds of Fornula | substantially free of

phenal k a‘?]B'P? eraerWLﬁ is h%rogérﬁ1 AR, i€ thaF thaR W&Joﬁe'?fRz being in

the inv

a para position, and nis 2.

The most preferred compounds of formula | are 1-[2-amino-1-(4-methoxy-
phenyl)ethyl]cyclohexanol and 1-[2-amino-1-(4-hydroxy-phenyl)ethyl]cyclohexanol.
The most preferred compounds of formula Il are venlafaxine, O-desmethyl-
venlafaxine, N-desmethylveniafaxine, N,N-didesmethylvenlafaxine, N,O-didesmethyl-

venlafaxine and O-desmethyl-N,N-didesmethylvenlafaxine.

In accordance with the present invention is provided compounds of Formula |
substantially free of phenalkylamine impurities. In particular aspects of the invention
the impurity is 4-methoxyphenethylamine or 4-hydroxyphenethylamine. Substantially
free, as used herein, refers to greater than about 92% purity, more preferably greater

than 95% purity and most preferably greater than 98% purity. Purity as used herein,
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the inpurity is 4-nmethoxyphenethyl am ne or

4- hydr oxyphenet hyl am ne. Substantially free, as used
herein, refers to greater than about 92% purity, nore
preferably greater than 95% purity and nost
preferably greater than 98% purity. Purity as used
herein, -6 refers to the absence of inpurities, the
majority of inpurities, i.e. greater than 50% being

phenal kyl am,ne inpurities. N ckel or.cobglt catal o
PS8 (iutba AbAcroscitialnafes: 1ia/Brbry Bt 4Eu ek, £ @rafE! han s0%.
and, co n@g used in.the art. Detailed infornation on
niteing Prenakypaine ITREaYSPst s are provided in WO

02150017 Al, which is incorporated by reference in

this application. The catalysts can be in supported

ol s Sr et Son AP RPN 8o o oo
2190 SR bsieo e 8 Peratad BTt sk TRl Gtpives are
niReRags i E BT ALY Rich BlnrieR e R R s dpplication.
S ok A R Tl s o
Cdpﬁ%«;ﬁ?‘t @?gqq@{%a eg?’cagt;‘zoﬁ]"i}'p%gr%ﬁﬁ@'} ﬁ@gbfﬁ%ﬁﬁl Hé°§‘irﬂe<tk%’|2°3' titanium
AR L S S USRS, o
SR ] BB ot

| . [ 0
Pl ol %8S B BBl b o about 200
cq&(r%list s. Raney-N catalysts are commercially
av tbI e from Grace, Degussa (for

The preferred catalysts are Raney-Ni and Raney cobalt catalysts. Such
catalysts are, for example, formed by mixing nickel and aluminum or cobalt and
aluminum and subsequently treating the respective mixtures with a suitable base,
such as sodium hydroxide to remove the aluminum, thus leaving a highly reactive

nickel or cobait metal catalyst.

In all cases, nickel catalysts are preferred; and highly preferred are Raney-Ni
catalysts. Raney-Ni catalysts are commercially available from Grace, Degussa (for
example, product No. B111 W, B112 W, B2112 Z), PMC (for example, product No.
5200, 5020, 5800), and AMC (for example, Product No. A-5000).
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exanpl e, product No. 13111 W Bl112 W B2112 Z7), PMC
(for exanple, product No. 5200, 5020, 5800), and AMC
(for exanple, Product No. A-5000). -7 The anmount of a
ni ckel or cobalt catalyst to be used is not
specifically imted and may be in the range from
about 10%to about 50% by wei ght or nore. Higher
anounts of catalysts may be preferable in terns of

oo TSGR Bl cob RS ROt eRCRRRIENS: SEBHELS

= BB 09 roihg sagas roiagni ' dada EBen SR o Wk of o igher

© PRt TR e B PrfeP B TP Ao e e el A, Yowever,
ani c, sol ve

" SERoRyE i of C@hSBoA B 4RSH I f gt onsiderations.

ol G20 aufhyih B s S8l b3S by Woignl 2R Bp freamount
reacti on _so qufi on Wi ch is advantageous to prevent
pPgaﬁem%H" priomualt ties, such as secondary or

tertiary am nes, during the reduction process. 15
Preferably, the anobunt of ammonia used is fromO0.5 to

Sbout 1Tde BikTediegRt readl b iR rkec i AFEACTL ppeférably conducted

?Zfi%ﬁ?@rﬁa@éégﬁfsﬁ{fh?gl%%w'Esgtcﬁias?%éﬁﬁi%téﬁvsgE;%Sﬁpyﬁ Beohol, is
| | S, 4 C 250C, -

[ asretRi ool b hRGETeRate 10 20 B L he

range of 150C to 200C. If the tenperature is nore than
250C, the production of inpurities is increased. If

the t enﬁweﬁ@wgs%n{ iﬁvén%%ﬁ, 5 ngc é(%\:podrniesuch as ammonia may optionally

be added to a reaction solution, which is advantageous to prevent production of
impurities, such as secondary or tertiary amines, during the reduction process.
Preferably, the amount of ammonia used is from 0.5 to about 1.5 equivalent,
preferably from about 0.9 to about 1.1 equivalent, based on the weight of a

compound of formula {ll.

In the present invention, the reaction temperature for the hydrogenation
reaction is in the range of 5°C to 25°C, preferably in the range of 10°C to 25°C, and
more preferably in the range of 15°C to 20°C. If the temperature is more than 25°C,
the production of impurities is increased. [f the temperature is less than 5°C, the

reaction rate becomes too slow.
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reaction rate becones too slow. A conmpound of fornula
(11) can be converted to a pharmaceutically

acceptable salt. Said salts are prepared in accordance
with procedures known to the art and may be forned
conventionally by reaction of the free base with an
equi val ent anount of any acid which forns a non-toxic
salt. Pharnaceutically acceptable 5 inorganic or
organi c salts, include, but are

imted, to, .
hydr och o SPEPOVIIELPENIE, U] aapa'hec coRErEfct S pprraceutaly
tartarate, sulfuric, phosphoric, tari acetic
ciaceppiable'sall. Spikselts afeebIeR I 3cer g ih PHEEHTBE KO to the
in detail with reference to the foll
wHrtandimay Reformadesepentiopally; by f@a?twa @%@e%éaﬁwﬁ“ an equivalent
present 10 inventjion. HPLC anat carrl e@ (ﬂ tabl
urRfBeunt 1R 311 peidi Wjo derns: R pR-to 'éo?al}rm Higalpragceptable
A46x250m11|\/blle ase: : .
S S0Ren s DA R bae ot %R/“Q%% lnde. EY%WW%&CH%W”W'C’

| e concentration: uent
¢ el graRlG, SEam Briareyp, Spifuc BAaThP i s pipt: S firic
25. g of Raney-N (Kawaken, G ace 2400, 2724, Degussa
B111w 112W, and 250 m of MeCOH and 25 m of an :
ture

o s o BB R T 8 o v
%Sllgvtl]l% aenx%lmples whu\%e are no% mtendeg o Ivlerr(ljl_| the hsecoEJee aé:ft e present
invention.

HPLC analysis was carried out under the following conditions:

Column: YMC Pack ODS AQ 4.6 x 250mm

Mobile phase: SmM KH,PO, 650mi: CH4CN 350ml: HsPO4 1ml

Detector: UV 220nm

Flow rate: 1ml/min

Sample concentration: 0.01g/1mi Eluent

Run time: 50 min

Example 1
The reactor was charged with 25.0g of Raney-Ni (Kawaken, Grace 2400,

2724, Degussa B111W, 112W), and 250 ml of MeOH and 25 ml of an ammonia
solution (25% NH3) were added. To the mixture was added 50g of 1-[cyano(4-
methoxyphenyl) methyi] cyclohexanol, followed by 250 ml of MeOH. The reactor was
settled and purged with N, gas two or three times. After fully purged with N, the

reactor was purged with H, gas two or three times. Internal pressure of the reactor

-9-



settled and purged with N2 gas two or three tines.
After fully purged with N2, the 25 reactor was purged
with H2gas two or three tines. Internal pressure of
the reactor -9 was adjusted to 60 psi and the
reaction m xture was stirred. After 20 to 30 hours of
reaction at roomtenperature (about 10 to 200C),

i n-process analysis of a sanple of mxture was nade.

\f/fsr 41 &ﬁ& '?c??ﬁ lena ?E gﬁﬁ&urﬁﬁ%\'&n Aﬁé@becg Ihours of
- A5l a%%&m% gtg& ogg?gg%ggcgnm dro@ésg Flygifcohoﬁample of

oIvent mas evap i'sopropy

xfﬂpggl/ a%‘eh%' feP Hiie l?%a%tl&ﬁrﬁasa@gﬁgleié?j [RENT %v%sdl"é‘?noved by

&5 01Ve e resulting product to give a

nf?atlop% Eéﬁé( 83@' ¥id fﬂﬂate%stﬁgulﬁg 'uHHérq’EﬂL\ﬂ%% LG until all of

exotherm-c

TN SIS S
ab%él??atg s\%?% g&@ecf @Ttﬁ% gbg; ' th'is‘%ﬁlvgﬁij& ﬁ%uﬁlﬁ c%‘glg{e ttB;gtlve a clear
' rgé lthfe Bgﬁf Qc?l?lorne Gro tRE 9 \Slase ?%dt.?dl 10_rré| of ace! g:xaéchdo?ropmse, and

net hoxyp eny yclo

44ar?%x§t¥|b®l|g rZch?on a!nt ‘Mltf?%t@ﬂe ﬁﬁ'leg @V@H Y:ﬁ" SAﬁéilea%dU?qO to 20

St ar mat er | oxy-

ﬁ{?ﬁw}v gfagadglﬁq af ) ?tr%@drgﬁetfg%b‘i’djgag%g@ S%\ofén@rms - THE $blution was
10 Zlgtﬂreﬁgéﬁaﬂ&ﬁ%né%%r hiredh Wsﬁ@& %vﬂﬁ@thl %Ebtﬁ@ to g?"ve the desired

(m 10H, cycl ohexane), H, acetlc

ac%%b!(mtz 17[2(é#ﬁnoJ1 (hbmet%%%é%f eg?yg @%é?g@?oﬂ 4(2%29 éY_FI d 70%.
ar QimRy b69%).20 Exanples 2 to 10 : , )

HPLC analysis: desired product: 3.5min; starting-material':"35min,- 4-methoxy-
phenethylamine: 2.8 min, dehydrated cc;mpound: 8.5min
15 IR (KBr pellet): 3494 cm™, 3069, 2930, 2184, 1635, 1612, 1539
"H NMR Analysis (DMSO-dg) : § 1.0-1.71(m, 10H, cyciohexane), 1.818(s,
3H, acetic acid), 2.72(dd, 1H), 2.97(t,1H), 3.27(dd, 1H), 3.73 (3H, s, OCH,), 6.85 (d,
2H, aromatic), 7.15(d, 2H, aromatic)

20 Examples 2 to 10
The tests were carried in the same manner as in Example 1, except the
amounts of starting material, Raney-Ni and ammonia solution, the reaction
temperature, and the reaction time as shown in the table below, and purities and
yields of desired products were also shown in the end column of the table (r.t.zroom

25 temperature of about 10 to 20°C).

-10-
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The tests were carried in the sane manner as in
Exanpl e 1, except the anobunts of starting material,
Raney-Ni and ammoni a sol ution, the reaction
tenperature, and the reaction tinme as shown in the
tabl e below, and purities and vyields of desired
products were al so shown in the end colum of the
table (r.t.=room 25 tenperature of about 10 to 200C).
_10 1 -[cyano(4 Ex. nethoxyphenyl)- Raney Ammoni a

Reaction Reaction Purity Yield No. nethyl]cyclo- N
(p) Soleiamar4t enper ature [Ti me hexanol (g) (M) (OF)
(PEX. [dndthBxyphenyd)-5| Ranegd Admonial Reattiord [REadtiol | Purity | Yield
21IN87|. rhethigiicydiol4. O] MNiQgy .|0Selution 3tefiPerdtur®| Firdd. @ 26B | (%)
710 riHexard (§P-5 6P 6 7.0 Xmf) 7.[0 rtoC)24 99.(hr)o2 | 7
50,0115 25 rt 22108 6 83 85001525+ 22 936 _
60 29 50.0 18 25 r|t.523 |98.%561 | 10 H0.0 15 35 r{. 9% | o
99"y B0 Bxappl e I Ader| 40mp off H2Omas afdegito {ag7.1 | 73
hss lcylinder  thel nass cylinder ivas 5 pl aced on-a
balbnce. TA&Obal anpe Mis |t hehOzer|oed. "Raney- N¢wag 983 | 75
aftgd 1O THe 0 2.8 7.0 r.t. 22 99.5 | 60
6 7.0 1.4 7.0 rt. 24 99.1 | 62
7 50.0 15 25 rt. 22 98.6 | 63
8 50.0 15 25 rt. 22 98.6 | 60
9 50.0 15 25 rt. 23 98.6 | 61
10 50.0 15 25 rt. 24 99.0 | 60

Example 11

After 40mi of H,O was added to a mass cylinder, the mass cylinder was
placed on a balance. The balance was then zeroed. Raney-Ni was added to the
mass cylinder and the increased volume of water was taken away while maintaining
the total volume at 40 mi, until the total weight indicated by the balance was 12 g.
H,O was removed and 40 g of fresh H,O was added in order to wash the catalyst.
After washing, the H,O was removed. The reactor was charged with Raney-Ni while
flushing with 20ml of H,O and 600 ml of MeOH. To the mixture was added 40g of 1-
[cyano(4-methoxyphenyl)methyl]cyclohexanol, followed by 20ml of an ammonia
solution. The reactor was settled, then purged with N, gas two or three times. After
fully purged with Ny, the reactor was purged with hydrogen gas two or three times.
The internal pressure of the reactor was adjusted to 60 psi, and then stirring was

initiated. After 20 to 30 hours of reaction at room temperature, in-process analysis of

-11 -
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mass cylinder and the increased volune of water was
taken away while nmaintaining the total volune at 40
m, until the total weight indicated by the bal ance
was 12 g. H20was renoved and 40 g of fresh H20was
added in order to wash the catalyst. After washing,
the H20 was renoved. The reactor was charged with
Raney-Ni while 10 flushing with 20m of H20 and 600 m
m xt ur e, wa

E%yﬁm?a-f@wh%% oA AOFY 5 rend s compilsge o was
s??'??\ée(ﬁ’% f%lf ﬂ@%ﬁ%ﬁ@ghﬂa ﬁfi‘% P‘é%-'ggﬁ‘% (315, %85 e fager @ roduced
After ul.. r Wi NZ [ r ur
et o
A A o
ofite Ty sgllaid,, 18 o e RS ddefilgdnt gy Seafc (i Grop-wise.  An
i %?ﬁtﬁ%ﬁ"gﬁ%fﬁ Wi ﬁstsﬁeifgfgséﬁ'?gavﬁﬁif*fﬁ”%?%e b 0 rintesof ading
s:@ﬁ o st BGnop Pl BoGan, o B3 HibclsH; yshglyfon W€ stied for
E @?%{%@néﬁépe&{%@%@lé@ i B51 Bt BB IRE BepCprplfer. 12
' T ' S . o
a bl ey Shehd Vil o 20 g ot ol o

sone funmes began. After about 10 to 20 m nutes of
adding all of the acetic acid, a solid began to be

pr oducegFm'égggvéggi% %'8513@ stirred for about one

hour, f ith ethyl acetate to give

the cle r . 1-12- i nO- L

(4 et 1 Sreve Sl 8k chrried n the same manngr gs those of

7Sty | ket e atBuStRBP8bAG HatErd RLSS-Mi 4rid ainmonia solution,
the reaction temperature, and the reaction time as shown in the table below, and the

purities and vields of the desired products are shown in the end column of the table.

1-[cyano(4-

No. | methoxyphenyl)- | Raney | Ammonia Reaction | Reaction | Purity* Major
methyl]cyclo- Ni(g) | Solution | Temperature | Time (%) impurity**
hexanal (g) (ml) (°C) (hr) (%)

Com. 7.0 0.7 35 30 22 55.05 44.19

Ex. 1

Com. 7.0 3.5 3.5 25 22 52.07 39.04

Ex. 2

Com. 21.0 10.5 10.5 5 45 92.91 3.13

Ex. 3 Reaction

not
complsted

* Purity(%) : content of 1-[2-amino-1-(4-methoxyphenyl)ethyi]cyclohexanol

** Major impurity(%) : content of 4-methoxyphenethylamine
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5

These conparative exanples were carried in the sane
manner as those of Exanple 1, except the anounts of
starting material, Raney-N and amoni a solution, the
reaction tenperature, and the reaction tinme as shown
in the table below, and the 15 purities and yields of
the desired products are shown in the end col um of
the table. 1-[cyano(4 No. methoxyphenyl)- Raney

Ao eBFb e B B el P Bt et
oC) L(h N 7. Q

s a1 O S bt alEingsd Sl In 3 ot gl et shanges and

1 Co 1.0 10.5 10.5 5.4 i :

ol b i S 8 oF poarBpd i o

- (Azat . | Mj [ ity(9

RO el Relipticnct ny  amine 12 Whi e the

present invention has been described with respect to

the particular exanples, it wll be apparent to those

skilled in the art that many changes and

nodi fications may be made w t hout departing fromthe
scope of the invention as

-13 -



defined in the appended clains. -13 WHAT | S CLAI MED
IS: 1 A process for the preparation of a conpound of
formula 1, N-112 OR4 R2 R3 (CM)n 5 wherein R
and R2 are ortho or para substituents, independently
sel ected fromthe group consisting of hydrogen,
hydroxyl, Cl-Ce al kyl, d-Ce al koxy, C7-C9 aral koxy,
C2- C7 al kanoyl oxy, Cl-Ce al kyl nercapto, hal o and

try ' R3 is hydrogen or O -Ce alkyl ; R4
iéhﬁ?ﬂﬁgggﬁﬁnﬁ#l%% al kyl, fornyl or C2-C7 al kanoyl; n
is,one pf the . integers 0, 1, 2. 3 or 4; and the

dot't ed 4 PRESTIRY @‘&é’ﬂ?&arﬁw%ﬁﬁ”@%é At fﬁ’"ﬂ'ﬂg &t uration;
10 conprising, hydrogenating a conpound of fornula
I1l, CNOR R44 '"Ilkk R R2 2NHg (CQw) n wherein
Rl, RZ R3, R4, n and the dotted/line have the neanings
same neani ngs as

V)

5 wherein Ry and R; are ortho or para substituents, independently selected from the

group consisting of hydrogen, hydroxyl, C{-Cq alkyl, C,;-Csg alkoxy, C-Cy aralkoxy,
C2-C; alkanoyloxy, C4-Cq alkylmercapto, halo and trifluoromethyl; R; is hydrogen or
C1-Cs' alkyl ; Rq is hydrogen, C,4-Cg alkyl, formyl or C»-C; alkanoyl; n is one of the
integers 0, 1, 2, 3 or 4; and the dotted line represents optional olefinic unsaturation;

10 comprising, hydrogenating a compound of formula I,

)

wherein R1, R2, R3, R4, n and the dotted line have the meanings same meanings as

those in formula (1) in the presence of a nickel or cobalt catalyst at a temperature of

15  5°C to 25°C.
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15

20

those in formula (1) in the presence of a nickel or
cobalt catalyst at a tenperature of 15 50C to 250C
-14 2. The process according to Caim1l wherein the
catalyst is Raney-Ni. 3. The process according to
Caiml or 2 wherein the reaction tenperature is from
I OOC to 250C. 5 4. The process according to any one
of Clains 1 to 3 wherein the reaction tenperature is
f rdm 150 Arecess@ecomingth €lgimdowkereinde cathlyst is Ragey-None
of Clains 1 to 4 wherein hydrogenation is 10 carried
out in the presence of nethanol, ethanol or isopropyl
al cohol. 6. The process according to any one of Cains
| $0 5 WIgepreresst aesordingtn Claim 1cart 2lwhetein shd rexctidd) ténperature is
50% by wei ght based on the anount of the conpound of
fd‘F%?{‘&"q t925°C5s 7. The process according to any one of
Claims 1 to 6 wherein the anbunt of catalyst is from
30 to 50% by wei ght based on the anount of the
conpound of fornula Ill. 20 8. The process accordi ng
t ¢-any ThRePreress asapsding tte any vimer ofi Glaitns i1stohg duteegein, the reaction
hydroxyl, Cl-C3 al koxy, chloro, brono, trifluoromnethyl
oriepperatiirejsiftam 188€ it 2Q9C.C3 al kyl, Cl - C3 al koxy,
chloro, brono, trifluoronmethyl or C2-C3 al kanoyl oxy;

R3 is hydrogen or (-C8 alkyl; and R4 is hydrogen.

5. The process according to any one of Claims 1 to 4 wherein hydrogenation is

carried out in the presence of methanol, ethanol or isopropyl alcohol.

6. The process according to any one of Claims 1 to 5 wherein the amount of

catalyst is from 10 to 50% by weight based on the amount of the compound of

formula IlI.

7. The process according to any one of Claims 1 to 6 whersin the amount of

catalyst is from 30 to 50% by weight based on the amount of the compound of

formula I,

8. The process according to any one of Claims 1 to 7 wherein R is hydrogen,
hydroxyl, C4-Cs alkoxy, chloro, bromo, trifluoromethyi or C-Cj alkyl; R, is C;-C, alkyl,
C+-C; alkoxy, chloro, bromo, trifluoromethyl or C,-C; alkanoyloxy; R; is hydrogen or

C-Cs alkyl; and R4 is hydrogen.

-15-



9. The process according to any one of Clains 1 to 8
wherein R, is hydrogen, R2is other than hydrogen,
R2Is in a para position, and nis 2.. 10. The process
according to any one of Clainms | to 9 wherein the
compound of 5 Formula I is
1-[2-am no- |- (4-nmet hoxyphenyl ) et hyl]cycl ohexanol . 11.
The process according to any one of Clains 1 to 9
wier ei Thetpsoessaasoerdingfto aRgromalad Qlaiins 1 to 8 wherein R; is hydrogen,
1-[2-am no-1I - (4-hydroxyphenyt)ethyl]cycl ohexanol. 10
132 istpiepthan b¥drogen, ®qd$ imd pdraposition, @adpris i.ng
al kyl ating the conmpound of forrmula (1) to provide
compound of Formula (11) N/R5S \R6 R6 (C 00 RR 44
R2 R3 R (CHH2)n 11) wherein Rl, RZ R3, R4, n and
t 8 dofThe®reGess ageasding teiany arelof Glamnsil o 8 wheRshnitise cdrBpound of
hydrogen or C-Ce alkyl; R6 is C-Ce alkyl. 13. The

S preeeda | isctF-aming-tr@-raetapxiphenylfethyileyslohesamoli si ng
conversion of the conpound of fornula (11) to a
phar maceutical ly acceptable salt. -16 14. The process
according to Caim112 or 13, wherein the conpoun d of
f iyl Ahe process according to any one of Claims 1 to 9 wherein the compound of

Formula | is 1-[2-amino-1-(4-hydroxyphenyf)ethyl]cyclohexanol.

10 12, The process of Claim 1 further comprising alkylating the compound of formula

(1) to provide compound of Formula (I1)

(I
wherein R1, R2, R3, R4, n and the dotted line are as defined in Claim 1, ; Rs is

15 hydrogen or C-C; alkyl; Rgis C1-Cq alkyl.

13. The process according to Claim 12, further comprising conversion of the

compound of formula (1) to a pharmaceutically acceptable sait.

-16 -



10

15

i s venl af axi ne, O desnet hyl venl af axi ne,
N- desnet hyl venl afaxine, N, N-d ides nethyl -
venl af axi ne, N, O di desnet hyl venl af a) dne or
0- des~net hyl - N, N- di desnet hyl venl af axi ne, or a
pharmaceutically acceptable salt thQeof. 5 15. A
conposition of fornmula (1) prepared according to the
process of laiml, NH2 OM4 RR2 3 OR)n wherein

14nd Rbe Rrasess aeReIdNg i Clais uligsern 13y miversin the compound of formula I
[ ndependent ly selected fromthe 10 group consisting
of ishyanlaigeine, Grdesmsthyivenlafagne, Riydesnethyiyediaianinosy N,N-didesmethyl-

C7-(:~ aral koxg C2- C7 al kanoyl oxy, d-Cr,
al mlaf@xlaa,ﬁ‘ﬂQ idlesraethyiveniafaxing or GndasmethylRBNididesmethylvenlafaxine,
hydr ogen or -CG alkyl ; R4 is hydrogen, d-Ce

al Ry Phargagpy icghy @g:eetabéq sellrib§eof. R5 i s hydrogen or

Cl-C6 alkyl; Reis CI-C6 alkyl; n is one of the

i ntegers O, 1 2, 3 or 4; and the dotted |ine

represent optlonal ol efinic unsat urati on,

subdt anficampysition-ef farmuia @hprenpred asaprding tothe progesst sfediaim 1,
16. A conposition of Caim15 wherein the conpound is

1-[ 2-am no-1| - (4-net hoxy- phenyl) e, NH4 cycl ohexanol or
1-(2-am no-I - (4-hydroxyphenyl )et#dyqgcycl ohexanol . -17

17. A conposition of fornmula (11)) prepared according

V)

wherein Ry and R; are ortho or para substituents, independently selected from the

group consisting of hydrogen, hydroxyl, C,-Cg alkyl, C1-Cq alkoxy, C;~Cq aralkoxy, C»-C;
alkanoyloxy, C4-Cs alkylmercapto, halo and frifluoromethyl; Rs is hydrogen or C4-Cg
alkyl ; Rq is hydrogen, C4-Cs alkyl, formyt or Co-C; alkanoyl; Rs is hydrogen or C4-Cg
alkyl; Rg is C-Cs alkyl; n is one of the integers 0, 1, 2, 3 or 4; and the dotted line

represent optional olefinic unsaturation, substantially free of phenylalkylamine

impurities.

16. A composition of Claim 15 wherein the compound is 1-[2-amino-1-(4-methoxy-

phenyl)ethyllcyclohexanol or 1-[2-amino-1 -(4-hydroxyphenyl)ethyl]cyclohexanol.

-17-



N\R6 OR4A R2 RBR (CH2)n wherein R and R2 are

ortho or para substituents, independently selected
fromthe 5 group consisting of hydrogen, hydroxyl,
Cl-Ce alkyl, Cl-Ce al koxy, Cr7-Cq aral koxy, @C2-C7

al kanoyl oxy, Cl-Ce al kyl mercapto, halo and
trifluoronethyl; R3 is hydrogen or Cl-Ce alkyl ; R4
i s hydrogen, O -Ce al kyl, fornyl or C2-C7 ai kanoyl;

R §7. s Agdmpgsitionoef foraiulandl) arepared arsoidingcio tigs peacrgs of Glaim 13,

is one of the integers 0, 1, 2, 3 or gﬂand the dotted
ufl

line represents optional olefinic
pharmaceutically acceptable salt,
conposition being substantially

uration, or a
eof, 10 said
ree ‘&6 phenyl al kyl a

mne inpurities. 18. The conpos|tion of Claim 17
wherein the conpound is venl af aki (@R4N-des-

nmet hyl venl af axi ne, N

phar maceutical |y aq&egt pbl e eredgf,
substantially free

inpurities. 15 19. The
the conpound is O des

| N- enl af axi ne, or a

I net

N, O di desnet hyl venl af axt he,
0- desnet hyl - N, N- di desnet hyl venl af axi ne, or a
phar maceuti cal | y accept abl e(lBal t t hereof,

substantially free of 4-nethoxy- phenethyl am ne
i mwherain & . angoRz age ortho or para substituents, independently selected from the

5

10

15

20

group consisting of hydrogen, hydroxyl, C;-Cs alkyl, C;-Cq alkoxy, Cr-Co aralkoxy,
C,-C; alkanoyloxy, C;-Cg alkylmercapto, halo and frifluoromethyl; Rs is hydrogen or
C+-Cq alkyl ; R4 is hydrogen, C4-Cs alkyl, formyl or C,-C; alkanoyl; Rs is hydrogen or
C1-Cs alkyl; Rgis C+-Cs alkyl; n is one of the integers 0, 1, 2, 3 or 4; and the dotted line
represents optional olefinic unsaturation, or a pharmaceutically acceptable salt.thereof,

said composition being substantially free of phenylalkylamine impurities.

18.  The composition of Claim 17 wherein the compound is veniafaxine, N-des-
methylvenlafaxine, N,N-didesmethylvenlafaxine, or a pharmaceutically acceptable salt

thereof, substantially free of 4-methoxyphenethylamine impurities.

19. The composition of Claim 17 wherein the compound is O-desmethyl-
venlafaxine, N,O-didesmethylveniafaxine, O-desmethyl-N,N-didesmethylvenlafaxine,
or a pharmaceutically acceptable salt thereof, substantially free of 4-methoxy-

phenethylamine impurities.
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