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process for the preparation of 5 phenethylan ne
derivatives by hydrogenati on of phenylacetonitriles in
the presence of a nickel or cobalt catalyst.
BACKGROUND The conpounds of formula | are useful

i nternedi ates for preparing pharnmaceutically active

S PRISERS ORI PAATEO b PR LAV e

neurotransmtters, norepi nephrine and serotonin.
exanpl e of such antidepressants is Venl af axi ne (see

Merck I ndex Twelfth Edjd 9 . 10079). As
disclosed in U S. Pat egté(kﬁNIq}aBg‘aE%G the conpounds
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P&W#@?%g@otcga%(step 2). The present invention

is relate an rovenment of the second step

reaction. Accordi ng to t Sﬁ?&ﬁ?‘z i on net hod

di sclosed in the '186 pa? gﬁboupl ed .
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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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WD 2004/ 080934 PCT/ US2004/ 007861 process carried out
using a pretreated nickel or cobalt catal yst, for
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sol vent, such as alcohol, in the presence of a base,
such as NH3, NHAOH, NaCH at a tenperature of 27C to 60
C. 5 A process enploying a nickel or cobalt catalyst
is considered to neet practical, economc

consi derations. However, sone nickel or cobalt
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rather than desired primary amines as depicted in the scheme below, 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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invention is based-in part on a finding that
hydrogenation of 5 coupled phenylacetonitriles using
a nickel or cobalt catalyst in a basic condition at a
hi gher tenperature produces substantial anmounts of
phenal kyl ami ne inpurities. The phenal kyl am ne

inmpurities are very simlar tg the desired end NH;
product s of Qrd mar 'ne g ternms 8f physic

cheni cal propétxies, and s, i is—verydff |t
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hydr ogenatign reaction using a nickel or cobalt

catalyst to tain high yield and purity conpounds of
formula (1), wi\irid@édr eased productpti@ty Récondary/ tertiary amine

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 (I), 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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PCT/ US2004/ 007861 Anot her object of the present
invention is to provide a sinplified process. for the
preparati on of conpounds of fornmula I in high yields
and purity, which does not require pretreatnment with
an acid of a nickel or cobalt catalyst and is thus
cost 5 effective on an industrial scale. A further
obj ect of the present invention is to provide an
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al koxy, C7-C9 aral koxy, C2-C7 al kanoyl oxy, Cl-C6

al kyl mercapto, halo or trifluoronethyl; R3 is hydrogen

8{ Cg é%gﬁ%é%%t%ﬁ}ﬁh? gp%s%rgto %.?gr{tiﬁg]ié %Gp?olvl@/el an frr%rgyéd 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 |,

U]

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

group consisting of hydrogen, hydroxyl, C4-Cs alkyl, C4-Cs alkoxy, C;,-Co aralkoxy,
C,-C; alkanoyloxy, C4-Cs alkylmercapto, halo or trifluoromethyl; Rs is hydrogen or
C4+-Cs alkyl; R, is hydrogen, C4+-Cs 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;

comprising hydrogenating a compound of formula lll,

-4-



20 integers 0, 1, 2, 3 or 4; and the dotted |ine
represents optional olefinic unsaturation; conprising

whyanogmwaat i ng a conpound of formula 111, -4 VECT/US2004/007861
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2004/ 080934 PCT/ US2004/007861 OR4A R 2 L 3 R (M) n
(I'1'1) in the presence of a nickel or cobalt catalyst
at a tenperature of 5C to 25C. 5 Another aspect of the
present invention is to provide a process for
preparing a conpound of formula (I1) /R5 N R6 OR4
R23 R (CH2)n (Il) wherein Rl, R2, R3, R4, n and
the dotted |ine are as defined ove; R5 is hydrogen
or 10 Cl1-C6 al kyl and R6 is CXk 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 (ll)

(n

wherein Ry, Rs, R, R4 1 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 (Ill) 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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formula (1) and alkylating the conmpound of fornmnula
(1). -5 WD 2004/ 080934 PCT/ US2004/ 007861 The

al kyl ati on of a conpound of fornula (I) to a conpound
of formula (I1) can be conducted by nethods well known
in the art. Such al kylation and the reaction
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hydrogen; R5 is hydrogen or
,ef%”cﬁes%'hin%s %@'ré?@' Cl-C3 an alkyl. 10 More

preferably, Rl is hydrogen, and R2 is other than
hydrogen, R2 being in a para position, and n is 2.
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accor dance with the present invention is provided
conmpounds of Fornul a I

More preferably, R4 is hydrogen, and R; is other than hydrogen, R, being in

a para position, and n is 2.

The most preferred compounds of formula | are 1-[2-amino-1-(4-methoxy-
phenyl)ethyllcyclohexanol and 1-{2-amino-1-(4-hydroxy-phenyl)ethyl]cyclohexanol.
The most preferred compounds of formula Il are venlafaxine, O-desmethyl-
venlafaxine, N-desmethylvenlafaxine, 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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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 WO 2004/080934

PCT/ US2004/ 007861 refers to the absence of
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Detailed information on nickel or cobalt catalysts are
provi ded i n V\D 02/50017 Al, which is incorporated by
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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 cobalt 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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product No. 5200, 5020, 5800), and AMC (for exanpl e,
Product No. A-5000). -7 WO 2004/080934

PCT/ US2004/ 007861 The anount of a nickel or cobalt
catalyst to be used is not specifically limted and
may be in the range from about 10%to about 50% by
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néfﬁa (g%{“?do%ﬁﬂ%&%rea Ig‘dded to a reaction solution, which

i s advant ageous to prevent production of inpurities,
such as secondary or tertiary am nes, during the
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ogeration eaction is in the range of 5C
to 25C, preferably in the range of 10C to 25C, and
nore preferably in the range of 15C to 20C If the

tenper % %eepljegeﬁf%v%nfim% @a%% compound such 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 lIl.

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. If the temperature is less than 5°C, the

reaction rate becomes too slow.
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tenperature is less than 5C, the reaction rate
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A conpound 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 equival ent anount of any acid
whi ch forns a Xic s Phar maceu

accept szl ? rr!?oluﬁg P(éfagcfr@u!ﬁ ?,(S)Tr ggﬂi © s%qug'%té‘? #8: %dgr’largﬁpeutically
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Sanpl e concentration: 0.01 g/1 m Eluent Run tinme: 50
mn Exanple 1 20 The reactor was charged with 25. Qg of

e e B oA AT ARy R e o v
following examples, which are not intended to limit the scope of the present
invention.

HPLC analysis was carried out under the following conditions:
Column: YMC Pack ODS AQ 4.6 x 250mm

Mobile phase: 5mM KH,PO, 850mi: CH;CN 350mi: HsPO, 1ml
Detector: UV 220nm

Flow rate: 1ml/min

Sample concentration: 0.01g/1ml 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% NH;) were added. To the mixture was added 50g of 1-[cyano(4-
methoxyphenyl) methyl] 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-
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was settled and purged with N2 gas two or three

times. After fully purged with N2, the 25 reactor was
purged with H2 gas two or three tines. Internal

pressure of the reactor -9 WD 2004/080934

PCT/ US2004/ 007861 was adjusted to 60 psi and the
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44,29 (yl e . purity . nal'ysis:
PERUCHor Fﬁotﬁran@;E@EQ%E}ﬁ%HW%rh'ealvé'th?’eg I%ﬁ%ﬁé@t@ﬁ%%e desired

enet hyl am ne: n, dehydrated c

p
T e R R

10K hohexane), 1.818(s, 3H, acetic acid),
29‘%{’?%?)'1 H, 2.97(t,1 H. 3.27(dd, 1 H, 3.73 (3H,

s, OCH)pL® aﬁéyéig’desired product: 3.5min; starting material: 35min, 4-methoxy-
phenethylamine: 2.8 min, dehydrated cémpound: 8.5min
IR (KBr pellet): 3494 cm™, 3089, 2930, 2184, 1635, 1612, 1539
'H NMR Analysis (DMSQ-dg) : 8§ 1.0-1.71(m, 10H, cyclohexane), 1.818(s,
3H, acetic acid), 2.72(dd, 1H), 2.97(t,1H), 3.27(dd, 1H), 3.73 (3H, s, OCHj), 6.85 (d,

2H, aromatic), 7.15(d, 2H, aromatic)

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.=room

temperature of about 10 to 20°C).
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2H, aromatic), 7.15(d, 2H, aromatic) 20 Exanples 2 to
10 The tests were carried in the same manner as in

waEx@apsm®3d, except the anounts of starting naPEr/U81004/007861

Raney-N and ammoni a sol ution, the reaction
tenperature, and the reaction tinme as shown in the
tabl e bel ow, and purities and yields of desired
products were al so shown in the end colum of the
table (r.t.=room 25 tenperature of about 10 to 20C).
-10 WO 2004/ 080934 PCT/ US2004/ 007861 1-[cyano(4 Ex.
nmet hoxyphenyl ) - Raney Ammoni a Reaction Reaction Purity

i el g1-[dyano@et hyl ]ZLcycI o-| N (g) |Sol ution tlenperature

TiExe | fghokyHhenidx arRdnelyg) Afimonia |C) Ré¢dmtipn 2 | Re@ctorb| Burby | Yield

| No. | 28tr§8c@iel 3 WH(g) [7.SOIiTion |rtempeRiurd?. ITim@ 14 (%) | (%)

14. 0| Ae@ndl @)r.t. |21 98.8 7@ 5 [14. @@. 8 7. 0(m)t.| 22

995516060t A7 O+t 24-99-1 62715091525 51

178 122 088 63 & 59%0 15 38 r . 25008 6 64° 9 5350

15325 r.t.1428 98. 6 640 1p 50.00 15 25rt.t. |24 9.0 60.1 | 73
tvanmhl e 11

E“Z T 7 740 7.0 7.0 rt. 21 983 | 75
5 14.0 2.8 7.0 rt 22 905 | 60
6 7.0 14 7.0 rt 24 90.1 | 62
7 50.0 15 25 rt 22 98.6 | 63
8 50.0 15 25 rt 22 08.6 | 60
9 50.0 15 25 rt. 23 98.6 | 61
10 50.0 15 25 rt 24 90.0 | 60

Example 11

After 40ml of HO 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 ml, 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 N, 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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After 40mL of H20O was added to a mass cylinder, the
mass cylinder was 5 placed on a bal ance. The bal ance

woR®40884 zer oed. Raney-N was added to the nB&BEUS2004/007861

cylinder and the increased volune of water was taken
away while maintaining the total volune at 40 m,
until the total weight indicated by the bal ance was 12
g. H20 was renoved and 40 g of fresh H20 was added in
order to wash the catalyst. After washing, the H20

o B OF PR o RO o AR ERcH b SR ap wes
-l;'gmtob&t %ﬁ@tﬁ%n%@en%gﬁ ‘t)%g/l ]?E?/ gﬂtr % )y\éanso istilled lfng\% g reduced
Sﬁf?%ﬁ%uﬁﬁl aﬂ%fm V\ég Rédd?gtedt%id ?ﬁ@ﬁhw isopn R)élsa.lcohol and

hen purge ree
Ao oyl BBl el mhgeragd&eeafmrﬁ.@@&v@i{oﬁfe a clear or

Lt?es ﬁésj{yl sroﬁlixtlr?tgh\;\e’/gcg Céoﬁlﬁtiow s %ﬂd’éﬁf f.fej %get&g%m% -W|se An
ety A PR TSHAR AT BIERY 04 or v

%I_ ﬁ ffﬁ%uéc%tlwaa%ldn%d&gigﬁgeltgﬁp th rb% é}l%ﬂﬁ%éhoo n TH@%O[?@QFB lg\%%e&irred for

removed ratio a cel
Aol bl Pl ShF BASEANSRT BLRISSEL cR i i 112

I T L3P BRI U )

or 5 1little hazy solution. To the solution was added
12 mM of acetic acid drop-wi se. An exothermc

reacti %ﬁatrg!ﬁ%n{!%ﬁ%g@gan. After about 10 to 20
m nut e he acetic acid, a solid

gggﬁtn gﬁ‘ggﬁg%ﬁ‘gg%ﬁfg & erﬂﬁe§' e% b tf’%t é%ﬂﬁ? ﬁﬂag@éért as it those of

BB o S r’rﬁexa A e —

791%re9&fbhtt¥m88r§ure, and the reaction time as shown in the table below, and the

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

i-[cyano(4-

No. | methoxyphenyl)- | Raney | Ammonia Reaction Reaction | Purity” Major
methyl]cyclo- Ni(g) | Solution | Temperaiure | Time (%) | impurity™
hexanol (g) (ml) (°C) (hr) (%)

Com. 7.0 0.7 3.5 30 22 55.05 4419

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
completed

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

** Major impurity(%) : content of 4-methoxyphenethylamine
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10 Conparative Exanples | to 3 These conparative

exanples were carried in the sane nmanner as those of
waEx@apsm®3d, except the amounts of starting matRCT/EE2004/007861

Raney--N and ammoni a sol ution, the reaction

tenperature, and the reaction time as shown in the

tabl e below, and the 15 purities and yields of the

desired products are shown in the end columm of the

table. 1-[cyano(4 No. nethoxyphenyl)- Raney Ammoni a

e R Sy PN AR i i
i 59 o L e s
éé%%fi%a?lggs ﬁ'gayg%é;’ IrrtlAa;i(e? rti?o]u(t: ?ﬁ?}%ﬁi{lg’&onﬁg #REAESJLBr tHaChvention as
T siripgradponen o oy ahenel -

-12 WO 2004/ 080934 PCT/ US2004/ 007861 While the

present invention has been described with respect to
the particul ar
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exanples, it will be apparent to those skilled in the
art that many changes and nodifications my be nmade

wowdohos3gdeparti ng fromthe scope of the i nvene¢DOSAE4/007861

10

15

catal yst at a tenperat

defined in the appended clainms. 5 -13 WO 2004/ 080934
PCT/ US2004/ 007861 WHAT IS CLAIMED I'S: 1. A process
for the preparation of a conpound of fornmula I, NH2
OR4 R R3 (I) 5 wherein R and R2 are ortho or para
substituents, independently selected fromthe group

PRSI 205 "2 o &
k I
o TR AR VLA BRT b AR R o

al kyl, fornyl or C2-C7 alkanoyl nis one of the
integers 0O, 1, 2, 3 or 4, and t
represents optional olefinic ufisaturation; 10
conpri sing, hydrogenating a co
4
i ne have the neanings Ssa
formula (1) in thd? fz i ckel fjor cobal t

Hatted 1ine

ound of forrmula I,
OR4, n and the dotted
those in

R2 3 (1n) wherein RL

)

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

group consisting of hydrogen, hydroxyl, C-Cs alkyl, C4-Cs alkoxy, C,-Cg aralkoxy,
C.-C; alkanoyloxy, C4-Cg alkylmercapto, halo and trifluoromethyl; Rs is hydrogen or
C4-Cs alkyl ; R4 is hydrogen, C4-Cs 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;

comprising, hydrogenating a compound of formula 1ll,

()

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

5°C to 25°C.
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15 5C to 25C. -14 WD 2004/080934 PCT/ US2004/ 007861 2.
The process according to Caim1l wherein the catalyst

w0 200Rasmy4 Ni . 3. The process according to C ai Pe/US200£007861

10

15

20

wherein the reaction tenperature is from 10C to 25C.

5 4. The process according to any one of Clains | to 3
wherein the reaction tenperature is from15C to 20C

5. The process according to any one of Clainms 1 to 4
wherei n hydrogenation is 10 carried out in the

pPesentile pfocess drparding totClainol whersinsiercatalyst il RareytNi. 6.

The process according to any one of Clains | to 5

wherein the anount of catalyst is from10 to 50% by

wei ght based on the amount of the conmpound of fornula

| Bl . 1%heg prorees geewding taddaimdi wg 2 wherein thegesttionl tamperature is
| to 6 wherein the anmount of catalyst is from30 to
5096\ Getp @atC.oased on the anmount of the conpound of
formula Il1. 20 8. The process according to any one of
Cainms 1 to 7 wherein R, is hydrogen, hydroxyl, Cl1-C3

al koxy, chloro, brono, trifluoronethyl or Cl-C3 al kyl;

R2. i s @he @pocgiskyaccordDp- T3amy kok el @aimsy &, tobd evierein the reaction
trifluoronmethyl or C2-C3 al kanoyl oxy; R3 is hydrogen
otfemEratae iafrreiyl 15°ent 3MCi s hydrogen. - 15

5. The process according fo 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 Ill.

7. The process according to any one of Claims 1 1o 6 wherein the amount of
catalyst is from 30 fo 50% by weight based on the amount of the compound of
formula lII.

8. The process according to any one of Claims 1 to 7 wherein R; is hydrogen,
hydroxyl, C4-C; alkoxy, chloro, bromo, trifluoromethyl or C,-Cs alkyl; R, is C4-Cs alkyl,
C+-C5 alkoxy, chloro, bromo, trifluoromethyl or C,-C; alkanoyloxy; Rs is hydrogen or

C4-Csalkyl; and Ry is hydrogen.

-15-



WO 2004/ 080934 PCT/ US2004/ 007861 9. The process
according to any one of Clains 1 to 8 wherein R is

whyanogmwsds R2 is other than hydrogen, R2 is i PCHUSED&007861

10

15

position, and nis 2.. 10. The process according to

any one of Clainms 1 to 9 wherein the conpound of 5
Formula | is

1-[ 2- am no- 1- (4- net hoxyphenyl ) et hyl ] cycl ohexanol . 11.

The process according to any one of Clains 1 to 9

wher ei The precessnararding fo amoemaibtCleims 1 to 8 wherein Ry is hydrogen,
1-[2-am no- 1- (4- hydr oxyphenyl ) et hyl ] cycl ohexanol . 10

1R is Piher randwydeogen, R igiine pafaipasiion, awhpis 2i ng

al kyl ating the conmpound of forrmula (1) to provide
conmpound of Formula (I1) /RS R6 OR4 RR R3 ~ Rl

(CH2)n (I1l) wherein R, R2, R3, R4, n and the dotted

| 1he afhe processt aaserlinghtoGinyi anelof ClaiRs 1 to 9 whergjdihegempound of
or C1-C6 alkyl; R6 is Cl1-C6 al kyl. 13. The process

acoowdd Ing 1t{3-agling-in(4-methayphenyl)ebminyclohexprobnver si on

of the conpound of fornmula (I1) to a pharmaceutically
acceptable salt. -16 WO 2004/ 080934 PCT/ US2004/ 007861

14. The process according to Caim12 or 13, wherein

t b cohfppriogesst agoording te any oriesof@aimsf ia Hwherein the compound of

O desnet hyl venl af axi ne, N-desnet hyl venl af axi ne, N, N-d
i dersa hig [1-[2-amino-1 -(4-hydroxyphenyl)ethyl]cyclohexanol.

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

hydrogen or C4-Cg alkyl; Rgis C4-Cs alkyl.

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

compound of formula (Il) to a pharmaceutically acceptable salt.
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venl af axi ne, N, O di desnet hyl venl af axi ne or
O desnet hyl - N, N- di desnet hyl venl af axi ne, or a

w@baamseut i cal |y acceptable salt thereof. 5 1BCT/BS2004/007861

10

19

conmposition of formula (1) prepared according to the
process of Claiml, N2 OM4 R2 R3 (CH2) n (1)
wherein R, and R2 are ortho or para substituents,
i ndependently selected fromthe 10 group consisti ng
of hydrogen, hydroxyl, C1-C6 al kyl, Cl1-C6 al koxy,
c/4co él‘,hg| p{@g@ss a@gorgmg tgﬂﬂ@ﬁb% g;&é whereig the compound of formula II
al kyl mercapto, halo and trifluorometh
hy@ regiaExge, QC) @@memyk@nlafaxm N-gemg%ﬁlg@ﬂafa@pecﬁ\l N-didesmethyl-
al kyl, for or C2-C7 al kanoyl; R5 is h drog
Il_e@@faxg]q(i;?/ O- dp@@sn@twm/_e@@faaqqgﬂr O-desrgethim lfjﬁ@nethylvenlafaxme
|ntegers 0, 1, or 4; and the dotted line
rep ﬁﬂa%%mibraccwta?lﬁ 8 thereekt ur at i on,
substantially free of phenylal kylamine 15 inpurities.
16. A conposition of Caim15 wherein the conpound is
1-[ 2-am no- 1- (4- met hoxy- phenyl)ethyl]cycl ohexanol or
{52 arft %naas@wnr%nr enwrpe)r@@ RGO ing [uthe psersiss of glaim 1,
V\D 2004/ 080934 PCT/ US2004/ 007861 17. A conposition of
formula (11) prepared accordi ng teNHre process of
Caim13, /R5 N

R

)
wherein R; and R, are ortho or para substituents, independently selected from the
group consisting of hydrogen, hydroxyl, C4-Cg alkyl, C4-Cs alkoxy, C;-Cs aralkoxy, C>-C;
alkanoyloxy, C4-Cs alkylmercapto, halo and ftrifluoromethyl; Rs is hydrogen or C4-Cs
alkyl ; R4 is hydrogen, C4-Cg alkyl, formyl or C,-C; alkanoyl; Rs is hydrogen or C4-Cs
alkyl; Rg is C4-Cs alkyl; n is one of the integers 0, 1, 2, 3 or 4; and the dotled 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)ethyl]cyclohexanol or 1-[2-amino-1-(4-hydroxyphenyl)ethyl]cyclohexanol.
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R OR4 R23 R (CH2)n (Il) wherein RL and R2 are
ortho or para substituents, independently selected

WO p@ai08t984 5 group consisting of hydrogen, hydpOrYE2004/007861

10

15

20

Cl-C6 al kyl, Cl-C6 al koxy, C7-C9 aral koxy, C2-C7

al kanoyl oxy, Cl-C6 al kyl mercapto, hal o and
trifluoronethyl; R3 is hydrogen or Cl1-C6 alkyl ; R4

i s hydrogen, Cl1-C6 al kyl, fornyl or C2-C7 al kanoyl; R5

IS hydrogen or Cl-C6 alkyl; R6 is Cl-C6 alk¥l; nis .
ohé of AcRewppsitieyeifgrmula {ll) prepasedpcerdingip the £TfSES gefClaim 13,
line represents optional olefinic uns turation, or a
pharmaceutically acceptabl e salt reof, 10 said
conposition being substantially of

phenyl al kyl am ne inpurities. 18 The'%@nposition of
Claim17 wherein the conpound {s venl af axi ne, N- des-

met hyl venl af axi ne, N, N-di desnme{ hyDORenl af axi ne, or a
pharmaceutically accep t her eof

substantial ly freqqof fi- met hoxg am ne

inmpurities. 15 19. Th I comp sit? aim1l7 wherein
the conpound is O desnE i ?,

N, O di desret hyl venl af a¥j ne, 2/n
C>desnethy|-N,N-didesnefhylvenlafaxine, or a
phar maceutical ly acceptabl e salt thereof,
substantially free of 4-neﬂHoxy- phenet hyl am ne

impurities. 20 -18 _ .
wherein R, and R, are ortho or para substituents, independently selected from the

group consisting of hydrogen, hydroxyl, C-Cs alkyl, C-Cs alkoxy, C7-Ce aralkoxy,
C.-C; alkanoyloxy, C-Cs alkylmercapto, halo and trifluoromethyl; R, is hydrogen or
C,-Cs alkyl ; R, is hydrogen, C,-Cs alkyl, formyl or C.-C; alkanoyl; Rs is hydrogen or
C,-Cs alkyl; Rgis C4-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 venlafaxine, 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-didesmethylvenlafaxine, O-desmethyl-N,N-didesmethylvenlafaxine,
or a pharmaceutically acceptable salt thereof, substantially free of 4-methoxy-

phenethylamine impurities.
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