Process for the preparation of trans 4-am no-cycl ohexyl acetic acid ethyl
ester HCl Field of the invention The present invention relates to a new
process fwo bivwpiceparati on of trans 4-am nocycl ohexyl aegtHIQ00h0et hy!
ester HCO . Background of the inventiom The trans 4-am no-cycl ohexyl acetic
acid and its derivatives are excellent starting materials for the synthesis
of active pharmaceutical agents, therefore it is inportant to provide an
econoni cal process by which the trans 4-am no-cycl ohexyl acetic acid and
its deriv®rocessfarahe peeparetiom efitrans $-andnowlyclohexyl aceticadid ethryd ester HE
drug-purity and with good yields. For the synthesis of active

phar maceuti cal agents only the optical (stereonerically) pure trans isoner
form may be applicable. |zvesztiya Akadem i Nauk SSSR, Seriya Khi m cheskaya
(10), 2374-9 éRqssiap) 1980 di scl oses a process for the preparation of cis
and tr 1 v am no-cycl ohexyl acetic acid and their derivatives.
Accqy dingly, cis and trans isoners of 4-am no-cycl ohexyl acetic acid are
obtai ned starting from 4-nitrophenyl acetic acid sodiumsalt by a

hydr ogenat i oTh¢ paséntdnvention 36lateansl alel plocpysefos thecpreparatihie of rtsefamin-
Raney-Ni(gataI st.. The products obtained are isolated in the form of

hydr ogefyeohesy} arstic apd sthyhestesidfhg to Wistrow at al (Journal of Medici nal
Chem stry, 1998 vol. 4 1 No. 5 768.) trans 4-am no-cycl ohexyl acetic acid
et hyl ester hydrogen chloride salt is obtained from4- nitrophenyl acetic

aci d byBhdkiroged af tleninvé@itéonhydr ogenati on of a sodiumsalt is carried out at
fir in an aqueous nediumin the presence of Raney-Ni catalyst at 49C and

und 130 at pressures, then further at 130C and under 172 at pressures.

The 4-am no- ¢x& tRheydmiasytiehasi heatd aéineshdC ROFesiAiveE add @kdeliBntlstdbtidly
trans and 19 % of cis isomers. I'solation of the required trans isoner is
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m Xt ur ecdnsbd piepared asyi-tvembkéd inaate? in the required drug-purity and with good yields. For
15  the synthesis of active pharmaceutical agents only the optical (stereomerically) pure trans
isomer form may be applicable. ‘ .
Izvesztiya Akademii Nauk SSSR, Seriya Khimicheskaya (10), 2374-9 (Russian) 1980
discloses a process for the preparation of cis and trans isomers of 4-amino-cyclohexyl acetic
acid and their derivatives. Accordingly, cis and trans isomers of 4-amino-cyclohexyl acetic
20 acid are obtained starting from 4-nitrophenylacetic acid sodium salt by a hydrogenation
reaction at 130°C and 150 at pressures in the presence of Raney-Ni catalyst. The products
obtained are isolated in the form of hydrogen chloride salts.
According to Wustrow at al (Journal of Medicinal Chemistry, 1998 vol. 41 No. 5 768.)
trans 4-amino-cyclohexyl acetic acid ethyl ester hydrogen chloride salt is obtained from 4-
25 nitrophenyl acetic acid by hydrogenation. The hydrogenation of a sodium salt is carried out at
first in an aqueous medium in the presence of Raney-Ni catalyst at 49°C and under 130 at
pressures, then further at 130°C and under 172 at pressures. The 4-amino-cyclohexyl-acetic
acid obtained consists of about 81 % of trans and 19 % of cis isomers. Isolation of the
required trans isomer is difficult to manage, as the mixture of the isolated trans and cis 4-
30 amino-cyclohexyl acetic acid is dissolved in ethanol and saturated with anhydrous
hydrochloric acid gas and heated to reflux. After cooling the mixture is filtered, the filtrate

obtained is concentrated and the trans product is precipitated by ether.



obtained is concentrated and the trans product is precipitated by ether. The
common di sadvant ages of the above known procedures are e.g. that the
processeswoanion@oarri ed out only at very high tenperat pees@osh/@oassur es
in the presence of the very pyrophorieg Raney-N catalyst therefore the

i ndustrial procedures are uneconom cal and dangerous and require extra

equi pnents and extrene conditions. Further disadvantage is that a sodi um
salt is hydrogenated therefore the working-up and recovering steps are
difficult toThaeagmonNsadvantagehef theabsvelkmwmprocgdirestvarg glg. duetherpraedsseset hyl
ester hydrochlaric acid salt is,produced in .anhydrous conditions.n
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acid is hydrogenated in an aqueous nmediumin the presence of Pd/C at 3-4
bar oveispdigadvaniageoushirein enmiropmentadl podséfl yiein due doruserofatheowdraveprrostye
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at 44- 4éndbrarndrosive heasttrazghigmaentover pressure, the phenyl group renmains
unrgacted, then the 4-am nophenyl acetic acid obtained in situ is further
hydrbgenated at a tenperature between 50-60C, preferably at 55-580C and at

| east 4phaliled\tRSRfinithe ifvenbion case the trans

We have surprisingly found that when 4-nitrophenyl acetic acid is hydrogenated in an

aqueous medium in the presence of Pd/C, at 3-4 bar overpressure - which can be made easily

20 in a common autoclave - a mixture of cis/trans 4-amino-cyclohexylacetic acids is obtained
wherein the ratio of cis product to trans is approx. 70%. Our investigations increasing the
trans-selectivity surprisingly showed that when the hydrogenation is performed in the
presence of Pd/C, in two reaction steps - namely, when reduction of the nitro group and
saturation of the phenyl ring are carried out in separate steps - the trans selectivity is

25  increased. When reduction of the nitro group is performed at a temperature between 40-50°,
preferably at 44-46 °C and at least 0,6 bar overpressure, the phenyl group remains unreacted,

then the 4-aminophenyl acetic acid obtained in situ is further hydrogenated at a temperature
between 50-60°C, preferably at 55-58°C and at least 4 bar overpressure. In this case the trans

— cis ratio becomes more advantageous and the conversion of trans isomer is reaches 60-

30  70%. Besides, we have found that carrying out the hydrogenation of 4-nitrophenyl acetic acid
in free acid form, in a protic solvent, for example in water, rhethanol, ethanol, propanol, or in

a mixture thereof, preferably in water, all two hydrogenation steps can be proceed. Using the



- cis ratio becones nore advantageous and the conversion of trans isoner is
reaches 60- 70% Besides, we have found that carrying out the hydrogenation
of 4-nitrwphermyd7omeetic acid in free acid form in a preCrH®RoON@Nt07 f or
exanple in water, nmethanol, ethanol, propanol, or in a mxture thereof,
preferably in water, all two hydrogenation steps can be proceed. Using

t hesai d conventional procedures separation and purification of cis and
trans cycl ohexyl acetic acids can be carried out only with | aw efficiency
and har shid comedntiomal mmecedus tseparatiay ends pupficationgifycis enchttang bydlohexghacetic
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usi ng hydrochlorfc acird in en“excess o -30, preferably 20 nol % the
end- pr opedticddsinf antrydobus metjunnmhaated rwitin hydvothlotide fges and ghes ively- flaouables .

Anagt her advant age qf fhe process accgording to the invention that there is
no #d;ed_etgﬁsoi‘fﬁ?g’&ragﬁi‘fttoé’ g‘i‘?lgaﬁeﬁ'ﬁr?&ﬁtpf%‘i’l@gt herefore the water content of
the nedi um cee hRRAChESskElY Yo@id tHAe wieArthé ?%p‘éﬂti@ﬂﬂ)f(lfanéj@hﬂlﬁl@mj@lb_]ﬁkxﬁc etic
acid. Besides we have surprisingly found that when the cis/trans m xture of
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acid ethyl ester HC wherein the process conprises the fol %%\ém ng,.st eps:

st e 1: 1smnngeddighanydrops aeaction Gogditions (herefgrenthe stptsrirontent ot fhe mefivmnan; n

the prexapes 18fvobdf fre @rtiflg VERRRY FHaRiGoPRinYPERE3c@0 OC and under 0,1-0,6
bar overpressure;

Besides we have surprisingly found that when the cis/trans mixture of 4-
aminocyclohexyl acetic acid ethyl ester HCI salt prepared according to the invention is treated
with acetonitrile, the trans product can be isolated in extremely high purity and good yield.

20 The present invention relates to a process for the preparation of trans 4-amino-
cyclohexyl acetic acid ethyl ester HCl wherein the process comprises the following steps:
step 1: 4-nitrophenyl acetic acid is hydrogenated in a protic solvent in the presence of Pd/C, at
a temperature between 40-50 °C and under 0,1-0,6 bar overpressure;
step 2: the 4-amino-nitrophenyl acetic acid obtained in situ in step 1 is further hydrogenated at

25  atemperature between 50-60 °C and under 1-4 bar overpressures;
step 3: the 4-amino-cxyclohexyl acetic acid obtained in step 2 is heated to reflux in
hydrochloric ethanol for 1-3 hours and after removing the solvent by distilling in vacuum
acetonitrile is added to the residue obtained and distilled off. The distillate is cooled to a
temperature between -5-0 °C and the crystals precipitated is washed with acetonitrile.

30

The invention is illustrated by the following non-limiting Example.



step 2: the 4-am no-nitrophenyl acetic acid obtained in situin step 1 is
further hydrogenated at a tenperature between 50-60 OC and under 1-4 bar
over presswopesio/@bmp 3: the 4-am no-cxycl ohexyl acetic aeicad/mboadeed7i n step
2 is heated to reflux in hydrochloric4ethanol for 1-3 hours and after
removi ng the solvent by distilling in vacuum acetonitrile is added to the
resi due obtained and distilled off. The distillate is cooled to a
tenperature between -5-0 0OC and the crystals precipitated is washed with
acet oni Example The invention is illustrated by the follow ng non-limting
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dei oni zated water and 210 kg (1.16 kM of 4-nitrophenyl-acetic acid at room
tenperature under nitrogen atnosphere. After inertisation by nitrogen to

t he m x 45804 isnameléed autenlassds shasgedowitk 1004 g of deionizpigd @ater apd 21Q kef(1.16
d t.h |
el an ﬁlgﬂ)"‘c’gtf) Ent'rcsé‘)fh%gg-a%et?@% id Wg ao‘g? tééﬁﬁr%?é% h&gn%#gf akrﬁo{p'h&%e%@éé

addltlo i oRi zaf insin reaction vessel by
hydr ogeimegﬁsndsxhby hydfge@w&iel rﬁixtdrs obfafrfed edsuspénsivin &f Zlekgaef 0% Pd/ @ éni 2@ &p

44- 46C a under up to 0,6 bar overpressure until the hydr e s

sl owed. ot[/}éj%l@rw?dewafer wgadfi%mm the SaghELPpeRNEng SApes e x a%? Bergax Ebig

58C and r nat t i (o] § X.
ddibgiz g aRg N alfep PSR th@ qg&uaﬁ \msf@l [vﬁ,gg,hd%gn "hE AR} Heffar O 1@3

4.0 bar overpressures. er conpletion o ogen upt the m xture
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179 % sidson Wi wehirmcobenly. frebloiesrs auter 3 ot oS el o

doubler 1200 kg of distillate is distilled at up to 80°C inner temperature in vacuum. The
residue obtained is cooled to a temperature below 30°C and 430 kg of ethyl alcohol is added,
then 500 1 of distillate is collected at up to 80°C under vacuum.
After completion of the distillation the mixture is cooled to a temperature between 25-30°C,
20  (water content is max. 10 w%, in terms of absolute value is about 32 kg), and 550 kg of ethyl
alcohol, then 170 kg of 30% hydrochloric ethyl alcohol are added and the reaction mixture is
heated to reflux for approx. 2 hours. When the esterification is complete 800 | of solvent is
distilled off at up to 80°C, under vacuum. Additional 800 1 of ethyl alcohol is added and
further 750-800 1 of solvent is distilled off at up to 80°C, under vacuum. To the residue
25  obtained 700 kg of acetonitrile is added and 140 1 of distillate is collected at up to 80°C under
vacuum. The vacuum is stopped by introducing nitrogen and the solution is cooled to a
temperature between 0-(-)5°C. The crystals obtained is centrifuged, washed with 100 kg of
acetonitrile in two portions during which the temperature is kept at 0-(-)5°C. The solid
obtained is dried to a constant weight at up to 60°C.
30  In this manner 90 kg of title product is obtained.
Yield: 40 %.
Melting point: 173-176°C.



heated to reflux for approx. 2 hours. Wen the esterification is conplete
800 1 of solvent is distilled off at up to 80C, under vacuum Additi onal
800 1 of wbhylo@bsmehol is added and further 750-800 1 ofcsaitventoods7
distilled off at up to 80C, under vacsum To the residue obtained 700 kg of
acetonitrile is added and 140 lof distillate is collected at up to 80C
under vacuum The vacuumis stopped by introducing nitrogen and the
solution is cooled to a tenperature between 0-(-)5C. The crystal s obtained
is cent€ldimged, washed with 100 kg of acetonitrile in two portions during
which the tenperature is kept at 0-(-)5C. The solid obtained is dried to a
constant weight at up to 6Q0C. In this manner 90 kg of title product is
obtained. Yield: 40 % Mlting point: 173-1760C. Clains 1. Process for the
preparation of trans 4-am no-cyclohexil ethyl acetate HO characterized in
t hat a) 1rRraeesyderathe pgeparationrof praap pramisecyelobexiljethyl ageipoH( chypdtergeddn o

t empger afyr e bet ween 40-500C in the presence of Pd/C under 0.1-0.6 bar
overpressure, and b) further hydrogenating the 4-am nophenyl acetic acid
obt ai neg) i n si t thydrogehatinga }-mtropheh@npetiatacid ib et petic SOvdnd a0G tentperatired4 bar
over pressures n. c) heating 4- am nocycl ohexil acetic¢ acid obtained
in step %yve%z‘(?-%&f%w %Bpref@@ewéﬁia@ ??flaegbgf(bgﬁfiro‘?‘ie@réﬁsﬁ%ail‘? and i f desired
after rgymoving tﬂﬂﬂhé%yﬂ?(%en%?é @RistdnhihEptepyPedRE atil obhenddan s QY & sed

and then distilled off Process according to claiml1 characterized in
t hat asa gengelatemtbetvatenrs0-6) €hwidsy édh bag ov@presares, wmor ding to claim 1

characterized in that .in ,step a he. hydr ogenat.ion,i.s car.ri.ed gut -at
tef&?zeira ure bet \r/bféﬁnglﬁh%%'aﬁﬁ?oc .loé?’Slcggezlc g@(;&?ﬁ“ﬁﬁd % Sg al?)rﬁolreﬁwéfcérc]t'gri zed
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bet ween 55-58 0C.
to the residue obtained and then distilled off.

2. Process according to claim 1 characterized in that as a solvent water is employed.

15

3. Process according to claim 1 characterized in that in step a) the hydrogenation is carried out

at a temperature between 44-46 °C.

4. Process according to claim 1 characterized in that in step b) the hydrogenation is carried

20  out at a temperature between 55-58 °C.



