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Piperazine salt and a process for the preparation thereof

Field of the invention
The present invention relates to novel trans
{4-{2-[4-(2,3-dichlorophenyl)-piperazine-1-il}-ethyl } -cyclohexylamine dihydrochloride

monohydrate and to a process for the preparation thereof.

Background of the invention

The trans {4-{2-[4-(2,3-dichlorophenyl)-piperazine-1-il]-ethyl}-cyclohexylamine
dihydrochloride monohydrate according to the invention is a key intermediate for the
preparation of a number of compounds acting on D3/D; receptor. Similar compounds were
described in the Hungarian Patent Specifications No. P0103988 and P0302451, and in Bioorg.
Med. Chem. Lett. EN; 7; 18; 1997 2403-2408.

The Hungarian Patent Specification No. P0103988 discloses a reaction route for the
preparation of trans {4-{2-[4-(2,3-dichlorophenyl)-piperazine-1-il]-ethyl}-cyclohexylamine
dihydrochloride. According to the preparation process described in Example 1, 2,3-
dichlorophenyl-piperazine and trans 2-{1-[4-(N-terc-butoxycarbonyl)-amino]-cyclohexyl}-
acetaldehyde are dissolved and coupled in dichloromethane in the presence of sodium
triacetoxy borohydride to give trans N-{4-{2-[4-(2,3-dichlorophenyl)-piperazine-1-il]-ethyl}-
cyclohexyl}-carbamic acid tertiary butylester. Then the protective group is removed in ethyl
acetate by hydrochloride acid according to a process described in Example 2. The yield data
for trans N-{4-{2-[4-(2,3-dichlorophenyl)-piperazine-1-il]-ethyl}-cyclohexyl}-carbamic acid
tertiary butylester or for trans N-{4-{2-[4-(2,3-dichlorophenyl)-piperazine-1-il]-ethyl}-
cyclohexyl}-amine dihydrochloride are not described either.

The drawback of the above procedure is that when preparing trans 2-{1-[4-(N-tert-
butoxycarbonyl)-amino]-cyclohexyl}-acetaldehyde from the corresponding trans 2-{1-[4-(N-
tert-butoxycarbonyl)-amino}-cyclohexyl}-acetic acid ester the reaction can be carried out at a
temperature below 70°C and with only 55% yield (Stemp et al. J. Med. Chem. 2000. Vol. 43,
No. 9, p. 7878-7885). However, use of the above operating temperature and the very
hazardous diisobutyl aluminium hydride mean technological problems in industrial scale

therefore the reaction can be carried out only in extra equipments and at extreme conditions.
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The procedure disclosed in the above mentioned Bioorg. Med. Chem. Lett. EN; 7; 18;
1997 2403-2408 literature consists of eight reaction steps and the compounds are mentioned
only in general without any characterizing features. The eight steps procedure seems to be
complicated, expensive and hazardous particularly performing in industrial scale.

Our aim was to provide a safe and in industrial scale easy-to-manage process for the
preparation of trans N-{4-{2-[4-(2,3-dichlorophenyl)-piperazine-1-il]-ethyl } -cyclohexylamine
key intermediate by which it can be prepared in good yield via simple reaction steps without

using extreme reaction conditions and extra equipments.

Brief description of the invention

In the course of our experiences, we have surprisingly found, that starting from trans
2-{1-(4-N-[tert-butoxycarbonyl]-amino)-cyclohexyl }-acetic acid ester and using the
economical process according to the invention the trans 4-{2-[4-(2,3-dichlorophenyl)-
piperazine-1-il]-ethyl}-cyclohexylamine dihydrochloride monohydrate can be produced by
four easy-to-make and economical synthesis steps in high purity at industrial scale wherein all
of the steps can be carried out with good yields.

In the first reaction step trans 2-{1-(4-[N-tert-butoxycarbonyl]-amino)-cyclohexyl}-
acetic acid ester is converted to trans-2-{1-[4-(N-tert-butoxycarbonyl)-amino]-cyclohexyl}-
ethyl alcohol quantitatively by using sodium borohydride and aluminium trichloride. In the
following reaction step the trans 2-{1-[4-(N-tert-butoxycarbonyl)-amino]-cyclohexyl}-ethyl
alcohol obtained in step 1 is reacted with methanesulfonyl chloride to give mesylester, then
the mesylester is reacted with 2,3-dichlorophenylpiperazine in the presence of an acid binding
agent. In the last step the protecting group is removed under simple reaction conditions in a
mixture of water/hydrochloric acid/methanol at a temperature of 40-100°C to give trans N-
{4-{2-[4-(2,3-dichlorophenyl)-piperazine-1-il]-ethyl } -cyclohexylamine dihydrochloride
monohydrate in very high purity and good yield.

Detailed description of the invention

In the first reaction step trans 2-{1-[4-(N-tert-butoxycarbonyl)-amino]-cyclohexyl}-
acetic acid ester is converted to trans 2-{1-[4-(N-terc-butoxycarbonyl)-amino]-cyclohexyl}-
ethyl alcohol. It is well known to those skilled in the art that the above reaction may be

carried out only at law (-40°C) temperature and in the presence of the very hazardous lithium
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aluminium hydride. In our experiments we have surprisingly found that when the reaction is
performed in an ether solvent, for example in THF at a temperature between 0-30°C,
preferably between 5-25°C in the presence of sodium borohydride and aluminium trichloride,
the trans 2-{1-[4-(N-tert-butoxycarbonyl)-amino]-cyclohexyl}-ethyl alcohol is obtained with
almost quantitative yield.

In the second reaction step the trans 2-{1-[4-(N-tert-butoxycarbonyl)-amino]-
cyclohexyl}-ethyl alcohol obtained in step 1 is treated with methanesulfonyl chloride in the
presence of an acid binding agent to give mesylester. Optionally the reaction may be carried
out without isolation of the starting trans 2-{1-[4-(N-tert-butoxycarbonyl)-amino]-
cyclohexyl}-ethyl alcohol. Suitable acid binding agents, which can be used in this reaction
step, include inert organic bases, preferably inert organic amines, more preferably
tricthylamine. Suitable solvents which can be used include inert water-immiscible solvents,
for example toluene, dichloromethane, chlorobenzene or xylene, preferably dichloromethane.
The efficiency of the reaction is almost quantitative.

In the following step trans 2-{1-[4-(N-tert-butoxycarbonyl)-amino]-cyclohexyl}-ethyl
methanesulfonate is reacted with 2,3-dichlorophenyl-piperazine in the presence of an acid
binding agent to obtain trans {4-[2-[4-(2,3-dichlorophenyl)-piperazine-1-yl]-ethyl]-
cyclohexyl}-carbaminic acid tert-butyl ester. As an optional route, the reaction may be carried
out without isolation of the starting trans 2-{1-[4-(N-tert-butoxycarbonyl)-amino]-
cyclohexyl}-ethyl methanesulfonate. As acid binding agent alkali bases, for example alkali
carbonates, preferably potassium carbonate is employed. Suitable solvents, which can be used
in this reaction step, include inert water-immiscible solvents, for example toluene,
dichloromethane, chlorobenzene or xylene, preferably dichloromethane. The yield is higher
than 80%.

In a preferred embodiment of the invention the above three reaction steps are reduced
to one step and the reaction is carried out in one reaction vessel without isolation of the
intermediate compounds. In this case there is no need to clean the equipments in costly
separate steps. In this manner the total yield is higher than 70% based on the starting materal,
hereby increasing the economical efficiency of the procedure.

In the last reaction step the N-tert-butoxycarbonyl! protecting group is removed in a
mixture of aqueous hydrochloric acid and methanol at a temperature between 40-400°C,

preferably between 45-50°C to give a crystalline product, which proves the new
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dihydrochloride monohydrate form of trans N-{4-{2-[4-(2,3-dichlorophenyl)-piperazine-1-il]-
ethyl}-cyclohexyl}-amine. We have surprisingly found, that performing the reaction in the
presence of water, the trans N-{4-{2-[4-(2,3-dichlorophenyl)-piperazine-1-il]-ethyl}-
cyclohexyl}-amine dihydrochloride monohydrate is obtained almost quantitatively in high

purity and the yield is higher than 99%.

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

Example 1.

Preparation of trans 2-{1-[4-(N-tert-butoxycarbonyl)-amino]-

cyclohexyl}-acetic acid ester

An 500 ml four-necked flask is charged with 40 g (0,18 mol) of trans 2-[1-(4-amino]-
cyclohexyl)-acetic acid ethyl ester and 160 ml of dichloromethane, then 18,2 g (0,18 mol) of
triethylamine is added. The reaction mixture obtained is cooled to a temperature between 5-
10°C then a solution of 40,0 g (0,18 mol) of di(tert-butyl)dicarbonate in 100 ml of
dichloromethane is added for 1 hour with stirring under nitrogen. Then the reaction mixture is
allowed to warm to room temperature and stirred until the reaction proceeds. After
completion of the reaction 100 g of 5% aqueous sodium carbonate is added and the phases are
separated. The organic layer is washed with 50 ml of water and after separation the organic
layer is dried under Na;SO, and the filtrate is concentrated to 40 ml in vacuum. The thick
crystalline suspension obtained is poured into a platter and dried under infra-red lamp at up to
35°C.

In this manner 47,9 g of title compound was obtained.

Yield: 93%

Melting point: 73-74°C.

Example 2

Preparation of trans 2-{1-[4-(N-tert-butoxycarbonyl)-amino]-

cyclohexyl}ethanol

An 500 ml four-necked flask is charged with 40 g (0,18 mol) of trans 2-[1-(4-amino]-
cyclohexyl)-acetic acid ethyl ester hydrochloride and 160 ml of dichloromethane. To the

resulting suspension 18,2 g (0,18 mol) of triethylamine is added. The reaction mixture is
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cooled to a temperature between 8-10°C and a solution of 40,0 g (0,185 mol) of di(tert-
butyl)dicarbonate in 100 ml of dichloromethane is added for 1 hour with stirring under
nitrogen. Then the reaction mixture is allowed to warm to a temperature between 22-25°C and
stirred until the reaction proceeds. After completion of the reaction 100 g of 5% aqueous
sodium carbonate is added and the phases are separated. The organic layer is extracted with
50 ml of water and after separation the organic layer is dried under Na;SO, and the filtrate is
concentrated in vacuum. The trans 2-{1-[4-(N-tert-butoxycarbonyl)-amino]-cyclohexyl}-
acetic acid ethyl ester obtained is dissolved in 460 ml of tetrahydrofurane then 13,68 g (0,36
mol) of sodium borohydride is added at 25°C under nitrogen. With stirring, to the reaction
mixture a solution of 24,0 g (0,18 mol) of aluminium chloride in 250 ml abs. tetrahydrofurane
is added dropwise at a temperature between 18-22°C for 1 hour under nitrogen then the
mixture is stirred for additional 2 hours. After completion of the reaction the mixture is
cooled to a temperature between 5-10°C and 650 ml of water and 600 ml of toluene are added.
Then the pH was adjusted to 3-4 by adding 40-45 ml of concentrated hydrochloric acid and
the stirring was continued at a temperature between 20-25°C for 1 hour. The phases are
separated, the aqueous layer is extracted with 50 ml of toluene and the combined organic
layers are washed with 3x150 ml of water and dried in vacuum.

In this manner 41,1 g of title compound was obtained.

Yield: 94%

Melting point: 101-103°C.

Example 3
Preparation of trans 2-{1-[4-(N-tert-butoxycarbonyl)-amino]-

cyclohexyl}-ethyl methanesulfonate

With stirring 37 g (0,15 mol) of trans 2-{1-[4-(N-tert-butoxycarbonyl)-amino]-cyclohexyl}-
ethanol is dissolved in 360 ml of dichloromethane at a temperature between 20-25°C and 19,6
g (0,19 mol) of triethylamine is added. The solution obtained is cooled to a temperature
between 0-5°C and a solution of 40,0 g (0,185 mol) of di(tert-butyl)dicarbonate in 100 ml of
dichloromethane is added dropwise for 1 hour. Then the stirring is continued for further 1
hour while the temperature is maintained between 0-5°C and the pH is kept at 8-9 by adding

triethylamine. After completion of the reaction 450 ml water is added and after stirring for 15
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minutes the phases are separated. The aqueous phase is extracted with 30 ml of
dichloromethane then the combined organic phases are washed with 3x300 ml of water and
the dichloromethane solution is concentrated in vacuum.

In this manner 46,2 g of title compound was obtained.

Yield: 90%

Melting point: 112-113°C.

Example 4
Preparation of trans N-tert-butoxycarbonyl-4-{2-[4-(2,3-dichlorophenyl)-piperazine-1-
ylj-ethyl}-cyclohexylamine

48 g (0,15 mol) of trans 2-{1-[4-(N-tert-butoxycarbonyl)-amino]-cyclohexyl}-ethyl
methanesulfonate is suspended in 800 ml of acetonitrile. To the suspension obtained 75 g
(0,28 mol) of 1-2,3-dichlorophenyl)-piperazine hydrochloride and 71,8 g (0,56 mol) of
potassium carbonate are added and the reaction mixture is heated to reflux and stirred for 15-
17 hours. After completion of the reaction the mixture is cooled to a temperature between 45-
50°C and 900 ml of water is added. With stirring the temperature is brought to room
temperature and the stirring is continued for further 1,5 hours. The product separated is
filtered and washed with water until pH neutral. Then a solution of 400 ml of water and 7 ml
of concentrated hydrochloric acid is added and the mixture is stirred for 2 hours at a
temperature between 20-25°C and filtered then washed with 15-20 ml of water. To the crude
product obtained 540 ml of acetonitrile is added and the reaction mixture is heated to reflux
and stirred for 15 minutes. The mixture is cooled to a temperature between 0-5°C and the
stirring is continued for 1 hour while the temperature is maintained at this level. The
precipitated product is filtered, washed with 10 ml of cold acetonitrile and dried.

In this manner 54,7 g of title compound was obtained.

Yield: 80%

Melting point: 150-154°C.
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Example 5
Preparation of trans N-tert-butoxycarbonyl-4-{2-[4-(2,3-dichlorophenyl)-piperazine-1-
yl]-ethyl}-cyclohexylamine

An 1 | four-necked round bottom flask is charged with 42,9 g (0,15 mol) of trans 2-{1-[4-(N-
tert-butoxycarbonyl)-amino]-cyclohexyl}-acetic acid ethyl ester and 400 ml of
tetrahydrofurane and to the solution obtained 11,4 g (0,3 mol) of sodium borohydride is added
at 25°C temperature under nitrogen. To the stirred reaction mixture a solution of 20,0 g (0,15
mol) of aluminium chloride in 225 ml abs. tetrahydrofurane is added dropwise at a
temperature between 18-22°C for 1 hour under nitrogen, then the stirring is continued for
additional 2 hours. After ending the reaction the mixture is cooled to a temperature between
5-10°C and 650 ml of water then 450 ml of toluene are added and the pH is adjusted to 3-4 by
adding 30-40 ml of concentrated hydrochloric acid. Stirring is continued for 1 hour at a
temperature between 20-25°C. The phases are separated, the aqueous layer is extracted with
50 ml of toluene, and the combined organic layers are washed with 3x150 ml of water and
concentrated to about 50 ml volume in vacuum. To the concentrated stirred solution 360 ml of
dichloromethane and 19,6 g (0,19 mol) of triethylamine are added at a temperature between
20-20°C. The solution is then cooled to a temperature between 0-5°C and a solution of 19,7 g
(0,17 mol) of methanesulfonyl chloride in 90 ml of dichloromethane is added dropwise over 1
hour and the reaction mixture is stirred for further 1 hour. The pH is maintained at 8-9 by
adding triethylamine. After completion of the reaction 450 ml of water is added and the
mixture is stirred for 15 minutes then the phases are separated. The aqueous layer is extracted
with 30 ml of dichloromethane then the combined organic layers are washed with 3x300 ml
of water. The dichloromethane solution is concentrated to about 70 ml volume under vacuum
then 900 ml of acetonitrile is added and about 80-100 ml solvent is distilled off under
vacuum. The residue obtained is cooled to a temperature between 20-25°C and 75 g (0,28
mol) of 1-(2,3-dichlorophenyl)-piperazine hydrochloride and 71,8 g (0,56 mol) of potassium
carbonate are added then the mixture is heated to reflux and stirred for 15-16 hours. After
ending the reaction the mixture is cooled to a temperature between 45-50°C and 900 ml of
water is added then the stirred mixture is cooled to room temperature. The stirring is
continued for further 1.5 hours during which the temperature is kept at this level. The product

obtained is filtered off and washed with water until pH neutral then a solution of 400 ml of
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water and 7 ml of concentrated hydrochloric acid is added. After stirring at a temperature
between 20-25°C for 2 hours the product obtained is filtered and washed with water. To the
resulting crude product 540 ml of acetonitrile is added and the mixture obtained is heated to
reflux and stirred for 15 minutes, then cooled to a temperature between 0-5°C. The stirring is
continued for another 1 hour maintaining temperature between 0-5°C. The product
precipitated is filtered off and washed with 10 ml of cold acetonitrile then dried.

In this manner 51,3 g of title compound was obtained.

Yield: 75%

Melting point: 150-154°C.

Example 6
Preparation of trans N-tert-butoxycarbonyl-4-{2-[4-(2,3-dichlorophenyl)-piperazine-1-
yl]-ethyl}-cyclohexylamine

A 500 ml four-necked round bottom flask is charged with 40 g (0.18 mol) of trans 2-[1-(4-
aminocyclohexyl)-acetic ethyl ester hydrochloride and 160 ml of dichloromethane and to the
resulting suspension 18.2 g (0,18 mol) of triethylamine is added. The mixture obtained is
cooled to a temperature between 0-10°C and with stirring a solution of 40.0 g (0.185 mol) of
di(tert-butyl dicarbonate) in 100 ml of dichloromethane is added for one hour under nitrogen.
The reaction mixture is then allowed to warm to a temperature between 20-25°C and the
stirring is continued until the reaction proceeds. After completion of the reaction 100 g of 5%
aqueous sodium carbonate solution is added then the phases are separated. The organic layer
is extracted with 50 ml of water and after separating the organic layer is dried on Na;SO4 and
the solvent is removed under vacuum.

The trans 2-{1-[N-tert-butoxycarbonyl)-amino]-cyclohexyl}-acetic ethyl ester obtained is
dissolved in 468 ml of tetrahydrofurane then 13.68 g (0,36 mol) of sodium borohydride is
added at 25°C temperature under nitrogen. To the stirred reaction mixture a solution of 24.0 g
(0.18 mol) of aluminium chloride in 270 ml of absolute tetrahydrofurane is added dropwise
over 1 hour at a temperature between 18-22°C and the stirring is continued for about 2 hours.
The reaction mixture is then cooled to a temperature between 5-10°C and 650 ml of water and
600 ml of toluene are added and the pH is adjusted to 3-4 by adding concentrated

hydrochloric acid. After stirring at a temperature between 20-25°C for 1 hour, the phases are
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separated and the aqueous layer is extracted with 50 ml of toluene. The combined organic
extracts are washed with 3x150 ml of water and the mixture is concentrated to 60 ml volume
under vacuum. To the stirred concentrated solution 430 ml of dichloromethane and 23.5 g
(0.23 mol) of triethylamine are added at a temperature between 20-25°C. The solution
obtained is cooled to 0-5°C temperature and a solution of 23.6 g (0.2 mol) of methanesulfonic
chloride in 110 ml of dichloromethane is added dropwise over 1 hour. The reaction mixture is
stirred for 1 hour maintaining the temperature at 0-5°C. The pH is maintained at 8-9 by
adding triethylamine. After ending the reaction 500 ml of water is added and after stirring for
15 minutes the phases are separated. The aqueous layer is extracted with 50 ml of water and
the combined organic layers are washed with 3x300 ml of water. The dichloromethane
solution is concentrated to about 80 ml volumes under vacuum and 1 1 of acetonitrile is added,
then about 80-100 ml of solvent are distilled of under vacuum. The mixture obtained is cooled
to a temperature between 20-25°C and 80 g (0.3 mol) of 1-(2,3-dichlorophenyl)-piperazine
and 82.8 g (0.6 mol) of potassium carbonate are added. The reaction mixture is heated to
reflux and stirred for 15-17 hours. The mixture is then cooled to 45-50°C and 1 1 of water is
added with stirring and the mixture is cooled to room temperature and the stirring is continued
for further 1.5 hours. The product precipitated is filtered and washed with water until pH
neutral and a solution of 400 ml of water and 7 ml of concentrated hydrochloric acid is added.
The mixture obtained is stirred for 2 hours at a temperature between 20-25°C and the product
is filtered and washed with water. To the crude product obtained 600 ml of acetonitrile is
added and the mixture is stirred under reflux for 15 minutes, then cooled to 0-5°C and the
stirring was continued for further 1 hour. The product precipitated is filtered, washed with 10
ml of cold acetonitrile and dried.

In this manner 57,5 g of title compound was obtained.

Yield: 70%

Melting point: 150-154°C.

Example 7

Preparation of trans 4-{2-[-(2,3-dichlorophenyl)-piperazine-1-yl}-ethyl}-cyclohexylamine
dihydrochloride monohydrate

A 500 ml 3-necked round bottom flask is charged with 22 g (0,05 mol) of trans N-tert-
butoxycarbonyl-4- {2-[4-(2,3-dichlorophenyl)-piperazine-1-yl]-ethyl } -cyclohexylamine  and
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150 ml of ethanol. To the stirred mixture a solution of 37,2 ml concentrated hydrochloric acid
in 113 ml of water is added and the mixture is heated to a temperature between 45-50°C and
the stirring is continued for 2 hours maintaining the same temperature. After ending the
reaction 120-140 ml of aqueous methanol is distilled off and the resulting mixture is cooled to
room temperature and further to a temperature between 5-10°C with stirring and the stirring is
continued for 1 hour at the same temperature. The product precipitated is filtered and dried.

In this manner 21,5 g of title compound was obtained.

Yield: 94%

Melting point: over 310°C (destroy).
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Claims

1. Trans N-{4-{2-[4-(2,3-dichlorophenyl)-piperazine-1-il}-ethyl }-cyclohexylamine
dihydrochloride monohydrate.

2. Process for the preparation of trans N-{4-{2-[4-(2,3-dichlorophenyl)-piperazine-1-il]-
ethyl}-cyclohexylamine dihydrochloride monohydrate characterized in that

a) reacting trans 2- {1-[4-(N-tert-butoxycarbonyl)amino}-
cyclohexyl}-acetic acid ester with sodium borohydride and aluminium trichloride to give
trans 2- {1-[4-(N-tert-butoxycarbonyl)-amino]-cyclohexyl} -ethanol;

b) reacting trans 2-{1-[4-(N-tert-butoxycarbonyl)-amino]cyclohexyl}-ethanol obtained
with methanesulfonic acid chloride in the presence of an acid binding agent to give trans 2-
{1-[4-(N-tert-butoxycarbonyl)-amino]-cyclohexyl } -ethyl methanesulfonate;

¢) reacting trans 2-{1-[4-(N-tert-butoxycarbonyl)-amino}-cyclohexyl}-ethyl
methanesulfonate obtained with 2,3-dichlorophenyl-piperazine in the presence of an acid
binding agent to give trans 2-{1-[4-(N-tert-butoxycarbonyl)-amino]-cyclohexyl } -carbamic
acid tert-butylester;

d) heating trans 2- {1-[4-(N-tert-butoxycarbonyl)-amino]-cyclohexyl}-carbamic acid
tert-butylester obtained to a temperature between 40-100°C in a mixture of aqueous
hydrochloric acid/methanol to give trans N-{4-{2-[4-(2,3-dichlorophenyl)piperazine-1-il}-
ethyl}-cyclohexylamine dihydrochloride monohydrate.

3. A process according to claim 2 characterized in that the steps a) and b) are carried out

without isolation of the intermediate compounds obtained.

4. A process according to claim 2 characterized in that in step b) organic amines are

employed as acid binding agent.

5. A process according to claim 4 characterized in that in step b) triethylamine is employed as

acid binding agent.
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6. A process according to claim 2 characterized in that in step c) an alkali carbonate is

employed as acid binding agent.

7. A process according to claim 2 characterized in that in step d) heating is made at a

temperature between 45-50°C.
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