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PROCESS FOR PRODUCING
(Z)-1-PHENYL-1-DIETHYLAMINOCARBONYL-2-
HYDROXYMETHYLCYCLOPROPANE

FIELD OF THE INVENTION

The present invention relates to a process for producing
(Z)-1-phenyl-1-diethylaminocarbonyl-2-hydroxymethylcyclopropane that is
an intermediate for producing (Z)-l-phenyl-1-diethylarriinocarbonyl-2-

aminomethylcyclopropane hydrochloride useful as an antidepressant.

BACKGROUND OF THE INVENTION A

(Z)-1-Phenyl-1-diethylaminocarbonyl-2-hydroxymethylcyclopropane
is used as an intermediate for producing
(Z)-1-phenyl-1-diethylaminocarbonyl-2-aminomethylcyclopropane
hydrochloride that is known as an antidepressant having an activity of
serotonin-noradrenalin reuptake inhibitor.

For synthesizing (Z)-1-phenyl-1-diethylaminocarbonyl-2-
hydroxymethylcyclopropane, the process reacting
2-0xo0-1-phenyl-3-oxabicyclo[3.1.0]hexane with diethylamine in the
presence of butyllithium (refer, for example, EP0747348A; Shuto, S. et al.,
Journal of Medicinal Chemistry, 1995, Vol.38, p.2964-2968; Shuto, S. et al.,
Journal of Organic Chemistry, 1996, Vol.61, No.3, p.915-923; Shuto, S. et al.,
Journal of Synthetic Organic Chemistry, Japan, 1997, Vol.55, No.10,
p.868-876; and Shuto, S. et al., Tetrahedron Letters, 1996, Vol.37, No.5,
p.641-644) or aluminum chloride (for example, USP5034541) have been
reported.

As the process using butyllithium, for example, EP0747348A

discloses a process including a step of preparing lithium diethylamide by
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reacting butyllithium with diethylaniine, and a step of reacting
2-oxo-1-pheny]-3-oxabicycld[3.1.0‘]hexane as an raw material compound
with the lithium diethylamide, resulting in production of
(Z)-1-phenyl-1-diethylaminocarbonyl-2-hydroxymethylcyclopropane as an
intended compound.

| The process using butyllithium,' however, requires to conduct the
reaction under an inert gas atmosphere such as argon at an ultra low
temperature (-78 °C), causing a problem of troublesome operating
procedures. Furthermore, butyllithium is so expensive that application of
this process to industrial production has economical disadvantages.

On the other hand, as the process using aluminum chloride, for
example, USP5034541 discloses a process for producing
(Z)-1-phenyl-1-diethylaminocarbonyl-2-hydroxymethylcyclopropane as an
intended compound by a step of forming a complex of aluminum chloride as
a Lewis acid and én amine, and a step of reacting 2-oxo-1-phenyl-3-
oxabicyclo[3.1.0}Jhexane as a raw material compound with the complex and
then amidating in a form of diethylamide.

This process, however, has a safety problem because of requiring
halogen-system solvents, such as dichloroethane, which are highly toxic to

human body.

SUMMARY OF THE INVENTION

In various aspects, the present invention advantageously solves the above problems
and provides a process capable of producing
(Z)-1-phenyl-1-diethylaminocarbonyl-2-hydroxymethylcyclopropane with a
simple step but with more safety, lower cost, and higher yield than the

conventional processes.
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<1> A process for producing (Z)-1-phenyl-1-diethylaminocarbonyl-2-
hydroxymethylcyclopropane, which comprises reacting 2-oxo-1-phenyl-3-
oxabicyclo[3.1.0]hexane with diethylamine in the presence of alkali metal

alkoxide.

<2> The process according to <1>, wherein the reaction is carried outin a

solvent.

<3>  The process according to <1>, wherein the alkali metal alkoxide is
sodium methoxide or potassium methoxide.

<4> The process according to <2>, wherein the alkali metal alkoxide is
sodium methoxide or potassium methoxide.

<5> The process according to <2> or <4>, wherein the solvent is
methanol.

<6> The process according to any of <1> to <5>, wherein the amount of
diethylamine is 1 to 10 grani equivalent to 1 gram equivalent of
2-0x0-1-phenyl-3-oxabicyclo[3.1.0]hexane. |

<7> The process according to any of <1> to <6>, wherein the amount of
alkali metal alkoxide is 1to 5 gram equivalent to 1 gram equivalent of
2-oxo-1-pheny1-3-oxabicyclo[3.l;O]hexane.

<8>  (Z)-1-phenyl-1-diethylaminocarbonyl-2-hydroxymethylcyclopropane when produced

by the process of according to any one of <1> to <7>,

DESCRIPTION OF PREFERRED EMBODIMENTS

The process of the present invention, for example, may be carried out
by mixing 2-oxo-1-phenyl-3-oxabicyclo[3.1.0]hexane, diethylamine, and
alkali metal alkoxide. The order of mixing them is not limited, and may be

sequentially or simultaneously.
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2-oxo0-1-phenyl-3-oxabicyclo[3.1.0]hexane, which is a raw material
compound for producing (Z)-1-phenyl-1-diethylaminocarbonyl-2-

hydroxymethylcyclopropane, is known in public and can be prepared, for
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example, by a process described in EP0747348A mentioned above.

The amount of diethylamine, in view of yield and productivity, is
usually 1 to 10 gram equivalent, preferably 2 to 4 gram equivalent, to 1 gram
equivalent of 2-oxo-1-phenyl-3-oxabicyclo[3.1.0]hexane.

Examples of the alkali metal alkoxides used in the present invention
include alkali metal salts of alcohol having 1 to 4 carbon atoms such as
lithium methoxide, sodium methoxide, potassium methoxide, lithium
ethoxide, sodium ethoxide, potassium ethoxide, sodium t-butoxide,
potassium t-butoxide, and the like, and sodium methoxide and potassium
methoxide are preferred, and sodium methoxide particularly preferred.

The amount of the alkali metal alkoxide, in view of yield and
productivity, is usually 1 to 5 gram equivalent, preferably 1.5 to 4 gram
equivalent, to 1 gram equivalent of
2-oxo0-1-phenyl-3-oxabicyclo[3.1.0]hexane.

The alkali metal alkoxide mentioned above is not limited in its form
for usage, may be used in a solid or solution state. When being used in a
solution form, preferable is a solution of an alcohol solvent corresponding to
the alkali metal alkoxide to be used (for example, sodium methoxide in
methanol), and this alcohol solvent used is counted as a portion of the whole
reaction solvent.

The reaction according to the present invention may be carried out,
for example, in a solvent. The solvent to be used may be appropriately
selected as long as not harming the reaction, may include, for example,
alcohol solvents such as methanol and ethanol, and the like; aromatic
hydrocarbon solvents such as toluene, and the like; and saturated
hydrocarbon solvents such as hexane, heptane, and the like. These solvents
may be used independently or as a combination of 2 or more kinds thereof.

The amount of the solvent is usually 1 to 10 ml, preferably 3 to 5 ml,
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to 1 g of 2-0x0-1-phenyl-3-oxabicyclo[3.1.0]hexane.

The reaction temperature is usually 0 to 100 °C, preferably 20 to
80 °C, particularly preferably 20 to 30 °C; the reaction time is, depending on
the reaction volume, usually 3 to 30 hours.

The completion of the reaction can be confirmed by disappearance of ,
a raw material, 2-oxo0-1-phenyl-3-oxabicyclo[3.1.0]hexane.

After the completion of the reaction,
(Z)-1-phenyl-1-diethylaminocarbonyl-2-hydroxymethylcyclopropane, the
intended compound, may be isolated by any of purification methods known
by a person skilled in the art, such as high-performance liquid
chromatography, distillation under reduced pressure, re-crystallization, and
the like, or an appropriate combination thereof.

The (Z)-1-phenyl-1-diethylaminocarbonyl-2-
hydroxymethylcyclopropane obtained can be introduced to (Z)-1-phenyl-1-
diethylaminocarbonyl-2-aminomethylcyclopropane hydrochloride, an
antidepressant, by a method, for example, described in EP0747348A

mentioned above.

The invention will be explained in more detail according to Example,
but should not be limited thereto.
Referential Example 1 : Production of 2-oxo-1-phenyl-3-
oxabicyclo[3.1.0]hexane

In a mixed solvent of toluene (26.0 kg) and
N,N’-dimethyl-2-imidazolidinone (94.9 kg), 60% sodium hydride (27.2 kg,
683 mol) was added, and phenylacetonitrile (40.2 kg, 343 mol) was
subsequently added dropwise therein at 10 to 20 °C. After being stirred for
2 hours, a mixture of epichlorohydrin (31.7 kg, 343 mol) and toluene (26.0

kg) was added dropwise therein at 10 to 20 °C and then stirred. After
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confirming the disappearance of the raw material, methanol (22.0 kg) and
water (120.6 kg) were added therein to be subjected to washing and phase
separation.

The organic layer obtained was added with 24% aqueous solution of
potassium hydroxide (159.1 kg) and tetrabutylammonium sulfate (1.1 kg) to
be heated under refluxing. The organic phase was removed by a phase
separation, and then further added with toluene (69.6 kg) and 35%
hydrochloric acid (78.7 kg), followed by stirring at 60 to 70 °C for 2 hours.
After the organic phase was separated by a phase separation, the organic
phase was further washed twice with 8% aqueous sodium hydrogen
carbonate solution and twice with water; and then the organic layer obtained
was concentrated under a reduced pressure to obtain 40.7 kg of the titled
compound in a form of light-yellow oily substance. Yield was 68.1%.

The obtained oily substance of 2-0xo0-1-phenyl-3-

oxabicyclo[3.1.0]hexane was cooled to transform to crystals.

Example 1 : Production of (Z)-1-phenyl-1-diethylaminocarbonyl-2-
hydroxymethylcyclopropane

In a mixed solution of 2-0xo0-1-phenyl-3-oxabicyclo[3.1.0Jhexane
(25.0 g, 0.144 mol) and toluene (20.0 g), diethylamine (31.5 g, 0.431 mol)
was added, and then 28% sodium methoxide / methanol solution (83.1 g,
0.431 mol) was added dropwise therein at 20 to 30 °C, and then stirred for 15
hours. At the time of completion of the stirring, the resultant reactant was
analyzed with a high-performance liquid chromatography (HPLC:
manufactured by Shimadzu Corporation, LC-10Avp, ODS column 4.6 mm X
150 mm), resulting in a reaction rate of 91.3%. The reactant solution after
finishing the stirring was added dropwise into a mixed solution of 27.5%

aqueous solution of acetic acid solution (103.5 g) and toluene (50 ml) and
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subjected to a phase separation to remove a water layer. The organic layer
remained was washed with saline and dried with anhydrous magnesium
sulfate. The solution obtained was dried to solidify under a reduced
pressure to obtain 30.4 g of the intended compound as light yellow crystals.
Yield was 87.0%.

Physical Properties: 1H-NMR(CDCl;, 400MHz): 6 0.89 (3H, t, J=7.0Hz);
1.06 (1H, dd, J=5.2, 6.4Hz); 1.12 (3H, t, J=7.0Hz); 1.53 (1H, m); 1.63 (1H,
dd, J=5.2, 8.8Hz); 3.16 (1H, ddd, J=2.4, 10.0, 12.4Hz); 3.34-3.54 (4H, m);
4.01 (1H, m); 4.71 (1H, d, J=11.2Hz); 7.21-7.32 (5H, m)

Example 2 : Production of (Z)-1-phenyl-1-diethylaminocarbonyl-2-
hydroxymethylcyclopropane

The reaction was carried out under the same conditions and
procedures as in Example 1 except for using
2-0x0-1-phenyl-3-oxabicyclo[3.1.0]hexane (5.0 g, 0.029 mol), using sodium
methoxide (3.0 equivalent to the raw material) instead of 28% sodium
methoxide / methanol solution, and reacting at 60°C. The reaction rate

analyzed with HPLC was 81.7%.

Example 3 : Production of (Z)-1-phenyl-1-diethylaminocarbonyl-2-
hydroxymethylcyclopropane

The reaction was carried out under the same conditions and
procedures as in Example 1 except for using
2-0x0-1-phenyl-3-oxabicyclo[3.1.0}hexane (5.0 g, 0.029 mol), using 28%
sodium methoxide / methanol solution (3.0 equivalent to the raw material)
without toluene solvent, and reacting at 20 to 30 °C. The reaction rate

analyzed with HPLC was 90.8%.




Example 4 : Production of
(Z)-1-phenyl-1-diethylaminocarbonyl-2-hydroxymethylcyclopropane

The reaction was carried out under the same conditions and
procedures as in Example 1 except for using
2-0x0-1-phenyl-3-oxabicyclo[3.1.0]hexane (5.0 g, 0.029 mol), using 28%
sodium methoxide / methanol solution (1.5 equivalent to the raw material)
without toluene solvent, and reacting at 60 °C. The reaction rate analyzed

with HPLC was 76.2%.

Example 5 : Production of
(Z)-1-phenyl-1-diethylaminocarbonyl-2-hydroxymethylcyclopropane

The reaction was carried out under the same conditions and
procedures as in Example 1 except for using
2-ox0-1-phenyl-3-oxabicyclo[3.1.0]hexane (5.0 g, 0.029 mol), using 28%
sodium methoxide / methanol solution (3.0 equivalent to the raw material)
without toluene solvent, and reacting at 60 °C. The reaction rate analyzed

with HPLC was 81.7%.

Example 6 : Production of (Z)-1-phenyl-1-diethylaminocarbonyl-2-
hydroxymethylcyclopropane

The reaction was carried out under the same conditions and
procedures as in Example 1 except for using
2-oxo0-1-phenyl-3-oxabicyclo[3.1.0]hexane (5.0 g, 0.029 mol), using 28%
sodium methoxide / methanol solution (4.0 equivalent to the raw material)
without toluene solvent, and reacting at 60 °C. The reaction rate analyzed

with HPLC was 74.3%.

The process of the present invention is simpler than the conventional
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processes with requiring troublesome procedures, because inert gas

atmosphere as well as ultra low temperature reaction condition is not
required therefor.

The process of the present invention is also more economically
advantageous than the conventional processes with using expensive
butyllithium, because alkali metal alkoxides are used therefor.

The process of the present invention is further safer than the
conventional processes, because halogen-system solvents highly toxic to

human body are not used therefor.

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and variations such as "comprises" and "comprising", will be
understood to imply the inclusion of a stated integer or step or group of integers or steps but

not the exclusion of any other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information derived
from it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior- publication (or
information derived from it) or known matter forms part of the common general knowledge in

the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A process for producing (Z)-1-phenyl-1-diethylaminocarbonyl-2-
hydroxymethylcyclopropane, which comprises reacting
2-0x0-1-phenyl-3-oxabicyclo[3.1.0]hexane with diethylamine in the

presence of alkali metal alkoxide.

2. The process according to Claim 1, wherein the reaction is carried out

in a solvent.

3. The process according to Claim 1, wherein the alkali metal alkoxide

is sodium methoxide or potassium methoxide.

4. The process according to Claim 2, wherein the alkali metal alkoxide

is sodium methoxide or potassium methoxide.
5. The process according to Claim 4, wherein the solvent is methanol.

6. The process according to Claim 1, wherein the amount of
diethylamine is 1 to 10 gram equivalent to 1 gram equivalent of

2-oxo-1-phenyl-3-oxabicyclo[3.1.0]hexane.

7. The process according to Claim 1, wherein the amount of alkali metal
alkoxide is 1'to 5 gram equivalent to 1 gram equivalent of 2-oxo-1-phenyl-3-

oxabicyclo[3.1.0]hexane.
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8. (Z)-1-phenyl-1-diethylaminocarbonyl-2-hydroxymethylcyclopropane when produced

by the process according to any one of claims 1 to 7.

9. The process according to Claim 1, substantially as hereinbefore described with

reference to any one of the examples.
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