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METHOD FOR REDUCING a~AMINOKETONE

FIELD OF THE INVENTION

The present invention relates to a method for

stereoselectivel& redﬁcing a-aminoketone derivatives, in
particular ao-aminohaloketone derivatives.

The reduction products. namely . g;aminoalcohol

derivatives, in particular a-aminohalohydrin derivatives,
are compounds useful as intermediates for the production

of medicinal compounds, for example HIV protease inhibitors

{Japanese XKokai Publication Hei-8-99959; Japanese Kokai

Publication Hei-5-170722).

BACKGROUND ART

Reduction of carbonyl compounds is a very important

technology in various fields, inclusive of the production

of medicinal compounds and agrochemicals, and various

methods have been utilized to answer respective specific

purposes. Among them, the technology of converting

optically active

ac-aminoketone derivatives to o-

aminoalcohol derivatives by stereoselective reduction is
required to be high in operability and efficient €for

industrialization since such <a-aminocalcohol derivatives

having an erythro configuration are important

as
intermediates of anti-HIV drugs,

among others.

The "erythro" form means an isomer in which the amino
group and hydroxy group bound to the adjacent carbon atoms

have the relative configuration shown below. In the

followingformula.Z,andz,representtheremainingcﬁémical
structure moieties.
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& prior art technology for reducing a-aminoketone

derivatives comprises, for example, reducing them with

diisobutylaluminum hydride (DIBAH), sodium borohydride,
l1ithium tri-secondary-butylborohydride (L-Selectride) or
the like at -78TC ([Tetrahedron Letters, 36, 5453 (1995)1.

The reduction technology using DIBAH is excellent in

reactivity and economy and is a very useful method from the

industrial viewpoint. This method is used in reducing, for

example, a-aminochloroketone derivatives derived £rom

leucine. When said a-aminochloroketone derivatives are

reduced with DIBAH at -78C, the erythro forms can be obtained

preferentially with a diastereomer excess of about 75%.

However, this method requires an extremely low

temperature of -78C for achieving high selectivity.

In Japanese Kokai Publication Hei-8-99959, a

technology is disclosed which uses an aluminum trialkoxide
as the reducing agent.

However, the technology disclosed in the above

publication requires heating at a temperature not lower than

50 C to raise the rate of reaction although the

stereoselectivity is high. Thus, said technology still has

problems to be solved; for instance, it is not suited for

reducing thermally unstable substrates. Therefore, a

practical technology has been demanded by which carbonyl
compounds, in particular optically active o-aminoketone
derivatives can be converted to erythro-form a-amincalcohol

derivatives by stereoselective reduction under mild

conditions.
Accordingly. it is an object of the p;esent invention
to provide a method for reducing a-aminoketone derivatives.,

in particular a-aminohaloketone derivatives,

conditions to give

under mild

a-aminoalcohol derivatives, in
particular ao-aminohalohydrin

derivatives, with high
stereoselectivity.
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SUMMARY OF THE INVENTION

The present invention is directed to A method for

reducing a-aminoketones which comprises reacting an ao-
aminoketone derivative of the general formula (1);

| o)
R! R?
(1)
N
p e

wherein R! represents one member selected from the group

consisting of a substituted or unsubstituted alkyl group

containing 1 to 20 carbon atoms, a substituted or

unsubstituted aralkyl group containing 7 to 20 carbon atoms.

a substituted or unsubstituted aryl group containing 6 to

20 carbon atoms, and a hydrogen atom; R? represents either
a group of the general formula (2):

CH. X,., (2)

wherein X represents a halogen atom and n represents an

integer of 0 to 2, or a group of the general formula (3):

L -
Y

wherein Y represents one member selected from the group

consisting of an alkoxyl group, an aralkyloxyl group, a

substituted or unsubstituted amino group, and an alkylthio

group: P! and P? each independently represents a hydrogen

atom or an amino-protecting group, exclusive of the case

where P' and P? are the same and each represents a hydrogen
atom,

with a compound prepared from an organocaluminum compound



of the general formula (4):

wherein R?, R* and R®* each independently represents a

substituted or unsubstituted alkyl group containing 1 to
10 carbon atoms, or a hydrogen atom, on condition that at
most one of R’, R' and R® represents a hydrogen atom,

a sulfonic acid derivative of the general formula {5):

R¢SO,H (5)

wherein R® represents one member selected from the group

consisting of a substituted or unsubstituted alkyl group

containing 1 to 10 carbon atoms, a substituted or

unsubstituted aralkyl group containing 7 to 20 carbon atoms,

and a substituted or unsubstituted aryl group containing
6 to 20 carbon atoms, and

an alcohol compound of the general formula (6);

R7OH (6)

wherein R’ represents a substituted or unsubstituted,

primary or secondary alkyl group containing 1 to 20 carbon

atoms, or a

substituted or unsubstituted, primary or

secondary aralkyl group containing 7 to 20 carbon atoms,

to give an a-aminoalcohol derivative of the general formula
{7):



OH
K 2

(7)
p! -~ N\Pz |

wherein R!, R?, P! and P! are as defined above.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a chart showing an NMR spectrum of the
reducing agent obtained in Reference Example 2.

DETAILED DESCRIPTION OF THE INVENTION

By the method for reducing a-aminoketones according
to the present invention, the a-aminoalcohol derivatives
of general formula (7) are produced from the a-aminoketone
derivatives of general formula (1).

When, in the practice of the present invention, the
a-aminoketone derivative of general formula (1) is an
a-aminohaloketone derivative of the general formula (8):

-k (8)

[wherein X represents a halogen atom:; R! represents a
substituted or unsubstituted alkyl group'containing'l to
20 carbon atoms, a substituted or unsubstituted aralkyl
group containing 7 to 20 carbon atoms, a substituted oxr
unsubstituted aryl group containing 6 to 20 carbon atoms,
or a hydrogen atom; P! and P? each independently represents
& hydrogen atom or an amino-protecting group, exclusive of

the case where P! and P? are the same and each represents a
hydrogen atom],



6

an a-aminohalohydrin derivative of the general formula (9):

OH
R X

9
. PN 2 (9)

{wherein X, R!, P! and P? are as. defined above] can be obtained
as the a-aminoalcohol derivative of general formula (7).

The a~aminoalcohol derivatives of general formula (7)
and the a-aminohalohydrin derivatives of general formula

(9) are compounds useful as intermediates of medicinal
compounds.

Referring to the a-aminoketone derivative of general

formula (li and to the o-aminohaloketone derivative of

general formula (8), R is the side chain of a common a-

amino acid, for example a protein-constituting amino acid,

or the side chain of an o-amino acid derivative obtained

by processing such a common o-amino acid and thus it

represents a substituted or unsubstituted alkyl group

containing 1 to 20 carbon atoms, a substituted or

unsubstituted aralkyl group containing 7 to 20 carbon atoms,

a substituted or unsubstituted aryl group containing 6 to

20 carbon atoms, or a hydrogen atom.

The substituent on said side chain is not limited to
any particular species but includes, for example, a halogen
atom, an alkoxycarbonyl group, an alkoxyl group, a protected

amino group, a cyano group, a nitro group, a sulfinyl group.

a sulfonyl group and an alkylthio group. Two or more such

substituents may be introduced in the side chain.

Said substituted or unsubstituted alkyl group

containing 1 to 20 carbon atoms is not limited to any

particular species but includes, for example, methyl, aethyl,
isopropyl, butyl, t-butyl, hydroxymethyl, mercaptomethyl,
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phenylthibmethyl, and méthylthiomethyi. Said group

preferably contains 1 to 10 carbon atoms.
Said substituted or unsubstituted aralkyl group
containing 7 to 20 carbon atoms is not limited to any

particular species but includes, for example, benzyl,

p-hydroxybenzyl, p-methoxyhenzyl.- and o-phenylethyl.

Said group preferably contains 7 to 15 carbon atoms.
Said substituted or' unsubstituted aryl group

containing 6 to 20 éapbon atoms is not limited to any

particular species but includes, for example, phenyl,

naphthyl, p-hydroxyphenyl, p-nitrophenyl and p-

chlorophenyl. Said group preferably contains 6 to 15

carbon atomnms.

Referring to the a-aminoketone derivative of general
formula (1). R? represents a group of the general formula

{2) given above or a group of the general formula (3) given
above,

Referring to the group of general formula {(2), X

represents a halogen atom and n represents an integer of
0 to 2.

Said halogen atom is not limited to any particular
species but includes, for example, a chlorine atom, a bromine
atom, an iodine atom and a fluorine atom.

Preferred is a
chlorisie éfom.

The group of general formula (2) is not limited to any

particular species but includes, for example, chloromethyl,
dichloromethyl,

trichloromethyl, bromomethyl,
dibromomethyl, tribromomethyl, fluoromethyl,
difluoromethyl, trifluoromethyl, iodomethyl, diiodomethyl
and triiodomethyl. Among them, chloromethyl,

dichloromethyl and trichloromethyl are preferred.

Referring to the group of general formula (3), Y

represents an alkoxyl group. an aralkyloxyl group, a

substituted or unsubstituted amino group, or an alkylthio
group.
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Sald alkoxyl group is not limited to any particular

species but includes, for example, methoxy. ethoxy and

t-butoxy. Said group preferably contains 1 to 10 carbon

atoms.
Said aralkyloxyl group is not limited to any

particular species but includes, for example, benzyloxyl

and p~nitrobenzyloxyl. Said group preferably contains 7

to 20 carbon atoms.

Said substituted or unsubstituted amino group is not

limited to any particular species but includes, for example,
amino and dimethylamino.

Said alkylthio group is not limited to any particular

species but includes, for example, methylthio and

phenylthio.

The group of general formula (3) is not limited to any

particular species but includes, for example,

methoxycarbonyl, ethoxycarbonyl, benzyloxycarbonyl, ¢t-

butoxycarbonyl and carbamoyl. Among them, methoxycarbonyl

and ethoxycarbonyl are preferred.

Referring to the a-aminoketone derivative of general

formula (1) and the a-aminohaloketone derivative of general

formula (8), P! and P? each independently represents a

hydrogen atom or an amino-protecting group, exclusive of

the case where P' and P? are the same and each represents

a hydrogen atom.

Said amino-protecting group is not limited to any

particular species provided that it has a protective effect

in the reduction reaction. As examples, there may Dbe

mentioned those protective groups described by Theodora W.

Green in "Protective Groups in Organic Synthesis™, 2nd

edition, John Wiley & Sons, 1990, pp.309 -384, for example

methoxycarbonyl, t-butoxycarbonyl,
benzyloxycarbonyl, acetyl,

ethoxycarbonyl,

tosyl and benzoyl. The
protective group further includes the case where the

amino-protecting group intramolecularly forms an
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oxazolinone or ‘oxazolidinone ring.

(385) -
Tetrahydrofuranfloxycarbonyl,

3-hydfoxy-quefhylbenzoyl
and the like are also within the range of choice of the
protective group.

Referring to the a-aminohaloketone derivative of
general formula (8), X represents a halogen atom.

Said halogen atom is not limited to .any particular
species but includes, for exazﬁpie, a chlorine atom, a bromine

atom, an iodine. atom and a fluorine atom. Among them, a

chlorine atom is preferred.

The c-amlnoketone derivative of general formula (1)

is not limited to any particular species but includes, for

example, 1(S)-benzyl-2-0x0-3,3-dichloropropylcarbamic

acid t~-butyl ester, 1{R)-benzyl-2-0x0-3,3-

dichloropropylcarbamic acid t-butyl ester, 1(S)-benzyl-

2~-0x0-3,3,3-trichloropropylcarbamic acid t-butyl ester,

1(R}-benzyl-2-0x0-3,3,3-trichloropropylcarbamic acid t-

butyl ester, 3(S)—(Nfbenzyloxycarbonylamino)—2-oxo~4-

phenylbutyric acid methyl ester and 3{R)-(N-benzyloxy-

carbonylamino)-2-oxo-4-phenylbutyric acid methyl ester.

The o-aminohaloketone derivative of general formula
(8) is not limited to any particular species but includes,
for example, optically active (S)-(l-benzyl-3-chloro-2-

oxopropyi)carbamic acid t-butyl ester, (R)-(l-benzyl-3-

chloro-2-oxopropyl)carbamic acid t-butyl ester, (S)-(1l-

benzyl-3-chloro-2-oxopropyl)carbamic acid methyl ester,

(R)—(1~benzyl—3-chlofo-2-oxopropyl)carbamic acid methyl

ester, (S8)-(l-benzyl-3-chloro-2-oxopropyl)carbamic acid

ethyl ester, (R)-{(l-benzyl-3-chloro-2-oxopropylj)carbamic

acida ethyl ester, {(8)-(1-benzyl-3-chloro-2-

oxopropyl)carbamic acid benzyl ester, (R)-(l-benzyl-3-

chloro-2-oxopropyl)carbamic acid benzyl ester, (sS)-{1-

acld
ester, (R)-{1-benzyl-3-chloro-
2-oxopropyl)carbamic acid tetrahydrofuran-3(S)-yl ester,

benzyl-3-chloro-2-oxopropyl)carbamic
tetrahydrofuran-3{8)-yl
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(S)-(1-phenylthiomethile3?chlord~2-oxopropyl)carbamic

acid benzyl ester, (R)~(1-phenyltﬁiomethyl-3-chloro-2-

oxopropyl)carbamic acid. benzyl ester; (s)-(1-

phenylthiomethyl-3-chlor6-2-oxopropyl)carbamic

acid t-
butyl esterxr,

{R)-(1-phenylthiomethyl-3-chloro-2-
oxopropyl)carbamic acid t-butyl

ester, {s)-(1-
phenylthiomethyl-3-chloro-2-oxopropyl)carbamic acid
methyl ester, .(R)-(léphenylthiémethyl-3-chloro~2-
oxopropyl)carbamic’ acid methyl ester, {s)~-(1-

phenylthiomethyl-s-chloro-z-oxop;opyl)carbamicacidethyl

ester, (R)-(1-phenylthiomethyl-3-chloro-2-

oxopropyl)carbamic acid ethyl ester, N-{(1lR)-3-chloxro-

2-oxo-1-[{phenylsulfanil)methyllpropyl}-3-hydroxy-2-

methylbenzamide, and N-{(18)-3-chloro-2-0x0-1-

[{phenylsulfanil)methyl]lpropyl)}-3-hydroxy-2-
methylbenzamide.

Referring to the organocaluminum compound of general
formula (4), R*’, R* and R® each independently represents a

substituted or unsubstituted alkyl group containing 1 to

10 carbon atoms. or a hydrogen atom, on condition that at

most one of R®, R' and R® represents a hydrogen atom.

Said substituted or unsubstituted alkyl group

containing 1 to 10 carbon atoms is not limited to _any
particular species but includes, for example, methyl, ethyl,
n-propyl, isopropyl and isobutyl.

isobutyl are preferred.

Among them, ethyl and

The organocaluminum compound of general formula (4) is
not limited to any particular species but includes,
example, diisobutylaluminum hydride,

for
triisobutylaluminum

and triethylaluminum. Among them, diisobutylaluminum

hydride and triisobutylaluminum are preferred.

Referring to the sulfonic acid derivative of general
formula (5). R® represents a substituted or unsubstituted
alkyl group containing 1 to 10 carbon atoms, & substituted

or unsubstituted aralkyl group containing 7 to 20 carbon
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atoms, or a substituted or unsubstituted aryl group
containing 6 to 20 carbon atoms. '

Said substituted .or wunsubstituted alkyl group

containing 1 to 10 carben atoms is not limited to anj
particularspeciesbufinclﬁdes.forexample.methyl.ethyl.
isopropyl, n-butyl and trichloromethyl.

~Among them,
methyl is preferred. )

Said substituted or unsubstituted aralkyl group

containing 7 to 20 carbon atbms is not limited to any

particular species but includes, for example, benzyl and

3-phenyl-1-propyl. Said group preferably contains 7 to 15

carbon atoms.

Said substituted or unsubstituted aryl group

containing 6 to 20 carbon atoms is not limited to any

particular species but includes, for example, phenyl,

p-methylphenyl, p-nitrophenyl, m~chlorophenyl and naphthyl.
Said group preferably contains 6 to 15 carbon atoms.
The sulfonic acid derivative of general formula (5)

is not limited to any particular species but includes, for

example, methanesulfonic acid, benzenesulfonic acid,

toluenesulfonic acid and camphorsulfonic acid. Among them,

methanesulfonic acid is preferred.

_Referring to the alcohol compound of general formula

(6), R’” represents a substituted or unsubstituted, primary

or secondary alkyl group containing 1 to 20 carben atoms

or a substituted or unsubstituted, primary or secondary

aralkyl group containing 7 to 20 carbon atoms.

Said substituted or unsubstituted; primary or
secondary alkyl group containing 1 to 20 carbon atoms 1is
not limited to any particular species but includes,

example, methyl, ethyl, isopropyl,

for

secondary-butyl,
cyclohexyl and 2,4-dimethyl-3-pentyl. Sgid gppup
preferably contains 1 to 10 carbon atoms, and isopropyl and
secondary-butyl are more preferred.

Said substituted or unsubstituted, primary orx
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secondary aralkyl group containing 7 to 20 carbon atoms is
not limited to any particular species but includes, for
example, benzhydry@. benzyl, phenylpropyl, a-phenylethyl
and p-methoxybenzyl. Said group preferﬁbly contains 7 to
15 carﬁon atoms, and behzhgdryl is more preferred.

The alcohol compound of general formula (6) is not
limited to any particular species but includes, for example,

isopropanol, benzhydrol,

secondary-butanol = and
cyclohexanol.

Among them, isopropanol and benzhydrol are
preferred. ’

The reducing agent to be used in accordance with the

present invention can be prepared by reacting the

organoaluminum compound of general formula (4) with the
sulfonic acid derivative of general formula (5) and the
alcohol compound of general formula (6).

Said reducing agent has very high reducing activity

and can convert the a-aminoketone derivatives or ao-

aminohaloketone derivatives to hydroxy compounds such as
a-aminohalohydrins or a-aminohydroxy esters with very high
stereoselectivity under mild conditions without requiring
heating or cooling to an extremely low temperature.

The addition amount of the organoaluminum compound of

general formula (4), that of the sulfonic acid derivative

of general formula (5) and that of the alcohol compound of
general formula (6) may suitably be selected according to
the carbonyl compound of general fsrmula {1) to be reduced,
the organocaluminum compound of general formula (4) selected,
the sulfonic acid derivative of general formula (5) selected,
the alcohol compound of general formula (6) selected, the
temperature at which the reducing agent is prepared, and
the procedure for preparing the reducing agent, among others.

It is preferred, however, that those addition levels are,

on the equivalent basis, as follows.

Thus, the organocaluminum compqund of general formula

{4) 1is preferably used in &an amount of 1 to 2 molar
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equivalents relative to the-carbonyl compound of general
formula (1).

The sulfonic acid derivative of general formula (5)

is preferably used in an amount of 1 to 1.5 molar equivalents, -

more preferably 1 to 1.2 molar equivalents, relative to the
organocaluminum compound of generﬁl formula (4).

The alcohol compound of - general formula (6) 4is
preferably used in an amount of 2 to 3 molar equivalents,
more prefer&bly 2 to 2.4 molar equivalents, relative to the

organoaluﬁinnm compound of general formﬁia (4).

In the reduction method according to the present

invention, the possibility that the above-mentioned

reducing agent has such basic structure as shown below is
estimated to be high.

7
RO\

Al= OSO,R®
/7
R'O

In the above formula, R® and R’ are as defined above.
The formation of an active reducing species with a
degree of association of the organoaluminum compound of not
more than 3 is presumable as one of the factors enabling
the reducing agent prepared in accordance with the present

invention to show high reducing activity.

The method for reducing a-aminoketones according to

the present invention can be carried out, for example, in

the following manner. The reducing agent can be prepared
by first mixing the organocaluminum compound of general
formula {4) with the sulfonic acid derivative of general
formula ($) in a solvent, such as toluene, benzene or xylene,

preferably at -20C to 30C, more preferably -10T to 25T,
and then adding benzhydrol as the alcohol compound of general
formula (6)., followed by stirring.

Then, the a-aminoketone derivative of general formula
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{(1) is added to the reaction system, and the mixture is
stirred for effecting the rediuction of the a-aminoketone

derivative of general formula (1). The order of addition

of the compounds mentioned above is not necessarily limited

to that mentioned above but may be changed unless the object

of the invention is defeated. The :eaction temperature

preferably ranges from -20C to 30C, more preferably -10T
to 25TC.

The a-aminoketone derivative of general formula (1)

as the starting material can be synthesized by various

methods. For example, the a-aminohaloketone derivative of

general formula (8) can generally be produced by reacting

an o-amino acid derivative, such as an a-amino acid ester,

with a-chloroacetic acid magnesium enolate (WO 96/23756),
for instance.

In accordance with the present invention, the a-

aminoketone derivatives can be reduced under mild

conditions, without requiring an extremely low temperature
or a high temperature, and very high stereoselectivity can
be attained by adequately selecting the amino;protecting
group, or by selecting the combination of the sulfonic acid

of general formula {(5) and the alcohol compound of general
formula (6).

Said selection of the amino-protecting group can be

made while taking the stereoselectivity of the reduction

reaction into consideration. By using, as the amino-

protecting group, an alkoxycarbonyl group such as

methoxycarbonyl, t-butoxycarbonyl or ethoxycarbonyl or an
aralkyloxycarbonyl group such as benzyloxycarbonyl, for
instance, the reduction reaction can be allowed to proceed
with high selectivity toward the erythro form.

Thus, for instance, by using methanesulfonic acid as
the sulfonic acid of general formula (5) and benzhydrol as

the alcohol compound of general formula (6), (S)-(1-

benzyl-3-chloro-2-oxopropyl)carbamic acid t-butyl ester
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can be reduced with a very high diastereomer excess (d.e.)
of not less than 97%.

Further, by wusing benzhydrol and

such an a-
aminoketoester dexrivative as

(S8)-(t-butoxycarbonyl-

gmino)-2-0xo-4-phenj1butyric acid methyl ‘ester, the

corresponding optically active oa-hydroxy ester can be
obtained with high érythro selectivity.

In this way., the a-aminoalcohol derivative of general

formula (7) can be obtained stereoselectively in erythro

isomer form from the a-aminoketone derivative of general

formula (1). When the ac-aminoketone derivative of general

formula (1) is an a-aminohaloketone derivative of general

formula (8), the erythro isomer of the a-aminohalohydrin

derivative of general formula (9) can be obtained

stereoselectively as the oa-aminoalcohol derivative of

general formula (7).

These compounds are all useful as intermediates of HIV

protease inhibitors (Japanese Kokai Publication Hei-8-

99959; Japanese Kokai Publication Hei-5-170722).
The present invention, which has the constitution
mentioned above, makes it possible to produce

aminohalohydrin derivatives, which are intermediates of

useful medicinal compounds, from aminohaloketone

derivatives under mild conditions and with high

stereoselectivity.

BEST MODE FOR CARRYING OUT THE INVENTION

The following examples illustrate the

present
invention in further detail.

They are, however, by no means
limitative of the scope of the present invention.

Example 1

Production of f1{(S)-benzyl-2(8)-hydroxy-3-chloro-

propyl]carbamic acid t-butyl ester (I)
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OH
A _Cl

QH
CO,t-Bu (1)

To a 0.95 M hexane solution of triisobutylaluminum
(12.7 ml; 12.1 mmol) was added 1.277 g (13.29 mmol) of

methanesulfonic acid, and the mixture was stirred at room

temperature for 2 hours. Then, 1.566 g (26.06 mmol) of

isopropyl alcohol was added and the resultant mixture was
stirred for 1 hour.

To the thus-prepared reducing agent was added a

solution of 2.99 g (10.04 mmol) of [1(8)-benzyl-2-o0oxo0-

3-chloropropyl]lcarbamic acid t-butyl ester in 13.9 ml of

toluene plus 5.6 ml of tetrahydrofuran, and the mixture was

stirred at 25C for 4 hours. Hydrolysis with 10% sulfuric

aciad, extraction with ethyl acetate, drying and

concentration gave 3.13 g of white crystals.

The crystals obtained were subjected to quantitative
analysis by HPLC and the yields
calculated.

and selectivity were

HPLC analysis conditions:
Column: YMC-ODS A-303, 4.6 x 250 mm B
Mobile phase: CH,CN/H,0 = 45/55
Flow rate: 1.0 ml/min.
Temperature: 30T

Retention time: {15.28) form - 17 min.;
21 min.

{1Ss,2R) form -

Analysis of the crystals under the above conditions
gave the following results.

[1(S)-benzyl-2(S)~hydroxy-3-chloropropyljcarbamic acid

t-butyl ester: 2.829 g (9.44 mmol); yleld 94.0%.

[1(8)-benzyl-Z(R)-hydroxy-3-chloiopropy1lcarbamic
t-butyl ester: ©0.059 g (0.20 mmol):

acid
vield 2.0%.
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Selectivity: (1§8,28) form/{(1S,2R) form = 98.0/2.0
Example 2
Production of

[1(S)-benzyl-2(8)-hydroxy-3-chloro-
propyllcarbamic acid t-butyl ester (I)

A 0.95 M hexane solution of triisobutylaluminum (1.05
ml; 1.0 mmol) was diluted with 6 ml of toluene, then 100
mg (1.04 mmol) of methanesulfonic acid was added, and fhe
mixture was stirred at room temperature for 30 minutes.
Then, 393 mg (2.13 mmol) of benzhydrol was added, and the
resultant mixture was stirred for 30 minutes.

To the thus-prepared reducing agent was added 298 mg
(1.0 mmol) of [l(S)-benzyl—z—oxo-a-chloropropyllcarbamic

acid t-butyl ester, and the mixture was stirred at 25C for

16 hours. Hydrolysis with 1 N hydrochloric acid,

extraction with ethyl acetate, drying and concentration

gave 300 mg of white crystals.

The crystals obtained were quantitatively analyzed by
HPLC under the same conditions as used in Example 1, and
the yields and selectivity were calculated.

Analysis of the crystals gave the following results.

{1(S)-benzyl-2(S)-hydroxy-3-chloxropropyllcarbamic
t-butyl ester:

acid
278 mg (0.927 mmol); yield 92.6%.

{1(S)-benzyl-2(R)-hydroxy-3-chloropropyllcarbamic
t-butyl ester: 3.1 mg (0.01 mmol);
Selectivity:

acid
yvyield 1.0%.
(1s,28) form/(1S8,2R) form = 98.9/1.1

Example 3
Production of {1(8)-benzyl-2(S)-hydroxy~3-chloro-
propyl]lcarbamic acid methyl ester (II)

H

O
NH

COzMe ()

Q)
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A 0.95 M hexane solution of triisobutylaluminum (2.6
ml; 2.47 mmol) was diluted with 15 ml of toluene, then 250
mg (2.60 mmol) of methanesulfonic acid was added, and the

mixture was stirred at room temperature for 30 minutes.

Then, 317 mg (5.27 mmol) of isopropyl alcohol was added,

and the resultant mixture was stirred for 30 minutes.

To the thus-prepared reducing agent was added 620 mg
(2.43 mmol) of [1(S)-benzyl-2-ox0o-3~-chloropropyl]carbamic
acid methyl ester, and the mixture was stirred at 25C for

16 hours. Hydrolysis with 1 N hydrochloric acid,

extraction with ethyl acetate, drying and concentration

gave 631 mg of white crystals.
The crystals obtained were quantitatively analyzed by

HPLC under the same conditions as used in Example 1, and

the yields and selectivity were calculated.
Analysis of the crystals gave the following results.

[1{(S})-benzyl-2(S)-hydroxy-3-chloropropyllcarbamic
methyl ester: 580 mg {(2.27 mmol):

acid
vyield 93.6%.

[1{(S)-benzyl-2({R)-hydroxy-3-chloropropyl]lcarbamic
methyl ester: 22 mg (0.08 mmol):

acid
vield 3.5%.

Selectivity: (18,28} form/(1S,2R) form = 96.4/3.6
Example 4 -
Production of

{1{(R)-phenylthiomethyl-2(S)-hydroxy-3-
chloropropyl]Jcarbamic acid benzyl ester-{(III)

OH

prs Y

o -
COaCHgPh (m)

A 0.95 M hexane solution of triisobutylaluminum (2.6

ml; 2.47 mmol) was diluted with 15 ml of toluene, then 242

mg (2.52 mmol) of methanesulfonic acid was added, and the
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mixture was stirred at room temperature for 30 minutes.
Then, 296 mg (4.93 mmol) of isopropyl alcohol was added,
and the resultant mixture was stirred for 30 minutes.

To the thus-prepared reducing agent was added 662 mg

{2.42 mmol} of [1(R)~phenylthiomethyl-2(5);hydroxy-a-

chloropropyllcarbamic acid benzyl ester, and the mixture
was stirred at 25C for 16 hours.

Hydrolysis with 1 N
hydrochloric acid,

extraction with ethyl acetate, drying
and concentration gave 784 mg of pale yellow crystals.

The crystals obtained were quantitatively analyzed by

HPLC under the same conditions as used in Example 1, and

the yields and selectivity were calculated.

Analysis of the crystals gave the following results.
[1(R)—phenylthiomethyl—Z(S)—hydfoxy—B—chloropropyl]—
carbamic acid benzyl ester: 625 mg (2.27 mmol): vield 93.7%.
[1{R}-phenylthiomethyl-2(R)-hydroxy-3-chloropropyll]-

carbamic acid benzyl ester: 26 mg (0.09 mmol); yield 3.9%.

Selectivity: {1R,2S8) form/{1R,2R} form = 96.0/4.0

Example 5

Production of [1(S)-benzyl-2{S}-hydroxy-3-chloro-

propyl]lcarbamic acid t-butyl ester (I)
A 0.95 M hexane solution of triisobutylaluminum (1.05

ml; 1.0 mmol) was diluted with 6 ml of toluene, then 101

mg (1.05 mmol) of methanesulfonic acid was added, and the

mixture was stirred at room temperature for 30 minutes.

Then, 124 mg (2.07 mmol) of isopropyl alcohol was added,

and the resultant mixture was stirred for 30 minutes.

To the thus-prepared reducing agent was added 298 mg
{1.0 mmol) of [1(S)-benzyl-2-0x0-3~chloropropyllcarbamic
acid t-butyl ester, and the mixture was stirred at 25C for
16 hours. After hydrolysis with 1 N hydrochloric acid. the
reaction mixture was extracted with ethyl acetate.

The solution obtained was analyzed quantitatively by

HPLC under the same conditions as used in Example 1, and
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the yields and selectivity were calculated.

Analysis of the solution gave the f£ollowing results.

[1(S)-benzyl-2(S)-hydroxy-3-chloropropyl]-carbamic.- acid

t-butyl ester: 290 mg (0.967 mmol); yield 96.8%.

{1(S)~-benzyl-2(R)-hydroxy-3-chloropropyllcarbamic
t~-butyl ester:

acid
5.5 mg (0.02 mmol);: yield 1.8%.

Selectivity: (1S5,28) form/{(1S.2R}) form = 98;111.9

Example 6

Production of {1{(S)-benzyl-2(8)-hydroxy-3~-chloro-

propyllcarbamic acid t-butyl ester (I)

A 0.95 M hexane solution of triisobutylaluminum (1.05

ml; 1.0 mmol) was diluted with 6 ml of toluene, then 202

mg (1.06 mmol) of p-toluenesulfonic acid hydrate was added,

and the mixture was stirred at room temperature for 30

minutes. Then, 135 mg (2.25 mmol) of isopropyl alcohol was

added, and the resultant mixture was stirred for 30 minutes,.
To the thus-prepared reducing agent was added 299 mg
(1.0 mmol) of {1(S)-benzyl-2-ox0-3-chloropropyllcarbamic

acid t-butyl ester, and the mixture was stirred at 25C for

16 hours. After hydrolysis with 1 N hydrochloric acid, the

reaction mixture was extracted with ethyl acetate.

The solution obtained was analyzed quantitatively by

HPLC under the same conditions as used in Example 1, and

the yields and selectivity were calculated.

Analysis of the solution gave the following results.
[1(S)-benzyl-2{S)-hydroxy-3-chloropropyl]lcarbamic acid

t-butyl ester: 208 mg (0.69 mmol): yield 68.9%.

{1{S})-benzyl-2(R)~-hydroxy-3-chloropropyllcarbamic acid

t-butyl ester: 12.1 mg {(0.04 mmol); yield 4.0%.

Selectivity: {1s,28) form/{1S,2R) form = 94.5/5.5

Example 7

Production of [1(8S)-benzyl-2(S)-hydroxy-3~chloro-

propyllcarbamic acld t-butyl ester (1)
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A 1.01 M toluene solution of diisobutylaluminum
hydride (1.0 ml; 1.01 mmol) was diluted with 6 ml of toluene,
then 97.2 mg (1.01 mrol) of methanesulfonic acid was added,

and the mixture was stirred at room temperature for 30

minutes. Then, 125 mg (2.08 mmol) of. isopropyl alcohol was

added, and the resultant'mix'ture ﬁas stirred for 30 minutes.

To the thus-prepared reduéing agent was added 301 mg
(1.01 mmol) of {1(S)-benzyl-2-oxo-3-chloropropyllcarbamic
acid t-butyl ester, and the mixture was stirred at 25C for
16 hours. After hydrolysis with 1 N hydrochloric acid, the

reaction mixture was extracted with ethyl acetate.

The solution obtained was analyzed quantitatively by

HPLC under the same conditions as used in Example 1, and

the yields and selectivity were calculated.

Analysis of the solution gave the following results.

[1{(S)-benzyl-2(S)-hydroxy-3-chloropropyl]lcarbamic acid

t-butyl ester: 289 mg (0.96 mmol):; yield 95.4%.

{1(S)-benzyl-2{R)-hydroxy-3-chloropropyl)carbamic acid

t-butyl ester: 5.9 mg (0.02 mmol): yield 1.9%,.
Selectivity:

(1s,28) form/(15,2R) form = 98.0/2.0
Example 8

Production of (25,38})-3-[(t-butoxycarbonyl)amino]-2-

hydroxy-4-phenylbutyric acid methyl ester (IV)

OH

COOMe
NH (v
COO0t-Bu

A 1.01 M toluene solution of diisobutylaluminum

hydride (0.5 ml; 0.5 mmol) was diluted with 1 ml of toluene,

the dilution was cooled on ice, then 50.8 mg (0.52 mmol)

of methanesulfonic acid was added, and the mixture was
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stirred for 30 minutes. Then, 295 mg {(1.56 mmol) of

after allowing the mixture to

return to room temperature, the mixture ﬁas stirred for 30
minutes.

benzhydrol was added and,

To the thus-prepared reducing agent was added 81.0 mg

(0.26 mmol) of (3S)-[(t-butoxycarbonyl)}amino}-2-oxo-4-

phenylbutyric acid methyl ester, and the mixture was stirred

at room temperature for 5 hours. After hydrolysis witﬂ 1

N hydrochlo'ric acid, the reaction mixture was extracted with
ethyl acetate.

The solution obtained was analyzed quantitatively by
HPLC under the same conditions as used in Example 1, and

the yields and selectivity were calculated.

Analysis of the solution gave the following results.
{25,38)-3-{(t-butoxycarbonyl)aminol-2-hydroxy-4-
phenylbutyric acid methyl ester:

53.3 mg {(0.17 mmol);
yield 66.3%.

(2R,3S)-3-[(t-butoxycarbonyl)amino]-2-hydroxy-4-
phenylbutyric acid methyl ester:

3.4 mg (0.01 mmol):
vield 4.2%.

Selectivity: {25,38) form/(2R,3S) form = 94.0/6.0

Reference Example 1

[1{S)-benzyl-2(S})-hydroxy-3-chloro-
propyl]carbamic aeid t-butyl ester (I)

Production of

Triisopropoxyaluminum (200 mg, 0.98 mmol) was diluted
with 6 ml of toluene.

of

Thereto was added 285 mg (0.96 mmol)
[1{(S)-benzyl-2-0x0-3~-chloropropyllcarbamic acid t?
butyl ester, and the mixture was stirred at 25C for 16 hours.
After hydrolysis with 1 N hydrochloric acid, the reaction

mixture was extracted with ethyl acetate. The solution

obtained was analyzed quantitatively by HPLC under the same

conditions as used in Example 1 and the yields and

selectivity were calculated.

Analysis of the solution gave the following results.
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(1(S}-benzyl-2{S)-hydroxy-~3-chloropropyllcarbamic acid
t-butyl ester: 17 mg (0.06 mmol); yield 6.0%.
[1(8)-benzy1-2(n)—hydrdxykx-cﬁlbroprbpyllqarbamic acid
t- butyl ester: 1. z'mg (0.004 mmol): yvyield 0.4%,

[1(s)- benzyl -2-0x0- 3-chloropropy1]carbamic acid t-butyl
ester: 246 mg (0.83 mmol). recovery 86. 3%. "
Selectivity: (18 28} form/(1S,2R)- form e 93.4/6.6

Reference Example 2

Trifisobutylaluminum hydride (1 M hexafie solution; 1
ml, 1 mmol) was concentrated under reduced pressure. After

argon substitution, the concentrate was diluted with 2 ml

of deuterated toluene, and 0.064 ml (1 mmol) of

methanesulfonic acid was further added. After 40 minutes,

0.23 ml (3 mmol) of .isopropyl alcohol was added to give a

reducing agent. After the lapse of 1 hour, the reducing

agent was subjected to 'H-NMR spectrometry, whereby the
chart shown in Fig. 1 was obtained.
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CLAIMS

1. A method for reducing oa-aminoketones which

comprises reacting an a-aminoketone derivative of the
general formula (1): )

0
R "
1)
N
e p

wherein R!' represents one member selected from the group

consisting of a substituted or unsubstituted alkyl group

containing 1 to 20 c¢carbon atoms, a substituted or

unsubstituted aralkyl group containing 7 to 20 carbon atoms,
a substituted or unsubstituted aryl group containing 6 to

20 carbon atoms, and a hydrogen atom; R? represents either

a group of the general formula (2):

CH,X;., (2)

wherein X represents a halogen atom and n represents an

integer of 0 to 2, or a group of the general formula (3):;

wherein Y represents one member selected from the group

consisting of an alkoxyl group, an aralkyloxyl group, a

substituted or unsubstituted amino group, and an alkylthio

group: P' and P? each independently represents a hydrogen

atom or an amino-protecting group, exclusive of the case

where P' and P? are the same and each represents a hydrogen
atom,



U

with a compound prepared f£from an organocaluminum compound
of the general formula (4):

25

R?
/

Al— RS (4)
R’

wherein R?, R' and R® each independently represents a
substituted or dnsubstifuted alkyl group containing 1 to
10 carbon atoms, or a hydrogen atom, on condition that at
most one of R®, R' and R® represents a hydrogen atom,

a sulfonic acid derivative of the generxral formula (5):

R¢SO,H (5)

wherein R® represents one member selected from the group

consisting of a substituted or unsubstituted alkyl group

containing 1 to 10 carbon atoms, a substituted or

unsubstituted aralkyl group containing 7 to 20 carbon atoms,

and a substituted or unsubstituted aryl group containing
6 to 20 carbon atoms, and

an alcohol compound of the general formula (6):
R’OH (6)

wherein R’ represents a substituted or unsubstituted,

primary or secondary alkyl group.-containing 1 to 20 carbon

atoms, or a substituted or unsubstituted, primary or

secondary aralkyl group containing 7 to 20 carbon atoms,

to give an a-~aminoalcohol derivative of the general formula

(7):
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N UL
pl PN p2

wherein R!, R?, P! and P? are as defined above.

2. The method for reducing a-aminoketones according

to Claim 1, wherein the sulfonic acid derivative of general
formula (5) is methanesulfonic acid.

3. The method for reducing a-aminoketones according

to Claim 1 or 2, wherein the alcohol compound of general

formula (6) is benzhydrol or isopropanol.

4. The method for reducing a-aminoketones according

to Claim 1, 2 or 3, wherein the organcaluminum compound of

general formula (4) is diisobutylaluminum hydride or

triisobutylaluminum.

5. The method for reducing c-aminoketones according

to Claim 1, 2, 3 or 4, wherein the reduction reaction is

carried out at temperatures of -20T t¢& 307TC.

6. The method for reducing a-~aminoketones according

toClaiml, 2, 3, 4 0or 5, wherein the organcaluminum compound
of general formula (4) is used in an amount of 1 to 2 moles

per mole of the ca-aminoketone derivative of general formula

{1)., the sulfonic acid derivative of general formula (5)

in an amount of 1 to 1.5 moles per mole of the organcaluminum

compound of general formula (4), and the alcohol compound

of general formula (6) in an amount of 2 to 3 moles per mole

of the organcaluminum compound of general formula (4).
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The method for reducing a-aminoketones according
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7.

to Claim 1, 2, 3, 4, 5 or 6, wherein, in the a-aminoketone
derivative of general formula (1), one of p! and P? is a
hydrogen atom and the other is.,'. an amino-p:otedting group

selected from among alkoxycarbonyl and aralkyloxycarbonyl
groups.

8. The method for reducing ac-aminoketones according

to Claim 1, 2, 3, 4, 5, 6 ox 7, .wherein the o-aminoalcohol
derivative of general formula (1) is obtained

stereoselectively in the erythro isomer form.

9. The method for reducing a-aminoketones according

to Claim1l, 2, 3, 4, 5, 6, 7 or 8, wherein the a-aminoketone

derivative of general formula (1) is an a-aminohaloketone
derivative of the general formula (8};

! (8)

wherein X represents a halogen atom; R! represents one member
selected from the group consisting of a substituted or
unsubstituted alkyl group containing 1 to 20 carbon atoms,
a substituted or unsubstituted aralkyl group containing 7
to 20 carbon atoms, a substituted or unsubstituted aryl group
containing 6 to 20 carbon atoms, and a hydrogen atom; P! and
P? each independently represents a hydrogen atom or an
amino-protecting group, exclusive of the case where P! and
P? are the same and each represents a hydrogen atom,

and the a-aminoalcohol derivative of general formula (7)

is an a-aminohalohydrin derivative of the general formula
(9):
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9
AN @

wherein X, R!, P! and P?® are ag defined above.

10. The method for reducing a-aminoketones according

to Claim 9, wherein the ca-aminohaloketone derivative of

general formula (8) is one member selected from the group

consisting of optically active (S)-(l-benzyl-3-chloro-

2-oxopropyl)carbamic acid t-butyl ester, (R)-(l-benzyl-

3-chloro-2-oxopropyl)carbamic acid t-butyl ester, (S)-

(1-benzyl—3~chloro-2-oxopropyl)carbamicacidmethylester.

(R})-(l-benzyl-3-chloro-2-oxopropyl)carbamic acid methyl

ester, (S)-(l-benzyl-3-chloro-2-oxopropyl)carbamic acid

ethyl ester, (R)-{l-benzyl-3-chloro-2-oxopropyl)carbamic

acid ethyl ester, {S)-{1-benzyl-3~-chloro-2-

oxopropyl})carbamic acid benzyl ester, (R)-(l-benzyl-3-

chloro-2-oxopropyl)carbamic acid benzyl ester, (S)-(1-
benzyl-3-chloro-2-oxopropyl)carbamic acid

tetrahydrofuran-3(S)-yl ester, ER)—(l—benzyl—3—chloro—

2-oxopropyl)carbamic acid tetrahydrofuran-3(S8)-yl ester,
(S)—(1-phenylthiomethy1—3-chloro~2—6xopropyl)carbamic

acid benzyl ester, (R)-(l-phenylthiomethyl-3-chloro-2-

oxopropyl)carbamic acid benzyl ester, (s)y-(1-
phenylthiomethyl-3-chloro-2-oxopropyl)carbamic acid t-
butyl ester, (R)-(1l-phenylthiomethyl-3-chloro-2-
oxopropyl )carbamic acid t-butyl ester, (S)-(1-
phenylthiomethyl-3-chloro-2-oxopropyl)carbamic acid
methyl ester, (R)-{l1-phenylthiomethyl-3-chloro-2-
oxopropyl)carbamic aciad methyl ester, (s)-(1-

phenylthiomethyl-3-chloro-2-oxopropyl)carbamic acid ethyl
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{R)-{l-phenylthiomethyl-3-chloro-2-
oxopropyl)carbamic acid ethyl ester, N-{(1R)-3-chloxro-
2-oxo0-1-[{phenylsulfanil)methyl]lpropyl)}-3-hydroxy-2-

methylbenzamide, and

29

ester,

N-{(18)-3-chloro-2~0oxo0-1-
[(phenylsulfanil)methyl]propyl}-3-hydroxy-2-
methylbenzamide.



