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METHOD FOR REDUCXNG a-AMXNOKETONE 

FIELD OF. THE XNVBNTION 

The· present invention relates to a method for 
. . 

stereoselectively reducing a-aminoketone derivatives, in 

particular a-aminohaloketone derivatives. 

The reduction products. namely. u-aminoalcoho1 

derivatives. in particular a~aminohalohydrin derivatives. 

are compounds useful as intermediates for the production 

of medi.c1.na1 compounds. for example HIV protease 1.nhibi tors 

(Japanese Kokai 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 a-aminoketone derivatives to a-

arninoalcohol derivatives by stereoselective reduction is 

required to be high in operability and efficient for 

industrialization since such a-aminoalcohol derivatives 

having an erythro configuration are important as 

intermediate~ 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 rel.ative configuration shown be1ow. In the 

fo11owi.ng form.uia. Z1 and Z 2 represent the remaining chemical. 

structure moieties. 

OH --1 : 
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A prior art techno1ogy for reducing a-aminoketone 

derivatives comprises. for example, reducing them with 

d.1:i.s.obuty1aluminum hydride (DIBAH). sodium borohydr!.de. 

lithium tri-seoondary-buty1borohydr1de (L-Se1ectride) or 

the like at -78't ('l'etrahedron Letters. 3.6.. 5453 (1995)]. 

The reduction technology using DIBAH is exoe11ent in 

reactivity and economy and is a very useful method from the 

industrial viewpoint. 'l'his method is used 1.n reducing. for 

example. a-aminochloroketone derivatives derived from 

leucine. When said a-aminoohloroketone derivatives are 

reduced with DIBAR at -78't. the erythro forms oan be obtained 

preferentially with a diastereomer excess of about 75%. 

However, this method requires an extremely low 

temperature of -78't for achieving high selectivity. 

In Japanese Kokai Publication Hei-8-99959. a 

technology is discl;.osed 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 de-manded by which carbonyl 

compounds. in particular optically acti~e a-aminoketone 

derivatives can be converted to erythro-form a-aminoal.cohol 

derivatives by stereoselective reduction under mild 

conditions. 

Acoordingl.y. it is an object of the present invention 

to provide a method for reducing a-aminoketone derivatives. 

in particular a-aminohal.oketone derivatives, under mild 

conditions to give a-ami.noal.oohol derivatives, 

particu1ar a-aminohalohydrin derivatives. 

stereose1eotivity. 

with 

in 

high 
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SUMMARY OF THE INVENTION 

The present invention is directed to A method for 

reduc:ing a-ami.noketones whi.ch compr:ises reacti.ng an a­

aminoketone derivative of the general formu1a (1); 

(1) 

wherein R1 represents one member selected from the group 

consisting of a substituted or unsubstituted alkyl group 

containing 1 to 20 carbon atoms, a substituted or 

unsubsti.tuted aralkyl group contai.ni.ng 7 to 20 carbon atoms, 

a substituted or unsubsti.tuted aryl group containing 6 to 

20 carbon atoms, and a hydrogen atom; R 2 represents either 

a group of the general formula (2): 

wherein X represents a halogen atom and n represents an 

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

0 

~ y 

(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 a1ky1thio 

group: P 1 and P 2 each independently represents a hydrogen 

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

where P 1 and P 2 are the same and each represents a hydrogen 

atom, 

with a compound prepared from an organoaluminum compound 
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of the general formula (4)1 

wherein R3
• R4 and R5 each .independently represents a 

substituted or unsubstituted a1ky1 group containing 1 to 
10 carbon atoms. or a hydrogen atom. on condition that at 
most one of R3

• R' and R5 represents a hydrogen atom. 
a sulfonic acid derivative of the general formula (5); 

wherein R' represents one member selected from the group 
consisting of a substituted or unsubstituted alkyl group 
containing 1 to 10 carbon ato~s. 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): 

( 6 ) 

wherein R7 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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(7) 

wherei.n R1
• R2

, P1 and P2 are as defined above. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a chart showing an NHR spectrum of the 
reducing agent obtained i.n Reference Examp1e 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): 

(8) 

[wherein X represents a halogen atom: R 1 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: P 1 and P2 each independently represents 
a hydrogen atom or an amino-protecting group, exclusive of 
the case where P1 and P2 are the same and each represents a 
hydrogen atom] • 
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an a-aminohal.ohydrin derivative of the general formula { 9); 

OH 

R~X 
N (9) 

pl/ "-p2 

(wherein X, R1
, P 1 and P 1 are as defi.ned above] can be obtained 

as the a-aminoalcohol. derivative of general. formu1a (7). 

The a-aminoa1cohol 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 deri.vative of general 

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

general formula (8), R1 is the side chain of a common a­

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

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

by processing such a common a-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 ~nsubstituted aryl group containi~g 6 to -

20 carbon atoms, or a hydrogen atom. 
-

The substituent on said side chain is not limited to 

any particu1ar species but inc1udes, for example. a ha1ogen 

atom, an a1koxycarbonyl group. an alkoxyl group, a protected 

amino group. a cyano group. a nitro group, a su1finyl group. 

a sulfony1 group and an al.kylthio group. Two or more such 

substituents may be introduced in the side chain. 

Said substituted or unsubstituted alkyl group 

containing l to 20 carbon atoms is not limited to any 

partioul.ar species but inc1udes. for example, methyl.. ethyl, 

isopropyl, butyl. t-buty1. hydroxymethyl. mercaptomethyl.. 
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phenylth1.omethy1, and m~thy~th~omethyi. 

preferab1y conta:l.ns 1 to 10 carbon atoms. 

Sa1.d group 

Sa1.d subst1.tuted or unsubstituted aral.kyl group 

contain1.ng 7 to 20 carbon atoms is not limited to any 

part:l.cu1ar species but includes. for example. benzy1. 

p-hydroxybenzyl. p-methoxybenzyl. and a-phenyl.ethyl. 

Said group preferably contains 7 to 15 carbon atoms. 

Sai:d substituted or· unsubst:ltutecl aryl group 

conta1.n:lng 6 to 20 carbon atoms 1.s not 11.mi.ted to any 

particul.ar spec1.es but i.ncl.udes. for example. phenyl.. 

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

chlorophenyl. 

carbon atoms. 

Said group pre·ferabl.y contains 6 to 15 

Referring to the cx-aminoketone derivative of general 

formula (1). R2 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 hal.ogen atom and n represents an integer of 

o 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. 

chloritie atom. 

Preferred is a 

The group of general formula ( 2) is not l.imi ted to any 

particular species but incl.udes, for example, chloromethyl. 

dichloromethyl, trichloromethyl., bromomethy1, 

dibromomethyl. tribromomethy1, fluoromethy1, 

difluoromethyl., trifluoromethyl. iodomethyl. diiodomethyl 

and tri.iodomethyl. Among them, chloromethyl, 

dichl.oromethyl. and trichloromethyl. are preferred. 

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

represents an al.koxyl. group. an aral.kyl.oxyl group, a 

substituted or unsubstituted amino group. or an aikyl.thio 

group. 
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Said 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. 

Sai.~ substi.tuted or unsubstituted amino group is not 

1imi ted to any particular species but i.ncludes, for example, 

amino and dimethylamino. 

Said alkyl thio group is not 1imi ted to any particular 

species but includes, for example, methylthio and 

phenylthio. 

The group of general formula ( 3) is not li.mi. ted to any 

particul.ar species but inol.udes. for exampl.e. 

methoxycarbonyl, ethoxycarbonyl, benzyloxycarbonyl, t­

butoxycarbonyl and oarbamoyl. Among them, rnethoxycarbonyl 

and ethoxycarbonyl are preferred. 

Referring to the a-aminoketone derivative of general 

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

formula (6), P 1 and P 2 each independently represents a 

hydrogen atom or an amino-protecting group, exclusive of 

the case where P1 and P2 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 exampl:es, there may be 

mentioned those.protective groups described by Theodora W. 

Green in •Protective Groups in Organic Synthesis•, 2nd 

edition, John Wiley & Sons. 1990, pp.309 -364, for examp1e 

ethoxycarbony1. 

benzy1oxycarbony1, 

methoxycarbony1, 

acety1, tosy1 

t-butoxycarbonyl, 

and benzoy1. The 

protective group further includes the case where the 

amino-protecting group intramolecularly forms an 
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oxazolinone or ·oxazolidinoqe ~ing. (3S)­

Tetrahydrofurany1oxycarbonyl, 3-hydroxy-2~met~yl~enzoy1 

and the like are also within the rang~ of choice of the 

protective group. 

Referring to the a-aminohaloketone de.r1va~ive of 

general formula (8). X represen~s a halogen atom. 

Said ha1ogen atom is not 11m1ted to .any particular 

species but includes. for exampl.e, a chlorine atom, a bromine 

atom, an .iod.ine. atom and a flu.or.ine atom.. Among them, a 

chlorine atom is preferred. 

The a-aminoketone derivative of general formula (1) 

is not limited to any particular species but includes. for 

example. l(S}-benzyl-2-oxo-3,3-dichloropropylcarbamic 

acid t-butyl ester, l(R)-benzyl-2-oxo-3,3-

dichloropropylcarbamic acid t-butyl ester. l(S)-benzyl-

2-oxo-3.3.3-trichloropropylcarbamic acid t-butyl ester, 

1 (R) -benzyl-2-oxo-3, 3, 3-trichloropropylcarbamic acid t­

butyl ester. 3(S}-(N~benzyloxycarbonylamino)-2-oxo-4-

phenylbutyric acid methyl ester and 3 ( R }- (N-benzyloxy­

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

The a-aminohaloketone derivative of general formula 

(8} is not limited to any particular species but includes, 

for exa~ple, 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)-(l­

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

( R} - ( 1-benzyl- 3-chloro-2-oxopropyl) carbamic acid methyl 

ester, (S)-(l-benzyl-3-ohloro-2-oxopropyl)carbamic aoid 

ethyl ester, (R)-(1-benzy1-3-oh1oro-2-oxopropyl)oarbamio 

acid ethyl ester, (S)-(l-benzy1-3-oh1oro-2-

oxopropy1)oarbamio aoid benzyl ester, (R)-(1-benzyl-3-

ch1oro- 2 -oxopropy1) carbamio acid benzy 1 ester. ( S) - ( 1-

benzyl- 3 -oh1oro - 2 -oxopropy1) carbamic acid 

tetrahydrofuran-J(S)-yl ester, (R)-(1-benzy1-3-chloro-

2-oxopropyl)carbam1o acid tetrahy4rofuran-3(S)-y1 ester, 
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(S)-(1-phenylthiomethil~3~chlor6-2-oxo~~opyl)carbam1o 

acid benzyl. ester. (R)-( 1-pheny1t.hiomethyl-3-chloro-2-

oxopropy1)carbam1o acid benzyl. ester. (S)-(1-

pheny1thiomet~yl-3-oh1oro-2-oxop~opyl)carbamic acid t­

butyl ester, (R)-(1-pheny1thiomethyl-3-ohloro-2-

oxopropyl)carbamio acid t-butyl ester, (S)-(1-

pheny1thi_omethyl-3-ohloro-2-oxopropyl.)carbamic acid 

methyl ester. {R)-(l~phenylthiomethyl.-3-ohloro-2-

oxopropyl.)carbamio acid methyl ester, (S)-( 1-

phenylthiomethyl-3-ohloro-2-oxopropyl.)oarbamio aoid ethyl 

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

oxopropyl)oarbamic acid ethyl ester, N-{(lR)-3-ohloro-

2-oxo-1-[(phenylsulfanil)methyl]propyl}-3-hydroxy-2-

methylbenzamide, and N-{(lS}-3-chloro-2-oxo-1-

[(phenylsulfanil)methylJpropyl)-3-hydroxy-2-

methylbenzamide. 

Referring to the organoaluminum compound of general 

formula (4), R 3
, R4 and Rs 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 R3
, R4 and Rs 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. Among them, ethyl and 

isobutyl are preferred. 

The organoaluminum compound of general formula ( 4) is 

not limited to any particular species but includes, for 

example, diisobutylaluminum hydride, triisob~tylaluminum 

and triethylalurninum. Among them, diisobutylaluminum 

hydride and triisobuty1a1uminum are preferred. 

Referring to the sulfonic acid derivative of general 

formula (5), Re represents a substituted or unsubstituted 

alkyl group containing 1 to 10 carbon atoms. a 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 unsubstituted alky1 group 

containing 1 to 10 carbon ~toms is not limited to any 

particu1ar species but :lnc1udes. for examp1e. methyl. ethy1. 

isopropy1, n-butyl and trichloromethyl. . Among them. 

~ethy1 is preferred. 

Sai.d substi.tuted or unsubstituted ara1kyl group 

containing 7 t9 20.carbon atoms is not 1imited to any 

particu1ar species but 1nc1udes. for examp1e, benzy1 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-chl.orophenyl and naphthyl. 

Said group prefera.~ly contains 6 t.o 15 carbon atoms. 

The sulfonic acid derivative of g~neral 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), R1 represents a substituted or unsubstituted, primary 

or secondary alkyl group containing ~ to 20 carbGn atoms 

or a substituted or unsubstituted, primary or secondary 

aralkyl group containing 7 to 20 carbon atoms. 

Said substituted or unsubstituted. primary or 

secondary a1ky1 group containing 1 to 20 carbon atoms 1s 

not limited to any particular species but inc1udes. for 

example, methyl. ethyl, isopropyl. secondary-butyl. 

oyclohexyl and 2,4-dimethyl-3-penty1. Said group ., 

preferably contains 1 to 10 carbon atoms. and isopropyl. and 

secondary-butyl are more preferred. 

Said substituted or unsubstituted. primary or 
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second~ry aral.ky1 group containing 7 to 20 carbon atoms is 
not 1imited to any particular species but includes. for 

example. benzhydry~. b~nzy1. phenylpro~y1. a-pheny1ethy1 
and p-met~oxybenzy1. Said group prgferab1y contains 7 to 
15 carbon atoms, and benzh~dry1 is more preferred. 

~he alcohol compound of general formula (6) is not 
l.imited to any parti"C~lar species but inol.udes. 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 inve~tion can be prepared by reacting the 
organoaluminurn 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 n-aminoketone derivatives or a­
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 gene_ral formula ( 1) to be reduced. 
the organoaluminum compound of general formul.a ( 4) selected, 
the su1fonic acid derivative of genera1 formu1a ( 5) selected, 
the alcohol oompoun~ of genera1 formul.a (6) selected, the 
temperature at which the reducing agent is prepared. and 
the procedure for preparing the reducing agent, among others. 
It is preferred, how.ever, that those addition levels are, 
on the equival.ent basis, as fo1l.ows. 

Thus. the organoalumi.num oomp~und of general. formal.a 
( 4) is preferabl.y used in an amount of 1 to 2 mol.ar 



13 

equivalents relative to the-carbonyl compound of genera~ 

formula (1). 

~he sulfonic acid derivative of general formula (5) 

is preferably used in an amount of 1to1. 5 molar equivalents. 

more preferably 1 to ·1 .. 2 molar equivalents. relative· to the 

organoaluminum compound_ of gener~l formula (4). 

The alcohol compound of· general formul.a (6) is 

preferably used in an amount of 2 to 3 molar equiva~ents. 

more preferably 2 to 2. 4 molar equivalents. relative to the 

organoalumin.um compound of general. formula ( 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. 

In the above formula, R6 and R7 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 aca<>rdance 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 examp1e. in 

the fol1owing manner. The reducing agent can be prepared 

by first mixing the organoa1uminum compound of genera1 

formu1a (4) with the sulfonio acid derivative of genera1 

formula ( 5) in a so1vent. suoh as toluene. benzene or xy1ene. 

preferab1y at -2o'C to JO'C. more preferably -lO'C to 2s'C. 
and then adding benzhydro1 as the alooho1 compound of general 

formula (6). followed by stirring. 

Then. the a-aminoketone derivative of genera1 formula 
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(1) is added to the reaction system. and the mixture is 

stirred for effecting the reduction of the u-amino~~tone 

derivative of general formu1a (1). The order of addition 

of the compounds ment.ioned above is not necessarily 11.mite~ 

to that mentioned above but may be change~ un1ess the object 

of the invention is defeated. The r_eaction temperSrture 

preferab1y ranges from -2o'C to 30'C. more preferably -10-C 

to 2st. 
The· u-aminoketone derivative of generai formu1a (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 a-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 oan 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 ethoxycarbony1 or an 

aral.kyl.oxycarbonyl group such _as benzyloxyoarbonyl. for 

instance. the reduction reaction can be allowed to proceed 

with high selectivity toward the erythr~ form. 

Thus, for instance, by using methanesul.fonic acid as 

the sul.fonic acid of general formul.a (5) and benzhydro1 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 97t. 

Further. by using benzhydrol and such an a­
as (S)-(t-butoxyoarbonyl-aminoketoester de~ivative 

amino)-2-oxo-4-phen~l.butyrio acid methyl ester. the 
corresponding optical.ly active a-hydroxy ester can be 
obtained with high erythro selectivity. 

J:n this way. the a-aminoaloohol. derivatiye of general. 
formula (7) can be obtained stereoselectivel.y in erythro 

isomer form from the a-aminoketone derivative of general 
formula ( 1). When the a-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 a-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 
derivat;.ives under mild conditions and with high 
stereoselectivity. 

BEST MODE FOR CARRYING OU~ THE INVENTION 
The fol.lowin~ exampl.es illustrate the present 

invention in further detai1. They are. however. by no means 
I.imitative of the scope of the present invention. 

Exampl.e 1 

Producti.on of (l(S)-benzyl-2(S)-hydroxy~3-oh1oro-

propyl]carbamic acid t-butyl ester (I) 
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OH 
!" . 

(I) 

To a 0.95 M hexane soiution of triisobutyla1uminum 

(12.7 ml: 12.1 mmol) was a~ded 1.277 g (13.29 m~ol) of 

methanesul.fonic acid. and the mixture was stirred at room 

temperature for 2 hours. Then. 1.566 g (26.06 mmo1) of 

isopropyl alcohol. was added and the resultant mixture was 

stirred for 1 hour. 

To the thus-prepared reducing 

solution of 2.99 g (10.04 mmol) of 

agent was added a 

[l(S)-benzyl-2-oxo-

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

to.:J_uene plus 5. 6 ml of tetrahydrofuran. and the mixture was 

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

acid. 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 and selectivity were 

calculated. 

HPLC analysis conditions: 

Column: YMC-ODS A-303, 4.6 x 25Q mm 

Mobile phase: CH 3CN/H 20 = 45/55 

Flow rate: 1.0 ml/min. 

Temperature: 30"C 

Retention time: { lS. 2S} form - 17 min.; ( lS, 2R) form -

21 min. 

Analysis of the crystals under the above conditions 

gave the foll.owing resul. t.s. 

(l(S)-benzyl-2(S}-hydroxy-3-ohl.oropropyl.]carbamio acid 

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

(l(S}-benzy1-2(R}-hydroxy-3-oh1oropropyl)oarbamic 

t-butyl ester: 0.059 g (0.20 mmol); y~e1d 2.ot. 

aoi.d 
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Se1ectivity: (1S,2S) form/(1S,2R) form • 98.0/2.0 

Exampl.e 2 

Production of [1(S)-benzyl-2(S)-hydroxy-3-ch1oro-

propy1Jcarbam~c acid t-buty1 es~er (X) 

A O. 95 M hexane solution of triisobutyl.aluminum ( l. 05 

ml; 1.0 nunol) was diluted with 6 ml. of tol.uene. then 100 

mg (1.04 mmo1) of methanesul.fonic acid was added, and the 

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 mmo1) of [l(S)-benzyl-2-oxo-3-chloropropyl}carbamic 

acid t-butyl ester. and the mixture was stirred at 25'C 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. 

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

_ t-butyl ester: 278 mg (0.927 mmol): yield 92.6%. 

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

t-butyl ester: 3.1 mg (0.~1 mmol); yield 1.0%. 

Selectivity: {1S,2S) forrn/(1S,2R) form= 98.9/1.1 

Example 3 

Production of {l(S)-benzyl-2(S)-hydroxy-3-ohloro-

propylJcarbamic acid methyl ester (II) 

QH 

~ 
C02Me (II) 
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A 0.95 M hexane sol.ution of tri.isobutylal.uminum (2.6 

ml.: 2.47 mmo1) ~as dil.uted with 15 ml of toluene. then 250 

mg (2.60 mmol.) of methanesu1fonic acid was added, and the 

mi.xture was stirred at.room temperature for 30 minutes. 

Then, 317 mg (5.27 mmo1) of isopropyl a1coho1 was added, 

and the resultant mixture was stirred for 30 minutes. 

To the thus-prepared reduci.ng agent was added 620 mg 

(2. 43 mmol) of [ 1 ( S)-benzyl.-2-oxo-3-chl.or·opropyl]carbamic 

acid methyl ester. and the mixture was stirred at 254(: for 

16 hours. Hydrolysis with 1 N hydrochloric aci.d, 

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 l, and 

the yields and selectivity were calculated. 

Ana1ysis of the crystals gave the following results. 

[l(S)-benzyl-2(S)-hydroxy-3-chloropropyl}carbamic acid 

methyl ester: 580 mg {2.27 mmol): yield 93.6%. 

ll(S)-benzyl-2(R)-hydroxy-3-chloropropy1]carbamic acid 

methyl ester: 22 mg (0.08 mmol): yield 3.5%. 

Selectivity: (1S,2S) form/(1S.2R) form = 96.4/3.6 

Ex~mple 4 

Production of [l(R)-phenylthiomethyl-2(S)-hydroxy-3-

chloropropyl]carbamic acid benzyl ester-(III) 

(m) 

A 0. 95 M hexane sol.ution of triisobutyl.al.uminum ( 2. 6 

ml.; 2.47 mmol.) was dil.uted with 15 ml. of tol.uene. then 242 

mg (2.52 mmol.) of methanesul.fonio acid was added. and the 
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mixture was stirred at room temperature for 30 minutes. 

Then. 296 mg (4.93 mmo1) of 1sopropy1 al.coho1 was added, 

and the resul.tant mixture was stirred for 30 minutes. 

To the thus-prepared reducing agent was added 662 mg 

( 2. .·42. mmol) of ( 1 (R) -phenylthiomethyl-2 ( S) -hydroxy-3-

chloropropyl l carbamio acid benzyl ester, and the mixture 

was stirred at 254t for 16 hours. Hydrol.ysi.s with 1 N 

hydroch1oric acid. extraction with ethy1 acetate, drying 

and concentration gave 784 mg of pale yel.1ow crysta1~. 

The crystal.s obtained were quantitatively analy.zed 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. 

[l(R)-phenylthiomethyl-2(S)-hydroxy-3-chloropropy1}­

carbamio acid benzyl ester: 625 mg ( 2. 2 7 mmol): yield 93. 7%. 

(l(R)-phenylthiomethyl-2(R)-hydroxy-3-ch1oropropy1J­

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

Selectivity: (1R.2S) form/(1R.2R} form = 96.0/4.0 

Exampl.e 5 

Production of [l(S)-benzyl-2(S)-hydroxy-3-chloro-

propyl]carbamic acid t-butyl ester (I) 

A O. 95 M hexane solution of triisobutylalurninum ( 1. 05 

ml: 1.0 mmo1) 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 296 mg 

(l.O mmo1) of {l(S)-benzy1-2-oxo-3-ch1oropropyl]carbamio 

acid t-butyl ester, and the mixture was stirred at 2s't: for 

16 hours. After hydrolysis with 1 N hydrooh1orio acid, the 

reaction mixture was extraoted 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 oaloul.ated. 

Analysis of the solution gave the followi.ng results. 

(1(S)-benzyl-2(S)-hydroxy-3-ch1oropropy1J-carbamic- acid 

t-butyl ester: 290 mg (0.967_mmo1); yi.e1d 96.8t. 

(1(S)-b.enzy1-2(R)-hydroxy-3-chloropropy1Jcarbamic 

t-butyl ester: 5.5 mg (0.02 mmol)i yield 1.8~. 

Select! v1.ty: ( lS. 26) form/ ( 16. 2R) form ... 98.1/1. 9 

Exampl.e 6 

aci.d 

Production of (l(S)-benzy1-2(S)-hydroxy-3-chloro-

propyl]carbamic acid t-butyl ester (I) 

A 0. 9 5 M hexane solution of triisobutylalurninum ( 1. 05 

ml; 1.0 mmo1) was diluted with 6 ml of toluene. then 202 

mg (l.06 mmol.) of p-to1uenesulfonic 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 

(l.O mmo1) of (l(S)-benzyl-2-oxo-3-chloropropylJcarbamic 

acid t-butyl ester. and the mixture was stirred at 2s'C for 

16 hours. After hydrolysis with 1 N hydrochl.oric acid, the 

reaction mixture was extracted with ethyl acetate. 

The so_lution o_btained was analyzed quantitativel.y by 

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

the yields and selectivity were calculated. 

Analysis of the solution gave the foll.owing results. 

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

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

[l(S)-benzyl.-2(R)-hydroxy-3-chl.oropropyl.]oarbamic acid 

t-buty1 ester: 12.l mg (0.04 mmol)~ yiel.d 4.0l. 

Se1eotivity: (1S,2S) form/(1S,2R) form = 94.5/5.5 

Exampl.e 7 

Production of (1(S)-benzyl.-2(S)-hydroxy-3-oh1oro-

propy1Joarbamic acid t-butyl. ester (X) 
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A 1. 01 M toluene solution of diisobutylal.uminum 

hydride (1.0 ml.: 1.01 mmol) was diluted with 6 ml of tol.uene. 
then 97 .2 mg (1.01 mmol.) of methanesul.fonic acid was added. 

and the mixture was stirred at room temperature for 30 
minutes. 'l'hen, 125 mg ( 2. 08 mmol.) of. isopropyl. alcohol. was 

added. and the resul. tant mixture was stirred for 30 minutes. 

'l'o the thus-prepared reducing agent was added 301 mg 

(1.01 mmol) of ll(S)-b~nzyl-2-oxo-3 ... chl.oropropyl]carbamic 

acid t-butyl. ester. and the mixture was stirred at 2st for 
16 hours. After hydrol.ysis with 1 H 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. 

[l(S)-benzyl-2(S)-hydroxy-3-chloropropyl]carbamic 

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

{l(S)-benzyl-2(R)-hydroxy-3-chloropropyl]carbamic 

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

Selectivity: (1S,2S) form/(1S.2R) form = 98.0/2.0 

acid 

acid 

Exampl.e 8 

Production of {2S,3S)-3-[(t-butoxycarbonyl)amino]-2-

hydroxy-4-phenylbutyric acid methyl ester (IV) 

OH 
'= 

~COOMe 
V ~H (IV) 

coot-Bu 

A 1. 01 M to1uene so1ution of diisobutylaluminum 
hydride (O .. s ml1 o.s mmol) was di.luted with 1 ml of toluene, 
the di1ution was cooled on ice, then 50.6 mg (0.52 mmol) 

of methanesulfonio acid was added, and the mixture was 
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stirred for 30 minutes. Then. 295 mg (1.56 mn\ol) of 

benzhydrol. was added and, after a11ow1ng the mixture to 

return to room temperature. the mixture was stirred for 30 

minutes. 

To the thus-prepared reducing agent was added 81. o mg­

( 0. 26 mmol.) of (3S)-[(t-butoxycarbonyl)aminoJ-2-oxo-4-

phenylbutyric acid methyl. ester. and the mixture was stirred 
' at room temperature for 5 hours. After hydrolysis with 1 

N hydrochl.orJ.c acid. the reaction mixture was extracted with 

ethyl acetate. 

The so1ution obtained was analyzed quantitatively by 

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

the yields and selectivity were calculated. 

Analysis of the solution gave the following results. 

(2S.3S)-3-((t-butoxycarbony1)amino]-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: 

yiel.d 4.2%. 

3 • 4 mg ( 0 • O 1 mmol} : 

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

Reference Example 1 

Production Of [l(S)-benzyl-2(S}-hydroxy-3-chloro-

propyl]carbamic acid t-butyl ester (I) 

Triisopropoxyaluminum ( 200 mg. O. 98 mmol.) was di1-uted 

with 6 ml of toluene. Thereto was added 285 mg ( O. 96 mmol) 

of [l(S)-benzyl-2-oxo-3-chl.oropropy1]oarbamic acid t­

buty1 ester, and the mixture was sti~red at 25't for 16 hours. 

After hydro1ysis with 1 N hydroch1oric acid. the reaction 

mixture was extracted with ethyl. acetate. The solution 

obtained was ana1yzed quantitativel.y by HPLC under the same 

conditions as used in Exampl.e 1 and the yie1ds and 

se1ectivity were calculated. 

Analysis of the ~o1ution gave the fo11owing results. 
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[1(S)-benzyl-2(S)-hydroxy-3-ch1oropropy1Jcarbamic 

t-butyl esters 17 mg (0.06 mmol); yield 6.0t. 

( 1 (S)-benzyl-2 (R) -hydroxy·-.3·-ch.1~ropr~py1J~arbam1.c 

acid 

aci.d 

t-butyl esters 1.2 mg (0.004 .. "1m01): y1el·~.0.4t~· 

(l(S).:.benzyi..:2-oxo-3-chloropropyl]carbamio ·acid t·-butyl. 

esters 246 mg (0.8~ mmo1): recovery 86~.3t. 

Selecti.vi.ty·: .(1S.,2ST form/(1S.,2R) ·form.• -93.4/6.6 

Reference Exampl.e 2 

Triisobutylaluminum hy~ride (1 M hexane 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 1H-NMR spectrometry, whereby the 

chart shown in Fig. 1 was obtained. 
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CLAIMS 

1. A method for reducing a-am:Lnoketones wh1.oh 

compr~ses r~actin_g an· a-am1.noketon.e · derivative of the 

genera1 form~1a (1): 
:.: .. • 

(1) 

wherein R1 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: R2 represents either 

a group of the general formula (2): 

wherein X represents a halogen atom and n represents an 

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

0 

~ y 

(3) 

wherein Y represents one member selected from the group 

consisting of an a1koxy1 group. an ara1ky1oxy1 group. a 

substituted or unsubstituted amino group, and an alkylthio 

group; P1 and P2 each independently represents a hydrogen 

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

where P 1 and P 2 are the same and each represents a hydrogen 

atom. 
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with a compound prepared from an organoalumi.num compound 

of the general formula (4); 

wherei.n R3
, lt4 and R5 each 1.ndependently represents a 

substituted or unsubstituted alkyl group containing 1 to 

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

most one of R3
, R( and R5 represents a hydrogen atom, 

a sulfonic acid derivative of the general formula (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); 

(6) 

wherein R7 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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wherein R1
• Rz, P1 and pz are as defined above. 

2. The method for reducing a-ami.noketones accordi.ng 

to Cl.aim 1. wherein the sul.fonic 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 l, 2 or 3. wherein the organoaluminum compound of 

general formula (4) is diisobutylaluminum hydride or 

triisobutylaluminum. 

5. The method for reducing a.-aminoketones according 

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

carried out at temperatures of -2o'C to- 30'C. 

6. The method for reducing a-aminoketones according 

to Claim 1, 2, 3, 4 or 5, wherein the organoaluminum compound 

of general formula (4) is used in an amount of 1 to 2 moles 

per mol.e of the a-aminoketone derivative of general. formula 

(1), the sulfonio acid derivative of general formula (5) 

in an amount of 1 to 1. 5 moles per mole of the organoal.uminum 

compound of genera1 formu1a (4). and the alcohol compound 

of genera1 formu1a ( 6) in an amount of 2 to 3 moles per mole 

of the organoalum~num compound of general formula (4). 



27 

7. The method for reducing a-aminoketones according 

to Claim 1, 2,. 3, 4, 5 or 6, wherein, in the a-aminoketone 

derivative of general formula (1). one of P1 and P2 is a 

hydrogen atom and the other is. an am:ino-protect1.ng group 

selected from among al.koxyoarbonyl and .. aralkyl.oxyoarbonyl 

groups. 

8 • The method for reduci.ng a-aminoketones according 

to Claim 1, 2, 3, 4. 5, 6 or 7, wherein the a-aminoalcohol 

derivative of g_eneral formula (7) is obtained 

stereoselectively in the erythro isomer form. 

9. The method for reducing a-aminoketones according 

to Claim 1, 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 repr~sents a halogen atom; R1 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 1 and 

P 2 each independently represents a hydrogen atom or an 

amino-protecting group. exo1usive of the case where P1 and 

P 2 are the same and eaoh represents a hydrogen atom, 

and the a-aminoalcohol derivative of genera1 formu1a (7) 

is an a-aminoha1ohydrin derivative of the generai formuia 

( 9) = 
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OH 

R~X 
N (9) 

pt/ 'p2 

wherein X, R1
, P1 and P2 are as defined above. 

10. The method for reducing a-aminoketones according 

to Claim 9, wherein the a-aminoha1oketone 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) carbamic acid methyl ester, 

( 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)-(l-benzyl-3-chloro-2-

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

chloro-2-oxopropyl) carbamic aci.d benzyl. ester. ( S) - ( 1-

benzyl-3-chloro-2-oxopropyl)carbamic acid 

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

2-oxopropyl}carbamic acid tetrahydrofuran-3(S)-yl ester, 

(S)-(l-phenylthiomethyl-3-chloro-2-oxopropyl}carbamic 

acid benzyl ester, (R)-(l-phenylthiomethyl-3-chloro-2-
oxopropyl)carbamic acid benzyl ester. (S)-(1-

phenylthiomethyl-3-chloro-2-oxopropyl)oarbamio acid t-
butyl ester, (R)-(l-phenylthiomethyl-3-ohloro-2-

oxopropyl)oarbamio acid t-butyl ester, 

phenylthiomethyl-3-chloro-2-oxopropyl)oarbamio 

(S)-(1-

acid 
methyl ester, (R)-( 1-phenylthiomethyl-3-chloro-2-
oxopropyl)carbam:l.c acid methyl ester, (S)-(1-

pheny1th~omethy1-3-chloro-2-oxopropy1)oarbamicacidethy1 
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ester. {R)-{l-phenylth1.omethy1-3-oh1oro-2-

oxoP.ropyl.)carbami.c aoi.d ethyl. ester. N-{(lR)-3-ohl.oro-

2-oxo-·1-c (phenylsul.fanil)methyl]propyl)-3-hydroxy-2-

methylbenzamide. and N-((16)-3-chloro-2-oxo-1-

( (phenylsulfanil )methyl·] propyl}-3-hydroxy-2-

methyl.benzamide. 


