
DESCRIPTION  Process for production of
mono-substituted alkylated compound using aldimine,
or derivative thereof  5 Technical Field The present
invention relates to methods for producing
mono-substituted alkylated compounds of a-amino acids
using aldimine  or a derivative thereof. 10
Background Art a-Amino acids have significant
biochemical importance, and are  frequently used as a
raw material for drugs such as antibiotics,
antineoplastic agents, and enzyme inhibitors. There
are natural and 15 non-naturally occurring a-amino
acids, and many useful a-amino acids of  both types
have been found. In recent years, there have been a
series of  discoveries of non-naturally occurring,
beneficial physiologically active  amino acids such
as L-dopa and L-azatyrosine, and there is a need for
research into the practical asymmetrical synthesis of
such  20 optically- active a-amino acids. One option
for the practical asymmetrical synthesis of
optically- active a-amino acids is asymmetrical
mono-substitution  alkylation. In conventional
practice, it has been common to use a  ketimine-type
Schiff base for asymmetrical mono-substitution
alkylation 25 (O'Donnell, M. J. et al., J. Am. Chem.
Soc., 1989, vol. 111, p.2353).  Ketimine-type Schiff
bases are complex to manufacture and thus  generally
are expensive. This has caused a-amino acids that are
1 produced by asymmetrical mono- substitution
alkylation to be expensive  as well. 



The reason why ketimine-type Schiff bases are used
shall be  explained based on the characteristics of
ketimine-type Schiff bases that  5 contribute to the
reaction. Schiff bases include ketimine-type Schiff
bases and aldimine-type Schiff bases, for example. In
general, it is  strongly believed that aldimine-type
Schiff bases result in a racemization  of the product
because there is almost no pKa difference between the
secondary hydrogen and the tertiary hydrogen, whereas
ketimine type 10 Schiff bases inhibit racemization of
the product obtained because this  difference is
large (O'Donnell, M. J., Aldrichim. Acta., 2001, vol.
34, p.3,  and Maruoka, K. and Ooi, T., Chemical
Reviews, 2003, vol. 103, p.3013). Thus, in this
technical field, based on the presumption that
ketimine-type Schiff bases will be used in
consideration of the overall  15 production
efficiency, even though production costs are somewhat
higher, attention has been focused on optimizing the
methods for asymmetrical  synthesis of optically-
active a-amino acids using ketimine-type Schiff
bases. Ketimine-type Aldimine-type  20 pKa (Ha) pKa
(Ha) RI Ha RI Ha  NCOOEt N -COOEt CI I ~ III  25 RI=H
18.7 RI=H 18.8 = CHzPh 23.2 = CHzPh 19.0 On the other
hand, recently, there was a report of an example of
2 asymmetrical synthesis using macromolecular
aldimine (Park, H. -G. et  al., J Org. Cbew., 2005,
vol. 70, p.1904). However, this report pertains  to
asymmetrical synthesis using a compound obtained by
binding  aldimine to a macromolecule, and is quite
different from the Schiff bases  



of the technical field. Summary  It is an aim of the
present disclosure to provide a method for
.producing mono- substituted alkylated compounds that
are useful for  asymmetrical mono substitution
alkylation, which is one method of  synthesizing
a-amino acids, and that are less expensive. According
to a first aspect, there is provided a method for
stereoselectively  producing a compound represented
by the following formula (I): Rte x N'COR21  R15 n
(I)  comprising: initiating a reaction of a compound
represented by the formula  (Il): (-<coR20  R15 (II)
with a compound represented by the formula (III):
R16-W (III) in a medium in the presence of an
optically-active phase- transfer catalyst and an
aqueous inorganic base solution; and 3 quenching the
reaction at a time earlier than a the time for
completion of a stoichiometric reaction of the
compound represented  by the formula (II) with the
compound represented by the formula  (III); wherein
in the formula (I) and the formula (II), Ris is an
aryl or heteroaryl group that may be substituted with



at least one group selected from the group consisting
of: a Ci to Ca alkyl group that may be branched and
that may be  substituted with a halogen atom, a Ci to
Cs alkoxy group that may be branched and that may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen atom, a  Ci to Cs
alkyl group that may be branched and that may be
substituted with a halogen atom, or a Ci to C5 alkoxy
group that may  be branched and that may be
substituted with a halogen atom, a cyano group,
-NR30R31, wherein R30 and R31 are each independently
a  hydrogen atom or a Ci to C4 alkyl group that may
be substituted with  a halogen atom, a nitro group, a
carbamoyl group, an N-(C, to C4 alkyi)carbamoyl
group, an N,N-di(Ci to C4 alkyl)carbamoyl group,
-NHCOR9, wherein R9 is a Ci to C4 alkyl group that
may be  branched and that may be substituted with a
halogen atom, and a halogen atom; R20 is -OR19,
wherein Rig is a Ci to Cs alkyl group that may be
substituted with a halogen atom or an aryl group that
may be  substituted with ahalogen atom, and that may
be branched or form a  3a cyclic group or -NR50R51,
wherein R50 and R51 are each independently  a
hydrogen atom, -CHR28R29, wherein R28 is a group
selected from the  group consisting of a hydrogen
atom, and an aryl group that may be  substituted with
a Ci to C4 alkyl group that may be substituted with a
halogen atom, a CS to Cs alkoxy group that may be
substituted with a  



halogen atom, or a halogen atom, and R29 is an aryl
group that may be  substituted with a C1 to C4 alkyl
group that may be substituted with a  halogen atom, a
CS to Ca alkoxy group that may be substituted with a
halogen atom, or a halogen atom, or -OR101, wherein
R101 is a C1 to Cs  alkyl group or a benzylgroup;
wherein in the formula (I) and the formula (III),
R18 is a group selected from the group consisting of
(i) a C1 to Cio alkyl group that may be branched or
form a cyclic  group and that may be substituted with
a halogen atom, wherein the  alkyl group may be
substituted with at least one group selected from
the group consisting of a C1 to C5 alkoxy group that
may be branched and that may be  substituted with a
halogen atom, a cyano group, NR30R31 wherein R30 and
R31 are each independently a  hydrogen atom or a CI
to C4 alkyl group that may be substituted with  a
halogen atom, a nitro group, a carbamoyl group, an
N-(CS to C4 alkyl)carbamoyl group, an N,N-di(Ci to C4
alkyl)carbamoyl group, -NHCOR9, wherein R9 is a C1 to
C4 alkyl group that may be  branched and that may be
substituted with a halogen atom, -COR9, wherein R9 is
a CS to C4 alkyl group that may be  branched and that
may be substituted with a halogen atom, and 3b
-CO2R9, wherein R9 is a CI to C4 alkyl group that may
be  branched and that may be substituted with a
halogen atom; (ii) an allyl group or substituted
allyl group having a halogen  



atom or having a substituent(s) at position 1 and/or
2 and/or 3 and  having 4 to 15 carbon atoms in total;
(iii) a C2 to Cs alkenyl group that may be branched
or form a  cyclic group and that may be substituted
with a halogen atom; (iv) a C2 to Cs alkynyl group
that may be branched or form a  cyclic group and that
may be substituted with a halogen atom; (v) an
aralkyl group, wherein the aryl moiety of the aralkyl
group may be substituted with at least one group
selected from the  group consisting of: a. C1 to C4
alkyl group that may be branched and that may be
substituted with a halogen atom, a CI to Cs alkoxy
group that may be branched and that may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen atom, a  CI to C4
alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group,
-NR30R31, wherein  R30 and R31 are each independently
a hydrogen atom or a CS to C4  alkyl group that may
be. branched and that may be substituted with a
halogen atom, a nitro group, a carbamoyl group, an
N-(C1 to C4  alkyl)carbamoyl group, an N,N-di(C1 to
C4 alkyl)carbamoyl group, or - NHCORO, wherein R9 is
a Ci to C4 alkyl group that may be branched  and that
may be substituted with a halogenatom, a cyano group,
-NR30R31 wherein Ran and R31 are each independently a
hydrogen atom or a C1 to C4 alkyl group that may be
branched and  that may be substituted with a halogen
atom, 3c a nitro group, a carbamoyl group, 



an N-(C1 to C4 alkyl)carbamoyl group, an N,N-di(Ci to
C4 alkyl)carbamoyl group, -NHCOR9, wherein R9 is a Ci
to C4 alkyl group that may be  branched and that may
be substituted with a halogen atom, and a halogen
atom; and the alkyl moiety of the aralkyl group is a
Ci to Cs alkyl group  that may be branched or form a
cyclic group and that may be  substituted with a
halogen atom; (vi) a heteroaralkyl group having a
heteroaryl moiety, wherein  the heteroaryl moiety may
be substituted with at least one group  selected from
the group consisting of a Ci to C4 alkyl group that
may be branched and that may be  substituted with a
halogen atom, a Ci to Cs alkoxy group that may be
branched and that may be  substituted with a halogen
atom, an aryl group that may be substituted with a
halogen atom, a  Ci to C4 alkyl group that may be
branched and that may be  substituted with a halogen
atom, a cyano group, -NR30R31, wherein  R30 and R31
are each independently a hydrogen atom or a Ci to C4
alkyl group that may be branched and that may be
substituted with a  halogen atom, a nitro group, a
carbamoyl group, an N-(Ci to C4  alkyl)carbamoyl
group, an N,N-di(Ci to C4 alkyl)carbamoyl group, or -
NHCOR9, wherein R9 is a Ci to C4 alkyl group that may
be branched  and that may be substituted with a
halogen atom, a cyano group, -NR30R31 wherein R30 and
R31 are each independently a  hydrogen atom or a CI
to C4 alkyl group that may be branched and  that may
be substituted with a halogen atom, 3d 



a nitro group, a carbamoyl group, an N-(Cl to C4
alkyl)carbamoyl group, an N,N-di(Ci to C4
alkyl)carbamoyl group, NHCOR9, wherein R9 is a Ci to
C4 alkyl group that may be  branched and that may be
substituted with a halogen atom, and a halogen atom;
and the alkyl moiety of the heteroaralkyl group is a
Ci to Cs alkyl  group that may be branched or form a
cyclic group. and that may be  substituted with a
halogen atom; and (vii) a propargyl group or
substituted propargyl group having a  halogen atom or
having a substituent(s) at position 1 and/or 3 and
having 4 to 9 carbon atoms in total; wherein in the
formula (III), W is a functional group that has a
leaving ability;  wherein in the formula (I) and the
formula (II), n is an integer from 1 to 4; and
wherein in the formula (I), * shows a newly produced
asymmetric center. According to a second aspect,
there is provided a method for  stereoselectively
producing a compound represented by the following
formula (I):  R1a NXCOR20  comprising: R15 n
initiating a reaction of a compound represented by
the formula  (II): COR2)  R15 



n (II)  3e with a compound represented by the formula
(III)  R18-W (III) in a medium in the presence of an
optically- active phase- transfer catalyst and an
aqueous inorganic base solution; and  quenching the
reaction at a time t that satisfies the following
inequality: 50 < A (%ee)x YLD, (%) <100  100  wherein
At is the optical purity (% ee) of the compound
.represented by  the formula (I) that is obtained by
quenching the reaction at a time t  from the
initiation of the reaction; and YLDt is the yield (%)
of the compound represented by the  formula (I) that
is obtained by quenching the reaction at a time t
from  the initiation of the reaction; wherein in the
formula (I) and the formula (II), R' is an aryl or
heteroaryl group that may be substituted with  at
least one group selected from the group consisting
of: a C1 to Cs alkyl group that may be branched and
that may be  substituted with a halogen atom, a C1 to
Cs alkoxy group that may be branched and that may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen atom, a  C1 to Cs
alkyl group that may be branched and that may be
substituted with a halogen atom, or a Ci to Cs alkoxy
group that may  be branched and that may be
substituted with a halogen atom, a cyano group, 



-NR30R31, wherein R30 and R31 are each independently
a  hydrogen atom or a Ci to C4 alkyl group that may
be substituted with  a halogen atom, 3f a nitro
group, a carbamoyl group, an N-(C1 to C4
alkyl)carbamoyl group, TT -di(C 1 n 1-_i)c 1 an LV,LV
N ui~i.l ~O ~4 aln.y i/c.arbamoyi group, -NHCOR9,
wherein R9 is a C1 to C4 alkyl group that may be
branched and that may be substituted with a halogen
atom, and a halogen atom; RZO is -OR19, wherein R19
is a Ciao Cs alkyl group that may be  substituted
with a halogen atom or an aryl group that may be
substituted with a halogen atom, and that may be
branched or form a  cyclic group, or -NR$0R51,
wherein R50 and R51 are each independently  a
hydrogen atom, -CHR28R29, wherein R28 is a group
selected from the  group consisting of a hydrogen
atom, and an aryl group that may be  substituted with
a C1 to C4 alkyl group that-may be substituted with a
halogen atom, a C, to C3 alkoxy group that may be
substituted with a  halogen atom, or a halogen atom,
and R29 is an aryl group that may be  substituted
with a C1 to C4 alkyl group that may be substituted
with a  halogen atom, a C1 to C3 alkoxy group that
may be substituted with a  halogen atom, or a halogen
atom, or -OR101, wherein 8101 is a C1 to Cs  alkyl
group or a benzyl group; in the formula (I) and the
formula (III), R' is a group selected from the group
consisting o (i) a C1 to Clo alkyl group that may be
branched or form a cyclic  group and that may be
substituted with a halogen atom, wherein the  



alkyl group may be substituted with at least one
group selected from  the group consisting of a C, to
C5 alkoxy group that may be branched and that may be
substituted with a halogen atom, a cyano group, 3g
-NR30R31 wherein R30 and R31 are each independently a
hydrogen atom or a Ci to C4 alkyl group that may be
substituted with  a halogen atom, a nitro group, a
carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, an N,N-di(Ci to C4 alkyl)carbamoyl group,
-NHCOR9, wherein R9 is a Ci to C4 alkyl group that
may be  branched and that may be substituted with a
halogen atom, -COR9, .wherein R9 is a Ci to C4 alkyl
group that may be  branched and that may be
substituted with a halogen atom, and  -CO2R9, wherein
R9 is a Ci to C4, alkyl group that may be branched
and that may be substituted with a halogen atom; (ii)
an allyl group or substituted allyl group having a
halogen  atom or having a substituent(s) at position
1 and/or 2 and/or 3 and  having 4 to 15 carbon atoms
in total; (iii) a C2 to Cs alkenyl group that may be
branched or form a  cyclic group and that may be
substituted with a halogen atom; (iv) a Cz to C6
alkynyl group that may be branched or form a  cyclic
group and that may be substituted with a halogen
atom; (v) an aralkyl group, wherein the aryl moiety
of the aralkyl  group may be substituted with at
least one group selected from the  group consisting
of: 



a Ci to C4 alkyl group that may be branched and that
may be  substituted with a halogen atom, a Ci to Cs
alkoxy group that may be branched and that may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen atom, a 01 to C4
alkyl group that may be branched and that may be 3h
substituted with a halogen atom, a cyano group,
-NR30R31 wherein  R30 and R31 are each independently.
a hydrogen atom or a C1 to C4  alkyl group that may
be branched and that may be substituted with a
halogen atom, a nitro group, a carbamoyl group, an
N-(Ci to C4  alkyl)carbamoyl group, an N,N-di(C, to
C4 alkyl)carbamoyl group, or - NHCOR9, wherein R9 is
a CI to C4 alkyl group that may be branched  and that
may be substituted with a halogen atom, a cyano
group, -NR3oR31, wherein R30 and R31 are each
independently a  hydrogen atom or a CI to C4 alkyl
group that may be branched and  that may be
substituted with a halogen atom, a nitro group, a
carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, an N,N-di(Ci to C4 alkyl)carbamoyl group,
-NHCOR9, wherein R9 is a Cl to C4 alkyl group that
may be  branched and that may be substituted with a
halogen atom, and a halogen atom; and the alkyl
moiety of the aralkylgroup is a Ci to C6 alkyl group
that  may be branched or form a cyclic group and that
may be substituted  with a halogen atom; (vi) a
heteroaralkyl group having a heteroaryl moiety,
wherein  



the heteroaryl' moiety may be substituted with at
least one group  selected from the group consisting
of: a Ci to C4 alkyl group that may be branched and
that may be  substituted with a halogen atom, a C, to
C5 alkoxg group that may be branched and that may be
substituted with a halogen atom, 3i an aryl group
that may be substituted with a halogen atom, a  C1 to
C4 alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group,
-NR30R31, wherein  R30 and R31 are each independently
a hydrogen atom or a Cl to C4  alkyl group that may
be branched and that may be substituted with a
halogen atom, a nitro group, a carbamoyl group, an
N-(C1 to C4  alkyl)carbamoyl group, an N,N-di(Ci to
C4 alkyl)carbamoyl group, or - NHCOR9, wherein R9 is
a CI to C4 alkyl group that may be branched  and that
may be substituted with a halogen atom, a cyano
group, NR30R31, wherein R30 and R31 are each
independently a  hydrogen atom or a Ci to C4 alkyl
group that may be branched and  that may be
substituted with a halogen atom, a nitro group, a
carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, an N,N-di(Ci to C4. alkyl)carbamoyl group,
-NHCOR9 wherein R9 is a Ci to C4 alkyl group that may
be  branched and that may be substituted with a
halogen atom, and a halogen atom; and the alkyl
moiety of the heteroaralkyl group is a C1 to Cs alkyl
group  that may be branched or form a cyclic group
and that may be  



substituted with a halogen atom; and (vii) a
propargyl group or a substituted propargyl group
having  a halogen atom or having a substituent(s) at
position 1 and/or 3 and  having 4 to 9 carbon atoms
in total; in the formula (III), 3j W is a functional
group that has a leaving ability;  in the formula (I)
and the formula (II), n is an integer from i to 4-.*
and  in the formula (I), shows a newly produced
asymmetric center. In one embodiment, the present
disclosure also provides method for
stereoselectively producing a compound represented by
the following formula (I): R18  N~COR2O  R15 n (I)
the method comprises: initiating a reaction of a
compound represented by the formula  (II): (NCOR21
RI5 n (II)  with a compound represented by the
formula (III):  R'8-W (III) in a medium in the
presence of an optically- active phase-transfer
catalyst and an inorganic base; and 3k quenching the
reaction at a time earlier than a time for
completion of a stoichiometric reaction of the
compound represented by  



the formula (II) with the compound represented by the
formula (III); wherein in the formula (I) and the
formula (II), 5 R15 is an aryl group or a heteroaryl
group that may be substituted  with at least one
group selected from the group consisting of a C1 to
C8 alkyl group that may be branched and that may be
substituted with a halogen atom,  a C1 to C5 alkoxy
group that may be branched and that may be  10
substituted with a halogen atom, an aryl group that
may be substituted with a halogen atom, a Cl  to Cs
alkyl group that may be branched and that may be
substituted with  a halogen atom, or a C1 to C5
alkoxy group that may be branched and  that may be
substituted with a halogen atom, 15 a cyan group,
-NR30R31 (where R30 and R31 are each independently a
hydrogen  atom or a C1 to C4 alkyl group that may be
substituted with a halogen  atom), a nitro group, 20
a carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group, an N,N-di(Cl to C4 alkyl)carbamoyl group,
-NHCOR9 (where R9 is a C1 to C4 alkyl group that may
be  branched and that may be substituted with a
halogen atom), and 25 a halogen atom; R20 is -OR19
(where R19 is a C1 to Cs alkyl group that may be
substituted with a halogen atom or an aryl group that
may be  4 substituted with a halogen atom, and that
may be branched or form a  cyclic group) or NR5OR51
(where R50 and R51 are each independently a  hydrogen
atom, -CHR28R29 (where R28 is a group selected from
the group  



consisting of a hydrogen atom, and an aryl group that
may be 5 substituted with a Ci to C4 alkyl group that
may be substituted with a  halogen atom, a Ci to C3
alkoxy group that may be substituted with a  halogen
atom, or a halogen atom, and R29 is an aryl group
that may be  substituted with a Ci to C4 alkyl group
that may be substituted with a  halogen atom, a C1 to
C3 alkoxy group that may be substituted with a 10
halogen atom, or a halogen atom) or -OR101 (where
Rioi is a Ci to Cs alkyl  group or a benzyl group));
wherein in the formula (I) and the formula (III),
R18 is a group selected from the group consisting of
(i) a Ci to Clo alkyl group that may be branched or
form a cyclic  15 group and that may be substituted
with a halogen atom, wherein the  alkyl group may be
substituted with at least one group selected from the
group consisting of a Ci to C5 alkoxy group that may
be branched and that may be  substituted with a
halogen atom, 20 a cyano group, -NR30R31 (where R30
and Rai are each independently a hydrogen  atom or a
Ci to C4 alkyl group that may be substituted with a
halogen  atom), a nitro group, 25 a carbamoyl group,
an N-(Ci to C4 alkyl)carbamoyl group, an N,N-di(Cl to
C4 alkyl)carbamoyl group,  5 -NHCOR9 (where R9 is a
C1 to C4 alkyl group that may .be  branched and that
may be substituted with a halogen atom), a halogen
atom, -COR9 (where R9 is a C1 to C4 alkyl group that
may be branched  



5 and that may be substituted with a halogen atom),
and -C02R9 (where R9 is a C1 to C4 alkyl group that
may be branched  and that may be substituted with a
halogen atom); (ii) a C3 to C15 allyl group or
substituted allyl group that may be  branched or form
a cyclic group and that may be substituted with a  10
halogen atom; (iii) a C2 to C6 alkenyl group that may
be branched or form a  cyclic group and that may be
substituted with a halogen atom; (iv) a C2 to C6
alkynyl group that may be branched or form a  cyclic
group and that may be substituted with a halogen
atom; 15 (v) an aralkyl group, wherein the aryl
moiety of the aralkyl group  may be substituted with
at least one group selected from the group
consisting of a C1 to C4 alkyl group that may be
branched and that may be  substituted with a halogen
atom, 20 a C1 to C5 alkoxy group that may be branched
and that may be  substituted with a halogen atom, an
aryl group that may be substituted with a halogen
atom, a Cl  to C4 alkyl group that may be branched
and that may be substituted with  a halogen atom, a
cyan group, -NR3QR31 (where R30 and R31 are each 25
independently a hydrogen atom or a C1 to C4 alkyl
group that may be  branched and that may be
substituted with a halogen atom), a nitro  group, a
carbamoyl group, an N-(C1 to C4 alkyDcarbamoyl group,
an  6 N,Ndi(Ci to C4 alkyl)carbamoyl group, or
-NHCOR9 (where R9 is a C1 to  C4 alkyl group that may
be branched and that may be substituted with a
halogen atom), a cyano group, 5 -NR30R31 (where R30
and R31 are each independently a hydrogen  



atom or a C1 to C4 alkyl group that may be branched
and that may be  substituted with a halogen atom), a
nitro group, a carbamoyl.group, 10 an N-(C1 to C4
alkyl)carbamoyl group, an N,N-di(C1 to C4
alkyl)carbamoyl group, -NHCOR9 (where R9 is a C1 to
C4 alkyl group that may be  branched and that may be
substituted with a halogen atom), and a halogen atom;
and 15 the alkyl moiety of the aralkyl group is a C1
to Cs alkyl group  that may be branched or form a
cyclic group and that may be substituted  with a
halogen atom; (vi) a heteroaralkyl group having a
heteroaryl moiety, wherein  the heteroaryl moiety may
be substituted with at least one group  20 selected
from the group consisting of. a C1 to C4 alkyl group
that may be branched and that may be  substituted
with a halogen atom, a Ci to C5 alkoxy group that may
be branched and that may be  substituted with a
halogen atom, 25 an aryl group that may be
substituted with a halogen atom, a C1  to C4 alkyl
group that may be branched and that may be
substituted with  a halogen atom, a cyano group,
-NR30R31 (where R30 and R31 are each  7 independently
a hydrogen atom or a C1 to C4 alkyl group that may be
branched and that may be substituted with a halogen
atom), a nitro  group, a carbamoyl group, an N-(Ci to
C4 alkyl)carbamoyl group, an  N,N-di(Cl to C4
alkyl)carbamoyl group, or -NHCOR9 (where R9 is a C1
to 5 C4 alkyl group that may be branched and that may
be substituted with a  halogen atom), 



a cyan group, -NR30R31 (where R30 and R31 are each
independently a hydrogen  atom or a C1 to C4 alkyl
group that may be branched and that may be  10
substituted with a halogen atom), a nitro group, a
carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, an N,N-di(Cl to C4 alkylcarbamoyl group, 15
-NHCOR9 (where R9 is a C1 to C4 alkyl group that may
be  branched and that may be substituted with a
halogen atom), and a halogen atom; and the alkyl
moiety of the heteroaralkyl group is a C1 to Co alkyl
group that may be branched or form a cyclic group and
that may be  20 substituted with a halogen atom; and
(vii) a Cs to C9 propargyl group or substituted
propargyl group  that may be branched and that may be
substituted with a halogen atom;  wherein in the
formula (III), W is a functional group that has a
leaving ability;  25 wherein in the formula (I) and
the formula (II), n is an integer from 1 to 4; and
wherein in the formula (I), S * shows a newly
produced asymmetric center. In one embodiment, the
optically active phase transfer catalyst is  an
optically- active quaternary ammonium salt phase
transfer catalyst or  a phase-transfer catalyst
complexed with an optically-active metal atom. 5 In a
further embodiment, the optically-active quaternary
ammonium salt phase-transfer catalyst is an
optically- active quaternary  ammonium salt that has
a biphenyl backbone and/or binaphthyl  



backbone, or an optically-active cinchona alkaloid
quaternary ammonium  salt. 10 In a further
embodiment, the optically- active quaternary
ammonium salt phase-transfer catalyst is an
optically- active quaternary  ammonium salt, or an
enantiomer thereof, which is represented by: H H H
Br CI CI  N H 6'N N  15 HO",,,, H HOH HO H  N \ / / H
/ /'.,...I  CF3 N \ \N  H H H  Be CI Cr  H N N H N 20
PhCHpO HOe,,.,. H HO  N N N  H CIE)  C gH 25 RN 9
(where R" is a hydrogen atom, a Ci to C4 alkyl group
that may be  branched, a Ci to C5 alkoxy group that
may be branched, or a halogen  atom), H 



Br N/ H 38f  rj H N H N(r) ., A H H  //~~ ."y \ N I \
/  N O ...mH oN H H o.  -N 2Z  10 H H N OR  RO H \ /
H 15 (where R is a hydrogen atom or an allyl group,
and Z is Cl or Br),  e H  2CI H N / / le  H N  H OH
Me0 HOm,... H "!H  N / / I \ 20 I \ \N  H  H / H  B!
Ba  e HO N Ph\ H N  



H H  25 / / I \ / / N  \ N  10 MeO OMe  H,,,,,, H  0
~N  N" `N  O H H O Cie  A  5 R R (where R is a methyl
group or a hydrogen atom),  Me ',,-p-MeO-Ph  Me O
~p-MeO-Ph  Meo-Ph  t Bu> :r -P N 10 NO 21O 2Be  M ~
~P-MeO-Ph, Me -p-Me-Ph  000 Me -p-Me-Ph 4-CF3PhCH2O
,,OCH2Ph-4-CF3  Bap  15 t-Bu \ 



D'(c)p Me-Ph 21 e 4-CF3PhCH2O\ OCH2Ph-4-CF3  M
\--p-Me-Ph or  In a still further embodiment, the
optically- active quaternary  ammonium salt
phase-transfer catalyst that has a biphenyl backbone
20 and/or binaphthyl backbone is an optically-active
quaternary ammonium  salt represented by: R21 R21  N
N  25 \ \ Rzz \ \ \ \ R22  11 R21 R21  X I 23 R N X
R24  \ R22 \ \ \ \ R22 10 , or  Rte R2e R21 R23  R27
O  R2T ty\ / I R24  R2e R22  15 2e' wherein  R21 and
R22 are each independently a group selected from the
group  consisting of. (i) a hydrogen atom; 



20 (ii) -NR30R31 (where R30 and R31 are each
independently a  hydrogen atom or a C1 to C4 alkyl
group that may be branched and that  may be
substituted with a halogen atom); (iii) a cyano
group;  (iv) a nitro group; 25 (v) a carbamoyl group;
(vi) an N-(C1 to C4 alkyl)carbamoyl group; (vii) an
N,N-di(Ci to C4 alkyl)carbamoyl group; (viii) -NHCOR9
(where R9 is a C1 to C4 alkyl group that may be
branched and that may be substituted with a halogen
atom); 30 (ix) a halogen atom; (x) a Ci to C6 alkyl
group that may be branched or form a cyclic  group
and that may be substituted with a halogen atom; 12
(xi) a C2 to Cs alkenyl group that may be branched or
form a  cyclic group and that may be substituted with
a halogen atom; (xii) a C2 to C6 alkynyl group that
may be branched or form a  cyclic group and that may
be substituted with a halogen atom; 5 (xiii) an
aralkyl group, wherein the aryl moiety of the aralkyl
group may be substituted with at least one grouli
selected from the group  consisting of a C1 to C4
alkyl group that may be branched and that may be
substituted with a halogen atom, 10 a C1 to C5 alkoxy
group that may be branched and that may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen atom, a C1  to C4
alkyl group that may be branched and that may be
substituted with  a halogen atom, a cyano group,
-NR30R31 (where R30 and R31 are each 15 independently
a hydrogen atom or a C1 to C4 alkyl group that may be



branched and that may be substituted with a halogen
atom), a nitro  group, a carbamoyl group, an N-(Ci to
C4 alkyl)carbamoyl group, an  N,N-di(Ci to C4
alkyl)carbamoyl group, or -NHCOR9 (where R9 is a C1
to  C4 alkyl group that may be branched and that may
be substituted with a  20 halogen atom), a cyan
group, -NR30R31 (where R30 and R31 are each
independently a hydrogen  atom or a Ci to C4 alkyl
group that may be branched and that may be
substituted with a halogen atom), 25 a nitro group, a
carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group,  13 an N,N-di(Ci to C4 alkyl)carbamoyl group,
-NHCOR9 (where R9 is a Ci to C4 alkyl group that may
be  branched and that may be substituted with a
halogen atom), and a halogen atom; 5 (xiv) a
heteroaralkyl group having a heteroaryl moiety,
wherein  the heteroaryl moiety may be substituted
with at least one group  selected from the group
consisting of a Ci to C4 alkyl group that may be
branched and that may be  substituted with a halogen
atom, 10 a Ci to C5 alkoxy group that may be branched
and that may be  substituted with a halogen atom, an
aryl group that may be substituted with a halogen
atom, a Ci  to C4 alkyl group that may be branched
and that may be substituted with  a halogen atom, a
cyano group, -NR30R31 (where R30 and R31 are each 15
independently a hydrogen atom or a Ci to C4 alkyl
group that may be  branched and that may be
substituted with a halogen atom), a nitro  



group, a carbamoyl group,, an N-(Cl to C4
alkyl)carbamoyl group, an  N,N-di(Ci to C4
alkyl)carbamoyl group, or -NHCOR9 (where R9 is a Ci
to  C4 alkyl group that may be branched and. that may
be substituted with a  20 halogen atom), a cyano
group, -NR30R3' (where R30 and 1131 are each
independently a hydrogen  atom or a Ci to C4 alkyl
group that may be branched and that may be
substituted with a halogen atom), 25 a nitro group, a
carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group,  14 an N,N-di(Ci to C4 alkyl)carbamoyl group,
-NHCOR9 (where R9 is a Ci to C4 alkyl group that may
be  branched and that may be substituted with a
halogen atom), and a halogen atom; 5 (xv) an aryl
group, wherein the aryl group may be substituted
with at least one group selected from the group
consisting of. a C1 to C4 alkyl group that may be
branched and that may be  substituted with a halogen
atom, a C1 to C5 alkoxy group that may be branched
and that may be  10 substituted with a halogen atom,
an aryl group that may be substituted with a halogen
atom, a C1  to C4 alkyl group that may be branched
and that may be substituted with  - a halogen atom, a
cyano group, -NR30R31 (where R30 and R31 are each
independently a hydrogen atom or a C1 to C4 alkyl
group that may be  15 branched and that may be
substituted with a halogen atom), a nitro  group, a
carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, an  N,N-di(Ci to C4 alkyl)carbamoyl group, or
-NHCOR9 (where R9 is a Ci to  



C4 alkyl group that may be branched and that may be
substituted with a  halogen atom), 20 a cyano group,
-NR30R3i (where R30 and R31 are each independently a
hydrogen  atom or a Cl to C4 alkyl group that may be
branched and that may be  substituted with a halogen
atom), a nitro group, 25 acarbamoyl group, an N-(Ci
to C4 alkyl)carbamoyl group, an N,N-di(Cl to C4
alkyl)carbamoyl group,  15 -NHCOR9 (where R9 is a Ci
to C4 alkyl group that may be  branched and that may
be substituted with a halogen atom), and a halogen
atom; or may be substituted with -O-(CH2)p-O- (where
p is 1 or 2) at  5 positions 3 and 4 that are taken
together; and (xvi) a heteroaryl group, wherein the
heteroaryl group may be  substituted with at least
one group selected from the group consisting of  a C1
to C4 alkyl group that may be branched and that may
be  substituted with a halogen atom, 10 a Ci to C5
alkoxy group that may be branched and that may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen atom, a Ci  to C4
alkyl group that may be branched and that may be
substituted with  a halogen atom, a cyano group,
-NR30R31 (where R30 and R31 are each 15 independently
a hydrogen atom or a C1 to C4 alkyl group that may be
branched and that may be substituted with a halogen
atom), a nitro  group, a carbamoyl group, an N-(Cl to
C4 alkyl)carbamoyl group, an  N,N-di(Cl to C4
alkyl)carbamoyl group, or -NHCOR9 (where R9 is a C1
to  



C4 alkyl group that may be branched and that may be
substituted with a  20 halogen atom), a cyano group,
-NR30R31 (where R30 and R31 are each independently a
hydrogen  atom or a Cl to C4 alkyl group that may be
branched and that may be  substituted with a halogen
atom), 25 a nitro group, a carbamoyl group, an N-(C1
to C4 alkyl)carbamoyl group,  16 an N,N-di(Ci to C4
alkyl)carbamoyl group, -NHCOR9 (where R9 is a Ci to
C4 alkyl group that may be  branched and that may be
substituted with a halogen atom), and a halogen atom;
and 5 (xvii) -S(O)n-R (where n is 0, 1, or 2, and R
is a C1 to C4 alkyl  group that may be branched and
that may be substituted with a halogen  atom); R25,
R25', Res and R26' are each independently a group
selected from the  group consisting of 10 (i) a
hydrogen atom;  (ii) a halogen atom; (iii) an alkyl
group, wherein the alkyl group is a Cl to C5 alkyl
group that may be substituted with a halogen atom
and/or an aryl group,  and/or that may be branched or
form a cyclic group; and 15 (iv) an alkoxy group,
wherein the alkoxy group is a Ci to C5  alkoxy group
that may be substituted with a halogen atom and/or an
aryl  group, and/or that may be branched or form a
cyclic group;, R27 and R27' are each independently a
group selected from the group  consisting of. 



20 (i) a halogen atom; (ii) an alkyl group, wherein
the alkyl group is a Ci to C5 alkyl  group that may
be substituted with a halogen atom and/or an aryl
group,  and/or that may be branched or form a cyclic
group; and (iii) an alkoxy group, wherein the alkoxy
group is a C1 to C5  25 alkoxy group that may be
substituted with a halogen atom and/or an aryl
group, and/or that may be branched or form a cyclic
group; R23 and R24 are each independently a group
selected from the group  17 consisting of. (i) a Ci
to Cso alkyl group that may be branched or form a
cyclic  group and that may be substituted with a
halogen atom; (ii) a C2 to C12 alkenyl group that may
be branched or form a  5 cyclic group and that may be
substituted with a halogen atom; (iii) a C2 to C12
alkynyl group that may be branched or form a  cyclic
group and that may be substituted with a halogen
atom; (iv) an aryl group, wherein the aryl group may
be substituted  with at least one group selected from
the group consisting of: 10 a C1 to C4 alkyl group
that may be branched and that may be  substituted
with a halogen atom, a C1 to C5 alkoxy group that may
be branched and that may be  substituted with a
halogen atom, an aryl group that may be substituted
with a halogen atom, a C1  15 to C4 alkyl group that
may be branched and that may be substituted with  a
halogen atom, a cyano group, -NR30R31 (where R30 and
R31 are each  independently a hydrogen atom or a C1
to C4 alkyl group that may be  branched and that may
be substituted with a halogen atom), a nitro  group,
a carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group, an 20 N,N-di(Ci to C4 alkyl)carbamoyl group,
or -NHCOR9 (where R9 is a C1 to  



C4 alkyl group that may be branched and that may be
substituted with a  halogen atom), a cyano group,
.NR30R31 (where R30 and R31 are each independently a
hydrogen  25 atom or a C1 to C4 alkyl group that may
be branched and that may be  substituted with a
halogen atom), a nitro group, 18 a carbamoyl group,
an N-(C1 to C4 alkyl)carbamoyl group, an N,N-di(Ci to
C4 alkyl)carbamoyl group, NHCOR9 (where R is a Ci to
C4 alkyl group that may be  5 branched and that may
be substituted with a halogen atom), and a halogen
atom; (v) a heteroaryl group, wherein the heteroaryl
group may be  substituted with at least one group
selected from the group consisting of:  a Ci to C4
alkyl group that may be branched and that may be 10
substituted with a halogen atom, - a Ci to C5 alkoxy
group that may be branched and that may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen atom, a Ci  to C4
alkyl group that may be branched and that may be
substituted with  15 a halogen atom, a cyano group,
-NR30R31 (where R30 and R31 are each independently a
hydrogen atom or a Ci to C4 alkyl group that may be
branched and that may be substituted with a halogen
atom), a nitro  group, a carbamoyl group, an N-(Ci to
C4 alkyl)carbamoyl group, an  N,N-di(Ci to C4
alkyl)carbamoyl group, or -NHCOR9 (where R9 is a Ci
to 20 C4 alkyl group that may be branched and that
may be substituted with a  halogen atom), 



a cyano group, -NR30R31 (where R30 and R31 are each
independently a hydrogen  atom or a Ci to C4 alkyl
group that may be branched and that may be  25
substituted with a halogen atom), a nitro group, a
carbamoyl group, 19 an N-(C1 to C4 alkyl)carbamoyl
group, an N,N-di(C1 to C4 alkyl)carbamoyl group,
-NHCOR9 (where R9 is a C1 to C4 alkyl group that may
be  branched and that may be substituted with a
halogen atom), and 5 a halogen atom; (vi)
-(CH2),OCONR10R11 (where R10 and R" are each
independently a group selected from the group
consisting of (1) a hydrogen atom; (2) a C1 to C4
alkyl group that may be branched and that  10 may be
substituted with a halogen atom; (3) a C2 to Cs
alkenyl group that may be branched or form  a cyclic
group and that may be substituted with a halogen
atom; (4) a C2 to C6 alkynyl group that may be
branched or form  a cyclic group and that may be
substituted with a halogen atom; 15 (5) an aralkyl
group, wherein the aryl moiety of the  aralkyl group
may be substituted with at least one group selected
from  the group consisting of: a C1 to C4 alkyl group
that may be branched and that may  be substituted
with a halogen atom, 20 a C1 to C5 alkoxy group that
may be branched and that.  may be substituted with a
halogen atom, an aryl group that may be substituted
with a halogen  



atom, a C1 to C4 alkyl group that may be branched and
that may be  substituted with a halogen atom, a cyano
group, -NR30R31 (where R30 and 25 1131 are each
independently a hydrogen atom or a C1 to C4 alkyl
group  that may be branched and that may be
substituted with a halogen atom),  a nitro group, a
carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group,  20 an N,N-di(Ci to C4 alkyl)carbamoyl group,
or -NHCOR9 (where R9 is a C1  to C4 alkyl group that
may be branched and that may be substituted with  a
halogen atom), a cyano group, 5 NR30R31 (where R80
and R31 are each independently a  hydrogen atom or a
Cl to C4 alkyl group that may be branched and that
may be substituted with a halogen atom), a nitro
group, a carbamoyl group, 10 an N-(Cl to C4
alkyl)carbamoyl group, an N,N-di(Cl to C4
alkyl)carbamoyl group, -NHCOR9 (where R9 is a Cl to
C4 alkyl group that may be  branched and that may be
substituted with a halogen atom), and a halogen atom;
15 (6) a heteroaralkyl group having a heteroaryl
moiety,  wherein the heteroaryl moiety may be
substituted with at least one  group selected from
the group consisting pf a Cl to C4 alkyl group that
may be branched and that may  be substituted with a
halogen atom, 20 a C1 to C5 alkoxy group that may be
branched and that  may be substituted with a halogen
atom, an aryl -group that may be substituted with a
halogen  atom, a C1 to C4 alkyl group that may be
branched and that may be  



substituted with a halogen atom, a cyano group,
-NR30R31 (where R30 and 25 R31 are each independently
a hydrogen atom or a C1 to C4 alkyl group  that may
be branched and that may be substituted with a
halogen atom),  a nitro group, a carbamoyl group, an
N-(Cl to C4 alkyl)carbamoyl group,  21 an N,N-di(Ci
to C4 alkyl)carbamoyl group, or -NHCOR9 (where R9 is
a C1  to C4 alkyl group that may be branched and that
may be substituted with  a halogen atom), a cyano
group, 5 -NR3OR31 (where R30 and R31 are each
independently a  hydrogen atom or a C1 to C4 alkyl
group that may be branched and that  may be
substituted with a halogen atom), a nitro group, a
carbamoyl group, 10 an N-(Cl to C4 alkyl)carbamoyl
group, an N,N-di(C1 to C4 alkyl)carbamoyl group,
-NHCOR9 (where R9 is a Cl to C4 alkyl group that may
be  branched and that may be substituted with a
halogen atom), and a halogen atom; 15 (7) an aryl
group, wherein the aryl group may be  substituted
with at least one group selected from the group
consisting of.  a C1 to C4 alkyl group that may be
branched and that may  be substituted with a halogen
atom, a Ci to C5 alkoxy group that may be branched
and that  20 may be substituted with a halogen atom,
an aryl group that may be substituted with a halogen
atom, a C1 to C4 alkyl group that may be branched and
that may be  substituted with a halogen atom, a cyano
group, -NR30R31 (where R30 and  R31 are each
independently a hydrogen atom or a C1 to C4 alkyl
group 



25 that may be branched and that may be substituted
with a halogen atom),  a nitro group, a carbamoyl
group, an N-(Ci to C4 alkyl)carbamoyl group,  an
N,N-di(C1 to C4 alkyl)carbamoyl group, or -NHCOR9
(where R9 is a C1  22 to C4 alkyl group that may be
branched and that may be substituted with  a halogen
atom), a cyano group, .NR30R31 (where R30 and R31 are
each independently a  5 hydrogen atom or a C1 to C4
alkyl group that may be branched and that  may be
substituted with a halogen atom), a nitro group, a
carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, 10 an N,N-di(C1 to C4 alkyl)carbamoyl group,
-NHCOR9 (where R9 is a Ci to C4 alkyl group that may
be  branched and that may be substituted with a
halogen atom), and a halogen atom; and (8) a
heteroaryl group, wherein the heteroaryl group may
15 be substituted with at least one group selected
from the group consisting  of a C1 to C4 alkyl group
that may be branched and that may  be substituted
with a halogen atom, a C1 to C5 alkoxy group that may
be branched and that  20 may be substituted with a
halogen atom, an aryl group that may be substituted
with a halogen  atom, a C1 to C4 alkyl group that may
be branched and that may be  substituted with a
halogen atom, a cyano group, -NR30R31 (where R30 and
R31 are each independently a hydrogen atom or a C1 to
C4 alkyl group 25 that may be branched and that may
be substituted with a halogen atom),  



a nitro group, a carbamoyl group, an N-(C1 to C4
alkyl)carbamoyl group,  an N,N-di(Ci to C4
alkyl)carbamoyl group, or -NHCOR9 (where R9 is a C1
23 to C4 alkyl group that may be branched and that
may be substituted with  a halogen atom), a cyano
group, -NR30R31 (where R30 and R31 are each
independently a  5 hydrogen atom or a C1 to C4 alkyl
group that may be branched and that  may be
substituted with a halogen atom), a nitro group, ' a
carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group, 10 an N,N-di(Cl to C4 alkyl)carbamoyl group,
-NHCOR9 (where R9 is a C1 to C4 alkyl group that may
be  branched and that may be substituted with a
halogen atom), and a halogen atom;  and n is an
integer from 1 to 12); 15 (vii) -(CH2),CONR12R13
(where R12 and R13 are each  independently a group
selected from the group consisting of (1) a hydrogen
atom; (2) a C1 to C4 alkyl group that may be branched
and that  maybe substituted with a halogen atom; 20
(3) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the
group consisting o  a Cl to C4 alkyl group that may
be branched and that may  be substituted with a
halogen atom, a C1 to C5 alkoxy group that may be
branched and that  25 may be substituted with a
halogen atom, an aryl group that may be substituted
with a halogen  



atom, a Cl to C4 alkyl group that may be branched and
that may be  24 substituted with a halogen atom, a
cyan group, -NR30R31 (where R30 and  R31 are each
independently a hydrogen atom or a Ci to C4 alkyl
group  that may be branched and that may be
substituted with a halogen atom),  a nitro group, a
carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group, 5 an N,N-di(Cl to C4 alkyl)carbamoyl group, or
-NHCOR9 (where R9 is a Cl  to C4 alkyl group that may
be branched and that may be substituted with  a
halogen atom), a cyan group, NR30R31 (where R30 and
R31 are each independently a  10 hydrogen atom or a
C1 to C4 alkyl group that may be branched and that
may be substituted with a halogen atom), a nitro
group, a carbamoyl group, an N-(Ci to C4
alkyl)carbamoyl group, 15 an N,N-di(Cl to C4
alkyl)carbamoyl group, -NHCOR9 (where R9 is a Cl to
C4 alkyl group that may be  branched and that may be
substituted with a halogen atom), and a halogen atom;
and (4) a heteroaryl group, wherein the heteroaryl
group may  20 be substituted with at least one group
selected from the group consisting  of a Cl to C4
alkyl group that may be branched and that may  be
substituted with a halogen atom, a C1 to Cs alkoxy
group that may be branched and that  25 may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen  atom, a C1 to C4
alkyl group that may be branched and that may be  



25 substituted with a halogen atom, a cyano group,
-NR30R31 (where R30 and  R31 are each independently a
hydrogen atom or a C1 to C4 alkyl group  that may be
branched and that may be substituted with a halogen
atom),  a nitro group, a carbamoyl group, an N-(C1 to
C4 alkyl)carbamoyl group, 5 an N,N-di(Cl to C4
alkyl)carbamoyl group, or -NHCOR9 (where R9 is a C1
to C4 alkyl group that may be branched and that may
be substituted with  a halogen atom), a cyano group,
-NR30R31 (where R30 and R31 are each independently a
10 hydrogen atom or a C1 to C4 alkyl group that may
be branched and that  may be substituted with a
halogen atom), a nitro group, a carbamoyl group, an
N-(C1 to C4 alkyl)carbamoyl group, 15 an N,N-di(Cl to
C4 alkyl)carbamoyl group, -NHCOR9 (where R9 is a C1
to C4 alkyl group that may be  branched and that may
be substituted with a halogen atom), and a halogen
atom;  and n is an integer from 1 to 12); 20 (viii)
-(CH2).NR12COR13 (where R12 and R13 are each
independently a group selected from the group
consisting of. (1) a hydrogen atom; (2) a C1 to C4
alkyl group that may be branched and that  may be
substituted with a halogen atom; 25 (3) an aryl
group, wherein the aryl group may be  substituted
with at least one group selected from the group
consisting of:  a C1 to C4 alkyl group that may be
branched and that may  26 



be substituted with a halogen atom, a C1 to C5 alkoxy
group that may be branched and that  may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen  5 atom, a C1 to C4
alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group,
-NR30R31 (where R30 and  R31 are each independently a
hydrogen atom or a C1 to C4 alkyl group  that may be
branched and that may be substituted with a halogen
atom),  a nitro group, a carbamoyl group, an N-(CI to
C4 alkyl)carbamoyl group, 10 an N,N-di(Cl to C4
alkyl)carbamoyl group, or -NHCOR9 (where R9 is a C1
to C4 alkyl group that may be branched and that may
be substituted with  a halogen atom), a cyano group,
-NR30R3i (where R30 and R31 are each independently a
15 hydrogen atom or a C1 to C4 alkyl group that may
be branched and that  may be substituted with a
halogen atom), a nitro group, - a carbamoyl group, an
N-(Ci to C4 alkyl)carbamoyl group, 20 an N,N-di(Ci to
C4 alkyl)carbamoyl group, -NHCOR9 (where R9 is a Ci
to C4 alkyl group that may be  branched and that may
be substituted with a halogen atom), and a halogen
atom; and (4) a heteroaryl group, wherein the
heteroaryl group may  25 be substituted with at least
one group selected from the group consisting  of. a
Ci to C4 alkyl group that may be branched and that
may  27 be substituted with a halogen atom, 



a Ci to C5 alkoxy group that may be branched and that
maybe substituted with a halogen atom, an aryl group
that may be substituted with a halogen  5 atom, a Ci
to C4 alkyl group that may be branched and that may
be  substituted with a halogen atom, a cyano group,
-NR30R31 (where R30 and  931 are each independently a
hydrogen atom or a C1 to C4 alkyl group  that may be
branched and that may be substituted with a halogen
atom),  a nitro group, a carbamoyl group, an N-(Ci to
C4 alkyl)carbamoyl group, 10 an N,N-di(Ci to C4
alkyl)carbamoyl group, or -NHCOR9 (where R9 is a Ci
to C4 alkyl group that may be branched and that may
be substituted with  a halogen atom), a cyan group,
-NR30R31 (where R30 and R31 are each independently a
15 hydrogen atom or a Ci to C4 alkyl group that may
be branched and that  may be substituted with a
halogen atom), a nitro group, a carbamoyl group, an
N-(Ci to C4 alkyl)carbamoyl group, 20 an N,N-di(Cl to
C4 alkyl)carbamoyl group, NHCOR9 (where R9 is a Ci to
C4 alkyl group that may be  branched and that may be
substituted with a halogen atom), and a halogen atom;
and n is an integer from 1 to 12); 25 (ix)
-(CH2)1NR12R13 (where R12 and R13 are each
independently a  group selected from the group
consisting of. (1) a hydrogen atom; 28 (2) a C1 to C4
alkyl group that may be branched; (3) an aryl group,
wherein the aryl group may be  



substituted with at least one group selected from the
group consisting of- a C1 to C4 alkyl group that may
be branched and that may  5 be substituted with a
halogen atom, a Ci to C5 alkoxy group that may be
branched and that  may be substituted with a halogen
atom, an aryl group that may be substituted with a
halogen  atom, a C1 to C4 alkyl group that may be
branched and that may be  10 substituted with a
halogen atom, a cyano group, -NR30R31 (where R30 and
R31 are each independently a hydrogen atom or a C1 to
C4 alkyl group  that may be branched and that may be
substituted with a halogen atom),  a nitro group, a
carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group,  an N,N-di(Cl to C4 alkylcarbamoyl group, or
-NHCOR9 (where R9 is a C1 15 to C4 alkyl group that
may be branched and that may be substituted with  a
halogen atom), a cyano group, -NR30R31 (where R30 and
R31 are each independently a  hydrogen atom or a C1
to C4 alkyl group that may be branched and that  20
may be substituted with a halogen atom), a nitro
group, a carbamoyl group, an NKC1 to C4
alkyl)carbamoyl group, an N,N-di(C1 to C4
alkyl)carbamoyl group, 25 -NHCOR9 (where R9 is a C1
to C4 alkyl group that may be  branched and that may
be substituted with a halogen atom), and a halogen
atom; and 29 (4) a heteroaryl group, wherein the
heteroaryl group may  be substituted with at least
one group selected from the group consisting  of. 



a Ci to C4 alkyl group that may be branched and that
may  5 be substituted with a halogen atom, a C1 to C5
alkoxy group that may be branched and that  may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen  atom, a C1 to C4
alkyl group that may be branched and that may be  10
substituted with a halogen atom, a cyano group,
-NR30R31 (where R30 and R31 are each independently a
hydrogen atom or a C1 to C4 alkyl group  that may be
branched and that may be substituted with a halogen
atom),  a nitro group, a carbamoyl group, an N-(Ci to
C4 alkyl)carbamoyl group,  an N,N-di(Cl to C4
alkyl)carbamoyl group, or -NHCOR9 (where R9 is a C1
15 to C4 alkyl group that may be branched and that
may be substituted with  a halogen atom), a cyano
group, -NR30R31 (where R30 and R31 are each
independently a  hydrogen atom or a C1 to C4 alkyl
group that may be branched and that  20 may be
substituted with a halogen atom), a nitro group, a
carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, an N,N-di(C1 to C4 alkyl)carbamoyl group, 25
-NHCOR9 (where R9 is a Ci to C4 alkyl group that may
be  branched and that may be substituted with a
halogen atom), and a halogen atom; 30 and n is an
integer from 1 to 12); (x) -(CH2),Y-OR12 (where Y is
a Ci to C4 divalent saturated  hydrocarbon group that
may be branched, and R12 is a group selected  from
the group consisting of. 



5 (1) a hydrogen atom; (2) a C1 to C4 alkyl group
that may be branched and that  may be substituted
with a halogen atom; (3) an aryl group, wherein the
aryl group may be  substituted with at least one
group selected from the group consisting of:  10 a C1
to C4 alkyl group that may be branched and that may
be substituted with a halogen atom, a C1 to C5 alkoxy
group that may be branched and that  may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen  15 atom, a Cl to
C4 alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group,
-NR30R31 (where R30 and  R31 are each independently a
hydrogen atom or a Cl to C4 alkyl group  that may be
branched and that may be substituted with a halogen
atom),  a nitro group, a carbamoyl group, an N-(Ci to
C4 alkyl)carbamoyl group, 20 an N,N-di(Ci to C4
alkyl)carbamoyl group, or -NHCOR9 (where R9 is a C1
to C4 alkyl group that may be branched and that may
be substituted with  a halogen atom), a cyano group,
NR30R31 (where R30 and R31 are each independently a
25 hydrogen atom or a Ci to C4 alkyl group that may
be branched and that  may be substituted with a
halogen atom), a nitro group, 31 a carbamoyl group,
an N-(C1 to C4 alkyl)carbamoyl group, an N,N-di(Ci to
C4 alkyl)carbamoyl group, -NHCOR9 (where R9 is a Ci
to C4 alkyl group that may be  5 branched and that
may be substituted with a halogen atom), and 



a halogen atom; and (4) a heteroaryl group, wherein
the heteroaryl group may  be substituted with at
least one group selected from the group consisting
of: 10 a Ci to C4 alkyl group that may be branched
and that may  be substituted with a halogen atom, a
C1 to C5 alkoxy group that may be branched and that
may be substituted with a halogen atom, an aryl group
that may be substituted with a halogen  15 atom, a C1
to C4 alkyl group that may be branched and that may
be  substituted with a halogen atom, a cyano group,
-NR30R31 (where R30 and  R31 are each independently a
hydrogen atom or a Ci to C4 alkyl group  that may be
branched and that may be substituted with a halogen
atom),  a nitro group, a carbamoyl group, an N-(Ci to
C4 alkyl)carbamoyl group, 20 an N,N-di(Cl to C4
alkyl)carbamoyl group, or -NHCOR9 (where R9 is a C1
to C4 alkyl group that may be branched and that may
be substituted with  a halogen atom), a cyan group,
-Nj{,3oR31 (where R30 and R31 are each independently
a  25 hydrogen atom or a C1 to C4 alkyl group that
may be branched and that  may be substituted with a
halogen atom), a nitro group, 32 a carbamoyl group,
an N-(C1 to C4 alkyl)carbamoyl group, an N,N-di(Cl to
C4 alkyl)carbamoyl group, -NHCOR9 (where R9 is a Ci
to C4 alkyl group that may be  5 branched and that
may be substituted with a halogen atom), and a
halogen atom;  



and n is an integer from 1 to 12); (xi) -(CH2)n-OR12
(where R12 is a group selected from the group
consisting of. 10 (1) a hydrogen atom; (2) a C1 to C4
alkyl group that may be branched and that  may be
substituted with a halogen atom; (3) an aryl group,
wherein the aryl group may be  substituted with at
least one group selected from the group consisting
of.  15 a C1 to C4 alkyl group that may be branched
and that may  be substituted with a halogen atom, a
C1 to Cs alkoxy group that may be branched and that
may be substituted with a halogen atom, an aryl group
that may be substituted with a halogen  20 atom, a C1
to C4 alkyl group that may be branched and that may
be  substituted with a halogen atom, a cyano group,
-NR30R31 (where R30 and  R31 are each independently a
hydrogen atom or a C1 to C4 alkyl group  that may be
branched and that may be substituted with a halogen
atom),  a nitro group, a carbamoyl group, an N-(C1 to
C4 alkyl)carbamoyl group, 25 an N,N-di(C1 to C4
alkyl)carbamoyl group, or -NHCOR9 (where R9 is a C1
to C4 alkyl group that may be branched and that may
be substituted with  a halogen atom), 33 a cyan
group, -NR30R3i (where R30 and R31 are each
independently a  hydrogen atom or a Ci to C4 alkyl
group that may be branched and that  may be
substituted with a halogen atom), 5 a nitro group, a
carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group, 



an N,N-di(Ci to C4 alkyl)carbamoyl group, -NHCOR9
(where R9 is a Ci to C4 alkyl group that may be  10
branched and that may be substituted with a halogen
atom), and a halogen atom; and (4) a heteroaryl
group, wherein the heteroaryl group may  be
substituted with at least one group selected from the
group consisting  of. 15 a Ci to C4 alkyl group that
may be branched and that may  be substituted with a
halogen atom, a Ci to C5 alkoxy group that may be
branched and that  may be substituted with a halogen
atom, an aryl group that may be substituted with a
halogen  20 atom, a Ci to C4 alkyl group that may be
branched and that may be  substituted with a halogen
atom, a cyano group, -NR3OR3i (where R30 and  R31 are
each independently a hydrogen atom or a Ci to C4
alkyl group  that may be branched and that may be
substituted with a halogen atom),  a nitro group, a
carbamoyl group, an N-(CI to C4 alkyl)carbamoyl
group, 25 an N,N-di(Ci to C4 alkyl)carbamoyl group,
or -NHCOR9 (where R9 is a Ci  to C4 alkyl group that
may be branched and that may be substituted with  a
halogen atom), 34 a cyano group, NR30R3' (where R30
and R31 are each independently a  hydrogen atom or a
C1 to C4 alkyl group that may be branched and that
may be substituted with a halogen atom), 5 a nitro
group, a carbamoyl group, an N-(Ci to C4
alkyl)carbamoyl group, an N,N-di(C1 to C4
alkyl)carbamoyl group, 



-NHCOR9 (where R9 is a C1 to C4 alkyl group that may
be  10 branched and that may be substituted with a
halogen atom), and a halogen atom;  and n is an
integer from 1 to 12); (xii) -(CH2)11-S-R12 (where
R12 is a group selected from the group  consisting
of: 15 (1) a hydrogen atom; (2) a Cl to C4 alkyl
group that may be branched and that  may be
substituted with a halogen atom; (3) an aryl group,
wherein the aryl group may be  substituted with at
least one group selected from the group consisting
of:  20 a C1 to C4 alkyl group that may be branched
and that may  be substituted with a halogen atom, a
C1 to C5 alkoxy group that may be branched and that
may be substituted with a halogen atom, an aryl group
that may be substituted with a halogen  25 atom, a C1
to C4 alkyl group that may be branched and that may
be  substituted with a halogen atom, a cyano group,
-NR30R31 (where R30 and  R31 are each independently a
hydrogen atom or a Cl to C4 alkyl group  35 that may
be branched and that may be substituted with a
halogen, atom),  a nitro group, a carbamoyl group, an
N-(C1 to C4 alkyl)carbamoyl group,  an N,N-di(Ci to
C4 alkyl)carbamoyl group, or -NHCOR9 (where R9 is a
C1  to C4 alkyl group that may be branched and that
may be substituted with  5 a halogen atom), a cyano
group, -NR30R31 (where R30 and R31 are each
independently a  hydrogen atom or a C1 to C4 alkyl
group that may be branched and that  may be
substituted with a halogen atom), 



10 a nitro group, a carbamoyl group, an N-(C1 to C4
alkyl)carbamoyl group, an N,N-di(Cl to C4
alkyl)carbamoyl group, -NHCOR9 (where R9 is a C1 to
C4 alkyl group that may be  15 branched and that may
be substituted with a halogen atom), and a halogen
atom; and (4) a heteroaryl group, wherein the
heteroaryl group may  be substituted with at least
one group selected from the group consisting  of: 20
a C1 to C4 alkyl group that may be branched and that
may  be substituted with a halogen atom, a C1 to C5
alkoxy group that may be branched and that  may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen  25 atom, a C1 to
C4 alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group,
-NR30R31 (where R30 and  R31 are each independently a
hydrogen atom or a C1 to C4 alkyl group  36 that may
be branched and that may be substituted with a
halogen atom),  a nitro group, a carbamoyl group, an
N-(Ci to C4 alkyl)carbamoyl group,  an N,N-di(Ci to
C4 alkyl)carbamoyl group, or -NHCOR9 (where R9 is a
Ci  to C4 alkyl group that may be branched and that
may be substituted with  5 a halogen atom), a cyano
group, -NR30R31 (where R30 and R31 are each
independently a  hydrogen atom or a Ci to C4 alkyl
group that may be branched and that  may be
substituted with a halogen atom), 10 a nitro group, 



a carbamoyl group, an N-(C, to C4 alkyl)carbamoyl
group, an N,N-di(Ci to C4 alkyl)carbamoyl group,
-NHCOR9 (where R9 is a C1 to C4 alkyl group that may
be  15 branched and that may be substituted with a
halogen atom), and a halogen atom;  and n is an
integer from,1 to 12); (xiii) -(CH2)n SO-R12 (where
R12 is a group selected from the group  consisting
of: 20 (1) a hydrogen atom; (2) a Ci to C4 alkyl
group that may be branched and that  may be
substituted with a halogen atom; (3) an aryl group,
wherein the aryl group may be  substituted with at
least one group selected from the group consisting of
25 a Ci to C4 alkyl group that may be branched and
that may  be substituted with a halogen atom, a C1 to
C5 alkoxy group that may be branched and that  37 may
be substituted with a halogen atom, an aryl group
that may be substituted with a halogen  atom, a C1 to
C4 alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group,
-NR30R31 (where R30 and 5 R31 are each independently
a hydrogen atom or a Ci to C4 alkyl group  that may
be branched and that may be substituted with a
halogen atom),  a nitro group, a carbamoyl group, an
N-(Ci to C4 alkyl)carbamoyl group,  an N,N-di(Ci to
C4 alkyl)carbamoyl group, or -NHCOR9 (where R9 is a
Cr  to C4 alkyl group that may be branched and that
may be substituted with  10 a halogen atom), a cyan
group, 



NR30Rsi (where R30 and R31 are each independently a
hydrogen atom or a C1 to C4 alkyl group that may be
branched and that  may be substituted with a halogen
atom), 15 a nitro group, a carbamoyl group, an N-(C1
to C4 alkyl)carbamoyl group, an N,N-di(Cl to C4
alkyl)carbamoyl group, -NHCOR9 (where R9 is a C1 to
C4 alkyl group that may be  20 branched and that may
be substituted with a halogen atom), and a halogen
atom; and (4) a heteroaryl group, wherein the
heteroaryl group may  be substituted with at least
one group selected from the group consisting  of 25 a
C1 to C4 alkyl group that may be branched and that
may  be substituted with a halogen atom, a C1 to C5
alkoxy group that may be branched and that  38 may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen  atom, a Ci to C4
alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group,
-NR30R31 (where R30 and 5 R31 are each independently
a hydrogen atom or a Ci to C4 alkyl group  that may
be branched and that may be substituted with a
halogen atom),  a nitro group, a carbamoyl group, an
N-(C1 to C4 alkyl)carbamoyl group,  an N,N-di(C1 to
C4 alkyl)carbamoyl group, or -NHCOR9 (where R9 is a
Ci  to C4 alkyl group that may be branched and that
may be substituted with  10 a halogen atom), a cyano
group, -NR30R31 (where R30 and R31 are each
independently a  



hydrogen atom or a C1 to C4 alkyl group that may be
branched and that  may be substituted with a halogen
atom), 15 a nitro group, a carbamoyl group, an N-(C1
to C4 alkyl)carbamoyl group, an N,N-di(Ci to C4
alkyl)carbamoyl group, -NHCOR9 (where R9 is a C1 to
C4 alkyl group that may be  20 branched and that may
be substituted with a halogen atom), and a halogen
atom; and n is an integer from 1 to 12); and (xiv)
-(CH2)n SO2-R12 (where R12 is a group selected from
the  group consisting of: 25 (1) a hydrogen atom; (2)
a C1 to C4 alkyl group that may be branched and that
may be substituted with a halogen atom; 39 (3) an
aryl group, wherein the aryl group may be
substituted with at least one group selected from the
group consisting of a Ci to C4 alkyl group that may
be branched and that may  be substituted with a
halogen atom, 5 a Ci to C5 alkoxy group that may be
branched and that  may be substituted with a halogen
atom, an aryl group that may be substituted with a
halogen  atom, a Ciao C4 alkyl group that may be
branched and that may be  substituted with a halogen
atom, a cyano group, -NR30R31 (where R30 and 10 R31
are each independently a hydrogen atom or a Cl to C4
alkyl group  that may be branched and that may be
substituted with a halogen atom),  a nitro group, a
carbamoyl group, an N-(CI to C4 alkyl)carbamoyl
group,  an N,N-di(Cl to C4 alkyl)carbamoyl group, or
-NHCOR9 (where R9 is a Ci  



to C4 alkyl group that may be branched and that may
be substituted with  15 a halogen atom), a cyano
group, -NR30R31 (where R30 and R31 are each
independently a  hydrogen atom or a C1 to C4 alkyl
group that may be branched and that  may be
substituted with a halogen atom), 20 a nitro group, a
carbamoyl group, an N-(Ci to C4 alkyDcarbamoyl group,
an N,N-di(Cl to C4 alkyl)carbamoyl group, -NHCOR9
(where R9 is a Ci to C4 alkyl group that may be  25
branched and that may be substituted with a halogen
atom), and a halogen atom; and (4) a heteroaryl
group, wherein the heteroaryl group may  40 be
substituted with at least one group selected from the
group consisting  of a C1 to C4 alkyl group that may
be branched and that may  be substituted with a
halogen atom, 5 a C1 to C5 alkoxy group that may be
branched and that  may be substituted with a halogen
atom, an aryl group that may be substituted with a
halogen  atom, a C1 to C4 alkyl group that may be
branched and that may be  substituted with a halogen
atom, a cyano group, -NR30R31 (where R30 and 10 R31
are each independently a hydrogen atom or a Cl to C4
alkyl group  that may be branched and that may be
substituted with a halogen atom),  a nitro group, a
carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group,  an N,N-di(Cl to C4 alkyl)carbamoyl group, or
NHCOR9 (where R9 is a C1  to C4 alkyl group that may
be branched and that may be substituted with  



15 a halogen atom), a cyano group, -NR30R31 (where
R30 and R31 are each independently a  hydrogen atom
or a C1 to C4 alkyl group that may be branched and
that  may be substituted with a halogen atom), 20 a
nitro group, a carbamoyl group, an N-(C1 to C4
alkyl)carbamoyl group, an N,N-di(Cl to C4
alkyl)carbamoyl group, -NHCOR9 (where R9 is a C1 to
C4 alkyl group that may be  25 branched and that may
be substituted with a halogen atom), and a halogen
atom; and n is an integer from 1 to 12); or 41 R23
and R24 are taken together to form a divalent group
selected from the  group consisting of -(CH2)m-
(where m is an integer from 2 to 8);  ~o 0 and \_o 0
U  and X- is a halide anion. In a further embodiment,
the phase-transfer catalyst complexed  with an
optically-active metal atom is a metal complex, or an
enantiomer  thereof, which is represented by: Hm;,,,.
H  N N  OM\O /  (where M is Ni or Cu). 



In one embodiment, at the time earlier than a time
for completion  of the stoichiometric reaction, an
optical purity of the compound  represented by the
formula (I) is 70% ee or more. The present disclosure
also provides method for stereoselectively  producing
a compound represented by the following formula W:
Rls N CORZO  ~  R15 n (I)  the method comprises: 42
initiating a reaction of a compound represented by
the formula  (II) NCOR2o~  R15 5 (II)  with a
compound represented by the formula (III): R18-W
(III)  in a medium in the presence of an optically-
active phase-transfer  catalyst and an inorganic
base; and 10 quenching the reaction at a time t that
satisfies the following  inequality: 50 < At (%ee) x
YLDt (%) <100  100  (where 15 At is the optical
purity (% ee) of the compound represented by the
formula (I) that is obtained by quenching the
reaction at a time t from  the initiation of the
reaction; and 



YLDt is the yield (%) of the compound represented by
the formula  (I) that is obtained by quenching the
reaction at a time t from the  20 initiation of the
reaction); wherein in the formula (I) and the formula
(II), R15 is an aryl group or a heteroaryl group that
may be substituted  with at least one group selected
from the group consisting of a C1 to Cs alkyl group
that may be branched and that may be  25 substituted
with a halogen atom, a Cl to C5 alkoxy group that may
be branched and that may be  substituted with a
halogen atom, 43 an aryl group that may be
substituted with a halogen atom, a Ci  to Cs alkyl
group that may be branched and that may be
substituted with  a halogen atom, or a Ci to C5
alkoxy group that may be branched and  that may be
substituted with a halogen atom, 5 a cyano group,
-NR30R31 (where R30 and R31 are each independently a
hydrogen  atom or a CI to C4 alkyl group that may be
substituted with a halogen  atom), a nitro group, 10
a carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group, an N,N-di(Cl to C4 alkyl)carbamoyl group,
-NHCOR9 (where R9, is a Ci to C4 alkyl group that may
be  branched and that may be substituted with a
halogen atom), and 15 a halogen atom; R20 is -OR19
(where R19 is a Ci to Cs alkyl group that may be
substituted with a halogen atom or an aryl group that
may be  substituted with a halogen atom, and that may
be branched or form a  



cyclic group) or -NR50R51 (where R50 and R51 are each
independently a 20 hydrogen atom, -CHR28R29 (where
R28 is a group selected from the group  consisting of
a hydrogen atom, and an aryl group that may be
substituted with a C1 to C4 alkyl group that may be
substituted with a  halogen atom, a C1 to C3 alkoxy
group that may be substituted with a  halogen atom,
or a halogen atom, and R29 is an aryl group that may
be 25 substituted with a Ci to C4 alkyl group that
may be substituted with a  halogen atom, a C1 to C3
alkoxy group that may be substituted with a  halogen
atom, or a halogen atom) or -OR101 (where R10' is a
Ci to Cs alkyl  44 group or a benzyl group)); in the
formula (I) and the formula (III), R18 is a group
selected from the group consisting of (i) a CS to Clo
alkyl group that may be branched or form a cyclic  5
group and that may be substituted with a .halogen
atom, wherein the  alkyl group may be substituted
with at least one group selected from the  group
consisting of a CS to C5 alkoxy group that may be
branched and that may be  substituted with a halogen
atom, 10 a cyan group, -NR30R31 (where R30 and R31
are each independently a hydrogen  atom or a C1 to C4
alkyl group that may be substituted with a halogen
atom), a nitro group, 15 a carbamoyl group, an N-(C1
to C4 alkyl)carbamoyl group, an N,N-di(Cl to C4
alkyl)carbamoyl group, -NHCOR (where R9 is a CS to C4
alkyl group that may be  branched and that may be
substituted with a halogen atom), 



20 a halogen atom, -COR9 (where R is a C1 to C4 alkyl
group that may be branched  and that may be
substituted with a halogen atom), and -C02R9 (where
R9 is a CS to C4 alkyl group that may be branched
and that may be substituted with a halogen atom); 25
(ii) a C3 to C15 allyl group or substituted allyl
group that may be  branched or form a cyclic group
and that may be substituted with a  halogen atom; 45
(iii) a C2 to Cs alkenyl group that may be branched
or form a  cyclic group and that may be substituted
with a halogen atom; (iv) a C2 to Cs alkynyl group
that may be branched or form a  cyclic group and that
may be substituted with a halogen atom; 5 (v) an
aralkyl group, wherein the aryl moiety of the aralkyl
group  may be substituted with at least one group
selected from the group  consisting of. a Cl to C4
alkyl group that may be branched and that may be
substituted with a halogen atom, 10 a C1 to C5 alkoxy
group that may be branched and that may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen atom, a Ci  to C4
alkyl group that may be branched and that may be
substituted with  a halogen atom, a cyano group,
-NR30R31 (where R30 and R31 are each 15 independently
a hydrogen atom or a C1 to C4 alkyl group that may be
branched and that may be substituted with a. halogen
atom), a nitro  group, a carbamoyl group, an N-(CI to
C4 alkyl)carbamoyl group, an  N,N-di(Ci to C4
alkyl)carbamoyl group, or -NHCOR9 (where R9 is a C1
to  C4 alkyl group that may be branched and that may
be substituted with a  20 halogen atom), 



a cyano group, -NR30R31 (where R30 and R31 are each'
independently a hydrogen  atom or a Ci to C4 alkyl
group that may be branched and that may be
substituted with a halogen atom), 25 a nitro group, a
carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group,  46 an N,N-di(Ci to C4 alkyl)carbamoyl group,
-NHCOR9 (where R9 is a Ci to C4 alkyl group that may
be  branched and that may be substituted with a
halogen atom), and a halogen atom; and 5 the alkyl
moiety of the aralkyl group is a Ci to C alkyl group
that may  be branched or form a cyclic group and that
may be substituted with a  halogen atom; (vi) a
heteroaralkyl group having a heteroaryl moiety,
wherein  the heteroaryl moiety may be substituted
with at least one group  10 selected from the group
consisting of a Ci to C4 alkyl group that may be
branched and that may be  substituted with a halogen
atom, a C1 to C5 alkoxy group that may be branched
and that may be  substituted with a halogen atom, 15
an aryl group that may be substituted with a halogen
atom, a Ci  to C4 alkyl group that may be branched
and that may be substituted with  a halogen atom, a
cyano group, -NR30R3i (where R30 and R31 are each
independently a hydrogen atom or a Ci to C4 alkyl
group that may be  branched and that may be
substituted with a halogen atom), a nitro 20 group, a
carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, an  N,N-di(Cl to C4 alkyl)carbamoyl group, or
-NHCOR9 (where R9 is a Ci to  



C4 alkyl group that may be branched and that may be
substituted with a  halogen atom), a cyano group, 25
-NR30R31 (where R30 and R31 are each independently a
hydrogen  atom or a Ci to C4 alkyl group that may be
branched and that may be  substituted with a halogen
atom), 47 a nitro group, a carbamoyl group, an N-(Ci
to C4 atkyl)carbamoyl group, an N,N-di(C1 to C4
alkyl)carbamoyl group, -NHCOR9 (where R9 is a Cl to
C4 alkyl group that may be  branched and that may be
substituted with a halogen atom), and a halogen atom;
and the alkyl moiety of the heteroaralkyl group is a
Ci to C6 alkyl group that  may be branched or form a
cyclic group and that maybe substituted with  a
halogen atom; and (vii) a Cs to C9 propargyl group or
substituted propargyl group  that may be branched and
that may be substituted with a halogen atom;  in the
formula (III), W is a functional group that has a
leaving ability;  in the formula (I) and the formula
(II), n is an integer from l to 4; and  in the
formula (I), * shows a newly produced asymmetric
center. According to the present disclosure, it is
possible to obtain a  reaction product without
allowing the effect of racemization to occur, even
when an aldimine-type Schiff base is used. Thus, it
is possible to  less expensively provide an
asymmetrical mono -substituted alkylated  



compound. Best Mode for Carrying Out the Invention
Hereinafter, the terms used in the present invention
will be  defined. 48 The phrase "Cl to Cn alkyl group
that may be branched or form a  cyclic group" (where
n is an integer) includes any linear alkyl group
having 1 to n carbon atoms, any branched alkyl group
having 3 to n  carbon atoms, and any cyclic alkyl
group having 3 to n carbon atoms. 5 Examples of
linear alkyl groups having 1 to 6 carbon atoms
include  methyl, ethyl, n-propyl, n-butyl, n-pentyl,
and n-hexyl. Examples of  branched alkyl groups
having 3 to 6 carbon atoms. include isopropyl,
isobutyl, tert-butyl, and isopentyl. Examples of
cyclic alkyl groups  having 3 to 6 carbon atoms
include cyclobutyl, cyclopentyl, and 10 cyclohexyl.
Furthermore, when "Cl to C12 alkyl group that may be
branched or form a cyclic group and may be
substituted with a halogen  atom" is referred to, any
linear alkyl group having 1 to 12 carbon atoms,  any
branched alkyl group having 3 to 12 carbon atoms, and
any cyclic  alkyl group having 3 to 12 carbon atoms
are included, and a hydrogen 15 atom at any position
of these alkyl groups may be substituted with a
halogen atom. Examples of such an alkyl group include
n-heptyl,  isoheptyl, n-octyl, isooctyl, n-decyl, and
n-dodecyl. In N-(Ci to C4 alkyl) carbamoyl groups and
N,N-di(Ci to C4 alkyl)  carbamoyl groups, "Cl to C4
alkyl" means Ci to C4 linear alkyl groups or  20 C3
to C4 branched alkyl groups. The phrase "C2 to C.
alkenyl group that may be branched or form  a cyclic
group" (where n is an integer) includes any linear
alkenyl groups  having 2 to n carbon atoms, any
branched alkenyl groups having 3 to n  carbon atoms,
and any cyclic alkenyl groups having 3 to n carbon
atoms. 



25 Examples of linear alkenyl groups having 2 to 6
carbon atoms include  ethenyl, 1-propenyl,
2-propenyl, 1-butenyl, 2-butenyl, 1-pentenyl,
2-pentenyl, 3-pentenyl, 4-pentenyl, and 1-hexenyl.
Examples of  49 branched alkenyl groups having 3 to 6
carbon atoms include isopropenyl,
1-methyl-1-propenyl, 1-methyl-2-propenyl,
2-methyl-1-propenyl,  2-methyl-2-propenyl, and
1-methyl-2-butenyl. Examples of cyclic  alkenyl
groups having 3 to 6 carbon atoms include
cyclobutenyl, 5 cyclopentenyl, and cyclohexenyl.
Furthermore, when "C2 to C12 alkenyl  group that may
be branched or form a cyclic group and may be
substituted with a halogen atom" is referred to, any
linear alkenyl  groups having 2 to 12 carbon atoms,
any branched alkenyl groups having  3 to 12 carbon
atoms, and any cyclic alkenyl groups having 3 to 12
10 carbon atoms are included, and a hydrogen atom at
any position of these  alkenyl groups may be
substituted with a halogen atom. Examples of  such an
alkenyl group include 1-heptenyl, 2-heptenyl,
1-octenyl,  1-decenyl, and 1-dodecenyl. The phrase
"C2 to C. alkynyl group that may be branched or form
15 a cyclic group" (where n is an integer) includes
any linear alkynyl groups  having 2 to n carbon
atoms, any branched alkynyl groups having 3 to n
carbon atoms, and any cyclic alkynyl groups having 3
to n carbon atoms.  Examples of linear alkynyl groups
having 2 to 6 carbon atoms include  ethynyl,
1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl,
1-pentynyl, and 20 1-hexynyl. Examples of branched
alkynyl groups having 3 to 6 carbon  atoms include
1-methyl-2-propynyl. Examples of cyclic alkynyl
groups  having 3 to 6 carbon atoms include
cyclopropylethynyl, and  cyclobutylethynyl.
Furthermore, when "C2 to Cie alkynyl group that  may
be branched or form a cyclic group and may be
substituted with a 25 halogen atom" is referred to,
any linear alkynyl groups having 1 to 12  



carbon atoms, any branched alkynyl groups having 3 to
12 carbon atoms,  and any cyclic alkynyl groups
having 3 to 12 carbon atoms are included,  50 and a
hydrogen atom at any position of these alkynyl groups
may be  substituted with a halogen atom. Examples of
such an alkynyl group  include 1-heptynyl, 1-octynyl,
1-decynyl, and 1-dodecynyl. The phrase "Cl to Cn
alkoxy group that may be branched" (where  5 n is an
integer) includes alkoxy groups having any linear
alkyl groups  having 1 to n carbon atoms and alkoxy
groups having any branched alkyl  groups having 3 to
n carbon atoms. Examples thereof include methyloxy,
ethyloxy, n-propyloxy, isopropyloxy, and
tert-butyloxy. Examples of "aralkyl group" in the
present invention include  10 benzyl, phenethyl, and
naphthylmethyl. Examples of "heteroaralkyl group" in
the present invention  include pyridylmethyl,
indolylmethyl, furylmethyl, thienylmethyl, and
pyrrolylmethyl. Examples of "aryl group" in the
present invention include phenyl,  15 naphthyl,
anthryl and phenanthryL Examples of "heteroaryl
group" in the present invention include  pyridyl,
pyrrolyl, imidazolyl, furyl, indolyl,
benzothiophen-2-yl, thienyl,  oxazolyl, thiazolyl, 3,
4-methylenedioxyphenyl, 3,4-ethylenedioxyphenyl  and
tetrazolyl. 20 Examples of "halogen atom" in the
present invention include a  chlorine atom, a bromine
atom, an iodine atom, and a fluorine atom. In  the
present invention, the term "halide anion" refers to
halogen ions and  examples thereof include a chloride
ion, a bromide ion, an iodide ion and  a fluoride
ion. 25 In the present invention, the phrase "C3 to
Cn allyl group or  substituted allyl group that may
be branched or form a cyclic group"  



(where n is an integer) refers to allyl groups or any
substituted allyl  51 groups having a substituent(s)
at position 1 and/or 2 and/or 3 and having  4 to n
carbon atoms in total, and for example, includes
2-butenyl,  1-cyclopentenylmethyl, and
3-methyl-2-butenyl. In the present invention, the
phrase "C3 to C. propargyl group or  5 substituted
propargyl group that may be branched" (where n is an
integer) refers to propargyl groups or any
substituted propargyl groups  having a substituent(s)
at position 1 and/or 3 and having 4 to n carbon
atoms in total, and for example, includes 2-butynyl,
and  3-trimethylsilyl-2-propynyl. 10 In the present
invention, the term "functional group having a
leaving ability" means an atom or an atom group that
leaves from a  substrate in a substitution reaction
or an elimination reaction, that is, a  leaving
group, and for example, includes a halogen atom, and
a  sulfonyloxy group. 15 In the present
specification, the term "group (Q)" is used to
simplify the description, for convenience, and is
referred to the group  consisting of: a Ci to C4
alkyl group that may be branched and that may be
substituted with a halogen atom, 20 a C1 to C5 alkoxy
group that may be branched and that may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen atom, a C1  to C4
alkyl group that may be branched and that may be
substituted with  a halogen atom, a cyano group,
-NR3OR31 (where R30 and R31 are each 25 independently
a hydrogen atom or a C1 to C4 alkyl group that may be
branched and that may be substituted with a halogen
atom), a nitro  group, a carbamoyl group, an N-(Ci to
C4 alkyl)carbamoyl group, an  



52 N,N-di(Ci to C4 alkyl)carbamoyl group, or -NHCOR9
(where R9 is a C1 to  C4 alkyl group that may be
branched and that may be substituted with a  halogen
atom),  a cyano group, 5 -NR30R31 (where R30 and R31
are each independently a hydrogen  atom or a C1 to C4
alkyl group that may be branched and that may be
substituted with a halogen atom), a nitro group, a
carbamoyl group, 10 an N-(CI to C4 alkyl)carbamoyl
group, an N,N-di(Ci to C4 alkyl) carbamoyl group,
-NHCOR9 (where R9 is a Ci to C4 alkyl group that may
be  branched and that may be substituted with a
halogen atom), and a halogen atom. 15 Hereinafter,
the present invention will be described more
specifically. The present invention provides a method
for producing an  asymmetrical mono-substituted
alkylated compound. An example of the asymmetrical
mono-substituted alkylated  20 compound that can be
produced with the present invention is  represented
by the following formula (I) below: R1$  N )-"-,
COR20 25 R15 n W.  Here, R15 is an aryl group or a
heteroaryl group that may be substituted  53 with at
least one group selected from the group consisting of



a C1 to Cs alkyl group that may be branched and that
may be  substituted with a halogen atom; a C1 to C5
alkoxy group that may be branched and that may be  5
substituted with a halogen atom; an aryl group that
may be substituted with a halogen atom, a C1  to Cs
alkyl group that may be branched and that may be
substituted with  a halogen atom, or a C1 to C5
alkoxy group that may be branched and  that may be
substituted with a halogen atom; 10 a cyano group;
-NR30R31 (where R30 and R31 are each independently a
hydrogen  atom or a C1 to C4 alkyl group that may be
substituted with a halogen  atom); a nitro group; 15
a carbamoyl group; an N-(C, to C4 alkyl)carbamoyl
group; an N,N-di(C1 to C4 alkyl)carbamoyl group;
-NHCOR9 (where R9 is a C1 to C4 alkyl group that may
be  branched and that may be substituted with a
halogen atom); and 20 a halogen atom; R20 is -OR19
(where R19 is a C1 to Cs alkyl group that may be
substituted with a halogen atom or an aryl group that
may be  substituted with a halogen atom, and that may
be branched or form a  cyclic group) or -NR50R51
(where R50 and R51 are each independently a 25
hydrogen atom, -CHR28R29 (where R28 is a group
selected from the group  consisting of a hydrogen
atom, and an aryl group that may be  substituted with
a C1 to C4 alkyl group that may be substituted with a
54 halogen atom, a Ci to C3 alkoxy group that may be
substituted with a  halogen atom, and a halogen atom,
and R29 is an aryl group that may be  



substituted with a C1 to C4 alkyl group that may be
substituted with a  halogen atom, a C1 to C3 alkoxy
group that may be substituted with a 5 halogen atom,
or a halogen atom) or -0R101 (where R101 is a C1 to
C8 alkyl  group or a benzyl group)); R18 is a group
selected from the group consisting of (i) a C1 to Clo
alkyl group that may be branched or form a cyclic
group and that may be substituted with a halogen
atom, wherein the  10 alkyl group may be substituted
with at least one group selected from the  group
consisting of a Cr to C5 alkoxy group that may be
branched and that may be  substituted with a halogen
atom, a cyan group, 15 -NR30R31 (where R30 and R31
are each independently a hydrogen  atom or a C1 to C4
alkyl group that may be substituted with a halogen
atom), a nitro group, a carbamoyl group, 20 an N-(Ci
to C4 alkyl)carbamoyl group, an N,N-di(CS to C4
alkyl)carbamoyl group, -NHCOR9 (where R9 is a C1 to
C4 alkyl group that may be  branched and that may be
substituted with a halogen atom), a halogen atom, 25
-COR9 (where R9 is a Cl to C4 alkyl group that may be
branched  and that may be substituted with a halogen
atom), and -C02R9 (where R9 is a Ci to C4 alkyl group
that may be branched  55 and that may be substituted
with a halogen atom); (ii) a C3 to C15 allyl group or
substituted allyl group that may be  branched or form
a cyclic group and that may be substituted with a  



halogen atom; 5 (iii) a C2 to C6 alkenyl group that
may be branched or form a  cyclic group and that may
be substituted with a halogen atom; (iv) a C2 to C6
alkynyl group that may be branched or form a  cyclic
group and that may be substituted with a halogen
atom; (v) an aralkyl group, wherein the aryl moiety
of the aralkyl group  10 may be substituted with at
least one group selected from the group (Q),  and the
alkyl moiety of the aralkyl group is a Cl to C6 alkyl
group that  may be branched or form a cyclic group
and that may be substituted with  a halogen atom;
(vi) a heteroaralkyl group having a heteroaryl
moiety, wherein  15 the heteroaryl moiety may be
substituted with at least one group  selected from
the group (Q), and the alkyl moiety of the aralkyl
group is  a Ci to C6 alkyl group that may be branched
or form a cyclic group, and  that may be substituted
with a halogen atom; and (vii) a C3 to Cs propargyl
group or substituted propargyl group  20 that may be
branched and that may be substituted with a halogen
atom;  n is an integer from 1 to 4; and * shows a
newly produced asymmetric center. In the present
invention, first, the compound of the formula (II)
and the compound of the formula (III) are allowed to
react in the  25 presence of an optically- active
phase-transfer catalyst and an inorganic base
(hereinafter, this may be referred to as the
alkylation process). The compound of the formula (II)
that is used in the present  56 invention is an
aldimine-type Schiff base or derivative thereof
represented by the following formula (II): (N'coR20
1 



5 R15 In (II).  Here, R15, R20, and n are the same as
defined for the  above-described formula W. Examples
of the compound of the formula (II) that is used in
the  10 present invention include benzaldehyde Schiff
base of glycine ethyl ester,  p-anisaldehyde Schiff
base of glycine ethyl ester, p-chlorobenzaldehyde
Schiff base of glycine ethyl ester, benzaldehyde
Schiff base of glycine  tert-butyl ester,
p-chlorobenzaldehyde Schiff base of glycine
tert-butyl  ester, 2-methylbenzaldehyde Schiff base
of glycine ethyl ester, 15 p-methylbenzaldehyde
Schiff base of glycine ethyl ester,
2-methylbenzaldehyde Schiff base of glycine
tert-butyl ester,  p-methylbenzaldehyde Schiff base
of glycine tert-butyl ester,  terephthalaldehyde
Schiff base of glycine ethyl ester, and benzaldehyde
Schiff base of glycine diphenylmethylamide. 20 The
compound of the formula (II) that is used in the
present  invention can, for example, be produced by
reacting a benzaldehyde  derivative with glycine
ester hydrochloride in the presence of  triethylamine
(see P. Bey and J. P. Vevert, Tetrahedron Lett.,
1977,  pp.1445-1458). 25 The compound of the formula
(III) that is used in the present  invention is a
compound that has a leaving group, and is represented
by  the following formula (III): 57 (III)  R18-W
Here, R18 is the same as defined for the
above-described formula  (I), and W is a functional
group that has a leaving ability. 



Examples of the compound of the formula (III) that is
used in the  5 present invention include benzyl
bromide, p-methylbenzyl bromide,  p-fluorobenzyl
bromide, 1-bromomethyl naphthalene, cinnamyl bromide,
iodoethane, allyl bromide, methallyl bromide,
2-iodobenzyl bromide,  3-iodobenzyl bromide, and
p-iodobenzyl bromide. The optically- active
phase-transfer catalyst that is used in the  10
present invention encompasses asymmetrical catalysts
that can usefully  function as a phase-transfer
catalyst for producing an optically- active  a-amino
acid or derivative thereof. There are no particular
limitations  regarding such compounds, so long as
they are optically- active  phase-transfer catalysts
that are known in the art, and specific examples 15
thereof include phase-transfer catalysts complexed
with optically- active  metal atoms, and
optically-active quaternary ammonium salts. Further
examples include optically- active phase-transfer
catalysts having a  biphenyl backbone and/or
binaphthyl backbone, and compounds known  as
optically-active cinchona alkaloid quaternary
ammonium salts. One 20 example of optically- active
phase-transfer catalysts that can be used in  the
present invention includes a phase-transfer catalyst
complexed with  optically- active metal atom, and an
enantiomer thereof, which is  represented by: 25 Hu"
~,,. H (where M is Cu or Ni).  M\O~ 58 The
above-described phase-transfer catalysts complexed
with  optically- active metal atoms are known, and
the methods for producing  them also are known
(Maruoka, K. and Ooi, T., Chemical Reviews, 2003,
vol. 103, p.3013). 5 Alternatively, another example
of an optically- active  



phase-transfer catalyst that can be used in the
present invention is an  optically-active cinchona
alkaloid quaternary ammonium salt, and  enantiomer
thereof, which is represented by: H H H  10 N ge N CI
N CI  (r) H HOl4u.. H \ HOm,,.. H HO  H I / CF3 H N N
N  H H H  15 ea cr / H N N H  PhCHZO HO.,,.. H HO H
.,.,H  N \ \ /  N 20 0 cl  gH  N (where R" is a
hydrogen atom, a C1 to C4 alkyl group that may be  25
branched, a C1 to C5 alkoxy group that may be
branched, or a halogen  atom), 59 o N H r  Br 3B  H N
H H N(r) O H I \ H~ \  5 H N 



/ N  H o  2Z H  H - Hn"... OR  10 RO r'A  H  (where R
is a hydrogen atom or an allyl group, and Z is Cl or
Br), H  2ci 15 H N  N. H ...a~~OH Me0 HOm,... H H H N
1 \ / \I \ N  20 H N B H  H N Br / H N HO V *~",H Ph\
jO \ N N  25 , or The above-described optically-
active cinchona alkaloid  quaternary ammonium salts
are known, and the methods for producing  60 them
also are known (Maruoka, K. and Ooi, T., Chemical
Reviews, 2003,  



vol. 103, p.3013). Alternatively, yet another example
of an optically-active  phase-transfer catalyst that
can be used in the present invention is an  5
optically-active quaternary ammonium salt, and
enantiomer thereof,  which is represented by: MeO,
OMe  Hi,,,.C(A  10 0 R R (where R is a methyl, group
or a hydrogen atom),  Me ~  Me p-MeO-Ph  0 I-p-MeO-Ph
15 t-B p-MeO-Ph q (r) 1 ;~N 21O N`\ I 2Br  me
p-MeO-Ph Me p-Me-Ph  Me 0 -p-Me-Ph  _N16 4-CF3PhCH20
O 4-CF3  20 t-Bu //-P-Me-Ph 8r0 O "~-NO 21 OCHZPh
4-CF3  M \-p-Me-Ph 4CF3PhCHZO ,\ BrO ,or .  The above
optically- active quaternary ammonium salts are
known, and the methods for producing them also are
known (Maruoka, K.  25 and Ooi, T., Chemical Reviews,
2003, vol. 103, p.3013). 



Alternatively, yet another example of an optically-
active  phase-transfer catalyst that can be used in
the present invention is an  61 optically-active
quaternary ammonium salt having a biphenyl backbone
and/or binaphthyl backbone represented by: R21 21  5
N N  Rzz \ \ \ \ R22 Rzi XO ( \ \ \ R21 / Tc3xe0:  N
10 R25 Rte R21 R23 R27 e  15 R27 N X  Rza R2 R22  R25
Here,  R21 and R22 are each independently a group
selected from the group  20 consisting of. (i) a
hydrogen atom; (ii) -NR30R31 (where R30 and R31 are
each independently a  hydrogen atom or a C1 to C4
alkyl group that may be branched and that  may be
substituted with a halogen atom); 25 (iii) a cyano
group;  (iv) a nitro group; (v) a carbamoyl group; 62



(vi) an N-(Ci to C4 alkyl)carbamoyl group; (vii) an
N,N-di(Ci to C4 alkyl)carbamoyl group; (viii) -NHCOR9
(where R9 is a Ci to C4 alkyl group that may be
branched and that may be substituted with a halogen
atom); 5 (ix) a halogen atom; (x) a Ci to C6 alkyl
group that may be branched or form a cyclic  group
and that may be substituted with a halogen atom; (xi)
a C2 to Cs alkenyl group that may be branched or form
a  cyclic group and that may be substituted with a
halogen atom; 10 (xii) a C2 to Cs alkynyl group that
may be branched or form a  cyclic group and that may
be substituted with a halogen atom; (xiii) an aralkyl
group, wherein the aryl moiety of the aralkyl  group
may be substituted with at least one group selected
from the group  (Q); 15 (xiv) a heteroaralkyl group
having a heteroaryl moiety, wherein  the heteroaryl
moiety may be substituted with at least one group
selected from the group (Q); (xv) an aryl group,
wherein the aryl group may be substituted  with at
least one group selected from the group (Q) or may be
substituted  20 with -O-(CH2)p-O- (where p is 1 or 2)
at positions 3 and 4 that are taken  together; (xvi)
a heteroaryl group, wherein the heteroaryl group may
be  substituted with at least one group selected from
the group (Q); and  (xvii) -S(O)n-R (where n is 0, 1,
or 2, and R is a Ci to C4 alkyl 25 group that may be
branched and that may be substituted with a halogen
atom); R25 1125', R26, and R26' are each
independently a group selected from the  63 group
consisting of= 



(i) a hydrogen atom;  (ii) a halogen atom; (iii) an
alkyl group, wherein the alkyl group is a Ci to Cs
alkyl  5 group that may be substituted with a halogen
atom and/or an aryl group,  and/or that may be
branched or form a cyclic group; and (iv) an alkoxy
group, wherein the alkoxy group is a Ci to Cs  alkoxy
group that may be substituted with a halogen atom
and/or an aryl  group, and/or that may be branched or
form a cyclic group; 10 R27 and R27' are each
independently a group selected from the group
consisting of: (i) a halogen atom; (ii) an alkyl
group, wherein the alkyl group is a Ci to C5 alkyl
group that may be substituted with a halogen atom
and/or an aryl group,  15 and/or that may be branched
or form a cyclic group; and (iii) an alkoxy group,
wherein the alkoxy group is a Ci to C5  alkoxy, group
that may be substituted with a halogen atom and/or an
aryl  group, and/or that may be branched or form a
cyclic group; R23 and R24 are each independently a
monovalent organic group,  20 preferably a group
selected from the group consisting of. (i) a Cl to
Cso alkyl group that may be branched or form a cyclic
group and that may be substituted with a halogen
atom; (ii) a C2 to C12 alkenyl group that may be
branched or form a  cyclic group and that may be
substituted with a halogen atom; 25 (iii) a C2 to Cie
alkynyl group that may be branched or form a  cyclic
group and that may be substituted with a halogen
atom; (iv) an aryl group, wherein the aryl group may
be substituted  64 with at least one group selected
from the group (Q); (v) a heteroaryl group, wherein
the heteroaryl group may be  



substituted with at least one group selected from the
group (Q); (vi) -(CH2),OCONR10R11 (where R10 and R1'
are each  5 independently a group selected from the
group consisting of: (1) a hydrogen atom;, (2) a C1
to C4 alkyl group that may be branched and that  may
be substituted with a halogen atom; (3) a C2 to C6
alkenyl group that may be branched or form  10 a
cyclic group and that may be substituted with a
halogen atom; (4) a C2 to C6 alkynyl group that may
be branched or form  a cyclic group and that may be
substituted with a halogen atom; (5) an aralkyl
group, wherein the aryl moiety of the  aralkyl group
may be substituted with at least one group selected
from  15 the group (Q); (6) a heteroaralkyl group
having a heteroaryl moiety,  wherein the heteroaryl
moiety may be substituted with at least one  group
selected from the group (Q); (7) an aryl group,
wherein the aryl group may be  20 substituted with at
least one group selected from the group (Q); and (8)
a heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from
the group (Q); and n is an integer from 1 to 12);
(vii) -(C112).CONR12R13 (where R'2 and R13 are each
25 independently a group selected from the group
consisting of: (1) a hydrogen atom; (2) a C1 to C4
alkyl group that may be branched and that  65 may be
substituted with a halogen atom; (3) an aryl group,
wherein the aryl group may be  substituted with at
least one group selected from the group (Q); and 



(4) a heteroaryl group, wherein the heteroaryl group
may  5 be substituted with at least one group
selected from the group (Q); and n is an integer from
1 to 12); (viii) -(CH2)1NR12COR13 (where R12 and R13
are each  independently a group selected from the
group consisting of (1) a hydrogen atom; 10 (2) a C1
to C4 alkyl group that may be branched and that  may
be substituted with a halogen atom; (3) an aryl
group, wherein the 'aryl group may be  substituted
with at least one group selected from the group (Q);
and (4) a heteroaryl group, wherein the heteroaryl
group may  15 be substituted with at least one group
selected from the group (Q); and n is an integer from
1 to 12); (ix) -(CH2),NR12R13 (where R12 and R13 are
each independently a  group selected from the group
consisting of (1) a hydrogen atom; 20 (2) a Cl to C4
alkyl group that may be branched and that  may be
substituted with a halogen atom; (3) an aryl group,
wherein the aryl group may be  substituted with at
least one group selected from the group (Q); and (4)
a heteroaryl group, wherein the heteroaryl group may
25 be substituted with at least one group selected
from the group (Q); and n is an integer from 1 to
12); (x) -(CH2),Y-OR12 (where Y is a C1 to C4
divalent saturated  66 hydrocarbon group that may be
branched, and R12 is a group selected  from the group
consisting of. ' (1) a hydrogen atom; (2) a Ci to C4
alkyl group that may be branched and that  



5 may be substituted with a halogen atom; (3) an aryl
group, wherein the aryl group may be  substituted
with at least one group selected from the group (Q);
and (4) a heteroaryl group, wherein the heteroaryl
group may  be substituted with at least one group
selected from the group (Q); 10 and n is an integer
from 1 to 12); (xi) -(CH2)n-OR12 (where R12 is a
group selected from the group  consisting of (1) a
hydrogen atom; (2) a C1 to C4 alkyl group that may be
branched and that  15 may be substituted with a
halogen atom; (3) an aryl group, wherein the aryl
group may be  substituted with at least one group
selected from the group (Q); and (4) a heteroaryl
group, wherein the heteroaryl group may  be
substituted with at least one group selected from the
group (Q); 20 and n is an integer from 1 to 12);
(xii) -(CH2).-S-R12 (where R12 is a group selected
from the group  consisting of: (1) a hydrogen atom;
(2) a C1 to C4 alkyl group that may be branched and
that  25 may be substituted with a halogen atom; (3)
an aryl group, wherein the aryl group may be
substituted with at least one group selected from the
group (Q); and 67 (4) a heteroaryl group, wherein the
heteroaryl group may  be substituted with at least
one group selected from the group (Q); and n is an
integer from 1 to 12); (xiii) -(CH2)n-SO-R12 (where
R12 is a group selected from the group  5 consisting
of 



(1) a hydrogen atom; (2) a C1 to C4 alkyl group that
may be branched and that  may be substituted with a
halogen atom; (3) an aryl group, wherein the aryl
group may be  10 substituted with at least one group
selected from the group (Q); and (4) a heteroaryl
group, wherein the heteroaryl group may  be
substituted with at least one group selected from the
group (Q); and n is an integer from 1 to 12); and
(xiv) -(CH2)n SO2-R12 (where R12 is a group selected
from the  15 group consisting of (1) a hydrogen atom;
(2) a C1 to C4 alkyl group that may be branched and
that  may be substituted with a halogen atom; (3) an
aryl group, wherein the aryl group may be  20
substituted with at least one group selected from the
group (Q); and (4) a heteroaryl group, wherein the
heteroaryl group may  be substituted with at least
one group selected from the group (Q); and n is an
integer from 1 to 12); or R23 and R24 are taken
together to form a divalent organic group,  25
preferably representing a divalent group selected
from the group  consisting of -(CH2)m' (where m is an
integer from 2 to 8);  68 ~o 0  and and  X" is a
halide anion. 5 It should be noted that in the
present invention, if a quaternary  ammonium salt
having a biphenyl backbone and/or binaphthyl backbone



represented by the following formula: Rzs  R21 R26 .
R21  O/R23 Rz' R23  N X N Xe 10 \R24 27' Rza  R22 or
R2s R22 Rzs  of the quaternary ammonium salts having
a biphenyl backbone and/or  binaphthyl backbone of
the present invention, is used, then R23 and R24 15
are each independently a monovalent organic group,
and preferably are a  Ci to Cie alkyl group that may
be branched or form a cyclic group and  that may be
substituted with a halogen atom, or a C13 to C3o
alkyl group  that may be branched or form a cyclic
group and that may be substituted  with a halogen
atom. 20 In the present invention, the method for
producing a quaternary  ammonium phase-transfer
catalyst that is represented by the following
formula: cR21 R21  \ \ O \  N  25 R22 or  \ \ R2z \ \
69 R21 Xp JIC  



R22 5 (where R21, R22, and X are the same as defined
above) of the quaternary  ammonium salts having a
biphenyl backbone and/or binaphthyl  backbone is well
known (Japanese Laid-Open Patent Publication No.
2001-48866 and Japanese Laid-Open Patent Publication
No.  10 2002-326992). Alternatively, a quaternary
ammonium phase-transfer catalyst  that has a
binaphthyl backbone that is represented by the
following  formula: R21 R23 N Xe  15 \R24  R22 (where
R21, R22, R23 R24, and X are the same as defined
above) can be  produced by, for example, reacting a
binaphthyl compound represented  by the following
formula: 20 R21  I \ \ CHZZ  22CHZZ  R22.  (where R21
and R22 are the same as defined above, and Z is a
halogen 25 atom) with a secondary amine represented
by the following formula:  R23 HNIR24 70 (where R23
and R24 are the same as defined above) in an organic
solvent  in the presence of an acid-scavenging agent.



The above binaphthyl compound can be easily prepared
from, for  example, easily available 1,
1'-binaphthyl-2,2'-dicarboxylic acid (see Seki,  5 M.
et al., Synthesis, 2000, p.1677) in a known process
as described in the Scheme 1 below (see Ooi, T. et
al., J Org. Chem., 2003, vol. 68, p.4577).  The
1,1'-binaphthyl-2,2'-dicarboxylic acid may be either
the (S)-form or  the (R) form. F F \ \ M9(TMP)2, COOK
iPrBr ' / / COOPr' Br2 COOPI' B(01-)2  10 COOH
Bo4NHSO 4 / / COON - I coon PP(OK)2,  \ \ KF-2H20 \ \
I \ \ Br a, z  (e) (b) () F F F  F F F  F - \ \ \ I F
\ \ \ F COOPI' LIAIH4 CH20H PBr3 CHZBr  15 COON CH2OH
/ I CHZBr.  F F\ \ I \ F F F  F F F  (d) (e) (f)
Scheme 1 The following is a more specific explanation
based on Scheme 1  20 above. First, the dicarboxylic
acid (a) is converted to a corresponding  diisopropyl
ester (b) using isopropyl bromide, a catalyst Bu4N
HS04, and  KF  2H20. The obtained compound (b) is
treated with magnesium
bis(2,2,6,6-tetramethylpiperamide) (hereinafter, .
referred to as  Mg(TMP)2), and then Br2 is added to
obtain 3,3'-dibromo-1,1'-dinaphthyl 25
2,2'-dicarboxylic acid ester (c). Then, the obtained
compound (c) and  3,4,5-trifluorophenylboronic acid
are subjected to a Suzuki-Miyaura  



cross-coupling reaction in the presence of palladium
acetate,  71 triphenylphosphine, and potassium
carbonate to give 3,3'-bis(3,4,5-
trifluorophenyD-1,1'-binaphthyl-2,2'-dicarboxylic
acid ester (d).  Furthermore, this compound (d) is
reduced with LiAlH4 to obtain alcohol  (e) and the
obtained alcohol (e) is treated with PBr3, so that it
is possible 5 to obtain the dibromide (t) that
corresponds to the above binaphthyl  compound. - On
the other hand, a large number of the secondary
amines described above are commercially available and
therefore can be  obtained easily, so that it is
possible to suitably select the secondary  10 amine.
Examples of the organic solvent used include nitrile
solvents (e.g.,  acetonitrile, propionitrile), ether
solvents (e.g., dioxane, tetrahydrofuran,  isopropyl
ether, diethyl ether, dimethoxyethane, 2-methoxyethyl
ether,  cyclopentylmetyl ether), and alcohol solvents
(e.g., methanol, ethanol, 15 n-propanol, isopropanol,
n-butanol, tert-butanol), and acetonitrile is
particularly preferable. Examples of acid-scavenging
agents include  inorganic bases such as potassium
carbonate, sodium carbonate,  potassium
hydrogencarbonate, and sodium hydrogencarbonate. In
the reaction, the secondary amine is preferably used
in 0.5 to 4  20 equivalents, and more preferably 0.8
to 2 equivalents, with respect to the  binaphthyl
compound. The acid-scavenging agent is preferably
used in  1 to 4 equivalents, and more preferably
approximately 1 to 2 equivalents,  with respect to
the binaphthyl compound. The binaphthyl compound  and
the secondary amine are reacted in the presence of
the 25 acid-scavenging agent in an appropriate
organic solvent with stirring.  The reaction
temperature is preferably between room temperature
and  the boiling point of the organic solvent, and
more preferably the reaction  



72 is performed while heating under reflux. The
reaction time is  preferably 30 minutes to 24 hours,
and more preferably 6 to 12 hours.  In this case, the
organic solvent is used in amounts at a ratio of
volume  (mL)/mass (g) of the binaphthyl compound the
ratio is preferably. 5 to 50 5 times, and more
preferably 5 to 30 times. After the reaction is
finished,  the reaction mixture is extracted with
dichloromethane, dichloroethane,  or chloroform, for
example, and isolated and purified by silica gel
column  chromatography, so that a binaphthyl-type
quaternary ammonium salt  can be obtained.
Alternatively, the reaction mixture may be used as is
10 as a phase-transfer catalyst in the method for
producing a  mono- substituted alkylated compound
described in detail later.  Alternatively, a
quaternary ammonium phase-transfer catalyst that has
a biphenyl backbone, represented by the following
formula:  Rz5 R~ R21  15 R23  R27 N x  27 Rza  R2 Rzz
26  (where R21, R22, R23, R24, R25, R25', R26 R26'
R27, R27', and X are the same 20 as defined above)
can be produced by, for example, reacting a biphenyl
compound represented by the following formula: R25
R26 R21  RV R27" 



25 CH2Z  R26 R22  R25' 73 (where R21, R22, R25 R25!
R26, R26' R27, R27, and Z are the same as defined
above) with a secondary amine represented by the
following  formula: /R 23 HN,R24  5 (where R23 and
R24 are the same as defined above) in an organic
solvent  in the presence of an acid-scavenging agent.
The above biphenyl compound can be synthesized using
the first  method or the second method outlined
below, for example. The first method is shown in
Scheme'2. 10 OBr OMe  OMe OMe 01 5OC1, OMe  Me0 OMe
NB5 Me0 OMe (ii)BINOL c '5L Br i i O OMe  COOH COOH O
\ / OMe  Br OMe OMe OMe OMe'  0Me MeO \ MeO ~.
halogenating ~. 15 Cu O OM LAH Me0 I CH2OH agent Me0
OH2Z  MeO i CH2OH Mei I CH2Z  00 I j OMe MeO Me) OMe
OMe OMe  OMe Scheme 2 



20 Reffering to the above Scheme 2, first,
3,4,5-trimethoxybenzoic  acid (for example,
commercially available from Aldrich) is dissolved in
an  organic solvent (such as chloroform) and then
N-bromosuccinimide (NBS)  is added thereto and heated
under reflux. Thus, the compound is  bromated at
position 2. Next, the brominated compound is
converted to 25 an acid chloride by (i) reacting it
with SOC12 and then (ii) reacting with  (S)- or
0-1,1'-bi-2-naphthol in a solvent, such as THE, to
give a  dibenzoyloxybinaphthyl compound. It should be
noted that in this  74 reaction, by using either
(S)-1,1'-bi-2-naphthol or (R)-1,i'-bi-2-naphthol it
is possible to easily select for the absolute
configuration (S-form or  R-form) of the above
biphenyl compound, through the procedure  discussed
later. Then, the dibenzoyloxybinaphthyl compound
obtained 5 above is reacted with active copper powder
suspended in an organic  solvent (such as DMF) while
heating under reflux to effect intramolecule
coupling. The coupled compound is added to a THE
suspension  containing lithium aluminum hydride and
the mixture was stirred for a  predetermined time, so
that it is possible to obtain a biphenyldimethanol 10
compound. The biphenyldimethanol compound is reacted
with a  halogenating agent, such as phosphorus
tribromide (PBr3), to obtain the  above biphenyl
compound, in which R21 and R22 both are hydrogen
atoms. In the present invention, in order to obtain
an above biphenyl  15 compound in which R21 and R22
are groups other than a hydrogen atom,  it is
possible to produce the biphenyl compound through the
procedure  detailed in Scheme 3 below. It should be
noted that for the sake of  simplicity, a case in
which R21 and R22 are identical is described. OMe OMe
OMe Br  Meo Meo Meo L  



20 MeO CH2Z MeO / CH3 Br 2 MOO CH3 Meo CHZZ MeO / I
CH3 MeO / -CH3  . j ,  Meo Meo MeO-( Br OMe OMe  OMe
OMe R21 OMe R2'  Meo Meo  R4-B(OH)2 Meo CH3 MeO I /
CHzZ 25 Pd catalyst MeO / CH3 Meo CH2Z  MeO R22 Meo
R22  OMe OMe Scheme 3  75 Reffering to the above
Scheme 3, the obtained biphenyl compound  is
dehalogenated using means ordinarily used in the art.
Then, the  dehalogenated compound is dissolved in an
organic solvent such as  pyridine, and bromide is
added thereto, so that it can be converted to a 5
compound brominated at positions 5 and 5'. This
compound is then  subjected to the Suzuki-Miyaura
coupling reaction with at least one type  of boronic
acid derivative represented by R21-B(OH)2 or
R22-B(OH)2  (where R21 and R22 are each independently
the same as the groups  defined above) in an organic
solvent such as THE and in the presence of 10 a
palladium catalyst. A specific example of the boronic
acid derivative  is 3,4,5-trifluorophenylboronic
acid. The compound in which the  bromine atoms at
positions 5 and 5' have been substituted with an R21
group or an R22 group is produced. The obtained
compound is finally  halogenated by means ordinarily
used in the art, so that it is possible to 15 produce
a biphenyl compound in which R21 (and/or R22) is a
group other  



than a hydrogen atom. Next, a second method for
synthesizing the biphenyl compound is  described. The
second method uses a commercially available ellagic
acid as a  20 starting material. In other words, it
is possible to obtain an optically  active form of
the dicarboxylic acid compound represented by the
following formula: OMe Meo  MeO CO2H  25 MeO CO2H OMe
OMe  using the method of O. T. Schmidt et al. (0. T.
Schmidt, K. Demmler, and  76 Justus Liebigs, Ann.
Chem., 1952, vol. 576, p.85) using this starting
material. According to this method, it is possible to
selectively produce  either the S-form or the R-form
of the dicarboxylic acid compound. The  above
biphenyl compound is then produced through the
procedure 5 detailed in Scheme 4 below. It should be
noted that for the sake of  simplicity, a case in
which R21 and R22 are identical is described. OMe OMe
OMe  MeO MeO MeO Br  MeO CO2H MeO ( CH20H Br2 MeO
CH2OH  MeO / C02H MeO / r CH2OH MeO , CH2OH  10 MeO
MeO MeO Br  OMe OMe OMe  OMe 21 OMe 21 Me0 R MeO R  



R4-B(OH)2 MeO 3 CH20H PZ3 _ Me0 % i CH2Z  Pd catalyst
MeO CH2OH MeO CH2Z 15 Me0 R22 Mee 22  OMe OMe  Scheme
4 Reffering to the above Scheme 4, the dicarboxylic
acid moiety of  the obtained dicarboxylic acid
compound is converted to dimethanol in  20 an organic
solvent, such as THF, using BH3  Me2S. Next, this
dimethanol compound is reacted with bromine in an
organic solvent,  such as pyridine, to produce a
compound that is brominated at positions  5 and 5'.
This compound is subjected to the Suzuki-Miyaura
coupling  reaction with at least one type of boronic
acid derivative represented by 25 R21-B(OH)2 or
R22-B(OH)2 (where R21 and R22 are each independently
the  same as the groups defined above) in an organic
solvent, such as THF,  and in the presence of a
palladium catalyst. A specific example of the  77
boronic acid derivative is
3,4,5-trifluorophenylboronic acid. Thus, the
dimethanol compound in which bromine atoms at
positions 5 and 5' are  substituted with an R21 group
or an R22 group is produced. The  obtained compound
is finally reacted with a halogenating agent, such as
5 phosphorus tribromide (PBr3), so that it is
possible to convert this to the  above biphenyl
compound, in which R21 (and/or R22) is a group other
than  a hydrogen atom. The secondary amine used in
the process for producing a  quaternary ammonium
phase-transfer catalyst having a biphenyl  10
backbone is the same as that used in the process for
producing a quaternary ammonium phase-transfer
catalyst having a binaphthyl  backbone discussed
above. The organic solvents used in the process for
producing a  



quaternary ammonium phase-transfer catalyst having a
biphenyl  15 backbone by using the above biphenyl
compound and the secondary amine are the same as in
the case of the quaternary ammonium  phase-transfer
catalyst having a binaphthyl backbone, and include
nitrile solvents (e.g., acetonitrile, propionitrile),
ether solvents (e.g.,  dioxane, tetrahydrofuran,
isopropyl ether, diethyl ether, 20 dimethoxyethane,
2-methoxyethyl ether, and cyclopentylmetyl ether),
and alcohol solvents (e.g., methanol, ethanol,
n-propanol, isopropanol,  n-butanol, and
tert-butanol), and in particular, acetonitrile is
preferable.  Examples of acid- scavenging agents
include inorganic bases such as  potassium carbonate,
sodium carbonate, potassium hydrogencarbonate,  25
and sodium hydrogencarbonate. In the reaction, the
secondary amine is preferably used in 0.5 to 4
equivalents, and more preferably 0.8 to 2
equivalents, with respect to the  78 biphenyl
compound. The acid-scavenging agent is preferably
used at 1  to 4 equivalents, and more preferably
approximately 1 to 2 equivalents,  with respect to
the biphenyl compound. The biphenyl compound and  the
secondary amine are reacted in the presence of the
acid-scavenging 5 agent in an appropriate organic
solvent with stirring. The reaction  temperature is
preferably between room temperature and the boiling
point of the organic solvent, and more preferably the
reaction is  performed while heating under reflux.
The reaction time is preferably  30 minutes to 24
hours, and more preferably 6 to 12 hours. In this
case, 10 the organic solvent is used in amounts at a
ratio of volume (mL)/weight  (g) of the biphenyl
compound, the ratio is preferably 5 to 50 times, and
more preferably 5 to 30 times. After the reaction is
finished, the  reaction mixture is extracted with
dichloromethane, dichloroethane, or  chloroform, for
example, and isolated and purified by silica gel
column 



15 chromatography, so that a quaternary ammonium salt
having a biphenyl  backbone can be obtained.
Alternatively, the reaction mixture may be  used as
is as a phase-transfer catalyst in the method for
producing a  mono-substituted alkylated compound
described in detail later. Examples of the medium
used in the alkylation process include  20 benzene,
toluene, xylene, ethyl ether, isopropyl ether,
tetrahydrofuran,  dioxane, methyl tert-butyl ether,
and cyclopentyl methyl ether.  Alternatively, the
medium may also be a biphasic one containing water
and a medium immiscible with water. The medium can be
used in  amounts at a ratio of volume (mL)/weight (g)
of the compound of the 25 formula (II), the ratio is
preferably 0.5 to 50 times, and more preferably  1 to
30 times. Examples of the inorganic base used in the
alkylation process  79 include lithium hydroxide,
sodium hydroxide, potassium hydroxide,  calcium
hydroxide, rubidium hydroxide, and cesium hydroxide.
The  inorganic base can be used at preferably 0.5 to
20 equivalents, and more  preferably 1 to 10
equivalents, with respect to the compound of the  5
formula (II). In the alkylation process, an inorganic
base may be. used in the  form of an aqueous
inorganic base solution. In a case where an
inorganic base is used in the form of an aqueous
inorganic-base solution,  the upper limit of the
inorganic base that can be contained in the 10
aqueous inorganic-base solution is preferably 100
equivalents or less,  more preferably 60 equivalents
or less, and even more preferably 30  equivalents or
less, with respect to the compound of the formula
(II).  The lower limit of the inorganic base that can
be contained in the  aqueous inorganic-base solution
is preferably 0.5 equivalents or more, 15 and more
preferably 0.8 equivalents or more, with respect to
the  



compound of the formula (II). The aqueous
inorganic-base solution can  be used at preferably 20
w/w% to 70 w/w%, and more preferably 30 w/w%  to 60
w/w%. The volume ratio between the medium and the
aqueous  20 inorganic-base solution is a medium
volume (mL)/inorganic base aqueous  volume (mL) ratio
of preferably 7/1 to 1/5, more preferably 5/1 to 1/3,
and  even more preferably 4/1 to 1/1. In the
alkylation process, the compound of the formula (III)
is  used at preferably 0.5 to 10 equivalents, and
more preferably 0.8 to 5  25 equivalents, with
respect to the compound of the formula (II). The
optically- active phase-transfer catalyst is used as
a catalyst preferably in  amounts at a lower limit
not less than 0.001 mol% and more preferably  80 not
less than 0.005 mol%, and at an upper limit of
preferably not more  than 5 mol%, and more preferably
not more than 2 mol%, per mole of the  compound of
the formula (II). In the alkylation process, in
addition to the optically- active  5 phase-transfer
catalyst, an achiral quaternary ammonium salt, such
as  tetrabutyl ammonium bromide (TBAB), can be also
used simultaneously.  For example, TBAB functions as
a cocatalyst in the alkylation process  and improves
the yield of an a-amino acid and its derivative
obtained,  and it also allows the amount of the
optically- active phase-transfer  10 catalyst that is
used in the process to be reduced further. Further,
in the alkylation process, it is also possible to use
an  optically- active phase-transfer catalyst and
crown ether compound, such  as 18-crown-6
simultaneously. For example, 18-crown-6 functions as
a  cocatalyst in the alkylation process and improves
the yield of an a-amino 15 acid and its derivative
obtained, and it also allows the amount of the
optically- active phase-transfer catalyst that is
used in the process to be  



reduced further. The alkylation process is performed
at a suitable temperature  between -70C and room
temperature, preferably -20C to 20C, more  20
preferably -10C to 5C, in air, under a nitrogen
atmosphere or under an argon atmosphere, and
preferably under an argon atmosphere. The  process
can be performed with stirring. When the aqueous
inorganic-base solution is used in the  alkylation
process, it is for example preferable to perform the
procedure  25 as described below. That is, first, the
compound of the formula (II), the optically-active
phase-transfer catalyst, and the compound of the
formula  (III) are each added to the medium to
prepare a mixture. At this time,  81 it is preferable
to sufficiently stir the mixture with cooling on ice
or  ice-salt, for example. This mixture is then
cooled and the aqueous  inorganic-base solution is
added thereto, so that alkylation of the  compound of
the formula (II) is initiated. The temperatures set
to cool 5 the mixture are preferably between -20C and
20C, more preferably  between -15C and 10C, and even
more preferably between -10C and  5C. Thus, in the
alkylation process initiated as described above, the
reaction is then quenched at a time earlier than the
time for completion  10 of the stoichiometric
reaction of the compound of the formula (II) with the
compound of the formula (III), so that it becomes
possible to  stereoselectively produce the
asymmetrical mono-substituted alkylated  compound of
the formula (I). Here, the "time for completion of
the stoichiometric reaction" of  15 the compound of
the formula (II) with the compound of the formula
(III)  is the time from the initiateion of the
chemical reaction to the completion  of the chemical
reaction without artificial interruption of the
reaction, in  



other words, it refers to the time until either one
of the two compounds  disappears. The "time of
disappearance" refers to the time until either 20 one
of the compound of the formula (II) or the compound
of the formula  (III) falls preferably 1%, more
preferably 0.1%, and even more preferably  0.01%, in
mole number below the mole number of the compound at
the  initiation of the reaction. This time can be
easily measured by persons  skilled in the art by,
for example, measuring the starting amount of the 25
reaction mixture over time directly or after
hydrolysis of an aliquot of  the reaction mixture, by
analytical means well-known in the art, such as  gas
chromatography (GC) or high-performance liquid
chromatography  82 (HPLC). When the alkylation
reaction is initiated in the alkylation  process, the
mono-substituted alkylated compound represented by
the  formula (I) is produced and its yield rises over
time. At the early period  of the reaction, a small
amount of the mono-substituted alkylated 5 compound
has been produced, and its optical purity is
extremely high.  However, as the reaction progresses,
the amount of mono-substituted  alkylated compound
produced increases, but the optical purity drops due
to the progression of racemization. Accordingly, by
quenching the  reaction at a time earlier than the
time for completion of the 10 stoichiometric
reaction, that is, before the progression of
racemization, it  is possible to obtain a mono-
substituted alkylated compound with high  optical
purity in a certain degree of yield. In the present
invention, at  the time earlier than the time for
completion of the stoichiometric  reaction, it is
preferable that the optical purity of the compound of
the  15 formula (I) is at least 70% ee.
Alternatively, in the present invention, the
optically- active  reaction product of interest may
be obtained by quenching the reaction  at an
appropriate time that may even fall after the time
for completion of  



the stoichiometric reaction, as long as it is before,
the start of gradual 20 racemization of the reaction
product. An appropriate time after the  time for
completion of the stoichiometric reaction refers to a
time before  the reaction product is influenced by
racemization thereof. Such a time  is preferably a
time up until the optical purity of the compound of
the  formula (I) is found to have fallen below 70%
ee, and more preferably a 25 time up until it falls
below 80% ee, when the optical purity of the
reaction product in the reaction system is measured
by analytical means  well-known in the art, such as
high-performance liquid chromatography  83 (HPLC),
after the stoichiometric reaction completion time has
passed. In this quenching process, the quenching is
performed by adding  water to the reaction mixture
obtained by the alkylation process. The  amount of
water to be added is usually 0.1 to 10 times, and
more 5 preferably 0.5 to 3 times, the medium used in
the alkylation process.  Alternatively, the
alkylation initiated as described above may be
quenched at a time t that satisfies the following
inequality: 50 < At (%ce) x YLDt (%) <100  100  10
(where At is the optical purity (% ee) of the
compound represented by the formula (I) that is
obtained by quenching the reaction at a time t from
the initiation of the reaction; and YLDt is the yield
(%) of the compound  represented by the formula (I)
that is obtained by quenching the reaction  at a time
t from the initiation of the reaction).. By quenching
the 15 reaction at this time t, it is possible to
stereoselectively produce a  mono-substituted
alkylated compound. According to the method of the
present invention, it is possible to  obtain an
optically- active mono-substituted alkylated compound
represented by the formula (I) at a high optical
purity, even if an 



20 aldimine-type Schiff base is used. Here, high
optical purity refers to  preferably 70% ee or more,
more preferably S0% ee or more, even more  preferably
90% ee or more, and yet even more preferably 95% ee
or more.  The optical purity of , the
mono-substituted alkylated compound  represented by
the formula (I) can be measured by, for example, 25
high-performance liquid chromatography (HPLC)
directly or after  hydrolysis. The specific examples
of the compound of the formula (I) that can  84 be
produced through the method of the present invention
include: R1 B  R7e COR20  COR20 5 R2ooc N  R18  18 R
/coR2 RIB  RIB-{ N~COR20  ~~CORzo N ~ ) 10 R200C II
Cv ~~~~ \( ~N R18 N --N R20OC-/ R20OC~R18  ~R18 Re
R20OC R18  R's COR20 15 R18 NCOR20  N COR20 - \ II 



20 RIB R18  1eCORz0 ~OR20  N COR20 Rte N COR20 N Y
R78  N R200C\ /N CORze  25 R200C/\R1B and R18 but the
present invention is not particularly limited to
these compounds.  85 In the present invention, it is
possible to use the optically- active  mono-
substituted alkylated compound (optically- active
a-amino acid  derivative) represented by the formula
(I) obtained through the above  method to produce the
optically- active a-amino acid represented by the  5
following formula (IV): R18 H2N~COOH (IV)  for
example,through any one of the following procedures.
First, the aldimino group (R15CH=N-) moiety of the
10 optically- active mono-substituted alkylated
compound (optically- active  a-amino acid derivative)
represented by the formula (I) obtained through  the
above-described method is hydrolyzed under acidic
conditions  (aldimine acidic-hydrolysis process).
Examples of the acid used in the  aldimine acidic-
hydrolysis process include inorganic acids (such as
15 hydrochloric acid, sulfuric acid, and phosphoric
acid) and organic acids  (such as acetic acid, citric
acid, and p-toluenesulfonic acid). Specifically,
this aldimine acidic-hydrolysis process proceeds by
treating the  mono-substituted alkylated compound at
a suitable temperature (e.g.,  room temperature) with
an aqueous solution of the acid, in a suitable 20
medium (e.g., tetrahydrofuran, toluene, or ethanol).
As a result, it is  possible to obtain an ester
derivative or an amide derivative of the amino  



acid, in which the terminal amino group has been
freed, as an  acidic-hydrolysis product. Next, if
necessary, the ester derivative or the amide
derivative of  25 the amino acid obtained as above
(acidic-hydrolysis product) is subjected  to
hydrolysis under stronger acidic conditions than
those under which  the aldimine was hydrolyzed, or
under basic conditions. Thus, it is  86 possible to
obtain a desired amino acid represented by the
formula (IV)  in which the terminal of the
acidic-hydrolysis product (that is, the ester  group
or the amide group (-COR20) of the acidic-hydrolysis
product) has  become a carboxylic acid. 5 Examples
Hereinafter, the present invention is described in
specific detail  by way of examples, but is not
limited thereto. In the following examples, unless
described otherwise, the  10 measurements were
carried out under the following conditions: The iH
NMR spectrum was measured on the AVANCE-400 (400 MHz)
by Bruker  BIOSPIN. The optical purity of a reaction
product was measured  through high-performance liquid
chromatography (HPLC) with a Waters  2690 using a 4.6
mm X 25 cm Daicel Chiralcel OD, OD-H, AD or AD-H. 15
Progression of the reaction was monitored with thin
layer  chromatography (TLC) using a Merck precoated
TLC plate (silica gel 60  GF254, 0.25 mm). <Reference
Example 1: Synthesis of benzaldehyde Schiff base of
glycine  20 ethyl ester (compound 3)> CHO Et3N NCOOR
HZN'_~COOEt + 15,  



HCI EtOH  2 96% 3  25 Glycine ethyl ester
hydrochloride (compound 1) (34.9 g; 250  mmol) was
added to ethanol (500 mL), then triethylamine (25.3
g; 250  mmol) was added thereto, and the mixture was
stirred. Further,  87 benzaldehyde (compound 2) (25.4
g> 244 mmol) dissolved in ethanol (500  ML) was added
dropwise to the ethanol mixture of the compound 1.
The  reaction mixture was stirred at room temperature
for two hours, and  then the ethanol was removed
under reduced pressure. Half-saturated 5 saline (200
mL) was added to the residue, and this was extracted
with  ethyl acetate (150 mLx2) and the ethyl acetate
layer was collected. The  ethyl acetate layer was
dried over sodium sulfate and then concentrated
under reduced pressure to give the title compound 3
(46.0 g, slightly  yellow oil, yield 96%). The NMR
spectrum of the obtained compound 3  10 is shown in
Table 1. Table 1 NMR spectrum of compound 3
400MHz'H-NMR(CDCI3) : 88.21(1 H, s, CH=N),
7.77-7.70(2H, m),  7:45-7.38(3H, m), 4.41(2H,
s,N-CHZC), 4.24(2H, q, J=7.2Hz, 0- CHZ C), 1.30(3H,
t, 7.2Hz, C-CH3) 15 <Reference Example 2: Synthesis
of panisaldehyde Schiff base of glycine  ethyl ester
(compound 13)> Using p-anisaldehyde instead of
benzaldehyde of Reference  Example 1, the compound 13
(yield 89%) was prepared. The NMR  20 spectrum of the
obtained compound 13 is shown in Table 2. Table 2 



NMR spectrum of compound 13 400MHz 1 H-NMR(CDCI3) :
(5 8.300H, s, CH=N), 7.74-7.70(214, m),
6.95-6.92(2H, m), 4.36(214, s, N-CHIC), 4.23(214, q,
J=7.2Hz, 0- CHZC),3.82(3H, s, O-CH3), 1.30(3H, t,
7.2Hz, C-CH3) 25 <Reference Example 3: Synthesis of
p-chlorobenzaldehyde Schiff base of  glycine ethyl
ester (compound 15)> 88 Using p-chlorobenzaldehyde
instead of benzaldehyde of Reference  Example 1, the
compound 15 was prepared (yield 87%). The NMR
spectrum of the obtained compound 15 is shown in
Table 3. Table 3 5 NMR spectrum of compound 15 400MHz
1H-NMR(CDC1) : 68-25(1 H, s, CH=N), 7.77-7.70(28, m),
7.45-7.38(28, m), 4.40(28, s, N-CHrC), 4.24(2H, q,
J=7.2Hz, o- CHZ C), 1.30(3H, t, 7.2Hz, C-CH3)
<Reference Example 4: Synthesis of benzaldehyde
Schiff base of glycine  10 tert-butyl ester (compound
9)> Using glycine tert-butyl ester hydrochloride
instead of glycine  ethyl ester hydrochloride of
Reference Example 1, and using toluene as  the
solvent instead of ethanol, the compound 9 was
prepared  (quantitatively). , The NMR spectrum of the
obtained compound 9 is  15 shown in Table 4. Table 4
NMR spectrum of compound 9 400MHz 1H-NMR(CDCi3) : S
8.270H, s, CH=M, 7.77-7.70(2H, m),  7.45-7.38(3H, m),
4.31(2H, s, N-CHrC), 1.49(9H, s, C-(CH3)3) 20
<Reference Example 5: Synthesis of
p-chlorobenzaldehyde Schiff base of  



glycine tert-butyl ester (compound 17)> Using glycine
tert-butyl ester hydrochloride instead of glycine
ethyl ester hydrochloride of Reference Example 1, and
using  25 p-chlorobenzaldehgde instead of
benzaldehyde, the compound 17 was prepared
(quantitatively). The NMR spectrum of the obtained
compound 17 is shown in Table 5. 89 Table 5 NMR
spectrum of compound 17 400MHz 1H-NMR(CDCI3) : S
8.22(1 H, s, CH=N), 7.74-7.71(2H, m),  7.41-7.38(2H,
m), 4.31(2H, s, N-CHZ C), 1.49(9H, s, C-(CH3)3) 5
<Example 1: Synthesis of phenylalanine ethyl ester
(compound 6)>  F  F NO B F  F 10 (M F ~.  N COOEt
(R)-4 (0.1 moI%) behzyl bromide (0.95 eq) N CO9Et
PhMe (3: 1 Ni) 3 48% KOH (1.95 eq)  -5C, 3 hr 15 IN
HCI I hr HZN COOEt  74% 6  94% ee The benzaldehyde
Schiff base of glycine ethyl ester (compound 3)  



20 (3.82 g; 20 mmol), benzyl bromide (3.24 g; 19
mmol), and the compound  (R)-4 (14.8 mg; 20 mol) were
added to toluene (20 mL), and the mixture  was
stirred vigorously (1400 rpm) with ice-salt cooling.
When the  internal temperature thereof had dropped to
-5C or less, 48% KOH  aqueous solution (4.50 g; 39
mmol, 1.95 equivalents) was added thereto. 25 The
mixture was stirred for three hours, while
maintaining the internal  temperature between -5C and
-2C. Distilled water (20 mL) was added  thereto and
the toluene layer was collected, and then the
alkylated Schiff  90 base (compound 5) was extracted
with toluene (20 mLx2). The NMR  spectrum of the
obtained compound 5 is shown in Table 6. Table 6 NMR
spectrum of compound 5 400MHz IH-NMR(CDCI3): 6 7.93(1
H, s), 7.70-7.68(2H, m), 7.40- 5 7.37(3H, m),
7.30-7.19(5H, m), 4.21-4.15(3H, m), 3.36(1H, dd,
5.2Hz, 13.2Hz), 3.14(1 H, dd, 8.8Hz, 13.6Hz),
1.25(3H, t, 7.2Hz) Next, the extracted compound 5 was
combined with the collected  toluene layer, and 1 N
hydrochloric acid (40 mL) was added thereto and  the
mixture was stirred at room temperature for one hour.
The aqueous 10 layer was collected by separation, and
then the aqueous layer was  washed with toluene (40
mL), and sodium carbonate was added thereto
carefully to avoid too vigorous bubbling until pH of
the solution reached  not lower than 11 (confirmed by
universal pH test paper). The mixture  was extracted
with ethyl acetate (50 mLx3) to collect the ethyl
acetate 15 layer. The ethyl acetate layer was dried
over magnesium sulfate and  concentrated under
reduced pressure to give the title compound
(S)-phenylalanine ethyl ester (compound 6) (2.69 g;
yield 74%, optical  purity 94% ee). The optical
purity of the phenylalanine ethyl ester (compound 6)



20 was measured by HPLC under the conditions shown
below. Column: CHIRALCEL OD-H (4.6 mm4 x 25 cm)
Mobile phase: hexane/ethanol/diethylamine = 97/3/0.1
Flow rate: 1.0 mL/min Temperature: room temperature
25 Detection: UV 254 nm Retention time: (R)-form=10.2
min; (S)-form=10.7 min. The NMR spectrum of the
obtained compound (S)-6 is shown in  91 Table 7.
Table 7 NMR spectrum of compound (S) 6 400MHz
1H-NMR(CDCI3) : 8 7.19-7.33(5H, m, Ph), 4.16(2H, q, J
=7.2Hz, CH2-C), 3,720H, dd, J=5.2, 7.8Hz CH-C),
3.08(1 H, dd, J  5 =5.2, 13.5Hz, CHPh), 2.87(1 H, dd,
J=7.9, 13.4Hz, CHPh), 1.60(2H,  br s, NH2), 1.23(3H,
t, 7.2Hz, C-CH) <Example 2: Examination of the change
over time in the optical purity of  the phenylalanine
ethyl ester (compound 6) > The same procedure as in
Example 1 was performed except that  10 the 48% KOH
aqueous solution was used. at 1.95 equivalents, 3.9
equivalents, 1 equivalent, or 0.5 equivalents
(additional 0.5 equivalents  added after three hours
because the starting material did not disappear)  as
detailed in Table 8 below, and the compound 6 in the
reaction mixture  was analyzed by HPLC every hour.
The reaction times for the different 15 quantities of
48% KOH aqueous solution are shown in Table 8 below.
The results are shown in Table 8. Table 8 Amount of
Optical purity of compound 6 (%ee) 48% KOH 1 hr 2 hr
3 hr 4 hr 5 hr 6 hr 7 hr  



79 20  (reaction was 39 93 (starting (not measured)
stopped:  20 equivalents meterial disappeared) yeild
46%) 94 94 _  1.95 94 (starting (reaction was
equivalents meterial stopped: yeild 74%)
disappeared)  94 (starting meterial 1 95 94
disappeared, - equivalent reaction was 25 stopped:
yeild 68%) 79  82 (reaction  0.5+0.5 94 90 87
(starting was equivalents 95 94 (addition of KOH)
material stopped:  disappeared) yeild 40%)  92 In the
early stage of the reaction, the compound (S)-6 with
high  optical purity was obtained for all cases.
Thus, it is found that by  adjusting the amount of
base and the reaction time it is possible to  obtain
the compound 6 with high optical purity in a high
yield. 5 <Example 3: Examination of the change over
time in the yield and the  optical purity of the
benzyl compound (compound 6)> The benzaldehyde Schiff
base of glycine ethyl ester (compound 3)  (1.91 g; 10
mmol), benzyl bromide (1.62 g; 9.5 mmol), and the
compound  



10 (R)-4 (7.4 mg; 10 mol) were added to toluene (10
mL), and the mixture was stirred vigorously (1100
rpm) with ice-salt cooling. When the  internal
temperature thereof had dropped to -5C or less, 48%
KOH  aqueous solution (4.66 g; 40 mmol, 4.0
equivalents) was added thereto.  The mixture was
stirred for two hours while maintaining the internal
15 temperature between -5C and -2C. Distilled water
(10 mL) was added  thereto and the toluene layer was
collected. 1Further, the alkylated  Schiff base
(compound 5) was extracted with toluene (10 mLx2).
Thus  obtained toluene layers were combined with the
toluene layer collected  previously, and 1 N
hydrochloric acid (20 mL) was added thereto and the
20 mixture .was stirred at room temperature for one
hour. The aqueous  layer was collected by separation,
and then the aqueous layer was  washed with toluene
(20 mL), and sodium carbonate was added thereto
carefully to avoid too vigorous bubbling until pH of
the solution reached  not lower than 11 (confirmed by
universal pH test paper). The mixture 25 was
extracted with ethyl acetate (25 mLx3) to collect the
ethyl acetate  layer. The ethyl acetate layer was
dried over magnesium sulfate and  concentrated under
reduced pressure to give the title compound (S)-6  93
(1.36 g; yield 74%, optical purity. 91% ee). Under
the same conditions (48% KOH aqueous solution (4.66
g;  40 mmol, 4.0 equivalents, 1100 rpm)), the
reaction was stopped at 30  minutes, 1 hour, 4.
hours, and 8 hours, and the yield and the optical 5
purity at these times were measured. The results are
shown in Table 9.  Table 9 0.5hr 1 hr Wr44 -q4.9  A;
Yeild M 35 63 B: Optical purity (%ee) 94 94 10 A x B
x 1 /100 33 59 <Example 4: Examination of alkylation
in methyl tert-butyl ether 



(MTBE)>  The compound 3 (1.91 g; 10 mmol), benzyl
bromide (1.62 g; 9.5  15 mmol), and the compound
(R)-4 (7.5 mg; 10 gmol) were added to methyl
tert-butyl ether (MTBE: 10 mL), and the mixture was
stirred vigorously  (1400 rpm) with ice-salt cooling.
When the internal temperature  thereof had dropped to
-5C or less, 48% KOH aqueous solution (1.17 g;  10
mmol, 1.0 equivalents) was added thereto. The mixture
was stirred 20 for six hours while maintaining the
internal temperature between -5C  and -2C. Distilled
water (10 mL) was added thereto, and the MTBE  layer
was collected. Further, the alkylated Schiff base
(compound 5)  was then extracted with MTBE (10 mLx2).
Thus obtained MTBE layers  were combined with the
MTBE layer collected previously, and 1 N 25
hydrochloric acid (20 mL) was added thereto and the
mixture was stirred  at room temperature for one
hour. The aqueous layer was collected by  separation,
and then the aqueous layer was washed with MTBE (20
mL),  94 and sodium carbonate was added thereto
carefully to avoid too vigorous  bubbling until pH of
the solution reached not lower than 11 (confirmed  by
universal pH test paper). The mixture was extracted
with ethyl  acetate (20 mLx3) to collect the ethyl
acetate layer. The ethyl acetate 5 layer was dried
over magnesium sulfate and concentrated under reduced
pressure to give the compound (S)-6 (1.16 g; yield
64%, optical purity  93% ee). <Example 5: Synthesis
of 3-iodophenylalanine ethyl ester (compound 8)>  10
N COOEt (R)-4 (6.t mol%) IN HCI  3-iodotienzyl
tiromitle (0.80 eq) N COOEt 1 hr H2N COOEt  



3 PhMe (3: 1 M) I 63y 8 48% KOH , (1.9 eq) 81 / ee
-5C, 2.5 hr 7 15 The compound 3 (0.96 g; 5.0 mmol),
3-iodobenzyl bromide (1.19 g>  4.0 mmol), and the
compound (R)-4 (3.7 mg; 5 mol) were added to  toluene
(5 mL), and the mixture was stirred vigorously (1400
rpm) with  ice-salt cooling. When the internal
temperature thereof had dropped to  -5C or less, 48%
KOH aqueous solution (1.15 g; 9.8 mmol) was added 20
thereto. The mixture was stirred for 2.5 hours while
maintaining the  internal temperature between -5C and
-2C. Distilled water (5 mL)  was added thereto, and
the toluene layer was collected. Further, the
alkylated Schiff base 7 was extracted with toluene (5
mLx2). Thus  obtained toluene layers were combined
with the toluene layer collected 25 previously, 1 N
hydrochloric acid (10 mL) was added thereto, and, the
mixture was stirred at room temperature for one hour.
The aqueous  layer was collected by separation at
40C, and then the aqueous layer  95 was washed with
toluene (10 mL), and sodium carbonate was added
thereto carefully to avoid too vigorous bubbling
until pH of the solution.  reached not lower than 11
(confirmed by universal pH test paper). The  mixture
was extracted with ethyl acetate (30 mLx2) to collect
the ethyl 5 acetate layer. The ethyl acetate layer
was dried over magnesium  sulfate and concentrated
under reduced pressure to give the compound  (S)-8
(0.80 g; yield 63%, optical purity 81% ee). The
optical purity was  determined by benzoylating the
compound 8. The optical purity of the benzoylated
compound 8 was measured  10 by HPLC under the
following conditions: Column: CHIRALCEL OD-H (4.6
mm4x25 cm)  Mobile phase: hexane/isopropanol = 95/5 



Flow rate: 1.5 mL/min  Temperature: room temperature
15 Detection: W 254 nm Retention time: (R)-form=10.0
min; (S)-form=13.8 min The NMR spectrum of the
obtained compound (S)-8 is shown in  Table 10. Table
10 20 NMR spectrum of compound (S)-8 400MHz
1H-NMR(CDCI3) : S 7.57-7.59(2H, m), 7.18(1 H, d, J
7.8Hz), 7.04(fH, t, J =7.8Hz). 4.1.7(2H, q, J =7.lHz,
CH2 C),  3.68(1 H, dd, 1=5.4, 7.8Hz CH-C), 2.99(1 H,
dd, /=5.4, 13.5Hz,  CHPh), 2.82(1H, dd, J=7.8,
13.4Hz, CHPh), 1.57(2H, br s, NH2),  1.25(3H, t,
7.2Hz, C-GH3) 25 <Example 6: Examination of the use
of a cinchona alkaloid quaternary  ammonium
phase-transfer catalyst> 96 i Ni Cr  N  OH Y \ /  10
10 (1o mom) 5 NCOOlBu benzyl bromide (0.95 eq) N 1N
HCI  COOtBu H2N COOiBu  PhMe (9:0.5 M) -5 C 11 The
benzaldehyde Schiff base of glycine tert-butyl ester
(compound 9) (0.44 g; 2 mmol), benzyl bromide (0.32
g; 1.9 mmol), and  10
N-(9-anthracenylmethyl)cinchonidium chloride
(compound 10) (107 mg; 



0.2 mmol) were added to toluene (4 mL), and the
mixture was stirred  vigorously (1400 rpm) with
ice-salt cooling. When the internal  temperature
thereof had dropped to -5C .or less, 48% KOH aqueous
solution (0.46 g; 4 mmol, 2 equivalents) was added
thereto. The mixture 15 was stirred for one hour
while maintaining the internal temperature  between
-5C and -2C. Distilled water (10 mL) was added
thereto and  the toluene layer was collected, and
then the alkylated Schiff base  (compound 11) was
extracted with toluene (10 mLx2). Thus obtained
toluene layers were combined with the toluene layer
collected previously, 20 1 N hydrochloric acid (10
mL) was added thereto, and the mixture was  stirred
at room temperature for one hour. The aqueous layer
was  collected by separation, and then the aqueous
layer was washed with  toluene (10 mL), and sodium
carbonate was added thereto carefully to  avoid too
vigorous bubbling. until pH of the solution reached
not lower 25 than 11 (confirmed by universal pH test
paper). The mixture was  extracted with ethyl acetate
(10 mLx3) to collect the ethyl acetate layer.  The
ethyl acetate layer was dried over magnesium sulfate
and  97 concentrated under reduced pressure to give
(S)-phenylalanine tert-butyl  ester (compound (S)-12)
(0.11 g; yield 25%, optical purity 80% ee). The
optical purity of the compound 12 was measured by
HPLC under the  following conditions: 5 Column:
CHIRALCEL OD-H (4.6 mm4x25 cm)  Mobile phase:
hexane/isopropanol= 98/2 Flow rate: 1.0 mL/min
Temperature: room temperature  Detection: UV 220 mu
10 Retention time: (R)-form=10.7 min; (S)-form=11.2
min The NMRspectrum of the obtained compound (S)-12
is shown in  



Table 11. Table 11 NMR spectrum of compound (S)-12
400MHz 1H-NMR(CDCI3): S 7.19-7.33(5H, m, Ph),
3.61(1H, dd, J  15 =5.7, 7.8Hz CH-C), 3.03(1H, dd,
J=5.6, 13.6Hz, CHPh), 2.87(1H,  dd, J =7.7, 13.5Hz,
CHPh), 1.60(2H, br s, NH2), 1.43(9H, s, C- (CH3)3)
<Comparative Example 1> The same procedure was
performed under the same conditions as  20 in Example
6, after stirring for four hours while maintaining
the  internal temperature between -5C and -2C. As a
result, the compound  12 was obtained in a 63% yield,
however, the optical purity was 0% ee.  <Example 7:
Examination of Schiff base - 1> 25 N^COOEt (R)-4 (0.1
mol%) 1N HCI  benzyl bromide (0.95 eq) N COOB 1 -hr
Me0 I ~ PhMe (13 0.25M) I ' 53% HzN COOEt  13 48% KOH
(15.5 eq) `MeO 6  -51G, 5.hr 14 95%ee 98 The
p-anisaldehyde Schiff base of glycine ethyl ester
(compound  13) (1.10 g; 5 mmol), benzyl bromide (0.81
g; 4.75 mmol), and the  compound (R)-4 (3.7 mg; 5
mol) were added to toluene (20 mL), and the  mixture
was stirred vigorously (1400 rpm) with ice-salt
cooling. When 5 the internal temperature thereof had
dropped to -5C or less, 48% KOH  aqueous solution (9
g; 78 mmol, 15.5 equivalents) was added thereto.  The
mixture was stirred for three hours while maintaining
the internal  temperature between -5C and -2C.
Distilled water (20 mL) was added  



thereto and the toluene layer was collected, and then
the alkylated Schiff 10 base (compound 14) was
extracted with toluene (20 mLx2). Thus  obtained
toluene layers were combined with the toluene layer
collected  previously, 1 N hydrochloric acid (10 mL)
was added thereto, and the  mixture was stirred at
room temperature for one hour. The aqueous  layer was
collected by separation, and then the aqueous layer
was 15 washed with toluene (10 mL), and sodium
carbonate was added thereto  carefully to avoid too
vigorous bubbling until pH of the solution reached
not lower than 11 (confirmed by universal pH test
paper). The mixture  was extracted with ethyl acetate
(20 mLx3) to collect the ethyl acetate  layer. The
ethyl acetate layer was dried over magnesium sulfate
and 20 concentrated under reduced pressure to give
(S)-phenylalanine ethyl  ester (compound 6) (0.42 g;
yield 53%, optical purity 95% ee). <Example 8:
Examination of Schiff base - 2> n (R)- 4 (0.1 mol%) N
COOEt IN HCt ~  i benzyl bromide (1.2 eq) 25 COOEt 1
hr CI PhMe (15' 0.25 M) HzN COOEt  62%  6 75 48/u KOH
(15.5 eq), CI - 55%ee  -5C, 4 hr 16 99 The
p-chlorobenzaldehyde Schiff base of glycine ethyl
ester  (compound 15) (4.51 g; 20 mmol), benzyl
bromide (4.12 g; 24 mmol), and  compound (R)-4 (14.8
mg; 20 gmol) were added to toluene (80 mL), and  the
mixture was stirred vigorously (1400 rpm) with
ice-salt cooling. 5 When the internal temperature
thereof had dropped to -5C or less, 48%  



KOH aqueous solution (36 g; 0.31 mmol, 15.5
equivalents) was added  thereto. The mixture was
stirred for 4.5 hours while maintaining the  internal
temperature between -5C and 2C. Distilled water (20
mL) { was added thereto and the toluene layer was
separated off, and then the  10 alkylated Schiff base
(compound 16) was extracted with toluene (25  mLx3).
Thus obtained toluene layers were combined with the
toluene  layer collected previously, 1 N hydrochloric
acid (120 mL) was added  thereto, and the mixture was
stirred at room temperature for one hour.  The
aqueous layer was collected by separation, and then
the aqueous 15 layer was washed with toluene (30 mL),
and sodium carbonate was  added thereto carefully to
avoid too vigorous bubbling until pH of the  solution
reached not lower than 11 (confirmed by universal pH
test  paper). The mixture was extracted with ethyl
acetate (100 mLx2) to  collect the ethyl acetate
layer. The ethyl acetate layer was dried over 20
magnesium sulfate and concentrated under reduced
pressure to give  (S)-phenylalanine ethyl ester
(compound 6) (2.40 g; yield 62%, optical  purity 55%
ee). The change over time in the optical purity of
the compound 6  produced through this reaction was
measured. The optical purity was  25 90% ee at one
hour, 85% ee at two hours, and 62% ee at four. hours.
Thus, the compound 6 was obtained with high optical
purity in the early  stage of the reaction. 100
<Example 9: Examination of the compound of the
formula (III) - 1>  F F F BP  N 5 F 



F  (R, R)-18  N'COOtBU (RR)-18 (1 mol%) benzyl
bromide (1.2 eq) N COOtBU IN HCI I  I THE Hz N OOBu
CI 17 PhMe (17: 0.15 M 99% 50% KOH (23 e 12 q) CI -
12 98% ee  OC,2hr 19 10 Under an argon atomosphere,
the p-chlorobenzaldehyde Schiff  base of glycine
tert-butyl ester (compound 17) (76.1 mg; 0.30 mmol),
benzyl bromide (61.5 mg; 0.36 mmol), and the compound
(R,R)-18 (2.7  mg; 3 mol) were added to toluene (2.0
mL), and the mixture was stirred  vigorously with
ice-salt cooling. When the internal temperature
thereof 15 had dropped to 0C or less, 50% KOH aqueous
solution (0.6 mL; 0.008  mol, 23 equivalents) was
added thereto. The mixture was stirred for  two hours
while maintaining the internal temperature at 0C.
Distilled  water (10 mL) was added thereto and the
toluene layer was separated off,  and then the
alkylated Schiff base (compound 19) was extracted
with 20 ether (10 mL). Thus obtained ether layer was
combined with the  toluene layer collected
previously, dried over sodium sulfate and
concentrated under reduced pressure. The residue was
diluted with  THE (10 mL), 1 N hydrochloric acid (10
mL) was added thereto at 0C,  and the mixture was
stirred for 30 minutes, After returned to room 25
temperature, the mixture was washed with ether. Then,
the ether layer  was extracted again with 1 N
hydrochloric acid. The acidic aqueous  layer was
collected, and then neutralized with sodium  101 



hydrogencarbonate at 0C. The mixture was extracted
with ethyl  acetate (10 mLx2) to collect the ethyl
acetate layer. The ethyl acetate  layer was dried
over sodium sulfate and concentrated under reduced
pressure, and then the mixture was purified by silica
gel column 5 chromatography (hexane/ethyl acetate
1/3) to give (S)-phenylalanine  tert-butyl ester
(compound 12) (65.7 mg; yield 99%, optical purity 98%
ee). The optical purity of (S)-phenylalanine
tert-butyl ester  (compound 12) was measured by HPLC
under the following conditions:  10 Column:
CIHIRALCEL OD-H (4.6 mm4x25 cm) Mobile phase:
hexane/ethanol/diethylamine = 10011/0.1  Flow rate:
0.5 mL/min Temperature: room temperature  Detection:
UV 254 nm 15 (R)-Phenylalanine tert-butyl ester
(compound 43) (63 mg; yield  95%, optical purity 98%
ee) was obtained in the same manner as in  Example 9,
except that the compound (S)-4 (2.2 mg; 3 mol) was
used  instead of the compound (R,R)-18 as a catalyst.
o  20 H2N^COOtBu  43  <Example 10: Examination of the
compound of the formula (III) - 2> Me  \I I Me
N'COOlBU (RIZt-18 (1 mol%) ~ 25 P-methylbenzyl
brotnide(1:2 eq) N COOtau IN HCI I / THE H2N COOtBu
G PhMe (17: 0.15 M) 21 



77 50% KOH (23 eq) CI 97% 99%ee  0C, 2 hr 20. 102
(S)-(p-Methylphenyl)alanine tort-butyl ester
(compound 21) (68.5  mg; yield 97%, optical purity
99% ee) was obtained in the same manner  as in
Example 9 except that p-methylbenzyl bromide (66.6
mg; 0.36  mmol) was used instead of benzyl bromide. 5
The optical purity of (S)-(p-methylphenyl)alanine
tert-butyl ester  (compound 21) was measured by HPLC
under the following conditions:  Column: CHIRALCEL
OD-H (4.6 mm$x25 cm) Mobile phase:
hexane/ethanol/diethylamine = 100/1/0.1  Flow rate:
0.5 mL/min 10 Temperature room temperature
Detection: W 254 nm (R)-(p-Methylphenyl)alanine
tert-butyl ester (compound 44) (67.8  mg; yield 96%,
optical purity 98% ee) was obtained in the same
manner  as in Example 10 except that the compound
(S)-4 (2.2 mg; 3 mol) was  15 used instead of
compound (R,R)-18 as a catalyst. H2N000tBu  44  20
<Example 11: Examination of the compound of the
formula (III) - 3> F  N COOtBu (R,R} 16 (1 mol%) P
p-fluorobenzyl bromide ml e4) IN HCI  N COOffiu THE
H2N COOtBU  CI PhMe (17: 0.15ND 23  



17 50 % KOH(23eq) CI / 99% g5 %ee  0C, 2 hr 22 25
(S)-(p-Fluorophenyl)alanine tert-butyl ester
(compound 23) (71.1  mg; yield 99%, optical purity
95% ee) was obtained in the same manner  103 as in
Example 9 except that p-fluorobenzyl bromide (68.0
mg; 0.36 mmol)  was used instead of benzyl bromide.
The optical purity of (S)-(p-fluorophenyl)alanine
tert-butyl ester  (compound 23) was measured by HPLC
under the following conditions: 5 Column CHIRALCEL
OD-H (4.6 mm$x25 cm) Mobile phase:
hexane/ethanol/diethylamine = 100/1/0.1  Flow rate:
0.5 mL/min Temperature: room temperature  Detection:
UV 254 nm 10 (R)-(p-Fluorophenyl)alanine tert-butyl
ester (compound 45) (69.6  mg; yield 97%, optical
purity 99% ee) was obtained in the same manner  as in
Example 11 except that (S)-4 (2.2 mg 3 mol) was used
instead of  the compound (R,R)-18 as a catalyst. F
15 = H2N^COOtBu  45  <Example 12: Examination of the
compound of the formula (III) - 4>  20 N~COOBu (R,R)-
18 (1 mol%) 1-bromomethyl naphthalene (1.2 eq) IN HCl
N I COOBU THE CI PhMe (17: 0.15 M) H2N COOBU  



17 96% 25  50% KOH (23 e9) CI 24 99%ee  0C, 2 hr hr
(S)-1-Naphthylalanine tert-butyl ester (compound 25)
(78.1 mg  25 yield 96%, optical purity 99% ee) was
obtained in the same manner as in  Example 9 except
that 1-bromomethyl naphthalene (79.6 mg; 0.36 mmol)
was used instead of benzyl bromide. 104 The optical
purity of (S)-1-naphthylalanine tert-butyl ester
(compound 25) was measured by HPLC under the
following conditions: Column: CHIRALCEL OD-H (4.6
mm4x25 cm)  Mobile phase: hexane/2-propanol = 100/1 5
Flow rate: 0.5-mL/min  Temperature: room temperature
Detection: UV 254 nm (R)-Naphthylalanine tert-butyl
ester (compound 46) (78.1 mg;  yield 96%, optical
purity 98% ee) was obtained in the same manner as in
10 Example 12 except that the compound (S)-4 (2.2 mg;
3 smol) was used  instead of the compound (R,R)-18 as
a catalyst. H2N"'~000tBU  15 46  <Example 13:
Examination of the compound of the formula (III) - 5>
Ph  Ph  N'COOBU (PPj-16(1 m01%) cinnamyl bromide (1.2
eq) N IN HCl  COOtsu  CI 7HF H2N COOBu  PhMe (17:
0.15 M) 



20 17 50% KOH (23 eq) ci I 82% 27 ee  0C, 6 hr 26
(S)-1-Cinnamylglycine tert-butyl ester (compound 27)
(61.1 mg;  yield 82%, optical purity 94% ee) was
obtained in the same manner as in  Example 9 except
that cinnamyl bromide (70.9 mg; 0.36 mmol) was used
25 instead of benzyl bromide. The optical purity of
(S)-1-cinnamylglycine tert-butyl ester  (compound 27)
was measured by HPLC under the following conditions:
105 Column: CHIRALCEL OD-H (4.6 mm4x25 cm) Mobile
phase: hexane/ethanol/diethylamine = 100/1/0.1  Flow
rate: 0.5 mL/min Temperature: room temperature  5
Detection: UV 254 rim The NMR spectrum of the
obtained compound (S)-27 is shown in  Table 12. Table
12 NMR spectrum of compound (S)-27 400 MHz 1H-NMR
(CDCI3,) S 7.35-7.26 (4H, m), 7.22 (1 H, m), 6.48  10
(1 H, d, J= 16.0 Hz), 6.15 (1 H, m), 3.49 (1H, t, Jr
6.0 Hz), 2.57  (2H, m), 1.69 (2H, b) 1.46 (9H, s)
(R)-Cinnamylglycine tert-butyl ester (compound 47)
(67.1 mg;  yield 90%, optical purity 89% ee) was
obtained in the same manner as in  Example 13 except
that the compound (S)-4 (2.2 mg; 3 mol) was used  15
instead of the compound. (R,R)-18 as a catalyst. Ph
HZN^COOtBu  47  20 



<Example 14: Examination of the compound of the
formula (III) - 6>  (R,f)- 18 (1 mol%) N,COOBU IN HOt
benzoyl chloride  iodoethane (10 eq) N THE HN 000tOu
Ef3N BzHN cootBu  CI PhMe (17: 0.15 M) I cooteu 29 30
U1, g 17 50 % KOH (23 eq) q 28 93% 99% ee 25 0C, 5 hr
Under an argon atomosphere, the p-chlorobenzaldehyde
Schiff  base of glycine tert-butyl ester (compound
17) (76.1 mg; 0.30 mmol),  106 iodoethane (240 L; 3.0
mmol), and the compound (R,R)-18 (2.7 mg; 3  mol)
were added to toluene (2.0 mL), and the mixture was
stirred  vigorously with ice-salt cooling. When the
internal, temperature thereof  had dropped to 0C or
less, 50% KOH aqueous solution (0.6 mL; 0.008 5 mol,
23 equivalents) was added- thereto. The mixture was
stirred for  two hours while maintaining the internal
temperature at 0C. Distilled  water (10 mL) was added
thereto and the toluene layer was separated off,  and
then the alkylated Schiff base (compound 19) was
extracted with  ether (10 mL). Thus obtained ether
layer was combined with the 10 toluene layer
collected previously, dried over sodium sulfate and
concentrated under reduced pressure. The residue was
diluted with  THE (10 mL), 1 N hydrochloric acid (10
mL) was added thereto at 0C,  and the mixture was
stirred for 30 minutes. After returned to room
temperature, the mixture was washed with ether. Next,
the ether layer 15 was extracted again with 1 N
hydrochloric acid. The acidic aqueous  layer was
collected, and then neutralized with sodium
hydrogencarbonate at 0C. The mixture was extracted
with chloroform  



(10 mLx2) to collect the chloroform layer. The
chloroform layer was  dried over sodium sulfate and
filtered. To the filtrate, triethylamine 20 (84.0 L;
0.6 mmol) and benzoyl chloride (70.0 L; 0.6 mmol)
were added  at 0C. The mixture was stirred for one
hour at 0C and then purified  by silica gel column
chromatography (hexane/ethyl acetate = 9/1) to give
(S)-N-benzoyl-ethylglycine tert-butyl ester (compound
30) (73.2 mg; yield  93%, optical purity 99% ee). 25
The optical purity of (S)-N-benzoyl-ethylglycine
tert-butyl ester  (compound 30) was measured by HPLC
under the following conditions:  Column: CHIRALCEL AD
-H (4.6 mm4x25 cm) 107 Mobile phase:
hexane/2-propanol = 20/1  Flow rate: 0.5 mL/min
Temperature= room temperature  Detection: UV 254 nm 5
(R)-N-Benzoyl-ethylglycine tert-butyl ester (compound
48) (63.8  mg; yield 81%, optical purity 90% ee) was
obtained in the same manner  as in Example 14 except
that the compound (S)-4 (2.2 mg; 3 .tmol) was  used
instead of the compound (R,R)-18 as a catalyst. 10
BzH N '-~COOtBu  48  <Example 15: Examination of the
compound of the formula (III) - 7> ((J  N'coo(r)
(R,R)- 18 (1 and%) benzqy(chloride  I J~ 11 N COOS.
allyl bromide (1.2 eq) IN 110 THE H2N COO(r)u~ EN
BzHN COOBu  



PhMe (17: 015 M) ~~ 32 33 84% 02%ee  15 CI 17 50% KOH
(23 eq) CI" 31 0C, 2 hr (S)-N-Benzoyl-allylglycine
tert-butyl ester (compound 33) (69.3  mg; yield 84%,
optical purity 92% ee) was obtained in the same
manner  as in Example 14 except that allyl bromide
(43.6 mg; 0.36 mmol) was  20 used instead of
iodoethane (240 L; 3.0 mmol). The optical purity of
(S)-N-benzoyl-allylglycine tert-butyl ester
(compound 33) was measured by HPLC under the
following conditions:  Column: CHIRALCELAD-H (4.6
mm4x25 cm) Mobile phase: hexane/2-propanol = 20/1  25
Flow rate: 0.5 mL/min Temperature: room temperature
Detection: UV 254 nm 108 (R).N-Benzoyl-allylglycine
tert-butyl ester (compound 49) (76.0  mg; yield 92%,
optical purity 98% ee) was obtained in the same
manner  as in Example 15 except that the compound
(S)-4 (2.2 mg; 3 gmol) was  used instead of the
compound (R,R)-18 as a catalyst. 5 J BzHN^COOtBu  49
<Example 16: Examination of the compound of the
formula (III) - 8>  10 R R} 76 (i mol%) N'COOfdu
methallyl -) IN HCI benZOyi chloride  bromide (1:2 eq
~i~lll EfaN giliN COOPdu  



PhMe 7: 0.75 N COO tBu THE HzN 35 COO(r)u 36 98%ee
CI 17 50% KOH 3e q) CI 34 99% 0C, 2 hr
(S)-N-Benzoyl-methallylglycine tert-butyl ester
(compound 36)  15 (85.9 mg; yield 99%, optical purity
98% ee) was obtained in the same  manner as in
Example 14, except that methallyl bromide (48.6 mg;
0.36  mmol) was used instead of iodoethane (240 L 3.0
mmol). The optical purity of
(S)-N-benzoyl-methallylglycine tert-butyl  ester
(compound 36) was measured by HPLC under the
following  20 conditions: Column: CHIRALCEL AD-H (4.6
mm4 x25 cm)  Mobile phase: hexane/2-propanol = 20/1
Flow rate: 0.5 mL/min  Temperature: room temperature
25 Detection: W 254 nm (R)-N-Benzoyl-methallylglycine
tert-butyl ester (compound 50)  (82.5 mg; yield 95%,
optical purity 96% ee) was obtained in the same  109
manner as in Example 16 except that the compound
(S)-4 (2.2 mg; 3  mol) was used instead of the
compound (R,R)-18 as a catalyst. BzHN^COOfBu  5 50
<Example 17: Alkylation using the compound (S,S)-37 -
1> Me\ p-MeO-Ph  Mep-MeO-Ph  10 t-BU' ~~ p~MeO-Ph o
-"~ ZP Me p-MeO-Ph  



N'COOEt (S 5)37 (1 mol%) benzyl bromide (1.5 eq) IN
HCI  N  COOEt 1 hr H2N'000Et 3 PhMe (3: 0.1 M) 39
48% KOH.(4 eq) 73% 76% ee  15C, 19 hr 38 15 Under a
nitrogen atomosphere, the benzaldehyde Schiff base of
glycine ethyl ester (compound 3) (191 mg; 1.0 mmol),
benzyl bromide  (257 mg; 1.5 mmol), and
TaDias-[(4S,5S)-2-tert-butyl.2-methyl- N,N,N';
N'-tetrakis(4-methoxybenzyl)]diiolide (compound
(S,S)-37) (9.7 20 mg; 0.01 mmol) were added to
toluene (10.0 mL), and the mixture was  stirred
vigorously with ice-salt cooling. When the internal
temperature  thereof had dropped to -15C or less, 48%
KOH aqueous solution (0.47 g;  4 mmol, 4 equivalents)
was added thereto. The mixture was stirred for  19
hours while maintaining the internal temperature at
-15C. 25 Distilled water (5 mL) was added thereto and
the toluene layer was  collected, and then the
alkylated Schiff base (compound 38) was  extracted
with toluene (10 mLx2). Thus obtained toluene layers
were  110 combined with the toluene layer collected
previously, then 1 N  hydrochloric acid (8 mL) was
added thereto, and the mixture was stirred  at room
temperature for one hour. The aqueous layer was
collected by  separation, and then the aqueous layer
was washed with toluene (5 mL), 5 and sodium
carbonate was added thereto carefully to avoid too
vigorous  bubbling until pH of the solution reached
not lower than 11 (confirmed  by universal pH test
paper). The mixture was extracted with ethyl  acetate
(10 mLx2) to collect the ethyl acetate layer. The
ethyl acetate  



layer was dried over magnesium sulfate and
concentrated under reduced 10 pressure to give the
title compound (R)-phenylalanine ethyl ester
(compound 39) (140 mg; yield 73%, optical purity 76%
ee). <Example 18: Alkylation using the compound
(S,S)-37 - 2> N COOtBu ~ 1N HCI I  15 beniyl bromide
(1.5 eq) N COOtBu PhMe (9: 0.1 M) 1 hr H,N~COOt&  9
40 32% 41  48% KOH. (4 eq) 83% ee  -15C, 19 hr The
title compound (R)-phenylalanine-tert-butyl ester
(compound  20 41) (70 mg; yield 32%, optical purity
83% ee) was obtained in the same  manner as in
Example 17 except that the benzaldehyde Schiff base
of  glycine tert-butyl ester (compound 9) (219 mg;
1.0 mmol) was used  instead of the benzaldehyde
Schiff base of glycine ethyl ester (compound  3) (191
mg; 1.0 mmol). 25 <Example 19: Alkylation using the
compound (R)-42>  111 F F  KGnk'n Br0Has F 5 'I  F 



NCOOEt (R)-42 (0.1 mol%) benzyl bromide (0.95 eq) 1N
HCI  Np COOEt PhMe (3: 0.1 ND 1 hr H2N f COOEt  3 48%
KOH (4 eq) 66% 6 0C, 6 hr 66% ee 10 The benzaldehyde
Schiff base of glycine ethyl ester (compound 3)  (191
mg; 1 mmol), benzyl bromide (162 mg; 0.95 mmol), and
the  compound (R)-42 (1.25 mg; 1 mol) were added to
toluene (10 mL), and  the mixture was stirred
vigorously (1400 rpm) with ice-salt cooling.  When
the internal temperature thereof had dropped to 5C or
less, 48% 15 KOH aqueous solution (0.47 g; 4 mmol, 4
equivalents) was added thereto.  The mixture was
stirred for 6 hours while maintaining the internal
temperature between -5C and -2C. Distilled water (5
mL) was added  thereto and the toluene layer was
collected, and then the alkylated Schiff  base
(compound 5) was extracted with toluene (10 mLx2).
Thus 20 obtained toluene layers were combined with
the toluene layer collected  previously, then 1 N
hydrochloric acid (2.5 mL) was added thereto and  the
mixture was stirred at room temperature for one hour.
The aqueous  layer was collected by separation, and
then sodium carbonate was added  thereto carefully to
avoid too vigorous bubbling until pH of the solution
25 reached not lower than 11 (confirmed by universal
pH test paper). The  mixture was extracted with ethyl
acetate (5 mLx3) to collect the ethyl  acetate layer.
The ethyl acetate layer was dried over magnesium  112
sulfate and concentrated under reduced pressure to
give the title  compound (S)-phenylalanine ethyl
ester (compound 6) (120 mg; yield 66%,  optical
purity 88% ee). 5 <Example 20: Benzylation of the
compound 44> 



<Example 20-1: Preparation of the terephthalaldehyde
Schiff base of  glycine ethyl ester (compound 44)>
COOEt  0 H - N H  H2N---000Et Et3N, HCI + PhMe  10
88%  H 0 H ,IN  43 EtOOC) 44 Under a nitrogen
atmosphere, toluene (35 mL) was added to  glycine
ethyl ester hydrochloride (compound 1) (8.72 g; 62.5
mmol), and  15 then triethylamine (10.45 mL; 75 mmol)
was added thereto and the mixture was stirred.
Further, terephthalaldehyde (compound 43) (3.35  g;
25 mmol) was added thereto, and the mixture was
warmed and stirred  at 50C for two hours. Water (50
mL) and toluene (50 mL) was added  thereto, and the
mixture was separated to two layers. The toluene
layer 20 was washed with water (40 mL) and saturated
saline (40 mL), and then  concentrated by evaporator
to -give compound 44 (6.7 g; yield 88%). The  NMR
spectrum of the obtained compound 44 is shown in
Table 13. Table 13 NMR spectrum of compound 44 400MHz
'H-NMR(CDCI3): S 8.32(2H, s, CH=N)77.84(4H, s, ArH),
25 4.42(4H, s, N-CHZ CO), 4.25(4H, q, J=7.2Hz, O-GHZ
C), 1.30(6H,  m, C-CH3) 113 <Example 20.2:
Benzylation of the compound 44>  



F F  F  5 F COOEt ~COOEt (R)4 F Nv H  N H (R)-4 (0.2
mot%) benzyl bromide (1.9 eq) 1N HCI PhMe (44: 0.5 M)
H N 1 hr HZN 6,00a  oa  H INI 48% KOH (3.9 eq) Etooc
73% EtOOC 0C, 1.5 hr 84%ee 10 44 45 Under a nitrogen
atmosphere, the terephthalaldehyde Schiff base  of
glycine ethyl ester (compound 44) (1.52 g; 5 mmol),
benzyl bromide  (1.62 g; 9.5 mmol), and the compound
(R)-4 (7.4 mg; 10 mol) were added  to toluene (10
mL), and the mixture was stirred vigorously (1000
rpm) 15 with ice-salt cooling. When the internal
temperature thereof had  dropped to 0C or less, 48%
KOH aqueous solution (2.28 g; 19 mmol, 3.9
equivalents) was added thereto. The mixture was
stirred for 1.5 hours  while maintaining the internal
temperature between 0C and 5C.  Distilled water (10
mL) and ethyl acetate (30 mL) were added thereto 20
and the toluene-ethyl acetate layer was collected,
then ethyl acetate (20  mL) was added again thereto
to extract the alkylated Schiff base  (compound 45).
The NMR spectrum of the obtained compound 45 is
shown in Table 14. Table 14 25 NMR spectrum of
compound 45 400MHz 'H-NMR(CDCI3): S 7.91(2H, s),
7.70(4HH, s), 7.25- 7.10(1oH, m), 4.21-4.15(6H, m),
3.36(2H, dd, 5.2Hz, 13.6Hz),  3.14(2H, dd, 9.2Hz,
13.6Hz), 1.25(6H, t, 7.2Hz) 



114 The collected toluene-ethyl acetate layers were
combined, and 1  N hydrochloric acid (20 mL) was
added thereto, and the mixture was  stirred at room
temperature for one hour. The aqueous layer was
collected by separation, then the aqueous layer was
washed with ethyl 5 acetate (10 mL), and then sodium
carbonate was added thereto carefully  to avoid too
vigorous bubbling until pH of the solution reached
not lower  than 11 (confirmed by universal pH test
paper). The mixture was  extracted with ethyl acetate
(40 mLx3) to collect the ethyl acetate layer.  The
ethyl acetate layer was dried over magnesium sulfate
and 10 concentrated under reduced pressure to give
the title compound  (S)-phenylalanine ethyl ester
(compound 6) (1.33 g; yield 73%, optical  purity 84%
ee). <Example 21: Benzylation of the compound 49> 15
<Example 21-1: Preparation of the benzaldehyde Schiff
base of glycine  diphenylmethylamide (compound 49)>
Ph2CHNH2  DCC N Ph HCI/MeOH  BocHN~COOH THE BocHN_ h
Crystallization 0 from EtOAc  46 47 62% (2 steps) 20
H  H PhCHO/Et3N N N Ph  HCI.HZN Ny O Ph PhMe/EtOH PhJ
Ph  98% 48 49 With ice-water cooling,
N,N'-dicyclohexylcarbodiimide (DCC, 9.3  25 g; 45
mmol) was added to THE (100 mL), and then Boc-glycine



(compound 46) (7.5 g; 42.9 mmol) was added. Then,
benzhydrylamine  (8.3 g; 45 mmol) was added thereto,
returned to room temperature and  115 the mixture was
stirred for three hours. The resulting precipitate
was  filtered out and the filtrate was concentrated,
and then ethyl acetate  (150 mL) was added to the
residue and the resulting precipitate was  filtered
out again. The filtered ethyl acetate layer was
washed with 5% 5 citric acid (40 mLx2), saturated
saline (30 mL), saturated sodium  hydrogencarbonate
water (40 mLx2), then saturated saline (30 mL),
dried over sodium sulfate and then concentrated to
give 15.3 g of the  crude compound 47. Next, a 10%
hydrochloric acid methanol solution (by Tokyo  10
Chemical Industry) (120 mL) were added to the
compound 47 (14.8 g),  and the mixture was stirred
for 6 hours. The methanol was removed.  under reduced
pressure, then ethyl acetate (120 mL) was added
thereto  and the mixture was cooled to 5C. The
precipitated sediment was  filtered and washed with
ethyl acetate (120 mL). The precipitate 15 obtained
was dried by blowing at 50C (12 hours) to give the
compound  48 (7.10 g, 62%). The compound 48 (2.77 g;
10 mmol) was added to toluene (20 mL)  and the
mixture was stirred. Then, triethylamine (1.11 g; 11
mmol) and  benzaldehyde (1.06 g; 11 mmol) were added
thereto and the mixture was 20 stirred for two hours.
Ethanol was added (10 mL) thereto and the  mixture
was stirred for additional two hours. After removing
the  solvent under reduced pressure, ethyl acetate
(40 mL) and water (20 mL)  were added thereto. The
crystal precipitated was filtered and then  washed
with water (10 mL) and ethyl acetate (20 mL). The
obtained 25 precipitate was dried by blowing at 50C
(12 hours) to give 1.40 g of the  compound 49. This
filtrate was concentrated and the precipitate was  



dissolved in chloroform (100 mL), the solution was
washed with water  116 (20 mLx2) and dried over
sodium sulfate, and then concentrated under  reduced
pressure to give the compound 49 (1.80 g, 3.20 g when
combined  with the above crystal; yield 98%). The NMR
spectrum of the obtained  compound 49 is shown in
Table 15. 5 Table 15 NMR spectrum of compound 49
400MHz 1H-NMR(CDCI3): & 8.34(1H, s, CH=N),
7.74-7.70(2H, m,  ArH), 7.67(1 H, d, J =8.OHz, NHCO),
7.50-7.40(3H, m, ArH), 7.35- 7.200 OR m, ArH),.
6.37(1 H, d, J = 8.8H, Ph2CH), 4.36(2H, s,  NCH2CO)
10 <Example 21-2: Benzylation of the compound 49>
F,C CFa Br Ar= CFa  (S's)-5O CFa  (S,S)-50 (2 mol%) H
Phi H Phi H  N N Ph benzyl bromide (1 eq) = N Ph 2N
HCI N Y Ph  15 Ph-" 0 Ph PhMe (49: 0.03 M) Ph~l~ Ph
25% HzN 0 P II Ph  48% KOH (150 eq) 52 49 0C, 1.5 hr
-- 51 90% ee Under a nitrogen atmosphere, an aldimine
Schiff base of glycine  diphenylmethylamide and
benzaldehyde (compound 49) (49.2 mg; 0.15  20 mmol),
henzyl bromide (25.6 mg; 0.15 mmol), and the compound
(S,S)-50 (5 mg; 3 mol ) were added to toluene (5 mL),
and the mixture was  



stirred vigorously (1000 rpm) withe ice-salt cooling.
When the internal  temperature thereof had dropped to
0C or less, 48% KOH aqueous  solution (2.6 g; 22
mmol, 150 equivalents) was added thereto. The 25
mixture was stirred for 1.5 hours while maintaining
the internal  temperature between 0C and 5C.
Distilled water (5 mL) and toluene  (10 mL) were
added thereto, the toluene layer was collected, and
the  117 alkylated Schiff base (compound 51) was
extracted with further toluene  (10 mL). The toluene
layers collected were combined, and then 2 N
hydrochloric acid (20 mL) was added thereto and the
mixture was stirred  5 at room temperature for one
hour. The aqueous layer was collected by separation,
and then the aqueous layer was washed with toluene
(10 mL),  and a 48% sodium hydroxide aqueous solution
was added thereto until  pH of the aqueous layer
reached not lower than 11 (confirmed by  universal pH
test paper). The mixture was extracted with ethyl
acetate 10 (10 mLx3) to collect the ethyl acetate
layer. The ethyl acetate layer was  dried over
magnesium sulfate and concentrated under reduced
pressure  to give the title compound 52 (30 mg; by
NMR analysis it was found that  this contained
glycine diphenylmethylamide derived from the starting
material 49, and thus the content of the compound 52
was approximately 15 40%, and the yield from the
compound 49 was 25%). The optical purity  was 90% ee.
The optical purity of the compound 52 was measured by
HPLC  under the following conditions: Column:
CHIRALCEL OD-H (4.6 mm025 cm) 20 Mobile phase:
hexane/ethanol/diethylamine = 95/5/0.1  Flow rate:
0.5 mL/min Temperature: room temperature  



Detection: UV 225 nm Retention time: (S)-form = 31
min; (R)-form: 63 min. 25 The NMR spectrum of the
obtained compound 52 is shown in  Table 16. 118 Table
16 NMR spectrum of compound 52 400MHz 1H-NMR(CDCI3):
(5 8.02(1 H, d, J=9.0Hz, N-H), 7.40- 7.10(15H, m,
ArH), 6.37(1 H, d, J = 9.OHz, Ph2CH), 3.770H, m,
NCHCO), 3.27(1 H, dd, J=4.2Hz, 13.7Hz, PhCH2C),
2.81(1H, dd, J  =8.9Hz, 13.7Hz, PhCH2C), 1.60(2H, br
s, NH2) 5 <Example 22: Benzylation of the
p-tolualdehyde Schiff base of glycine  ethyl ester
(compound 53)> The compound 53 was prepared (yield
89%) using p-tolualdehyde  instead of benzaldehyde in
Reference Example 1. The NMR spectrum of  10 the
obtained compound 53 is shown in Table 17. Table 17
NMR spectrum of compound 53 400MHz 1H-NMR(CDCI3) (5
8.250 H, s, CH=N), 7.70-7.60(2H, m),  7.30-7.20(2H,
m), 4.38(2H, s, N-CHZ C), 4.24(2H, q, /=7.2Hz, 0- 15
CHZ-C), 2.52(3H, s) 1.30(3H, t, 7.2Hz, C-CH3) Then,
the reaction was carried out for six hours under the
same  conditions as in Example 1, except that the
compound 53 (2.05 g; 10  mmol) was used instead of
the compound 3 to give the compound 6 (1.16  g; yield
63%, optical purity 93% ee). 20 N COOEt (R}4 (0.1
mol%) benzyl bromide (0.95 eq) N COOEt 2N HCI 



H30 PhMe (53:1 M) 1 hr H2N COOEt  48% KOH (1.95 eq)
63% 53 H3C 6  0C, 6 hr 54 93%ee  25 <Example 23:
Benzylation of the o-tolualdehyde Schiff base of
glycine  ethyl ester (compound 55)> 119 The compound
55 was prepared (yield 96%) using o-tolualdehyde
instead of the benzaldehyde in Reference Example 1.
The NMR  spectrum of the obtained compound 55 is
shown in Table 18. 5 Table 18 NMR spectrum of
compound 55 400MHz 1H-NMR(CDCI3): 58.73(1 H, s,
CH=N), 7.95-7.90(1 H, m),  7.45-7.10(3H, m); 4.42(2H,
s, N-CHZC), 4.24(2H, q, J=7.2Hz, O- CHZ G), 2.67(3H,
s) 1.31(3H, t, 7.2Hz, C-CH) The reaction was carried
out for four hours under the same  10 conditions as
in Example 1, except that the compound 55 (2.05 g; 10
mmol) was used instead of the compound 3 to give the
compound 6 (1.28  g; yield 70%, optical purity 86%
ee). N (R)-4 (0.1 mol%)  COOEt benzyl bromide 0.95
eq) '2N HCI  N COOEt 15 C) CH3 PhMe (55: 1 M) I hr
H2N COOEt  55 48% KOH (1.95 eq) CH3 70% 6 0C, 4 hr 56
56%ee  Industrial Applicability 20 According to the
present invention, it is possible to obtain a  



reaction product without allowing the effect of
racemization to occur,  even when an aldimine-type
Schiff base is used. Thus, an asymmetrical
mono-substituted alkylated compound can be provided
less expensively.  120 CLAIMS  1- A method for
stereoselectively producing a compound  represented
by the following formula (I): 5 Rte  N COR21  R15 n
(I)  comprising: 10 initiating a reaction of a
compound represented by the formula  (II): N- %COR20
R15 n  15 (II)  with a compound represented by the
formula (III): R18-W (III) in a medium in the
presence of an optically- active phase- transfer
catalyst and an aqueous inorganic base solution; and
20 quenching the reaction at a time earlier than a
the time for  completion of a stoichiometric reaction
of the compound represented  by the formula (II) with
the compound represented by the formula  (III);
wherein in the formula (I) and the formula (II), 25
R15 is an aryl or heteroaryl group that may be
substituted with  at least one group selected from
the group consisting or 121 



a Ci to Cs alkyl group that may be branched and that
may be  substituted with a halogen atom, a Ci to C5
alkoxy group that may be branched and that may be
substituted with a halogen atom, 5 an aryl group that
may be substituted with a halogen atom, a  Ci to Cs
alkyl group that may be branched and that may be
substituted with a halogen atom, or a Ci to Cs alkoxy
group that may  be branched and that may be
substituted with a halogen atom, a cyano group,  10
-NR30R31, Wherein R30 and R31 are each independently
a  hydrogen atom or a Ci to C4 alkyl group that may
be substituted with  a halogen atom,  a nitro group,
a carbamoyl group, 15 an N-(Ci to C4 alkyl)carbamoyl
group, an N,N-di(Ci to C4 alkyl)carbamoyl group,
-NHCOR9, wherein R9 is a C1 to C4 alkyl group that
may be  branched and that may be substituted with a
halogen atom, and a halogen atom; 20 R20 is -OR19,
wherein R19 is a Ci to Cs alkyl group that may be
substituted with a halogen atom or an aryl group that
may be  substituted with a halogen atom, and that may
be branched or form a  cyclic group or -NR5R51,
wherein R50 and R51 are each independently  a
hydrogen atom, -CHR28R29, wherein R28 is a group
selected from the 25 group consisting of a hydrogen
atom, and an aryl group that may be  substituted with
a C1 to C4 alkyl group that may be substituted with a
halogen atom, a Ci to C3 alkoxy group that may be
substituted with a  122 halogen atom, or a halogen
atom, and R29 is an aryl group that may be  



substituted with a C1 to C4 alkyl group that may be
substituted with a  halogen atom, a Cl to C3 alkoxy
group that may be substituted with a  halogen atom,
or a halogen atom, or -OR101, wherein Rlo1 is a Cl to
C8  5 alkyl group or a benzylgroup; wherein in the
formula (I) and the formula (III),  R18 is a group
selected from the group consisting of: (i) a C1 to
Clo alkyl group that may be branched or form a cyclic
group and that may be substituted with a halogen
atom, wherein the  10 alkyl group may be substituted
with at least one group selected from  the group
consisting of: a Cl to Cs alkoxy group that may be
branched and that may be  substituted with a halogen
atom, a cyano group, 15 -NR30R31, wherein R30 and R31
are each independently a  hydrogen atom or a C1 to C4
alkyl group that may be substituted with  a halogen
atom, a nitro group, a carbamoyl group, 20 an N-(C1
to C4 alkyl)carbamoyl group, an N,N-di(C1 to C4
alkyl)carbamoyl group, -NHCOR9, wherein R9 is a C1 to
C4 alkyl group that may be  branched and that may be
substituted with a halogen atom, -COR9, wherein R9 is
a C1 to C4 alkyl group that may be  25 branched and
that may be substituted with a halogen atom, and
-CO2R9, wherein R9 is a C1 to C4 alkyl group that may
be branched and that may be substituted with a
halogen atom;  123 (ii) an allyl group or substituted
allyl group having a halogen  atom or having a
substituent(s) at position 1 and/or 2 and/or 3 and  



having 4 to 15 carbon atoms in total; (iii) a C2 to
C6 alkenyl group that may be branched or form a  5
cyclic group and that may be substituted with a
halogen atom; (iv) a C2 to Ce alkynyl group that may
be branched or form a  cyclic group and that may be
substituted with a halogen atom; (v) an aralkyl
group, wherein the aryl moiety of the aralkyl  group
may be substituted with at least one group selected
from the  10 group consisting of a CS to C4 alkyl
group that may be branched and that may be  ,
substituted with a halogen atom, a CS to Cs alkoxy
group that may be branched and that may be
substituted with a halogen atom, 15 an aryl group
that may be substituted with a halogen atom, a  C1 to
C4 alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group,
-NR30R31, wherein  R30 and R31 are each independently
a hydrogen atom or a C1 to C4  alkyl group that may
be branched and that may be substituted with a 20
halogen atom, a nitro group, a carbamoyl. group, an
N-(C1 to C4  alkyl)carbamoyl group, an N,N-di(C1 to
C4 alkyl)carbamoyl group, or - NHCOR9, wherein R9 is
a C1 to C4 alkyl group that may be branched  and that
may be substituted with a halogenatom, a cyano group,
255 -NR30R31 wherein Rao and R31 are each
independently a  hydrogen atom or a CS to C4 alkyl
group that may be branched and  that may be
substituted with a halogen atom, 124 a nitro group, a
carbamoyl group, 



an N-(Ci to C4 alkyl)carbamoyl group, an N,N-di(Ci to
C4 alkyl)carbamoyl group, 5 -NHCOR9, wherein R9 is a
Ci to C4 alkyl group that may be  branched and that
may be substituted with a halogen atom, and a halogen
atom; and the alkyl moiety of the aralkyl group is a
Ci to C6 alkyl group  that may be branched or form a
cyclic group and that may be  10 substituted with a
halogen atom; (vi) a heteroaralkyl group having a
heteroaryl moiety, wherein  the heteroaryl moiety may
be substituted with at least one group  selected from
the group consisting of: a Ci to C4 alkyl group that
may be branched and that may be  15 substituted with
a halogen atom, a C1 to Cs alkoxy group that may be
branched and that may be  substituted with a halogen
atom, an aryl group that may be substituted with a
halogen atom, a  Ci to C4 alkyl group that may be
branched and that may be  20 substituted with a
halogen atom, a cyano group, -NR39R3i, wherein R30
and R31 are each independently a hydrogen atom or a
Ci to C4  alkyl group that may be branched and that
may be substituted with a  halogen atom, a nitro
group, a carbamoyl group, an N-(C1 to C4
alkyl)carbamoyl group, an N,N-di(Ci to C4
alkyl)carbamoyl group, or  25 NHCOR9 wherein R9 is a
Ci to C4 alkyl group that may be branched  and that
may be substituted with a halogen atom, a cyano
group, 125 -NR3DR31, wherein R30 and R31 are each
independently a  hydrogen atom or a Ci to C4 alkyl
group that may be branched and  that may be
substituted with a halogen atom, 



a nitro group, 5 a carbamoyl group, an N-(Ci to C4
alkyl)carbamoyl group, an N,N-di(Ci to C4
alkyl)carbamoyl group, -NHCOR9, wherein R9 is a Ci to
C4 alkyl group that may be  branched and that may be
substituted with a halogen atom, and 10 a halogen
atom; and the alkyl moiety of the heteroaralkyl group
is a Ci to C6 alkyl  group that may be branched or
form a cyclic group and that may be  substituted with
a halogen atom; and (vii) a propargyl group or
substituted propargyl group having a  15 halogen atom
or having a substituent(s) at position 1 and/or 3 and
having 4 to 9 carbon atoms in total; wherein in the
formula (III), W is a functional group that has a
leaving ability;  wherein in the formula (I) and the
formula (II),  20 n is an integer from 1 to 4; and
wherein in the formula (I), * shows a newly produced
asymmetric center. 2. The method of claim 1, wherein
the optically-active phase- 25 transfer catalyst is
an optically-active quaternary ammonium salt
phase-transfer catalyst or an optically-active
phase-transfer catalyst  complexed with a metal atom.
126 3. The method of claim 2, wherein the optically`
active quaternary  ammonium salt phase-transfer
catalyst is an optically- active quaternary  ammonium
salt that has a biphenyl backbone and/or binaphthyl 5
backbone, or an optically-active cinchona alkaloid
quaternary ammonium  salt. 



4. The method of claim 2, wherein the optically-
active quaternary  ammonium salt phase-transfer
catalyst is an optically- active quaternary  10
ammonium salt, or an enantiomer thereof, which is
represented by: H H H  N Be N c H/N H c  HOu,,.. H \
5HCQ CF3 15 \ , N \N  H H  G 20 N Br N H (r) CIa  H
PhCH,0 HO-,,.. H - I H N  N N N  H 25 CIO  O H 'NO NH
N 127 wherein R" is a hydrogen atom, a.Ci to C4 alkyl
group that may be  branched, a Cl to C5 alkoxy group
that may be branched, or a halogen  atom, 5 H H 3Br
6e N/ O H O .,,,,iH I t y-~ \ H N 10 / H Ht 



H H  zz  H _  H N _ H'-- OR  15 Ro "N H  H wherein R
is a hydrogen atom or an alkyl group, and Z is Cl or
Br,  20 H  H 2G (r) le  H H .+uOH Meo H 25 H I \ / /
ter.  H 128 H H Br Be  e H N (r) HO H N Ph\/p ',,,H H
N 5 I I /  N MeO OMe  H  N 



N'K  10 O H H O  CI R  wherein R is a methyl group or
a hydrogen atom,  Me 15 N 1~-p-MeO-Ph I  Me om-
-p-MeO-Ph t-Bu p-MeO-Ph (r)N ~N  O 21e 26e  Me
\-p-MeO-Ph 20 Me p-Me-Ph  ~ Me -p_Me-Ph 4-CF3PhCH20
OCHPh-0-CF3  (  \- ` Br 25 }-R~ ~o-M2-Ph O (jp 21O
4-CF3PhCH2O' OCH2Ph-4-CF3  Me \-p-Me-Ph , or  129 5.
The method of claim 3, wherein the optically- active
quaternary  ammonium salt phase-transfer catalyst
that has a biphenyl backbone  and/or binaphthyl
backbone is an optically active quaternary ammonium
5 salt represented by: Rzf xo \ \ I \ \ R21 @IIX8  



N N Rig \ \ \ \ R22 \  10 R21 R21  \ Xp 23 G  X \R2a
\ Rz2 \ \ \ \ Rzz 15 , or  R25 R26 R21 R23  R27 O+/
R2r \R24  R25' R22 20 R25'  wherein  R21 and R22 are
each independently a group selected from the group
consisting of: U) a hydrogen atom; 25 ui) -NR30R-1,
wherein R0 and Ra' are each independently a  hydrogen
atom or a C1 to C4 alkyl group that may be branched
and that  may be substituted with a halogen atom; 130
(iii) a cyano group;  (iv) a nitro group; 



(v) a carbamoyl group; (vi) an N-(C1 to C4
alkyl)carbamoyl group; 5 (vii) an N,N-di(Ci to C4
alkyl)carbamoyl group; (viii) -NHCOR9, wherein R9 is
a Ci to C4 alkyl group that may be  branched and that
may be substituted with a halogen atom; (ix) a
halogen atom; (x) a C1 to Cs alkyl group that may be
branched or form a cyclic  10 group and that may be
substituted with a halogen atom; (xi) a C2 to Cs
alkenyl group that may be branched or form a  cyclic
group and that may be substituted with a halogen
atom; (xii) a C2 to C6 alkynyl group that may be
branched or form a  cyclic group and that may be
substituted with a halogen atom; 15 (xiii) an aralkyl
group, wherein the aryl moiety of the aralkyl  group
may be substituted with at least one group selected
from the group  consisting of a Ci to C4 alkyl group
that may be branched and that may be  substituted
with a halogen atom, 20 a C1 to C5 alkoxy group that
may be branched and that may be  substituted with a
halogen atom, an aryl group that may be substituted
with a halogen atom, a C1  to C4 alkyl group that may
be branched and that may be substituted with  a
halogen atom, a cyano group, -NR30R31, wherein R30
and R31 are each 25 independently a hydrogen atom or
a C1 to C4 alkyl group that may be  branched and that
may be substituted with a halogen atom, a nitro
group, a carbamoyl group, an N-(C1, to C4
alkyucarbamoyl group, an  131 N,N-di(Ci to C4
alkyl)carbamoyl group, or -NHCOR9, wherein R9 is a Ci
to C4 alkyl group that may be branched and that may
be substituted with  a halogen atom, 



a cyano group, 5 -NR30R31 wherein R30 and R31 are
each independently a hydrogen  atom or a Ci to C4
alkyl group that may be branched and that may be
substituted with a halogen atom, a nitro group, a
carbamoyl group, 10 an N-(C1 to C4 alkyl)carbamoyl
group, an N,N-di(Ci to C4 alkyl)carbamoyl group,
-NHCOR9, wherein R9 is a Ci to C4 alkyl group that
may be  branched and that may be substituted with a
halogen atom, and a halogen atom; 15 (xiv) a
heteroaralkyl group having a heteroaryl moiety,
wherein  the heteroaryl moiety may be substituted
with at least one group  selected from the group
consisting of= a Ci to C4 alkyl group that may be
branched and that may be  substituted with a halogen
atom, 20 a Ci to Cs alkoxy group that may be branched
and that may be  substituted with a halogen atom, an
aryl group that may be substituted with a halogen
atom, a Ci  to C4 alkyl group that may be branched
and that may be substituted with  a halogen atom, a
cyano group, -NR30R31, wherein R30 and 1131 are each
25 independently a hydrogen atom or a Ci to C4 alkyl
group that may be  branched and that may be
substituted with a halogen atom, a nitro  group, a
carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group, an  132 N,N-di(Ci to C4 alkyl)carbamoyl group,
or -NHCOR9, wherein R9 is a Ci  to C4 alkyl group
that may be branched and that may be substituted with
a halogen atom, a cyan group, 



5 -NR30R31, wherein R30 and R31 are each
independently a hydrogen  atom or a CI to C4 alkyl
group that may be branched and that may be
substituted with a halogen atom, a nitro group, a
carbamoyl group, 10 an N-(CI to C4 alkyl)carbamoyl
group, an N,N-di(Ci to C4 alkyl)carbamoyl group,
-NHCOR9, wherein R9 is a CI to C4 alkyl group that
may be  branched and that may be substituted with a
halogen atom, and .a halogen atom; 15 (xv) an aryl
group, wherein the aryl group may be substituted
with at least one group selected from the group
consisting of a CI to C4 alkyl group that may be
branched and that may be  substituted with a halogen
atom, a Ci to C5 alkoxy group that may be branched
and that may be  20 substituted with a halogen atom,
an aryl group that may be substituted with a halogen
atom, a CI  to C4 alkyl group that may be branched
and that may be substituted with  a halogen atom, a
cyano group, -NR30R31, wherein R30 and Rsl are each
independently a hydrogen atom or a Ci to C4 alkyl
group that may be 25 branched and that may be
substituted with a halogen atom, a nitro  group, a
carbamoyl group, an N-(CI to C4 alkyl)carbamoyl
group, an  N,N-di(Ci to C4 alkyl)carbamoyl group, or
-NHCOR9, wherein R9 is a CI  133 to C4 alkyl group
that may be branched and that may be substituted with
a halogen atom, a cyano group, -NR30R31, wherein R30
and R31 are each independently a hydrogen  5 atom or
a C1 to C4 alkyl group that may be branched and that
may be  



substituted with a halogen atom, a nitro group, a
carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, 10 an N,N-di(C1 to C4 alkyl)carbamoyl group,
-NHCOR9, wherein R9 is a C1 to C4 alkyl group that
may be  branched and that may be substituted with a
halogen atom, and a halogen atom; or may be
substituted with -O-(CH2)P-O-, wherein p is 1 or 2,
at  15 positions 3 and 4 that are taken together;
(xvi) a heteroaryl group, wherein the heteroaryl
group may be  substituted with at least one group
selected from the group consisting of:  a C1 to C4
alkyl group that may be branched and that may be
substituted with a halogen atom, 20 a C1 to Cr,
alkoxy group that may be branched and that may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen atom, a C1  to C4
alkyl group that may be branched and that may be
substituted with  a halogen atom, a cyano group,
-NR30R31, wherein R30 and R31 are each 25
independently a hydrogen atom or a C1 to C4 alkyl
group that may be  branched and that may be
substituted with a halogen atom, a nitro  group, a
carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group, an  134 N,N-di(Ci to C4 alkyl)carbamoyl group,
or -NHCOR9, wherein R9 is a Ci  to C4 alkyl group
that may be branched and that may be substituted with
a halogen atom, a cyano group, 5 -NR30R31, wherein
R30 and R31 are each independently a hydrogen  atom
or a C1 to C4 -alkyl group that may be branched and
that may be  



substituted with a halogen atom, a nitro group, a
carbamoyl group, 10 an N-(Ci to C4 alkyl)carbamoyl
group, an N,N-di(Ci to C4 alkyl)carbamoyl group,
NHCOR9, wherein R9 is a Cl to C4 alkyl group that may
be  branched and that may be substituted with a
halogen atom, and a halogen atom; and 15 (xvii)
-S(O)"-R, wherein n is 0, 1, or 2, and R is a C1 to
C4 alkyl  group that may be branched and that may be
substituted with a halogen  atom; R25, Res, R26, and
R26' are each independently a group selected from the
group consisting of: 20 (1) a hydrogen atom;  (ii) a
halogen atom; (iii) an alkyl group, wherein the alkyl
group is a Ci to C5 alkyl  group that may be
substituted with a halogen atom and/or an aryl group,
and/or that may be branched or form a cyclic group;
and 25 (iv) an alkoxy group, wherein the alkoxy group
is a C1 to 015  alkoxy group that may be substituted
with a halogen atom and/or an aryl  group, and/or
that may be branched or form a cyclic group; 135 R27
and R27' are each independently a group selected from
the group  consisting of: (i) a halogen atom; (ii) an
alkyl group, wherein the alkyl group is a Ci to C5
alkyl  5 group that may be substituted with a halogen
atom and/or an aryl group,  and/or that may be
branched or form a cyclic group; and (iii) an alkoxy
group, wherein the alkoxy group is a C1 to C5  



alkoxy group that may be substituted with a halogen
atom and/or an aryl  group, and/or that may be
branched or form a cyclic group; 10 R23 and R24 are
each independently a group selected from the group
consisting of: (i) a C1 to C3o alkyl group that may
be branched or form a cyclic  group and that may be
substituted with a halogen atom; (ii) a C2 to C12
alkenyl group that may be branched or form a  15
cyclic group and that may be substituted with a
halogen atom; (iii) a Cz to C12 alkynyl group that
may be branched or form a  cyclic group and that may
be substituted with a halogen atom; (iv) an aryl
group, wherein the aryl group may be substituted
with at least one group selected from the group
consisting of: 20 a C1 to C4 alkyl group that may be
branched and that may be  substituted with a halogen
atom, a C1 to C5 alkoxy group that may be branched
and that may be  substituted with a halogen atom, an
aryl group that may be substituted with a halogen
atom, a Cl  25 to `'4 alkyl group that may be
branched and that may be substituted with a halogen
atom, a cyano group, NR30R31, wherein R30 and R31 are
each  independently a hydrogen atom or a CI to C4
alkyl group that may be  136 branched and that may be
substituted with a halogen atom, a nitro  group, a
carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, an  N,N-di(Ci to C4 alkyl)carbamoyl group, or
-NHCOR9, wherein R9 is a C1  to C4 alkyl group that
may be branched and that may be substituted with  5 a
halogen atom, a cyano group, -NR30R31, wherein R30
and R31 are each independently a hydrogen  atom or a
Ci to C4 alkyl group that may be branched and that
may be  



substituted with a halogen atom, 10 a nitro group, a
carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, an N,N-di(C1 to C4 alkyl)carbamoyl group,
-NHCOR9, wherein R9 is a C1 to C4 alkyl group that
may be  15 branched and that may be substituted with
a halogen atom, and a halogen atom; (v) a heteroaryl
group, wherein the heteroaryl group may be
substituted with at least one group selected from the
group consisting of  a C1 to C4 alkyl group that may
be branched and that may be  20 substituted with a
halogen atom, a C1 to Cs alkoxy group that may be
branched and that may be  substituted with a halogen
atom, an aryl group that may be substituted with a
halogen atom, a Cl  to C4 alkyl group that may be
branched and that may be substituted with  25 a
halogen atom, a cyano group, -NR30R31 wherein R30 and
R31 are each independently a hydrogen atom or a C1 to
C4 alkyl group that may be  branched and that may be
substituted with a halogen atom, a nitro  137 group,
a carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group, an  N,N-di(Ci to C4 alkyl)carbamoyl group; or
-NHCOR9, wherein R9 is a Ci  to C4 alkyl group that
may be branched and that may be substituted with  a
halogen atom, 5 a cyano group, -NR3oRsi wherein R3
and Rai are each independently a hydrogen  atom or a
Ci to C4 alkyl group that may be branched and that
may be  substituted with a halogen atom, a nitro
group, 



10 a carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, an N,N-di(Ci to C4 alkyl)carbamoyl group,
-NHCOR9, wherein R9 is a Ci to C4 alkyl group that
may be  branched and that may be substituted with a
halogen atom, and 15 a halogen atom; (vi)
-(CHz).000NR'Rii, wherein Rio and Rii are each
independently a group selected from the group
consisting of: (1) a hydrogen atom; (2) a Ci to C4
alkyl group that may be branched and that  20 may be
substituted with a halogen atom; (3) a Cz to Cr
alkenyl group that may be branched or form  a cyclic
group and that may be substituted with a halogen
atom; (4) a C2 to Co alkynyl group that may be
branched or form  a cyclic group and that may be
substituted with a halogen atom; 25 (5) an aralkyl
group, wherein the aryl moiety of the  aralkyl group
may be substituted with at least one group selected
from  the group consisting of: 138 a C1 to C4 alkyl
group that may be branched and that may  be
substituted with a halogen atom, a C1 to C5 alkoxy
group that may be branched and that  may be
substituted with a halogen atom, 5 an aryl group that
may be substituted with a halogen  atom, a C1 to C4
alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group,
-NR30R31, wherein Rao  and R31 are each independently
a hydrogen atom or a C7 to C4 alkyl  group that may
be branched and that may be substituted with a
halogen 10 atom, a nitro group, a carbamoyl group, an
N-(Ci to C4 alkyl)carbamoyl  



group, an N,N-di(Ci to C4 alkyl)carbamoyl group, or
-NHCOR9, wherein  RI is a C1 to C4 alkyl group that
may be branched and that may be  substituted with a
halogen atom, a cyano group, 15 -NR30R31, wherein R30
and R31 are each independently a  hydrogen atom or a
C1 to C4 alkyl group that may be branched and that
may be substituted with a halogen atom, a nitro
group, a carbamoyl group, 20 an N-(Ci to C4
alkyl)carbamoyl group, an N,N-di(C1 to C4
alkyl)carbamoyl group, -NHCOR9, wherein R9 is a C7 to
C4 alkyl group that may  be branched and that may be
substituted with a halogen atom, and a halogen atom;
25 (g) a heteroaralkyl group having a heteroaryl
moiety,  wherein the heteroaryl moiety may be
substituted with at least one  group selected from
the group consisting of--. 139 a Ci to C4 alkyl group
that may be branched and that may  be substituted
with a halogen atom, a C1 to C5 alkoxy group that may
be branched and that  may be substituted with a
halogen atom, 5 an aryl group that may be substituted
with a halogen  atom, a C1 to C4 alkyl group that may
be branched and that may be  substituted with a
halogen atom, a cyano group, -NR30R31, wherein R30
and R31 are each independently a hydrogen atom or a
C1 to C4 alkyl  group that may be branched and that
may be substituted with a halogen 10 atom, a nitro
group, a carbamoyl group, an N-(C1 to
C4'alkyl)carbamoyl  group, an N,N-di(C1 to C4
alkyl)carbamoyl group, or -NHCOR9, wherein  



R9 is a C1 to C4 alkyl group that may be branched and
that may be  substituted with a halogen atom, a cyano
group, 15 -NR3OR31, wherein R30 and R31 are each
independently a  hydrogen atom or a C1 to C4 alkyl
group that may be branched and that  may be
substituted with a halogen atom, a nitro group, a
carbamoyl group, 20 an N-(C1 to C4 alkyDcarbamoyl
group, an N,N-di(Ci to C4 alkyl)carbamoyl group,
-NHCOR9, wherein R9 is a Cl to C4 alkyl group that
may  be branched and that may be substituted.with a
halogen atom, and a halogen atom; 25 (7) an aryl
group, wherein the aryl group may be  substituted
with at least one group selected from the group
consisting of:  a C1 to C4 alkyl group that may be
branched and that may  140 be substituted with a
halogen atom, a Ci to C5 alkoxy group that may be
branched and that  may be substituted with a halogen
atom, an aryl group that may be substituted with a
halogen  5 atom, a C1 to C4 alkyl group that may be
branched and that may be  substituted with a halogen
atom, a cyano group, -NR30R31, wherein Rao  and R31
are each independently a hydrogen atom or a CI to C4
alkyl  group that may be branched and that may be
substituted with a halogen  atom, a nitro group, a
carbamoyl group, an N-(CI to C4 alkyl)carbamoyl 10 '
group, an N,N-di(CI to C4 alkyl)carbamoyl group, or
-NHCOR9, wherein  R9 is a CI to C4 alkyl group that
may be branched and that may be  substituted with a
halogen atom, 



a cyano group, -NR30R3i wherein R30 and R31 are each
independently a  15 hydrogen atom or a CI to C4 alkyl
group that may be branched and that  may be
substituted with a halogen atom, a nitro group, a
carbamoyl group, an N-(CI to C4 alkyl)carbamoyl
group, 20 an N,N-di(CI to C4 alkyl)carbamoyl group,
-NHCOR9, wherein R9 is a CI to C4 alkyl group that
may  be branched and that may be substituted with a
halogen atom, and a halogen atom; and (8) a
heteroaryl group, wherein the heteroaryl group may
25 be substituted with at least one group selected
from the group consisting  of a CI to C4 alkyl group
that may be branched and that may  141 be substituted
with a halogen atom, a C1 to Cs alkoxy group that may
be branched and that  may be substituted with a
halogen atom, an aryl group that may be substituted
with a halogen  5 atom, a Ci to C4 alkyl group that
may be branched and that may be  substituted with a
halogen atom, a cyan group, -NR30R31 wherein R30  and
R31 are each independently a hydrogen atom or a Ci to
C4 alkyl  group that may be branched and that may be.
substituted with a halogen  atom, a nitro group, a
carbamoyl group, an N-(Ci to C4 alkyDcarbamoyl 10
group, an N,N-di(Cl to C4 alkyl)carbamoyl group, or
-NHCOR9, wherein  R9 is a C1 to C4 alkyl group that
may be branched and that may be  substituted with a
halogen atom, a cyano group, 



-NR30R31, wherein R3 and R$1 are each independently a
15 hydrogen atom or a Cl to C4 alkyl group that may
be branched and that  may be substituted with a
halogen atom, a nitro group, a carbamoyl group, an
N-(C1 to C4 alkyl)carbamoyl group, 20 an N,N-di(Cl to
C4 alkyl)carbamoyl group, -NHCOR9, wherein R9 is a C1
to C4 alkyl group that may  be branched and that may
be substituted with a halogen atom, and a halogen
atom;  and n is an integer from 1 to 12; 25 (vii)
-(CH2)"CONR12R'3, wherein R12 and R13 are each
independently a group selected from the group
consisting of: (1) a hydrogen atom; 142 (2) a Ci to
C4 alkyl group that may be branched and that  may be
substituted with a halogen atom; (3) an aryl group,
wherein the aryl group may be  substituted with at
least one group selected from the group consisting
of:  5 a Ci to C4 alkyl group that may be branched
and that may  be substituted with a halogen atom, a
Ci to Cr) alkoxy group that may be branched and that
may be substituted with a halogen atom, an aryl group
that may be substituted with a halogen  10 atom, a Ci
to C4 alkyl group that may be branched and that may
be  substituted with a halogen atom, a cyano group,
-NR30R31, wherein Rao  and R31 are each independently
a hydrogen atom or a Ci to C4 alkyl  group that may
be branched and that may be substituted with a
halogen  atom, a nitro group, a carbamoyl group, an
W(Ci to C4 alkyucarbamoyl 



15 group, an N,N-di(Ci to C4 alkyl)carbamoyl group,
or -NHCOR9, wherein  R9 is a Ci to C4 alkyl group
that may be branched and that may be  substituted
with a halogen atom, a cyano group, NR30Rsi wherein
R30 and R31 are each independently a  20 hydrogen
atom or a Ci to C4 alkyl group that may be branched
and that  may be substituted with a halogen atom, a
nitro group, a carbamoyl group, an N-(CI to C4
alkyucarbamoyl group, 25 an N,N-di(C1 to C4
alkyDearbamoyl group, -NHCOR9, wherein R9 is a Ci to
C4 alkyl group that,may  be branched and that may be
substituted with a halogen atom, and 143 a halogen
atom; and (4) a heteroaryl group, wherein the
heteroaryl group may  be substituted with at least
one group selected from the group consisting  of: 5 a
C1 to C4 alkyl group that may be branched. and that
may  be substituted with a halogen atom, a Ci to Co
alkoxy group that may be branched and that  may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen  10 atom, a Ci to
C4 alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group,
-NR30R31, wherein R30  and R31 are each independently
a hydrogen atom or a CI to C4 alkyl  group that may
be branched and that may be substituted with a
halogen  atom, a nitro group, a carbamoyl group, an
N-(C1 to C4 alkyl)carbamoyl 15 group, an N,N-di(Cl to
C4 alkyl)carbamoyl group, or -NHCOR9, wherein  



R9 is a Cl to C4 alkyl group that may be branched and
that may be  substituted with a halogen atom, a cyano
group, -NRSOR31, wherein R30 and R31 are each
independently a  20 hydrogen atom or a C1 to C4 alkyl
group that may be branched and that  may be
substituted with a halogen atom, a nitro group, a
carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group, 25 an N,N-d1(Cl to C4 alkyDcarbamoyl group,
-NHCOR9, wherein R9 is a Cl to C4 alkyl group that
may  be branched and that may be substituted with a
halogen atom, and 144 a halogen atom;  and n is an
integer from 1 to 12; (viii) -(CH2).NR12COR13,
wherein R12 and R13 are each  independently a group
selected from the group consisting of 5 (1) a
hydrogen atom; (2) a C1 to C4 alkyl group that may be
branched and that  may be substituted with a halogen
atom; (3) an aryl group, wherein the aryl group may
be  substituted with at least one group selected from
the group consisting of:  10 a C1 to C4 alkyl group
that may be branched and that may  be substituted
with a halogen atom, a C1 to C5 alkoxy group that may
be branched and that  may be substituted with a
halogen atom; an aryl group that may be substituted
with a halogen  15 atom, a C, to C4 alkyl group that
may be branched and that may be  substituted with a
halogen atom, a cyano group, -NR30R31, wherein Rao  



and R31 are each independently a hydrogen atom or a
C1 to C4 alkyl  group that may be branched and that
may be substituted with a halogen  atom, a nitro
group, a carbamoyl group, an N-(C1 to C4
alkyl)carbamoyl 20 group, an N,N-di(Cl to C4
alkyl)carbamoyl group, or -NHCOR9, wherein  Rs is a
Ci to C4 alkyl group that may be branched and that
may be  substituted with a halogen atom, a cyano
group, - -NR30R31, wherein R30 and R31 are each
independently a  25 hydrogen atom or a C1 to C4 alkyl
group that may be branched and that may be
substituted with a halogen atom,  a nitro group, 145
a carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group, an N,N-di(Ci to C4 alkyfcarbamoyl group,
-NHCOR9, wherein R9 is a C1 to C4 alkyl group that
may  5 be branched and that may be substituted with a
halogen atom, and a halogen atom; and (4) a
heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from
the group consisting  of 10 a Ci to C4 alkyl group
that may be branched and that may  be substituted
with a halogen atom, a C1 to C5 alkoxy group that may
be branched and that  may be substituted with a
halogen atom, an aryl group that may be substituted
with a halogen  15 atom, a C1 to C4 alkyl group that
may be branched and that may be  substituted with a
halogen atom, a cyano group, -NR30R31, wherein R30
and R31 are each independently a hydrogen atom or a
C1 to C4 alkyl  



group that may be branched and that may be
substituted with a halogen  atom, a nitro group, a
carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl 20
group, an N,N-di(C1 to C4 alkyl)carbamoyl group, or
-NHCOR9, wherein  R9 is a C1 to C4 alkyl group that
may be branched and that may be  substituted with a
halogen atom, a cyano group, -NR30R31, wherein R30
and R31 are each independently a  25 hydrogen atom or
a C1 to C4 alkyl group that may be branched and that
may be substituted with a halogen atom, a nitro
group, 146 a carbamoyl group, an N-(C1 to C4
alkyl)carbamoyl group, an N,N-di(Ci to C4
alkyl)carbamoyl group, -NHCOR9, wherein R9 is a C1 to
C4 alkyl group that may  5 be branched and that may
be substituted with a halogen atom, and a halogen
atom;  and n is an integer from 1 to 12; (ix)
-(CH2).NR12R13, wherein R12 and R13 are each
independently  a group selected from the group
consisting of: 10 (1) a hydrogen atom; (2) a C1 to C4
alkyl group that may be branched; (3) an aryl group,
wherein the aryl group may be  substituted with at_
least one group selected from the group consisting of
a Cl to C4 alkyl group that may be branched and that
may  15 be substituted with a halogen atom, a C1 to
Cr, alkoxy group that may be branched and that  may
be substituted with a halogen atom, an aryl group
that may be substituted with a halogen  



atom, a C1 to C4 alkyl group that may be branched and
that may be  20 substituted with a halogen atom, a
cyano group, -NR3OR31, wherein Rao and R31 are each
independently a hydrogen atom or a Cl to C4 alkyl
group that may be branched and that may be
substituted with a halogen  atom, a nitro group, a
carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group, an N,N-di(Cl to C4 alkyl)carbamoyl group, or
-NHCOR9, wherein 25 R9 is a C1 to C4 alkyl group that
may be branched and that may be  substituted with a
halogen atom, a cyano group, 147 NR30R31 wherein R30
and R31 are each independently a  hydrogen atom or a
C1 to C4 alkyl group that may be branched and that
may be substituted with a halogen atom, a nitro
group, 5 a carbamoyl group, an N-(C1 to C4
alkyl)carbamoyl group, an N,N-di(C1 to C4
alkyl)carbamoyl group, -NHCOR9, wherein R9 is a C1 to
C4 alkyl group that may  be branched and that may be
substituted with a halogen atom, and 10 a halogen
atom; and (4) a heteroaryl group, wherein the
heteroaryl group may  be substituted with at least
one group selected from the group consisting  of: a
C1 to C4 alkyl group that may be branched and that
may  15 be substituted with a halogen atom, a C1 to
C5 alkoxy group that may be branched and that  may be
substituted with a halogen atom, an aryl ,group that
may be substituted with a halogen  atom, a C1 to C4
alkyl group that may be branched and that may be  



20 substituted with a halogen atom, a cyano group,
-NR30R31, wherein R30 and R31 are each independently
a hydrogen atom or a C1 to C4 alkyl  group that may
be branched and that may be substituted with a
halogen  atom, a nitro group, a carbamoyl group, an
N-(C1 to C4 alkyl)carbamoyl  group, an N,N-di(Ci to
C4 alkyl)carbamoyl group, or -NHCOR9, wherein 25 R9
is a C.1 to C4 alkyl group that may be branched and
that may be  substituted with a halogen atom, a cyano
group, 148 -NR30R31 wherein R30 and RU are each
independently a hydrogen atom or a C1 to C4 alkyl
group that may be branched and that  may be
substituted with a halogen atom, a nitro group, 5 a
carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, an N,N-di(Cl to C4 alkyl)carbamoyl group,
-NHCOR9, wherein R9 is a C1 to C4 alkyl group that
may  be branched and that may be substituted with a
halogen atom, and 10 a halogen atom;  and n is an
integer from 1 to 12; (x) -(CH2),Y-OR12, wherein Y is
a C.1 to C4 divalent saturated  hydrocarbon group
that may be branched, and R12 is a group selected
from the group consisting of 15 (1) a hydrogen atom;
(2) a C1 to C4 alkyl group that may be branched and
that  may be substituted with a halogen atom; (3) an
aryl group, wherein, the aryl group may be
substituted with at least one group selected from the
group consisting of.  20 a C1 to C4 alkyl group that
may be branched and that may  



be substituted with a halogen atom, a C1 to C5 alkoxy
group that may be branched and that  may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen  25 atom, a C1 to
C4 alkyd group that may be branched and that may be
substituted with a halogen atom, a cyano group,
-NR30R31, wherein R30  and R31 are each independently
a hydrogen atom or a C, to C4 alkyl  149 group that
may be branched and that may be substituted with a
halogen  atom, a nitro group, a carbamoyl group, an
N-(Ci to C4 alkyl)carbamoyl  group, an N,N-di(Ci to
C4 alkyl)carbamoyl group, or -NHCOR9, wherein  R9 is
a C1 to C4 alkyl group that may be branched and that
may be  5 substituted with a halogen atom, a cyano
group, -NR30R31, wherein R30 and R31 are each
independently a  hydrogen atom or a C1 to C4 alkyl
group that may be branched and that  may be
substituted with a halogen atom, 10 a nitro group, a
carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, an N,N-di(Cl to C4 alkyl)carbamoyl group,
-NHCOR9, wherein R9 is a C1 to C4 alkyl group that
may  15 be branched and that may be substituted with
a halogen atom, and a halogen atom; and (4) a
heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from
the group consisting  of. 20 a C1 to C4 alkyl group
that may be branched and that may  be substituted
with a halogen atom, 



a C1 to C5 alkoxy group that may be branched and that
may be substituted with a halogen atom, an aryl group
that may be substituted with a halogen  25 atom, a C1
to C4 alkyl group that may be branched and that may
be  substituted with a halogen atom, a cyano group,
-NR30R31, wherein Rao  and R31 are each independently
a hydrogen atom or a C1 to C4 alkyl  150 group that
may be branched and that may be substituted with a
halogen  atom, a nitro group, a carbamoyl group, an
N-(Ci to C4 alkyDcarbamoyl  group, an N,N-di(CI to C4
alkyl)carbamoyl group, or -NHCOR9, wherein  R9 is a
Cr to C4 alkyl group that may be branched and that
may be  5 substituted with a halogen atom, a cyano
group, -NR30R31, Wherein R30 and R31 are each
independently a  hydrogen atom or a Ci to C4 alkyl
group that may be branched and that  may be
substituted with a halogen atom, 10 a nitro group, a
carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group, an N,N-di(Cl to C4 alkylcarbamoyl group,
-NHCOR9, wherein R9 is a Cl to C4 alkyl group that
may  15 be branched and that may be substituted with
a.halogen atom, and a halogen atom  and n is an
integer from 1 to 12; (xi) -(CH2)n-OR12, wherein R12
is a group selected from the group  consisting of 20
(1) a hydrogen atom; (2) a Cl to C4 alkyl group that
may be branched and that  may be substituted with a
halogen atom; 



(3) an aryl group, wherein the aryl group may be
substituted with at least one group selected from the
group consisting of:  25 a Cl to C4 alkyl group that
may be branched and that may  be substituted with a
halogen atom, a Ci to C5 alkoxy group that may be
branched and that  151 may be substituted with a
halogen: atom, an aryl group that may be substituted
with a halogen  atom, a C1 to C4 alkyl group that may
be branched and that may be  substituted with a
halogen atom, a cyano group, -NR3R31 wherein R30 -5
and R31 are each independently a hydrogen atom or a
Ci to C4 alkyl  group that may be branched and that
may be substituted with a halogen  atom, a nitro
group, a carbamoyl group, an N-(C1 to C4
alkyDcarbamoyl  group, an N,N-di(C1 to C4
alkyl)carbamoyl group, or -NHCOR9, wherein  R9 is a
CI to C4 alkyl group that may be branched and that
may be  10 substituted with a halogen atom, a cyano
group, -NR30R31, wherein R30 and R31 are each
independently a  hydrogen atom or a Ci to C4 alkyl
group that may be branched and that  may be
substituted with a halogen atom, 15 a nitro group, a
carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group, an N,N-di(C1 to C4 alkyDcarbamoyl group,
-NHCOR9, wherein R9 is a CI to C4 alkyl group that
may  20 be branched and that may be substituted with
a halogen atom, and a halogen atom; and (4) a
heteroaryl group, wherein the heteroaryl group may
be substituted with at least one group selected from
the group consisting  



of. 25 a CI to C4 alkyl group that may be branched
and that may be substituted with a halogen atom, a C1
to C5 alkoxy group that may be branched and that  152
may be substituted with a halogen atom, an aryl group
that may be substituted with a halogen  atom, a C1 to
C4 alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group,
-NR3QR31 wherein R30 5 and R31 are each independently
a hydrogen atom or a C1 to C4 alkyl  group that may
be branched and that may be substituted with a
halogen  atom, a nitro group, a carbamoyl group, an
N-(Ci to C4 alkyDcarbamoyl  group, an N,N-di(Ci to C4
alkyl)carbamoyl group, or -NHCOR9, wherein  R9 is a
C1 to C4 alkyl group that may be branched and that
may be  10 substituted with a halogen atom, a cyano
group, -NR30R31 wherein R30 and R31 are each
independently a  hydrogen atom or a C1 to C4 alkyl
group that may be branched and that  may be
substituted with a halogen atom, 15 a nitro group, a
carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, an N,N-di(Cl to C4 alkyl)carbamoyl group,
NHCOR9, wherein R9 is a Cl to C4 alkyl group that may
20 be branched and that may be substituted with a
halogen atom, and a halogen atom;  and n is an
integer from 1 to 12; (xii) -(CH2).-S-R12, wherein
R12 is a group selected from the group  consisting
of: 



25 (i) a hydrogen atom'" (2) a C1 to C4 alkyl group
that may be branched and that  may be substituted
with a halogen atom; 153 (3) an aryl group, wherein
the aryl group may be  substituted with at least one
group selected from the group consisting of a Ci to
C4 alkyl group that may be branched and that may  be
substituted with a halogen atom, 5 a C1 to C5 alkoxy
group that may be branched and that  may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen.  atom, a Cl to C4
alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group,
-NR30R31, wherein Rao 10 and R31 are each
independently a hydrogen atom or a Cl to C4 alkyl
group that may be branched and that may be
substituted with a halogen  atom, a nitro group, a
carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group, an N,N-di(Ci to C4 alkyl)carbamoyl group, or
-NHCOR9, wherein  R9 is a Cl to C4 alkyl group that
may be branched and that may be  15 substituted with
a halogen atom, a cyano group, -NR30R31, wherein R30
and R31 are each independently a  hydrogen atom or a
Cl to C4 alkyl group that may be branched and that
may be substituted with a halogen atom, 20 a nitro
group, a carbamoyl group, an N-(Ci to C4
alkyl)carbamoyl group, an N,N-di(Ci to C4
alkyl)carbamoyl group, -NHCOR9, wherein R9 is a C1 to
C4 alkyl group that may  25 be branched and that may
be substituted with a halogen atom, and 



a halogen atom; and (4) a heteroaryl group, wherein
the heteroaryl group may  154 be substituted with at
least one group selected from the group consisting
of a Ci to C4 alkyl group that may be branched and
that may  be substituted with a halogen atom,  5 a C1
to C5 alkoxy group that may be branched and that  may
be substituted with a halogen atom, an aryl group
that may be substituted with a halogen  atom, a C1 to
C4 alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group,
NR30R31, wherein Rao 10 and R31 are each
independently a hydrogen atom or a C1 to C4 alkyl
group that may be branched and that may be
substituted with a halogen  atom, a nitro group, a
carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, an N,N-di(Ci to C4 alkyl)carbamoyl group, or
-NHCOR9, wherein  R9 is a C1 to C4 alkyl group that
may be branched and that may be  15 substituted with
a halogen atom, a cyano group, -NR30R31, wherein R30
and R31 are each independently a  hydrogen atom or a
C1 to C4 alkyl group that may be branched and that
may be substituted with a halogen atom, 20 a nitro
group, a carbamoyl group, an N-(Ci to C4
alkyDcarbamoyl group, an N,N-di(Ci to C4
alkyl)carbamoyl group, -NHCOR9, wherein R9 is a Cl to
C4 alkyl group that may  25 be branched and that may
be substituted with a halogen atom, and a halogen
atom;  



and n is an integer from 1 to 12; 155 (xiii)
-(CH2).-SO-R!2, wherein R12 is a group selected from
the  group consisting of-  (1) a hydrogen atom; (2) a
01 to C4 alkyl group that may be branched and that  5
may be substituted with a halogen atom; (3) an aryl
group, wherein the aryl group may be  substituted
with at least one group selected from the group
consisting of  a C1 to C4 alkyl group that may be
branched and that may  be substituted with a halogen
atom, 10 a C1 to C5 alkoxy group that may be branched
and that  may be substituted with a halogen atom, an
aryl group that may be substituted with a halogen
atom, a Ci to C4 alkyl group that may be branched and
that may be  substituted with a halogen atom, a cyano
group, -NR30R31, wherein R30 15 and R31 are each
independently a hydrogen atom or a Ci to C4 alkyl
group that may be branched and that may be
substituted with a halogen  atom, a nitro group, a
carbamoyl group, an N-(C, to C4 alkyl)carbamoyl
group, an N,N-di(Cl to C4 alkyl)carbamoyl group, or
-NHCOR9, wherein  R9 is a C1 to C4 alkyl group that
may be branched and that may be  20 substituted with
a halogen atom, a cyano group, -NR30R31, wherein R30
and R31 are each independently a  hydrogen atom or a
Cl to C4 alkyl group that may be branched and that
may be substituted with a halogen atom, 25 a nitro
group, a carbamoyl group, an N-(Ci to C4
alkyl)carbamoyl group,  



156 an N,N-di(C1 to C4 alkyl)carbamoyl group, NHCOR9,
wherein R9 is a Ci to C4 alkyl group that may  be
branched and that may be substituted with a halogen
atom, and a halogen atom; and 5 (4) a heteroaryl
group, wherein the heteroaryl group may  be
substituted with at least one group selected from the
group consisting  of: a C1 to C4 alkyl group that may
be branched and that may  be substituted with a
halogen atom, 10 a Ci to Cs alkoxy group that may be
branched and that  may be substituted with a halogen
atom, an aryl group that may be substituted with a
halogen  atom, a Ci to C4 alkyl group that may be
branched and that may be  substituted with a halogen
atom, a cyano group, -NR30R31, wherein Rao 15 and R31
are each independently a hydrogen atom or a Ci to C4
alkyl  group that may be branched and that may be
substituted with a halogen  atom, a nitro group, a
carbamoyl group, an N-(Ci to C4 alkyl)carbamoyl
group, an N,N-di(Ci to C4 alkyllcarbamoyl group, or
-NHCOR9, wherein  R9 is a CI to C4 alkyl group that
may be branched and that may be  20 substituted with
a halogen atom, a cyano group, -NIR R31 wherein R30
and R31 are each independently a  hydrogen atom or a
Ci to C4 alkyl group that may be branched and that
may be substituted with a halogen atom, 25 a nitro
group, a carbamoyl group, an N-(Ci to C4
alkyl)carbamoyl group,  157 



an N,N-di(Ci to C4 alkyl)carbamoyl group, -NHCOR9,
wherein R9 is a Ci to C4 alkyl group that may  be
branched and that may be substituted with a halogen
atom, and a halogen atom; 5 and n is an integer from
1 to 12; and (xiv) -(CH2).-S02 R12, wherein R12 is a
group selected from the  group consisting of (1) a
hydrogen atom; (2) a CI to C4 alkyl group that may be
branched and that  10 may be substituted with a
halogen atom; (3) an aryl group, wherein the aryl
group may be  substituted with at least one group
selected from the group consisting of  a Ci to C4
alkyl group that may be branched and that may  be
substituted with a halogen atom, 15 a C1 to C5 alkoxy
group that may be branched and that  may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen  atom, a Cl to C4
alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group,
-NR30R31, wherein R30 20 and R31 are each
independently a hydrogen atom or a C1 to C4 alkyl
group that may be branched and that may be
substituted with a halogen  atom, a nitro group, a
carbamoyl group, an N-(Cl to C4 alkyl)carbamoyl
group, an N,N-di(Cl to C4 alkyl)carbamoyl group, or
-NHCOR9, wherein  R9 is a Cr to C4 alkyl group that
may be branched and that may be  25 tituted halogen
atom, a h 11alo0.1V G31 atbV lll,  UDS 414 v Wla a
cyano group, -NR3oR31, wherein R30 and R31 are each
independently a  



158 hydrogen atom or a C1 to C4 alkyl group that may
be branched and that  may be substituted with a
halogen atom, a nitro group, a carbamoyl group, 5 an
N-(Ci to C4 alkyl)carbamoyl group, an N,N-di(Ci to C4
alkyl)carbamoyl group, NHCOR9, wherein R9 is a Ci to
C4 alkyl group that may  be branched and that may be
substituted with a halogen atom, and a halogen atom;
and 10 (4) a heteroaryl group, wherein the heteroaryl
group may  be substituted with at least one group
selected from the group consisting  of. a C1 to C4
alkyl group that may be branched and that may  be
substituted with a halogen atom, 15 a C1 to C5 alkoxy
group that may be branched and that  may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen  atom, a C1 to C4
alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group,
-NR30R31, wherein Rao 20 and R3' are each
independently a hydrogen atom or a C1 to C4 alkyl
group that may be branched and that may be
substituted with a halogen  atom, a nitro group, a
carbamoyl group, an N-(C1 to C4 alkyl)carbamoyl
group, an N,N-di(Ci to C4 alkyl)carbamoyl group, or
-NHCOR9, wherein  R9 is a C1 to C4 alkyl group that
may be branched and that may be  9.5 substituted with
a halogen atom, a cyano group, -NR30R31, wherein R30
and R31 are each independently a  159 



hydrogen atom or a Ci to C4 alkyl group that may be
branched and that  may be substituted with a halogen
atom, a nitro group, a carbamoyl group, 5 an N-(Ci to
C4 alkyl)carbamoyl group, an N,N-di(CI to C4
alkyl)carbamoyl group, NHCOR9, wherein R9 is a Ci to
C4 alkyl group that may  be branched and that may be
substituted with a halogen atom, and a halogen atom;
10 and n is an integer from 1 to 12; or R23 and R24
are taken together to form a divalent group selected
from the  group consisting of: -(CH2)ur, wherein m is
an integer from 2 to 8; /-o /--\o  15 and and  X- is
a halide anion. 6. The method of claim ' 2, wherein
the optically- active  20 phase-transfer catalyst
complexed with a metal atom is a metal complex,  or
an enantiomer thereof, which is represented by:
HPuu1.. , H  N, IN  25 011 u  wherein M is Ni or Cu.
160 7. The method of any one of claims 1 to 6,
wherein at the time  earlier than the time for
completion of the stoichiometric reaction, the
optical purity of the compound represented by the
formula (I) is 70%  ee or more. 



5 8. A method for stereo selectively producing a
compound  represented by the following formula W: R's
N'COR2o  10 I (I) comprising: R18 n initiating a
reaction of a compound represented by the formula
(II) N~~COR20  15 Rts I n (II)  with a compound
represented by the formula (III)- R1s-W (III) in a
medium in the presence of an optically- active phase-
20 transfer catalyst and an aqueous inorganic base
solution; and  quenching the reaction at a time t
that satisfies the following  inequality 50 < A (%ee)
x YLD, (%) < 100  100  25 wherein 161 nt is the
optical purity (% ee) of the compound represented by
the formula (I) that is obtained by quenching the
reaction at a time t  from the initiation of the
reaction; and YLDt is the yield (%) of the compound
represented by the  5 formula (I) that is obtained by
quenching the reaction at a time t from  the
initiation of the reaction; wherein in the formula
(I) and the formula (II), 



R15 is an aryl or heteroaryl group that may be
substituted with  at least one group selected from
the group consisting of: 10 a C1 to Cs alkyl group
that may be branched and that may be  substituted
with a halogen atom, a Ci to Cs alkoxy group that may
be branched and that may be  substituted with a
halogen atom, an aryl group that may be substituted
with a halogen atom, a  15 Ci to Cs alkyl group that
may be branched and that may be  substituted with a
halogen atom, or a Ci to C5 alkoxy group that may  be
branched and that may be substituted with a halogen
atom, a cyano group, -NR30R31, wherein R30 and R31
are each independently a  20 hydrogen atom or a CI to
C4 alkyl group that may be substituted with  a
halogen atom, a nitro group, a carbamoyl group, an
N-(Ci to C4 alkyl)carbamoyl group,  ,N-di(Ci to C4
alk -1)carbamoY-1 group,  25 an N y ouP, -NHCOR9,
wherein R9 is a C1 to C4 alkyl group that may be
branched and that may be substituted with a halogen
atom, and 162 a halogen atom; R20 is -0R19, wherein
R19 is a C1 to Cs alkyl group that may be
substituted with a halogen atom or an aryl group that
may be  substituted with a halogen atom, and that may
be branched or form a 5 cyclic group, or -NR50R51,
wherein R50 and R51 are each independently  a
hydrogen atom, -CHRZ8R29, wherein R28 is a group
selected from the  group consisting of a hydrogen
atom, and an aryl group that may be  



substituted with a C1 to C4 alkyl group that may be
substituted with a  halogen atom, a CI to Cs alkoxy
group that may be substituted with a 10 halogen atom,
or a halogen atom, and R29 is an aryl group that may
be  substituted with a Ci to C4 alkyl group that may
be substituted with a  halogen atom; a C1 to C3
alkoxy group that may be substituted with a  halogen
atom, or a halogen atom, or -0R101, wherein R101 is a
Ci to Cs  alkyl group or a benzyl group; 15 in the
formula (I) and the formula (III), R18 is a group
selected from the group consisting of: (i) a C1 to
Cio alkyl group that may be branched or form a cyclic
group and that may be substituted with a halogen
atom, wherein the  alkyl group may be substituted
with at least one group selected from  20 the group
consisting of a C1 to Cs alkoxy group that may be
branched and that may be  substituted with a halogen
atom, a cyano group, -NR30R31, wherein R30 and R31
are each independently a  25 hydrogen atom or a Ci to
C4 alkyl group that may be substituted with  a
halogen atom, a nitro group, 163 a carbamoyl group,
an N-(Ci to C4 alkyl)carbamoyl group, an N,N-di(Ci to
C4 alkyl)carbamoyl group, -NICOR9, wherein R9 is a Ci
to C4 alkyl group that may be  5 branched and that
may be substituted with a halogen atom, -COR9,
wherein R9 is a C1 to C4 alkyl group that may be
branched and that may be substituted with a halogen
atom, and  -CO2R9, wherein R9 is a C1 to C4, alkyl
group that may be 



branched and that may be substituted with a halogen
atom; 10 (ii) an allyl group or substituted allyl
group having a halogen  atom or having a
substituent(s) at position 1 and/or 2 and/or 3 and
having 4 to 15 carbon atoms in total; (iii) a C2 to
C6 alkenyl group that may be branched or form a
cyclic group and that may be substituted with a
halogen atom; 15 (iv) a C2 to C6 alkynyl group that
may be branched or form a  cyclic group and that may
be substituted with a halogen atom; (v) an aralkyl
group, wherein the aryl moiety of the aralkyl  group
may be substituted with at least one group selected
from the  group consisting of: 20 a C1 to C4 alkyl
group that may be branched and that may be
substituted with a halogen atom, a C1 to Cs alkoxy
group that may be branched and that may be
substituted with a halogen atom, an aryl group that
may be substituted with a halogen atom, a 25 Ci tC C4
alkyl group that may be branched and that may be
substituted with a halogen atom, a cyano group,
-NR30R31, wherein  R30 and R31 are each independently
a hydrogen atom or a C1 to C4  164 alkyl group that
may be branched and that may be substituted with a
halogen atom, a nitro group, a carbamoyl group, an
N-(Ci to C4  alkyl)carbamoyl group, an N,N-di(Ci to
C4 alkyl)carbamoyl group, or - NHCOR9, wherein R9 is
a Ci to C4 alkyl group that may be branched  5 and
that may be substituted with a halogen atom, a cyano
group, -NR30R31, wherein R30 and R31 are each
independently a  hydrogen atom or a C1 to C4 alkyl
group that may be branched and  that may be
substituted with a halogen atom, 



10 a nitro group, a carbamoyl group, an N-(C1 to C4
alkyl)carbamoyl group, an N,N-di(Ci to C4
alkyl)carbamoyl group, -NHCOR9, wherein R9 is a C1 to
C4 alkyl group that may be  15 branched and that may
be substituted with a halogen atom, and a halogen
atom; and the alkyl moiety of the aralkyl group is a
Ci to C6 alkyl group that  may be branched or form a
cyclic group and that may be substituted  with a
halogen atom; 20 (vi) a heteroaralkyl group having a
heteroaryl moiety, wherein  the heteroaryl moiety may
be substituted with at least one group  selected from
the group consisting of: a Ci to C4 alkyl group that
may be branched and that may be  substituted with a
halogen atom, 25 a C1 to C5 alkoxy group that may be
branched and that may be  substituted with a halogen
atom, 165 an aryl group that may be substituted with
a halogen atom, a CI to C4 alkyl group that may be
branched and that may be  substituted with a halogen
atom, a cyano group, -NR30R31, wherein  R30 and R31
are each independently a hydrogen atom or a CI to C4
5 alkyl group that may be branched and that may be
substituted with a  halogen atom, a nitro group, a
carbamoyl. group, an N-(Ci to C4  alkyl)carbamoyl
group, an N,N-di(Ci to C4 alkyl)carbamoyl group, or -
NHCOR9, wherein R9 is a CI to C4 alkyl group that may
be branched  and that may be substituted with a
halogen atom, 10 a cyano group, NR30R31, wherein R30
and R31 are each independently a  



hydrogen atom or a CI to C4 alkyl group that may be
branched and  that may be substituted with a halogen
atom, a nitro group, 15 a carbamoyl group, an N-(Ci
to C4 alkyl)carbamoyl group, an N,N-di(Ci to C4
alkyl)carbamoyl group, -NHCOR9 wherein R9 is a Ci to
C4 alkyl group that may be  branched and that may be
substituted with a halogen atom, and 20 a halogen
atom; and the alkyl moiety of the heteroaralkyl group
is a CI to C6 alkyl group  that may be branched or
form a cyclic group and that may be  substituted with
a halogen atom; and (vii) a propargyl group or a
substituted propargyl group having  25 a halogen atom
or having a substituent(s) at position 1 and/or 3 and
having 4 to 9 carbon atoms in total; in the formula
(III), 166 W is a functional group that has a leaving
ability;  in the formula (I) and the formula (II), n
is an integer from 1 to 4; and  in the formula (I), 5
* shows a newly produced asymmetric center. 9. The
method of claim 1, wherein the medium is selected
from the  group consisting of benzene, toluene,
xylene, ethyl ether, isopropyl  ether,
tetrahydrofuran, dioxane, methyl tert-butyl ether,
and  10 cyclopentyl methyl ether. 10. The method of
claim 1, wherein the medium is a biphasic  medium
containing water and a water-immiscible medium, and
wherein the water-immiscible medium is selected from
the group 



15 consisting of benzene, toluene, xylene, ethyl
ether, isopropyl ether,  methyl tert-butyl ether, and
cyclopentyl methyl ether. 11. The method of claim 8,
wherein the medium is selected from the  group
consisting of benzene, toluene, xylene, ethyl ether,
isopropyl  20 ether, tetrahydrofuran, dioxane, methyl
tert-butyl ether, and  cyclopentyl methyl ether. 12.
The method of claim 8, wherein the medium is a
biphasic  medium containing water and a
water-immiscible medium, the  25 water-immiscible
medium is selected from the group consisting of
benzene, toluene, xylene, ethyl ether, isopropyl
ether, methyl tert- butyl ether, and cyclopentyl
methyl ether. 167 ABSTRACT  The present invention
provides a method for producing asymmetrical mono 5
substituted alkylated compounds of a-amino acids that
are represented by a specific  formula, using an
aldimine-type Schiff base. In the method of the
present invention,  the process of alkylating an
aldimine-type Schiff base in a medium in the presence
of  an optically-active quaternary ammonium salt
phase transfer catalyst and an inorganic  base is
initiated, and subsequently the reaction is quenched
at a time earlier that a time 10 for completion of
the stoichiometric reaction of the alkylation
reaction, so that a  mono-substituted alkylated
product with high optical purity can be obtained. 168




