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(57) 	 ABSTRACT 

An object of the present invention is to provide a method for 
synthesis of keto acids by hydration of an acetylene com-
pound (acetylene-carboxylic acids) under mild conditions 
free from harmful mercury catalysts and a method for syn-
thesis of amino acids from acetylene-carboxylic acids in a 
single container (one-pot or tandem synthesis). In one 
embodiment of the method according to the present invention 
for synthesis of keto acids, acetylene-carboxylic acids is 
hydrated in the presence of a metal salt represented by Gen-
eral Formula (1), 

General Formula (1) 

[M1X1X2X3]m'  [YL]„ 

where M' represents an element in Group VIII, IX, or X of the 
periodic table, and X', X2, or X3  ligand represents halogen, 
H20, or a solvent molecule, and k represents a valence of a 
cation species, and Y represents an anion species, and L 
represents a valence of the anion species, and each of K and L 
independently represents 1 or 2, and kxm=Lxn. 

6 Claims, 3 Drawing Sheets 
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FIG. 1 (a) 

Path A 
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R'—C = C—0O2R2  + H2O 	 R'—CH2 C—0O2R2  

Acetylene—carboxylic acids 	 a —keto acids 

FIG. 1 (b) 

Path C 

0 

RI—C = C—0O2R2  + H2O 	 R'—C—CH2 CO2R2  

Acetylene—carboxylic acids 	 13 —keto acids 
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FIG. 2 (a) 

Path B 

0 
~1 	 HCOONH4 	 IH2 	

IH 
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acids 

FIG. 2 (b) 

Path D 

0 	 NH2 	 OH 
11 	 HCOONH4 	 1 

R'—C—CHZ CO2R2 	 R'— i —CH2—COZR2 + R'— i —CH2 CO2R2 
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/3 -keto acids 	 /3 -amino acids 	/3 -hydroxycarboxylic 

acids 



FIG. 3 (a) 

Path A+B 

0 	 NH2 
~~ 	 HCOONH4 
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H 	° 

	

Acetylene—carboxylic acids 	 CY —keto acids 	 CY —amino acids 

FIG. 3 (b) 

Path C+D 
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Acetylene—carboxylic acids 	 /3 —keto acids 	 /3 —amino acids 
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2 
METHOD FOR SYNTHESIS OF KETO ACIDS 

	
complex represented by General Formula (3), and a transition 

OR AMINO ACIDS BY HYDRATION OF 
	

metal complex represented by General Formula (8), 
ACETYLENE COMPOUND 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a U.S. National Phase application of 
PCT/JP2006/318199 filed Sep. 13, 2006, which claims pri-
ority to Japan Patent Application Serial No. 2005-267461 
filed Sep. 14, 2005, the contents of which are hereby incor-
porated by reference in the present disclosure in their entirety. 

General Formula (1) 

5 [M1X1X2X3]m+ 	[YG]„ 

where M' represents an element in Group VIII, IX, or X of the 
periodic table, and X', X2, or X3 ligand represents halogen, 
H20, or a solvent molecule, and k represents a valence of a 

10 cation species, and Y represents an anion species, and L 
represents a valence of the anion species, and each of K and L 
independently represents 1 or 2, and kxm=Lxn, 

TECHNICAL FIELD 
	 General Formula (2) 

The present invention relates to a method for synthesis of 
keto acids (including keto acid and keto acid derivative) by 
hydration of acetylene-carboxylic acids in the presence of a 
transition metal salt or a transition metal complex. 

Further, the present invention relates to a method for syn-
thesis of amino acids (including amino acid and amino acid 
derivative) from acetylene-carboxylic acids in a single con-
tainer (one-pot or tandem synthesis) by sequentially perform-
ing hydration of acetylene-carboxylic acids and reductive 
amination of keto acids (including keto acid and keto acid 
derivative). 

BACKGROUND ART 

There are many studies on hydration of acetylene com-
pound (e.g., Non-Patent Documents 1 to 3). However, the 
hydration is performed in the presence of mercury catalysts, 
which are harmful for humans and environment. It has not 
been reported that keto acids and keto acid derivatives (keto 
esters and the like) are synthesized from acetylene com-
pound. 
[Non-Patent Document 1] 

R. C. Larock et al. "In Comprehensive Organic Synthesis" 
Ed. 1991, 4.269 
[Non-Patent Document 2] 

J. March. `Advanced Organic Chemistry", 1992, 762 
[Non-Patent Document 3] 

M. Beller et al. Angew. Chem., Int. Ed. 2004 43, 3368 
The object of the present invention is to provide a method 

for synthesis of keto acids (including keto acid and keto acid 
derivative) by hydration of acetylene-carboxylic acids under 
mild conditions free from any harmful mercury catalysts. 
Further, the object of the present invention is to provide a 
method for synthesis of amino acids (including amino acid 
and amino acid derivative) from acetylene-carboxylic acids 
in a single container (one-pot or tandem synthesis) by sequen-
tially performing hydration of acetylene-carboxylic acids and 
reductive amination of keto acids (including keto acid and 
keto acid derivative). 

DISCLOSURE OF INVENTION 

The inventors of the present invention diligently studied to 
solve the foregoing problems. As a result, they completed the 
present invention. 

That is, in order to solve the foregoing problems, the fol-
lowing inventions are adopted. 
(a) A method for synthesis of keto acids, comprising the step 
of hydrating acetylene-carboxylic acid in the presence of at 
least one selected from a group consisting of a metal salt 
represented by General Formula (1), a transition metal com-
plex represented by General Formula (2), a transition metal 

15 

 x3 k 

R1 

MZ 20 	 8'lAX1 

X, 

R2 

where each of R' and R2 independently represents a hydrogen 
25 atom or a lower alkyl group, and M2 represents an element in 

Group VIII, IX, or XI of the periodic table, and X' or X2 
ligand represents H20, halogen, a solvent molecule, or 
nitrous ligand, and X3 ligand represents halogen, H20, or a 

30 solvent molecule, and k represents a valence of a cation 
species, andY represents an anion species, and L represents a 
valence of the anion species, and each of K and L indepen-
dently represents 1 or 2, and kxm=Lxn, 

35 	
General Formula (3) 

R~ 
	 k~ 

R5 	 RZ 

40 	 -M3XIX2X3 	
[yL-]" 

R4 	R3 

45 	where each of R', R2, R3, R4, and Rs independently repre- 
sents a hydrogen atom or a lower alkyl group, and M3 repre-
sents an element in Group VIII or IX of the periodic table, and 
each of X' and X2 represents nitrous ligand, and X3 represents 
a hydrogen atom, a carboxylic acid residue, or H2O, and X' 

50 and X2 may be bonded to each other, and k represents a 
valence of a cation species, andY represents an anion species, 
and L represents a valence of the anion species, and each of K 
and L independently represents 1 or 2, and kxm=Lxn, 

55 
General Formula (8) 

K 
R~ 

RZ 	 R6 

60 	 -MX1X2X3 	[Y] 

Rs 	 R5 

R4 

65 

where each of R', R2, R3, R4, Rs and R6 independently rep-
resents a hydrogen atom or a lower alkyl group, and M rep- 
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resents an element in Group VIII of the periodic table, and 
each of X', X2 and X3 represents halogen, H20, or a solvent 
molecule, and k represents a valence of a cation species, and 
Y represents an anion species, and L represents a valence of 
the anion species, and each of K and L independently repre-
sents 1 or 2, and kxm=Lxn. 

(b) The method as set forth in claim 1, wherein the metal salt 
is such that M' is Ru, Rh, or Ir in General Formula (1). 

(c) The method based on the method (a), wherein the transi-
tion metal complex is such that M2 is Ru or Rh in General 
Formula (2). 

(d) The method based on any one of the methods (a) to (c), 
wherein the hydration is performed in the presence of an 
organic solvent which is inert in reaction. 

(e) A method for synthesis of amino acids, comprising the 
steps of: 

hydrating acetylene-carboxylic acid in the presence of a 
metal salt represented by General Formula (1); and 

adding a transition metal complex represented by General 
Formula (3) and a hydrogen and nitrogen atom donor to a 
reaction system of the hydrated acetylene-carboxylic acids so 
as to cause a reaction thereof, 

General Formula (1) 

[M1X1X2X3]m' 	[YL]„ 

where Mr represents an element in Group VIII, IX, or X of the 
periodic table, and X', X2, or X3 ligand represents halogen, 
H20, or a solvent molecule, and k represents a valence of a 
cation species, and Y represents an anion species, and L 
represents a valence of the anion species, and each of K and L 
independently represents 1 or 2, and kxm=Lxn, 

General Formula (3) 
k+ 

R' 

[R5 R2 

~/ _MIXIXIX3 	

[yL]n 

R4 	R3 

where each of R', R2, R3, R4, and Rs independently repre-
sents a hydrogen atom or a lower alkyl group, and M3 repre-
sents an element in Group VIII or IX of the periodic table, and 
each of X' and X2 represents nitrous ligand, and X3 represents 
a hydrogen atom, a carboxylic acid residue, or H2O and X' 
and X2 may be bonded to each other, and k represents a 
valence of a cation species, andY represents an anion species, 
and L represents a valence of the anion species, and each of K 
and L independently represents 1 or 2, and kxm=Lxn. 

(f) A method for synthesis of amino acids, comprising the 
steps of: 

hydrating acetylene-carboxylics acid in the presence of a 
transition metal complex represented by General Formula 
(2); and 

adding a transition metal complex represented by General 
Formula (3) and a nitrogen atom donor to a reaction system of 
the hydrated acetylene-carboxylic acids so as to cause a reac-
tion thereof, 

C1 

General Formula (2) 

k+ 
X3 

5 

ON 	 /Ri 

MZ 
~x 

10 	 ~ 
	

X2 

 

where each of R' and R2 independently represents a hydrogen 
15 atom or a lower alkyl group, and M2 represents an element in 

Group VIII, IX, or X of the periodic table, and X' or X2 ligand 
represents H20, halogen, a solvent molecule, or nitrous 
ligand, and X3 ligand represents halogen, H20, or a solvent 
molecule, and k represents a valence of a cation species, and 

20 Y represents an anion species, and L represents a valence of 
the anion species, and each of K and L independently repre-
sents 1 or 2, and kxm=Lxn, 

25 	 General Formula (3) 
k~ 

R~ 

30 	

R 

	[YL-1 

R4 	R3  

where each of R', R2, R3, R4, and Rs independently repre- 
35 sents a hydrogen atom or a lower alkyl group, and M3 repre-

sents an element in Group VIII or IX of the periodic table, and 
each of X' and X2 represents nitrous ligand, and X3 represents 
a hydrogen atom, a carboxylic acid residue, or H2O, and X' 

40 and X2 may be bonded to each other, and k represents a 
valence of a cation species, andY represents an anion species, 
and L represents a valence of the anion species, and each of K 
and L independently represents 1 or 2, and kxm=Lxn. 
(g) A method for synthesis of amino acids, comprising the 

45 steps of: 
hydrating acetylene-carboxylic acid in the presence of at 

least one selected from a group consisting of a transition 
metal complex represented by General Formula (2), a transi-
tion metal complex represented by General Formula (3), and 

50 a transition metal complex represented by General Formula 
(8); and 

adding a hydrogen and nitrogen atom donor to a reaction 
system of the hydrated acetylene-carboxylic acids so as to 
cause a reaction thereof, 

55 

General Formula (2) 

k+ 
X3 

60 	 R

1 

MZ 

X2 
2x 

/  

65 	
RZ 
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where each of R' and R2 independently represents a hydrogen 
atom or a lower alkyl group, and M2 represents an element in 
Group VIII, IX, or X of the periodic table, and X', or X2 
ligand represents H20, halogen, a solvent molecule, or 
nitrous ligand, and X3 ligand represents halogen, H20, or a 
solvent molecule, and k represents a valence of a cation 

species, andY represents an anion species, and L represents a 
valence of the anion species, and each of K and L indepen-
dently represents 1 or 2, and kxm=Lxn, 

General Formula (3) 
k 

R~ 

[R5 

	 RZ 

—M3X'XZX3 
	

[y1] 

R4 	R3 

where each of R', R2, R3, R4, and Rs independently repre-
sents a hydrogen atom or a lower alkyl group, and M3 repre-
sents an element in Group VIII or IX of the periodic table, and 
each of X' and X2 represents nitrous ligand, and X3 represents 
a hydrogen atom, a carboxylic acid residue, or H2O, and X' 
and X2 may be bonded to each other, and k represents a 
valence of a cation species, andY represents an anion species, 
and L represents a valence of the anion species, and each of K 
and L independently represents 1 or 2, and kxm=Lxn, 

General Formula (8) 
K 

R' 

:x 1x2x3 
	[YL 1 

 R5 

R4 

where each of R', R2, R3, R4, Rs and R6 independently rep-
resents a hydrogen atom or a lower alkyl group, and M rep-
resents an element in Group VIII of the periodic table, and 
each of X', X2 and X3 represents halogen, H20, or a solvent 
molecule, and k represents a valence of a cation species, and 
Y represents an anion species, and L represents a valence of 
the anion species, and each of K and L independently repre-
sents 1 or 2, and kxm=Lxn. 
(h) A method for synthesis of amino acids, comprising the 
steps of: 

hydrating acetylene-carboxylic acid in the presence of a 
metal salt represented by General Formula (1); and 

adding organic ligand respectively represented by General 
Formula (4) and General Formula (5) and a hydrogen and 
nitrogen atom donor to a reaction system of the hydrated 
acetylene-carboxylic acids so as to cause a reaction thereof, 

6 
cation species, and Y represents an anion species, and L 
represents a valence of the anion species, and each of K and L 
independently represents 1 or 2, and kxm=Lxn, 

General Formula (4) 
R' H 

RS R2 

10  

R4 	R3 

15 where each of R', R2, R3, R4, and Rs independently repre-
sents a hydrogen atom or a lower alkyl group, 

General Formula (5) 
R8 	 R' 

20 

R7  

25 R6 	R5 R4 	R3 

where each of R', R2, R3, R4, R5, R6, R', and R$ indepen-
dently represents a hydrogen atom or a lower alkyl group 

The hydration of the present invention with use of a metal 
30 salt and a transition metal complex allows synthesis of keto 

acids (including keto acid and keto acid derivative) from 
acetylene-carboxylic acids under mild conditions without 
using extremely harmful mercury catalysts. The hydration is 
extremely useful as environmental friendly conversion. 

35 Moreover, according to the present invention, it is possible to 
easily synthesize amino acids (including amino acid and 
amino acid derivative) from the synthesized keto acids (in-
cluding keto acid and keto acid derivative) by subsequent 
reductive amination in the same container. Also in view of 

40 creation of a new technology, it is infinitely valuable to easily 
synthesize amino acids (including amino acid and amino acid 
derivative) which are extremely significant in medical and 
biochemistry fields. 

Further, the synthesis of amino acids (including amino acid 
45 and amino acid derivative) from acetylene-carboxylic acids 

means also synthesis of amino acids (including amino acid 
and amino acid derivative) with use of coal as a raw material. 
Currently, oil is used as a raw material to synthesize amino 
acids (including amino acid and amino acid derivative). 

50 According to the present invention, it is possible to realize 
such effect that amino acids (including amino acid and amino 
acid derivative) can be synthesized without using oil 
resources whose depletion is serious concern. 

For a fuller understanding of the nature and advantages of 
55 the invention, reference should be made to the ensuing 

detailed description taken in conjunction with the accompa-
nying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 
60 

	

General Formula (1) 	FIG. 1(a) is a drawing illustrating a reaction formula of 

[M1X1X2X3] k 	[YL]„ 	 synthesis of a-keto acids (including a-keto acid and a-keto 
acid derivative) by hydration of acetylene-carboxylic acids in 
the presence of various kinds of metal salts or transmission 

where Mr represents an element in Group VIII, IX, orX of the 65 metal complexes. 

	

periodic table, and X', X2, or X3 ligand represents halogen, 	FIG. 1(b) is a drawing illustrating a reaction formula of 

	

H20, or a solvent molecule, and k represents a valence of a 	synthesis of (3-keto acids (including (3-keto acid and (3-keto 
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acid derivative) by hydration of acetylene-carboxylic acids in 
the presence of various kinds of metal salts or transmission 
metal complexes in Examples and Comparative Examples. 

FIG. 2(a) is a drawing illustrating a reaction formula of 
synthesis amino acids (including amino acid and amino acid 
derivative) by reductive amination of a-keto acids (including 
a-keto acid and a-keto acid derivative) in the presence of a 
transmission metal complexe in Referential Example. 

FIG. 2(b) is a drawing illustrating a reaction formula of 
synthesis amino acids (including amino acid and amino acid 
derivative) by reductive amination of (3-keto acids (including 
(3-keto acid and (3-keto acid derivative) in the presence of a 
transmission metal complexe in Referential Example. 

FIG. 3(a) is a drawing illustrating a reaction formula of 
one-pot synthesis of amino acids (including amino acid and 
amino acid derivative) from acetylene-carboxylic acids with 
use of acetylene-carboxylic acids as starting material in 
Examples. 

FIG. 3(b) is a drawing illustrating a reaction formula of 
one-pot synthesis of amino acids (including amino acid and 
amino acid derivative) from acetylene-carboxylic acids with 
use of acetylene-carboxylic acids as starting material in 
Examples. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The following explains an embodiment of the present 
invention. Note that, the present invention is not limited to 
this. 

First, a metal salt (transition metal salt) and a transition 
metal complex that are used in the present invention are 
explained as follows. 
<Metal Salt Represented by General Formula (1)> 

In the metal salt represented by General Formula (1), M' is 
not particularly limited as long as M' is a transition metal 
element in Group VIII, IX, or X of the periodic table, but it is 
preferable to use, as the transition metal element, ruthenium 
(hereinafter, referred to as "Ru" as necessary), rhodium (here-
inafter, referred to as "Rh" as necessary), iridium (hereinafter, 
referred to as "Ir" as necessary), and the like. 

Further, examples of X', X2, or X3  ligand include H2O, 
halogen, and the like. Also a solvent molecule serves as the 
ligand. Examples of the solvent molecule include methanol, 
ethanol, acetonitrile, tetrahydrofuran, pyridine, dimethylsul-
foxide, dimethylformamide, and the like. 

Examples of an anion species represented by Y include 
carboxylic acid ion such as formic acid and acetic acid, sul-
fate ion, fluoride ion, chloride ion, bromide ion, iodide ion, 
triflurt ion, perchloriante ion, perbromate ion, periodate ion, 
tetrafluoro borate ion, hexafluoro phosphate ion, thiocyanate 
ion, and the like. 

Specific examples of the metal salt represented by General 
Formula (1) include ruthenium trichloride, rhodium trichlo-
ride, and iridium trichloride. The metal salt may be an anhy-
dride or a hydrate (e.g., trihydrate or the like). A commer-
cially available metal salt is used as the aforementioned metal 
salt. For example, ruthenium trichloride and iridium trichlo-
ride are available from Tanaka Metal Co., Ltd. and rhodium 
trichloride is available from Furuya Metal Co., Ltd. 
<Transition Metal Complex Represented by General For-
mula (2)> 

In the transition metal complex represented by General 
Formula (2), each of R' and R2  independently represents a 
hydrogen atom or a lower alkyl group. Examples of the lower 
alkyl group include an alkyl group whose carbon number is 
1-6, specifically, a methyl group, an ethyl group, a propyl 

8 
group, a butyl group, a pentyl group, a hexyl group, an iso-
propyl group, a t-butyl group, an isoamyl group, a cyclopentyl 
group, a cyclohexyl group, and the like. 

Further, in the transition metal complex, M2  is not particu-
5 larly limited as long as M2  is a transition metal element in 

Group VIII, IX, or X of the periodic table, but it is preferable 
to use Ru, Rh, Pd (palladium), and the like. 

Further, examples of X' or X2  ligand include H2O, halo-
gen, a solvent molecule, nitrous ligand, and the like. 

io Examples of the "nitrous ligand" include pyrrole, pyridine, 
imidazole, N-methylimidazole, acetonitrile, ammonia, 
aniline, 1 ,2-ethanediamine, 1 ,2-diphenyl-1 ,2-ethanediamine, 
1,2-cyclohexadiamine, 2,2'-bipyridine, 1,10-phenanthroline, 
and the like. More preferred is bidentate ligand, still more 

15 preferred is 2,2'-bipyridine or a derivative thereof. Examples 
of the "solvent molecule" include methanol, ethanol, aceto-
nitrile, tetrahydrofuran, pyridine, dimethylsulfoxide, dimeth-
ylformamide, and the like. Further, X3  ligand is the same as in 
the "metal salt represented by General Formula (1)". 

20 	Also "Y" is the same as in the "metal salt represented by 
General Formula (1)". 

Specific examples of the transition metal complex repre-
sented by General Formula (2) include di[triaqua {2,6-di 
(methylthiomethyl)pyridine} ruthenium (III)] 3-sulphate, 

25 di[triaqua {2,6-di(ethylthiomethyl)pyridine} ruthenium 
(III)] 3-sulphate, di[triaqua {2,6-di(isopropylthiomethyl) 
pyridine} ruthenium (III)] 3-sulphate, di[triaqua {2,6-di(t-
butylthiomethyl)pyridine} ruthenium (III)] 3-sulphate, di[tri-
aqua {2,6-di(phenylthiomethyl)pyridine} ruthenium (III)] 

30 3-sulphate, triaqua[2,6-di(methylthiomethyl) pyridine] 
ruthenium (III)] 3-nitrate, triaqua[2,6-di(ethylthiomethyl) 
pyridine] ruthenium (III)] 3-nitrate, triaqua[2,6-di(isopropy-
lthiomethyl)pyridine] ruthenium (III)] 3-nitrate, triaqua[2,6-
di (t-butylthiomethyl)pyridine] ruthenium (III)] 3-nitrate, tri- 

35 aqua[2,6-di(phenylthiomethyl) pyridine] ruthenium (III)] 
3-nitrate, triaqua[2,6-di(methylthiomethyl) pyridine] ruthe-
nium (III)] 3-trifluoromethanesulfonate, triaqua[2,6-di(eth-
ylthiomethyl)pyridine] ruthenium (III)] 3-trifluoromethane- 
sulfonate, 	triaqua[2,6-di(isopropylthiomethyl)pyridine] 

4o ruthenium (III)] 3-trifluoromethanesulfonate, triaqua[2,6-di 
(t-butylthiomethyl)pyridine] ruthenium (III)] 3-trifluo-
romethanesulfonate, triaqua[2,6-di(phenylthiomethyl)pyri-
dine] ruthenium (III)] 3-trifluoromethanesulfonate, triaqua 
[2,6-di(methylthiomethyl)pyridine] ruthenium (III)] 

45 3-perchlorate, 	triaqua[2,6-di(ethylthiomethyl)pyridine] 
ruthenium (III)] 3-perchlorate, triaqua[2,6-di(isopropylthi-
omethyl)pyridine] ruthenium (III)] 3-perchlorate, triaqua[2, 
6-di(t-butylthiomethyl) pyridine] ruthenium (III)] 3-perchlo-
rate, triaqua[2,6-di(phenylthiomethyl) pyridine] ruthenium 

50 (III)] 3-perchlorate, triaqua[2,6-di(methylthiomethyl)pyri-
dine] ruthenium (III)] 3-tetrafluoroborate, triaqua[2,6-di(eth-
ylthiomethyl) pyridine] ruthenium (III)] 3-tetrafluoroborate, 
triaqua[2,6-di(isopropylthiomethyl)pyridine] 	ruthenium 
(III)] 3-tetrafluoroborate, triaqua[2,6-di(t-butylthiomethyl) 

55 pyridine] ruthenium (III)] 3-tetrafluoroborate, triaqua[2,6-di 
(phenylthiomethyl) pyridine] ruthenium (III)] 3-tetrafluo-
roborate, di[triaqua {2,6-di(methylthiomethyl)pyridine} 
rhodium (III)] 3-sulphate, di[triaqua {2,6-di(ethylthiom-
ethyl)pyridine} rhodium (III)] 3-sulphate, di[triaqua {2,6-di 

60 (isopropylthiomethyl) pyridine} rhodium (III)] 3-sulphate, 
di[triaqua {2,6-di(t-butylthiomethyl) pyridine} rhodium 
(III)] 3-sulphate, di[triaqua {2,6-di(phenylthiomethyl)pyri-
dine} rhodium (III)] 3-sulphate, triaqua[2,6-di(methylthiom-
ethyl) pyridine] rhodium (III)] 3-nitrate, triaqua[2,6-di(eth- 

65 ylthiomethyl)pyridine] rhodium (III)] 3-nitrate, triaqua[2,6-
di(isopropylthiomethyl) pyridine] rhodium (III)] 3-nitrate, 
triaqua[2,6-di(t-butylthiomethyl)pyridine] rhodium (III)] 
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3-nitrate, 	triaqua[2,6-di(phenylthiomethyl)pyridine] 
	

derivative thereof. Further, ligand X3 in the transition metal 
rhodium (III)] 3-nitrate, triaqua[2,6-di(methylthiomethyl) 

	
complex represented by General Formula (3) is a hydrogen 

pyridine] rhodium (III)] 3-trifluoromethanesulfonate, triaqua 	atom, a carboxylate residue, or H2O. The "carboxylate resi- 
[2,6-di(ethylthiomethyl)pyridine] rhodium (III)] 3-trifluo- 	due" refers to a ligand having a carboxylic acid. 
romethanesulfonate, triaqua[2,6-di(isopropylthiomethyl)py-  5 	Examples of an anion species represented by Y include 
ridine] rhodium (III)] 3-trifluoromethanesulfonate, triaqua[2, 	carboxylic acid ion such as formic acid and acetic acid, sul- 
6-di(t-butylthiomethyl)pyridine] 	rhodium 	(III)] 

	
fate ion, fluoride ion, chloride ion, bromide ion, iodide ion, 

3-trifluoromethanesulfonate, triaqua[2,6-di(phenylthiom- 	triflurt ion, perchloriante ion, perbromate ion, periodate ion, 
ethyl)pyridine] rhodium (III)] 3-trifluoromethanesulfonate, 	tetrafluoro borate ion, hexafluoro phosphate ion, thiocyanate 
triaqua[2,6-di(methylthiomethyl)pyridine] rhodium (III)] io ion, and the like. 
3-perchlorate, 	triaqua[2,6-di(ethylthiomethyl)pyridine] 

	
Specific examples of the transition metal complex repre- 

rhodium (III)] 3-perchlorate, triaqua[2,6-di(isopropylthiom- 	sented by General Formula (3) include triaqua[(1,2,3,4,5-fl)- 
ethyl)pyridine] rhodium (III)] 3-perchlorate, triaqua[2,6-di(t- 	2,4-cyclopentadien-1-yl] cobalt (III) sulphate, triaqua[(1,2,3, 
butylthiomethyl) pyridine] rhodium (III)] 3-perchlorate, tri- 	4,5-r~)-2,4-cyclopentadien-1-yl] rhodium (III) sulphate, 
aqua[2,6-di(phenylthiomethyl)pyridine] rhodium (III)] 15 triaqua[(1,2,3,4,5-fl)-2,4-cyclopentadien-1-yl] iridium (III) 
3-perchlorate, triaqua[2,6-di(methylthiomethyl) pyridine] 

	
sulphate, triaqua[(1,2,3,4,5-r~)-1,2,3,4,5-pentamethyl-2,4- 

rhodium (III)] 3-tetrafluoroborate, triaqua[2,6-di(ethylthi- 	cyclopentadien-1-yl]cobalt (III) sulphate, triaqua[(1,2,3,4,5- 
omethyl) pyridine] rhodium (III)] 3-tetrafluoroborate, triaqua 	r~)-1,2,3,4,5-pentamethyl-2,4-cyclopentadien-1-yl] rhodium 
[2,6-di(isopropylthiomethyl)pyridine] rhodium (III)] 3-tet- 	(III) sulphate, triaqua[(1,2,3,4,5-fl)-1,2,3,4,5-pentamethyl-2, 
rafluoroborate, triaqua[2,6-di(t-butylthiomethyl)pyridine] 20 4-cyclopentadien-1-yl] iridium (III) sulphate, triaqua[(1,2,3, 
rhodium (III)] 3-tetrafluoroborate, triaqua[2,6-di(phenylthi- 	4,5-n)- 1 ,2,3,4,5-pentamethyl-2,4-cyclopentadien-1 -yl] 
omethyl) pyridine] rhodium (III)] 3-tetrafluoroborate, and the 	cobalt (III) 2-nitrate, triaqua[(1,2,3,4,5-r~)-1,2,3,4,5-pentam- 
like. 	 ethyl-2,4-cyclopentadien-1-yl] rhodium (III) 2-nitrate, tri- 

	

The transition metal complex represented by General For- 	aqua[(1,2,3,4, 5-r~)-1,2,3,4, 5-pentamethyl-2,4-cyclopenta- 
mula (2) of the present invention can be produced in accor-  25 dien-lyl] iridium (III) 2-nitrate, triaqua[(1,2,3,4,5-r~)-1,2,3, 
dance with the following method for example. In the presence 

	
4,5-pentamethyl-2,4-cyclopentadien-1-yl] iron (II) nitrate, 

of water having a pH 3.8, trichloro[2,6-di(phenylthiomethyl) 
	

triaqua[(1,2,3,4,5-r~)-1,2,3,4,5-pentamethyl-2,4-cyclopenta- 
pyridine] ruthenium (III) is reacted with sulfate to give di[tri- 	dien-1-yl] ruthenium (II) nitrate, triaqua[(1,2,3,4,5-fl)-1,2,3, 
aqua {2,6-di(phenylthiomethyl)pyridine} ruthenium (III)] 

	
4,5-pentamethyl-2,4-cyclopentadien-1-yl] osmium (II) 

3-sulphate. A reaction temperature is generally from -40 to 3o nitrate, triaqua[(1,2,3,4,5-r~)-1,2,3,4,5-pentamethyl-2,4-cy- 
200° C., but a preferred reaction temperature is -20 to 100° C. 	clopentadien-1-yl] cobalt (III) bistrifluoromethanesulfonate, 
A reaction time varies depending on reaction conditions such 

	
triaqua[(1,2,3,4,5-r~)-1,2,3,4,5-pentamethyl-2,4-cyclopenta- 

as a reaction substrate concentration, a temperature, and the 
	

dien-1-yl] rhodium (III) bistrifluoromethanesulfonate, tri- 
like, but the reaction is generally completed in several hours 	aqua[(1,2,3,4, 5-r~)-1,2,3,4, 5-pentamethyl-2,4-cyclopenta- 
to 30 hours. 	 35 dien- 1 -yl] iridium (III) bistrifluoromethanesulfonate, triaqua 

	

Note that, also a transition metal complex obtained by 
	

[(1,2,3,4,5-r~)-1,2,3,4,5-pentamethyl-2,4-cyclopentadien-l- 
substituting "N" of the transition metal complex represented 

	
yl] iron (II) trifluoromethanesulfonate, triaqua[(1,2,3,4,5-r~)- 

by General Formula (2) with "C" and a transition metal com- 	1,2,3,4,5-pentamethyl-2,4-cyclopentadien-1-yl] ruthenium 
plex obtained by substituting "S" of the transition metal com- 	(II) trifluoromethanesulfonate, triaqua[(1,2,3,4,5-r~)-1,2,3,4, 
plex represented by General Formula (2) with "N" or "P" are 40 5-pentamethyl-2,4-cyclopentadien-1 -yl] osmium (II) trifluo- 
applicable to the method of the present invention. Further, 	romethanesulfonate, triaqua[(1,2,3,4,5-r~)-1,2,3,4,5-pentam- 
also a transition metal complex obtained by substituting "N" 

	
ethyl-2,4-cyclopentadien-1-yl] cobalt (III) 2-perchlorate, 

of the transition metal complex represented by General For- 	triaqua[(1,2,3,4,5-r~)-1,2,3,4,5-pentamethyl-2,4-cyclopenta- 
mula (2) with "C" and substituting "S" of the transition metal 

	
dien-1-yl] rhodium (III) 2-perchlorate, triaqua[(1,2,3,4,5-fl)- 

complex with "N" or "P" is applicable to the method of the 45 1,2,3,4,5-pentamethyl-2,4-cyclopentadien-1-yl] iridium (III) 
present invention. 	 2-perchlorate, triaqua[(1,2,3,4,5-r~)-1,2,3,4,5-pentamethyl- 
<Transition Metal Complex Represented by General For- 	2,4-cyclopentadien-1-yl] iron (II) perchlorate, triaqua[(1,2,3, 
mula (3)> 
	

4,5-n)- 1 , 2, 3, 4, 5 -p entamethyl -2, 4 - cyc l op entadi en-1-yl] 

	

In a transition metal complex represented by General For- 	ruthenium (1I) perchlorate, triaqua[(1,2,3,4,5-r~)-1,2,3,4,5- 
mula (3), examples of R', R2, R3, R4, or Rs lower alkyl group 50 pentamethyl-2,4-cyclopentadien- 1 -yl] osmium (II) perchlor- 
include an alkyl group whose carbon number is 1-6, specifi- 	ate, triaqua[(1,2,3,4,5-r~)-1,2,3,4,5-pentamethyl-2,4-cyclo- 
cally, a methyl group, an ethyl group, a propyl group, a butyl 

	
pentadien-1-yl] cobalt (III) bis(tetrafluoroborate), triaqua[(1, 

group, a pentyl group, a hexyl group, an isopropyl group, a 
	

2,3,4,5-n)- 1 , 2,3, 4, 5 -p entamethyl-2, 4-cyclop entadien-1-yl] 
t-butyl group, an isoamyl group, a cyclopentyl group, a cyclo- 	rhodium (III) bis(tetrafluoroborate), triaqua[(1,2,3,4,5-r~)-1, 
hexyl group, and the like. 	 55 2,3,4,5-pentamethyl-2,4-cyclopentadien-1-yl] iridium (III) 

	

Further, in the transition metal complex represented by 
	

bis(tetrafluoroborate), triaqua[(1,2,3,4,5-r~)-1,2,3,4,5-pen- 
General Formula (3), any element may be used as M3 element 

	
tamethyl-2,4-cyclopentadien-1-yl] iron (II) tetrafluorobo- 

in Group VIII or IX of the periodic table as long as the element 	rate, triaqua[(1,2,3,4,5-r~)-1,2,3,4,5-pentamethyl-2,4-cyclo- 
is capable of forming a Cp ring (cyclopentadienyl ring). Pre- 	pentadien-1-yl] ruthenium (II) tetrafluoroborate, triaqua[(1, 
ferred elements are Rh, Ru, Ir, and the like. 	 60 2,3,4,5-n)- 1 ,2,3,4,5-pentamethyl-2,4-cyclopentadien-1 -yl] 

	

Further, examples of nitrous ligand X' or X2 in the transi- 	osmium (II) tetrafluoroborate, triaqua[(1,2,3,4,5-r~)-2,4-cy- 
tion metal complex represented by General Formula (3) 

	
clopentadien-1-yl] bispyridine cobalt (III) 2-perchlorate, tri- 

include pyrrole, pyridine, imidazole, N-methylimidazole, 	aqua[(1,2,3,4,5-r~)-2,4-cyclopentadien-1-yl] 	bispyridine 
acetonitrile, ammonia, aniline, 1,2-ethanediamine, 1,2- 	rhodium (III) 2-perchlorate, triaqua[(1,2,3,4,5-r~)-2,4-cyclo- 
diphenyl- 1 ,2-ethanediamine, 1,2-cyclohexadiamine, 2,2'-bi-  65 pentadien- 1 -yl] bispyridine iridium (III) 2-perchlorate, aqua 
pyridine, 1,10-phenanthroline, and the like. More preferred is 

	
(2,2'-bipyridine)[(1,2,3,4,5-r~)-2,4-cyclopentadien-1-yl] 

bidentate ligand, still more preferred is 2,2'-bipyridine or a 	cobalt (III) 2-perchlorate, aqua(2,2'-bipyridine) [(1,2,3,4,5- 
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r~)-2,4-cyclopentadien-1-yl] rhodium (III) 2-perchlorate, 
aqua(2,2'-bipyridine) [(1,2,3,4,5-r~)-2,4-cyclopentadien-l-
yl] iridium (III) 2-perchlorate, aqua(2,2'-bipyridine) [(1,2,3, 
4,5-r~)-2,4-cyclopentadien-1-yl] cobalt (III) 2-perchlorate, 
aqua(2,2'-bipyridine)[(1,2,3,4,5-r~)-2,4-cyclopentadien-l- 	5 
yl] rhodium (III) 2-perchlorate, aqua(2,2'-bipyridine) [(1,2,3, 
4,5-r~)-2,4-cyclopentadien-1-yl] rhodium (III) 2-perchlorate, 
and the like. 

The transition metal complex represented by General For-
mula (3) of the present invention can be produced in accor- io 
dance with the following method for example. In the presence 
of water having a pH 3.8, (f-tetramethyl cyclopentadienyl) 
rhodium (III) triaqua complex is reacted with 2,2'-bipyridine 
to give (rf-tetramethyl cyclopentadienyl) rhodium (III) (2,2'-
bipyridyl) aqua complex. A reaction temperature is generally 15 
from -40 to 200° C., but a preferred reaction temperature is 
-20 to 100° C. A reaction time varies depending on reaction 
conditions such as a reaction substrate concentration, a tem-
perature, and the like, but the reaction is generally completed 
in several hours to 30 hours. 	 20 
<Transition Metal Complex Represented by General For-
mula (8)> 

In an organic metal complex represented by General For-
mula (8), examples of R', R2, R3, R4, Rs, or R6 lower alkyl 
group include a methyl group, an ethyl group, a propyl group, 25 
a butyl group, a pentyl group, a hexyl group, an isopropyl 
group, a t-butyl group, an isoamyl group, a cyclopentyl group, 
a cyclohexyl group, and the like. 

Further, any element may be used as M element in Group 
VIII of the periodic table as long as the element is capable of 30 
forming a benzene ring. Preferred is Ru. 

Further, examples of X', X2, or X3 ligand include H2O, 
halogen, a solvent molecule, and the like. Examples of the 
solvent molecule include methanol, ethanol, acetonitrile, tet-
rahydrofuran, pyridine, dimethylsulfoxide, dimethylforma- 35 
mide, and the like. Note that, it is preferable that X', X2, and 
X3 ligands in General Formula (8) are entirely H20. 

Examples of an anion species represented by Y include 
carboxylic acid ion such as formic acid and acetic acid, sul-
fate ion, fluoride ion, chloride ion, bromide ion, iodide ion, 40 
triflurt ion, perchloriante ion, perbromate ion, periodate ion, 
tetrafluoro borate ion, hexafluoro phosphate ion, thiocyanate 
ion, and the like. 

Specific examples of the organic metal complex repre-
sented by General Formula (8) include triaqua-[(1,2,3,4,5,6- 45 
r 6)-hexamethylbenzene-1-yl] ruthenium (II) 2-hexafluoro-
phosphate, triaqua-[(1 ,2,3,4,5,6-i 6)-hexamethylbenzene-1-
yl] ruthenium (II) 2-tetrafluoroborate, triaqua-[(1,2,3,4,5,6-
i 6)-hexamethylbenzene-1-yl] ruthenium (II) sulphate, 
triaqua-[(1 ,2,3,4,5,6-i 6)-hexamethylbenzene-1-yl] 	ruthe- 50 
nium (II) 2-formate, triaqua-[(1 ,2,3,4,5,6-i 6)-cymene-1-yl] 
ruthenium (II) 2-hexafluorophosphate, triaqua-[(1,2,3,4,5,6-
i 6)-cymene-1-yl] ruthenium (II) sulphate, triaqua-[(1,2,3,4, 
5,6-i' 6)-cymene- 1 -yl] ruthenium (II) 2-formate, triaqua-[(1, 
2,3,4,5,6-r()-cymene-1-yl] 	ruthenium 	(II) 55 
2-tetrafluoroborate, 	aqua-2,2'-bipyridyl-[(1,2,3,4,5,6-i 6)- 
hexamethylbenzene-1-yl] ruthenium (II) 2-hexafluorophos-
phate, aqua-2,2'-bipyridyl-[(1,2,3,4,5,6-i 6)-hexamethylben-
zene-1-yl] ruthenium (II) 2-tetrafluoroborate, aqua-2,2'- 
bipyridyl-[(1 ,2,3,4,5,6-i 6)-hexamethylbenzene-1-yl] 	60 
ruthenium (II) sulphate, aqua-2,2'-bipyridyl-[(1,2,3,4,5,6-
i 6)-hexamethylbenzene-1-yl] ruthenium (II) formate, aqua-
2,2'-bipyridyl-[(1,2,3,4,5,6-r()-cymene-1-yl] ruthenium (II) 
hexafluorophosphate, aqua-2,2'-bipyridyl-[(1,2,3,4,5,6-r 6)-
cymene-1-yl] ruthenium (II) sulphate, aqua-2,2'-bipyridyl- 65 
[(1,2,3,4,5,6-i 6)-cymene-1-yl] ruthenium (II) formate, aqua-
2,2'-bipyridyl-[(1,2,3,4,5,6-r()-cymene-1-yl] ruthenium (II) 

12 
tetrafluoroborate, and the like. Preferred are triaqua-[(1,2,3, 
4,5,6-i' 6)-hexamethylbenzene-1 -yl] ruthenium (II) sulphate, 
triaqua-[(1 ,2,3,4,5,6-i 6)-cymene-1-yl] ruthenium (II) sul-
fate, and the like. 

The organic metal complex represented by General For-
mula (8) of the present invention can be produced in accor-
dance with the following method. That is, [(1,2,3,4,5,6-r()-
hexamethylbenzene-1-yl] ruthenium (II) trichloride is 
reacted with sulfate in the presence of water having a pH 3.8 
to give triaqua-[(1 ,2,3,4,5,6-i 6)-hexamethylbenzene-1-yl] 
ruthenium (II) sulphate. 
<Hydration of Acetylene-Carboxylic Acids> 

One mode of the present invention is a method for synthesis 
of keto acids (including keto acid and keto acid derivative) 
which method is characterized by hydration of acetylene-
carboxylic acids in the presence of at least one compound 
selected from a group consisting of a metal salt represented by 
General Formula (1) (hereinafter, the metal salt is referred to 
as "metal salt 1"), a transition metal complex represented by 
General Formula (2) (hereinafter, the transition metal com-
plex is referred to as "transition metal complex 2"), a transi-
tion metal complex represented by General Formula (3) 
(hereinafter, the transition metal complex is referred to as 
"transition metal complex 3"), and a transition metal complex 
represented by General Formula (8) (hereinafter, the transi-
tion metal complex is referred to as "transition metal complex 
4"). According to the method, it is possible to efficiently 
perform hydration of acetylene-carboxylic acids under mild 
conditions. Hereinafter, a compound including keto acid and 
keto acid derivative is referred to as "keto acids". The "keto 
acid derivative" is not particularly limited, but examples 
thereof include keto-acid ester. 

An example of acetylene-carboxylic acid used in the 
hydration of the present invention is a carbonyl compound 
represented by General Formula (6) 

R'CCCOOR2 	 (6) 

where each of R' and R2 independently represents a hydrogen 
atom, an alkyl group which may be substituted and whose 
carbon number is 1-10, an aryl group which may be substi-
tuted and whose carbon number is 1-10, an alkoxycarbonyl 
group which may be substituted and whose carbon number is 
1-10, or an aryloxycarbonyl group which may be substituted 
and whose carbon number is 1-10. 

Examples of the alkyl group represented by R' or R2 of the 
acetylene-carboxylic acids represented by General Formula 
(6) include a methyl group, an ethyl group, an n-propyl group, 
an i-propyl group, an n-butyl group, a t-butyl group, an 
n-hexyl group, a cyclohexyl group, an n-heptyl group, an 

n-octyl group, an n-nonyl group, an n-decile group, and the 
like. 

Specific examples of the acetylene-carboxylic acids repre-
sented by General Formula (6) include propionic acid, pro-
pionate methyl, propionate ethyl, propionate isopropyl, t-bu-
tyl propionate, acetylenedicarboxylate, dimethyl 
acetylenedicarboxylate, diethyl acetylenedicarboxylate, 
diisopropyl acetylenedicarboxylate, acetylenedicarboxylate 
di t-butyl, 2-butynate, 2-butynate methyl, 2-butynate ethyl, 
2-butynate isopropyl, 2-butynate t-butyl, 2-pentynate, 2-pen-
tynate methyl, 2-pentynate ethyl, 2-pentynate isopropyl, 
2-pentynate t-butyl, 2-hyxynate, 2-hexynate methyl, 2-hex-
ynate ethyl, 2-hexynate isopropyl, 2-hexynate t-butyl, 2-hep-
tynate, 2-heptynate methyl, 2-heptynate ethyl, 2-heptynate 
isopropyl, 2-heptynate t-butyl, 2-octynate, 2-octynate 
methyl, 2-octynate ethyl, 2-octynate isopropyl, 2-octynate 
t-butyl, 2-nonyate, 2-nonyoate methyl, 2-nonyoate ethyl, 
2-nonyoate isopropyl, 2-nonyoate t-butyl, phenylpropiolate, 
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phenylpropiolate methyl, phenylpropiolate ethyl, phenylpro-
piolate isopropyl, phenylpropiolate t-butyl, and the like. 

As the acetylene-carboxylic acids represented by General 
Formula (6), commercially available acetylene-carboxylic 
acids may be used. Examples of the commercially available 
acetylene-carboxylic acids are products of Nacalai Tesque 
Co., Ltd, Tokyo Chemical Industry Co., LTD, and Sigma 
Aldrich Japan K.K. 

The hydration of the present invention allows for synthesis 
of keto acid and keto acid derivative corresponding to the 
acetylene-carboxylic acids represented by General Formula 
(6). 

Amounts of the metal salt 1, the transition metal complex 2, 
the transition metal complex 3, and the transition metal com-
plex 4 which are used in the hydration of the present invention 
are not particularly limited and are suitably set in consider-
ation for optimal conditions. Generally, a molar ratio with 
respect to acetylene-carboxylic acids serving as starting 
material is within a range of 1 to 1/oo,000 roughly, preferably 
within a range of 1/5o to '/ o,000 roughly, in performing the 
hydration. 

The hydration of the present invention is performed in the 
presence of or in the absence of an organic solvent dissolving 
the starting material. Examples of the "organic solvent dis-
solving the starting material" include: a polar solvent such as 
methanol, ethanol, acetonitrile, dimethylformamide, dimeth-
ylsulfoxide, and tetrahydrofuran; aliphatic hydrocarbon sol-
vent such as hexane, cyclohexane, and heptane; aromatic 
hydrocarbon solvent such as benzene, toluene, and xylene; 
halogenated aromatic hydrocarbon solvent such as chlo-
robenzene and dichlorobenzene; and a mixture thereof. Basi-
cally, in view of the catalytic activity and the product selec-
tivity, it is more preferable to perform the hydration in the 
absence of the organic solvent. However, depending on cases, 
hydration in the presence of the organic solvent dissolving the 
starting material allows the reaction to proceed. 

In the hydration of the present invention, the pH is not 
particularly limited and is suitably set in consideration for 
optimal conditions. However, for such reason that the metal 
salt 1, the transition metal complex 2, the transition metal 
complex 3, and the transition metal complex 4 can stably exist 
in water, the pH in the hydration of the present invention is 
preferably 1 to 5, more preferably 1 to 3. 

The hydration of the present invention is performed gen-
erally at a temperature ranging from —90 to 200° C., but 
preferably from 20 to 100° C., more preferably from 80 to 
100° C. Also the reaction temperature is suitably set in con-
sideration for optimal conditions. 

Further, a reaction time varies depending on reaction con-
ditions such as a reaction substrate concentration, a tempera-
ture, and the like, but it is general that the reaction is com-
pleted in several hours to about 30 hours. 

How to isolate a target product and how to purify the target 
product after completion of the hydration of the present 
invention are not particularly limited, and the isolation and 
the purification can be carried out by suitably adopting known 
methods. For example, after completion of the hydration, the 
solvent and an unreacted raw material are distilled and the 
distilled solvent and material are washed with water and 
evaporated. Further, the metal salt or the transition metal 
complex used as a catalyst can be removed by the washing 
with water, the evaporation, and a treatment such as adsorp-
tion and the like. Further, the hydration is performed while the 
metal salt or the transition metal complex serving as a catalyst 
is held by a suitable support such as silica gel, activated white 
clay, and the like, so that the metal salt or the transition metal 
complex fixed on the support can be removed by filtration 

14 
after completion of the reaction. Further, the thus collected 
metal salt or transition metal complex can be reused. 
<Reductive Amination of Keto Acids> 

The method according to the present invention for synthe- 
5 sis of amino acids (including amino acid and amino acid 

derivative) (hereinafter, this method is suitably referred to as 
"amino acid synthesis method of the present invention") may 
include the step of performing reductive amination of keto 
acids in the presence of the transition metal complex 3 and a 

io hydrogen and nitrogen atom donor. Hereinafter, a compound 
including amino acid and amino acid derivative is referred to 
as "amino acids". Examples of the "amino acid derivative" 
include amino-acid ester and N-alkyl amino acid obtained by 
alkylation of an amino group. 

15 	An example of the keto acids used in the reductive amina- 
tion is keto acids represented by General Formula (7) 

R'COCOOR2 	 (7) 

where each of R' and R2  independently represents a hydrogen 
20 atom, an alkyl group which may be substituted and whose 

carbon number is 1-10, an aryl group which may be substi-
tuted and whose carbon number is 1-10, an alkoxycarbonyl 
group which may be substituted and whose carbon number is 
1-10, or an aryloxycarbonyl group which may be substituted 

25 and whose carbon number is 1-10. 
Examples of the alkyl group represented by R' or R2  of the 

keto acids represented by General Formula (7) include a 
methyl group, an ethyl group, an n-propyl group, an i-propyl 
group, an n-butyl group, a t-butyl group, an n-hexyl group, a 

30 cyclohexyl group, an n-heptyl group, an n-octyl group, an 
n-nonyl group, an n-decile group, and the like. 

Specific examples of the keto acid derivative represented 
by General Formula (7) include pyruvic acid, methyl pyru-
vate, ethyl pyruvate, isopropyl pyruvate, t-butyl pyruvate, 

35 phenyl pyruvate, 2-oxobutanate, 2-oxobutanate methyl, 
2-oxobutanate ethyl, 2-oxobutanate isopropyl, 2-oxobutanate 
t-butyl, 3-methyl-2-oxobutanate, 3-methyl-2-oxobutanate 
methyl, 3-methyl-2-oxobutanate ethyl, 3-methyl-2-oxobu-
tanate isopropyl, 3-methyl-2-oxobutanate t-butyl, 2-oxopen- 

40 tanate, 2-oxopentanate methyl, 2-oxopentanate ethyl, 2-oxo-
pentanate isopropyl, 2-oxopentanate, 3-methyl-2-
oxopentanate, 3-methyl-2-oxopentanate methyl, 3-methyl-2-
oxopentanate ethyl, 3-methyl-2-oxopentanate isopropyl, 
3-methyl-2-oxopentanate t-butyl, 4-methyl-2-oxopentanate, 

45 4-methyl-2-oxopentanate methyl, 4-methyl-2-oxopentanate 
ethyl, 4-methyl-2-oxopentanate isopropyl, 4-methyl-2-oxo-
pentanate t-butyl, 2-oxohexanate, 2-oxohexanate, 2-oxohex-
anate methyl, 2-oxohexanate ethyl, 2-oxohexanate isopropyl, 
2-oxohexanate t-butyl, 2-oxooctanate, 2-oxooctanate methyl, 

50 2-oxooctanate ethyl, 2-oxooctanate isopropyl, 2-oxooctanate 
t-butyl, phenyl pyruvate, phenyl pyruvate methyl, phenyl 
pyruvate ethyl, phenyl pyruvate isopropyl, phenyl pyruvate 
t-butyl, glyoxylic acid, glyoxylate methyl, glyoxylate ethyl, 
glyoxylate isopropyl, glyoxyl t-butyl, phenyl glyoxylic acid, 

55 phenyl glyoxylate methyl, phenyl glyoxylate ethyl, phenyl 
glyoxylate isopropyl, phenyl glyoxylate t-butyl, 2-oxoglu-
taric acid, and the like. 

The keto acids represented by General Formula (7) of the 
present invention can be obtained by oxidization of alcohol 

60 part (hydroxyl group) of hydroxy acid for example. 
The reductive amination in the amino acid synthesis 

method of the present invention allows for synthesis of amino 
acids corresponding to the keto acids represented by General 
Formula (7). 

65 The "hydrogen and nitrogen atom donor" used in the 
reductive amination in the amino acid synthesis method of the 
present invention is not particularly limited as long as the 
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donor can provide hydrogen atoms and nitrogen atoms to the 
keto acid derivative. Examples thereof include formic ammo-
nium or salt thereof, ammonia, N-alkylamines (e.g., dimethy-
lamine, diethylamine, diisopropylamine, and di-t-buty-
lamine), and the like. 

An amount of the transition metal complex 3 used in the 
reductive amination in the amino acid synthesis method of the 
present invention is not particularly limited and is suitably set 
in consideration for optimal conditions. Generally, a molar 
ratio with respect to keto acids serving as starting material is 
within a range of 1 to '/ oo,000 roughly, preferably within a 
range of 	to '/ o,000 roughly, in performing the hydration. 

The reductive amination of the present invention is per-
formed in the presence of or in the absence of the organic 
solvent dissolving the starting material. Examples of the 
"organic solvent dissolving the starting material" include: a 
polar solvent such as methanol, ethanol, acetonitrile, dimeth-
ylformamide, dimethylsulfoxide, and tetrahydrofuran; ali-
phatic hydrocarbon solvent such as hexane, cyclohexane, and 
heptane; aromatic hydrocarbon solvent such as benzene, tolu-
ene, and xylene; halogenated aromatic hydrocarbon solvent 
such as chlorobenzene and dichlorobenzene; and a mixture 
thereof. Basically, in view of the catalytic activity and the 
product selectivity, it is more preferable to perform the hydra-
tion in the absence of the organic solvent. However, depend-
ing on cases, hydration in the presence of the organic solvent 
dissolving the starting material allows the reaction to pro-
ceed. 

In the reductive amination in the amino acid synthesis 
method of the present invention, the pH is not particularly 
limited and is suitably set in consideration for optimal con-
ditions. However, for such reason that a hydride complex 
generated by reaction of the transition metal complex 3 and 
formic acid ions is stable when the pH is within the afore-
mentioned range (particularly, pH 4.5 to 7), the pH in the 
reductive amination is preferably 1 to 10, more preferably 3 to 
7, still more preferably 4.5 to 7. Note that, the hydride com-
plex is a catalytically active species of the reductive amina-
tion. 

The reductive amination in the amino acid synthesis 
method of the present invention is performed generally at a 
temperature ranging from 0 to 200° C., but preferably from 60 
to 80° C. Also the reaction temperature is suitably set in 
consideration for optimal conditions. 

Further, a reaction time varies depending on reaction con-
ditions such as a reaction substrate concentration, a tempera-
ture, and the like, but it is general that the reaction is com-
pleted in several hours to about 30 hours. 

How to isolate a target product and how to purify the target 
product after completion of the hydration of the present 
invention are not particularly limited, and the isolation and 
the purification can be carried out by suitably adopting known 
methods. For example, after completion of the hydration, the 
solvent and an unreacted raw material are distilled and the 
distilled solvent and material are washed with water and 
evaporated. Further, the metal salt or the transition metal 
complex used as a catalyst can be removed by the washing 
with water, the evaporation, and a treatment such as adsorp-
tion and the like. Further, hydration is performed while the 
metal salt or the transition metal complex serving as a catalyst 
is held by a suitable support such as silica gel, activated white 
clay, and the like, so that the metal salt or the transition metal 
complex fixed on the support can be removed by filtration 
after completion of the reaction. Further, the thus collected 
metal salt or transition metal complex can be reused. 

16 
<Method for Synthesis of Amino Acids from Acetylene-Car-
boxylic Acids With a Catalyst in the Same Reaction Vessel 
(One-Pot Synthesis)> 

One embodiment according to the present invention for 
5  synthesis of amino acids is a method which is characterized in 

that acetylene-carboxylic acids are hydrated in the presence 
of at least one compound selected from a group consisting of 
the metal salt 1, the transition metal complex 2, the transition 
metal complex 3, and the transition metal complex 4, and the 

10 transition metal complex catalyst 3 and the hydrogen and 
nitrogen atom donor are added to a reaction system of the 
hydrated acetylene-carboxylic acids to cause a reaction 
thereof. That is, one embodiment of the method according to 

15  the present invention for synthesis of amino acids is a method 
in which the "hydration of acetylene-carboxylic acids" and 
the "reductive amination of keto acids" are sequentially per-
formed in a single reaction vessel to synthesize amino acids 
from the acetylene-carboxylic acids. 

20 	The alkyl group represented by R' or R2  of the acetylene- 
carboxylic acids represented by General Formula (6) is an 
alkyl group whose carbon number is 1-10. Specific examples 
thereof include a methyl group, an ethyl group, an n-propyl 
group, an i-propyl group, an n-butyl group, a t-butyl group, an 

25 n-hexyl group, a cyclohexyl group, an n-heptyl group, an 
n-octyl group, an n-nonyl group, an n-decile group, and the 
like. These starting materials are used to sequentially perform 
reactions of the acetylene-carboxylic acids into amino acids. 

Specific examples of the acetylene-carboxylic acids used 
30 in the sequential reactions include propiolic acids, propiolate 

methyl, propiolate ethyl, propiolate isopropyl, propiolate 
t-butyl, acetylenedicarboxylate, acetylenedicarboxylate dim-
ethyl, acetylenedicaboxylate diethyl, acetylenedicarboxylate 
diisopropyl, acetylenedicarboxylate di t-butyl, 2-butynate, 

35 2-butynate methyl, 2-butynate ethyl, 2-butynate isopropyl, 
2-butynate t-butyl, 2-pentynate, 2-pentynate methyl, 2-pen-
tynate ethyl, 2-pentynate isopropyl, 2-pentynate t-butyl, 
2-hyxynate, 2-hexynate methyl, 2-hexynate ethyl, 2-hex-
ynate isopropyl, 2-hexynate t-butyl, 2-heptynate, 2-heptynate 

40 methyl, 2-heptynate ethyl, 2-heptynate isopropyl, 2-hep-
tynate t-butyl, 2-octynate, 2-octynate methyl, 2-octynate 
ethyl, 2-octynate isopropyl, 2-octynate t-butyl, 2-nonyate, 
2-nonyoate methyl, 2-nonyoate ethyl, 2-nonyoate isopropyl, 
2-nonyoate t-butyl, phenylpropiolate, phenylpropiolate 

45 methyl, phenylpropiolate ethyl, phenylpropiolate isopropyl, 
phenylpropiolate t-butyl, and the like. 

As the acetylene-carboxylic acids represented by General 
Formula (6), commercially available acetylene-carboxylic 
acids may be used. Examples of the commercially available 

5o acetylene-carboxylic acids are products of Nacalai Tesque 
Co., Ltd, Tokyo Chemical Industry Co., Ltd, and SigmaAld-
rich Japan K.K. 

The pH in the sequential reactions of the hydration and the 
reductive amination of the present invention is suitably set at 

55 the hydration stage to be within the range described in 
<Hydration of acetylene-carboxylic acids> and at the reduc-
tive amination stage to be within the range described in 
<Reductive amination of keto acids>. 

Amounts of the metal salt 1, the transition metal complex 2, 
60 the transition metal complex 3, and the transition metal com-

plex 4 which are used in the method of the present invention 
for synthesis of amino acids are not particularly limited and 
are suitably set in consideration for optimal conditions. Gen-
erally, a molar ratio with respect to keto acids serving as 

65 starting material is within a range of 1 to '/ oo,000 roughly, 
preferably within a range of to'/o,000 roughly, in perform-
ing the reactions. 
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The amino acid synthesis of the present invention through 
the sequential reactions of the hydration and the reductive 
amination is carried out in the presence of or in the absence of 
organic sol vent dissolving the starting material. Examples of 
the "organic solvent dissolving the starting material" include: 
a polar solvent such as methanol, ethanol, acetonitrile, dim-
ethylformamide, dimethylsulfoxide, and tetrahydrofuran; 
aliphatic hydrocarbon solvent such as hexane, cyclohexane, 
and heptane; aromatic hydrocarbon solvent such as benzene, 
toluene, and xylene; halogenated aromatic hydrocarbon sol-
vent such as chlorobenzene and dichlorobenzene; and a mix-
ture thereof. Basically, in view of the catalytic activity and the 
product selectivity, it is more preferable to perform the hydra-
tion in the absence of the organic solvent. However, depend-
ing on cases, hydration in the presence of the organic solvent 
dissolving the starting material allows the reaction to pro-
ceed. 

The amino acid synthesis of the present invention through 
the sequential reactions of the hydration and the reductive 
amination is performed generally at a temperature of 0 to 100° 
C., but preferably at a temperature of 60 to about 80° C. Also 
a reaction temperature is suitably set in consideration for 
optimal conditions. 

Further, a reaction time varies depending on reaction con-
ditions such as a reaction substrate concentration, a tempera-
ture, and the like, but the reaction is generally completed in 
several hours to 30 hours. 

If amino acids are produced from acetylene-carboxylic 
acids in one-pot synthesis (that is, in a sequential manner with 
a single reaction vessel) in this way, it is not necessary to 
isolate and purify keto acids, i.e., intermediate products of the 
amino acid synthesis. This makes it possible to realize such 
advantage that amino acids can be produced at lower cost and 
in a shorter time. 
<Method for Synthesis of Amino Acids From Acetylene-
Carboxylic Acids With a Catalyst Synthesized in the Same 
Reaction Vessel in-situ (Tandem Synthesis)> 

One embodiment according to the present invention for 
synthesis of amino acids may be a method characterized in 
that acetylene-carboxylic acids are hydrated in the presence 
of the transition metal complex 2, the transition metal com-
plex 3, and the transition metal complex 4, and the hydrogen 
and nitrogen atom donor is added to a reaction system of the 
hydrated acetylene-carboxylic acids to cause a reaction 
thereof. 

Further, one embodiment according to the present inven-
tion for synthesis of amino acids may be a method character-
ized in that acetylene-carboxylic acids are hydrated in the 
presence of the metal salt 1, and the organic ligands repre-
sented by General Formula (4) and General Formula (5) and 
the hydrogen and nitrogen atom donor are added to a reaction 
system of the hydrated acetylene-carboxylic acids to cause a 
reaction thereof. 

That is, the method is such that the "hydration of acetylene-
carboxylic acids" and the "reductive amination of keto acids" 
are sequentially performed to synthesize amino acids from 
the acetylene-carboylic acids. The substances and reaction 
conditions adopted in the synthesis are the same as in the 
aforementioned one-pot synthesis, but the tandem synthesis 
is characterized in that a metal catalyst is formed in the 
reaction system by adding the ligands and the reaction is 
performed with the metal catalyst. This makes it possible to 
realize such advantage that the tandem synthesis does not 
require any expensive metal catalyst in performing the 
sequential reactions. 

Examples of R', R2, R3, R4, or R5  lower alkyl group in the 
organic ligand represented by General Formula (4) and R', 

18 
R2, R3, R4, R5, R6, R', and R$  lower alkyl group in the organic 
ligand represented by General Formula (5) include an alkyl 
group whose carbon number is 1-6, specifically, a methyl 
group, an ethyl group, a propyl group, a butyl group, a pentyl 

5  group, a hexyl group, an isopropyl group, a t-butyl group, an 
isoamyl group, a cyclopentyl group, a cyclohexyl group, and 
the like. 

Specific examples of the organic ligand represented by 
General Formula (4) include 1,2,3,4,5-pentamethyl-1,3-cy- 

10 clopentadiene, 	1,2,3,4,5-pentaethyl-1,3-cyclopentadiene, 
1,2,3,4,5-pentaisopropyl-1,3-cyclopentadiene, 	1,2,3,4,5- 

penta-t-butyl- 1 ,3-cyclopentadiene, 1,2,3,4,5-pentaphenyl-1, 
3-cyclopentadiene, trimethyl (2,3,4,5-tetramethyl-2,4-cyclo-

15  pentadiene-1-yl) silane, trimethyl (2,3,4,5-tetraethyl-2,4- 
cyclopentadiene-1-yl) 	silane, 	trimethyl 	(2,3,4,5- 

tetraisopropyl-2,4-cyclopentadiene-1-yl) silane, trimethyl 
(2,3,4,5-tetra-t-butyl-2,4-cyclopentadiene-1-yl) silane, trim-
ethyl (2,3,4,5-tetraphenyl-2,4-cyclopentadiene-1-yl) silane, 

20 chlorodimethyl (2,3,4,5-tetramethyl-2,4-cyclopentadiene-l-
yl) silane, chlorodimethyl (2,3,4,5-tetraethyl-2,4-cyclopenta-
diene-1-yl) silane, chlorodimethyl (2,3,4,5-tetraisopropyl-2, 
4-cyclopentadiene-1-yl) silane, chlorodimethyl (2,3,4,5- 
tetra-t-butyl-2,4-cyclopentadiene- 1 -yl) 	 silane, 

25  chlorodimethyl (2,3,4,5-tetraphenyl-2,4-cyclopentadiene-l-
yl) silane, 5-((t-butylamino) dimethylsilyl)-1,2,3,4-tetram-
ethyl-1,3-cyclopentadiene, 5-((t-butylamino) dimethylsilyl)- 
1 ,2,3,4-tetraethyl- 1 ,3-cyclopentadiene, 	5-((t-butylamino) 
dimethylsilyl)-1,2,3,4-tetraisopropyl-1,3-cyclopentadiene, 

30 5-((t-butylamino) 	dimethylsilyl)-1 ,2,3,4-tetra-t-butyl-1 ,3- 
cyclopentadiene, 5-((t-butylamino) dimethylsilyl)- 1,2,3,4-
tetraphenyl-1 ,3-cyclopentadiene, 1 -(2,3,4,5-tetramethyl-1 ,3- 
cyclopentadiene-1 -ylethanone, 	[(2,3,4,5-tetramethyl-2,4- 

35  cyclopentadiene-1-yl) methyl] -benzene, 1,1',1",1", 1"-[(1, 
3-cyclopentadiene-1,2,3,4,5-pentayl)pentaquis (methylene)] 
pentaquisbenzene, 1,2,4,5-tetramethyl-3-propyl-1,3-cyclo-
pentadiene, 2,3,4,5-tetraphenyl-2,4-cyclopentadiene-1-ol, 
and the like. 

40 	Specific examples of the organic ligand represented by 
General Formula (5) include 2,2'-bipyridine, 1,10-phenan-
throline, 2,2'-biquinoline, 2,2'-bi-1,8-naphthyridine, 6,6'-
dimethyl-2,2'-bipyridine, 6,6'-dicarbonitrile-2,2'-bipyridine, 
6,6'-bis(chloromethyl)-2,2' bipyridine, 2,9-dimethyl-1,10- 

45 phenanthroline, 4,4'-(2,9-dimethyl-1,10-phenanthroline-4,7-
diiryl)bis-benzene sulfonic acid, 2,9-dimethyl-N-(2,4,6- 
trinitrophenyl)-1,10-phenanthroline-5-amine, 	1,10- 
phenanthroline-2,9-dicarboxyaldehyde, 2,9-dicarboxy-1,10-
phenanthroline, 2,9-dicarboxy-1,10-phenanthroline, 2,9- 

5o dimethyl 	4,7-diphenyl-1,10-phenanthroline, 	(2,2'- 
biquinoline)-4,4'-dicarboxylic acid, (2,2'-biquinoline)-4'-
carboxylic acid, 4,4'-dimethyl-2,2'-biquinoline, 5,5'-
dimethyl-2,2'-bipyridine, 5,5'-dicarbonitrile-2,2'-bipyridine, 
5,5'-bis(chloromethyl)-2,2' bipyridine, 3,8-dimethyl-1,10- 

55 phenanthroline, 4,4'-(3,8-dimethyl-1,10-phenanthroline-4,7-
diiryl)bis-benzene sulfonic acid, 1,10-phenanthroline-2,9-di-
carboxyaldehyde, 3,8-dicarboxy-1,10-phenanthroline, 3,8-
dicarboxy-1,10-phenanthroline, 3,8-dimethyl 4,7-diphenyl-
1,10-phenanthroline, 4,4'-dimethyl-2,2'-bipyridine, 4,4'- 

6o dimethoxy-2,2'-bipyridine, 	4,4'-dicarbonitrile-2,2'- 
bipyridine, 5,5'-bis(chloromethyl)-2,2' bipyridine, 4,7- 
dimethyl-1,10-phenanthroline, 	1,10-phenanthroline-4,7- 
dicarboxyaldehyde, 4,7-dicarboxy-1,10-phenanthroline, and 
the like. 

65 	As the organic ligands represented by General Formula (4) 
and General Formula (5), commercially available organic 
ligands may be used. Examples of the commercially available 
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organic ligands are products of Nacalai Tesque Co., Ltd, 
Tokyo Chemical Industry Co., Ltd, and Sigma Aldrich Japan 
K.K. 

The invention being thus described, it will be obvious that 
the same may be varied in many ways. Such variations are not 
to be regarded as a departure from the spirit and scope of the 
invention, and all such modifications as would be obvious to 
one skilled in the art are intended to be included within the 
scope of the following claims. 

EXAMPLES 

The following Examples will further detail the present 
invention, but the present invention is not limited to the 
Examples. 
<1. Example of synthesis of keto acids (a- or (3-keto acids)> 

Acetylene-carboxylic acids were hydrated in the presence 
of various kinds of metal salts or transition metal complexes 
to synthesize keto acids (a- or (3-keto acids). Each of FIG. 
1(a) and FIG. 1(b) shows a reaction formula of the hydration. 
Note that, when water-soluble acetylene-carboxylic acids 
were hydrated, a-keto acids were synthesized (FIG. 1(a)), 
and when water-insoluble acetylene-carboxylic acids were 
hydrated, (3-keto acids were synthesized (FIG. 1(b)). For con-
venience in descriptions, a reaction path shown in FIG. 1(a) is 
referred to as "Path A" and a reaction path shown in FIG. 1(b) 
is referred to as "Path C". 

Example 1 

0.5 mmol of water-soluble acetylene carboxylic acids 
whose R' and R2  are H in FIG. 1(a) was mixed with 2 mL of 
aqueous solution containing 5.0 µcool of ruthenium trichlo-
ride, and the mixture was reacted at the pH 2.0 at 80° C. under 
argon atmosphere for 12 hours. The resulting mixture was 
condensed to give a product. The product was analyzed by 'H 
NMR. 

Example 2 

0.5 mmol of water-soluble acetylene carboxylic acids 
whose R' and R2  are H in FIG. 1(a) was mixed with 2 mL of 
aqueous solution containing 5.0 µcool of rhodium trichloride, 
and the mixture was reacted at the pH 2.0 at 80° C. under 
argon atmosphere for 12 hours. The resulting mixture was 
condensed to give a product. The product was analyzed by 'H 
NMR. 

20 
under argon atmosphere for 12 hours. The resulting mixture 
was condensed to give a product. The product was analyzed 
by 'H NMR. 

5 	 Comparative Example 1 

The same operation as in Examples 1 to 4 except that 
HgSO4  was used as a catalyst. 

Example 5 
10 

0.1 mmol of water-soluble acetylene carboxylic acids 
whose R' is COOH and R2  is H in FIG. 1(a) was mixed with 
2 mL of aqueous solution containing 5.0 µmol of ruthenium 
trichloride, andthe mixture was reacted at the pH 2.0 at 80° C. 

15  under argon atmosphere for 12 hours. The resulting mixture 
was condensed to give a product. The product was analyzed 
by 'H NMR. 

Example 6 
20 

0.1 mmol of water-soluble acetylene carboxylic acids 
whose R' is COOH and R2  is H in FIG. 1(a) was mixed with 
2 mL of aqueous solution containing 5.0 µmol of rhodium 
trichloride, andthe mixture was reacted at the pH 2.0 at 80° C. 

25  under argon atmosphere for 12 hours. The resulting mixture 
was condensed to give a product. The product was analyzed 
by 'H NMR. 

Example 7 

30 	0.1 mmol of water-soluble acetylene carboxylic acids 
whose R' is COOH and R2  is H in FIG. 1(a) was mixed with 
2 mL of aqueous solution containing 3.1 mg (2.5µmol) of 
di[triaqua {2,6-di(phenylthiomethyl)pyridine} ruthenium 
(III)] 3-sulphate, and the mixture was reacted at the pH 2.0 at 

35 80° C. under argon atmosphere for 12 hours. The resulting 
mixture was condensed to give a product. The product was 
analyzed by 'H NMR. 

Example 8 

40 
0.1 mmol of water-soluble acetylene carboxylic acids 

whose R' is COOH and R2  is H in FIG. 1(a) was mixed with 
2 mL of aqueous solution containing 3.1 mg (2.5 µmol) of 
di[triaqua {2,6-di(phenylthiomethyl)pyridine} rhodium 
(III)] 3-sulphate, and the mixture was reacted at the pH 2.0 at 

45 80° C. under argon atmosphere for 12 hours. The resulting 
mixture was condensed to give a product. The product was 
analyzed by 'H NMR. 

Comparative Example 2 
Example 3 
	

50 

0.5 mmol of water-soluble acetylene carboxylic acids 
whose R' and R2  are H in FIG. 1(a) was mixed with 2 mL of 
aqueous solution containing 3.1 mg (2.5 µmol) of di[triaqua 
{2,6-di(phenylthiomethyl)pyridine} ruthenium (III)] 3-sul-
phate, and the mixture was reacted at the pH 2.0 at 80° C. 
under argon atmosphere for 12 hours. The resulting mixture 
was condensed to give a product. The product was analyzed 
by 'H NMR. 

Example 4 

0.5 mmol of water-soluble acetylene carboxylic acids 
whose R' and R2  are H in FIG. 1(a) was mixed with 2 mL of 
aqueous solution containing 3.1 mg (2.5 µmol) of di[triaqua 65 

{2,6-di(phenylthiomethyl)pyridine} rhodium (III)] 3-sul-
phate, and the mixture was reacted at the pH 2.0 at 80° C. 

The same operation as in Examples 5 to 8 except that 
HgSO4  was used as a catalyst. 

Example 10 

0.1 mmol of water-soluble acetylene carboxylic acids 
whose R' is CH3  and R2  is H in FIG. 1(a) was mixed with 2 

Example 9 
55 

0.1 mmol of water-soluble acetylene carboxylic acids 
whose R' is CH3  and R2  is H in FIG. 1(a) was mixed with 2 
mL of aqueous solution containing 5.0 imol of ruthenium 
trichloride, andthe mixture was reacted at the pH 2.0 at 80° C. 

60 under argon atmosphere for 12 hours. The resulting mixture 
was condensed to give a product. The product was analyzed 
by 'H NMR. 
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mL of aqueous solution containing 3.1 mg (2.5 ltmol) of 
di[triaqua {2,6-di(phenylthiomethyl) pyridine} ruthenium 
(III)] 3-sulphate, and the mixture was reacted at the pH 2.0 at 
80° C. under argon atmosphere for 12 hours. The resulting 
mixture was condensed to give a product. The product was 5 

analyzed by 'H NMR. 

22 
the pH 4.0 at 80° C. under argon atmosphere for 12 hours. The 
resulting reaction mixture was extracted and condensed with 
chloroform to give a product. The product was analyzed by 
'H NMR. 

Example 14 

Example 11 

0.1 mmol of water-insoluble acetylene dicarboxylate ester 
0.1 mmol of water-soluble acetylene carboxylic acids 10 whose R' is CH3  and R2  is C2H5  in FIG. 1(b) was mixed with 

whose R' is CH3  and R2  is H in FIG. 1(a) was mixed with 2 	2 mL of acetic acid buffer aqueous solution containing 3.1 mg 
mL of aqueous solution containing 3.1 mg (2.5 ltmol) of 	(2.5 ltmol) of di[triaqua {2,6-di(phenylthiomethyl)pyridine} 
di[triaqua {2,6-di(phenylthiomethyl)pyridine} rhodium 	ruthenium (III)] 3-sulphate, and the mixture was reacted at 
(III)] 3-sulphate, and the mixture was reacted at the pH 2.0 at 	the pH 2.0 at 80°C. under argon atmosphere for 12 hours. The 
80° C. under argon atmosphere for 12 hours. The resulting 15 resulting reaction mixture was extracted and condensed with 
mixture was condensed to give a product. The product was 

chloroform to give a product. The product was analyzed by 
analyzed by 'H NMR.  

'H NMR. 

Comparative Example 3 

20 
The same operation as in Examples 9 to 11 except that 

HgSO4  was used as a catalyst. 

Example 15 

0 1 mmol of water-insoluble acetY lene dicarbY ox late ester •  

Example 12 	
whose R' is CH3  and R2  is C2H5  in FIG. 1(b) was mixed with 
2 mL of acetic acid buffer aqueous solution containing 3.1 mg 

0.1 mmol of water-insoluble acetylene dicarboxylate ester 25 
(2.5 µcool) of di[triaqua {2,6-di(phenylthiomethyl)pyridine} 

whose R' is CH and R2  is C H in FIG.1(b) was mixed with 	
rhodium (III)] 3-sulphate, and the mixture was reacted at the 

3

2 mL of acetic acid buffer aqueous solution containing 5.0 	
pH 2.0 at 80° C. under argon atmosphere for 12 hours. The 

µcool of ruthenium trichloride, and the mixture was reacted at 	
resulting reaction mixture was extracted and condensed with 
chloroform to give a product. The product was analyzed by 

the pH 4.0 at 80° C. under argon atmosphere for 12 hours. The 30 'H NMR. 
resulting reaction mixture was extracted and condensed with 
chloroform to give a product. The product was analyzed by 
'H NMR. 	 Comparative Example 4 

Example 13 

0.1 mmol of water-insoluble acetylene dicarboxylate ester 
whose R' is CH3  and R2  is C2H5  in FIG. 1(b) was mixed with 
2 mL of acetic acid buffer aqueous solution containing 5.0 
µcool of rhodium trichloride, and the mixture was reacted at 

35 	The same operation as in Examples 13 to 15 except that 
HgSO4  was used as a catalyst. 

[Results of Examples 1 to 15 and Comparative Examples 1 to 
4] 

Table 1 shows the results. 

TABLE 1 

R1  R2  Cat Path TON mol % 
Yield 
(%) 

Example 1 H H water-soluble RuC13  A 48 1 48 
Example 2 H H water-soluble RhCl3  A 19 1 19 
Comparative H H water-soluble HgSO4  A 4 1 4 
Example 1 
Example 3 H H water-soluble pincer A 38 1 38 

Ru3+ 

Example 4 H H water-soluble pincer A 28 1 28 
R3+ 

Example 5 COOH H water-soluble RuC13  A 14 5 70 
Example 6 COOH H water-soluble RhC13  A 8 5 40 
Comparative COOH H water-soluble HgSO4  A 5 5 25 
Example 2 
Example 7 COOH H water-soluble pincer A 15 5 78 

Example 8 COOH H water-soluble pincer A 11 5 57 
R3+ 

Example 9 CH3  H water-soluble RuC13  A 7 5 35 
Comparative CH3  H water-soluble HgSO4  A 5 
Example 3 
Example 10 CH3  H water-soluble pincer A 6 5 28 

Example 11 CH3  H water-soluble pincer A 1 5 4 
R3+ 

Example 12 CH3  C2H5  water-insoluble RuC13  C 1 5 5 
Example 13 CH3  C2H5  water-insoluble RhC13  C 8 5 40 
Comparative CH3  C2H5  water-insoluble HgSO4  C 5 
Example 4 
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24 
TABLE 1-continued 

Yield 
R1 	R2 	 Cat 	Path TON mol % (%) 

Example 14 CH3 	C2H5  water-insoluble pincer 	C 	8 	5 	40 
R3+ 

Example 15 CH3 	C2H5  water-insoluble pincer 	C 	4 	5 	20 
R3+ 

In Table 1, "Cat" represents a compound used as a catalyst 
(the metal salt, the transition metal complex, or HgSO4), 
"TON" represents a turnover number of the catalyst, "mol W,  
represents mol % of the catalyst with respect to the acetylene-
carboxylic acids, and "Yield (%)" represents an yield of keto 
acids produced from the acetylene-carboxylic acids. Further, 

—" in Table 1 shows that the reaction did not proceed. 
The keto-acid yields of Examples 1 to 4 were 4.8 to 12 

times higher than that in using mercury sulfate, i.e., a typical 
mercury catalyst for hydration. In this way, it was confirmed 
that the catalysts used in Examples have much higher cata-
lytic activity. Particularly, the yields in using ruthenium 
trichloride and di[triaqua {2.6-di(phenylthiomethyl) pyri-
dine} ruthenium (III) 3-sulphate were respectively 12 times 
and 9.5 times higher than those in Comparative Examples. In 
this way, it was confirmed that these compounds have 
extremely high catalytic activities. 

The turnover numbers of the catalysts in Examples were 
4.8 to 12 times higher than those in Comparative Examples. 
In this way, it was confirmed that the catalysts used in 
Examples have much higher turnover numbers and hence are 
excellent as catalysts. Particularly, turnover numbers of 
ruthenium trichloride and di[triaqua {2.6-di(phenylthiom-
ethyl) pyridine} ruthenium (III) 3-sulphate are respectively 
12 times and 9.5 times higher than those in Comparative 
Examples. In this way, it was confirmed that the compounds 
are extremely excellent as a catalyst. 

Further, comparison between the results of Examples 5 to 
8 and the results of Comparative Example 2, comparison 
between the results of Examples 9 to 11 and the results of 
Comparative Example 3, and comparison between the results 
of Examples 12 to 15 and the results of Comparative Example 
4 show that the results of Examples were favorable and hence 
the method according to the present invention for synthesis of 
keto acids is excellent. 

Example 21 

0.1 mmol of water-soluble acetylene carboxylic acids 
whose R' and R2  are H in FIG. 1(a) was mixed with 2 mL of 
aqueous solution containing 1.0 µcool of ruthenium trichlo-
ride, and the mixture was reacted at the pH 1.3 at 100° C. 
under argon atmosphere for 12 hours. The resulting reaction 
mixture was condensed to give a product. The product was 
analyzed by 'H NMR. 

Example 22 

0.1 mmol of water-soluble acetylene carboxylic acids 
whose R' and R2  are H in FIG. 1(a) was mixed with 2 mL of 
aqueous solution containing 1.0 µcool of rhodium trichloride, 
and the mixture was reacted at the pH 1.3 at 100° C. under 
argon atmosphere for 12 hours. The resulting reaction mix-
ture was condensed to give a product. The product was ana-
lyzed by 'H NMR. 

Example 23 

0.1 mmol of water-soluble acetylene carboxylic acids 
whose R' and R2  are H in FIG. 1(a) was mixed with 2 mL of 

10 
aqueous solution containing 1.0 µcool of iridium trichloride, 
and the mixture was reacted at the pH 1.3 at 100° C. under 
argon atmosphere for 12 hours. The resulting reaction mix-
ture was condensed to give a product. The product was ana- 

15  lyzed by 'H NMR. 

Comparative Example 5 

The same operation as in Examples 21 to 23 except that 
20  HgSO4  was used as a catalyst. 

Example 24 

0.1 mmol of water-soluble acetylene dicarboxylic acids 
25 

whose R' is CH3  and R2  is H in FIG. 1(a) was mixed with 2 
mL of aqueous solution containing 1.0 µcool of ruthenium 
trichloride, and the mixture was reacted at the pH 1.3 at 100° 
C. under argon atmosphere for 24 hours. The resulting reac- 

30  tion mixture was condensed to give a product. The product 
was analyzed by 'H NMR. 

Example 25 

35 	0.1 mmol of water-soluble acetylene dicarboxylic acids 
whose R' is CH3  and R2  is H in FIG. 1(a) was mixed with 2 
mL of aqueous solution containing 1.0 µcool of rhodium 
trichloride, and the mixture was reacted at the pH 1.3 at 100° 
C. under argon atmosphere for 24 hours. The resulting reac- 

40 tion mixture was condensed to give a product. The product 
was analyzed by 'H NMR. 

Example 26 

45 	0.1 mmol of water-soluble acetylene dicarboxylic acids 
whose R' is CH3  and R2  is H in FIG. 1(a) was mixed with 2 
mL of aqueous solution containing 1.0 µcool of iridium 
trichloride, and the mixture was reacted at the pH 1.3 at 100° 
C. under argon atmosphere for 24 hours. The resulting reac- 

50 tion mixture was condensed to give a product. The product 
was analyzed by 'H NMR. 

Comparative Example 6 

55 	
The same operation as in Examples 24 to 26 except that 

HgSO4  was used as a catalyst. 

Example 27 

60 

0.1 mmol of water-soluble acetylene dicarboxylic acids 
whose R' is C6H5  and R2  is H in FIG. 1(a) was mixed with 2 
mL of aqueous solution containing 1.0 µcool of ruthenium 
trichloride, and the mixture was reacted at the pH 4.5 at 100° 

65 C. under argon atmosphere for 24 hours. The resulting reac-
tion mixture was condensed to give a product. The product 
was analyzed by 'H NMR. 
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Comparative Example 7 

The same operation as in Example 27 except that HgSO4  
was used as a catalyst. 

Example 28 

0.1 mmol of water-soluble acetylene dicarboxylic acids 
whose R' is COOH and R2  is H in FIG. 1(a) was mixed with 
2 mL of aqueous solution containing 1.0 µcool of ruthenium 
trichloride, and the mixture was reacted at the pH 1.3 at 100° 
C. under argon atmosphere for 12 hours. The resulting reac-
tion mixture was condensed to give a product. The product 
was analyzed by 'H NMR. 

Example 29 

0.1 mmol of water-soluble acetylene dicarboxylic acids 
whose Ri  is C3H7  and R2  is H in FIG. 1(a) was mixed with 2 
mL of aqueous solution containing 1.0 µcool of ruthenium 
trichloride, and the mixture was reacted at the pH 3.5 at 100° 
C. under argon atmosphere for 12 hours. The resulting reac-
tion mixture was condensed to give a product. The product 
was analyzed by 'H NMR. 
[Results of Examples 21 to 29 and Comparative Examples 5 
to 7] 

Table 2 shows the results. See Table 2 in the same manner 
as in Table 1. 

TABLE 2 

Comparative Example 7 using mercury sulfate resulted in 
formation of no keto acids, but Example 27 resulted in for-
mation of keto acids. Thus, it was confirmed that the catalyst 
(ruthenium trichloride) used in Example 27 is much more 

5  excellent as a catalyst than mercury sulfate. 
Also Examples 28 and 29 resulted in formation of keto 

acids. 
Note that, Examples 21 and Example 1 are different only in 

a reaction temperature, i.e., whether the reaction temperature 
is 100° C. or 80° C. Comparison between Example 21 and 

10 
Example 1 in the keto-acid yield and turnover number shows 
that the keto-acid yield and turnover number are increased by 
changing the reaction temperature from 80° C. to 100° C. On 
the other hand, Example 24 and Example 9 were different 
from each other not only in the reaction temperature (100° C. 

15  or 80° C.) but also in a ratio of acetylene-carboxylic acids and 
catalyst. However, although the catalyst ratio was 1/5, the 
keto-acid yield and turnover number in Example 24 was 
about 1.5 times higher than those in Example 9. Note that, 
each of the catalysts used in Examples 1, 21, 24, and 9 was 

20 ruthenium trichloride. This shows that 100° C. is more pref-
erable than 80° C. as the reaction temperature in the hydration 
of acetylene-carboxylic acids with ruthenium trichloride used 
as a catalyst. 

25 	 Example 30 

0.1 mmol of water-insoluble acetylene dicarboxylate ester 
whose R' is H and R2  is C2H5  in FIG. 1(b) was mixed with 2 

R1  R2  Cat Path TON mol % 
Yield 
(%) 

Example 21 H H 	water-soluble RuC13  A 90 1 90 
Example 22 H H 	water-soluble RhC13  A 19 1 19 
Example 23 H H 	water-soluble IrCl3  A 29 1 29 
Comparative H H 	water-soluble HgSO4  A 7 1 7 
Example 5 
Example 24 CH3  H 	water-soluble RuC13  A 51 1 51 
Example 25 CH3  H 	water-soluble RhC13  A 8 1 8 
Example 26 CH3  H 	water-soluble IrCl3  A 2 1 2 
Comparative CH3  H 	water-soluble HgSO4  A 1 
Example 6 
Example 27 C6H5  H 	water-soluble RuC13  A 15 1 15 
Comparative C6H5  C2H5 	water-soluble HgSO4  A 1 
Example 7 
Example 28 COOH C2H5 	water-soluble RuC13  A 64 1 64 
Example 29 C3H7  C2H5 	water-soluble RuC13  A 24 1 24 

The yields and turnover numbers of the keto acids of 
Examples 21 to 23 were 2.7 to 13 times higher than that in 
Comparative Example 5 using mercury sulfate. In this way, it 
was confirmed that the catalysts (ruthenium trichloride, 
rhodium trichloride, and iridium trichloride) used in 
Examples have much higher catalytic activities than that of 
mercury sulfate. Particularly, the yield and turnover number 
in using ruthenium trichloride as a catalyst was 13 times 
higher than that in Comparative Example 5. In this way, it was 
confirmed that ruthenium trichloride is a particularly excel-
lent catalyst in the reactions of Examples. 

Comparative Example 6 using mercury sulfate resulted in 
formation of no keto acids, but Examples 24 to 26 resulted in 
formation of keto acids. Thus, it was confirmed that the cata-
lysts (ruthenium trichloride, rhodium trichloride, and iridium 
trichloride) used in Examples are much more excellent than 
mercury sulfate. Particularly, in Example 24 using ruthenium 
trichloride, keto acids were formed at such an extremely high 
yield as 51%. In this way, it was confirmed that ruthenium 
trichloride is a particularly excellent catalyst in the reactions 
of Examples. 

mL of acetic acid buffer aqueous solution containing 1.0 µcool 
of ruthenium trichloride, and the mixture was reacted at the 

50 pH 4.0 at 80° C. under argon atmosphere for 12 hours. The 
resulting reaction mixture was extracted and condensed with 
chloroform to give a product. The product was analyzed by 
'H NMR. 

Example 31 
55 

0.1 mmol of water-insoluble acetylene dicarboxylate ester 
whose R' is H and R2  is C2H5  in FIG. 1(b) was mixed with 2 
mL of acetic acid buffer aqueous solution containing 1.0 µcool 
of rhodium trichloride, and the mixture was reacted at the pH 

60 4.0 at 80° C. under argon atmosphere for 12 hours. The 
resulting reaction mixture was extracted and condensed with 
chloroform to give a product. The product was analyzed by 
'H NMR. 

Example 32 
65 

0.1 mmol of water-insoluble acetylene dicarboxylate ester 
whose R' is H and R2  is C2H5  in FIG. 1(b) was mixed with 2 
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mL of acetic acid buffer aqueous solution containing 1.0ltmol 
of iridium trichloride, and the mixture was reacted at the pH 
4.0 at 80° C. under argon atmosphere for 12 hours. The 
resulting reaction mixture was extracted and condensed with 
chloroform to give a product. The product was analyzed by 5  
'HNMR. 

Comparative Example 8 

The same operation as in Examples 30 to 32 except that 10 

HgSO4  was used as a catalyst. 

Example 33 

0.1 mmol of water-insoluble acetylene dicarboxylate ester 15 

whose R' is CH3  and R2  is C2H5  in FIG. 1(b) was mixed with 
2 mL of acetic acid buffer aqueous solution containing 1.0 
µcool of rhodium trichloride, and the mixture was reacted at 
the pH 4.0 at 80°C. under argon atmosphere for 12 hours. The 

28 
Example 36 

0.1 mmol of water-insoluble acetylene dicarboxylate ester 
whose R' is C4H9  and R2  is C2H5  in FIG. 1(b) was mixed with 
2 mL of acetic acid buffer aqueous solution containing 10 
µcool of iridium trichloride, and the mixture was reacted at the 
pH 4.0 at 80° C. under argon atmosphere for 12 hours. The 
resulting reaction mixture was extracted and condensed with 
chloroform to give a product. The product was analyzed by 
'H NMR. 

Comparative Example 10 

The same operation as in Examples 35 to 36 except that 
HgSO4  was used as a catalyst. 
[Results of Examples 30 to 36 and Comparative Examples 8 
to 10] 

Table 3 shows the results. See Table 3 in the same manner 
as in Table 1. 

TABLE 3 

R1 	R2 	 Cat 	Path TON mol % Yield (%) 

Example 30 H C2H5 	water-insoluble 	RuC13  C 3.4 1 3.4 
Example 31 H C2H5 	water-insoluble 	RhC13  C 2.3 1 2.3 
Example 32 H C2H5 	water-insoluble 	IrCl3  C 4.9 1 4.9 
Comparative H C2H5  water-insoluble 	HgSO4  C 2.0 1 2.0 
Example 8 
Example 33 CH3  C2H5 	water-insoluble 	RhC13  C 12 1 12 
Example 34 CH3  C2H5 	water-insoluble 	IrCl3  C 71 1 71 
Comparative CH3  C2H5  water-insoluble 	HgSO4  C 7 1 7 
Example 9 
Example 35 C4H, C2H5 	water-insoluble 	RhC13  C 1.1 10 11 
Example 36 C4H, C2H5 	water-insoluble 	IrCl3  C 2.1 10 21 
Comparative C4H, C2H5  water-insoluble 	HgSO4  C 1.2 10 12 
Example 10 

resulting reaction mixture was extracted and condensed with 
chloroform to give a product. The product was analyzed by 
'H NMR. 

Example 34 

0.1 mmol of water-insoluble acetylene dicarboxylate ester 
whose R' is CH3  and R2  is C2H5  in FIG. 1(b) was mixed with 
2 mL of acetic acid buffer aqueous solution containing 1.0 
µcool of iridium trichloride, and the mixture was reacted at the 
pH 4.0 at 80° C. under argon atmosphere for 12 hours. The 
resulting reaction mixture was extracted and condensed with 
chloroform to give a product. The product was analyzed by 
'H NMR. 

Comparative Example 9 

The same operation as in Examples 33 to 34 except that 
HgSO4  was used as a catalyst. 

Example 35 

0.1 mmol of water-insoluble acetylene dicarboxylate ester 
whose Ri  is C4H9  and R2  is C2H5  in FIG. 1(b) was mixed with 
2 mL of acetic acid buffer aqueous solution containing 10 
µcool of rhodium trichloride, and the mixture was reacted at 
the pH 4.0 at 80° C. under argon atmosphere for 12 hours. The 
resulting reaction mixture was extracted and condensed with 
chloroform to give a product. The product was analyzed by 
'H NMR. 

The keto-acid ester yields and turnover numbers in 
Examples 30 to 32 were equal to or higher than that in Com-
parative Example 8 using mercury sulfate. This shows that the 

40 present invention allows for synthesis of keto acids by hydra-
tion of an acetylene compound under mild conditions free 
from any harmful mercury catalysts. 

The keto-acid ester yields and turnover numbers in 
Examples 33 to 34 were higher than Comparative Example 9 

45 using mercury sulfate. This shows that the catalysts (ruthe-
nium trichloride, rhodium trichloride, and iridium trichlo-
ride) used in Examples are much more excellent than mercury 
sulfate. Particularly, in Example 34 using rhodium trichlo-
ride, keto acids were formed at such an extremely high yield 

5o as 71%. Inthis way, itwas confirmed thatrhodiumtrichloride 
is a particularly excellent catalyst in the reactions of 
Examples. 

The keto-acid ester yields and turnover numbers in 
Examples 35 to 36 were equal to or higher than Comparative 

55 Example 10 using mercury sulfate. This shows that the 
present invention allows for synthesis of keto acids by hydra-
tion of an acetylene compound under mild conditions free 
from any harmful mercury catalyst. 
<2. Synthesis of Amino Acid and Amino Acid Derivative> 

60 Reductive amination of keto acids was performed in the 
presence of a transition metal complex to synthesize amino 
acids. Each of FIG. 2(a) and FIG. 2(b) shows a reaction 
formula of the reductive amination. Note that, when reductive 
amination of a-keto acids was performed, a-amino acids and 

65 a-hydroxy-carboxylic acids were synthesized (FIG. 2(a)), 
and when reductive amination of (3-keto acids was performed, 
n-amino acids and (3-hydroxy-carboxylic acids were synthe- 
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sized (FIG. 2(b)). For convenience in descriptions, a reaction 
path shown in FIG. 2(a) is referred to as "Path B" and a 
reaction path shown in FIG. 2(b) is referred to as "Path D". 

Referential Example 1 

0.16 mmol of pyruvic acid whose R' is CH3 and R2 is H in 
FIG. 2(a) and 3.2 mmol of formate ammonium were poured 
into 3 mL of water so as to have the pH 4.5. 0.2 µcool of 
(rf-tetramethylcyclopentadienyl) rhodium (III) (2,2'-bipy-
ridyl) aqua complex was added to the pyruvic acid aqueous 
solution, and the resulting mixture was reacted at 80° C. under 
argon atmosphere for an hour. After completion of the reac-
tion, the resulting product was analyzed by 'H NMR. In 
isolation of the product, the reaction solution was condensed, 
and the condensed residue was dissolved in water, and the 
resulting water was made to pass through a cation exchange 
resin (DOWEX 50W-X2). After flowing 50 mL of water, 200 

30 
tetramethylcyclopentadienyl) rhodium (III) (2,2'-bipyridyl) 
aqua complex and 0.2 µcool of ethyl acetoacetate whose R' is 
CH3 and R2 is C2H5 in FIG. 2(b) were poured into the pre-
pared formate ammonium aqueous solution, and the resulting 

5 
mixture was reacted at 80° C. under argon atmosphere for an 
hour. After completion of the reaction, the pH of the reaction 
solution was adjusted to 9.0. Thereafter, extraction and con-
densation were performed with dichloromethane or diethyl 

10 ether to give a product. The resulting product was analyzed by 
'H NMR. In isolation of the product, the reaction solution was 
condensed, and the condensed residue was dissolved in water, 
and the resulting water was made to pass through a cation 

15 exchange resin (DOWEX 50W-X2). After flowing 50 mL of 
water, 200 mL of 0.1 M aqueous ammonia was flown, and the 
solution was condensed to give 3-aminobutanate ethyl. 
[Results of Referential Examples 1 to 4] 

TABLE 4 

R1 R2 Cat Path TON mol % 
Yield 

(%) 

Referential CH3 H 	water-soluble Cp*Rhiu(bpy)(OH2) B 750 0.13 94 
Example 1 
Referential C6H4(OH) H 	water-soluble Cp*Rhiu(bpy)(OH2) B 350 0.13 44 
Example 2 
Referential (CH2)2COOH H 	water-soluble Cp*Rhiu(bpy)(OH2) B 300 0.13 38 
Example 3 
Referential CH3 C2H5 	water-insoluble Cp*Rhiu(bpy)(OH2) D 70 1 70 
Example 4 

mL of 0.1 M aqueous ammonia was flown, and the solution 
was condensed to give a product (alanine). 

Referential Example 2 

0.16 mmol of 4-hydroxy pyruvic acid whose R' is C6H4 
(OH) and R2 is H in FIG. 2(a) and 3.2 mmol of formate 
ammonium were poured into 3 mL of water so as to have the 
pH 4.5. 0.2 µcool of (f-tetramethylcyclopentadienyl) 
rhodium (III)(2,2'-bipyridyl) aqua complex was added to the 
pyruvic acid aqueous solution, and the resulting mixture was 
reacted at 80° C. under argon atmosphere for an hour. After 
completion of the reaction, the resulting product was ana-
lyzed by 'H NMR. In isolation of the product, the reaction 
mixture was filtrated to give tyrosine, i.e., a reaction product. 

Referential Example 3 

0.16 mmol of keto glutaric acid whose R' is (CH2)2COOH 
and R2 is H in FIG. 2(a) and 3.2 mmol of formate ammonium 
were poured into 3 mL of water so as to have the pH 4.5. 0.2 
µcool of (rf-tetramethylcyclopentadienyl) rhodium (III)(2,2'-
bipyridyl) aqua complex was added to the pyruvic acid aque-
ous solution, and the resulting mixture was reacted at 80° C. 
under argon atmosphere for an hour. After completion of the 
reaction, the resulting product was analyzed by 'H NMR. In 
isolation of the product, the reaction solution was condensed, 
and the condensed residue was dissolved in water, and the 
resulting water was made to pass through a cation exchange 
resin (DOWEX 50W-X2). After flowing 50 mL of water, 200 
mL of 0.1M aqueous ammonia was flown, and the solution 
was condensed to give glutamic acid. 

Referential Example 4  

In Table 4, "mol %" represents mol % of each catalyst with 
respect to the keto acids, and `Field (%)" represents an yield 
of amino acids produced from the keto acids. Other items are 

35 the same as in Table 1. 
Table 4 shows that amino acids can be efficiently synthe-

sized by reductive amination of keto acids in the presence of 
a transition metal complex ((f-tetramethylcyclopentadi-
enyl) rhodium (III)(2,2'-bipyridyl) aqua complex). Also, 

4o Table 4 shows that amino acids can be synthesized regardless 
of whether the keto acids are water-soluble keto acids (Ref-
erential Examples 1 to 3) or water-insoluble keto-acid ester 
(Referential Example 4). 

Further, the turnover number of the catalyst was high, 
45 which shows that the method in Referential Examples is 

extremely excellent. Particularly in case of Referential 
Example 1, the resulting amino acids were formed at such an 
extremely high yield as 94%. In this way, the method is 
excellent in selectivity with respect to synthesis of amino 
acids. 

50 <3 Method for One-Pot Synthesis of Amino Acids From 
Acetylene-Carboxylic Acids> 

Synthesis of keto acids by the hydration and synthesis of 
amino acids by reductive amination of the keto acids were 
sequentially performed to carry out one-pot synthesis of 

55 amino acids from acetylene-carboxylic acids. Each of FIG. 
3(a) and FIG. 3(b) shows a reaction formula of the reaction. 
Note that, when water-soluble acetylene-carboxylic acids 
were used as starting material, a-keto acids were synthesized 
to finally give a-amino acids (FIG. 3(a)), and when water- 

60 insoluble acetylene-carboxylic acids were used as starting 
material, (3-keto acids were synthesized to finally give 
(3-amino acids (FIG. 3(b)). 

Example 16 
65 

	

3.2 mmol of formate acid ammonium was poured into 3 	5 mmol of water-soluble acetylene-carboxylic acids whose 

	

mL of water so as to have the pH 4.5. 0.2 mmol of (r~s- 	R' and R2 are H in FIG. 3 was poured into 10 mL of water so 
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as to have the pH 2.0.5.0 µcool ofrhodium chloride was added 
to the solution, and the resulting mixture was reacted at 80° C. 
under argon atmosphere. After 36 hours, 10 mmol of formate 
ammonium and 5.0 µcool of aqua(115-tetramethylcyclopenta-
dienyl) rhodium (III)(2,2'-bipyridyl) sulphate were added, 
and the resulting mixture was further reacted for two hours. 
After completion of the reaction, the resulting product was 
analyzed by 'H NMR. 

Example 17 

5 mmol ofwater-soluble acetylene-carboxylic acids whose 
R' and R2 are H in FIG. 3 was poured into 10 mL of water so 
as to have the pH 2.0. 5.0 µcool of ruthenium chloride was 

32 
Example 20 

0.1 mmol of water-insoluble acetylene-dicarboxylic acids 
whose R' is CH3 and R2 is C2H5 in FIG. 3 was poured into 10 

5 mL of water so as to have the pH 2.0. 5.0 µcool of rhodium 
chloride was added to the solution, and the resulting mixture 
was reacted at 80° C. under argon atmosphere. After 12 hours, 
10 mmol of formate ammonium and 1.0 µcool of (rf-tetram-
ethylcyclopentadienyl) rhodium (III) (2,2'-bipyridyl) aqua 

10 complex were added, and the resulting mixture was further 
reacted for two hours. After completion of the reaction, the 
resulting product was analyzed by 'H NMR. 
[Results of Examples 16 to 20] 

Table 5 shows the results. 

TABLE 5 

R1 R2 hydration 

Cat(mol % 

reductive 
amination Path TON 

Yield 
(%) 

Example H H water-soluble RhC13 Cp*Rh' )(bpy)(OH2) A + B 130 13 
16 0.1 0.1 
Example H H water-soluble RuC13 Cp*Rh )(bpy)(OH2) A + B 280 28 
17 0.1 0.1 
Example CH3 H water-soluble RuC13 Cp*Rh' )(bpy)(OH2) A + B 110 11 
18 0.1 0.1 
Example CH3 H water-soluble RuC13 Cp*Rh`(bpy)(OH2) A + B 10 1 
19 0.1 0.1 
Example CH3 C2H5 water-insoluble RhC13 5 Cp*Rh' )(bpy)(OH2) 1 C + D 7 35 
20 

30 

added to the solution, and the resulting mixture was reacted at 
	

In Table 5, a numerical value indicated below each catalyst 
80° C. under argon atmosphere. After 36 hours, 10 mmol of 

	
in "Cat (mol %) represents mol % of the catalyst with respect 

formate ammonium and 5.0 µcool of aqua(r~5-tetramethylcy- 	to acetylene-carboxylic acids, and "Yield (%)" represents an 
clopentadienyl) rhodium (III)(2,2'-bipyridyl) sulphate were 

	yield of amino acids synthesized from acetylene-carboxylic 

added, and the resulting mixture was further reacted for two 35 acids. Other items are the same as in Table 1. 

hours. After completion of the reaction, the resulting product 
	

Table 5 shows that one-pot synthesis of amino acids can be 
was analyzed by 'H NMR. 	 performed by using any one of the water-soluble substances 

(Examples 16 to 19) and the water-insoluble substance (Ex-
40 ample 20). 

Example 18 	
Example 37 

5 mmol ofwater-soluble acetylene-carboxylic acids whose 
R' is CH3 and R2 is H in FIG. 3 was poured into 10 mL of 
water so as to have the pH 2.0.5.0 µcool of ruthenium chloride 
was added to the solution, and the resulting mixture was 
reacted at 80° C. under argon atmosphere. After 36 hours, 10 
mmol of formate ammonium and 5.0 µcool of aqua(rf-tet-
ramethylcyclopentadienyl) rhodium (III)(2,2'-bipyridyl) sul-
phate were added, and the resulting mixture was further 
reacted for two hours. After completion of the reaction, the 
resulting product was analyzed by 'H NMR. 

0.1 mmol of water-soluble acetylene-carboxylic acids 
45 whose R' and R2 are H in FIG. 3 was poured into 2 mL of 

water so as to have the pH 1.3.1.0 µcool of ruthenium chloride 
was added to the solution, and the resulting mixture was 
reacted at 100° C. under argon atmosphere. After 12 hours, 4 
mmol of formate ammonium and 1.0 µcool of aqua(rf-tet- 

50 ramethylcyclopentadienyl) rhodium (III)(2,2'-bipyridyl) sul-
phate were added, and the resulting mixture was further 
reacted at 80° C. for an hour. After completion of the reaction, 
the resulting product was analyzed by 'H NMR. 

Example 19 
	 55 	

Example 38 

5 mmol ofwater-soluble acetylene-carboxylic acids whose 	0.1 mmol of water-soluble acetylene-carboxylic acids 
R' is CH3 and R2 is H in FIG. 3 was poured into 10 mL of 

	
whose R' and R2 are H in FIG. 3 was poured into 2 mL of 

water so as to have the pH 2.0.5.0 µcool of ruthenium chloride 60 water so as to have the pH 1.3.1.0 µcool of ruthenium chloride 
was added to the solution, and the resulting mixture was 	was added to the solution, and the resulting mixture was 
reacted at 80° C. under argon atmosphere. After 36 hours, 10 

	
reacted at 100° C. under argon atmosphere. After 12 hours, 4 

mmol of formate ammonium and 5.0 µcool of (rf-tetrameth- 	mmol of formate ammonium and 0.1 µcool of aqua(rf-tet- 
ylcyclopentadienyl) rhodium (III) (2,2'-bipyridyl) aqua com- 	ramethylcyclopentadienyl) rhodium (III)(2,2'-bipyridyl) sul- 
plex were added, and the resulting mixture was further 65 phate were added, and the resulting mixture was further 
reacted for two hours. After completion of the reaction, the 	reacted at 80° C. for an hour. After completion of the reaction, 
resulting product was analyzed by 'H NMR. 	 the resulting product was analyzed by 'H NMR. 
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Example 39 

0.1 mmol of water-soluble acetylene-carboxylic acids 
whose R' and R2  are H in FIG. 3 was poured into 2 mL of  

tetramethylcyclopentadienyl) rhodium (III)(2,2'-bipyridyl) 
sulphate were added, and the resulting mixture was further 
reacted at 80° C. for an hour. After completion of the reaction, 
the resulting product was analyzed by 'H NMR. 

water so as to have the pH 1.3.1.0 µcool of ruthenium chloride 5 

was added to the solution, and the resulting mixture was Example 43 
reacted at 100° C. under argon atmosphere. After 12 hours, 4 
mmol of formate ammonium and 1.0 µmol of aqua(rf-tet- 0.1 mmol of water-insoluble acetylene-carboxylic acids 
ramethylcyclopentadienyl) iridium (III)(2,2'-bipyridyl) sul- whose R' is CH3  and R2  is C2H5  in FIG. 3 was poured into 2 
fate were added, and the resulting mixture was further reacted to mL of water so as to have the pH 4.0. 1.0 µcool of iridium 
at 80° C. for one hour. After completion of the reaction, the chloride was added to the solution, and the resulting mixture 
resulting product was analyzed by 'H NMR. was reacted at 80° C. under argon atmosphere. After 24 hours, 

4 mmol of formate ammonium and 1.0 µcool of aqua(rf- 
Example 40 tetramethylcyclopentadienyl) iridium (III) (2,2'-bipyridyl) 

15 sulphate were added, and the resulting mixture was further 
0.1 mmol of water-soluble acetylene-carboxylic acids reacted at 80° C. for an hour. After completion of the reaction, 

whose R' is CH3  and R2  is H in FIG. 3 was poured into 2 mL the resulting product was analyzed by 'H NMR. 
of water so as to have the pH 1.3. 1.0 µcool of ruthenium [Results of Examples 37 to 43] 
chloride was added to the solution, and the resulting mixture Table 6 shows the results. See Table 6 in the same manner 
was reacted at 100° C. under argon atmosphere. After 12 as in Table 5. 

TABLE 6 

R1  R2  hydration 

Cat (mol %) 

reductive 
amination Path TON 

Yield 
(%) 

Example H H water-soluble 	RuC13 1 Cp*Rh' )(bpy)(OH2) 1 A + B 77 77 
37 
Example H H water-soluble 	RuC13 1 Cp*Rh )(bpy)(OH2) 1 A + B 60 60 
38 
Example H H water-soluble 	RuC13 1 Cp*Ir5bpy)(OH2) 1 A + B 80 80 
39 
Example CH3  H water-soluble 	RuC13 1 Cp*RIF(bpy)(OH2) 1 A + B 40 40 
40 
Example CH3  H water-soluble 	RuC13 1 Cp*Irui(bpy)(OH2) 1 A + B 36 36 
41 
Example CH3  C2H5  water-insoluble 	IrCl3  1 Cp*Rh )(bpy)(OH2) 1 C + D 12 12 
42 
Example CH3  C2H5  water-insoluble 	IrCl3  1 Cp*Irui(bpy)(OH2) 1 C + D 4.3 4.3 
43 

40 
hours, 4 mmol of formate ammonium and 1.0 µcool of aqua 

	
Table 6 shows that one-pot synthesis of amino acids can be 

(rf-tetramethylcyclopentadienyl) rhodium (III)(2,2'-bipy- 	performed by using any one of the water-soluble substances 
ridyl) sulphate were added, and the resulting mixture was 

	
(Examples 37 to 41) and the water-insoluble substances (Ex- 

further reacted at 80° C. for an hour. After completion of the 	amples 42 to 43). Particularly in case of Examples 37, 38, and 
reaction, the resulting product was analyzed by 'H NMR. 	45 39, the amino-acid yields (%) and turnover numbers are 

respectively 77, 60, and 80. These are extremely favorable 
Example 41 	 results. 

0.1 mmol of water-soluble acetylene-carboxylic acids 
whose R' is CH3  and R2  is H in FIG. 3 was poured into 2 mL 50 INDUSTRIAL APPLICABILITY 

of water so as to have the pH 1.3. 1.0 µcool of ruthenium 
chloride was added to the solution, and the resulting mixture According to the present invention, keto acids can be easily 
was reacted at 100° C. under argon atmosphere. After 12 synthesized from acethyl-carboxylic acids. Further, amino 
hours, 4 mmol of formate ammonium and 1.0 µcool of aqua acids can be easily synthesized from the keto acids. More- 
(rf-tetramethylcyclopentadienyl) 	iridium 	(III)(2,2'-bipy- 55 over, amino acids can be sequentially synthesized from 
ridyl) sulphate were added, and the resulting mixture was acethyl-carboxylic acids in a single container. The amino 
further reacted at 80° C. for an hour. After completion of the acids are extremely significant in living organisms such as a 
reaction, the resulting product was analyzed by 'H NMR. human. 

Therefore, the present invention is applicable to an industry 
60 

producing amino acids, e.g., a pharmaceutical industry, a 
research reagent industry and a food industry in particular. 

0.1 mmol of water-insoluble acetylene-carboxylic acids  
whose R' is CH3  and R2  is C2H5  in FIG. 3 was poured into 2 
mL of water so as to have the pH 4.0. 1.0 µcool of iridium 
chloride was added to the solution, and the resulting mixture 65 

was reacted at 80° C. under argon atmosphere. After 24 hours, 
4 mmol of formate ammonium and 1.0 µcool of aqua(rf- 

Example 42 

The invention claimed is: 

1. A method for synthesis of keto acids, comprising the step 
of hydrating acetylene-carboxylic acids in the presence of a 
metal salt represented by General Formula (1), 
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General Formula (1) 

[M1X1X2X3] k 	[ZL] 

where M' represents Ru, Rh or Ir, and X', X2, and X3  ligand 
represents halogen, H20, or a solvent molecule, and k repre-
sents a valence of a cation species, andY represents an anion 
species, and L represents a valence of the anion species, and 
each of K and L independently represents 1 or 2, and kxm=Lx 10 

n. 
2. The method as set forth in claim 1, wherein the hydration 

is performed in the presence of an organic solvent which is 
inert in reaction. 

3. The method set forth in claim 1, comprising the step of 15 

hydrating acetylene-carboxylic acids in the presence of the 
metal salt represented by General Formula (1), and at least 
one selected from a group consisting of a transition metal 
complex represented by General Formula (2), a transition 
metal complex represented by General Formula (3), and a 20  
transition metal complex represented by General Formula 
(8), 

General Formula (1) 

[M1X1X2X3] k 	[ZL] 

where M' represents Ru, Rh or Ir, and X', X2, and X3  ligand 
represents halogen, H20, or a solvent molecule, and k repre-
sents a valence of a cation species, andY represents an anion 
species, and L represents a valence of the anion species, and 
each of K and L independently represents 1 or 2, and kxm=Lx 
n, 

General Formula (2) 

k +  X3  

ON 	/ Ri 
 

	

S 	[YG] 

M2  

SC I  x1  X 

RZ  

where each of R' and R2  independently represents a hydrogen 
atom or a Cr  to C6  lower alkyl group, and M2  represents Ru or 
Rh, and X' and X2  ligand represents H20, halogen, a solvent 
molecule, or nitrous ligand, and X3  ligand represents halogen, 
H20, or a solvent molecule, and k represents a valence of a 
cation species, and Y represents an anion species, and L 
represents a valence of the anion species, and each of K and L 
independently represents 1 or 2, and kxm=Lxn, 

General Formula (3) 

k+  

RRZ  

M3XIX2X3  

R4 	R3  

where each of R', R2, R3, R4, and Rs  independently repre-
sents a hydrogen atom or a Cr  to C6  lower alkyl group, and M3  

represents Ru, Rh or Ir, and each of X' and X2  represents 
nitrous ligand, and X3  represents a hydrogen atom, a carboxy-
lic acid residue, or H2O, and X' and X2  maybe bonded to each 
other, and k represents a valence of a cation species, and Y 
represents an anion species, and L represents a valence of the 
anion species, and each of K and L independently represents 
1 or 2, and kxm=Lxn, 

General Formula (8) 

K  

R1 	1  
RZ 	 R6  

MX IX2X3 	[YL  ]„ 

Rs 	 Rs 

R4  

where each of R', R2, R3, R4, Rs  and R6  independently rep-
resents a hydrogen atom or a Cr  to C6  lower alkyl group, and 
M represents Ru, and each of X', X2  and X3  represents halo-
gen, H20, or a solvent molecule, and k represents a valence of 
a cation species, and Y represents an anion species, and L 
represents a valence of the anion species, and each of K and L 
independently represents 1 or 2, and kxm=Lxn. 

4. The method as set forth in claim 3, wherein the hydration 
is performed in the presence of an organic solvent which is 
inert in reaction. 

5. A method for synthesis of amino acids, comprising the 
steps of: 

hydrating acetylene-carboxylic acids in the presence of a 
metal salt whose central metal element is Ru and which 
is represented by General Formula (1); and 

adding a transition metal complex whose central metal 
element is Ru and which is represented by General For-
mula (3) and a hydrogen and nitrogen atom donor to a 
reaction system of the hydrated acetylene-carboxylic 
acids so as to cause a reaction thereof, 

25 

30 

35 

40 

General Formula (1) 
45 	

[M1X1X2X3 ] m 	[ZL],z 

where M' represents Ru, Rh or Ir, and X' and X2  ligand 
represents halogen, H20, or a solvent molecule, and k repre- 

50 sents a valence of a cation species, andY represents an anion 
species, and L represents a valence of the anion species, and 
each of K and L independently represents 1 or 2, and kxm=Lx 
n, 

55 
General Formula (3) 

k+ 
R 

60 
	 RS 	 R2  

M3X1X2X3 	[YG]„ 

R4 	R3  

65 

where each of R', R2, R3, R4, and Rs  independently repre-
sents a hydrogen atom or a Cr  to C6  lower alkyl group, and M3 
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represents Ru, Rh or Ir, and each of X' and X2  represents 
nitrous ligand, and X3  represents a hydrogen atom, a carboxy-
lic acid residue, or H2O, and X' and X2  maybe bonded to each 
other, and k represents a valence of a cation species, and Y 
represents an anion species, and L represents a valence of the 
anion species, and each of K and L independently represents 
1 or 2, and kxm=Lxn. 

6. A method for synthesis of amino acids, comprising the 
steps of: 

hydrating acetylene-carboxylic acids in the presence of a 
metal salt whose central metal element is Ru and which 
is represented by General Formula (1); and 

adding organic ligand respectively represented by General 
Formula (4) and General Formula (5) and a hydrogen 
and nitrogen atom donor to a reaction system of the 
hydrated acetylene-carboxylic acids so as to cause a 
reaction thereof, 

General Formula (1) 

[M 1X'XOX3]
m 	[yL ] 

where M' Ru, Rh or Ir, and X', X2, and X3  ligand represents 
halogen, H20, or a solvent molecule, and k represents a 
valence of a cation species, andY represents an anion species, 
and L represents a valence of the anion species, and each of K 
and L independently represents 1 or 2, and kxm=Lxn, 

38 

General Formula (4) 
R' H 

RS 	 R2  
5 	 O 

R4 	R3  

10 where each of R', R2, R3, R4, and Rs  independently repre-
sents a hydrogen atom or a Cr  to C6  lower alkyl group, 

General Formula (5) 
15 	 R8 	 R' 

R 	 R2  

20 	 R6 	R5 R4 	R3 

where each of R', R2, R3, R4, Rs, R6, R7, and R$  indepen-
dently represents a hydrogen atom or a Cr  to C6  lower alkyl 

25 group. 
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