
DESCRIPTION 

[Title 	of 	Invention] 	Method 	for 	Producing 	Lactic 	Acids 	from 

Carbohydrate-containing Raw Material 

[Technical Field] 

[0001] 

The present invention relates to a method for producing lactic 

acids from a carbohydrate-containing raw material using as a catalyst 

at least one type of compound selected from the group consisting of a 

tin compound, an indium compound, and a rhenium compound. 

[Background Art] 

[0002] 

	

Methods 	for 	producing 	lactic 	acid 	that 	are 	currently 

performed industrially are based on lactic fermentation of saccharides 

(see Patent Literature 1). 	However, such methods are problematic in 

that cellulose should be subjected to a saccharification step using acid, 

an enzyme, or the like so that cellulose can be used as a raw material 

for 	lactic 	fermentation. 	Also, 	in 	general, 	lactic 	acid 	production 

methods 	based 	on 	fermentation 	are 	problematic 	in 	that 	the 	reaction 

rates are low, huge fermentation tanks are required, the concentrations 

of 	the 	thus 	generated 	lactic 	acid 	are 	low, 	and 	the 	resulting 	energy 

consumption 	for 	purification 	is 	high. 	Furthermore, 	the 	solution pH 

decreases 	as 	lactic 	fermentation 	proceeds, 	resulting 	in 	decreased 

lactic 	acid 	bacteria 	fermentation 	efficiency. 	Accordingly, 	lactic 

fermentation is performed while neutralizing the solution with a base. 

Therefore, the product generated by the lactic fermentation methods is 

lactate, lactate is treated with acid to liberate lactic acid from lactate, 



and then the treatment of a neutralization salt resulting therefrom also 

poses significant problems in terms of processes. 

[0003] 

As 	a 	lactic 	acid 	production 	method 	not 	based 	on 	any 

biological 	technique, 	a 	chemical 	method 	is 	known 	that 	involves 

treating 	carbohydrates 	hydrothermally 	in 	the 	presence 	of 	an 	alkali. 

For 	example, 	when 	a 	saccharide 	(see 	Non-Patent 	Literature 	1 	and 

Non-Patent 	Literature 	2), 	cellulose 	(see 	Patent 	Literature 	2 	and 	Non 

Patent Literature 3), or organic waste (see Non-Patent Literature 4) is 

treated 	by the method, 	some 	carbohydrates 	that have been 	degraded 

under 	high-temperature 	and 	high-pressure 	reaction 	conditions 	are 

isomer zed 	to 	generate 	lactic 	acid. 	However, 	the 	method 	is 

problematic 	in 	that 	lactic 	acid 	reacts 	with 	the 	alkali 	added 	as 	a 

catalyst to result in lactate, some inorganic acids must be added to the 

reaction 	solution 	to 	make 	the 	solution acidic 	for separation 	of lactic 

acid as acid, and thus alkali 	and inorganic acid are stoichiometrically 

consumed. 

[0004] 

As a chemical method for producing lactic acid without using 

an 	alkali, 	a 	method 	has 	been 	reported 	that 	involves 	reacting 	starch, 

oligosaccharide, 	or monosaccharide with alcohol using a metal halide 

as 	a 	catalyst, 	so 	as 	to 	convert 	it 	into 	lactic 	acid 	ester 	(see 	Patent 

Literature 	3). 	However, 	as 	a 	result 	of examination 	by 	the 	present 

inventors, 	a 	cellulose-based 	raw 	material 	could 	not 	be 	degraded 	by 

this method 	at less than 200°C, and generation of lactic acid or lactic 

acid ester could not be confirmed. 

[0005] 
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An example has also been reported wherein a cellulose-based 

raw material is directly converted to lactic acid by a chemical reaction 

without 	using 	an 	alkali. 	However, 	the 	method 	requires 	very 

high-temperature 	and 	high-pressure 	(temperature 	of 350°C 	or higher 

and 	less 	than 	400°C, 	and pressure 	of 20 	MPa or more 	to 	35 	MPa) 

reaction conditions, and thus energy consumption is high and the yield 

of lactic acid is 	insufficient (see Patent Literature 4). 

[0006] 

As 	other 	reports 	concerning 	lactic 	acid 	production 	from 	a 

cellulose-based raw material within a single step, an example of usinv, 

a group III metal salt as a catalyst (see Patent Literature 5 	and Patent 

Literature 	6) 	and 	an 	example of using 	a 	rare-earth 	metal 	oxide 	as 	a 

catalyst have been reported (see Patent Literature 7). 	These methods 

exhibit 	high 	lactic 	acid 	yields 	only 	under 	conditions 	of 	a 	relatively 

low 	concentration 	of 	a 	raw 	material. 	A 	production 	method 	that 

exhibits 	a good lactic acid yield with a higher concentration of a raw 

material is desired from a practical standpoint. 

[Prior Art Literature] 

[Patent Literature] 

[0007] 

[Patent Literature 	1] 	JP Patent Publication (Kokai) No. 	6-311886 A 

(1994) 

[Patent Literature 2] JP Patent Publication (Kokai) No. 2005-232116 

A 

[Patent 	Literature 	3] 	JP 	Patent 	Publication 	(Kokai) 	No. 

2004-359660 A 

[Patent 	Literature 	4] 	JP 	Patent 	Publication 	(Kokai) 	No. 
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2004-323403 A 

[Patent Literature 5] JP Patent Publication (Kokai) No. 2008-120796 

A 

[Patent Literature 6] JP Patent Publication (Kokai) No. 2009-263242 

A 

[Patent 	Literature 	7] 	JP 	Patent 	Publication 	(Kokai) 	No. 

2009-263241A 

[Non Patent Literature) 

[0008] 

[Non 	Patent 	Literature 	1] 	Byung 	Y.Y. 	and 	Montgomery 	R., 

Carbohydrate Research, Vol. 280 (1996) p.27-45 

[Non 	Patent 	Literature 	2] 	Byung 	Y.Y. 	and 	Montgomery 	R., 

Carbohydrate Research, Vol.280 (1996) p.47-57 

[Non Patent Literature 3] Niemelae K. and Sjoestroem E., Biomass, 

II 	(1986) p.215-221 

[Non Patent Literature4]Armando T.Q. et al., Journal of Hazardous 

Materials, B93 (2002) 

[Summary] 

[Technical Problem] 

[0009] 

An object of the present disclosure is to provide an alternative 

method 	fo'r 	efficiently 	producing 	lactic 	acids 	from 	a 

carbohydrate-containing raw material. 

[Solution to Problem] 

[0010] 

As a result of intensive studies to achieve the above object, 

the present inventors have found that lactic acids (lactic acid and/or 
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lactic 	acid 	ester) 	can 	be 	efficiently 	produced 	from 	a 

carbohydrate-containing raw material 	using 	as a 	catalyst at least 	one 

type 	of 	compound 	selected 	from 	the 	group 	consisting 	of 	a 	tin 

compound, an indium compound, and a rhenium compound, even when 

a 	small 	amount 	of the 	catalyst 	is 	used. 	Also, 	the 	present 	inventors 

have 	found 	that 	lactic 	acids 	(lactic 	acid 	and/or 	lactic 	acid 	ester) 	can 

be 	efficiently produced 	from 	a 	carbohydrate-containing 	raw 	material 

using 	at 	least 	one 	type 	of 	compound 	selected 	from 	the 	group 

consisting 	of a 	tin 	compound, 	an 	indium 	compound, 	and 	a 	rhenium 

compound and at least one type of compound selected from the group 

consisting 	of 	a 	first 	transition 	series 	metal 	compound, 	a 	lithium 

compound, 	a magnesium 	compound, 	an 	alkali 	metal 	salt, an 	alkaline 

earth 	metal 	salt, 	a 	quaternary 	ammonium 	salt, 	and 	a 	quaternary 

phosphonium salt, in combination as a catalyst. 	They have completed 

the present disclosure based on these findings. 

[0010a] 

In a first aspect, there is provided a method for producing lactic acid and/or lactic acid ester 

by heat treatment on a carbohydrate-containing raw material in a solvent containing a catalyst, 

wherein the catalyst is tin or organic tin perfluoroalkylsulfonate, and the solvent contains water and/or 

alcohol. 

[0011] 

Specifically, the present invention encompasses the following 

[1] 	to 	[9]. 

[0012] 

[1] 	A 	method 	for 	producing 	lactic 	acid 	and/or 	lactic 	acid 	ester 	by 

heat treatment on a carbohydrate-containing raw material in a solvent 

containing a catalyst, wherein: 

	

the 	catalyst 	is 	at 	least 	one 	type 	of 	compound 	selected 	from 	the 

	

group 	consisting 	of 	a 	tin 	compound, 	an 	indium 	compound, 	and 	a 

rhenium compound; and 

the solvent contains water and/or alcohol. 

[0013] 
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[2] The 	method 	for 	producing 	lactic 	acid/lactic 	acid 	ester 	of 	[I], 

wherein 	the 	solvent 	further 	contains 	at 	least 	one 	type 	of compound 

selected 	from 	the 	group 	consisting 	of a 	first 	transition 	series 	metal 

compound, 	a 	lithium 	compound, 	a 	magnesium 	compound, 	an 	alkali 

metal 	salt, 	an alkaline 	earth metal 	salt, 	a quaternary 	ammonium 	salt, 

and a quaternary phosphonium salt. 

[0014] 

[3] The method for producing lactic ac &lactic acid ester of [1] 	or 

[2], 	wherein 	t 	least one type 	of compound selected 	from 	the 	group 

consisting 	of a 	tin compound, 	an 	indium 	compound, 	and 	a 	rhenium 

compound and at least one type of compound selected from the group 

consisting 	of 	a 	first 	transition 	series 	metal 	compound, 	a 	lithium 

compound, 	a magnesium 	compound, 	an 	alkali 	metal 	salt, 	an 	alkaline 

earth 	metal 	salt, 	a 	quaternary 	ammonium 	salt, 	and 	a 	quaternary 

phosphonium salt form an ate complex. 

[0015] 

[4] The method for producing lactic acid/lactic acid ester of any one 

of 	[1] 	to 	[3], 	wherein 	the 	tin 	compound 	is 	selected 	from 	the 	group 

consisting 	of tin 	or organic 	tin 	perfluoroalkylsulfonate 	and 	a 	tin 	or 

organic tin halide. 

[0016] 

[5] The method 	for producing 	lactic acid/lactic acid ester of any one 

of [1] to [4], wherein the indium compound is selected from the group 

consisting of a 	halide salt, 	carboxylate, 	indium 	alkox de, 	and 	indium 

acetylacetate. 

[0017] 

[6] The method for producing lactic acid/lactic acid ester of any one 
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of [1] to [5], wherein the rhenium compound is a compound containing 

a halide or a carbonyl ligand. 

[0018] 

[7] The method 	for producing lactic acid/lactic 	acid 	ester of any 

one 	of [I] 	to 	[6], 	wherein 	the 	solvent 	further 	contains 	a 	phenolic 

compound. 

[0019] 

[8] The method 	for producing lactic acid/lactic 	acid ester of any 

one 	of [I] 	to 	[7], 	wherein 	heat treatment is 	performed 	at 	100°C 	to 

300°C. 

[0020] 

[9] The method 	for producing 	lactic 	acid/lactic acid 	ester of any 

one of [1] to [8], wherein the carbohydrate-containing raw material is 

at 	least 	one 	type 	selected 	from 	the 	group 	of 	cellulose, 	soluble 

polysaccharides, and monosaccharides. 

[0021] 

Furthermore, the present invention encompasses the following 

(I) 	to (5). 

[0022] 

(1) A 	method 	for 	producing 	lactic 	acid 	and/or 	lactic 	acid 	ester, 

comprising performing 	heat 	treatment 	on 	a 	carbohydrate-containing 

raw material in a water- and/or alcohol-containing solvent containing 

at least one type of tin or organic tin perfluoroalkylsulfonate. 

[0023] 

(2) The method of (1), wherein the water- and/or alcohol-containing 

solvent 	further 	contains 	at 	least 	one 	type 	selected 	from 	the 	group 

consisting 	of a 	tin 	or 	organic 	tin 	halide, 	an 	indium 	compound, 	a 
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rhenium 	compound, 	a 	magnesium 	compound, 	and 	a 	first 	transition 

series metal compound. 

[0024] 

(3) The 	method 	of 	(1) 	or 	(2), 	wherein 	perfluoroalkylsulfonate 	is 

trifluoromethanesulfonate. 

[0025] 

(4) The 	method 	of 	any 	one 	of 	(I) 	to 	(3), 	wherein 	the 

carbohydrate-containing raw material contains cellulose. 

[0026] 

(5) The method of any one of (I) to (4), wherein the water- 	and/or 

alcohol-containing solvent further contains a phenolic compound. 

[0027] 

Furthermore, the present invention encompasses the following 

<1> to <6>. 

[0028] 

<1> A method for producing lactic acids, comprising performing heat 

treatment 	on 	a 	carbohydrate-containing 	raw 	material 	in 	a 	solvent 

containing 	water 	and/or 	alcohol, 	wherein 	the 	solvent 	contains 	as 	a 

catalyst 	at 	least 	one type 	of tin-containing 	compound 	selected 	from 

the 	group 	consisting of a tin 	or organic tin halide and tin or organic 

tin 	perfluoroalkylsulfonate, 	and 	as 	a 	promoter 	at 	least 	one 	type 	of 

compound 	selected 	from 	the 	group 	consisting 	of a lithium 	halide, 	a 

magnesium 	halide, 	a 	first 	transition 	series 	metal 	halide, 	and 	a 

quaternary ammonium salt. 

[0029] 

<2> 	The method of <1>, 	wherein the tin or organic tin halide to be 

used as a catalyst is chloride. 

-8- 



[0030] 

<3> The method of <1> or <2>, wherein perfluoroalkylsulfonate to be 

used as a catalyst is trifluoromethanesulfonate. 

[0031] 

<4> The method of any one of <1> to <3>, wherein the lithium halide, 

the magnesium halide, or the first transition series metal halide to be 

used as a promoter is chloride. 

[0032] 

<5> The method of any one of <1> to <3>, wherein the quaternary 

ammonium salt to be used as a promoter is halide. 

[0033] 

<6> The method of any one of <1> to <5>, wherein the heat treatment 

is performed by heating at 100°C to 300°C. 

[0034] 

Furthermore, the present invention encompasses the following 

[1] to 	[3]. 

[0035] 

[I ] 	A 	method 	for producing 	lactic 	acid 	and/or 	lactic 	acid 	ester, 

comprising 	performing 	heat 	treatment 	on 	a 	carbohydrate-containing 

raw material in a water- and/or alcohol-containing solvent containing 

at 	least 	one 	type 	selected 	from 	the 	group 	consisting 	of 	indium 

alkoxide and indium acetylacetonate. 

[0036] 

[2] The method of [1], wherein the water- and/or alcohol-containing 

solvent further contains a phenolic compound. 

[0037] 

[3] The 	method 	of 	[1] 	or 	[2], 	wherein 	the 	heat 	treatment 	is 
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performed by heating at 100°C to 300°C. 

[0038] 

Furthermore, the present invention encompasses the following 

(1) 	to 	{6}. 

[0039] 

(1) 	A method for producing lactic acids, comprising performing heat 

treatment on a carbohydrate-containing raw material in a water- and/or 

alcohol-containing 	solvent 	containing 	at 	least 	one 	type 	of rhenium 

compound. 

[0040] 

{2} The 	method 	of 	{I}, 	wherein 	at 	least 	one 	type 	of 	rhenium 

compound contains a carbonyl ligand. 

[0041] 

{3} The 	method 	of 	(1) 	or 	{2}, 	wherein 	the 	water- 	and/or 

	

alcohol-containing 	solvent 	further 	contains 	at 	least 	one 	type 	of 

compound of a metal other than rhenium. 

[0042] 

{4} The method of (3}, wherein at least one type of compound of a 

metal other than rhenium is selected from the group consisting of a 

magnesium compound and a first transition series metal compound. 

[0043] 

(5) The method of (3) or {4}, wherein the rhenium compound and the 

compound of a metal other than rhenium generate a metal compound 

containing at least two types of metal including rhenium and a metal 

other than rhenium. 

[0044] 

(6} The method of any one of {1} to {5}, wherein the heat treatment 
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is performed by heating at 100°C to 300°C. 

[0045] 

Furthermore, the present invention encompasses the following 

«1»to «9». 

[0046] 

«1» A method for producing lactic acids, comprising performing 

heat treatment on a carbohydrate-containing raw material in a solvent 

containing water and/or alcohol using as catalysts, at least one type of 

metal 	compound 	selected 	from 	the 	group 	consisting 	of an 	indium 

compound, 	a 	gallium 	compound, 	an 	aluminium 	compound, 	a 	tin 

compound, and 	a rhenium compound, 	and at least one type of salt 

selected from the group consisting of an alkali metal salt, an alkaline 

earth 	metal 	salt, 	a 	first 	transition 	series 	metal 	salt, 	a 	quaternary 

ammonium salt, and a quaternary phosphonium salt. 

[0047] 

<<2>> The method for producing lactic acids of «1», wherein at 

least one type of metal compound selected from the group consisting 

of an indium compound, a gallium compound, an aluminium compound, 

a tin compound, and a rhenium compound and at least one type of salt 

selected from the group consisting of an alkali metal salt, an alkaline 

earth 	metal 	salt, 	a 	first 	transition 	series 	metal 	salt, 	a 	quaternary 

ammonium 	salt, 	and 	a 	quaternary 	phosphonium 	salt 	form 	an 	ate 

complex. 

[0048] 

<<3>> The method for producing lactic acids of «1» or <<2>>, 

wherein at least one type of metal compound selected from the group 

consisting of an indium compound, a gallium compound, an aluminium 
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compound, a tin compound, and a rhenium compound is selected from 

the group consisting of a halide salt and carboxylate. 

[0049] 

«4» The method for producing lactic acids of «3», wherein at 

least one type of metal compound selected from the group consisting 

of an indium compound, a gallium compound, an aluminium compound, 

a tin compound, and a rhenium compound is a chloride salt. 

[0050] 

<<5>> The method for producing lactic acids of any one of <<1>> to 

«4», 	wherein 	at 	least one 	type 	of salt 	selected 	from 	the 	group 

consisting of an alkali metal salt, an alkaline earth metal salt, a first 

transition 	series 	metal 	salt, 	a 	quaternary 	ammonium 	salt, 	and 	a 

quaternary phosphonium salt is selected from the group consisting of a 

halide salt, carboxylate, and borate. 

[0051] 

<<6>> The method for producing lactic acids of any one of <<1>> to 

<<5>>, 	comprising 	using 	as 	a 	catalyst 	at 	least 	one 	type 	of tin 	or 

organic tin perfluoroalkylsulfonate. 

[0052] 

«7» The method for producing lactic acids of <<6», wherein the 

perfluoroalkylsulfonate is trifluoromethanesulfonate. 

[0053] 

<<8>> The method 	for producing lactic acids of <<6>> or <<7>>, 

wherein the carbohydrate-containing raw material contains cellulose. 

[0054] 

<<9>> The method for producing lactic acids of any one of <<1>> to 

<<8>>, comprising performing heat treatment at 100°C to 300°C. 

-12- 



[0055] 

	

This 	description 	includes 	part 	or 	all 	of 	the 	contents 	as 

disclosed 	in 	the 	description 	and/or 	drawings 	of 	Japanese 	Patent 

Application 	Nos. 	2010-082834, 	2010-244542, 	2010-082174, 

2010-244406, and 2010-244486 which are priority documents of the 

present application. 

[Advantageous Effects of Invention] 

[0056] 

According to the method of the present invention, lactic acids 

can 	be 	efficiently 	produced 	from 	a 	carbohydrate-containing 	raw 

material such as cellulose using a small amount of a catalyst. 

[Brief Description of Drawings] 

[0057) 

Fig. 	1 	shows 	the 	results 	of ESI/MS 	measurement 	for 	ate 

complexes 	generated 	by rhenium 	carbonyl 	and 	manganese 	chloride 

tetrahydrate. 

Fig. 	2 	shows 	the 	results 	of ESI/MS 	measurement 	for 	ate 

complexes 	generated 	by 	indium 	chloride 	(III) 	tetrahydrate 	and 

bis(triphenylphosphine)iminium chloride. 

[Description of Embodiments] 

[0058] 

According 	to 	the 	present 	invention, 	a 	reaction 	product 

containing 	lactic 	acid 	and/or 	lactic 	acid 	ester 	can 	be 	obtained 	by 

performing heat treatment on a carbohydrate-containing raw material 

in a 	water- and/or alcohol-containing solvent containing at least one 

type 	of 	compound 	selected 	from 	the 	group 	consisting 	of 	a 	tin 

compound, an indium compound, and a rhenium compound functioning 
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as a catalyst. 

[0059] 

Through the use of the method of the present invention, lactic 

acid 	and/or lactic 	acid 	ester can be 	conveniently produced 	with 	high 

efficiency 	from 	a 	carbohydrate 	in 	a 	carbohydrate-containing 	raw 

material, 	such 	as 	a 	polysaccharide 	(e.g., 	cellulose, 	starch, 

oligosaccharide, 	or 	disaccharide) 	or 	a 	monosaccharide 	(e.g., 	glucose 

or fructose), even when a small amount of a catalyst is used. 

[0060] 

A 	reaction 	for 	generation 	of tactic 	acid 	or 	lactic 	acid 	ester 

from a carbohydrate-containing raw material proceeds as follows, 	for 

example, when cellulose is used as a starting material. 

[Chemical formula 1] 

OH 

I  t)".  
\ 	OH 	n 

Cellulose 

1 	oy9 	 0 

H 	 Erythrose 
H-crm-o 0H 0 	IC 	 HO  

eis.,_,Thyytii o 
flaiilytti. o ----°-- 

aloe off 	 * b4 OH 	 0-  \;_iM-H 
Glycolaldehyde 

Glucose 	 H. 

I Ho 	 HO 	 OH 

}1
O  a 

OH H 	,,no 
 

OH 	 0 H HO, ,...r., ,,.[,,. 	„..,„---." 	 Lactic acid 

	

Li tiff 	ori 	o— 	 ci  o-F{ 	 Emb 	.0 	 HO 	 OH 
ci

a.,,,yysp 

OH 
. 	 +CH30 

.Hz0 	0 
OH 	 i 

Isomerization o 
Glyceraldehyde 

Methyl lactate 

OH 	 OH 	 HO 	OH 	 0 
HO Ho ,,..„..m.„,1„.t...„ov.  --'---"- 	H-k-..,-"ya.. HON...„„tv0H 

0 	 Gil 	O. 0 	. 	 0 	- 
OH
C1-61 H 	 0 
Fructose 	 Methyl levulinate 

[0061] 

Cellulose 	is 	solvolysed 	under 	high 	temperature 	and 	high 

pressure 	in 	alcohol 	or 	water, 	so 	as 	to 	generate 	saccharides. 	Under 
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the 	reaction 	conditions, 	the 	thus 	generated 	saccharides 	are 	further 

degraded 	to 	be 	converted 	to 	a 	low-molecular-weight 	compound, 	or 

instead, 	polymerize 	to 	form 	a 	carbonaceous 	high-molecular-weight 

compound. 	Examples 	of the degradation reaction 	include dehydration 

and retro-aldolization. 	5-methoxymethylfurfural is generated through 

dehydration, 	and 	glycolaldehyde 	(diose), 	dihydroxyacetone 	or 

glyceraldehyde (triose), 	and erythritol (tetrose) are generated through 

retro-aldolization. 	Triose among these examples can be converted to 

lactic 	acid 	through 	isomerization. 	Furthermore, 	lactic 	acid 	is 

converted 	to 	lactic 	acid 	ester 	through 	dehydration 	and 	condensation 

reactions with alcohol. 

[0062] 

A carbohydrate-containing raw material that can be used as a 

raw material for the method of the present invention may be any raw 

material 	containing 	carbohydrates. 	Such 	a 	carbohydrate-containing 

raw material may be any carbohydrate such as a 	monosaccharide, 	an 

oligosaccharide (prepared by the binding of 2 to 9 monosaccharides), 

or 	a 	polysaccharide 	(prepared 	by 	the 	binding 	of 	10 	or 	more 

monosaccharides), 	or 	an 	organism-derived 	material 	containing 	the 

same, but the examples 	are not limited thereto. 	As polysaccharides, 

cellulose 	or 	starch, 	oligosaccharides, 	or 	disaccharides 	are 	preferred, 

but 	the 	examples 	are 	not 	limited 	thereto. 	As 	monosaccharides, 

glucose and 	fructose 	are preferred, 	but the examples 	are not 	limited 

thereto. 	Carbohydrate-containing raw materials may be, for example, 

carbohydrates 	including 	hexose 	such 	as 	cellulose, 	holocellulose, 

cellobiose, 	starch 	(e.g., 	soluble 	starch), 	maltose, 	glucose, 	mannose, 

fructose, 	galactose, 	and 	glucose, 	hem cellulose-based 	substances 

-15- 



including pentose such as hem cellulose, xylose, and arabinose, or raw 

materials containing at least one of them, such as lignocellulose-based 

raw 	materials. 	Carbohydrate-containing 	raw 	materials 	may 	also 	be 

biomass materials containing the above-mentioned carbohydrates (e.g., 

cellulose), 	for example, but the examples 	thereof are not particularly 

limited thereto. 	Examples 	of carbohydrate-containing 	raw materials 

include lignocellulose-based biomass materials including waste paper, 

remaining 	materials 	from 	lumber 	sawing, 	agricultural 	waste 	(e.g., 

straw, 	corn 	stober, 	corn 	cob, 	and 	ear 	of 	corn), 	and 	food 	waste 

including 	saccharides 	such 	as 	starch 	and 	glucose. 	A 

carbohydrate-containing raw material to be used in the method of the 

present 	invention 	preferably 	contains 	water 	in 	addition 	to 

carbohydrates such as cellulose. 

[0063] 

In the present invention, examples of "tin compound" include, 

but are not limited to, tin or organic tin perfluoroalkylsulfonate, 	a tin 

or 	organic 	tin 	halide, 	an 	acetylacetone 	compound, 	an 	alkoxide 

compound, a carboxylate compound, a phosphate compound, a sulfate 

compound, and a nitrate compound. 	Preferably, such a tin compound 

is at least one type of compound selected from the group consisting of 

tin 	or 	organic 	tin 	perfluoroalkylsulfonate 	and 	a 	tin 	or 	organic 	tin 

halide. 	In the 	present invention, the term 	"organic 	tin" refers 	to 	tin 

(Sn) in which one or more organic substituents (hydrocarbon groups) 

are 	bound. 	Examples 	of 	a 	substituent 	binding 	to 	a 	tin 	atom 	of 

organic tin that can be used 	in the 	present invention include, but are 

not particularly limited to, a n-butyl group, a t-butyl group, a n-hexyl 

group, 	and 	a 	n-octyl 	group. 	Tin 	or 	organic 	tin 
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perfluoroalkylsulfonate 	may 	be 	a 	tin 	(II) 	salt 	or 	a 	tin 	(IV) 	salt. 

Examples 	of 	"perfluoroalkylsulfonate" 	include, 	but 	are 	not 

particularly 	limited 	to, 	trifluoromethane 	sulfonate, 

pentafluoromethane 	sulfonate, 	heptafluoropropane 	sulfonate, 	and 

nonafluorobutane 	sulfonate. 	In 	the 	present 	invention, 	a 	more 

preferable 	example 	of 	perfluoroalkylsulfonate 	is 	trifluoromethane 

sulfonate (trivial name: 	triflate). 	As tin perfluoroalkylsulfonate, 	for 

example, 	tin 	(II) 	trifluoromethanesulfonate (Sn(OTf)) 	(Tf denotes a 

trifluoromethylsulfonyl 	group 	CF S0 2 -. 	The 	same 	applies 	to 	the 

following) 	can 	be 	particularly 	preferably 	used. 	As 	organic 	tin 

perfluoroalkylsulfonate, 	for 	example, 	dibutyltin 	(II) 

trifluoromethanesulfonate 	can 	be 	particularly 	preferably 	used. 

Examples 	of such 	a "tin 	or organic tin halide" include 	tin or organic 

tin fluoride, chloride, bromide, and iodide. 	Examples of such a tin or 

organic tin halide include, but are not limited to, tin (II) 	chloride and 

di-n-hutyltin (II) chloride. 

[0064] 

Examples 	of 	an 	indium 	compound 	include 	indium 	halides 

(fluoride, chloride, bromide, and iodide), 	an acetylacetone compound, 

an 	alkoxide 	compound, 	a 	carboxylate 	compound, 	a 	phosphate 

compound, a sulfate compound, and a nitrate compound. 	A specific 

example thereof is, but is not limited to, indium bromide (Infdr
3
). 

[0065] 

Examples 	of a 	rhenium 	compound 	include 	rhenium 	halides 

(fluoride, chloride, bromide, and iodide), 	an acetylacetone compound, 

an 	alkoxide 	compound, 	a 	carboxylate 	compound, 	a 	phosphate 

compound, a sulfate compound, a nitrate compound, and a compound 
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containing a carbonyl ligand. 	A specific example of such a rhenium 

compound is, but is not limited to, rhenium carbonyl (Re2
(C0)

10
). 

[0066] 

In one reaction system, one type 	of compound selected 	from 

the group consisting of a tin compound, an indium compound, and a 

rhenium compound may be used and two or more types thereof may be 

used in combination. 

[0067] 

A solvent containing water and/or alcohol 	to be used 	in 	the 

method 	of 	the 	present 	invention 	is 	a 	solution 	containing 	water 	or 

alcohol or a solution containing the two. 	The solvent may be water 

or 	alcohol 	alone, 	a 	mixture 	of 	water 	and 	alcohol, 	or 	a 	solution 

prepared by mixing them with other components such as other organic 

solvents. 	As 	water, 	distilled 	water, 	ion 	exchanged 	water, 	industrial 

water, 	or 	the 	like 	can 	be 	used. 	Alcohol 	to 	be 	used 	herein 	is 	not 

particularly 	limited, 	and 	is 	preferably 	aliphatic 	alcohol 	having 	a 

carbon 	number 	ranging 	from 	I 	to 	8. 	Examples 	thereof 	include 

methanol, 	ethanol, 	propanol, 	isopropanol, 	1-butanol, 	2-butanol, 	and 

ethylene 	glycol. 	Hydrous 	alcohol 	can 	also 	be preferably 	used 	as 	a 

solvent in 	the present invention. 	One, two or more types of alcohol 

may 	be 	contained 	in 	a solvent. 	Also, 	in 	the method 	of the 	present 

invention, water is used as a solvent when lactic acid is produced, and 

a 	solvent 	containing 	alcohol 	is 	used 	when 	lactic 	acid 	ester 	is 

produced. 

[0068] 

The amount of a solvent containing water and/or alcohol to be 

used 	with 	respect 	to 	that of a 	carbohydrate-containing 	raw 	material 
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can be appropriately selected by a person skilled in the art, and is 	not 

particularly 	limited. 	The 	weight 	ratio 	of a 	carbohydrate-containing 

raw material to the amount of such a solvent generally ranges from 	1 	: 

1 	to 	1 	: 	1000 (= raw material 	solvent) and preferably ranges from 	1 	: 

5 	to 	1 	: 	100. 

[0069] 

The 	total 	amount 	of 	a 	compound(s) 	(to 	be 	used 	herein) 

selected 	from 	the 	group 	consisting 	of 	a 	tin 	compound, 	an 	indium 

compound, 	and 	a 	rhenium 	compound 	to 	be 	contained 	in 	a 	solvent 

containing water 	and/or 	alcohol 	is 	not 	limited. 	A compound(s) 	can 

be 	used 	in 	an 	amount 	corresponding 	to 	0.001 	mol 	to 	1.0 	mol, 	and 

preferably 	0.005 	mol 	to 	0.1 	mol, 	such 	as 	0.01 	mol 	to 	0.05 	mol 	(in 

terms 	of mass ratio) 	with respect to 	1 	mot of glucose residue 	in 	the 

carbohydrate-containing 	raw material. 	When 	such 	a 	compound(s) 	is 

used 	in 	an 	excessively 	low 	amount, 	degradation 	of polysaccharides 

such as cellulose proceeds with difficulty, and when the same is used 

in an excessively high amount, the yield of lactic acid or the yield 	of 

lactic 	acid ester 	decreases 	because 	of side reactions. 	Such amounts 

are not preferred. 

[0070] 

	

In the method of the present invention, in addition to 	at 	least 

one 	type 	of compound 	selected 	from 	the 	group 	consisting 	of 	a 	tin 

compound, 	an indium 	compound, 	and 	a 	rhenium 	compound, 	at 	least 

one 	type 	of compound 	selected 	from 	the 	group 	consisting 	of a 	first 

transition 	series 	metal 	compound, 	a lithium 	compound, 	a magnesium 

compound, 	an 	alkali 	metal 	salt, 	an 	alkaline 	earth 	metal 	salt, 	a 

quaternary 	ammonium 	salt, 	and 	a 	quaternary 	phosphonium 	salt 	can 
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also be used as another catalyst in combination. 

[0071] 

Through the combined use of at least one type of compound 

selected 	from 	the 	group 	consisting 	of 	a 	first 	transition 	series 	metal 

compound, 	a 	lithium 	compound, 	a 	magnesium 	compound, 	an 	alkali 

metal 	salt, 	an alkaline earth 	metal 	salt, 	a quaternary ammonium 	salt, 

and 	a quaternary phosphonium salt as 	another catalyst, in addition 	to 

at least one type of compound selected from the group consisting of a 

tin compound, 	an indium compound, and 	a rhenium compound, 	lactic 

acid 	and/or 	lactic 	acid 	ester 	can 	be 	efficiently 	produced 	from 

polysaccharides and monosaccharides. 

[0072] 

Examples 	of first transition 	series 	metal 	compounds 	include 

halides (fluoride, chloride, 	bromide, and iodide) of the first transition 

series 	metals 	(that 	is, 	scandium, 	titanium, 	vanadium, 	chromium, 

manganese, 	iron, 	cobalt, 	nickel, 	copper, 	and 	zinc), 	an 	acetylacetonc 

compound, 	an 	alkoxide 	compound, 	a 	carboxylate 	compound, 	a 

phosphate compound, a sulfate compound, a nitrate compound, a boric 

acid compound, and a phenol compound. 	Examples thereof preferably 

include, 	but 	are 	not 	limited 	to, 	halides 	(particularly, 	chloride), 	a 

carboxylate compound, a boric acid compound, and a phenol compound. 

Specific 	examples 	thereof 	include 	manganese 	chloride 	tetrahydrate, 

manganese 	chloride 	tetrahydrate, 	cobalt 	chloride 	hexahydrate, 	cobalt 

chloride 	hexahydrate, 	nickel 	chloride 	tetrahydrate, 	and 	iron 	(II) 

chloride hexahydrate. 

[0073] 

Examples 	of 	a 	lithium 	compound 	include 	halides 	(fluoride, 
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chloride, 	bromide, 	and 	iodide), 	an 	acetylacetone 	compound, 	an 

alkoxide compound, a carboxylate compound, a phosphate compound, 

a sulfate compound, a nitrate compound, a boric acid compound, and a 

phenol 	compound. 	Preferably 	examples 	thereof include, 	but 	are 	not 

limited to, halides 	(particularly, chloride), a carboxylate compound, a 

boric 	acid 	compound, 	and 	a 	phenol 	compound. 	A specific 	example 

thereof is a lithium chloride. 

[0074] 

Examples 	of 	a 	magnesium 	compound 	include 	magnesium 

halides 	(fluoride, 	chloride, 	bromide, 	and 	iodide), 	an 	acetylacetone 

compound, 	an 	alkoxide 	compound, 	a 	carboxylate 	compound, 	a 

phosphate compound, a sulfate compound, a nitrate compound, a boric 

acid compound, and a phenol compound. 	Preferably examples thereof 

include, 	but 	are 	not 	limited 	to, 	halides 	(particularly, 	chloride), 	a 

carboxylate compound, a boric acid compound, and a phenol compound. 

Specific 	examples 	thereof 	include 	magnesium 	chloride 	tetrahydrate 

(MgCI .41-1 0) and magnesium chloride hexahydrate (MgCl -6H 0). 
2 	2 	 2 	2 

[0075] 

Examples of an alkali metal salt, an alkaline earth metal 	salt, 

and a quaternary phosphonium salt include a halide salt, earboxylate, 

borate, and 	a 	phenyl 	compound. 	Specific examples thereof include, 

but 	are 	not 	limited 	to, 	bis(triphenylphosphine)iminium 	chloride 

([PPN]C1), 	his(triphenylphosphine)iminium 	bromide 	([PPN]Br), 

bi s(tri ph eny 1p ho s ph ine) 	i m in ium 	iodine 	([PPNII), 

his(triphenylphosphine) 	imin um 	carboxylic 	acid 	([PPN]OOCH), 

tetraethylammonium 	chloride 	(Et 
4
NCI), 	triethylamine 	hydrochloride 

(Et 
3 
 NEICI), 	trio ctylmethy l am mon ium 	chloride 	(Oct 

3
NMeC l), 
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triethyl(2-methoxyethoxymethyl)ammonium 	 chloride 

(MeOCH CH OCH NEt Cl), 	1-butyl-3-methylimidazoliumchloride 
2 	2 	2 	3 

([bmim1C1), 	1 -buty1-3 -m ethylimidazoliumacetate 	([bmim]OAc), 

1-butyl-2,3-dimethylimidazolium 	chloride 	([bdmim]C1), 

1-but y1-3-methylimidazoliumtetrafluoroborate 	 ([bmimIBF 
4
), 

tetraphenyl phosphonium chloride (Ph 4
PC1), lithium chloride, 	sodium 

picolinate, and sodiu 	(trihydroxy)phenylborate. 

[0076] 

Examples of a quaternary ammonium salt include, but are not 

particularly 	limited 	to, 	quaternary 	ammonium 	salt 	halides 	(fluoride, 

chloride, 	bromide, 	and 	iodide), 	a 	carboxylic 	acid 	compound, 	a 	boric 

acid 	compound, 	and 	a 	phenol 	compound. 	For 	example, 

bis(triphenylphosphine)iminium chloride, tetrabutylammoniumbromide, 

trioetylmethylammoniumchloride, 	and 	the 	like 	can 	be 	particularly 

preferably used. 

[0077] 

A first 	transition 	series 	metal 	compound 	can 	be 	used 	in 	an 

amount corresponding to 0 mol to 	1.0 mol with respect to 	1.0 mol of 

at least one type of compound selected from the group consisting of a 

tin compound, an indium compound, and a rhenium compound. 	The 

first transition series metal compound is preferably used in an amount 

equivalent 	to 	or 	lower 	than 	that 	of at 	least 	one 	type 	of compound 

selected 	from 	the 	group 	consisting 	of 	a 	tin 	compound, 	an 	indium 

compound, and a rhenium compound. 	The first transition series metal 

compound is further preferably used in an amount ranging from 	0.01 

mol to 0.9 mol (e.g., 0.2 mol to 0.8 mol) with respect to 	1.0 mol of at 

least one type of compound selected from the group consisting of a tin 



compound, an indium compound, and a rhenium compound. 

[0078] 

A lithium compound is used in an amount ranging from 	0.1 

mol 	to 	10.0 	mol 	with 	respect 	to 	1.0 	mol 	of 	at 	least 	one 	type 	of 

compound selected from the group 	consisting of a tin compound, 	an 

indium compound, 	and 	a rhenium 	compound. 	Preferably, 	a 	lithium 

compound is used in an amount equivalent to or higher than that of at 

least one type of compound selected from the group consisting of a tin 

compound, an 	indium compound, and a rhenium compound. 	Further 

preferably, a lithium compound is used in an amount ranging from 	1.0 

mol to 4.0 mol. 

[0079] 

A 	magnesium 	compound 	can 	be 	used 	in 	an 	amount 

corresponding to 0 mol to 	1.0 mol with respect to 	1.0 mol of that of at 

least one type of compound selected from the group consisting of a tin 

compound, 	an 	indium 	compound, 	and 	a 	rhenium 	compound. 	A 

magnesium 	compound 	is 	preferably used 	in 	the 	same 	amount 	as 	or 

lower than 	that 	of at 	least 	one type of compound 	selected 	from 	the 

group 	consisting 	of 	a 	tin 	compound, 	an 	indium 	compound, 	and 	a 

rhenium 	compound. 	A 	magnesium 	compound 	is 	further 	preferably 

used in an amount ranging from 0.01 mol to 0.9 mol (e.g., 0.2 mol to 0. 

8 	mol) 	with 	respect 	to 	1.0 	mol 	of 	that 	of 	at 	least 	one 	type 	of 

compound selected 	from 	the group 	consisting of a tin 	compound, 	an 

indium compound, and a rhenium compound. 

[0080] 

An 	alkali 	metal 	salt, 	an 	alkaline 	earth 	metal 	salt, 	or 	a 

quaternary phosphonium salt can be used in an amount corresponding 
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to 0 mot to 	100 mol with respect to 	1.0 mol of that of at least one type 

of compound selected from the group consisting of a tin compound, an 

indium compound, 	and 	a 	rhenium 	compound. 	An 	alkali 	metal 	salt, 

alkaline 	earth 	metal 	salt, 	or 	quaternary 	phosphonium 	salt 	can 	be 

further preferably used 	in 	an 	amount 	ranging 	from 	0.01 	mol 	to 	10.0 

mol 	(e.g 	0.1 	mol 	to 	1.0 	mol) 	with 	respect 	to 	1.0 	mol 	of that 	of at 

least one type of compound selected from the group consisting of a tin 

compound, an indium compound, and a rhenium compound. 

[0081] 

	

A quaternary 	ammonium 	salt is 	used 	in 	an 	amount 	ranging 

from 	0.1 	mol 	to 	10.0 	mol 	with 	respect to 	1.0 	mol 	of that of at 	least 

one 	type 	of compound 	selected 	from 	the 	group 	consisting 	of 	a 	tin 

compound, 	an 	indium 	compound, 	and 	a 	rhenium 	compound. 	A 

quaternary ammonium salt is preferably used in an amount equivalent 

to or higher than that of at least one type of compound selected from 

the group consisting of a tin compound, an indium compound, and a 

rhenium 	compound. 	A 	quaternary 	ammonium 	salt 	is 	further 

preferably used in an amount ranging from 1.0 mol to 4.0 mol. 

[0082] 

In addition, in the Description, at least one type of compound 

selected 	from the group 	consisting of a lithium halide, 	a magnesium 

halide, 	a 	first 	transition 	series 	metal 	halide, 	and 	a 	quaternary 

ammonium salt may particularly be referred to as "promoter." 	Here, 

the term "promoter" refers 	to, 	in the presence of a tin compound, 	an 

indium compound and/or a rhenium compound, a compound that acts in 

concert 	with 	the 	tin 	compound, 	the 	indium 	compound 	and/or 	the 

rhenium 	compound, 	so 	as 	to 	accelerate 	and/or 	enhance 	degradation 
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reaction 	of polysaccharides 	such 	as 	cellulose 	and 	sugar degradation. 

isomerization reaction. 	Such a promoter itself may be capable of or 

incapable 	of independently 	(that 	is, 	in 	the 	absence 	of tin 	or 	organic 

tin perfluoroalkylsulfonate 	or a tin compound, 	an 	indium 	compound, 

or 	a 	rhenium 	compound) 	catalyzing 	the 	degradation 	reaction 	of 

cellulose 	and 	sugar 	degradation•isomerization 	reaction. 	Therefore, 

examples of such a "promoter" are not limited to 	a lithium halide, 	a 

magnesium 	halide, 	a 	first 	transition 	series 	metal 	halide, 	and 	a 

quaternary 	ammonium 	salt, 	but 	can 	include 	various 	compounds 

described above. 

[0083] 

In the method of the present invention, when at least one type 

of compound selected from the group consisting of a tin compound, an 

indium 	compound, 	and 	a 	rhenium 	compound 	is 	used 	in combination 

with at least one type of compound selected from the group consisting 

of a 	first 	transition 	series 	metal 	compound, 	a 	lithium 	compound, 	a 

magnesium compound, an alkali metal salt, an alkaline earth metal salt, 

a quaternary ammonium salt, and a quaternary phosphonium salt, these 

compounds may bind to each other in a reaction solution so as to form 

one or more types of ate complex. 	The term "ate complex" refers to 

a complex-type metal 	acid 	salt 	generated 	by 	coordination of anionic 

species 	(supplied 	from 	a 	compound 	such 	as 	a 	first 	transition 	series 

metal 	compound, 	a 	lithium 	compound, 	a 	magnesium 	compound, 	an 

alkali metal salt, an alkaline earth metal salt, a quaternary ammonium 

salt, 	or a quaternary phosphonium salt) to a compound having Lewis 

acidity, 	such as 	a tin compound, 	an indium compound, 	or a rhenium 

compound. 
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[0084] 

Through the use of an ate complex as a catalyst, 	retro-aldol 

reaction 	of 	sugar 	can 	be 	selectively 	caused 	to 	proceed 	while 

suppressing cyclization 	of sugar as 	described below. 	Therefore, 	an 

isomerization reaction to result in lactic acids can be more efficiently 

conducted from a carbohydrate-containing raw material. 

[Chemical formula 2] 

Cyclization Air 	
0 	

CHO OH 	 _ , 
, 

HO 	 - 
OH 

OH I 	 OH 	 OH 
OH 	0 

HT: 	----ii 	'''''''''''''OH 	 ",----OH ÷ 	 .---1  
Retro-aldol reaction 	OH! 

0 	OH 	I sornerization 	0 

[0085] 

In the method of the present invention, in addition to at least 

one 	type 	of compound 	selected 	from 	the 	group 	consisting 	of 	a 	tin 

compound, an indium compound, and a rhenium compound and at least 

one 	type 	of compound 	selected 	from 	the 	group 	consisting 	of a 	first 

transition series 	metal compound, 	a lithium compound, 	a magnesium 

compound, 	an 	alkali 	metal 	salt, 	an 	alkaline 	earth 	metal 	salt, 	a 

quaternary 	ammonium 	salt, 	and 	a 	quaternary 	phosphonium 	salt, 	a 

phenolic 	compound can further be added to a solvent and then 	used. 

Examples 	of a 	phenolic 	compound 	include, 	but 	are 	not 	particularly 

limited to catechol, 3-fluorocatechol, 2,2'-biphenol, and 3-qu nolinol. 

The 	amount 	of 	a 	phenolic 	compound 	to 	be 	used 	herein 	can 	be 

appropriately 	regulated 	by 	a 	person 	skilled 	in 	the 	art, 	preferably 

ranging from 0.1 	mol to 	10.0 mol and further preferably ranging from 

1.0 	mol 	to 	4.0 	mol 	with 	respect 	to 	1.0 	mol 	of 	that 	of 	the 	above 
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compound. 

[0086] 

	

In 	the 	method 	of 	the 	present 	invention, 	when 	a 	compound 

comprising 	at 	least one type 	selected 	from the group 	consisting 	of a 

first 	transition 	series 	metal 	compound, 	a 	lithium 	compound, 	a 

magnesium compound, an alkali metal salt, an alkaline earth metal salt, 

a 	quaternary 	ammonium 	salt, 	and 	a 	quaternary 	phosphonium 	salt, 	is 

used 	together 	with 	a 	phenolic 	compound 	and 	the 	like 	in 	a 	solvent 

containing 	water 	and/or 	alcohol 	and 	at 	least 	one 	type 	of compound 

selected 	from 	the 	group 	consisting 	of 	a 	tin 	compound, 	an 	indium 

compound, 	and 	a rhenium 	compound, 	these 	compounds 	may 	also 	be 

added 	to 	a 	solvent 	containing 	water 	and/or 	alcohol 	together 	with 	at 

least one type of compound selected from the group consisting of a tin 

compound, 	an 	indium 	compound, 	and 	a 	rhenium 	compound. 	Heat 

treatment 	conditions 	can 	be 	appropriately 	regulated 	by 	a 	person 

skilled 	in 	the 	art 	depending 	on 	saccharides 	and 	alcohol 	types 

contained 	in 	raw 	materials. 	The 	temperature 	for 	heat 	treatment 

preferably ranges from 	100°C to 300°C, more preferably ranges 	from 

100°C 	to 	250°C. 	For 	example, 	the 	temperature 	preferably 	ranges 

from 150°C to 195°C. 

[0087] 

The 	present 	invention 	is 	hereinafter described 	in 	detail 	with 

specific 	embodiments. 	However, 	the 	technical 	scope 	of the 	present 

invention is not limited to these embodiments.  

[0088] 

(1) 	Method 	using 	tin 	or 	organic 	tin 	perfluoroalkylsulfonate 	as 	a 

catalyst 
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In an embodiment of the present invention, at least one type 

of tin or organic 	tin 	perfluoroalkylsulfonate 	is 	used 	as 	a 	catalyst 	for 

the 	degradation 	reaction 	of 	a 	carbohydrate-containing 	raw 	material 

and 	sugar 	degradation•isomerization 	reaction. 	As 	the 	"tin 	or 	organic 

tin 	perfluoroalkylsulfonate," the 	above 	compound 	can be 	used. 	The 

tin 	or 	organic 	tin 	perfluoroalkylsulfonate 	is 	preferably 

trifluoromethane 	sulfonate 	(trivial 	name: 	triflate). 	As 	the 	tin 

perfluoroalkylsulfonate, 	for 	example, 	tin 	(II) 

trifluoromethanesulfonate 	(Sn(0Tf),) 	(where 	Tf 	denotes 

trifluoromethylsulfonyl 	group 	CF 
3 
 SO 

2
-). 	The 	same 	applies 	to 	the 

following) 	can 	be 	particularly 	preferably 	used. 	As 	the 	organic 	tin 

perfluoroalkylsulfonate, 	for 	example, 	dibutyltin 	(II) 

trifluoromethanesulfonate can be particularly preferably used. 	In one 

reaction system, one type of tin or organic tin perfluoroalkylsulfonate 

may 	be 	used 	and 	two 	or 	more 	types 	thereof 	may 	be 	used 	in 

combination. 

[0089] 

A 	solvent 	containing 	water 	and/or 	alcohol 	and 	the 	amount 

thereof to 	be 	used 	in 	this 	embodiment 	are 	as 	defined 	above. 	In 	this 

embodiment, 	water 	may 	be 	used 	as 	a 	solvent 	when 	lactic 	acid 	is 

produced 	and 	a 	solvent containing 	alcohol 	may be 	used when 	lactic 

acid ester is produced. 

[0090] 

The total amount of tin or organic tin perfluoroalkylsulfonate 

(to 	he 	used 	herein) 	to 	be 	contained 	in 	a 	solvent 	containing 	water 

and/or 	alcohol 	is 	not 	limited. 	A 	compound(s) 	can 	be 	used 	in 	an 

amount corresponding to 0.001 	mol 	to 	1.0 mol, 	and preferably 0.005 
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mol to 0.1 	mot, such as 0.01 mol to 0.05 mol (in 	erms of mass ratio) 

with 	respect 	to 	I 	mot 	of 	glucose 	residue 	in 	the 

carbohydrate-containing raw material. 	When such a compound(s) 	is 

used 	in 	an 	excessively 	low 	amount, 	degradation 	of polysaccharides 

such as cellulose proceeds with difficulty, 	and when the same is used 

in an excessively high amount, the yield of lactic acid or the yield of 

lactic 	acid 	ester 	decreases 	because 	of side 	reactions. 	Such 	amounts 

are not preferred. 

[00911 

At 	least 	one 	type 	of 	compound 	selected 	from 	tin 

perfluoroalkylsulfonate and organic tin perfluoroalkylsulfonate can be 

preferably used as a catalyst for production of lactic acid and/or lactic 

acid ester from polysaccharides.  

[0092] 

In this embodiment, tin or organic tin perfluoroalkylsulfonate 

can also be used in combination with at least one type of compound 

selected 	from 	the 	group 	consisting 	of a tin 	or organic 	tin 	halide, 	an 

indium compound and a rhenium compound as another catalyst. 

[0093] 

In addition to at least one type of compound selected from tin 

perfluoroalkylsulfonate 	and 	organic 	tin 	perfluoroalkylsulfonate, 	at 

least one type of compound selected from the group consisting of a tin 

or organic tin halide, an indium compound, and a rhenium compound 

can 	be 	used 	as 	another 	catalyst 	in 	combination. 	Thus, 	lactic 	acid 

and/or 	lactic 	acid 	ester 	can 	be 	efficiently 	produced 	from 

polysaccharides and monosaccharides. 

[0094] 
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As "tin or organic tin halides," the above compounds can be 

used. 	Examples 	thereof 	include, 	but 	are 	not 	limited 	to, 	tin 	(II) 

chloride and di-n-butyltin (11) chloride. 

[0095] 

As 	indium 	compounds, 	the 	above 	compounds 	can 	be 	used. 

An example thereof is, but is not limited to, indium bromide (InBr 3
). 

[0096] 

As rhenium compounds, 	the above compounds can he used. 

An 	example 	thereof 	is, 	but 	is 	not 	limited 	to, 	rhenium 	carbonyl 

(Re 
2 
 (CO) 

1  0
). 

[0097] 

A 	tin 	or 	organic 	tin 	halide 	can 	be 	used 	in 	an 	amount 

corresponding to 0 mol to 	1000 mol with respect to 	1.0 mol of that of 

tin or organic tin perfluoroalkylsulfonate. 	A tin or organic tin halide 

is 	preferably 	used 	in 	the 	same 	amount 	as 	or 	higher 	than 	that 	of 

perfluoroalkylsulfonate. 	A 	tin 	or 	organic 	tin 	halide 	is 	further 

preferably used in an amount ranging from 1.0 mol to 50 mot (e.g., 2.0 

mol 	to 	5.0 	mot) 	with 	respect 	to 	1.0 	mol 	of 	that 	of 

perfluoroalkylsulfonate. 

[0098] 

An indium compound can be used in an amount corresponding 

to 0 mol to 	1000 mol with respect to 	1.0 mol of that of tin or organic 

tin perfluoroalkylsulfonate. An indium compound is preferably used in 

the 	same 	amount 	as 	or 	higher 	than 	that 	of 	tin 	or 	organic 	tin 

perfluoroalkylsulfonate. 	An 	indium 	compound 	is 	further 	preferably 

used in an amount ranging from 1.0 mol to 50 mol (e.g., 2.0 mol to 5.0 

mol) with respect to 	1.0 mol of that of perfluoroalkylsulfonate. 
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[0099] 

A rhenium compound can be used in an amount corresponding 

to 0 	mol 	to 	100 mol 	with respect to 	1.0 mol 	of that of tin or organic 

tin 	perfluoroalkylsulfonate. 	A 	rhenium 	compound 	is 	further 

preferably used in an amount ranging from 0.01 	mol to 10.0 mol (e.g., 

0.1 	mol 	to 	1.0 	mol) 	with 	respect 	to 	1.0 	mol 	of 	that 	of 

perfluoroalkylsulfonate. 

[0100] 

Furthermore, 	in the method of the present invention, 	at least 

one 	type of compound selected 	from the group 	consisting of a tin or 

organic tin halide, an indium compound, and a rhenium compound can 

be 	used 	as 	another 	catalyst 	in 	combination 	with 	tin 	or 	organic 	tin 

perfluoroalkylsulfonate. 	Furthermore, at least one type of compound 

selected 	from 	the 	group 	consisting 	of a 	first 	transition 	series 	metal 

compound, 	a 	lithium 	compound, 	a 	magnesium 	compound, 	an 	alkali 

metal 	salt, 	an 	alkaline earth metal 	salt, 	a quaternary ammonium 	salt, 

and 	a 	quaternary 	phosphonium 	salt 	can 	further 	be 	used 	as 	another 

catalyst in combination therewith. 

[0101] 

Lactic 	acid 	and/or 	lactic 	acid 	ester 	can 	he 	efficiently 

produced from polysaccharides and monosaccharides using, in addition 

to 	at 	least 	one 	type 	of compound 	selected 	from 	tin 	or 	organic 	tin 

perfluoroalkylsulfonate, 	at least one type of compound 	selected from 

the 	group 	consisting 	of 	a 	tin 	or 	organic 	tin 	halide, 	an 	indium 

compound, 	and 	a 	rhenium 	compound 	as 	another 	catalyst 	in 

combination, 	and 	further using 	a 	compound 	comprising at 	least 	one 

type 	selected 	from 	the 	group 	consisting 	of 	a 	first 	transition 	series 
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metal 	compound, 	a 	lithium 	compound, 	a 	magnesium 	compound, 	an 

alkali metal salt, an alkaline earth metal salt, a quaternary ammonium 

salt, 	and 	a 	quaternary 	phosphonium 	salt, 	as 	another 	catalyst 	in 

combination. 

[0102] 

As 	a 	first 	transition 	series 	metal 	compound, 	the 	above 

compound can be used. 	Examples thereof include, but are not limited 

to, manganese chloride tetrahydrate, manganese chloride tetrahydrate, 

cobalt 	chloride 	hexahydrate, 	cobalt 	chloride 	hexahydrate, 	nickel 

chloride tetrahydrate, and iron (II) chloride hexahydrate. 

[0103] 

As a lithium compound, the above compound can be used. An 

example thereof 	s, but is not particularly limited to, lithium chloride. 

[0104] 

As a magnesium compound, the above compound can be used. 

Examples thereof include, but are not limited to, magnesium chloride 

tetrahydrate 	(MgC1.4140) 	and 	magnesium 	chloride 	hexahydrate 

(MgC1 
2 
 .6H 

2
0). 

[0105] 

As 	an 	alkali 	metal 	salt, 	an 	alkaline 	earth 	metal 	salt, 	or 	a 

quaternary 	phosphonium 	salt, 	the 	above 	compound 	can 	be 	used. 

Examples 	thereof 	include, 	but 	are 	not 	limited 	to, 

bis(triphenylphosphine)iminium 	 chloride 	 ([PPN]CI), 

bis(triphenylphosphine)iminiurn 	 bromide 	 ([PPN]l3r), 

bis(triphenylphosphine) mi 	urn 	 iodine 	 ([PPN]I), 

bis(triphenylphosphine)iminium 	carboxylic 	acid 	([PPN]0 OCH), 

tetraethylammonium 	chloride 	(Et 
4
NCI), 	triethylamine 	hydrochloride 
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(Et NHC1), 	trioctylmethylammonium 	chloride 	(Oct 
3
NMeC1), 

tri ethyl (2 -methoxyetboxymethyl)ammonium 	 chloride 

(MeOCH CH OCH 
2 
 NEt 

3
CI), 	1-butyl-3 -methyl imidazo liumchl o ride 

2 	2  

([binim]C1), 	1-butyl-3-methylimidazoliurnacetate 	([bmim]0A c), 

1-butyl-2,3-dimethylimidazolium 	chloride 	([bdmim]C1), 

1-butyl-3-methylimidazoliumtctraftuoroborate 	 ([bmini11317 
 4

), 

tetraphenyl phosphonium chloride (Ph 4
PC1), 	lithium chloride, 	sodium 

picolinate, and sodium(trihydroxy)phenylborate. 

[0106] 

As quaternary ammonium salts, the above compounds can be 

used. 	Examples 	thereof 	that 	can 	be 	more 	preferably 	used 	herein 

include, 	hut 	are 	not 	limited 	to, 	b s(triphenylphosphine)iminium 

chloride, 	 tetrabutylammon urnbromide, 	 and 

trioctyl methyl am moniu mc hlorid e. 

[0107] 

A 	first 	transition 	series 	metal 	compound 	can 	be 	used 	in 	an 

amount corresponding to 	0 mol to 	1.0 mol with respect to 	1.0 mol of 

tin 	or organic tin perfluoroalkylsulfonate. 	The first transition series 

metal 	compound 	is 	preferably 	used 	in 	the 	same 	amount 	as 	or 	an 

amount 	lower 	than 	that 	of 	perfluoroalkylsulfonate. 	The 	first 

transition 	series 	metal 	compound 	is 	further 	preferably 	used 	in 	an 

amount ranging 	from 0.01 	mol 	to 0.9 mol 	(e.g., 0.2 	mol 	to 	0.8 	mol) 

with respect to 1.0 mol of perfluoroalkylsulfonate. 

[0108] 

A lithium 	compound is used in an amount ranging from 	0.1 

mol 	to 	10.0 	mol 	with 	respect 	to 	1.0 	mol 	of 	tin 	or 	organic 	tin 

perfluoroalkylsulfonate. 	Preferably, 	a 	lithium 	compound 	is 	used 	in 
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an amount equivalent to or higher than that of perfluoroalkylsulfonate. 

Further preferably, 	a lithium compound is used in an amount ranging 

from 1.0 mol to 4.0 mol. 

[0109] 

A 	magnesium 	compound 	can 	be 	used 	in 	an 	amount 

corresponding to 0 mol 	to 	1.0 	mol 	with respect to 	1.0 	mol 	of that 	of 

tin or organic tin perfluoroalkylsulfonate. 	A magnesium compound is 

preferably used in the same amount as or an amount lower than that of 

perfluoroalkylsulfonate. 	A. 	magnesium 	compound 	is 	further 

preferably used in an amount ranging from 0.01 	mol to 0.9 mol 	(e.g., 

0.2 mol to 0.8 mol) with respect to 	1.0 mol of perfluoroalkylsulfonate. 

[0110] 

	

An 	alkali 	metal 	salt, 	an 	alkaline 	earth 	metal 	salt, 	or 	a 

quaternary phosphonium salt can be used in an amount corresponding 

to 	0 	mol 	to 	100 mol 	with respect to 	1.0 mol 	of that of tin or organic 

tin 	perfluoroalkylsulfonate. 	An 	alkali 	metal 	salt, 	alkaline 	earth 

metal 	salt, 	or quaternary phosphonium 	salt can be 	further preferably 

used in an amount ranging from 0.01 mol to 	10.0 mol (e.g., 0.1 	mol to 

1.0 mol) with respect to 1.0 mol of perfluoroalkylsulfonate. 

[0111] 

A quaternary 	ammonium 	salt 	is 	used 	in 	an 	amount 	ranging 

from 0.1 	mol to 	10.0 mol with respect to 	1.0 mol of tin or organic tin 

perfluoroalkylsulfonate. 	A 	quaternary 	ammonium 	salt 	is 	preferably 

used 	in 	an 	amount 	equivalent 	to 	or 	higher 	than 	that 	of 

perfluoroalkylsulfonate. 	A 	quaternary 	ammonium 	salt 	is 	further 

preferably used in an amount ranging from 1.0 mol to 4.0 mol. 

[0112] 
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In 	this 	embodiment, 	when 	at 	least 	one 	type 	of compound 

selected 	from 	the 	group 	consisting 	of 	tin 	or 	organic 	tin 

perfluoroalkylsulfonate, 	a 	tin 	or 	organic 	tin 	halide, 	an 	indium 

compound, 	and a rhenium compound is used in combination with at 

least one 	type of compound 	selected 	from 	the 	group 	consisting 	of a 

first 	transition 	series 	metal 	compound, 	a 	lithium 	compound, 	a 

magnesium compound, an alkali 	al salt, an alkaline earth metal salt, 

a 	quaternary 	ammonium 	salt, 	and 	a 	quaternary 	phosphonium 	salt, 

these compounds may bind to each other in a reaction solution so as to 

form one or more types of ate complex. 	As described above, 	an ate 

complex 	is 	used 	as 	a 	catalyst, 	so 	that retro-aldol 	reaction 	of 	sugars 

can be selectively performed while suppressing sugar cyclization, and 

the 	isomerization 	reaction 	can 	be 	efficiently 	performed 	to 	result 	in 

lactic acids from the carbohydrate-containing raw material. 

[0113] 

In 	this 	embodiment, 	a 	phenolic 	compound 	can 	further 	be 

added to a solvent and then used in addition to at least one type of tin 

or organic tin perfluoroalkylsulfonate, at least one type of compound 

selected 	from 	the group 	consisting of a tin 	or organic 	tin halide, 	an 

indium compound, and a rhenium compound, and at least one type of 

compound 	selected 	from 	the 	group 	consisting 	of 	a 	first 	transition 

series metal compound, a lithium compound, a magnesium compound, 

an 	alkali 	metal 	salt, 	an 	alkaline 	earth 	metal 	salt, 	a 	quaternary 

ammonium 	salt, 	and 	a quaternary phosphonium 	salt. 	Examples 	of a 

phenolic 	compound 	include, 	but 	are 	not 	particularly 	limited 	to, 

catechol, 	3-fluorocatechol, 	2,2'-biphenol, 	and 	3-quinolinol. 	The 

amount 	of 	the 	phenolic 	compound 	to 	be 	used 	herein 	can 	be 
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appropriately 	regulated 	by 	a 	person 	skilled 	in 	the 	art, 	preferably 

ranging from 0.1 	mol to 	10.0 mol, and more preferably ranging from 

1.0 mol to 4.0 mol with respect to 	1.0 mol of that of each compound 

above. 

[0114] 

In this embodiment, a carbohydrate-containing raw material is 

subjected 	to 	heat 	treatment 	in 	a 	water- 	and/or 	alcohol-containing 

solvent 	containing 	at 	least 	one 	type 	of 	tin 	or 	organic 	tin 

perfluoroalkylsulfonate. 	When 	at 	least 	one 	type 	of 	compound 

selected 	from the 	group 	consisting 	of a 	tin 	or organic 	tin 	halide, 	an 

indium compound, and a rhenium compound, a compound comprising 

at 	least 	one 	type 	selected 	from 	the 	group 	consisting 	of 	a 	first 

transition series 	metal 	compound, a 	lithium 	compound, a magnesium 

compound, 	an 	alkali 	metal 	salt, 	an 	alkaline 	earth 	metal 	salt, 	a 

quaternary ammonium salt, and a quaternary phosphonium salt, and a 

phenolic compound are used together, these compounds may be added 

with 	tin 	or 	organic 	tin 	perfluoroalkylsulfonate 	into 	a 	solvent 

containing 	water 	and/or 	alcohol. 	Heat 	treatment 	conditions 	can 	be 

appropriately 	regulated 	by 	a 	person 	skilled 	in 	the 	art 	depending 	on 

saccharides 	or 	alcohol 	types 	contained 	in 	a 	raw 	material. 	The 

temperature for heat treatment preferably ranges from 100°C to 300°C, 

and more preferably ranges from 	100°C to 250°C. 	For example, the 

temperature preferably ranges from 150°C to 195°C. 

[0115] 

(2) Method using a tin compound as a catalyst 

In 	another 	embodiment 	of 	the 	present 	invention, 	a 

carbohydrate-containing raw material is subjected to heat treatment in 
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a water- and/or alcohol-containing solvent containing at least one type 

of tin compound that functions as a catalyst, so that lactic acid and/or 

lactic acid ester can be obtained 	as a reaction product. 	Furthermore, 

in 	this 	embodiment, 	a 	carbohydrate-containing 	raw 	material 	is 

subjected 	to 	heat 	treatment 	in 	a 	water- 	and/or 	alcohol-containing 

solvent containing, in addition to at least one type of tin compound, at 

least one type of compound selected from the group 	consisting 	of a 

lithium 	compound, 	a 	magnesium 	compound, 	a 	first 	transition 	series 

metal compound, 	and a quaternary ammonium salt, so that lactic 	acid 

and/or lactic acid ester can be obtained as a reaction product. 

[0116] 

Through the use of this embodiment, lactic acid and/or lactic 

acid 	ester 	can 	be 	conveniently 	produced 	with 	high 	efficiency 	from 

carbohydrates 	in 	a 	carbohydrate-containing 	raw 	material, 	such 	as 

polysaccharides 	(e.g., 	cellulose, 	starch, 	and 	oligosaccharide) 	and 

monosaccharides 	(e.g., 	fructose), 	even 	if 	a 	relatively 	low 	reaction 

temperature is used. 

[0117] 

A carbohydrate-containing raw material that can be used 	as a 

raw material in this embodiment may be any raw material containing 

saccharides. 	The above-defined raw material 	can be 	used 	as 	such a 

carbohydrate-containing 	raw 	material, but the 	example 	is 	not limited 

thereto. 

[0118] 

In the method of the present invention, 	at least one type 	of 

tin 	compound 	is 	used 	as 	a 	catalyst 	for 	degradation 	reaction 	of 

polysaccharides, and sugar degradation•isomerization reaction. 
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[0119] 

In the method of the present invention, the above compounds 

can be used as the "tin compound(s)." 	Examples thereof that can be 

particularly 	preferably 	used 	include, 	but 	are 	not 	particularly 	limited 

to, 	tin 	(II) 	chloride, 	tin 	(IV) 	chloride 	(tin 	chloride pentahydrate), 	tin 

(II) 	bromide, 	n-butyltin 	(II) 	chloride, 	phenyltin 	trichloride, 	tin 	(II) 

trifluoromethanesulfonate 	(Sn(0Tf) ), 	and 	dibutyltin 	(II) 
2 

trifluoromethanesulfonate ( n Su Sn(OTO 2
). 

[0120] 

In one reaction system, one type of tin compound may be used 

and two or more types thereof may be used in combination. 

[0121] 

In the method 	of the present 	nvention, 	at least one type 	of 

compound selected from the group consisting of a lithium compound, a 

magnesium compound, a first transition series metal compound, and a 

quaternary ammonium salt can be further used as another catalyst for 

degradation reaction of cellulose, and sugar degradation•isomerization 

reaction. 

[0122] 

As "a lithium compound, a magnesium compound, and a first 

transition series metal compound," the above compounds can be used. 

Preferable 	examples 	thereof 	include 	fluorides, 	chlorides, 	bromides, 

and 	iodides 	of lithium, 	magnesium, 	and 	first transition 	series 	metals 

(that 	is, 	scandium, 	titanium, 	vanadium, 	chromium, 	manganese, 	iron, 

cobalt, 	nickel, 	copper, 	and 	zinc). 	Further 	preferable 	examples 

thereof 	are 	chlorides. 	Examples 	thereof 	that 	can 	be 	particularly 

preferably 	used 	include, 	but 	are 	not 	particularly 	limited 	to, 	lithium 
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chloride, 	manganese 	chloride 	tetrahydrate, 	cobalt 	chloride 

hexahydrate, 	cobalt chloride hexahydrate, 	nickel 	chloride tetrahydrate, 

and iron (II) chloride hex ahydrate, 

[0123] 

As "quaternary ammonium salt(s)," the above compounds can 

be used. 	Examples thereof include, but are not particularly limited to, 

quaternary ammonium salt halides (fluorides, chlorides, bromides, 	and 

iodides). 	Examples of such 	a quaternary 	ammonium salt halide 	that 

can be particularly preferably used herein 	include, but are not limited 

to, 	 bis(triphenylphosphine)im nium 	 chloride, 

tetrabutylammoniumbromidc, and trioctylmethylammoniumchloride. 

[01241 

Also, 	in 	this 	embodiment, 	an 	alkali 	metal 	salt, 	an 	alkaline 

earth metal 	salt, 	a 	quaternary phosphonium 	salt, 	or the 	like 	can 	also 

be 	used 	in 	addition to 	or 	instead 	of at 	least 	one 	type 	of compound 

selected 	from 	the 	group 	consisting 	of 	a 	lithium 	compound, 	a 

magnesium compound, a first transition series metal compound, and a 

quaternary ammonium 	salt. 	As an 	alkali 	metal salt, an alkaline earth 

metal 	salt, 	and a quaternary phosphonium 	salt, 	the above compounds 

can 	be 	used. 	Examples 	thereof 	include, 	but 	are 	not 	limited 	to, 

hi s(triph en ylpho sp hin e)imini um 	 chloride 	 ([PPN]Cl), 

bis(triphenylphosphine)i minium 	 bromide 	 ([PPN]Br), 

bis(triphenylphosphine)iminium 	 iodine 	 (PPN1I), 

bis(triph enylp ho sp hi n e)iminiurn 	carboxylic 	acid 	([PPN]00CH), 

tetraethylammonium 	chloride 	(Et 
4
NCI), 	triethylamine 	hydrochloride 

(Et 
3 
 NFIC1), 	trioctylmethylammonium 	chloride 	(Oct 

3
NMeC1), 

triethyl(2-methoxyethoxymethyl)ammoniurn 	 chloride 
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(MeOCH CH OCH NEt CI), 	1-butyl-3-methyli 	dazoliumchloride 
2 	2 	2 	3 

([bmim]C1), 	1-butyl-3-methyl midazoliumacetate 	([bmiin]0Ac), 

I -butyt-2,3 -dimethyl imidazo 1 ium 	chloride 	([bdmimIC1), 

1- bu ty1-3 -methyl imidazoliumtetra flu o rob orate 	 ([13mi mlBF ), 
4 

tetraphenyl 	phosphonium 	chloride (Ph
4
PCI), 	lithium 	chloride, 	sodium 

picolinate, and sodiu 	(trihydroxy)phenylborate. 

[0125] 

In 	one 	reaction 	system, 	one 	type 	of 	compound 	selected 

from 	the 	group 	consisting 	of 	a 	lithium 	compound, 	a 	magnesium 

compound, a first transition series metal compound, and a quaternary 

ammonium salt, an alkali metal salt, an alkaline earth metal salt, and a 

quaternary 	phosphonium 	salt 	may 	be 	used 	and 	two 	or 	more 	types 

thereof may be used in combination. 

[0126] 

A solvent containing water and/or alcohol and the amount of 

the same to be used in the method of this embodiment are as defined 

above. 

[0127] 

The total amount of a tin compound(s) (to be used herein as a 

catalyst) to be contained in a solvent containing water and/or alcohol 

is 	not 	limited. 	A 	tin 	compound(s) 	can 	be 	used 	in 	an 	amount 

corresponding to 	0.001 	mol 	to 	1.0 	mol, 	and preferably 0.005 	mol 	to 

0.1 	mol, 	such as 	0.01 	mol to 0.05 	mol (in terms 	of mass ratio) with 

respect 	to 	1 	mol 	of 	glucose 	residue 	or 	fructose 	residue 	in 	the 

carbohydrate-containing raw material. 	When such a tin compound(s) 

is 	used 	in 	an 	excessively 	low 	amount, 	degradation 	reaction 	of 

cellulose 	and 	sugar 	degradation•isomerization 	reaction 	proceed 	with 

-40- 



difficulty, and when the same is used in an excessively high amount, 

the yield 	of lactic acid of interest decreases because of side reactions. 

Such amounts are not preferred. 

[0128] 

	

The amount of at least one type of compound selected 	from 

the group consisting of a Lithium compound, a magnesium compound, a 

first 	transition 	series metal 	compound, 	a 	quaternary 	ammonium 	salt, 

an 	alkali 	metal 	salt, 	an 	alkaline 	earth 	metal 	salt, 	and 	a 	quaternary 

phosphonium 	salt, 	which 	is 	used 	in 	addition 	to 	a 	tin 	compound 	and 

used 	can 	be 	appropriately 	regulated 	by 	a 	person 	skilled 	in 	the 	art, 

ranging 	from 	0.1 	mol 	to 	10.0 	mol, 	preferably 	being 	equivalent 	to 	or 

higher than, 	and 	further preferably ranging 	from 	1.0 	mol 	to 	4.0 	mol, 

with 	respect to 	1.0 	mol of that 	of the tin compound 	to 	be used 	as 	a 

catalyst. 

[0129] 

In this embodiment, when a tin compound and a promoter are 

used 	in 	combination, 	these 	compounds 	may bind 	to 	each 	other 	in 	a 

reaction solutio ❑ so as to form one or more types of ate complex. 	An 

ate 	complex 	is 	used 	as 	a 	catalyst 	as 	described 	above 	so 	that: 

retro-aldol 	reaction 	of 	sugar 	can 	be 	selectively 	caused 	to 	proceed 

while 	suppressing 	sugar 	cyclization; 	and 	the 	isomerization 	reaction 

can be efficiently caused to proceed to result in lactic acids from the 

carbohydrate-containing raw material. 

[0130] 

In this embodiment, a carbohydrate-containing raw material is 

subjected 	to 	heat 	treatment 	in 	a 	water- 	and/or 	alcohol-containing 

solvent containing a tin compound and at least one type of compound 
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selected 	from 	a 	lithium 	compound, 	a 	magnesium 	compound, 	a 	first 

transition 	series 	metal 	compound, 	a 	quaternary ammonium, 	an 	alkali 

metal salt, an alkaline earth metal salt, and a quaternary phosphonium 

salt. 	Heat 	treatment 	conditions 	can 	be 	appropriately 	regulated 	by a 

person 	skilled 	in 	the 	art 	depending 	on 	saccharides 	or, 	alcohol 	types 

contained 	in 	a 	raw 	material. 	The 	temperature 	for 	heat 	treatment 

preferably ranges 	from 	100°C 	to 	300°C, 	and more preferably ranges 

from 	100°C 	to 	250°C. 	For 	example, 	the 	temperature 	preferably 

ranges from 	150°C to 	160°C. 	In this embodiment, heat treatment can 

be performed at such a relatively low temperature. 

[0131] 

(3) Method using a rhenium compound as a catalyst 

In 	another 	embodiment 	of 	the 	present 	invention, 	a 

carbohydrate-containing raw material is subjected to beat treatment 	n 

a 	water- 	and/or 	alcohol-containing 	solvent 	containing 	a 	rhenium 

compound 	functioning 	as 	a 	catalyst, 	so 	that 	lactic acid 	and/or 	lactic 

acid ester can be obtained as a reaction product. 

[0132] 

Through the use of this embodiment, lactic acid and/or lactic 

acid 	ester 	can 	be 	conveniently 	produced 	with 	high 	efficiency 	from 

carbohydrates 	in 	a 	carbohydrate-containing 	raw 	material, 	such 	as 

polysaccharides 	(e.g., 	cellulose), 	monosaccharides 	(e.g., 	fructose), 	or 

oligosaccharides 	even when 	a 	relatively 	low 	reaction 	temperature 	is 

used. 

[0133] 

A carbohydrate-containing raw material that can be used as a 

raw material in this embodiment may be any raw material containing 
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carbohydrates. 	The above-defined raw materials can be used herein,  

but the examples are not limited thereto. 

[0134] 

In this embodiment, at least one type of rhenium compound is 

used 	as 	a 	catalyst 	for degradation reaction of cellulose, 	and/or sugar 

degradation•isomerization reaction. 	In this embodiment, examples of 

a "rhenium compound" include halides (including fluorides, chlorides, 

bromides, 	and 	iodides), 	an 	acetylacetone 	compound, 	an 	alkoxide 

compound, 	a 	carboxylate 	compound, 	a 	carbonyl 	compound, 	a 

phosphate compound, a sulfate compound, and a nitrate compound. 	A 

rhenium 	compound 	preferably 	contains 	a 	carbonyl 	ligand 	and 	an 

example 	thereof 	is, 	but 	is 	not 	particularly 	limited 	to, 	rhenium 

carbonyl. 	In 	one 	reaction 	system, 	one 	type 	of rhenium 	compound 

may be used and two or more types of the same may also be used in 

combination. 

[0135] 

A solvent containing water and/or alcohol and the amount of 

the same to be used in this embodiment are as defined above. 

[0136] 

The total amount of a rhenium compound (to be used herein) 

to 	be 	contained 	in 	a 	solvent 	containing 	water 	and/or 	alcohol 	is 	not 

limited. 	A 	rhenium 	compound(s) 	can 	be 	used 	in 	an 	amount 

corresponding to 0.001 	mol to 100.0 mol, and preferably 0.005 mol to 

10.0 	mol, 	such 	as 	0.01 	mol 	to 	0.1 	mol 	(in 	terms 	of mass 	ratio) 	with 

respect 	to 	1 	mol 	of 	glucose 	residue 	or 	fructose 	residue 	in 	the 

carbohydrate-containing 	raw material. 	When 	such a compound(s) 	is 

used 	in 	an 	excessively low 	amount, 	degradation reaction of cellulose 
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and 	sugar degradation-isomerization reaction proceed 	with difficulty. 

Such amounts are not preferred. 

[0137] 

In 	this 	embodiment, 	a 	compound 	of 	a 	metal 	other 	than 

rhenium can also be used in combination 	with a rhenium 	compound. 

Examples 	of a 	"compound 	of a 	metal 	other 	than 	rhenium" 	in 	the 

method 	of the present 	invention include 	halides 	(including fluorides, 

chlorides, bromides, and iodides) of magnesium, tin, or first transition 

series 	metals 	(that 	is, 	scandium, 	titanium, 	vanadium,chromium, 

manganese, 	iron, 	cobalt, 	nickel, 	copper, 	and 	zinc), 	an 	acetylacetone 

compound, an alkoxide compound, a carboxylate compound, a carbonyl 

compound, 	a 	phosphate 	compound, 	a 	sulfate 	compound, 	a 	nitrate 

compound, and perfluoroalkylsulfonate. 

[01381 

Examples of a magnesium compound that can be used in this 

embodiment include, but are not particularly limited to, a magnesium 

halide 	(including 	hydrate) 	and 	magnesium 	perfluoroalkylsulfonate. 

An example of a magnesium halide is magnesium chloride hexahydrate 

that 	can 	be 	particularly 	preferably 	used. 	Examples 	of 	"magnesium 

perfluoroalkylsulfonate" 	as 	used 	herein 	include, 	but 	are 	not 

particularly 	limited 	to, 	trifluoromethane 	sulfonate, 

pentafluoromethane 	sulfonate, 	heptafluoropropane 	sulfonate, 	and 

nonafluorobutane 	sulfonate. 	In this 	embodiment, 	a 	more 	preferable 

example 	of 	perfluoroalkylsulfonate 	is 	trifluoromethane 	sulfonate 

(trivial 	name: 	triflate). 	An 	example 	of 	magnesium 

perfluoroalkylsulfonate that can be particularly preferably used herein 

is 	magnesium 	trifluoromethanesulfonate 	(magnesium 	triflate: 
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Mg(0Tf) 
2  ) 
	(Tf 	denotes 	a 	trifluoromethylsulfonyl 	group 	CF 

3
SO -) 

The same applies to the following). 

[0139] 

As tin compounds 	that 	can be used in this 	embodiment, 	the 

above 	compounds 	can 	be 	used. 	Examples 	thereof 	that 	can 	be 

particularly 	preferably 	used 	in 	this 	embodiment 	include, 	but 	are 	not 

particularly 	limited 	to, 	tin 	(II) 	chloride 	and 	di-n-butyltin 	(II) 

chloride. 

[0140] 

As first transition series metal compounds that can be used in 

this 	embodiment, 	the 	above 	compounds 	can 	be 	used. 	Examples 

thereof that can be particularly preferably used herein include, but are 

not 	particularly 	limited 	to, 	manganese 	chloride 	tetrahydrate 

(MnC1 -4H 0), 	iron 	(11) 	chloride 	hexahydrate 	b 	(FeC1 	.614 0), 	cobalt 
2 	2 	 2 	2 

chloride 	hexahydrate 	(CoCI 2
.614 0), 	and 	nickel 	chloride tetrahydrate 

(NiCI 
2 
.4H 

2
0). 

[0141] 

Also, 	in this 	embodiment, 	as 	a 	"compound of a metal 	other 

than 	rhenium," 	an 	alkali 	metal 	salt, 	an 	alkaline 	earth 	metal 	salt, 	a 

quaternary 	phosphonium 	salt, 	a 	quaternary 	ammonium 	salt, 	and 	the 

like can also be used in addition to or instead of the above compounds. 

As 	an 	alkali 	metal 	salt, 	an 	alkaline 	earth 	metal 	salt, 	a 	quaternary 

phosphonium salt, and the above compounds can be used. 	Examples 

thereof 	include, 	but 	are 	not 	limited 	to, 

bis(triphenylphosphine)iminium 	 chloride 	 ([PPN]C1), 

bis(triphenylphosphine)iminium 	 bromide 	 ([PPN]Br), 

bis(triphenylphosphine) 	imin um 	iodine 	([PPN]I), 

-45- 



bis(tr phenylphosphine) 	imin um 	carboxylic 	acid 	({PPN]00CI-I), 

tetraethylammonium 	chloride 	(Et
4
NCI), 	triethylamine 	hydrochloride 

(Et 
3 
 NHC1), 	trioctylmethylammoniurn 	chloride 	(Oct 

3
NMeCI), 

tri ethyl(2-methoxyethox yin ethypammonium 	 chloride 

(MeOCH CH OCH NEt CI), 	1-b uty1-3-methyli mi d azo burn 	chloride 
2 	2 	2 	3 

([bmirnIC1), 	1 -buty1-3 -methylimidazolium 	acetate 	([bmim]0Ac), 

1-buty1-2,3-dimethylimidazolium 	chloride 	([bdini al] C I), 

1-butyl-3 -methyl imi dazoliumtetra fluorobo rate 	 ([bmim]BF ), 

tetraphenylphosphonium 	chloride 	(Ph
4
PC1), 	Iithium 	chloride, 	sodium 

picolinate, 	 sod urn(trihyd roxy)p henylb o r ate, 

bis(triphenylphosphin 	)iminium chloride, tetrabutylammoniumbromide, 

and trioctylmetlaylammonium chloride. 

[0142] 

In 	one 	reaction 	system, 	a 	rheniumcompound 	and 	one 	or 	a 

plurality of types of compound of a metal other than rhenium may be 

used in combination. 

[0143] 

In 	this 	embodiment, 	when 	a rhenium 	compound 	is 	used 	in 

combination with a compound(s) of a metal other than rhenium, these 

compounds 	may 	bind 	in 	a 	reaction 	solution 	so 	as 	to 	form 	a 	metal 

compound containing two or more types of metal (containing rhenium 

and 	a metal 	other 	than 	rhenium). 	Alternatively, 	a 	metal 	compound 

containing 	two 	or 	more 	types 	of metal 	(containing 	rheniumand 	a 

metal other than rhenium) 	may 	be 	synthesized 	in 	advance 	and then 

added 	to 	a 	reaction 	solution. 	The 	thus 	generated 	metal 	compound 

functions as a catalyst for the above degradation reaction of cellulose 

and/or sugar degradation•isomerization reaction. 	An example of such 
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a metal compound containing two or more types of metal (containing 

rhenium 	and 	a 	metal 	other 	than 	rhenium) 	that 	can 	be 	particularly 

preferably used herein is, hut is not particularly limited to, a rhenium 

carbonyl 	complex. 	Also, 	in 	this 	embodiment, 	when 	a 	rhenium 

compound is 	used in combination with a compound of a metal 	other 

than rhenium, these compounds may hind in a reaction solution 	so as 

to 	form 	one 	or 	more 	types 	of 	ate 	complex. 	Here, 	the 	term 	"ate 

complex" 	refers 	to 	a 	complex-type 	metal 	acid 	salt 	generated 	by 

coordination of anionic species (supplied from a compound of a metal 

other than rhenium) into a rhenium compound having Lewis acidity. 

[0144] 

An 	ate 	complex 	is 	used 	as 	a 	catalyst, 	so 	that 	selective 

retro-aldol 	reaction 	of 	sugars 	can 	be 	caused 	to 	proceed 	while 

suppressing 	sugar 	cyclization, 	as 	described 	above. 	Furthermore, 	the 

isomerization reaction can be efficiently caused to proceed to result in 

lactic acids from the carbohydrate-containing raw material. 

[0145] 

When 	a 	compound 	of a 	metal 	other 	than 	rheniumis 	used, 	the 

amount of such 	a compound to 	be used 	herein can be appropriately 

regulated by a person skilled in the art, ranging from 0.1 	mol to 	10.0 

mol with respect to, preferably being equivalent to or higher than, and 

further preferably ranging from 1.0 mol to 4.0 mol with respect to, 	1.0 

mol of that of a rhenium compound. 

[0146] 

This embodiment can also be performed in the presence of tin 

or organic tin perfluoroalkylsulfonate. 	Specifically, this embodiment 

is 	performed 	in 	the 	presence 	of 	tin 	or 	organic 	tin 
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perfluoroalkylsulfonate, 	so 	that 	the 	yields 	of 	lactic 	acids 	can 	be 

further increased compared with a case in which a rhenium compound 

alone or a combination of a rhenium compound and a compound of a 

metal 	other 	than 	rhenium. 	"Tin 	or 	organic 	tin 

perfluoroalkylsulfonate" 	may 	be 	either 	tin 	(II) 	salt 	or 	tin 	(IV) 	salt. 

As 	perfluoroalkylsulfonate, 	trifluoromethanesulfonate 	is 	preferred. 

For 	example, 	tin 	(II) 	trifluoromethanesulfonate 	(Sn(0Tf)), 

dibutyltin(II) 	trifluoromethanesulfonate 	( n Bm Sn(0Tf) 
2
), 	and 	the 	like 

can be particularly preferably used. 

[0147] 

	

When 	tin 	or 	organic 	tin 	perfluoroalkylsulfonate 	is 	used, 	the 

amount of the same to be used herein can 	be appropriately regulated 

by 	a 	person 	skilled 	in 	the 	art. 	The 	amount 	of 	tin 	or 	organic 	tin 

perfluoroalkylsulfonate 	can 	be 	selected 	from 	the 	range 	of 	amounts 

equivalent to or higher than that of a rhenium compound, ranging from 

preferably 	1.0 	mot 	to 	4.0 	mol 	with 	respect 	to 	1.0 	mol 	of that 	of a 

rhenium compound. 

[0148] 

In this embodiment, a carbohydrate-containing raw material is 

subjected 	to 	heat 	treatment 	in 	a 	water- 	and/or 	alcohol-containing 

solvent 	containing 	a 	rhenium 	compound. 	When 	a 	compound 	of 	a 

metal other than rhenium or tin or organic tin perfluoroalkylsulfonate 

is also used together, the metal compound other than rhenium or tin or 

organic tin perfluoroalkylsulfonate may also be added with a rhenium 

compound 	into 	a 	solvent 	containing 	water 	and/or 	alcohol. 

Alternatively, after synthesis of the above metal compound containing 

two or more types of metal (rhenium and a metal other than rhenium) 
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from 	a 	rhenium 	compound 	and 	a 	compound 	of a metal 	other 	than 

rhenium, the metal 	compound containing two or more types of metal 

(rhenium and a metal other than rhenium) may be added to a solvent 

containing 	water 	and/or 	alcohol. 	Heat 	treatment 	conditions 	can 	be 

appropriately 	regulated 	by 	a 	person 	skilled 	in 	the 	art 	depending 	on 

saccharides 	or 	alcohol 	types 	contained 	in 	a 	raw 	material. 	The 

temperature for heat treatment preferably ranges from 100°C to 300°C, 

and 	more preferably ranges 	from 	100°C to 	250°C. 	For example, 	the 

temperature preferably ranges from 150°C to 200°C. 

[0149] 

(4) Method using an indium compound and the like as catalysts 

In 	another 	embodiment 	of 	the 	present 	invention, 	a 

carbohydrate-containing raw material is subjected to heat treatment in 

a water- and/or alcohol-containing solvent containing at least one type 

of metal 	compound that 	functions 	as a catalyst and 	is 	selected from 

the group consisting of an indium compound, a gallium compound, an 

aluminium compound, a tin compound, and a rhenium compound, 	so 

that 	lactic 	acid 	and/or 	lactic 	acid 	ester can 	be 	obtained as 	a reaction 

product. 	Furthermore, in this embodiment, a carbohydrate-containing 

raw 	material 	is 	subjected 	to 	heat 	treatment 	in 	a 	water- 	and/or 

alcohol-containing solvent containing at 	least one type of compound 

selected 	from the group consisting of an 	alkali 	metal 	salt, 	an alkaline 

earth 	metal 	salt, 	a 	first 	transition 	series 	metal 	salt, 	a 	quaternary 

ammonium salt, 	and a quaternary phosphonium 	salt in addition to at 

least one type of the above compound, so that lactic acid and/or lactic 

acid ester can be obtained as a reaction product. 

[0150] 
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Through the use of this embodiment, lactic acid and/or lactic 

acid 	ester 	can 	be 	conveniently 	produced 	with 	high 	efficiency 	from 

carbohydrates, 	such 	as 	polysaccharides 	(e.g., 	starch 	and 

oligosaccharide) 	and 	monosaccharides 	(e.g., 	fructose) 	in 	a 

carbohydrate-containing 	raw 	material, 	even 	when 	a 	relatively 	low 

reaction temperature is used. 

[0151] 

A carbohydrate-containing raw material that can be used as a 

raw material in this embodiment may be any raw material containing 

carbohydrates. 	The above-defined raw materials can be used, but the 

examples thereof are not limited thereto. 

[0152] 

	

In 	this 	embodiment, 	at 	least 	one 	type 	of 	metal 	compound 

selected from the group consisting of an indium compound, a gallium 

compound, an aluminium compound, a tin compound, and a rhenium 

	

compound 	is 	used 	as 	a 	catalyst 	for 	the 	degradation 	reaction 	of 

polysaccharides, and sugar degradation•isomerization reaction. 

[0153] 

As 	"indium 	compound," 	"tin 	compound," 	and 	"rhenium 

compound" in this embodiment, the above-defined compounds can be 

used. 	Examples 	thereof are 	preferably 	halide 	salts 	and 	carboxylate. 

Examples 	of such metal 	compounds 	include, 	but are not 	limited 	to, 

indium 	(III) 	bromide, 	indium 	(III) 	chloride, 	indium 	(III) 	iodide, 

indium 	(III) 	chloride tetrahydrate, 	indium 	(III) 	acetate, 	acetylacetone 

indium (III), 	tin 	(II) chloride, 	di-n-butyltin (II) chloride, 	and rhenium 

carbonyl. 

[0154] 
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Examples 	of 	"a 	gallium 	compound" 	and 	"an 	aluminium 

compound" 	in 	this 	embodiment 	include 	halide 	salts 	of these 	metals 

(fluorides, 	chlorides, 	bromides, 	and 	iodides), 	an 	acetylacetone 

compound, 	an 	alkoxide 	compound, 	carboxylate, 	phosphate, 	sulfate, 

and 	nitrate. 	Preferable 	examples 	thereof 	include 	halide 	salts 	and 

carboxylate. 	Specific 	examples 	thereof include, 	but 	are 	not 	limited 

to, gallium (III) trichloride and aluminium (III) chloride hex a hydrate. 

[0155] 

	

In 	one 	reaction 	system, 	at 	least 	one 	type 	of 	compound 

selected from the group consisting of an indium compound, a gallium 

	

compound, 	an aluminium compound, a tin compound, and a rhenium 

compound may be used and two or more of these compounds may be 

used in combination. 

[0156] 

	

In this 	embodiment, 	at 	least one 	type 	of compound 	selected 

from 	the 	group 	consisting 	of an 	alkali 	metal 	salt, 	an 	alkaline 	earth 

metal salt, a first transition series metal salt, a quaternary ammonium 

salt, and a quaternary phosphonium salt is used as another catalyst for 

degradation reaction of cellulose, and sugar degradationisomerization 

reaction. 

[01571 

Regarding "an alkali metal salt, an alkaline earth metal salt, a 

first transition 	series 	metal 	salt, 	a 	quaternary 	ammonium 	salt, 	and 	a 

quaternary phosphonium salt," the above compounds can be used as an 

alkali 	metal 	salt, 	an 	alkaline 	earth 	metal 	salt, 	and 	a 	quaternary 

phosphonium salt. 	Examples thereof include, 	but are not limited to, 

bis(triphenylphosphine)iminium 	 chloride 	 ([PPN]Cl), 
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bis(triphenylphosphine)i 	i um 	 bromide 	 ([PPN] Br), 

b s(triphenylphosphine)im nium 	 iodine 	 ([PPN]l), 

bis(triphenylphosphine)iminiurn 	carboxylic 	acid 	([PPN]0OCH), 

tetraethylammonium 	chloride 	(Et NCI), 	triethylamine 	hydrochloride 
4 

(Et NHCI), 	trioctylmethylammonium 	chloride 	(Oct NMeC1), 
3 	 3 

triethyl(2-methoxyethoxymethyl)ammonium 	 chloride 

(MeOCH 
2 
 CH OC fl 

2 
 NEt 

3
CI), 	1- butyl-3 -methylii 	dazoli umchlori d e 

([bmim]Cl), 	1 -b u ty1-3-methyl i 	dazoliumacetate 	([binim]0Ac), 

1- butyl-2,3 -di m ethyl imi dazo I iurn 	chloride 	([bdmim]C1), 

1-butyl-3-methylimidazoliumtetrafluoroborate 	 ([bmirn]fiF ), 
4 

tetraphenyl 	phosphoniurn 	chloride 	(Ph
4
PC1), 	lithium chloride, 	sodium 

picolinate, 	 sodium(trihydroxy)phenylborate, 

bis(triphenylphosphine)iminium chloride, tetrabutylammoniumbromide, 

and trioctylmethylammonium chloride. 

[0158] 

In one reaction system, one type of compound selected from 

the 	group 	consisting 	of an 	alkali 	metal 	salt, 	an 	alkaline 	earth 	metal 

salt, 	a first 	transition 	series 	metal, 	salt, 	a 	quaternary ammonium 	salt, 

and a quaternary phosphonium salt may be used and two or more of 

these salts may be used in combination. 

[0159] 

A solvent containing water and/or alcohol 	and the amount of 

the same to be used in this embodiment are as defined above. 

[0160] 

The total 	amount (to be used herein) of at least one type of 

compound selected from the group consisting of an indium compound, 

a gallium compound, an aluminium compound, a tin compound, and a 
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rhenium 	compound 	to 	be 	contained 	as 	a 	catalyst 	in 	a 	solvent 

containing water 	and/or 	alcohol 	is 	not 	limited. 	A compound(s) 	can 

be 	used 	in 	an 	amount 	corresponding 	to 	0.001 	mol 	to 	1.0 	mol, 	and 

preferably 	0.005 	mol 	to 	0.1 	mol, 	such 	as 	0.01 	mol 	to 	0.05 	mol 	(in 

terms 	of 	mass 	ratio) 	with 	respect 	to 	1 	mol 	of 	glucose 	residue 	or 

fructose residue in the carbohydrate-containingraw material. 

[0161] 

	

The amount of at least one type of compound selected 	from 

the 	group 	consisting 	of an 	alkali 	metal 	salt, 	an 	alkaline 	earth 	metal 

salt, 	a 	first 	transition 	series 	metal 	salt, 	a 	quaternary ammonium 	salt, 

and a quaternary phosphonium salt to be used as another catalyst can 

be appropriately regulated by a person skilled in the art, ranging from 

0.1 	mol 	to 	10.0 	mol 	with 	respect to 	1.0 	mol 	of that of a 	compound 

selected 	from 	an 	indium 	compound, 	a 	gallium 	compound, 	an 

aluminium compound, a tin compound, and a rhenium compound to be 

used as a catalyst. 	The amount is further preferably equivalent to or 

higher than 	1.0 	mol 	of that of a compound selected 	from an 	indium 

compound, 	a 	gallium 	compound, 	an 	aluminium 	compound, 	a 	tin 

compound, 	and 	a 	rhenium 	compound, 	and 	further preferably 	ranges 

from 1.0 mol to 4.0 mol. 

[01621 

In 	this 	embodiment, 	when 	a 	compound 	selected 	from 	an 

indium compound, a gallium compound, an aluminium compound, a tin 

compound, 	and a rhenium compound is used in combination with a 

compound selected from an alkali metal 	salt, an alkaline earth metal 

salt, 	a 	first 	transition 	series 	metal 	salt, 	a 	quaternary 	ammonium 	salt, 

and a quaternary phosphonium salt, 	these compounds 	may bind in a 
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reaction 	solution 	so 	as 	to 	form 	one 	or 	more 	types 	of ate 	complex. 

The 	term 	"ate 	complex" 	refers 	to 	a 	complex-type 	metal 	acid 	salt 

generated 	by 	coordination 	of 	anionic 	species 	(supplied 	from 	a 

compound(s) 	selected 	from 	an 	alkali 	metal 	salt, 	an 	alkaline 	earth 

metal salt, 	a first transition series metal salt, a quaternary ammonium 

salt, and a quaternary phosphonium salt) to a compound selected from 

an indium compound, a gallium compound, an aluminium compound, a 

tin compound, and a rhenium compound having Lewis acidity. 

[0163] 

An 	ate 	complex 	is 	used 	as 	a 	catalyst, 	so 	that 	selective 

retro-aldol 	reaction 	of 	sugars 	can 	be 	performed 	while 	suppressing 

sugar cyclization, as described 	above. Furthermore, the isomerization 

reaction can be efficiently performed to result in lactic acids from the 

carbohydrate-containing raw material. 

[0164] 

In this embodiment, tin or organic tin perfluoroalkylsulfonate 

can be used as another catalyst in combination with at least one type 

of metal 	compound 	selected 	from the group 	consisting of an indium 

compound, 	a 	gallium 	compound, 	an 	aluminiumcompound, 	a 	tin 

compound, 	and 	a 	rhenium 	compound, 	and 	at 	least 	one 	type 	of salt 

selected from the group consisting of an alkali metal salt, 	an alkaline 

earth 	metal 	salt, 	a 	first 	transition 	series 	metal 	salt, 	a 	quaternary 

ammonium salt, 	and 	a quaternary phosphonium 	salt. 	Tin or organic 

tin 	perfluoroalkylsulfonate 	can 	be 	used 	as 	a 	catalyst 	for degradation 

reaction of polysaccharides 	such as 	cellulose and 	sugar degradation• 

isomerization 	reaction. 	Therefore, 	tin 	or 	organic 	tin 

perfluoroalkylsulfonate 	is 	particularly 	preferable 	when 	a 
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carbohydrate-containing raw material contains polysaccharides such as 

cellulose. 

[01 65] 

As 	tin 	or 	organic 	tin 	perfluoroalkylsulfonate, 	the 	above 

compound 	can 	be 	used. 	A 	preferable 	example 	thereof 	is 

trifluoromethanesulfonate 	(trivial 	name: 	triflate). 	For 	example, 	tin 

(II) 	trifluoromethanesulfonate 	and 	dibutyltin 	(II) 

trifluoromethanesulfonate can be used. 

[0166] 

Tin 	or organic tin perfluoroalkylsulfonate can 	be used 	in 	an 

amount corresponding to 0 mol to 1000 mol with respect to 1.0 mol of 

that 	of a 	compound 	selected 	from 	an 	indium 	compound, 	a 	gallium 

compound, an aluminium compound, a tin compound, and a rhenium 

compound. 	Tin 	or 	organic 	tin 	perfluoroalkylsulfonate 	is 	preferably 

used in the same amount as or higher than that of a compound selected 

from 	an 	indium 	compound, 	a 	gallium 	compound, 	an 	aluminium 

compound, a tin compound, and a rhenium compound. 	Tin or organic 

tin 	perfluoroalkylsulfonate 	is 	further 	preferably 	used 	in 	an 	amount 

ranging from 	1.0 mol to 50 mol (e.g., 	1.0 mol to 20 mol) with respect 

to 1.0 mol of that of a compound selected from an indium compound, a 

gallium 	compound, 	an 	aluminium 	compound, 	a tin compound, 	and a 

rhenium compound. 

[0167] 

In this embodiment,a carbohydrate-containing raw material is 

subjected 	to 	heat 	treatment 	in 	a 	water- 	and/or 	alcohol-containing 

solvent 	containing 	at 	least 	one type 	of 	compound 	selected 	from 	an 

indium compound, a gallium compound, an aluminium compound, a tin 
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compound, 	and 	a 	rhenium 	compound 	and 	at 	least 	one 	type 	of 

compound selected from an alkali metal 	salt, 	an alkaline earth metal 

salt, 	a 	first 	transition 	series 	metal 	salt, 	a 	quaternary ammonium 	salt, 

and 	a 	quaternary 	phosphonium 	salt, 	and 	further 	containing 	tin 	or 

organic 	ti ❑ 	perfluoroalkylsulfonate 	if 	necessary. 	Heat 	treatment 

conditions 	can 	be 	appropriately 	regulated 	by a 	person 	skilled 	in 	the 

art 	depending 	on 	saccharides 	and 	alcohol 	types 	contained 	in 	raw 

materials. 	The temperature for heat treatment preferably ranges from 

100°C 	to 	300°C, 	and more preferably 	ranges 	from 	100°C 	to 	250°C. 

For example, the temperature preferably ranges from 	150°C to 	160°C. 

According to the method of the present invention, heat treatment can 

be performed at a relatively low temperature. 

[0168] 

(5) Method using indium alkoxide and the like as catalysts 

	

In 	still 	another 	embodiment 	of 	the 	present 	invention, 	a 

carbohydrate-containing raw material is subjected to heat treatment in 

a water- and/or alcohol-containing solvent containing at least one type 

that functions 	as a catalyst and is selected from the group consisting 

of 	indium 	alkoxide 	and 	indium 	acetylacetonate, 	so 	that 	a 	reaction 

product containing lactic acid and/or lactic acid ester can be obtained. 

[0169] 

Through the use of this embodiment, 	tactic acid and/or lactic 

acid 	ester 	can 	be 	conveniently 	produced 	with 	very 	high 	efficiency 

from carbohydrates in a carbohydrate-containing raw material. 

[0170] 

A carbohydrate-containing raw material that can be used as a 

raw material in this embodiment may be any raw material containing 
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carbohydrates. 	The above-defined materials can be used 	herein, 	but 

the examples thereof are not limited thereto. 

[0171] 

In 	this 	embodiment, 	indium 	alkoxide 	or 	indium 

acetylacetonate 	is 	used 	as 	a 	catalyst 	for 	degradation 	reaction 	and 

isomerization reaction for a carbohydrate-containing raw material and 

isomerization 	reaction 	of 	triose 	(generated 	as 	an 	intermediate) 	to 

result 	in 	lactic 	acid 	and/or lactic 	acid 	ester. 	In a preferred 	example 

of this embodiment, 	indium 	alkoxide is preferably used. 	In 	another 

example 	of 	this 	embodiment, 	indium 	ac,etylacetonate 	is 	preferably 

used. 	In 	still 	another 	example 	of 	this 	embodiment, 	both 	indium 

acetylacetonate 	and 	indium 	alkoxide 	may 	be 	used. 	Examples 	of 

indium alkoxide that can be used 	in this 	embodiment include indium 

methoxide, indium ethoxide, indium isopropoxide, indium-n-butoxide, 

and indium-t-butoxide. 	Examples of indium acetylacetonate that can 

be 	used 	in 	this 	embodiment 	include 	acetylacetone 	indium, 	tris 

(2,2,6,6-tetramethy1-3,5-heptanedionate)indium, 	and 	indium 

trifluoroacetylacetonate. 	In one reaction system, one type of indium 

alkoxide 	and 	indium 	acetylacetonate may 	be 	used 	and 	two 	or 	more 

types thereof may be used. 

[0172] 

A solvent containing water and/or alcohol 	and the amount of 

the same to he used in this embodiment are as defined above. 

[0173] 

The 	total 	amount 	(to 	be 	used 	herein) 	of 	indium 	alkoxide 

and/or indium acetylacetonate, 	which is 	to 	be contained in 	a solvent 

containing 	water 	and/or 	alcohol 	is 	as 	follows. 	Indium 	alkoxide 
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and/or indium acetylacetonate can be used in an amount corresponding 

to 	0.00001 	mol to 	1.0 mol, and preferably 0.005 mot to 0.1 	mol 	(e.g., 

0.01 	mol to 0.05 mol) in terms of mass ratio with respect to 	1 mmol of 

glucose residue in a carbohydrate-containing raw material. 	However, 

the examples thereof are not limited thereto. 

[0174] 

A 	method 	for 	producing 	lactic 	acids 	using 	indium 	alkoxide 

and/or 	indium 	acetylacetonate 	is 	particularly 	suitable 	for 	generation 

of 	lactic 	acids 	from 	monosaccharides, 	and 	thus 	is 	particularly 

preferable 	when 	a 	carbohydrate-containing 	raw 	material 	contains 

monosaccharides. 

[0175] 

In 	this 	embodiment, 	a 	phenolic 	compound 	is 	preferably 

further 	added 	to 	a 	solvent 	and 	then 	used, 	in 	addition 	to 	indium 

alkoxide 	and/or 	indium 	acetylacetonate. 	Examples 	of 	a 	phenolic 

compound 	include, 	but 	are not particularly limited to, phenol, 	cresol, 

alkylphenol, 	catechol, 	pyrogallol, 	alkoxyphenol, 	salicylic 	acid, 

salicylic 	acid 	ester, 	2,2'-biphenol, 	and 	quinolinol. 	The 	amount 	of a 

phenolic compound to be used herein can be appropriately regulated 

by a person skilled in the art, preferably ranging from 0.1 	mol to 	10.0 

mol 	and 	further 	preferably 	ranging 	from 	1.0 	mol 	to 	4.0 	mol 	with 

respect to 	1.0 	mol of the total amount (to be used herein) 	of indium 

alkoxide 	and/or 	indium 	acetylacetonate. 	The 	yields 	of 	lactic 	acids 

can be significantly improved by the addition of a phenolic compound. 

[0176] 

In this embodiment, a carbohydrate-containing raw material is 

subjected 	to 	heat 	treatment 	n 	a 	water- 	and/or 	alcohol-containing 
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solvent 	containing 	indium 	alkoxide 	and/or 	indium 	acetylacetonate. 

In 	this 	embodiment, 	indium 	alkoxide 	and/or 	indium 	acetylacetonate, 

and a carbohydrate-containing raw material are preferably added 	into 

a 	solvent 	containing 	water 	and/or 	alcohol 	before 	heat 	treatment. 	A 

phenolic compound may be added with indium alkoxide and/or indium 

acetylacetonate 	to 	the 	solvent 	containing 	water 	and/or 	alcohol. 	Heat 

treatment 	conditions 	can 	be 	appropriately 	regulated 	by 	a 	person 

skilled in the art depending on saccharides or alcohol types contained 

in 	a 	raw 	material. 	The 	temperature 	for 	heat 	treatment 	preferably 

ranges from 100°C to 300°C, and more preferably ranges from 	100°C 

to 	250°C. 	For 	example, 	the 	temperature 	preferably 	ranges 	from 

140°C to 	195°C. 

[0177] 

	

All 	embodiments 	(1) 	to 	(5) 	above 	can 	be 	performed 	at 	a 

relatively 	low 	temperature 	for 	heating. 	The 	heat 	treatment 	is 	also 

preferably 	performed 	in 	the 	absence 	of 	oxygen. 	To 	create 	such 

oxygen-free conditions, preferably, a reactor is filled with an inert gas 

before 	heat 	treatment 	and 	then 	air 	is purged 	(eliminated). 	Inert 	gas 

types 	are 	not 	particularly 	limited. 	Examples 	of 	inert 	gas 	include 

nitrogen 	gas, 	argon 	gas, 	and carbon dioxide gas. 	Heat 	treatment 	is 

also 	preferably performed 	under pressurized conditions. 	The reaction 

pressure is preferably the same as or higher than atmospheric pressure, 

preferably ranging 	from 	0.3 	MPa 	to 	20 	MPa 	and 	further preferably 

ranging from 0.4 MPa to 10 MPa. 

[0178] 

	

In 	embodiments 	(1) 	to 	(5) 	above, 	reaction 	in 	a 	solvent 

	

containing 	water 	and/or 	alcohol 	is 	preferably 	performed 	in 	an 
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autoclave, for example, but the example thereof is not limited thereto. 

Another preferable reaction form 	is a continuous flow-based reaction 

method (continuous method). 	A reaction solution prepared by mixing 

a raw material, 	a solvent, 	and a catalyst is continuously supplied 	to 	a 

reactor controlled to have a predetermined temperature and pressure, 

and 	caused 	to 	remain 	within 	a 	reactor 	for 	a 	predetermined 	time 	for 

reaction. 

[0179] 

In 	embodiments 	(1) 	to 	(5) 	above, 	for 	example, 	at 	least 	one 

type 	of 	compound 	selected 	from 	the 	group 	consisting 	of 	a 	tin 

compound, 	a 	rhenium 	compound, 	and 	an 	indium 	compound, 	and 	if 

necessary another compound (at least one type of compound selected 

from the group consisting of a magnesium compound, a first transition 

series 	metal 	compound, 	a 	lithium 	compound, 	an 	alkali metal 	salt, 	an 

alkaline 	earth 	metal 	salt, 	a 	first 	transition 	series 	metal 	salt, 	a 

quaternary 	ammonium 	salt, 	a 	quaternary 	phosphonium 	salt, 	and 	a 

phenolic 	compound), 	a 	carbohydrate-containing 	raw 	material, 	and 	a 

water- 	and/or 	alcohol-containing 	solvent 	are 	placed 	in 	an 

electromagnetic 	stirring 	autoclave. 	Air is purged with 	inert 	gas, 	the 

resultant 	is 	heated 	to 	the 	above 	temperature 	for 	heating, 	and 	thus 

reaction is performed for a predetermined time. 	The time for heating 

can 	be 	appropriately 	regulated 	by 	a 	person 	skilled 	in 	the 	art. 

Examples 	thereof 	range 	from, 	but 	are 	not 	particularly 	limited 	to, 	3 

hours 	to 	24 	hours 	after the temperature has 	reached 	the temperature 

for heating and preferably range from 5 hours to 	12 hours. 	After the 

predetermined time for heating has passed, heating is halted and then 

the resultant is 	left to stand to 	cool to room temperature. 	After it is 
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cooled to room temperature, the reactio ❑ product is removed from the 

autoclave. 

[01801 

	

Also, 	whe ❑ 	a 	continuous 	flow-based 	reaction 	method 	is 

employed, a reaction solution prepared by mixing at least one type of 

compound 	selected 	from 	the 	group 	consisting 	of a 	tin 	compound, 	a 

rhenium 	compound, 	and a❑ 	indium 	compound, 	another compound 	if 

necessary 	(at 	least 	one 	type 	of 	compound 	selected 	from 	the 	group 

consisting 	of a 	magnesium 	compound, 	a 	first 	transition 	series 	metal 

compound, a lithium compound, an alkali metal salt, an alkaline earth 

metal salt, a first transition series metal salt, a quaternary ammonium 

salt, 	a 	quaternary 	phosphonium 	salt, 	and 	a 	phenolic 	compound), 	a 

carbohydrate-containing raw material, and a solvent containing water 

and/or alcohol is continuously supplied to a reactor controlled to have 

a predetermined temperature for heating and pressure. 	The resultant 

is 	caused 	to 	remain within 	the 	reactor 	for a 	predetermined 	time 	for 

heating 	for reaction. 	After the time for heating has 	passed, heating 

is 	halted 	and 	then 	the 	resultant 	is 	left 	to 	stand 	to 	cool 	to 	room 

temperature. 	After 	it 	has 	been 	cooled 	to 	room 	temperature, 	the 

reaction product is removed from the reactor. 

[0181] 

With 	the 	above 	method, 	lactic 	acid 	and/or 	lactic 	acid 	ester 

can 	be 	generated 	in 	a high 	yield. 	When 	a 	carbohydrate-containing 

raw 	material 	contains 	cellulose, 	lactic 	acids 	are 	generated 	in 	large 

amounts 	from 	saccharides 	resulting 	from 	efficient 	solvolysis 	of 

cellulose. 	According 	to 	the 	method of the 	present 	invention, 	lactic 

acid and/or lactic acid ester can be obtained with a yield of 9% to 50% 
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on the basis 	of the number of moles of lactic 	acid 	and/or lactic acid 

ester 	generated 	per 	glucose 	residue 	or 	fructose 	residue 	in 	a 

carbohydrate-containing 	raw 	material. 	In 	addition, 	yield 	is 	given 

in percentage (Y()) 	figures, 	representing the number of moles (mol) 	of 

lactic acid and/or lactic acid ester with respect to the number of moles 

of 	lactic 	acids 	theoretically 	generated 	per 	glucose 	residue 	(lactic 

acids/glucose 	residue 	= 	2 	mo1 / 1 	mol) 	or 	per 	fructose 	residue 	(lactic 

acids/fructose 	residue 	= 	5 	mo1/2.5 	mol) 	from 	cellulose 	as 	a 	raw 

material. 

[0182] 

In particular, 	when 	a 	solvent used in 	the 	above "(1) 	Method 

using tin or organic tin perfluoroalkylsulfonate as a catalyst" contains 

alcohol, 	lactic 	acid 	and/or 	lactic 	acid 	ester 	can 	be 	obtained 	with 	a 

yield of about 20% to 40%, for example, on the basis of yield (%) per 

glucose residue or fructose residue in a carbohydrate-containing raw 

material. 	When 	a 	tin 	compound 	(in 	particular, 	a 	tin 	or 	organic 	tin 

halide 	such 	as 	tin 	chloride 	or 	di-n-butyltin 	chloride) 	other 	than 

perfluoroalkylsulfonate 	is 	used 	in 	addition 	to 	tin 	or 	organic 	tin 

perfluoroalkylsulfonate, 	the 	yield 	of 	lactic 	acid 	and/or 	lactic 	acid 

ester can he increased 	by 	I% to 	10%, for example, compared with 	a 

case in which tin or organic tin perfluoroalkylsulfonate is used alone. 

Furthermore, when one or more types of compound selected from the 

group 	consisting 	of an 	indium 	compound 	(and 	in 	particular, 	indium 

halide), 	a 	rhenium 	compound, 	a 	magnesium 	compound, 	and 	a 	first 

transition series metal compound are used in addition to tin or organic 

tin perfluoroalkylsulfonate, 	the yield of lactic 	acid and/or lactic 	acid 

ester can be 	increased 	by 	about 	I% to 	20%, 	for example, 	compared 
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with a case in which tin or organic tin perfluoroalkylsulfonate is used 

alone 	or 	a 	case 	in 	which 	a 	tin 	compound 	other 	than 

perfluoroalkylsulfonate (in particular, a tin or organi c tin halide such 

as 	tin chloride or di-n-butyltin 	chloride) 	in 	addition to tin or organic 

tin 	perfluoroalkylsulfonate. 	Furthermore, 	when 	tin 	or 	organic 	tin 

perfluoroalkylsulfonate alone is used, when a tin compound other than 

perfluoroalkylsulfonate 	(and 	in 	particular, 	a 	tin 	or 	organic 	tin 	halide 

such 	as 	tin 	chloride 	or 	di-n-butyltin 	chloride) 	is 	used 	in 	addition 	to 

tin 	or organic tin perfluoroalkylsulfonate, 	or when one or more types 

of 	compound 	selected 	from 	the 	group 	consisting 	of 	an 	indium 

compound 	(in 	particular, 	an 	indium 	halide), 	a rhenium 	compound, 	a 

magnesium compound, and a first transition series metal compound are 

further used 	in 	addition 	to 	a 	phenolic 	compound, 	the 	yield 	of lactic 

acid and/or lactic acid ester can be increased by about 1% to 20%, for 

example, compared with a case of adding no phenol compound. 

[0183] 

	

Also, 	according 	to 	the 	above 	"(2) 	Method 	using 	a 	tin 

compound 	as 	a catalyst," 	lactic 	acids 	can 	be obtained 	with yields 	of 

about 	45% 	to 	60% 	on 	the basis 	of yield 	(%) 	per glucose 	residue or 

fructose residue in a carbohydrate-containing raw material containing 

cellulose, monosaccharides, or the like. 

[0184] 

Furthermore, 	according 	to 	the 	above 	"(3) 	Method 	using 	a 

rhenium compound as a catalyst," when a rhenium compound alone is 

used, 	lactic 	acids 	(e.g., 	lactic 	acid 	ester) 	can be 	obtained 	with 	yields 

of 	15% 	to 	30% on the basis 	of the number of moles 	of lactic 	acids 

generated 	per 	glucose 	residue 	or 	fructose 	residue 	in 	a 
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carbohydrate-containing 	raw 	material 	containing 	cellulose, 

monosaccharides, 	or 	the 	like. 	Also, 	when 	a 	compound 	of a 	metal 

other 	than 	rhenium 	or 	tin 	or 	organic 	tin 	perfluoroalkylsulfonate 	is 

used in addition to a rhenium compound, the yields of lactic acids can 

be increased by 	5% to 	50%, 	for example, 	compared 	with 	a case 	in 

which a rhenium compound is used alone. 

[0185] 

Furthermore, 	according 	to 	"(4) 	Method 	using 	an 	indium 

compound and the like as catalysts" above, an alkali metal salt or the 

like 	is 	used 	in 	addition 	to 	an 	indium 	compound 	or 	the 	like, 	lactic 

acids can be obtained with a yield of 15% to 75% (e.g., yield of 50% 

to 70%) on the basis of the number of moles of lactic acids generated 

per glucose residue in a carbohydrate-containing raw material. 

[0186] 

Furthermore, 	according 	to 	"(5) 	Method 	using 	an 	indium 

alkoxide and the like as catalysts" above, lactic acid and/or lactic acid 

ester can be obtained with a yield of 5% to 60% (e.g., yield of 30% to 

50%) on the basis of the number of moles of lactic acid and/or lactic 

acid 	ester generated per glucose residue in a carbohydrate-containing 

raw 	material. 	When 	a 	phenolic 	compound 	is 	used 	in 	combination 

with 	indium 	alkoxide 	and/or 	indium 	acetylacetonate, 	the 	yield 	of 

lactic acid and/or lactic acid ester can be increased by 5% to 	15%, for 

example, 	compared 	with 	a 	case 	in 	which 	indium 	alkoxide 	and/or 

indium acetylacetonate is used alone. 	When a phenolic compound is 

used 	in 	combination 	with 	indium 	alkoxide 	and/or 	indium 

acetylacetonate, the yield of lactic acid and/or lactic acid ester can be 

increased by 5% to 	15%, for example, compared with a case in which 
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indium alkoxide and/or indium acetylacetonate is used alone. 

[0187] 

Lactic 	acid 	or 	lactic 	acid 	ester 	is 	also 	preferably 	separated 

from 	the 	above-obtained 	reaction 	solution. 	Such 	separation 	can 	be 

performed by an organic 	acid 	separation 	method known 	by a person 

skilled in the art, such as liquid chromatography. 

[0188] 

The method of the present invention is useful since the yield 

of lactic acid ester can be improved by the method while suppressing 

the amount of acid to be used as a catalyst to a tow level. 

[Examples] 

[0189] 

Hereafter, the present invention is described in greater detail 

with 	reference 	to 	the 	examples, 	although 	the 	technical 	scope 	of the 

present invention is not limited to the examples. 

[0190] (1) Method using a tin compound as a catalyst 

(Example I) 

Cellulose 	(0.405 	g) 	(corresponding 	to 	2.5 	mmol 	of glucose 

residue) that had been dried for 2 or more hours in air at 120°C, 8 mg 

(0.02 	mmol) 	of 	tin 	(II) 	trifluoromethanesulfonate 	(Sn(0Tf) 	;Tf 	= 
2 

CF 
3 
 SO 

2
), 20 mL of methanol, and a stirring bar were added to a 50-mL 

stainless-steel 	autoclave, 	and 	then 	the 	lid 	was 	closed. 	Air 	in 	the 

autoclave was purged with nitrogen gas. 	After pressurization 	to 	0.5 

MPa, the interior of the autoclave was heated to 190°C using a mantle 

heater 	while 	stirring 	the 	mixture 	with 	a 	magnetic 	stirrer. 

Subsequently, stirring was continued for 10 hours while maintaining a 

temperature 	of 	190°C, 	heating 	was 	then 	stopped, 	and 	then 	the 
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autoclave was left to cool at room temperature. 	The reaction solution 

was 	removed 	from 	the autoclave 	after cooling 	to 	room 	temperature, 

and., various 	products 	in the 	solution 	were quantitatively analyzed 	by 

liquid 	chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 

results 	are 	shown 	in 	Table 	1 	below. 	Each 	yield 	is 	represented 	in 

percentage (%) figures for the number of moles (mol) of each product 

with respect to the number of moles 	(lactic acids/glucose residue 	= 5 

mmol/2.5 	mrnol) 	of 	lactic 	acids 	theoretically 	generated 	per 	glucose 

residue 	from 	cellulose 	as 	a 	raw 	material. 	In 	Table 	1, 	indicates 

that 	the 	percentage 	is 	equal 	to 	or 	less 	than 	the 	detection 	limit 	and 

"trace" indicates that the percentage is less than 0.05%. 

[0191] (Example 2) 

Reaction 	was 	performed 	similarly 	to 	Example 	1 	except 	for 

using 	di-n-butyltin 	(II) 	trifluoromethanesulfonate 	(C13u) 
2 
 Sn(0Tf) 

2
) 

instead 	of tin (II) 	trifluoromethanesulfonate. 	Various products 	were 

quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 	of 

lactic acids in the analytical results are shown in Table 	1 below. 

[0192] (Example 3) 

Reaction 	was 	performed 	similarly 	to 	Example 	2 	except 	for 

using 	pure 	water 	instead 	of 	methanol. 	Various 	products 	were 

quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yieldsof 

lactic acids in the analytical results are shown in Table 	I 	below. 

[0193] (Comparative example I) 

Heat 	treatment 	was 	performed 	for 	5 	hours 	of reaction 	time 

using 	0.1 	mmol 	of 	aluminium 	trifluoromethanesulfonate 	(A1(0T0
3
) 

instead 	of 	tin 	(II) 	trifluoromethanesulfonate. 	Reaction 	was 

performed under conditions similar to those of Example 	1 	except 	for 
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the above conditions. 	Various products were quantitatively analyzed 

by liquid chromatography. 	The yields of lactic acids in the analytical 

results are shown in Table I below. 

[0194] (Comparative example 2) 

	

Heat treatment 	was 	performed 	for 	5 	hours 	of reaction 	time 

using 	0.1 	mmol 	of iron 	trifluoromethanesulfonate 	(Fe(0Tf) ) 	instead 
2 

of tin (II) trifluoromethanesulfonate. 	Reaction was performed under 

conditions 	similar 	to 	those 	of 	Example 	I 	except 	for 	the 	above 

conditions. 	Various 	products were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 	results 

are shown in Table 1 below. 

[0195] (Comparative example 3) 

Heat 	treatment was 	performed 	for 	5 	hours 	of reaction 	time 

using 0.1 	mmol 	of zinc trifluoromethanesulfonate 	(Zn(OT0
2
) 	instead 

of tin (II) trifluoromethanesulfonate. 	Reaction was performed under 

conditions 	similar 	to 	those 	of 	Example 	1 	except 	for 	the 	above 

conditions. 	Various 	products were 	quantitatively analyzed 	by 	liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in the 	analytical 	results 

are shown in Table I below. 

[0196] (Comparative example 4) 

Heat 	treatment 	was 	performed 	for 	5 	hours 	of reaction 	time 

using 	19 	mg 	(0.1 	mmol) 	of 	p-toluenesulfonic 	acid 	monohydrate 

(PTSA•H 
2
0) instead of tin (II) trifluoromethanesulfonate (0.02 mmol). 

Reaction was performed under conditions similar to those of Example 

I 	except 	for 	the 	above 	conditions. 	Various 	products 	were 

quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 	of 

lactic acids in the analytical results are shown in Table 	1 	below. 
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[0197] (Comparative example 5) 

Reaction 	was 	performed 	similarly 	to 	Example 	1 	except 	for 

using 	tin 	(II) 	chloride 	(SnC1 	) 	instead 	of 	tin 	(II) 
2 

trifluoromethanesulfonate. 	Various 	products 	were 	quantitatively 

analyzed by liquid chromatography. 	The yields of lactic acids 	in 	the 

analytical results are shown in Table 	1 below. 

[0198] (Comparative example 6) 

Reaction 	was 	performed 	similarly 	to 	Example 	1 	except 	for 

using 	di-n-butylt n 	(II) 	chloride 	(("Bu) 	SnCI 
2
) 	instead 	of 	tin 	(II) 

2  

trifluoromethanesulfonate. 	Various 	products 	were 	quantitatively 

analyzed by liquid chromatography. 	The yields of lactic acids 	in the 

analytical results are shown in Table 	1 below. 

[0199] (Comparative example 7) 

Reaction 	was 	performed 	similarly 	to 	Example 	1 	except 	for 

using 	di-n-butyltin 	(II) 	oxide 	(( n Bu) 
2
SnO) 	instead 	of 	tin 	(II) 

trifluoromethanesulfonate. 	Various 	products 	were 	quantitatively 

analyzed by liquid chromatography. 	The yields of lactic acids in the 

analytical results are shown in Table 	1 	below. 

[0200] (Comparative example 8) 

Reaction 	was 	performed 	similarly 	to 	Example 	I 	except 	for 

using 	di-n-butylt n 	(II) 	acetate 	(CB u) 
2 
 Sn(0Ac) 

2
) 	instead 	of 	tin 	(II) 

trifluoromethanesulfonate. 	Various 	products 	were 	quantitatively 

analyzed by liquid chromatography. 	The yields of lactic acids in the 

analytical results are shown in Table I below. 

[0201] (Results) 

As 	shown in Table 	I, 	lactic 	acid 	and 	lactic 	acid 	ester (lactic 

acids) could be obtained in high yields 	as 	a result of using Sn(OTf) 
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(that 	is, 	tin 	trifluoromethanesulfonate), 	and 	CRu) 
2 
 Sn(0Tf)

2 	
(that 	is, 

di-n-butyltin 	trifluoromethanesulfonate) 	as 	a 	catalyst. 	Also, 	lactic 

acid 	could 	he 	obtained 	in 	a 	high 	yield 	through 	reaction 	in 	water 

(Example 3). 

[0202] 

On the 	other 	hand, 	very 	small 	amounts 	of lactic 	acids 	were 

generated 	in 	the 	case 	of using 	trifluoromethanesulfonate 	of a 	metal 

other than tin or organic tin (Comparative examples 	1-3). 

[0203] 

Also, in the case of using p-toluenesulfonic acid-monohydrate 

(PTSA•H 
2
0) 	as 	an 	acid 	catalyst 	(Comparative 	example 	4), 	although 

each catalyst was used in an amount 5 times that used in Examples 	1-3, 

the 	yield 	of lactic 	acid(s) 	was 	only 	0.8%. 	This 	is 	1/32 	(or 	less) 	the 

yield obtained in Example 1, for example. 

[02041 

Furthermore, 	in 	the 	case 	of 	using 	tin 	(II) 	chloride 	or 

di-n-butyltin (11) chloride, which is not trifluoromethane sulfonate but 

is chloride, no 	lactic acids were generated. 	Similarly, 	in the case of 

using di-n-butyitin (II) 	oxide or di-n-butyltin (II) 	acetate, 	lactic acids 

were generated in very small amounts (Comparative examples 5-8). 

[Table 	1] 
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Catalyst 
Amount eh 

Salient 

Reason  

lime 

(1)  

Yield (%) 

catalyst 
(rnmol) 

Meth)4 
lactate 

lit 
add Told Me" 'milk/ale  

Examrle 1 Sn MI  0.02 Methanol 10 14.3 11.7 26.0 22.4 

Example 2 (111825nat0, 0.02 Methanol 10 28.8 6.0 34.8 22.4 

Example 3 eSto ,sn arm , 0.02 Water 10 - 16.7 15.7 
0.9 

limn* add) 

Companies sample 1 Al (011), 0.1 Methanol 5 1.4 trace 1.4 60.6 

Compwalive example 2 Fa (01Y), O. I Methanol 6 0.4 0.8 1.2 0.6 

Comparative example 3 ln (OM, O. 1 Methanol 5 2.0 1.8 3.8 1.9 

Comparative example 4 PISA • 8,0 O. 1 Methanol 6 0.4 0.4 0.8 49. 1 

Comparefive example 5 SnCI, 0.02 Methanol 10 - - - 0.4 

Comparative sample 6' eSu),SnCI, 0.02 Methanol 10 - - - 0.9 

Comparative example 7 (Mu) An0 0.02 Methanol 10 0.4 0.9 1.3 - 

Comparative example 8 Mu) ,Sn (0Ac), 0.02 Methanol 10 0.4 0.3 0.7 0.5 

[0205) (Example 4) 

	

Cellulose (0.405 	g) 	(corresponding to 	2.5 	mmol 	of glucose 

residue) that had been dried for 2 or more hours in air at 120°C, 8 mg 

(0.02 mmol) of tin (II) trifluoromethanesulfonate, 11 	mg (0.02 mmol) 

of di-n-butyltin 	(11) 	trifluoromethanesulfonate, 	20 	ml, 	of methanol, 

and a stirring bar were added to a 50-mL stainless-steel autoclave, and 

then 	the 	lid 	was 	closed. 	Air 	in 	the 	autoclave 	was 	purged 	with 

nitrogen 	gas. 	After pressurization 	to 	0.5 	MPa, 	the 	interior 	of the 

autoclave was heated to I90°C using a mantle heater while stirring the 

mixture with a magnetic stirrer. 	Subsequently, stirring was continued 

for 	10 hours while maintaining a temperature of I90°C, heating was 

then 	stopped, 	and 	then 	the 	autoclave 	was 	left 	to 	cool 	at 	room 

temperature. 	The reaction solution was removed from the autoclave 

after 	cooling 	to 	room 	temperature, 	and 	various 	products 	in 	the 

solution were quantitatively analyzed by liquid chromatography in a 

manner similar to that in Example 1. 
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[0206] 

As a result, methyl lactate was obtained with a yield of 19.0% 

and lactic acid was obtained with a yield of 2.3% (total yield: 21.3%). 

It was thus demonstrated that 	lactic acid 	and lactic 	acid 	ester can be 

obtained 	in 	high 	yields 	by 	this 	method 	even 	in 	the 	case 	of using 	2 

types of tin/organic tin trifluoromethanesulfonate as catalysts. 

[0207] (Example 5) 

Cellulose 	(0.405 	g) 	(corresponding 	to 	2.5 	mmol 	of glucose 

residue) that had been dried for 2 or more hours in air at 120°C, 8 mg 

(0.02 mmol) 	of tin (II) 	trifluoromethanesulfonate (catalyst A), 	15 	mg 

(0.08 	mmol) 	of 	tin 	(II) 	chloride 	(SnC1 
2
) 	(catalyst 	B), 	20 	mL 	of 

methanol, 	and 	a 	stirring 	bar 	were 	added 	to 	a 	50-mL 	stainless-steel 

autoclave (Nitto 	Koatsu 	Co. 	Ltd.), 	and then the 	lid was 	closed. 	Air 

in the autoclave 	was purged 	with nitrogen 	gas. 	After pressurization 

to 0.5 MPa, the interior of the autoclave was heated to 	190°C using a 

mantle 	heater 	while 	stirring 	the 	mixture 	with 	a 	magnetic 	stirrer. 

Subsequently, stirring was continued for 	10 hours while maintaining a 

temperature 	of 	190°C, 	heating 	was 	then 	stopped, 	and 	then 	the 

autoclave was left to cool at room temperature. 	The reaction solution 

was 	removed 	from the 	autoclave 	after 	cooling to 	room 	temperature, 

and 	various products 	in the solution were quantitatively analyzed 	by 

liquid chromatography in a manner similar to that in Example 1. 	The 

yields 	of lactic 	acids 	in 	the 	analytical 	results 	are 	shown 	in 	Table 	2 

below. 	In Table 2, 	"trace" 	indicates that the percentage is 	less 	than 

0.05% .  

[0208] (Example 6) 

Reaction 	was 	performed 	similarly 	to 	Example 	5 	except 	for 
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using 	24 	mg 	(0.08 	mmol) 	of 	di-n-butyltin 	chloride(( n Bu) SnC1 ) 
2 	2 

instead 	of tin 	(II) 	chloride. 	Various 	products 	in 	the 	thus 	obtained 

reaction 	solution 	were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in the 	analytical 	results 

are shown in Table 2 below. 

[0209] (Example 7) 

Cellulose 	(0.405 	g) 	(corresponding 	to 	2.5 	mmol 	of glucose 

residue) 	that 	had been dried 	for 2 	or more 	hours 	in 	air at 	120°C, 	II 

mg 	(0.02 	mmol) 	of 	d -n-butyltin 	(II) 	trifluoromethanesulfonate 

(nu) 
2 
 Sn(Olff) 

2
) (catalyst A), 	15 mg (0.08 	mmol) of tin (II) chloride 

(SnC1 ,)) (catalyst B), 20 m.L of methanol, and a stirring bar were added 

to a 50-mL stain 	steel autoclave, and then the lid was closed. 	Air 

in the autoclave 	was purged with 	nitrogen gas. 	After pressurization 

to 0.5 MPa, the interior of the autoclave was heated to 	190°C using a 

mantle 	heater 	while 	stirring 	the 	mixture 	with 	a 	magnetic 	stirrer. 

Subsequently, stirring was continued for 10 hours while maintaining a 

temperature 	of 	190°C, 	heating 	was 	then 	stopped, 	and 	then 	the 

autoclave was left to cool at room temperature. 	The reaction solution 

was 	removed 	from 	the 	autoclave 	after 	cooling 	to 	room 	temperature, 

and various products 	in the solution were quantitatively analyzed by 

liquid chromatography in a manner similar to that in Example 1, 	The 

yields 	of lactic 	acids 	in 	the 	analytical 	results 	are 	shown 	in 	Table 	2 

below. 

[0210] (Example 8) 

Reaction 	was 	performed 	similarly 	to 	Example 	7 	except 	for 

using 	43 	mg 	(0.08 	mmol) 	of 	di-n-butyltin 	(II) 

trifluoromethanesulfonate 	(catalyst 	A) 	and 	4 	mg 	(0.02 	mmol) 	of tin 
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(11) 	chloride 	(catalyst 	B). 	Various 	products 	in 	the 	thus 	obtained 

reaction 	solution 	were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 	results 

arc shown in Table 2 below. 

[0211] (Example 9) 

Reaction 	was 	performed 	similarly 	to 	Example 	7 	except 	for 

adding 	18 	mg 	(0.16 	mmol) 	of 	catechol 	in 	addition 	to 	cellulose, 

di-rmbutyltin 	(II) 	trifluoromethanesulfonate, 	tin 	(II) 	chloride, 	and 

methanol_ 	Various 	products 	in 	the 	thus 	obtained 	reaction 	solution 

were 	quantitatively 	analyzed 	by liquid 	chromatography. 	The 	yields 

of lactic acids in the analytical results arc shown in Table 2 below. 

[0212] (Example 	10) 

Reaction 	was 	performed 	similarly 	to 	Example 	7 	except 	for 

using 	24 	mg 	(0.08 	mmol) 	of 	di-n-butyltin 	chloride 	(("Bu) SnCI ) 
2 	2 

instead 	of 	tin 	(11) 	chloride. 	Various 	products 	in 	the 	thus 	obtained 

reaction 	solution 	were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 	results 

are shown in Table 2 below. 

[0213] (Comparative example 9) 

Reaction 	was 	performed 	similarly 	to 	Example 	6 	except 	for 

using 	4 	mg 	(0.02 	mmol) 	of 	p-toluenesulfonic 	acid 	monohydrate 

(PTSKI-1. 
2
0) 	instead 	of 	tin 	(II) 	trifluoromethanesulfonate. 	Various 

products 	in 	the 	thus 	obtained 	reaction 	solution 	were 	quantitatively 

analyzed by liquid chromatography. 	The yields of lactic acids in the 

analytical results are shown in Table 2 below. 

[0214] (Results) 

As 	shown in Table 2, 	lactic acids could be obtained 	in 	high 
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yields 	even 	in 	the 	cases 	of 	using 	tin/organic 	tin 

trifluoromethanesulfonate 	with 	a 	tin 	compound 	other 	than 

trifluoromethanesulfonate. 	Higher 	yields 	were 	more 	likely 	to 	be 

obtained particularly in the cases of combined use with tin/organic tin 

chloride. 	On 	the 	other 	hand, 	lactic 	acids 	were 	almost 	never 

generated 	in 	the 	case 	(Comparative 	example 	9) 	of 	using 	a 	tin 

compound other than trifluoromethanesulfonate as a catalyst. 

[0215] 

In Examples 7 and 8 wherein the proportions of two types of 

catalyst were varied, the yields of lactic acids were higher in a case of 

a 	lower 	proportion 	(20%; 	Example 	7) 	of 	di-n-butyltin 	(II) 

trifluoromethanesulfonate 	(catalyst A) 	relative 	to 	the total 	amount 	of 

catalysts 	(catalysts 	A 	+ 	B) 	used 	than 	that 	in 	a 	case 	of 	a 	higher 

proportion 	(80%; 	Example 	8) 	of 	the 	same. 	Therefore, 	it 	was 

demonstrated that when another tin compound is added to tin/organic 

tin 	trifluoromethanesulfonate, 	the 	relatively 	low 	proportion 	of 	tin 

trifluoromethanesulfonate 	relative 	to 	the 	total 	amount 	of 	catalysts 

used is useful for obtaining lactic acids in high yields. 

[0216] 

In addition, as a result of further adding catechol for reaction, 

which 	is 	a 	phenolic 	compound, 	in 	Example 	9, 	lactic 	acids 	were 

obtained 	higher yields 	than in the case (Example 	7) 	of adding no 

catechol. 

[Table 2] 
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Catalyst A 
(Amount added 
(mmol)) 

Catalyst B 
(Amount added 
(mmol)) 

Additive 
(mmol) 

Yield (%) 

Methyl 
lactate 

Lactic 
acid 

Total 
(Lactic acids) 

Methyl 
levulinate 

Example 5 
Sn (OTT) 2 

(0. 02) 

SnC12 

(0. 08) 
15.9 12.1 28.0 24. 9 

Example 6 
Sn (0Tf) 2  

(0. 02) 

(94u) 2Snel, 

(0..08) 
29.9 6. 6 36'.5 12.3 

Example 7 
(Mu) ,Sn (0Tf), 

(0. 02) 

SnC42  

(0.08) 
15.7 11.5 27.2 26. 1 

Example 8 
MO 2Sn (OM, 

(0. 08) 

SnC12  

(0. 02) 
24. 4 trace 24. 4 16. 4 

Example 9 
("13u) 2Sn (01'f) 2  

(0. 02) 

SnC12  

(0. 08) 

Catechol 

(0. 16) 
23.5 11.7 35. 2 15. 2 

Example 10 
(Mu) 2Sn (Olt 2  

(0. 02) 

('311) 2SnC12  

(0. 08) 
31.3 5.5 36. 8 13. 1 

Comparative 
example 9 

PTSA • H2O 

(0.  02) 

nt.0 2SnC12  

(0.08) 
0. 3 trace 0. 3 1. 3 

[0217] (Example 11) 

Cellulose 	(0.405 	g) 	(corresponding 	to 	2.5 	mmol 	of glucose 

residue) 	that had 	been 	dried 	for 2 or more hours 	in 	air at 	120°C, 	11 

mg 	(0.02 	mmol) 	of 	di-n-butyltin 	(11) 	trifluoromethanesulfonate 

(°Bu Sn(0Tf) ;Tf=CF SO ) and 28 mg (0.08 mmol) of indium bromide 
2 	2 	3 	2 

(InBr
3
) as catalysts, 20 mL of methanol, and a stirring bar were added 

to a 50-mL stainless-steel autoclave, and then the lid was closed. 	Air 

	

n the autoclave was purged with nitrogen gas. 	After pressurization 

to 0.5 MPa, the interior of the autoclave was heated to 	190°C using a 

mantle 	heater 	while 	stirring 	the 	mixture 	with 	a 	magnetic 	stirrer. 

Subsequently, stirring was continued for 10 hours while maintaining a 

temperature 	of 	190°C, 	heating 	was 	then 	stopped, 	and 	then 	the 

autoclave was left to cool at room temperature. 	The reaction solution 

was 	removed 	from 	the 	autoclave 	after 	cooling to 	room 	temperature, 
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and various products 	in the solution 	were quantitatively analyzed 	by 

liquid 	chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 

results are shown in Table 3 below. 	In Table 3, "-" indicates that the 

percentage is equal to or less than the detection limit. 

[0218] (Example 12) 

Reaction was performed similarly to Example 11 except for 

adding 	11 	mg 	(0.1 	mmol) 	of 	catechol 	in 	addition 	to 	cellulose, 

di- n-butyltin 	(II) 	tri fluorom ethane sul fonate, 	indium 	bromide, 	and 

methanol. 	Various 	products 	in 	the 	thus 	obtained 	reaction 	solution 

were 	quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 

of lactic acids in the analytical results are shown in Table 3 below. 

[0219] 	(Comparative example 10) 

	

Reaction 	was performed 	similarly 	to 	Example 	11 	except 	for 

using 	18 	mg 	(0.05 	mmol) 	of 	indium 	bromide 	(InBr 
3
) 	alone 	as 	a 

catalyst 	without 	using 	di 	n-butyltin 	(II) 	trifluoromethanesulfonate. 

Various 	products 	in 	the 	thus 	obtained 	reaction 	solution 	were 

quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 	of 

lactic acids in the analytical results are shown in Table 3 below. 

[0220] 	(Results) 

	

As 	shown 	in 	Table 	3, 	through 	the 	use 	of 	organic 	tin 

trifluoromethanesulfonate in combination with indium bromide, lactic 

acids 	could 	be 	obtained 	in 	higher 	yields 	than 	in the case 	(the 	above 

Example 	2 	(Table 	1)) 	of using organic 	tin 	trifluoromethanesulfonate 

alone. 	Therefore, 	it was demonstrated that the use of tin/organic tin 

trifluoromethanesulfonate in combination with an indium compound is 

useful for obtaining lactic acids in high yields. 

[0221] 
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In 	addition, 	as 	a 	result 	of 	performing 	a 	reaction 	with the 

further 	addition 	of 	catechol, 	which 	is a phenolic 	compound, in 

Example 12, lactic acids could be obtained 

case of adding no catechol (Example 11). 

in higher yields than in the 

[Table 3] 
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Catalystimmol Additive/mmol 

Temperature Time YiekIA 

PC M Methyl 
lactate 

Lade 
add 

Total 
(Lactic adds) 

Methyl 
Imamate 

Example 11 "BuAn(OT1)2  /0.02 InBra  /0.08 190 10 30.8 8.1 38.7 24.1 

Example 12 Su2Sn(OT02  /0.02 trart  /0.08 Catechol /0.1 190 10 32.0 7.9 39.8 24A 

Comparative example 10 inBra  /0.05 180 10 — • — — — 



[0222] (Example 13) 

Cellulose 	(0.405 	g) 	(corresponding 	to 	2.5 	mmol 	of 	glucose 

residue) 	that had been dried 	for 2 	or more hours 	in 	air 	at 	I20°C, 	53 

mg 	(0.1 	mmol) 	of 	di-n-butyltin 	(II) 	trifluoromethanesulfonate 

((°I3u) 
2 
 Sn(0Tf) 

2
), 	33 	mg 	(0.05 	mmol) 	of 	rhenium 	carbonyl 

(Re (CO) 	), 20 	mL of methanol, 	and a stirring bar were added 	to 	a 
2 	f0 

50-mL stainless-steel 	autoclave, and then 	the 	lid was 	closed. 	Air in 

the 	autoclave was purged 	with 	nitrogen 	gas. 	After pressurization 	to 

0.5 	MPa, 	the 	interior 	of the 	autoclave was heated to 	I90°C 	using 	an 

electric 	furnace 	while 	stirring 	the 	mixture 	with 	a 	magnetic 	stirrer. 

Subsequently, stirring was continued for 10 hours while maintaining a 

temperature 	of 	190°C, 	heating 	was 	then 	stopped, 	and 	then 	the 

autoclave was left to cool at room temperature. 	The reaction solution 

was 	removed 	from 	the 	autoclave 	after cooling 	to 	room 	temperature, 

and 	various products 	in the 	solution were quantitatively analyzed by 

liquid 	chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 

results are shown in Table 4 below. 	In Table 4, "-" indicates that the 

percentage is equal to or less than the detection limit.  

[0223] (Example 14) 

Reaction 	was 	performed similarly to 	Example 	13 	except 	for 

using 	42 	mg 	(OA 	mmol) 	of 	tin 	(II) 	trifluoromethanesulfonate 

(Sn(0Tf) ; Tf--CF SO) and 33 	mg (0.05 	mmol) of rhenium carbonyl 
2 	 3 	2 

(CO) 	) 	as 	catalysts. 	Various 	products 	in 	the 	thus 	obtained (Re 
2 	0 

reaction 	solution 	were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The yields 	of lactic 	acids 	in 	the 	analytical 	results 

are shown in Table 4 below. 

[0224] (Example 15) 
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Heat treatment was performed for 24 hours of reaction time at 

200°C 	using 	64 	mg 	(0.12 	mmol) 	of 	di-n-butyltin 	(II) 

trifluoromethanesulfonate ((nBu) 
2 
 Sn(0Tf) 

2
) 	and 20 mg (0.1 	mmol) 	of 

manganese chloride tetrahydrate 	(MnC1
2

.41-1
2
0) 	as 	catalysts. 	Reaction 

was performed under conditions similar to those of Example 13 except 

for 	the 	above 	conditions. 	Various 	products 	in 	the 	thus 	obtained 

reaction 	solution 	were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 	results 

are shown in Table 4 below. 

[0225] (Example 16) 

Heat treatment was performed for 24 hours of reaction time at 

200°C 	using 	32 	mg 	(0.06 	mmol) 	of 	di-n-butyltin 	(II) 

trifluoromethanesulfonate 	((nBu) 
2 
 Sn(0Tf) 

2
), 	10 	mg 	(0.05 	mmol) 	of 

manganese 	chloride 	tetrahydrate 	(1\AnC1,-414
2
0), 	and 	16 	mg 	(0.025 

(CO) 	) 	as 	catalysts. 	Reaction 	was mmol) 	of rhenium carbonyl 	(Re 
2 	0 

performed under conditions similar to those of Example 	13 except for 

the above conditions. 	Various products in the thus obtained reaction 

solution were quantitatively analyzed by liquid chromatography. 	The 

yields 	of lactic 	acids 	in 	the 	analytical 	results 	are 	shown 	in 	Table 	4 

below.  

[0226] (Example 17) 

Heat treatment was performed for 24 hours of reaction time  

200°C 	using 	64 	mg 	(0.12 	mmol) 	of 	di-n-butyltin 	(II) 

trifluoromethanesulfonate 	((°Bu) 
2
Sn(0Tf),), 	20 	mg 	(0.1 	mmol) 	of 

manganese 	chloride 	tetrahydrate 	(MnCly4H
2
0), 	and 	33 	mg 	(0.05 

mmol) 	of rhenium 	carbonyl 	(Re 
2 
 (CO) 

I 0
) 	as 	catalysts. 	Reaction 	was 

performed under conditions similar to those of Example 13 except for 
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the above conditions. 	Various products in the thus obtained reaction 

solution were quantitatively analyzed by liquid chromatography. 	The 

yields 	of lactic 	acids 	in 	the 	analytical 	results 	are 	shown 	in 	Table 	4 

below. 

[0227] (Example 18) 

Heat treatment was performed for 62 hours of reaction time at 

200°C 	using 	32 	mg 	(0.06 	mmol) 	of 	di-n-butyltin 	(II) 

trifluoromethanesulfonate 	((°13u) 
2 
 Sn(0Tf) 

2
), 	10 	mg 	(0.05 	mmol) 	of 

magnesium 	chloride 	hexahydrate 	(MgC1
2
.6H

2
0), 	and 	16 	mg 	(0.025 

(CO) 	) 	as 	catalysts. 	Reaction 	was mmol) 	of rhenium 	carbonyl 	(Re 
2 	0 

performed under conditions similar to those of Example 13 except for 

the above conditions. 	Various products in the thus obtained reaction 

solution were quantitatively analyzed by liquid chromatography. 	The 

yields 	of lactic 	acids 	in 	the 	analytical 	results 	are 	shown 	in 	Table 	4 

below. 

[0228] (Example 19) 

Heat treatment was performed for 10 hours of reaction time at 

200°C using 50 mg (0.12 mmol) of tin (II) trifluoromethanesulfonate 

(Sn(OTO ;TN:CP SO ), 	20 	mg 	(0.1 	mmol) 	of 	magnesium 	chloride 
2 	 3 	2 

hexahydrate 	(MgC1 
2
.614 0), 	and 	33 	mg 	(0.05 	mmol) 	of 	rhenium 

carbonyl 	(Re 
2 
 (CO) 

I 0
) 	as 	catalysts. 	Reaction 	was 	performed 	under 

conditions 	similar 	to 	those 	of 	Example 	13 	except 	for 	the 	above 

conditions.Various 	products 	in 	the 	thus 	obtained 	reaction 	solution 

were 	quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 

of lactic acids in the analytical results are shown in Table 4 below. 

[0229] (Results) 

As shown in Table 4, as a result of using Sn(0Tf) 	that is tin 
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trifluoromethanesulfonate 	or 	(°13u) 
2 
 Sn(OT0

2 	
that 	is 	d 	n-butyltin 

trifluoromethanesulfonate 	in 	combination 	with 	rhenium 	carbonyl 

(Re (CO) 	) and/or manganese chloride tetrahydrate (MnCI .4H 0) or 
2 	I 0 	 2 	2 

magnesium 	chloride 	hexahydrate 	(MgC1
2
-6H

2
0) 	as 	a 	catalyst, 	lactic 

acids, 	and 	particularly 	lactic 	acid 	ester 	was 	obtained 	with 	a 	yield 

higher than those in the case (the above Examples 	1 	and 2 (Table 	1)) 

of 	using 	Sn(OTf)
2 	or 	

(nflu)  ) Sn(0Tf) 	alone. 	However
' 	

unlike )  

Examples 1 and 2, no lactic acid was generated. 

[0230] 

	

Furthermore, 	lactic 	acids 	and 	particularly 	lactic 	acid 	ester 

could 	be 	obtained 	in 	a 	high 	yield 	in 	the 	case 	of using 	Sn(OTf)
2

or 

(°Bu) 
2
Sn(0Tf) 	that 	is 	di-n-butyltin 	trifluoromethanesulfonate, 

rhenium 	carbonyl 	(Re (CO) 	) 	and 	manganese 	chloride 	tetrahydrate 
2 	io 

(MnC1 
2 
 .411 0) 	or 	magnesium 	chloride 	hexahydrate 	(MgC1 

2 
 •6H 

2
0) 	in 

2  

combination as a catalyst (Examples 	16-19), compared with the cases 

(Examples 	13-15) 	of 	using 	two 	types 	of 	catalyst, 	Sn(OTO
2 
	or 

(°liiu) 	Sn(0Tf) 	that 	is 	di-n-butyl in 	trifluoromethanesulfonate 	and 
2 	 2 

rhenium 	carbonyl 	(Re (CO) 	) 	or 	manganese 	chloride 	tetrahydrate 
2 	1 0 

(MnC1 All 0) 	or 	magnesium 	chloride 	hexahydrate 	(MgC1 .6H 0). 
2 	2 	 2 	2 

Therefore, 	it 	was 	demonstrated that the 	combined use 	of tin/organic 

tin 	trifluoromethanesulfonate 	with 	a 	rhenium 	compound 	and 	a 

manganese 	compound 	or 	a 	magnesium 	compound 	is 	useful 	for 

obtaining lactic acids in high yields. 

[Table 4] 
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Catalyst/mmol 

Temperature Time Yieldt% 

PC ill Methyl 
lactate 

Lactic 
acid 

Total 
(Lactic acids) 

Methyl 
levulinate 

Example 13 "BuzSn(OTO, /0.1 Re2(C0),, /0.05 190 10 27.9 - 27.9 14.3 

Example 14 Sn(OT02  /0.1 Re2(00)10 /0.05 190 10 16.4 16.4 32.0 

Example 15 "Bu2Sn(OTO2  /0.12 MnC12.4F120 /0.1 200 24 31.9 - 31.9 9.5 

Example 16 "Bu2Sn(OTe2  /0.06 MnC12 •41-120 /0.05 Re2(00)10 /0.025 200 24 46.4 46.4 2.6 

Example 17 nBu2Sn(OTO2  /0.12 ne12 .4H20 /0.1 Re2(C0),,/0.05 200 24 42.2 42.2 6.5 

Example 18 "Bu2Sn(OTO2  /0.06 MgC12 .61-120 /0.05 Re2(C0)10 /0.025 200 62 44.4 - 44.4 4.2 

Example 19 Sn(OTf)2  /0.12 MgC12 •6H20 /0.1 Re2(00)10 /0.05 200 10 38.6 38.6 9.6 

GO 



[0231] (Example 20) 

D-fructose (0.45 g (2.5 mmol)) as a raw material, 5 mg (0.025 

mmol) 	of 	tin 	(II) 	chloride 	as 	a 	catalyst, 	20 	mg 	(0.1 	mmol) 	of 

manganese chloride tetrahydrate as a promoter, 	10 mL of methanol as 

a 	solvent, 	and 	a 	stirring 	bar 	were 	added 	to 	a 	50-mL 	stainless-steel 

autoclave (Taiatsu Techno 	Corporation), 	and then the lid was closed. 

Air 	in 	the 	autoclave 	was 	purged 	with 	nitrogen 	gas. 	After 

pressurization to 0.5 MPa, the autoclave was heated to 150°C using an 

electric 	furnace 	while 	stirring 	the 	mixture 	with 	a 	magnetic 	stirrer. 

Subsequently, stirring was continued for 5 hours while maintaining a 

temperature of 150°C, and then the autoclave was left to cool at room 

temperature. 	The reaction solution was removed from the autoclave 

after 	cooling, 	and 	products 	in 	the 	solution 	were 	quantitatively 

analyzed by liquid chromatography. 	The yields of lactic acids in the 

analytical 	results 	are 	shown 	in 	Table 	5 	below. 	Each 	yield 	is 

represented in percentage (%) figures for the number of moles 	(mol) 

of a product with respect to the number of moles (lactic acids/fructose 

= 	5 	mmol/2.5 	mmol) 	of 	lactic 	acids 	theoretically 	generated 	from 

D-fructose 	as 	a 	raw 	material. 	In 	Table, 	"trace" 	indicates 	that 	the 

percentage is less than 0. 5%. 

[0232] (Example 21) 

Reaction was performed similarly to Example 20 except 	for 

using 	7 	mg 	(0.025 	mmol) 	of 	tin 	(II) 	bromide 	instead 	of 	tin 	(II) 

chloride. 	Various 	products 	were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical results 

are shown in Table 5 below. 

[0233] (Example 22) 
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Reaction was 	performed similarly to 	Example 20 	except 	for 

using 	28 	mg 	(0.1 	mmol) 	of n-butyltin 	trichloride 	instead 	of tin 	(II) 

chloride. 	Various 	products 	were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 	results 

are shown in Table 5 below. 

[0234] (Example 23) 

	

Heat treatment 	was 	performed for 	10 	hours 	of reaction time 

using 	30 	mg 	(0.1 	mmoi) 	of phenyltin 	trichloride 	instead 	of tin 	(II) 

chloride. 	Reaction 	was 	performed 	under conditions 	similar to 	those 

of 	Example 	20 	except 	for 	the 	above 	conditions. 	Various 	products 

were 	quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 

of lactic acids in the analytical results are shown in Table 5 below. 

[0235] (Example 24) 

Tin 	trifluoromethanesulfonate (42 	mg 	(0.1 	mmol)) was 	used 

instead 	of 	tin 	(II) 	chloride 	and 	20 	mg 	(0.1 	mmol) 	of 	magnesium 

chloride 	hexahydrate 	was 	used 	instead 	of 	manganese 	chloride 

tetrahydrate. 	Reaction 	was 	performed 	under 	conditions 	similar 	to 

those 	of 	Example 	20 	except 	for 	the 	above 	conditions. 	Various 

products were quantitatively analyzed by liquid chromatography. 	The 

yields 	of 	lactic 	acids 	in 	the 	analytical 	results 	are 	shown 	in 	Table 	5 

below. 

[0236] (Example 25) 

Reaction was performed 	similarly to Example 20 	except 	for 

using 	8 	mg 	(0.02 mmol) 	of tin trifluoromethanesulfonate and 23 	mg 

(0.08 	mmol) 	of 	n-butyltin 	trichloride 	instead 	of 	tin 	(II) 	chloride. 

Various 	products 	were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 	results 
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are shown in Table 5 below. 

[0237] (Comparative example 11) 

Reaction was 	performed 	similarly to 	Example 	20 	except 	for 

using 	24 	mg 	(0.125 	mmol) 	of tin 	(II) 	chloride 	as 	a 	catalyst 	without 

using a promoter. 	Various products were quantitatively analyzed by 

liquid 	chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 

results are shown in Table 5 below. 

[0238] (Comparative example 12) 

Reaction 	was 	performed similarly to 	Example 	20 	except 	for 

using 	35 	mg 	(0.125 	mmol) 	of tin 	(II) 	bromide 	as 	a 	catalyst 	without 

using a promoter. 	Various products were quantitatively analyzed by 

liquid 	chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 

results are shown in Table 5 below. 

[0239] (Comparative example 13) 

Heat treatment was performed for 	10 hours of reaction time 

using 35 mg (0.1 	mmol) of tin (IV) chloride pentahydrate as a catalyst 

without using a promoter. 	Reaction was performed under conditions 

similar 	to 	those 	of 	Example 	20 	except 	for 	the 	above 	conditions. 

Various 	products 	were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 	results 

are shown in Table 5 below. 

[0240] (Comparative example 14) 

Heat treatment was performed for at 160°C using 21 mg (0.05 

mmol) of tin trifluoromethanesulfonate 	as 	a catalyst 	without using a 

promoter. 	Reaction was performed under conditions similar to those 

of Example 	20 	except 	for 	the 	above 	conditions. 	Various 	products 

were 	quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 
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of lactic acids in the analytical results are shown in Table 5 below. 

[0241] (Comparative example 15) 

Reaction was 	performed similarly to 	Example 	20 	except 	for 

using 	20 	mg 	(0.1 	mmol) 	of 	manganese 	chloride 	tetrahydrate 	as 	a 

promoter 	without 	using 	a 	catalyst. 	Various 	products 	were 

quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 	of 

lactic acids in the analytical results are shown in Table 5 below. 

[0242] (Comparative example 16) 

Reaction 	was performed similarly to 	Example 20 	except 	for 

using 	20 	mg 	(0.1 	mmol) 	of 	magnesium 	chloride 	hexahydrate 	as 	a 

promoter 	without 	using 	a 	catalyst. 	Various 	products 	were 

quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 	of 

lactic acids in the analytical results are shown in Table 5 below. 

[0243] (Example 26) 

Heat 	treatment 	was 	performed 	at 	160°C 	using 	6 	mg 	(0.025 

mmol) 	of cobalt chloride hexahydrate instead of manganese chloride 

tetrahydrate. 	Reaction 	was 	performed 	under 	conditions 	similar 	to 

those 	of 	Example 	20 	except 	for 	the 	above 	conditions. 	Various 

products were quantitatively analyzed by liquid chromatography. 	The 

yields 	of lactic 	acids 	in 	the 	analytical 	results 	are 	shown 	in Table 	5 

below. 

[0244] (Example 27) 

	

Heat 	treatment 	was 	performed 	at 	160°C 	using 	9 	mg 	(0.05 

mmol) 	of tin 	(II) 	chloride 	as 	a 	catalyst 	and 	12 	mg 	(0.05 	mmol) 	of 

cobalt chloride hexahydrate as 	a promoter. 	Reaction was performed 

under conditions similar to those of Example 20 except for the above 

conditions. 	Various 	products 	were 	quantitatively analyzed by 	liquid 
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chromatography. 	The yields 	of lactic 	acids 	in 	the 	analytical 	results 

are shown in Table 5 below. 

[0245] (Example 28) 

	

Heat treatment 	was performed 	at 	160°C 	using 	6 	mg 	(0.025 

mmol) of nickel 	chloride hexahydrate instead of manganese 	chloride 

tetrahydrate. 	Reaction 	was 	performed 	under 	conditions 	similar 	to 

those 	of 	Example 	20 	except 	for 	the 	above 	conditions. 	Various 

products were quantitatively analyzed by liquid chromatography. 	The 

yields 	of lactic 	acids 	in 	the 	analytical 	results 	are 	shown 	in 	Table 	5 

below. 

[0246] (Example 29) 

	

Heat 	treatment 	was 	performed 	at 	160°C 	using 	9 	mg 	(0.05 

mmol) 	of tin 	(II) 	chloride 	as 	a 	catalyst 	and 	12 	mg 	(0.05 	mmol) 	of 

nickel chloride hexahydrate as a promoter. 	Reaction was performed 

under conditions similar to those of Example 20 except for the above 

conditions. 	Various products were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The yields 	of lactic 	acids 	in 	the 	analytical 	results 

are shown in Table 5 below. 

[0247] (Comparative example 17) 

	

Heat 	treatment was 	performed 	at 	160°C 	using 	5 	mg 	(0.025 

mmol) 	of 	tin 	(II) 	chloride 	as 	a 	catalyst 	without 	using 	a 	promoter. 

Reaction was performed under conditions similar to those of Example 

20 	except 	for 	the 	above 	conditions. 	Various 	products 	were 

quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 	of 

lactic acids in the analytical results are shown in Table 5 below. 

[0248] (Comparative example 18) 

Heat 	treatment 	was 	performed 	at 	160°C 	using 	9 	mg 	(0.05 
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mmol) 	of 	tin 	(II) 	chloride 	as 	a 	catalyst 	without 	using 	a 	promoter. 

Reaction was performed under conditions similar to those of Example 

20 	except 	for 	the 	above 	conditions. 	Various 	products 	were 

quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 	of 

lactic acids in the analytical results are shown in Table 5 below. 

[0249] (Comparative example 19) 

Heat 	treatment 	was 	performed 	at 	I60°C 	using 	24 	mg 	(0.1 

mmol) of cobalt chloride hexahydrate as 	a promoter without using a 

catalyst. 	Reaction 	was 	performed under 	conditions 	similar 	to 	those 

of 	Example 	20 	except 	for 	the 	above 	conditions. 	Various 	products 

were 	quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 

of lactic acids in the analytical results are shown in Table 5 below. 

[0250] (Comparative example 20) 

Reaction was performed 	similarly to 	Example 20 	except 	for 

using 24 mg (0.1 	rnmol) of nickel chloride hexahydrate as a promoter 

without 	using 	a 	catalyst. 	Various 	products 	were 	quantitatively 

analyzed by liquid chromatography. 	The yields of lactic acids 	in the 

analytical results are shown in Table 5 below. 

[0251] (Example 30) 

Reaction was performed similarly to 	Example 20 	except 	for 

using 	4 	mg 	(0.1 	mmol) 	of 	lithium 	chloride 	instead 	of manganese 

chloride tetrahydrate. 	Various products were quantitatively analyzed 

by liquid chromatography. 	The yields of lactic acids in the analytical 

results are shown in Table 5 below. 

[0252] (Example 31) 

Reaction was performed similarly to Example 20 except for 

using 	20 	mg 	(0.1 	mmol) 	of iron 	(II) 	chloride 	tetrahydrate 	instead 	of 

-89- 



manganese 	chloride 	tetrahydrate. 	Various 	products 	were 

quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 	of 

lactic acids in the analytical results are shown in Table 5 below. 

[0253] (Comparative example 21) 

4 mg (0.1 mmol) of lithium chloride was used as a promoter 

but no catalyst was used. 	Reaction was 	performed under conditions 

similar 	to 	those 	of 	Example 	20 	except 	for 	the 	above 	conditions. 

Various 	products 	were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 	results 

are shown in Table 5 below. 

[0254] (Comparative example 22) 

Iron (II) 	chloride tetrahydrate (20 mg (0.1 	mmol)) 	was 	used 

as 	a 	promoter 	but 	no 	catalyst 	was 	used. 	Reaction 	was 	performed 

under conditions similar to those of Example 20 except for the above 

conditions. 	Various products were quantitatively analyzed by liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 	results 

are shown in Table 5 below. 

[0255] 	(Results) 

As shown in Table 5, lactic acid ester could be obtained in a 

higher yield 	in 	the cases 	(Examples 	20-31) 	of using 	a tin-containing 

compound in combination with 	a promoter, compared with the cases 

(Comparative examples 11-22) of not using a tin-containing compound 

or a promoter. 	Lactic acid ester was likely obtained in a higher yield 

in 	the 	cases 	(Examples 	20-25) 	of 	using 	manganese 	chloride 

tetrahydrate or magnesium chloride hexahydrate as a promoter. 	Also, 

particularly 	a 	high 	yield 	was 	obtained 	when 	two 	types 	of 

tin-containing 	compound 	were 	used 	in combination 	with 	a promoter 
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(Example 	25). 	Furthermore, 	reEardin c, 	Examples 	26 	and 	27 	and 

Examples 	28 	and 29 	wherein the ratio 	of two 	types 	of catalyst 	was 

varied, the yield of lactic acid ester was higher in the cases (Examples 

27 	and 	29) 	of 	using 	a 	higher 	total 	amount 	of 	a 	tin-containing 

compound and a promoter than in the cases (Examples 26 and 28) of 

using 	the 	same 	in 	a 	lower 	amount. 	Therefore, 	it 	was 	demonstrated 

that the relatively high total amount of a tin-containing compound 	and 

a promoter is useful for obtaining lactic acid ester in a high yield. 

[Table 5] 
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Tin-containing compound (catalyst) (mmol) Promoter (mmol) 
Temperature 

1°C 
Time 

 
/h 

• Vieldl% 

Methyl 
lactate 

Methyl 
levulinate 

Example 20 SnCl2  (0.025) MnC12 .4H20 (0.1) 150 5 59 1 

Example 21 SnBr2  (0.025) MriC12 • 4H 20 (0.1) 150 5 49 1 

Example 22 "BuSnC13  (0.1) MnC12 •4H 20 (0.1) 150 5 60 3 

Example 23 PhSnC13  (0.1) MnC12 •4H20 (0.1) 150 10 55 trace 

Example 24 Sn(OTO2  (0.1) MgC12 .6F120 (0.1) 150 5 56 2 

Example 25 Sn(OTf)2  (0.02) 	1- "8 u S n C 13  (0.013) MnC12 •4H20 (0.1) 150 5 61 3 

Comparative example 11 SnCl2 	(0.125) 150 5 48 11 

Comparative example 12 Srar, (0.125) 150 5 34 19 

Comparative example 13 SnC14 •51-120 	(0.1) 150 10 40 7 

Comparative example 14 Sn(0Tf)2  (0.05) 160 5 14 52 

Comparative example 15 MnC12 •4H20 (0.1) 150 5 4 trace 

Comparative example 16 MgC12 -6H20 (0.1) 150 5 13 



0 

Tin-containing compound 
(catalyst) (mmol) 

Promoter (mmol) 
Temperature 

1°C 
Time 

/h 

Yield/% 

Methyl 
lactate 

Methyl 
levulinate 

Example 26 SnCl2  (0.025) CoC12 •6H20 (0.025) 160 I 	5 49 1 

Example 27 SnCl2  (0.05) CoCl2.6H20 (0.05) 160 5 51 2 

Example 28 SnCl2  (0.025) NiC12 - 6H20 (0.025) 160 5 51 1 

Example 29 SnCl2  (0.05) NiC12.6H20 (0.05) 160 5 54 1 

Comparative example 17 SnCl2  (0.025) 160 5 39 4 

Comparative example 18 SnCl2  (0.05) 160 5 44 6 

Comparative example 19 CoCI • 6H20 (0.1) 160 5 20 2 

Comparative example 20 NiC12 - 6H20 (0.1) 150 5 11 

Tin catalyst (mmol) Promoter (mmol) 
Temperature 

/°C 
Time 

 
/h 

Yield/% 

Methyl 
lactate. 

Methyl 
levulinate 

Example 30 SnCl2  (0.025) LiCI (0.1) 150 5 45 1 

Example 31 SnCl2  (0.025) FeCl2 -4H20 (0.1) 150 5 46 1 

Comparative example 21 LiCI (0.1) 150 5 1 trace 

Comparative example 22 FeCl2.4H20 (0.1) 150 5 7 trace 



[0257] (Example 32) 

D-fructose (0.45 	g (2.5 mmol)) as 	a raw material, 35 mg 	(0.1 

mmol) 	of tin 	(IV) 	chloride 	pentahydrate 	as 	a 	catalyst, 	57 	mg 	(0.1 

mmol) 	of bis(triphenylphosphine)iminium 	chloride 	as 	a 	promoter, 	20 

mL of methanol as a solvent, and a stirring bar were added to a 50-mL 

stainless-steel 	autoclave 	(Taiatsu 	Techno 	Corporation), 	and 	then 	the 

lid 	was 	closed. 	Air 	in 	the 	autoclave was 	purged 	with 	nitrogen 	gas. 

After 	pressurization to 	0.5 	MPa, 	the autoclave 	was 	heated 	to 	150°C 

using 	an 	electric 	furnace 	while 	stirring 	the 	mixture 	with 	a 	magnetic 

stirrer. 	Subsequently, 	stirring 	was 	continued 	for 	10 	hours 	while 

maintaining a temperature of 150°C, and then the autoclave was left to 

cool at room temperature. 	The reaction solution was removed from 

the 	autoclave 	after 	cooling, 	and 	products 	in 	the 	solution 	were 

quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 	of 

lactic 	acids 	in 	the 	analytical 	results 	are 	shown 	in 	Table 	6 	below. 

Each yield is represented in percentage (%) figures for the number of 

moles 	(mol) 	of each 	product 	with 	respect 	to 	the 	number 	of moles 

(lactic acids/fructose = 5 mmol/2.5 mmol) of lactic acids theoretically 

generated from D-fructose as a raw material. 

[0258] (Example 33) 

Reaction was performed similarly to Example 32 except for 

using 	115 	mg (0.2 mmol) of bis(triphenylphosphine)iminium chloride 

as 	a 	promoter. 	Various 	products 	were 	quantitatively 	analyzed 	by 

liquid 	chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 

results are shown in Table 6 below. 

[0259] (Example 34) 

Reaction was 	performed similarly to 	Example 	32 except 	for 
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using 	30 	mg 	(0.1 	mmol) 	of phenyltin trichlor de 	instead of tin 	(IV) 

chloride pentahydrate. 	Various products were quantitatively analyzed 

by liquid chromatography. 	The yields of lactic acids in the analytical 

results are shown in Table 6 below. 

[0260] (Example 35) 

Reaction 	was performed 	similarly to 	Example 	32 	except 	for 

using 	40 	mg 	(0.1 	mmol) 	of 	trioctylmethylammonium 	chloride 	as 	a 

promoter. 	Various 	products 	were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 	results 

are shown in Table 6 below. 

[0261] (Example 36) 

Reaction 	was 	performed 	similarly to 	Example 	32 	except 	for 

using 28 mg (0.1 mmol) of tetrabutylammonium bromide as a promoter. 

Various 	products 	were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in the 	analytical 	results 

are shown in Table 6 below. 

[0262] (Comparative example 23) 

Reaction was performed similarly to 	Example 32 except 	for 

using 	35 	mg 	(0.1 	mmol) 	of 	tin 	(IV) 	chloride 	pentahydrate 	as 	a 

catalyst 	without 	using 	a 	promoter. 	Various 	products 	were 

quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 	of 

lactic acids in the analytical results are shown in Table 6 below. 

[0263] 	(Results) 

As 	shown in Table 6, 	tactic 	acids could be obtained in high 

yields in the cases (Examples 32-36) of using tin/organic tin chloride 

with 	a 	quaternary 	ammonium 	salt, 	compared 	with 	the 	case 

(Comparative 	example 	13) 	of using 	no 	quaternary 	ammonium 	salt. 
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Also, 	lactic 

(Example 34) 

acids 	could 	be 	obtained 	in 	higher 	yields 	in 

of using organic 	tin 	chloride, 	compared with 

the 

the 

case 

case 

(Example 32) of using tin chloride. 

[Table 6] 
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Tin containing compound (catalyst) (mmol) Promoter (mmol) 
Temperature 

PC 
Time 

 
/h 

Yield/% 

Methyl 
lactate 

Methyl 
levulinale 

Example 32 SnCI, • 511,0 (01) LIDPNrCr (0.1) 150 10 52 3 

Example 33 SnC14 • 5H20 (0.1) LPPNYCE (0.2) 150 10 53 2 

Example 34 PhSnCla  (0.1) [PPN]'ci-(0.1) 150 10 58 2 

Example 35 SnCI,• 5H20 (0.1) [0 ct3MeN]tr (0.1) 150 10 52 2 

Example 36 SnCI,• 5E1,0 (0.1) [E3u 41\1]+Br-  (0.1) 150 10 50 3 

Comparative example 23 Sn01,• 51-1 2 0 (0.1) 150 10 40 7 



[0264] (2) Method using a rhenium compound as a catalyst 

(Example 37) 

D-fructose 	(0.45 	g 	(2.5 	mmol)) 	as 	a raw material, 	130.6 	mg 

(0.2 mmol) of rhenium carbonyl as a catalyst, 20 mL of methanol as 

a 	solvent, 	and 	a 	stirring 	bar 	were 	added 	to 	a 	50-mL 	stainless-steel 

autoclave (Taiatsu Techno Corporation), and then the lid was 	closed. 

Air 	in 	the 	autoclave 	was 	purged 	with 	nitrogen 	gas. 	After 

pressurization to 0.5 MPa, the autoclave was heated to 	150°C using an 

electric 	furnace 	while 	stirring 	the 	mixture 	with 	a 	magnetic 	stirrer. 

Subsequently, stirring was continued for 	10 hours while maintaining a 

temperature of 150°C, and then the autoclave was left to cool at room 

temperature. 	The reaction solution was removed from the autoclave 

after 	cooling, 	and 	products 	in 	the 	solution 	were 	quantitatively 

analyzed by liquid chromatography. 	The yields of lactic acids in the 

analytical 	results 	are 	shown 	in 	Table 	7 	below. 	Each 	yield 	is 

represented in percentage (%) figures for the number of moles 	(mol) 

of 	each 	product 	with 	respect 	to 	the 	number 	of 	moles 	(lactic 

acids/fructose 	= 	5 	mmol/2.5 	mmol) 	of 	lactic 	acids 	theoretically 

generated 	from 	D-fructose 	as 	a 	raw 	material. 	In 	Table 	7, 	"trace" 

indicates that the percentage is less than 0. 5%. 

[0265] (Example 38) 

Reaction 	was performed similarly to 	Example 	37 	except 	for 

adding 65.3 	mg 	(0.1 	mmol) 	of rhenium 	carbonyl 	and 	further 	adding 

20.3 mg (0.1 	mmol) 	of magnesium chloride hexahydrate as catalysts. 

Various 	products 	in 	the 	thus 	obtained 	reaction 	solution 	were 

quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 	of 

lactic acids in the analytical results are shown in Table 7 below. 
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[0266] (Example 39) 

Reaction 	was 	performed similarly to 	Example 37 	except 	for 

using 	65.3 	mg 	(0.1 	mmol) 	of rhenium 	carbonyl 	and 	19.8 	mg 	(0.1 

mmol) 	of 	manganese 	chloride 	tetrahydrate 	as 	catalysts. 	Various 

products were quantitatively analyzed by liquid chromatography. 	The 

yields 	of lactic 	acids 	in 	the 	analytical 	results 	are 	shown 	in 	Table 	7 

below.  

[0267] (Example 40) 

	

Reaction was performed 	similarly 	to 	Example 	37 	except 	for 

using 	65.3 	mg 	(0.1 	mmol) 	of 	rhenium 	carbonyl 	and 	19.9 	mg 	(0.1 

mmol) 	of 	iron 	chloride 	hexahydrate 	as 	catalysts. 	Various 	products 

were 	quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 

of lactic acids in the analytical results are shown in Table 7 below. 

[0268] (Example 41) 

Reaction 	was performed similarly to 	Example 	37 	except 	for 

using 	65.3 	mg 	(0.1 	mmol) 	of 	rhenium 	carbonyl 	and 	23.8 	mg 	(0.1 

mmol) of cobalt chloride hexahydrate as catalysts. 	Various products 

were 	quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 

of lactic acids in the analytical results are shown in Table 7 below. 

[0269] (Example 42) 

Reaction 	was 	performed 	similarly to 	Example 	37 	except 	for 

using 	65.3 	mg 	(0.1 	mmol) 	of 	rhenium 	carbonyl 	and 	23.8 	mg 	(0.1 

mmol) of nickel chloride tetrahydrate as 	catalysts. 	Various products 

were 	quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 

of lactic acids in the analytical results are shown in Table 7 below. 

[0270] (Example 43) 

Reaction was 	performed similarly to 	Example 37 	except 	for 
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using 65.3 mg (0.1 	mmol) of rhenium carbonyl and 19 mg (0.1 	mmol) 

of tin (IL) chloride as catalysts. 	Various products were quantitatively 

analyzed by liquid chromatography. 	The yields of lactic acids in the 

analytical results are shown in Table 7 below. 

[0271] (Comparative example 24) 

Reaction was performed similarly to 	Example 	37 	except 	for 

using 39.6 mg (0.2 mmol) of manganese chloride tetrahydrate alone as 

a 	catalyst. 	Various 	products 	were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 	results 

are shown in Table 7 below. 

[0272] (Example 44) 

	

Reaction was 	performed similarly to 	Example 	37 	except 	for 

using 	16.3 	mg 	(0.025 	mmol) 	of rhenium 	carbonyl 	and 	further 	using 

19.8 	mg 	(0.1 	mmol) 	of manganese 	chloride 	tetrahydrate 	as 	catalysts. 

Various 	products 	were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The yields 	of lactic 	acids 	in the 	analytical 	results 

are shown in Table 7 below. 

[0273] (Example 45) 

Reaction 	was performed similarly to 	Example 	37 except 	for 

using 32.7 mg (0.05 mmol) of rhenium carbonyl and further using 19.8 

mg 	(0.1 	mmol) 	of 	manganese 	chloride 	tetrahydrate 	as 	catalysts. 

Various 	products 	were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 	results 

are shown in Table 7 below. 

[0274] (Example 46) 

Reaction was performed similarly to Example 37 except for 

using 	0.45 	g 	(2.5 	mmol) of glucose 	instead 	of 0.45 	g (2.5 mmol) 	of 
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D-fructose as a raw material, using 32,7 mg (0.05 mmol) of rhenium 

carbonyl and 	19.8 	mg (0.1 	mmol) of manganese chloride tetrahydrate 

as catalysts, and performing heat treatment at 	I60°C 	for 24 hours 	of 

reaction 	time. 	Various 	products 	were 	quantitatively 	analyzed 	by 

liquid 	chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 

results are shown in Table 7 below. 

[0275] (Example 47) 

Reaction was performed similarly to Example 37 except for 

using 0.428 g (1.25 mmol) of sucrose instead of 0.45 g (2.5 mmol) of 

D-fructose 	as 	a 	raw 	material, 	using 	65.3 	mg 	(0.1 	mmol) 	of rhenium 

carbonyl 	and 	19.8 mg (0.1 	mmol) of manganese chloride tetrahydrate 

as 	catalysts, 	and 	performing 	heat 	treatment 	at 	180°C. 	Various 

products were quantitatively analyzed by liquid chromatography. 	The 

yields 	of lactic 	acids 	in 	the 	analytical 	results 	are 	shown 	in 	Table 	7 

below. 

[0276] (Example 48) 

Reaction was performed similarly to Example 37 except for 

using 	16.3 	mg (0.025 	mmol) 	of rheniumcarbonyl 	and 	further 	using 

16.1 	mg 	(0.05 	mmol) 	of 	magnesium 	trifluoromethanesulfonate 	as 

catalysts. 	Various 	products 	were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 	results 

are shown in Table 7 below. 

[0277] (Example 49) 

Reaction was 	performed similarly to 	Example 	37 	except 	for 

using 	a 	combination 	of 	19.8 	mg 	(0.1 	mmol) 	of manganese 	chloride 

tetrahydrate, 	32.7 	mg 	(0.05 	mmol) 	of rhenium 	carbonyl, 	and 	9.5mg 

(0.05 mmol) of tin (II) chloride, as a catalyst. 	Various products were 
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quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 	of 

lactic acids in the analytical results are shown in Table 7 below. 

[0278] (Results) 

As shown in Table 7, lactic acid ester could be obtained in a 

high yield in the case (Example 37) of using rhenium carbonyl 	alone 

as a catalyst. 

[0279] 

	

Furthermore, 	lactic 	acid 	ester 	could 	be 	obtained 	in 	a 	high 

yield 	in the cases 	of using 	rhenium 	carbonyl 	with a 	compound 	of a 

metal other than rhenium (Examples 38-43, 48, and 49). 	In particular, 

lactic 	acid 	ester 	could 	be 	obtained 	in 	an 	even 	higher 	yield 	in 	the 

combined 	use 	with 	magnesium 	chloride 	hexahydrate 	or 	manganese 

chloride 	tetrahydrate 	(Examples 	38 	and 	39). 	Also, 	lactic 	acid 	ester 

could 	be 	obtained 	in 	particularly 	a 	high 	yield 	in 	the 	case 	of 	using 

rhenium carbonyl with two types of compound of a metal other than 

rhenium (Example 49). 	On the other hand, the production amount of 

lactic 	acid 	ester 	was 	low 	in 	the 	case 	(Comparative 	example 	24) 	of 

using a compound of a metal other than rhenium alone as a catalyst. 

[0280] 

In Examples 43 and 45 wherein the proportions of two types 

of catalyst were varied, the yield of lactic acid ester was higher 	in 	a 

case 	of 	a 	higher 	proportion 	(about 	33%; 	Example 	43) 	of 	rhenium 

carbonyl 	relative to the total 	amount of catalysts 	used than 	that 	in a 

case of a lower proportion (20%; Example 45) of the same. Therefore, 

it 	was 	demonstrated 	that 	when 	a 	compound 	of a 	metal 	other 	than 

rhenium is added to rhenium carbonyl, the relatively high proportion 

of rhenium carbonyl relative to the total amount of catalysts used is 
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useful for obtaining lactic acid ester 	n a high yield. 

[0281] 

Furthermore, 	lactic 	acid 	ester could be obtained in 	a high 

yield in the cases (Examples 46 and 47) of using rhenium carbonyl in 

combination with a compound of a metal 

other than fructose as a raw material. 

other than rhenium and sugar 

[Table 7] 
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0 

00 

0 

Raw material 

immol 
Catalyst/m=1 

Tempera- 

turert 

Time 

/h 

Yield/ % 
ate Pk 

 

Recovery 

r 

Methyl 

lactate 
Methyl 

levulinate 
Saccharides 

Example 37 
Fructose 

/2.5 
Re2(C0)12/02 150 10 23 6 12 

Example 38 
Fructose 

/2.5 
Re2(CO)10/0.1 

MgCl 2 - 

6H2 0/0.1 
150 10 51 3 5 

Example 39 
Fructose 

/2.5 
Re2(C0),0/0.1 

MnCl2 • 

41-170/0.1 
150 10 52 trace 6 

Example 40 
Fructose 

/2.5 
Re2(C042/0.1 

FeC1,• 

6H20/0.1 
150 10 44 trace 4 

Example 41 
Fructose 

/2.5 
Re2(C0)10/0.1 

CoC12 • 

6H 20/0.1 
150 10 42 trace 

Example 42 
Fructose 

/2.5 
Rez(C0)110.1 NiC12 •4F120/0.1 150 10 38 1 8 

Example 43 
Fructose 

/2.5 
Re2(00)10/0.1 SnC110.1 150 10 43 6 

Comparative 

example 24 

Fructose 

/2.5 

MnC12. 

4H20/0.2 
150 10 16 trace 40 



UI 

Raw material 

Immol 
Catalystimmol 

Tempera- 

Wren 

Time 

/h 

Yield/% 
rate /°/a 

 

Recovery 

Methyl 

lactate 
Methyl 

levulinate 
Saccharides 

Example 44 
Fructose 

/2.5 
R62(00)10/0.025 

MnC12 . 

4H20/0.1 
150 10 38 trace 12 

Example 45 
Fructose 

/2.5 
Re2(C0) /0/0.05 

MnC12 . 

4H20/0.1 
150 10 49 trace 10 

Example 46 
Glucose 

Re2(C0)10/0.05 
/2_5 

MnC12 . 

4H2 0/0.1 
160 24 44 1 4 

Example 47 
Sucrose 

Re2(CO)10 /0.1 
/1.25 

MnC12 . 

4H2 0/0.1 
180 10 49 3 6 

Example 48 
Fructose 

Re2(C0),0/0.025 
/2.5 

Mg (0T0 2/0.05 150 10 30 6 15 

Example 49 
Fructose 	Re2(CO)10/ 

/2.5 	 0.05 

mn012 • 

4H20/0.1 

SnC12/0 

.05 
150 10 60 1 1 

T f=CF3S02 



[0283] (Example 50) 

Cellulose 	(0.405 	g) 	(corresponding 	to 	2.5 	mmol 	of glucose 

residue) that had been dried for 2 or more hours in air at 	120°C, 31.9 

mg 	(0.06 	mmol) 	of 	di-n-butyltin 	(II) 	trifluoromethanesulfonate, 	9.9 

mg 	(0.05 	mmol) 	of manganese chloride tetrahydrate, 	16.3 	mg 	(0.025 

mmol) of rhenium carbonyl, 	20 	mL of methanol, 	and 	a 	stirring 	bar 

were added to a 50-mL stainless-steel autoclave, and then the lid was 

closed. 	Air 	in 	the 	autoclave 	was 	purged 	with 	nitrogen 	gas. 	After 

pressurization to 0.5 MPa, the interior of the autoclave was heated to 

200°C 	using 	a 	mantle 	heater 	while 	stirring 	the 	mixture 	with 	a 

magnetic 	stirrer. 	Subsequently, 	stirring 	was 	continued 	for 	24 	hours 

while maintaining a temperature of 200°C, heating was then stopped, 

and 	then 	the 	autoclave 	was 	left 	to 	cool 	at 	room 	temperature. 	The 

reaction 	solution 	was 	removed 	from 	the 	autoclave 	after 	cooling 	to 

room 	temperature, 	and 	various 	products 	in 	the 	solution 	were 

quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 	of 

lactic 	acids 	in the 	analytical 	results 	are shown 	in 	Table 	8 	below. 	In 

Table 8, 	"-" 	indicates that the percentage is equal to or less than 	the 

detection 	limit. 

[0284] (Example 51) 

	

63.7 	mg 	(0.12 	mmol) 	of 	di-n-butyltin 	(II) 

trifluoromethanesulfonate, 	19.8 mg (0.1 	mmol) of manganese chloride 

tetrahydrate, and 32.6 mg (0.05 mmol) of rhenium carbonyl were used 

as 	catalysts. 	Reaction 	was 	performed 	under 	conditions 	similar 	to 

those 	of 	Example 	50 	except 	for 	the 	above 	conditions. 	Various 

products 	in 	the 	thus 	obtained 	reaction 	solution 	were 	quantitatively 

analyzed by liquid chromatography. 	The yields of lactic acids in the 
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analytical results are shown in Table 8 below. 

[02851 (Example 52) 

	

Heat treatment was performed for 62 hours 	of reaction time 

using 	31.9 	mg 	(0.06 	mmol) 	of 	di-n-butyltin 	(II) 

trifluoromethanesulfonate, 	10.2 	mg 	(0.05 	mmol) 	of 	magnesium 

chloride hexahydrate, and 16.3 mg (0.025 mmol) of rhenium carbonyl, 

as 	catalysts. 	Reaction 	was 	performed 	under 	conditions 	similar 	to 

those 	of 	Example 	50 	except 	for 	the 	above 	conditions. 	Various 

products 	in 	the 	thus 	obtained 	reaction 	solution 	were 	quantitatively 

analyzed by liquid chromatography. 	The yields of lactic acids in 	the 

analytical results are shown in Table 8 below. 

[0286] (Example 53) 

Heat treatment was performed for 	10 	hours of reaction 	time 

using 50.0 mg (0.12 mmol) of tin (II) trifluoromethanesulfonate, 	19.8 

mg (0.1 	mmol) of manganese chloride tetrahydrate, and 32.6 mg (0.05 

(CO) 	) 	as catalysts. 	Reaction 	was mmol) of rhenium carbonyl 	(Re 
2 	0 

performed under conditions similar to those of Example 50 except for 

the above conditions. 	Various products in the thus obtained reaction 

solution were quantitatively analyzed by liquid chromatography. 	The 

yields 	of lactic 	acids 	in the 	analytical 	results 	are 	shown 	in 	Table 	8 

below. 

[0287] (Comparative example 25) 

Di-n-butyltin 	(II) 	trifluoromethanesulfonate 	(63.7 	mg 	(0.12 

mmol)) 	and 	19.8 	mg (0.1 	mmol) 	of manganese 	chloride tetrahydrate 

were 	used 	as 	catalysts. 	Reaction 	was 	performed 	under 	conditions 

similar 	to 	those 	of 	Example 	50 	except 	for 	the 	above 	conditions. 

Various 	products 	in 	the 	thus 	obtained 	reaction 	solution 	were 
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quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 	of 

lactic acids in the analytical results are shown in Table 8 below. 

[0288] (Comparative example 26) 

Heat 	treatment 	was 	performed 	at 	190°C 	for 	10 	hours 	of 

reaction 	time 	using 	10.6 	mg 	(0.02 	mmol) 	of 	di-n-butyltin 	(II) 

trifluoromethanesulfonate 	alone 	as 	a 	catalyst. 	Reaction 	was 

performed under conditions similar to those of Example 50 except for 

the above conditions. 	Various products in the thus obtained reaction 

solution were quantitatively analyzed by liquid chromatography. 	The 

yields 	of lactic 	acids 	in 	the 	analytical 	results 	are 	shown 	in 	Table 	8 

below. 

[0289] (Comparative example 27) 

Heat 	treatment 	was 	performed 	at 	190°C 	for 	10 	hours 	of 

reaction 	time 	using 	8.3 	mg 	(0.02 	mmol) 	of 	tin 	(II) 

trifluoromethanesulfonate 	alone 	as 	a 	catalyst. 	Reaction 	was 

performed under conditions similar to those of Example 50 except for 

the above conditions. 	Various products 	in the thus obtained reaction 

solution were quantitatively analyzed by liquid chromatography. 	The 

yields 	of lactic 	acids 	in 	the 	analytical 	results 	are 	shown 	in 	Table 	8 

below. 

[0290] (Comparative example 28) 

Heat 	treatment 	was 	performed 	at 	190°C 	for 	10 	hours 	of 

reaction 	time 	using 	53.1 	mg 	(0.1 	mmol) 	of 	di-n-butyltin 	(II) 

trifluoromethanesulfonate 	alone 	as 	a 	catalyst. 	Reaction 	was 

performed under conditions similar to those of Example 50 except for 

the above conditions. 	Various products in the thus obtained reaction 

solution were quantitatively analyzed by liquid chromatography. 	The 
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yields 	of lactic 	acids 	in 	the 	analytical 	results 	are 	shown 	in 	Table 	8 

below. 

[0291] (Comparative example 29) 

	

Heat 	treatment 	was 	performed 	at 	190°C 	for 	10 	hours 	of 

reaction 	time 	using 	41.6 	mg 	(0.1 	mmol) 	of 	tin 	(II) 

trifluoromethanesulfonate 	alone 	as 	a 	catalyst. 	Reaction 	was 

performed under conditions similar to those of Example 50 except for 

the above conditions. 	Various products 	in the thus obtained reaction 

solution were quantitatively analyzed by liquid chromatography. 	The 

yields 	of lactic 	acids 	in 	the 	analytical 	results 	are 	shown 	in 	Table 	8 

below. 

[0292] (Results) 

As 	shown 	n 	Table 	8, 	in 	the 	presence 	of tin 	or organic 	tin 

trifluoromethanesulfonate, 	lactic 	acid 	ester 	could 	be 	obtained 	(using 

cellulose 	as 	a 	raw 	material) 	in 	a 	high 	yield 	in 	the 	cases 	(Examples 

50-53) of using rhenium 	carbonyl in combination with a magnesium 

compound or a manganese compound as a catalyst, compared with the 

cases (Comparative examples 25-29) of not using a combination of the 

three types of catalyst. 	Furthermore, regarding Examples 50 and 51 

in 	which 	the ratio of the amounts of the three 	types of catalyst 	was 

varied, lactic acid ester was obtained in a yield higher in the case of 

the 	lower total 	amount of the catalysts 	used 	than 	in the case of the 

higher total amount of the same. 	Therefore, it was demonstrated that 

when 	three 	types 	of 	catalyst 	were 	added, 	the 	relatively 	low 	total 

amount of catalysts used 	is 	useful 	for obtaining 	lactic 	acid ester 	in a 

high yield. 	In addition, lactic acid ester was generated but no lactic 

acid 	was 	generated 	in 	the 	case 	of 	using 	rhenium 	carbonyl 	or 	a 
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manganese compound. 

[Table 8] 
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[0293] (Example 54) 

Generation of ate complex of rhenium 

Manganese 	chloride tetrahydrate 	(9.9 	mg (0.05 	mmol)), 	16.3 

mg (0.025 mmol) of rhenium carbonyl, and 10 mL of methanol were 

added 	to 	a 	high-pressure 	reaction 	vessel 	and 	then 	the 	vessel 	was 

sealed, 	followed 	by 	pressurization 	with 	nitrogen 	to 	0.5 	MPa. 

Subsequently, 	the 	temperature 	of 	the 	reaction 	vessel 	was 	increased 

from room temperature to 150°C for 45 minutes in an electric furnace, 

the 	reaction 	vessel 	was 	immediately 	cooled, 	and 	then 	ESI/MS 

measurement was performed for the content. 

[0294] 

Based 	on 	the measurement 	results, 	the generation of the 	ate 

complex of rhenium was observed (Fig. 1). 

[0295] 

Therefore, it was suggested that rhenium carbonyl formed an 

ate complex with a compound of a metal other than rhenium, and that 

the complex acted as a catalyst for a degradation reaction of cellulose, 

as well as sugar degradation-isomerization reaction. 

[0296] (3) Method using indium alkoxide and the like as catalysts 

(Example 55) 

Lactic 	acid 	ester 	synthesis 	from 	fructose 	using 	an 	indium 

compound 

Indium 	isopropoxide 	(15 	mg 	(0.05 	mmol)) 	as 	an 	indium 

compound, 0.450 g (2.5 mmol) of fructose as carbohydrate (as a raw 

material), 	and 	10 	mL 	of 	methanol 	as 	a 	solvent 	were 	added 	to 	a 

stainless-steel 	compression 	reactor 	(Nitto 	Koatsu 	Co. 	Ltd.) 	with 	an 

inner volume of 50 ml at room temperature. 	Then nitrogen gas (0.5 
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MPa) was injected into the reactor vessel of the reactor, and then the 

inside of the reactor vessel was heated to 150°C using a mantle heater. 

After the temperature was maintained at I50°C for 10 hours, heating 

was stopped, and then the reactor was left to cool. 	After the reactor 

was 	cooled 	to 	room 	temperature, 	the 	remaining 	organic 	phase 	was 

removed 	by 	pressure 	discharge, 	and 	then 	the 	thus 	obtained 	solution 

was 	quantitatively 	analyzed by 	liquid 	chromatography. 	As 	a 	result, 

2.4 	mmol 	of methyl 	lactate was 	generated. 	e yield of the 	methyl 

lactate was 	48% 	when 	represented 	in 	percentage 	(%) 	figures 	for 	the 

number of moles of methyl lactate generated per mole of fructose as a 

raw material (fructose standard). 

[0297] (Example 56) 

Lactic acid synthesis from fructose using indium compound 

Indium 	isopropoxide 	(15 	mg 	(0.05 	mmol)) 	as 	an 	indium 

compound, 0.450 g (2.5 mmol) of fructose as carbohydrate (as a raw 

material), 	and 	10 	mL 	of pure 	water 	as 	a 	solvent 	were 	added 	to 	a 

stainless-steel 	compression 	reactor 	(Nitto 	Koatsu 	Co. 	Ltd.) 	with 	an 

inner volume of 50 mL at room temperature. 	Nitrogen gas (0.5 MPa) 

was injected into the reactor vessel of the reactor and then the interior 

of the reactor vessel was heated to 	160°C using a mantle heater. 	The 

temperature was maintained at 160°C for 5 hours, heating was stopped, 

and 	then 	the reactor was 	left to cool. 	The remaining organic 	phase 

was 	removed 	by 	pressure 	discharge 	after 	cooling 	of the 	reactor 	to 

room 	temperature, 	and 	then 	the 	thus 	obtained 	solution 	was 

quantitatively analyzed by 	liquid chromatography. 	As 	a 	result, 	0.24 

mmol of lactic acid was generated. 	The yield of lactic acid was 	5% 

when it is represented by the fructose standard; that is, 	in percentage 
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(%) figures for the number of moles (mol) of lactic acid (per mol of 

fructose as a raw material). 

[0298] (Example 57) 

Lactic acid ester synthesis from glucose using indium compound 

Reaction was performed under the same conditions as those in 

Example 55 except for using 0.450 g (2.5 mmol) of glucose instead of 

fructose 	as 	carbohydrate 	(as 	a 	raw 	material) 	and 	a 	reaction 

temperature of 180°C. 	As a result, 2.0 mmol (yield of 40% based on 

the glucose standard) of methyl lactate was generated and 0.08 	mmol 

(yield of 3% based on the glucose standard) of methyl levulinate was 

generated as a by-product. 	The term "glucose standard" refers to the 

percentage (%) figure representing the number of moles of a product 

generated per mole of glucose as a raw material. 

[0299] (Example 58) 

Lactic acid ester synthesis from glucose using indium acetylacetonate 

Reaction was performed under the same conditions as those in 

Example 	55 	except 	for 	using 	20.8 	mg 	(0.05 	mmol) 	of 	indium 

acetylacetone 	(In(acac)
3

) 	as 	an 	indium compound. 	As 	a result, 	1.55 

mmol (yield of 31% based on the fructose standard) of methyl 	lactate 

was generated, but no methyl levulinate was generated. 

[0300] (Example 59) 

Effects of the addition of a phenolic compound 

Reaction was performed under the same conditions as those in 

Example 	55 	except 	for 	adding, 	in 	addition 	to 	indium 	isopropoxide, 

fructose, and methanol, 0.1 mmol of eatechol as a phenolic compound 

to a reactor vessel. 	As a result, 2.6 mmol (yield of 52% based on the 

fructose 	standard) 	of methyl 	lactate 	was 	generated 	and 	0.15 	mmol 
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(yield of 6% based on the glucose standard) of methyl levulinate was 

generated as a by-product. 

[0301] (Example 60) 

Effects of the addition of phenolic compound 

Reaction was performed under the same conditions as those in 

Example 	55 	except 	for 	adding, 	in 	addition 	to 	indium 	isopropoxide, 

fructose, 	and 	methanol, 	0.1 	mmol 	of 	2,2-biphenol 	as 	a 	phenolic 

compound to a reaction vessel. 	As a result, 2.5 mmol (yield of 50% 

based on the fructose standard) of methyl lactate was generated. 

[0302] (4) Method using indium compound and the like as catalysts 

(Example 61) 

Indium (III) chloride tetrahydrate (14.9 mg (0.05 mmol)) as a 

metal 	compound, 	28.7 	mg 	(0.05 	mmol) 	of 

bis(triphenylphosphine)iminium chloride 	as 	a salt, 	0.45 	g (2.5 	mmol) 

of fructose as carbohydrate (as a raw material), 20 mL of methanol as 

a 	solvent, 	and 	a 	stirring 	bar 	were 	added 	to 	a 	stainless-steel 

compression reactor with an inner volume of 50 mL (Nitto Koatsu Co. 

Ltd.), and then the lid was closed. 	Air in the autoclave was purged 

with 	nitrogen 	gas. 	After 	pressurization 	to 	0.5 	MPa, 	the 	autoclave 

was 	heated 	to 	I50°C 	using 	an 	electric 	furnace 	while 	stirring 	the 

mixture with a magnetic stirrer. 	Subsequently, stirring was continued 

for 	5 	hours 	while 	maintaining 	a 	temperature 	of 150°C, 	and then 	the 

autoclave was left to cool at room temperature. 	The reaction solution 

was 	removed 	from 	the 	autoclave 	after 	cooling, 	and 	products 	in 	the 

solution were quantitatively analyzed by liquid chromatography. 	The 

yields 	of lactic 	acids 	in 	the 	analytical 	results 	are 	shown 	in 	Table 	9 

below. 	Each 	yield 	is 	represented 	in percentage 	(%) 	figures 	for 	the 
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number of moles (mol) of each product with respect to the number of 

moles 	(lactic 	acids/fructose 	= 	5 	mmol/2.5 	mmol) 	of 	lactic 	acids 

theoretically generated from D-fructose as a raw material. 

[0303] (Example 62) 

Reaction was 	performed 	similarly to 	Example 	61 	except 	for 

performing 	heat 	treatment 	at 	180°C. 	Products 	in 	the 	solution 	were 

quantitatively 	analyzed 	by 	liquid 	chromatography. 	The 	yields 	of 

lactic acids in the analytical results are shown in Table 9 below. 

[0304] (Example 63) 

Reaction 	was 	performed 	similarly to 	Example 	62 	except 	for 

using 	17.7 	mg 	(0.05 	mmol) 	of 	indium 	bromide 	(III) 	as 	a 	metal 

compound. 	Products in the solution were quantitatively analyzed by 

liquid 	chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 

results are shown in Table 9 below. 

[0305] (Example 64) 

Reaction 	was 	performed 	similarly to 	Example 	62 	except 	for 

using 	14.6 	mg 	(0.05 	mmol) 	of 	indium 	(III) 	acetate 	as 	a 	metal 

compound. 	Products in the solution were quantitatively analyzed by 

liquid 	chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 

results are shown in Table 9 below. 

[0306] (Example 65) 

Reaction was performed similarly to Example 62 except for 

using 20.6 	mg (0.05 	mmol) of indium 	(III) 	acetylacetone 	as 	a metal 

compound. 	Products in the solution were quantitatively analyzed by 

liquid 	chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 

results are shown in Table 9 below. 

[0307] (Example 66) 
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Reaction was performed similarly to Example 62 except for 

using 	30.9 	mg 	(0.05 	mmol) 	of 	bis(triphenylphosphine)irninium 

bromide 	as 	a 	salt. 	Products 	in 	the 	solution 	were 	quantitatively 

analyzed by 	liquid chromatography. 	The yields of lactic acids in the 

analytical results are shown in Table 9 below. 

[0308] (Example 67) 

Reaction was 	performed 	similarly to 	Example 	62 	except 	for 

using 33.3 mg (0.05 mmol) of bis(triphenylphosphi 	e) ii inium 	iodine 

as 	a 	salt. 	Products 	in 	the 	solution 	were 	quantitatively 	analyzed 	by 

liquid 	chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 

results are shown in Table 9 below. 

[0309] (Example 68) 

Reaction was 	performed similarly to 	Example 	62 except 	for 

using 2.1 	mg (0.05 	mmol) of lithium chloride 	as 	a salt. 	Products 	in 

the 	solution were 	quantitatively 	analyzed 	by 	liquid 	chromatography. 

The yields of lactic acids in the analytical results are shown in Table 

9 below. 

[03101 (Example 69) 

Reaction 	was 	performed 	similarly to Example 62 	except 	for 

using 9.9 mg (0.05 mmol) of 1-butyl-3-methylimidazoliumacetate as a 

salt. 	Products 	in the solution were quantitatively analyzed by liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in the 	analytical 	results 

are shown in Table 9 below. 

[0311] (Example 70) 

Reaction was performed similarly to 	Example 62 except for 

using 	11.3 	mg 	(0.05 	mmol) 	of 

1-butyl-3-methylimidazol umtetrafluoroborate 	as 	a 	salt. 	Products 	in 
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the 	solution 	were 	quantitatively 	analyzed 	by 	liquid 	chromatography. 

The yields of lactic acids in the analytical results are shown in Table 

9 below. 

[0312] (Example 71) 

Reaction 	was 	performed 	similarly to 	Example 	62 	except 	for 

using 7.3 mg (0.05 mmol) of sodium picolinate as a salt. 	Products in 

the 	solution 	were 	quantitatively 	analyzed 	by 	liquid 	chromatography. 

The yields of lactic acids in the analytical results are shown in Table 

9 below. 

[0313] (Example 72) 

Reaction was 	performed 	similarly to 	Example 	62 	except 	for 

using 8.1 	mg (0.05 mmol) of sod um(trihydroxy)phenylborate as a salt. 

Products 	in 	the 	solution 	were 	quantitatively 	analyzed 	by 	liquid 

chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 	results 

are shown in Table 9 below. 

[0314] (Example 73) 

Reaction 	was 	performed 	similarly to 	Example 	61 	except 	for 

using 	8.8 	mg 	(0.05 	mmol) 	of 	gallium 	(III) 	trichloride 	as 	a 	metal 

compound, 	performing 	heat 	treatment 	at 	190'C, 	and 	stirring 	for 	2 

hours. 	Products 	in 	the 	solution 	were 	quantitatively 	analyzed 	by 

liquid 	chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 

results are shown in Table 9 below. 

[0315] (Example 74) 

Reaction was performed similarly to Example 61 except for 

using 12.1 mg (0.05 mmol) of aluminium (III) chloride hexahydrate as 

a metal 	compound, performing heat treatment at 	190°C, 	and stirring 

for 2 hours. 	Products in the solution were quantitatively analyzed by 
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liquid 	chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 

results are shown in Table 9 below. 

[0316] (Results) 

	

As 	shown 	in 	Table 	9, 	as 	a 	result 	of using 	the 	ate 	complex 

generated by reaction of a metal compound with 	a salt as 	a catalyst, 

lactic 	acids 	could 	be 	obtained 	in 	high 	yields. 	In 	particular, 	lactic 

acids 	were 	obtained 	in 	high 	yields 	of more 	than 	60% 	in 	the 	cases 

(Examples 	62, 	63, 	66, 	67, 	68, 	69, 	71, 	and 	72) 	of using 	indium 	(III) 

chloride 	tetrahydrate 	as 	a 	metal 	compound 	and 

bi s(tri ph enylp ho sp hin e)im ini um 	salt, 	lithium 	chloride, 

1-butyl-3-methylimiclazoliumacetatc, 	sodium 	picolinate, 	or 

sodium(trihydroxy)phenylborate 	as 	a 	salt, 	and 	performing 	heat 

treatment at 180°C. 

[Table 9] 

Example Metal compound Salt Temperature (°C) Time (h) Yield (%) 

61 InC13  4H20 [PPN]CI 150 5 51.1% 

62 InCI3  4H20 [PPN]CI 180 5 62.8% 

63 InBr3  [PPN]CI 180 5 60.9% 

64 In(OAc)3  [PPN]CI 180 5 51.0% 

65 In(acac)3  [PPN]CI 180 5 26.7% 

66 InC13  4H20 [PPN]Br 180 5 62.5% 

67 InC13  4H20 [PPM! 180 	i  5 63.0% 

68 InC13  4H20 LiC1 180 5 61.0% 

69 InCI3  4H20 [bmim]OAc 180 5 61.4% 

70 InCla  4H20 [bmim]l3F4 180 5 58.6% 

71 10013  4H20 Sodium picolinate 180 5 65.0% 

72 InC13  4H20 Sodium(trihydroxy)phenylborate 180 5 63.3% 

73 GaC13  [PPN]CI 190 2 33.9% 

74 AlC13  6H20 [PPN]CI 190 2 ' 	20.9% 

[0317] (Example 75) 
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Generation of ate complex 

Indium 	(III) 	chloride 	tetrahydrate 	(0.05 	mmol) 	as 	a 	metal 

compound 	and 	bis(triphenylphosphine)iminium 	chloride 	(0.05 	mmol) 

as 	a salt 	were dissolved 	in methanol 	(20 	mL), 	and then the solution 

was heated in an autoclave under nitrogen gas (0.5 MPa) at 190°C for 

2 	hours 	(no 	sugar 	(carbohydrate 	as 	a 	raw 	material) 	was 	added, 	but 

treatment was performed under the same reaction conditions as those 

in Example 61). 	Subsequently, the autoclave was left to cool at room 

temperature. 	After cooling, 	the reaction solution was removed 	from 

the 	autoclave 	and 	then 	products 	in 	the 	solution 	were 	measured 	by 

ESI-MS. 

[0318] 

As a result of measurement, the generation of the ate complex 

of InC1 
4

-  was observed (Fig. 2). 

[0319] 

Therefore, 	it 	was 	suggested 	that 	indium 	(III) 	chloride 

tetrahydrate and bis(triphenylphosphine)iminium chloride form an ate 

complex 	and 	the 	complex 	acts 	as 	a 	catalyst 	for 	sugar 

degradation•isomerization reaction. 

[0320] (Example 76) 

Indium (III) chloride tetrahydrate (14.9 mg (0.05 mmol)) and 

31.9 	mg 	(0.06 	mmol) 	of dibutyltin 	triflate 	as metal 	compounds, 	28.7 

mg (0.05 mmol) of bis(triphenylphosphine)iminium chloride as a salt, 

0.405 	g 	of cellulose (corresponding to 	2.5 	mmol 	in terms of glucose 

unit) 	as 	carbohydrate 	(as 	a 	raw 	material), 	20 	mL of methanol 	as 	a 

solvent, and a stirring bar were added to a stainless-steel compression 

reactor with an inner volume of 190 mL (Tokyo Rikakikai Co., Ltd.), 
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and then 	the 	lid 	was 	closed. 	Air 	in the 	autoclave was purged 	with 

nitrogen 	gas. 	After 	pressurization 	to 	0.5 	MPa, 	the 	autoclave 	was 

heated to 	190°C 	using an electric 	furnace while 	stirring 	the mixture 

with a magnetic 	stirrer. 	Subsequently, stirring was continued 	for 	10 

hours 	while 	maintaining 	a 	temperature 	of 	190°C, 	and 	then 	the 

autoclave was left to cool at room temperature. 	The reaction solution 

was 	removed 	from 	the 	autoclave 	after cooling, 	and 	products 	in 	the 

solution were quantitatively analyzed by liquid chromatography. 	The 

yields 	of lactic 	acids 	in the 	analytical 	results 	are 	shown 	in 	Table 	10 

below. 	Each 	yield 	is 	represented 	in 	percentage 	(%) 	figures 	for 	the 

number of moles (mot) of each product with respect to the number of 

moles 	(lactic 	acids/glucose unit 	in 	cellulose 	= 	5 	mmol/2.5 	mmol) 	of 

lactic acids theoretically generated from cellulose as a raw material. 

[0321] (Example 77) 

Reaction was performed 	similarly to Example 76 except 	for 

using 	14.9 	mg (0.05 	mmol) 	of indium (111) 	chloride tetrahydrate 	and 

25.0 mg (0.06 mmol) of tin triflate as metal compounds. Products 	in 

the 	solution 	were 	quantitatively 	analyzed 	by 	liquid 	chromatography. 

The yields of lactic acids in the analytical results are shown in 	Table 

10 below. 

[Table 10] 

Example Metal compound Salt Tempera- 
ture (°C) 

Time 
(h) 

Yield 
(%) 

76 Bu2Sn(OTf)2  

InC13  4H20 

[PPN]CI 190 10 32.6% 

77 Sn(0Tf)2  

InG13  4H20 

[PPN]CI 190 10 28.7% 
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[0322] 

using 

compound 

quantitatively 

lactic 

[0323] 

except 

compound. 

liquid 

results 

[0324] 

except 

tetrahydrate 

bis(triphenylphosphine)iminium 

solution 

yields 

below. 

[Table 

(Comparative example 30) 

Reaction was performed similarly to Example 76 except for 

31.9 	mg 	(0.06 	mmol) 	of 	d butyltin 	triflate 	alone 	as 	a 	metal 

	

without 	adding 	a 	salt. 	Products 	in 	the 	solution 	were 

	

analyzed 	by 	liquid 	chromatography. 	The 	yields 	of 

acids in the analytical results are shown in Table 11 	below. 

(Comparative example 31) 

Reaction was performed similarly to Comparative example 30 

for 	using 	25.0 	mg 	(0.06 	mmol) 	of 	tin 	triflate 	as 	a 	metal 

Products 	in 	the 	solution 	were 	quantitatively 	analyzed 	by 

chromatography. 	The 	yields 	of lactic 	acids 	in 	the 	analytical 

are shown in Table 11 below. 

(Comparative example 32) 

Reaction was performed similarly to Comparative example 30 

for 	using 	14.9 	mg 	(0.05 	mmol) 	of 	indium 	(III) 	chloride 

as 	a 	metal 	compound 	and 	28.7 	mg 	(0.05 	mmol) 	of 

	

chloride 	as 	a 	salt. 	Products 	in 	the 

	

were quantitatively analyzed by liquid chromatography. 	The 

of lactic 	acids 	in the analytical results 	are shown 	in 	Table 	11 

11] 

Compara- 
five 

example 

Metal compound Salt Tempera- 
ture (°C) 

Time 
(h) 

Yield 
(%) 

30 Bu2Sn(OTe2  — 190 10 16.0% 

31 Sn(OT1)2  — 190 10 18.0% 

32 InCI3  4H20 [PPI\]CI 190 10 — 

[0325] 
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Based on the results of Examples 76 and 77 and Comparative 

examples 30-32, it was revealed that the use of a tin compound with a 

combination of an indium compound and a salt results in an improved 

lactic acid yield from cellulose. 

[Industrial Applicability] 

[0326] 

The 	method 	of 	the 	present 	invention 	provides 	a 	novel 

catalytic reaction system for efficiently converting biomass containing 

polysaccharides 	represented 	by 	cellulose 	and 	monosaccharides 	into 

lactic acid and lactic acid ester. 	The use of the method of the present 

invention enables efficient production of lactic acid and/or lactic acid 

ester using 	a 	carbohydrate-containing raw 	material, 	such as 	biomass 

containing a cellulose resource. 	According to the method, lactic acid 

and/or 	lactic 	acid 	ester, 	and 	particularly 	lactic 	acid 	ester 	can 	be 

produced in a high yield without using a large amount of strong acid, 

while suppressing the generation of by-products. 

[0327] 

All 	publications, patents and patent 	applications cited in this 

description are herein incorporated by reference in their entirety. 
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CLAIMS 

[Claim 1] 	A method for producing lactic acid and/or lactic acid ester by heat 

treatment on a carbohydrate-containing raw material in a solvent containing a catalyst, 

wherein 

the catalyst is tin or organic tin perfluoroalkylsulfonate, and 

the solvent contains water and/or alcohol. 

[Claim 2] 	The method for producing lactic acid/lactic acid ester according to 

claim I, wherein the catalyst further contains at least one type of compound selected 

from the group consisting of a tin compound, an indium compound, and a rhenium 

compound. 

[Claim 3] 	The method for producing lactic acid/lactic acid ester according to 

claim I or 2, wherein the solvent further contains at least one type of compound selected 

from the group consisting of a first transition 	series metal compound, 	a lithium 

compound, a magnesium compound, an alkali metal salt, an alkaline earth metal salt, a 

quaternary ammonium salt, and a quaternary phosphonium salt. 

[Claim 4] 	The method for producing lactic acid/lactic acid ester according to any 

one of claims 1 to 3, wherein at least one type of compound selected from the group 

consisting of a tin compound, an indium compound, and a rhenium compound and at 

least one type of compound selected from the group consisting of a first transition series 

metal compound, a lithium compound, a magnesium compound, an alkali metal salt, an 

alkaline earth metal salt, a quaternary ammonium salt, and a 

- 124 - 



quaternary phosphonium salt form an ate complex. 

[Claim 5] 	The method for producing lactic acid/lactic acid ester according to any 

one of claims 1 to 4, wherein the indium compound is selected from the group consisting 

of a halide salt, carboxylate, indium alkoxide, and indium acetylacetate. 

[Claim 6] 	The method for producing lactic acid/lactic acid ester according to any 

one of claims 1 to 5, wherein the rhenium compound is a compound containing a halide 

or a carbonyl ligand. 

[Claim 71 	The method for producing lactic acid/lactic acid ester according to any 

one of claims 1 to 6, wherein the solvent further contains a phenolic compound. 

[Claim 8] 	The method for producing lactic acid/lactic acid ester according to any 

one of claims 1 to 7, wherein heat treatment is performed at I00°C to 300°C. 

[Claim 9] 	The method for producing lactic acid/lactic acid ester according to any 

one of claims 1 to 8, wherein the carbohydrate-containing raw material is at least one 

type selected from the group consisting of cellulose, soluble polysaccharides, and 

monosaccharides. 
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