DESCRIPTION

[Title of Invention] Method for Producing Lactic Acids from
Carbohydrate-containing Raw Material

[Technical Field]

[6001]

The present invention relates to a method for producing factic
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 celiulose 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 13

factate, lactate is treated with acid to liberate lactic acid from lactate,
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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 teechnique, a chemical method is known that involves
treating carbolhydrates hydrothermally in the presence of an alkali.
For example, when a saccharide (see Non-Patent Literature 1 and
Non-Patent Literature 2), celiulose (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
isomerized 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.

10004]

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]



An example has also been reported wherein a ceiluiose-based
raw material is directly converted to lactic acid by a chemical reaction
without wusing an alkali. However, the method reqguires 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 factic acid 1s insufficient (see Patent Literature 4).

10006]

As other reports concerning lactic acid production from a
cellulose-based raw material within a single step, an example of using
a group I 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 factic acid yic—:ld.s only under conditions of a relatively
low conecentration 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]
10007]

[Patent Literature 1} JP Patent Publication (Kokai) No. 6-311886 A
(1694}

[Patent Literature 2] JP Patent Publication (Kokat) 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 Monigomery R.,
Carbohydrate Research, Vol.280 (1956) p.47-57

[Non Patent Literature 3] Niemelae K. and Sjoestroem E., Bicmass,
11 (1986) p.215-221

[Nen 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  for efficiently producing lactic acids from a
carbohydrate-containing raw material.
[Solution to Problem]
[6¢10]
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/er lactic acid ester) can
be efficiently produced from a carbohydrate-containing raw material
using at least ane type of compound selected from the group
consisting of 2 tin compound, an indium compound, and a thenium
compound and at least one type of compound selected {rom the group
consisting of a first transition series metal compound, a lithium
compound, a magnesium compound, an alkali metal salt, an alkaline
ecarth metal salt, a quaternary ammonium salt, and 2 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 perfluoroalkylisulfonate, and the solvent contains water and/or

alcohol.
(0011}

Specifically, the present invention encompasses the following
[1] to [9.

10012]
t1] A method for producing lactic acid and/or lactic acid ester by
heat freatment on a carbohydrate-containing raw material in a solvent
containing a catalyst, wherein:

the catalyst is at least one fype of compound selected from the
group consisting of 2 tin compound, an indium compound, and a
rhenium compound; and

the solvent contains water and/or alcohol.

[0013]



[2] The method for producing lactic acid/lactic acid ester of [1],
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 alkal:i
metal salt, an alkaline earth metal salt, a quaternary ammonium salt,
and a quaternary phosphonium salt.

[0014]

[3] The methed for producing lactic acid/lactic acid ester of [1] or
[2], wherein at least one type of compound seiected 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 esfer of any one
of [1) to [4], wherein the indium compound is selected from the group
consisting of a halide salt, carboxylate, indium alkoxide, and indium
acetylacetate,

[0017]

[6] The method for producing lactic acid/lactic acid ester of any one
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of [1] to [57, wherein the rhenium compound is a compound containing
a halide or a carbonyl ligand.

[0013]

[7] The method for producing lactic acid/lactic acid ester of any
one of [1] to [6], wherein the solvent further contains a phenolic
compound.

16019]

18] The method for producing lactic acid/jactic acid ester of any
one of [1] to [7], wherein heat treatment is performed at 100°C to
300°C.

[0020]

(91 The method for producing lactic acid/lactic acid ester of any
one of [1] to [8], wherein the carbohydrate-containing raw material 1s
at least one type selected from the group of celiulose, soluble

polysaccharides, and monosaccharides.

[0021]
Furthermore, the present invention encompasses the following
(1) to (5).
[6022]
(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 sclvent 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 ceontains 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 periluorcalkylsulfonate 1is
triflucromethanesulfonate. |
100257
{4y The method of any one of (1) to (3), wherein the
carbohydrate-containing raw material contains celiulose.
[0026]
(5) The method of any one of (1) to (4), wherein the water- and/or
alcohel-containing solvent further contains a phenolic compound.
[0027]

Furthermore, the present invention encompasses the following
<l> to <6>,
[0028)
<]>» A method for producing lactic acids, comprising performing heat
treatment on a carbohydrate-containing raw material in a2 solvent
containing water and/or alcohol, wherein the solvent contains as a
cataiyst 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 Jeast one type of
compound selected from the group consisting of a lithium halide, a
magnesium halide, a first transition series metal halide, and a2
guaternary ammonium salt,
[0029]
<2> The method of <1>, wherein the tin or organic tin halide to be

used as a catalyst is chloride.



[0630]

<3> The method of <i> or <2>, wherein perfluoroalkylsulfonate tc be
used as a catalyst is trifluoromethanesulfonate.

[G031]

<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 cne of <l> to =<3>, wherein the gquaternary
ammonium salt to be used as a promoter 1s halide.

[0033]

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

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

[0034]
Furthermore, the present invention encompasses the foellowing
(1] to [31].
(00357
[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 selected from the group consisting of indium
alkoxide and indium acetylacetonate.

[06036]

(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 Iis
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performed by heating at 100°C to 300°C,

[0038]

Furthermeore, the present invention encompasses the fellowing
{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 {1}, wherein at least one type of rhenium
compound contains a carbonyl ligand.

10041]

{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 cne of {1} to {5}, wherein the heat treatment
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is performed by heating at 100°C to 300°C,
o045}

Furthermore, the present invention encompasses the following
<<l >xip <G>
[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 transifion series metal salt, a guaternary
ammonium salt, and a quaternary phosphonium salt.
[0047]
<<2>> The method for producing lactic acids of <<l>»>, wherein at
least one type of metal compound selected from the group consisting
of an indium compound, a gallivm compound, an aluminivm 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
a first transition series metal salt

earth metal salt a guaternary

3 T

ammonium salt, and a quaternary phosphonium salt form an afte
complex.

[0048]

<<3>> The method for producing lactic acids of <<1>> or <<Z>>,
wherein at least one type of metal compound selected from the group

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

11 -



compound, a tin compound, and a rhenium compound is selected from
the group consisting of a halide salt and carboxylate.

[6049]

<<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 2fuminium compoeound,
a tin compound, and a rhenium compound is a chloride salt,

[0050]

<<5>> The method for preducing lactic acids of any one of <<i>> to
<<4>>_  wherein at teast 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 sait, carboxylate, and borate.

(06513

<<6>> The method for producing lactic acids of any one of <<l>> to
<<5>>, comprising using as a catalyst at least one type of tin or
organic tin perfluorcalkyisuifonate.

106052}

<<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

<<®&>> comprising performing heat treatment at 100°C to 300°C.
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(0055}

This descriptioen 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 prieority 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
materiai such as cellulose using a small amount of a catalyst.

[Brief Description of Drawings]
[0057]

Fig. I 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 (IIl} tetrahydrate and
bis(triphenylphosphine)iminium chloride.

[Description of Embodiments]
[0058]

According to the present invention, a reacticn 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 im a c¢arbohydrate-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 1s used.

[G060]

A reaction for generation of lactic acid or lactic acid ester
from a carbohydrate-containing raw material proceeds as follows, for
example, when cellulose is used as a starfing material.

[Chemical formula 1]
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[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 fo 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 erythritel (tetrose) are generated through
retro-aldolization. Triose among these examples can be coanverted to
lactic acid through isomerization. Furthermore, lactic acid 1is
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,
celluiose 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 materiais may be, for example,
carbohydrates including hexose such as cellulose, helocellulose,
cellobiose, starch (e.g., soluble starch), maltose, glucose, mannose,

fructose, galactose, and glucose, hemicellulose-based substances
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including pentose such as hemicellulose, xylose, and arabinose, or raw
materials containing at least one of them, such as lignocellulose-based
raw materiais. 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 1n 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 perfiuoroalkylsulfonate, 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
(Sny 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-buty! group, a n-hexyl

group, and a2 n-octy! group. Tin or organic tin
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perfluoroalkylsulfonate may be a tin (II) salt or a tin (IV) salt.
Examples of “perfivorcalkylsuifonate” include, but are not
particularly Iimited to, trifluoromethane sulfonate,
pentafluoromethane sulfonate, heptafluoropropane sulfonate, and
nonafluorobutane sulfonate. In the present invention, a more
preferable exampie of perfluoroalkylsutfonate is trifluoromethane

sulfonate {trivial name: triflate}. As tin perfluoroalkylsulfonate, for

example, tin (II} trifluoromethanesuifonate (Sn(OTi’)z) {Tf denotes a
trifluoromethylsulfonyl group CF}SOZ—. The same applies to the
following) can be particularly preferably used. As oarganic tin
perfluoroalkylsulfonate, for example, dibutyltin (10
trifivoromethanesulfonate 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-butyltin (I1) 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 (InBr3).
(00657

Examples of a rhenium compound include rhenium halides
(fluoride, chloride, bromide, and i1odide), 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 (Rez(CO)H}).
[G066]

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
nsed in combination.

[0067]

A solvent containing water and/or alcohol to be used in the
method of the present invention i1s a soclution 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 soclution
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 1 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
sclvent in the present invention. One, two or more types of alcohol
may be contained in a solvent. Alse, in the method of the present
invention, water is used as a solvent when lactic acid is produced, and
a solvent containing alecohol 1is 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 skilied 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 to1: 1000 {= raw material : solvent) and preferably ranges from 1 :
Sto1: 106.

[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_0.00i moi to 1.0 mol, and
preferably 0.605 mol to 0.1 mol, such as 0.01 mol fto 0.05 mol (in
terms of mass ratio) with respect to 1 mol of glucose residue in the
carbohydrate-containing raw material. When such 2 compound(s) is
used in an excessively low amount, degradation of polysaccharides
such as celiulose 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 cster decreases because of side reactions. Such amounts
are not preferred.

[0076]

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

guaternary ammonium salt, and a quaternary phosphonium salt can

-19-



also be used as another catalyst in combination.
t0071]

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, 2 magnesium compound, an alkali
metal salt, an alkaline earth metal salt, a quaternary ammonium salt,
and a quaternary phosphonium salt as another catalyst, 1n 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.

[6072]

Examples of first transition series metal compounds include
halides (fluoride, chloride, bromide, and iodide) of the first transifion
series metals (that is, scandium, titanium, vanadium, chromium,
manganese, iron, cobalt, nickel, copper, and zinc¢), an acetylacetone
compound, an alkoxide compound, a carbexylate 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 tetrabhydrate, cobalt chloride hexahydrate, cobait
chioride hexahydrate, nickel chloride tetrahydrate, and iron (II}
chloride hexahydrate. |
[GO73]

Examples of a lithium compound include halides (fluoride,
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chloride, bromide, and iodide), an acectylacetone 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
thereotf is a lithium chloride.

{06074]

Exampies of a magnesium compound include magnesium
halides (fluoride, chloride, bromide, and iodide), an acetylacetone
compound, an alkoxide compound, a carboxylate compound, =
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 phencl compound.
Specific exampies thereof include magnesium chlioride tetrahydrate
(MgClz-ﬁrHZO) and magnesium chloride hexahydrate (MgC[Z-éHZO).
[0075]

Examples of an alkali metal salt, an alkaline earth metal salt,
and a quaternary phosphonium salt inciude a halide salt, carboxylate,
borate, and a phenyl compound. Specific examples thereot include,
but are not limited to, bhis{iriphenyiphosphine)iminium chioride
([PPN]CD), bis(triphenyiphosphine)iminium bromide  ([PPN]Br),
bis{triphenylphosphine) iminium icdine ([PPNID),
bis(triphenylphosphine) iminium carboxylic acid ([PPN]JOOCH),
tetraethylammeoenium chloride (Et4NC1), triethylamine hydrochloride

(EtSNHCl), trioctylmethylammonium chloride (OctaNMeCI),
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triethyl(2-methoxyethoxymethyl)ammonium chloride

(MeOCHECHZOCHj'NEtSCI), l-butyl-3-methylimidazoliumchloride
([bmim]Cl), l-butyl-3-methylimidazoliumacetate (Ibmim]OAc),
1-butyl-2,3-dimethylimidazolium chioride ([bdmim]Cl),
I-butyl-3-methylimidazoliumtetrafluoroborate ([bmi1n}BF4),

tetraphenyi phosphonium chioride (Ph4PCl), lithiuvm chloride, sodium

picolinate, and sodium(trihydroxy)phenyliborate.
[0076]

Examples of a quaternary ammonium salt include, but are not
particularly limited to, guaternary ammonium salt halides (fluoride,
chloride, bromide, and iodide), a carboxylic acid compound, a boric
acid compound, and a ph.enol compound. For example,
bis(triphenylphosphine)iminium chloride, tetrabutylammoniumbromide,
trioctylmethylammoniumchloride, 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 fransition series metal
compound is further preferably used in an amount ranging from 0.0}
mol to 0.9 mo!l (e.g., 0.2 mol to 0.8 mol) with respect to 1.0 meol of at

least one type of compound selected from the group consisting of a tin
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compound, an indium compound, and a rhenivm compound.
[0078]

A lithium compound :s8 used 1n 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 frem 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 azﬁount ranging from 1.0
mofl to 4.0 moel.

[0079]

A magnesium compound can be used in an amount
corresponding to 0 mol to 1.0 moil 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 frem the
greup consisting of a tin compound, an indium compound, and a
rhenium compound. A magnesium compound is further preferably
used in an amount ranging from 0.0] mol to 0.9 mo!l (e.g., 0.2 mel to 0.
8§ mol) with respect to 1.0 mol of that of at least one type of
compound selected from the group censisting of a tin compound, an
indium compound, and a rhenium compound.

16080]
An alkali metal salt, an alkaline earth metzal salt, or a

quaternary phosphonium salt can be used in an amount corresponding

=23



to 0 mol 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 szalt can be
further preferably used in an amount ranging from 0.0l mol to 10.0
mol {e.g., 0.1 mol to 1.0 mol) with respect to 1.0 mol of that of at
ieast 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
guaternary 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 =2
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 feast one type of compound
selected from the group consisting of a lithivm 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, 1n the presence of a tin compound, an
indivm compound and/or a rhenium compound, la 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 poiysaccharides 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 perfluorcalkylsulfonate or a tin compound, an indium compound,
or a rthenium compound} catalyzing the degradation reaction of
cellulose and sugar degradation-isomerization reaciton, 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 wvarious 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 2 rhenium compound is used in combination
with at least cne type of compound selected from the group consisting
of a first transition series metal compound, a lithium compound, a
magnesium campound, 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 sait, 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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(60841

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}

7\
i i HO\,/[)
Cychzataorj’v oHO

OH . Q
HO -7
. OH
OH{%DH i \ OH OH
y . OHi
Retro-aldai reaction G O Isomerization O
[608BS]

In the method of the preseﬁt 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, 2 magnesium
compound, an alkali metal salt, an alkaline earth metal salt, a
guaternary 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-fluerocatechol, 2,2°-biphencl, and 3-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 that of the above
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compound.
0686]

In the method of the present invention, when 2 compound
comprising at least one type selected from the group consisting of a
first transition series metal compound, a Ilithium compound, a
magnesium compound, an alkal! metal salt, an alkaline earth metal salf,
a quaternary ammonium salt, and a quaternary phosphonium salt, ig
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 compoeund, these compounds may also be
added to a solvent containing water and/or alcobol together with at
feast 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
skiffed 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 perfluorcalkylsulfonate as a

catalyst
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In an embodiment of the present invention, at least one type
of tin or organic tin perfiuvorcalkylsulfonate is used as a catalyst for
the degradaticon reaction of a carbohydrate-containing raw material
and sugar degradation-isomerization reaction. As the “tin or organic
tin perfivorcalkylsulfonate,” the above compound can be used. The

tin or organic tin perfluoroalkylsulfonate is preferably

triffuoromethane sulfonate ({(trivial name: trifiate). As the tin
perfinoroalkylsulfonate, for example, fin (11)
trifluoromethanesulfonate (Sn(OTF)?) (where Tf denotes

trifluoromethylsulfenyl group CF}SOZ_). The same applies to the
following) can be particularly preferably used. As the organic tin
perfluoroalkylsulfonate, for example, dibutyltin (11
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 soivent when lactic acid is
produced and a solvent centaining zalcchol may be used when lactic
acid ester is produced.

[0090]

The total amount of tin or organic tin perflucroalkylsulfonate
(tc be used herein) to be contained in a solvent containing water
and/or alcohol 1s not limited. A compound{(s) can be used in an

amount corresponding to 0.001 mol to 1.0 mol, and preferabiy 0.0035
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mol te 0.1 mol, such as 0.01 mol to 0.05 mol (in terms of mass ratio)
with respect to ] mol 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 ceilulose 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 perfluorcalkylsulfonate can be
preferably used as a catalyst for production of lactic acid and/or lactic
acid ester from polysaccharides.

{00927

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.

[6003]

In addition to at least one type of compound selected from tin
perfluorocalkylsulfonate and organic tin perfluoroalkylsulfonate, at
feast one type of compound selected from the group consisting of a tin
or organic tin haiide, 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 (I}
chloride and di-n-butyltin (II) chloride.

[0095]

As indium compounds, the above compounds can be used.
An example thereof is, but is not limited to, indium bromide (InBrs).
100967

As rhenium compounds, the above compounds can be used.
An example thereof 1is, but is not limited to, rhenium carbonyl
(Rez(CO)W).

[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 perfluoroalkylsulfenate. A f{in 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 mel to 50 mol (e.g., 2.0
mol te 5.0 mol) with respect to 1.0 mol of that of
perfiuoroalkylsulfonate.

[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., 2.6 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
te 0 mol to 100 moel with respect to 1.0 mol of that of tin or organic
tin perfluoroalkylsulfonate. A  rhenivm compound 1is further
preferably used in an amount ranging from 6.01 mol to 10.0 mol (e.g.,
0.1 mol to 1.0 mol}) with respect to 1.0 mol of that of
perfluoroalkylsuifonate.

[C100]

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 ¢in or organic fin
perfluoroalkylsulfonate. Furthermore, at least one type of compound
selected from the group consisting of 2 first transition series metal
compound, a lithinm 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 be 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
atkali metal salt, an alkaline earth metal salf, 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 {imited
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 is, but is not particularly limited to, lithium chloride.
- {0104]

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

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

tetrahydrate (MgClz-élH?_O) and magnesium chloride hexahydrate
(MgClz-6H20).
10105]

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

quaternary phosphonium salt, the above compound can be used.

Examples thercof inciude, but are not limited to,
bis{triphenylphosphine}iminium chloride ([PPNICDH,
bis(triphenylphosphine)iminium bromide ([PPNIBr),
bis(triphenylphosphine)iminium iodine ([PEN]D,

bis(triphenylphosphine)iminium  carboxylic  acid {([PPN]OOCH),

tetracthylammonium chloride (EthCU, triethylamine hydrochloride
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(EISNHCI), trioctylmethylammonium chloride (OctBNMeCI},

triethyl(2-methoxyethoxymethyl)ammonium chloride
(MeOCHOCHZOCHZNEtSC]), [-butyl-3-methyiimidazoliumchloride
{([bmim]Cl), 1-butyl-3-methylimidazoliumacetate {(bmim]OAc),
1-butyl-2,3-dimethylimidazolium chloride ([bdmim]Cl),
I-butyl-3-methylimidazoliumtetrafluoroborate ([bmim]‘BF4},

tetraphenyl phosphonium chlornide (Ph4PC1), 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, but are not limited to, bis(triphenylphosphine)iminium
chloride, tetrabutylammoniumbromide, and
trioctylmethylammoniumchloride.

[0167]

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 perflucroalkylsulfonate. The first transition series
metal compound is preferably used in the same amount as or an
amount Jjower than that of perfluoroalkylsulfonate. The first
transition series metal compound 1s further preferably unsed in an
amount ranging from 0.01 mol to 0.9 mol {e.g., 0.2 mol to 0.8 mol)
with respect te 1.0 mol of perfluoroalkylsulfonate.

[6108]

A lithium compound 1s used 1n an ameunt 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 1s 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 ¢ mol to 1.0 mol with respect to 1.0 mol of that of
tin or organic tin perfiueroalkylsulfonate. A magnesium compound is
preferably used in the same amount as or an amount lower than that of
perfluoroalkyisulfonate. A magnesium compound 1s 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 perfluoroaikylsulfonate.
[61107

An alkali metal salt, an alkaline earth metal salt, or a
guaternary 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 perfluoroalkyisulfonate. An alkali metal salt, alkaline earth
metal salt, or quaternary phosphonium salt can be further preferably
used in an amount ranging from 0.0! mol to 10.0 mol (e.g., 0.1 mol to
1.0 mol) with respect to 1.0 mo!l of perfluoroalkylsulfonate.

[0111]

A quaternary ammonium salt is used in an amount ranging
from G.1 mol to 10.0 mol with respect to 1.0 mol of tin or organic tin
perfluoroalkylsuifonate. A quaternary ammonium salt is preferably
used in an amount equivalent to or higher than that of
perfluoroaikylsulfonate. 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
perfluoroalkyisulforate, a tin or organic tin halide, amn indium
compound, and a rhenium compound is used in combination with at
feast 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. As described above, an ate
complex 1s 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 guaternary 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 te 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 lfeast one type of fin or organic tin
perfluoroalkylisuifonate. When at least one type of compound
seiected from the group coasisting 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 guaternary phosphonium salt, and a
phenolic compound are used together, these compounds may be added
with tin or organic tin perfluorcalkylsulfonate intoc 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 1o 300°C,
and more preferably ranges from 1008°C to 250°C. For example, the
temperature preferably ranges from 150°C to 195°C.
fo113s]

(2} Method using a tin compound as a catalyst
In another embodiment of the present 1nvention, 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 tactic acid and/or
lactic acid ester can bhe obtained as a reaction product. Furthermore,
in this embodiment, a carbohydrate-containing raw material 1is
subjected to heat treatment in a water- and/or alcohol-containing
solvent containing, in addition to at least one type of tin compound, at
Jeast one type of compound selected from the group consisting of a
lithivm 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 carbohydrafe-containing raw material, such asg
polysaccharides (e.g., cellulose, starch, and oligosaccharide} and
monosaccharides (e.g., fructose), even if a relatively low reaction
temperature 1s 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 exampie 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 thercof that can be
particularly preferably used inciude, but are not particularly limited
to, tin (II) chloride, tin (IV) chloride (tin chloride pentahydrate), tin
(I1) bromide, n-butyltin (I3 chloride, phenyltin trichloride, tin (II)
trifluoromethanesuifonate (Sn(OTf)z), and dibutyltin (I
trifluoromethanesulfonate (”BugSn(OTf}z)

[0120]

In one reaction system, one type of tin compound may be used
and two or more fypes thercof may be used in combination.
01213

In the method of the present invention, 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 ig, 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, nicke! chloride tetrahydrate,
and iron {II) chloride hexahydrate.

[(0123]

As “quaternary ammonium salt{s),” the above compounds can
be used. Examples thereof include, but are not particularly limited to,
guaternary ammonium salt halides (fluorides, chlorides, bromides, and
todides), Exampies of such a gquaternary ammonium salt halide that
can be particularly preferably used herein include, but are not {imited
to, bis(triphenylphosphine}iminium chloride,
tetrabutylammoniumbromide, and frioctylmethylammoniumchlioride.
[(0124]

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 Iithium 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 sait, the above compounds

can be used, Examplies thereof include, but are not limited to,
bis{triphenylphosphine)iminium chloride {([PPNiICI},
bis{triphenylphosphine)iminium bromide ([PPN]BI),
bis(triphenylphosphine)iminium iodine ([PPN]D),

bis{triphenylphosphine)iminium carhoxvylic acid ([PPN]JOGCH),
tetraethylammonium chloride (thNCl), triethylamine hydrochloride

(Et3NHC1), trioctylmethylammonium chloride (OctBNMeCI),

triethyi(2-methoxyethoxymethyllammonium chloride
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(MeOCHZCH2OC}{2NEt3C§), I-butyl-3-methylimidazoliumchloride

(ibmim]Cl), [-butyl-3-methylimidazoliumacetate ([omim]OAcC),
I-butyl-2,3-dimethylimidazolivm chloride ({bdmim]Cl),
[-butyl-3-methylimidazoliumtetrafluoroborate ([bmim]BFd),

tetraphenyl phosphonium chloride (PhaPCI), lithium chioride, sodium

picolinate, and sodivm{trihydroxy)phenyiborate.
[0125]

In ene 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
thercof 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 alcoho!
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 0.0l mo!l to 0.05 mol (in terms of mass ratic) with
respect to 1 mol of glucose residue or fructose residue in the
carbohydrate-containing raw material. When such a tin compound(s)
1s used in an excessively low amount, degradation reaction of

cellulose and sugar degradation-isomerization reaction proceed with
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difficulty, and when the same 1s used in an excessively high amount,
the yield of lactic acid of interest decreases because of side reactions.
Such amounts are not preferred.
[(G128]

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 gquaternary ammonium salt,
an alkali metal salt, an alkaline earth metal salt, and a quaternary
phosphonium salt, which 1s 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 fo 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 solution 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 sclectively caused to proceed
while suppressing sugar cyclization; and the {somerization reaction
can be efficiently caused to proceed to resuit in lactic acids from the
carbohydrate-containing raw material,
[0130]

Im 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 metai 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 exampie, the temperature preferably
ranges from 150°C to 160°C. In this embodiment, heat treatment can
be performed at such a relatively low temperature.

10131]

(3) Method using a rhenium compound as a catalyst

In another embodiment of the present invention, a
carbohydrate-containing raw material is subjected to heat treatment in
a water- and/or alcohoi-containing solvent containing a rhenium
compound funciioning as a catalyst, so that lactic acid and/or lactic
acid ester can be obtained as a reaction product.

[6132]

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., celiulose), 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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carbohvydrates. The above-defined raw materials can be used herein,
but the examples are not limited thereto.
(01343

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” inciude 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 1s, but i1s not particularly limited fo, rhenium
carbonyl. In cne reaction system, one type of rhenium compound
may be used and two or more types of the same may alsc be used in
combination.

[6135]

A solvent containing waier and/or azlcohol and the amount of
the same to be used in this embodiment are as defined above.
[0126]

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 mo!i, such as 0.0l mol to 0.1 mo!l {in terms of mass ratio) with
respect to I 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-isemerization reaction proceed with difficulty.
Such amounts are not preferred.
[0137]

In this embodiment, a compound of a metal other than
rhienium 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 fiuorides,
chlerides, bromides, and iodides) of magnesium, tin, or first transition
series metals {that {s, 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 perfluoroalkyisulfonate.

[0138]

Examples of a magnesium compound that can be used in this
embodiment include, but are not particularly limited to, 2 magnesium
halide (inecluding hydrate) and magnesium perfluoroalkylsuifonate.
An example of a magnesium halide is magnesium chloride hexahydrate

4

that can be particularly preferably used. Examples of “magnesium
perfluorcatkylsulifonate” as wused herein inciude, but are not
particularly limited to, trifluoromethane sulfonate,
pentaflucromethane sulfonate, heptafluoropropane suifonate, and
nonafluorobutane sulfonate. In this embodiment, a more preferable
example of perfluoroalkylsuifonate 1s trifluorcmethane 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(OTf)z) (Tf denotes a trifivoromethylsulfonyl group CFBSO7-).

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
particulariy preferably used in this embodiment include, but are not

particularly limited to, tin (II) chloride and di-n-butyltin (I1)

chioride.
6140}

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 (o, manganese chioride tetrahydrate
(MnC12~4HEO), iron (I1) chleride hexahydrate b (FeCIz-tGHzO), cobalt
chloride hexahydrate (CGC12~6E120), and nickel chloride fetrahydrate
(NEC12A4HZO).
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 gquaternary

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

thereof inciude, but are not fimited to,
bis(triphenyiphosphine)iminium chloride ([PPN]CI},
bis(triphenylphosphine)iminium bromide {([PPN]Br),
bis{triphenyiphosphine) iminium 1o0dine ([PPNID,
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bis(triphenylphosphine) iminium carboxylic acid ([PPN]JOOCH),
tetraethylammonium chloride (EthCl), triethylamine hydrochloride
(Et3NHC1), trioctylmethylammonium chioride (Oct3NMeCi),
triethyvi(2-methoxyethoxymethyl)ammonium chloride
(MeOCH2CHZOCH2NEt3Ci), l-butyl-3-methylimidazolium  chioride
{({bmimiCl), i{-butyl-3-methylimidazolium acectate ({bmim]OAc),
i-butyl-2,3-dimethylimidazolium chloride {({bdmim]Cl},
I-butyl-3-methylimidazoliumtetrafluoroborate ([bmim}BFé),
tetraphenyiphosphonium chloride (P§14PC1), lithium chloride, sodium
picolinate, sodium(trihydroxy)phenyiborate,
bis(triphenylphosphine)iminium chioride, tetrabutylammoniumbromide,
and trioctylmethylammonium chioride.

[0142]

In one reaction system, a rhenium compound and one or a
plurality of types of compound of a metal other than rhenium may be
used in combination.

[01437

In this embodiment, when a rhenium compound is used tn
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 a2 metal other than rhenium). Alternatively, a metal compound
containing two or more types of metal {containing rhenium and a
metal other than rhenium) may be synthesized in advance and then
added to a r‘caction solution. The thus generated metal compound
functions as a catalyst for the above degradation reaction of celiulose

and/or sugar degradation-isomerization reaction. An example of such

_46 -



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, but is not particularly limited to, a rhenium
carbony! 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 bind in a reaction solution so as
to form one or more types of ate complex. Here, the term “ate
complex™ refers tc 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 1s 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
1somerization 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 rhenium is 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 mel 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 perfluorcalkylsulfonate. Specifically, this embodiment

18  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
perfluoroaikyisulfonate” may be either tin (II) salt or tin {IV) salt.
As perfluoroalkylsulfonate, trifluoromethanesulfonate is preferred.
For example, tin (D) frifluoromethanesulfonate (Sn(OTf}z),
dibutyltin(Il) trifluorcemethanesulfonate (”BuZSn(OTf)Z)] and the like
can be particularly preferably used.

(G147}

When tin or organic tin perfluoroalkylsulfonate 1s used, the
amount of the same fo be used herein can be appropriately regulated
by a person skilled in the art. The amount of tin or organic {in
perflueoroalkylisulfonate can be selected from the range of amounts
equivalent to or higher than that of a rhenium compound, ranging from
oreferably 1.0 mol 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 perfluoroalkylsuifonate
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 freatment preferably ranges from 100°C to 300°C,
and more preferably ranges from 1060°C to 256°C. For example, the
temperature preferably ranges from 150°C to 200°C.
[0149]
(4) Method using an {ndium 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 cataiyst and is selected from
the group consisting of an indium compound, a gallium compound, an
aluminium compeound, a tin compound, and a rhenium compound, so
that lactic acid and/or lactic acid ester can be obtained as a reacticon
product. Furthermore, in this embodiment, a carbohydrate-containing
raw material 1s 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 guaternary 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
carbehydrates, 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 emboediment, the above-defined compounds can be
used. Examples thercof are preferably halide salts and carboxylate
Examples of such metal compounds include, but are not limited to,
indium (I11) bromide, indium (III} chioride, indium (III} iodide,
indium (111} chloride tetrahydrate, indium (III) acetate, acetylacetone
indium {(III), tin {(II) chloride, di-n-butyitin (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
(fiuorides, chlorides, bromides, and 1odides}, 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 neot limited
to, gallium (III) trichloride and aluminium (11I) chloride hexahydrate.
[0155]

In one recaction 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 celluleose, and sugar degradation-isomerization
reaction.

[0157]

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 qguaternary
phosphonium sait. Examples thereofl include, but are not limited to,

bis(triphenyiphosphine)iminium chloride ([PPN]Cly,
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bis(triphenylphosphine)iminium bromide (IPPN]Br),
bis{triphenylphosphine)iminium iodine ([PPN1I),
bis{iriphenyiphosphine)iminium carboxvylic a;id ([PPN]OOCH),
tetraethylammonium chloride (Et4NCi), triethylamine hydrochloride

(Et}NHCl), treoctylmethylammonium chloride (Oct}NMeCl),

triethyl(Z-methoxyethoxymethyllammonium chloride
(MeOCHZCHjOCHzNEt}Ci), I-butyl-3-methylimidazoliumchloride
{([bmim]Cl), I-butyl-3-methylimidazoliumacetate ([bmim]OAc),
I-butyi-2,3-dimethylimidazolium chloride {([bdmimiCl},
L-butyi-3-methylimidazoliumtetrafluoroborate ([bmim]BFd),

tetraphenyl phosphonium chloride (I’h4PCl), lithium chloride, sodium
picolinate, sodivm{trihyvdroxy)phenylborate,
bis(triphenyiphosphine)iminium chloride, tetrabutylammoniuvmbromide,
and trioctylmethylammonium chloride.

[0158]

In one reaction system, one {ype of compound selected from
the group consisting of an alkali metal sait, an alkaline earth metal
sait, 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 indivm compound,

a gallium compound, an aluminium compound, a tin compound, and a
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rhentam compound to be contained as a catalyst in a solvent
containing water and/or alcohol is not limited. A compound(s) can
be uwsed in an amount correspending to 0.00! mol to 1.0 mol, and
preferably 0.005 mol to 0.1 mol, such as 0.01 mol te 0.05 mol (in
terms of mass ratio) with respect to | mol of glucose residue or
fructose residue in the carbohydrate-containing raw 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 gquaternary 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
sefected 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.
01627

In this embodiment, when a compound selected from an
indium compound, a galiium 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 guaternary ammonium salt,

and a guaternary 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.

[0164j

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 aluminium compound, a tin
compound, and a rhenium compound, and at least one type of salt
gselected 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 guaternary phesphonium salt. Tin or organic
tin perfiuoroalkylsulfonate can be used as a catalyst for degradation
reaction of polysaccharides such as cellulose and sugay 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.
[0165]

As tin or organic tin perfluoroalkylsulfonate, the above
compound <can be used. A preferable example thereof s
trifluoromethanesulfonate {(trivial name: triflate}. For example, tin
(1) trifluoromethanesulfonate and dibutyltin (1)
trififuoromethanesulfonate can be used.

(01661

Tin or organic tin perfluorcalkylsulfonate can be used in an
amount corresponding to 0 mol to 1000 mol with respect to 1.0 mol of
that of a compound seiected from an indiam 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 perflueroalkylsulfonate is further preferabiy used in an amount
ranging {rom 1.0 mol to 50 mol {e.g., 1.0 mol to 20 mol) with respect
to 1.0 moi of that of a compound selected from an indivm compound, a
galliuvm 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

-55 .



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 guaternary ammonium salt,
and a quaternary phosphonium salt, and further containing tin or
organic tin perfluorcalkylsulfonate if necessary. Heat treatment
conditions can be appropriately regulated by a person skiiled in the
art depending on saccharides and alcohol types contained in raw
materials. The temperature for heat treatment preferably ranges from
100°C te 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, lactic acid and/or lactic
acid ester can be conveniently produced with very high efficiency
from carbohydrates in a carbohydrate-containing raw material.

(6170}
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.
(01713

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 acetylacetonate 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 isepropoxide, indium-n-butoxide,
and indium-t-butoxide. Examples of indium acetylacetonate that can
be wused 1in this embodiment include acetylacetone indium, tris
(2,2,6,6~tetramethyl-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.
(61723

A solvent containing water and/or alcohol and the amount of
the same to be used in this embodiment are as defined above.
[0173]

The total amount (to be used herein) of indium alkoxide
and/or indium acetvlacetonate, which is to be contained in a solvent

containing water and/or alcohol 1s as follows., Indium alkoxide
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and/or indium acetylacetonate can be used in an amount corresponding
to 6.00001 moi to 1.0 mol, and preferably 0.005 mol to 0.1 mol (e.g.,
0.01 mol to 0.05 mol) in terms of mass ratio with respect to 1 mmol of
giucose 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 1s particularly suitable for generation
of Tlactic acids from monosaccharides, and thus is particularly
preferable when a carbohydrate-containing raw material contains
monosaccharides.

[0175]

In this embodiment, a phenolic compeound is preferably
further added to a solvent and then used, 1n addition to indium
alkoxide and/or indium acetylacetonate. Examples of a phenolic
compound include, but are not particularly fimited té, phenol, cresol,
alkylphenol, catechol, pyrogallol, alkoxyphenol, salicylic acid,
salicylic acid ester, 2,2"-bipheno!l, 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 in 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 alcohoi 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 c¢an be appropriately regulated by a persen
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.

[6177]

All embodiments (1) to {3) 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
hefore 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 dicxide gas. Heat treatment is
also preferably performed under pressurized conditions. The reactien
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 15 a continuous flow-based reaction
method (continucus method). A reaction solution prepared by mixing
a raw material, a solvent, and a catalyst 1s 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 sclected
from the group consisting of a magnesium compound, a first transition
series metal compound, a lithium compound, an alkali metal salt, an
atkaline earth metal salt, a f{irst transition series metal salt, =z
guaternary ammonium salt, a guaternary 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 rcached 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 reaction product is removed from the
autoclave,
101807

Also, when a continuous f{low-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 an 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 guaternary ammonium
salt, a guaternary phosphonium sait, 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 pressare., 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/er 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
celiulose. According to the method of the present invention, lactic

acid and/or lactic acid ester can be obtained with a vield of 9% to 30%
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on the basis of the number of moles of lactic acid and/or lactic acid
ester pgenerated per glucose residue or fructose resgsidue in a
carbohydrate-containing raw material. In addition, yield is given
in percentage (%} figures, representing the number of meles {(mol} of
tactic 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 mol/l mol) or per fructose residue (lactic
acids/fructose residue = 5 mol/2.5 mol) from cecllulose as a raw
material,

[6182]

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 chioride) other than
perfivoroalkylsulfonate is used in addition to tin or organic tin
perfluoroalkylsulfonate, the yield of lactic acid and/or lactic acid
ester can be increased by 1% 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 1n addition to tin or organic
tin perfiuoroalkylsulfonate, the yield of lactic acid and/er lactic acid

ester can be increased by about 1% to 20%, for example, compared
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with a case in which tin or organic tin perfluoroalkylsulfonate 1s used
alene or a case in which a tin compound other than
perfluoroalkylsulfonate {in particular, a tin or organic 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 chioride or di-n-butyliin chloride) is used in addition to
tin or organic tin perfluoroalkylsuifonate, or when one or more types
of compound selected from the group consisting of an indium
compound (in particular, an indium halide), a thenium compound, a
magnesium compound, and a first {ransition 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 I5% to 30% on the basis of the number of moles of lactic acids

generated per glucose residue or fructose residue in @z
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carbohydrate-containing raw material containing cellulose,
moncsaccharides, or the like. Alse, when a compound of a metal
other than rhenium or tin or organic tin perfluorcalkylisulfonate 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) Methed wusing an indium
compound and the like as catalysts™ above, an alkali metal salt or the
ke 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 factic 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., vield 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 vyield 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 alkexide and/or indium
acetylacetonate, the vield 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 sclution. Such separation can be
performed by an organic acid separation method known by a person
skilled in the art, such as liquid chromategraphy.

[0183]

The method of the present invention is useful since the yield
of lactic acid ester can be itmproved by the method while suppressing
the amount of acid to be used as a catalyst to a low level,

[Examplies]
{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.

{61967 (1) Method using a tin compound as a catalyst
(Example 1)
Cellulose (0.405 g) (corresponding to 2.5 mmol of ghicose

residue) that had bheen dried for 2 or more hours in air at 120°C, 8 mg

{0.02 mmol) of tin (II) trifiluoromethanesulfonate (Sn(OTf)z;Tf =
CF3502)’ 20 mL of methancol, and a stirring bar were added to a 50-mL
stainless-steel auioclave, 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 bours while maintaining a

temperature of 190°C, heating was then stopped, and then the
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autoclave was ieft to cool at room temperature. The reaction sclution
was removed from the autoclave after cooling to room temperature,
and, various products in the solution were guantitatively analyzed by
liquid chrématography. 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 mmo‘i) of lactic acids theoretically generated per glucose
residue from cellulose as a raw material. In Table 1, “-7 indicates
that the percentage is equal to or less than the detection limit and
“trace” indicates that the percentage is fess than 0.05%.

[0191] (Example 2)

Reaction was performed similarly to Example | except for
using di-u-butyltin (I trifluoromethanesulfonate (("Bu) Sn(OTI))
instead of tin (II) trifluoromethanesulfonate. Various products were
quantitatively analyzed by liquid chromategraphy. The vields of
lactic acids in the analytical results are shown in Tabie | 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 liguid chromatography. The vields of
lactic acids in the analytical results are shown in Table | below,
[0193] {Comparative example 1)

Heat treatment wads performed for 5 hours of rcaction time
using 0.1 mmol of aluminium trifluorcomethanesulfonate (Al(OTf)3)
instead of tin (II) trifiluoromethanesulfonate. Reaction was

performed under conditions similar to those of Example | except for
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the above conditions. Various products were guantitatively analyzed
by liquid chromatography. The yields of lactic acids in the analytical
results are shown in Table | below.

[0194] {(Comparative example 2)

Heat treatment was performed for 5 hours of reaction time
using 0.1 mmol of iron trifluoromethanesulfonate (Fe(OTf)z) 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
chromategraphy. The vields of lactic acids in the analytical results
are shown in Table 1 below.

[0195] (Comparative example 3}

FHeat treatment was performed for 5 hours of reaction time
using 0.1 mmol of zinc trifluoromethanesulfonate (Zn(OTf)z) instead
of tin (II) trifluoromethanesulfonate. Reaction was performed under
conditions similar to those of Example 1 except for the above
conditions. Various products were gquantitatively analyzed by liquid
chromatography. The yields of lactic acids in the analytical results
are shown in Table | 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
(PTSAoH?O) instead of tin (1I) trifluoromethanesulfonate (0.02 mmol).
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 1 below.
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[C197] (Comparative example 5)

Reaction was performed similarly to Example 1 except for
using tin (I chloride (SnClZ} instead of tin (Ih)
trifluoremethanesulfonate. Various products were quantitatively
analyzed by liquid chromatography. The yields of lactic acids in the
analytical results are shown in Table | below.

[0198] (Comparative example 6)

Reaction was performed similarly to Example [ except for
using di-n-butyltin (II} chloride (("‘Bu)zan12) instead of tin (I[)
trifluoremethanesulfonate. Various products were quantitatively
analyzed by liquid chromatography. The vields of lactic acids in the
analytical results are shown in Table | below.

[0195] (Comparative example 7)

Reaction was performed similarly to Example | except for
using di-n-butyltin (11} oxide ((“Bu)zSnO) instead  of tin (1)
trifluoromethanesulfonate. Various products were quantitatively
analyzed by liguid chromatography. The yields of lactic acids in the
anaiytical results are shown in Table | below.

{02007 (Comparative example &)

Reaction was performed similarly to Example 1 except for
using di-n-butyltin (II) acetate ((“BU)ZSn(OAc)z) 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 | below.

[0201] (Results)

As shown in Table 1, 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 (“BL{)ESn(OTf)2 {that 1is,

di-n-butyltin trifluoromethanesulfonate) as a catalyst. Also, lactic
acid could be obtained in a high yield through reaction in water
(Example 3).

(6202}

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-toluenesuifonic acid-monohydrate
(P’I‘SA-HZO) as an acid catalyst (Comparative examplie 4), although
each catalyst was used in an amount 5 times that used in Examples -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.

[0204]

Furthermore, in the case c¢f using tin (II} chloride or
di-n-butyltia (1I) chioride, which is not trifluocromethane sulfonate but
is chloride, no lactic acids were generated. Similarly, in the case of
using di-n-butyltin (I1) oxide or di-n-butyltin (I} acetate, lactic acids
were generated in very small amounts (Comparative examples 5-8).

[Table 1]
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A.rnoiunt of Rezction Vield [%)
e A R I L FAVI P P,
| Exampie 1 Sn (0T, _ 0.02 Meth_amE 19 .14. 3 1.7 26.0 20 4
Example 2 ("Pu} S 0TF), G.02 Methanot 10 28.8 6.G 34.8 22.4
Exampie 3 ("Bu) Sn(0TE), 10.02 | Water 19 - RN ET R Dt
‘ {Levuiinic acid)

Comparative example 1 | 41 (0T1), G.1 Methanol 5 1.4 trace | 1.4 60. &
Comparative example 2 | Fe{0Tf), 0.1 Methanol 5 0.4 4.8 L2 0.6
Comparative example 3 | Zn (0T£), 0.1 Mothana! 5 2.0 1.8 3.8 1.9
Comparative example 4 | PTSA « H,0 0.1 Methanol 5 0.4 0.4 0.8 49. 1
Comparative example 5 SnClz 0.62 Methanol 10 - - - 0.4
Comparative example 6’1 ("Bu} ,SnCl, 0,02 Methanol 10 - - - 0.9
Camparative example 7 | ("Bul ,SnD 0. 02 kethanol 10 0.4 0.9 1.3 -

Comparalive exampis 8 ("Bu) ,Sn{04c), 0. 02 Methznol 10 0.4 G.3 6.7 0.5

[0203] (Example 4)

Cellulose {(0.405 g) {(corresponding to 2.5 mmol of glucose
residue) that had been dried for 2 or mere hours in air at 120°C, 8 mg
(0.02 mmol) of tin (II) trifluoromethanesulfonate, 11 mg {0.02 mmol)
of di-n-butyltin (II) trifluoromethanesulfonate, 20 mL of methanol,
and a stirring bar were added to a 50-mL stainless-steel autoclave, and
Air 1n

lid was closed. the autoclave was purged with

then the

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 wvarious products in the

solution were guantitatively analyzed by liquid chromatography in a

manner similar to that in Example 1.
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[6206]

As a result, methyl lactate was obtained with a yvield of 19.0%
and lactic acid was obtained with a yield of 2.3% (total yieid: 21.3%).
[t was t.hus 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 (6.405 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
(6.02 mmol) of tin (II) trifluoromethanesulfonate (catalyst A), 15 mg
(0.08 mmol) of tin (II) chloride (SnClz) (catalyst B), 20 mL of
methancol, 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,
Subseguently, stirring was continued for {0 hours while maintaining a
temperature of 190°C, heating was then stopped, and then the
antoclave 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 guantitatively 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
beiow. In Table 2, “trace” indicates that the percentage 1s less than
0.05%.

[0208] {(Example &)

Reaction was performed similarly to Example 5 except for
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using 24 mg (0.08 mmol) of di-n-butyltin chloride {(HBU)ESIJCIZ)

instead of tin (I]) chloride. Various products in the thus obtained
reactien solution were quantitatively  analyzed by liguid
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 mmo!l of glucose
residue) that had been dried for 2 or more hours in air at 120°C, {1

mg (0.02 mmel} of di-n-butyltin (II) triflueromethanesulfonate

((”Bu)ESn(GTf)Z) (catalyst A), 15 mg (0.08 mmol) of tin (II) chloride
(SnCl)) (catalyst B), 20 mL of methanol, and a stirring bar werc 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
mantie heater while stirring the mixture with a magnetic stirrer.
Subsequently, stirring was continued for 10 hours while maintaining a
temperature of 1906°C, heating was then stopped, and then the
autcoclave was left to cool at rcom 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 I.  The
yvields of lactic acids in the analytical results are shown in Table 2
below.
[02107 (Example 8)

Reaction was performed similarly to Example 7 except for
using 43 mg (0.08 mmol) of di-n-butyltin (1)

trifluoromethanesulfonate (catalyst A) and 4 mg {(0.02 mmol) of tin
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(I} chloride (catalyst B). Various products in the thus obtained
reaction solution  were  quantifatively  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 similariy to Example 7 except for
adding 18 mg (0.16 mmol) of catechol in addition to cellulose,
di-n-butyltin (I} trifluoromethanesulfonate, tin ({If} chloride, and
mcthano.l. Various products in the thus obtained reaction sclution
were quantitatively analyzed by liquid chromatography. The vields
of lactic acids in the analytical results are shown in Table 2 below.
(02127 (Example 10}

Reaction was performed similarly to Example 7 except for
using 24 mg (0.08 mmol) of di-n-butyltin chloride ((“Bu)ESnClz)
instead of tin (II) chloride. Various products in the thus obtained
reaction  solutien  were  guantitatively  analyzed by  ligquid
chromatography. The yields of lactic acids in the analytical results
are shown in Table 2 below.

10213] (Comparative example 9)

Reaction was performed similarly to Examplie 6 except for
using 4 mg (0.02 mmol} of p-toluenesulfonic acid monohydrate
(PTSA-HzO) 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.

[02147 (Results)

As shown in Table 2, lactic acids could be obtained in high
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yviclds even in the cases of using tin/organic tin
trifluoromethanesulfonate with a tin compound other than
trifluoromethanesuifonate. 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-butyitin (I}
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, 1t 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 in higher yields than in the case (Example 7) of adding no
catechol.

[Table 2]
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Yield (%

Catalyst A Catalyst B Addiive ol (%)
(Amount added {Amount added (mol) | Melhyt  FLacic | Total Methyl
{mmall} (mmof}} lactate | acid {Lactic acids) | levulinate
Sn{0TE) SpCl, :

Example & ©. 62 (c. 08) 15.9 12,1 28.0 24.9
Sn{0T1), (*Bu) ,$nCl,

Examnpig ©.02) (0. 08) 29.9 8.6 36. 5 12.3
{Bu) Sn 0Ty, | SnCl, .

Exampie 7 ©.02) © 085} 157 1.5 27.2 26,1

{0, . :

("Bu) S (0TF), | SaCl, -

Exampied | (0. 08) ©.02) 24,4 trace | Z4.4 6.4
{"Bu) ,Sn (0T£), snCl, Catechol

Exampie & 23.5 11.7 36.2 i5.2

(0. 02) (0. 08) 0. 18}

(HBU) 3'3!1 (OTi_) 2 (“Bu) 2311012 .

Example 10 ( ) ©. 0%) 31.3 8.5 36,8 13.1
0.02 . 08}

Comparative | FT5A * 1,0 (*Bu SnCl, .

example 9 (0. 635 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} triflucromethanesulfonate
{“BuZSn(OTf)z;Tf:CFBSOZ) and 28 mg (0.08 mmol) of indium bromide
(InBrs} 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
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 & magnetic stirrer.
Subsequently, stirring was continued for 10 hours while maintaining a
temperature of 190°C, heating was then stopped, and then the
antoclave 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 1n Table 3 below. In Table 3, “-” indicates that the
percentage is equal to or iess than the detection limit.

[02]18] (Example 12)

Reaction was performed similarly to Example 11 except for
adding {1 mg (0.1 mmol} of catechol in addition to cellulose,
di-n-butyltin (1) trifivoromethanesulfonate, indium bromide, and
methanol. Various products in the thus obtained reaction solution
were quantitatively analyzed by iiquid chromatography. The yields
of lactic acids in the analytical results are shown in Table 3 below.
[0219] (Comparative example i0)

Reaction was performed similarly to Example 11 except for
asing 18 mg (0.05 mmel) of indivm bromide (InBr}) alone as a
catalyst without using di-n-butyltin (I1) trifluoromethanesulfonate.
Various products in the thus obtained reaction solution were
quantitatively analyzed by ligquid chrematography. The yields of
lactic acids in the analytical results are shown in Table 3 below.
[6220] (Results)

As shown in Table 3, through the use of organic tin
trifluoromethanesuifonate 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 combinaticon 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 in higher yields than in the
case of adding no catechol (Example [1).

[Table 3]
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_SL..

Temperalure|  Time Yield/%
Catalystimmol Additive/mmol o n Methyl Lactic Total Mefhyl
jactate acid (Lactic acids) levulinate
Example 11 "Bu,Sn(OTH, /002 | InBr, 0.08 | 190 10 | 208 | 61 367 | 241
Example 12 "Bu,Sn(OTH), /0.02 InBra_/O.DS Catechel /0.1 180 10 326 7.9 39.9 24.4
Comp.afa[ive example 10 nBr, /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 120°C, 53

mg (0.1 mmol) of di-n-butyltin (I} trifluoromethanesulfonate

((nBu)zSn(OTf)z), 33 mg {0.05 mmol) of rheniom carbonyl

(ReZ(CO)ID), 20 mlL 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 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 femperature,
and various products in the solution were guantitatively analyzed by
fiquid chromatography. The yields of lactic acids in the analytical
results are shown in Tabie 4 below. In Table 4, “-” indicates that the
percentage is equal to or less than the detection limit.
[06223] (Exampiec 14)

Reaction was performed similarly to Example 13 except for

using 42 mg (0.1 mmol) of tin (II) triflucromethanesulfonate

(Sn(OTf)Z; Tf:CFES(}z) and 33 mg (0.05 mmol) of rhentum carbonyl
(RSZ(CO}IO) as catalysts. Various products in the thus obtained
reaction solution were quantitatively analyzed by liguid
chromatography. The yields of lactic acids in the analytical results

are shown in Table 4 below.

(0224} (Example |5}
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Heat treatment was performed for 24 hours of reaction time at
206°C  using 64 mg (0.12 mmol) of di-n-butyltin (11)
trifluoromethanesulfonate ((“Bu)281"1(0’1‘f)2) and 20 mg (0.1 mmol) of

manganese chloride tetrahydrate (MnC12-4H20) as catalysts. Reaction

was performed under conditions similar to those of Example 13 except
for the above conditions. Various products in the thus obtained
reacticon solution  were  quantitatively  analyzed by liquid
chromatography. The yields of lactic acids in the analytical results
are shown in Table 4 below.
(02251 (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 (1)
trifluoromethanesulfonate ((“Bu)QSn(OTf)Z), 10 mg (0.05 mmol) of

manganese chloride tetrahydrate (MnCll‘éleC)), and 16 mg (0.025
mmol) of rhenium carbonyl (Rez(CO)m) 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
yvields 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 at

200°C using 64 mg (0.2 mmol) of di-n-butyltin (1)
trifluoromethanesulfonate ((“Bu)zSn(O'I‘f)q), 20 mg (0.1 mmol) of

manganese chioride tetrahydrate (MnC!q-ﬂszO), and 33 mg (0.05

mmol) of rhenium carbonyl (Rez(CO)m) 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 resuits 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 (1D
trifluoromethanesulfonate ({“Bu}zSn(OTf)z), 10 mg (0.05 mmol) of

magnesium chlioride hexahydrate (MgC12-6HzO}, and 16 mg (0.0235
mmol) of rhenium carbonyl (Rel(CO)m) as catalysts. Reaction was
performed under conditions similar to those of Example 13 except for
the above conditions. Various procducts in the thus obtained reaction
solution were quantitatively analyzed by liquid chromatography. The
vields of lactic acids in the analytical results are shown in Table 4
below.
{0228] (Example 19)

Heat treatment was performed for 10 hours of rcaction time at

200°C using 50 mg (0.12 mmel) of tin (11} trifluoromethanesulfonate
(Sn(OTf)ngf:CFBSOZ), 20 mg {0.1 mmol) of magnesium chloride

hexahydrate (MgClz-éHzO), and 33 mg (0.05 mmol} of rhenium

carbonyl (RCZ(CO)[O) as catalysts. Reaction was performed under

conditions similar to those of Example 13 except for the above
conditions. Various preducts 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] {(Resuits)

As shown in Table 4, as a result of using Sn(OT{) that is tin
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trifluoromethanesulfenate or (“Bu)zSn(OTf)2 that is di-n-butylitin
triflucromethanesulfonate in combination with rhenium carbonyl
(ReZ(CO)iO) and/or manganese chioride tetrahydrate (MRC§2-4HZO) or
magnesium chloride hexahydrate (MgClz-6HQO) as a catalyst, lactic
acids, and particularly lactic acid ester was obtained with a yield
higher than those in the case (the above Examples | and 2 (Table 1))
of wusing Sn(OTf)2 or (“Bu)zSn(O'I‘f}2 alone. However, untike
Examples | and 2, no lactic acid was generated.

[0230]

Furthermore, lactic acids and particularly lactic acid ester

could be obtained in a high vield in the case of using Sr}(OTf}2 or
(“Bu)ZSn(_OTf)Z that is di-n-butyltin trifluoromethanesulfonate,
rhenivm carbonyl (ReZ(CO}iU) and manganese chloride tetrahydrate
(MnC12-4HZO) or magnesium chloride hexahydrate (MgCIZ-GHZO) in
combination as a catalyst (Examples [6-19), compared with the cases
(Examples 13-15) of using two types of catalyst, Sn(OTf)2 or
(“Bu)28nz(OTf)2 that is di-n-butyitin trifluoromethanesuifonate and
rhenium carbony! (Rez(CO)w) or manganese chloride tetrahydrate
(MnC]z-ﬁ?HZO) or magnesium chloride hexahydrate (MgC]z-éﬂzO].
Therefore, it was demonstrated that the combined use of tin/organic
tin trifluoromethanesulfonate with & rheniam compound and a
manganese compound or a magnesium compound 18 wuseful for
obtaining lactic acids in high yields.

[Table 4]
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Temperature | Time Yield/%

Catalyst/mmol e " Metyl | Lactic Total Methyl

lactate acid {Laciic acids) levulinale

Example 13 | "BuSn(OTH); /0.1 Re,(C0),, /0.05 190 10 | 278 - 27.9 143
Example 14 | Sn(OTH, /0.1 Re,(GO),, /0.05 160 10 | 164 - 16.4 32.0
| Example 15 | “Bu,Sn(OTH), /0.12 | MnCly=4H,0 /0.1 200 24 | 319 - 318 85
Example 16 | "Bu;Sn(OTH, /006 | MnCl,"4H,0 /005 | Re,(C0),,/0.025 | 200 24 | 464 | - 46.4 26
Example 17 | "Bu,Sn(OTf), /0.12 | MaGl,*4H,0 /0.1 | Re,{C0),,/0.05 200 | 24 | 422 | - 42.2 6.5
Example 18 | "Bu,Sn(0TH), /0.06 MgGiafGHZQ../D,GE Re,(C0),, /0.025 200 62 44.4 - 444 4.2
Example 19 | Sn(OTf), /0.12 MgClL*8H,0 /0.1 | Re{C0),,/0.05 200 10 | 86 | - 38.6 9.6




{0231] (Example 20)

D-fructose (0.45 g (2.5 mmol)) as a raw material, 5 mg (0.025
mmol) of tin (II} chleride as a catalyst, 20 mg (0.1 mmel) of
manganese chloride tetrahydrate as a promoter, 10 mL of methanol as
a solvent, and a stirring bar were added to a 30-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 8.5 MPa, the autoclave was heated to 150°C using an
electric furnace while stirring the mixture with a magnetic stirrer.
Subsequentiy, stirring was continued for 5 hours while maintaining a
temperature of 150°C, and then the autoclave was left to cocl at room
temperature. The reaction solution was removed from the autoclave
after cooling, and products in the solution were guantitatively
analyzed by liquid chromatography. The yields of lactic acids in the
analytical results are shown in Table 5 below. Each vyield 1is
represented in percentage (%) figures for the number of moles (mol)
of a product with respect to the num_ber of moles (lactic acids/fructose
= 5 mmoi/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%.

[02327 {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)
~chioride. 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. Vartous 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 mmol) of phenvltin trichloride instead of tin (1)
chloride. Reaction was performed under conditions similar to those
of Example 20 except for the above conditions. Various products
were gquantitatively 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 mmeol)) was used
instead of tin (11} chiloride and 20 mg (6.1 mmol}) of magnesium
chloride hexahydrate was used instead of manganese chloride
tetrahydrate. R_eaction was performed under conditions similar to
those of Example 20 except for the zbove conditions. Various
products were quantitatively analyzed by liquid chromatography. The
vields of lactic acids in the analytical results are shown in Table 5
below.
f02361 (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 (1I) chloride.
Various products were guantitatively analyzed by liguid

chromatography. The vyields 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) chioride as a catalyst without
using a promoter. Various products were quantitatively analyzed by
liguid 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 mmo!l) of tin (II) bromide as a catalyst without
using a promoter. Various products were quantitatively analyzed by
liquid chromatography. The vieids of lactic acids in the analytical
results are shown in Table 5 below.

[0239] (Comparative exampie 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.
Vartous 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 fer 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 Exampie 20 except for
using 20 mg (0.1 mmol} of manganese chloride tetrahydrate as a
promoter without wusing a catalyst. Various products were
quantitatively analyzed by liquid chromatography. The vyields of
lactic acids in the anaiytical results are shown in Tabie 5 below.
[0242]) (Comparative example 10)

Reaction was performed simiiarly to Example 20 except for
using 20 mg {0.] mmol) of magnesium chloride hexahydrate as a
promeoter without using a catalyst. Varicus products were
quantitatively analyzed by liguid chromatography. The yields of
lactic acids in the analytical results are shown in Table 5 below.
[0243] (Example 26)

Heat freatment 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 guantitatively analyzed by liquid chromatography. The
vields 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 hexahvdrate 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 chromatographyv. 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
chromatcography. The yields of lactic acids in the analytical results
are shown in Table 5 below.

{02477 (Comparative example 17)

Heat treatment was performed at 160°C using 5 mg (0.025
mmol} of tin (II) chlioride 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
guantitatively analyzed by liguid chromatography. The vyields 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 these 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 [9)

Heat treatment was performed at 160°C using 24 mg (0.1
mmol} of cobalt chioride hexahydrate as a promoter without using a
catalyst. Reaction was performed under conditicns 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 mmol) of nickel chloride hexahydrate as a promoter
without wusing a catalyst. Various products were quantitatively
analyzed by liquid chromatography. The yields of lactic acids in the
analytical results are shown in Table § below.

[0251] (Example 30)

Reaction was performed similarly to Exampie 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
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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 (6.1 mmol) of lithium chioride 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 guantitatively analyzed by liguid
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
2as a promoter but nc catalyst was used. Reaction was performed
under conditions similar to these 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 wusing manganese chloride
tetrahydrate or magnesium chloride hexahydrate as a promoter. Also,
particutariy 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, regarding 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 3]
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Yield/i%

Tin-containing compound (catalyst) {memoi) Promoter {mmol) Temie éaiure iji}e Methyl Methyl
lactale levinate
Example 20 SnGl, (0.025) MnCl,* 4H,0 (0.1) 150 5 59 1
Example 21 SnBr, (0.025) MnCl,4H,0 (0.1) 150 5 49 1
[ Example 22 "BuSnCl, (0.1) MnCl,4H,0 (0.1) 150 5 60 3
Example 23 PhSnCl, (0.1) MnGly*4H,0 (0.1} 180 10 55 trace
Example 24 Sn(0TH), (0.1) MeCl, 6,0 (0.1) 150 5 56 2
Example 25 Sn(0TH), {0.02) + "BuSnCl; (0.08) MnClz'4H20 0.1 150 5 61 3
Comparative example 11| SnCl, (0.125) 150 5 48 H
Comparative example 12| SnBr, (0.125) 150 5 34 19
Comparative example 13| SnCl,~5H,0 (0.1) 150 10 40 7
Comparative exampie 14| Sn{QTf), (0.05) 160 5 14 52
'Comparaﬁve example 15 MnCi, 41,0 (0.1) 180 5 4 trace
Comparative example 16 MgCl,~6H,0 (0.1) 150 5 13 I




-£6..

Yield{%
Tin-containing compound Promoter {mmol) Temperature Time
(catalyst) (mmol) : j°C h Methyl Methyl
lactate levulinate
Example 26 SnCl, (0.025) CoCl,+6H,0 (0.025) 160 5 49 1
Example 27 SnCl, (0.05) CoCl,+6H,0 (0.05) 160 5 51 2
Example 28 SnCl, (0.025) NiCl,*6H,0 (0.025) 160 3 51 1
Example 29 SnCl, (0.05) NiCl,=6H,0 (0.05) 160 ] 54 1
Comparative example 17 | SnCL, (0.025) 160 5 39 4
Comparative example 18 SnCIz (0.05) 160 5 44 6
Comparative example 18| CoCl,~6H,0 (0.1) 160 5 20 2
Comparative example 20 NiCl,»6H,0 (0.1) 150 5 1 1
| Yield/%
Tin catalyst (mmof) Promoter {mmol) ' Tem?f Cr:ature Tifr;we Wethyl Methyl
factate. tevulinate
Example 30 'SnCl, (0.025) LiCl (0.1) 150 5 45 1
Example 31 SnCl, (0.025) FeCl,- 4H,0 (0.1) 150 5 46 1
Comparative example 21 LiCt (0.1) 150 5 1 trace
Comparative example 22 FeCl,*4H,0 (0.1) 150 5 7 trace
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10257] (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 [50°C, and then the autoclave was left to
cool at room temperature. The reaction solution was removed f{rom
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 mmo!l) 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 anaiyzed by
liquid chromatography. The yields of lactic acids in the analytical
results are shown 1n Table 6 below.

[0259] (Example 34)

Reaction was performed similarly to Example 32 except for
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uging 30 mg (0.1 mmol) of phenyitin trichioride instead of tin (IV}
chloride pentahydrate. Various products were quantitatively analyzed
by tiquid 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 meg (0.1 mmol) of trioctylmethylammonium chioride as a
promoter. Various products were quantitatively anaiyzed 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 tetrabutyiammonium bromide as a promoter.
Various products were quantitatively analvzed by liguid
chromatography. The vields of lactic acidg 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 wusing a promoter. Various products were
gquantitatively analyzed by liguid chromatography. The vyields of
lactic acids in the analytical results are shown in Table 6 below.
[6263] (Results)

As shown in Table 6, lactic 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 guaternary ammonium salt.
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Also, tactic acids could be obtained in higher vields in the case
(Example 34) of using organic tin chloride, compared with the case
(Example 32) of using tin chloride.

[Table 6]
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Yield/%

Tin-containing compound {catalyst) {mmel) Promoler (mmol} Tem?ue éaiwe Ti!rrr]le Methy! Methyl

lactate fevulinate
Example 32 SnCl,-5H,0 (0.1) PPNI'CI (0.1) 150 10 52 3
Example 33 SnGi,*5H,0 (0.1} [PPNI'CI™ (0.2) 150 10 53 2
Example 34 PhSnCl, (0.1} | PENJ*CI(0.1) 150 10 58 2
Example 35 SnCl,~5H,0 (0.1) [Oet,MeNI'CI" (0.1) 150 10 52 2
Example 36 SnCi,*5H,0 (0.1 [Bu,NI'BrF (0.1) 150 10 50 3
Comparative example 23| SnCl,»5H,0 (0.1) 150 10 40 7




[0264] (2) Methed 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 mmeo!l) 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 te 0.5 MPa, the autoclave was heated to [50°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 autociave was left to cool at room
temperature. The reaction solution was removed from the autoclave
after cooling, and products in the solution were guantitatively
analyzed by liquid chromatography. The yields of lactic acids in the
analytical results are shown in Table 7 below. Each vyield is
represented in percentage (%) figures for the number of moles (mol)
of each product with respect to the number cof moles ({lactic
acids/fructose = 5 mmoi/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 preducts in the thus obtained reaction solution were
guantitatively 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 mmel) of rhenium carbonyl and 19.8 mg (0.1
mmol) of manganese chloride tetrahydrate as catalysts. Various
products were guantitatively analyzed by liquid chromatography. The
yields of lactic acids in the analytical results are shown in Table 7
below.
[6267] (Example 40)

Reaction was performed simifarly to Examplie 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 liguid chromatography. The yields
of lactic acids in the analytical resuits 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 te 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. Varicus 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)

Rcaction 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 (I1) chioride as catalysts. Various products were quantitatively
analyzed by liguid chromatography. The yields of {actic 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 mmo!l) 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.

(6272] {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 (6.1 mmol) of manganese chloride tetrahydrate as catalysts.
Various products were  guantitatively 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 cxcept 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 {etrahydrate
as catalysts, and performing heat treatment at 160°C for 24 hours of
reaction time. Various products were guantitatively 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 Hxampiej? except for
using 0.428 ¢ (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 perferming 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 rhenium carbonyl and further using
16.1 mg (0.05 mmol) of magnesium trifluoromethanesulfonate as
catalysts. Various products were quantitatively analyzed by liguid
chromatography. The vyields of lactic acids in the anpalytical 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 chioride
tetrahydrate, 32.7 mg (0.05 mmol) of rhenium carbonyl, and 9.5mg

(0.05 mmol) of tin (11} chioride, as a catalyst. Various products were
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guantitatively analyzed by liguid 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 vyield in the case (Example 37) of using rhenium carbonyl alone
as a catalyst.

(62797

Furthermore, lactic acid ester could be obtained in a high
yvield in the cases of usiag 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 chioride 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 Exampies 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
thenium is added to rhenium carbonyl, the relatively high propeortion

of rhenium carbonyl relative to the total amount of catalysts used 1s
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useful for obtaining lactic acid ester in 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 rhenium and sugar

other than fructose as a raw material.

[Tabie 7)

- 103 -



“H01-

[z870]

Yield/% Recovery
Raw malerial Tempera-l  Time rate /%
a -
Immol Catafysﬂmmol turefC h Mot et
euy athy )
laciale levulinate Saccharides
Fructose
Example 37 Re,{CO),,/0.2 150 10 23 6 12
/2.3
Fruclose MgCl,-
Example 38 Re,(C0O),/0.1 150 10 51 3 5
/2.5 6H,0/0.1
Friclose MnCl,»
Example 39 Re,(CO),,/0.1 150 10 52 trace 6
/2.5 4H,0/0.1
Fructose FeCl,-
Example 40 Rea,(C0),,/0.1 150 10 44 trace 4
- /2.5 6H,0./0.1
Fruclose CoCly-
Example 41 Re,{CO},,/0.1 150 10 a2 frace 3
/2.5 BH,0/0.1
Fruclose
Example 42 Re,(C0),,/0.1 | NiClL+4H,0/0.1 | 150 10 ag f 8
/2.5
Fruciose
Example 43 Re,(CO),,/0.1 SnCi,/0.1 150 10 43 6 3
/2.5 -
v 50 | 10 | 18 trace 40
P /25 4H,0/02




“601-

Recovery

Yield/% o
Raw material Tempera-| Time rate f'
fmmol Catalystimmol ture/°C /h y
ethyi Methyl .
factate levulinate Saccharides

Fructose MnCl, -

Example 44 Re,(C0),,/0.025 150 10 38 trace 12
/25 4H,0/0.1
Fruclose MnCi, -

Example 45 1 Re,(G0O),,/0.05 150 10 49 trace 10
/2.5 4H,0/0.1
Glucose MnCl,-

Example 46 Re,(C0),,/0.05 160 24 44 1 4
/25 4H,0/0.1

- | Sucrose MnCl, -

Example 47 | Re,(C0O),,/0.1 . 180 10 48 3 6
/1.25 4H,0/0.1
Fructose

Example 48 Re,(C0),,/0.025 | Mg(OTH),/005 | 150 10 30 6 15
/2.5 ,
Fructose Re{CO),y/ | MnCl,- SnGlL/0

Example 48 ‘ 150 10 60 1 1
/2.5 0.05 4H,0/0.1 | .05

Tf=CF,S0,




[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 (l.l) 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 autociave 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 autociave after cooling to
room temperature, and wvarious products in the solution were
guantitatively analyzed by liquid chromatography. The yields of
lactic acids in the analytical results are shown in Table 8 below. In
Tabie 8, “-” indicates that the percentage is e¢qual to or less than the
detection limit.

[0284] (Example 51}

63.7 mg (6.12 mmol) of di-n-butyltin (1)
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 § below.
[0285] (Example 52)

Heat treatment was performed for 62 hours of reaction time
using 31.9 mg (0.06 mmol) of di-n-butyltin (1D
trifluoromethanesulfonate, 16.2 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
mmol) of rhenium carbonyl (Rcz(CO)IG) 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
sofution were guantitatively analyzed by ligquid chromatography. The
yields of lactic acids in the analytical results are shown in Table 8
below.

[0287] (Comparative example 25)

Di-n-butyltin (I} 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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guantitatively analyzed by liquid chromatography. The yieids of
lactic acids in the analytical results are shown in Table 8 below.
[0288]) (Comparative example 26)

Heat treatment was performed at 1%0°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 guantitatively analyzed by liguid chromatography. The
yields of lactic acids in the analytical results are shown in Table &
helow.

[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 (I
triflucromethanesulfonate 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 3
below,

[0290] (Comparative example 28)

Heat treatment was performed at 190°C for 10 hours of
reaction time wusing 353.1} 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 guantitatively analyzed by liquid chromatography. The
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vields 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 heours of
reaction time using 41.6 mg (0.1 mmol) of tin  {II)
triffuoromethanesuifonate alone as a catalyst. Reaction was
performed under cenditions 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 §
below.

[0292] (Results)

As shown in Table 8, in the presence of tin or organic tin
trifluoromethanesuifonate, lactic acid ester could be obtained (using
cellulose as a raw material} in a high yield in the cases {(Examplies
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 a2 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 wag 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 1n 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 chioride tetraliydrate (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 clectric furnace,
the reaction vessel was immediately cooled, and then ESI/MS
measurement was performed for the content.

[0294]

Based on the mecasurement resuits, 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}

[actie 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 Koatsy Co. Ltd.) with an

inner voiume of 50 ml at room temperature. Then nitrogen gas (0.5

-112 -



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 150°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 resulf,
2.4 mmol of methyl lactate was generated. The 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 &
raw material (fructose standard).
[0297] (Example 56)

Lactic acid synthesis from fructose using indium compound

Indium isopropoxide (15 mg (0.05 mmolj) as an indium
compound, 0.450 g (2.5 mmol) of fructese as carbohydrate (as a raw
material), and 10 mL of pure water as a sclvent were added to a
stainless-steel compression reactor (Nitto Koatsu Co. Ltd.) with an
inner volume of 50 mi at room temperature. Nitrogen gas (0.5 MPa)
was injected into the reactor vessel of the reactor and then the interior
of the recactor vessel was heated to 160°C using a mantie 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 mmo!l) 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 giucose standard) of methyl lactate was generated and 0.08 mmol

(vield 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
venerated 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)B) 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 te indium isopropoxide,
fructose, and methanol, 0.1 mmol of catechol as a phenolic compound

to a reactor vessel. As a result, 2.6 mmol (yield of 32% based on the

fructose standard) of methyl lactate was generated and 0.15 mmol
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(vield of 6% based on the glucose standard) of methy! levulinate was
generated as a by-product.

(0301] (Example 60)

Effects of the addition of phenclic compound

Reaction was performed under the same conditions as those in
Example 55 except for adding, in addition to indium isopropexide,
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 (II1) 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 soivent, 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 [50°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. FEach 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 mmeol) 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
gquantitatively analyzed by liguid chromatography. The yields eof
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 (0.95 mmol) of indium bromide (III) as a metal
compound. Products in the solution were quantitatively analyzed by
figuid chromatography. The yields of lactic acids in the analytical
results are shown in Table 9 below.

[0305] {Example 64)

Reaction was performed simiiarly to Example 62 except for
using 14.6 mg (0.05 mmol) of indiem (III) acectate 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.

[6306] (Example 65)

Reaction was performed similarly to Example 62 except for
using 20.6 mg (0.05 mmol) of indium (IIl) acetylacetone as a metal
compound. Products in the solution were quantitatively analyzed by
liquid chromatography. The yields of lactic acids in the analytical
resuits are shewn in Table 9 below.

[0307] (Example 66)
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Reaction was performed similariy to Example 62 except for
using 30.9 mg (0.05 mmol) of bis(triphenylphosphineliminium
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(triphenylphosphine} iminium todine
as a salt. Products in the solution were quantitatively analyzed by
liquid chromatography. The vyields 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 tithium chloride as a salt. Products in
the solution were quantitatively analyzed by liquid chromatography.
The vields of lactic acids in the analytical results are shown in Table
9 below.

{0310] (Example 6%)

Reaction was performed similarly to Example 62 except for
using 9.9 mg (0.05 mmol) of i-butyl-3-methylimidazoliumacetate as a
salt. Products in the solutfion were quantitatively analyvzed 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

I-butyl-3-methylimidazoliumtetrafluoroborate as a salt. Products in
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the solution were quantitatively analyzed by ligquid 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 mmo!l) 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
@ below,

[0313] (Exampie 72)

Reaction was performed similarly te Eixample 62 except for
using 8.1 mg (0.05 mmol) of sodium(tribydroxy)phenylborate as a salt.
Products in the solution were gquantitatively analyzed by liquid
chromatography., The yields of lactic acids in the anailytical 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 vyields 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 2.1 mg (0.05 mmol) of aluminium (III} chloride hexahydrate as
a metal compound, performing heal treatment at 150°C, and stirring

for 2 hours. Products in the solution were gquantitatively 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 vields. In particular, lactic
acids were obtained in high yields of more than 60% in the cases

(Examples 62, 63, 66, 67, 68, 69, 71, ana 72} of using indium {III)

chioride tetrahydrate as a metal compound and

bis{triphenylphosphine)iminium salt, fithium chloride,

I-butyl-3-methylimidazoliumacetate, sodtum picolinate, or

sodium(trihydroxy)phenylborate as a salt, and performing heat

treatment at 180°C.

[Table 9]

Exampie | Metal compound Salt Temperature {°C} | Time (h} | Vield (%)

61 InCla 44,0 [PPNICI 150 5 51.1%
62 InClz 4H,0 [PPNICI 180 5. 62.8%
83 InBry [PPNI]CI 180 "~ 5 60.9%
64 In(OAC); [PPNICI 180 5 51.0%
65 in{acac)s [PPN]CI 180 5 26.7%
66 InCly 4H;0 [PPNIBr 180 5 62.5%
87 | InCly 4H,0 (PPN 180 5 63.0%
68 inCly 4H,0 LiCl 180 5 61.0%
69 InCl 4H,0 fbmim]OAc 180 5 61.4%
70 inCi; 4H,0 [brmim]BF4 180 5 58.6%
71 inCly 4H,0 Sodium picolinate 180 5 85.0%
72 inCl; 4H;0 Sodium{trihydroxy)phenylborate 180 5 63.3%
73 GaCly [PPNIC! 180 2 33.9%
74 AICl; 8H,0 [PPNICH 190 2 20.8%

[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 sclution
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 InCia‘ was ohserved {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 (I1I) chloride tetrahydrate (14.9 mg (0.05 mmol)) and
31.8 mg (0.06 mmol) of dibutyltin triflate as metal compounds, 28.7
meg (0.05 mmol) of bis(triphenylphosphine}iminium chloride as a salt,
6.405 g of celiulose (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 guantitatively analyzed by liguid chromatography. The
yields of lactic acids in the analytical results are shown in Table [0
helow, FEach 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 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 (II1) chloride tetrahydrate and
25.0 mg (0.06 mmol) of tin triflate as metal compounds. Products in
the solution were guantitatively 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- | Time Yield
ture {°C) Hiy)] (%)
76 Bu,Sn(OT%), PPNJCI 190 | 10 | 32.6%
InCl; 4H,0
77 8n{0TH, [PPN]C! 190 10 28.7%
InCl, 4H,0




[0322] (Comparative example 30}

Reaction was performed similarly to Example 76 except for
using 31.9 mg (0.06 mmol) of dibutyltin triflate alonc as a metal
compeund without adding a sait. Products in the solution were
quantitatively analyzed by liquid chromatography. The yields of
lactic acids in the analytical results are shown in Table 11 below.
[0323] (Comparative example 31)

Reaction was performed similarly to Comparative example 30
except for using 25.0 mg (0.06 mmol) of tin triflate 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 11 below.

[0324] (Comparative example 32)

Reaction was performed similarly to Comparative example 30
except for using 14.9 mg {0.05 mmol) of indium (III) chloride
tetrahydrate as a metal compound and 28.7 mg (0.05 mmol} of
bis(triphenylphosphine)iminium chloride as a salt. Products in the
solutien were guantitatively analyzed by liquid chromatography. The
vields of lactic acids in the analytical results are shown in Table II
below.

[Table 11]

Compara- Mefal compound Salt Tempera- | Time Yield
tive ' ture (°C) (h} (%}
example
30 Bu,Sn{OTf), - 190 10 16.0%
31 Sn{OTH, - 199 10 18.0%
a2 InCl, 4H,0 [PPN]C 196 | 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 1mproved
lactic acid yield from cellulose.

[Industrial Applicability]
[0326]

The method of the present invention provides a novel
cataivtic reaction system for efficiently converting biomass containing
polysaccharides represented by cellulese 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-confaining raw material, such as biomass
containing a ccliulose 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.

[6327]
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 1, 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.
fClaim 3] The method for producing lactic acid/lactic acid ester according to
claim 1 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 hthium
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
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guaternary 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 7] The method for producing lactic acid/tactic 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 100°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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