DESCRIPTION Title of Invention] Method for Producing Lactic Acids from

Car bohydr at e-contai ning Raw Material | Technical Field] [0001] The
present invention relates to a nethod for producing lactic acids froma

car bohydrate-containing raw material using as a catal yst at |east one type
of conpound sel ected fromthe group consisting of a tin conpound, an indium
conpound, and a rheni um conpound. [Background Art] [0002] Met hods
for producing lactic acid that are currently performed industrially are
based on lactic fermentati on of I3BEScHark €GN see Patent Literature I).
However, such nethods are problematic in that cellul ose should be subjected
to a saccharifieation step using acid, an enzyne or the |ike so that

cellul ose can be used as a raw material for lactic fernmentation. Al so, in
gener al [ Tithet iaf adhdeptioddct Morthmet hdds Waset: wongf efashtat ifonidar efrom
problematic in that the reaction rates are |low, huge fernentation tanks are
requi redarbpbydontenomndtinme Bfavx Mateigl generated lactic acid are | ow, and
the resulting energy consunption for purification is high. Furthernore, the
sol uti onl'pHrHeladdlas 1actic fermentation proceeds, resulting in
decreased | actic acid bacteria fernentation efficiency. Accordingly, lactic
fermentdtGGhl is performed while neutralizing the solution with a base.
Therefore, the product generated b he lactic fernentation nethods .is
lactate, |actate'§ $TEFERESBVAPIREPRIES 1 BIPEHROT deri RI UL o ¥ biT 1i4ct at e,
and then the treatnen%ﬁg%gﬁlneugr |i.zation salt rc(guiting,there@rpnhalso
poses st Yt {cHRt * promoehe iA Tt HeE B pridcediak riphgpafe as @ catalpd 5

| actic Aaci r cltio t n j ol ogica chni que; .a
chor cal® TR e ROt AP br e e LM C D kel o SEAM 84
hydr ot ' h c I [ cexa n a saccharide
(see hgﬁﬁgg%%lfhﬂV%eggﬁégzgglgﬂgI n-%ﬁ%ggtaEﬁ?é#gﬁh?gh§3?meg1Iulose (sec
Patent [feratdeqaand Non Patent Literature 3), or organic waste (see
Non-Patent Literature 4) is treated by the nmethod, sone carbohydrates that
have begyy@epraded under high-tenperature and hi gh-pressure reaction
conditions are isonerized to generate lactic acid. however, the nethod is
probl ematic i nMbaiodactfos aprddueacgs Mictthc t heidl kahiat added asreercayal yst
toresult in lactate, sonme inorganic acids nust be added to the reaction
sol uti gretfo rmeke inHessohilltyi ane ded shidc oot a stepaffeatri antaofol adt s ¢c deard das aci d,
and thus alkali and inorganic acid are stoichionetrically consunmed. [0004]
As a chiemiccEhtemt Rodefagmrpr bducithgwkaeti suabi sethvHoudraupirnylamaal kahi, a
met hod has been reported that involves reacting starch, oligosaccharide, or
nmonosaciétidrielllal k¢ handdHut sudingted fetapapahiddigstiancyical ysing ssids to
convert it into lactic acid ester (see Patent Literature 3). However, as a
resul t Yt O hatiforh by he optieatert ! ivd9ent Gis Peaveef | 48 dsEA Badade Fial
nateri%{ could.no% be dggraded 2¥ t hi s nmet hod Ft | ess thag 200C, and

gener ati%n 13T act '@ QRIIdP- | attiPl> abh d288FER cdAFH hot® e RIGHH GHiRA.

[ 0005] An exappl e has.al so_been reported.wherein a .

cel | ul JB&!BALEAPPSEil nal of 14T o1 BT P eRLT v CUHST1G (% tieidt {2 aE14F 9N a

chem cal re%ﬁ%ipn Wi, t hout. usin Howeve nmet hod

.Tate Q huge Ece e gatqgnatlaﬁleklsi ATC TC u'rrédth}ee elt¥ef9m LEs
very hig -fenperaWUreg%nd %lgﬁ-pressure (?enpeﬂaﬂuré of° 350¢C 6t %laﬁér and
I th 0 . 2 t VP ti
condi 11 o< et FresPERER 281l AaMioaPt T ol Phana e LRGP Pney
acid i Sccixpﬁ%&)it%r? or( %‘?iﬁ@% Un Li tﬁf?ﬂg.ureﬁf'x)thekgl%qg], the solutid) 19t her

reports concerning lactic acid production froma cell ul ose-based raw

mat eri gle Wdalied &S RQE STERn e AM YA S R d¥S PPs @ 9% PURN 1 e PRLALgSal t
as a catalyst (see Patent Literature 5 and Patent Literature 6) and an

exanpl e a@fti UshBOd abhdk rifarfinf@i@li @xi deriasefc gat alystoNavg1hbeen sgport ed
(see Patent Literature 7). These nmethods exhibit high lactic acid yields
only ungim &ondidh ARSp Offoani@l aihMel ¥eh 0wl COAMGE NN & alo1a8; Of vaithay Hideeri al .
A production nethod t%at exhibits a good lactic acid yield with a higher
concentThtioforef ther pino dit €gkeakri s desi rled thedm ferpi actdtCah Btandpoiint .
[Prior Art Literature] [Patent Literature]

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



[ 0007] [ Patent Literature 1] JP Patent Publication (Kokai) No. 6-311886

A (1994) [Patent Literature 2] JP Patent Publication (Kokai) No 2005-232116

A [ Pat ent Li t erat ure3] JPPat ent Publ i cat i on( Kokai ) No. 2004- 359660 A

[ Pat ent Li t er at ur e4] JPPat ent Publ i cati on( Kokai ) No. 2004- 323403 A [ Pat ent

Literature 51 JP Patent Publication (Kokai) No. 2008-120796 [ Patent

Literature 61 JP Patent Publication (Kokai) No 2009-263242 A

[ Pat ent Li t er at ur e7] JPPat ent Publ i cati on( Kokai ) No. 2009-263241A [ Non Pat ent
Li t er ahudelhi00OD8]treafiNont Rat entetirh éirzat use shl t Bysmiin Y. tY.erafich dvbatsgomery
R, Carbohydrate Research, Vol. 280 (1996) p.27-45 [ Non Pat ent

Li t er apuses )i gByling nY. .o dach vbmttgomsr yf Rroc€as bohydr at e Research, Vol . 280
(1996) 8 47- 57 [ Non Patent Literature 3] N enelae K and SjoestroemE.
Blonasé 093](1986) p.215-22I [ Non Patent Literature4] Armando T.Q et al

Journal of Hazardous Materials, 893 (2002) [Summary of |nvention]
As a lactic acid production method "not based on  any

biological technique, a chemical method is known that involves
treating carbohydrates hydrothermally in the presence of an alkali.
For example, when a saccharide (see Non-Patent Literature 1 and
Non-Patent Literature 2), cellulose (seec 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.

[0004]

As a chemical method for producing lactic acid without using
an alkali, a method has been reported that involves reacting starch,
oligosaccharide, or monosaccharide with alcohol using a metal halide
as a catalyst, so as to convert it into lactic acid ester (see Patent
Literature 3). However, as a result of examination by the present
inventors, a cellulose-based raw material could not be degraded by
this method at less than 200°C, and generation of lactic acid or lactic
acid ester could not be confirmed.

[0005]



[ Techni cal Probleml [ 0009] An object of the present invention is
to provide an alternative nethod for efficiently producing |actic acids
froma carbohydrate-containing raw material. [Solution to Problem [0010]
As a result of intensive studies to achieve the above object, the present
inventors have found that lactic acids (lactic acid and/or

| acti caci dest er) canbeeffici entl| yproducedfroma carbohydrate-containing raw
material using as a catal yst at | east one type of conpound sel ected from

t he group consisténgngfleahdd nleormpoundgpantdddy luemesonpouridy | @nd bea srekleni um
conpound, even when a small anmount of the catalyst is used. Also, the

pr esentawnwentorsd ihadeetondonartdddoilacand dsid Ibachich awidalandd otionact i ¢
acid ester) can be efficiently produced front a carbohydrate-containing raw
mat eri &lithgihguaingeast ankatiype dfowswpoundheelreetlead f remuti hes group
consrstrng of atin conpound an i ndi um conpound, and a rheni um conpound
and at hjgastenone atype o d cohidourida s sel ectiem Faam he lgrioup Q:o%r@tglrrg of a
first transrtron series metal conpound, a |ithi um compound, nesrum
conpouhld S¢S sallRani 4P 4. ard praﬁsarﬁkaﬂt rd ¥leh Orret“a‘i’resaflot 35a a?ter nary
ammoni um sal t guat er,n @ﬂ{ ghos honiumsalt, in co tbon a

cat al ystact Tﬂ%y“?fa\glé‘% FBtled the" pr EMMSURBHEoE Ba8 dalb ek ¢
find f t
the fof | 0F NG 7110 ¢ p éyfﬂfb%fzr G Pt e R et e | act e aargSoes

and/ or qﬁ& ]c acid ester by heat treatnment on a carbohydrate-containing raw
mat er i in a solvent containing a catal yst, wherein: t he catalyst is at

| east one type, o oPrPé‘ip%@% r£6! @&t@gntmgmrtdbacgfaocqe (‘9‘?’8 ?ittlcﬂe i g Gin

conmpound, an |nd|un1conp and a rheni um conpoun vent

cont ai nsi ek 5 - 1ANA0F a @ ﬁettetlart@@tlrﬁh digk1 Jtt@egetatﬂloextgrarrarerﬂth%ng lactic

acid/lactic acid ester of , mherern t he “sol vent further cont ai ns "at

| east QrgﬁotrMp¢Ipfrn@tQW'ﬂdisS@|@Cﬁa@‘ﬂsﬂc 98 LI c@lt OUR cEONSIcSHT NG OF 2 @ ftl T St
transition series nmetal conpound, a lithium conmpound, a magnesi um conpound,

an al kelderaeliad ®alhd an akkalpine ogant i gvef ahrsaddrthamguat esniarey aamoni um
salt, and a quaternary phosphoniumsalt. [0014] [3] The nethod for

pr oducéatgllyacthiav cabedhl eqtamedcistceBheenofifddatore [2)]., Wherei meatholdeast one
type of conpound sel ected fromthe group consisting of a tin conpound, an

i ndi unexloripouhtgh dnd tee rdvedi yme lsonpodrduaddratoheéasbnonef typelefivedrpound
selected fromthe group consisting of a first transition series netal
conpoulftl & onicteit Ll e8pPdund, T & mahesi dm coffpaund i caro ml Relthoget diatsal t

an alkaline earth netal salt, a quaternary ammoni um salt, and a quaternary
phosph%h@ﬂﬁﬁéatﬂoﬁﬁtﬁﬁaﬂcaﬁe“kdﬁﬁVEXV“ a’higher concentration of a raw

material is desired from a practical standpoint.
[Prior Art Literature]
[Patent Literature]
[0007]

[Patent Literature 1] JP Patent Publication (Kokai) No. 6-311886 A
(1994)

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

[Patent Literature 3] JP Patent Publication (Kokai) No.
2004-359660 A

[Patent Literature 4] JP Patent Publication (Kokai) No.

_3.



[0015] [4] The nethod for producing lactic acid/lactic acid ester of any
one of [1] to [3], wherein the tin conpound is selected fromthe group
consisting of tin or organic tin perfluoroal kylsul fonate and a tin or
organic tin halide. [0016] [5] The nethod for producing lactic acid/lactic
acid ester of any one of [1] to [4], wherein the indiumconpound is
selected fromthe group consisting of a halide salt, carboxylate, indium

al koxi de, and indium acetyl acetate. [0017] [6] The nethod for producing
lactic ai@{3ti4@3 acid ester of any one of [1] to [5], wherein the
rheni um conpound is a conmpound containing a halide or a carbonyl |igand.
[0018] [[FatThe Inethoicireor | pPollacimgP hhtitciadi @i(dld leit) i Boadiod) fedt2dr7 96 any
one of [1] to [6], wherein the solvent further contains a phenolic
conmpound. [0019] [8] The nethod for producing lactic acid/lactic acid
ester of any one of [1] wherein heat treatnment is perfornmed at 100C

to 300C. l[P@GQO} Ll[tgqafpﬁe %580%@1&6@ PrbHgeit i I(Fcka) dpd 200260 et Y est er

of any one of [1] to [8], wherein the carbohydrate-containing raw materi al
is at l‘bast one type selected fromthe group of ceIIquse sol ubl e

e TS RSESE LD v RAY (
met hod f Qgﬂﬁi ng | actic acid and/or lactic acid ester,

[Non Patent Literature]
[0008]

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

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

[Non Patent Literature 2] Byung Y.Y. and Montgomery R.,
Carbohydrate Research, Vol.280 (1996) p.47-57

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

[Non Patent Literature4]Armando T.Q. et al., Journal of Hazardous
Materials, B93 (2002)
[Summary of Invention]
[Technical Problem]
[0009]

An object of the present invention is to provide an alternative
method for efficiently producing lactic acids from a
carbohydrate-containing raw material.
[Solution to Problem]
[0010]
As a result of intensive studies to achieve the above object,

the present inventors have found that lactic acids (lactic acid and/or

4.



conprising perform ng heat treatnent on a carbohydrate containing raw
material in a water- and/or al cohol-containing solvent containing at | east
one type of tin or organic tin perfluoroal kyl sul fonate. [0023 1 (2) The
met hod of (1), wherein the water- and/or al cohol-containing solvent further
contains at | east one type selected fromthe group consisting of a tin or
organic tin halide, an indiumconpound, a rhenium conpound, a nmagnesi um
conmpound, and a first transition series netal conpound. [0024] (3) The
met hodlafti¢l) a@cid 2) eswdrer ei maper fiaor edfikytsuly Coptadectd from a
trifluoronethanesul fonate. [0025] (4) Thenethod of any oneof

(1)t o( 3prvhbky ér mtche onan bumed r ate ncoiretr ad Injusgn g aas ian cat @lyisal atcdne s e

cel lul ose. [0026] (5) The nethod of any one of (1) to (4), wherein the
wat er - tang/ orf at@oRelincbnsaliatitng sabwenth¢ ugrhep comsishigiza pherol o
conpound. [0027] Furthernore, the present invention enconpasses
t he foPPﬁW‘h‘gﬂﬁiiLﬁntH‘W G ODPg > ] et Aol ¥ Br ¢ RG] hgcl a8t W eaci ds,

conpri si ng erfornln E ﬂt tre tment on a carbohydrate cont ai ni ng raw
mat eri &l SR af§BPV§ﬁt0 d #aFﬁf S&aPePSSHd/oﬁ-%?céh@l?r%%%HeF%V?ﬁéD§olvent

contaips as.a cat st at least one t ti n- cont ai ni ng, conpound

sel ect 84V FrB%H?ﬁ ?ﬁg Lﬁ”b%dgﬂéﬁlgﬁuﬁf écﬂ a%?/%ﬁgaﬁlé ﬁ?g ﬁé??ﬂbcaﬂd tin
or org nlcag @rf uoroalgytsu fonat f:ﬁ anot er _at Ieast one type
of conpound CrEiven FEREINE P otp e o et dlg - SrPLARTE R i na e <
magnes al i d irst transition s r|e net.al . halid a d a uat er nar
angnnihﬁﬁggl q86§b] %/ % OEP %ﬂgfé?g fﬁeh& gP&@nlc tyn

hal i de, mﬁepﬁlygegf ﬂnc%%yg s acm' %nnge o d AR 370 i1 y?{?w?@' mof <>

or <2> rei n"perfluoroal k onate to used as a cata
triflugperrihanest f.9nal&+« one type of compound selected from the group

consisting of a first transition series metal compound, a lithium
compound, a magnesium compound, an alkali metal salt, an alkaline

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

phosphonium salt, in combination as a catalyst. They have completed
the present invention based on these findings.
[0011]
Specifically, the present invention encompasses the following

[1] to [9].
[0012]
[1] A method for producing lactic acid and/or lactic acid ester by
heat treatment on a carbohydrate-containing raw material in a solvent
containing a catalyst, wherein:

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

the solvent contains water and/or alcohol.

[0013]



[0011] <4> The nethod of any one of <I> to <3>, wherein the lithium hali de,
the magnesium halide, or the first transition series netal halide to be
used as a pronoter is chloride. [0032] The net hod of any one of <I>
to <3>, wherein the quaternary anmmonium salt to be used as a pronoter is
hal i de. [0033] <6> The nethod of any one of <1> to <5>, wherein the heat
treatnent is perfornmed by heating at 100C to 300C. [00341 Furthernore, the
present invention enconpasses the following [1] to [3]. [0035] [I]A nethod
for prptuci Mbhtactdtaodcifdr ggud/drciln@ctibctiaciadi @dteric aempr éstergopef f prm ng
heat treatnment on a carbohydrate-containing raw material in a water- and/or
al cohovheonimai t g delenenfurtbnat a¢ on reg nat at elastst omee t yygee el eotnedofindm t he
group consisting of indium al koxide and indi um acetyl acetonate. [0036] [2]
The nethlegtofl fdm wWhergiou he wasemg arfdaorialt coholsigomt ainiasg nsotalent
further contains a phenolic conpound. [0037] [3 | The net hod of [1{0 or [2],
wher ei 90 Wi tHeht a rlédivent ¢p81p @perd orared agy cheami g rapo10dC to 3bbdi [ 003S1
Furthernore, the 1llresel invention enconpasses the following {1.} to {6}.

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

and a quaternary phosphonium salt.

[0014]

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

[2], 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 quaternary

phosphonium salt form an ate complex.

[0015]

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

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

consisting of tin or organic tin perfluoroalkylsulfonate and a tin or

organic tin halide.

[0016]

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

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

consisting of a halide salt, carboxylate, indium alkoxide, and indium

acetylacetate.

[0017]

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

_6-



[0039] {11 A nethod for producing lactic acids, conprising perform ng heat
treatnent on a carbohydrate-containing raw material in a water- and

al cohol - contai ni ng sol vent containing at | east one type of rhenium

coi npound. [0040] {21 The nethod of {11, wherein at |east one type of
rheni um conpound contains a carbonyl |igand. [00411 {3} The nmethod of {11
or {21, wherein the water-and/or al cohol-containing solvent further
contains at | east one type of conpound of a metal other than rhenium
[0042] of{ @}] Tde Sirptvhiock cofy {131 rh wharei eo@p oluealsis aneo iypper of coanpowing: of a
metal other than rheniumis selected fromthe group consisting of a
magnesiauhm bdrepoundc artoay f lirgstnd.r ansi ti on series netal conpound. [0043]

{5} The nethod of 13 or {4}, wherein the rhenium conmpound and the conpound
of a mdP&ll3dt her than rhenium generate a netal conpound containing at | east
two types of netal including rheniumand a netal other than rhenium [0044]
{61 Thé7het hddcom e brieroprodpctne {IBrtigaridi nathe haah csteathmertny is
performed by heating at 100C to 300C. [ 0045] Furthernore, the

pr esent®tienentil bnt@nkbhpassesinnéh ¢ of ¢ bifitHg fuithe "gpntaingoasphereiic A

met hod for grogucing | actic acids, conprising performng heat treatnent on
a car b6RYyHR At e contai ning raw material in a solvent containing water and/or
al cohol Y %ng as catalysts, at |east one type of metal conpound sel ected
from thé 3 éup consisting of an indi urn compound, a gallium conpound, an

al um ni compound,..a tin _co und nd.a rhenium conpound, . and at | east
one ty[.[)gﬁnof jgglet mséetlhé)coi ef??rf Pg&gltlﬁbﬂ%?lgﬁﬁl Cdhdi é]tjaicr%bc g& I:Aén eglt%ralqtar?é]tyal

salt, al kal i eart h -salt, a first transition serie tal, salt, a
quater%&fyognL%ﬂﬁﬁnﬁZAIt?ﬁgﬁéIhqﬁﬁ%tgfﬁﬁﬁyﬂghég %ﬁfﬁﬁyggﬁp.%Pgﬁigluk<2>>
The nmethed for producing lactic acids of <<I>> wherein at |east one type
of netal conpound sel ected fromthe group consisting of an indi um conpound;
a gal l igppgenpound, an al um ni um conpound; a tin conpound, and a rhenium
compound and at | east one type of salt selected fromthe group consisting
of an abkal i Tret alectpald .foanpabkatime 1@akid s®talacsad tacid Tkt dff amsi tion
series netal salt, a quaternary amonium salt, and a quaternary phosphoni um
salt fonm an [afetacOrP) @xhede@B4Ble carbohydrate-containing raw material is

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

polysaccharides, and monosaccharides.

[0021]
Furthermore, the present invention encompasses the following
(1) to (5).
[0022]
(1) A method for producing lactic acid and/or lactic acid ester,

comprising performing heat treatment on a carbohydrate-containing
raw material in a water- and/or alcohol-containing solvent containing
at least one type of tin or organic tin perfluoroalkylsulfonate.

[0023]

(2) The method of (1), wherein the water- and/or alcohol-containing
solvent further contains at least one type selected from the group

consisting of a tin or organic tin halide, an indium compound, a

-7



<<3.----> The nmethod for producing lactic acids of <<|I>> or <<2>, wherein
at | east one type of netal conpound selected fromthe group consisting of
an i ndi um conpound, a gallium conpound, an al um nium conpound, a tin
conmpound, and a rhenium conpound is selected fromthe group consisting of a
hal i de salt and carboxylate. [0049] <<4>> The nethod for producing lactic
acids of <<3>, wherein at |east one type of netal conpound selected from
the group consisting of an indi umconpound, a gallium conpound, an

al um nir biem comp awmalp o antli, na c ongeoued u nando e prcnemnd ,umnebnpofimdt | sraaschiloor | de
salt. [0050] <-<5>> The nethod for producing |actic acids of any one of

<<| >> soricaqmetalviemepouat. | east one type of salt selected fromthe group
consisting of an alkali netal salt, an alkaline earth nmetal salt, a first
transif@@g4§eries metal salt, a quaternary anmoniumsalt, and a quaternary
phosphonium salt is selected fromthe %foup consisting of a halide salt,
car box{b ht éheafachndt ef (D052 £2). ewhssemhep el Hodo fbey sndbueiyy is|ctic
aci ds of any one of <<I>> to "5>, conprising using as a catalyst at |east
one tybéfsf0¥vﬂebba%?ﬁbmpéaf?ﬂ perfl uoroal kyl sul fonate. [0052] <<7>> The
met hod @@% Eroducing | actic acids of <<6>, wherein the

perflug P yl sul fonate is trifluoronethancsul fonate. [0053] S The net hod

f ipg lacti i ds. of 6: 7 in th .
car bonyel at LEEontH WeRG 1w er i 41° ool ai 19 ol ul ke, tBBSH" <1 The

e o, L RUBEHS. DL, AEGR. L 901N, PRzt S compr g

descri @@@]includes part or all of the contents as disclosed in the
description and/ or draw ngs of Japanese Patent Application Nos.

2010- 0@?)8_34Thgor;lg'tlgéé5é?-,al%pjo%co$%lzfl) t%oé@)?%&%mm 201Q1 244486, whi ch
are priority docunents of t'he present” application [Advantageous Effects of
I nvent ayYh d10088kaining solvent further contains a phenolic compound.
[0027]
Furthermore, the present invention encompasses the following
<l> to <6>.
[0028]
<1> A method for producing lactic acids, comprising performing heat
treatment on a carbohydrate-containing raw material in a solvent
containing water and/or alcohol, wherein the solvent contains as a
catalyst at least one type of tin-containing compound selected from
the group consisting of a tin or organic tin halide and tin or organic
tin perfluoroalkylsulfonate, and as a promoter at least one type of
compound selected from the group consisting of a lithium halide, a
magnesium halide, a first transition series metal halide, and a
quaternary ammonium salt.
[0029]

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

used as a catalyst is chloride.



According to the nethod of the present invention,lactic acids can be
efficiently produced froma carbohydrate-containing raw material such as
cellul ose using a small anount of a catalyst. [Brief Description of

Drawi ngs] [ 0057] Fig. 1 shows the results of EST/MS neasurenent
for ate conpl exes generated by rheni um carbonyl and nmanganese chl ori de
tetrahydrate Fig. 2 shows the results of ESI/M neasurenent for

ate conpl exes generated by indiumchloride (111) tetrahydrate and

bi s(triipfiényl phosphi ne)i m nium chl oride. [Description of Enbodi nents]

[ 0058] According to the present invention, a reaction product

cont ai ri3ng Thectmi ¢thaci o fandFoer |<att.i e hegiedn gs¢ it ucama ke lobt @inmed by be
perform ng heat treatnent on a carbohydrate-containing raw material in a
mater-uaﬁg/@$aaﬁd@hmﬁt¢®ﬁtdﬂnbn@m§®h0@ﬁ$UU@mméﬁning at | east one type of
conpound sel ected fromthe group consisting of a tin conpound, an indium
compouhB¥3ahd a rheni um compound functioning as a catal yst. [00591
Through the use of the method of the present invention, lactic acid and/or
| acti ¢ “dci d estEithegdnobe ibomvent &rit 15 tpr oddeeh ai ¢ R ghl e pitibadede s rom a
carbohydrate in a carbphydrate-containing .raw material, ch.as a

pol ysag?:?]affl?a@e(}b‘%la. 53@211‘?’u‘l"bé@es{}é?'tlﬁr,afbsllit’gﬁlsé@élﬁgr i“b‘)et,a?g}?;ld&a%ﬁjaqi de)
or a nonosacchari de ge.?ng?os%ior fructose), even when a snmall anount of a
cat al y§£°Fs* ude. 0 '60B01I" <O 9C A reaction for generation of lactic acid
or Iacibg3§?id ester froma carbohydrate-containing raw materi al proceeds
as follows; 'for exanple, when cellulose is used as a starting nmaterial.

[Che”ig%k>ﬁpﬁgq&%tﬂidc%flaﬁyooggl&PL9§§ ﬁ;K%3>, wherein the quaternary
ammonium salt to be used as a promoter is halide.
[0033]
<6> The method of any one of <1l> to <5>, wherein the heat treatment

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

[0034]
Furthermore, the present invention encompasses the following
[1] to [3].
[0035]
[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.

[0036]

[2] The method of [1], wherein the water- and/or alcohol-containing
solvent further contains a phenolic compound.

[0037]

[3] The method of [1] or [2], wherein the heat treatment is
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CH 9 9% OHHON 011 d yccral debyde G ucose 1HO 100H "Ay O f -LO0 OR HHO ON H
Lacac acld s.puo,"rieLpirtti 6HLT CT 0-0 CH3 -11200, fsonenzataan tCHaOHOH
G yceral dehydeo Met hyl |actate

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

[0038]

Furthermore, the present invention encompasses the following
{1} to {6}.
[0039]

{1} A method for producing lactic acids, comprising performing heat
treatment on a carbohydrate-containing raw material in a water- and/or
alcohol-containing solvent containing at least one type of rhenium
compound.

[0040]

{2} The method of {1}, wherein at least one type of rhenium
compound contains a carbonyl ligand.

[0041]

{3} The method of {1} or {2}, wherein the water- and/or
alcohol-containing solvent further contains at least one type of
compound of a metal other than rhenium.

[0042]

{4} The method of {3}, whercin at least one type of compound of a
metal other than rhenium is selected from the group consisting of a
magnesium compound and a first transition series metal compound.
[0043]

{5} The method of {3} or {4}, wherein the rhenium compound and the
compound of a metal other than rhenium generate a metal compound
containing at least two types of metal including rhenium and a metal
other than rhenium.

[0044]

{6} The method of any one of {1} to {5}, wherein the heat treatment

-10 -



[ 0061] Cel lul ose i s solvol ysed under high tenperature and high
pressure in alcohol or water, so as to generate sacchari des. Under t he
reaction conditions, the thus generated saccharides are further degraded to
be converted to a | ow nol ecul ar-wei ght conpound, or instead polynerize to
form a carbonaceous hi gh-nol ecul ar-wei ght conpound. Exanpl es of the
degradation reaction include dehydration and retro-al do] ization. 5-meth
ox yni ethylfurfural is generated through

dehydr af i Qr}f@ﬂ%ldyg?ll%mngdﬁ( ¢hose)  Aishydioxyacet onedr gl yceral dehyde (tr
ose), g erythritol (tetrose) are generated through retro-al

dol i zatponi¥ni ose anong these exanpl es can be converted to lactic acid
through is omerizati on. Furthernore lactic acid is converted to lactic
aci d ester thrpugh «telydr,athicopradeh € ondensahi ofc 6 Belsisens hai fdil1aheiohol .

[ 0062] A carbohydrate-containing raw material that can be used as
a raw ratlerta f<or>the nethod of the present invention nmay be any raw

mat eri al containing carbohydrates. Such a carbohydrate-containing raw
materi @004ty he any carbohydrate such as a nonosaccharide, an

ol i gosacchari de (prepared by the binding of 2 to 9 nonosaccharides), or a
pol ysascHari dé @(priépat e rby roHe cbi gdiatg i of a di@isor c pore i rorpsacdhani ides) , or
an organi smderived material containing the same, but the exanples are not
| imitelethdretionceas Polaysackhhy d oes-cealdimiogerov Bradecin! ol agoebecehiar i des,
or disaccharides are preferred, but the exanples are not limted thereto.
As nonbSAtriHdpiZdRateylaiciee HrahPl uttidgeaarca tphefter réd caBtito ehey R ahipl es
are not limted thereto. Cargogydrat -containing raw material s may be, for
exanpl B¢t¢hr BORRA BR €5 SFHAGEi RO RexidiSe TP asoeeistinbsel ABI GBEI T ose,
cel l obi ose, starch (e.g.; soluble starch), | tose, gl ucose, nannose,

fruct o8P H ATt ole, FALIBT (CUBBS Rdm &df | tlHRLT Bk ed WUBSEdced LIn
inC|Ud£FQHHSPt85%“§PCP r%”ﬂ%%}i§§%|U|05 ,axglq'eieaqd ara in(’gse,f Qr, faw
mat er i al §'fcont @i nimg at’  1%€ast” ohe 6 them' "suén as™1'i gidcel Pul 8se’based raw
mat er i , r te- t al ni.ng: erhal a [ :

mat or 1 e YR LSRR MR SRR TGP RIS, 0% GTARR o)
for examplhe mbyd tsrhqt,ex;?-nﬁlrgﬁ thgkeqbnar@ ol RRkk] Cwl@,r ly hh!ﬂé%rfyher eto,
Exanpl es of carbohydrate-containing raw materials 1 nclude

|'i gnocghinyh Asembasad JHOIBGSa b 8F | 3 1o P16 Mdi G Wast e paper, renaini ng
materials from | unber sawi ng, agricultural waste (e.g., straw, corn stober,
corn cphbo4and ear of corn), and food waste including saccharides such as
starch and gl ucose A carbohydrate-containing raw nmaterial to be used in the
met hod<e >thél pe esenhoidn¥entp and yriefged abtiy aond @i s <wat er, imhaddit iaan to
car bohydrates such as cel |l ul ose. [0063] In the present invention
exanpl emsof ot e nt ygompdund: tehod aude o ulut satectedt fiami tled groupt iconeis ongani ¢
tin perfluoroal kyl sulfonate, a tin or organic tin halide, an acetylacetone
conpouftl anafn &i ko x¢ de peorpbun dg 2 lal war bosylcatnel ,conpdumeli,nia nplrosphatied,
conpound, a sul fate conmpound, and a nitrate conpound. Preferably, such a
tin cobpolintd P oamnd.eazd ibehipa of Mdurpvlind dsaf erel ofrcohy R he Igh dlip

consi sti ng of %in or organic tin perfluoroal kyl sul fonate and a tin or

or gani telEche Aaltiode . then T P py &8t N Swdne i ot Kad han ¢ &rlns 2lgr ganpék i1ge refers
to tin (S%) in mpi%ﬂ one Qr nore orqanic substituents &hydrocarbon gr oups)
are bothd "BEAH e £ sUbsti a8t B ndiAF Y 0§ 1l &t ot of U FgAHiT¥ tin
that can be used | tthe resent gnvention in%]ude, but, are not particularly
[ ¢ PR BT YT BPBS, WACBOELY GUSuR R i hexyl dap, “nd &
n-octyéoggqgg. Tin or organic tin perfluoroal kykul fonate may be a tin (I1)
salt of ai%ln'(IV) salt.

Exanpl f g perfluoroal kyl sul fonate"incl ude, but ar enot

partic ar?Elinitedto,trifluoronethanesulfonate, pent af | uor omet hane sul f ona

ehept ak Lyoropropane: il 902! Bro8difIoM Al UPKoR Whah & .sulpfon.gte 1n the

present invention, a nore prefera exanpl e of perfluoroal kykul fondte is
triflugneyeidaneicast one type of metal compound selected from the group

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

11 -



sulfonate (trivial nane: triflate).As tin perfluoroal kyl sul fonate, for
exanple, tin Qo trifluoronethanesul fonate (Sn(0If),) (Tf denotes a
trifluoronethylsul fonyl group CF SO . The sane applies to the 32 foll ow ng)
can be particularly preferably usedAs organic tin

per fl uoroal kyl sul fonate, forexanpl e, dibutyltin trifluoromethanesul fonate can
be particularly preferably used. Exanples of such a "tin or organic tin
hal i de" include tin or organic tin fluoride, chloride, brom de, and iodide.

Exanpl egnfifo $MEh adtith Bo@ @ﬁ@@“hﬁdthﬂdhﬁhhg§<kﬂﬁngﬁd pykeﬁ&ﬁe@Q?r&ﬁﬁ1ted
to, tin (I'l) chloride and) -n-butyltin (11) chloride. 64]

Exanpl ese @froah t@ﬂbMﬂﬁg’rH}UMnﬂllh@@|slé¢?ahﬂdbélmd"baﬂflla(ﬂés (fl uorlde chlori de,
brom de, and |od|de) an acetyl acet one conpound, an al koxi de conpound, a

car boxybate]conpound, a phosphate conpound, a sulfate conpound, and a
nitrate conpound. A specific exanple thereof is, but is not limted to,

i ndi umcbrdom dehé I mBrtBpd FOOGHjoducing lacExaaplés of <a<¥heniwieeompaund

i ncl ude rhcnium halides (fluoride, chloride, brom de, and iodide), an

acet yl bexttonoecionpowidmednl aldogbda dcerpoutred, fep wat Hoxgyrloatpe coanpoting, a
phosphat e conpound, a sulfate conpound, a nitrate conpound, and a conpound
cont ai Al g andarbonyi plavgahda A & peoihf ¢ emexanpl eaofalsucimianr kem priodrpound
is, but is not limted to, rhenium carbonyl (Ren(CD)lO) [ 0066]

In oneariéactdmAosyst end ondh anjipen gfo repApodnd sellderede fSrbm t he group
consisting of a tin conmpound, an indium conpound, and a rheni um conpound
may bel %%g% 'and tmo or nore types thereof may be used in combination.

[ 0067] t cont |n|ng wat er and/or. al cohol to be used in the

et hod“6f 1 me”ﬁré%% 1046 PEMTYH G191 & %b‘i‘tltilf'o‘ri“c(ﬁﬁtaa}mlq{be wdt F 16+ dPcohol

or a sol ion contalnln t he two. The sol ven ter al coho
al one, %%ixt0¥ 6?nmé?g} C4id A AR, (HJ 1@0&3 Céﬁd %ﬁargénbﬁ'ﬂP?ing

then]rﬁggsmkpg? qongogﬁ€ﬂ§lggg§1as Other ﬁﬂ§%a§ﬂ%%ﬁgﬂﬁ 9%%621 wﬁt

di sti i on exchanged ustrlal € can be

used. Al cohol; 1,0 he;Use a%re'sfa |s fogug%sda%” arhdimhed, and is o

preferably ali hatlc a cohol hav
quaternary phosphonium salt is selected from the group consisting of a

halide salt, carboxylate, and borate.

[0051]

<<6>> The method for producing lactic acids of any one of <<1>> to
<<5>>, comprising using as a catalyst at least one type of tin or
organic tin perfluoroalkylsulfonate.

[0052]

<<7>> The method for producing lactic acids of <<6>>, wherein the
perfluoroalkylsulfonate is trifluoromethanesulfonate

[0053]

<<8>> The method for producing lactic acids of <<6>> or <<7>>,
wherein the carbohydrate-containing raw material contains cellulose.
[0054]

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

<<8>>, comprising performing heat treatment at 100°C to 300°C.
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carbon nunber ranging froml to 8. Exanpl es thereof include nethanol,

et hanol , propanol, isopropanol, |-butanol, 2-butanol, and ethyl ene

gl ycol . Hydrous al cohol can al so be preferably used as a solvent in the
present invention.One, two or nore types of alcohol may be contained in a
solvent.Also, in the nethod of the present invention, water is used as a
sol vent when lactic acid is produced, and a solvent containing al cohol is
used when lactic acid ester is produced. [0068] The anmount of a
sol venfpgeptai ning water and/or alcohol to be used with respect to that of
a carbohydrate-containing raw material can be appropriately selected by a
person skilledrhis thesaribti@ndinsluils PRadti oMl aglly dfi ninteede Jhe e giy ratio
of a carbohydrate-containing raw material to the amount of such a sol vent
gener ablycloaedesinf ram 1desdrip@idn : a2d0Or (draaMn@st erfl ala sl akent P a aggl
preferably ranges from1 5 to 1 : 100. [0069] The total anount of
a conpayndfsitipho beNoused hHeEriei )8 X 4ect ed Frid4dtet Jr ou (clandisst i gy, of a
tin conpound, an indium conpound, and a rheni um conpound to be contained in
a sol véft OedAddi0ni, ngnwal éd OahdA s 6amdokdl airs potorliiyndedimAneonpdUrid( s) can
be used in an anmpbunt corresponding to 0.001 nol to 1.0 nol, and preferably
0. 005 po¢sard @ppligeitiosuch as 0.01 nol to 0.05 nol (in ternms of mass ratio)
with respect to 1 nol of glucose residue in the carbohydrate-containing raw
mat er i A dveaRénzeoeh faffeshpouinbedntignlised in an excessively | ow amount,
degradgtion of pol ysaccharides such as cellul ose proceeds with difficulty,
and whEN)thE same is used in an excessively high anmount, the yield of

| actic acid or,the yield of Iactbc ac%d est er decreases be?ause of . side

reactions. Such®aNolimts tard enByetppds @F FBa. ProERé  nvention, 13gfiehacitht hod of
th t i ti i dditi t t | t f 1 d

ol et SHTT P FRACkrbUS cBR! ki g bima 11 & L BRBSURCE aA N At T obiound,
and a M?QHHP ﬁgﬂggggg?lllréﬁs?if%ﬁn naesxtl%q? a‘?ﬁoﬁﬁﬁ%‘%}‘i‘%aﬁgf s(it ed from the

group consistin ransrtion series netal co und, a lithium

conpouggfkg:ﬁ@g@pﬁhyghqpppggqgmggw alkali netal salt, an alkaline earth

net al t, a quaternary anmoniumsalt, and a quaternary phosphoni um salt
can afe@spe used as another catalyst in conbination. [0071]
Through t he conmbi ned use of at |east one type of conpound selected fromthe

group consi stipig.off aHdwst théansidtlitonoserd 5 MEBt &l c Lormeaudeh, &4 iddi um
conpound, a magnesi um conpound, an alkali netal salt, an alkaline earth
met al sahtplcacquatarcnared abponheirisal tcarBod ya gqudt exmag yn pheosphondidm sal t
as another catalyst, in addition to at |east one type of conpound sel ected
fromtterghpdpatzonsi sting of a tin conpound, an indium conmpound, and a
rheni um conpound, lactic acid and/or lactic acid ester can be efficiently
produced fromlpal ySacdivar i délse anes mhonoséc diall Migs m{p0F2ment for ate

complexes generated by indium chloride (III) tetrahydrate and
bis(triphenylphosphine)iminium chloride.

[Description of Embodiments]

[0058]

According to the present invention, a reaction product
containing lactic acid and/or lactic acid ester can be obtained by
performing heat treatment on a carbohydrate-containing raw material
in a water- and/or alcohol-containing solvent containing at least one
type of compound selected from the group consisting of a tin

compound, an indium compound, and a rhenium compound functioning

- 13-



Exanples of first transition series nmetal conpounds include halides
(fluoride, chloride, bromde, and iodide) of the first transition series
netals (that is, scandium titanium vanadium chrom um nanganese, iron
cobalt, nickel, copper, and zinc), an acetyl acctone conpound, an al koxi de
conpound, a carboxyl ate conpound, a phosphate conpound, a sulfate conpound,
a nitrate conpound, a boric acid conpound, and a phenol conpound. Exanples
t hereof preferably include, but are not limted to, halides (particularly,
chloride)a catglaishoxyl ate conpound, a boric acid conpound, and a phenol
conmpound. Specific exanples thereof include nmanganese chloride
tetrahydoad¢, nanganese chloride tctrahydrate, cobalt chloride hexahydrate,
cobalt chloride hexahydrate, nickel chloride tetrahydrate, and iron (I1)

chl ori de hexahydratgh th@0Y8} oEx@nphashofd aflththptvsesanpoundiobncliudeichal i des
(fluoride, chloride, bromde, and iodide), an acetyl acetone conpound, an
al koxi deid¢ onpbumdlacdi cardidxyk atre caanpounadn van phos phpt @d coepowind, Ha ghul f at e
conmpound, a nitrate conpound, a boric acid conpound, and a phenol conpound.
Pr ef er abliglexanpliesmt her eafbo hglluate, but aarcerhohyldirai ¢-ecdntejnived | dew
(particularly, chloride), a carboxylate conpound, a boric acid conpound,
and a pHéspidleonpotind. aA specifdlysesahprialet hercesf, | sadlbiass, umsthi dri de.
[0074] . Exanpl es of a magnesi um conpound i ncl ude magnesi um hal i des
(1 uor PHEOSAKICHRT U BF ofd e chandd ¢ bditd@) m amo seetharadet oh&- caipowsd, an

al koxi de conmpound, a carboxyl ate conpound, .a phosphate conpound, a sulfate
compoufill, FTRC Hi 19 atd ‘CoMdbihad, S 2bor IO Wl af cofpiUnd! 1antF e -phenol conpound.
Prefergﬂ#g fxanples t hereof include, but are not limted to, halides

(parti Q y, chloride), a carboxylate conpound, a boric acid conpound,
and a phenol c und. eci fic exanpl t hereof . i ncl yde nmagnesi um chl ori de
t et rahydrate (ﬁ&%%”?%¥1%@¥ i eﬁ%dﬁ%%fﬁﬁ%%%?Sr?ﬁé H@kgﬁ§gfaf§1 MyEF61 | 20) .
22 [OOEQLH a ca boha%%gggkﬁﬁngﬁ Al %%&?Hhaﬂﬁﬁgl.ﬁ¥§c%’d@“aaH%ﬁg%QQ Q%Gth
netal salt, and a uat ernary pﬁo§%hon|un1sal ifncl‘ude "a" hal'i de salt,

car boxyt 2l e DAL c BN 03 cPRERYE d CRMRAUR:; nBPRGI L} G 1€Xanpl es ther eof

i nclude, but are not limted to, bis(triphenyl phosphine)imniumchloride
([PPN] C1), [bhsttichphemy yRosphi ne) i m ni um brom de ([ PPN| Br),

bi s(tri phenyl phosphi ne)i m nium odine([PP Nil), bis(triphenyl phosphine)

i mnium carpoxylic . .acid ([ PPNWOCH), tetraethyl ammoni um chloride (Et NC),
triethyl am'%gmo hloride 4 (Et NIICL), 3

trioctyl net y#%qno funchl ori de(Oct 3NMeCl1), tri eth yl (2 -m ethoxyet hoxyne
hyl ) anmoni unc ﬁIooﬁizge (MeOCEl OCH NEt 1- but y1- 3-met hy|j ni dazol i unchl ori de 2223

Hi}é Hg‘i%; Erythrose
o —o

oH O W Hegrlegy HO.

HO. . e MO ! — —
) H T H -
B on ' HO

\ HO
H OH 0, MH —>=0
—g
Glucose } o Glycolaldehyde
S [o13]
: HO
g "y { )\['(DH\
0—(" g HQ
o4 H e - P 8
o oH i Yon , 0 : S
i o HO. - - . Lactic acid
O o o G OH o= g ;
A Sy HET? HCT? <CH5ON oH

oH OH H0 )\r ~

: Glyceraldehyde ©

Isomerization g

Methyt lactate

oH e OH . HO  OH -
HOM(\ al HO, G HO0 . 0, (o Ju——— ?
A OH — é oH —=po. / o OH — = 7 — )\/\a,o\
T on Oy, o o

Fructose Methyl levulinate

[0061]
Cellulose is solvolysed under high temperature and high

pressure in alcohol or water, so as to generate saccharides. Under
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([binimCl), 1-butyl-3-m et hyl i m dazol i umacetate([b in i m OAc),

1-butyl-2, 3-di net hyl i m dazol i unthl ori de([bdm njCl),

1-butyl-3-met hylim dazoliuntetrafl uoroborateabm tnl BE4), tetraphenyl
phosphoni um chl ori de (Ph41)(21), lithiumchloride, sodium picolinate, and
sodi um(t ' hydroxy) phenyl borate. [0076] Exanpl es of a quaternary
ammoni um salt include, but are not particularly limted to, quaternary
anmoni um salt halides (fluoride, chloride, bromde, and iodide), a

car boxild Geack £ orPRENGond, bard G haci ¢ aRrRedNds s @nthadphenpd genmeynd For
exanpl e, bis(triphenyl phosphine)imn umchloride, tetrabutylamoniu

nbr omi @eg r 4dd dCitoy | et fyh aerreri uathl Qbinden o Bt 1bhey bide campeupart iogul arly
preferably used. [0077] A first transition series netal conpound
can beinyseddj npany@eeind ©Orf@aspondicagbb@aOec ok hogh. B omoluWirt b gighpect to
1.0 nol of at |east one type of conpound sel ected fromthe group consisting
of a tdaomeonmeluntxaam lieddbtimheonipeuadatiand raathem unt bodealaidydriteohi r st
transition series nmetal conpound is preferably used in an anount equival ent
to or deettchandbhatatodin.at J-easth onentyipel fofr feonipougdnseh et edrdupm t he
group consisting of a tin conpound, an indium conpound, and a rheni um
conmpoukthydirdiéir stand angly¢oreldehiyds ndidabsebnpouhgdirsxiyacthene pr efrer abl y
used in an ampunt ranging fromO0.01 nol to 0.9 nol (e.g., 0.2 nmol to 0.8
nol ) viltys erakpeleyde dtniogepnaindfergthiigaki(tohe seype cogceonpsdndh set gbt ed
fromthe group consisting,of a tin conmpound an_ indium conpound, and a

r heni Uit EOTAIEGAE: 21 BB78] Triose amonga thes i GABBRpOEAR P§ ©RBYCT ¥ daho anount
rangigqﬁfronlq.% ng[ to 10.0 nol. with resgect to 1.0 nql of at | east one
type of CtidnpdaHY d8relEBd FPGH K8 YHbup coH<hEr ™Ry ot 1aCticn &BHpouRd, an

i ndi um conpound nd.a rheni um conpound. Preferapbly, a lithium conpound is
used i“norhvnugﬁgum aledﬁﬁf({/aﬂce‘ etgbero%ﬁf)@ﬁgr df‘ﬁ§ I?E‘é)t” c?fndlatwl [t53he t ype of
conpoyn C§ﬁhpckgq Eﬂ%@h%@e group consisting of a tin conmpound, an indium
conpound, and a rﬁeniunlcbnpound. Further preferably, a |ithium conmpound is
used H@O%@ anount ranging from11.0 nol to 4.0 nol. 0079] A
nagnesiun1éonpound can be used in an anount corresponding to O nol to 1.0

mol - with respactatQofyQriR- c8h thNat OFa &t nlA8S1a10NG T ¥RE O (&IPAUNY
selected fromthe group consisting of a tin conmpound, an i ndi um conpound,

and a rahemh 48 ¢ MEFRWNche A FBANEY UM € PRAUYAL in et erabkybesady i he same
anount as or lower than that of at |east one type of conpound sel ected from
t he groaprienststidiginf aathahgompasnd, Sarhi ndidirbodrpaune,candiaiseni um
conmpound. A nmagnesi um conpound is further preferably used in an anount

rangi ngw mom €16l mwly bo M9 cmibdleydrateOs@chods tao Mon8saodhanikdieh 1espect
to 1.0 nol of that of at |east one type of conpound selected fromthe group
consi stlipgsofclaatida Corpourd, banthadiindicgnpbinde Andoaoshenham doyypound.

[ 0080] An al kali netal salt, an alkaline earth nmetal salt, or a
quat eriar§ phoypsheaham dal {peapabed udsd the abiadouat @or A@spendimgre to 0
inol to 100 nol with respect to 1.0 nol of that of at |east one type of
conpouhengepeehad desdm ©he2fr SUB ARSHII- €T Hte bf materitlcsmpdandinanthadi um
conmpound, and a rheni um conpound. An al kalj metal salt, alkaline earth

ot I 3414, i %@é@ﬂamﬁsp%%ﬁh%ilumg%ﬂa ¢hekH e fur PREY St St &Py used

W th FOUBET e 375 6 edh BH EPRde Copr e - ontt TBre R Bisl o1 “Conpbuhid Edt ect b
o IR ERRThBLL Tt TP 10 ymcorpete and e
T T TR R e e b U NS A
tin copgppund, %Ijb%qfﬂfpaQQmeqnir?gqa%v rlﬁgﬂiirli'mscml’d@g'f%r example,
carbohydrates including hexose such as cellulose, holocellulose,

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

fructose, galactose, and glucose, hemicellulose-based substances
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guaternary ammonium salt is preferably used in an anount equivalent to or
hi gher than that of at |east one type of conpound selected fromthe group
consisting of a tin conmpound, an indium conpound, and a rheni um conmpound. A
guat ernary ammonium salt is further preferably used in an anount ranging
from1.0 nol to 4.0 nol. [0082] In addition, in the Description,
at | east one type of conpound selected fromthe group consisting of a
lithium halide, a magnesiumhalide, a first transition series netal halide,

and a gHahed A Y Ao WS AL th dTRYe AR Id Ul Byl b T £f8hbeth 0 85 raw |
"pronoter."” Here, the term"pronoter"” refers to, in the presence of a tin

conpoumgateda lisn@b HE i nG ABPLUNGh ANEH OTo At If YR NI WBHC AINOKRE c ¢ A uG O TP ¢ hat
acts in concert with the tin conmpound, the indium conpound and/or the

rheni um GoMPEUNdal SO &Sathd haahaler&d et ARt Or ranhanoe rdegr aday i oo reacti on
of pol ysaccharides such as cellul ose and sugar degradati oni sonerization
react i dnomSushmatpriareterntaisald thayathey capablienefd otrb skapadles of . g.,

i ndependently (that is, in the absence of tin or organic tin

per f | uoeblallkyksulfbonat @npi e a bit nt heo rEawng,e sanh ¢ mdi fuar ¢ anpopadti carl aal y heni um
conpound) catal yzing the degradation reaction of cellulose and sugar

degr ad&tm oigids dher ¢ xat | dix anepbds orf Thebehpdeateexanphosngf rgwcimatprbnot er "
are not limted to a lithiumhalide, a nmagnesium halide, a first transition
seri esimghuile hagineiec!lahes & bgyadeb hamy sanmone Um sabhe vt e camstienskode,

vari ous conpounds described above. [0083] . ~In the method of the
presenf SMBHE £ o 2K EH Satf TP Bk BRET t yp¥ 1BE, caRpouHdu Y| ekt eld fDh t he
group consi sting of tin conpound, an indium conpound, and a rhenium
conpount 3% d§§ﬁ‘iﬁ“ﬁﬁﬂbiﬁ8f?oﬁ t Rt Feast i of@TBypeldf EBRPoukAs Sel ect ed
fromthe group consisting of a first transition series netal conpound, a
Iithiuh?%@ﬁﬁB@nd,S%@%%@H%§Funﬁ85ﬂbouﬁd, dﬁdéFEalla taﬁﬂgépﬁ?'an al Kal i ne
earth a lt,. a quaternary anmuni u al,t, and a quaternar osphoni um
salt, ?E%%%higﬁﬁgﬁﬁaggﬁﬁvnﬁiﬁdwtgu%géZHL her® “ies Péggfilﬁns8ﬁug?oﬁ“%o as
to forpo or . . ypes -at ompl ex... The rm"ate c Lex" refers to
a conp exgﬁybe ﬁg%ﬁrgégidpggf€”§ggegg¥§gdb§bcooré?%at%%n gpagﬁﬁgniéxgpecies

(suppl begh &1 oM & GosPONnd sughidsea first transition series netal conpound,
a lithium conpound, a magnesi um conpound, an alkali netal salt, an al kaline

earth me¢ekjsalt, a quaternary amoniumsalt, or a quaternary phosphoni um
salt) to a conpound having Lewis acidity, such as a tin conpound, an indium
conpound, or aw bieaipteseapaubdtiod,008fhples of “tinThs Ry idreinspu®f, an ate

conplex as a catalyst, retro-aldol reaction of sugar can be selectively
causedbtio apronseedi mitd ® tsuppi esSbngacikc bt iz te r i cafo ad kgasu lde ndescri hied
bel ow. Therefore, an isonerization reaction to result in lactic acids can
be nor er efofrigeinent Ityncdradude edafir om & ydar bohyadr abergonbdi niang aldw xeteer i al .
[Chem cal fornmula 2] Cyclizationx OH - O+ OH O Retro-aldol reactionCH O
[ 0085] compound, a carboxylate compound, a phosphate compound, a sulfate
compound, and a nitrate compound. Preferably, such a tin compound
is at least one type of compound selected from the group consisting of
tin or organic tin perfluoroalkylsulfonate and a tin or organic tin
halide. In the present invention, the term “organic tin” refers to tin
(Sn) in which one or more organic substituents (hydrocarbon groups)
are bound. Examples of a substituent binding to a tin atom of
organic tin that can be used in the present invention include, but are

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

group, and a n-octyl group. Tin or organic tin
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In the nethod of the present invention, in addition to at |east one type of
conpound sel ected fromthe group consisting of a tin conpound, an indium
conmpound, and a rhenium conpound and at | east one type of conpound sel ected
fromthe group consisting of a first transition series netal conpound, a

|'i thi um conpound, a magnesi um conpound, an alkali nmetal salt; an al kaline
earth netal salt, a quaternary amonium salt, and a quaternary phosphoni um
salt, a phenolic conpound can further be added to a solvent and then used.
Exanpl g8 afiooRMEPRIVI¢o £MPOMAY iHIC! Mde,, but) agg Nt Rardihcylenl yali mted
to catechol, 3-fluorocatechol, "2,2'-biphenol; and 3-quinolinol. The anount
of a phenelpiesconpoundy & iberysBg, RN el NN b caRREOPr bat el Mreegylat ed by
a person skilled in the art, preferably ranging fromO0.1 nol to 10.0 nol
and fupthecupadfer abl yirhanegi ng friom 1. 0 1Mf1ulod obh & hadle Wi t h siigspeete to 1.0
nol of that of the above conpound. [0086] In the nethod of the
presenpentw@nbirometihen aschivpeund dospraifsu o @topdagast sanéoiyee sehdct ed
fromthe group consisting of a first transition series nmetal conpound, a

| i t hi unpoehfpound,utanpragndspuatconpoundthan mickahit netvantsaht, aanmalrkal i ne
earth netal salt, a quaternary ammonium salt, and a quaternary phosphoni um
salt, pscfigselle ogetaepleni 0h @ ephleroldadkybhpdondtandst heiflikeomgthasel vent
contai ning water and/ or al cohol and at |east one type of conpound sel ected
from thelfgnaup donsiadtn wgeoftraflei ) .cofpotim P cahly ol alydowbouade, died a
rheni um conpound se .conpounds may al.so pe ad .1.0,a, .splvent containing
wat er %ﬁﬁwgﬁeaﬂé%héﬁ?t§ég¥%£¥”ﬁfﬁﬁnﬁ¥”ﬁ£%g?Rbﬂgngggbbo? g@ Y *Seflect ed
fromthe-gr i.St ) of in und, ~an indi um_corpoun d a
rheniuﬁ?ggﬁ%§ﬁ%§8ﬂﬁégﬁhﬂggat%@% ﬁcéﬁgﬁgﬁohs Egﬁ gg”&%p@@ﬁ?ﬁ% eﬁ% ggﬁulated
by a p I on .skill ed ig the_grt depending oglsacchgr deg and al cohol. types
cont ai ned® i Edw 5H eP f alPdr FRd AT hpBFGEIAR 1Y oM SKdat  t Pdat Wt 5r i Br abl y

rangespghgﬁé}ggﬁ%@%u@ggg“enore p eferabL¥araqges fro1 %Qggg%? 250§9PF0r

exanple, the rature prefera(vy ranges?ﬁ?ohylSO t _ [ 008
The Pr &S el rloRY&H AR ull orlﬂﬁee' rlf%fnt erbgeségl%t?&ghdeﬂgde @H‘eﬂ@btl SRI%%ICIT.I ¢

enbodi ment s. wever, the technical scop resent invention is not
lim tedyt@Jiheser esrfﬁt%(?ld'a”eﬂtnsor[&%gﬁlic( Ln Mathed yakngdd ifn 05 r Qrganiie tin
perfl uoroal kyl sul fonate as a catal yst In an enbodi ment of the

presentini @M d ONch B rikdeastr ool d YPed Qb didd. OTE L5 @PNES dfl Such a tin or
perfl uoroal kyl sul fonate is used as a catalyst for the degradation reaction

of a cardyahiydriat Baciehet ah dliviig:,rea Rt eié @limnd dsugatin (I1) chloride and
degradati on-i sonerization reaction. As the "tin or organic tin

per f | ubr-aabkyy kuhf(dhptcd]ldritdee above conpound can be used. The

ti nororganictinper fluoroal kyl sul fonateispreferably trifluoronethane

sul fondx®4krivial nane: tri Hate).As the tin perfluoroal kyl sul fon
ate,forexanple,tin(ll) tri fl tiorometh a ne sul fotaate(Sn(011)

) (wher el f denotfeatapi ¢4 uot omet byl swinf gryh pgrodp iCRlede- JindThe damledappl i es
to the 32 follow ng) can be particularly preferably used.As the organic tin
per f | Ut varida. seh kgnde e bromshenp? &d di0@a@95)¢ RA(aqgtylacetone 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).
[0065]

Examples of a rhenium compound include rhenium halides
(fluoride, chloride, bromide, and iodide), an acetylacetone compound,
an alkoxide compound, a carboxylate compound, a phosphate

compound, a sulfate compound, a nitrate compound, and a compound
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trifluoronethanesul Collate can be particularly preferably used. In one
reaction system one type of tin or organic tin perfluoroal kyl sul fonate may
be used and two or nore types thereof nmay be used in CO nbination. [0089]

A sol vent containing water and/or al cohol and the anount thereof to be used
in this enbodi nent are as defined above. In this enbodi nent, water may be
used as a solvent when lactic acid is produced and a sol vent contai ni ng

al cohol may be used when lactic acid ester is produced. [0090]

The totah (AUt a0k atd dn OF 1054801 ¢ 4 igp Rerfd uenaghkylsul fapat enthoyhe used
herein) to be contained 1n a solvent containing water and/or alcohol is not
i mtedom compasnd(g)iscant bemusedts hriaan amuedrbaorylespendi @y t)o 0. 001 nol
to 1.0 nol, and preferably 0.005 rnol to 0.1 mol, such as 0.01L not to 0.05
mot (inobecfs of mass ratio) wthrespecttolnol of gl uc, oseresi duei nt he

ear bohydrate-containing raw material. When such a conpound(s) is used in an
excessively | dw ampumtacdegr agdatdmn wofe pobysacchanipdas dsyehe s dcekbl ose
proceeds with difficulty, and when the sanme is used in an excessively high
anount th¢ heropipelodb mofistiagt iod aciid opntpenyd elach ofi dhaat o ngod wh éstaerd a
decreases because of side reactions. Such anobunts are not preferred. [0091]
At | east boetypeod mpomolimdse | tecuedfirond itw penf huoeoat e sud farfate ard
organic tin perfluoroal kyl sul fonate can be preferably used as a catal yst
for pradedtinopowfbina¢tdre acid and/or lactic acid ester from

pol ysacchari des. [0092] In this enbodinment, tin or organic tin
perflub@%@?kylsulfonate can al so be used in conbination with at | east one
type of conpound sel ected fromthe group consi tng of atin or _organic tin
hal i de, an i ndtuthldGHioGAAIAHENE PHERT U Cctpalnal 8k tan8enBredatial ifist |

[ 0093] | of IB additiog to at .least one type of conpaund selected from
tin peP¥9ti8foRikyPSuPFEREEE HRETI QRnit ¢i 7O BEF 1 uPBEF RYPSUIT ot ©T at

| east one  type of conpound selected fraomthe oup consisting of a tin or
or gani & T hAT 1 tdC AR AThaP Ot HomFotha, "hid a MReRCAnt Rbmbbunt d4h Pe used
as anothercata yst. jnh comi: ion, T N i i ) .
and/or%gc%}%gg?he§¥g#§an g@f ?%F%H%ﬁyQEZ%hcggér%%?g%g&séEbh%rF%é%“gﬁd
”Dnosaﬁg%[[ﬂeqe%-y FAQ94L them with othé colthPoREPL l@@ggca%'&h@?ldﬂ%@ji‘é the

above conpounds“can be used. Exanples thereof 1nclu ut are l'imted

to, tigoiddntschl ani devtand ditintdbtwhtdm (dd JexidHaHddf-water, industrial
water, or the like can be used. Alcohol to be used herein is not
particularly limited, and 1is preferably aliphatic alcohol having a
carbon number ranging from 1 to 8. Examples thereof include
methanol, ethanol, propanol, isopropanol, I-butanol, 2-butanol, and
ethylene glycol. Hydrous alcohol can also be preferably used as a
solvent in the present invention. One, two or more types of alcohol
may be contained in a solvent. Also, in the method of the present
invention, water is used as a solvent when lactic acid is produced, and
a solvent containing alcohol is used when lactic acid ester is
produced.
[0068]

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

used with respect to that of a carbohydrate-containing raw material
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[ 0095] As i ndi um conpounds, the above conpounds can be used. An
exanpl e thereof is, but is not [imted to, indiumbromde (Infir3). [0096]
As rheni um conpounds, the above conpounds can be used. An exanpl e thereof
is, but is not limted to, rheniumcarbonyl (Re, (CO 10). [0097] A
tin or organic tin halide can be used in an amount corresponding to O nol
to 1000 nol with respect to 1.0 nol of that of tin or organic tin

per fl uoroal kyl sulfonate. Atin or organic tin halide is preferably used in
the sagg,apPUfp @9 oL tcll, g8k ckban, § hap e ffoPekf | uar paliky! syl fonatg.ndy tin or
organic tin halide is further preferably used in an anmount ranging from1.0
ol topabtit@lafle: Pimided Malhd v &ightBhY oWolthar e8PESTH v 8 £atk- 0o APA i ifn ot hat  of
per fl uoroal kyl sul fonatc. [0098] An i ndi um conpound can be used in
an anouily gorteespoidi g anPo On tRIf §10c HQA000 Mdn Wt RefAspacingded frdmnol: of
that of tin or organic tin perfluoroal kyl sul fonate. An indium conpound is
pref er abloy lusad 0ion (+ he ve anet @fidlnts s cat) hinghete fdran | { hatn gafs figmot :or gani c
tin perfluoroal kyl sul fonate. An indium conpound is further preferably used
in an anunht: 1dAging from 1.0 nol to 50 nol (e.g., 2.0 nol to 5.0 nol) with
respect to 1.0 nol of that of perfluoroal kyl sul fonate. [0099] A
r heni uh® @¢6fpound can be used in an anount corresponding to O nol to 100 nol
with respect to 1.0 nol of that of tin or organic tin perfluoroalkyl

sul fonate. A rhieai teiddorpoandti 91f wr t hemn ppriefdsabl(yo uded Ust danh andunt
ranging fromO0.01 nol to 10.0 nu] (e.g., 0.1 mu! to 1.0 nol) with respect
to 1.05%ctsfl Hhal dheper oppugrdsapkinguloff gh df €omppappyl. an indium
Furthernore, in the nethod of the present invention, at |east one type of
conpound ™S Wt ed F o THE igrBup OB RY i HYy BF AopH 5d difgahi 0 kYGiTthal i de,
an indi um conpound, and a, rheni um canpound .can he used as anot her catal yst
"1 Conti AL QR Bt E 1t B Torgahr £ CiniBbr HEiof Gal ky i Sermsaia ) <ah

Furt he r at_| eas ne .t of compound se ted fromthe group
consis%?ﬁéggg éPf??s%mgﬁgﬁs¥§?8ﬁ4§BF¥§§ ﬁgtarbggnﬁgﬂhd? é' i Hunf@gnpound,
a magnesi a i | t,. I b n rth . salt, a
quaterﬁgﬁgﬂgﬁggﬁggﬂgééﬁg} %ﬁgyé gﬁggeFEgbyaEﬁ@éﬁ%gﬁkhnﬁggﬁp%cgggﬁ3bpher be
used ag @notdem £at ahysh bWnoeomipnati o L RS eW Biuf 90 esidue in thkactic
acid and/or lactic acid’'ester can be efficiently produced from

pol ysagghas i d@sa tando ADNQSACChaki dasevsding, Wie@ddidy an cto‘?n?@)uh@@ﬁ iQne type
of conpound selected fromtin or organic tin perfluoroal kyl sul fonate, at

| east wned t ypeaof e corgaoustly skl wechad fiomitiea gaaup 6INosyiNgelofridcti n or
organic tin halide, an indiumconpound, and a rheni um conpound as anot her
cat al ysich msconbliuiat e oo caredl sf writ hed i ftisd gy a aednpdiund thenqm si isguatdl east
one type selected fromthe group consisting of a first transition series
met al icorpoandesaivdlyhiigh conpoundtha yratthesi laetconpoudndy tare aiklal o fret a
salt, an alkaline earth netal salt, a quaternary ammoniumsalt, and a

quat erlfe tyc phiosiphekirugesasascad canosker f cddal ysactiinngonb$ wal i omoyr0$02]

As a first transition series netal conmpound, the above conpound can be
used. %%hﬁﬁﬁd@*ﬁﬁéﬁébf i nclude, but are not limted to, nmanganese chl ori de
tetrahydrate, manganese chloride tetrahydrate, cobalt chloride hexahydrate,
cobal tL&h{ G} i de hexahydrate, nickel chloride tetrahydrate, and iron (H)

chloride hexalrlllygf';gtrg'etf{cg&oo:g# 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 rhentum compound, at least
one type of compound selected from the group consisting of a first
transition series metal compound, a lithium compound, a magnesium
compound, an alkali metal salt, an alkaline earth metal salt, a

quaternary ammonium salt, and a quaternary phosphonium salt can
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As a lithium conpound, the above conpound can be used. An exanple thereof
is, but is not particularly limted to, lithiumchloride. [0104]

As a magnesi um conpound, the above conpound can be used, Exanples thereof

i nclude, but are not limted to, magnesium chl ori de tetrahydrate(MCl 4H
O)and 2 (MgC1 22 -6E1 0). [0105] Asanal kal i netal salt,

magnesi uncthl ori dehexahydr at e anal kal i neeart hnetal salt, ora

guat er nar yphosphoni unsal t, t heaboveconpound Exanpl est her eofi ncl ude, but ar enot

bi s(traphenyl phosphi aedimdmiumklkenhdeombination. _

bi s(tri phenyl phosphi ne)i m ni unbrom de bi s(tri phenyl phosphi ne)i m ni um odi ne
canbeugseay1limtedto, ([PPNJCl), ([PPNIBr), ([PPN 1),

bi s(tri phenyl phosphi ne)i m ni um car boxyl i cacid

Through the combined use of at least one type of compound
selected from the group consisting of a first transition series metal
compound, a lithium compound, a magnesium compound, an alkali
metal salt, an alkaline earth metal salt, a quaternary ammonium salt,
and a quaternary phosphonium salt as another catalyst, in addition to
at least one type of compound selected from the group consisting of a
tin compound, an indium compound, and a rhenium compound, lactic
acid and/or lactic acid ester can be efficiently produced from
polysaccharides and monosaccharides.

[0072]

Examples of first transition series metal compounds include
halides (fluoride, chloride, bromide, and iodide) of the first transition
series metals (that 1s, scandium, titanium, vanadium, chromium,
manganese, iron, cobalt, nickel, copper, and zinc), an acetylacetone
compound, an alkoxide compound, a carboxylate compound, a
phosphate compound, a sulfate compound, a nitrate compound, a boric
acid compound, and a phenol compound. Examples thereof preferably
include, but are not limited to, halides (particularly, chloride), a
carboxylate compound, a boric acid compound, and a phenol compound.
Specific examples thereof include manganese chloride tetrahydrate,
manganese chloride tetrahydrate, cobalt chloride hexahydrate, cobalt
chloride hexahydrate, nickel chloride tetrahydrate, and iron (II)
chloride hexahydrate.

[0073]

Examples of a lithium compound include halides (fluoride,
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([ PPN] (JOCH), tetraethylamoni unchl ori de(Et4NCl), triethyl am ne

hydrochl oride triethyl (2-nmethoxyethoxynethyl)amoni unchl oride (MeOClI C
OC. 11 NEt d), 1-butyl-3-methylimdazoliunehloride mCl), |

-butyl -3-met hyl i m dazol i unacetate([bmim] QAc), 1-but y1-2 ,3 - di methy
limi dazoli unthlorideabdm m Cl1),
1-butyl-3-nethylimdazoliuntetrafl uoroborate(l bm nm BF4), tetraph nyl
phosphoni um chl oride (Ph PCl), lithiumchloride, sodium4 picolinate, and

sodi unth 1 bydeox Rhenyd bosaie.iold@48%] an  acetyladStAUAt @LRAEYu AATORIHUM
salts, the above conpounds can be used. Exanples thereof that can be nore

pl’efel’ablh)’xuﬁcecl:d]ﬁﬁ6hﬁdi,rw|c%¢ﬁoxl9m§t@rc%nﬂ@éuhﬂmzi ehdsPhate compound,

bi s(tri phenyl phosphi ne)i m ni um chl ori de, tetrabutylannoniunbronide, and
trioctylyEithyd ammops undhlaonitdete [(@Fdund, a boric Actd rcsimpbangdi tdxn aseri es
met al conmpound can be used in an anmount corresponding to O nmol to 1.0 nol
wth regpect t@mbo@ntbl @Efretemtdly exganplest tine perff norodd kphsubfonaite. The
first transition series netal conpound is preferably used in the sane
anount liasited amn, aebudws [pwencehanyt kat oofdeperd lcaob oalykylesubfronated, the
first transition series netal conpound is further preferably used in an
amount bpargiasg df comm@eOudnuind o @Ieemwll coengoynd. 2 fobptoiflic8erph)pwi t h
respect to 1.0 nmol of perfluoroal kyl sullonate. [0108] A lithium
conpoutiteties fuised lit Hhiann fdertd¢.anging from 0.1 nol to 10.0 nol with respect
to 1.0 npb of tin or organic tin perfluoroal kyl sul fonate. Preferably, a
IithiuhQ%Bﬁbound is used in an anount equivalent to or higher than that of
per fl uoroal kyl sul foriate.. Further ﬁﬁeferabl¥ a IithiTghgonpound is used in

an armount randi hyPlom Lo hroMmie ¢ hplcompound inc magnesium

halides (fluoride, chloride, bromide, and iodide), an acetylacetone
compound, an alkoxide compound, a carboxylate compound, a
phosphate compound, a sulfate compound, a nitrate compound, a boric
acid compound, and a phenol compound. Preferably examples thereof
include, but are not limited to, halides (particularly, chloride), a
carboxylate compound, a boric acid compound, and a phenol compound.
Specific examples thereof include magnesium chloride tetrahydrate
(MgClz~4HzO) and magnesium chloride hexahydrate (MgClz-GHZO).
[0075]

Examples of an alkali metal salt, an alkaline earth metal salt,
and a quaternary phosphonium salt include a halide salt, carboxylate,
borate, and a phenyl compound. Specific examples thereof include,
but are not limited to, bis(triphenylphosphine)iminium chloride
([PPN]CI), bis(triphenylphosphine)iminium  bromide ([PPN]Br),
bis(triphenylphosphine) iminium iodine ([PPN]I),
bis(triphenylphosphine) iminium carboxylic acid ([PPN]JOOCH),
tetracthylammonium chloride (Et4NCl), triethylamine hydrochloride

(Et3NHCl), trioctylmethylammonium chloride (Oct3NMeCl),
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[ 0109] A magnesi um conpound can be used in an anount
corresponding to O nol to 1.0 nol with respect to 1.0 nol of that of tin or
organi c tin perfluoroal kyl sul fonateA magnesi um conpound is preferably used
in the sane anmobunt as or an anount | ower than that of perfluoroal kyl su

f onat e. A. magnesi unconpoundi sfurther preferably used in an anobunt rangi ng
from0.01 nol to 0.9 nol 0.2 nol to 0.8 nol) with respect to 1.0 nol of

per fl uoroal kyl sul fonate. 101101 An al kali netal salt, an al kaline

earth mEtahy 5@ -tne@o ey QUMY IPhgsRBan M sal t can be usedhigriaie anmount
corresponding to O nol to 100 not with respect to L.O nol of that of tin or

or gani €MdACper HyoroHl ks Gl onat e. b wlykal im agtidlimgdlaz o lalkahi meidgar t h
nmetal salt, or quaternary phosphoniumsalt can be further preferably used
in an @pount ]CANgi ng f-bamy0- DV edly limillAz01mhaletage, 0. ([tmim]o® Ac) nol)
with respect to 1.0 nol of perfluoroal kyl sul fonate. 101111 A

guat er habyt@rdphi dmm sdl tlimns dugedium an anouhtiorakgi ng frofhb@ndimdpC 13,0 10.0
nmol with respgct t? iiO.nDI of tin or organic tin perfluorgakaIsquonate.
A quat er PRI -anfisirym 8 ad 1729 4 upist BBy 0 i8Edi shanamount eddPEHITERB £ gbr hi gher

t hant hat of perfl uoroal kyl sul fo nate. u nary.amonium salt is further
oref er airgrhcad! i aneBatin FBHog 1PBnPETh RibiEE Sheome todtep

In this enbodi nent, when at | east one type of conpound selected fromthe
group BbMRi8efhgaBf 1qH ven (toilyad gex Y mh peyaysial kyl sul fonate, a tin or
organig é%n hal i de, an i ndi um conpound, and a rheni um conpound is used in
conbi na?? &Rl wi th at |east one type of conpound selected fromthe group
consi sting of first transition series netal coqgoun a lithium conpound,

a magnesi um canpdTIRACS ah &1 KA TCTREE X AR TYR AN BdEat H ARt dI0sal t, a

quat er par AT U, ald . and, & quater nary RnosPhan ymisalt. Ansse.
conpouﬁ s my brnd to each’ ot her'in reaction solution so”as to forn1one
or mor e, ¥AAS AfAhtd COMLXqafte feSCL) ROVEe i AN Ah o GRNP! £%, ) 5 used as
a cata?ysﬁ, so t hat retrp-al8of§?gact§pﬁﬁg?ﬁguga$g’céhgggﬁserect?ééfy
per f or gegd; Whi |, & PP €S54 NG S‘AQarp}?é’r%! Za&bﬁ’i’boxﬁﬂg the pgemerdzal,pn
reaction can be efficiently performed to result in lactic acids f?on1the
car bohy gy(@t igrheantipihispg i haW Bt i@rh 8 a1 dr@dd 3kt etrabutylamhio § Nif beshAadienent, a
phenol i ¢ conpound can further be added to a solveng and then used in
addi ti oot oylah ellepsim aaityipehlefridén @ndonganiickéi Ban be particularly
perfl uoroal kyl sul fonate, at |east one type of conpound selected fromthe
group pon@irabingsafd.a tin or organic tin halide, an indium conpound, and a
rheni um conpound, and at | east one type of conpound selected fromthe group
consi st@g7bf a first transition series netal conpound, a lithium conpound,
a magnesi um conpound, an al kali netal salt, an alkaline earth netal salt, a
quat ernary anmbniiapi Saknsitapd acjeat avaial yc phosphohiaam dud tuseBxanplkas of a
phenolic conpound include, but are not particularly limted to, catechol,
3-f | uotBadchorrespondipigpherbimobrig 3-QuradlwHe resmecaipuhtd orot e
phenol i ¢ conmpound to be used herein can be appropriately requlated by a
persona%&???%anFNXHﬁaQ%Y?“ﬂ%%?ﬁ?éﬁﬂ?c?%ﬁéf%@>lFbﬂﬁepﬁ fBNstYine. @f fol, and
more pr.eferably ranging from1l.0 nol to 4.0 mol with respect to 1.0 nol of
t hat otfmeéi&rf’%%‘ﬁlbgug?d‘ ng\HEn [C@irj_}a?und, and a rlhenlum con[?pound. Tge

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 rhentum compound. The first transition series metal

compound is further preferably used in an amount ranging from 0.01

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

least one type of compound selected from the group consisting of a tin
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In this enbodi ment, a carbohydrate-containing raw material is subjected to
heat treatnment in a water- and/or al cohol-containing solvent containing at
| east one type of tin or organic tin perfluoroal kyl sul fon ate. \Wen at

| east one type of conpound selected fromthe group consisting of a tin or
organic tin halide, an indium conpound, and a rheni um conpound, a conpound
conprising at |east one type selected fromthe group consisting of a first
transition series metal conpound, a lithium conpound, a nagnesi um conpound,
an al kabim @i, sal indiam adkabb s deamntd anmeiali usdlclom go gHat ernary ammoni um
salt, and a quaternary phosphon umsalt, and a phenolic conpound are used

t oget hgpp78hese conpounds nmay be added with tin or organic tin

per fl uoroal kyl sul fonate into a solvent containing water and/or al cohol.
Heat treat nentAchnbidmors ncanubé Bpprsedr i at &h yamegultat edg by arpet son
skilled in the art depending on saccharides or al cohol types contained in a
raw materli db. 1Thé teopewatluresshperctheat 1t¢ eatotent! ptefersablope ayges £ff om
100C to 300C, and nore preferably ranges from 100C to 250C. For exanpl e,
the tenpermtune prietcéedbing m argeg ronepmco50Gtiogl196CG fio1dsm pd@)n detamod
using a tin conpound as a catal yst |nanot her enbodi nent of

t hepr ese@timyenattoni ad c aob hy difernd ugb ne @inmiong: ¢ awPraterdtdly, i & kubjeot ed to
heat treatnment a water- and/or al cohol -containing solvent containing at

| east BABIRGPE df ¥4 dBnPpBATBEOLRALC FUNE PBhI0 AT R18BERINEN; st Phatt | actic
acid apd/or lactic acid ester can be obtained as a reaction . ,

pr oduct € Hr P RertiBEeC L 59 AP ¥ ndnbodic ’ﬁ%tf,m&’ EBE BIRVYEY SPESETAR &) N Agtimaw
material is subjected,to heat trea&nen&iin E wat er - and/ or

al cohof O BGHYH fi Az '88F VB € OLYRe WP Ai rigtd 14 THE81 ¥ Mok 0P Q¥ N leask UBHE Tt ype of
tin conpound, ,at | t one type of .conpound sel ected fromthe. group
consisnF%gng 15’Fiﬁﬁﬁﬂﬁ?c%%%ydﬂlfIésﬁhéheéPdi @6%%%Bhﬁ?n§1?$ﬁggnfﬁaﬁsition
seriesnﬂﬁtgj4cgq9§ynd, and a quaternary ammonium salt, so that lactic acid
and/ or lactic acid ester can be obtained as a reaction product. [0116]
Throughyhejuse of this enbodiment, lactic acid and/or lactic acid ester
can be conveniently produced with high efficiency fromcarbohydrates in a
car bohydr at e- cont @iaind i i W fﬂ%)trﬁ‘gbﬁ_hd sdah agcpohysacchariges {&.oGint

cel lul ose, starch, and oligosaccharide) and nonosaccharides (e.g.,

fruct ose)respvanriink fo mehail weliyolawl neadt t&pdamenabunelict usedo rlL4117]

A car bohydrate-containing raw material that can be used as a raw nateri al

i n thiBanbodt ngpe orhiy ohep any dreslenat @rfrain cloataiomipngosacehagides. tihhe
above-defined raw material can be used as such a carbohydrate-cont ai ni ng
raw matemipaiyndutan hendxampl eoinponotd,| i md ed tHeretuo [c@biBdund. A In
the method of the present invention, at |east one type of tin conpound is
used amagnegatamystompeuddgriadartarabércrsod of Pol ysasehamaded, asndrsugar
degradation.isonme ization reaction. [0119] In the nmethod of the
pr esento W aveitainoihat hef afolea dorpsuirBe cah empsad daselheted Aremnpdend(s). 1
Exanpl es thereof that can be particularly preferably used include, but are
not paliqeRil &PPYI et @d o, tiRi ROMMNYURH] ot dENditym crUPewndr i #ed (@i n
chloriqf ‘entah?édrateg(,i tin (11) brom de, n-butgltin (IL) chlogid ,

pheny! t I o [P R Y d nA( ggnesium compound 1s further preferably

111 o oSt rancsit LoraaCon( Ol AR 4 L. 0.2 mot o0
8 mol) with respect to 1.0 mol of that of at least one type of
compound selected from the group consisting of a tin compound, an
indium compound, and a rhenium compound.

[0080]
An alkali metal salt, an alkaline ecarth metal salt, or a

quaternary phosphonium salt can be used in an amount corresponding
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2 2 [0120] In one reaction system one type of tin conpound may
be used and two or nore types thereof may be used in conbination. [0121]

In the nmethod of the present invention, at |east one type of conpound
selected fromthe group consisting of a |Iithium conpound, a nmagnesi um
conpound, a first transition series netal conpound, and a quaternary
ammoni um salt can be further used as another catal yst for degradation
reaction of cellul ose, and sugar degradati oni sonmerization reaction. [0122]
As "a {d hidun eompounthl &iMRGeesk LM 6 0Mpomid, o ARBa B offi d1Ste dstadst tiyor series
metal conpound, " the above conpounds can be used. Preferable exanples

t her eod f icnoh pdentil udrcicdes, frofl ahkdesyupromsdes ngand ai o desm pfuhd! Ainum
magnesium and first transition series netals (that is, scandium titanium
vanadi urdiughr ooinymu minganie se r hiehdoam acabapbunmi ckaln, adkppermearid salt,

zinc). Further preferable exanples thereof are chlorides. Exanpl es t her eof

t hat carkdenparctidul arcltyl pseliter abl yuasechdnyc| pldesplbativane sadt @ant beul arl y
limted to, lithium hexahydrate, cobalt chloride hexahydrate, nickel

chl ori berthet rabsigrabéy @il ilnoan( kMo wh crnden hekamydd dtle.mpd th 23 .P

As "quaternary ammoniumsalt(s)," the above conpounds can be used. Exanples
t her eof %ilnc¢wde,0 -Bumalr éondtl paed) cuitér rgspeni tedl tb, maglatferthat yo &rfoni um
salt halides (fluorides, chlorides, brom des, and iodides); Exanples of such
a quat €tardn ammBAi Uhcemnowal isddettrd Team bee gdPuipcep AF 1Sy e éffepaldny used

herein include, but are not limted ,
t o, bi s{¢ PO HRIE hi‘ﬁleyPFHRﬁ‘hlh‘EhPBPi%é}]eflé‘f?‘aﬁﬁm%ﬁﬁmi unbr oni de* and

trioctﬁ*ﬂ?agylannoniunehloride. 10124] Al so, in this enbodi nent,
an al kal1 tal salt, an alkaline earth netal salt, a quaternary

phosphoni um sg| t he |1 ke n als Ee used.in addition to ar instead of
at | east one ?%dgl&%régl oéﬁl égf%%tggl H5n3$ﬁg é?oﬁ% %3H§¥§tfﬁﬁgépga

LN URGOTPUNdo | 30MRONESHYM GOMPAUIRL B (LT 55 HLANSELLAR BTGl ef. JIgt

conmpound, an guat ernary anmoni um sal t. an al'kal1 netal sal
al kal i e egfgdh t@ m$ahhd ande & QUateLNa e pm?@%mmlgt o ft e qRove
e

conpounds “bi s(tri phenyl phosphi ne)i m ni unchl or

bi s(trd pigoyinRhosahi fedidthni dbBHeinde and a rhenium compound. A
quaternary ammonium salt is preferably used in an amount equivalent
to or higher than that of at least one type of compound selected from
the group consisting of a tin compound, an indium compound, and a
rhenium compound. A quaternary ammonium salt 1is further
preferably used in an amount ranging from 1.0 mol to 4.0 mol.
[0082]

In addition, in the Description, at least one type of compound
selected from the group consisting of a lithium halide, a magnesium
halide, a first transition series metal halide, and a quaternary
ammonium salt may particularly be referred to as “promoter.” Here,
the term “promoter” refers to, in the presence of a tin compound, an
indium compound and/or a rhenium compound, ’a compound that acts in

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

rhenium compound, so as to accelerate and/or enhance degradation
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bi s(tri phenyl phosphi ne)i m ni um odi ne

bi s(tri phenyl phosphi ne)i m ni uncarboxylicacid tetraethyl amoni um chl ori de

(Et4NCl), triethylamne limted to; (PPNICI), (PEND3r), (PEND),

([ PPN] O0CH), hydrochl oride (Et NIICl), 3 trioctylnmethylanmmon i

urnchloride (Cct NNleCl), 3 tried, yl(2 -meth o x yethox

ymet hypanmonchl ori de (MeOCH CH OCH NEt

(:1),-butyl-3-nethylimdazoliunchloride
reaction of polysaccharides such as cellulose and sugar degradation-
isomerization reaction. Such a promoter itself may be capable of or
incapable of independently (that is, in the absence of tin or organic
tin perfluoroalkylsulfonate or a tin compound, an indium compound,
or a rhenium compound) catalyzing the degradation reaction of
cellulose and sugar degradation-isomerization reaction. Therefore,
examples of such a “promoter” are not limited to a lithium halide, a
magnesium halide, a first transition series metal halide, and a
quaternary ammonium salt, but can include various compounds
described above.
[0083]

In the method of the present invention, when at least one type
of compound selected from the group consisting of a tin compound, an
indium compound, and a rhenium compound is used in combination
with at least one type of compound selected from the group consisting
of a first transition series metal compound, a lithium compound, a
magnesium compound, an alkali metal salt, an alkaline earth metal salt,
a quaternary ammonium salt, and a quaternary phosphonium salt, these
compounds may bind to each other in a reaction solution so as to form
one or more types of ate complex. The term “ate complex” refers to
a complex-type metal acid salt generated by coordination of anionic
species (supplied from a compound such as a first transition series
metal compound, a lithium compound, a magnesium compound, an
alkali metal salt, an alkaline earth metal salt, a quaternary ammonium
salt, or a quaternary phosphonium salt) to a compound having Lewis

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

compound.
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223 ([bm n] C1), 1- butyl- 3-net hylim dazol i umacetate([bm m OAc), 1-butyl-2,3
-di methylim dazo Ii unthloride(lbdm njCl), ]B114),

1- butyl-3-met hylim dazoliuntetrafl uoroborate([bm mtetraphenyl phosphoni um
chloride (PhlPCl), lithiumchloride, sodiumpico[inate, and

sodi unm(tri hydroxy) phenyl borate. [0125] In one reaction system
one type of conpound selected fromthe group consisting of a lithium
conmpound, a nagnesi um conpound, a first transition series netal comnpound,
and a Quagétnary ammonium salt, an alkali metal salt, an al kaline earth
nmetal salt, and a quaternary phosphonium salt nay be used and two or nore
types t hereof hayobgh udeduisa cbrdyi reei oomflei26% a catalyst, etsolybd]
contai ni ng water and/or al cohol and the anmount of the same to be used in

t he nethottioh tf s sagbodidrent bar esalscdef¢lnedcaboveé. tp0187jceed whileThe
total anmount of a tin conmpound(s) (to be used herein as a catalyst) to be
cont ai MeRP T ¢ dngoFyehzacont dilnfnganaasedecantibord dletowol ThHenofodd,m tamd. A
tin conpound(s) can he used in an anount corresponding to 0.001 nmol to 1.0
nol , aliPPEEFEADR y CACODE Bl rasyld.in fgitic agdAs a0 belmmgle ebfigiostlyol (in
ternms of SS é tio) with respect to 1 npl of glucose residue or fructose
resi du%oilgﬁlfﬁee 3&? ﬁy%erré’toél-yéﬁﬁtt%i“rﬁlhﬁlfla%\g maPeM e 1aden such a tin
compou S) s ed in excessively | ow amount, degradation reaction of
celIuIQgé“éﬂﬁdéﬁééFnﬂégfﬂdation'isonerization reaction proceed with
difficulty, and when the sane is used in an excessively high anmnount, the
yield of lactic acid of interest decfegses because of side reactions. Such
amounts are not pref efy@@ationQl28%: o >cHo The anount of at |east one type
of conpound sel%ct ed from.t-he group consisting of a |ithium conpound, a

magnesit@ ; fifst transition series netal conpound, a quaternary
ammoni um sadtl, an al kal i tal salt, an abkaline earth netal salt, and a
guat er nary pﬁ%%pﬂoniun1salt, whHch is_used.ip addition tg _a gikn conpound

and used can be appr@Q%Qﬁkpkxdﬁﬁgul d*by B p€ffson Skilled in the art,
ranging fromO0.1 nol to 10.0 nol, preferabldH beilsrpesgatioval ent to or hi gher
than, and further preferably ranging from21.0 nol to 4.0 not, with respect
to 1.g0mdSpf that of the tin conpound to be used as a catal yst. [0129]

In this enbodi nent, when a tin conpound and a pronoter are used in

conbi nati on, tthede compouhdd ey pbe neh t oneact oot, hier addi@ omeastaton: :&al uti on
so as to formone or nore types of ate conplex An ate conplex is used as a
cat al ysit¢ akyfeser i ke pabove ssoe ¢ trat :frpet rdireal golupr eaotsioningf «fugartican be
sel ectively caused to proceed whil e suppressing sugar cyclization; and the
i somerdZaPrPyR & et tingdau Bakope @i nd ciaadt b yrheaised coom pe vedethd @ trbsasltt i n

| actic acids fraomthe carbohydrate-containing raw material. [0130]

In thi®PedyEd fen O M R HohYgeat &- Eopal g ngF 9w rnsestiale iof gubjwéted to
heat treatnent in .a water- and/or cohal - cont ai ni ng sglvent containing a

tin cdrPBEHACANICHE S BYde! orfemPepd dof 2 chipbugcompound, a magnesium

compound, an alkali metal salt, an alkaline earth metal salt, a
quaternary ammonium salt, and a quaternary phosphonium salt, a
phenolic compound can further be added to a solvent and then used.
Examples of a phenolic compound include, but are not particularly
limited to catechol, 3-fluorocatechol, 2,2’-biphenol, and 3-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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selected froma lithium conpound, a magnesi um conpound, a first transition
series netal conpound, a quaternary ammonium an alkali netal salt, an

al kaline earth nmetal salt, and a quaternary phosphonium salt. Heat
treatment conditions can be appropriately regulated by a person skilled in
the art dependi ng on sacchari des or al cohol types contained in a raw
material. The tenperature for heat treatnent preferably ranges from 100C.
to 300C, and nore preferably ranges From 100C to 250C. For exanple, the

t enper abuf gy PE@f erably ranges from 1500C to 160C. In this enbodi ment heat
treatnment can be performed at such a relatively |ow tenperature. [01311 (3)
Met hod{ogkpy a rheni um conpound as a catal yst | nanot her enbodi nment of

t hepresenti nventi on, a carbohydrate-containing raw material is subjected to
heat treatmentini nha waterod and/re glregbat - Gond @i Bhngwsehveantc capbani ng a
rheni um conpound functioning as a catalyst, so that lactic acid and/or

| acti ccaoiiesteratclandieoabt aymedecdsceed daoti ahepgodugtcof Ok3R]g of a
Through the use of this enbodinent lactic acid and/or lactic acid ester can
be conveni entiysproducedi e t mdtiagh efthpouanicy 4 r drbh¢anbokydrat esdi n aa

car bohydrate-containing raw materi al, such as pol ysaccharides (e.g ,

cel | ul osenesppnosaccharindesn( elkgl] h e Lot psld) anoalkcﬂ1|1g@§amhanﬁdaalsseiﬁen when
a relatively low reaction tenperature is used. [0133]

car bohydfiag e r@giyair ARG A AW rfad br dald ehat agam P @wpé@raumvxﬁanﬁt esial in
thi s enbodi nent may be any raM/naterlaI contalnln carbohydrates The
above- Bef{ nEE FAR Nt idPi & &Dean! be e oRerkiand pilte tlhee elhnpl B8l v not
limted thereto. n this enbodi nent, at |east one type of

r heni uhf BEHESAd ecas&ﬂd AR élaatla y&tdf ot 1485t atiat i B & eHctioghp gpnd

cel | ul ose, .and/.or sugar degradati on- |soner|zat|on reacti
cté gx zgtn%l?l ut% %

enbodi MertS! e of & Phéﬁ”ﬁhf@&#péﬁhd* HctﬁH%Pﬁatﬁde% 'h&l%@ing
fluori 98“31 o‘ichr q%s’a 1%%9?)5 e oty Oh%' 8% sc %%1acep>{d§cl%ta3/n§tls ”%0”“0' an
a n

al koxi dé" ¢ a ‘carbox te C ound, car bon a phosphate

cormoum&'dt@ I.SdJl"Ia%tOEfv%g'th Irﬂptulneftggan ttrﬁt@/oqoqpay 91 tﬁgretf'ﬁ?t g@tound

preferably contains car bony an exa ut is not

parti cd afl ynd 'tmpt,eélf om pHERl L@l%@f@d)rfy& m tife %r}%upeéghkf)ﬂu%g%teg‘ tigne type
of rhenium conpound may be used and two or nore types of the sanme may al so

be usegdoipaaidi nat 1i@aMiuh0188hpound, and Ax SEh¥ENEm CRBLA S AG. Wat S, tand/ or
al cohol and the amou in of the same to be used in this enbodi ment are as
defi nedecabovert [Idblions can be appropriately regulated by a person
skilled in the art depending on saccharides and alcohol types
contained in raw materials. The temperature for heat treatment
preferably ranges from 100°C to 300°C, more preferably ranges from
100°C to 250°C. For example, the temperature preferably ranges
from 150°C to 195°C.
[0087]

The present invention is hereinafter described in detail with
specific embodiments. However, the technical scope of the present
invention is not limited to these embodiments.

[0088]

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

catalyst
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The total amount of a rhenium conpound (to be used herein) to be contained
in a solvent containing water and/or alcohol is not limted. A rhenium
conmpound(s) can be used in an amobunt corresponding to 0.001 nol to 100.0
nol, and preferably 0.005 nol to 10.0 nol, such as 0.01 nol to 0.1 nol (in
terms of mass ratio) with respect to 1 inol of glucose residue or fructose
residue in the carbohydrate-containing raw material, Wen such a
conpound(s) is used in an excessively | ow anpbunt, degradation reaction of
cel lul ose andsugar ngiegd adaht Y. it BORrdszaki BV dRa6hi o PIRGesdeW i
difficulty. Such amobunts are not preferred. [01.37] In this
enbodi nEntin arcernpatirdtiof paribi@lo0khesuitfoan t& hgnuved can salksealbgtuged in
conbi nation with a rheni um conpound. Exanpl es of a "conpound of a netal

ot her thandebendutibni nekhe aretdiddh afarbhé yprresendorn taihncg utkewhat a dasal
(including fluorides, chlorides, bromdes, and iodides) of magnesium tin,
or firsndt sagsitdograbrties- ivetmdszativat riegactiooandisunhet §tianounpryanadi um
chrom um manganese iron, cobalt, nickel, copper, and zinc), an

acet yl avetroird eormpdinyds v b retkoXitde ebrpound mppo wat boxy bt e1seahpoliid; a
carbonyl conpound, a phosphate conpound, a sulfate conpound, a nitrate
conpoul? arff perfrRBasd al kiihsul Pemdkuieroadigjulfonate  isExamplésrailya
magnesi um conpound that can be used in this enbodiment include, but are not
parti ctldr¥9r e hae t ol 80 palgne St Hal N8 (i ndk Udital hydtat e cantin
magnesi um.per fl uor pal kyl sul fonate._ An exanple of a nmagnesium halide is
nagnespﬁg}%%VBPyﬁ Rﬂggaﬁﬁa?ate thd®Tcan be FarBPtul arly pieferabl ylbsed.

Exanp! s 1pfordRIDe 'yyﬁl%qltikyor OYdNMIFHE] gnat ef s used fer el nyglide, but

are not particular mted to, met hane sul f onat e,

pe, nt at{iyor onh Bangl ssukb RPAL 610 NEPLEF | 49T Opr opRRe sl oNGL e san
nonaflugrobutaneﬂgfffonatg. ?hotﬁis ehboé?ﬁent, agnnfé %@%fgﬁabﬁe g&%nple

of perfgggq&- Kyl §ubf.0 - i f r ul f.0 riyi-al  .name:
trif!atel. AﬁﬁgxaﬁglgeoggﬁgaﬁgggfUﬂ%g&??%%&Ea_f&'su! %ﬁ%ﬁegﬁﬁgﬁlgaﬂ%be
parti cybarihy BLef erallry ysed herein is nagnesium trifigoropgt hane%wpfonate
(magnesiumtrill ate: Ng(de),) (if denotes a tri fluoromethylsul" fonyl
group G380 ke SR ARFbLaSe t@nt Be okl OWang) prb@d31y used. In ARdin
conpounds that can be used in this enbodi nent, the above conpounds can be
used. BExanpbessjiheneobnthatpcan hia parctigaul artiy pgi €6 abd kwsedrd madehi s
enbodi nent include, but are not particularly limted to. tin (I1) chloride
and di smmybubyl tised | Bpdchivos i de. 10140])types thereoAsnhiaystbd ransdtiion
series netal conpounds that can be used in this enbodinment, the above
conpoundsloantiym .used. Exanpl es thereof that can be particularly preferably
used herein include, but are not particularly limted to, nanganese
chl ori b@082trahydratc (MaCl -4H 0), iron (11) chloride hexahydrate b (FeC
-611 0). cobalt 22- chloride_ hexahydrate (COCl,-61.120), and nickel
chlori de tetrahyd? Bt NamtagpingHveser [gud/pr alcohol amgsphe j ymioning
enbodi nent, as conpound of . a netal  other than rhenium" an al kal i netal
salt, HH@Nalt e earh Wetals $arbodungnat dihary dghdsghom i -sant thig
quaternag¥(fnnnniun1sa|t, and the |ike can aHso be sedlin addition to or
i nst ealdMSt VHEC HhoVe (EomItinhdle Asedn a8 Ralsio I kephl Wdam 12 Gl 4G4 e eart h
nmetal salt, a,quaternary phosphoni umsalt,. and the above,conpounds .can be
used exbnbr el THE ebr iR eBUCAPeRs: fi v b Ehe Y op & EF P ne Ry ohOSHA: ne)
i ni unphi i Ae([ AL 13N, L)

[0090]

The total amount of tin or organic tin perfluoroalkylsulfonate
(to be used herein) to be contained in a solvent containing water
and/or alcohol is not Iimited. A compound(s) can be used in an

amount corresponding to 0.001 mol to 1.0 mol, and preferably 0.005
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bi s(tri phenyl phosphi ne)i m ni unbr om de([ 1) 13N] Br),

bi s(triphcnyl phosphi ne)im nium odine([1)PN1I),

bi s(tri phenyl phosphi ne)i m ni uncar boxyl i caci d([ PPN] 0CCI 1),

tetraet hyl ammoni urn chloride (Et4NCl), triethyl am ne hydrochloride (Et
NHC1), tri oct yl met hyl ammoni unthl ori de(Oct NMeCl), 33 triethyl (2-metho x ye
thox yin ethyl)amoni unthloride (MeOCH CH OCH NEt

Cl), 1-butyl-3-nethylimdazoliunchloride 2223 ([bmmCl),1 -butyl-3 -nethyl
imi dazgl tsmagematie (il ak0Ae)L, mol to 0.05 mol (in terms of mass ratio)

1- butyl-2, 3-di net hyli m dazol i unchloride(lbdininfCl), 1-butyl-3 -nmethylimd
azol iwitiet rarddpesar oheor at ([ bimion! RE4Y, t etuaphenylrpbosphoniiwm chihe de
(PITIPCL), lithiumchloride, sodiumpicolinate,sod iun(trihydro x y)phenylb
0 ratecathslfydigpheoyhphiesphi neyi mdaticumlchl & hee, s et ratny bammaris ynisr om de,

and trioctyl met hyl ammoni um chl oride. [0142] I n one reaction
syst empsad r henune conpourdy ahdvoaerarnta dlegradl i tiy nofo ft ppégs of clconpeusnd of a
nmetal other than rhenium may be used in conbination. [0143] In

this esboliarent!luleen arodesdumicbnpdiingulits, wseld wihecohbi yenicors wisteld a
conpound(s) of a metal other than rhenium these conpounds may bind in a
react i Bh agokER BN VedYaBiglo srop b Het all ctdnplineticontial air id et Woe bt afore
types of metal (containing rheniumand a netal other than rhenium.

Al t er nEtGtYel 4 1da crBtald cesRpatn ® cContssi A ny dewsedstinBre t Ypel sm ot il
(containiggtrhe iumand a netal other than rhenium nmay be synthesized in

advanc® Gfd'tHénAdded to a reaction solution. The thus generated metal
conpougﬂjggﬁctions as a catalyst for the above degradation reaction of
cel | ul 'ose d/ or sugar degradation.isonerization reaction. An exanple of
such At least one type of compound selected from tin

perfluoroalkylsulfonate and organic tin perfluoroalkylsulfonate can be
preferably used as a catalyst for production of lactic acid and/or lactic
acid ester from polysaccharides.

[0092]

In this embodiment, tin or organic tin perfluoroalkylsulfonate
can also be used in combination with at least one type of compound
selected from the group consisting of a tin or organic tin halide, an
indium compound and a rhenium compound as another catalyst.

[0093]

In addition to at least one type of compound selected from tin
perfluoroalkylsulfonate and organic tin perfluoroalkylsulfonate, at
least one type of compound selected from the group consisting of a tin
or organic tin halide, an indium compound, and a rhenium compound
can be used as another catalyst in combination. Thus, lactic acid
and/or lactic acid ester can be efficiently produced from
polysaccharides and monosaccharides.

[0094]
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a netal conpound containing two or nore types of netal (containing rhenium
and a netal other than rheniun) that can be particularly preferably used
herein is, but is not particularly limted to, a rhenium carbonyl conpl ex.
Al so, in this enbodi nent, when a rheni um conpound is used in conbination
with a conpound of a netal other than rhenium these conmpounds may bind in
a reaction solution so as to formone or nore types of ate conpl exHere, the
term"ate conplexrefers to a conplex-type netal acid salt generated by
coordi nation of sanijAnh £ 3REGI €St hSHRPIILS fiham 8,¢empoud fda gt &l ot her
than rhenium into a rhenium conpound having Lewi s acidity. [01441

An at eycedpl BxahSplésedhascaf Cahwed,, Hn that $ef entihmedr abr otal dotr)
reaction of sugars can be caused to proceed whil e suppressing sugar

cycli zahi®ndecasn described [ahovel) Ewrdhaenore, the isomerization reaction
can be efficiently caused to proceed to result in lactic acids fromthe

car bohy@o @f €- contai ning raw material. [0145] When a conpound of a
nmetal other than rheniumis used, the anount of such a conpound to be used
herei n can be Aapproprinat ebyn regud ait ed cby ba veercsonpskinkdlsedann bteher ard .,
ranging fromO0.1 nol tg 10.0 nol with respect to, preferably bein

equi va%é?n?aniﬁ HiegRer ishamt BnBot JHPREd be ef e EBPYD FAURYE G IR BER 1. 0 nol
to 4.0 nol with respect to, 1.0 nol of that of a rhenium conpound. [0146]
This elfo¥d hent can al so be perfornmed in the presence of tin or organic tin
per fl uoroal kyl sul fonate. Specifically, this enbodi nent

i sper f or medi ntthepilEdddEEof @ PREGYdFant e | #P 0 Yer ¢ ¢ BedHl ddy e foendt€d -so t hat
t he yi el ds of I?ctic aci ds. ca be_further.incrﬁased conpared with a case in
whi ch g“rH@HPHH1%oﬁ%%UHHTann Yr 1§ dYhi hEri e 6P?ar?%%ﬁﬂﬁnf%%Eﬁédﬂd and a
conpouggeq?«@ ngtal other than rhenium"Tin or organic tin

per fl uoroa kypguffonate" may be either tin (I1) salt or tin (IV) salt. As
perflu f@@fylsulfonate, trifluoromethanesul fonate is preferred.

Forexaﬁ% e,tin(l1)trifluoronethanesul Innate(Sn(0Tf) ), dibutyltin(ll)

L1 11 uoromet hapepy] f gnate, (1t 3y, Sn(QF). ) candughe,idei? oan Boun
particularly preferably ugea. 10147 en tin or organic tin
perf'U&&H%k%%h%ﬁhngJbahﬁﬂ'ﬁ)qiﬁﬂ)rﬁ@?uﬁWH%Q%p%EtﬁQF1$@W§01Qﬁb91¥§%@ herein
can be appropriately regulated by a person skilled in the art. The anount
of tintiaroprganhec tiim Rarlhves palkyl stdfaeat excan §e oyehact adh fir amithe
range of anounts equivalent to or higher than that of a rheni um conpound,
rangi ng fprefepiefyeraddy in OtH®l sdific4.ab d@ht Wid hor espgcdr tthakh. Qhael o@f t hat
of a rheni um conpound. [0148] In this enbodi nent, a

ear bohydrfatercorit disni hgn a@w materiial os suPppent edirt ohhbalte tirseafumhieri n a
wat er - and/ or al cohol -cont ai ni ng sol vent containing a rheni um conpound.
When apcdrpebhy usf dai menak metungr ratgim g iemhumOom dli ho 610 oragjatd.@.t i2n0

perfl uoroal kyl sul fonate is also used to the netal conpound ot her than

rheni umodr ttbn dr-Oor ganik twatlper f¢uprdal Kyl sul Oonavelmy fal $babe added
with a rhenium conpound into a sol vent containing water and/or al cohol.
Altern%%W@EPVQaHﬂUéﬂlgyﬁﬂﬁesis of the above netal conpound containing two
or nnrﬁﬂ}y§Fs of nmetal (rheniumand a netal other than rhenium

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 perfluoroalkylsuifonate. An indium compound is preferably used in
the same amount as or higher than that of tin or organic tin
perfluoroalkylsulfonate. An indium compound is further preferably
used in an amount ranging from 1.0 mol to 50 mol (e.g., 2.0 mol to 5.0

mol) with respect to 1.0 mol of that of perfluoroalkylsulfonate.

-30-



froma rheni um conpound and a conpound of a netal other than rhenium the
nmetal conpound containing two or nore types of netal (rhenium and a netal

ot her than rhenium) may be added to a sol vent contai ning water and/or

al cohol . Heat treatnent conditions can be appropriately regulated by a
person skilled in the art dependi ng on saecharides or al cohol types
contained in a raw material. The tenperature for heat treatnent preferably
ranges from 100C to 300c., and nore preferably ranges from 100C to 250C.

For ex@opbe] the tenperature preferably ranges from 150C to 200C. [0149]

(4) Method using an indiumconpound and the |ike as catal ysts In
anot her enbodi frerite mfunt e pp esedt c amvientuised, 118 acan ahydr ab ereentrad imigng r aw
material is subjected to heat treatnent in a water- and/or

al cohole dbmhal rtiond O9ohvdntv iclonteaprichg oatl . 0 eas! @héehtypd ofn et @t g coipound
that functions as a catalyst and is selected fromthe group consisting of
an i ndfiam Q?cﬁrfpﬁblwd}aléwah?’ﬁowmtcorrpouﬁd, riagnialnuni ad wpaonpound, farthar
conmpound, and a rhenium conpound, so that lactic acid and/or lactic acid
ester BanfPabdBt &t rednasn amenet irangpraduem OOt mernior 0.9 rmphi(s. g,

enbodi nent, a_ carbohydrate-containing raw material is subjected to heat
treat mént iH%A wht erl-Vand@ ) ald&hol Led®cdi nithg ls81 vem! cort ailhthg ot | east
one tyge f qonﬁougg¥?elgcted fromthe group consisting of an al kali metal
sal t, BATHPRAPAREY BaY{APAEtal salt, a first transition series metal salt, a
quaterg?f% moni um salt, and a quaternary phosphoniumsalt in addition to
at |lea % type of the above conpound, so that lactic acid and/or lactic
acl d ester can; beobLained as, @ £eagh o REOMELse LiO8P0n 1o, cag, 1eass hr OUIN
the use of this enpodiment,” Fact''c aci d® androf’ %8¢t ¢ aet d°8ster * Thi be
conveny g té}}'pdé)roqdldgﬁﬂaéf\ﬁﬁ@ S 19@'{@ fi’1%'1r?'1%3é %Eg%cflép&g)f% toefs’a Eilﬁcn) as
pol ysacchari'des (e.g., starch and oligosaccharitde) and nonosacchari des
(€.9., oFFHEIO8/R) Hali & CRF PN ALALLEPOLAUNT N LAy, MBLERT &l m pBYgH WAgh a
relatively |ow reaction tenperature Is used. [0151] A

car bohydr at ed cont &h Bt MG raWa Eter hak ohhgitn G 8 b iusednas raok@hM@tghi al in
this enbodi nent may be any raw material containing carbohydrates. The
above- geffloedoavy Natieshals camrbecusede, hutlcbe axampheso f kenepbuate not
limted thereto. [0152] In this enbodi nent, at |east one type of
met al corpoutdfsahect edg faugmddiesigriowp cforsifatsi ngaafidon i iwn eoepAund, a
gal I i um conpound, an al um ni um conpound, a tin conpound, and a rhenium
conpoutemips wiskd aad i thicam abystp fword t he degnadatihoronepetindn of alkali

pol ysacchari des, and sugar degradat on-isonerization reaction. [0153] As
"i ndi umctohpelhdan' el lepppoamd, medad salheni arptompayndmmanthins salt,

enbodi nent, the above-defined conpounds can be used. Exanples thereof are
pref er&bf ya hgrpder sH P e ik y b akte capx dupiley dfe élﬁcq?r?ét dAnaidmsounds

i nclude, but are no%,linited to, indium (111) bromde, indium (I111)
chl or i SRLalY b B QPP R2H8d tETS%idum (111) chloride tetrahydrate, indium
(rer) ﬁf@?ﬁfe’ acetyl acetone indium((Illl), tin (1) chloride,

di-n-b n (I1) chloride, and rhenium carbonyl. [0154]

Crarml s o g A AT RN e ST LT SO g,

oo g 06 o0, 055 80 RESEL L RN P BSOSO,

| nelude, hal hggs salie Ak GA RONbaLRaSRBRL i FHEPIER bPeLERLaiNG)Hde. but
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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to, gallium (111) trichloride and alum nium (ill) chloride hexahyd rate.

[ 01551 In one reaction system at |east one type of conpound
selected fromthe group consisting of an indium conpound, a gallium
conpound, an al um ni um conpound, a tin conpound, and a rheni um conpound may
be used and two or nore of these conpounds may be used in conbination.

[ 0156] In this enbodi nent, at | east one type of conpound sel ected
fromthe group consisting of an alkali netal salt, an alkaline earth netal
salt, anéiadistoli@pshlii on sehi@s MRIAposalt , aanfal&inal Y &I MM sal t, and
a quaternary phosphoniumsalt is used as another catal yst for degradation
reacti ankefi aelthulsase, aandksupad cdegl agdatdlopalitSaMghhzati 4y haaabin@Gm [ 0157]
Regarding an alkali netal salt, an alkaline earth nmetal salt, a first

transi shor) serd es nptalkrsaty, paogpabearnnar ysanmoakummsahtey andaby guater nary
phosphonium salt,"” the above conpounds can be used as an al kali netal salt,
an al kabimeiredroh. netal salt, and a quaternary phosphonium salt. Exanpl es

t hereof include, but are not limted to,

hi s(trilphéayl phosphi ne)i m niurnchloride([PPNJCl), b i s (trill heny I ph
0 s phi ne)imntunmbromdc([PPN]Br), bis(triphenyl phosphine)imnium od i n
e([PPN] T), hi A¢trd phiteh yIphsidiaphisareds nintitahcapboxyindact ¢ [ RbRNIO DC
H), tetraethyl amoni um chloride (Et4NCl), triethylam ne hydroch| oride (Et
NHC1) , €PIBRY Y1 ety PE&nrba undht diRipdes dber anNTert)udazbut jage hiye ( Dlmetatox

yet hox yneth I%gnnnni nch| oride (MeOCH22 CH OCI TT NEt |

Cl)’l_B%t§QQI ?ﬁ?pﬁﬁprl et ahydd@ter iygn ognese chloride tetrahydrate,

20 L G TR e R R Sl e 8
| SaeohiYmELLafLugnoRe L ed D) iy heLiRolen prosphon um
[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 used.

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

tetrahydrate (hdg(ﬂ2~4E120) and magnesium chloride hexahydrate
(MgC156H20)
[0105]

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

quaternary phosphonium salt, the above compound can be used.

Examples thereof include, but are not limited to,
bis(triphenylphosphine)iminium chloride ([PPN]CI),
bis(triphenylphosphine)iminium bromide ([PPN]Br),
bis(triphenylphosphine)iminium iodine ([PPN]ID),

bis(triphenylphosphine)iminium carboxylic acid ([PPNJOOCH),

tetracthylammonium chloride (Et4}JC1), triethylamine hydrochloride
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pi col i nate, sodi urn(tri hydroxy) phenyl borate, bis(triphenyl phosphine)im nium
chl ori de, tetrabutyl ammoni unbrom de, and trioctyl methyl anmoni um chl ori de.

[ 0158] In one reaction system one type of conpound sel ected from
the group consisting of an alkali netal salt, an alkaline earth netal salt,
a first transition series netal salt, a quaternary amoniumsalt, and a
quat ernary phosphoniumsalt may be used and two or nore of these salts may

be used in conbination. [0159 A sol vent containing water and/ or
al cohol EaritChe, anounio ofy |t hydwe m on benusedc hhotikies enb@dﬁﬂ@h@t@ﬂh as
defi ned above, [0]60] The total amount (to be used herein) of at

| east ohetmyhé ofethonpruhd xyel @dtye g ixmoom tthe gr oup consi sti ngcbfoddei ndi um
conpound, alllunrco ound, an al um ni um _conpound, .a tin conpound, and a
" heni u esRBOLd 1L 6 U8, o &l hed as labear kiygte i &ndopveliv eonter ding

wat er and/or alcohol is not limted. A conpound(s) can be used in an anount
corresﬂﬁhﬂﬂﬁ@ﬁﬂb 0. 001 bpby | -t3o micth yabh 1 d anel ipmed egtabey 0. AGsnrmol Otc . 1 nol
such as 01 nmol to 0.05 nol (in terns of mass ratio) with respect to 1 ol
of gl u&o@etlee%rijuerrmﬂlfw Uet 630 Hadn due i n @héoeéirebohydr at(ébéthxaiqqﬂhg raw

t 161 t t d
e ey i TGRS o Bl Bt ne YRR S BFRRIS,
h , I
S R e

catalyst an e a p ) t d erson skilled in the art,

rangi ng T ohf 05 IFT@ISO(% bﬁb}ﬁ%‘ﬁq\/ﬁ@ﬁ) eé]s)ég&rg}o 1.0 nol of that of a
conpougg Jected from an indi um conpound, a gallium conpound, an al um ni um
conpound, "a tin conpound and a rheni um conpound to be used as a catal yst.

The amount is {UENALBLE ehahloh &1 vakenty k000 v b a&rﬁgoﬂlhm ta8 ol of

that of a conpoun fecte roman in |un1conpound I Tum conpound, an

al um nj 4ig conpgar}rbre@ tther&mtmd,caan%ea m@@l g%mqyn@,scan% dwrfher
preferably ranges from1.0 nol to 4.0 nol

enmbodi inNtid ewheyu@ gpaPand ﬁ%ﬁ@ﬁedtdcrOmﬂmrﬂﬂ]@Iﬁymp%@%%UHg)lrﬁlngﬁJﬂﬂ um
conpound, an al um ni um conpound, a tin conpound, and a rhenium conpound is
used id¢hleafbepati on with a teomiauydaseheatedbiibamdan al kal i netal agalt, an
al kaline earth netal salt, a first transition series netal salt, a

guat ertras yt dmmetrh yemsabh,iuandlargiat er nary phosphoni um salt, these
conpounds may bind in a reaction solution so as to formone or nore types
of atdQldhpl ex. The term"ate conpl ex" refers to a conplex-type netal acid
salt generated by coordination of anionic species (supplied froma
compound(s) sél eldted tfapmiahn atkars metal wanpouad gkkabicnasedrih aeta
salt, a first transitign series netal sal t, uaternary amoni um salt, and
a quat®EPAANY PHOSSREMIdIAESH t0) Mel aocbrppé%r‘h]d "é\gheb‘%%t?@ftrbrnlaﬁ i @i
conmpound, a galllunrcongiﬁnd a n}nlunrcon%eund a tin conpound, and a
r heni Jﬁrc%wd@ﬁalhawn@ Uewrsoa Stuy O RfFe3) L1he MITSt trapgitapR ToHpPex is
used as catal o that selective retro-aldol reaction of su ars can be
perforlﬂﬁg \Mﬁ‘?@ 1§srpnr§f§ o c%q‘{ 24t i GIF " Be 4B Bl %19009/

Further re, the iso rrzat n reacti can eff ntly or.ned to
resul t* ng Uitet 1OV Ski A2 ol qhe gaﬁfgﬁgdra‘”Q %?gkﬁrﬁﬁ raw tefi ?

[0164 4 ti.n or g
perfl36?83P10P3g6¥§hapg%5§%(%thgﬂé as aﬁgglﬁﬁhgﬂja %%l)rﬁl%%nblna?lon W th
at | eagt Qe Iy éraf 1tn]a|0 gemaHnd, selbegtsd (brom s he gbpup goglsrn%hp]ng of
an |nd|unrconpo I'i um conpound, an al unini um conmpoun

CO”Douﬂﬁh,%@ﬂg@ﬂ?hﬁﬁ'Uﬁh%@ﬂﬂoyeﬂﬂu%?QaﬁEyM@@?&nQﬂﬁ type of salt selected
fromthe group consisting of an alkali netal salt, an alkaline earth netal
salt, @ifggst transition series netal salt, a Cpaternary anmoni um sal t, and
a quaternary phosphoniumsalt. Tin or organic tin perfluoroalkylsulfonate
can be used as\ aigauah ysd mpofundegs agdadd om heaeki @i ofrapeliisaechar pdes such
as cellul ose and sugar degradation. isonerization reaction. Therefore, tin
or orgapictbin0.0 mol with respect to 1.0 mol of tin or organic tin

perfluoroalkylsulfonate. Preferably, a lithium compound is used in
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per fl uoroal kyl sul fonat ei sparti cul arl ypr ef er abl ewhena

car bohydrat e-contai ning raw nmaterial contai ns pol ysacchari des such as
cellulose. [0165] As tin or organic tin perf]uoroal kyl sul fonate, the above
conpound can be used. A preferabl e exanple thereof is
trifluoromethanesul fonate (trivial name: triflate). For exanple, tin
(I')trifluoronethanesul fonateandd butyltin(ll) trifluoronmethanesul fonate
can be used. [0166] Tin or organic tin perfluoroal kyl sul fonate can
be usedni fimam ndn@bity .6OhHt €5 PONdii PBct @h On Nta ttOf OO uldrb adk y Wit o hasPect to
1.0 nmol of that of a conpound selected from an i ndi um conpound, a gallium
CONMPOURdrtlaédr @lryftnitum conpauneh o hpousdnpound.d anda@ drhenhumaganpeund.
Tin or organic tin perfluoroal kylsulfonate is preferably used in the sane
anmount fasmor . hinghleto thanmbhat of a conpound sel ected from an indi um
conmpound, a gallium conpound, an al um ni um conpound, a tin conpound, and a
rheni up tofrpound. Tin or organic tin perfluoroal kyl sul fonate is further
preferably used in an anmount ranging from11.0 nol to 50 nol (e.g., 1.0 nol
to 20 nol) with resgectsito 1.®@mpbuofl tkan obea eswdound seb ectmdfrtom an

i ndi um conpound, a gallium conmpound, an al um ni um conpound, a tin conpound,
and a ¢hemspnetmgoind) molep] 1.0 mol withn rehpscernboditene! of that of

car bohydrate-containing raw material i s subjected to heat treatment in a
wat er - L&nAF gt ZaI¢ B HON - YT Bp A9 hik Y6 Hbertateéont Ai Rided eat U e a8 ien dyige of
conmpound sel ected from an i ndi um conpound, a gallium conpound, an al um ni um
conpouﬂfffs ; ‘aﬁiﬁ:ﬁ u%irbw%&, SHRG AMONEHT UnO¢ obbSuRAY Bhd o #teT) Eidt tBAE dlype of
conpound sel ected fr an alkali netal salt, an alkaline earth_ netal salt,
o 11 rsbeERaRgpelon sedft B8 Gret al Aal AT GUATR n&PP RAHEI Ut saf kI a

quat er nary phosphonjum salt. and further .containin in or, or ic tin
o {1 BBy 20 R oha et hetngBaT /Hasle el fuht "ahal Pond daN b
appr opg i | at YAR: son skij | i i

et QAT SR g T SRR AL TS S R S
for heﬁjligﬁatnent preferably ranges from 100C to 300C, and nore preferably
ranges from 100C to 2500C. For exanple, the tenperature preferably ranges
from 150C to 16QCa1grordieng toaltheanetahedofe therpr egent] idMent hpn, heat
treatment can be perfornmed at a relatively | ow tenperature. [0168] (5)

Met hodq wsidi@airpdp ios phkaxigesandcthebt i ke @sncat addusit corresponldingtil|
anot her enbodi nent of the present invention, a carbohydrate-containing raw
mat er i@l 0 snslubp ect @dmbd kedt respatneat 10 nao hatfertkatapnd/©Oh or organic

al cohol - cont ai ni ng sol vent containing at | east one type that functions as a
cat al ystn gna fil sos@d lkgtled! farorhet he gnouwpkedbinsinsttihgsoft, i adkanmal koxitdc and

i ndi um acetyl acetonate, so that a reaction product containing lactic acid
and/ ormieaet is¢lhciod estearn@an bbosbhainmed. spOtLe9n be furtherThroflgghtbilie use
of this enmbodinent, lactic acid and/or lactic acid ester can be

conveni&id Iy PP ddueBEt Wity 1y &r iy omp ¢h 0df miadi endy - f risml d&r Boh§Ydr a2 ek thn a

car bohydrate-containing raw material, [0170] A
carbohidﬁ8%%UcﬂhﬂhFﬁ?%§C?é%ﬂnﬁt@Pﬂd%fPﬁéih%ﬁﬁab%yh§ééoé§“h raw material in
this ﬂqﬂﬂqunent may be any raw material containing

A quaternary ammonium salt is used in an amount ranging
from 0.1 mol to 10.0 mol with respect to 1.0 mol of tin or organic tin
perfluoroalkylsulfonate. A quaternary ammonium salt is preferably
used in an amount equivalent to or higher than that of
perfluoroalkylsulfonate. A quaternary ammonium salt is further
preferably used in an amount ranging from 1.0 mol to 4.0 mol.

[0112]

234



car bohydr at es. The above-defined materials can be used herein, but the
exanpl es thereof are not |imted thereto. [0171]
I nt hi senbodi ment , i ndi umal koxi deori ndi um acetyl acetonate is used as a
catal yst for degradation reaction and isonerization reaction for a
car bohydrate-containing raw materi al and isonerization reaction of triose
(generated as an internediate) to result in lactic acid and/or lactic acid
ester.In a preferred exanple of this enbodi nent, indium al koxide is
preferably usda. Ithianottierdiexampl evioén t hi slcasbodinrenypei ndi gmmpound
acetylacetonate is preferably used. In still another exanple of this
enmbodi seletcteBot Aromdi theacerybacetcomstietiagd iodfdi uhm al Roxi degamic betinsed.
Exanpl es of indium al koxi de that can be used in this enbodi nent include
i ndi unpﬁéﬁlﬁ@xoabkyliswdf@m@t hoki d&n iondi Uadngepriapoxii ale dej ndinumimd bumoxi de,
and indiumt- butOX|de anpl es of |nd|un1acetylacetonate that can be used
in t hi $OBREUH fredtd |ﬁcF@ﬁ@“&@eP?P&t%%%ﬁemlNéﬁdnfnt%Pgl1na“0n with at
(2,2,6,6-tetranmeth 5- hept anedi onat )|nd|u and i ndi um
trifl ubﬁ‘raééc%tlﬁ%% d#ztcgmwg S?léfa%? oﬁrogys%ngr@w@ tPPe 1 5 Nign difuh
a|kOXIE ﬁgnq |nd|un1acet aceton?t be used @»ﬂ two or nore 5 ypes
t her eo y B USES [ metal com OEBPveﬁt SRS i hgMA B analor
al coho| an% e anm t o i:¥e e qg n this enb@glnepﬁ are
def i ned *&bove" " 6273°4"  bR% én? ﬁa h%ﬂﬁikfgg“ﬁgaﬂ &n%é?e?%

1

th un
e M 6279

i ndi um a bg)é%‘ﬁa} ?ﬁé&&}adtrﬂ%'nlﬂm ;‘Oet yl.acef %‘f’i‘&?em‘ﬁ’” rE)h'osp OﬁP%ISO”H}O”Ed in
4 a6 £

a solven er an r alcohol ium a X|de

and/ or, [ ; € r1.£Spo gt
. S AU

to 0.0% M@l dné it XS @ e@w raQ-UQOWptlereSR§C@e§&1ﬂaem Qbebeofaxgla%ose
residue in a carbohydra e containing raw material. However, the exanples

t her eafo@p@eRots hisidt @d hhes@eti9st 1Q37dhat retro- ald &N ethedh f af RLQAUSI ng
| actic aC|ds usi ng i ndi um al koxi de and/ or i ndi um acetyl acetonatc is

parti cedardey sslid drabt ey fper fgemedatihane afuplpaet s m @cuda rf ¢ podipeNEIACEhar i des,
and thus is particularly' preferable when a carbohydrate-containing raw
mat er itdle gontraimsanonosaecham das. bkOEThikiently performed to result in
lactic acids from the carbohydrate-containing raw material.
[0113]
In this embodiment, a phenolic compound can further be
added to a solvent and then used in addition to at least one type of tin
or organic tin perfluoroalkylsulfonate, at least one type of compound
selected from the group consisting of a tin or organic tin halide, an
indium compound, and a rhenium compound, and at least one type of
compound selected from the group consisting of a first transition
series metal compound, a lithium compound, a magnesium compound,
an alkali metal salt, an alkaline earth metal salt, a quaternary
ammonium salt, and a quaternary phosphonium salt. Examples of a
phenolic compound include, but are not particularly limited to,

catechol, 3-fluorocatechol, 2,2’°-biphenol, and 3-quinolinol. The

amount of the phenolic compound to be wused herein can be
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In this enbodi ment, a phenolic conpound is preferably further added to a
sol vent and then used, in addition to indium al koxi de and/or indium

ac, ctyl acetonate. Exanples of a phenolic conpound include, but are not
particularly limted to, phenol, cresol, alkylphenol, catechol, pyrogallol,
al koxyphenol, salicylic acid, salicylic acid ester, 2,2'-biphenol, and

qui noli nol. The anobunt of a phenolic conpound to be used herein can be
appropriately regulated by a person skilled in the art, preferably ranging
from O.abprolpriotel®. Gemnllatand Fyr therrpoef ekalikey ranghngafrtomprkf@rablyto 4.0
nmol with respect to 1.0 nol of the total anobunt (to be used herein) of

i ndi umrahkoxgd& candf dr mabditaml Acktiybbcendnat & cTheeyéelbdy ofngiact ifcoaci ds
can be significantly inproved by the addition of a phenolic conmpound.
[0176] 1.0 mol to |90t hidd enbodiespsc! t@ dad bokydyhtkatorft aknhngo mawurat eri al
IS subjected to heat treatnment in a water- and/or al cohol -contai ni ng
solven@bébﬁ%aining i ndi um al koxi de and/ or indium acetyl acetonate. In this
enbodi nent, i ndi um al koxi de and/ or i ndium acetyl acetonate, and a
carbohﬁ@ﬂéﬁé-containing raw material are preferably added into a sol vent
cont ai ni ng ma;fr ﬁﬂd/or al cohol before heat treatnent. A phenolic conpound
may be added wit ANihditime ARERE-de AHEPEY GTALT thATHEER V1 hdetoRRtE Tt the

sol vent cont ai ni wat er and/ or al.cohol . at treatnent conditions. can be
2opr opt R er i el AR 155 2hmgas Soh Skit 1 i ATCHAT af 1 HepERIAG i &
sacehar.i r alcohol types contained in a raw.mgterial. The tenperature
for hegggfg%gtﬁﬁhtab?gféréﬁly ?%ﬂge&“ﬁroﬁ¥860c9§gqé60c91aﬁﬂf%%¥8 pfﬁ*erably

ranges fr . ..« For e%qﬂﬁ e, .t rature prefe |y rapges
fron1135%?@%%%%§%&?T%§9§}t§]I enbo‘lngﬁtggfgfnpge(Sﬁaé 032 égﬁggeﬁﬁguorned
at a rebatdel Yrdaw h enpalas Ltr&lsf@{in@f%tﬂ Qgtiﬁh%rhwgeaﬁircef’ﬁmmliaé, al;50
preferably perfornmed in the absence of oxygen.To create such oxygen-free
condi t i MSumPESHAIARhY, & d @ashOhidS Ebh R LR 80 nl NGELd dasmbef ong, beat
treatment and then air is purged (elimnated). Inert gas types are not
particutanéysd i ohtedypExarpt e dOf fiod@r thegas rionel Ugen fiist ingepfgas, riaggon
gas, and carbon di oxide gas. Heat treatnent is also preferably perforned
under preassurdizetreondhtionsonTheusiéact ilomhiphessuneous dpr ef @hahleyit e sane
as or higher than atnospheric pressure, preferably ranging from0.3 MPa to
20 MPacanthdwndhernpradketiabingtabhngiig famomlfadiMPachothilOmMPal [OIN78]a

I n enbodi rents (1) to (5) above, reaction in a solvent containing water
and/ or qgkRE¢oHuiry gnpnemepablsy!perhdraephdteranry apt oo aveiuhosaléxard @, but

t he exanple thereof is not Iimted thereto. Another preferable reaction
form i 8h&nedht icvuonsuplobased Feaviican thesRod peontdsususy ket Bdded A
reaction solution prepared by mxing a raw material, a solvent, and a

cat al y8t'ths ©d8nt P hudUgdP 1§ upphi eﬂeﬁfgual'?%]e{@flél‘llgb?ﬁtreol P t 3 hadkvent

pr edet er mi ned t enper at ur and caused to renmin within a

J and pressure )
reacto?opﬁ?nﬁnﬁréﬁ%vﬁrﬁﬁﬁéﬂrt?mﬁﬁ¥’r rH&8ti g atpgfofonditions cpg be
enbodi nents (.1 o (5) ,aboye, for exanple,.,at, l.ea one type of compound

{ tﬁéyg$3ﬁﬂag% s?gt?nﬁeﬁ(ﬂgfﬁ?ﬁﬁ%%ﬁﬁozhﬁ,ag'F%%ﬁpgﬁpéoggound,

sel ect e8P{?BH
and an_j ndj oung, if cessar not.her. compound, (at, | ea one
type OFAQ%%%QE% nggieg¥éﬁﬁﬂr&%P%§e(§¥%ﬁ%nggn§PsfﬁnﬁﬂgfI%aﬁééﬁésiuibe

conpou i rst i, t.i i C hEBu nd, an
kol | NormpRr LI rOE MR R DL R P EL L CRIPR o LD LS e i oo
metal SAhtm AURL ALYy AR 4 aAllhod GUabepRpry RBPSPRORIHE Sll, and

a phenolic conpound), a’carbohydrate-containing raw material, "and a water-
and/ or ¢ &h p@hQt r1GOPt & dHaBy SARRL RN 13 @G@d ol Noancel ectromagnetic stirring
autoclave. Air is purged wWith inert gas, the resultant is heated to the
above fenpsrature for heating, and thus reaction is perforned for a
predeterm ned tine. The time for heating can be appropriately regul ated by
a perseh) skelledl usinghe taf tonbxamplies theraofst ange from but are not
particularly limted to, 3 hours to 24 hours after the tenperature has
reached the tdnperatanherf ornhiead imgnando pr efler abp e seange ifiventid ourns to 12
hours. After the predetermned tine for heating has passed, heating is

hal t edc aritb It héna ttetheonésulihant aw smlaeé tiatl a ss$amek dtedciaoheho treoatmtanpar at ur e.
After it is cooled to roomtenperature, the reaction product is renoved
fromthe autoclave. [0180] Al so, when a continuous fl ow based
reaction nethod is enployed, a reaction sol ution prepared by m xi ng at

| east one type of conpound selected fromthe group consisting of a tin
conmpound, a rhenium conpound, and an indiurn conpound, another conpound if
necessary (at |east one type of conpound selected fromthe group consisting
of a magnesi um conpound, a first transition series netal conpound, a



Wth the above nethod, lactic acid and/or lactic acid ester can be
generated in a high yield. When a carbohydrate-containing raw materi al
contains cellulose, lactic acids are generated in |large anmounts from
saccharides resulting fromefficient solvolysis of cellulose. According to
t he met hod of the present invention, lactic acid and/or lactic acid ester
can be obtained with a yield of 9%to 50% on the basis of the nunber of
nol es of lactic acid and/or lactic acid ester generated per glucose residue
or fruatwaecr-eshduer hic@hchichahytiiateescbnd @ Bbngaimawgn®t esa el oha gddi tion,
yield is given in percentage (% figures, representing the nunber of

i n( ol p fofinl @etipo vaci dhandhortilcact ke achthlest esowihiah raespecicitioat héo munber
of noles of lactic acids theoretically generated per glucose residue
(lacti taaicicdsdigl sctmecreshdudtaifedoly 2 moddtion perdfatuct bsetresidue,
(lactic acids/fructose residue =5 ml/2.5 nol) fromcellulose as a raw in
[0182] in this emppadparetnitculaar cavhehydrsicl-ventainged i rewhemaboviel" (is

Met hod using tin or organic tin perfluoroal kyl sul fonate as a catal yst"
cont ai A8bREESHoIto ITeati dragimcandior al actlice- agpd/ @5t ec odenl -bengbimainged wi t h
a yield of about 2096to_4093 for exanple, on the basis of yield (% per

gl ucoséC et idaanbtrinipdetidstd dEPaUe h!aatapBEHYMCap E-tEdRANAPHE dr sty
material. Wien a tin conpound %in artic¥lar, atin or organic tin_ halide
such a$°titn O8I b¥P te® bre UPPAYH t?FF?Cnteélhlb?ﬁr‘délj‘co%‘r@rpt%érh““mg of a
perflugﬁgalkylsulfonate is used in addition to tip or organic tin

per f 1 ubrBAFRY IKOHT P 3RA e, @ t RE NSS! 4o ARREFE dact o AR/ GP TP HEP I SEEISE est er
can be j ease 1% to 10% .for exanple, .conpared w th.a case in which
e or TBrELARRPo R dar 8ot ddhacl PhafSy AR E LR S AR TRE e Vhen
one. Or BT & hyees o comnaunh sl B6LEG Jd a0 be, 81BHP, GANSLSL T NG of an

i ndi um conpound (and in particular, 1ndium halide), é?fhenlun1conpound, a
nagnes[@p1gpnpound, and a first transition series netal conpound are used
in addition to tin or organic tin perfluoroal kyl sulfona e, the yield of
lactic acid andi@iudRahicCugeidk estebnfPsdReechNCIRASEh NN apAUS: h¥etie 20%
for exanple, conpared wth a case in which tin or organic tin

per f | upeadl kytksul i onate cbs viseen alyopeodacasieiviwhi ahahi aeprpeuagdothant han
per fl uoroal kyl sul fonate (in particular, a tin or organic tin halide such as
tin chtorbdeydratdis- nnbut ytdibolchd artede) niai naddi rhon materimlor socganisc tin
per fl uoroal kyl sul fonat e. Furt hernore, when tin or organic tin

per f | uppbaddodhsuliionat e. @l onell sl assed,stwhen artd notigrpound agi bher thdn
perfluoroal kyl sul fonate (and in particular, a tin or organic tin halide
such amanasacisherides obe.di - nrbatysei.ncelinonf de) réktuseld i wvadgéadionnto tin
or organic tin perfluoroal kyl sul ion ate, or when one or nore types of
conpoutfinBEr &ldt'&di S Hofslt he group consisting of an indi um conpound (in
particPIfL an i ndium halide), a rhenium conpound, a magnesi um conpound,
and a % ¥]transition series nmetal conpound are further used in addition
to a phenolic gconpound,. the yield of |actic acid and/or lactic gcid ester
can be increa§%d”%§Ogﬁﬁﬁftibépgdéﬁg%gF@F’é&%ﬁﬁF%%t dhpydred Wit £%dse of
addi ng_no Q?Q%5108F989QQ5 0%83L ¢ b Alsqi acc?rdjng\to t.he above
"(2) MEthod “UsTig 8 tPA° cONPOURE Ad Radarsl HBY, "2 AR 6T AT G EHRA 'BE

obt ai negt, i Ayl el dy of , 3bouty 45X 10, 80,00 108 Az 5. Of.dd &l d %, Ber

gl ucose residue or fructose residue 1 n a carbohydrate-containing raw

mat er i inLn 1 ulgs har.id like. [
Furthe?%%f€?§§%§gr%?%ghpghghgugggegéﬁ%gjq&@iﬁ%g ﬁ%?%'?% ?hgﬁfuﬁﬁgﬁkgound as
a cat alysteto When a rheni um conpound al one is used, lactic acids (e.qg.,

| actic acid ester) can be obtained with yields of 15%to 30% on the basis
of themunper of noles of lactic acids generated per glucose residue or
fructose residue in a

car bohydr at e- gantiaé nihRgk aWnat amicalhb¢ent @i nhreaeldll eseegPNAsAGEHAr ides, or
the like. Also;, when a conmpound of a netal other than rheniumor tin or

or gani gnt i ¢o @ebiulnwor al kyt sultonat €atiagyusedoi ndagddida@Bnt o e cthemi wm
conpound, the yields of lactic acids can be increased by 5%to 50% for
exanpl go | coiparaedd wé t hnd aasa dagwd £fioa. ishent tmacmpoundtios . used al one.
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[ 0185] Furthernore, according to "(4) Method using an indium
conpound and the |i ke as catal ysts" above, an alkali netal salt or the like
is used in addition to an indium conmpound or the |ike, lactic acids can be
obtained with a yield of 15%to 75% (e.g., yield of 50%to 70% on the
basis of the nunmber of noles of lactic acids generated per glucose residue
in a carbohydrate-containing raw material. [0186] Furt her nor e,
according to "(5) Method using an indium al koxide and the |ike as
catal yst $T9hbove, lactic acid and/or lactic acid ester can be obtained with
a yield of 5%to 60% (e.g., yield of 30%to 50% on the basis of the nunber
of nol es of | datitkeaviedhadds OrthE aetdsenacind’ e@sten, genertat ed qen pgluucicse
residue in a carbohydrate-containing raw material. Wen a phenolic conmpound
i s usedainrbeausisidnasitbs Winhc o mpicomdElIskoxi dek amaypdes i thairanf dbet yd s dteonat c,
the yield of lactic acid and/or |actic acid ester can be increased by 5%to
15% fBRregahpily, peohparldd wieh endase.i huirehniohdp urhi ankeaxy db maniddor

i ndi um acetyl acetonate is used al one. \Wen a phenolic conpound is

usedi ntbnbithat Doslil e hidsdi tikal kXi ddantd orit iy vt atds ﬂeé'éggbjﬁé%ﬁ,)atﬁé‘ yield
of lact) cid . and/or lactic acid ester can be increased by 5%to 15% for
exanpl ll;lgcgf@alrlgawﬂh%ﬁéagélfh Whioghd e i it it 1Al k obtd el dmdF ort PndfDum
acet yl aeef ONakfe s, 1S r8La0E- [g§%Z})Tf) L anhaCt'&ib%y(flti%r '?‘EH)C acid
ester Is also preferably separat rom’the above-obtal ned reaction

sol uti gn ] MG SARAT &L 198, 6AD (PBLPSHT OMTY) Py an organic acid separation
nct hod known by a person skilled En the att, such as |liquid chromatography.
[0188]rn120 The nethod of the present invention is useful since the
yield g% %a%tic acid ester can be inproved by the nethod while suppressing

the amount of [dchfctQ4 ?i(H?%@/Sﬁém?‘ocl?é@%yétoftPin_acbgl%dﬁ}/c?lma%%mleﬁs]

t
€
[ 0189] Hereafter, "the present invention I's described in greater

det ai | 4 ity & @frem@neer i ot N @xanplagsy ¢ al dhough Jdnhei d 8¢hRi cal scope of the
present invention is not limted to'the exanples. [0190] (1) Method using a

tin copponp as a catal yst (Exanple 1) Cel l ul ose (0.405 g)
(corresponding to 2.5 nmmol of glucose residue) that had been dried for 2 or
nore hours inlai thatm:2D&d 8f e PrOReimmih) eatidr,naf lllehstrand tygreomf
et hanesul fonate (Sn(Crlf),; Tf = CF SO, 20 nL of nethanol, and a stirring
bar wesempaded soleacts@ MoB2the 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
recaction.
[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 1s, 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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stai nl ess-steel autoclave, and then the lid was closed. Air in the autocl ave
was purged with nitrogen gas. After pressurization to 0.5 MPa, the interior
of the autoclave was heated to 190C using a mantle heater while stirring
the m xture with a magnetic stirrer. Subsequently, stirring was continued
for 10 hours while maintaining a tenperature of 190C, heating was then
stopped, and then the autoclave was |eft to cool at roomtenperature.the
reaction solution was renoved fromthe autoclave after cooling to room

t enper ahwsedeand, muagiaesepr odubtrisden ttwersioydtiten wetebguant thbdiivel vy

anal yzed by |iquid chromat ography. The yields of lactic acids in the

anal yt heahhydsulda,scab eltshbloride Tabileydrdtel, aw.ckad helyliogl de itstrapy ésert ed in
percentage (% figures for the nunber of noles (nol) of each product with
respectngorphe(lHurddéprode mylxed ydracti ¢ aci ds/ gl ucose residue = 5 nmol/ 2.5
mol ) of |lactic acids theoretically generated per glucose residue from

cel lul b3k2dk a raw material. In Table 1, "-" indicates that the percentage
is equal to or less than the detection limt_and "trace" indicates that the
per cent age |sf?%sé“ﬁﬁﬁﬁnéfDBWQHFUWQP}EGE%éﬁpfé12)“@@&@t%ﬁﬁpﬁh§“bbﬁﬂ6rned
simlagly to Ie 1 xcept for n-butyltin (11)

Sritl ubf diithaled Hoﬁawr(eeffmlu ﬁ( Bﬁﬂrt)ay zlqtn%waaufﬁrlv.lrwth)i to,
trlfluoropethanesulfonate V r|o S Eroggctslwere uaq{ |veI anal yzed by
i qui d18f N&f&g?l&%@“ él Blides |GEyed dgsi ¢h PR 443 {Earfiosul t s

are sho xd TabJLe : )gglsow 92] {1 %1nn;Py ar Relafﬁhl t%glgy\%éaflp(?e tCH‘ar’{Ed

S|nllaf1 Exanp?e ex% t for Si'n

et haanLn \{)aer h?llljlsl;c%r leyh 1a| uﬁ‘?é(’it aet IcYﬁ“ll ﬁ‘{}é' y%ﬁlq Bye InloqulI ﬂ"rltted

chromat ogr ap he yi tlc acids In the an ytical res S are

shown f(ﬂ Table 1 bel %W@(t[rp;;ﬁéllyﬂpw{ﬂtei)}ﬁﬁlﬁ?ﬂﬂqpl e. 1) chloride,
tetrabutylammoniumbromide, and trioctylmethylammoniumchloride.
[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 lithium compound, a
magnesium compound, a first transition series metal compound, and a
quaternary ammonium salt. As an alkali metal salt, an alkaline earth

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

can be used. Examples thereof include, but are not limited to,
bis(triphenylphosphine)iminium chloride ([PPN]CI),
bis(triphenylphosphine)iminium bromide ([PPN]Br),
bis(triphenylphosphine)iminium iodine ([PPNTD),

bis(triphenylphosphine)iminium carboxylic acid ([PPNJOOCH),
tetraethylammonium chloride (Et4NC1), triethylamine hydrochloride

(Et3NHC1), trioctylmethylammonium chloride (Oct3NMeC1),

triethyl(2-methoxyethoxymethyl)ammonium chloride
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Heat treatnment was perfornmed for 5 hours of reaction tinme using 0.1 mmol of
alum niumtrifluoronet hanesul fonate (AL(OTf) ) 3 insteadof
tin(11)trifluoromethanesul fonate. Reacti onwas performed under conditions
simlar to those of Exanple 1 except for the above conditionsVarious
products were quantitatively analyzed by |iquid chromatographyThe yiel ds of
| actic acids in the analytical results are shown in Table | below 101941

(Conparati ye ex le 2) Heat treatinent was perforned for 5 hours
of reaé@f%@i&%@%&%@ﬁﬁﬂ%i of ilr-&wttﬁi%mﬁft»f#éméﬁé%wraﬁéﬂ%rl(dleroow)
) instead 2 of tin (11) trifluoromethanesul fonate. Reacti on was performed
under Eonaieiléng. si mil-dutyd tHesd v mEdarpl e maexept f of [themdbbie),

condi tions. Various. products were quantitatively analyzed b% liquid
chr omat o@jF 8Py Thel Pl e gt agadty® aci ds ichlphelanal yti cdibdmesnl €4) are

[ . ' le 3 .
tr ea mnt s Spo Ry QO B REP B S P e Ui 4PE P WL ot 21 ne
i . )i 2 1 LY. .
trifl ugértggghlaﬁn?s H}%ﬁﬁ‘&gll%ngg!lgx)ld)e gpﬁt ??g?,nélg%&%hwg c(hl!))rlcﬁq[,i sodium

triflu t hanes ate. Reacti on was per rcon ons simlar
to tho}%?cooling)t(g,nglng Slo(?l)l(l%? ttriﬁ}qérggf)pa}?eoﬁl}?lborate.
[0125]

In one reaction system, one type of compound selected
from the group consisting of a lithium compound, a magnesium
compound, a first transition series metal compound, and a quaternary
ammonium salt, an alkali metal salt, an alkaline earth metal salt, and a
quaternary phosphonium salt may be used and two or more types
thereof may be used in combination.

[0126]

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

[0127]

The total amount of a tin compound(s) (to be used herein as a
catalyst) to be contained in a solvent containing water and/or alcohol
1s not limited. A tin compound(s) can be used in an amount
corresponding to 0.001 mol to 1.0 mol, and preferably 0.005 mol to
0.1 mol, such as 0.01 mol to 0.05 mol (in terms of mass ratio) with
respect to 1 mol of glucose residue or fructose residue in the
carbohydrate-containing raw material. When such a tin compound(s)
1s used 1in an excessively low amount, degradation reaction of

cellulose and sugar degradation-isomerization reaction proceed with
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condi tions. Vari ous products were quantitatively analyzed by liquid
chromat ogr aphy. The yields of lactic acids in the analytical results arc
shown in Table 1 below. [0196] (Conparative exanple 4) heat
treatnment was performed for 5 hours of reaction tine using 19 ng (0.1 mol)
of p-toluencsul fonic acid nonohydrate (PTSAFT,O instead of tin (I1)
trifluoronethanesul fonate (0.02 nmol ). Reaction was perfornmed under
conditions simlar to those of Exanple lexcept for the above
condi t doffs ¢ Waini, ousd pwbductlse wemee guans¢d ani vel yx ansdiyzéd byl jaquodnt,
chromat ogr aphy. The yields of lactic acids in the analytical results are
shown the Table of bedtow.acidoad it Conpdacatciaves éxeanmpise 5f side reactioReact i on
was performed simlarly to Exanple | except for
usi ngt SHEPI @GS de(eSPCL Prichetiealdof tin(1 1)
trifluoronethanesul fonate. Vari ous products were quantitatively anal yzed by
i qui dl&ht ®hat ography. The yields of lactic acids in the analytical results
are shown in Table 1 bel ow, [03.9'8] (Conparatiye exanple 6)
Reaction was peffoteddi i 13t 1521t OBeahpPe 91 SOCBBPL UPEr SEX 16 ddif L atbut yI t
n (1), .chloride é{(ﬁ"Hul)H%S(g&l,)l.instead of ti (qll e i
triflubFoREHENSS T FEHLE d\at il bUS U8 SRURPLUREr & HE?éﬁiﬁst‘Hfri VEMP ARAfyZed by
l'i qui dfi(%h{otmgt ggﬁriaplhg. ;I'ikéem}/r{ e[I ?s‘ 01fn I %Ct(f C. ag:illd§elj n t henar;%ln){{tuincaqlal{esul ts
are showd i n*Tabi'8"1°Bel6w™ 1'6199] "PEMTar &t VA" EXaMg 8™ satl,

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

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

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

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

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

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

catalyst.

[0129]

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

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

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

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

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

while suppressing sugar cyclization; and the isomerization reaction

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

carbohydrate-containing raw material.

[0130]

In this embodiment, a carbohydrate-containing raw material is

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

solvent containing a tin compound and at least one type of compound
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Reaction was perforned simlarly to Exanple | except for using
di-n-butyltin(ll) oxide (C1311)2SnO i nsteadof tin(ll) tri

f I uor onet hanesul f onat e. Vari ous products were quantitatively anal yzed by

| i quid chromat ography. The yields of lactic acids in the analytical results
are shown in Table |I below [0200] (Conparative exanple 8)

Reaction was perfornmed simlarly to Exanple | except for using
di-n-butyltin (11) acetate (("13u)2Sn(0Ac)2) instead of tin (I1) tr

f | uor opeldrandstit émnat i faninouso pmpaduct,s aweit g gesaintn t ad mpelwh dnal fZied by

| i quid chromat ography. The yields of lactic acids in the analytical results
are showmsiifiofableeids betow. cpog0l)nd Resylutagyrnary ammonAsnshewn ailkaliabl e 1,
| actic acid and lactic acid ester (lactic acids) could be obtained in high
yi el dsmedah spésubn ofkalsi hgaShf OTEdal2saltt hatd psquafennary phosphonium
trifluoromethanesul fonate) and ("Bu) 2 Sn(OT1)(that is, 2 di-n-butyltin
trifl udtidmet Hesésulepromansd) casdieasat ystb Al amrarseriady aegdlaed & oe
obtained in a high yield through reaction in water (Exanple 3). [0202]

On t heP Bt} Sd%lrllge,d vier yhenart depsuntia sofn seerbabidieds orepbe Yopkertaed in t he
case of using trifluoronethanesyl fonate of a netal qther than tin or

or gani 0 RfHCEoPartat 1A% 83@&%1335 1-@)‘? fegppyyature for heap syeatpate case

g;t gls;]g ?e @é%g?&ﬁs g/uelesf 0)1(‘ iaﬁwalc. OZL;(?D tg{)gﬁ)g{fgﬁpe dgwl?iTISﬁA 0 rl c 1p r%)f e 16' asb Iajfn r%%ig% s
from 100°C to 250°C. For example, the temperature preferably
ranges from 150°C to 160°C. In this embodiment, heat trecatment can
be performed at such a relatively low temperature.

[0131]
(3) Method using a rhenium compound as a catalyst

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

[0132]

Through the use of this embodiment, lactic acid and/or lactic
acid ester can be conveniently produced with high efficiency from
carbohydrates in a carbohydrate-containing raw material, such as
polysaccharides (e.g., cellulose), monosaccharides (e.g., fructose), or
oligosaccharides even when a relatively low reaction temperature is
used.

[0133]

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

raw material in this embodiment may be any raw material containing
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2 each catalyst was used in an amount 5 tines that used in Exanples 1-3,
the yield of lactic acid(s) was only 0.8% this is 1/32 (or less) the yield
obtained in Exanple 1, for exanple. [0204] Furthernore, in the
case of using tin (l1l) chloride or di-n-butyltin (I1) chloride, which is
not trifluoronethane sul fonate but is chloride, no lactic acids were
generated.Simlarly, in the case of using di-n-butyltin (l11) oxide or
di-n-butyltin (11) acetate, lactic acids were generated in very small
anount sa(!Conpdraiteisve €kanpbesebd8finecfdTabivemdterialat alydte Avsdnheoticat al yst
(rnnnl% Sol vent Reactio tinme (h) Yield CA) Methyl i ace
ut the examples are not limited thereto.

[0134]

In this embodiment, at least one type of rhenium compound is
used as a catalyst for degradation reaction of cellulose, and/or sugar
degradation-isomerization reaction. In this embodiment, examples of
a “rhenium compound” include halides (including fluorides, chlorides,
bromides, and iodides), an acetylacetone compound, an alkoxide
compound, a carboxylate compound, a carbonyl compound, a
phosphate compound, a sulfate compound, and a nitrate compound. A
rhenium compound preferably contains a carbonyl ligand and an
example thereof 1is, but is not particularly limited to, rhenium
carbonyl. In one reaction system, one type of rhenium compound
may be used and two or more types of the same may also be used in
combination.

[0135]

A solvent containing water and/or alcohol and the amount of
the same to be used in this embodiment are as defined above.
[0136]

The total amount of a rhenium compound (to be used herein)
to be contained in a solvent containing water and/or alcohol is not
limited. A rhenium compound(s) can be used in an amount
corresponding to 0.001 mol to 100.0 mol, and preferably 0.005 mol to
10.0 mol, such as 0.0l mol to 0.1 mol (in terms of mass ratio) with
respect to 1 mol of glucose residue or fructose residue in the

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

used in an excessively low amount, degradation reaction of cellulose
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Lactic acid Total /ethyl leyclinate Exanple 1 Se (011), 0,02 Methanol 10
14.3 11.7 26.0 22.4 Exanple 2 (73e)2Sn OM Q 02 Methanol 10 28. 8 6. 0O

and sugar degradation-isomerization reaction proceed with difficulty.
Such amounts are not preferred.
[0137]

In this embodiment, a compound of a metal other than
rhenium can also be used in combination with a rhenium compound.
Examples of a “compound of a metal other than rhenium” in the
method of the present invention include halides (including fluorides,
chlorides, bromides, and iodides) of magnesium, tin, or first transition
series metals (that 1is, scandium, titanium, vanadium, chromium,
manganese, iron, cobalt, nickel, copper, and zinc), an acetylacetone
compound, an alkoxide compound, a carboxylate compound, a carbonyl
compound, a phosphate compound, a sulfate compound, a nitrate
compound, and perfluoroalkylsulfonate.

[0138]

Examples of a magnesium compound that can be used in this
embodiment include, but are not particularly limited to, a magnesium
halide (including hydrate) and magnesium perfluoroalkylsulfonate.
An example of a magnesium halide is magnesium chloride hexahydrate
that can be particularly preferably used. Examples of “magnesium
perfluoroalkylsulfonate” as wused herein include, but are not
particularly limited to, trifluoromethane sulfonate,
pentafluoromethane sulfonate, heptafluoropropane sulfonate, and
nonafluorobutane sulfonate. In this embodiment, a more preferable
example of perfluoroalkylsulfonate 1is trifluoromethane sulfonate
(trivial name: triflate). An example of magnesium
perfluoroalkylsulfonate that can be particularly preferably used herein

is magnesium trifluoromethanesulfonate (magnesium triflate:
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34.8 22.4 Exanple 3 nu) ,So (DTl) 2 0.02 Wafer 10 - 15.7 15.7 G 9
(Levulinio acid) Conparative exanple 1 Conparative exanple 2 Conparative
exanpl e 3 Conparative exanple 4 Al (0Tf), O Methanol Methanol Met hanol

5

Mg(OTf)z) (Tf denotes a trifluoromethylsulfonyl group CFSSOZ—).

The same applies to the following).
[0139]

As tin compounds that can be used in this embodiment, the
above compounds can be used. Examples thereof that can be
particularly preferably used in this embodiment include, but are not
particularly limited to, tin (II) chloride and di-n-butyltin (II)
chloride.

[0140]

As first transition series metal compounds that can be used in
this embodiment, the above compounds can be used. Examples
thereof that can be particularly preferably used herein include, but are
not particularly limited to, manganese chloride tetrahydrate
(MnC12-4HzO), iron (II) chloride hexahydrate b (FeC12-6HzO), cobalt
chloride hexahydrate (CoC12‘6HZO), and nickel chloride tetrahydrate
(NiC12-4H20).

[0141]

Also, in this embodiment, as a “compound of a metal other
than rhenium,” an alkali metal salt, an alkaline earth metal salt, a
quaternary phosphonium salt, a quaternary ammonium salt, and the
like can also be used in addition to or instead of the above compounds.
As an alkali metal salt, an alkaline earth metal salt, a quaternary

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

thereof include, but are not limited to,
bis(triphenylphosphine)iminium chloride ([PPN]CI),
bis(triphenylphosphine)iminium bromide ([PPN]Br),
bis(triphenylphosphine) iminium 1odine ([PPN]D),
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1.4 trace 1.4 60. 6 --- 0.6 Fe (OTT), O, 1 0. 40,8 ...c. 1. 2 Zn (0. 1i
)2 O 1 2.01.8

bis(triphenylphosphine) iminium carboxylic acid ([PPN]JOOCH),
tetraethylammonium chloride (Et4NC1), triethylamine hydrochloride
(Et}NHCl), trioctylmethylammonium chloride (OctBNMeCI),
triethyl(2-methoxyethoxymethyl)ammonium chloride
(MeOCHzCHZOCHZNEtECl), l-butyl-3-methylimidazolium chloride
([bmim]Cl), l-butyl-3-methylimidazolium acetate ([bmim]OAc),
l-butyl-2,3-dimethylimidazolium chloride ([bdmim]Cl),
l-butyl-3-methylimidazoliumtetrafluoroborate ([bmim]BF4),
tetraphenylphosphonium chloride (Ph4PC1), lithium chloride, sodium
picolinate, sodium(trihydroxy)phenylborate,
bis(triphenylphosphine)iminium chloride, tetrabutylammoniumbromide,
and trioctylmethylammonium chloride.

[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.

[0143]

In this embodiment, when a rhenium compound is used in
combination with a compound(s) of a metal other than rhenium, these
compounds may bind in a reaction solution so as to form a metal
compound containing two or more types of metal (containing rhenium
and a metal other than rhenium). Alternatively, a metal compound
containing two or more types of metal (containing rhenium and a
metal other than rhenium) may be synthesized in advance and then
added to a r(eaction solution. The thus generated metal compound
functions as a catalyst for the above degradation reaction of cellulose

and/or sugar degradation-isomerization reaction. An example of such
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3. S1.9 I'"TSA lip 0. 1 Methanol 5 0. 4 0. 4 0. 8 49, 1 Conparative
exanple 5 SnCl2 0.02 Methanol 10 - 0.4 Conparative exanple td

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
carbonyl complex. Also, in this embodiment, when a rhenium
compound is used in combination with a compound of a metal other
than rhenium, these compounds may bind in a reaction solution so as

(943

to form one or more types of ate complex. Here, the term “ate
complex” refers to a complex-type metal acid salt generated by
coordination of anionic species (supplied from a compound of a metal
other than rhenium) into a rhenium compound having Lewis acidity.
[0144]

An ate complex is used as a catalyst, so that seclective
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 mol to 10.0
mol with respect to, preferably being equivalent to or higher than, and
further preferably ranging from 1.0 mol to 4.0 mol with respect to, 1.0
mol of that of a rhenium compound.

[0146]
This embodiment can also be performed in the presence of tin

or organic tin perfluoroalkylsulfonate. Specifically, this embodiment

18 performed in the presence of tin or organic tin
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("Bu),StiCl, 0. 02 Methanol 10 - - 0. 9 Conparative exanple 7 (nu) ,Sn0O O.
0Y2 Methanol 10 0. 4 0. UIl. 3 - Conparative exanple a (TO,Sn (OWN2 0. 02
Met hanol

perfluoroalkylsulfonate, so that the yields of lactic acids can be
further increased compared with a case in which a rhenium compound
alone or a combination of a rhenium compound and a compound of a
metal other than rhenium. “Tin or organic tin
perfluoroalkylsulfonate” may be either tin (II) salt or tin (IV) salt.

As perfluoroalkylsulfonate, trifluoromethanesulfonate is preferred.

For example, tin (I1)  trifluoromethanesulfonate (Sn(OTf)z),

dibutyltin(Il) trifluoromethanesulfonate (”Bu7Sn(OTf)2), and the like

can be particularly preferably used.
[0147]

When tin or organic tin perfluoroalkylsulfonate is used, the
amount of the same to be used hercin can be appropriately regutated
by a person skilled in the art. The amount of tin or organic tin
perfluoroalkylsulfonate can be selected from the range of amounts
equivalent to or higher than that of a rhenium compound, ranging from
preferably 1.0 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 perfluoroalkylsulfonate
is also used together, the metal compound other than rhenium or tin or
organic tin perfluoroalkylsulfonate may also be added with a rhenium
compound into a solvent containing water and/or alcohol.
Alternatively, after synthesis of the above metal compound containing

two or more types of metal (rhenium and a metal other than rhenium)
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10 0. 4 0. 30. 70. 5 [0205] (Exanple 4) Cel | ul ose (0.405 g)
(corresponding to 2.5 nmmol of glucose residue) that had been dried for 2 or
nore hours in air at 120C, 8 ng (0.02 mml) of tin (1)
trifluoronmethanesul fonate, 11 111 a (0.02 mmol) of di-n-butyltin
trilluoronethanesul fonate, 20 rnL of nethanol, and a stirring bar were
added to a 50-nlL, stainless-steel autoclave, and then the Iid was
closed. Air in the autoclave was purged with nitrogen gas. After

pressuffi@at iaonhemiOnb MAapotuiel | ai@r & ot oofp dihed auf ogl ameahastiheatecht o 190C
using a mantle heater while stirring the mxture with a magnetic stirrer.
Subsequkab |y, sther mh etg | wasmeantd duwedh thonidld thaures whe tee tppent @f nhrgala
tenperature of 190C, heating was then stopped, and then the autoclave was

| eft torlcopluratand 00 atalenpeeattbne, riheiuneactrgnbsoddd ¢drtowass e bnovied from
the autoclave after cooling to roomtenperature, and various products in

t he sokabiamiver evafiganepndaet valop haal yHedt birclitaueind ehndndioogr aphy ben a
manner simlar to that in Exanple 1. [02061 As a result, nmethyl

| act at @8PRASP BBt &I ned allehe @ YV ef dpefsorD. dod katd ipadhe caticidg prasiisBt gimed
with avyieldof 2.3%(total yield: 21.3%. It was thus denonstrated that

| acti cSaetHaHAES| dut i &l cadiod dePés < Behebt Alnéd THY hinghtsfiel-ds By & hi s
met hod, even in thﬁngse of using es of tin/organi '

2t
trifl ubtBRES ABHES ﬁaférs%t%tlawﬁ rablyopi e kR ﬁoé!)’gf to 300°C,
Cel | ul 0. 405 di t . £ gl i t hat
i1 baRR o e S50y EaRet e Tt T o596 5RO o bt os Thenine ot tin
I 1 trifl th f t t al e 1 0.08 | f ti 11
ol e s AR PERSR AL B Bl Rl 20 T3 2 0% Ty b e 6

added t® 29Pp0-nL stainless-steel autoclave (Nitto Koatsu Co. Ltd.), and
then the I1d was closed. Air in the autoclave was purged with nitrogen

gas. Af tey \pEASSHNIsZRE T AN i £ Qi Bmdc MBR o d e ahfat A1d ofk Oh sthg W Qcl ave was
heated to 190C using a mantle heater while stirring the mXxture with a

magnetic stirrer. asuhsequenidyodshehfi ngr wagh confidwead f ofvdRciours awhile
mai ntai ning a tenperature of 190C, heating was then stopped, and then the

aut ocl aveb wagd tafet cb 0t CiO0h gata woamt & dapesa wh ectdiec o @aat itpRasakytiian was
removed fromthe autoclave after cooling to roomtenperature, and various
pr oduct sw arerthen d@lrug fcarh sler e nquian higt &b iweeltyc aned inied dtylddsquide type
chromat ography in a manner simlar to that in Exanple 1. The yiel ds of
| acti cohondsal womhpoandl thdtcdhnceigulst ssarecstrdwnt iandrabl eezdtetiofromn Tabl e
2, "trace" indicates that the percentage is |ess than 0.05%
the group consisting of an indium compound, a gallium compound, an
aluminium compound, a tin compound, and a rhenium compound, so
that lactic acid and/or lactic acid ester can be obtained as a reaction
product. Furthermore, in this embodiment, a carbohydrate-containing
raw material is subjected to heat treatment in a water- and/or
alcohol-containing solvent containing at least one type of compound
selected from the group consisting of an alkali metal salt, an alkaline
earth metal salt, a first transition series metal salt, a quaternary
ammonium salt, and a quaternary phosphonium salt in addition to at
least one type of the above compound, so that lactic acid and/or lactic

acid ester can be obtained as a reaction product.

[0150]
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[ 0208] (Exanple 6) Reaction was perfornmed simlarly to Exanple 5 except for
using 24 ng (0.08 mmol ) of di-n-butyltin chloride (('Bu), SnCl2) instead of
tin (11) chlorideVarious products in the thus obtained

reactionsol uti onwerequantitativel yanal yzedbyl i qui d chromat ography. The
yields of lactic acids in the analytical results are showm in "fable 2

bel ow. [0209] (Exanple 7) Cellul ose (0.405 g) (corresponding to
2.5 mmol of glucose residue) that had been dried for 2 or in ore hours in
air at 120C, 1Lhngugb. (02 mwol §f ohidiennb bddinikhinliciinuoeiemenkdanedulct onat e
(C. Bu)2Sn(0O102) (catalyst A), 15 nmg (0.08 mml) of tin (I1) chloride

(Snd nhc{¢atsleysttab3pe 2©nmkn4eoﬂyn¥ﬂuﬁuﬁed.andha}s@mrmﬁﬁgnbapywérenadded
to a 50-nlL, stainless-steel autoclave, and then the lid was closed. Air in

t he au@@cb@hedma@ﬂpurg%dﬂmjthmnitpogemagﬁguAﬂﬁer pregsuri ztaticon t @l 5 Ma,
the interior of the autocl ave was heated to 190C using a mantl e heater
whi | e sligadasgaieded xt and wimhngspacBeidesr . Qubsequentddtgseksti iRi ngt was
continued for 10 hours while maintaining a tenperature of 190C,  heati ng was
then stappelly dahd-€RBAH2 HHE Cautict| axﬁéewg | 6VENE 0V RBBI 2atl o} HiiEl Bnpeiat ur e.
The reaction sol ution was. renoyed fromthe autoclave after cooling to room
t enper AR O N AN D &FTBUE B B?j‘ﬁlgt s in the solution were quantitatively
analyzgﬁ g¥ l'iquid chromatography in a manner simlar to that in Exanple 1.
The vyi 431df l'actic acids in the anal ytical results are shown in Table 2
bel ow. [0210] 8) ction wa S|n1IarIy to
Banpl e 7 exeepre VO IG C % Wy PO B B SRR BTy P AL

trifl u%\gnﬁlta?@?] aslukrg(}{}qts CCI(I%%tdqw%ltt é’?afm)% 4{11 ré& gfdtrggpd) 8 1t£fr{11ng(| )

chloride (ca ari ous products 1’n the "thus" o

react | eRAQ) mpﬂ\@%r eqwa@t AbptLvel wanal yredvh aund G aael oar agly. the
yields of lactic acids in the analytical results are shown in Table
bel ow. o[ Ogblk s (tE¢aEBk @) 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]

113

As “indium compound,” “tin compound,” and “rhenium
compound” in this embodiment, the above-defined compounds can be
used. Examples thereof are preferably halide salts and carboxylate.
Examples of such metal compounds include, but are not limited to,
indium (III) bromide, indium (IIl) chloride, indium (III) iodide,
indium (III) chloride tetrahydrate, indium (III) acetate, acetylacetone
indium (III), tin (II) chloride, di-n-butyltin (II) chloride, and rhenium

carbonyl.

[0154]
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Reaction was perforned simlarly to Exanple 7 except for adding 18 ng (0. 16
nmol ) of catechol in addition to cellul ose,

di -n-butyltintrifluoromethancsul fonate, tin (I1) chloride, and

met hanol . Vari ous products in the thus obtained reaction solution were
guantitatively analyzed by liquid chromat ography. The yields of |lactic acids
in the analytical results arc shown in Table 2 bel ow. [0212] (Exanple 10)
Reaction was performed simlarly to Exanple 7 except for using 24 ng (0.08
mol ) of di-n-bButilies chf orhdesd1(Bun, SGh3b uinnist eagldof“drd Na(dh)inium

chl oride. Various products in the thus obtained

react i ongsoh it h dOhwar edpiant mtbatd ivied iytanak yzéeblyhiidui datisr ofatlogyaphy.t dhe
yields of lactic acids in the analytical results are shown in Table 2

bel ow. (fle2t3{c§ Compaoatdose exanpiécd) and iodidReaction wastpeadaromed
simlarly to Exanple 6 except for using 4 ng (0.02 mmol) of

p-t ol uenesud fowhj camch tk ovoinishyarmpe ufETSAR o QY ldtest pad sphaten (ulifpte,
trifluoromethanesul fonate. Various 2 products in the thus obtained reaction
sol uti apdwar&rajgant Prafinadlly gramyples vhereehi thdudendtadgd aphyltsThadyi el ds
of lactic acids in the analytical results are shown in Table 2 bel ow

[0214) cpreuytay- AsSeReWd Ci AxFamles2thgrgetti englaides Byl 3 chd obbtiap hed i n

hi gh i el dseveni nt hecasesof ysi ngtin/ organictin .

L1 01 ubh oL RAMLS Il oria it Hatd" @ﬁﬁ%ﬁdbtﬂhéilﬂméﬁﬂorlde hexahydrate.
trifIuPé?ggﬁhanesulfonate.Higher yields were nore likely to be

In one reaction system, at least one type of compound
selected from the group consisting of an indium compound, a gallium
compound, an aluminium compound, a tin compound, and a rhenium
compound may be used and two or more of these compounds may be
used in combination.

[0156]

In this embodiment, at least one type of compound selected
from the group consisting of an alkali metal salt, an alkaline earth
metal salt, a first transition series metal salt, a quaternary ammonium
salt, and a quaternary phosphonium salt is used as another catalyst for
degradation reaction of cellulose, and sugar 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

hal

quaternary phosphonium salt,” the above compounds can be used as an
alkali metal salt, an alkaline earth metal salt, and a quaternary
phosphonium salt. Examples thereof include, but are not limited to,

bis(triphenylphosphine)iminium chloride ([PPN]CI),
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obtained particularly in the cases of conmbined use with tin/organic tin
chloride.On the other hand, lactic acids were al nost never generated in the
case (Conparative exanple 9) of using a tin conpound ot her than
trifluoronethanesullonate as a catal yst. [0215] In Exanples 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 |ower proportion (20% Exanple
7) of di-n-butyltin (11) trifluoronmethanesul fonate (catalyst A) relative to
t he t obas(tamoue ylofh cgtlalnegimifoahal ysts A hrdd)idased than ¢([PdtNiBra ease
of a higher proportion (80% Exanple 8) of the sanme. Therefore, it was
denonsbn afted It dray | pdhvesp lamot eintim conpound iisdadded to tin/ 6FRRNIIE) LI Nn
trifluoronmethanesul foliate, the relatively | ow proportion of tin

trifl ubﬂmtmezsmlﬁmﬁtl@cbemamwe toceteotytial amouht of PEAA YEtld)used is
seful for ning | actic acids ield 6] In
;ddl 'ltJ| 6?1”%{ I | g‘lludli‘ 1‘35 1P HEe ﬁ&uﬁlg@@ éﬁlﬁéry %Pl?‘éa@ﬁ”idéﬂ‘:h\l/\ﬂ‘ufléjﬁ is a

S?EPSUEM tiTthe (AAE ORI A5 bp Faai ng oo Efechol O AN EEa]
E:an%g: : tr\h Alpz(ﬁﬁ%)unét 12%3%\!}%3#}&” Igt)hy??gglmg%”?m( Anount added (rmDI %C))“Aoédl tive
(hch(H{J;HZOCJ{JWEtJZU, I-butyl-3-methylimidazoliumchloride
([bmim]Cl), l-butyl-3-methylimidazoliumacetate ([bmim]OAc),
l-butyl-2,3-dimethylimidazolium chloride ([bdmim]Cl),
l-butyl-3-methylimidazoliumtetrafluoroborate (Unninﬂ13F4L

tenaphenylphosphonium,chknide(Ph4PC1L lithium chloride, sodium

picolinate, sodium(trihydroxy)phenylborate,
bis(triphenylphosphine)iminium chloride, tetrabutylammoniumbromide,
and trioctylmethylammonium chloride.

[0158]

In one reaction system, one type of compound selected from
the group consisting of an alkali metal salt, an alkaline earth metal
salt, a first transition series metal salt, a quaternary ammonium salt,
and a quaternary phosphonium salt may be used and two or more of
these salts may be used in combination.

[0159]

A solvent containing water and/or alcohol and the amount of
the same to be used in this embodiment are as defined above.
[0160]

The total amount (to be used herein) of at least one type of
compound selected from the group consisting of an indium compound,

a gallium compound, an aluminium compound, a tin compound, and a
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| actate Lactic acid Total (Lactic acids) Methyl |evulinate Exanpe 5 Sn
(01T) 2 (0. 02) W, (0. 08) 15. 9 12. 1 28. 0 24. 9 Exanple 6 Sn (011)2
(0. 02) ("Bu)25nc, (O 08) 29.9

rhenium compound to be contained as a catalyst in a solvent
containing water and/or alcohol is not limited. A compound(s) can
be used in an amount corresponding to 0.001 mol to 1.0 mol, and
preferably 0.005 mol to 0.1 mol, such as 0.0l mol to 0.05 mol (in
terms of mass ratio) with respect to 1 mol of glucose residue or
fructose residue in the carbohydrate-containing raw material.

[0161]

The amount of at least one type of compound selected from
the group consisting of an alkali metal salt, an alkaline earth metal
salt, a first transition series metal salt, a quaternary ammonium salt,
and a quaternary phosphonium salt to be used as another catalyst can
be appropriately regulated by a person skilled in the art, ranging from
0.1 mol to 10.0 mol with respect to 1.0 mol of that of a compound
selected from an 1indium 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.

[0162]

In this embodiment, when a compound selected from an
indium compound, a gallium compound, an aluminium compound, a tin
compound, and a rhenium compound is used in combination with a
compound selected from an alkali metal salt, an alkaline earth metal
salt, a first transition series metal salt, a quaternary ammonium salt,

and a quaternary phosphonium salt, these compounds may bind in a
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6.6 36.5 12.3 Exanple 7 (93u)2Sn (0T02 (0.02) sSnCi2 (O 08) 15. 7 11.5
27.2 26.1 Exanple 8 ("Bu)2Sn (OTf) 2 (0. 08) Sndz (0. 02) 24. 4 trace 24.
4 16. 4 Exanple 9

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 alkalt 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 1is used as a catalyst, so that selective
retro-aldol reaction of sugars can be performed while suppressing
sugar cyclization, as described above. Furthermore, the isomerization
reaction can be efficiently performed to result in lactic acids from the
carbohydrate-containing raw material.

[0164]

In this embodiment, tin or organic tin perfluoroalkylsulfonate
can be used as another catalyst in combination with at least one type
of metal compound selected from the group consisting of an indium
compound, a gallium compound, an aluminium compound, a tin
compound, and a rhenium compound, and at least one type of salt
selected from the group consisting of an alkali metal salt, an alkaline
earth metal salt, a first transition series metal salt, a quaternary
ammonium salt, and a quaternary phosphonium salt. Tin or organic
tin perfluoroalkylsulfonate can be used as a catalyst for degradation
reaction of polysaccharides such as cellulose and sugar degradation-
isomerization reaction. Therefore, tin or organic tin

perfluoroalkylsulfonate 18 particularly preferable when a
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eflu)2sSn (0Tf) 2 (0. 02) SIICl 2 (0. 08)1 Catecdol (0. 16) 23.5 11.7 35.2
15.2 Exanp!e 10 ("Bu)2Sn (011 )2 (O 02) (TOIS nCz (O 08) 31.3 5.5 36,8
13. 1 Conparative exanple 9 PISA 1120 (0. 02) (93u)23nC1,

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 1is
trifluoromethanesulfonate (trivial name: triflate). For example, tin
(ID) trifluoromethanesulfonate and dibutyltin (11)
trifluoromethanesulfonate can be used.

[0166]

Tin or organic tin perfluoroalkylsulfonate can be used in an
amount corresponding to 0 mol to 1000 mol with respect to 1.0 mol of
that of a compound selected from an indium compound, a gallium
compound, an aluminium compound, a tin compound, and a rhenium
compound. Tin or organic tin perfluoroalkylsulfonate is preferably
used in the same amount as or higher than that of a compound selected
from an indium compound, a gallium compound, an aluminium
compound, a tin compound, and a rhenium compound. Tin or organic
tin perfluoroalkylsulfonate is further preferably used in an amount
ranging from 1.0 mol to 50 mol (e.g., 1.0 mol to 20 mol) with respect
to 1.0 mol of that of a compound selected from an indium compound, a
gallium compound, an aluminium compound, a tin compound, and a
rhenium compound.

[0167]

In this embodiment, a carbohydrate-containing raw material is
subjected to heat treatment in a water- and/or alcohol-containing
solvent containing at least one type of compound selected from an

indium compound, a gallium compound, an aluminium compound, a tin
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(0. 08) 0.3 trace 0.3 1. 3 [0217] (Exanple 11) Cel | ul ose (0. 405
g) (corresponding to 2.5 mmol of glucose residue) that had been dried for 2
or nore hours in air at 120C, 11 ng (0.02 mmol) of di-n-butyltin (1)
trifluoronethanesul fonate (nBu Sn(Orf)" f-CF SO ) and 28 ng (0.08 mmol) of
i ndium bromde 22 32 (InBr ) as catalysts, 20 m, of nethanol, and a
stirring bar were added 3 to a 50-nL stainless-steel autoclave, and then
the lid was closedAir in the autoclave was purged with nitrogen gas. After
pressurciongpdondt 0 addS M lraentihe | aberparndf ahlde aut bedaveonas theat egrt o
190C using a mantl e heater while stirring the mxture with a nagnetic
stirreronSubseduentedcyedsfriomt i axg alés i contialuedltf can ) khodiires enhih emetal
mai ntai ning a tenperature of 190C, heating was then stopped, and then the
aut ocl avkt,wasfikef tiramwsicool satieoone tadnpeltatarge: atg hea react memisoh utdlon was
renmoved fromthe autoclave after cooling to roomtenperature, and various
producesdi it tdeasonaryomhaspdoguant i saltti veny dnaihezeddnytalining dtin or
chromat ography. The yields of lactic acids in the analytical results are
shown PHRETAB et beksiduororhpysudfonate | hidi eagessariat tHeapetcaitaget i s
equal to or less than the detection limt. 40218] (Exanpl e 12)

conditions can be appropriately regulated by a person skilled in the

art depending on saccharides and alcohol types contained in raw

materials. The temperature for heat treatment preferably ranges from

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

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

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

be performed at a relatively low temperature.

[0168]

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

In still another embodiment of the present invention, a

carbohydrate-containing raw material is subjected to heat treatment in

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

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

of indium alkoxide and indium acetylacetonate, so that a reaction

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

[0169]

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

acid ester can be conveniently produced with very high efficiency

from carbohydrates in a carbohydrate-containing raw material.

[0170]

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

raw material in this embodiment may be any raw material containing
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Reaction was performed simlarly to Exanple 11 except for adding 11 rug
(0.1 mml) of catechol in addition to cellulose, di-n-butyltin (Il) tri

f I uor onet hanesul fonate, indium brom de, and net hanol . Vari ous products in

t he thus obtained reaction solution were quantitatively analyzed by |iquid
chr omat ogr aphy. The yields of lactic acids in the analytical results are
shown in Table 3 below [0219] (Conparative exanple 10) Reacti on
was performed simlarly to Exanple 11 except for using 18 ng (0.05 mmol) of
i ndi umchrioohdérd{tlesBr 3heahbnecade fincalt al atetrialist bant besi s diermeibutydt i n
(I'l') tn fluoronethanesul fonate. Various products in the thus obtained

react i olme solam p brs Wes e afuant inbatliwetyd ahakyzed by |iquid chronat ography. The
yields of lactic acids in the analytical results are shown in Table 3

bel ow. [f0220] (Resul t s) As shown in Table 3, through the use of
organic tin trilluoromethanesul fonate in conb ination with indium brom de,
|l actic acids ddul dtbes obteaibedimgnhi ghendyi@l ds alkhakide t e cased{eime above
Exanple 2 (Table 1)) of using organic tin trifluoronethanesul fonate al one.
Ther ef 8F &Y laCe{Rida erisnstscsl b thata tehes uske rofd agradef gami teaqthon  and
trifluoronmethanesulfonate in conbinaLjon wi th an_indi um conpound is useful
for obt™I'RFRY 4L H¥ i'¢2&E1 s PR hicghbYheddatec@psefning raw matesiglyaingd on, as
a result of perfornigg a reaction with the further addition 8;%0 t echol ,

whi ch [ ECPHEMH T cTEoMp8ind," ith B @ w2 et adfi @DadPdS REHI ¥ De bt ai ned
in hi gperul)(ii%l qg ﬁi@agc{cp atnhae/o(%afsa(:"ct?éc a%qgi D9 1O C.r} %Chg)!afér%égn‘g!(gml]l)e'
[ Tabl e' 3] ¥ P P
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 isopropoxide, indium-n-butoxide,
and indium-t-butoxide. Examples of indium acetylacetonate that can
be used in this embodiment include acetylacetone indium, tris
(2,2,6,6-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.
[0172]
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 acetylacetonate, which is to be contained in a solvent

containing water and/or alcohol is as follows. Indium alkoxide
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and/or indium acetylacetonate can be used in an amount corresponding
to 0.00001 mol to 1.0 mol, and preferably 0.005 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
glucose residue in a carbohydrate-containing raw material. However,
the examples thereof are not limited thereto.

[0174]

A method for producing lactic acids using indium alkoxide
and/or indium acetylacetonate is particularly suitable for generation
of lactic acids from monosaccharides, and thus is particularly
preferable when a carbohydrate-containing raw material contains
monosaccharides.

[0175]

In this embodiment, a phenolic compound is preferably
further added to a solvent and then used, in addition to indium
alkoxide and/or indium acetylacetonate. Examples of a phenolic
compound include, but are not particularly limited td, phenol, cresol,
alkylphenol, catechol, pyrogallol, alkoxyphenol, salicylic acid,
salicylic acid ester, 2,2’-biphenol, and quinolinol. The amount of a
phenolic compound to be used herein can be appropriately regulated
by a person skilled in the art, preferably ranging from 0.1 mol to 10.0
mol and further preferably ranging from 1.0 mol to 4.0 mol with
respect to 1.0 mol of the total amount (to be used herein) of indium
alkoxide and/or indium acetylacetonate. The yields of lactic acids
can be significantly improved by the addition of a phenolic compound.
[0176]

In this embodiment, a carbohydrate-containing raw material is

subjected to heat treatment in a water- and/or alcohol-containing
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[ 0222] (Exanple 13) Cel lul ose (0.405 g) (corresponding to 2.5 nmot
of glucose residue) that had been dried for 2 or nore hours in air at 120C,
53 ng(0. 1mmol ) of di-n-butyltintrifluoronmethanesul fonate
((nBu) 2Sn(0Tf), ), 33ng(0. 05mmol ) of rheni uncarbonyl (Re (CO ), 20 nL of
met hanol and a stirring bar were added to a
solvent containing indium alkoxide and/or indium acetylacetonate.
In this embodiment, indium alkoxide and/or indium acetylacetonate,
and a carbohydrate-containing raw material are preferably added into
a solvent containing water and/or alcohol before heat treatment. A
phenolic compound may be added with indium alkoxide and/or indium
acetylacetonate to the solvent containing water and/or alcohol. Heat
treatment conditions can be appropriately regulated by a person
skilled in the art depending on saccharides or alcohol types contained
in a raw material. The temperature for heat treatment preferably
ranges from 100°C to 300°C, and more preferably ranges from 100°C
to 250°C. For example, the temperature preferably ranges from
140°C to 195°C.
[0177]

All embodiments (1) to (5) above can be performed at a
relatively low temperature for heating. The heat treatment is also
preferably performed in the absence of oxygen. To create such
oxygen-free conditions, preferably, a reactor is filled with an inert gas
before heat treatment and then air is purged (eliminated). Inert gas
types are not particularly limited. Examples of inert gas include
nitrogen gas, argon gas, and carbon dioxide gas. Heat treatment is
also preferably performed under pressurized conditions. The reaction
pressure is preferably the same as or higher than atmospheric pressure,
preferably ranging from 0.3 MPa to 20 MPa and further preferably
ranging from 0.4 MPa to 10 MPa.

[0178]
In embodiments (1) to (5) above, reaction in a solvent

containing water and/or alcohol 1is preferably performed in an
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210 50-nL stainless-steel autoclave, and then the lid was closed. Air in the
autocl ave was purged with nitrogen gas. After pressurization to 0.5 MPa, the
interior of the autoclave was heated to 190C using an electric furnace
while stirring the mxture with a magnetic stirrer. Subsequently, stirring
was continued for 10 hours while maintaining a tenperature of 190C, heating
was then stopped, and then the autoclave was |left to cool at room
tenperature. The reaction solution was renoved fromthe autoclave after

cool i nguttoctaom tenparatpiree, bandh v aniaowus! prbducd 5i$ mdthi nsiok dt tihar ewer e
guantitatively analyzed by liquid chromat ography. The yields of |lactic acids
i n the famathar patferadlbt e amteoshiopmm iy Tabd etis ubaelsofldw- Taddde répactidn

i ndi cates that the_percenta?e is equal to or less than the detection limt.
[ 0223] N Edetpl(eonginuous methomRgact Aore agiso perdlot med priemial ad |ty thoi BExegipl e 13
except for using 42 ng (0.1 mmol ) of tin (1I) trifluoronethanesul fonate

( Sn( OT@7Favf NAa¢ERQD7 ! aﬁbvgstaniy% Ot @5t #h¥oIt) 150f O p e Al gas bplie d( Re X C0) 10)
as catal ysts. vario%s products in the thus obtained werequantitatively
foact SRYGIUL CORAHR) § detiby1 3 Yfuidd PE R A B HEEBYY Hp g ™M 2 HES 52 bPTICERT e, aci ds
in the analytical results are shown in Table 4 bel ow £0224£ (Exampl e 15)
Hoat | PAAL FEHE CUabd ot Bt MR S4TROLHS 68 rbduiadsmot et time Tor
200Cusi ng64ng( 0. 12nmol ) of di -n-butyltin(l1) trifluoromethanesul fonate
(C1311)¢ %?g??) ) and 20 ng (0.1 nmol) of 2 nanganese chloride tetrahydrate
(MC12:414 9) as catal ysts. Reaction was performed under conditions simlar
to those o? Exanpl e 13 except

In embodiments (1) to (5) above, for example, at least one
type of compound selected from the group consisting of a tin
compound, a rhenium compound, and an indium compound, and if
necessary another compound (at least one type of compound selected
from the group consisting of a magnesium compound, a first transition
series metal compound, a lithium compound, an alkali metal salt, an
alkaline earth metal salt, a first transition series metal salt, a
quaternary ammonium salt, a quaternary phosphonium salt, and a
phenolic compound), a carbohydrate-containing raw material, and a
water- and/or alcohol-containing solvent are placed in an
electromagnetic stirring autoclave. Air is purged with inert gas, the
resultant is heated to the above temperature for heating, and thus
reaction is performed for a predetermined time. The time for heating
can be appropriately regulated by a person skilled in the art.
Examples thereof range from, but are not particularly limited to, 3
hours to 24 hours after the temperature has reached the temperature
for heating and preferably range from 5 hours to 12 hours. After the
predetermined time for heating has passed, heating is halted and then

the resultant is left to stand to cool to room temperature. After it is
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for the above conditions. Various products in the thus obtai ned

reacti onsol uti onwerequantitativel yanal yzedbyl i qui d chr omat ogr aphy. The
yields of lactic acids in the analytical results are shown in Table 4

bel ow. [0225] (Exanple 16) Heat treatnment was perfornmed for 24
hours of reaction tine at 200C using 32 ng (0.06 mmol) of di-n-butyltin
(1) trifluoronethanesul fonatc ((Bu)2Sn(0Tf),), 10 ng (0.05 mol) of
manganese chl oride tetrahydrate (WMhC17,4H70), and 16 ng (0.025 mol) of

r heni uav chgdbonyto ¢Ret €8Pk ¥t Az, ctdteak ys¢ S 0 nRpacd it on i was npey ¢ orfivedn uhaer
conditions simlar to those of Exanple 13 except for the above

condi t #ofsc varci ous products in the thus obtained reaction solution were
guantitatively analyzed by liquid chronmatography. The yields of lactic acids
in thel&@h®&}tical results are shown in Table 4 bclo w. [0226] (Exanple 17)
heat treatnment was performed for 24 hours of reaction tinme at 200C using 64
ng (0.12 mol YA60.di WAEButd/| €PAtMU9u r {§9 Wik dest hapesiupponaeghod  is

((13u)25n(0Tf),), 20 nmy (0.1 mmol) of manganese chloride tetrahydrate
(NhCl,QWHgGYFdaﬁUrQQCH@“(69é§19ﬁDP§eRﬁr941 Hiﬁﬂﬁéégbﬁn§¢a$F@“€CK$P9‘%&

catal ysts. Sﬁgﬁtiqn was 7 performed under conditions simlar to those of
Exanpl €18 “8¥tept® F 6t pﬂé’nébH\Fe N t9UHS S VA SUs pr BUUTE PO the 2t hus
oL e 6, IO S AL B B, R S o
2o ARIARS tabel s LFR21) ol Syaumle A, e A IR Mg RS Or
trifl u@(ft?ﬂ%tth?é"eéplaf Qﬁgéﬁegi(u]n%uémﬁr})(o%rrw; b 1hQ¢ npraqlgitqgnn@ti)es()fm etal
compound, a lithium compound, an alkali metal salt, an alkaline earth
metal salt, a first transition series metal salt, a quaternary ammonium
salt, a quaternary phosphonium salt, and a phenolic compound), a
carbohydrate-containing raw material, and a solvent containing water
and/or alcohol is continuously supplied to a reactor controlled to have
a predetermined temperature for heating and pressure. The resultant
is caused to remain within the reactor for a predetermined time for
heating for reaction. After the time for heating has passed, heating
1s halted and then the resultant is left to stand to cool to room
temperature. After it has been cooled to room temperature, the
reaction product is removed from the reactor.
[0181]

With the above method, lactic acid and/or lactic acid ester
can be generated in a high yield. When a carbohydrate-containing
raw material contains cellulose, lactic acids are generated in large
amounts from saccharides resulting from efficient solvolysis of

cellulose. According to the method of the present invention, lactic

acid and/or lactic acid ester can be obtained with a yield of 9% to 50%
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magnesi um chl ori de hexahydrate (MyCl12.6117,0), and 16 ing (0.025 mmol) of
rheni um carbonyl (Re (CO ) as catal ysts. Reaction was 21 0 perforned under
conditions simlar to those of Exanple 13 except for the above

conditions. Various products in the thus obtained reaction solution were
guantitatively analyzed by liquid chromat ography. The yields of |lactic acids
in the analytical results are shown in Table 4 bel ow. [0228] (Exanple 19)
Heat treatment was performed for 10 hours of reaction time at 200C using 50
ng (0. 22 tholb)asos df mhel hknibrarf bfionomes hathésedit onatde a@3001;a@2j T facCH1S02) ,
20 ng (0.1 mmol ) of magnesi um chl ori de hexahydratc (MCl2-6f1,0), and 33 ny
(0. 05 pwidr) péneheridunpear bpnydo scRer§ GQue) as clatatyst s.reRedct i am was
performed under 2 " 0 conditions simlar to those of Exanple 13 except for
t he aboyeb clondli aticonsn Vaimiiogsr prvodudiesidln t heln hadd dboai ned!d eactdizan
solution were quantitatively analyzed by |iquid chromatography. The yields
of | actll ddcdérdsagn he fapargs.i caprasesiing tArcenyhovir on Mapke Unpel ow.

[0229] (Results) As shown in Table 4, as a result of usin% Sn(01-f) that is
tin 2 lactic acid’and/or lactic acid ester with respect to the number of moles

of lactic acids theoretically generated per glucose residue (lactic

acids/glucose residue = 2 mol/l mol) or per fructose residue (lactic
acids/fructose residue = S5 mol/2.5 mol) from cellulose as a raw
material.

[0182]

[n particular, when a solvent used in the above “(1) Method
using tin or organic tin perfluoroalkylsulfonate as a catalyst” contains
alcohol, lactic acid and/or lactic acid ester can be obtained with a
yield of about 20% to 40%, for example, on the basis of yield (%) per
glucose residue or fructose residue in a carbohydrate-containing raw
material. When a tin compound (in particular, a tin or organic tin
halide such as tin chloride or di-n-butyltin chloride) other than
perfluoroalkylsulfonate is used in addition to tin or organic tin
perfluoroalkylsulfonate, the yield of lactic acid and/or lactic acid
ester can 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 in addition to tin or organic
tin perfluoroalkylsulfonate, the yield of lactic acid and/or lactic acid

ester can be increased by about 1% to 20%, for example, compared
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trifluoronethanesul foliate or ("Bu) Sn(OTf)that is di-n-butyltin 22
trifluoronethanesul fonate in conbination with rhenium carbonyl (Re (CO )
and/ or manganese chl ori de tetrahydrate (MiClL 4HO) or 21022 rmagnesi um

chl ori de hexahydrate (MyCl2-6H20) as a catal yst, lactic acids, and
particularly lactic acid ester was obtained with a yield higher than those
in the case (the above Exanples | and 2 (Table 1)) of using Sn(OIf), or
CL3102Sn( 0l f), al one. However, unlike Exanples 1 and 2, no lactic acid was
gener atvedh 4 @23@] in which tin burdhermior en paefliuoraaildgl sanfo pard icul egd y

| actic acid ester could be obtained in a high yield in the case of using
Sn(OrQ2lone nu),rSn(a0Tf § g tchat irsdi wiribtit yla i ntimi  fd wroponmtdhaneshdrf ontdtam

rheni um carbonyl (Re (CO ) and nanganese chloride tetrahydrate (MCl .41-1
0) or pmaghesiremlklorlifde abexXahyria Et eulavg@ tBHR0) oigaz conbiahad ¢ cmcds a
catal yst (Exanples 16-19), conpared with the cases (Exanples 13-15) of

usi ng ehotinypeboaflecart aliystbusHeor rh)loride ) 1Buyd B @Tftpt hat orsorganic

di -n-butyltin_trifluoronethanesul fonate and rheni um carbonyl (Re2(C0)10) or
manganéde R#ifdrpaeatictisah{ondice (Nictheanogy, oW hvegriési afm eREaRi¢etin
hexahydr at e (I\/g?%z 61120) .

perfluoroalkylsulfonate alone is used, when a tin compound other than
perfluoroalkylsulfonate (and in particular, a tin or organic tin halide
such as tin chloride or di-n-butyltin chloride) is used in addition to
tin or organic tin perfluoroalkylsulfonate, or when one or more types
of compound selected from the group consisting of an indium
compound (in particular, an indium halide), a rhenium compound, a
magnesium compound, and a first transition series metal compound are
further used in addition to a phenolic compound, the yield of lactic
acid and/or lactic acid ester can be increased by about 1% to 20%, for
example, compared with a case of adding no phenol compound.

[0183]

Also, according to the above “(2) Method using a tin
compound as a catalyst,” lactic acids can be obtained with yields of
about 45% to 60% on the basis of yield (%) per glucose residue or
fructose residue in a carbohydrate-containing raw material containing
cellulose, monosaccharides, or the like.

[0184]

Furthermore, according to the above “(3) Method using a
rhenium compound as a catalyst,” when a rhenium compound alone is
used, lactic acids (e.g., lactic acid ester) can be obtained with yields
of 15% to 30% on the basis of the number of moles of lactic acids

generated per glucose residue or fructose residue in a
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22 Therefore, it was denonstrated that the conbined use of tin/organic tin
trilluoronethanesullonate with a rheni um conpound and a nanganese conpound
or a nmagnesi um conpound is useful for obtaining lactic acids in high
yields. 'Table 41 %fileR meuurtAai 141G N Ct 078 C9 9.6 Total
(Lactic acids) 61zZ: V91 61C

carbohydrate-containing raw material containing cellulose,

monosaccharides, or the like. Also, when a compound of a metal

other than rhenium or tin or organic tin perfluoroalkylsulfonate is

used in addition to a rhenium compound, the yields of lactic acids can

be increased by 5% to 50%, for example, compared with a case in

which a rhenium compound is used alone.

[0185]

Furthermore, according to “(4) Method using an indium
compound and the like as catalysts” above, an alkali metal salt or the
like is used in addition to an indium compound or the like, lactic
acids can be obtained with a yield of 15% to 75% (e.g., yield of 50%
to 70%) on the basis of the number of moles of lactic acids generated
per glucose residue in a carbohydrate-containing raw material.

[0186]

Furthermore, according to “(5) Method using an indium
alkoxide and the like as catalysts™ above, lactic acid and/or lactic acid
ester can be obtained with a yield of 5% to 60% (e.g., yield of 30% to
50%) on the basis of the number of moles of lactic acid and/or lactic
acid ester generated per glucose residue in a carbohydrate-containing
raw material. When a phenolic compound is used in combination
with indium alkoxide and/or indium acetylacetonate, the yield of
lactic acid and/or lactic acid ester can be increased by 5% to 15%, for
example, compared with a case in which indium alkoxide and/or
indium acetylacetonate is used alone. When a phenolic compound is
used in combination with 1indium alkoxide and/or indium

acetylacetonate, the yield of lactic acid and/or lactic acid ester can be

increased by 5% to 15%, for example, compared with a case in which
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Vof r

indium alkoxide and/or indium acetylacetonate is used alone.
[0187]

Lactic acid or lactic acid ester is also preferably separated
from the above-obtained reaction solution. Such separation can be
performed by an organic acid separation method known by a person
skilled in the art, such as liquid chromatography.

[0188]

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

[Examples]
[0189]

Hereafter, the present invention is described in greater detail
with reference to the examples, although the technical scope of the
present invention is not limited to the examples.

[0190] (1) Method using a tin compound as a catalyst
(Example 1)
Cellulose (0.405 g) (corresponding to 2.5 mmol of glucose

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

(0.02 mmol) of tin (II) trifluoromethanesulfonate (Sn(OTf)z;Tf =
CFBSoz), 20 mL of methanol, and a stirring bar were added to a 50-mL
stainless-steel autoclave, and then the lid was closed. Air in the
autoclave was purged with nitrogen gas. After pressurization to 0.5
MPa, the interior of the autoclave was heated to 190°C using a mantle
heater while stirring the mixture with a magnetic stirrer.
Subsequently, stirring was continued for 10 hours while maintaining a

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

[0191] (Example 2)

Reaction was performed similarly to Example 1 except for
using di-n-butyltin (Il) trifluoromethanesulfonate ((“Bu);Sn(OTf)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 1 below.
[0192] (Example 3)

Reaction was performed similarly to Example 2 except for
using pure water instead of methanol. Various products were
quantitatively analyzed by liquid chromatography. The yields of
lactic acids in the analytical results are shown in Table | below.
[0193] (Comparative example 1)

Heat treatment was performed for 5 hours of reaction time
using 0.1 mmol of aluminium trifluoromethanesulfonate (Al(OTf)3)
instead of tin (II) trifluoromethanesulfonate. Reaction was

performed under conditions similar to those of Example 1 except for
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the above conditions. Various products were quantitatively analyzed
by liquid chromatography. The yields of lactic acids in the analytical
results are shown in Table 1 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
chromatography. The yields of lactic acids in the analytical results
are shown in Table 1 below.

[0195] (Comparative example 3)

Heat treatment was performed for 5 hours of reaction time
using 0.1 mmol of zinc trifluoromethanesulfonate (Zn(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
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
(PTSA-Hzo) instead of tin (II) 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 | below.
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Sn(0T02 /0.1 13u7Sn(Orf)2 /0.12 "Bu, Sn(OTQ, /0.06 "Bu2Sn(OTQ2 /0.12 sow
"(4io)uszneu Sn(0-102 /0.12 Exanple 13 Exanple 14 Exanple 15 Exanple 16 LL
Wrex2 | Exanple 18 [ 0231] (Exanple 20) D-fructose (0.45 g (2.5
mml)) as a raw material, 5 ng (0.025 mml) of tin (Il1) chloride as a
catalyst, 20 ng (0.1 nmmol) of manganese chloride tetrahydrate as a
pronmoter, 10 nL of nethanol as a solvent, and a stirring bar were added to
a 50-nm, stainless-steel autoclave (Taiatsu Techno Corporation), and then
the |i d0nwas]diCosedardiive exbémelaui)ocl ave was purged with nitrogen gas.
After pressurization to 0.5 MPa, the autoclave was heated to 150C using an
el ectric furnadeaqhione vet$ rpé¢rfgridml mixtihpel ywitoh Fxaraghet | cestépt efor

Subsequently, stirri was continued fo hours whjl e intainin
t enper 4t L & oftTSOC,(?g)nd tHER T fie au&%‘t{:éz\sl)e wadg St t o°tool At rgéﬁ

tenperature. The reaction solution was renoved fromthe autoclave after
cool i n§i TRy PR eHiEr &S Y IHopREe sol UVRBY Wer BTAAHAET t AtGhfel dUARKAItYEBYE By

l'i quid chromat ography. The yields of lactic acids in_the analytical results
are shém{WF&rg’r}’l il‘su‘b’elcg\?\f’@e?éﬁg%%\% i s heprieddntel ! intipet cidhit ageth@y
figures for .the nunper of | es. | ). of a .product with respect to the
nunberan‘P%F% r(F‘gE i?:reaéggéf“/r‘ff‘éjgf%gé I:hsl“’lr‘ﬁ’f"bl/Z.S mol ) of lactic acids
theorehi) %; enerated from D-fructose as a raw material. In Table,
"trace" f% gg%égpf’h‘éttwfh%”b@lp&%n age is less than 0. 5% [0232] (Exanple
21)

Reaction was performed similarly to Example | except for
using di-n-butyltin (II) chloride ((”Bu)ZSnClz) 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 Ta’ble 1 below.
[0199] (Comparative example 7)

Reaction was performed similarly to Example | except for
using di-n-butyltin (II) oxide (("Bu)ZSnO) instead of tin (II)
trifluoromethanesulfonate. Various products were quantitatively
analyzed by liquid chromatography. The yields of lactic acids in the
analytical results are shown in Table 1 below.
[0200] (Comparative example 8)

Reaction was performed similarly to Example 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 1 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)2
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Reaction was perforned simlarly to Exanple 20 except for using 7 ng (0.025
nmml) of tin (I1) bromde instead of tin (Il) chloride.Various products
were quantitatively analyzed by Iiquid chromat ography. The yields of lactic
acids in the analytical results are shown in Table 5 below [0233] (Exanple
22) Reaction was perfornmed simlarly to Exanple 20 except for
using 28 ng (0.1 mml) of n-butyltin trichloride instead of tin (11)
chloride. Various products were quantitatively analyzed by |iquid

chr onat b taphy . tThet ry flalods mod t Haasid feied @ » i 0 d he FangSyt((CEad) ,r édudtt dsar e
shown in Table 5 below. [0234] (Exanple 23) Heat treatnment was
per f or feech ftortylGnhgurf§uof omeabtnenutfiomtusi ng B0cfiig y60. 1 Ahwd,) laktic
phenyltin trichloride instead of tin (11) chloride. Reacti on was perforned
under eondii tpohé BeEnbbarinal those bifgiExamgde thooegbeptatuont He abever

condi tions. Vari ous products were quantitatively analyzed by liquid

chr omaf Bgeaphle. 3rhe yields of lactic acids in the analytical results are
shown in Table 5 below. [0235] (Exanple 24) Tin
triflub?dfethanesul fonate (42 ng (0.1 nmol)) was used instead of tin (I1)
chloride and 2 (0.1 mml) of magnesium chl ori de hexahydrate was used

i nst ead of man(gagglé"e RIcSr PaBds e $ahydr e 2 Rt iSoA Fwkis therd Oidve & wisder

cond Long S Lar Lo Lhoee, bl Sxaml e 20, Sxchpl ST 2O, o
Chr ot SRR I8 ) oSk ey B ROEL Y ol results are
[0203]

Also, in the case of using p-toluenesulfonic acid-monohydrate
(PTSA~HzO) as an acid catalyst (Comparative example 4), although
cach catalyst was used in an amount 5 times that used in Examples 1-3,
the yield of lactic acid(s) was only 0.8%. This is 1/32 (or less) the
yield obtained in Example 1, for example.

[0204]

Furthermore, in the case of wusing tin (II) chloride or
di-n-butyltin (II) chloride, which is not trifluoromethane sulfonate but
is chloride, no lactic acids were generated. Similarly, in the case of
using di-n-butylitin (II) oxide or di-n-butyltin (II) acetate, lactic acids
were generated in very small amounts (Comparative examples 5-8).

[Table 1]
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Reaction was perforned simlarly to Exanple 20 except for using 8 ng (0.02
nmml ) of tin trifluoronmethanesul fonate and 23 ng (0.08 mm 01) of n-butyltin
trichloride instead of tin (11) chloride.

quantitatively analyzed by |iquid chromat ography. The yiel ds of
are shown in Table 5 bel ow

in the
exanpl e

anal yti cal
11)

results

Vari ous products were

| acti

c acids

[ 0237] (Conparative
Reaction was perfornmed simlarly to Exanple 20 except
for using 24 ng (0.125 mMm @) of tin (I1l) chloride as a catal yst w thout

usi ng pronoter.Vari ous products were quantitatively analyzed by liquid
chromatjogr aphy. The yields of ,lactic acids.in tRewxanal ytical results jare
shown ijn Tabl e 5 helfw. [ 0238k« CopRar at il ye exanplie 12) Rgacti on
was periformed simjlarly to Exespl g 20 except k@ﬁ uiﬁﬁg M Ny MR ledi@%e Mol )
of tin {3t —brem-de-—as—a—catalystiw thout using a pronoter Various groducts
were q gﬂﬂﬁﬂativeléﬂﬁﬁhlvzedaﬁ% | 1Mgterd chifomaitiédr dphy. Thet viiegdds of |l actic
aci ds i|mpatrhe anal ytegal0mpesyb.bs am&m&howmm n Eabl € 5 bebow. |p0239]
(Comparjati ve exanpl e 13) "Heat treatnent was performgg for 10 hours
of readffii’ti me ysPRE @Y. my(0. 1ol ) of° tijm (1V)>ehl & 7de pent hydrat e

~ st it el nola Nnrn tAor Aot Aan vme narfor .'%’_PHTIICI&C%
as a Ccfﬁ"l"Y_%ff‘Wl tf ULEL uSHAg-a proppter—reatt-oi—Was—per-orfea—uhder
condi t i|6H&E L ¥ 1Y% hose | bf  ExABEI%e 20° exadrt  flaPet hé *abpffe® condilti ons.
Var i oug Spregtierege Wer@Dguant | ¢ &t i vigklproanal yzed oby 1iequi di-¢hr ot ogr aphy. The
yi el ds |odnpdededdngesaci@s, i N t her analwitaiccal | § esulztos ane shewn | ngTabl e |5
bel ow. [EHZANT. L.GOMPAL Alj Ve exampl & I4) |5 0. FOaL UNEat et was
perfor ed o1 a35-60§ ustagr 2t 6—05—mol)—oef—ti+n
trifl u(ﬂ&ffﬁ%v?]eé?ﬁpcesufnfénat e.as” r‘:-\'rM}-\tTagngf M’t hdutug ing a pro bt er . Reaction
was perferRERATde Peandi ti ch® siiEler t 0% hase |- - 0.9

Comparative example 7 | ("Bu) ;Sn0 0. 02 Methanol 10 0.4 0.9 1.3 -
Comparative example 8 | ("Bu) ,Sn (0Ac), 0.02 Methanol 10 0.4 0.3 0.7 0.5

[0205] (Example 4)

Cellulose (0.405 g) (corresponding to 2.5 mmol of glucose

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

then the lid was closed. Air in the autoclave was purged with

nitrogen gas. After pressurization to 0.5 MPa, the interior of the
autoclave was heated to 190°C using a mantle heater while stirring the
mixture with a magnetic stirrer. Subsequently, stirring was continued

for 10 hours while maintaining a temperature of 190°C, heating was

then stopped, and then the autoclave was left to cool at room
temperature. The reaction solution was removed from the autoclave
after cooling to room temperature, and various products in the

solution were quantitatively analyzed by liquid chromatography in a

manner similar to that in Example 1.
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of Exanpl e 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 bel ow. [0241]

(Conpar ative exanpl e 15) Reaction was performed simlarly to
Exanpl e 20 except for using 20 ng (0.1 mmol ) of nmanganese chl ori de
tetrahydrate as a pronoter wi thout using a catalyst. Various products were
guantitatively analyzed by |iquid chronmat ographyThe yields of lactic acids
in the[@anabytical results are shown in Table 5 bel ow. 10242] (Conparative
exanpl e 16) Reaction was perfornmed simlarly to Exanpl e 20 except
for using 20 mys (Drdswitpln) e dfy Inkegnese wm < hblboaimdsl kexhhydnatd odsl 8. pronot er
wi t hout using a catal yst. Various products were quantitatively anal yzed by
| i qui dasHrlowatogreaphyaThe typietdsvofh haciteld @ac2d$% htate wrdiyt2ilcdl®yesul ts
are shown in Table 5 bel ow. [0243% (Exanpl e 26 , ~ Heat treatnent was
per f or hed& &t theeGiemiongtetey (021028 eoh§1 bfangobad ti ccit ot icdéchaxahpdr at e

i nst ead of manganese chl ori de tetrahydrate. Reacti on was perforned under
condi t PBRE NSidnitnahigl Yhosle 8y Bxinphetinod esscapting phet pesapovaising 2

condi ti onsVar.i Qu roducts were quantitatively analyzed by liquid

chr omat B aphy! ‘T?Re‘p%f"ilélcdts‘ ok 1 flgatiosn gidyage sihf ¢ bt capil Gt E&I tSr esul t s are
shown | |l e 5 be]o 10244] (Exanple 27) Heat treatnment was
perforh@%ggf(ﬁéé%9ﬂ‘iﬁé 9 ng (0.05 M 01) of tin (I1) chloride as a

catal yst and 0.0 1), ,of cobalt chl oride,hexahydrat S a
promot er. Reac ?gﬁléh% @%gggr#3d<ﬁﬂ85PP@ dP#iéﬂszsfngmﬁ?[ﬂﬁﬁﬁﬂ8§858f
Exampl e, 2 C for .t he above .conditions. Various produ Jper

quanti Cantuel y Tanat § By A b 8T S ol o Shky TR e 6D BF Tave o
aci ds {@.Ot2h‘19mﬂ%% 3 ¢a ('iP)Slt'}itﬁuoromethanesulfonate (catalyst A), 15 mg

(0.08 mmol) of tin (II) chloride (SnClz) (catalyst B), 20 mL of

methanol, and a stirring bar were added to a 50-mL stainless-steel
autoclave (Nitto Koatsu Co. Ltd.), and then the lid was closed. Air
in the autoclave was purged with nitrogen gas. After pressurization
to 0.5 MPa, the interior of the autoclave was heated to 190°C using a
mantle heater while stirring the mixture with a magnetic stirrer.
Subsequently, stirring was continued for 10 hours while maintaining a
temperature of 190°C, heating was then stopped, and then the
autoclave was left to cool at room temperature. The reaction solution
was removed from the autoclave after cooling to room temperature,
and various products in the solution were quantitatively analyzed by
liquid chromatography in a manner similar to that in Example 1. The
yields of lactic acids in the analytical results are shown in Table 2
below. In Table 2, “trace” indicates that the percentage is less than
0.05%.

[0208] (Example 6)

Reaction was performed similarly to Example 5 except for
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arc shown in Table 5 bel ow. [0245] (Exanple 28) Heat treatnment
was perfornmed at 160cC using 6 ng (0.025 mmol ) of nickel chloride
hexahydrat e i nstead of manganese chlori de tetrahydrate. Reacti on was
performed under conditions simlar to those of Exanple 20 except for the
above conditions. Various products were quantitatively analyzed by liquid
chromat ography. The yields of lactic acids in the analytical results are
shown in Table 5 bel ow. [0246] (Exanple 29) Heat treatnment was
per f or ween &t 2#60C2udiongs9 myp ol0. 05 mioh)bwfyltim ¢hloridhl dfille) fSn@lghat al yst
and 12 ng (0.05 Immv]) of nickel chloride hexahydrate as a pronoter.

React i omstwas! pdr ftor nEd) uniderridondi Yadns: ssipmbHactd ant hbasetiofis Examne 20
except for the above conditions. Various products were quantitatively

anal yzedadtyohi quid! whromat vgraphyq Thetiya givésy of dracltyizedaci 8y i nlthed
analytical results are shown in Table 5 below. [0247] (Conparative exanple
17)  chromatogeaphyr eathrentiolds peérlastrredcads 160Chasimg Sieyl (05025 rnnol )
of tin (II%»ChIQrLde as a catalyst without using a pronoter. Reaction was
per f or AEY SGRFER BohdPtd n3ekii i ar to those of Exanple 20 except for the
above fo Si iOﬁs.Vhriogs products were quantitatively analyzed by |iquid
chroma %g 3iﬁﬁf?ﬁ%pV?glds of lactic acids in the analytical results are

shown 10 Tabl s.otrlow [0, (ommarative exarple 19, tpay tigatment vas
o oL MY, B 0TS SRS 90, 189,81 L Tod unter, condit oo Sim | o
were mg (0.02 mmol) of di-n-butyltin (II) trifluoromethanesulfonate
(("Bu)zsn(OTf)z) (catalyst A), I5 mg (0.08 mmol) of tin (II) chloride
(SnClz) (catalyst B), 20 mL of methanol, and a stirring bar were added
to a 50-mL stainless-steel autoclave, and then the lid was closed. Air
in the autoclave was purged with nitrogen gas. After pressurization
to 0.5 MPa, the interior of the autoclave was heated to 190°C using a
mantle heater while stirring the mixture with a magnetic stirrer.
Subsequently, stirring was continued for 10 hours while maintaining a
temperature of 190°C, heating was then stopped, and then the
autoclave was left to cool at room temperature. The reaction solution
was removed from the autoclave after cooling to room temperature,
and various products in the solution were quantitatively analyzed by
liquid chromatography in a manner similar to that in Example 1. The
yields of lactic acids in the analytical results are shown in Table 2
below.
[0210] (Example 8)
Reaction was performed similarly to Example 7 except for
using 43 mg (0.08 mmol) of di-n-butyltin (1)

trifluoromethanesulfonate (catalyst A) and 4 mg (0.02 mmol) of tin
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guantitatively analyzed by liquid chromat ography. The yields of |actic acids
in the analytical results are shown in Table 5 bel ow. [0249] (Conparative
exanpl e 19) Heat treatnment was perfornmed at 160' C using 24 ny
(0.1 nmmol ) of cobalt chloride hexahydrate as a pronoter w thout using a
catal yst. Reaction was perfornmed under conditions simlar to those of
Exanpl e 20 except for the above conditions. Various products were
guantitatively analyzed by liquid chronatography. The yields of lactic acids
in the(analctibeale r@sitht gstar®) shovirion sTalba uz thel owih § 08R0] 4 Canpardati ve
xanpl e 20) Reaction was perfornmed simlarly to Exanpl e 20 except
for usiewct2dnng {Olulti omol ) wekeni ckedntdhd @rvietle hexadiydredt e &g a pirquiot er

wi t hout using a catal yst.Various products were quantitatively analyzed by

| i qui debhe ormbd gga@phy. Thiee yyiellds of lhacic ecads ds: ithet healgnad ylt ireahiltsesul ts
are shown in Table 5 bel ow. [0251] (Exanple 30) Reacti on was

per f or aed ssiomi anl Tah e Extasimlve. 20 except for using 4 ng (0.1 mol ) of
lithiumchloride instead of manganese chl ori de tetrahydrateVarious products
were ql&ht it aExveryleafal yzed by 1iquid chronmatography. The yields of lactic
acids in the analytical results are shown in Table 5 below [0252] (Exanple
31) Reqmelapni o swae rder mednedmd i i lyart Py Exe ner Bl ecp0e ik clept f or
using 20 . ng (0.1 mmol) of iron (I1) chlorjde tetrahydrate instead of

quant i egfii% y SarfaByA&d! by “Pi“d’dsdoéhrcéﬁ‘é'f]&%lr ath?‘fi'Hétlﬁ?PeltBs oillnbetsc acids

Ie)r:atrgfgﬁgl?lﬁ{lttlyﬁelﬂn r(‘ﬁ)UI %rsif Jo%‘osnrl]gt arlensuT?ngtGS, bt?LOVXH)[ 002}?130]“88C?rr8%rdati ve
methanol. Various products in the thus obtained reaction solution
were quantitatively analyzed by liquid chromatography. The yields
of lactic acids in the analytical results are shown in Table 2 below.
[0212] (Example 10)

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

[0213] (Comparative example 9)

Reaction was performed similarly to Example 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.

[0214] (Results)

As shown in Table 2, lactic acids could be obtained in high
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4 mg (0.1 mml) of lithiumchloride was used as a pronoter but no catal yst
was used. Reaction was perfornmed under conditions simlar to those of
Exanpl e 20 except for the above conditions. Various products were
guantitatively analyzed by liquid chronmat ography. The yields of |actic acids
in the analytical results are shown in Table 5 below. [02541 (Conparative
exanpl e 22) Iron (I1) chloride tetrahydrate (20 ng (0.1 nmol))
was used as a pronoter but no catal yst was used Reaction was perfornmed
under gpsidist i ors/esi mi liar tahthoseagtsExappl e 20iexceptinf/orgdhe aboMe
conditions. Vari ous products were quantitatively analyzed by liquid

chr onmatraGreptoyn dHteand selldsn of e | aotitk aci dstinn t bemgnalnd | caltheesulthanar e
shown in Table 5 bel ow. [0255](Results) As shown in Table 5,

| act i ctra€liub rest erh aaouslud fbea obt ai Heghen gidlidgheveyd et rien li kel casesbe
(Exanmpl es 20-31) of using a tin-containing conpound in conbination with a
pr onot ebtaiosuparedcw 24 vt ite thases esCofhpamabived exanpligs ti/-022pnet ot usi ng
a tin-containing conpound or a pronoter. Lactic acid ester was |ikely

obt ai nelldmda. hi gRar thel @thar t hendasdgctBxanpi®s MEIR5)alghopsi Mg viranganese
chloride tetrahydrate or nmagnesi um chl ori de hexahydrate as a pronoter.

Al so, pareigdariy Bhhi §ASYi P MAST HBY 8i ek MAEh Pwo alypesingf a tin
tin-containi ng, coppound were used in conbination with a pronoter (Exanple
25) Fur ¢ W@Peoie! Péggrf aFﬁg EXHREIres SB agq UL HHE ExanptédYs8 and 29 wherein
t he ra@%glﬁf two types of catalyst was varied, the yield of lactic acid
ester gher in the cases (Exanples 27 and 29) of using a higher total
amount of a tHn-EontaHning con ungfand ﬁlgronoteg.than in tqg eases
(Exanpl es 26 and 28J 1 usi hY  the' $ahe | RISRSE Caitbunte . Ther'giore Clit \ as
demnsctd&@ltlggt Rxxhealle %/Q 1erd?!t%tel g?%l%shégﬁ]aé@Eaz!m%@\%r&c%l 3 L igf gor?gsad leng -
conpound and a pronoter i s useful for obtalning I“act1'¢aci d éster” in a hi gh

yield.,[TaRl&r 51,  HERB A M3 hyl, eMulhpale 7) of di-n-butyltin  (11)
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, i1t 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 1s 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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1 trace 1.1. 61 trace Methyl lactate 64 St _ 09 99 99 19 817

Yield (%

Catalyst A Catalyst B Additive )
(Amount added (Amount added (mmoly | Methyl | Lactic | Total Methy!
(mmof)) (mmol)) lactate | acid (Lactic acids) | levulinate
Sn (0Tf), SnCl, ~

Example 5 (©0.02) ©. 08) 15.9 12.1 28.0 24.9
Sn(OTf), (*Bu) ,SnCl1,

Example 6 0.02) (0.08) 28.9 6.6 36.5 12.3
("Bu) ,Sn (0T£), SnCl, :

Example 7 ©.02) (0. 08) 15.7 11.6 27.2 26.1

0. .08

("Bu) ,Sn (OTF) , SnCl,

Example 8 ©.08) ©.02) 24.4 trace | 24.4 16.4
(*Bu) ,Sn (0TF), SnCl, Catechol

Example 3 23.5 11.7 36.2 15.2
(0.02) (0. 08) (0. 16)
("Bu) ,Sn (0Tf) , ("Bu) ,SnCl,

Example 10 ( ) ( ) 31.3 5.5 36,8 13.1
0.02 0.08

Comparative | PTSA * K0 ("Bu} ;SnCl,

example 9 (0.02) (©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 (II) trifluoromethanesulfonate
(“BUZSn(OTf)Z;TfICF3SOZ) and 28 mg (0.08 mmol) of indium bromide
(InBr}) 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 a magnetic stirrer.
Subsequently, stirring was continued for 10 hours while maintaining a
temperature of 190°C, heating was then stopped, and then the
autoclave was left to cool at room temperature. The reaction solution

was removed from the autoclave after cooling to room temperature,
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and various products in the solution were quantitatively analyzed by
liquid chromatography. The yields of lactic acids in the analytical
results are shown in Table 3 below. In Table 3, “-” indicates that the
percentage is equal to or less than the detection limit,

[0218] (Example 12)

Reaction was performed similarly to Example 11 except for
adding 11 mg (0.1 mmol) of catechol in addition to cellulose,
di-n-butyltin (II) trifluoromethanesulfonate, indium bromide, and
methanol. Various products in the thus obtained reaction solution
were quantitatively analyzed by liquid chromatography. The yields
of lactic acids in the analytical results are shown in Table 3 below.
[0219] (Comparative example 10)

Reaction was performed similarly to Example Il except for
using 18 mg (0.05 mmol) of indium bromide (InBr}) alone as a
catalyst without using di-n-butyltin (II) trifluoromethanesulfonate.
Various products in the thus obtained reaction solution were
quantitatively analyzed by liquid chromatography. The yields of
lactic acids in the analytical results are shown in Table 3 below.
[0220] (Resutlts)

As shown 1in Table 3, through the use of organic tin
trifluoromethanesulfonate in combination with indium bromide, lactic
acids could be obtained in higher yields than in the case (the above
Example 2 (Table 1)) of using organic tin trifluoromethanesulfonate
alone. Therefore, it was demonstrated that the use of tin/organic tin
trifluoromethanesulfonate in combination with an indium compound is
useful for obtaining lactic acids in high yields.

[0221]
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091 091 041 041 091 091. 091_ 091_ 091 041 r 041 _ Pronoter (nmol)
MhC12, 4H20 (0.1) MC124H20 (0.1) MC124H20 (0.1) MCl2-4H20 (0.1)
MyC12- 6H20 (0.1) MCl2-4H20 (0.1)

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 11).

[Table 3]
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WMnC12. 4H20 (0.1) MyCl2-6H20 (0.1) Tin-containing conpound (catalyst) (mmol)
Snd 2 (0.025) 1 SnBr2 (0.025) "BuSnC a (0.1) (L'o)ciousild Sn(0Tf)2 (0.1)
Sn(0T02 (0.02) + "BuSnCl3 (0.08) SnCl2 (0.125) SnBr2 (0.125) o09ki91lous

Sn(0T02 (0. 05) I Exanpl e 20 LZ al dwexa
—
> . > -
SE [
2(;]; SN N
g
BRI~
g1eg(8|8]"
2l 3
(&]
= o —
§8 o 2 !

Methyi
lactate
30.8
32.0

Time
h
10
10
10

f°C

Temperature
180
190
180

Additive/mmol
Catecho! /0.1

InBr; /0.08
InBr, /0,08
InBr, /0.05

Catalyst/mmol

"Bu,Sn(0TH), /0.02
"Bu,Sn(0T#), /0.02

Comparative example 10

Example 11
Example 12
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I Exanpl e 22 ez ol dwex31 Exanple 24 Exanple 25 Conparative exanple 11
Conparative exanple 12 [Conparative exanple 13] Conparative exanple 141

Conpar abve exanpl e 15 Conparative exanple 16 - 92 - [0256] [0257]
(Exampl e 32) fl-fructose (0.45 g (2.5 mol)) as a raw material, 35
ng (0.1 mmol ) of tin (IV) chloride pentahydratc as a catalyst, 57 ng (0.1
nmmol ) of bis(tri phenyl phosphine)imniumchloride as a pronoter, 20 of

nmet hanol as a solvent, and a stirring bar were added to a 50-nL

st ai nl ¢8828fgdlx aupobdelladye (Tai atsu Techno Corporation), and then the |id
was closed. Air in the autoclave was purged with nitrogen gas. After
pressuri zati onCebluo5e MPa,4 thez autcoct aveo mdisi heat €dSt exth60G fisg hge @ge

el ectric furnace while stirring the mxture with a magnetic stirrer.
Subsequesitdue) shat hiang bwas dortd deed2 for n1@rhdurs swhi | & rnai ALd 16 ng A
tenperature of 150C, and then the autoclave was |left to cool at room

t enper &tédur (0. Thenrléézéil dhf scliun i ot slasn r ddbyed rf Flomro e thanes hafen afd er

i 3%{3?%{’%3??@@ hiﬁié) as! fe)‘b”ﬁ actr T o' P Reunar VTG Y esui s
i aur oot ot CPlles hufBelt ° oS ln) fuf “eaRiSPganet bt EERLE b T ne
e ol %ﬁs‘s%'g@e ?%%54415?%525&é115g 12 SelTou Ol et et de
SIS A T R S
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 temperature,
and various products in the solution were quantitatively analyzed by
liquid chromatography. The yields of lactic acids in the analytical
results are shown in Table 4 below. In Table 4, “-” indicates that the
percentage 1s equal to or less than the detection limit.
[0223] (Example 14)

Reaction was performed similarly to Example 13 except for

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

(Sn(OTf)z; Tf:CFBSOz) and 33 mg (0.05 mmol) of rhenium carbonyl
(Rez(CO)IO) as catalysts. Various products in the thus obtained
reaction solution were quantitatively analyzed by liquid
chromatography. The yields of lactic acids in the analytical results

are shown in Table 4 below.

[0224] (Example 15)
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as a pronoter.Various products were quantitatively analyzed by |iquid
chromat ography. The yields of lactic acids in the analytical results are
shown in Table 6 below. [0259] (Exanple 34) Reaction was perforned
simlarly to Exanple 32 except for wusing 30 ng (0.1 nmol) of phenyltin
trichloride instead of tin (I1V) chloride pentahydrate. Various products were
quantitatively analyzed by liquid chromatography. The yields of lactic acids
in the analytical results are shown in Table 6 below. [0260] (Exanple 35)
Reaction was péefortmednsémt harsl yet o rixadrdoe B2 lexoepbd f frebctisinngird® amg (0. 1
mmol ) of trioctyl methyl ammoni um chl oride as a pronoter. Various products
were qRaAfCt atuvely amal yzedz by (Di i d mehrlomat ofyr aphyn -The yyiiel ds (of) | actic
acids in_the analytical results are shown in Table 6 bel ow. [026%{ ( Exanpl e
36) trifluoromagthangsuldenphs f(6r REd, 3P ILd) )y 208 BYamp: €032 Bpept dlor
using 28 ng (0.1 |.), of tetrabutyl nium brom de as a pronoter. Various
producF%”VﬁVﬁ”&u&HE?lgﬁi@%V?hiﬁéﬁygéﬁggglifﬂﬂjé)dﬁ%&ﬁéﬁb@?épﬁ?@qﬁﬁoyieIds
of lactic acids in the analytical results are shown in Table 6 bel ow
[ 0262] WECoPpECAN &b uddgips @i gayons similar Raadtq sgh ovalsx pemf er b xsiqfitl arl y
to Ex | e 32 except for, using 35 0.1 mol ) of t(lI chl ori de
pce)ntaﬁ rg.tth§ a%l;(%lvep condituiolns.g Var}?ogs produc?s n t(hev)thus ol;tained

reaction solution were quantitatively analyzed by liquid

chromatography. The yields of lactic acids in the analytical results

are shown in Table 4 below.

[0225] (Example 16)

Heat treatment was performed for 24 hours of reaction time at

200°C using 32 mg (0.06 mmol) of di-n-butyltin (1D
trifluoromethanesulfonate ((“Bu)zSn(OTf)z), 10 mg (0.05 mmol) of

manganese chloride tetrahydrate (MnC12‘4H20), and 16 mg (0.025
mmol) of rhenium carbonyl (Rez(CO)lo) as catalysts. Reaction was
performed under conditions similar to those of Example 13 except for
the above conditions. Various products in the thus obtained reaction
solution were quantitatively analyzed by liquid chromatography. The
yields of lactic acids in the analytical results are shown in Table 4
below.
[0226] (Example 17)

Heat treatment was performed for 24 hours of reaction time at

200°C  using 64 mg (0.12 mmol) of di-n-butyltin (1D)
trifluoromethanesulfonate ((“Bu)zSn(OTf)z), 20 mg (0.1 mmol) of

manganese chloride tetrahydrate (M11C12-4H20), and 33 mg (0.05

mmol) of rhenium carbonyl (Rez(CO)lo) as catalysts. Reaction was

performed under conditions similar to those of Example 13 except for
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catal ystw thout usinga pronoter.Various productswere quantitatively

anal yzed by liquid chromat ography. The yields of lactic acids in the

anal ytical results are shown in Table 6 bel ow. [0263] (Results) As
shown in Table 6, lactic acids could be obtained in high yields in the
cases (Exanples 32-36) of using tin/organic tin chloride with a quaternary
ammoni um salt, conpared with the case (Conparative exanple 13) of using no
guat ernary anmoniumsalt. Also, lactic acids could be obtained in higher

yi el dsthd dhey £a%e di BAR! €34 o @f MG toriganhe thiud §HlHicderc&OMRAY ed
with the case (Exanple 32) of using tin chloride. [Table 6] % PRA 018
U jfl AQolé8licte Ddaddtately ameyz2448¢144uZ8 chromatography. The
yields of lactic acids in the analytical results are shown in Table 4
below.
[0227] (Example 18)

Heat treatment was performed for 62 hours of reaction time at

200°C using 32 mg (0.06 mmol) of di-n-butyltin (1D
trifluoromethanesulfonate ((“Bu)ZSn(OTf)Z), 10 mg (0.05 mmol) of

magnesium chloride hexahydrate (MgC12~6HzO), and 16 mg (0.025
mmol) of rhenium carbonyl (Rez(CO)lo) as catalysts. Reaction was
performed under conditions similar to those of Example 13 except for
the above conditions. Various products in the thus obtained reaction
solution were quantitatively analyzed by liquid chromatography. The
yields of lactic acids in the analytical results are shown in Table 4
below.
[0228] (Example 19)

Heat treatment was performed for 10 hours of reaction time at

200°C using 50 mg (0.12 mmol) of tin (II) trifluoromethanesulfonate
(Sn(OTf)z;Tf:CFBSoz), 20 mg (0.1 mmol) of magnesium chloride

hexahydrate (MgC12-6H20), and 33 mg (0.05 mmol) of rhenium
carbonyl (Rez(CO)IO) as catalysts. Reaction was performed under
conditions similar to those of Example 13 except for the above
conditions. Various products in the thus obtained reaction solution
were quantitatively analyzed by liquid chromatography. The yields
of lactic acids in the analytical results are shown in Table 4 below.

[0229] (Results)

As shown in Table 4, as a result of using Sn(OTf)2 that is tin
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trifluoromethanesulfonate or (“Bu)ZSn(OTf)2 that 1is di-n-butyltin
trifluoromethanesulfonate in combination with rhenium carbonyl
(Rez(CO)IO) and/or manganese chloride tetrahydrate (MnC12-4HZO) or
magnesium chloride hexahydrate (MgC12~6}120) as a catalyst, lactic
acids, and particularly lactic acid ester was obtained with a yield
higher than those in the case (the above Examples 1 and 2 (Table 1))
of using Sn(OTf)2 or ("Bu)ZSn(OTf)2 alone. However, unlike
Examples | and 2, no lactic acid was generated.

[0230]

Furthermore, lactic acids and particularly lactic acid ester

could be obtained in a high yield in the case of using Sn(OTf)2 or
("Bu)ZSn(()”l“f)2 that 1s di-n-butyltin trifluoromethanesulfonate,
rhenium carbonyl (Rez(CO)lo) and manganese chloride tetrahydrate
(MnC12-4HzO) or magnesium chloride hexahydrate (MgC12'6H20) in
combination as a catalyst (Examples 16-19), compared with the cases
(Examples 13-15) of using two types of catalyst, Sn(OTf)2 or
(”Bu)ZSn(OTf)2 that is di-n-butyltin trifluoromethanesulfonate and
rhenium carbonyl (Rez(CO)lo) or manganese chloride tetrahydrate
(MnC12-4HZO) or magnesium chloride hexahydrate (MgC12-6HZO)‘
Therefore, it was demonstrated that the combined use of tin/organic
tin trifluoromethanesulfonate with a rhenium compound and a
manganese compound or a magnesium compound is useful for
obtaining lactic acids in high yields.

[Table 4]
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Ti n-cont ai ni ng conpound (catalyst) (mmol) Sn014 51-120 (0.1) (LO 09-1g

tl QuS PhSNClI 3 (0.1) (t-o) ozHgDi ous SnCl, 51-120 (0.1) ( VO 09-19 -tlQuS
Exanpl e 32 Exanpl e 33 Exanpl e 34 SE ei dwex9 gE ai dai ex9 Conparati ve exanpl e
23 [0264] (2) Method using a rhenium conpound as a catal yst (Exanple 37)
D-fructose (0.45 g (2.5 nmmol)) as a raw material, 130.6 ng (0.2 mmol) of
rheni um carbonyl as a catalyst, 20 nL of nmethanol as a solvent, and a
stirring bar were added to a 50-m |, stainless-steel autoclave (Taiatsu
Techno Corporation), and then the lid was closed. Air in the autoclave was

purged W th n| 'rogen gas| After pressurization to 0.5 MPa, the autocl ave
was heat ed +& 5,0Q,US|QQ an electric furnace while stirring the mxture
. == J Y ™| o - - :
with a magnets ¢3Std | sere gtb:seaquently, stirring was continued for 10 hours
whil e i ptang ng a/tenperaturejof 150C, and then the autoclave was left to
cool at} rg eraturel Thel reaction solution was renoved fromthe
aut ocl ave afl’ge' goo|ing,| and preducts in the solution were quantitatively
anal yzed bys 8 gai|d chrienpl0grlaphy. The yiel ds of lactic acids in the
~ 2 LN P K . . .
anal yti|cal ¥ &s|&t|s® phe SHIWF |iB| Tabl e 7 bel ow. Each yield is represented in
percentlafe (% | fijgures flor [t He punber of noles (nol) of each product with
respect| t p—the-nyrber—of—mlags—{l actic acids/fructose = 5 mol/2.5 mmol) of
| actic |ac (%Ethﬁecrleti(:al_lg g}ene'ated fromD-fructose as a raw material. In
Table 7, !t¥a&ce" |i'ndi ¢dtlesS|tHat|the percentage is less than 0. 5%
L2 lajix|lalsuls o
B |l —~lolad |0
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[ 0265] (Exanple 38) Reaction was perforned simlarly to Exanple
37 except for adding 65.3 ng (0.1 mol) of rhenium carbonyl and further
adding 20.3 ng (0.1 mmol ) of magnesi um chl ori de hexahydrate as catal ysts.
Various products in the thus obtained reaction solution were quantitatively
anal yzed by |iquid chromat ography. The yields of lactic acids in the

anal ytical results are shown in Table 7 below [0266] (Exanple 39)
Reaction was performed simlarly to Exanple 37 except for using65.3 ng (0.1

ol ) ebh2phenipxmsprédemyl and 19.8 ng (0.1 nmol) of manganese chlori de
tetrahydrate as catal ysts. Various products were quantitatively anal yzed by

l'iquid chronmatiogfaphysdh®.ybet ds. ofmhadhh aisagidsy indatdiearnalybi@aloresul ts
are shown in Table 7 below. [0267] (Exanple 40) Reacti on was

per f or medos)j nbFariny {d)Exdipkal 87aexaeptatfibystysizog H% 01y (AmbImod) of
rheni um carbonyl and 19.9 ng (0.1 mmol) of iron chloride hexahydrate as

cat al ystan ddardseus hpo odiec t strabiye rauanti & aiiorebyegnal yméd olfymkitlgqand] as
chromat ogr aphy. The yields of lactic acids in the analytical results are
shown knsThblie,7ahel owstif0268]b {rExamm eddlyd to a 50-nReaohiioh:ssastpelr f or med
simlarly to Exanple 37 except for using 65.3 (0.1 mmol ) of rhenium

car bon§htagid ve3 (Bamfspolechmel ¥ aob ocebain) cfmd)”%@@ hegahgdwatecbssed.

catal ysts. Vari ous products were quantitatively analyzed by liquid

chr orrat‘\csgr dphy trhe 3 e1davef wast i @ua&ﬁ:fas ‘ththt ha ibited 87t i @als- resubfserar e
shown in Table 7 bel ow [0269] (Exa Reaction was perfornmed
siml aPi‘i/SSt”d‘E%Tdﬁf)‘l o éﬁseWeﬁ‘pt ’feora%%ﬂ?g%asf@ rgated Ionh%q)ﬁco‘fﬂr%‘eﬁlnum

car bon { 2t3 mg 8‘8 JI L ckel chl ori d tetrahydrate as

Cat al yobes Nk 1 B8 A5 PodUETs Wb s Tt tRLT Wy YAl §2 G BRI il idrer

Chrorraggglégp[fllxnﬁfg}? Q’tl?rll%sg was continued for 5 hours while maintaining a
temperature of 150°C, and then the autoclave was left to cool at room
temperature. The reaction solution was removed from the autoclave
after cooling, and products in the solution were quantitatively
analyzed by liquid chromatography. The yields of lactic acids in the
analytical results are shown in Table 5 below. Each vyield is
represented in percentage (%) figures for the number of moles (mol)
of a product with respect to the number of moles (lactic acids/fructose
= 5 mmol/2.5 mmol) of lactic acids theoretically generated from
D-fructose as a raw material. In Table, “trace” indicates that the
percentage is less than 0. 5%.

[0232] (Example 21)

Reaction was performed similarly to Example 20 except for
using 7 mg (0.025 mmol) of tin (II) bromide instead of tin (II)
chloride. Various products were quantitatively analyzed by liquid
chromatography. The yields of lactic acids in the analytical results
are shown in Table 5 below.

[0233] (Example 22)
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of lactic acids in the analytical results are shown in Table 7 bel ow

[0270] (Exanple 43) Reaction was perforned simlarly to Exanple 37 except
for wusing 65.3 nmg (0.1 mml) of rhenium carbonyl and 19 ng (0.1 mol) of
tin (1) chloride as catal ystsVarious products were quantitatively anal yzed
by |iquid chromatography. The yields of lactic acids in the anal ytical
results are shown in Table 7 below [02711 (Conparative exanple 24)
Reaction was performed simlarly to Exanple 37 except for using 39.6 ngy
(0.2 ininol) dlestdnganesepehferhde tahikahydral ead@peeaslacxcept for

catal yst. Various products were quantitatively analyzed by |iquid

chr omategraphyy .ilzge (9ileldsdf) béctilcudids trivlilbei dnailngteeadl of esul (Bl)ar e
shown in "fable 7 below. [0272] (Exanple 44) Reacti on was

per f or aetb sidei | aMayidws Exandl & s37% exceptarftoratusihg 4623/ 2wyl (0 05 undol )  of
rheni um carbonyl and further using 19.8 ng (0.1 mmol) of manganese chl ori de
t et r ahyiranetagrapht vl ysise waldoust protyctsidwerie Guantitlaticedl yeankisyzed by
| i quid chronmat ography. The yields of lactic acids in the analytical results
are shoithshawmabhel b lsef dwgloM0273] (Exanpl e 45) Reacti on was
performed simlarly to Exanple 37 except for using 32.7 ng (0.05 nmol) of

r heni ulf €3t boRyRaME 280t her using 19.8 mg (0.1 nmol) of nanganese chloride
tetrahydrate aig catal ysts. Various products were quantitatively analyzed by

i qui d” chr omat 0%t aphy: Then yivet i G OF Bt dOact Wsh Pt He anatyPPcalMFesul ts
are Sht?é"ﬂlgi rBO-I-aiglge(g. ellng)n\,\(l)'l)[8%73Leg|§¥tairr{pltgc%@)ride instead of tin (II)
chloride. Reaction was performed under conditions similar to those
of Example 20 except for the above conditions. Various products
were quantitatively analyzed by liquid chromatography. The yields
of lactic acids in the analytical results are shown in Table 5 below.
[0235] (Example 24)

Tin trifluoromethanesulfonate (42 mg (0.1 mmol)) was used
instead of tin (II) chloride and 20 mg (0.1 mmol) of magnesium
chloride hexahydrate was wused instead of manganese chloride
tetrahydrate. Reaction was performed under conditions similar to
those of Example 20 except for the above conditions. Various
products were quantitatively analyzed by liquid chromatography. The
yields of lactic acids in the analytical results are shown in Table 5
below.

[0236] (Example 25)

Reaction was performed similarly to Example 20 except for
using 8 mg (0.02 mmol) of tin trifluoromethanesulfonate and 23 mg
(0.08 mmol) of n-butyltin trichloride instead of tin (II) chloride.
Various products were quantitatively analyzed by ligquid

chromatography. The yields of lactic acids in the analytical results

-85-



Reaction was perforned simlarly to Exanple 37 except for using 0.45 g (2.5
nmmol ) of glucose instead of 0.45 g (2.5 mol) of D-fructose as a raw
material, using 32.7 ng (0.05 mmol) of rhenium carbonyl and 19.8 ng (0.1
mol ) of nmanganese chl oride tetrahydrate as catal ysts, and perform ng heat
treatment at 160C for 24 hours of reaction time.Various products were
quantitatively analyzed by liquid chromatography. The yields of lactic acids
in the analytical results are shown in Table 7 below. [0275] (Exanple 47)

Reacti gp. was, Wweriformge sipLiALly to Exanple 37 except for using 0.428 ¢
(1.25 Mol ) of sucrose instead of 0.45 g (2.5 mmol) of D-fructose as a raw

materi ah23@pi(0% BpaBa ¥ e(Oxdmprel ) 0f rhenium carbonyl and 19.8 ng (0.1
nmmol ) of nmahganese chl oride tetrahydrate as catal ysts, and perform ng heat

treatment at L80%cNahi Quss PRUVEHLS VBT A ARt {§ at L yelp cansl ¥zedpbyrdid qui d
chr omat ogr aphy. The yields of lactic acids in the analytical results are

shown upinf@alle i gbeboves [@278]) CExample)Y48hloride as a caf3e@ast QD WRASt
performed simlarly to Exanple 37 except for using 16.3 ng (0.025 mmol) of
r heni uns oy bomyto nasick if ur VherowsipigdiGtd werd QO timaxliyedf amgpesidumy
trifluoromethanesul fonate as catal ysts. Various products were quantitatively
anal yzbduby chgoirhtolgrephyogrBpbyyiHedsybél dstof 4 @clsi ¢natdi dsanal yttheal
analytical results are shown in Table 7 below. [0277] (Exanple 49)

React i oysulas aperflor wedirsilabllard pel owExanpl e 37 except for using a
conmbination of 19.8 ng (0.1 mmol ) of manganese chloride tetrahydrate, 32.7
nmg (0. 052 h¥bI(§ ook ppheinivans carbdmyiZ) and 9. 5nmy (0.05 mol) of tin (11)

chloride, as a catal yst. Varioqus products were
Reaction was performed similarly to Example 20 except for

using 35 mg (0.125 mmol) of tin (II) bromide as a catalyst without
using a promoter. Various products were quantitatively analyzed by
liquid chromatography. The yields of lactic acids in the analytical
results are shown in Table 5 below.

[0239] (Comparative example 13)

Heat treatment was performed for 10 hours of reaction time
using 35 mg (0.1 mmol) of tin (IV) chloride pentahydrate as a catalyst
without using a promoter. Reaction was performed under conditions
similar to those of Example 20 except for the above conditions.
Various products were quantitatively analyzed by liquid
chromatography. The yields of lactic acids in the analytical results
are shown in Table 5 below.

[0240] (Comparative example 14)

Heat treatment was performed for at 160°C using 21 mg (0.05
mmol) of tin trifluoromethanesulfonate as a catalyst without using a
promoter. Reaction was performed under conditions similar to those
of Example 20 except for the above conditions. Various products

were quantitatively analyzed by liquid chromatography. The yields
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guantitatively analyzed by liquid chromat ography. The yields of |actic acids
in the analytical results are shown in Table 7 below. [0278] (Results)

As shown in Table 7, lactic acid ester could be obtained in a high yield in
the case (Exanple 37) of using rhenium carbonyl alone as a catalyst. [0279]
Furthernore, lactic acid ester could be obtained in a high yield in the
cases of wusing rhenium carbonyl with a conpound of a netal other than
rheni um ( Exanpl es 38-43, 48, and 49). In particular, tactic acid ester
could ai n [ ev t ghe ' iLn .t o [ w.th inchi oh

9?%35{1% a&qisl M 3Me ar?ﬂ}?hgagrf%@éh% q:lre %hﬁ\gPe&?Eﬁigﬁglsuggé W,

de hex a rate or nmanganese tetrah e and

39)'A|ﬁ924l?ggﬂﬁn?§hﬂig§t§{mﬁ yéqsﬁe obtained in particularly a high yield

in the case si ng rhenium carbonyl with two types of compound of a netal

other than r h@@éé’@f‘i&ﬁxm: %eé’?c)rmhg? Eﬂﬁil%tr?:grtd"%qgamgmg PH nglgéﬂ.)f)nfoe}m)unt

of lactic acid ester was low in the ease (Conparative exanple 24) of using

a conpeyiids; of o anfet @l 10thafohhar mheni M ad oPRlIASda ¢atdlinystraté 0280k
I n Exanpl es 43 and 45 wherein the proportions of two types of catal yst were

var i Edprdﬂﬂ@t&’ie'\diﬂfodtaCtdsQnFCi d esheslywas hi ghigriduy a prasie cet awhirgher
proportion (about 33% Exanple 43) of rheniumcarbonyl relative to the
total qopunttadfvetat ahysyscdseéd tihaoid hahromaaogasehof aTlhewefiepdeperfti on
(20% Exanple 45) of the sane. Therefore, it was denonstrated that when a
conpouhndtof aaidetial thot henlytianl rhenltymies shddedit o #tHend umloar.bonyl , the
relatively high proportion of rheniumcarbonyl relative to the total anount
of catidl34tk (UsedpistivusefxAmpby 16Dt aining lactic acid ester in a high
yield. [0281] . Furthernore, lactic acid ester could be obtained in
a high yield ikeadieocayas PExbnpned digndndl 7o dixasphy 2 heed wew cdiobonyl in
conbination with a conpound of a nmetal other than rhenium and sugar other
than f#iidtfose ad g (law mareyl) apf prpieipm Rekooder yexahadsatos Sacehari des

ZL : . .
promoter without using a catalyst. Various products were

quantitatively analyzed by liquid chromatography. The yields of
lactic acids in the analytical results are shown in Table 5 below.
[0243] (Example 26)

Heat treatment was performed at 160°C using 6 mg (0.025
mmol) of cobalt chloride hexahydrate instead of manganese chloride
tetrahydrate. Reaction was performed under conditions similar to
those of Example 20 except for the above conditions. Various
products were quantitatively analyzed by liquid chromatography. The
yields of lactic acids in the analytical results are shown in Table 5
below.

[0244] (Example 27)

Heat treatment was performed at 160°C using 9 mg (0.05
mmol) of tin (II) chloride as a catalyst and 12 mg (0.05 mmol) of
cobalt chloride hexahydrate as a promoter. Reaction was performed
under conditions similar to those of Example 20 except for the above

conditions. Various products were quantitatively analyzed by liquid
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chromatography. The yields of lactic acids in the analytical results
are shown in Table 5 below.
[0245] (Example 28)

Heat treatment was performed at 160°C using 6 mg (0.025

Met hyl

mmol) of nickel chloride hexahydrate instead of manganese chloride ,

tetrahydrate. Reaction was performed under conditions similar to
those of Example 20 except for the above conditions. Various
products were quantitatively analyzed by liquid chromatography. The
yields of lactic acids in the analytical results are shown in Table 5
below.

[0246] (Example 29)

Heat treatment was performed at 160°C using 9 mg (0.05
mmol) of tin (II) chloride as a catalyst and 12 mg (0.05 mmol) of
nickel chloride hexahydrate as a promoter. Reaction was performed
under conditions similar to those of Example 20 except for the above
conditions. Various products were quantitatively analyzed by liquid
chromatography. The yields of lactic acids in the analytical results
are shown in Table 5 below.

[0247] (Comparative example 17)

Heat treatment was performed at 160°C using 5 mg (0.025
mmol) of tin (II) chloride as a catalyst without using a promoter.
Reaction was performed under conditions similar to those of Example
20 except for the above conditions. Various products were
quantitatively analyzed by liquid chromatography. The 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 those of Example
20 except for the above conditions. Various products were
quantitatively analyzed by liquid chromatography. The yields of
lactic acids in the analytical results are shown in Table 5 below.

[0249] (Comparative example 19)

Heat treatment was performed at 160°C using 24 mg (0.1
mmol) of cobalt chloride hexahydrate as a promoter without using a
catalyst. Reaction was performed under conditions similar to those
of Example 20 except for the above conditions. Various products
were quantitatively analyzed by liquid chromatography. The yields
of lactic acids in the analytical results are shown in Table 5 below.
[0250] (Comparative example 20)

Reaction was performed similarly to Example 20 except for
using 24 mg (0.1 mmol) of nickel chloride hexahydrate as a promoter
without using a catalyst. Various products were quantitatively
analyzed by liquid chromatography. The yields of lactic acids in the
analytical results are shown in Table 5 below.

[0251] (Example 30)

Reaction was performed similarly to Example 20 except for
using 4 mg (0.1 mmol) of lithium chloride instead of manganese
chloride tetrahydrate. Various products were quantitatively analyzed
by liquid chromatography. The yields of lactic acids in the analytical
results are shown in Table 5 below.

[0252] (Example 31)
Reaction was performed similarly to Example 20 except for

using 20 mg (0.1 mmol) of iron (II) chloride tetrahydrate instead of
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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 (0.1 mmol) of lithium chloride was used as a promoter
but no catalyst was used. Reaction was performed under conditions
similar to those of Example 20 except for the above conditions.
Various products were quantitatively analyzed by liquid
chromatography. The yields of lactic acids in the analytical results
are shown in Table 5 below.

[0254] (Comparative example 22)

Iron (I1) chloride tetrahydrate (20 mg (0.1 mmol)) was used
as a promoter but no catalyst was used. Reaction was performed
under conditions similar to those of Example 20 except for the above
conditions. Various products were quantitatively analyzed by liquid
chromatography. The yields of lactic acids in the analytical results
are shown in Table 5 below.

[0255] (Results)

As shown in Table 5, lactic acid ester could be obtained in a
higher yield in the cases (Examples 20-31) of using a tin-containing
compound in combination with a promoter, compared with the cases
(Comparative examples 11-22) of not using a tin-containing compound
or a promoter. TLactic 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,
particularly a high vyield 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 1s useful for obtaining lactic acid ester in a high yield.

[Table 5]
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[0257] (Example 32)

D-fructose (0.45 g (2.5 mmol)) as a raw material, 35 mg (0.1
mmol) of tin (IV) chloride pentahydrate as a catalyst, 57 mg (0.1
mmol) of bis(triphenylphosphine)iminium chloride as a promoter, 20
mL of methanol as a solvent, and a stirring bar were added to a 50-mL
stainless-steel autoclave (Taiatsu Techno Corporation), and then the
lid was closed. Air in the autoclave was purged with nitrogen gas.
After pressurization to 0.5 MPa, the autoclave was heated to 150°C
using an electric furnace while stirring the mixture with a magnetic
stirrer. Subsequently, stirring was continued for 10 hours while
maintaining a temperature of 150°C, and then the autoclave was left to
cool at room temperature. The reaction solution was removed from
the autoclave after cooling, and products in the solution were
quantitatively analyzed by liquid chromatography. The yields of
lactic acids in the analytical results are shown in Table 6 below.
Each yield is represented in percentage (%) figures for the number of
moles (mol) of each product with respect to the number of moles
(lactic acids/fructose = 5 mmol/2.5 mmol) of lactic acids theoretically
generated from D-fructose as a raw material.
[0258] (Example 33)

Reaction was performed similarly to Example 32 except for
using 115 mg (0.2 mmol) of bis(triphenylphosphine)iminium chloride
as a promoter. Various products were quantitatively analyzed by
liquid chromatography. The yields of lactic acids in the analytical
results are shown in Table 6 below.

[0259] (Example 34)

Reaction was performed similarly to Example 32 except for
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using 30 mg (0.1 mmol) of phenyltin trichloride instead of tin (IV)
chloride pentahydrate. Various products were quantitatively analyzed
by liquid chromatography. The yields of lactic acids in the analytical
results are shown in Table 6 below.

[0260] (Example 35)

Reaction was performed similarly to Example 32 except for
using 40 mg (0.1 mmol) of trioctylmethylammonium chloride as a
promoter. Various products were quantitatively analyzed by liquid
chromatography. The yields of lactic acids in the analytical results
are shown in Table 6 below.

[0261] (Example 36)

Reaction was performed similarly to Example 32 except for
using 28 mg (0.1 mmol) of tetrabutylammonium bromide as a promoter.
Various products were quantitatively analyzed by liquid
chromatography. The yields of lactic acids in the analytical results
are shown in Table 6 below.

[0262] (Comparative example 23)

Reaction was performed similarly to Example 32 except for
using 35 mg (0.1 mmol) of tin (IV) chloride pentahydrate as a
catalyst without wusing a promoter. Various products were
quantitatively analyzed by liquid chromatography. The yields of
lactic acids in the analytical results are shown in Table 6 below.
[0263] (Results)

As shown in Table 6, lactic acids could be obtained in high
yitelds in the cases (Examples 32-36) of using tin/organic tin chloride
with a quaternary ammonium salt, compared with the case

(Comparative example 13) of using no quaternary ammonium salt.
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Also, lactic acids could be obtained in higher yields 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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Exanpl e 49 -105- 105- [0283] (Exanple 50) Cel l ul ose (0.405 g)
(corresponding to 2.5 nmmol of glucose residue) that had been dried for 2 or
nore hours in air at 120C, 31.9 ng (0.06 mmol) of di-n-butyltin (11)
trifluoronethanesul fonate, 9.9 ng (0.05 mml) of manganese chl oride
tetrahydrate, 16.3 ng (0.025 mol) of rhenium carbonyl, 20 ni, of nethanol,
and a stirring bar were added to a 50-nlL stainless-steel autoclave, and
then the lid was closed. Air in the autoclave was purged with nitrogen gas.

After ppess r('zélaiid'e(?ﬂo‘ijouQm':%D r'XPI\";l\}] r{ ifey 'c%tn? bRhd%s Lhe @y ecl ave was heated

to 200C usi mant | e heate e stlrr ng the mxture with a magnetic
stlrre(Ex§Hgﬂ%qy¢ tly, stirring was continued for 24 hours while
mai nt ai ni ng a tenperature of 200C, heating was then stopped, and then the

aut ocl ave was hefhy cltgs60Q). 43t of QO LAFRANRLAN & rihe i &actdon] sol gt ingh was
removed fromthe autoclave after cooling to roomtenperature, and various

produc{s.2 ninhe) sef uhicanuwercarguantiiatd vakylyanalyzedLbyflhauhdnol as
chromat ogr aphy. The yields of lactic acids in the analytical results are
shown ansdhbde,8ahel awslinritabltea8,wére’ dditidcabea thhainlt heaperasntagel i s
equal to or less than the detection limt. [ 0284] (Exanple 51)

63. 7ngf 0t d@rmvel Y 0hdd tsm- Betchintoi A(drip)o rhtiofd )y o odrethleanesel ifidnatag, cl®@s8&dng (0. 1
mol ) of inchloride tetrahydrate, and 32.6 ng (0.05 muol) of rhenium

car bonpirweime thed astadpalkystwvsisReaorigoh weisthpentfiorageh urder condiftdrons
simlar to those of Exanple 50 except for the above conditions.Var i oi.is
pr oducpseéiwrtlh@tltomuso dbbaMits teactitonl ot wtdsohenes@ tqubht § €at $ wed yn

anal yzed b gui d chromat ogr aphy. The yields of |actic acids in the

anal yt beﬁ“lf%siﬂrtn@cﬁr & HEWA Lith! Mabi e gnbeligik. {I0R83] N EHHpF e SEay T

Subsequently, stirring was continued for 10 hours while maintaining a
temperature of 150°C, and then the autoclave was left to cool at room
temperature. The reaction solution was removed from the autoclave
after cooling, and products in the solution were quantitatively
analyzed by liquid chromatography. The yields of lactic acids in the
analytical results are shown in Table 7 below. Each vyield is
represented in percentage (%) figures for the number of moles (mol)
of each product with respect to the number of moles (lactic
acids/fructose = 5 mmol/2.5 mmol) of lactic acids theoretically
generated from D-fructose as a raw material. In Table 7, “trace”
indicates that the percentage 1s less than 0. 5%.

[0265] (Example 38)

Reaction was performed similarly to Example 37 except for
adding 65.3 mg (0.1 mmol) of rhenium carbonyl and further adding
20.3 mg (0.1 mmol) of magnesium chloride hexahydrate as catalysts.
Various products in the thus obtained reaction solution were
quantitatively analyzed by liquid chromatography. The yields of

lactic acids in the analytical results are shown in Table 7 below.
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Heat treatnment was perfornmed for 62 hours of reaction tine using 31.9 ny
(0.06 mol ) of di-n-butyltin (I1l1) trifluoronethanesul fonatc, 10.2 ng (0.05
nmol ) of magnesi um chl ori de hexahydrate, and 16.3 ng (0.025 mmol) of
rheni um carbonyl ; as catal ysts. Reacti on was performed under conditions
simlar to those of Exanple 50 except for the above conditions. Various
products in the thus obtained reaction solution were quantitatively

anal yzed by |iquid chronmat ography. The yields of lactic acids in the

anal ytigaksnquidmpds g 9hown in Table 8 bel ow. [0286] (Exanple 53)
Heat treatment was perfornmed for 10 hours of reaction tine using 50.0 nyg

(0.12 mml) 0fREb@ti(0|n|)Wi§gfdrlf@Eﬁ1r&It RamesdtiforatExakD18 1Y €Rcdpimpdy of
manganese chl oride tetrahydratc, and 32.6 ng (0.05 mml) of rhenium

carbonykifRe 660 heagocat alyslp.oReachiom wasbde ypeahdr modsunder (0.1
conditions simlar to those of Exanple 50 except for the above

condi t monsVar béus g pauctes chlidhidet hasradbtdaianed aseacitiabns 1$0l ut Veoni oner e
guantitatively analyzed by liquid chronmatography. The yields of lactic acids
in thepandhytd cadrer ggahtisative | shownl yize dThpl leq 81 dhelhowm § 0287 h(yConfidweat i ve
exanpl e 25) Di-n-butyltintr fluoronethanesul fonate (63.7 ng (0.12 mMmol))
and 19vy8e ©d. hagiel yciofs mangamese ol arli desulés r abey dhatven wer el alsled 7as
catal ysts. Reaction was perforned under conditions simlar to those of
Exanpl B€50Wexcept for the above conditions. Various products in the thus
obt ai ned reactjon solution were quantitatively analyzed by liquid
chronaf%%?éﬁﬁ%ﬁ?ﬂ%Pyiépds of lactic acids in the analytical results are
shown in Tabl

8 bel . [0288 Co ti le 2 t
t r eat nent mas%ﬁ%??ﬁpﬁgé’ pfé%%&PBHp?g%h%§ﬁ¥e§$q$§§@wﬁén3Fiﬁ%CEBF I?0.6 gy
0.02 | i -n-butylti [)  tri fl th | t |
(0,02 [TRL) g6 0 Y 4 011) ok horpre s fovate g ongy 9 =

Exanpl &dégggﬁzﬁmogOphgmd%b%; aggggita}% gapssef%ﬁ gus pr l%g&yés, i the thus

obt ai ne ion solution weré Ively anal'yze i'qui

chromwgaagpgngngé%@v'yd%ngﬁy£@&t59 Aguds tRroRegpabyhicalriesyldgare

shown in Ta
of lactic acids 1n the analytical results are shown in Table 7 below.

[0268] (Example 41)

Reaction was performed similarly to Example 37 except for
using 65.3 mg (0.1 mmol) of rhenium carbonyl and 23.8 mg (0.1
mmol) of cobalt chloride hexahydrate as catalysts. Various products
were quantitatively analyzed by liquid chromatography. The vyields
of lactic acids in the analytical results are shown in Table 7 below.
[0269] (Example 42)

Reaction was performed similarly to Example 37 except for
using 65.3 mg (0.1 mmol) of rhenium carbonyl and 23.8 mg (0.1
mmol) of nickel chloride tetrahydrate as catalysts. Various products
were quantitatively analyzed by liquid chromatography. The yields
of lactic acids in the analytical results are shown in Table 7 below.
[0270] (Example 43)

Reaction was performed similarly to Example 37 except for
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[ 0289] (Conparative exanple 27) Heat treatnent was perforned at
190C for 10 hours of reactiontinmeusing8.3ng(0.02I mo!)oftin(Ti)
trifluoronmethanesul fonate al one asa catal yst. Reacti onwas perforned under
conditions simlar to those of Exanple 50 except for the above

conditions. Various products in the thus obtained reaction solution were
quantitatively analyzed by liquid chromatography. The yields of lactic acids
in the analytical results are shown in Table 8 below [0290] (Conparative

exampl si38) 65.3 mg (0. HaRMdI) et FREL V&S cRES & R MG 2l 919&16(er & hour s of
reaction tinme using 53.1ng (0.1 nmml) of di-n-butyltin (I1)

trifluerenmethpnesubfionane @ltangstas avaaialyproReaed kanwagu petif ofingd yunder
conditions simlar to those of Exanple 50 except for the above

condi t i oais;Aéal ibgusi qariddult smiafo hep ki hus Olb¢ ajireds refacidwo sdldyt ionheer e
guantitatively analyzed by liquid chromatography. The yields of lactic
aci ds amaltyhec anat ytlitsadrer elsalvinsirarfabshombeilnw.f abl e 8 bel ow. [ 0291]
(Conpar ative exanple 29) heat treatnment was performed at 190C
for 10[ (Kol k (6o mpacitivatdxmeupl ng4d. 6ng( 0. 1rmol )of tin(l1)
trifluoronethanesul fonateal one asa catal yst. Reacti onwas perforned under
condi tions simdartion whosecofomadpsienBarexcieptEfonpl bed Aboveept for
condi ti onsVarious products in the thus obtained reaction solution were
quant i ¢8tigyéPy6 angl (redmpyol) qdi @ aerovatoghaphge Teérahydrate alone as

a catalyst. Various products were quantitatively analyzed by liquid

chromatography. The yields of lactic acids in the analytical results

are shown in Table 7 below.

[0272] (Example 44)

Reaction was performed similarly to Example 37 except for

using 16.3 mg (0.025 mmol) of rhenium carbonyl and further using

19.8 mg (0.1 mmol) of manganese chloride tetrahydrate as catalysts.

Various products were quantitatively analyzed by liquid

chromatography. The yields of lactic acids in the analytical results

are shown in Table 7 below.

[0273] (Example 45)

Reaction was performed similarly to Example 37 except for

using 32.7 mg (0.05 mmol) of rhenium carbonyl and further using 19.8

mg (0.1 mmol) of manganese chloride tetrahydrate as catalysts.

Various products were quantitatively analyzed by liquid

chromatography. The yields of lactic acids in the analytical results

are shown in Table 7 below.

[0274] (Example 46)

Reaction was performed similarly to Example 37 except for

using 0.45 g (2.5 mmol) of glucose instead of 0.45 g (2.5 mmol) of
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yields of lactic acids in the analytical results are shown in Table 8

bel ow. [0292] (Results) As shown in Table 8, in the presence of
tin or organic tin trifluoronethanesul fonate, lactic acid ester could he
obtained (using cellulose as a raw material) in a high yield in the cases
(Exanpl es 50-53) of wusing rhenium carbonyl in conmbination with a magnesi um
conpound or a nmanganese conpound as a catal yst, conpared wth the cases
(Conpar ative exanpl es 25-29) of not using a conmbination of the three types
of cat Bl-ystctoser ther mave, mpeganti ngiftxahpl7esn 50 0and bimbh) wHi chethhemr ati o
of the anmpbunts of the three types of catalyst was varied, lactic acid ester
was obtaitnedyl nnal %8B dmigi gher mmalheo tasenpénthe didwerd¢ dieatalandatte of t he
catal ysts used than in the case of the higher total amount of the sane.
Ther ef o ecatiply wists dledromstipamed gt haet vineatthhneeartt y p8S Coffocad 4l lysu r sperfe
added, the relatively |l ow total amount of catal ysts used is useful for

obt ai nTHAf i @Bt itEM&ei d Esteps| wradnicgh yisled. auaitatidi v ebn, apakt4¢d abivd est er
was generated but no lactic acid was generated in the case of using rhenium
car bonyd Ul §hToRRGaRERR ¥onpblihdy gl tanPE @]Ct“‘erﬁfé@étunrfé“’TiarPélLf\}ﬁt\éﬁ‘éi % C
d 'o0L 72Z 77 OZinL g%ilé:%thal acid | (Lactic acids)

resulfs are shown elow.
[0275] (Example 47)

Reaction was performed similarly to Example’37 except for
using 0.428 g (1.25 mmol) of sucrose instead of 0.45 g (2.5 mmol) of
D-fructose as a raw material, using 65.3 mg (0.1 mmol) of rhenium
carbonyl and 19.8 mg (0.1 mmol) of manganese chloride tetrahydrate
as catalysts, and performing heat treatment at 180°C. Vartious
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 liquid
chromatography. The yields of lactic acids in the analytical results
are shown in Table 7 below.

[0277] (Example 49)

Reaction was performed similarly to Example 37 except for
using a combination of 19.8 mg (0.1 mmol) of manganese chloride
tetrahydrate, 32.7 mg (0.05 mmol) of rhenium carbonyl, and 9.5mg

(0.05 mmol) of tin (II) chloride, as a catalyst. Various products were
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quantitatively analyzed by liquid chromatography. The yields of
lactic acids in the analytical results are shown in Table 7 below.
[0278] (Results)

As shown in Table 7, lactic acid ester could be obtained in a
high yield in the case (Example 37) of using rhenium carbonyl alone
as a catalyst.

[0279]

Furthermore, lactic acid ester could be obtained in a high
yield in the cases of using rhenium carbonyl with a compound of a
metal other than rhenium (Examples 38-43, 48, and 49). In particular,
lactic acid ester could be obtained in an even higher yield in the
combined use with magnesium chloride hexahydrate or manganese
chloride tetrahydrate (Examples 38 and 39). Also, lactic acid ester
could be obtained in particularly a high yield in the case of using
rhenium carbonyl with two types of compound of a metal other than
rhenium (Example 49). On the other hand, the production amount of
lactic acid ester was low in the case (Comparative example 24) of
using a compound of a metal other than rhenium alone as a catalyst.
[0280]

In Examples 43 and 45 wherein the proportions of two types
of catalyst were varied, the yield of lactic acid ester was higher in a
case of a higher proportion (about 33%; Example 43) of rhenium
carbonyl relative to the total amount of catalysts used than that in a
case of a lower proportion (20%; Example 45) of the same. Therefore,
it was demonstrated that when a compound of a metal other than
rhenium 1s added to rhenium carbonyl, the relatively high proportion

of rhenium carbonyl relative to the total amount of catalysts used is
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useful for obtaining lactic acid ester 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.

[Table 7]
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Exanpl e 51 Exanple 52 eg aiclwex Conparative exanpl e 25 Conparative exanpl e
26 Conparative exanple 27 Conparative exanple 26 | Conparative exanple 29
[ 0293] (Exanple 54) Generation of ate conplex of rhenium Manganese
chloride tetrahydrate (9.9 ng (0.05 nmol)), 16.3 ng (0.025 mol) of rhenium
carbonyl, and 10 nL of nethanol were added to a high-pressure reaction
vessel and then the vessel was seal ed, followed by pressurization with
nitrogen to 0.5 MPa. Subsequently, the tenperature of the reaction vessel
was ingpegsed Hy aRp1oomyt enperature to 150C for 45 minutes in an electric
furnace, thée reaction vessel was i mediately cool ed, and then ESI/ N5

neasur ement wagepenbeeed £00r ¢)hgceeP M¥nd{d294] 2.5 mmol BaserhQixd he
measurenent results, the generation of the ate conplex of rhenium was

obser vedsi(dricg. tHyt hh@298¢n dried for Thef ehoF@ hdursWas asuggest edct hat o heni um
carbonyl forned an ate conplex with a conmpound of a netal other than

r heni umg aftd Otshat it conpl-exbacyBdnagliy caitfal ysimb ol a ge delfoadat | on 9
reaction of cellulose, as well as sugar degradation.isonerization reaction.
[ 0296] m(B)(OMBS hodnus) ng imnahi gin @l k ashildei dndethuh idkee asl €.dt al y st 0RBExanpl e
55 Lactic acid ester synthesis from fructose using an indi um
conmpoumdnol) of rhempdinumardoprydpoki de I( 15 myet(tGi08, namodl ) 3 sisraimg rdium
compound, 0.450 g (2.5 mmol) of fructose as carbohydrate (as a raw

mat eri &l9re agdedotora, S8f mieshanmdles asstackaiwientawer endddeth ttbealid was

stainl ess-steel conpression reactor (Nitto Koatsu Co. Ltd.) with an inner
vol umeCHtssh mAidt 1R odis taHP&rl at tir WaSTREAS A t Mol ig&8E 0. Bas MPa) s
injected into the reactor vesse] of the reactor, and then the inside of the
react oP TGHEHAF A HEd Fm%aqu‘\’i/ 21506 WLFRP TaC Al 8U HedRee, Warst 8Fathd to

t enper re was. mai ntai ned at, | 50C foy. 10 hours, heating was stopped, and
then t éUrgac?%V“%ag F%??Hfolﬁﬁﬂﬁf Aﬁ%&? tHe ' BEct'OF Wit X8861eﬁlﬁg foom

R R R R I S TR EE A S
ChrOm&v%Q[@RQXift%iﬂiIligséjlt%mperature of 200°C, heating was then stopped,
and then the autoclave was left to cool at room temperature. The
reaction solution was removed from the autoclave after cooling to
room temperature, and various products in the solution were
quantitatively analyzed by liquid chromatography. The yields of
lactic acids in the analytical results are shown in Table 8 below. In
Table 8, “-” indicates that the percentage is equal to or less than the
detection limit.
[0284] (Example 51)

63.7 mg (0.12 mmol) of di-n-butyltin (I11)
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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2.4 mmol of nmethyl lactate was generated. The yield of the nethyl lactate
was 48% when represented in percentage (% figures for the nunber of noles
of nethyl |actate generated per nole of fructose as a raw nateri al
(fructose standard). [0297] (Exanple 56) Lactic acid synthesis from

fruct ose using indi um conpound | ndi um i sopropoxi de (15 ng (0.05
nmmol )) as an i ndi um conpound, 0.450 g (2.5 mmol) of fructose as
carbohydrate (as a raw naterial), and 10 nL of pure water as a solvent were
added Q@apyStal %@ﬁistssgpeelshgwm@%m §eaqi,ef. (Nitto Koatsu Co. Ltd.) with
an inner volume of 50 m., at roomtenperature. Nitrogen gas (0.5 MPa) was
i njected2gpt gEthenpeactgr vessel of the reactor and then the interior of
the reactor vessel was heated to 160C using a mantle heater. The

t enper at ure wasepRitataimedt abad foem & heur 82 Reatt ngf Was ¢ stoaPReghe and
then the reactor was left to cool. The remaining organi c phase was renoved
by pressing di Sdharge afst er @Ol ng sfmbéhe react or dionrwompitenper aiyre, and
then the thus obtained solution was quantitatively analyzed by |iquid

chr omatoghaptoym dshane¢ssdbhat®. 240molmef (8cij ¢ meid )wasf genepatedumhe
yield of lactic acid was 5% when it is represented by the fructose

st andarHlotidathésahydrpier, cend dde3 0% (0i QLY esnfadn ¢ hehnumber cofbomyks (nol)
of lactic acid (per nol of fructose as a raw material). [02981 (Exanple 57)
Lacti caacketadsper. syhenesos from gt toosecdisingei ndduditconpoandilar to
Reactlon was perforned under the sane conditions as those in Exanple 55
except tFore usl n§*amBbe g5 02.axqemd| )foaf thleucdsey ¢ ngpaditionsf r ucYoge uas

car boh drgte (as a, raw material) .and a reaction tenperature of 180C. As a
resul t PTodectingl (hrel u%fo b%lbéséaaéb%es0d|uattasevv§f%naa?a)1téflVr?éf/hw

Iactate ted an d of d on the gluc
standa?%? ‘gﬁ§yh {ayigy § i O&A%Pbéne?t%%@“ﬁifé<§§ BHAAUEEIdsTHR ﬁérm
glucogg ﬁh Qprd ﬁgf§&§sﬁo %hgl gaqég%?ﬁéfb flgure representing the

nunber res' ot roduc generat e of glucose as a raw
naterl g A, e 58) Lactic acid ester synthesis from glucose
usi ng nd|u acet et nate Reacti on was perfornmed under the sane

condi tions as ﬁ%@rm@@mgbﬁﬁaﬁé%@d fror ¥§i Gy 0 dﬁr waéRoQﬁ ) of

i ndi um acetyl acetone (In(acac)3) as an |nd|un1conpoun As a resu t, 1.55

ol (yiield 50f 034% based Iﬁ)HlotIPeoff RUCYOBL tSitranedas k1 Rhn BRI MYk actat ¢ was
generated, but no methyl |evulinate was generated. [0300] (Exanple 59)

Ef f ectmgof{0tihenadd) td Om Of g &n el b £ deoPQURg drate, and Reachi @ owes
performed under the same conditions as those in Exanple 55 except for

addi nginm el Jagdi theor upd datdioumli s6Breopode) afr aetdyels an® erstthamow aso. 1
nmmol of catechol as a phenolic conpound to a reactor vessel. As a result,
2.6 mmpérfoyimed d ugfd 52% bdsednensihd af riwct nsec stfaBdamd) | cofS Onek bypt Ifact at e
was generated and 0.15 nmol .
the above conditions. Various products in the thus obtained reaction
solution were quantitatively analyzed by liquid chromatography. The
yields of lactic acids in the analytical results are shown in Table 8
below.
[0287] (Comparative example 25)
Di-n-butyltin (II) trifluoromethanesulfonate (63.7 mg (0.12
mmol)) and 19.8 mg (0.1 mmol) of manganese chloride tetrahydrate
were used as catalysts. Reaction was performed under conditions

similar to those of Example 50 except for the above conditions.

Various products in the thus obtained reaction solution were
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(yield of 6% based on the glucose standard) of nethyl |evulinate was
generated as a by-product. [0301] (Exanple 60) Effects of the addition of
phenol i ¢ conpound Reaction was performed under the sane
conditions as those in Exanple 55 except for adding, in addition to indium
i sopropoxi de, fructose, and nethanol, 0.1 mmol of 2,2-biphenol as a
phenolic conpound to a reaction vessel.As a result, 2.5 mmol (yield of 50%
based on the fructose standard) of nmethyl |actate was generated. [0302] (4)
Met hodq 4gh figatiRail ymagamposad bgznol ithed! bK?ofﬁ%t@@E%N?t s ([eanplegd81)o
Indium (111) chloride tetrahydrate (14.9 ng (0.05 nmol)) as a netal
COWDOUYH]':t1Q&CYdE’r’gn(ﬁld)5nm’@d1):a0frebhst(stMGDBBBWIPBQS]FH'UUQGS igdieiim chl ori de as
a salt, 0.45 g (2.5 mmol) of fructose as carbohydrate (as a raw material),
20 nlL Of2 el hEnohp asatavsalxwanple @add a stirring bar were added to a

stai nl ess-steel conpression reactor with an inner volune of 50 nL (Nitto
Koat su Co. Ltd 93t amdatinentt lwead i e s ncd dsed. ADH°Cn fiodre laut bohaye osas
purged with nitrogen gas. After pressurization to 0.5 MPa, the autoclave was
heat edr¢ag t160C tumiengusaim el é6t6i angur(Wate whil@)stof r dngr-thhdyliiat utE)wi th a
magnetic stirrer. Subsequently, stirring was continued for 5 hours while
mai nt airhilng ram epercatlf enofe 130Cncands t hen ¢4el nsit.ocl ake awa i ef waso cool
at roon1tenperature The reaction solutlon was renoved fromthe autocl ave
after %dlqrﬁgec élr‘t’dieﬁr BALEt'dONA tiel 1§61 1ot Floms sverfeEqaamntlicr abi vt gparfaryzed by
liquid chrgnato The %lelds of lactic acids in the analytical results
are shidin?PRVta ? ‘B@POM/ EEéH“VPéPQ“F%ﬁH%p?%%éh?édﬂﬂﬁ pefceindyen( %)
flgures r the nunber f product with respe to the
number it Tt dSed Sanri i Ganr Al ! Dsapisl shnho a)tosfapéxti oFhei ds

t heoret. gal | enerated from1)-fru Lose, as a,raw mat [ Exanpl e
62) 153 Xﬁgacﬁloﬁ“ﬁgg B%ﬁ%grﬁg ? e afvy‘{oaéfa P IBI“ 3%33% %
perforydng, heat treatment at 180C. Products in the solution were
guantitatively anby |iquid chromatography. The yields of lactic acids in the

analytwﬁﬁﬁ)r@@ghhﬁn%qg“§gqgnn¢?:§q le 9 below. [0304] (Exanple 63)
Reaction was perfornmed siml y t0 Exanple 62 except for using 17.7 ny

(0.05 nmol ) ofijdndiden i At d%/a(sll;;-ért%%@ecmaﬁ@lIQQWOUMQ Rrodighss i prthe
solution were quantitatively analyzed by |iquid chromatography. The yiel ds
of | aqteactini ds timet heuginad ytiscal nagul t@ gne shawplj n dabl &if befigw.
trifluoromethanesulfonate alone as a catalyst. Reaction was
performed under conditions similar to those of Example 50 except for
the above conditions. Various products in the thus obtained reaction
solution were quantitatively analyzed by liquid chromatography. The
yields of lactic acids in the analytical results are shown in Table 8§
below.
[0290] (Comparative example 28)
Heat treatment was performed at 190°C for 10 hours of
reaction time wusing 53.1 mg (0.1 mmol) of di-n-butyltin (II)
trifluoromethanesulfonate alone as a catalyst. Reaction was
performed under conditions similar to those of Example 50 except for

the above conditions. Various products in the thus obtained reaction

solution were quantitatively analyzed by liquid chromatography. The
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[ 0305] (Exanple 64) Reaction was performed simlarly to Exanple 62
except for using 14.6 ng (0.05 mmol) of indium (111) acetate as a netal
conpound. Products in the solution were quantitatively analyzed by liquid
chr omat ogr aphy. The yields of lactic acids in the analytical results are
shown in Table 9 below. [0306] (Exanple 65) Reacti on was
performed simlarly to Exanple 62 except for using 20.6 ng (0.05 nmrnol) of
indium (111) acetylacetone as a nmetal conpound. Products in the solution

ver e qya@ﬁdst N wwcagawszqq biye | 4.04iygi Ghr nggrép@ysﬂmnymlﬁ%pé d actic
acids in the analytical results are shown in Table 9 below [0307] (Exanple

66) below. Reaction was perfornmed simlarly to Exanple 62 except for
using 30.9 ng (0.05 nmol) of bis(triphenyl phosphine)imnium brom de as a
sal t. Progact g ddompheasi@leut k ompwereoyuantitatively analyzed by |iquid
chromat ogr aphy. The yields of lactic acids in the analytical results are
shown in Tabl e 9Hkak owealt3N8] W EXamlferme)d at 190°C Readiy diowas of
performed simlarly to Exanple 62 except for using 33.3 ng (0.05 mml) of
bi s(trrehenyhphosphd neusingni uhi icodi neg as (8. sal tmRPraductst | ntiche goluti on
were quantitatively analyzed by liquid chromatography. The yields of lactic
aci ds imfhheranatlyaneallfpestt t salame shownai ncTedlyst9 belbewction  was

performed under conditions similar to those of Example 50 except for

the above conditions. Various products in the thus obtained reaction

solution were quantitatively analyzed by liquid chromatography. The

yields of lactic acids in the analytical results are shown in Table 8§

below.

[0292] (Results)

As shown in Table 8, in the presence of tin or organic tin
trifluoromethanesulfonate, lactic acid ester could be obtained (using
cellulose as a raw material) in a high yield in the cases (Examples
50-53) of using rhenium carbonyl in combination with a magnesium
compound or a manganese compound as a catalyst, compared with the
cases (Comparative examples 25-29) of not using a combination of the
three types of catalyst. Furthermore, regarding Examples 50 and 51
in which the ratio of the amounts of the three types of catalyst was
varied, lactic acid ester was obtained in a yield higher in the case of
the lower total amount of the catalysts used than in the case of the
higher total amount of the same. Therefore, it was demonstrated that
when three types of catalyst were added, the relatively low total
amount of catalysts used is useful for obtaining lactic acid ester in a

high yield. In addition, lactic acid ester was generated but no lactic

acid was generated in the case of using rhenium carbonyl or a
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[ 0309] (Exanple 68) Reaction was performed simlarly to Exanple 62
except for using 2.1 ng (0.05 mmol) of lithiumchloride 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

bel ow. [0310] (Exanple 69) Reaction was perforned simlarly to
Exanpl e 62 except for using 9.9 ng (0.05 mmol ) of

1-butyl-3-methylim dazoliunacetate as a salt.Products in the solution were
quant i tratn gval ok eavahypzachdy | i qui d chromat ography. The yields of lactic acids
in the analytical results are shown in Table 9 below [0311] (Exanple 70)
React i phawks Sperfornmed simlarly to Exanple 62 except for

usi ngll. 3ng( 0. O5nmol ) of 1-butyl-3-nethylim dazoliuntetrafluoroborate as a
salt.Products in the solution were quantitatively analyzed by liquid

chr omat ogr aphy. The yields of lactic acids in the analytical results are
shown in Table 9 below [0312] (Exanple 71) Reacti on was perforned
simlarly to Exanpl e 62 except for using 7.3 ng (0.05 nmol) of sodium
picolinate as a salt. Products in the solution were quantitatively anal yzed
by 1iquid chromatography. The yields of lactic acids in the anal ytical
results are shown in Table 9 below. [0313] (Exanple 72) Reacti on
was performed simlarly to Exanple 62 except for using 8.1 ng (0.05 nmol)
of sodiun(trihydroxy)phenyl borate as a salt. Products in the solution were
guantitatively analyzed by liquid chromatography. The yields of lactic
acids in the analytical results are shown in Table 9 below. [0314] (Exanple
73) Reaction was performed simlarly to Exanpl e 61 except for
using 8.8 ng (0.05 mml) of gallium(Ill1l) trichloride as a netal conpound,
perform ng heat treatnment at 190C, and stirring for 2 hours.Products in the
solution were quantitatively analyzed by |iquid chronmatography. The yiel ds
of lactic acids in the analytical results are shown in Table 9 bel ow
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[ 0315] (Exanple 74) Reaction was performed simlarly to Exanple
61 except for using 12.1 ng (0.05 nmol) of alumnium (111) chloride
hexahydrate as a netal conpound, perform ng heat treatnent at 190C, and
stirring for 2 hours. Products in the solution were quantitatively anal yzed

by liquid chromatography. The yields of lactic acids in the anal ytical
results are shown in Table 9 below [0316] (Results) As shown in
Table 9, as a result of using the ate conplex generated by reaction of a
netal conpound-with a salt as a catalyst lactic acids could be obtained in

hi gh yields. _In particular, |actic |acids re obtained in high yields of
more than| 6% n_t he cases (Exanmplgs £2).63, 66, 67, 68, 69, 71, and 72) of
usi ng i ndi &E(| IT>) chloride tet rahydrat ¢ “as™ a™'met al conpound and

bi s(trijphenyl phosphi ne) i m nijunsal t,|lithiunch] ori de,

1- but y1- 3ymethytimdazOiumacet at e, sodiiurmpi¢ol i natc, or

sodi un(t ri hyélrioxy) phenyl borate| as g salf, land perfornming heat treatnent at
180C. [TiaalgagQ Eganple Metal| gpnpounds Salst| Temperature (C) Tinme (h) Yield
(%9 61 I@:I 38H20 [PPNI 1O 150 b
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51.1% 62 InCl3 4H20 [PPNICI 180 5 62.8% 63 InBra [PPMCI 180 5 60. 9% 64
In(0Ac)3 [PPN]CI 180 5 51.0% 65 | n(acac) 3

[0293] (Example 54)
Generation of ate complex of rhenium

Manganese chloride tetrahydrate (9.9 mg (0.05 mmol)), 16.3
mg (0.025 mmol) of rhenium carbonyl, and 10 mL of methanol were
added to a high-pressure reaction vessel and then the vessel was
sealed, followed by pressurization with nitrogen to 0.5 MPa.
Subsequently, the temperature of the reaction vessel was increased
from room temperature to 150°C for 45 minutes in an electric furnace,
the reaction vessel was i1mmediately cooled, and then ESI/MS
measurement was performed for the content.

[0294]

Based on the measurement results, the generation of the ate
complex of rhenium was observed (Fig. 1).

[0295]

Therefore, it was suggested that rhenium carbonyl formed an
ate complex with a compound of a metal other than rhenium, and that
the complex acted as a catalyst for a degradation reaction of cellulose,
as well as sugar degradation-isomerization reaction.

[0296] (3) Method using indium alkoxide and the like as catalysts
(Example 55)

Lactic acid ester synthesis from fructose using an indium
compound

Indium isopropoxide (15 mg (0.05 mmol)) as an indium
compound, 0.450 g (2.5 mmol) of fructose as carbohydrate (as a raw
material), and 10 mL of methanol as a solvent were added to a
stainless-steel compression reactor (Nitto Koatsu Co. Ltd.) with an

inner volume of 50 ml at room temperature. Then nitrogen gas (0.5
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[PPNJCI 180 5 26.7% 66 InCI3 4H20 [PPIVIBr 180 5 62.5% 67 InCl3 4H20
[PPI\111 180 5 63.0% 68 I nCl 3 4H20 NCI 180 5

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 result,
2.4 mmol of methyl lactate was generated. The yield of the methyl
lactate was 48% when represented i1n percentage (%) figures for the
number of moles of methyl lactate generated per mole of fructose as a
raw material (fructose standard).
[0297] (Example 56)

Lactic acid synthesis from fructose using indium compound

Indium isopropoxide (15 mg (0.05 mmol)) as an indium
compound, 0.450 g (2.5 mmol) of fructose as carbohydrate (as a raw
matertal), and 10 mL of pure water as a solvent were added to a
stainless-steel compression reactor (Nitto Koatsu Co. Ltd.) with an
inner volume of 50 mL at room temperature. Nitrogen gas (0.5 MPa)
was injected into the reactor vessel of the reactor and then the interior
of the reactor vessel was heated to 160°C using a mantle heater. The
temperature was maintained at 160°C for 5 hours, heating was stopped,
and then the reactor was left to cool. The remaining organic phase
was removed by pressure discharge after cooling of the reactor to
room temperature, and then the thus obtained solution was
quantitatively analyzed by liquid chromatography. As a result, 0.24
mmol of lactic acid was generated. The yield of lactic acid was 5%

when it is represented by the fructose standard; that is, in percentage
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61.0% 69 InCI3 4H20 [bm m OAc 180 5 61.4% 70 1 nC13 4H20 [bm r MBF4 180 5
58.6% 71 I nCl 3 4H20 Sodi um picolinate 180 5 65.0% 72 I nC13 4H20

(%) figures for the number of moles (mol) of lactic acid (per mol of
fructose as a raw material).
[0298] (Example 57)
Lactic acid ester synthesis from glucose using indium compound
Reaction was performed under the same conditions as those in
Example 55 except for using 0.450 g (2.5 mmol) of glucose instead of
fructose as carbohydrate (as a raw material) and a reaction
temperature of 180°C. As a result, 2.0 mmol (yield of 40% based on
the glucose standard) of methyl lactate was generated and 0.08 mmol
(yield ot 3% based on the glucose standard) of methyl levulinate was
generated as a by-product. The term “glucose standard” refers to the
percentage (%) figure representing the number of moles of a product
generated per mole of glucose as a raw material.
[0299] (Example 58)
Lactic acid ester synthesis from glucose using indium acetylacetonate
Reaction was performed under the same conditions as those in
Example 55 except for using 20.8 mg (0.05 mmol) of indium
acetylacetone (In(acac)3) as an indium compound. As a result, 1.55
mmol (yield of 31% based on the fructose standard) of methyl lactate
was generated, but no methyl levulinate was generated.
[0300] (Example 59)
Effects of the addition of a phenolic compound
Reaction was performed under the same conditions as those in
Example 55 except for adding, in addition to indium isopropoxide,
fructose, and methanol, 0.1 mmol of catechol as a phenolic compound
to a reactor vessel. As a result, 2.6 mmol (yield of 52% based on the

fructose standard) of methyl lactate was generated and 0.15 mmol
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Sodi un(tri hydroxy) phenyl borate 180 5 63.3% 73 GaCl3 [PPNJCl 190 2 33.9% 74
Al C13 6H20 [PPMCI 190 2 20.9% [0317] (Exanple 75) GCeneration of ate

conpl ex Indium (111) chloride tetrahydrate (0.05 nmol) as a netal
conpound and bi s(tri phenyl phosphi ne)i m nium chloride (0.05 mml) as a salt
were dissolved in nethanol (20 m.), and then the solution was heated in an
aut ocl ave under nitrogen gas (0.5 MPa) at 190C for 2 hours (no sugar
(carbohydrate as a raw material) was added, but treatnent was perforned

under {Hg:19a0¢ dBa6hked €ONUt hbDNSo &S sthP88rd) of methyl levulinate was
generated as a by-product.
[0301] (Example 60)
Effects of the addition of phenolic compound

Reaction was performed under the same conditions as those in
Example 55 except for adding, in addition to indium isopropoxide,
fructose, and methanol, 0.1 mmol of 2,2-biphenol as a phenolic
compound to a reaction vessel. As a result, 2.5 mmol (yield of 50%
based on the fructose standard) of methyl lactate was generated.
[0302] (4) Method using indium compound and the like as catalysts
(Example 61)

Indium (IIl) chloride tetrahydrate (14.9 mg (0.05 mmol)) as a
metal compound, 28.7 mg (0.05 mmol) of
bis(triphenylphosphine)iminium chloride as a salt, 0.45 g (2.5 mmol)
of fructose as carbohydrate (as a raw material), 20 mL of methanol as
a solvent, and a stirring bar were added to a stainless-steel
compression reactor with an inner volume of 50 mL (Nitto Koatsu Co.
Ltd.), and then the lid was closed. Air in the autoclave was purged
with nitrogen gas. After pressurization to 0.5 MPa, the autoclave
was heated to 150°C using an electric furnace while stirring the
mixture with a magnetic stirrer. Subsequently, stirring was continued
for 5 hours while maintaining a temperature of 150°C, and then the
autoclave was left to cool at room temperature. The reaction solution
was removed from the autoclave after cooling, and products in the
solution were quantitatively analyzed by liquid chromatography. The
yields of lactic acids in the analytical results are shown in Table 9

below. Each yield i1s represented in percentage (%) figures for the
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in Exanpl e 61). Subsequently, the autoclave was left to cool at room
tenperature. After cooling, the reaction solution was renoved fromthe

aut ocl ave and then products in the solution were neasured by ES |- Ms.
[0318] As a result of neasurenent, the generation of the ate conpl ex of
InCl - was observed (Fig. 2). 4 [0319] Therefore, it was suggested
that indium (11l1) chloride tetrahydrate and bi s(tri phenyl phosphi ne)i m ni um
chloride forman ate conplex and the conplex acts as a catal yst for sugar
deQ adatiindreri sénmil zat (inonl r edictd dn.prpd320] w(iExanppec76p the numbet ndi um
(I'11) chloride tetrahydrate (14.9 ng (0.05 mml)) and 31.9 ng (0.06 mmol)
of di butoykesi flaetif] atcedasfrmet@ate conpoumaso1/2857 nmypo(lD. 05 draotie ofcids

bi s(tri phenyl phosphine)imniumchloride as a salt, 0.405 g of cellul ose
(cor r eSpondithepll s 2emerarel frem &) nigusto gyt deoseavnindteasilcar bohydrate (as a
raw material). 20 nl, of nethanol as a solvent, and a stirring bar were
added t®3 % b{ErAmeBke §2del conpression reactor with an inner vol ume of 190
m. (Tokyo Ri kaki kai. Co., Ltd.%, agd t hen Lhe lid was chsed.Air in the
aut ocl ave was ptAGeEMWME RSt FOYBAIgAEN MY Y destPiP2at P OnC¥BEBE ST NPa, t he
aut ocl ave. was. hegted to 190C using _an electric furnace whiJe.stirring the
mi xt ur RE WO '@ Srellfifet e $Hen! géﬁsequeﬁm}}w&wpr ithg wWas!(EoRt Miféd for
10 hours ile intaining.a,tenperature of 190C, and then the gutocl ave
was et L0 eETTh POOHC LR e ALAPL - TRESPEIEEr oA ol ut it W Tretved
from the autachavs afd of, conlingy (and pLoducts, kR the.solubion vere
quantitatively anal yzed by |qU|5 C ronﬁ%ograﬁhy. e yields of lactic
acids i i C results are shown in Table 10 bel ow. Each yield is
repres(ﬁ¥%b ¥§Q%§¥%%h?g e (% figures for the nunber of noles (nmol) of each
product with respachnt @ akhe RERRE Ok APIa8Sy ({2G11 £m@gt A5 Ok Ucose (it in
cellulose = 5 mpl/2.5 mmol) of lactic acids theoretically generated from
cel | ul psig gas1a 7 aw grat @Al mnh 821 f (EXBMPhebfdmide (111) Reagtipataas
performed simlarly to Exanple 76 except for using 14.9 ng (0.05 nmol) of

i ndi une rhpblunchl omirde ulcet riahyhle add uaneh 2befe nph i 061 D) )amefl yLed bEi fl at e
as netal conpounds. Products in the solution were quantitatively anal yzed
by |i quigdidhelonamhage apdyh y Thel'lyé efidd def of alaicittc axdids 1 thive aardlyyidadal
results are shown in Table 10 bel ow. [Table 10] Exanple Metal conpound

Sal t Terperd &s Treashtawe (C ¢h)e 9 below.

[0305] (Example 64)

Reaction was performed similarly to Example 62 except for
using 14.6 mg (0.05 mmol) of indium (IIIl) acetate as a metal
compound. Products in the solution were quantitatively analyzed by
liquid chromatography. The yields of lactic acids in the analytical
results are shown in Table 9 below.

[0306] (Example 65)

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

[0307] (Example 66)
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Yield (%9 76 Bu2Sn(0T192 InCl2 41-1,0 [PPNI 1C1 190 10 32.6% 77 Sn(0T02
InC13 41-120 [PPWC1 190 10 28. 7% [0322] (Conparative exanple 30)
Reaction was performed simlarly to Exanple 76 except for using 31.9 ngy
(0.06 mmol) of dibutyl tin triflate alone as a nmetal conpound w thout
adding a salt. Products in the solution were quantitatively anal yzed by
| i qui d chromat ography. The yields of lactic acids in the analytical results
are shown in Table 11 below. [0323] (Conparative exanple 31)

Reaction was performed similarly to Example 62 except for

using 30.9 mg (0.05 mmol) of bis(triphenylphosphine)iminium
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 iodine
as a salt. Products in the solution were quantitatively analyzed by
liquid chromatography. The yields of lactic acids in the analytical
results are shown in Table 9 below.

[0309] (Example 68)

Reaction was performed similarly to Example 62 except for
using 2.1 mg (0.05 mmol) of lithium chloride as a salt. Products in
the solution were quantitatively analyzed by liquid chromatography.
The yields of lactic acids in the analytical results are shown in Table
9 below.

[0310] (Example 69)

Reaction was performed similarly to Example 62 except for
using 9.9 mg (0.05 mmol) of 1-butyl-3-methylimidazoliumacetate as a
salt. Products in the solution were quantitatively analyzed by liquid
chromatography. The yields of lactic acids in the analytical results
are shown in Table 9 below.

[0311] (Example 70)

Reaction was performed similarly to Example 62 except for

using 11.3 mg (0.05 mmol) of

l-butyl-3-methylimidazoliumtetrafluoroborate as a salt. Products in
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Reaction was perforned simlarly to Conparative exanple 30 except for using

25.0 ng (0.06 mml) of tin triflate as a netal

conpound. Products in the

solution were quantitatively analyzed by |iquid chromatography. The yields

of

| actic acids in the anal ytical
[ 0324] (Conparative exanple 32)

five exanple Metal conpound Salt Tenpera- ture (C) Tinme (h) Yield (%
Bu2Sn(91¢lp2v.- 190

[0312] (Example 71)

Reaction was performed similarly to Example 62 except for
using 7.3 mg (0.05 mmol) of sodium picolinate as a salt. Products in
the solution were quantitatively analyzed by liquid chromatography.
The yields of lactic acids in the analytical results are shown in Table
9 below.

[0313] (Example 72)

Reaction was performed similarly to Example 62 except for

using 8.1 mg (0.05 mmol) of sodium(trihydroxy)phenylborate as a salt.

Products 1in the solution were quantitatively analyzed by liquid
chromatography. The yields of lactic acids in the analytical results
are shown in Table 9 below.

[0314] (Example 73)

Reaction was performed similarly to Example 61 except for
using 8.8 mg (0.05 mmol) of gallium (III) trichloride as a metal
compound, performing heat treatment at 190°C, and stirring for 2
hours.  Products in the solution were quantitatively analyzed by
liquid chromatography. The yields of lactic acids in the analytical
results are shown in Table 9 below.

[0315] (Example 74)

Reaction was performed similarly to Example 61 except for
using 12.1 mg (0.05 mmol) of aluminium (III) chloride hexahydrate as
a metal compound, performing heat treatment at 190°C, and stirring

for 2 hours. Products in the solution were quantitatively analyzed by
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results are shown in Table 11 bel ow
Reaction was perfornmed simlarly
to Conparative exanple 30 except for using 14.9 ng (0.05 mmol) of indium
(I'11) chloride tetrahydratc as a netal
bi s(t riphesyluphosphicae) §irkniiumichkl or hdel ase @ sal it qu Rt oglueisa i dg the
were quantitatively analyzed by |Iiquid chromatography. The yiel ds of
aci ds Thet heclanr esulatcsi @aneidhawnth ¢ ahableichl baludw affdadil ew hlin Qoaiplar a-

conmpound and 28.7 ng (0.05 mmol ) of
hgol ution
| actic

: 30



10 16.0%i 31 Sn(Ore2 - 190 10 18.0% 32 InCl 3 4130 [PPNICI 190 10 - [0325]
Based on the results of Exanples 76 and 77 and Conparative exanples 30-32,
it was reveal ed that the use of a tin conpound with a conbination of an

i ndi um conpound and a salt results in an inproved lactic acid yield from
cellulose. [Industrial Applicability] [0326]

liquid chromatography. The yields of lactic acids in the analytical
results are shown in Table 9 below.
[0316] (Results)

As shown in Table 9, as a result of using the ate complex
generated by reaction of a metal compound with a salt as a catalyst,
lactic acids could be obtained in high yields. In particular, lactic
acids were obtained in high yields of more than 60% in the cases

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

chloride tetrahydrate as a metal compound and
bis(triphenylphosphine)iminium salt, lithium chloride,
l-butyl-3-methylimidazoliumacetate, sodium picolinate, or

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

treatment at 180°C.

[Table 9]

Example | Metal compound Salt Temperature (°C) | Time (h) | Yield (%)
61 InCl3 4H,0O [PPN]CI 150 5 51.1%
62 inCl; 4H,0 [PPNICI 180 5. 62.8%
63 InBr; [PPNICI 180 5 60.9%
64 In(OAc); [PPNICI 180 5 51.0%
65 | In(acac)s [PPN]CI 180 5 26.7%
66 InCl; 4H,0 [PPNIBr 180 5 62.5%
67 InCl; 4H,0 [PPNII | ; 180 5 63.0%
68 InClz 4H,0 LiCl 180 5 61.0%
69 InCl; 4H,0 [bmim]OAc 180 5 61.4%
70 InCl3 4H,0 [bmim]BF, 180 5 58.6%
71 InCl; 4H,0 Sodium picolinate 180 5 65.0%
72 InCls 4H,0 Sodium{trihydroxy)phenyiborate 180 5 63.3%
73 GaCls [PPNICI 190 2 33.9%
74 AICl3 6H,0 [PPNICI 190 2 20.9%

[0317] (Example 75)
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The nethod of the present invention provides a novel catalytic reaction
systemfor efficiently converting bionmass containing pol ysacchari des
represented by cellul ose and nonosaccharides into lactic acid and lactic
acid ester. The use of the nethod of the present invention enables
efficient production of lactic acid and/or lactic acid ester using a

car bohydrate-containina raw material, such as biomass containing a

cel l ul ose resource. According to the nmethod, lactic acid and/or lactic acid
ester, Guntrpardn ol afd Yohadkkc acid ester can be produced in a high yield
Wi t hout using a |arge anmount of strong acid, while suppressing the

gener ation of hytipmodudis. ch032dE tetrahydratél {0 publ meadi)ons, apahenils and
patent applications cited in this description are herein incorporated by
ref erencenponideandehtd(tetphen yTpADNDE 11A) imethiedn f ohlgriddu¢d M |actibkL) aci d
and/or lactic acid ester by heat treatnment on a carbohydrate-containing raw
mat eri ab 4 rradt sekvendissoht ad nimgn atlcatal ¥80, miher end: then tthe satatiypst is at
| east one type of conpound selected fromthe group consisting of a tin
conpound,s hpaiedliinnecompoyhayc anddar nhewigem gerpdundM R at hied BT visnt

contai ns water and/or al cohol 2. The method for producing lactic

aci d/ | Achparac(ed est2tr dcesbahngret clsaiamrew whetxiinlx heasordéed, fhurt her
contains at | east one type of conpound selected fromthe group consisting
of a firatmedngiasi sarsarned wadal tEsnpatsdrcactipphrandedrpsund, these
magnesi um co und, an_alkali nmetal salt, an alkalipe earth netal salt, a
quat er Ha %%ﬁ%ﬁiﬁﬂ%-saﬁﬂbsaﬂaea%a&@ ﬁéht\}cgﬂ’c?sﬁ’i‘?énr% Wafpol & T et hod
for produci ng | acti t?g:i d/ | a}cti c gci d ester aclcordi n%,to claim/1 or 2,

wher ei FFRPCF2AEE oné H§hé 05 RO BEnke ST 8Bt 24 3t YAE GrBAS “Cohki ®ting of
a tin gorpaund, 30 Lad! ym.compond, . and &g newlum cogpound and, g jeast one
type o co‘rrpouna sel'ect ed fr8m t hé group consisting or a Picfet 'Y ansi ti on
seri esp@et @l g conpound, a |ithium conpound, a magnesi um conpound, an al kal i
netal salt, an alkaline earth nmetal salt, a quaternary ammoniumsalt, and a
guat ermgygphosphoni umsalt forman ate conplex. 4. The nmethod for
producing lactic acid/lactic acid ester of any one of clainms | to 3,
wherein the tifs GOPPAURD, f tn SRheehechf rom thRc84QUR §PARESEdNo Afpikikn or
organic tin perfluoroal kyl sul foliate and a tin or organic tin halide. 5.
The meehdd (lor wasodbeémnged aBigc2aci d/ |l actic acid ester of any one of clains
1 to 4, wherein the indiumconpound is selected fromthe group consisting
of a hldde] salt, carboxylate, indium al koxide, and indium acetyl acet ate.

6. The nethod for producing lactic acid/lactic acid ester of any one of
clainms | to 5Twherfern, t he mhaeni ymggespodindhiag anconpourfdljontlal miidg a

hal i de or a carbonyl ligand. 7. The nmethod for producing |lactic

aci d/ | détrleydeid esdebidftriare e hofs pdiiaieksm in tuon 6¢ e ée nfariie solatent
further contains a phenolic conmpound. 8. The nmethod for producing |lactic
aci d/ | aemipdedci ekt ebhof SAPIIRE ofaclsai s 1 2o Patylysiei AOoReats Wagat nent
is performed at 100C to 300C. 9. The nethod for producing lactic

aci d/ 14egiaddePn sSmesrigR iy roneti8N-clains 1 to 8, wherein the

car bohy -containi raw material is at |east one type selected fromthe
group QO%E{EﬁQHU?ICCZng ose, sol uble polysaccharides, and

ronosacchar | dq%'dium (III) chloride tetrahydrate (14.9 mg (0.05 mmol)) and
31.9 mg (0.06 mmol) of dibutyltin triflate as metal compounds, 28.7
mg (0.05 mmol) of bis(triphenylphosphine)iminium chloride as a salt,
0.405 g of cellulose (corresponding to 2.5 mmol in terms of glucose
unit) as carbohydrate (as a raw material), 20 mL of methanol as a
solvent, and a stirring bar were added to a stainless-steel compression

reactor with an inner volume of 190 mL (Tokyo Rikakikai Co., Ltd.),
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and then the lid was closed. Air in the autoclave was purged with
nitrogen gas. After pressurization to 0.5 MPa, the autoclave was
heated to 190°C using an electric furnace while stirring the mixture
with a magnetic stirrer. Subsequently, stirring was continued for 10
hours while maintaining a temperature of 190°C, and then the
autoclave was left to cool at room temperature. The reaction solution
was removed from the autoclave after cooling, and products in the
solution were quantitatively analyzed by liquid chromatography. The
yields of lactic acids in the analytical results are shown in Table 10
below. 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 (IIl) chloride tetrahydrate and
25.0 mg (0.06 mmol) of tin triflate as metal compounds. Products in
the solution were quantitatively analyzed by liquid chromatography.

The yields of lactic acids in the analytical results are shown in Table

10 below.
[Table 10]
Example Metal compound Salt Tempera- Time Yield
ture {°C) {h) (%)
76 Bu,Sn(0TH), [PPNICI 190 10 32.6%
InCl; 4H,0
77 Sn(0TH), [PPNICI 190 10 28.7%
InCl; 4H,0
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[0322] (Comparative example 30)

Reaction was performed similarly to Example 76 except for
using 31.9 mg (0.06 mmol) of dibutyltin triflate alone as a metal
compound without adding 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 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
solution were quantitatively analyzed by liquid chromatography. The

yields of lactic acids in the analytical results are shown in Table 11

below.
[Table 11]
Compara- Metal compound Salt Tempera- | Time Yield
tive ture (°C) (h) (%)
example
30 Bu,Sn(0TY), - 190 10 16.0%
31 Sn(0Tf), - 190 10 18.0%
32 InCl; 4H,0 [PPN]CI 190 10 —
[0325]
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Based on the results of Examples 76 and 77 and Comparative
examples 30-32, it was revealed that the use of a tin compound with a
combination of an indium compound and a salt results in an improved
lactic acid yield from cellulose.

[Industrial Applicability]
[0326]

The method of the present invention provides a novel
catalytic reaction system for efficiently converting biomass containing
polysaccharides represented by cellulose and monosaccharides into
lactic acid and lactic acid ester. The use of the method of the present
invention enables efficient production of lactic acid and/or lactic acid
ester using a carbohydrate-containing raw material, such as biomass
containing a cellulose resource. According to the method, lactic acid
and/or lactic acid ester, and particularly lactic acid ester can be
produced in a high yield without using a large amount of strong acid,
while suppressing the generation of by-products.

[0327]
All publications, patents and patent applications cited in this

description are herein incorporated by reference in their entirety.
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CLAIMS

1. A method for producing lactic acid and/or lactic acid ester by heat
treatment on a carbohydrate-containing raw material in a solvent
containing a catalyst, wherein:

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

the solvent contains water and/or alcohol.

2. The method for producing lactic acid/lactic acid ester according
to claim 1, wherein the solvent further contains at least one type of
compound sclected 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.

3. The method for producing lactic acid/lactic acid ester according
to claim 1 or 2, 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

quaternary phosphonium salt form an ate complex.

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

-124 -



claims 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.

5. The method for producing lactic acid/lactic acid ester of 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.

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

containing a halide or a carbonyl ligand.

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

compound.

8. The method for producing lactic acid/lactic acid ester of any one
of claims 1 to 7, wherein heat treatment is performed at 100°C to

300°C.

9. The method for producing lactic acid/lactic acid ester of 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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