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AL [Saccharide conversion over TiO, with water-tolerant Lewis acid sites (Zk FHERE/L A A il .
AT D TiOp IC K DHEEBIIN) | EELT, BbT ¥ v OKPEEREN A AFRABERAE & 72—
MHOD 5t RaXy 2AF L7V T7 T — L (HMF) G RUZ 31T D AlEEIC B3 285812\, 25 &
DR TRER L7z,

1 ETIE, FERERARE O EERE S - s L 2 ORFZeY B, E B b T2 I B E A
7 v 2 QBN OV T L7, RS A~ ABBSOSICE R EZKY, BEEZ L e LizR
LAKRFED S OF REF IR L 70 5 GHERES 7 7 FA~OEMIES, FEAMAGIZ 31T 5K H CHésE
T O A APRBE D HENEA TR U, &R ISAER SCOMTSE H YISOV Tk~ 7z

%2 BT, BT & DG & HEIEMT, K OVKEIRT CTONA AR E A LR L7z, F4
=ULT b TA YT aRF Y RERAWZ Y IV TVRISIZ L o TERR LIZBR(bT 2 3RS0 7 -
S —PRIOMWEZA L, 252m° gt OKERFHME RO & 2R LTz, KFE FICB0 504 2
PEEIZOWTIE, HEET e —T 070 ) V2 Az FT-IR JIEIC L Vi L. B{kF% oo
NA ABBRITZ EOWEKFETTHE ) VU MHAEER L TERME Y VUBEERT L2 &%
MR L, ZAUINA ABBIZRE LIRS TF L) DU RESIIRHTE D Z LICRERT 5 LB
Lz, RETIE, BILT ¥ DONA AFRMEE ORBITE VA ARREEIZH 5 Ltk L7z, BERomg
{b=FT DN A ZBITIKGFIT L > TREDDRIEL T LE D TDITH RN A ABEITDIRVR, B
bFZ DA ABRITKIZE > THFRESND Z L0372, TOHENA ARRITBIL =4 T D 7 [GIRE
EWZ LA LM LT, BT & ORI TONA AR 2 FEOT 2 MO OKERIK T
BT HENTT AT E RN OHABERRIE, NUATVTe RET R T IUAHBIZLDT Uk
KIE) TRiL7z. 7 Ly AT v RERAMEECTH B REEIE 2 D O UGICx L TIRIEHETH 5203, ¥J—
FRKFHERE L A ARRAIE CHH AN VT A NY 7T — MMV A AR TH D b=4~7, BT
HATE VR EZ R U, LB A RGHE & i3 2 L T & 03 e b milE 2L A ARl & 7p o
THEY, ZommWBHEMIIRMET 2 REITER SN @B EDONLA AFRICHKT 5 L BRI

FIFETIE, U EREHEE Li(bT # filfi (phosphate/TiO,) (2K % 7 /b2 —27025 D HMF &
FSOSIZDOWTRLIR L7z, Wb F & % U UK CHiE# L T 541 5 phosphate/TiO, 1%, Bk
F oo LREERICKRERFREE L T T2 — B AEEEZ A L TWD 2 2R L. £, ©U VY
W FT-IR JIEIC X 0 WEKGFIE T CHREET D04 AN BII S, ZOHEETBILT 2 LFH
BRETOLZENnhrol. Fio, VVBEERL T LUATy NBRIZBB SNV 7T ANRR G
722 v, phosphate/TiO, IXEA/L A AR T 5 LGN L. Sak7e etz HuvwC
T — A0 HMF ARG ZHE L TR Y, 7L AT v NEEEOHEIE Y VR, A A o kst




JEDT 23— 1U A F-15 IR A B TIE 72 A3, phosphate/TiO, (X EEIRAJIC HMF 2 8 T& 5
ZEERH U MOKFHEELA AR THDL AT YT A RN T— FRRILT X idEmn bR a2
AR HMF IR PMEVMEZ R — 75, 0 FRORISUS B ET L TWD Z e N nhoTe. BiLF 2D
A AFEF A MK > TEEMIC HMF ARSI, S 52V UEEEEIC K > TKEME S FIRTH D
7 2 DA KIEIZINHE &z 2 & 2%, phosphate/TiO, O i WEE OB Th 5 L B LT

%5 4 #Cl%, phosphate/TiO, 12X % 73— 2035 HMF OAERLA = X LOfFH L, &g oL

T — AYRIR B O EIEIREY 72 HMF S EIEIC W Tl 7z, RN L= 7 v a— 2 & vz b L—
P—EBRICL W RIGREZTMM L7 25, ADPUALRN) 7T —MNITNVT b—A~DRMEE
A LT HMF 235832 D12kt L, phosphate/TiO, TlidZ Rk FIBi K BIGIZ & - T HMF 285 LT
HZEEWOEMILIE. &5, 2-sec-T F VT = J — /L% HMF ORISR V72 2 M EOG % % F)
M2 & EAMMIESR (236 1T 2 BIBUG 2 il © &, @iRE 7L 3 — XD b EEIRAYIC HMF 286 6K
TELZEx AL,

%5 ETIX, AW AMEE L.

VL b, AFwSCTIE, B(bTF Z oK PERE L A AR IR L, £D 7V a—Z2 B0 HMF
BRI I B flEE I Z SV CEE e RS R IC DWW CER L7z, 20D OSSR B I S
BRERTHY, FECHRE STV DRERIT AR L L CEBEA RIS BRI TV 5.
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TiO,, an abundant and inexpensive material, can function as an easily separable and reusable
heterogeneous catalyst with water-tolerant Lewis acid sites. In this study, it was found that most of
Lewis acid sites on TiO, maintain inherent Lewis acidity in water, because tetrahedral TiO,4 with
mild Lewis acidity cannot be deactivated even after formation of water-TiO, adduct in water.
Catalytic performance of TiO, was examined for lactic acid formation from pyruvaldehyde and the
allylation of benzaldehyde with tetraallyltin in water. Catalytic activity of TiO, is comparable to that
of Sc(OTf); for both reactions, although the amount of effective Lewis acid sites on TiO, that are
workable in water is substantially less than that on Sc(OTf)s. Furthermore, Lewis acid sites on
TiO, are effective for 5-hydroxymethylfurfural (HMF) formation from glucose. While the reaction
proceeds on bare TiO, catalyst, it also promotes intermolecular side reactions, including aldol
condensation. However, phosphate immobilization on TiO, (phosphate/TiO,), where OH groups
on TiO, are esterified into O-PO(OH), by phosphoric acid, largely improves HMF selectivity.
Phosphate/TiO, exhibits high HMF yield (ca. 80%) in THF-water mixture (THF/H,O = 90/10). Such
high HMF vyield can be achieved under diluted glucose solution (ca. 1 wt%) and high
catalyst/glucose ratio (50/20 wt%). No decrease in original activity for subsequent reactions
demonstrated that phosphate/TiO, can function as a stable and reusable heterogeneous catalyst
for HMF production. Reaction mechanism on HMF formation reaction over phosphate/TiO, was
also investigated by reactions using isotopically labeled molecules, suggesting that stepwise
dehydration of glucose forms HMF over these TiO, catalysts. This mechanism is different from
that of Sc(OTf); and other Lewis acid catalysts, which convert glucose into HMF through
aldose—ketose isomerization between glucose and fructose involving a hydride transfer step and
subsequent dehydration of fructose. Furthermore, phosphate/TiO, shows high HMF selectivity
even at high glucose concentration (ca. 20 wt%) in a biphasic system (2-sec-buthylphenol/H,0 =

3/1), which is due to the prevention of side reactions between intermediates and HMF.
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