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G S Lewis acid property and catalysis of homogeneous and heterogeneous acid catalysts in water (¥J— 3%/ R ¥J— K FHEARE L
A AFRAIE O RN & BT ORED ) EREL, KPICRBWTEWAEESRE 2 AT 28— RV A AR CH B4R b Y
TNFR AL ZNHELE(NY 7 F— 1) (MOTH,) & R —R N A AT & 2 BB SR & B, KA oTE MK
% NMR{E, R {EEO S HFIEERANTHOIT LTV E. RiE4e 5 ETHRIN TN 5.

%1 mCIE, BEELUS DA SRS B BUE £ TORRE AL O RGHI 2 HEBR L, KRRV A A Wb EBR 36 0 B 200 TNT
Z OB OWTOR LN LR AMIC DN TR LN TN 5.

¥ 2 BT, BERMAISOTT VRIS E R B KPR D ENE T LT e KD OLBEA RIS Z1TV, KFPHEEEL
A AW BAAV SR 7 1 2T DWW TRRFT L TV D, ZOSUGE Se(OTh);, Yb(OTH)s, NbyOs nH,O FE D /LA AEfifiiiz k- T
DOHAELFTL, TV AT » REERIECH HHiEE, S, Amberlyst X° Nafion %D A A L ZHRRIZ I\ Cidsh STEMEZ R &7
W BT TARKIGEZTT 9 & Sc(OTH:; 171E F TG S /- AR /K FE OB AR S\, HHEEGFAE T bv- JLlET
AFNVIENEAKZBICERSNDES H, "CNMR JIEIC LV HLMNENTWD. Ziux, 7TV AT v RERE VA AfEE W
7ot RO ERBT L2 E2ERLTEY, VA ABMBIZELE VBT VT v K e ZEREN KT 52 & T,
SN MPVIEIGICK D RY REEIZRIEL, ZO/E, mVEHEELZ R 2 LFmST o Tnd.

HIECIINTF AL ORI D 6 FHO&E Y 77— R (Sc,In, Y, Lu, La, Zn) MDA ABIEE DENE TMPO (K~ U A F
NWIRAT 4 v AX Y R) AV P NMR JIERCDFT R RIC L Vi 21T > T\ 5. &8 MY 77— MIKEEF Com7iiv
R—= VSR T VARG ED I N R =V IE % Z — 4y M LTSS IS @ OIS 2R U, F 2 E T o /S 1
I~ AEMSITB N THENTHSD Z ENRESh TS, LnL, BARZEE MY 77— N TOMMBEENED LELERICS
WIS R BEA R SN TR 5T, TOFITE LML STV, AHFZETIE Sc(0Th); & In(OTH; BELEVEET LT b
R G OIS FRKGEIE FIZRBIT DX AT AT e ROT VIALRISIZEBWTO b Y 7 T — bl & 0 @ Ic@istE b
5 EBRAT, FOERICOWVTHREFEIT> TS, TMPO % V7= P NMR JIEIC L 0 448 N U 77— MMt o i
HAEFMT 5 &, TMPO/D,O IRHRIZ Sc(OTh); X° In(OTh); ZHINT 5 2 & TRERIPALEY 7 NI NS, A7 MUEIED
Tu— R= 2 ZEDHEGR SR, Sc(OTH); & In(OTH); 23 TMPO e I ViR = /UL &M & ZE LTZEABRERE L, IV R=ViRFE%
< IEICHEIE S Z E0GEH S, BIZ DFT fHRICBWTHERE MY 77— Mt LUMO =3/ ¥—% g4 5 &,
Sc(OTh); & In(OTH; Mhd VU 7T — ML ¥ IRV R AX—2F L TWDE Z ERFEH S, B R=/LEHD HOMO
BIE & OBV AEERRBEINS Z LRI, BLEDOER LY, Sc(OThH; & In(OTH); D & IETEMENE, vy LUMO —
INF—=RER 20 WNVKRoNVIEE L ZENREERETRRA L, EFRZINERT 22 THRbINZEBRLTND.

%4 O, KPHSREARL — LA AL L L CMB LD TiO, R0 Nb,Os % O il JE WIER 4 R R L) O FEE B G ~D BB %
RET LT 5. BRARBICDAENE, BREENIOLL ABE, TV AT v Rk, BESOR~ OTEEY A Ne&h, Thb
DA BERE T D 2 & ORISR 213 U o & " D kk 4 At SR I R B < . AFZEClE, ENLVEVBT LTk Kb
DA SR FVNT Ti0,, Zr0,, NbyOs, Ta,0s DFTEM: 4 b L, & O flEyE M o0 3 2K % #iit L TV 5. NbyOs & TayOs
TUE 80 %FLE D B W ILIBRINE 2 FEHL 95—, Zr0, & TiO, TIXFLEEORINFIXKL, TV F—AMEEMBRIARY & L TE
LHZLZRLTND. T MRS R UECSO TR L TOT NV F— /UG RIS D OGOV THR L2 & 25
TiO, & ZrO IZEBWTOHRT & b DT )V R— & KD MSO(mesithyl oxide) 3 RH S5 Z &5 TiO, & Zr0, IZE £
DIFRMEY A RRENLE VBT AT E ROAT LT 0 hrOj|& k&, =/ b— AV OBREREL, TV F—ILHiEK
ISEBETDEMBINTVS. U EORELY, BALWOEEOLA ARV A MIE2hSRICEM LS 2 e S8 5 m,
FA MIFSOSE LTT NV R= UG SOGE SIS L, ABOBREOR FTEHE R LR LA /ML TN,

FSETIE, BIEE LTARMERICE D EZEHOL, MEESBICBT 2HMICOWTE LD TND.

fE#% © FSCEEIL, T3 2000 55 & FEIC 300 GEA 1P ORMET D2, b L<IZTL 800 #5a 1R L T<Za0,
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Thesis Summary (approx.300 English Words )

Water-tolerant Lewis acids are promising catalysts to realize the carbon-carbon bond
forming reactions such as aldol, allylation and sugar conversion reactions even in water.
However, the development of water-tolerant Lewis acid catalysts is sometimes empirical
because the rationale for the reactivity of Lewis acids has remained vague owing to the
difficulty of the definition of Lewis acidity. Therefore, the objective of this research is to
clarify the catalytic property of water-tolerant Lewis acids so as to make the direction of
designing effective Lewis acid catalysts.

In chapter 2, I discovered that the isomerization reaction of pyruvic aldehyde into lactic acid
proceeds only on Lewis acid sites; Bronsted acid catalysts show no catalysis for this reaction.
This reaction is demonstrated to be an optimal reaction for the evaluation of the activity of
Lewis acid catalysts.

In chapter 3, I tried to evaluate the Lew1s acidity of metal triflates (M(OTf)x) as model
catalysts of homogenous Lewis acids. *'P NMR analysis with trimethylphosphine oxide
(TMPO) and DFT calculation were employed to compare the Lewis acidity of metal triflates
with different metal cations (Sc, In, Y, Lu, La, Zn). Consequently, I clarified that Sc(OTf);
and In(OTf); have strong affinity with TMPO and carbonyl compounds owing to low LUMO
energies of Sc(OTf); and In(OTf);, resulting in high catalytic performance in the
isomerization reaction of pyruvic aldehyde and the allylation reaction of benzaldehyde.

In chapter 4, I investigated the catalytic properties of metal oxides. Metal oxides include
Brensted acid and basic sites as well as Lewis acid site in their structures. I shed light on the
influence of basic sites of metal oxides, which invoke aldol condensation reaction of pyruvic
aldehyde as a side reaction. FT-IR with acetone probe demonstrated that basic sites of metal
oxides assist to convert pyruvic aldehyde into an aldol condensation product instead of lactic
acid via keto-enol tautomerization. And, I concluded that Nb,Os and Ta,Os, which have no
basic sites, exhibit high lactic acid selectivity.

In chapter 5, I summed up the above results comprehensively.
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