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AFf I, Titanium Deposited Mesoporous Silica (TDMS)D A% & K CTOA AFRfEVER, X561
X DOFREHKAIEIC X 5 EHEEILICET 22 5 B LR STV 5.

%1 BT, BEAREBRAMLO AP - Mg L, Fekt rTRE/ b TEOMEE BT S - BFRHO
5 18 B R AREE O B FMEIZ OV TR T2, FRIZ, %< ORFB-IRERM AR ZEET 2 FHN 5 E
ELFHEETHDVA ABMBLIZER L, BEFEVA ABOREZBKICE O ERZITKIET 55, £t
M43 F T oo D K DR R IREIEE I OW TR LT, T 0%IC, Ko BEYTH 5K P RERE E AL A
A FRfil it o BR %S O B EME & B fE Ik X 2

%2 E T, AiEER SRR T OB AR EE T A NPV AR EE R T LICER L,
FHEMIEIC L D TDMS DAk & Z DK TO A AR ISV TG L 72, Ti(OPr-i), %
TEFATE N AERAETHI ETHONMEEZT ¥ L PRICHNT, AYHR—F 22U SBA-15
DOREEEMT HZ & TTDMS ZAkk Lz, X #REYT, UV WINZEOMEHTIZ XY, TDMS 23 & R
FE (K9 450 m* @) LA 9 nm OMAIZR A VLA AT HMETHH 2 &, A RS L L THERE
THEEZOND AN TIFEEZHATHZ L 250 L=, TDMS K OENLA BRI 72 Ti AL A A
feil LCHSRET Do &L, HEM T e —T7 07 THDE NI AFIVKRRAT ¢ 4% FEO—#{bR
FEMOTHRE L7z, FT-AIR &Y NMR HIEDO#ER, HWEME T v —7 073 WEKOFEICED ST
TDMS DJLA AFRSIZENL L TV D Z ERfEREINT-. > T TDMS Db A AfgSI3K T T8 HERE
THHLOEEZLI, TOKPEEREMEII N A ABRICHRAE LizKDy T & B0 T INEDHITZHATRET
DD EEZELL.

VA ABRMRBES BRI IS 2D D Z LN LI TWD, AT TAT e ROKFETOE R
FBENC L 2B A Z AT & 25, TDMS (37307 DL F & L0 & B WILERILER (90%) %2 7~ L
7=. LR ARSISIZI T D TDMS &b F % o ORUSHEDE IZHOWTCIE, b F % v BICFEET
HREINIG (BT TAT e ROKMESR) ZRtEd 2HIEM, TDMS EIZIZFFEE LW - DI @O ALE
IWHRNEREINTZEER LT, EHIL, RUAXTATE RE (R AF Loy rsangdiro
MILT Vv R— VS E R LTz & 2 A, TDMS SR EEERITH 5 KT 2 vkl s b U w7 A(SDS)FFE
TCHIIIT IV R—=/VE S EIER 87% THlEd 5 Z &, F - USR~DKDEIMMB R 72 Bs OHEFTIZ
ARAIRTHDZ EEHLMNI LT,

B3 ETIE, LT Ry M ERESIEIC XD TDMS O EOREE 4 BEYIZ, HLHES TDMS O
BRL & F ORI SOW TR L2, MBS 7 2 > 7 LEAK P-123 27 7L — MW=
Si(OMe), & Ti(OPr-i), DIEAEAISIZ LV, REEMTE THE L7z TDMS & IZIE RSO HRAIA A FLAE
a2 AT HIMEAIE-TDMS 245k Lz, UV I, X #REr, EAE FBMSEIC L 2T ok R,
HAFEAVE-TDMS _EIZiT 4 BUNZ Ti 720 TR T FH 2 —BRIERbTF % o OffE R oA R s . 4
Ha A VE-TDMS D LA AR IZ ST E LT T LT B KB OB A RS THRE LIZE 25
HAFA1E-TDMS 1T E HEAGE THEE L72 TDMS £ 0 HRWFLELRINE 278 Uiz, ZuidArk Lziib
T 5 R EOYIE I X > TRIGMEESI NS 72D L E 2 L, @WiEEYEREZ k3 TDMS O
A RICIZ R EEAENE LT D Lk L.

%4 FEC, REEHAIOTINEBEL LaVWKHEILT v R—/V RSO B%E & HIZ, FKimeik
{t. TDMS DA% & F DKL A AR I >\ TRE L7-. TDMS R A2 BiAb 52 L0k b,
SDS FEAEAE T T b BiKMEDIE 2N TDMS K DL A AR L it 5 Z L shns. &
STV TRMBICEVIREL T, RFEIL, RN, NISFhH7v4nisF9
% K {EAf TDMS (X, TDMS HROBRIE AV HIFLAEG & VA ABRREZA LT\ e, KA AESR
BRRER LY, N8k 2 RICKH 230E O R X8 St O BUKMEZ RFT LT & 2 A, ik
BEOBKMEN B Y S 704 1a TDMS > RFF 3L TDMS > 71 )L TDMS = X ¥/ TDMS >
TDMS DIETH 5D Z & &M L. REIGETERIFEAIE T COXRPEILT IV R— VS ERE L& 2
A, IR ARBEO BOKE L RSO FF L7220, RLBUKKTH-72 MY T4 7041 TDMS i
ARSI 85% CRUS A D 5 Z & 2 R L=, BUKMEREZ W5 K CoEEL A 2Rt~ o




T ADOHEITIE, BRI OBUKMEEREIIC K 2 EMN AR TH 5 Liftm L7z,

WABICE 5 B CIEARNFEZ404E L7z, ARFZEORAUE, K TONA ABRBOSCMBA L7 & D%
W EICB W THERMATH 57200 T <, RERAMDO ORI 2 AT D KemE e L
THWD A AFRAREE T 1 2 Z OGRS HICRL S Z LI SN S.
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Thesis Summary (approx.300 English Words )

In this thesis, I studied the the Lewis acid catalysis of titanium deposited mesoporous silicas
(TDMS) in water and surfactant-free Mukaiyama-aldol condensation with hydrophobic TDMS.

In chapter 2, I described the synthesis and Lewis acid catalysis of TDMS in water. TDMS prepared
by a simple post-grafting technique using Ti(OPr-i), has a large BET surface area (ca. 450 m> g ') and
ordered mesoporous structure. UV-Vis DRS and CO adsorption FT-IR revealed that isolated TiO,4
tetrahedra on mesoporous silica can interact with CO even in the presence of water. Lewis acid centers
on TDMS exhibit high catalytic performance for the hydride transfer of pyruvaldehyde to lactic acid
and the Mukaiyama-aldol condensation of benzaldehyde with I-trimethylsilyloxy-cyclohexene in
water.

In chapter 3, I prepared TDMS by a co-condensation method and studied as water tolerant Lewis
acid catalysts. The resulting TDMS samples with various Ti contents have ordered mesopores and
high surface areas. However, titania nanoparticles were also formed for TDMS with high titanium
content. While all TDMS samples synthesized by co-condensation method can catalyze hydride
transfer reaction of pyruvaldehyde, TDMS with high Ti content show low lactic acid selectivity. This
would be due to TiO, nanoparticles that contain active sites for by-product formation. Post-grafting
method is superior method to prepare TDMS catalyst with isolated titanium tetrahedral species.

In chapter 4, I prepared a new heterogeneous catalyst, hydrophobic TiO4-deposited mesoporous
silica for the efficient Mukaiyama-aldol condensation. The introduction of dodecyl- and
tridecafluoro-groups onto TDMS gave rise to strong hydrophobicity for the material. For
tridecafluoro-TDMS, the product yield reached 85%, even without SDS, which is comparable to that
for bare TDMS and Sc(OTf); with SDS. The high catalytic performance of hydrophobic TDMS can be
attributed to both inherent Lewis acidity of TiO, tetrahedra workable in water and a highly

hydrophobic organic layer that facilitates access of the reactant.
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