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W - SEEDWHFEIIER T2 2 & T, RS2 RE ST 5, 2 OfBER CTIX. ARIE < A
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(272 %,

AR BICEET D2 & THEEMZIMZ, 2 SOTEESSHIRRICIER T 253X, Lewis
BTh oA L AREREDOHMAEDEICHLHISTEDL LB ObND, 2FEV, H—FR TR
FNTEALLTLE D Z & THVWOMBIEEZ K-> T L% 5 @Rtk & ARERIL, ERRim ki
BET D2 & CHREERAPMEIESND, 2L > T Bronsted B Cldpk LRV, EHY T
DA R EEARIC X 2 R BAO IR L & . HEIIC X B IE ORI & [ R U 7= Al SO 23 vl g
L7825,

AT, BRI am, B F T TR—RmZEE L7z Pd 851K & 347 I 0 Synergistic
Catalysis (2 % Tsuji-Trost &), /=% CTix [FA—REIZETE L7z Rh $&KkE 3 BT I0D
Double-Activation Catalysis (Z &% 14-(HIN5G ), BEUE T T REAEEH 2 %883 2 BEE s
REAEIERRED 7' e — 70 F 2 MIOTZHE ). R LR CTREOREZ IR TN D,

FETIE, F—RACTOEBEER L 5 =T I v OWFRMBIERORBZ B L, Pd #§k
&AL B RIBNCIEM T2 2 & ThROSMEET 5 2 E WM BTV 2 Teuji-Trost [k & 7
B—7 G E LTHWD Z & T ERERR ETo Pd $5KE 5 =87 2 2 OWRMBEAIER ORR
R LTz, U Bk E L, Pd $EKESE =T X 2B b L7-filkli (SiO,/diamine/Pd/NEt,)
AL, "CMASNMR, XPS, KOTEHRMHT & M CHEEMRIT 21T - 7o, HEEARTORS R, o
VB BCPT 23T 00 MR L T S U EE Sz BB ESER S 2 L
BN RoTo, WICHER L2 2 HNCTT & MEEBF L L RET VLA TF LD
Tsuji-Trost S iz 217 - 7=, fE 5. SiOy/diamine/Pd/NEt, (%, Pd & (& o % % [E &1k L 7= fik i
(SiOy/diamine/Pd) XV HLIEFITEWEMNEZ R LTz, 2O &1F, F %7 I Pd $5KIC LD
BSOS ZRE S TNWDH Z & 2R L TWD, — T, SiOy/diamine/Pd (ZxF L CTEEL L T
W7 X U EBRINLIZGE1E, BOSORET RN oTc, YLEORERENG | Pd $5IK L5 =7
L UEE—EE BICEE LIS A DORINERESE D ZENFRETHD Z LN gD, [FEiR
BC CPIMAS NMR JIiES5IC kT, Pd S5 T U bHIZ | F—RiH EOT I v 3 kig#Hl & [F]
REIZIEMEIL 9% “Synergistic Catalysis” 128 > TRIGHEHESNLD Z E AW LN LT, T742b
B, Tsuji-Trost G E 7m0 —7 & LCTHWD Z & T, FEfR#EE EicBir 5 Pd §5KkE 3 &7




2 O FRIEER OB AR L=, £7-. SiOJ/diamine/Pd/NEt, filliiix, #x 2T LR =/L
bW, 7= /=, KONV AKR U BEEZIE L LN EB W TEVIEMEZ R L, il alis 5
(TON) 3 m&C 1070 ([ZEE LT,

B Ok, BRER EToOSBEER & AERXOWRMMENER 2, 2 SOMBEMERD 1 5
DFE % [FIRFICIEME(L 95 “Double-Activation Catalysis” ~& 452 &2 HfE L. Rh $k L
=T S A EE L il (SiO /diamine/Rh/NEL) ZFH8L L 7=, filfiiskimod Rh $S DA E )
BT IVOAMICEILTHR -THDHI EE XAFS JIEIC LI VHL M LT,
SiO,/diamine/Rh/NEt, fillifiz fHWT 7 == /LA IO > 7 a~Xt ) k5 L4-MIRG %
1T7eo72L 2 A, Rh 5RO A ZEE LI L 0 & mWiEEE R Lz, F72. Rh 5K &5 =k
TIVOEENEORE 11 ICHEEL, 2RO ELZ L ST ZFR L2, Zh b ofil
B2 ANT, JOSRTITMFET D Rh & —E L LS ZITR->72& 2 A, Rh SRR OE=T
v OHEFFEOHINAEOARBIE TR B Lz, 722006, EEER I Rh 85K O =k 7T
L UNEBEICHET D RN BT E V2D, MU OIREMEEB ST B0,
SiO,/diamine/Rh/NEt, (27 = =/L7k g% 4% S "B MQ MAS NMR HIlE&{T/ -7~ L 2 A, &
=TI EOMAEERICED 4 B U EREOEESBI SN, 202 &1, Rh $5K L
=T XN T = =R VR A RIRFICIEPE{E % “Double-Activation Catalysis” (2 & - TG %
ST 2 L2 KL TW5b, 77, SiO/diamine/Rh/NEL, filliidkEx 72 7 = =LA 7D
INTALEER A T LA ICIEEZ R 72100 Tl TAF AR UEBE W KISIZH
EMEZ R LTz, TAXVARUEEEZ TS LA-MIINEOG OMETIX, AR X0 )0 TRk S 47z,

HEUECIL, [EE b U7 ki m oo B e £L M o BEEE & il iE M O BB A ST B 72, p-
BVINRAT VT Re7a—7001 & LTHWCOEESOBEBEORE 21T/ > 72, 78
— 7T LRI O AMEMAIL, FTIR LU, "B, ®CMASNMR &% AV THER L 7=,
ORGSR, EIETEI A Foe B R & AREINE, IEMEOIRW AR & bl U T, EHTLE T
HZEDNHLNIRoT, Tkt WRMEIERIZH T 2TEMEIL, BEEm Lo SFOE
BEICR KT D Wi D, FRIRFC, ZofERIIEERRE EICB T 5 mRAEERIZ X 5Kt o
e 250 < SR 5,

VI EA#IET A & AR TR, ERER ETOBMA L ARE O W FfEER 2 B L
7
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The present dissertation deals with studies on concerted catalysis by metal complexes and
organic bases on a silica surface. To realize such a concept, catalysts were prepared via functionalization of
a silica surface with a diamine ligand and tertiary amine (SiO,/diamine/NEt;) followed by complexation
with metal species.

In chapter Il, | report the synergistic catalysis of the Tsuji-Trost allylation by a silica-supported
diaminopalladium complex and a tertiary amine (SiO,/diamine/Pd/NEt,). The structures of the prepared
catalysts were investigated by *Si MAS and *C CP/MAS NMR, XPS, and elemental analysis. The
palladium-catalyzed reaction was significantly accelerated by the assistance of the tertiary amine. The
reaction mechanism using SiO,/diamine/Pd/NEt, involves activation of the allylating reagent by the Pd
complex and nucleophile by the tertiary amine, which were clarified by *C CP/MAS NMR measurement.
The SiO,/diamine/Pd/NEt, catalyst exhibited wide applicability and high selectivity in the reaction using
various substrates such as 1,3-dicarbonyls, phenols, and carboxylic acids. Moreover, the catalyst was
reusable at least four times without appreciable loss of its activity and selectivity.

In chapter Ill, | describe the double-activation catalysis of the 1,4-addition of organoboronic
acids to an a,B-unsaturated carbonyl compound by a rhodium complex/tertiary amine catalyst
(SiO,/diamine/Rh/NEL,). The catalysts were characterized by *Si MAS and *C CP/MAS NMR, X-ray
absorption fine structure (XAFS), XPS and elemental analysis. The immobilized tertiary amine
successfully accelerated the Rh-catalyzed 1,4-addition. The acceleration mechanism of the reaction was
clarified by "B MQ MAS NMR measurement. The surface tertiary amine reacted with the boron species to
form a four-coordinate boron species, which led to the acceleration of the rate-determining trasmetalation
step. The catalyst system could be applied to the reactions of various aryl- and alkyl-boronic acids.

In chapter IV, | describe the estimation of the distance between immobilized functional groups
for concerted catalysis using a probe molecule. In chapters Il and Ill, SiO,/diamine/Pd/NEt, and
SiO,/diamine/Rh/NEt; catalysts were synthesized from a platform material possessing a diamine ligand and
a tertiary amine base on the same silica surface (SiO,/diamine/NEt;). At the immobilization process of the
diamine ligand and tertiary amine, the distance between active sites was determined in such concerted
catalysis. Therefore, the distance between the diamine ligand and tertiary amine was investigated in this
chapter. The distance between active sites is discussed based on the interaction between the functionalized
Si0, surface and a probe molecule, p-formyl phenylboronic acid. The interaction was studied by B MAS
and **C CP/MAS NMR and FT-IR measurement.
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