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EARZFR A LICEBFEOIEME R 2 AT 2 Cik, ol Eo Lo lc, wWiRP CiEh LB AWy
OMEZITHHE LA IEMERZ, F—RKEICEET S & TESELZENTED, IHIT,
BARMEIZEA SN 206 OIEE RS BIRIICE < Z lc X0 RIS OMEE S D THA
fEAE ) DAHBLT 2 Z LM SN TV D, FRIAVAE/ER X Lewis B2 Th 5 1EBSRHIN L
HHE R 2R —EARRmICEET DI EICL o THHET LI ERREINTWD, ABFZETIE,
U ORI BEEAE E S Uil ot U, A E R OB A Z 5 T8 —ELE S O i
REHC X D EIEME et OB A BAe LTz, £/, Fx o NEERIHAT 2 LT, KERFTO
OSSR OHEE 21T > 72,

ARFSCTIE, —EIC . _E L TR—REICEE L7z R $ERE 5 =7 I v 2 w4 L
T4yt Rav U RG], 8 =8 Tk TE—REICEE U Ir il & 5 =87 I 2 A
Te BB C-H AU FEUS ], RBICHMNETRIRORIE 2R~ 5.

BRI, @R AR HRRE OB ICELE TS 2 & &2 HEE L. Rh 8RR OV =ik
7 U EFEREET D 2 I LD ETEEABE OB X OVSOSMEERIE O MR &2 3T, AL 7
4D R U AARIZHWS Rh filllifix, Rh S5 OFTERR Td 2 [Rh(0H) cod], 35 L OV =k 7
2 VU OREMATH 5 diethylaminopropyltrimethoxysilane @ dioxane I8k & < VU HIZEET 5 2
& THEE L7z (S10,/Rh-NEty) ., Z D& & Rh SR KO =7 I T RN =111 L7 5 L 91T
BE L7z, s Uz d, oo, [EAR NMR, FTIR, XAFS Z MW\ CHEEMT 21T > 72, A L
74Dt Ka U ARG TiE, Si0y/Rh-NEt, BEAFFE FIZBW T, KSKEE 156 43T 96%D
1-hexadecene 23t K11 o U WAL Mo L LTz, — 7 A RE 2 [EE L 722Dy o 7= filE (Si0./Rh)
T, RGHHAR 60 53 DR RIZIB W T 60%FREDINHE ThH o 72, I HIZ, H k7 I v OAEEL
L7235 A . ERISHEIT LW & 2R Uiz, AME e Hqric X 2 i s i oo s sh 5
D TR E < FEIT Si0./Rh-NEt, il 2 Fl\ 7= & K o U UABROG T, Rh FE#ED TON A3 190
FCETDEEER I OEWIEEE A Z R Lz, 8 =kT7 2 S K DAl SOS ORI >
WTHIRZG D725, 7 I OB AL DR OEZE(L oA 4 | KR Rh K-edge XAFS, '"N DNP
MR, 3 X in-situ FTIR JIEIZ LV #EFE L7z, Rh K-edge XAFS 35X TN N DNP NMR Il E Db 5
0. 72 AR T Rh #5AD XAFS A7 M UIZZEER 72, 72D NJFEFD NMR > 7'
MZH BRIV LD, 7 X IR $AD RFTEEIC B LW 2 LR SN, E7z,
in-situ FTIR MIEDFER LY, HETHDHE FrT T OWIMNEHEIC Rh $EkD> raty &2
TURMEA DY TNV DOBD DGR ENT-Z &M, 7 2 2 OEAZ XY Rh $E RO L4 Tl
IR BN N EBEZITTND I ERHLNE ST,

B S CIT BRI & AR m O BRI EE S oA, VU I RMEICFET D Si-0H
Fo7p © ORI B LY 5 2 DRFICER L, Ir 88 LU =7 I 2 EE L7 il 4 H




W HER CH AR U RIS Z T o7, CHARYFELISITHND Ir iz, > Z o0y 7 )
VIR ERMALTEMN A THHIEE Y P v —%2EE L, £~ Ir $AZ BN sS85 2 &
ko T LA, EEHT I, BV D UVERMFOIEICIY Y A~FEEL, 2~
[Ir (OMe) (cod) Jo &Mz U HEEIr B ¥ U U85 (Si0./NEty/bpy (C) /Ir) ZIERK S,
IorE, EEVDUERNL T EETY U —rF (bpy(Cy)) DRFHOES%E C & CiD 2 FiSH
AEL, T otz Uz, PR U-fitix, SO0, B \MR, FTIR, XAFS % H
WA G fEMNT 21T > 72, Benzonitrile @ bis (pinacolato)diboron (Beping) {2 & 5 C-H i W #FEAbIK
ISEAT o7& 2 A, Si0:/NEty/bpy (C1) /I BEAFAE FIZIWT, RGREH 30 43 C B Ji 1 57 68%
DEFIBEONT o, —TF5, BT I EE Lo T (S102/bpy (C1) /Tr) TIRULERIX
34% Th o7=, F7=. Si0s/NEto/bpy (Cy) /I filiIL[E UAEIE OENL 1% F =35 — Rl & bhig L
THEWEMEZ R L7, Si0,/NEty/bpy (Cy) /Ir OTEMEITIMRD TR < . KR & S50 R R H> fih
BHEMEICHEB L TWD EHEE SN D, fix OE#HIELZ L HOT ) —/VEE 2 O I RS 24T -
el A, B RGIMEZETH2EEN L0 AERMIGERE L R 5BRAHE I, S5
BANME % £ D benzonitrile X2 methylbenzoate Z W AEE . & =k 7T I 1T L A RIS O [H
ERENFHR LTV ERNMER SN, TV — VB ORI E BRI AR 1 O Si-0H k&
FHAEERH L WA EEZ, Si-OH A AF LT By 7 U ZHENC L - T 87 fildt 2 H
WG R T o 72 & 2 A, SO TR SN, Z0Z b, v U BEEL Ir il 4
W7z C-H A 7 FAERINIT B W CTHARR EISAAIET D Si-0H KA E IR EF 2 > T 5 & HEH
L7z 20 OfIEM I E L 5.2 BRFICHOWTE R 2155 7% XAFS, FTIR, Raman 35 L O°
in—situ FTIR JIEZ E D4 E1T-> 72,

UL EZ#fEd 25 & AR ClIEE e B At 2 31 2 &8 O 5 — Bl A7 A O £k it
0 RIS O EmBhR b AE R LT, ETz, %ﬂ%h@ﬁﬁ Téﬁﬁ@ﬁﬁ%%%ﬁﬁb
72
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We have developed catalysts with multiple active sites on silica surfaces.
It was found that the metal complex and the organic functionality immobilized
on the same silica surface had superior activity by cooperative effect. The
prepared catalysts were characterized by various spectroscopic methods, such
as solid-state NMR, FTIR, and XAFS, and elemental analysis.

By introducing a tertiary amine in the vicinity of the Rh complex immobilized
on the silica (Si0,/Rh-NEt,), the catalytic activity for hydrosilylation was
increased. In the hydrosilylation reaction of olefins, 96% of 1-hexadecene was
converted to a hydrosilylated product for 15 minutes in the presence of
Si0,/Rh-NEt, catalyst. On the other hand, in the case of the catalyst in which
the organic group was not immobilized (Si0,/Rh), the yield was 58% for 60 minutes.
Low—temperature Rh K—edge XAFS, N DNP NMR, and in-situ FTIR measurements imply
that the presence of an amine facilitates cyclooctadiene dissociation from the
Rh center.

The catalyst possessing both the Ir complex and the tertiary amine
(S10,/NEt,/bpy (C,) /Ir) was found to be active for C-H borylation. Catalysts with
both Ir complexes and tertiary amines (Si0,/NEt,/bpy(C,)/Ir) have been found to
be active for C-H borylation of benzonitrile and methylbenzoate. Catalysts were
prepared with Two types of bipyridine ligands with different carbon chain
lengths (bpy(C,) and bpy(C,)). In the C-H borylation reaction, the catalyst
prepared with shorter carbon chain ligand (Si0,/bpy(C,)/Ir) showed higher
catalytic activity than that prepared with the longer one (Si0,/bpy (Cy) /Ir). The
bifunctional catalyst (Si0,/NEty/bpy(C,)/Ir) showed higher activity than
silica—supported Ir complex alone (SiO,/bpy(C,)/Ir) or homogeneous analogs of
the Ir complex. XAFS and in—situ FTIR measurements imply that the immobilized
amine does not directly interact with Ir center and the silanol group at the
silica surface interacts with the aryl substrate. Thus, we speculated that the
distance between the immobilized Ir—bipyridine and silica surface affects its
catalytic activity.
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