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Homogeneous catalyst

. [l substrate
* =
. Ligand .
. Solvent

Homogeneous dispersion in solvent

= High active and selective

Heterogeneous catalyst

Grafting on solid support
e.g. silica gel, alumina, carbon...

= Low active and selective

Fig. 1. Approach for immobilization of homogeneous metal complex catalyst.
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Fig. 2. (a) Preparation of BPy-PMO through hydrolysis
and polycondensation under basic conditions. (b)
XRD patterns and (c) nitrogen adsorption/desorp-
tion isotherms for BPy-PMO.
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(a) SEM and (b—d) TEM images of BPy-PMO.

Fig. 4. Structural model of BPy-PMO. Silicon, yellow

Bipyridine

B2 EE LT b 2 & ASEARNMR T I & 0 #ERR
ShTwa20", E¥Y Y rELRED HlEY
HTHEE2Z D,

Z? &9 IZBPYy-PMODFHOLE Y Y ¥ VI,
W 5 S A ESNTE Y, TSRS
NTWBWEENDD B 720, BT O—28 LT4E
BEROTBEASMF SN D, r iz Td, mBKYER
SREARTH L P X 22-KEY VL) Yruun
W7 = LR (Rulbpy) sCL) DR & i A 72,
Ru RO HTRA (Ru(bpy) 2Cla-2H,0) {12 BPy-
PMO# K % 43 i & &, 90°C T 24 I [l B4 L 3 %
1ol h, MALEWICRuEEHEAIEE T & 72
(Fig. 52) o $LHLSCHT L OVF A R 2 P VICIE, Ru
(bpy) sClo (2 S H [ 72 MLCT DWRIR & ) ¥ b EgR
& N7z £ 72, Rulbpy).(BPy-PMO) ® XANES B
L VEXAFS A7 M ViE, 3—%D Ru(bpy):ClL, D
ARy V& X —F L7 (Figs. 5band 5¢). ICP
M5, RuSh RO ER I, BPy-PMOHOY Y
VO VEDRI6%TH DI NG ol Fxld
INFTIC, RuskR7ZIFT%R <, Re, Pd, Ir§ifAD
B DR THL L AR LE

3. BPy-PMO # BB FICHW =B ERILEY
O C-H kI FLRIS

AR FLAWE, WRAE, EESARICE

R EELABOPEETH B HHR Yy FLE

WERWI2aAhy 7)) v ZReiE, THEMICIE

1.16 nm

; oxygen, red; carbon, gray; nitrogen, blue; hydrogen, white.



(13)

IS FIHENT WS 728, 20104EI2HAS I —
AL E RS s R Tw Y, T, A
FIEMOERBEE LT, BB E 7
C-H& 7 FLRUE Y 25, $EF 02D BB IR A4 7

a .
@ Bipyridine Ru(bpy), moiety
o

Y Ru(bpy);Cly 2H;0
—_—

EtOH
90°C, 24 h

(c)
n
"
I
I
IR
[
PG
§ . i V4 ‘\»,"“ s
B3
X
=
'S
0.51 51
220 221 222 223 0 2 4 6
Photon Energy / eVx10® R/10" nm

Vol. 32, No. 1

(2015) 13

EEAKEE LTHEASN TS, MEROEGHDET
el AREERE LR L 357215 TRE, H
W SR LRI A RIAET 21 L, 2o
FEHETIE, ZMliRSFERILEWZERE LTV
ENTE, BIAENYE LTKRENRETLORT
Hbho 2, AV YYA, KEYYY, B (EF
a5 — ) VAT Y (Bypin, pin=0,C;Mey) b L
CIFE¥Fa—RF v (HBpin) LB EIND A
VY AR, RO TR ARG & R SRR
WM RYER Y — RO —>Th 2 Y,
LrL, Zo—Rftio R e HH W ETH
D, WAMEDMER N0, YV ELBHTZZE2T
X,

A T Ak % E gL L 72 BPy-PMO (Ir-BPy-
PMO) (&, AU ¥ ARERIA ([Ir(OMe) (cod)],) %
BPy-PMOD E ¥ ) ¥ V3T RIRMIC KIS S ¢ 5 2
ETEHEM L 720 1585 N7k R0 &8 b0 o JR Tk
7 BB TIREIL, XAFS 2 5 NS XPSHIE S &

Fig. 5. (a) CG image of the direct Ru-complex formation on DFEL, METEEH—FAY) I LKL SV
the pore surface of BPy-PMO. Hydrogen on bipyri- WP 2R CTE 7, F72, (EROBEHLATH B
dine is omitted. Green, ruthenium; pink, nitrog(en). VAN, AUE—F ALY A, KU RFL VI
The other colors correspond to those in Fig. 4. (b - - - e

AL L 724 ) T KGR o Ml BEETAR b FE0E L 7
Ru K-edge XANES spectra and (c) EXAFS Fourier } " "
transform (x=30-140 nm ') of Ru (bpy),(BPy- (Fig. 6).
. . 4o < o e e
PMO) (solid line) and Ru (bpy);Cl, (dashed line). Fig. 6alZ, BPy-PMO & BE 3k o il 2 8 4 12 [ %2 1L
(a) C io‘ B'O:C Ir catalyst (0.75 mol% Ir) C o ﬁ (b)
C=H + — -
=" O'B o 80°C, 12h 100
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N/\ |
51{5 2o \% ﬁ,/OMe 80
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Ir-BPy-PMO 94 Ir-BPy-silica
Ir-BPy-silica 33 20
Ir-BPy-FSM 63
Ir-BPy-polymer 0 . ) Ir-?Py-poAIymer
[a] Isolated yield of benzene boronate based on Ir-BPy-FSM Ir-BPy-polymer % 6VO 1v20 1g0 2;0 300

boron atom in boron reagent. Reaction time / min

Fig. 6. (a) Reaction scheme and results for Ir-catalyzed direct C—H borylation of benzene with B,pin, and chemical structures
Ir catalysts. (b) Reaction kinetic curves of direct C—H borylation of benzene catalyzed by heterogeneous Ir catalysts.
All reactions shown in Figs. 6 (a) and (b) were carried out in the presence of same amount of iridium catalyst

(0.75 mol% Ir).
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Fig. 7. (a) Recyclability and (b) reusability of Ir-BPy-
PMO after direct C—H borylation of benzene and
(¢) substrate scope of Ir-BPy-PMO for direct C—H

borylation of arenes.
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Crystal-like Bipyridine-bridged Periodic Mesoporous
Organosilica: Innovative Solid Chelating Ligand
for Metal Complex Catalyst

Yoshifumi Maegawa and Shinji Inagaki

Toyota Central R&D Labs., Inc., Nagakute, Aichi 480—1192, Japan
E-mail: inagaki@mosk.tytlabs.co.jp

Synthesis of a solid chelating ligand for the formation of highly efficient heterogeneous catalyst is highly de-

sired in the fields of organic synthesis and photo-chemistry of metal complexes. Here, we report the synthesis of a

crystal-like periodic mesoporous organosilica containing 2,2’-bipyridine ligands within the framework. BPy-

PMO has a unique pore wall structure in which bipyridine groups are regularly arranged and exposed on the pore

surface, and forms metal complexes directly on the surface. Iridium complex immobilized on BPy-PMO showed

excellent ligand properties for the direct C—H borylation of arenes, resulting in superior activity, durability, and

recyclability to the corresponding homogeneous catalyst. These results demonstrate the great potential of BPy-

PMO as a solid chelating ligand for heterogenization of metal complex catalysts without loss of catalysis

performance. BPy-PMO will be an innovative solid chelating ligand to progress the chemistry on metal complex

catalyzed organic reaction and photocatalytic reaction from solution system to solid-state systems aimed for in-

dustrial process.

Key words: Mesoporous, Organosilica, Solid Chelating Ligand, Metal Complex, Catalyst
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