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Development of catalysts for organic transformations utilizing defect-rich metal
oxide supports
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In the present work, solid catalysts for organic transformations have been
developed using metal oxide supports with characteristic properties. Titania-supported iridium catalysts
showed excellent activities for the dehydrogenative synthesis of benzimidazoles from primary alcohols and
phenylenediamine derivatives under mild reaction conditions. With our catalysts, benzimidazole
derivatives were selectively produced at 120 oC or lower temperatures, while the reactions with
conventional ruthenium complex catalysts require a higher temperature, 200 oC. Highly-dispersed iridium
nanoparticles (< 2 nm) formed on the surface of metal oxide supﬁorts are considered to be responsible for
the excellent activity. In addition, hexagonal modified REFe03 has been successfully prepared by a
solvothermal method.
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Table 1 Effects of supports on the activity of the

Ir catalysts
Entry Catalyst Yield of 3 (%)°
1 None Trace
2 Ir/TiO, (JRC-TIO-4) 97
3 Ir/ZrO, 74
4 Ir/Al,O4 69
5 Ir/CeO, 13
6 Ir/MgO 13
7 Ir/SiO, 1
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Scheme 1 Recycle of the catalysts

Used catalysts

1. washed by THF
2. calcined in air at 300 °C for 4 h
3. reduced at 500 °C
under Hy(2%)/Ar for 30 min
4. Reduced at 150 °C under H, for 1 h

[ Recycled catalysts ]

Ir(2.0 Wt%)/TiO,
NH (JRC-TIO-4)

O: /\© (0. 010 mmol as Ir)
NH2 mesitylene (1.0 cm?®),

under Ar, 120 °C, 18 h,

- H,0, 2H,
(1.0 mmol) (2.0 mmol) N
CI-0)
N 3)
3
1stuse 97%
2nd use 94%
3rd use 80% (1/2 scale)
ERRoE I iiﬁE@iODﬁﬁ K FEE TR
E@%@%ﬁ% ZF5, £2C, 150°CH

iUﬂm°CT§ﬁ%ﬂ%%btmﬂQ%ﬁ
{2 DWW T XAFS JITE Z1TV, Ir O D24k
ENT LT, T5 &, 500°C CiE e % fi

L7= I0TiO, filkliEd HFon X v B e Ir 285 ®
DEIGHRRKRENT kﬂ%uféto:@ﬁ%
26, 150 °C TE T A i L 7-3A i iddl
Ko Ir FEREITIY o MfiE TLEéﬂéi)\
N E TIERDITET SR VDIZHR LT,
500 °C Ci# el &4 Z LIk v IrNEhE
TELIND EEZOND, ZHHDRERE
D ARG OFREEERE XY 2l Ir THY
Ir DR E CTEIL I D T & TR HY
mrL7zeEZxons,

S BT, ETEMHEE R LT I0TiO, fil it % 5ch 52
c'EMﬁA%ﬁotk A, TiO, #ik Eo
Ir FEORRIZ 2 AT TH Y FEFIZ/HhES W0
BLDEmi L TWnWD 2 ERHLMNERY
TR Fo Irf RN E S LTS o
QAR S WEMEEZ RT 1 OOERTH
HLHERETE D,

ARISITETBTLAEICLVER SN
Beflio rfEIC L5 1Hfk 7 va—Linb 7T
LT ROBKIZ L > TRt L., A LT
ATFERZ 0-7=2=L T IVEEDLIC
ARG ERZ L, A U™ EKd 25 EE2
bND, FLTIDA I DFRAKIER
IR VA IF Y —ARNERTHEEZD

NA, ZOB, 72=L 27 I 0% LT
TMEBOKIENAERT DD, KISEDORURIC

GENDHKFEEIA I e~ NI T T 41Tk
WO LA, 0- 7= U7 I
F RIS T A DKEDOER DR T
X2 Enb . ARRISIIBKSER O K T
ITLTWbZ &mréhto

AN 33T 2 H 8 36 i i PH DR R & 17
SRR, 4-AFN0-T 2= L TVT IR
4-A XL 0-T7 =L VT IVEDOREM
NARETH -T2, — . C&%%ﬁf%N/
//V?/l/:»*/lx%ﬁﬁb\t =gy St
1Tl o72b00, & 15%%€T5~
y?w?w:%w%%W%%mf%ﬁmﬁ
AT L, fHET 20y A 24—
DEWICERTHRE LN, £Ofh, 2-7 ==
TH )R 2-(B-7 T V)X ) —
VIZINZ T, BBMiET va—na fniz5Ge
H FIEEMEOXIGT HX A IF Y —
JUHVERR L TR | BRIAWEEE 235 H AT EE
HHEDREINT,

DIZHE MmO R A D f /e D k72
Mk?&V%E%kbfﬁﬁ4)97A%
AL IEPEC “T%@%@%Lto
fha“f I, BFELET I v A bRt X

L BFREALFARL BEOT S — tﬂ&m
%&V(%2§%)%EW&LT@%LK&
Z A, BOUSREE 100 C, SUGEEM 18 h itk
WTIE, PREOREmEL AT H LT A
et F % (BFEILYZ I v/ A F-1R)

Z AR L D S EE e D EME 2 R L
F2 O REOREHEOT T4 —E L HR
Tholz, —J., KikFmEo/LF v (G-1
) IR E LTHERTIE e o7, XPS I
i B X OKFEHIREIT (TPR) HIEDFKE R,
IVF VIR TF & v O Ir b TR D E T



T2 —YHEEZHWESES I BIKIEE
THECHEIT T2 Z LRI SN, — . &
hRAEBORMLTF & o ZHEE LTHY., &
VR FEREIR CKFIE T LA, &SN
W EFEolm, T LIRS, SMSI %)
RaMzo-o, moweaffiq oy k@,
)T T A =B TE HHKOERN L&
TR O ENENER Lok L 725 L H#HE5R
7,

Table 2 Properties of Showa Denka's titanias

Name Major BET S. A. of

crystalline Ir(2.0wt%)/TiO,

structure catalysts (m?g™)
F-1 anatase 22
F-2 anatase 30
F-6 anatase 95
F-10 rutile 12
F-1R rutile 18
Gl rutile 6

Table 3  Activities of Ir(2.0 wt%)/TiO, catalysts
for the synthesis of 3 from 1 and 2 at 100 °C

Entry Catalyst Yield of 3 (%)
1 Ir/F-1 6
2 Ir/F-2 31
3 Ir/F-6 22
4 Ir/F-10 29
5 Ir/F-1R 32
6 Ir/G-1 6

2) HTEHEESRIEDORRS
iRk e L CoOfEMZ ARy E LT, flix
DA PSR E I OR M2 AT, £
DR, Y NVBRYP—< /WA K-> T, 1Ekik
TR L2t L0 bt REREPRE <
c W7 18]~ OO fik i B 25 PR S U7 R B T
WS 2 A3 58 Hdh Mn (EAfi YbFeOs % 15372,
FlEREE . T D ORI RE O B 38 & i
HTWND,

(ZE 3R
1) K. Wada, H. Miura, S. Hosokawa, M. Inoue, J.
Jpn. Petro. Inst. 2013, 56, 69-79.
2) K. Wada, K. Tateyama, S. Hosokawa, M.
Inoue, R. Abe, Novel Designed Surface and
Catalysis for  Greener Future: C&FC
Pre-Symposium in Himeji, OP-1, Nov. 28 - 29,
2013 (Nov. 28, 2013), Himeji Egret, Himeji.
3) T. Kondo, S. Yang, K. Huh, M. Kobayashi, S.
Kotachi, Y. Watanabe Chem. Lett. 1991, 7,
1275-1279.
4) J. W. Kim, J. He, K. Yamaguchi and N.
Mizuno, Chem. Lett., 2009, 920-921.
5) Y. Shiraishi, Y. Sugano, S. Tanaka and T. Hirali,
Angew. Chem. Int. Ed., 2010, 49, 1656-1660.
6) S. Hosokawa, Y. Masuda, T. Nishimura,K.
Wada, R. Abe, M. Inoue, Chem. Lett. 2014, 43,
874-876.

5. ERRERLE
(BFFEAREEE . WFSC 003 M ONHHERFFE 31
X THR)

CdesEam ) (R 1)
1) Catalytic Properties of Mn-modified Hexagonal
YbFeOs: Noble-metal-free Combustion Catalysts,
Hosokawa, S.; Masuda, Y.; Nishimura, T.; Wada,
K.; Abge, R.; Inoue, M. #F¢4A . Chem. Lett. 2014,
43, 874-876. DOI:10.1246/cl.140141

(Fa¥R] G4k

1) AU DT AT L BBIAKER S Y o
IEY = NVERBISIZ BT D RO R
w5 HE. FnHEEE], B AT
95 BFFEL, P 2743 H 28 H, HAKRY
LTS v o3 R (THER - i)
2) WiAFHRAR A I XY — VAT
BT MG BEAMBONE, B I, 05
ME, FnEfE], F21Evr s T I AR R
—7 47 in PIUE PR 26 411 A 15 H |
FAR AR A B L (R AR IR - AniLr)
3) S 5h YbFeOs FHEE Mn fillfiE o> fRAL 7K S84
BEARFVE, AII=R0 « Paffzd - Fnmfds] -
BIER - B w11 2 IR RR S
2G09, Fhk 25429 H 19 H, FKHKFE=FE X
¥ XA (BKH R - BKH )

4) Development of supported iridium catalysts
for green synthesis of nitrogen-containing
chemicals, Wada, K.; Tateyama, K.; Hosokawa,
S.; Inoue, M.; Abe, R., Novel Designed Surface
and Catalysis for Greener Future: C&FC
Pre-Symposium in Himeji, OP-1, Nov. 28 - 29,
2013 (Nov. 28, 2013), Himeji Egret, Himeji
(Japan)

() GO )

(PESEIA PEHE)
ofHIRTL (Rt O )
ol fIRTL (Rt O )

(Z Dfth)

6. WFITHEAE

(1) WFge s

Fil  EF (Wada, Kenji)
FTINKFETE - iz
WgeE®‘E 10243049

(2) #FgE iR
(%472 1)

(3) HEEMF I

f)il =EB (Hosokawa, Saburo)
RESRFEER L BGRHER oA v —T
LA K B fkitt - L0 5T BRI IR LS
= b - FEEEAD

MoeE&S: 90456806



