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WFZERL I OBEZE (J£30) : In this project, high performance heterogeneous catalysts based on
the properties of metal hydroxides and oxides have been developed. For example, supported
copper hydroxides could act as efficient heterogeneous catalysts for aerobic oxidative
homocoupling of terminal alkynes and 1,3-dipolar cycloaddition. In addition, several new
catalytic transformations, e.g., oxidative amidations of alcohols, amines, and alkylarenes
using OMS-2 as a catalyst, molecular oxygen as an oxidant and ammonia as a nitrogen
source, have also been developed.

AAH IR E B
(BEHHAL )
[ERESE LiEESE =ais

2010 4R 9, 500, 000 2,850, 000 12, 350, 000
2011 4RJE 2,700, 000 810, 000 3,510, 000
2012 L 2,200, 000 660, 000 2,860, 000

I

I
ik 14, 400, 000 4,320, 000 18, 720, 000

WFFEs 8 « T4

BHAZOSE - MH © a2 T, Al - EFEE 7ot 2
F—U— N @K, SR, AR, EIEIRREHIE, BSOS B

1. WIZERRAR S K DT =

DR L KA ROSIZAR S D BRICAE

BUE O @& e U b BT o o &

F LWHESROBY THh D08, (LFEEE A B,

BRI R, =RV X2 2B 5
BB ERWVIZHEBORIMPFRI N TS,
z 1T, Fx OB O EIEEAERILE Y~

RERZEHAIT, ERE L~V ORIEN D EI
RT A I ANVAOER. S BITA b
HETRIZBT ALY 7 L RO
W25 E TR ATON TV DN, GeEARE
(LB DOARIZITWELICEBREL LDy



0L, wUHY, WEEGDESBE., W
ﬁﬁ% iR EORENH NS TND O
NHIRTH Y | miEESEEOLE SO
B TS, £70, BSOS T, g,
Wi 7e & OFREE D A < ﬁﬁb‘%h [N
WRETHIT 50D X212, ARMEKT 2
m%ﬁf%ﬁbﬂfkwoﬁ%ﬁﬁ&ﬂ&

. WE - MEtOAKREM ILFRICTE D b
f%%#k#% T E B~ DB N D
TW5b, EOEBUCMIT TIL, 2otk Rk
P D 1 OB 85 A F R o i 8 ) 1 485 0 B 3 A
HA% I TS, 260 ERE b

ET, AIBE T, SR E Al 3 O
MR Rt DBRFE AT > T2,

2. WFZEDOHW
AFEZTIL, W OHIE S A7 mgReE ik
ORI AITHY Z L2 HME L-, £72. 2
LI U TG Lot 2 W=7 ) — 0 F
KA RO R DB B & L-, &B1T, 7=
72 HMIC SRR 2 R — RN T X T2 bW
WEWI T TIEZe <, RERISIZ L > TAIR L
Tl C UERTE 220 X 5 28 0s (B 2
X, TR TRORBEERRE L, @ET
HE (O80%) DERLHI=K U/ - T I RERKT
JONET T L AR E) OB LHREFICA
TR ZIT > 72,

3. Wik

AR TIZ, FELTUTOH)BXIW
(i1) DNEFFZEE SN GE 21TV, D
HE S VT2 ¥ — 7R iE M R A T B A ) — R filk
BARIH L7e, (1) HiEO4& /KR LYRTEEAR
L, ENOZRIBRA L LT, pH, R,
TR, WRIEORIE, 72 E 2B 25 2 L CHRIFHE
NG 7 T AX—FTEOR, (FiokE
X EbE) G ZEEICHE L, (1) )
ﬁéhk%ﬁ&@@#%@ﬂﬁm%b<m%
i (FE0) Barp & DL 7 TOREEHIEL |
%Lwﬂ@éMté@m&m%%ﬁ%@mb
7=

. R R

REFEF L, SR KLY 2kt b LT
m<o#®%%$ﬁﬁ%@%%ﬁﬁ%bf
W5, Bl Z X, SikE b % Tio, EICEEk
L 7= fil i Cu(OH)/TiO, 1% 55 IkHE 3 & kb
HEFTAHATAXLORED TV VT K
WZxt L CEWEEEZ T2 2R M LT
o DTIRBRFELZILAIE T DT VX DR
TN TV T RS 7R B SOG TT
HY ., BEEAREE AW ZREFIXIEEA R
W, L2AL2R23 5, Cu(OH)/TIO, Tidsr ik
FeFIC LD Cu()FED RIS R 7= o fik it
DIAEDNIEF N HNT= 6D bl o> Bl 1 23 A
MThoT,

AWFFE Tl ~ TR b, Hiz 2x2

S N o

hollandite #1735 OMS-2 (X 1) &k
LT, # %7@&15%@@% Cu(OH),/OMS-2
L 72, OMS-2 X, B xEt:, mER
JTTHEE A L., £ ORRLETENM M & BEZE D
ML ET D Z D BHEEHL Ry 7 AR
T4 T—H—L LTHETDIEZEZXLND
(5 2), EBEIZ Cu(OH)/OMS-2 23531 {KEE
FEBLFI LT HEADTILF L DRED
v 7V RO L TEWIEEEZ R L
@mmﬂm&zm%ﬁ%mﬁ%ﬁTéﬁé
Z e 10ME EOFEHNRETH - 12,
b ~7= X HIZ Cu(OH)/TIO, Tix. Cu(l)
FEOHEBIEPNBENTZDT VXL DORED v
TV RS U CIERIELTLE 9,
FOIFEOBERIFEE LT Cu()-7EFU R
BMOAEKTHD, ZhEH TR,
Cu(OH)/TiO, % Cu()-7 & F U RFEE I HEL 72
LHERELEMISIZHNWS Z ENTEDH D
LT/ b, Tk 13 Cu(OH)/TIO, & VT 7 v
FULEMT U RBIOT Y AF A I
D 13- @AM R 21T - 72 (K 3),
AN X0 & LN DAL, Yekh, %
ER, B, AbFRR SIS EE
mibEmThH 5,

X 1. OMS-2 D (a)tfi& & (b)SEM 4.

2MnO, \

rapld electron{transfer path

(r—=k / \\ LN \ Mn,0, / 1120,

X 2. OMS-2 ZE AT 4 =—H —|Z LT [H
NI i




N=N
R— + R—N3 — LN

s

89%
(5m|n)
o™ ) w

R/\/ \R,
N N
89% vyield
(5 min)

91% (5 min)
(5 min)
OCHj3

0
NN N 78%
N=N (10 min)

SN~~~ 92%
(5 min)

X 3. Cu(OH),/TiO,
PO

(2 K2 13-k ng 1k

F7o. SRR TN R T VX 2T R
KOBIL 7 v 20 v 7Y v 7 O R 7
B E 70D Z bR AHL TS
OM&z%EWkLTE%%ﬁ%m#LT
TEx DRIEEIT> TWAERPIZT VE=T
AKEFETFTTH= MY AOKRKEIEDIEFIC
NRELSEITT D LR LE, ~v T
BT V2 — LD T b &
EVEZERT 2 I3 5TV DAY, OMS-2 28
= F U O KFA T B R @D iE T &
RTZEIIINETICHELN TR - T,
OMS2 I 7 v a— )LD b s,. = U Lo
IKFIE T & BITEWVEEZ RT Z D
@4_7Ti9&AXT7wﬂ~w®7iP
(LRGN ERTEHDOTIEARWNESEBL
77 OMS-2 Zfilifft b L CT v a— &7
=T KEEEL LEUV Ry NS EIT-
ThImE A, XU EL 7Y AREL ~5
a8, JENIR T v a— e B okkx T —
BT A=A noRIETHE—HRT I NE
HRTEZ (K 5), B-MnO,, AEx/LE
X Co304 72 & D @I L), OMS-2 DJFEFT
& % KMnO4 <° MnSO4H,0 % W CRIZMET
FOSEITST=N, 7 I NiZiFEAEELN
o7z, OMS-2 & [\ Uk W TR L 7=
T EILT 7 A MnO, (£, OMS-2 £ 0 iR

ﬂii))oﬁo

FOSHIZ X OMS2 #BET5H L.
SO IEE B %mbtoit SGHER~D~
/ﬁ/@®mm#@w L % ICP-AES 34T
CEVHER L, LER- T, TR H L

kvyﬁy?m&<0M&2®E%%ﬁL@
HEITLTWDZ ERHALNE o7z, EHIT
ROSHEIY L2 OMS-2 (X, 2-B°Y v A Z )
— VD RIGTB W TIEREOBIRMEZIZ & A
TS5 Z L <, 10 BILL EO AN
ARETH o7,

TV%:TK%%PfKNVVW7w3
— VDR EERIT 128 2 A, WAKFERIEIT
DRUXT AT e RREEICEONTZ, 7
VE=ZTOMRDVIZT IV ERWTRIGE
1T, T 257 2 Rixe<BEoni)r
ST, FMADOT VT E R, = M LERE L
LCHRSIZRTHRE T TRIGEI T T2 2 A,
KIS T D8 T 2 RAENRTELNT,
L7Ro T, AT THEEY R 41277 &
RN 7711/:1~/I/0)HEE7}<7:’?J7TT5 TILTFEe R
MONIT I T — A HREERTE LA
T RA IV OPKSRRIS, it = F Y o
KRB D RS CTH#EIT T2 2 &AL
nElpolz, Fi=, OMS-21%, 73 /0)@&7&
2, TAFAT L—rnG O T 3
éﬁmﬂbf%%w%ﬁ%%fzk%ﬁm
L7me 7 I VOB, TAXFALT L—r
NHORERT I RERBHR 4 & RO G
IRATEITT A ENALNE RS T,

1/20, H,0 NH3 OH
A\ PO A._~
R” “OH RT
OMS-2 0 ; R/I\NH2
NH;
HZO~+|\ H,0
Q OMS-2 OMS2 o
R—CN R™ SNH
R)J\NHZ )
H,0 H,0 1/20,
X 4. OMS-2 1T X b7 X NbISHERE
PORAERE.
Substrate Time [h] Product Yield [%]

o
T
w

o
©)kNH2 96
o
o
Q)‘\NHZ
96
o}
O)(NHZ 98
MeO o)
/©)kNH2 97
cl o}
NH2 95
o}

A NH 99
o]
NH

1 | X NH, 95

OQ 5
E ioi
@]
EC%
@
o
o
e} I
2 I Q T
w w w w w

z o’
/
o
T 9
I
w w

o
I

N
\

(0]
24 A~~~y 65

N0

X 5. OMS-2 |2 L 2L 7T 2 M.



oM, FAT I ROBLBRIC L 5=k
VLEHEL. 7L 2 OKFI SRS A F~ A
R S S I 2 R T AR F T AT v
REATALDEREECR Y 4% v 2 2 L
— Ny RO B H 1T o 72,

5. ERRERLE
(RFFEAREES . WFSE 003 M OSSR ZE 3 12
=)

CdeRERm ) (BF 11 44)
(1) Jinling He, Kazuya Yamaguchi, Noritaka
Mizuno, Selective Synthesis of Secondary
Amines via N-Alkylation of Primary Amines and
Ammonia with Alcohols by Supported Copper
Hydroxide Catalysts, Chem. Lett. 2010, 39,
1182-1183.
DOI: 10.1246/c1.2010.1182
(2) Xiongjie Jin, Takamichi Oishi, Kazuya
Yamaguchi, Noritaka Mizuno, Heterogeneously
Catalyzed Efficient Hydration of Alkynes to
Ketones by Tin-Tungsten Mixed Oxides,
Chem.Eur. J. 2011, 17, 1261-1267.
DOI: 10.1002/chem.201002761
(3) Kazuaki Yoshimura, Takamichi Oishi,
Kazuya Yamaguchi, and Noritaka Mizuno, An
Efficient, Ligand-Free, Heterogeneous Supported
Copper Hydroxide Catalyst for the Synthesis of
N,N-Bicyclic Pyrazolidinone Derivatives, Chem.
Eur J. 2011, 17, 3827-3831.
DOI: 10.1002/chem.201002793
(4) Kazuya Yamaguchi, Tomoaki Sakurada,
Yoshiyuki  Ogasawara, Noritaka  Mizuno,
Tin-Tungsten Mixed Oxide as Efficient
Heterogeneous Catalyst for Conversion of
Saccharides to Furan Derivatives, Chem. Lett.
2011, 40, 542-543.
DOI: 10.1246/c1.2011.542
(5) Kazuya Yamaguchi, Hiroaki Kobayashi,
Takamichi Oishi, Noritaka Mizuno,
Heterogeneously Catalyzed Synthesis of Primary
Amides Directly from Primary Alcohols and
Aqueous Ammonia, Angew. Chem. Int. Ed. 2012,
51, 544-547.
DOI: 10.1002/anie.201107110
(6) Ye Wang, Hiroaki Kobayashi, Kazuya

Yamaguchi, Noritaka Mizuno, Manganese
oxide-catalyzed transformation of primary

amines to primary amides through the sequence
of oxidative dehydrogenation and successive
hydration, Chem. Commun. 2012, 48, 2642-2644.
DOI: 10.1039/C2CC17499E

(7) Kazuya Yamaguchi, Ye Wang, Hiroaki
Kobayashi, Noritaka Mizuno, Efficient Hydration
of Nitriles Promoted by Simple Amorphous
Manganese Oxide Using Reduced Amounts of
Water, Chem. Lett. 2012, 41, 574-576.

DOI: 10.1246/c1.2012.574

(8) Kazuya Yamaguchi, Ye Wang, Noritaka
Mizuno, Manganese Oxide-catalyzed Additive-
and Solvent-free Aerobic Oxidative Synthesis of
Primary Amides from Primary Amines, Chem.
Lett. 2012, 41, 633-635.

DOI: 10.1246/c1.2012.633

(9) Ye Wang, Kazuya Yamaguchi, Noritaka
Mizuno, = Manganese = Oxides  Promoted
Liquid-Phase Aerobic Oxidative Amidation of
Methylarenes Using Ammonia Surrogates, Angew.
Chem. Int. Ed. 2012, 51, 7250-7253.

DOI: 10.1002/anie.201203098

(10) Kazuya Yamaguchi, Kazuhisa Yajima,
Noritaka Mizuno, Facile synthesis of nitriles via
manganese oxide promoted oxidative
dehydrosulfurization of primary thioamides,
Chem. Commun. 2012, 48, 11247-11249.

DOI: 10.1039/C2CC36635E

(11) Kazuya Yamaguchi, Hiroaki Kobayashi, Ye
Wang, Takamichi Oishi, Yoshiyuki Ogasawara,
Noritaka Mizuno, Green oxidative synthesis of
primary amides from primary alcohols or
aldehydes catalyzed by a cryptomelane-type
manganese oxide-based octahedral molecular
sieve, OMS-2, Catal. Sci. Technol. 2013, 3,
318-327.

DOI: 10.1039/C2CY20178J

(FaxER) GHof)

(1) Kazuya Yamaguchi,

Development of Highly Active Heterogeneous
Catalysts Based on the Properties of Metal
Hydroxides, MICS2011, 2011/3/9, Chiba.

(2) AHEGE, oA E s, LD A, KEF 22, 2
R AT AAEE A X5 T v
XD b ~OENFRKMIS, % 108 (B
filliiEtam s, 2011 4£. 9 A 21 A, JbR.

(3) Wi fnth, FEARMAREZ K 5 m2h R E R
WIS, i o B X G 2%, 2012 4F
1 H 240, Bk

(4) oA, /NARELBR, KA ER, KEE
%, ~ AU OMS-2 Wi T v E
=T EIB/TNAa—AnLD 1T I RERK,
H AL 92 RAFER, 201243 H 25 H,
Bk

(5) Lo Fnth, FEHE KEFHZE, ESE@EY
Tk E Wiz = N U Vv OKRFKIS, #
110 [BIflfER R 2, 2012 459 H 25 B, &[],

(6) W afnth, KEFHHE ~ 0 BLD
OMS-2 ZHWi=T a—s LET I v
O ORERT I RERL, 5 42 BEa - Al
b amas, 2012 45 10 A 12 A, FKH.

(7) oA, K2~ T R e &
WlerTva—)v, TIVEBILRTAFALT L
— ML DOILIIT I RERk, 5 45 BIfgt
BOGF S, 20124 11 A 16 H, 4 HEE.




(8) L fnth, KU ~ T R b & H
W78 LD R LB RE SR A8 A B SR D B,
R 24 AR EE R SRR L SO S ER v v
AT A 201392H 1 H, HAL.

9) oo, FEHE KB ~ b UL
WERNT=TILX LT L—r b OfE{LE
E—th T L a— S0 1 RT I RAR, B
AMCFRE 93 FEFHES, 201243 H 24 H, ¥
izl

H.

(E) Gt1h)

KRETZE, (Lo (0HEHE), B =X -7
4— TR, RN R T 7 2011 (2
=)

(PE &R EEAE)
Ok (Gt o 1)

ORI (G0 )

(£ Dfth)
==
http://park. itc. u—tokyo. ac. jp/mizuno/ ja
panese/index. html

6. WFITALAR

(D) WFgEfFRs

e Fot (YAMAGUCHI KAZUYA)
KT « KRR THR5ER « UEHTE
Bz &5« 50334313




