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Development of homogeneous and heterogeneous oxidation catalysts based on
molecular design of metal complex active sites

3,900,000

Homogeneous and heterogeneous metallocomplex catalysts active for the
oxidation of hydrocarbons were developed. Chelating ligand consisting of oxazoline derivatives were
employed to nickel complex catalysts active for alkane oxidation. A mononuclear iron complex
exhibiting oxygen molecule activating ability was synthesized by using an imidazole-based bidentate
ligand and a tridentate pyrazole based ligand. Immobilized metallocomplex catalysts based on a
series of these chelating ligands were synthesized. Regulation of the amount of the organic
functional groups which work as a linker between the ligands and the inorganic oxide support
resulted in controlling the structures and catalytic activities of the metallocomplex sites.



( )
D
(
)
(2
(1)
“ metal-based oxidant”
“ metal-based oxidant”
“metal-based
oxidant”
(1
Tp"(
1(a)) (I mCPBA
Tp®
To™(  1(b))
(11)- X
m- =
MCBA)
(I1-mCBA
mMCPBA
( TpMeZ
) (11)-
4
( )
TOAM( 1(c)
(
) TPA(  1(d)




N—-N N
A . O
R4
(c) TOAMe (d) TPA
Ny O N A
o AN
T DR
, N /N = ‘ x
: o\>\ -
1.
(2
facial
4
&
O (0]
«/l | Ph \\ml/ P
N N
Ph Ph  Ph Ph

TpR

@

o N @N‘OO @N\OH
LY\,NJ\M'N/EN* XN\
|

RS
H
3.
2
4
X
X

¢ 3

SN N5,
6 S

TpR

an
(4

PdL?P"-OH species




LX
X
L
(0.1 mmol/g
X=0.5& 1.0)
X
L
(ca. 0.2
X
mmol/g X = 2.0) L
ey
X
Fe L™=1 1
X
Fe L =5 4
(G
> >
X
L
X
(Fe LX=1 1)
/H\
1) "BuLi /’N N‘B
2)cl NS NJ% N
Si(OEt), A e /e/B\\
(100 - x) mol% p123 (éOOH —N. 2 0°
+ (template) OSiM: / Et;N ;
Hoy A JO00H P == g7 e OSME
'Si 1)conc. HCI 77" 7\ - g7 -3 A s
HO" ONa I H 000 00 0
RN 2) extraction
x mol%
3) MesSiCl
Fe(L ~ Y
(a) [Fe(L)] \%‘.N\‘:N\ FL/O%
o Y=N"| 0
/N\/ Y
0
OSiMe,
< /\§i/ sl /S‘é pog \/s( )sf
o o dodN od o
—
(b) [Fex(L)2]
CF F‘ /Y\‘ @ o~
/ %N SN—¢" \
(g/"‘\/ Y \/N\
o
OSiMe; Megslo)j
\ \
Sos }’ SI/ \S\/\ /§I/ St
dod < ;o do
Fe(OAc),
MeCN
1h, Ar, It
(©) [FEZ(L)(RCOO')]
/B :? \/\ /e/v
o) ‘\ - |\
Me;SiQ )/éo
N \/ o \.-OSiMe;
,'\ §| ~-3
00 o0 o o do
L~
5.

p®
allyl-Tp“*

T pCF3

ey
( 6) tert-BuOOH

an

TpCF3
MeO,, N\
© /'s(‘/\SH g Si
MeO” ~ “OMe Pluronic P123 oS OMe
MPTMS : x mol% (surfactant) ° M\sH
+ — " -si]
T
EtO, OEt 1) H,0 / conc.HCI
/"'s< 2) Soxhlet extraction “si-OMe
E0” “OEt 3) (Me3Si);NH o N sH
TEOS : (100 - x) mol% ‘?\:
SBASH(x)
AIBN o
(radical initiator) l [K(ally-Tp™")]
o—\Si\/ o o—\Si\/
O>gi-OMe N(?/‘/ ° psu z:s\—OMe ek
S | -N._
0-5i” Sy ok (02se) 0-si7 \/\/B K
™ \ﬁ/ﬁ: o i \\)/CF3
o. —N o, ]
SO AcF, cl O/S(f“\”i \/\crg
s SH
O~gj~ Y O~g~
N 0 \
! 1
CoBr,*6H,0 CoBr,*6H,0
/ MeCN / MeCN
Co/SBASACTR(y) Co/SBASH-TP(x)
mCPBA
@
@ // %\
§ OEt Cu catalyst
A 2) (Me3SiNH
OH O Cl) OH 3) MX,
_—

5
(1) Ayaka Nakamizu,
Nakazawa, Shiro Hikichi,

Takeshi Kasai, Jun
Immobilization of a




Boron Center-Functionalized Scorpionate Ligand
on  Mesoporous Silica  Supports  for
Heterogeneous Tp-Based Catalysts, ACS Omega,
2017, 2, 1025-1030 ( ).

DOI : 10.1021/acsomega.7b00022

(2) Tomoaki Takayama, Jun Nakazawa, Shiro
Hikichi, A pseudotetrahedral nickel(II) complex
with a tridentate oxazoline-based scorpionate
ligand: chloride[tris(4,4-dimethyloxazolin-2-yl)-
phenylborato]nickel(IT), Acta Cryst., 2016, C72,
842-845 ( ).

DOI : 10.1107/52053229616012183

(3) Kenta Ando, Jun Nakazawa, Shiro Hikichi,
Characterization and Aerobic Alcohol Oxidation
Catalysis of Palladium(Il) Complexes with a

Bis(imidazolyl)borate Ligand, Eur. J. Inorg.
Chem., 2016, 2603-2608 ( ).

DOI : 10.1002/ejic.201600206

(4) Frédéric Oddon, Yosuke Chiba, Jun

Nakazawa, Takehiro Ohta, Takashi Ogura, Shiro
Hikichi, Characterization of Mononuclear
Non-heme Iron(III)-Superoxo Complex with a
Five-Azole Ligand Set, Angew. Chem. Int. Ed.,
2015, 54, 7336-7339 ( ).

DOI : 10.1002/anie.201502367

(5) Tomohiro Tsuruta, Tsubasa Yamazaki, Kazuki
Watanabe, Yosuke Chiba, Akihiro Yoshida,
Shuichi Naito, Jun Nakazawa, Shiro Hikichi,
Mimicking the Active Sites of Non-heme Iron
Oxygenases on the Solid Supports of Catalysts:
Formation of Immobilized Iron Complexes with
Imidazolyl and Carboxylate Ligands, Chem. Lett.,
2015, 44, 144-146 ( ).

DOI : 10.1246/c1.140937

16
(M ; ; :

, 49 ,2016 11
12 ( ).
(2) Shiro Hikichi, Dioxygen Activation on
Mononuclear Non-heme Iron and Cobalt
Complexes ( ), Japan-Korea-Taiwan
Bioinorganic Chemistry Symposium 2016,
2006 9 29

( )
(3) , , ,
o . 118 ,
2016 9 23 ( ).
4) , , , ,
(11)-

, 66 ,

2016 9 11 , ( ).

(5) Yuto Hayashi, Jun Nakazawa, Shiro Hikichi,
Aerobic alkane oxidation catalysis of iron and
cobalt complexes with scorpionate ligands, The
International Chemical Congress of Pacific Basin
Societies (Pacifichem 2015) , 2015 12 16 ,

Hawaii Convention Center (Honolulu, Hawaii,

U.S.A)).
(6) Takashi Izumi, Jun Nakazawa, Shiro Hikichi,
Alkane Oxygenation Catalysis of Nickel

Complexes with Oxazoline-based Bidentate and
Tridentate Ligands, The International Chemical
Congress of Pacific Basin Societies (Pacifichem
2015), 2015 12 16 , Hawaii Convention
Center (Honolulu, Hawaii, U.S.A.).

(7) Toshiki Nishiura, Jun Nakazawa, Shiro
Hikichi, Characterization of mononuclear
non-heme cobalt(Ill) dioxygen complexes with
N5 donor sets, The International Chemical
Congress of Pacific Basin Societies (Pacifichem
2015), 2015 12 16 , Hawaii Convention
Center (Honolulu, Hawaii, U.S.A.).

(8) Kengo Sakamaki, Jun Nakazawa, Shiro
Hikichi, Development of homogeneous and
heterogeneous nickel complex catalysts based on
triazolyl-BOX ligands and their catalytic activities
toward alkane oxidation with MCPBA, The
International Chemical Congress of Pacific Basin
Societies (Pacifichem 2015), 2015 12 16 ,
Hawaii Convention Center (Honolulu, Hawaii,

U.S.A)).
(9) ’ ’ )
, 116 , 2015 9
16 ( ).
(10) : : :
, 95
, 2015 3 29 | (
).
an ; ; ; ;
NS5
(1) :
95 ,2015 3 27 (
).
(12) : : :
95 ,2015 3 27
( )-
(13) Frédéric Oddon, S R
, Fe(11D)-
, 47 , 2014 11
14 (
).
(14) , Bio-inspired
( ), 114 ,2014 9
25 ( ).

(15) Shiro Hikichi, Jun Nakazawa, Catalytic
Alkane Hydroxylation by Nickel Complexes with
MCPBA, XXVI International Conference on
Organometallic Chemistry, 2014 7 14

( )-
(16)  Shiro  Hikichi, Catalytic  alkane
hydroxylation by nickel complexes through
peroxides activation ( ), 4l1th
International ~ Conference on  Coordination



Chemistry, 2014 7 21 , Suntec Singapore
Convention & Exhibition Centre (Singapore).

http://apchem?2.kanagawa-u.ac.jp/hikichilab/inde
x.html

€Y
HIKICHI SHIRO
10282857
@
®
NAKAZAWA JUN

70550888



