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()!*+,-.©012Novel homogeneous and heterogeneous catalysts for biomimetic hydrocarbon 

oxidation process have been developed.  Tuning the electronic property of the ligand of the nickel 

complex catalyst leads to achieve selective hydroxylation of alkane with organic peroxide.  A 

thiophenolate complex of nickel(II) activates O2 through intramolecular electron transfer from sulfer 

donor ligand to the nickel center.  Also, novel immobilized metallocomplex catalysts based on the 

ligand mimicking the metal-supporting motifs found in the active site of the enzymes have been 

developed.  The iron complex-immobilized catalysts exhibit the catalysis for hydrocarbon oxygenation 

with aqueous H2O2 at ambient temperature. 
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# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # .d®i2¯1 

 °±²³ �±²³ ´# µ 

2008"¶ 10,900,000 3,270,000 14,170,000 

2009"¶ 1,900,000 570,000 2,470,000 

2010"¶ 1,900,000 570,000 2,470,000 

"¶  

# # "¶  

·# µ 14,700,000 4,410,000 19,110,000 
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'((C6H5CF3))*, #$% 100+,

Ni : (CD3)2,Me n. d. 7.3 < 0.1

Co : (CD3)2,Me 21.3 43.7 0.5

-'(, #$% 10+, 

Co : Me2,Br 43 31 1.4

Co : Me2 34 60 0.6

#$%&mCPBA* 

'((C6H5CF3))*, #$% 10+,

Ni : Me2,Br 35.9 20.4 1.75

Ni : Me2 10.7 6.4 1.67

-'(**, #$% 100+, 

Ni : Me2,Br 210 4.0 52.5

Ni : Me2 227 7.0 32.4
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C 2
H,Z 7!"dJC&',CD¨ªm7(

)dJ-7b4l$fgh Z$|mÚÛÊ7

e¨AE'*BC%&7¢�,-KMJI½

+3#¶«N$%&��abCH2Cl2 «N$

2
H,Z$!"|l <,�A-.W/,-K(

BC½+3#¶«Na!4om 560N

$|mðñ71�23NE GHIJ-K

�� MeCN «Na4C$567��c'!

4 %&,-7b2H,NO2$5756 �' 2

!$673W/,CD-8kobs = 840 M–1s–1 at 

298 K9KdI' 2
H,Z !4$%&'()*�

Eù^£úû\�klm§:$!"*+�

Wo�,- M;b2H,NO2/MeCN$YZ'T

DC$5bÒÓ $!4¡¢7+vCe��

�'��,CDEM 7<�,-8" 29K 

`DN 2
H,Z$ Ph3P 'º[E!4!"µ¶

23=>W¾?,- M;b2H,NO2/MeCN$

5723NEM 7�Ic'A)b@À$

AB CDù^£úû\�klm@$®á

³fghT(U#¶' MeCN WnDEM 

7V�A!423"ÊËÌ'aEFGN

EM 7HIdJ-KATã9£JÔ�89

°;$5WhK ,-YZ'aº&[E!

"*+�a4¨LIJAcB-$'º,b

Ph3P  ù^8®_¤98= PhSMe9$MZ�

WhK ,-YZbPh3P=O   �'ã9N

\�Ô8= PhS(=O)Me9�*+,-K¿-ù^

8®_¤9$£ú®9h$Oyl'|mÚ

Û38–OMe9EDa}~38–Br9W/[f

ghWij,bã9£JÔ$|m�V3 %

&23$-.'`DCOX,- M;bã9

N\�Ô$*+%aOylfgh$|mÚ

ÛÊ$PQ8OMe > H > Br; " 39'�R,C

D-K*BCb%&uÍ'*+[E23> A

a÷!"3hK'º[E!4¡¢Ê,c/

dADbS¨TD»|m>NE$'º,b

Nã£J; $ 1 Ým!4¡¢%&$AB

ã9£JÔ!"�FÊA»|m3$eD2

3> B7Ë*,CDE GHIJE8U 29K 

LMN Ni «¬N$!423"óp'.[

EVWWLEM W×� ,Cbxyz{9

h'|m}~hNEX4Wij,-

TpMe2,Br Wklm [E Ni(II)–4–®á³ù^

£úû\_56 2Br,NO2$!4'º[E%&3

W 2
H,NO2$�$ ��,- M;b2Br,NO2 

!4$%&��a#¶$>Y'(IÄ 2
H,NO2

$YZ()�DM 7<�,-K¿- CH2Cl2

ZUMeCN#[«N$ 2Br,NO2$!"o��W

o�,- M;b2H,NO2 $!"o�� Rª

'bCH2Cl2N$o��Na¥ã9£JÔ7\

*+�NB-$'º,bMeCN«N$o�

�aÒÓÝm $!4¡¢�7\*+�N

B-M ()b�56$!423"ópa

R�NE ]SdJEKdI' Ph3P  

PhSMe $MZhK'º[E!"µ¶23'

`DC��,-K2Br,NO2 Wµ¶ ,-YZb

Ph3P=O aS%�'*+,-M ()b56

2
Br,NO2� 2

H,NO2 Rª'!4om23"ÊW

^[EM 7HIdJ-7bPhS(=O)Me$_

`a½¨bhK!"Êa½Ü,CDEM 7

�Ic AB-8" 39K 

a@$�Ã$AB'hìÂb2X,NO2 '(E

!4om23"ópWU 2$(b']S,-K

" 2. 2H,Z$ù^£úû\�klm$!" 

 

Ratio of SO3/SO2/SS 
Z of 2H,Z 

in MeCN in CH2Cl2 

NO2 5 / 94 / 1 33 / 13 / 53 

Cl 25 / 34 / 41 23 / 12 / 65 

H 23 / 9 / 68 25 / 10 / 65 
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OMe 10 / 20 / 70 10 / 18 / 72 
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Yields of products 
X of 

2
X,NO2

Y O=PPh3 

(%) 

MeS(=O)C6H4Y

( mol) 

H  H >99 27 

Br H >99 5 

H Br >99 24 

H OMe >99 31 
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