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Advances in development of catalysts for liquid— phase oxidation of
ethylbenzene to acetophenone

LI Guixian LI Yazhen XU Yan-duo MU Rui-na
( College of Petrochemical Engineering Lanzhou University of Technology Lanzhou 730050 China )

Abstract: Acetophenone is an important intermediate in organic synthesis. Currently acetophenone is pro—
duced from direct air oxidation of ethylbenzene process which cause low conversion rate and more by
product. Acetophenone synthesis from the direct catalytic oxidation of ethylbenzene by green catalyst is at—
tractive from the standpoint of its potential economical benefit social benefit as well as environmental ben—
efit. The research works in this field are still regarded as one of the most difficult challenges for both catal—
ysis and organic synthesis. This mini—review systematically summarizes the progress of direct acetophenone
synthesis by catalytic oxidation of ethylbenzene mechanism of the reaction was discussed firstly and then
with emphasis on the explored catalysts such as transition metal compounds transition metal contact com—
plex heteropoly complex molecular sieve and other compounds. Finally some suggestions are given for fu—
ture investigation on direct acetophenone synthesis by oxidation of ethylbenzene in the presence of cata—
lysts.

Key words: ethylbenzene; acetophenone; catalyst; prospects

120120628 120120704
(20961004)
(1966 -) o © 0931 -
2975355 E — mail: lgxwyf@ 163. com
: o 113669372708 E — mail: 1yz405248864@ 163. com



1413

kl
EB — EB -
k
EBHP ——>EBO « + « OH
k
EBHP ——EBOO * + « H

k
EBO * +EB——>MBA « +EB *

EBHP

(5) (8)

k
EBHP ——>ACP + H,0 (5) ‘
: CO(sfn)/z( Cpyr) ,P,MoV,04,(n =1 ~8)
EB + +0, —EBOO » (6) (0.05 mmol
ke 25 mmol 10 mL 20 mL
EBOO + +EB —»E]SHP +EB (7) %0 6 1)
EBOO + +EBOO + ——ACP + MBA +0, (8) 83.7% 89.37% .
EB EBHP GC-MS
ACP MBA 1- o o—
OH OH i
(IV)\I’ TBHP—P(V)\L‘ oG, —SHOR, e © CH,CH,
+ FA = e & 1
AN N ‘ N ? O-
Lo SUE R
9 av)
™ (oK
C—CH C—CH,
—p S . i
| + Co(Il) —p
op 0
[
. | C—CH
C—CH, + Co(IIT) )
B e (0 R
H
H ik
o Co(I) CH,COOH
| i+ ﬁ' + OH
2 ©_(13_CH3 —_ O—c—cm o ; C—CH,
= *ZE\ +
Co(11I)
H_0-C-(CH),
Vv Co O-Mn + (CH,),~C-0-O-H —» 3 @
. Mn-0
Parida MII H 0-C- (CH ) CH:_CH,\ HO- CHu—CH,
\ 373
MCM-41 2Mn-MCM-41.4Mn-MCM41 . * (10)
8Mn-MCM-41.10Mn-MCM-41 0.05 ¢ Mn-0
20 mmol 10 mL 80 C HO-CH~-CH, CO-CH, CHO
6 h 6MH—MCM—41 (CHR}R-C-O‘O_HL
= + (11)
57. 7% O-Mn

82.2% .

(9)



1414 41
. P-450
(10) .(11) C—H 12, Srinivas 13
Y P-450
. Mn®* /Mn** Cu
Mn** o
Parida )
2 2.3
P-450
14 o
° o Li Xiaogang "
2.1 (1) (5 10 15 20— A ))
38.6%
94.0% o
5 1996  Nawal Kishor Mal ~ * o
MFI .
333 ~353 K . Wang Ruixin '°
60% o P(4VP-Co-
. SY) CoTPP-P( 4VP-
0.4 mmol 0.2 mmol Co-St) /Si0,
( ) 3 mmol ( 30%)
30 C 8- (0.01 mmol) 98%
26. 1% .
65% o 1x107°~30x10"° u- -
2.2
80
95. 4%
o Qin Jinwei " 8- 87.8% o
(1V) 8- 2.4
(1IV) N-
( NHPI)
. 8- (1V)
(1V) o v 100 °C .
NH,VO, V,0, . ( CoPc MnPc  FePe)
60% ~ 69% o CoPc
97% . MnPc  FePc K,Cr,0,.MnO, V,0,



1415

K,Cr,0,-MnO, V,0;
CoPc( MnPc. FePc)

K,Cr,0,
CoPc( MnPc. FePc) K,Cr, 0,
CoPcXK,Cr, 0,
33.5%
82.5%
2.5
18
Cu
55 C 6 h
14.11% »
2.6
19 3
Keggin
81.7% 100%

(<10 m*/g)

[43 »

( Cpyr) sPMoy, V5,0, .

25 mmol 0.2 mmol 0.1 mol 50%
H,O0, 70 C 8 h 25 mL
80.75% 81.46% »
2.7
» Vetrivel 2 Mn-MCM-

41(Si/Mn = 29 56 73 104)
333 ~
353 K 24 h. o=
Mn-MCM-41(29)
: Mn-MCM41(29) > Mn-MCM-
41(56) > Mn-MCM-41(73) > Mn-MCM-41( 104) .
Mn W.Co

Shrikant ~ * Co-MCM-41+ 50)
Co +2
o 9.4 mmol +9. 4 mmol
80 C
46.7% 73.1% -
2.8

o Warangkana Kanjina
MgAl  MgMAI( M =Co Ni
Cu) Mg : M : Al 4:1:1

: MgCu
Al > MgNiAl ~ NiAl ~ MgCoAl ~ CoAl > CuAl > MgAl

o o



1416

41

10

11

12

Arshadia M Ghiacia M Ensafia A A. Oxidation of ethyl-
benzene using some recyclable cobalt nanocatalysts: The
role of linker and electrochemical study J . Journal of

Molecular Catalysis A: Chemical 2011 338:71-83.

J. 2009 28(6) :971974.
. Keggin
J. 2007 37
(1):5557.
I 2010 39(4):
411416.
J. 1992 21(2) :7346.
J. 2010( 6) : 971974.

Parida K M Saswati Soumya Dash. Manganese containing
MCM-41: Synthesis characterization and catalytic activity
in the oxidation of ethylbenzene J . Journal of Molecular

Catalysis A: Chemical 2009 306:54-61.

1997.

Nawal Kishor Mal Arumugamangalam V Ranmswamy.
Oxidation of ethylbenzene over Ti- V-and Sn-containing
silicalites with MFI structure J . Applied Catalysis A:
General 1996 143:75-85.

Lu Chunli Fu Zaihui Liu Yachun et al. A moderate and
efficient method for oxidation of ethylbenzene with hydro—
gen peroxide catalyzed by 8 quinolinolato manganese( IIT)
complexes J . Journal of Molecular Catalysis A: Chemi-
cal 2010 331:106411.

Qin Jinwei Fu Zaihui Liu Yachun et al. Aerobic oxidation of
ethylbenzene Co-catalyzed by N-hydroxyphthalimide and
oxobis( 8-qinolinolato) vanadium ( IV) complexes J .

Chinese Journnal of Catalysis 2011 32:1342-4348.

J. 2008( 5) : 42-45.

13

14

15

16

17

18

19

20

21

22

23

24

Srinivas D Sivasanker S. Biomimetic oxidations using transi—
tion metal complexes encapsulated in zeolites J . Cataly—
sis Surveys From Asia 2003 9:121-432.

Meunier B. Biomimetic oxidations mediated by metal com—
plexes J . Imperial College Press London 2000: 269-
307.

Li Xiaogang Wang Jing He Ren. Selective oxidation of
ethylbenzene catalyzed by fluorinated metalloporphyrins
with molecular oxygen J . Chinese Chemical Letters

2007 18:10534056.

Wang Ruixin Gao Baojiao Jiao Weizhou. A novel method
for immobilization of Co tetraphenylporphyrins on P( 4VP-
co-St) /Si0,: Efficient catalysts for aerobic oxidation of
ethylbenzenes ] . Applied Surface Science 2009 255:

41094113.

J . 2001(2) : 3-

2010.
Li Guixian Ding Yong Wang Jianming et al. New pro—
gress of Keggin and Wells-Dawson type polyoxometalates
catalyze acid and oxidative reactions J . Journal of Mo-

lecular Catalysis A: Chemical 2007 262:67-76.

J. : 2009 28
(3) :390395.
. Keggin
J . 2010 30
(1):4145.

Vetrivel S Pandurangan A. Side—chain oxidation of ethyl—
benzene with gert-butylhydroperoxide over mesoporous
Mn-MCM-41 molecular sieves J . Journal of Molecular
Catalysis A: Chemical 2004 217:165-174.
Shrikant S Bhoware Singh A P. Characterization and cata—
lytic activity of cobalt containing MCM-41prepared by di—
rect hydrothermal grafting and immobilization methods
J . Journal of Molecular Catalysis A: Chemical 2007
266: 118430.
Warangkana Kanjina Wimonrat Trakarnpruk. Mixed metal
oxide catalysts for the selective oxidation of ethylbenzene
to acetophenone J . Chinese Chemical Letters 2011 22:
401-404.



