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Scheme 1 Chemical process of preparing solid catalyst
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Fig. 1 Variation of benzhydrol conversion with time with
different catalyst
Temperature ; 75 °C ;Molar ratio of immobilized NHPT
to(VO(acac),)=15:1
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Scheme 2 Catalytic Mechanism of combinatorial catalyst in oxidation of benzhydrol by molecular oxygen
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Fig. 2 Variation of benzhydrol conversion with time in mixed
solvents with different proportions
Temperature ; 75°C ; Molar ratio of immobilized NHPI
to( VO(acac),)=15: 1
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Fig. 3 Variation of benzhydrol conversion with time using
different co-catalysts

Temperature; 75 °C ; Molar ratio of immobilized NHPT
to co-catalyst=15 : 1
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Fig. 5 Variation of benzhydrol conversion with time with different
amounts of combinatorial catalyst
Temperature; 75 °C ; Molar ratio of NHPI on CPS-NHPT to

co-catalyst: 15 : 1
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Temperature: 75 °C ; Molar ratio of immobilized NHPT to
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NHPI percentage of substrate: 11%
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Fig. 7 Effect of cycle number on catalyst activity
Temperature; 75 °C ; Molar ratio of NHPI on CPS-NHPI
to VO(acac),: 15: 1;
NHPI percentage of substrate; 11%

FHIHEAG TR A5 A R AR BE A R R ( 2R T A Y
FALEEIN 35.8 % FREZ 33.2 %), HATREIR &
[ 2 NHPT A UL AT R 2R T B i e v, (AR

JEH S UAGEME P RE e, Bl 08 A ol FH O B 8
, ZIR R B R AR IEA R E ( ~32.5% ),
HALEEE AT R P, Bk CPS-NHPT f9JE 25 (5K
) HBE (SR E) AR KA, HXEEHE
T S R AEAL R E LA, IR K Ak AR
b, X BEF LI FE 5 R W [ ) NHPT A 55 i %
[ 28 1 i AL %) CPS-NHPT H A7 R 47 19 5 52 1 1)
PERE

3 &g

o7 T 0 B i 87 325 T 4 S [T e A 50 Al ok
CPS-NHPI 54 )@ th 41 5 U2 S AR, B T
O ACKs R W AR AL Sy R PR 0 SN R, R
RO T HAEAVERE S AL E AL LB, A 2 i
BT, CBERE A PR B RO By, 3
fiEfL IR & CPS-NHPL+ VO (acac), A £ i Al 4% {F
(75 C HHBA ) TR se B 2R R g ) 2K
FY R ) SR A B 72 (e A3 35. 8%, 4 I it
—7EH) R R AT RS 00 R fE Al e
P RN 7 3 IO IE S 1R SR BR300
IEEAITE T s BIAEAEGR VO (acac), 5 [ 2 /Y NHPI
WEEAEERE N 1 s 155 FAEALR B & NHPT D i
Wi 11% IR A 500 P A 45 O 3R T A A )
CPS-NHPI BA R4 B I PERE.

S 3k

[1] a. Reddy S R, Das S, Punniyamurthy T. Polyaniline
supported vanadium catalyzed aerobic oxidation of alco-
hols to aldehydes and ketones[ J]. Tetra Lett, 2004, 45
(18): 3561-3564.
b. Li Gui-xian( Z=5t'%%), Zhang Qi (5K #L), Ji Dong
(Z %K), et al. lonothermal synthesis of amorphous
vanadium phosphate catalyst in eutectic mixture for the
oxidation reaction (RILIFR B WA Z b3 TG € LAY
BRERAPUREAL R KB ) [T]. J Mol Catal ( China)
(4rFtfk) , 2014, 28(2) . 105-111.
e, Yu Yiding(4H5) . Gao Baojiao (FRIF) . Li
Yan-fei( 2541 ), et al. Catalytic property of Co-cata-
lyst of TEMPO/immobilized schiff base copper complex
in oxidation of benzyl alcohol by molecular oxygen( TEM-
PO/ [ F AL B 57 B 15 P oA AR 7 2y T S A A
AL R P A HEALTERE) [J]. J Mol Catal( China)
(4rF1Efk) , 2014, 28(3) : 210-217.

[2] a. Orbegozo T, Lavandera I, Fahian W M F, et al. Bio-

catalytic oxidation of benzyl alcohol to benzaldehyde via



EEANGE - [ BAl NI ARE — W IE R e 7 204 S A — R Y ol — 2R i S g it 7 P R A 35

(3]

(4]

(5]

(6]

(7]

(8]

hydrogen transfer [ J ]. Tetra, 2009, 65 (34 ). 6805 -
6809.
b. Zhang Shu-fang ( 5K #{ 75 ) , Wang Shou-feng ( T 7
&), Miao Cheng-xia( B %), et al. The oxidation of
benzyl, allyl primary alcohols with Cul/TPA/TEMPO
(Cul/TPA/4-Z it e 3E-TEMPO 1k 197 B35 4 N 4k
FE A LRV 5T ) [J]. J Mol Catal ( China) (43F
fE1k) , 2014, 28(4) ; 295-302.
c. Zhang Yue-cheng( 5Kk H %), Guo Ze-min ( ZRiFE ),
Cao Xiao-hui (& /N¥E) , et al. A novel and simple cata-
lyst system ( CuBr,/TEMPO/Piperidine ) for the oxidation
of primary benzylic alcohols to aldehydes by oxygen( F§+
PR S AR I 3 T 1) T B EL TR S AR &R (TR
A5/ TEMPO/WRIE) ) [J]. J Mol Catal( China) (53F
14k ) , 2014, 28(4) . 317-328.
a. Ramakrishna D, Bhat B R. Cobalt complexes in
[ EMIM ] CI-A catalyst for oxidation of alcohols to carbon-
yls[J]. Inorg Chem Commun, 2010, 13(1): 195-198.
b. Su Ling( 7 ¥), Zhang Yue-cheng( 3¢ A hi%) , Zhao
Ji-quan (X #%4>). Synthesis of dendritic polyamidoamine
supported 2, 2, 6, 6-tetramethylpiperidine-1-oxyl and its
catalytic performance on the oxidation of alcohols with
molecular oxygenas oxidant ( FA k B8 il i g 1 2% TEM-
PO 15 L A AL 2 TR AL B PR RE) [T,
Mol Catal( China) (45 FH#E4L), 2014, 28 (5): 400—
409.
Ahmad J U, Figiel P J, Riisinen M T, et al. Aerobic
oxidation of benzylic alcohols with bis(3, 5-di-tert-butyl-
salicylaldimine) copper (11) complexes [ J]. Appl Catal
A: Gener, 2009, 371(1) . 17-21.

Hu Z Z, Kerton F M. Room temperature aerobic oxida-
tion of alcohols using CuBr,with TEMPO and a tetraden-
tate polymer based pyridyl-imine ligand [ J]. Appl Catal
A: Gener, 2012, 413/414(31) ; 332-339.
Hosseini-Monfared H, Nither C, Winkler H, et al.
Highly selective and “green” alcohol oxidations in water
using aqueous 10% H,0, and iron-benzenetricarboxylate
metal-organic gel[ J]. Inorg Chim Acta, 2012, 391 75-
82.

Naik R, Joshi P, Deshpande R K. Immobilization of
metallporphyrins on polystyrene: Efficient catalysts for
aerobic oxidation of alcohols[ J]. J Mol Catal A: Chem,
2005, 238(1) : 46-50.

Zhou X T, Ji H B. Cobalt Porphyrin Immobilized on
Montmorillonite; A Highly Efficient and Reusable Cata-
lyst for Aerobic Oxidation of Alcohols to Carbonyl Com-

pounds[ J]. Chin J Catal, 2012, 33 (11/12) . 1906 -

(9]

(10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

1912.

Azar A R J, Safaei E, Mohebbi S. A novel Schiff base of
Mn(III) complex supported on magnetic cobalt nanoparti-
cles as ahighlyefficient retrievableheterogeneous catalystin
oxidation of alcohols and sulfides compounds[ J]. Mater
Res Bull, 2015, 70, 753-761.

Gupta K C, Sutar A K, Lin C C. Polymer-supported
Schiff base complexes in oxidation reactions[ J]. Coord
Chem Rev, 2009, 253(13) : 1926-1946.

Wu G D, Wang X L, Li J P, et al. A new route to syn-
thesis of sulphonato-salen-chromium (TIT) hydrotalcites ;
Highly selective catalysts for oxidation of benzyl alcohol
to benzaldehyde [ J ]. Catal Today, 2008, 131 (1/4) .
402-407.

Chen YT, Guo Z, Chen T, et al. Surface-functionalized
TUD-1 mesoporous molecular sieve supported palladium
for solvent-free aerobic oxidation of benzyl alcohol[ J]. J
Catal, 2010, 275(1) ; 11-24.

Ferreira P, Phillips E, Rippon D, et al. Catalytic oxida-
tion of alcohols using molecular oxygen mediated by poly
(ethylene glycol ) -supported nitroxyl radicals [ J ].
Catal B: Envir, 2005, 61(3) . 206-211.

Wang L Y, Li J, Zhao X P, et al. An efficient and sca-

Appl

lable room temperature aerobic alcohol oxidation cata-
lyzed by iron chloride hexahydrate/mesoporous silica sup-
ported TEMPO[ J] Tetra, 2013, 69(30) : 6041-6045.
Kishioka S, Yamada A. Kinetic study of the catalytic
oxidation of benzyl alcohols by phthalimide-N-oxyl radical
electrogenerated in acetonitrile using rotating disk elec-
trode voltammetry[ J]. J Electro Chem, 2005, 578 (1) ;
71-77.

Sheldon R A, Arends I W C E. Catalytic oxidations me-
diated by metal ions and nitroxyl radicals [ J]. J Mol
Catal A; Chem, 2006, 251(1) : 200-214.

Bi Cong-cong( 32 AM\) , Dong Ting-ting ( & E4E) , Gao
Bao-jiao( I £ 7). Synchronously synthesizing and im-
mobilizing NHPI on CPS microspheres and primarily in-
vestigating catalytic oxidation( 7E CPS f#{ Bk 2 i 52 # N-
FEE L AT A I M 114 1] 2 i 5 [ % [ A AL
FIHEAL A ALERERIAR) [T]. J Funct Polym (8ER 7>
F2E4R) , 2015, 28(3) . 250-258.

Huang Jian-long ( ¥ # ), Yang Xiao-lin (% BEMK) ,
Gao Bao-jiao ( 15 47 ). Catalytic performance of N-
hydroxyphthalimide immobilized on crosslinked polysty-
rene microspheres in oxidation of toluene by molecular
oxygen ( FEE5 W UR 5] 21 A N-J2HE AT A% — B I5E . i 72
T RAAT A B R REALPERE) [, Chem (b7



36 BT 530 %

WAR) , 2015, 78(5) : 427-432. trode voltammetry[ J]. J Electro Chem, 2005, 578(1) :
[19] Marchetti F, Pettinari C, Nicola C D, et al. Synthesis 71-71.

and characterization of novel oxovanadium (1V) comple- [22] Sheldon R A, Arends I W C E. Catalytic oxidations me-

xes with 4-acyl-5-pyrazolone donor ligands: Evaluation of diated by metal ions and nitroxyl radicals [ J]. J Mol

their catalytic activity for the oxidation of styrene deriva- Catal A Chem, 2006, 251(1) . 200-214.

tives[ J]. Appl Catal A: Gener, 2010, 378(2): 211 - [23] Figiel P J, Sobczak J M. Journal of Catalysis, Mechanis-

220. tic investigation of the catalytic system based on N-hy-
[20] Mohebbi S, Boghaei D M, Sarvestani A H, et al. Oxova- droxy-phthalimide with vanadium co-catalysts for aerobic

nadium ( IV) complexes as homogeneous catalyst—aero- oxidation of alcohols with dioxygen[J]. J Catal, 2009,

bic epoxidation of olefins [ J]. Appl Catal A: Gener, 263(1): 167-172.

2005, 278(2) : 263-267. [24] Iwahama T, Sakaguchi S, Ishii Y. Production of hydro-
[21] Kishioka S, Yamada A. Kinetic study of the catalytic gen peroxide via aerobic oxidation of alcohols catalyzed

oxidation of benzyl alcohols by phthalimide-N-oxyl radical by N-hydroxyphthalimide[ J]. Org Pro Res Dev, 2000, 4

electrogenerated in acetonitrile using rotating disk elec- (2):94-97.

Catalytic Characteristics of Immobilized N-hydroxyphthalimide in
Oxidation of Benzhydrol to Diphenyl Ketone by Molecular Oxygen

BI Cong-cong, DONG Ting-ting, GAO Bao-jiao, LIU Guo-dong
( Department of Chemical Engineering, North University of China, Taiyuan 030051, China)

Abstract; Synchronous synthesis and immobilization of N-hydroxyphthalimide( NHPI) were realized on closslinked
polystyrene (CPS) microspheres, obtaining the heterogenous solid catalyst CPS-NHPI. In this investigation, CPS-
NHPI microspheres were used in the oxidation of benzhydrol as a secondary alcohol with molecular oxygen as oxi-
dant, and their catalytic activity and the mechanism of the catalytic oxidation were investigated. The effects of the
main factors on the catalytic oxidation reaction were researched in depth. The experimental results show that the
catalyst microspheres CPS-NHPI in combination with transition metal salt can effectively catalyze the oxidation
transformation of benzhydrol to diphenyl ketone by molecular oxygen. Among several transition metal salts, the or-
der of co-catalytic effect is VO (acac),>Co(OAc),>CoCl,>Mn(OAc),. It is obvious that vanadyl acetylacetonate
is the best co-catalyst. The compositional catalyst CPS-NHPI+VO (acac), can highly effectively catalyzed the oxi-
dation transforming of benzhydrol to diphenyl ketone (35.8% conversion of benzhydrol and diphenyl ketone as only
one product ) under the mild conditions such as at 75 “C and with oxygen at ordinary pressure, displaying fine cata-
lytic activity and excellent catalysis selectivity. The catalytic oxidation follows a mechanism of free radical chain re-
action. The mixture of acetonitrile and ethyl acetate with a volume ratio of 7 * 3 is the appropriate solvent, and 1 :

15 as the molar ratio of VO(acac), to the immobilized NHPI, the added amount of the co-catalyst is the suitable.
The solid catalyst CPS-NHPI has good cycling and reuse performance.

Key words: N-hydroxyphthalimide ; heterogenous solid catalyst; benzhydrol; molecular oxygen oxidation; catalytic

oxidation



