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Table 1 Influences of solvents ona-pinene oxidation catalyzed by VO(OAc),

Solvent Conversion Selectivity/ %
/% 2 3 4 5 6 Others
Butanone 68.8 8.5 34.6 16.7 - 13.4 26.9
Dichloromethane 3.7 57.3 2.7 40.0 - - -
Ethylene glycoldimethyl ether 82.9 10.3 17.3 45.9 3.6 22.8 -
Dioxane 81.7 7.7 23.2 32.4 9.3 27.4 -
Tetrahydrofuran 14.6 36.8 18.7 6.5 20.8 17.3 -
Ethyl acetate 15.4 6.1 27.3 41.9 5.2 19.5 -
Tert-butyl alcohol 56.1 26.2 23.7 3.8 20.6 - 25.7
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Table 2 Influences of thesolvents amount on a-pinene oxidation catalyzed by VO(OAc),

VooV Conversion Selectivity/ %

e /% 2 3 4 5 6
0:1 21.6 5.7 42.6 33.4 - 18.3
2:1 55.3 6.8 11.7 71.8 5.0 4.5
4:1 82.9 10.3 17.3 45.9 3.6 22.8
6:1 73.8 11.3 14.1 40.3 13.9 20.3
8:1 73.3 14.7 9.0 44.1 14.9 17.3
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Table 3 Influences of reaction temperature on a-pinene oxidation catalyzed by VO( OAc),

Temperature Conversion Selectivity/ %
/C /% 2 3 4 5 6
10 65.8 8.2 27.8 43.5 3.2 17.3
20 72.9 9.2 23.4 43.9 7.0 16.4
30 74.0 9.4 24.9 44.0 6.7 15.0
40 82.9 10.3 17.3 45.9 3.6 22.8
50 74.8 7.8 10.1 53.2 7.0 21.9
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Fig.1 Influences of time on a-pinene oxidation

catalyzed by VO(OAc),

1. a-pinene; 2. myrtenal; 3. verbenol; 4. verbenone;

5. 2,3-epoxypinane; 6. campholene aldehyde
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Fig.2 Scheme of a-pinene oxidation catalyzed by VO(OAc),
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Table 4 Recovery and reuse of catalyst

Conversion Selectivity/ %
No.
/% 2 3 4 5 6
1 82.9 10.3 17.3 45.9 3.6 22.8
2 62.4 12.4 20.6 43.4 5.4 18.2
3 45.9 16.9 22.2 37.8 7.6 15.5
4* 83.0 10.4 17.1 46.2 3.6 22.7

a. added 44% fresh catalyst based on third recovery.

3 &t

i B SRR O 4 B S B AL A
Hike 5 KR a-IRIG AL SAAL , RIS %
7F LA 30% H,0, /& ALT, A ALRE = Ak i
b a-JRIG RN AL AL, T2 W)y T B A I
LR SR RPN i A A P B A
FFE. DN E T T CRREIUELL o
WM AALR B 1A MU B OR H, O, 1R i ALY
FHAR T 5 SRR ISR A Bl T8 BE 2 4
AR B4 .

S Xk

[1] Lajunen M K. Co( I ) catalysed oxidation of a-pinene by
molecular oxygen, Part III[J]. J Mol Catal A: Chem,
2001, 169(1/2) : 33-40.

[2] Memorn P, Roberts G, Hutchings G J. Oxidation of a-pi-
nene to verbenone using silica-titania Co-gel catalyst [ J].
Catal Lett, 2000, 67 203-206.

[3] Fahd Al- Wadaani, Elena F. Kozhevnikova, Ivan V.
Kozhevnikov. Zn(II) -Cr(1II) mixed oxide as efficient bi-

functional catalyst for dehydroisomerisation of a- pinene to

p-cymene [ J]. Appl Catal, A, 2009, 363 153—156.

[4] Zuo Chuan-peng( ZfEMY) , Yin Du-lin(F M), Yang
Yong-jun( #3174 ) . Beckmann fragmentation of camphor
oxime to a-campholenonitrile by sulfonic acid resin (/2
W RAEAR R IG D1 5w 8 28 f By b B AL VE D) [
Mol Catal( China) (5rF1#4k) , 2010, 24(1): 25-30.

[5] Zheng Min, He Bi-fei, Xu Qiong, et al. Investigation on
the Catalysis in the Oxidation of a-Pinene [J]. Chem In-
dus Forest Prod, 2012, 32(3) . 126—130.

[6] Typhene M, Daniel B, Mirza C , et al. Epoxidation of a-
pinene catalyzed by methyltrioxorhenium ( VII) : Influ-
ence of additives, oxidants and solvents[ J|. J Mol Catal
A: Chem, 2011, 340 . 9-14.

[7] Analia L, Canepa Eduardo R, Herrero Ménica E, et al.
H,0, based a-pinene oxidation over Ti-MCM-41. A kine-
tic study [J]. J Mol Catal A; Chem, 2011, 347, 1-7.

[8] Ajaikumar S, Ahlkvist J, Larsson W, et al. Oxidation of
a- pinene over gold containing bimetallic nanoparticles on
reducible TiO, by deposition-precipitation method [ J].
Appl Catal, A, 2011, 392, 11-18.

[9] Fernandez-Mateos A, Herrero Teijon P, Rubio Gonzalez
R, et al. Radical reactions on pinene-oxide derivatives in-

duced by Ti(IIT) [J]. Tetrahedron, 2011, 67: 9529 -



5 2 1) WA CRRAAPUHEAL ok 5 i S8 U PO A S AR B A ST 179

9534. [15] Casuscelli SG , Eimer G A, Canepa A , et al. Ti-MCM-
[10] Jaime-Andres Becerra, Lina-Maria Gonzalez, Aida-Luz 41 as catalyst for a-pinene oxidation: Study of the effect
Villa. Kinetic study of a-pinene allylic oxidation over of Ti content and H, 0, addition on activity and selectivity
FePcCl,,-NH,-Si0, catalyst [J]. J Mol Catal A: Chem, [J]. Catal Today, 2008, 133/135(3) ;. 678—683.
2016, 423. 12-21. [16] Xiao Yi( ¥ #%%), Huang Hong-mei( ¥ ZLA# ), Yin Du-
[11] Duan Sheng-cong ( Bt #EHE) | Li Xue(Z% &), LI Yue Lin( FEM) , et al. One-step conversion of a-pinene to
(Z= ), et al. Study on preparation of composite metal campholenic aldehyde via VO( acac) 2 -catalyzed oxida-
oxides by using starch as biotemplate and their catalytic tion ( Z Pt PN B AR AU AL B AL - TR J — 25 2 Ak i e i
properties of a-pinene oxidation ( J& ) 15 AR 32 il 25 B & J&TEE) [J]. Chin J Appl Chem, (N FHAL2E) | 2010, 27
& ALY SO o- R AP ERERBEST) [J]. T (11): 1272-1275.
Mol Catal( China) (43 Ffifk), 2015, 29(4) . 339- [17] LiJia-qi( 225 H), Mao Li-qiu( BHFFX), Yin Du-lin
347. (FEH) , et al. Modification of 8-hydroxyquinoline on
[12] Raupp Y S, Ceylan Yildiz, Wolfgang Kleist, et al. Aero- cyclohexene oxidation catalyzed by V,0 ( 8-F2HEMEIHXF
bic oxidation of a-pinene catalyzed by homogeneous and V0 b EMA IR IIEASE ) [J]. J Mol Catal
MOF-based Mn catalysts [ J]. J Mol Catal A: Chem, (China) (43 FHEFL) [J], 2008, 22(2) : 132-136.
2017, 546 1-6. [18] Zhou Ying-fei (JH#i5¢), Bai Zi-long(#1T %), Fang
[13] Xiao Yi( ¥ #%%), Huang Hong-mei( #ZLA ), Yin Du- Ming-mang( J7BAF5) , et al. Shape selectivity of zeolite-
lin( FEHK) , et al. Oxidation of p-propenylanisole with encapsulated vanadium picolinic complexes catalyst for
hydrogen peroxide over oxovanadium aromatic carboxy- oxidation of alkanes ( 43 7 2L & W fH Ak 57 X )&
lates mediated by organic bases (8 LB A BYFF F R REMWNEIE RBEEMST) [J]. J Mol Catal ( China)
M S LA AL S A S AR T il ) [T, J Mol Catal (5rFAEAL) [], 2002, 16(6) : 408-412.
( China) (43 FH#4L) , 2011, 25(3) : 233-237. [19] Choudary B M, Neeraja V, Lakshmi Kantam M. Vanadyl
[14] Maksimchuk N V, Melgunov M S, Mrowiec B. H, O,- (IV) acetate; A mild and efficient heterogeneous catalyst
based allylic oxidation of «-pinene over different single for the tetrahydropyranylation of alcohols, thiols and phe-
site catalysts [J]. J Catal, 2005, 235(1) ; 175-183. nols [J]. J Mol Catal A: Chem, 2001, 175. 169-172.

Media Effects in Allylic Oxidation of a-Pinene with
Hydrogen Peroxide Catalyzed by VO( OAc),

ZHENG Min', XUN You-yi', ZHOU Shuo-lin*, XIAO Yi*, XU Qiong*, YIN Du-lin*"
(1. Hunan First Normol University, Changsha 410205, China;
2. National & Local Joint Engineering Laboratory for New Petro-chemical Materials and Fine Utilization of
Resources , Hunan Normal University , Changsha 410081, China)

Abstract: VO(OAc), was synthesized and used as catalyst for the oxidation of a-pinene using H, O, as oxidant.
The effects of reaction media such organic compound with four carbon atoms, butanone, ethylene glycol dimethyl
ether, ethyl acetate, dichloromethane, 1,4-dioxane, tetrahydrofuran and tert.-butyl alcohol as solvent, also amount
of solvent, temperature, amount of catalyst and time on catalytic performance were investigated. It is found that
vanadyl acetic posses fine catalytic performance for the allylic oxidation of a-pinene in ethers or ethyl acetate. The
results showed that under optimized reaction conditions of w (catalyst) = 10%, at 40 C for 8 h , using ethylene
glycol dimethyl ether as solvent, the conversion of a-pinene reached 82.9% with selectivity 45.9% for verbenone,
17.3% verbenol and 10.3% campholene aldehyde.

Key words: vanadyl acetic; hydrogen peroxide; a-pinene; catalytic oxidation



