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Table1 Catalytic oxidation of cyclohexene to adipic acid
Entry Catalyst Yield/ % Entry Catalyst Yield/ %
1 H,PW ,0,, 70. 1 6 H;PMo,,0,4, 0.0
2 (NH») sHs[ Hy(WO4) ¢ “H,0 62.8 7 (NH)3PW ;04 3H,0 0.0
3 H,WO, 21.1 8 Na,SiW ,,0 " 20H,0 0.0
4 (NH,);PMo,0, 51.6 " 9 Na,Mo0,°2H,0 0.0
5 H4SiW 1,040 0.0

Reaction conditions; 100 mmol cyclohexene, 1 mmol catalyst, 1 mmol H,C,0 , 55 mL 30% H,0, ¢:92 C, Time=6h. "unrecrystallized.
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Table 2 The effect of cocatalysts on the activity of H; PW204 in oxidation of cyclohexene to adipic acid
Entry Cocatalyst Yield/ % Entry Cocatalyst Yield/ %
1 Oxalic acid 70. 1 10 L(+)-Ascorbic acid 64.6
2 Malonic acid 71. 4 11 p-Aminobenzene sulfonic acid 57.7
3 Sucecinic acid 73.9 12 Tartaric acid 42.8
4 Glutaric acid 73.6 13 D, L-Malic acid 35.8
5 Azelaic acid 71.6 14 8 Hydroxyquinoline 75.0
6 Sebacic acid 71.9 15 CH,(CH,) sN(CHyBr " 73.1
7 Pyridine 3, 4-dicatboxylic acid 69. 1 16 n-CsHsNCH33Br * 71. 6
8 Lactic acid 72.5 17 — 52.5
9 Benzoic acid 68. 5
Reaction conditions: 100 mmol cycbhexena 1 mmol H;PW ,,0,, 1 mmol cocatalyst 55 mL 30% H,0, =92 'C, Time; 6h. “0. 1 mmol.
8 . (Entry 14), 6 h, 75. 0%,
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CH;3 (CH2) 5N (CH3)3B1 ©-CsH sN CigH33Br( s 0.1%)
(Entry 15.16), ; .
, CH3(CH2)15N-(CH3)3Br  ©-CsHsNCisH3Br ,
73.1%  71.6%.
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W1, 2- + Baeyer-Villiger , s -
1, 2- s .
, .12 . )
-1, 2- s 6 h,
80.2% 88.9%. ,
s -1, 2- .
H,PW ,0,y/ Oxalic acid \/(:0 OH
|/\K0 +3H,0,—— ,|/\COOH +3H;0
Yield= 80.2%
\/ H,PW 0,/ Oxalic acid \/
|/\|:8E +3H20—— ‘f - L\gggi 41,0
Yield= 88.9%
s N .
1 Perego C, Bellussi G. CATTECH[ J], 2000, 4(1): 4
2 Sato K, Aoki M, Noyori R. Scence] J], 1998, 281: 1 646
3 Reed S M, Hutchison J E. J Chem Edu[ ]|, 2000, 77(12): 1 627
4 GONG Hong( )s JIANG Heng( )s LT Zhen Bo( ). Chem J Chin Univ (& $F A AFF 4] . 2000
21(7D: 1 121
5 DengY Q MaZF, Wang K, e al. Green Chem|]], 1999. 275

MA Zu-Fu( ), DENG You-Quan( ), WANG Kun ( )s et al. Chemistry (L5 i@ [ ], 2001,



6 : 573

62(2):116
7 Jiang H, Gong H, Yang Z H, e al. React Kinet Catal Lett| ]| , 2002 75(2): 315
8 GONG Hong( ), YANG Zhong-Hua( )s JIANG Heng ( ), et al. ChinJ Catal (HEF [ J], 2002
23(2): 182
9 Oguchi T, Ura T, Ishii Y, etal. Chem Lett[]], 1989: 857
10 LI HuaMing( ), JT Ming-Hui( ), LIN HatQiang ( ), et al. In. LT HuaMing( )Chief Edr
( ). The Progress of Biotechnology, Metal Complexes and Cataly sis( . ) M].
Beijing( ): Chinese Science & Culture Press( ), 2002: 56
11 WANG Chang-You( ), LI Zhong( ). In: Editorial Committee of the Encycdopaedia of Chemical Industry(
) Edr( ). Encyclopaedia of Chemical Industry ( ), Vol. 7C 7 D[ M].
Beijing( ): Chemical Industry Press( ), 1994: 853

12 Attanasio D, Bonamico M, Fares V, et al. J Chem Soc Dalton Trans J \ 1 1990.3 221

Catalytic Oxidation of Cyclohexene to Adipic Acid
over Heteropolyacids

LI Hua-Ming® ", JI Ming-Hui% LIN Haj—Qiangb, SHU Huo-Ming“, XING Fu-Biao“, CHEN M an-Li"
(“Department of Chemistry, Hainan Normal University, Haikou 571158;
*State Key Laboratory for Physical Chemistry of Solid Surfaces

Department of Chemistry, Xiamen University, Xiamen )

Abstract The oxidation of cyclohexene to adipic acid catalyzed by heteropolyacids has been investigated,
using 30% aqueous hydrogen peroxide as an oxidant, and dicartboxylic acids or 8&-hydroxyquinoline as cocat-
alyst. Adipic acid in yield up to 75. 0% was obtained in 6 h, in the presence of 8-hydroxy quinoline. When
oxalic acid was used as cocatalyst in condition of 92 ‘C, 6 h, n (cyclohexene) *n (H3PW 12040) ‘n(H,C204
) in (HOD =100 ‘1 *1 538, the yield of adipic acid was 70. 1%. When cetyltrimethyl ammonium bromide
or cetylpyridinium bromide was used as phase transfer catalyst, the yield of adipic acid was 73.1% and
71. 6 % respectively. Catalytic oxidation of cyclohexene oxide or trans-1, 2-cyclohexanediol to adipic acid
over tungtophosphoric acid were also carried out in order to confirm the reported mechanism of the reaction.

Keywords cyclohexene, catalytic oxidation, hydrogen peroxide, heteropoly acid, adipic acid



