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Abstract A series of heteropolyacid phase transfer catalysts containing high-valent molybdenum, vanadium and other metals
were designed and synthesized to catalyze the oxidation of cyclopentene to glutaraldehyde, and the best imidazolyl molyb-
date-vanadate catalyst [C4HoN2C3H3(CH3)]sVMo7026 was screened out. The conditions of solvent type, H2O2 dosage, catalyst
dosage, reaction temperature and time were optimized. Under the optimized reaction conditions [/(ethyl acetate) : V(water)=
4 1, n(Cat.) : n(H202) : n(CPE)=1 : 170 : 41.6, 50 ‘C, 6 h], 88.7% cyclopentene conversion and 62.1% glutaraldehyde
selectivity were obtained, and the catalyst still maintained high catalytic activity after 7 cycles of use.

Keywords hydrogen peroxide; cyclopentene; glutaraldehyde; phase transfer catalysis; heteropolyacid ionic liquid
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Figure 1 FT-IR spectra of catalyst [C4aHoN2C3H3(CH3)]sVMor-
O35 before and after reaction

K 2 LTI CaHoNLC3H3(CH3)]sVMo70a6 A% T
HAREAE, 1% 'H NMR (500 MHz, DMSO-ds) i & i % 1§
FIAJE 53504 6 0.89 (t, J=7.4 Hz, 3H), 1.27 (h, J=7.5
Hz, 2H), 1.83~1.73 (m, 2H), 3.91 (s, 3H), 4.24 (t, J=7.1
Hz, 2H), 7.71 (d, J/=1.9 Hz, 1H), 7.78 (d, J=1.9 Hz, 1H),
9.08 (s, 1H). HIF 2 Ar%n, Hrbig a fAL20IH8 04 6 0.89
e, ZHE, A3 H, bR A, 1§ b i
SNRETE 6 1.27 KA, A 2 AN H, A& ke v 8] (3
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Table 1 Effects of different catalysts on the catalytic performance

. N Selectivity/%
Entry Catalyst Acid strength/mV  Conversion/% Glutaraldehyde  Cyclopentanediol _ Others

1 2

2 [CsH13NCsHs]aMosO26 145 58.5 324 40.1 27.5
3 [CsH13NCsHs]sHMosOz26 158 52.0 31.3 40.5 28.2
4 [CsH13NCsHs]H3MosOa2s 209 55.9 30.7 452 24.1
5 [CsH13NCsHs]sVMo07026 24 83.2 51.6 43.7 4.7
6 [C4sH9N2C3H3(CH3)]sVMo07026 34 88.7 62.1 322 5.7
7 [C2HsN2C3H3(CHs)]sVMo7026 37 77.9 57.1 30.3 12.6
8 [CsH17N2C3H3(CH3)]sVMo07026 29 90.1 61.3 34.5 4.2

4 Reaction conditions: 4 mL of ethyl acetate and 1 mL of water, 45 'C, n(Cat.) : n(H,0,) : n(CPE)=1 : 170 : 41.6, 8 h; Acid strength determination conditions: 0.08

mmol, 10 mL of DMSO.
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O26
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Figure 4 XRD spectrum of the catalyst [C4HoN2C3H3(CH3)]sV-
Mo7026
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Table 2 Influence of different oil/water ratios on the reaction

acelz?e};inL Water/mL convgrzliaon % GA selectivity/%
5 0 89.1 472
4 1 88.5 61.9
3 2 83.0 55.2
2 3 78.2 53.6
1 4 70.6 44.1

@ Reaction conditions: 45 °C, n(Cat.) : n(H,05) : n(CPE)=1: 170 : 41.6,6 h
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mmol, B n(Cat.) : n(H,0,) : n(CPE)=1 : 170 : 41.6.
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Figure 5 Influence of hydrogen peroxide dosage on the reaction
Reaction conditions: 4 mL of ethyl acetate and 1 mL of water, 45 C, 6 h
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Figure 6 Influence of the catalyst dosage on the reaction
Reaction conditions: 4 mL of ethyl acetate and 1 mL of water, n(Cat.) :
n(H,0,) : n(CPE)=1:170 : 41.6,45 C,6h
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Figure 7 Influence of reaction temperature on the reaction
Reaction conditions: 4 mL of ethyl acetate and 1 mL of water, n(Cat.) :
n(H;0,) : n(CPE)=1: 170 : 41.6,6 h
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Figure 8 Influence of reaction time on the reaction
Reaction conditions: 4 mL of ethyl acetate and 1 mL of water, n(Cat.) :
n(H,0,) : n(CPE)=1:170 : 41.6,45 C,6h
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Figure 9 Reusability of the catalyst on the reaction
Reaction conditions: 4 mL of ethyl acetate and 1 mL of water, n(Cat.) :
n(H,0,) : n(CPE)=1: 170 : 41.6,45 C,6h
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Figure 10 Continuous on-line FT-IR spectra of cyclopentene
reaction system
Reaction time: a, 0 min; b, 5 min; ¢, 10 min; d, 15 min; e, 20 min; f, 25
min; g, 30 min
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T (w=50% in water). 1-C.FEIRILILIE S (CiiH sBrN,
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(C1iH20N2, w=99%)J 5 L3332 se kAR AL RHE A BRA 75
TR M (w=99.9%)¥ F BTz T 5 _Fig) AR A .
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B, B 40 mL A TR =0k F, 78 40 C
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Mo702): 'H NMR (500 MHz, DMSO-ds) 6: 9.08 (s, 1H),
7.78 (d, J=1.9 Hz, 1H), 7.71 (d, J=1.9 Hz, 1H), 4.24 (t,
J=17.1 Hz, 2H), 3.91 (s, 3H), 1.83~1.73 (m, 2H), 1.30~
1.23 (m, 2H), 0.89 (t, J=7.4 Hz, 3H); IR (KBr) v: 3142,
3105, 2925, 1566, 1461, 1158, 935, 894, 626 cm .

1E 2 Sk we )\ 4H B2 2k ([CsH13NCsHs]sMogOa): 'H
NMR (600 MHz, DMSO-ds) J: 9.08 (d, J=6.0 Hz, 2H),
8.58 (t, J=7.8 Hz, 1H), 8.14 (t, J=7.0 Hz, 2H), 4.58 (t,
J=17.5 Hz, 2H), 1.88 (tt, J=7.3, 7.2 Hz, 2H), 1.26~1.19
(m, 6H), 0.82 (t, J=6.6 Hz, 3H); IR (KBr) v: 3063, 2922,
1636, 1487, 1172, 522 cm™ ..

1E 5 kg — &\ R £ ([CeH13NCsHs)sHMos-
02): '"H NMR (600 MHz, DMSO-ds) 6: 9.07 (d, J=6.0
Hz, 2H), 8.58 (t, J=7.8 Hz, 1H), 8.14 (t, J=7.0 Hz, 2H),
4.56 (t, J=7.5 Hz, 2H), 1.89 (it, J=7.3, 7.2 Hz, 2H),
1.25~1.19 (m, 6H), 0.82 (t, J=6.6 Hz, 3H); IR (KBr) v:
3060, 2922, 1657, 1487, 1172, 523 cm .

1E & 5 kg = A\ R £ ([CeH13NCsHs]H3Mos-
02): 'H NMR (600 MHz, DMSO-ds) 6: 9.06 (d, J=5.9
Hz, 2H), 8.58 (t, J=7.8 Hz, 1H), 8.13 (t, J=7.0 Hz, 2H),
4.57 (t, J=7.5 Hz, 2H), 1.89 (it, J=7.4, 7.3 Hz, 2H),

1450 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

1.28~121 (m, 6H), 0.83 (t, J=6.7 Hz, 3H); IR (KBr) v:
3066, 2922, 1657, 1488, 1172, 522 cm ™ ..

1E Rk g BHAL R 28 ([CeH13NCsHs]sVMo704): 'H
NMR (500 MHz, DMSO-de) 3: 9.09 (d, J=5.8 Hz, 2H),
8.60 (t, J=7.6 Hz, 1H), 8.17 (t, J=6.8 Hz, 2H), 4.65 (,
J=7.4 Hz, 2H), 191 (it, J=7.2, 7.1 Hz, 2H), 1.29~1.18
(m, 6H), 0.80 (t, J/=6.2 Hz, 3H); IR (KBr) v: 3147, 3053,
2956, 1572, 1439, 935, 894, 625 cm ™ L.

1-F -3 2 HE BRI EH R £ ([CoHsNC3H3(CH:) s V-
Mo705¢): 'H NMR (600 MHz, DMSO-dq) & 9.31 (s, 1H),
7.83 (d, J=1.9 Hz, 1H), 7.74 (d, J=1.8 Hz, 1H), 4.19 (q,
J=173 Hz, 2H), 3.84 (s, 3H), 1.37 (t, J=7.3 Hz, 3H); IR
(KBr) v: 3144, 3105, 2920, 1461, 1159, 936, 894 cm ™ .

1- A2 -3- 37 2L ok w4 4H R 5 ([CsHi7N2C3H:-
(CH:)]sVMo0702): 'H NMR (600 MHz, DMSO-ds) 6: 9.07
(s, 1H), 7.74 (d, J=1.9 Hz, 1H), 7.68 (d, J=1.9 Hz, 1H),
4.18 (t, J=7.1 Hz, 2H), 3.86 (s, 3H), 1.77~1.72 (m, 2H),
1.27~1.20 (m, 10H), 0.87 (t, J=7.3 Hz, 3H); IR (KBr) v:
3145, 3105, 2925, 1462, 1158, 930, 895, 625 cm " ..

R GC-MS (70 V) miz (%): 41.1, 43.1, 44.1,
57.0, 72.0, 81.0, 82.0, 100.0.

IR GC-MS (70 eV) miz (%): 41.1, 43.1, 4.0,
55.1, 56.0, 57.0, 83.0, 84.0, 97.9.

4 Bh #1 B} (Supporting Information)  f# 1t 77| [CeH s-
NC5H5]4M08026\ [C(,H13NC5H5]3HM03026\ [C6H13NC5H5]-
H3sMogO2 + [CeH13NCsHs]sVMo07026 ~  [C2HsN,C3H3(C-
H;3)]5VM07056+ [CsHi7N>C3H3(CH3)]sVMo7046 [RZL A1
BRI R SR, DR EE =Y . 1,2- 3 =
P (1 o U5 . 3K A LT DA B 9 AR T I 355 (http://sioc-
journal.cn/) I F#k.
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