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Heteropoly acids ( HPAs) are very attractive since
their acidic and redox properties can be controlled at

") Among various HPAs

atomic or molecular levels. '
structural classes, the Keggin-type HPAs containing
tungstate and molybdenum have been widely employed
not only for oxidation of organic substrates but also for
many acid-catalyzed reactions due to their strong oxidi-
zing ability and acid strength'?'. Selective oxidation of
lower hydrocarbons is of fundamental and technological
interest because it provides a potential route to effec-
tively transform lower hydrocarbon to higher, value-

added chemicals">*.

procedures for oxidation cleavage of hydrocarbons using

There have been a number of

H,0, and in situ generated or preformed molybdenum

27 gince H, 0, is cheap and

and tungsten complexes
environmentally benign. These molybdenum and tung-
sten complexes including phase-transfer catalyst, usua-
lly the quaternary ammonium such as [ C;H;CH,N( C,
H;), ]Cl and w-C;H,NC (H,,Br , have been proved to
be the most efficient catalysts for oxidation cleavage re-
actions. lonic liquids (ILs), composed of organic ni-
trogen-containing heterocylic cations and inorganic or

organic anions, are also viewed as quaternary ammoni-
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um. Compared with [ C;H,CH,N(C,H, ), ]CI and -
Cs;H,NC H,;Br, ionic liquids are designable and more
environmentally benign. Ionic liquids have attracted
considerable attention in the past due to their unique
chemical and physical properties, such as high chemi-
cal and thermal stability, negligible vapor pressure,
high conductivity, and the ability to dissolve a wide
So far,
ionic liquids have been used in various research fields

h catalysism] , and ex-

. . . 8]
range of organic and inorganic compounds'®’.

including organic synthesis"’

"7, Here, we report the oxidation of cyclohex-

traction
ene to adipic acid (AA) catalyzed by 12-phosphotun-
gatate acid and ionic liquids in situ with 30% hydrogen

peroxide.

1 Experimental

All chemicals and reagents used in the present
study were of analytical grade. Organic solvents were
freshly distilled and purified before used. IR spectra
were recorded on a FT-IR Bruker IFS 120HR spectro-
photometer with KBr pallets. NMR spectral character-
ization was carried out with an INOVA-400 MHz instru-
ment operating near 400('H) and 100(”C) MHz.

12-Phosphotungstate acid ( HPW ) was prepared
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according to the methods reported in the literatures' ',

Ionic liquids (shown in Table 1) were synthesized ac-
cording to the procedures reported in the litera-

[13~15]

tures All of them were confirmed by infrared

spectroscopy and ionic liquids were further confirmed
by "C NMR, 'H NMR.

The catalytic reaction was performed in a dry 250
ml round-bottomed flask equipped with a magnetic
stirring bar and a reflux condenser. Then HPW , ionic
liquids and hydrogen peroxide was encased into the
flask under stirring in a ranged order at room tempera-
ture. Cyclohexene was added to the mixture after ca.
15 min. The whole mixture was allowed to react at re-
flux temperature of 70 ~90 °C for 8 h and then the
homogeneous solution was allowed to stand at 4 C for
24 h. A white precipitate was separated by filtration
and washed with 20 mL ice water. After drying at room
temperature the product AA was gained with mp 152 ~

153 °C, and calculated by isolated yield.

2 Results and Discussion

Initially, we discovered that the ionic liquids ad-
There

were two kinds of addition manner used in this study.

dition manner greatly influence the reaction.
In manner (1), HPW and ionic liquids were mixed
first and then hydrogen peroxide was added. The solu-
tion obtained in this manner becomes cloudy which in-
dicating some transformation has occurred. For usual
1, 3-dialkylimidazolium salts, no changes took place
when hydrogen peroxide was added in and no product
AA was obtained indicating the compounds formed in
situ could not catalyze the reaction'"®'. But for SO, H-
functionalized ionic liquids and 1-methylimidazolium
(abbreviate as Hmim below ) salts, the compounds
formed in situ can dissolve into the solution and the re-
sults were good (see Table 1). In manner (II), ionic

liquids were added after HPW have reacted with

hydrogen peroxide. The solution obtained in this manner

Table 1 the influence of ionic liquids with different amount on the reaction®

Tsolated yield (% )

I IL/HPW (mol ratio)"
172 1/1 2/1 3/1
[ (CH,),SO;H-mim] [ HSO, ] 70.2 70.5 72.8 68.0
[ (CH,),S0,H-Py ][ HSO, ] 70.5 73.8 84.9 71.8
[ Hmim][ p-CH,(C¢H,) SO, ] 73.2 76.0 74.5 65.1
* Reaction conditions: 7. upexensy®  N(igoy)* Meiewy = 15 4.41 0.28, cyclohexene

100 mmol, reflux temperature, reaction time 8 h; "Tonic liquid was added in manner (1)

kept clear throughout the reaction for all ionic liquids act as phase transfer catalyst and can adjust the acidity
of the system.
As shown in Table 2

Table 2 The results of cyclohexene oxidation catalyzed by HPW-IL system®

and ionic liquids used in this manner must play differ-

ent role compared with (1) in the reaction. They may , the ionic liquids chosen

No. ' IL/HPW ('mol ratio) Isolated yield (% )
1 - 55.0
2 [C mlm] 3/1 56.7
3 [ Cgmim | Br 3/1 72.3
4 [ C,¢mim]Br 3/1 36.3
5 [ C,mim ] BF, 3/1 66.0
6 [ Cgmim ] BF, 3/1 70.7
7 [ Hmim | [ HSO, ] 3/1 57.7
8 [ Hmim ] [ H, PO, ] 3/1 55.2
9 [Hmim] [ p-CH, (C4H,)S0, ] 3/1 66.9
10 [ (CH,),SO;H-mim] [ HSO, ] 3/1 69.4
11 [ (CH,),SO,H-Py][ HSO, ] 3/1 74.1

* Reaction conditions: 7 (.ghexenc) * (11505) ¢ Mupwy = 12 4.4+ 0.28, cyclohexenel00 mmol,

reflux temperature, reaction time 8 h; " Tonic liquid was added in manner(1T)
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have shown different influences on the oxidation reac-
tion of cyclohexene in manner (II). For 1,3-dialky-
limidazole bromide salts, [ Cgmim ] Br gave 72.3% i-
solated yield of AA(entry 3) while [ C  mim ] Br gave
36.3% (entry 4) showing that the increase of carbon
number of the alkyl substitution do not always brought
good result. When the anion changed, [ C, mim | BF,
showed some extent of improvement compared with [ C,
mim ] Br, but [ Cymim ] BF, kept the same level with
[ C;, mim | Br. The Brénsted acidic ionic liquid
[ Hmim | X (X = HSO,, H,PO,, p-CH,(C4H,) SO,)
were examined too. Among these three ionic liquids,
[ Hmim ] [ p-CH, ( C4H, ) SO, ] performed better result
probably due to its stronger lipophilic property''”’. The
SO, H-functionalized ionic liquids with pyridine cation
(entry 11) gave 74. 1% isolated yield of AA while
[ (CH,), SO, H-mim ] [ HSO, ] gave 69. 4% ( entry
10) under the same condition.

The influence of SO, H-functionalized and 1-meth-
ylimidazolium ionic liquids with different amount on the
oxidation reaction is shown in Table 1. From Table 1
we can see that as the IL/HPW mol ratio increased but
under 2/1, the showed better results.
[ (CH,), SO, H-Py ] [ HSO, ] gave the best isolated
yield of 84.9% with a mol ratio 2/1 with HPW. This

results can
[18,19,20]

reaction

compared with the previous litera-

Tonic liquid [ ( CH, ), SO, H-mim ]
[ HSO, ] in the same condition gave an isolated yield of

ture

72.8% , which is basically the same level of mol ratio
at0.5/1 and 1/1. [ Hmim] [ p-CH,(C,H,) SO, | gave
the isolated yield of 76.0% at mol ratio 1/1 , which is
better than mol ratio at 1/2 and 2/1. Keeping on in-
creasing the amount of ionic liquids ( mol ratio with
HPW achieve 3/1) no more improvement could be
seen, which also indicated that two kinds of addition
manner showed little influence on the oxidation reaction
with SO, H-functionalized and 1-methylimidazolium ion-
ic liquids compared with Table 2.

We also investigated the reusability of the cata-
lysts system. As one of the most effective catalyst sys-
tem, HPW -[ (CH,),SO,H-Py] [ HSO, ] was chosen
to check its reusability. After each reaction, the homo-

geneous solution was allowed to stand at 4°C for 24 h,

and the resulting white precipitate was separated by fil-
tration and washed with 20 ml of cold water. The moth-
er liquor was concentrated and then allowed to stand at
4%C for 24 h, and the resulting white precipitate was
separated as the same. The mother liquor was concen-
trated again to 5 ml and then encased in to the reaction
flask with fresh hydrogen peroxide for the next use.
This procedure was repeated for 4 cycles. The results
were shown in figure 1. It can be seen that the catalyt-
ic activity was slightly decreased, and it was stable to

ensure 4 uses.

80
g 60
=2
E’ 40 r
£
]
= 20
0
2 3 4
Recycle time
Fig. 1 HPW-[ (CH,),SO,H-Py][ HSO, ]

system for recycle

3 Conclusion

In summary, the use of ionic liquids have differ-
ent effect on the catalytic reaction of cyclohexene.
Among various ILs, the SO,H functional IL [ (CH,),
SO,H-Py ][ HSO, ] in the mol ratio of 1/2 with HPW
gave adipic acid of isolated yield with 84.9% and this
catalyst system can use 4 times with a slightly decrease

of activity.
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