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bstract

An efficient and improved procedure for oxidative cleavage of C N bond is developed in the presence of H6PMo9V3O40 as a green and reusable
atalyst in refluxing acetic acid.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Oximes, hydrazones and semicarbazones are useful protect-
ng groups [1] and are widely used for purification and charac-
erization of carbonyl compounds, as they are highly crystalline
nd stable compounds. Their synthesis from non-carbonyl com-
ounds [2] provides an alternative way to aldehydes and ketones.
here has been great interest in the development of mild tech-
iques for the conversion of oximes into their corresponding
arbonyl compounds [3–5], but only a little attention has been
aid for the regeneration of carbonyl compounds from hydra-
ones and semicarbazones [6–8]. In addition most of the known
ethods require drastic conditions, high temperature, long reac-

ion times, expensive, toxic or not readily available reagents,
reshly preparation of the reagents and tedious work-up proce-
ure [9–11].

The problems associated with both the handling and disposal
f conventional inorganic acids have raised the interest in the
evelopment of alternative clean processes and technologies

nvolving the use of solid acid catalysts.

Heteropolyacids (HPAs) are transition metal oxygen anion
lusters that exhibit a wide range of molecular sizes, composi-
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ions and architectures [12]. Among them, the Keggin-type [13]
PAs have long been known to be good catalysts for oxidation

eactions [14,15]. They exhibit great advantages: for example,
heir catalytic properties can be tuned by changing the identity
f charge-compensating countercations, heteroatoms and frame-
ork metal atoms [16].
In continuation of our work on catalytic properties of het-

ropolyacids [17–25], and cleavage of C N bonds [26] in this
aper we wish to report a convenient and efficient method
or the regeneration of carbonyl compounds from semicar-
azones, hydrazones and oximes using H6PMo9V3O40 as a
reen, reusable and superior catalyst in refluxing acetic acid.

. Experimental

All compounds were known and their physical and spectro-
copic data were compared with those of authentic samples and
ound to be identical. Yields were obtained using GC analysis.
he oximes, hydrazones and semicarbazones were prepared by
tandard procedures [27].
.1. Oxidative cleavage of C N: general procedure

Protected carbonyl compound (1 mmol) in acetic acid (3 mL)
as treated with a catalytic amount of heteropolyacid (1 mol%)
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Table 2
Oxidative cleavage of benzaldehyde phenylhydrazone, using different het-
eropolyacids (1 mol%) in refluxing acetic acid

Entry Hetropolyacid Time (min) Yield (%)

1 H3PW12O40 360 5
2 H6P2W18O62 360 10
3 H3PMo12O40 360 15
4 H4PMo11VO40 360 30
5
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tected carbonyl compounds including phenylhydrazones semi-
carbazones and oximes were subjected to this reaction and all
products were obtained in good yields (Table 3). As expected,

Table 3
M.M. Heravi et al. / Journal of Molecula

t 118 ◦C. The progress of reaction was monitored by thin layer
hromatography (TLC) and gas chromatography (GC) using
etroleum ether: ethyl acetate as eluent. After completion of
he reaction the catalyst was filtered off and diethylether (5 mL)
as added to the mixture. The obtained solution washed with 5%
aHCO3 (10 mL) and brine (10 mL) successively and dried over
gSO4. The solvent was evaporated under reduced pressure to

ield the crude products. Further purification was obtained by
ash chromatography.

. Results and discussion

To optimize the catalytic system, the cleavage of benzalde-
yde phenylhydrazone in the presence of a catalytic amount of
6PMo9V3O40 was used as a model and efficiency of a variety
f solvents and heteropolyacids was studied in this reaction.

The effect of solvent on the model reaction was studied by
arrying out the reaction in a solvent-free system and in a vari-
ty of solvents including water, chloroform, dichloromethane,
thanol, acetonitrile and acetic acid at different temperatures.
s shown in Table 1 the best results in terms of yield and time
ave been achieved in acetic acid. Thus it was applied as sol-
ent of choice. It is noteworthy to mention that in the absence of
he catalyst and just refluxing the substrate in neat acetic acid,
o reaction took place. One of the important factors affecting
he oxidation capacity of plyanions is the energy gap between
he highest occupied molecular orbital (HOMO) and the lowest
noccupied orbital (LUMO). The effect of solvent is attributed
o the effect on the LUMO levels.

The heteropoly anions are easily reducible chemical species,
hus the energy of the LUMO must be sufficiently low. The sol-
ent molecules can stabilize these anions and place molecular
rbitals at the appropriate level. Therefore both yields and reac-
ion times can be affected by solvent.

The efficiency of H3PW12O40, H6P2W18O62, H4PMo11
O40, H5PMo10V2O40, and H3PMo12O40 were also stud-

ed in the model reaction (Table 2) in refluxing acetic acid,
hich were unsatisfactory even after long reaction times. The
btained results by H6P2W18O62 with Dawson structure are
imilar to Keggin types. Thus the structure of the anion (Keg-
in or Dawson) cannot affect the yield. Among the Keggin

eteropolyacids, H3PW12O40, H3PMo12O40 and Keggin-type
anadium-substituted heteropolymolybdates: H4PMo11VO40,
5PMo10V2O40 and H6PMo9V3O40, the last one gave the best

esults in the model reaction. Keeping in mind that the model

able 1
xidative cleavage of benzaldehyde phenylhydrazone, in the presence of cat-

lytic amount of H6PMo9V3O40 in different solvents

ntry Solvent Temperature (◦C) Time (min) Yield (%)

Dichloromethane 40 360 25
Chloroform 61 360 30
Ethanol 78.3 360 40
Acetonitrile 82 360 45
Water 100 360 40
Acetic acid 118 20 95
Solvent free 80 360 33

O
e

E

1
1
1
1

H5PMo10V2O40 360 39
H6PMo9V3O40 20 95

eaction has an oxidative nature, this result is expected. The
ntroduction of vanadium (V) into the Keggin framework is
eneficial for redox catalysis [28], shifting its reactivity from
cid-dominated to redox-dominated. In addition the number of
ntroduced vanadium (V) has a dramatic effect on the yields. One
f the difficulties encountered in interpreting data obtained from
eactions of vanadomolybdophosphate anions is that in solution,
mixture of heteropoly anions are usually present. In addition
ositional isomers of the polyvanadium anions are also appar-
nt. Another complication inherent in the study of multi electron
xidations by polyvanadium-containing anions is the capacity of
hese oxidants to be reduced by one or more electrons (reduction
f each V(V) ion to V(IV) [29,30].

However it is difficult to clarify the different activity between
hese catalysts in this reaction. We believe there is a complex
elationship between the activity and structure of polyanion.
ransition metal cations have an important effect on the catalytic
roperties of these compounds when they substitute molybde-
um cations in the Keggin units. The case of vanadium, which
an occupy both anionic and cationic positions, is more complex.

It is suggested that the interactions of the polarized polyanion
ith substrate and the number of vanadium atoms are important

actors in catalytic activity in our reaction.
To show the generality of this method a variety of pro-
xidative cleavage of phenylhydrazone, semicarbazone and oximes in the pres-
nce of catalytic amount of H6PMo9V3O40 in refluxing acetic acid

ntry Substrate Time (min) Yield (%)a

1 Benzaldehyde semicarbazone 20 95
2 3-Nitrobenzaldehyde semicarbazone 30 94
3 Cinnamaldehyde semicarbazone 5 93
4 Cyclohexanone semicarbazone 35 97
5 Camphor semicarbazone 18 96
6 Benzaldehyde phenylhydrazone 20 95
7 4-Methylbenzaldehyde phenylhydrazone 35 98
8 2-Methoxybenzaldehyde phenylhydrazone 5 97
9 4-Nitrobenzaldehyde phenylhydrazone 90 94
0 4-Chlorobenzaldehyde phenylhydrazone 5 96
1 4-Methylbenzaldehyde oxime 10 97
2 Cinnamaldehyde oxime 5 95
3 Cyclohexanone oxime 10 94

a Yeilds refer to GC analysis.
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he presence of electron-withdrawing groups on the aromatic
ing of precursors increases the reaction times.

We also investigate the reusability of the catalyst. For this
urpose after completing the model reaction, the catalyst was
emoved and washed with diethyl ether and subjected to a second
un of the reaction process with the same substrate. The results
f the first experiment and subsequent experiments were almost
onsistent in yields after three runs (86%, 84%, 81%).

. Conclusion

H6[PMo9V3O40], a Keggin-type heteropolyacid, is a highly
fficient solid acid catalyst for oxidative cleavage of C N bond.
he method has advantages in terms of yield, heterogeneous
ature, expenses, availability of reagents and reusability of the
reen catalyst, short reaction times and easy work-up procedure.
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