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Microwave-promoted rapid oxidation of toxic natural cis-
phenylpropenes (1a–1e) into high valued methoxylated benzal-
dehydes (2a–2e) was achieved within 2min in high yield (71–
84%) by reacting with sodium metaperiodate in the presence
of catalytic amount of osmium tetraoxide (co-oxidant) and ben-
zyltriethylammonium chloride (PTC).

A large number of naturally occurring methoxylated benz-
aldehydes2 contribute significantly to the taste and flavour of
many foods, drinks, perfumery3 and also used for the synthesis
of many bioactive compounds.4 There are synthetic methods5

reported for the preparation of these important benzaldehydes
including oxidation of phenylpropenes.6 However, most of the
reported methods are associated with drawbacks such as low
yields, long reaction time, maintenance of temperature, expen-
sive reagents and overall environmentally hazardous reaction
conditions. In this context, new emerging microwave technique7

coupled with potassium permanganate (KMnO4)
8 is proven to

be high yielding oxidant as well as free from most of the above
drawbacks, however, KMnO4 in our hands converted �-asar-
one9 (1a), a natural toxic cis-phenylpropene,10 into asaronalde-
hyde (2a) in only 37% yield. In addition, KMnO4 generated ex-
cessive fumes inside the microwave oven which once resulted
in a spark.11 Similarly, manganese dioxide/sulphanilic acid6,9

coupled in microwave provided 2a in 21% yield only and most
of the starting 1a remained unreacted. All this finally prompted
us to search for an alternative oxidant. Herein, we report a facile
oxidative conversion of an abundantly available toxic methoxy-
lated cis-phenylpropenes or a mixture of cis- and trans-phenyl-
propenes (1) into methoxylated benzaldehydes (2) in aqueous12

media using sodium metaperiodate (NaIO4)
13 as an oxidant in

the presence of osmium tetraoxide (OsO4) and benzyltriethyl-
ammonium chloride under microwave irradiation (Scheme 1).

Treatment of cis-isomer14 (1a) with a mixture of NaIO4,
OsO4 (co-oxidant) and benzyltriethylammonium chloride in a
4:1 mixture of water and THF under microwave irradiation7

gave 2,4,5-trimethoxybenzaldehyde (2a) in 82% yield in 50 s.
Similarly, �-asarone (trans-isomer, procured from Sigma) upon
oxidation produced 2a in 84% yield which clearly confirmed
that cis or trans geometry of phenylpropene does not effect
the yield of the oxidized product.14 As an extention to this meth-
od, crude Acorus calamus oil15 rich in cis- and trans-asarone is
also directly oxidized under microwave to provide 2a in 76%
yield in 1min while conventional method provides 57% yield
of 2a in 6 h. It is worthwhile to mention that the direct utiliza-
tion of crude calamus oil for its high value added product 2a is a
huge economical gain for A. calamus oil obtained from tetra-
ploid and hexaploid strains.9,16 Moreover, high price of co-oxi-
dant OsO4 did not become restrain in our process as 0.001 mole
of OsO4 per mole of phenylpropene was effective in oxidizing
phenylpropenes in optimum yield. Finally, the above combina-
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Table 1. Conversion of Phenylpropenes (1) into Benzalde-
hydes (2)
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tion of oxidants13 was employed successfully on a series of oth-
er toxic10 methoxylated cis-phenylpropenes (1b–1e) towards
formation of respective methoxylated benzaldehydes (2b–2e)
in high yield17 as summarized in Table 1.

In conclusion, we report a mild, ecofriendly, rapid and effi-
cient process for the preparation of high valued methoxylated
benzaldehydes from toxic cis-phenylpropenes using NaIO4/
OsO4 under microwave irradiation in aqueous12 condition.
Moreover, this process is capable of converting crude calamus
oil containing 85% of toxic �-asarone along with 3% �-asarone
into useful asaronaldehyde3 in 76% yield which makes this
process attractive for industrial use.
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