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Abstract—2-Hydroxybenzaldoximes are reduced under mild conditions of ammonium formate/Pd–C in methanol to give
secondary amines. Benzisoxazoles react under the same mild conditions to give the same products. A possible mechanism is
suggested, involving the intermediacy of the benzisoxazole in the oxime conversion.
© 2003 Elsevier Ltd. All rights reserved.

During studies on the synthesis of heterocyclic com-
pounds that may be useful as chromophores for the
study of drug–DNA interactions,1 we needed a mild
and efficient method for the reduction of 4-methoxy-1-
nitro-2-[(E)-2-nitrovinyl]benzene 2, an intermediate in
the synthesis of a cinnoline derivative 5. As we required
a method that would allow us to control the reduction
of the aromatic nitro group versus the aliphatic nitro
group, and thus the eventual cyclisation to the cinno-
line, we screened a number of different reducing agents.
It was found that even the relatively mild action of
hydrogen/Pd–C led to an intractable mixture of prod-
ucts. Ammonium formate/Pd–C is a transfer hydro-
genation catalyst, which we have used extensively in
other systems.2 To our surprise, exposure of 2 to
ammonium formate/Pd–C in methanol led to the clean
formation of three products, including, albeit in low
yield, the cyclised dihydrocinnoline and the fully arom-

atized cinnoline (Scheme 1). Efforts to study this system
and enhance the yields of the target compounds are
continuing.

This observation prompted us to study the effects of the
HCO2NH4/Pd–C system en route to a number of other
heterocycles. Ammonium formate has been shown to
act as an N-formylating agent3 as well as a source of
hydrogen and we speculated that, perhaps, we were
observing an instance of O-formylation, giving an
efficient leaving group, followed by attack of the aro-
matic amine. To test this hypothesis, a series of salicyl-
aldoximes 6a–e were made with varying substituents in
the aromatic ring. The compounds were synthesised by
simple reflux of the aldehyde in the presence of hydrox-
ylamine hydrochloride and ammonium acetate and
were obtained in good yield.4 They were then treated in
methanol with HCO2NH4/Pd–C at room temperature.5

Scheme 1. Reagents and conditions : (i) CH3NO2, NH4OAc, AcOH, �, 2.5 h; (ii) HCO2NH4, Pd–C (10%), CH3OH, rt, 5 h; (iii)
Pb(OAc)4, THF, 0°C–rt, 12 h.
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Scheme 2. Reagents and conditions : (i) HCO2NH4, Pd–C
(10%), CH3OH, rt, 16 h.

gen is followed by attack of the ortho-OH group rather
than by dehydration. In order to test this mechanism, a
series of benzisoxazoles 8a–e were synthesised by thio-
nyl chloride-induced cyclisation of the oxime.9 The
resulting benzisoxazoles were subjected to the same
reducing conditions as the oximes and formed the
secondary amines in similar yields (Scheme 3).

These results suggest that the conversion to the sec-
ondary amine is occurring with initial cyclisation
through displacement of the formylated oxime oxygen
to give the benzisoxazole (i.e. 6 to 9 to 8, Scheme 4).
Subsequent reaction may be through reductive opening
of the N�O bond to give the hydroxyimine 10, which is
further reduced to the amine 11. Reaction of 10 with 11
will then generate the secondary amine. Alternatively,
benzisoxazoles have been shown to generate ortho-
quinonemethides such as 12,10 which could also react
with 11 to give the final product.

Interestingly, whilst the 2-hydroxybenzonitrile deriva-
tive gave only the primary amine, both benzonitrile and
benzaldoxime gave the secondary amines when sub-
jected to the same conditions. This suggests that the
direct mechanism previously reported by Caddick7 can
operate for nitriles that do not contain the o-OH group
and, also, that direct loss of the oxime –OH may occur
without the intermediacy of the benzisoxazole.

In conclusion, we have shown that oximes and ben-
zisoxazoles can be converted to secondary amines
under mild conditions. We are continuing studies of
this reaction and of the use of the ammonium formate/
Pd–C couple in heterocyclic chemistry.
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A mildly exothermic reaction was noted and after stir-
ring for 16 h, TLC analysis of the mixtures showed the
formation of only one major product. Isolation of the
compound by filtration and purification by flash
column chromatography gave a series of secondary
amines 7a–e (see Scheme 2).6

The formation of secondary amines under reducing
conditions has some precedent in the literature. Cad-
dick and co-workers7 noted that aromatic nitriles give
secondary amines when treated with sodium borohy-
dride and suggested a mechanism that involved attack
of the primary amine formed on an imine intermediate,
followed by loss of ammonia. Aromatic oximes may be
converted to nitriles under basic conditions8 and it is
possible that the dehydration of the oxime, perhaps
involving formylation of the hydroxyl prior to its elim-
ination, would lead to the nitrile. However, when the
nitriles were synthesised separately and subjected to
similar conditions, only the primary amines were
isolated.

A second potential mechanism involves the intermedi-
acy of a benzisoxazole. Formylation of the oxime oxy-

Scheme 4.
Scheme 3. Reagents and conditions : (i) HCO2NH4, Pd–C
(10%), CH3OH, rt, 16 h.
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