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Azoenamines are formed during the interaction of a-ketohydrazones with secondary amines. These com-
pounds can be converted into pyridines when treated with acetylenedicarboxylates under basic
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Hydrazones have a rich history with known reactions associ-
ated to the early development of organic synthesis at the end of
the 19th century.! More recently, a renewal of studies devoted to
these compounds can be observed in association with organome-
tallic chemistry and the subsequent development of enantioselec-
tive processes.? Interested by new applications of hydrazones in
heterocyclic synthesis, we disclosed a few years ago, a Mannich
coupling of o-ketohydrazones® and applied it to trap various
azoalkenes to form heterocycles.? In all these reactions, the o-ke-
tone function appeared unreactive, presenting just an electron-
withdrawing effect associated with an easier deprotonation of
the hydrazone (Scheme 1). However, when working with pyrroli-
dine and ketohydrazone 1a, we were surprised to observe the for-
mation of an azoenamine side product 2a resulting from the
condensation of pyrrolidine with 1a (Scheme 1).

The azoenamine 2a could be obtained in quantitative yields by
simply heating 1a with 1 equiv of pyrrolidine in toluene. The par-
ticular reactivity of pyrrolidine was confirmed when the same
reaction was attempted with morpholine. Indeed, after three hours
at reflux, the ketohydrazone was recovered unreacted. The azoen-
amine 2a proved to be rather stable, as it can be purified by fast sil-
ica gel chromatography without observing hydrolysis to give back
the starting 1a. Very few azoenamines have been reported in the
literature and little is known about their chemistry.> We envi-
sioned that these species could easily be deprotonated to form a
stabilised anion which could then behave as an electron-rich hete-
rodiene in various cycloadditions (Scheme 2).°

Consequently, 2a was treated with a catalytic amount of DBU in
the presence of an excess of diethyl acetylenedicarboxylate (DEAD)
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in hot toluene. Under these conditions, we were pleased to observe
formation of the pyridine 3a in a moderate 40% isolated yield. The
yield could be raised to 50% by replacing DBU with diisopropyleth-
ylamine (DIPEA). This new pyridine synthesis probably involves a
formal cycloaddition of deprotonated hydrazone A followed by
elimination of aniline to form the aromatic system (Scheme 3).
Deprotonation of the hydrazone leading to enhanced nucleophilic
behavior is supported by the absence of reactivity of diphenyl acet-
ylene in this reaction (with or without base).

Substitution of the phenyl moiety of 1a by an electron-with-
drawing p-nitrophenyl group did not improve the reaction as 3a
was obtained in a reduced 21% isolated yield. As the enamine 2a
was formed quantitatively with equimolar amounts of the reac-
tants in toluene, a simplified procedure was performed from the
starting hydrazone. Under such conditions, pyridines could be ob-
tained from one-pot couplings of alkyl acetylenedicarboxylate,
substituted o-ketohydrazones and pyrrolidines (Scheme 4).

We wished to broaden the scope of this strategy to prepare pyr-
idines substituted with different amino moieties. When working
with morpholine, we were unable to obtain any efficient coupling
with 1a in refluxing toluene, even with a large excess of morpho-
line. A conversion of 25% (determined by NMR) was the best we
observed with a two-molar excess of morpholine. In spite of these
difficulties, the use of trimethylaluminum allowed us to induce the
coupling giving, after work-up, a quantitative formation of the ex-
pected enamine 2c. Enamines 2d and 2e could be similarly ob-
tained from 1a and the corresponding secondary amines (Scheme
5). These enamines are much more sensitive to hydrolysis than
2a and attempted purification on silica gel usually led to their com-
plete hydrolysis. Therefore, they were used directly after rapid
hydrolysis and an extraction. With these crude enamines in hand,
we tested the corresponding pyridine formation with either
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Scheme 1. Mannich reaction of o-ketohydrazone 1a.
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Scheme 2. Mannich reaction of a-ketohydrazone 1a.
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Scheme 4. Pyridine formation from a-ketohydrazone 1a.
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Scheme 5. Pyridine formation from six-membered cyclic amines.
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dimethyl or diethyl acetylenedicarboxylate. The yields were lower
than those obtained with pyrrolidines. The reaction seems to be
limited to the use of cyclic amines as shown by the behavior of
2e which gave a complex mixture when treated with the alkyne.

In conclusion, we have developed a new pyridine synthesis
from o-ketohydrazones.” Improved access to this heterocyclic
family is important as pyridines display important biological
activities.® This reaction involves the formation of intermediate
azoenamines whose reactivity has been poorly studied. Even if
the final yields are moderate, this synthesis is of interest as the
procedure is very simple and the starting hydrazones are readily
prepared using the Japp-Klingemann reaction between B-keto
acids and diazonium salts.®
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