
Tetrahedron Letters 46 (2005) 4457–4459

Tetrahedron
Letters
Unexpected results in the heterocyclization of 5-acetylenyl-
pyrazole-4-carboxylic acid hydrazides under the influence of
CuCl: formation of a diazepinone and dehydrodimerization
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Abstract—The simple reaction of cyclization of hydrazides of vic-acetylenylbenzoic and acetylenylpyrazole carboxylic acid can lead
to four different compounds: five-membered N-aminolactams, six-membered N-aminolactams, six-membered diazinones and diaz-
epinones, but only the first three have been described. In this paper we report the unexpected formation of a bis(pyrazolo[4,3-
d][1,2]diazepinone, the structure of which has been established by X-ray crystallography.
� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

In previous reports, we have described that the intramo-
lecular cyclization of hydrazides of vic-acetylenylbenzoic
and acetylenylpyrazole carboxylic acid 1 occurs through
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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Scheme 1. The four possible routes of cyclization of hydrazides derived from
three different paths.1,2 Benzene derivatives 1a under-
went cyclization into five-membered N-aminolactams
under the influence of a base (path a2 Scheme 1, KOH
in boiling ethanol), while pyrazole derivatives 1b gave
only six-membered N-aminolactam rings in the same
ization.
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conditions (path b1). Isomerization of benzene deriva-
tives 1a under the action of copper(I) chloride in boiling
dimethylformamide afforded only the corresponding
condensed six-membered diazinones.1 Isomerization of
pyrazole derivatives 1b led both to diazinones and to
N-aminopyridones (paths: a1 and b1, Scheme 1).1,2

Thus, only three compounds out of the four possible
cyclization products have been reported whereas forma-
tion of the diazepinone ring (path b2) has never been
observed.
2. Results and discussion

Taking into account that the nucleophilicity of the triple
bond depends markedly on its position on the pyrazole
ring, and that this can affect the course of the cycliza-
tion,2–4 we have continued our study of hydrazides
exploring the behavior of those derived from 5-acetyl-
enylpyrazole-4-carboxylic acid methyl ester (2a). This
isomer is characterized by the presence of the acetylenic
group in the lowest electron density 5-position and the
acyl hydrazide in the highest electron density 4-position.

We have found that the hydrazinolysis of 1,3-dimethyl-
5-(phenylethynyl)pyrazole-4-carboxylic acid methyl
ester (2a), even under the conditions of hydrazide prep-
aration (boiling 11 h with 80% hydrazine hydrate in
butanol) led to the cyclization product 4a (N-aminopyr-
idone) in 52% yield (Scheme 2). On the other hand, the
hydrazinolysis (15 h) of 1,3-dimethyl-5-(p-methoxyphen-
yl)ethynylpyrazole-4-carboxylic acid methyl ester (2b),
afforded a mixture of the desired hydrazide 3b (yield
33%)5 and the cyclization product (N-aminopyridone)
4b (yield 37%) (as a consequence of the higher nucleo-
philicity of the 5 position in the pyrazole ring) (Scheme
2). The decrease in the yield of lactam 4b can be a con-
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Scheme 2. Hydrazinolysis of methyl esters 2a and b.
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Scheme 3. The unexpected formation of the pyrazolodiazepinone 5b.
sequence of the +M-effect of the methoxy group.
Increasing the reaction time up to 30–35 h provided only
N-aminolactam 4b (yield 65%). However, the best route
to prepare 4b (70% yield) is to boil hydrazide 3b in the
presence of potassium hydroxide in ethanol.6 An unex-
pected result was obtained when hydrazide 3b was used
in a reaction of heterocyclization in the presence of
CuCl. Thus, hydrazide 3b in the presence of CuCl in
boiling dimethylformamide led to a bis(pyrazolo[4,3-
d][1,2]diazepinone 5b (50% yield).7 Cyclization of 1,3-di-
methyl-5-(p-methoxyphenyl)ethynylpyrazole-4-carbox-
ylic acid hydrazide (3b) occurred in a different way and
for the first time, we have found the fourth possibility of
Scheme 1 (path b2): the formation of a diazepinone ring.
Moreover, we have found that the final product has the
structure of a dehydrodimer (5b, Scheme 3).

Pyrazolo[4,3-d][1,2]diazepines are seldom found in the
literature, amongst the rare examples are two com-
pounds prepared by cycloaddition on 1,2-diazepines.8

The mechanism of formation of 5b is still unknown
but it probably involves a copper-mediated oxidative
coupling. The structure of 5b was established according
to the analytical and spectral data as well as from the
X-ray analysis (Fig. 1).9

Values of the corresponding bond lengths in the two 5b
molecules are practically the same. The seven-membered
cycles have the �bath�-conformation. Crystal packing is
formed by intermolecular hydrogen bonds. The starting
acetylenylpyrazole derivatives were obtained by cou-
pling the methyl ester of 1,3-dimethyl-5-iodopyrazole-
4-carboxylic acid with the corresponding copper(I)
acetylides in boiling dimethylformamide under argon
atmosphere. Yields of derivatives 2a and b are 60–70%.

In conclusion all four possibilities of Scheme 1 of the
hydrazides 1b have been observed. The direction of the
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Figure 1. View of two crystallographically independent molecules of 5b and numbering scheme.
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reaction depends on the mutual arrangement of the acet-
ylene and the acylhydrazino groups, the nature of the
substituent attached to the acetylenic fragment and the
condensation conditions.
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