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Abstract: 1,4-Dichloro-1,4-disubstituted-2,3-diaza-1,3-butadiene 1 undergo cyclodechlorination in presence
of Be metal to form cyclazines 3a. Reaction of 1 with Cu, Zn and Mn metals results in formation of nitriles 2.
Cyclazines 3 on further oxidation with H2O2 in CH3COOH form NO donors, 1,2-dioxides 4.
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Nitric oxide has been recognized as an important cellular
mediator with widespread functions [1,2]. In addition NO
donors have been found useful for treatment of respiratory,
cardiovascular, infective and several other diseases [3].

Derivatives of 3,4-dihydro-1,2-diazete-1,2-dioxides have
recently been investigated as NO donors in vitro and in vivo
and found to be highly effective vasodilators [4]. Nitric
oxide donors are known to liberate substituted alkenes and

nitric oxide as a by product, profoundly absorbed in blood
vascular system [4,5].

In view of marked pharmaceutical utility of NO donors,
we sought to develop methodology for the synthesis of
hitherto unknown cyclazines 3 and convert these into 1,2-
dioxides 4 for their pharmacological evaluation. Various
unsuccessful attempts to prepare and characterize 1,2-
diazazyclobutadiene (fully unsaturated diazetes) have been
made earlier [6]. However, diazetidines [6], isosteres
Diazetenes [7], 1,2-dihydro-1,2-diazetenes [8], and 3,4-
dihydro-1,2-dihydro-1,2-diazetenes [9] are well known and
characterized.
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The synthesis of presumably NO donor 4a required
cyclazine 3a, while the syntheses of precursors, 1,4-dichloro-
1,4-disubstituted-2,3-diaza-1,3-butadienes, 1 (a-e) [10] for
the nitriles 2 (a-e) as well as cyclazine 3a have been achieved
by reaction of corresponding N`,N-diacylhydrazines11 with
PCl5. A few derivatives of 1 were isolated and characterized.
The stereochemistry of 1a  was established by X-ray
crystallographic studies [11] reveals that both aromatic rings

are twisted to each other due to intramolecular hydrogen
bonding between chloro group and ortho hydrogen of the
aromatic ring.

Treatment of 1 with different metals (Cu, Zn, Mn & Be)
resulted in the formation of either nitriles 2 (a-e) [12] or
novel cyclazine (3,4-diphenyl-3,4-dihydro[1,2]diazete) 3a
from 1a only [13].

Amongst four metals used for dechlorination of 1a,
Beryllium was found to be a metal of choice to yield
cyclized product 3a whereas other metals i.e. Cu, Zn, and
Mn employed to 1 (a-e) resulted in the generation of nitriles
2 (a-e) (Scheme 1). On oxidation in the presence of
H2O2/CH3COOH, compound 3a was converted into 3,4-
diphenyl-3,4-dihydro[1,2]diazete-1,2-dioxide 4 a  [��14]
(Scheme 1), which is being investigated for its
pharmacological properties as a NO donor.
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Fig. (1). Dechlorination mechanism towards 3a.

Table 1.

Reactant Yield (%)

R 2 Zn Cu Mn m.p./b.p.

Phenyl a 61 63 58 88°C / 20 torr(86oC/20)16

Tolyl b 78 67 60 Pale YellowSyrup

4-Methoxyphenyl c 72 60 53 57oC (60oC)17

Cyclohexyl d 67 58 50 75oC/14 torr(57oC/12)18

Adamantyl e 69 56 43 194oC (195.1oC)19

The plausible mechanism of cyclodechlorination of 1a is
presented in Fig. (1). Beryllium is less reactive than other
alkali and alkaline earth metals as its atomic and ionic radii
are comparatively too short and ionization energy too high.
The outer orbital of transition metals occupy only 1 or 2
electrons, which are readily available to exhibit various type
of reactions even in mild conditions e.g. metal chloride
formation in presence of organic solvents and refluxing
conditions as evidenced by Jochins et al. [15]. This
facilitates the formation of cyclazine 3a by elimination of
BeCl2.

The probable mechanism of dechlorination towards
formation of nitriles 2 is depicted in Fig. (2). The metal
(Zn, Cu, Mn) bound with chlorine is more labile, which
made feasible the extrusion of MCl2 and formation of
nitriles 2 (a-e) without driving force.
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Fig. (2). Dechlorination mechanism towards 2.

Nitriles 2 (a-e) were generated by reaction of 1 (a-e) with
transition metals (Zn, Cu, Mn) under refluxing conditions
using THF as a solvent [12]. Most of the synthesized
nitriles are known and were characterized by means of IR
spectroscopy and m.p. or b.p. (Table 1).

The cyanide stretching band in IR spectrum of the
nitriles 2(a-e) is observed at 2229, 2238, 2219, 2245 and
2270 cm-1 respectively.

Cyclazine 3a was prepared from 1a in presence of Be
metal and THF under refluxing [13]. The mass spectrum
exhibited three signals M++1, M+ and M+-N2 at 207, 206

and 177, respectively. Extrusion of N2 from compound 3a
in the mass spectra reveals the existence of the cyclic
product, which is in accordance with the assigned structure
of 3a.

Derivatization of compound 3a is thought to be required
in order to produce irrefutable evidence about its structure,
since it can be considered as an analog of cylobutadiene,
which may be unstable and reactive because of anti-aromatic
character. Although, sterically less hindered 1,2-
dimethylcyclobutadiene has already been isolated on
photolysis of dimethyl cyclobutenedicarboxylic anhydride
[20]. Thus, N-oxide 4a has been synthesized from 3a in the
presence of H2O2 / CH3COOH by keeping two ideas in
mind: at first to ascertain the structure and secondly N-
oxides can be proved excellent NO-donors.

The N-oxide 4a  obtained from 3a  in presence of
H2O2/CH3COOH [14] is being pharmacologically evaluated
as NO donor. The synthesis of other NO donors of this
series is in progress.

In summary we have demonstrated a simple and
convenient synthesis of nitriles and devised an efficient
synthetic route for cyclazine (3,4-disubstituted-3,4-dihydro-
[1,2]-diazete) 3a in moderate yields and elemental analysis
grade purities by using commercially available beryllium
metal powder in solution phase. The utility of NO donors
derived from cyclazines is currently under investigation.
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