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Unexpected opening of benzimidazole derivatives during
1,3-dipolar cycloaddition
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Abstract—Hydroxylamine hydrochloride adds via a Michael reaction on the acetonylidene moiety of (4Z)-(2-oxopropylidene)-
1,2,4,5-tetrahydro-2H-1,5-benzodiazepin-2-one, leading only to 2-[(5-methyl-isoxazol-3-yl)]methyl]benzimidazoles. This report
describes the difference of reactivity of C-phenyl-N-phenyl formohydrazonoyl chloride with benzimidazole. For the N-substituted
benzimidazole, an unexpected opening of the azole ring occurs, which was confirmed by single crystal X-ray diffraction analysis.
� 2006 Elsevier Ltd. All rights reserved.
Scheme 1. Reagents and conditions: (i) NH2OH, HCl, ethanol, reflux;
(ii) K2CO3, DMF, RX, TBAB.
Benzimidazole derivatives are compounds that have
received much attention because of their applications
in several areas. They are used as antibacterial,1 antican-
cer,2,3 and antiulcer agents.4,5 They also have herbicidal,
insecticidal and complexing properties.6–8 Our investiga-
tions in the field of heterocyclic compounds led us to
develop a new method for the synthesis of different
2-substituted benzimidazoles.9–13 Thus, when hydroxyl-
amine hydrochloride was reacted with (4Z)-(2-oxopropyl-
idene)-1,2,4,5-tetrahydro-2H-1,5-benzodiazepin-2-one,
in ethanol, 2-[(5-methyl-isoxazol-3-yl)]methyl]benzimid-
azole 2 was obtained exclusively.14

Substitution of the nitrogen atom of 2 under solid–
liquid phase transfer catalytic conditions led, with
benzyl chloride, allyl bromide and propargyl bromide,
to benzimidazoles 3a–c (Scheme 1).15

In order to obtain tricyclic compounds which are
expected to show interesting pharmacological proper-
ties, dipolar-1,3 cycloaddition reactions with these
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benzimidazoles were studied. Diphenylnitrilimine 4,
used in this study, was generated in situ by the reac-
tion of C-phenyl-N-phenylformohydrazonoyl chloride
with triethylamine using a method described in the
literature.16

The reactivity of the non-substituted benzimidazole 2
and of the N-substituted compounds 3a–c towards
hydrazonoyl chloride 4 is reported in this letter.
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Moreover, an interesting cleavage reaction of the azolic
ring occurs in the case of compounds 3a–c, which was
confirmed in the case of compound 6a by X-ray analysis.

The reaction of C-phenyl-N-phenylformohydrazonoyl
chloride with 2-[(5-methylisoxazol-3-yl)methyl]benz-
imidazole 2, under reflux, in tetrahydrofuran in the pres-
ence of triethylamine afforded a product, which gave
analytical data consistent with triazolo benzimidazole
517 (Scheme 2).

The mass spectrum (m/z = 407) and elemental analysis
were in accord with the molecular formula
C25H21N5O. The 1H NMR spectrum exhibited the
characteristic signals of benzimidazole and isoxazole
groups and the protons assignable to the methylene
group appeared as an AB system. The AB system is
observed both at room temperature and at 110 �C, as
expected for a methylene linked to a chiral carbon atom.

When the substituted benzimidazoles 3a–c were reacted
under the same conditions, a quite different result was
obtained (Scheme 3).

The proton spectrum of 6a17 in CDCl3 showed a singlet
at d = 2.16 ppm, which was assigned to the protons of
the isoxazolic methyl group and a signal at d =
4.34 ppm due to the methylenic protons of the benzylic
group. A singlet at d = 5.72 ppm was also observed,
corresponding to the isoxazolic proton. Moreover, it
was interesting to note that:

(a) No signal was observed for the protons of the meth-
ylene group in position 2 of the benzimidazole.

(b) A large excess of aromatic protons incompatible
with a single cycloaddition reaction were also
observed.
Scheme 3.

Scheme 2.
The 13C NMR spectrum confirmed the lack of a methyl-
ene group linked at the 2 position of the benzimidazole.
Also, no signal assignable to one or two quaternary car-
bon atoms, which may result from a dipolar addition on
the carbon–nitrogen or carbon–carbon double bond of
the bis-heterocyclic system, was observed.

Mass spectrometric analysis was performed by chemical
ionization with the presence of a pseudo-molecular ion
MH+ (m/z = 692) proving that two molecules of the
dipole 4 were involved in the reaction process.

The structure of compound 6a was determined by X-ray
diffraction analysis,18 which confirmed the spectral
characterization (1H NMR and 13C, IR and mass
spectrometry).

An ORTEP representation of 6a along with the number-
ing scheme is shown in Figure 1. This study indicated
that cleavage of the benzimidazole ring had occurred
and that two molecules of the dipole were involved in
the reaction. In compound 6a these appear in acyclic
form in the C(45), N(5), N(4) moiety and as part of
the pyrazolic ring in N(3), N(2) and C(33).

Considering these results, a reaction mechanism can be
advanced to account for the formation of compounds
6a–c. In the first step, [2+3] cycloaddition of the dipole
on the benzimidazole imine double bond leads to a tri-
cyclic intermediate A bearing a triazoline moiety which
structure is similar to 5. The rearrangement of intermedi-
ate A into the highly conjugated intermediate B by cleav-
age of the N1–C2 bond of the benzimidazole can then
occur. Next, a second cycloaddition reaction of the dipole
to the exocyclic bond of B can take place leading to a spiro
intermediate C. Finally, opening of the triazoline ring of
tetracyclic intermediate C leads to 6a–c (Scheme 4).
Figure 1. ORTEP representation of 6a.



Scheme 4.
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A Zn complex was prepared by the equimolar addition of
ZnCl2 to an acetonitrile solution of 6a. A pseudo-mole-
cular ion [M,ZnCl]+ was observed at (m/z = 790, 55%)
with the protonated molecular ion at (m/z = 692, 100%).

The addition of diphenylnitrilimine to N-substituted
benzimidazoles leads unexpectedly to N,N 0-disubstituted
o-phenylenediamine after opening of the azolic ring. This
reaction involved two nitrilimine moieties. A study of the
complexing properties of compounds 6a–c is in progress.
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qcalcd = 1.248 g cm�3, F(000) = 1456, k = 0.71073 Å,
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IPDS diffractometer at 273 K. The structure was refined
on F to R = 0.0438, Rw = 0.1211 (487 reflections with
I > 2c(I)). CCDC 164805 contains the supplementary
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