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The syntheses of an important class of hitherto unreported 1,3,5-pyrazoles, inspired by an unanticipated
eliminatory ring opening are described. The reported pyrazole compounds were constructed through the
Huisgen cyclization of 2-methylene-1,3,3-trimethylindoline and an in situ generated nitrile imine. The
newly formed spiro-pyrazoline intermediate presumably then undergoes a ring opening/elimination pro-
cess to afford a pyrazole, as evidenced by single X-ray crystal data. The current report constitutes the first
formal observation of this kind of ring opening involving a spiro-pyrazoline intermediate.
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1. Introduction

Heterocycles are popularly known for displaying a wide range
of biological properties.1 The recent success of pyrazole based
COX-II inhibitors and their application in medicinal chemistry have
amplified the importance of pyrazoles to even a greater extent.2

Several pharmaceutical drugs including celecoxib2 and rimona-
bant3 utilize the pyrazole as their core molecular entity,4,5 and a
regioselective synthetic method for the synthesis of trisubstituted
pyrazoles is still in demand.3,5–7 Pyrazoles and pyrazolines are of-
ten synthesized by the 1,3-dipolar cycloaddition reaction of nitril-
imines with alkynes,8 alkyne surrogates,6,9 or alkenes,5,7,8 and
other methods.4 Special attention is warranted toward the syn-
thetic design and development of pyrazoles because of their high
demand in academic and pharmaceutical sectors. Herein we report
the synthesis of 1,3,5-trisubstituted pyrazoles through a 1,3-dipo-
lar cycloaddition/ring opening process.

In continuance of our interest in the 1,3-dipolar cycloaddition
chemistry, we describe our endeavor toward the synthesis of
1,3,5-trisubstituted pyrazoles on the basis of the 1,3-dipolar cyclo-
addition protocol,8,10 which was then followed by an unforeseen
ring opening. During our investigation on the synthesis of spiro-
pyrazolines, we discovered that when 2-methylene-1,3,3-tri-
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methylindoline (1) was reacted with the in situ generated nitrile
imine from hydrazonyl chloride11 (2), pyrazole (4) was the only
product that was isolated rather than the expected spiro-pyrazo-
line (3) (Scheme 1). The formation of a trisubstituted pyrazole is
in quite contrast to the expected spiro-pyrazoline product. On
the basis of this result, we decided to investigate the generality
of this 1,3-dipolar cycloaddition /ring opening reaction toward
the synthesis of 1,3,5-trisubstituted pyrazoles.

Two additional hydrazonyl chlorides containing an electron
withdrawing group in the para position of the aromatic ring were
exposed to triethylamine to afford the analogous nitrile imines
in situ. These nitrile imines then followed the aforementioned
1,3-dipolar cycloadditon/ring opening reaction pathway to afford
the corresponding pyrazoles. (Table 1) Interestingly, when 2,6-
dichlorophenyl hydrazonyl chloride (7) was used, only the spiro-
pyrazoline (8) was isolated (Scheme 2). Two additional hydrazonyl
chlorides possessing electron withdrawing groups in either the
ortho- or meta-positions as well as electron donating groups at
the ortho- and para-positions reacted with 1 to give the expected
spiro-pyrazoline as the only product (Table 2). It appears that
either a hydrogen or an electron withdrawing group in the para-
position of the aromatic ring of the spiro-pyrazoline intermediate
is required for the rupturing of the spirocyclic ring to give rise to
the pyrazole product.

The existence of pyrazole (4) as a crystalline solid enabled us to
perform the X-ray studies to reveal its stereo-structural features.
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Scheme 1. Pyrazole synthesis from the spiro-pyrazoline intermediate 3.
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Scheme 2. Synthesis of spiro-pyrazoline (8) without ring cleavage.
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Compound 4 was unambiguously confirmed by the X-ray struc-
tural analysis as a trisubstituted pyrazole rather than the expected
spiro-pyrazoline (Fig. 1). The structures of the remaining pyrazoles
were elucidated based upon their NMR spectroscopic data and
their comparison to pyrazole (4).

A proposed mechanism for formation of the pyrazole via spiro-
pyrazoline ring opening is shown in Scheme 3. After the formation
of the cycloadduct (11), an imine to enamine tautomerization oc-
curs to form the enamine tautomer (12) (Scheme 3). Instead of
compound 12 reverting to 11, the enamine tautomer undergoes
an eliminatory ring cleavage of the indoline ring at the spirocyclic
carbon affording pyrazole (13). The X-ray crystal data from 4 show
that the benzene ring B is nearly coplanar to the pyrazole. The
presence of a coplanar relationship between phenyl ring B in the
spiro-pyrazoline intermediates 11 and 12 would assist in p-orbital
contact between the phenyl ring B and the spiro-pyrazoline imine
and enamine p systems. On the other hand, an 84� twisting of the
phenyl ring A occurs relative to the pyrazole (4) in order to avoid



Figure 1. Thermal ellipsoid plot of the structure of pyrazole (4).12

Table 2
Spiro-pyrazolines isolated from the 1,3-dipolar cycloaddition reaction

Entry Alkene a-Chloro hydrazone Product Yield (%)
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any potential steric interaction with the substitutents on the adja-
cent quaternary carbon. If the aforementioned interactions are
present in the spiro-pyrazoline intermediate, the driving force be-
N
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tautomerism

R
11 12
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Scheme 3. Proposed mechanism for the spiro-pyrazoline ri
hind the ring opening could be a combination of the relief of strain
at the spirocyclic carbon along with concomitant formation of the
aromatic pyrazole ring.

2. Conclusions

In summary, we report a unique route for the synthesis of novel
1,3,5-trisubstituted pyrazoles13 through a novel 1,3-dipolar cyclo-
addition/ring opening of a spiro-pyrazoline intermediate.14 The
construction of the aromatic pyrazole ring could be the driving
force behind the eliminative ring opening process. Along with
NMR data, X-ray crystallographic analysis also confirms the struc-
ture of the distinctive pyrazole compounds. Future investigations
of the ring opening mechanism and the proposed imine/enamine
tautomerization of spiro-pyrazolines are in progress.
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