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The synthesis of azine-substituted pyrazoles by a sydnone cycloaddition strategy is described. Incorpora-
tion of a 3-pyridyl moiety at the sydnone N-atom has little effect on either reactivity or regioselectivity,
however, 2-ethynyl-pyridine and -pyrimidine undergo cycloaddition with surprisingly poor levels of reg-
iocontrol. A rationale for the observed regiochemical trends and potential routes for improving selectiv-
ities are discussed.
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Azine-substituted pyrazoles represent a common and versatile
class of heteroaromatic systems in organic chemistry. They have
been investigated for their biological properties both with respect
to the development of agrochemicals1 and therapeutic agents.2

Moreover, they are a common class of ligands for the preparation
of self-assembling co-ordination networks.3 Some examples are
illustrated in Figure 1. The cycloaddition reaction of alkynes with
sydnones provides a convenient and direct method for accessing
highly substituted pyrazoles,4 although this route has not been
extensively studied in connection with generating azine-substi-
tuted pyrazoles.5 Nonetheless, we anticipated that sydnone cyc-
loadditions would provide an attractive method for the synthesis
of a range of pyrazoles bearing N-heteroaromatic substituents,
and report herein our findings.

A very narrow range of N-azine-substituted sydnones have been
reported in the literature, and these have been based on N-2-pyri-
dyl 16 and N-3-pyridyl 27 substituted analogues (Fig. 2). In our
hands, we were readily able to prepare the latter sydnone, how-
ever, we were unable to generate the 2-pyridyl isomer 1. Our expe-
rience mirrors that of Ohta et al. who reported difficulties in
promoting the N-nitrosation step.6b Nonetheless, the literature
procedure provided sufficient quantities of 2 to be made available
and allowed us to study the suitability of this sydnone for N-pyr-
idylpyrazole formation. In this regard, recent studies in our labora-
tories have focused on the cycloaddition of sydnones with
alkynylboronates for the synthesis of pyrazole boronic acid deriv-
ll rights reserved.
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atives,8 largely because of the associated versatility of the boronate
motif.9 Accordingly, we investigated the potential of this strategy
for the synthesis of N-azine-substituted pyrazole boronic esters
and our results are highlighted in Table 1. The cycloaddition of 2
with a selection of alkynylboronates proved to be successful, pro-
viding the corresponding pyrazoles 7–10 in moderate to high yield.
The reactions were generally found to be regioselective for the 4-
boronate isomer (entries 1–3), with the exception of the terminal
alkyne which gave high selectivity for the 3-boronate (entry 4).
The selectivities in all cases mirrored those observed for N-phenyl
derived sydnones (as well as substituted phenyl derivatives), pro-
viding further evidence that the sydnone N-moiety has little effect
on the reaction regiocontrol.8

We next turned to the investigation of the cycloadditions of
azine-substituted alkynes with sydnones to demonstrate their po-
tential for the synthesis of 3- and/or 4-substituted pyrazoles
(Scheme 1). The cycloaddition of phenylacetylene with sydnones
11 and 2 proceeded in good yield and with high levels of regiocon-
trol for the 3-phenylpyrazole isomers of 12 and 13, respectively
[Eq. 1]. Upon extending this chemistry to 2-ethynylpyridine, we
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Scheme 1.
found that the reactions again proceeded efficiently, but with sur-
prisingly lower levels of regiocontrol [Eq. 2]. Finally, we employed
2-ethynylpyrimidine in these cycloaddition reactions and once
again found this process to deliver an almost equal mixture of 3-
and 4-azine-substituted pyrazoles [Eq. 3].10

Our earlier work on DFT investigations of the cycloaddition of
sydnones and alkynylboronates8b allows us to put forward an
explanation for the contrasting regioselectivities observed in the
cycloadditions of phenylacetylene and 2-ethynyl-pyridine and
-pyrimidine (Scheme 2). Specifically, ab initio studies suggest that
arylacetylenic boronates prefer to react via the orbital that is per-
pendicular to the aromatic p-system, accordingly, the transition
state leading to the minor 4-arylpyrazole regioisomer is disfa-
voured by destabilizing steric interactions between the ortho-aryl
proton and the sydnone C4 H-atom (I). Assuming a similar transi-
tion state for the cycloaddition of simple arylacetylenes, this model
accounts for the high levels of regiocontrol in the formation of
3-phenylpyrazoles 12 and 13. Moreover, as azineacetylenes can
avoid such an interaction (II), one would expect a smaller differ-
ence in the activation energies of the two competing regiochemical
modes. In order to gather some evidence for this, we prepared a
2-ethynylpyridinium salt that we envisaged would be isosteric
with phenylacetylene. Indeed, the cycloaddition of this alkyne with
11 proceeded with high levels of regioselectivity, albeit in low
yield.11,12

These studies raised the question as to whether or not useful
levels of regiocontrol could be observed in the cycloaddition reac-
tions of sydnones with azine-substituted alkynes. In this context,
we have shown that the incorporation of substituents at the
sydnone C4-position, together with the incorporation of a p-nitro-
phenyl group at nitrogen results in optimal yields and regioselec-
tivities in alkyne cycloaddition reactions.8a,8b,13 Therefore, we
decided to employ sydnones 18 and 19 in the cycloaddition of
2-ethynyl-pyridine and -pyrimidine to establish whether more
synthetically useful levels of regiocontrol could be achieved, our
results are highlighted in Scheme 3. Pleasingly, heating an
o-dichlorobenzene solution of 2-ethynylpyridine with sydnones
18 and 19 provided the corresponding pyrazoles 20 and 21 in high
yield and with useful levels of regiocontrol. Moreover, this trend
could be extended to 2-ethynylpyrimidine, providing the pyrazole
22 in high yield as a 7:2 mixture of regioisomers. Finally, we could
exploit the apparent low steric volume of the azine ring to carry
out a regioselective cycloaddition of unsymmetrical disubstituted
alkyne 23. In the event, pyrazoles 24a,b were generated in high
yield and with good selectivity for 24a.

In conclusion, we have demonstrated that alkyne/sydnone
cycloaddition reactions provide a direct and convenient method
to prepare a range of azine-substituted pyrazoles.14,15 These stud-
ies also provide further evidence that the high regioselectivities
observed in the reactions of arylalkynes originate from a preferred
trajectory of addition where the aryl ring lies perpendicular to the
plane of the sydnone.
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