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Abstract: A convenient one-pot procedure for the prepara-
tion of pyrazoles by 1,3-dipolar cycloaddition of diazo com-
pounds generated in situ has been developed. Diazo com-
pounds derived from aldehydes were reacted with terminal
alkynes to furnish regioselectively 3,5-disubstituted pyra-
zoles. Furthermore, the reaction of N-vinylimidazole and
diazo compounds derived from aldehydes gave exclusively
3-substituted pyrazoles in a one-pot process.

The synthesis of pyrazoles remains of great interest
due to the wide applications of such heterocycles in the
pharmaceutical and agrochemical industry.1,2 The most
important methods for preparing this class of hetero-
cycles are the reaction between hydrazines with â-di-
functional compounds3 and 1,3-dipolar cycloadditions of
diazo compounds onto triple bonds.4 The former process,
considered to be the best method for the preparation of
pyrazoles, involves the double condensation of 1,3-di-
ketones with hydrazine or its derivatives.5 This method
has a wide scope not only because of the readily avail-
ability of 1,3-diketones but also because one carbonyl of
the diketone starting material can be replaced by an
acetal, a hemiacetal, a chlorovinyl group, dihalides, etc.3
The cycloaddition approach to pyrazoles has been es-
sential in the mechanistic understanding of the 1,3-
dipolar cycloaddition reactions but to date is second in
importance for preparative purposes due the need to
prepare and handle diazo compounds which are known
to be toxic and potentially explosive. We recently reported
a new method for generating aryldiazomethanes from
stable tosylhydrazone derivatives. This procedure has
proven to be a highly effective and safe alternative to
handling aryldiazomethanes6 and has been employed in
the sulfur ylide-mediated synthesis of epoxides from

carbonyl compounds,7 cyclopropanation of alkenes,8 and
homologation of aldehydes.9 We were therefore keen to
examine whether this new process could solve some of
the traditional problems inherent in the 1,3-dipolar
cycloaddition approach to pyrazoles. In this paper, we
report our success in achieving this goal and the develop-
ment of a new user-friendly one-pot procedure for the
preparation of pyrazoles from aldehydes in which not only
the diazo compound but also the tosylhydrazone is
generated in situ.

We proposed two different routes to pyrazoles using
diazo compounds generated in situ: first, direct 1,3-
dipolar cycloaddition of diazo compounds onto alkynes
(route A, Scheme 1), or second, employing an olefin
bearing a leaving group X, which would afford the
pyrazole after an elimination/aromatization of the cy-
cloadduct intermediate (route B, Scheme 1).10 The diazo
compounds involved in these [3 + 2] approaches to
pyrazoles would be generated in situ from tosylhydrazone
salts.

Preliminary experiments showed that diazo compounds
could also be generated in situ from aldehydes in a one-
pot process. Condensation of tosylhydrazine with ben-
zaldehyde followed by treatment with an aqueous solu-
tion of sodium hydroxide led to a solution of benzaldehyde
tosylhydrazone sodium salt, which upon warming to 50
°C gave a reddish solution of phenyldiazomethane. Prior
to warming the reaction mixture, phenylacetylene was
added and the desired 3,5-diphenylpyrazole was obtained
in good yield as a single regioisomer (entry 1, Table 1).
This new procedure for the preparation of a pyrazole from
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SCHEME 1. Proposed Synthesis of Pyrazoles
Using Diazo Compounds Generated in Situ
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an aldehyde and an alkyne was tested with a selection
of four aromatic aldehydes as precursors of diazo com-
pounds and two alkynes as dipolarophiles, phenylacety-
lene (entries 1-4, Table 1) and 3-ethynylpyridine (entries
2-8, Table 1). The desired pyrazoles were obtained in
moderate to high yield with excellent regioselectivity in
favor of the 3,5-disubstituted pyrazoles. The yields of
these reactions can be improved by preforming the
corresponding tosylhydrazone sodium salt, e.g., the yield
obtained in entry 1 was increased up to 71% starting from
benzaldehyde tosylhydrazone salt. Clearly, the process
can be applied to the generation of a library of pyrazoles
as a large variety of the starting aldehydes and acety-
lenes are readily available. The high regioselectivity
observed in these 1,3-dipolar cycloadditions is in keeping
with previous literature reports involving cycloadditions
onto arylacetylenes.11 This can be explained by both the
steric interaction of the substituents of the reactants and
the atomic orbital coefficients of the HOMO (diazo
compound)-LUMO (alkyne) favored interaction expected
for this type of cycloaddition.4

The 1,3-dipolar cycloaddition of diazo compounds onto
acetylene would lead to 3-substituted pyrazoles.12 How-
ever, acetylene is a very inconvenient dipolarophile to use
due to the difficulties in handling this volatile alkyne,
whose boiling point at atmospheric pressure is -83 °C.
We therefore decided to explore the use of monosubsti-
tuted alkenes bearing a potential leaving group as an
acetylene equivalent in the newly developed one-pot 1,3-
dipolar cycloaddition of diazo compounds generated in
situ from aldehydes. The choice of leaving group (X) was
considered to be critical. It had to be a good enough
leaving group for elimination to occur rapidly, thus
avoiding extrusion of nitrogen with formation of the

corresponding cyclopropane, but at the same time if H-X
was too acidic it would protonate the hydrazone salt and
inhibit formation of the diazo compound. Considering
these issues, two acetylenes equivalents were tested:
N-vinylimidazole and vinyl acetate. However, the reac-
tion of tosylhydrazone salt 1 with vinyl acetate gave a
complex mixture of products (2, 3, 4, and 5). In addition
to the hydrazone itself, the benzylated hydrazone 513 was
formed together with some of the desired pyrazole 2 and
the acyl pyrazole 3. Clearly, the elimination of acetic acid
caused significant side reaction and protonation of the
hydrazone salt itself. In contrast, the desired pyrazole 2
was obtained in good yield using N-vinylimidazole as the
substrate. The imidazole byproduct, being less acidic than
acetic acid, did not interfere in any side reaction, and it
was easily removed from the crude reaction by an
aqueous workup. Indeed, the process generated exclu-
sively water-soluble byproducts, sodium p-toluenesulfi-
nate, and imidazole, and after aqueous wash, the pyra-
zole was isolated in essentially pure form. The possible
cycloadduct intermediates of the initial dipolar cyclo-
addition were never detected by TLC or GC-MS, sug-
gesting that the elimination was occurring under the
reaction conditions.

The effectiveness of this procedure for the preparation
of 3-substituted pyrazoles is illustrated by the use of a
series of diazo precursors derived from aromatic and
heteroaromatic aldehydes (entries 2-8, Table 2). Al-
though yields can again be improved by starting from
the preformed hydrazone salt (route b, Scheme 2), the
operational simplicity and speed of the current protocol
may outweigh the issue concerning the moderate yields
obtained.

In conclusion, we have developed a simple one-pot
procedure for the preparation of 1H-pyrazoles by the
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TABLE 1. Yields and Regioselectivities of
3,5-Disubstituted Pyrazoles Formed from Alkynes and
Aldehydes

entry R1 R2
yielda

(%)
ratio of regioisomers

(3,5/3,4)b

1 Ph Ph 61 99.8:0.2
2 p-CNC6H4 Ph 67 99.8:0.2
3 p-MeOC6H4 Ph 51 99.8:0.2
4 3-pyridyl Ph 33 97:3
5 Ph 3-pyridyl 36 97:3
6 p-CNC6H4 3-pyridyl 19 99.8:0.2
7 p-MeOC6H4 3-pyridyl 54 99.8:0.2
8 3-pyridyl 3-pyridyl 24 95:5
a Isolated yields. b Determined by GC-MS.

TABLE 2. Yields of 3-Substituted Pyrazoles Formed
from Reaction of N-Vinylimidazole and Aldehydes

entry R yielda (%)

1 Ph 56
2 o-MeC6H4 47
3 p-MeOC6H4 62
4 p-CNC6H4 79
5 p-ClC6H4 71
6 2-furyl 33
7 2-thienyl 32
8 3-pyridyl 32

a Isolated yields.

SCHEME 2. Preparation of 3-Phenylpyrazolea

a Reagents and conditions: (a) BnEt3NCl (0.1 equiv), vinyl
acetate (20 equiv), 1,4-dioxane, 30 °C, 48 h; (b) BnEt3NCl (0.1
equiv), N-vinylimidazole (5 equiv), 1,4-dioxane, 30 °C, 48 h, 81%.
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novel 1,3-dipolar cycloaddition reactions of diazo com-
pounds generated in situ from aldehydes. 1H-3-Substi-
tuted pyrazoles were easily prepared by 1,3-dipolar
cycloadditions of diazo compounds, generated from vari-
ous aldehydes, with N-vinylimidazole as an acetylene
equivalent. Diazo compounds, generated in situ from
aldehydes, reacted regioselectively with monosubstituted
alkynes, providing a convergent method for the prepara-
tion of 3,5-disubstituted pyrazoles.

Experimental Section

General Procedure for the Preparation of 3-Sub-
stituted Pyrazoles (Tables 1 and 2). The aldehyde (1.5
mmol) was added to a solution of p-toluenesulfonyl
hydrazide (279 mg, 1.5 mmol). After the mixture was
stirred for 3 h at rt, a solution 5 N NaOH (300 µL, 1.5
mmol) was added and the mixture was stirred for a

further 20 min. The dipolarophile (7.5 mmol) was added,
and the mixture was stirred at 50 °C for 48 h. The
volatiles were evaporated under reduced pressure, and
the residue was dissolved in a 1:1 mixture of water-ethyl
acetate (70 mL). The organic layer was separated and
dried over MgSO4. After filtration and removal of the
solvent under reduced pressure, the crude material was
purified by flash chromatography.
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