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Preparation of Pyrazoles Using Hydrazyl Radicals Initiated by DPPH
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Synopsis. Hydrazyl radicals, initiated by DPPH, reacted
with @,B-unsaturated ketones without any good leaving
group on their B-positions to vyield pyrazoles regio-
selectively.

Recently, though free radicals have been actively
used as intermediates in organic synthesis.!) only a
little is known about the application of such a reac-
tion to the synthesis of heteroaromatics. The physi-
cal properties of these hydrazyl radicals have been well
studied;2® nevertheless, these radicals have not been
used in any successful organic synthesis. The
hydrazyl radicals can be expected to be useful as syn-
thetic intermediates for introducing a nitrogen-nitro-
gen chromophore in the synthesis of such heteroaro-
matics as pyrazoles, which are important and useful
compounds in organic and drug synthesis.¥ The
widely accepted methods for the synthesis of pyrazoles
involve the reaction of hydrazines with bifunctional
compounds, such as 1,3-diketones® or @,B-unsaturated
ketones with good leaving groups on their -
positions.® Unsaturated ketones without any good
leaving group on their 8-positions have been scarecely
used in the synthesis of pyrazoles. We report here on
a novel, convenient method for the synthesis of pyra-
zoles using hydrazyl radicals, initiated by 2,2-
diphenyl-1-picrylhydrazyl (DPPH), and simple «,f-
unsaturated ketones without any good leaving groups

50 and 7% vyields, respectively. The reaction of la
with 1,3-diphenyl-2-propen-1-one (3c) under the same
conditions also gave l-methyl-3,5-diphenyl-1H-
pyrazole (4c) in 30% yield. The structures of the
pyrazoles, 4a—c and 5a—b, were determined by a
comparison with authentic samples.6-8

In these pyrazole formations, the role of DPPH is
quite important. No pyrazoles were produced when
DPPH was absent. Methylhydrazine did not react
with 5a at =78 °C. When a mixture of 1la and 3a was
refluxed in benzene, 1,3-dimethyl-5-phenyl-2-pyr-
azoline (6) was obtained in 92% yield. The structure
of the pyrazoline 6 was determined by a comparison
with an authentic sample.®) The pyrazoline 6 may be
considered to be a precursor of the pyrazoles. How-
ever, this idea can be excluded for the following rea-
sons: 1) The resioselectivity of pyrazoline formation is
completely reversed to that in the pyrazole formation.
The dehydrogenation of the pyrazoline 6 should give a
minor isomer of the pyrazoles 5a. 2) When 6 was
stirred with DPPH, no pyrazoles were formed. Pyra-
zoline formation can be explained in terms of the 1,2-
addition of the hydrazine la to the a,B-unsaturated
ketones 3 followed by cyclization and dehydration.

Table 1. Yields of the Reaction of 1 with 3

in the Presence of DPPH

on the B-positions. Yield/%
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Scheme 1.
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The behavior of 1a in the pyrazole formation should
be quite different from that in pyrazoline formation.
When la was added to a THF solution of DPPH, a
purple color characteristic of the DPPH radical in
THF changed to the brown characteristic of DPPHo.
This implies that DPPH abstracts hydrogen from la
to form DPPH: and the 2-methylhydrazyl radical.
Both of the hydrogens on and N; and Nz in 1-
methylhydrazine (la) may be abstractable by DPPH.
However, sterically less hindered hydrogen on N
seems to be predominantly abstracted by the sterically
hindered DPPH radical. The 2-methylhydrazyl radi-
cal (2a) is probably an intermediate in pyrazole forma-
tion. The quite different regioselectivlty in pyrazole
formation from that in a normal Michael addition!®
can be reasonably explained in terms of the addition
of radical 2a to the B-position of enones.

Hydrazine itself (1b) could also be used as a radical
precursor. The hydrazyl radical (2b) was easily pre-
pared by the addition of DPPH to a THF solution of
1b at —78°C. The reactions of 2b with the enones 3a,
3b, and 3c gave the corresponding pyrazoles 4d, 4e,
and 4f in 27, 24, and 23% yields, respectively. The
structures of 4d—f were determined by a comparison
with authentic samples.?

The hydrazyl radicals, initiated easily and rapidly
by DPPH, reacted with simple «,B-unsaturated
ketones without any good leaving group on their -
positions. The hydrazyl radicals can be used as re-
agents for introducing a nitrogen-nitrogen chro-
mopher in the synthesis of heteroaromatics.

Experimental

General Procedure for Preparation of Pyrazoles. To the
solution of a hydrazine (0.75—1.5 mmol) dissolved in 30 cm3
of THF and cooled to —78°C, was added DPPH (0.75—1.5
mmol) with stirring. The mixture was cooled to —78°C
and added dropwise to a solution of enones (0.5—1 mmol) in
50 cm3 of THF at —78°C. The mixture was stirred for 2 h
at the same temperature. After concentration in vacuo, the
residue was chromatographed on a silica-gel column (Merck
Kieselgel 60). Elution with benzene or a mixture of ben-
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zene-ethyl acetate gave 4 and/or 5. The structures of 4a-f
and 5a-b were determined by a comparison with direct
comparisons with authentic samples.57811)

Preparation of 1,3-Dimethyl-5-phenyl-2-pyrazoline (6).
A solution of benzalacetone (0.50 g, 3.4 mmol) and methyl-
hydrazine (0.51 g, 4.7 mmol) in 50 cm3 of benzene was
refluxed overnight. The mixture was poured into water
and extracted three times with 30 cm? of dichloromethane.
The dichloromethane solution was washed with water and
then dried over magnesium sulfate. After filtration and
removal of the solvent, the residue was chromatographed on
a silica-gel column (Merck Kieselgel 60). Elution with
benzene gave 6 (0.54 g, 3.1 mmol, 92%): 131 °C/25 mmHg
(1it,2 123—4°C/20 mmHg) (1 mmHg=133.322 Pa). The
structure of 6 was determined by a comparison with an
authentic sample.®
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