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Synthesis of pyrazoles can be accomplished in several ways,
including the dehydrogenation of pyrazolines.!-5 A number
of dehydrogenating agents have been employed for this pur-
pose. However, none except tetrachloro-1,2-benzoquinone
qualifies as a truly general reagent. They either require too
severe a reaction condition or their use is accompanied by
products of decompositions and ring scission.

We now wish to report a mild general route for the oxidative
dehydrogenation of N-phenyl-3,5-disubstituted-2-pyrazolines
to the corresponding pyrazoles using catalytic amounts of
cobalt soap of fatty acids (Cg-Cyg). The reactions proceed
smoothly and in high yields under fairly mild conditions
compared to the methods reported previously. For example,
1,3,5-triphenylpyrazoline on treatment with catalytic amounts
of cobalt soap and oxygen at 1 atm in refluxing benzene
vielded 1,3,5-triphenylpyrazole (3, R, R’ = Ph) in quantitative
yield in less than 30 min. The generality of the method is ev-
ident from the fact that a wide variety of substituted pyra-
zolines underwent smooth oxidation in good yields. The re-
sults are summarized in Table I.

We propose that Co(III) ions are responsible for the oxi-
dative dehydrogenation reaction. The Co(III) ions may be
formed by the interaction of the Co(II) soap with traces of
peroxides present in solution under the conditions of reac-
tion.”-?

The pyrazolines are converted to a cyclic radical interme-
diate (1A, see Scheme I) by a hydrogen abstraction by Co(III)
followed by further oxidation of the radical to a carbenium ion
(1B). Loss of a proton from the carbenium ion intermediate
leads to the pyrazole 3. The reduced Co(II) ions formed during
this oxidation are reoxidized to Co(III) under the conditions
of the reaction. Thus, only a catalytic amount (50-100 ppm)
of Co(II) ions is required for the completion of the reaction.
The proposed scheme is analogous to the mechanism of liq-
uid-phase oxidation of hydrocarbons using Co(II) ions and
oxygen as catalyst.”™®

It occurred to us that the cyclic radical intermediate 1A
could also be generated from chalcone phenylhydrazones (2)
through the intermediary of a nitrogen radical (2A) (see
Scheme I). Accordingly we oxidized benzalacetophenone
phenylhydrazone (2, R, R” = Ph) and m-nitrobenzalaceto-
phenone phenylhydrazone (2, R = m-NO,C¢Hy;, R’ = Ph)
using reaction conditions identical with those used previously
for pyrazolines and could realize 90 and 60% yields of the
corresponding pyrazoles.
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Experimental Section

All melting points are uncorrected. IR spectra were determined on
a Perkin-Elmer Infracord spectrometer in Nujol and UV spectra on
a Perkin-Elmer Coleman Model 55 spectrophotometer in ethanol.

All pyrazolines were prepared by the reaction of the appropriate
substituted chalcones with phenylhydrazine in refluxing acetic acid*
and were fully characterized prior to use.

Preparation of Cobalt Soap. To a solution of sodium hydroxide
(4.2 g) in water (100 mL) was added fatty acids with 6-10 carbons (23.5
mL) without allowing the temperature to rise above 25 °C. The pH
of the solution was then set to 7 either by adding fatty acids or alkali.
Benzene (350 mL) was added followed by a solution of CoSO42H,0
(19 g) in water (75 mL). The organic layer was separated, washed,
dried (NagS0Qy), the concentration of cobalt in catalyst solution was
estimated.

The experimental procedure can be simplified by a single dilution
with benzene. The cobalt concentration is then estimated and the
requisite volume to give 96 ppm of cobalt(II) is added to the reaction
mixture, This change implies that 16 g/L of cobalt catalyst concen-
tration as mentioned previously is not the only suitable catalyst
concentration for this reaction.

Dehydrogenation of 2-Pyrazolines (General Procedure). The
reaction assembly consisted of a flask fitted with a gas disperser and
a reflux condenser connected to the flask through a Dean and Stark
water separator. The top of the condenser was attached to a pressure
gauge, and the pressure was regulated using an exit valve. Pyrazoline
(0.01 mol) was dissolved in anhydrous benzene (150 mL), and the
catalyst [96 ppm Co(II)] was added to this solution. The reaction
vessel was pressurized to 1 atm at room temperature by bubbling
oxygen into the reaction flask. The reactants were then brought to
reflux and maintained for 30 min at an oxygen pressure of 1 atm.10
The organic layer was then washed with 2% hydrochloric acid and
water and dried, and the solvent was evaporated. The residue was
purified by crystallization or by chromatography on silica gel, eluting
with benzene-diethyl ether (98:2 v/v). When treated similarly for 3
h, chalcone phenylhydrazone gave pyrazole. The UV and IR spectra
of all pyrazoles were in agreement with those reported in the litera-
ture.3-%

Table 1. Yields of Products from the Oxidation of N-Phenyl-3,5-disubstituted-2-pyrazolines

Pyrazole Registry no. R R1 Yield, % Mp, °C Lit. mp, °C
3a 2.83-27-9 Ph Ph 100 139 1404
3b 16860-55-2 m-NOCeHy Ph 60 130 1305
3c 16860-68-7 a-Furyl Ph 88 71 645
3d 16860-69-8 a-Thienyl Ph 92 113 1126
3e 10252-53-6 Ph PhCH=CH 95 141 14145
3f 16901-34-1 Ph p-BrCeH, 92 157 1598
3g 21159-63-7 a-Furyl p-ClCgHy4 65 83
3h 33045-42-0 a-Thienyl p-ClCgHy 95 133 13486
3i 21159-60-4 «-Furyl p-OMeCgH,4 80 86
3j 58950-01-9 «-Thienyl p-OMeCgHy 94 91
3k 1128-54-7 H Me 89 33 334
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Deoxygenation reactions of a variety of organic compounds
by trivalent phosphorus compounds are well known. For ex-
ample, dibenzoyl peroxide,! pyridine N-oxide,? or nitroso-
benzene? is deoxygenated by triphenyl phosphine or triethyl
phosphite to give benzoic anhydride, pyridine, or azoxyben-
zene, respectively. Sulfoxylates (1) are readily oxidized,*
vielding sulfites (2) upon exposure to air; nevertheless, little
attention has been paid to the deoxygenation reactions by 1.
Thus it seemed reasonable that a similar deoxygenation re-
action could be carried out by 1. Di-n-propyl sulfoxylate (1a)
and diethyl sulfoxylate (1b) were used in the present study;
the former was more accessible and stable than the latter.

First, dibenzoyl peroxide (3) was allowed to react with 1a.
The reaction took place violently even at room temperature
and benzoic anhydride and di-n-propyl sulfite (2a) were ob-
tained in almost quantitative yields (eq 1). The result is in
contrast to the reaction of dioxetane, a cyclic peroxide, and
1 which affords tetraalkoxysulfurane instead of oxirane.?

Pyridine N-oxide (4a) also reacted with la at room tem-
perature to give pyridine and 2a in yields of 96 and 85%, re-
spectively (eq 2). Similarly, 2-picoline N-oxide (4b), 3-picoline

PhCOOCPh + n-PrOSOn-Pr — PhCOCPh + n-PrOSOn-Pr
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N-oxide (4¢), or 4-picoline N-oxide (4d) reacts with 1a at room
temperature or in refluxing benzene to give amine and 2a as
shown in Tabie L. 4-Nitropyridine N-oxide (4e) did not react
with la under similar conditions, but, upon heating in the
absence of solvent a vigorous exothermic reaction occurred
with the evolution of nitric oxide. The only product isolated
from the reaction mixture was di-n-propy! sulfite (2a). The
deoxygenation of pyridine N-oxide (4a) or its homologues by
triphenyl phosphine must be carried out under drastic con-
ditions (heating above 200 °C).2
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Reactions of C-nitroso compounds with sulfoxylates (1)
gave a variety of products. When equimolar quantities of ni-
trosobenzene (5a) and la or 1b were refluxed in benzene or
CCly, the solution gradually turned from green to reddish
brown and azoxybenzene (6a) was obtained in 61-76% yields
(eq 3). p-Nitrosotoluene (5b) or o-nitrosotoluene (5¢) similarly
reacted with la to give 4,4’-dimethylazoxybenzene (6b) or
2,2’-dimethylazoxybenzene (6¢). The sulfite (2) was not iso-
lated in these cases but its formation was confirmed by an
infrared spectrum.

In addition, we examined the reaction of la and p-di-
methylaminonitrosobenzene (5d) and found that p-dimeth-
ylamino-N-sulfinylaniline (8) was formed together with
4,4’-bis(dimethylamino)azoxybenzene (6d) and 4,4’-bis(di-
methylamino)azobenzene (9). The mechanism of the forma-
tion of 8 is not obvious. Bunyan and Cadogan® proposed the
mechanism of formation of 6 by assuming arylnitrene (7) to
be a transient intermediate. Accordingly, the reaction pre-
sumably proceeds through the intermediate 10 generated by
the attack of nitrene 7d on 1a.
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The path of the formation of 9 also cannot be elucidated.
However, the dimerization of 7d to give 9 is excluded as has
been pointed out by Bunyan and Cadogan,? and our separate
experiment confirmed that both the deoxygenation of 6d to
9 by la and the reaction of 8 with 5d to form 9 did not occur
under similar conditions.

o-Nitrosobiphenyl (5e) reacted with 1a to give 0-azoxybi-
phenyl (6e) (34%) and carbazole (11) (20%). In the case of the
reaction with phosphine or phosphite, only 11 was obtained
in high yield.?

QO Q0
QY e

Se

(5)

Finally, reactions of sulfoxylates and other compounds such
as sulfoxides, sulfones, aromatic nitro compounds, or N-ni-
troso compounds were examined. However, deoxygenation
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