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hydride caused exothermie decarboxylation with elimination
of the theoretical amount of carbon dioxide. The reaction
mixture was worked up by hydrolizing the boron trifluoride
complex that was formed. No more anhydride could be de-
tected, the decarboxylation yielding ethyl benzoate exclu-
sively, in excellent yield.
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The use of aromatic ketones in catalytic amounts in the methanolic sodium hydroxide reduction of o-nitrotoluene has con-
siderably improved the yields of the desired azoxytoluene; further reduction of the latter and of azoxybenzene to their hy-
drazo derivatives has been effected by the use of a catalytic amount of 9-fluorenone.

Aromatic hydrazo compounds are available via
the reduction of azoxy or azo compounds,!—1°
which are intermediates in the properly controlled
reduction of nitro compounds. The direct reduction
of nitro compounds to the corresponding hydrazo
derivatives can be accomplished with zinc dust and
sodium hydroxide or electrolytically; both pro-
cedures have been used to give the simplest member,
hydrazobenzene.” !

The chemical reduction of e-nitrobromobenzene
to dibromohydrazobenzene is accomplished with
the halo groups remaining intact!?; many electro-
lytic reduction procedures have been reported
with yields varying from 50 to 959,113

A magnesium-magnesium iodide system has
also been employed as a reducing agent for the
azobenzenes.*
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The earliest method of reducing aromatic nitro
compounds? to their azoxyderivatives by the use
of methanolic sodium methoxide is limited in its
applieation, mainly because the reduction of the
nitro compounds does not proceed beyond the
azoxy stage, and it is confined to substituted
nitrobenzenes in which the substituents are not
affected by the reagent. Thus, in the case of o-
chloronitrobenzene, considerable displacement of
the chloride with methoxide ion occurs, and in the
case of nitrotoluenes, extensive intramolecular
oxidation-reduction takes place.!s

In order to extend the scope of this method to
the reduction of azoxy and azo compounds to
their hydrazo derivatives and to improve the
vields of the former, a number of catalysts were
investigated. In the reduction of o-nitrotoluene
(Table I), the addition of 3-5% of a ketone as a
catalyst to the reducing medium has considerably
increased both the yield and the purity of azoxy-
toluene; also, 9-fluorenone is an effective catalyst
in the reduction of azo and azoxy benzene and
toluene (Table I) to their corresponding hydrazo
derivatives.

Bamberger, et al.'® proposed that the formation
of azoxybenzene in the reduction of nitrobenzene
results from condensation between the inter-
mediates phenyl hydroxylamine and nitroso-
benzene; this has been further confirmed by Ogata,
et al.,'" who also found that a rapid equilibrium
takes place between phenyl hydroxylamines and
nitrosocbenzene, The poor yield of azoxytoluene
encountered in the methanolic sodium hydroxide
reduction of ¢-nitrotoluene could be attributed in
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TABLE I
Compound Catalyst, g. Product Yield, %
o-Nitrotoluene? None Azoxytoluene 62
o-Nitrotoluene? 9-Fluorenone, 5 Azoxytoluene 93
o-Nitrotoluene® Benzanthrone, 5 Azoxytoluene 90
o-Nitrotoluene® Anthrone, 5 Azoxytoluene 84
o-Nitrotoluene? Benzophenone, 5 Azoxytoluene 78
o-Nitrotoluene® Xanthone, 5 Azoxytoluene 76
Azoxybenzene? None Azoxybenzene —
Azobenzene® 9-Fluorenone, 5 Hydrazobenzene 98
Azoxybenzene? 9-Fluorenone, 5 Hydrazobenzene 98
Azoxytoluene? 9-Fluorenone, 5 Hydrazotoluene 83

% In this experiment, 137 g. (1 mole) of o-nitrotoluene was reduced with 80 g. of sodium hydroxide and 80 g. of methanol.
® In this experiment, 140 g. of azo or azoxy compound was reduced with 108 g. of sodium hydroxide and 192 g. of methanol.

large part to an extensive oxidation of the methyl
group in o-nitrotoluene.’® The addition of a cata-
lytic amount of a ketone, therefore, appears to
decrease the extent of this side reaction by increas-
ing both the rate of the formation of nitrosotoluene
and its subsequent reduction to o-tolylhydroxyl-
amine; the latter, in turn, condenses with the
nitroso compound to give azoxytoluene. Similarly
9-fluorenone acts as a catalyst in the reduction of
azo and azoxy compounds to their hydrazo deriva-
tives with methanolic sodium hydroxide, a reagent
quite ineffective for this reduction without the
catalyst. In both of these cases, 9-fluorenone has
presumably acted as an intermediary in the re-
action; its role as a catalyst, therefore, must in-
volve its initial reduction to fluorenol by the re-
ducing medium, resulting in the formation of the
rapid oxidation-reduction system!®1% fluorenone-
fluorenol, equation (a), which is essential in effecting
further reduction of the azo and azoxy compounds
to their hydrazo derivatives. In fact, fluorenol was
an equally effective catalyst in these reductions, and
when fluorenone was refluxed in methanolic sodium
hydroxide, it was converted quantitatively to
fluorenol. The various steps in the reductions could
be formulated by the following reaction sequence:

(a) Fluorenone + CH3;ONa —> Fluorenol + HCOONa

Fluorenone
(b) Fluorenol + ArNO.

=== Fluorenol

—
Fluorenone + ArNO + H,0

— Fluorenone + ArNHOH
—_— Arll\Ir——NAr + H,0

0]
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(¢) Fluorenol + ArNO
(d) ArNHOH +4- ArNO

O

l
(e) Fluorenol + ArN=NAr —>

ArN==NAr + Fluorenone <+ H,0O
(f) ArN=NAr + Fluorenol ===
ArNHNHAr + Fluorenone

The mechanism for the base-catalyzed carbinol-
carbonyl equilibrium was formulated by Wood-
ward, et al.,® in close analogy to Hammett’s
mechanism for the Cannizzaro reaction,? involving
the direct transfer of hydrogen with its two bonded
electrons from the carbinol carbon to the carbonyl
carbon. Further, Doering and Aschner?? have
demonstrated that the mechanism of the equilib-
rium proceeds through a carbon to earbon transfer
of hydrogen with its electrons, and was unaffected
by substances which often inhibit free-radical
chain reactions. The role of the alkoxide is prob-
ably to facilitate hydride transfer (I, Process a)

0« & 9 o
ctyg + ¢ = + H—C.,
R | R”'é R~ 1‘1/ If{"‘R’

and to increase the acceptor capacity of the carbonyl
carbon (I, Process b). In fact, in the absence of
alkoxide ion, such an equilibrium is too slow to be
detectable.

Doering and Aschner?®* have used the rapid
oxidation-reduction system fluorenol-—fluorenone in
the stereochemical equilibration of optically active
secondary alcohols and the epimerization of
fenchol.

To illustrate the mechanism of the fluorenol-
catalyzed reduction of an aromatic nitro com-
pound, nitrobenzene to azoxybenzene, two schemes
could be written: (A) where the nitrogen, the
least electronegative atom, is shown to be the
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hydride acceptor, in analogy to the alkoxide re-
duction of ketones, where the electropositive
carbonyl carbon atom is the hydride acceptor;
and (B) where the oxygen atom is the acceptor.
There is, however, no evidence at this time in
favor of either mechanism.

Scheme A:

OO
/
“&

HN—OH

—>>=0 n @N HS,
@—\IO + @-NHOH — Azoxybenzene + H.O

Scheme B:

HO\v\Oe o
()
G A
H
+
~ ® Q
N | +H E{O—N ]

HNOH

A mechanism essentially similar to the above
could be written for the further reduction of
azoxy and azo compounds to the corresponding
hydrazoderivatives.

EXPERIMENTAL?

Azoxytoluene. In a 1-1. four-necked round bottom flask,
equipped with a thermometer, condenser, addition funnel,
and Trubore mechanical stirrer, were placed 80 g. of sodium
hydroxide flakes and 80 g. of methanol. The reaction flask
was heated to reflux; 5 g. of 9-fluorenone was added; the
temperature was 85°. o-Nitrotoluene (137 g., 1 mole) was
then added dropwise, over a period of 1 hr. 35 min.; during
the addition the temperature rose to 102°. Heating and stir-
ring were continued for 5 hr., at the end of which it was
steam distilled to remove 9-fluorenone, o-toluidine, and any
unreacted o-nitrotoluene. The temperature of the reaction
mixture was not allowed to rise above 110°; this was ac-
complished by occasional addition of water.

The reaction mixture was cooled to 80° and extracted
with 300 ml. of benzene, which was filtered in case insoluble
tar was present. The benzene was evaporated on a steam
bath by blowing with inert gas or it was distilled with
vacuum. An oil was obtained which crystallized immediately
on cooling to room temperature. The solid weighed 105.7 g.
(93% yield); after one crystallization from benzene-hexane
mixture, it melted at 58-60° (reported’ m.p. 58.5°). Its
infrared spectrum was identical with that of azoxytoluene.

(24) All melting points are corrected.
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Catalysts other than 9-fluorenone used under the above
conditions were: benzanthrone (3.5 g.), yield of azoxy-
toluene, 909%; anthrone (5 g.), yield, 84%; benzophenone
{5 g.), yield, 789,; xanthone (5 g.), yield, 769.

Hydrazotoluene. In a 1-l. three-necked round bottom
flask equipped with condenser, thermometer, and Trubore
stirrer, were placed azoxytoluene (140 g., 0.62 mole), sodium
hydroxide (108 g.), methanol (192 g.), and 9-fluorenone
(5 g.); the mixture was heated to reflux while agitating for
46 hr.; the temperature was 96-98°. At the end of the reac-
tion time, the reaction mixture became tan in color, and after
addition of 400 ml. of methanol, it was cooled to room
temperature and filtered. The solid was washed thoroughly
with water to free the solid hydrazotoluene from sodium
formate and alkali. After drying the solid hydrazotoluene,
it was crystallized from ethanol; it then weighed 110 g.
(849, yield), m.p. 163-165° (reported m.p. 165°,26 150°%7);
its 1nfrared spectrum showed it to be identical with hydrazo-
toluene. In addition to hydrazotoluene, a mixture of azoxy-
and azotoluene was also isolated.

Hydrazobenzene. In a 1-l1. three-necked, round bottom
flask, equipped with condenser, thermometer, and Trubore
mechanical stirrer, were placed azoxyhenzene (140 g., 0.7
mole), sodium hydroxide (108 g.), methanol (192 g.), and
9-fluorenone or 9-fluorenol (5 g.); the mixture was heated to
reflux while agitating for 46 hr; the temperature was 96—
98°. At the end of the reaction time the reaction mixture
became tan in color and 500 ml. of water were added drop-
wise to dissolve sodium formate and to precipitate the
hydrazobenzene which was filtered with suction, washed
thoroughly with about 1.5 1. of water, and dried thoroughly.
The solid, after crystallization from ethanol, weighed 130
g., amounting to a quantitative yield, m.p. 126-128°
(reported m.p. 131,°28 127°,29 124°%0), Tts infrared spectrum
showed it to be identical with an authentic sample of hy-
drazobenzene.

9-Fluorenol. In a 500-ml. flask equipped with a ther-
mometer, stirrer, and condenser were placed 54 g. of sodium
hydroxide (A.R.), 96 g. of commercial methanol, and 5 g. of
9-fluorenone. The reaction mixture was heated to reflux with
stirring for 5 hr; it was cooled and filtered. The solid con-
taining sodium formate was washed thoroughly with water,
dried, and found to weigh 5 g. (quantitative vield), m.p
148-150° (reported m.p. 158°,%1 153°22), Its infrared spec-
trum was identical with that of an authentic sample pre-
pared according to Hochstein.3?
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