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by heating with an infrared lamp for several hours while main-
taining a high vacuum. This degassing procedure was adopted
after several experiments showed evidence for the evolution of
gases from the glass, even at the relatively low temperatures
employed in this measurement. The sample break seal was then
opened and evacuaticn was continued for several minutes to
removes any gases desorbed from the sample chamber itself.
The sample chamber was then cooled in liquid nitrogen, and the
sample arm of the apparatus was sealed off.

Pressure measurements were carried out by carefully admitting
air to the gauge envelope until the pointer returned to its 0
point as read by a wall-mounted telescope fitted with a scaled
reticule. The balancing pressure was then read from a dibutyl-
phthalate manometer using a cathetometer graduated to 0.05 mm.
The vacuum are of the manometer was maintained at less than
0.1 u by continuous pumping. The pressure gauge was immersed
in a thermostat bath regulated to 0.5° by a bimetallic regulator.
The temperature deviations actually observed during a pressure
reading did not exceed 0.1°.
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Copper compounds are known to be effective in
activating hydrogen in homogeneous solution? and
carbon monoxide has recently been reported to reduce
aromatic nitro compounds to the corresponding azo
derivatives using iron pentacarbonyl as catalyst.
The author wishes to report that copper salt-amine
complexes in conjunction with carbon monoxide can
be used for the reduction of aromatic nitro compounds
to the corresponding amines.

Cupric salts dissolve readily in an aqueous solution
of ammonia or a variety of primary amines* to give
deep blue solutions which are reduced to the correspond-
ing euprous compound or to metallic copper by carbon
monoxide in the absence of oxidizing agents. The
work now reported shows that if nitrobenzene, or other
easily reducible nitro compound, is present it is reduced
to the amine, usually in quantitative yield. This tech-
nique is, therefore, a convenient laboratory method for
the selective reduction of nitro groups, especially in
compounds containing other reducible groups such as
double bonds or carbonyl groups. If the carbon
monoxide is replaced by hydrogen the reaction is too
slow to be of preparative value.

The pH of the copper salt~amine solution should be
greater than 10 and the rate of reaction increases sig-
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nificantly as the pH is increased. In order to obtain
high reaction rates the copper should be added as the
hydroxide or as a salt of a weak acid and the amine
should be highly basic and present in high concentra-
tion. Inasmuch as the amine reacts with the carbon
dioxide formed in the reaction it is necessary to use an
excess or, as an alternative, add sufficient sodium hy-
droxide to combine with the carbon dioxide. Tables
I-IIT illustrate the effect of the variables on the rate of
reduction of nitrobenzene to aniline at partial conver-
sions. Complete conversions are readily obtained at
conditions deseribed in the Experimental Section.

TaBLE I
EFrrECTIVENESS OF AMINES ON NITROBENZENE REpUCTION RATE
Aniline yield,

Amine® Hr %
Ethylenediamine 5 50
1,2-Propanediamine 8 20
1,3-Propanediamine 7 Trace
3,3’-Diaminodipropylamine 5 85
1,6-Hexanediamine 7 11
Triethylenetetramine 5 16
Ammonia? 6 33

@ Aqueous amine (50 ml of 50%;) containing 29, by weight of
copper acetate and 2 ml of nitrobenzene were used in these tests.
See Experimental Section. ® The ammonia was blended 1:1 with
carbon monoxide and fed to the reactants in a Parr shaker at 2
atm of pressure.

TapLe 11

Errect oF CorPER CONCENTRATION ON REDUCTION RATE
Copper acetate

conen® Hr Aniline, %
0.0 5 None
0.4 5 Trace
1.2 7 3
4.0 3 33

e Weight per cent in 109, aqueous ethylenediamine at 85°, con-
ducted as in Table I.

Tasre III

ErrFecT oF ETHYLENEDIAMINE CONCENTRATION
oN Repuction RATES
Ethylenediamine,

wt % Hr Aniline, %
1.4 6 Trace
4.0 6 10

10 6 20

50 5 50

90 6 90

e Containing 2 wt 9, of copper acetate.

The reducibility of a compound by this technique can
be readily ascertained by passing carbon monoxide
through the copper salt-amine solution until the reduc-
tion of cupric to cuprous is complete as indicated by
disappearance of the deep blue color and then adding a
drop of the compound to be reduced. A return of the
deep blue cupric complex indicates reduction of the
compound in question has occurred. Completion of
the reduction can be determined by periodic gas-liquid
partition chromatography (glpe) analysis or by passing
carbon monoxide until the blue color characteristic of
copper(II) has disappeared.

Nitromethane, o-nitroanisole, o-chloronitrobenzene,
p-nitrobenzoic acid, and cumene hydroperoxide were all
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easily reduced. B-Nitrostyrene, azoxybenzene, and
azobenzene were not reduced at 90°.

Experimental Section

The data in the tables were obtained by placing 50 ml of a
solution of the copper salt in the aqueous aminein a vertical, hard,
glass tube (4 X 30 cm) fitted with a gas dispersion tube leading
to the bottom for the introduction of carbon monoxide, an outlet
near the top and stopcock at the top and bottom for adding or
removing liquid samples. This vessel was placed in a hot water
bath at 85° during the reaction period. Nitrobenzene (2 ml) was
added and a stream of carbon monoxide passed into the reactor
at atmospheric pressure at about 10 1./hr. The product was
separated from the agueous solution in a separatory funnel and
analyzed by glpe.

Preparative runs with larger amounts of nitro compound were
conducted in flagsks fitted with good stirring or in a Parr low-
pressure shaker. At these conditions all of the carbon monoxide
was utilized. Essentially quantitative conversions can be ob-
tained in less than 4 hr at 90° using 5 g each of copper carbonate,
sodium hydroxide, and nitroaromatic in 50 ml of 509, ethylene-
diamine in a shaking apparatus at 15 psig.

Registry No.—Nitrobenzene, 98-95-3.
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Recent reports have dealt with the thermal reaction
of organic azides and 3,4-dihydro-2H-pyran. Ben-
zenesulfonyl azides,? aryl azides,** and ethyl azido-
formate® give imino lactones (II) with dihydropyran;
analogous products are obtained with dihydrofuran.?
Although the initially formed triazoline adduct (I)

N ~N.
Q= N = (L
0 NR
II

R = ArS0,; Ar, Et0,C L
I

is not always isolable, kinetic evidence indicates its
intermediacy.5®

The pyrolytic conversion of triazolines to imines is
a well-known reaction. In certain instances, however,
triazolines give rise to aziridines, or mixtures of azir-
idines and isomeric imines.” Therefore, the possibility
that triazolines of type I first decompose to aziridines
(ITT) which subsequently rearrange to the observed
products (II) has been suggested.*? To examine this
possibility, an independent preparation of III was at-
tempted.
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After 2 weeks at 40°, dihydropyran and p-bromo-
phenyl azide gave adduct IV in 249, yield. The ori-
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entation of the addition accords with related azide
additions to enol ethers® and enamines;® it is also in
agreement with mechanistic information concerning
this cycloaddition process.® Consistent with IV, the
amr spectrum showed a doublet at 7 4.57 (1 H, J =
6.3 cps), a multiplet at 5.90 (1 H), and a multiplet at
6.57 (2 H), as well as four aromatic and four “normal”
aliphatic hydrogens. As reported for similar tri-
azolines,' thermal decomposition of IV in toluene
solution produced the imino lactone V, characterized by
hydrolysis to p-bromoaniline and é-valerolactone.

In contrast to thermolysis, the photodecomposition
of triazolines has been shown to give aziridines in high
yield.® Accordingly, the photolysis of IV was in-
vestigated. Irradiation of IV (27°, benzene, >300
mu) resulted in a quantitative evolution of nitrogen
and a crystalline solid in 679, yield. The photoprod-
uet analyzed for C,;H,,BrNO and its infrared spectrum
showed no absorption in the C=N region, 1690-1640
em~L11 The nmr spectrum revealed a doublet at =
587 (1 H, J = 5.0 cps), a multiplet centered at 6.30
(2 H), and four aromatic and five aliphatic (7.6-8.7)
hydrogens. Structure VI was therefore assigned to the
photoproduct. Although the compound appears to
be indefinitely stable in a dry atmosphere, it rapidly
deteriorates on exposure to moist air. Hydrolysis of
VI at room temperature produced the hemiacetal
(VII). Similar observations have been reported by

others.®
(INH Br

Aziridine VI was quantitatively recovered after
being heated in toluene, under the conditions employed
to bring about the thermal decomposition of triazoline
IV. It is therefore apparent that the conversion of
triazoline IV to imino lactone V does not occur via an
aziridine intermediate. Furthermore, the result sug-
gests that aziridines in general are not involved in the
thermal reactions of azides with dihydropyran. The
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