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Reduction of Multiple Carbon Bonds. V.

The Reduction of Aromatic Hydrocarbons

and Dialkylacetylenes by Calcium Ammonia'?

By KeNNETH N. CAMPBELL AND JOHN P. McDERMOTT?

A general study of the reduction of unsaturated
hydrocarbons by various chemical reducing agents
has been in progress in this Laboratory for some
time, with the object of finding the limitations of
each method, and of formulating, if possible, a
satisfactory mechanism to explain the reactions.
As a part of this study the reduction of dialkyl-
acetylenes and of some aromatic hydrocarbons by
calcium ammonia was investigated.

Benzene and its simple homologs are very re-
sistant to most chemical reducing agents. Du-
manskii and Zvyereva? found, however, that
when dry ammonia gas was passed into a mixture
of benzene and calcium at room temperature, the
benzene was reduced. They identified the prod-
uct as a dihydrobenzene, since it formed a tetra-
bromide melting at 172-173°. Kazanskii and his
students’.® later made a more detailed study of
the reaction, and obtained results which differed
from those of Dumanskii. Kazanskii and his
co-workers treated. calcium with dry ammonia to
form the complex Ca(NH,)s; this was then
allowed to react at 0° or room temperature with
the aromatic hydrocarbon. They found that
under these conditions the product was a tetra-
hydro and not a dihydro derivative, and in the
case of momno-alkylbenzenes they believed it to
have the 1-alkyl-1-cyclohexene structure, although
they offered no rigorous proof for this. The phys-
ical constants of their products, however, do not
agree well with those given in the literature for
the pure cyclic mono-olefins, and indicate con-
tamination with material of higher index of re-
fraction.

We have reinvestigated the reduction of ben-
zene and toluene by calcium ammonia, using both
the procedure of Dumanskii and that of Kazan-
skii. The composition of the product was the
same in both cases, but the Kazanskii procedure,
using pre-formed calcium ammonia, gave the
better yields (as there was less loss of product by
entrainment). The product was found to be a
mixture, and could not be separated into the pure
components by fractional distillation; therefore
a combination of chemical and physical methods
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was used to identify the components. In the case
of benzene the physical constants and hydrogena-
tion data showed the substantial absence of dienes,
and indicated that the product contained ap-
proximately 759, of cyclohexene and 259, of
benzene. Raman spectra measurements’ con-
firmed these results, showing the presence of
70~75%, of cyclohexene and 25-309%, of benzene,
and the absence of other compounds.

In the case of toluene, the physical constants
indicated that the product contained 20-309, of
toluene and that the balance was a mono-olefin.
When, however, quantitative hydrogenation and
bromination experiments were carried out on this
material, the results showed the presence of but
0.35-0.4 double bond per molecule. This dis-
crepancy was resolved by Raman spectra data;
Dr. Murray reported that ‘“‘practically every
(Raman) line can be accounted for if the material
is assumed to be a mixture of 309, toluene, 409
1-methyl-1-cyclohexene and 309, 4-methyl-1-
cyclohexene.””® Lozovoi and D’yakova® have
also found a steric hindrance to hydrogenation of
1-methyl-1-cyclohexene; this olefin is also appar-
ently resistant to saturation by bromine. This
steric hindrance of 1-methyl-1-cyclohexene and
related olefins is now being investigated in more
detail. Kazanskii and his co-workers®® were in
error in assuming that alkylbenzenes yielded
solely the 1-alkyl-1-cyclohexenes. )

It was not found possible to obtain any identi-
fiable amount of a dihydrobenzene. When either
benzene or toluene was treated with a deficiency
of calcium ammonia, the product was a mixture
of aromatic hydrocarbon and mono-olefin, with a
larger proportion of the aromatic compound than
when more reducing agent was used.

The Russian workers did not investigate the
action of calcium ammonia on dialkylacetylenes.
It would be predicted, however, that acetylenes
would be reduced by this reagent, since they are,
in general, more easily attacked than aromatic
hydrocarbons. Since the mechanism is probably
similar to that proposed for other chemical re-
ductions,!® the frans olefins should be formed.
This was found to be the case: "dipropyl, dibutyl
and butylethylacetylenes were readily reduced by
calcium ammonia, and in each case the product
was shown to be the corresponding frans olefin,
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by comparison with the frans olefins synthesized
earlier by Campbell and Eby.11.12

TaBLE I
REDUCTION OF DIALKYLACETYLENES BY CALCIUM
AMMONIA
B. p.
Yield, Press,. F, é:.,
Olefin formed % mm, %D d, °C.
trans 3-octene 67 122 739 1.4122 0.7156 —106
122.4% 741°  1.4124¢ ,7163% —108°
trans 4-octene 85 121.5° 740 1.4113 7144 - 98
121.4% 7395  1.4116° .7147¢ — 946
trans 5-decene 91 170 740  1.4235  ,7406 - 73
170.26 739% 1.4235% 7401 -— 736

o These were obtained by Campbell and Eby!1:13 on
trans olefins prepared by reducing dialkylacetylenes with
sodium - in liqiid ammonia.

We are continuing our work on the chemical
reduction of unsaturated hydrocarbouns, including
aromatic hydrocarbons.

Experimental

Reduction by Calcium Ammonia—Method A.—Fif-
teen grams of calcium turnings was placed in a 500-ml.
flask equipped with an inlét tube, separatory funnel and
reflux condenser, and protected from moisture. The
flask was placed in a bath of liquid ammonia, and dry
ammonia gas (distilled from sodium) was admitted to the
reaction flask under a slight positive pressure. When all
the calcium was used up (this required two to two and one-
half hours) the cooling bath was removed and the excess
ammonia was allowed to evapnrate. The last traces of
ammonia were removed by pumping the system at 100 mm,
and 22° (The vapor pressure of calcium ammonia,
Ca(NHy)s, is 100 mm., at 22°,1%) The unsaturated hydro-
carbon, dissolved in two to three volumes of sodium-dried
ether, was then added to the solid residue, and the reac-
tion mixture was allowed to stand for twenty-four hours.
The pasty mass was extracted with several portions of an-
hydrous ether, and the extracts were filtered under slight
suction to remove calcium amide.!* The ether extract
was washed with water, dilute hydrochloric acid and dilute
sodium carbonate solution. It was dried over potassium
carbonate and distilled through a small helix-packed col-
umn of the Fenske-Whitmore type.

Method B.—The hydrocarbon, in anhydrous ether solu-
tion, was placed in a 3-neck flask containing calcium.
The flask, which was equipped with a gas inlet tube, reflux
condenser and mercury-sealed stirrer, was cooled in a bath
of liquid ammonia and dry ammonia gas (distilled from
sodium) was passed into the reaction mixture slowly
for about four hours. The cooling bath was then removed,
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and the mixture was allowed to stand overnight. It was
then worked up as described under Method A.

Reduction of Benzene.—When 0.25 mole of benzene
and 0.87 mole of calcium reacted, using either Method A or
Method B, the product had b. p. 81° #2p 1.4500, 4%,
0.8134. A 0.01-mole sample absorbed 0.0077 mole of hy-
drogen over Raney nickel at room temperature and 3
atmospheres pressure. The material did not give an addi-
tion compound with maleic anhydride, and no tetrabromide
could be obtained, showing the substantial absence of
dienes. It did yield a dithiocyanate, m. p. 57-58°, which
did not depress the melting point of cyclohexene ditHio-
cyanate, m. p. §8°.1% The hydrogenation data, and the in-
dex of refraction and density, indicated a composition of
approximately 75% of cyclohexene and the balance of
benzene. Raman spectra measurements showed the com-
position to be about 25-309, of benzene and 70-75% of
cyclohexene, and showed that no appreciable amounts of
other substances were present.

The yield by Method A was 65%,. by Method B, 32%,;
in this case there was considerable loss of hydrocarbon by
entrainment with ammonia.

Reduction of Toluene.—In this case also sibstantially
the same results were obtained by either method. In a
typical experiment 0.87 mole of calcium and 0.256 mole of
toluene reacted by Method A. The product, obtained in
15-g. yield, had b. p. 105-107°, »2p 1.4540, d?, 0.8135.
A 0.01-mole sample absorbed 0.0035 mole of hydrogen over
Raney nickel. In the dark, at 0°, a 0.1 mole sample ab-
sorbed 0.04 mole of bromine. No solid bromine deriva-
tive could be isolated. The hydrogenation and bromina-
tion data thus obtained were not in accord with the phys-
ical constants, which indicated about 709, of mono-olefin.
Practically every line of the Raman spectra can be ac-
counted for if the sample is assumed to be a mixture of
toluene (309%,), 4-methyl-l1-cyclohexene (30%) and 1-
methyl-1-cyclohexene (409,). Since the spectrum of 3-
methyl-1-cyclohexene has not been reported, it is not pos-
sible to say whether any of this isomer was present.

Reduction of Dialkylacetylenes,—With these substances
Method B gave much better results than Method A.
Usually 0.12 mole of the dialkylacetylene, and 15 g. of
§a1cium were used. The results are summarized in Table

Summary

1. The reduction of benzene, toluene and three
dialkylacetylenes by calcium ammonia has been
investigated.

2. Benzene has been found to give cyclohexene
as the sole reduction product, contaminated with
unreduced benzene.

3. Toluene has been found to yield a mixture
of two mono-olefins, identified by Raman spectra
as l-methyl-1-cyclohexene and 4-methyl-1-cyclo-
hexene.

4. Dialkyl acetylenes are reduced by calcium
ammonia to the corresponding irans olefins.
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