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evolved slowly on standing and the spectrum
changes to that of I; ‘‘crotyl bromide” reacts
analogously. That an unstable acylcobalt tetra-
carbonyl is formed initially in these reactions has
been shown by treating NaCo(CO), with vinyl-
acetyl chloride at 0°. The initial reaction mixture
shows the 5.8 u band, but on standing about 2
moles of carbon monoxide is evolved and distil-
lation yields pure I. The course of the reaction
can be represented by the equations [+ o
+

CHy==CHCH,Br + NaCo(CO); —> CH==CHCH;Co(CO),

—coTlco

CH,==CHCH,COC1 + NaCo(CO); —>
CH==CHCH.COCo(CO),
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KINETICS OF THE METAL-AMMONIA-ALCOHOL
Si REDUCTION OF BENZENE
.’

In a recent paper! we reported (1) that the reduc-
tion of benzene with stoichiometric quantities of
lithium and ethanol followed over all third-order
kinetics, and (2) that the individual orders with
respect to alcohol and lithium in the lithium-
ammonia—¢-butyl alcohol reduction of benzene were
unity, as determined by the method of initial rates.
We concluded? that the rate law governing this
type of reaction is

—d(ArH)/d¢ = k(ArH)(M)(ROH) (1)
Our evidence has been criticized by Eastham,
Keenan and Secor? on the grounds that competing
hydrogen evolution would invalidate the kinetic
TaBLE I

INITIAL REDUCTION RATES OF BENZENE WITH LITHIUM AND
t-ButyL ALcoHOL IN L1QuIip AMMONIA-6%, ETHYL ETHER

Moles of

dihydro-

Tinte in benzene

Run [CeHe) [Li) [t-BuOH] sec. produced
1° [0.062] [0.124] [0.124] 50 0.0023
100 0.0038

27 [0.124] [0.124] [0.124] 50 0.0043
100 0.0077

3" [0.062] [0.248] [0.124] 50 0.0044
100 0.0080

4° [0.062] [0.124] [0.248] 50 0.0046
100 0.0079

¢ Data quoted under Runs 1 and 2 are averages of dupli-
cate runs. Runs 3 and 4 are single runs; however, f.
Table III, reference 1.

analysis in the first of the above studies. How-
ever, our preliminary experiments! indicated a

(1) A, P. Krapcho and A. A, Bothner-By, Tars JOURNAL, 81, 3658
(1959).

(2) The conclusion rested on the basis of the two cited pieces of
evidence. No conclusions concerning the form of the kinetic law were
drawn from data on reductions with sodium or potassium. These
runs were made for the purpose of comparing rates of reduction with
different alkali metals, and are discussed in a separate section of our
paper.

(3) J. F. Eastham, C. W. Keenan and H. V. Secor, THIS JOURNAL,
81, 6523 (1950
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high yield (949,) of dihydrobenzene from the
lithium—-ethanol reduction so that the slight down-
ward deviation expected in the third-order plot
(visible in our published data) would be insufficient
to obscure the third-order adherence.?

We have nevertheless redetermined the orders
with respect to the three reactants benzene, lithium,
and f-butyl alcohol, by the method of initial rates,®
a method insensitive to the presence of minor side
reactions. Experimental techniques were as pre-
viously reported.!

Our data are presented in Table I. It is ob-
served that doubling the concentration of each
reactant doubles the initial reduction rate within
experimental error. Therefore, the concentration
of each reactant enters the rate law in the first
power. Our conclusions based on the previous
study are thereby confirmed.

In our study of the effect of proton source,
nature of metal, and added salts,! the rate constants
for the slow reductions with sodium and potassium
were calculated from the slopes of third-order plots
covering a small fraction of reaction. In these
cases, hydrogen evolution can compete more
effectively,? and the quoted rate constants are
probably low by 20-309, for the sodium reductions
and by a factor of 2-3 for the potassium reduction.

Our conclusions with respect to mechanism are
unaffected by these differences.

Acknowledgment.—We wish to thank Professors
J. F. Eastham and C. W. Keenan for making
copies of their manuscript available to us before
publication,

(4) We are unable to account for the discrepancy between our find-
ings and that reported by Eastham, e al.,2 who, for lithium reduction,
found 129, hydrogen evolution at a time when only 609 of the benzene
was reduced. We have repeated their measurements of hydrogen
evolution during the sodinm—ammonia—ethanol reduction of benzene,
using vacuum line techniques in order to reduce initial concentrations
of water, oxygen, peroxides, or other catalytic species, and have found
15% hydrogen evolution after 2700 sec. It is not clear, however,
whether this lower value reflects lower initial rates of hydrogen evolu-
tion, or merely a subsequent deceleration, as noted in an earlier paper
(J. F. Eastham and D. R. Larkin, ¢bid., 81, 3652 (1959)).

(5) R. Livingston, in “Techniques of Organic Chemistry,” Vol.
VIII, Interscience Publishers, New York, N. Y., 1953, p. 183 ff.
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A. P. KRAPCHO
A. A. BoreNER-BY

A NEW SYNTHESIS FOR HEXASILICON
TETRADECACHLORIDE,! S{,Cl,,

Sir:
In the presence of trimethylamine,? disilicon
hexachloride, Si,Cls, undergoes a quantitative

(1) The authors gratefully acknowledge the partial support of this
project by a Research Corporation Frederick Gardner Cottrell Grant.
This work was presented in part at the 133rd meeting of the Ameri-
can Chemical Society.

(2) With pure SisCls at room temperature a small trace of amine is
sufficient. The disproportionation is inhibited by TiCli and O..
These inhibitions can be overcome by the use of larger amounts of
amine. In this case, however, the resulting SisClis is contaminated
with titanium complexes or chlorosiloxanes and the net yield is dimin-
ished by losses during purification, effected by sublimation in vacuo
at 125° or by recrystallization from trichlorosilane or diethyl ether
solutions



