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tions para to one or the other of the two sulfur at-
oms. Considering that the bromination should oe-
cur at one or more of the para positions 4 it
is seen that the treatment of 11 with bromine should
give one monobromo-, two dibromo-, one tribromo-
and one tetrabromothianthrene. Hence, in the
formation of a tri- or tetrabromothianthrene the
difficulty of obtaining a sharp-melting product
would not be encountered. We found that II and an
excess of bromine gave a 419, yield of 2,3,7,8-
tetrabromothianthrene (V), melting at 291-292°.
The same product was also obtained in 287 yleld
by the action of two molar equivalents of b1 omine
on ITI. Oxidation of V with hydrogen peroxide gave
an excellent yield of 2,3,7,8-tetrabromothianthrene-
5,3,10,10-tetroxide (VI), melting at 357-358° with
decomposition.
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Thianthrene-5-oxide,? like other sulfoxides such
as dibenzothiophene-3-oxide? and 10-ethylpheno-
thiazine-5-oxide,* is reduced during the process of
bromination. Thianthrene-5,5-dioxide, a sulfone,
does not react with bromine.? It was considered in-
teresting to study the action of bromine on thian-
threne-5,5,10-trioxide (VII), which has both the
sulfoxide and the sulfone groups. Bromine was
found to have no action on VII when a mixture
of the two was refluxed for a period of 16 hours.
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EXPERIMENTAL?

Thianthrene (11) and bromine, To 6.48 g. (0.03 mole) of
118 was added 38.4 g. (0.24 mole) of bromine. The reaction
commenced immediately with the evolution of hydrogen
bromide. To the dark solid was added 20 ml. of glacial acetic
acid and the resulting red suspension was refluxed for 16
hr. The mixture was treated with a dilute solution of sodium
thiosulfate to remove the excess bromine. The white product
was filtered, washed with water, and dried to give 15.32 g.
of crude 2,3,7,8-tetrabromothianthrene (V) melting over
the range 247-264°. Two recrystallizations from xylene
(Norit-A) vielded 6.56 g. (41%) of nearly pure V melting

(4) H. Gilman and J. Eisch, J. Am.
3862 (1055).

(5) All melting points reported herein are uncorrected.

(6) K. Fleischer and J. Stemmer, Ann., 422, 265 (1921).
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at 288-290°, The analytical sample, obtained by an addi-
tional recrystallization from xylene, melted at 291-292°.

Anal. Caled. for C2HBr8:: Br, 60.08; S, 12.03. Found:
Br, 59.72, 59.53; 8, 12.02.

Thianthrene-5,10-dioxide (I111) and bromine. To 1.5 g.
(0.006 mole) of the a-form” of III8 was added 2 ml. of
bromine. To the resulting dark solid was added 5 ml. of
glacial acetic acid and the solution was refluxed for 5 hr.
A crystalline product began to crystallize out soon after the
solvent began to reflux. At the end of the reaction period
the mixture was cooled and treated with a dilute solution
of sodium thiosulfate to remove the unused bromine. The
white product was filtered, washed with water, and dried
to give 3.35 g. of the crude V. Successive recrystallizations
from chloroform and xylene yielded 0.9 g. (28%) of pure V
melting at 291-292°. A mixture of this product with that
obtained from IT and bromine melted undepressed.

2,8,7,8-Tetrabromothianthrene-5,5,10,10-tetrozide (VI). To
a hot suspension of 2.13 g. (0.004 mole) of V in 50 ml. of
glacial acetic acid was added a solution of 5 ml. of 309
hydrogen peroxide in 20 ml. of glacial acetic acid and the
suspension was refluxed for 4 hr. The mixture was cooled
and the white product was filtered and dried to give 2.25
g. (959,) of VI melting at 357-358° with decomposition.

Anal. Caled. for G, HBriO,S:: Br, 53.63; 8, 10.73. Found:
Br, 52.99, 52.91; S, 10.63, 10.61.

Thianthrene-5,5,10-trioxide (VII) and bromine. A mixture
of 2.64 g. (0.01 mole) of VIL,3 2 ml. of bromine, and 2 ml. of
glacial acetic acid was refluxed for 16 hr. The excess bromine
was destroyed with a dilute solution of sodium thiosulfate.
The white product was filtered, washed with water, and
dried to yield 2.52 g. (95%,) of crude VII melting over the
range 210-221°. Recrystallization from glacial acetic acid
vielded 2.14 g. (81%) of pure VII melting at 221.5-222.5°.
A mixture of the produet with authentic VII® melted unde-
pressed.
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Tetrasubstituted Higher Aliphatic
and Phenyl Silanes

R. H. Merx axp HENRY GIuMaN
Received Aug. 23, 1957

We wish to report the synthesis and physical prop-
erties of a number of new tetra-substituted silanes
prepared in connection with a study in this labora-
tory of the higher aliphatic silanes. These com-
pounds, Table I, were prepared by treatment of a
slight excess of a chlorosilane with an organolithium
compound according to the usual procedure.

(CsH5)e81CL, + 2RLI —> (CgH;):8iR, + 2LiCl

The intermediate organolithium compounds were
obtained directly by the action of lithium on n-
octyl-, 2-octyl-, 2-ethylhexyl- and 2-cyclohexyl-
ethylbromides in yields of 87, 76, 64 and 889, re-
spectively.
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EXPERIMENTAL!

n-Octyllithium.? A suspension of 13.7 g. (1.97 g.-atoms) of
lithium wire, cut into 2-3 mm. lengths, in 320 ml. of ethyl
ether was stirred at ~15 to —30° while a solution of 155
g. (0.8 mole) of n-octyl bromide in 100 ml. of ethyl ether was
added during 45 min. The temperature was maintained at
—15 to —30° for 2 hr. and then at —5 to 0° for 1 hr. After
filtration the yield was 877, as determined by the double
titration procedure.3

This method was also used for the preparation of 2-ethyl-
hexyllithinm and 2-cyclohexylethyllithium from 2-ethyl-
hexylbromide and 2-cyclohexylethyl bromide, respectively.

2-Octyllithium.* A solution of 74.3 g. (0.5 mole) of 2-octyl
chloride in 200 ml. of pure pentane was added during 3 br.
to a stirred refluxing suspension of 13.9 g. (2.0 g.-atoms) of
lithium foil in 200 ml. of pentane. The refluxing was con-
tinued for a further 2 hr. After filtration the yield was 769,
according to the double titration procedure.

General synthetic method. A. Preparation of triphenyl-n-
octylsilane. A suspension of 56 g. (0.19 mole) of triphenyl-
chlorosilane in 235 ml. of ethyl ether was maintained at
—20 to --10° while an ether solution of 0.21 mole of n-
octyllithivm was added during 15 min. The mixture was
allowed to come to room temperature and stirred for 10
hr., by which time Color Test I* was negative. After hydro-
lyzing the reaction mixture with cold dilute sulfuric acid,
the ether layer was separated, dried over sodium sulfate,
and distilled, giving a main fraction distilling at 182° (0.02
mm.) and melting at 72-74°. One recrystallization from
absolute ethanol gave 54 g. (769 ) melting at 73-75°.

Anal. Caled. for CyHspSi: Si, 7.54. Found: 8i, 7.51, 7.46.

This same procedure was used with all of the compounds,
Table I, with the exception of those prepared from silicon
tetrachloride,

B. Preparation of telra-n-octylsilane. A solution of 14.1
g. (0.083 mole) of silicon tetrachloride in 170 ml. of ethyl
ether was maintained at —20° while an ether solution of
0.39 mole of n-octyllithium was added rapidly. The mixture
was kept at room temperature for 10 hr. and then was
refluxed for 8 hr., by which time Color Test I was negative.
Working up as in procedure A gave a main fraction of 25.3 g.
(63%) distilling at 191-192° at 0.15 mm., n2f 1.4589, d2° 0.822.

Anal. Caled. for Cy:HesSi: 8i, 5.84. Found: Si, 5.86, 5.85.

Silicon analyses. The procedure usually used in this
laboratory,® in which about a 0.2-g. sample is wetted with a
few drops of nitric acid, digested with 1 ml. of concentrated
sulfuric acid, and finally ignited gave erratically low results
with some of these compounds. Successful analyses were
obtained oy digestion of the samples in covered Vycor
crucibles with 3 ml. of a 2:1 mixture of sulfuric and nitric
acids. Additional nitric acid was added as necessary to
complete the oxidation.

DEPARTMENT OF CHEMISTRY
Iowa Srate COLLEGE
Awmss, Iowa

(1) All melting and boiling points are uncorrected. All
operations involving organolithium compounds were carried
out under an atmosphere of dry oxygen-free nitrogen in
sodium-dried solvents.

(2) For a general reference to the preparation of aliphatic
lithium compounds see, H. Gilman, J. A. Beel, C. G.
Brannen, M. W. Bullock, G. E. Dunn, and L. S. Miller,
J. Am. Chem. Soc., 71, 1499 (1949).

(3) H. Gilman and A. H. Haubein, J. Am. Chem. Soc.,
66, 1515 (1944).

(4) D. &. Tarbell and M. Weiss, J. Am. Chem. Soc., 61,
1203 (193%), obtained a 569, yield from the chloride by a
similar procedure in ethyl ether solution.

(5) H. Gilman and F. Schulze, J. Am. Chem. Soc., 47,
2002 (1925).

(6) H. Gilman, B. Hofferth, H. W. Melvin, and G. L.
Dunn, J. dAm. Chem. Soc., 72, 5767 (1950).
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A Synthesis of 5-Ketolilolidine!
B. D. AsTiLL aND V. BOEKELHEIDE
Recetved August 27, 1957

Our interest in the synthesis of 5-ketolilolidine
(II) arose from the consideration that this com-
pound would be a useful intermediate in syntheses
directed toward apo-S-erythroidine and related
compounds.® Braunholtz and Mann have reported
the cyclization of aromatic cyanoethyl amines to
give ketojulolidine derivatives,®*® and it seemed
likely that N-(8-cyanoethyl)indoline (I) would un-
dergo cyclization in a similar manner to give 5-
ketolilolidine (II).
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Preparation of the starting material, N-(8-cy-
anoethyl)indoline, was readily accomplished by
the addition of acrylonitrile to indoline. However,
when N-(3-cyanoethyl)indoline was treated with
aluminum chloride and hydrochloric acid in chloro-
benzene, as described for the preparation of 1,6-
diketojulolidine,® the only apparent reaction was
one of dissociation to indoline and acylonitrile. The
conditions for effecting cyclizations of this type
seem to be quite eritical and eventually it was
found that, by the use of anhydrous aluminum
chloride in o-dichlorobenzene, 5-ketolilolidine could
be obtained consistently in yields varying from 8 to
139%. In the isolation procedure developed, 5-
ketolilolidine was separated from the other reaction
products by use of Girard’s reagent and a product
of high purity resulted. For purposes of characteri-
zation, the oxime and 2,4-dinitrophenylhydrazone
derivatives were prepared. Also, to establish its
identity, 5-ketolilolidine was reduced by the Wolff-
Kishner procedure and the properties of the product
were shown to be in agreement with those reported
for lilolidine.*

Because of the low yields encountered in the cy-
clization step, alternate methods were investigated
but without success. Hydrolysis of N-(8-cvano-
ethyDindoline occurred smoothly to give the cor-
responding acid, N-(B-carboxyethyl)indoline. But,

(1) Aided by a grant from the United Cerebral Palsy
Association, Inc.

(2) M. F. Grundon, G. L. Sauvage, and V. Boekelheide,
J. Am. Chem. Soc., 75, 2550 (1953).

(3) (a) J. T. Braunholtz and ¥. G. Mann, J. Chem. Soc.,
1817 (1933); (b) J. A. C. Allison, J. T. Braunholtz, and
F. G. Mann, J. Chem. Soc., 403 (1954).

(4) G. Barger and E. Dyer, J. Am. Chem. Soc., 60, 2411
(1938).



