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was placed in the freezer (—20°). The crystalline material
which separated was collected (3.0 g.) and recrystallized from
acetonitrile to vield 2.3 g. (55% yield) of the pure salt. The
infrared spectrum was identical to that of an authentic sample of
this salt.*

B. Tetraethyl Ethylenetetracarboxylate (II).—The following
reaction illustrates a typical procedure, and the pertinent data
for the other reactions can be found in Table I.

A solution of diethyl dibromomalonate (8.0 g., 0.025 mole) and
gsodium trichloroacetate (4.7 g., 0.025 mole) in 25 ml. of 1,2-
dimethoxyethane was refluxed under a nitrogen atmosphere for
1 hr. The v.p.c. analysis of the mixture using a 12-ft. column
of 209 tritolyl phosphate on chromosorb W indicated the
presence of 29, carbon tetrachloride and 109 bromotrichloro-
methane in the solvent (raw data). The precipitated salt was
filtered from the hot solution and washed with ether. The sol-
vent was removed in vacuo and an ethanol-hexane mixture (20
ml.) was added to the resultant red oil. After standing in the
freezer overnight, pale yellow crystals separated. Recrystalliza-
tion from ethanol-hexane yielded 2.6 g. (669 yield) of the
pure produet of m.p. 52-53° (lit.* m.p. 52-53°).

C. Triethyl 1,2,3-Tricyanocyclopropane-1,2,3-tricarboxylate
(I1I).—FEthyl bromocyanoacetate (10 g., 0.05 mole) and sodium
trichloroacetate (9.7 g., 0.05 mole) were refluxed in 50 ml. of 1,2-
dimethoxyethane under a nitrogen atmosphere for 1 hr. The
solid (3.0 g.) was filtered from the hot solution and washed with
hot solvent. The filtrate was concentrated to a red oil. Ethanol
(15 ml.) was added and the mixture was allowed to stand in the
freezer overnight. The crystalline solid was collected (3.5 g.,
509, yield) and had m.p. 122-123° (lit. m.p. 122-123°). The
infrared spectrum was identical to that of an independently
prepared sample.”

The ethyl dibromocyanoacetate run was performed in the
same manner using a longer reflux peried.
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Among the compounds isolated by Kipping from the
reaction of dichlorodiphenylsilane with sodium, was a
material which he designated as compound “A”.1 In
order to explain the high reactivity of this compound
in free radical-type reactions, he assigned to Compound
“A” a biradical structure (...SiPh,SiPh,SiPh,SiPhs,...).12
However, this compound has recently been shown to be
octaphenyleyclotetrasilane (I).> The high reactivity

th?i SiPh,
Ph,Si SiPh,

I

of T has been attributed to the strained four-membered
ring system. Ior example, I is readily cleaved by cer-
tain metal* and nonmetal® halides, halogens,?’® organ-
ometallic compounds,” and by numerous polyhalo-

(1) F. 8. Kipping and J. E. Sands, J. Chem. Soc., 119, 830, 848 (1921).

(2) (a) F.S. Kipping, tbid., 128, 2590 (1923); (b) 125, 2291 (1924).

(3) (a) H. Gilman, D. J. Peterson, A. W. P. Jarvie, and H. J. S. Winkler,
J. Am. Chem. Soc., 82, 2076 (1950); (b) A. W. P. Jarvie, H. J. S, Winkler,
D. J. Peterson, and H. Gilman, ibid., 83, 1921 (1961).

(4) H. Gilman and A. W. P, Jarvie, Chem. Ind. (London), 965 (1960).

(5) W. H. Atwell, unpublished studies.

(6) J. M. Kraemer, unpublished studies.
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organic compounds.® In addition, I was found to re-
duce an ethanolic silver nitrate solution at room tem-
perature.® A similar reduction previously has been re-
ported for the strained ring compounds, 1,1,3,3-tetra-
methyl-1,3-disilacyclobutane.! Under the same con-
ditions, we obtained no observable reduction with deca-
phenyleyclopentasilane.®

We now wish to report the cleavage of I by mercuric
acetate to give 1,4-diacetoxy-1,1,2,2,3,3,4,4-octaphenyl-
tetrasilane (II). An alternate synthesis of II was
achieved by heating 1,1,2,23,3,4,4-octaphenyltetra-
silane (III1)!® and mercuric acetate in glacial acetic
acid.* In addition, 1T was obtained by refluxing the
previously described 1,4-dichlero-1,1,2,2,3,3,4,4-0cta-
phenyltetrasilane (IV)2b-$ in acetic anhydride.'? Iur-
ther proof of structure was obtained by hydrolysis of 11
to the monoxide V.
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The infrared and n.m.r. spectra of II also were exam-
ined and found to be in agreement with the proposed
structure.

When either hexaphenyldisilane or decaphenyleyclo-
pentasilane® was treated with mercuric acetate under
even more forcing conditions, the starting materials
were recovered in good yields. Under such conditions
where silicon-silicon bond cleavage is not observed,
it may be possible to employ mercuric acetate to effect
nuclear substitution.

Experimental®

1,4-Diacetoxy-1,1,2,2,3,3,4,4-octaphenyltetrasilane (II). From
Octaphenylcyclotetrasilane (I) and Mercuric Acetate.—Fifteen
grams (0.02 mole) of octaphenyleyclotetrasilane and 13.1 g.
(0.041 mole) of mercuric acetate in ca. 150 ml. of sodium-dried
benzene were heated at reflux for 24 hr. A small amount of
mercury was observed on the bottom of the flask. The tan
mixture was cooled and filtered. Evaporation of the solvent
gave 16.62 g. (95.8%) of a light yellow solid, m.p. 212-234°.
Recrystallization from a mixture of benzene and petroleum ether
(b.p. 60-70°) gave 13.1 g. (79%) of a white solid, m.p. 233-235°.
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This material was heated under vacuum at 100° for 1 hr. prior to
analysis.

Anal. Caled. for CHyO,81: C, 73.79; H, 5.43; Si, 13.26.
Found: C, 73.97, 73.98; H, 5.63, 5.54; Si, 13.20, 13.15.

The infrared spectrum showed the bands at 5.8 and 8.2 u
characteristic of the acetate group.!®* The n.m.r. spectrum gave a
ratio of aromatic to aliphatic protons of 6.57 (calculated value,
6.67). The methyl groups gave the expected singlet which ap-
peared at 8.28 7.

From 1,1,2,2,3,3,4,4-Octaphenyltetrasilane (III} and Mercuric
Acetate.—A mixture of 3.0 g. (0.0041 mole) of 1,1,2,2,3,3,4,4-
octaphenyltetrasilane and 2.58 g. (0.0082 mole) of mercuric
acetate in 100 ml. of glacial acetic acid was refluxed for 12 hr.
Filtration of the cooled reaction mixture gave 1.3 g. (799%) of
mercury and 3.3 g. (95.59%) of a white solid, m.p. 205-230°.
Recrystallization of this material from benzene-petroleum ether
(b.p. 60-70°) afforded 2.5 g. (729,,) of product, m.p. 233-235°.
A mixture melting point with an authentic sample of 1,4-di-
acetoxy-1,1,2,2,3,3,4,4-octaphenyltetrasilane was not depressed
and the infrared spectra were superimposable.

From 1,4-Dichloro-1,1,2,2,3,3,4,4-octaphenyltetrasilane (IV)
and Acetic Anhydride.—A mixture of 5.0 g. (0.00625 mole) of
1,4-dichloro-1,1,2,2,3,3,4,4-octaphenyltetrasilane in 50 ml. of
acetic anhydride was refluxed for 24 hr. Filtration gave 4.0 g.
(809,) of unchanged starting material, m.p. 185-187° (m.m.p.).
Evaporation of the solvent from the filtrate gave 0.85 g. (16%) of
white solid, m.p. 230-235°. Recrystallization from benzene-
petroleum ether (b.p. 60-70°) afforded 0.75 g. (149) of product,
m.p. 233-235° (m.m.p.).

Hydrolysis of 1,4-Diacetoxy-1,1,2,2,3,3,4,4-octaphenyltetra-
silane (II).—A mixture of 3.0 g. (0.0035 mole) of 1,4-diacetoxy-
1,1,2,2,3,3,4,4-octaphenyltetrasilane and 50 ml. of ca. 0.5 N
hydrochloric acid was refluxed for 48 hr. Filtration gave 2.5 g.
(91.29,) of white solid, m.p. 230-234°. Recrystallization from
benzene-petroleum ether (b.p. 60-70°) raised the melting point
to 234-236° (879,). A mixture melting point with an authentic
sample of monoxide was not depressed. The infrared spec-
trum showed the strong band at 10.45 u previously reported for
this strained cyclic siloxane.?

Reaction of Hexaphenyldisilane with Mercuric Acetate (At-
tempted).—A mixture of 5.2 g. (0.01 mole) of hexaphenyldisilane
and 6.37 g. (0.02 mole) of mercuric acetate in 100 ml. of sodium-
dried benzene was refluxed for 72 hr. Filtration gave 8.0 g. of
solid, m.p. 270° dec. This material was extracted with hot
water and filtered to give 5.0 g. (969%,) of recovered starting
material, m.p. 365-367° (m.m.p.).

Reaction of Decaphenylcyclopentasilane® with Mercuric Ace-
tate (Attempted).—A mixture of 10.0 g. (0.011 mole) of deca-
phenyleyclopentasilane and 7.01 g. (0.022 mole) of mercuric
acetate in 100 ml. of sodium-dried benzene was refluxed for 72
hr. Filtration gave 11.0 g. of solid, m.p. 275° dec. Extraction
of this material with acetone followed by filtration gave 8.5 g.
(859,) of recovered starting material, m.p. 456-462° (m.m.p.).
N0 other pure materials could be isolated.
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Incidental to an interesting study concerned with
the preparation of 10,11-dihydro-5-phenyldibenz [b,f]-

NoTEs

VoL. 28
/ N
X ==
I, X = AS, R = CeHs—
I, X = P,R = CsHe

arsepin (I) and the analogous phosphepin (I1), it was
reported! that a di-Grignard reagent could not be pre-
pared from 2,2’-dibromodibenzyl (I1I) in diethyl ether.
In view of the subsequently established successes in
preparing some Grignard reagents in tetrahydrofuran
by the general procedure of H. Normant,? we examined
this solvent as a reaction medium in place of diethyl
ether.

We now wish to report that III reacts with magnes-
ium in tetrahydrofuran to give a soluble di-Grighard
reagent. Carbonation of this di-Grignard compound
gave a 689, yield of dibenzyl-22’-dicarboxylic acid.?
In addition, reaction of the di-Grignard reagent with
dichlorodiphenylsilane yielded the previously deseribed
10,11-dihydro-5,5-diphenyldibenzo [b,f]silepin (I1v).
The yield of 1V, although low, was comparable to that
obtained employing 2,2’-dilithiodibenzyl?* and dichloro-

diphenylsilane.

CH, C.H
v

Experimental®

Dibenzyl-2,2’-dicarboxylic Acid.—Five milliliters of a solution
of 5 g. (0.0147 mole) of 2,2’-dibromodibenzy! in 50 ml. of tetra-
hydrofuran was added to 2.43 g. (0.1 g.-atom) of magnesium and
2-3 drops of ethyl iodide. The reaction mixture was refluxed for
510 min. at which time a gray color developed and color test I®
was positive. The external heat was removed and the addition
was continued at a rate sufficient to maintain an exothermie
reaction. After dissipation of the heat of reaction, the mixture
was stirred for 1 hr., decanted through a glass wool plug into
a Dry Ice-ether slurry, and allowed to warm to room tempera-
ture. Extraction of the organic layer with dilute base followed
by acidification yvielded 2.5 g. (68%;) of dibenzyl-2,2’-dicarboxylic
acid, m.p. 229-231° (lit.® m.p. 226-228°).

10,11-Dihydro-5,5-diphenyldibenzo[b, f]silepin.-—A tetrahydro-
furan solution containing 0.014 mole of the di-Grignard reagent
was slowly added to 3.54 g. (0.014 mole) of dichlorodiphenylsilane
in 40 ml. of tetrahydrofuran. Color test I was strongly positive
after addition. The reaction mixture was refluxed gently for
24 hr. at which time the color test was negative. Acid hydrolysis
followed by the usual work-up gave an oil which was chromato-
graphed on alumina. Elution with petroleum ether (b.p. 60~
70°) gave 0.51 g. (109%) of product, m.p. 174-175°, after one
recrystallization from ethanbdl-petroleum ether (b.p. 60-70°).
A mixture melting point with a known sample! was not depressed
and the infrared spectra were identical.

We have found that the n.m.r. spectrum of this compound con-
tains a sharp singlet at 6.83 = with a relative area consistent with
the presence of four benzylic protons. In addition, the aromatic
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