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tion and rearrangement of these nitritoammine
complexes. Other metal systems are also being
Investigated to see whether additional examples
of linkage isomerism can be obtained.
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PREPARATION OF TETRABORON SILICIDE, B.Si
Sir:

Much effort is being expended today in the search
for high temperature, oxidation resistant materials.
In this respect, we wish to report for the first time
the preparation in large quantities of a new silicide
of boron, tetraboron silicide, B,Si.!

The question of compound formation in the
system boron-silicon has been reviewed recently
by Cline? in his paper on investigations of BeSi.
We have not observed any evidence to date for the
existence of BsSi as first reported by Moissan and
Stock?® and more recently by Samsonov and Laty-
sheva.* Only the presently reported B,Si® and
the known B¢Si have been found.

BsSi is prepared by heating the elements in an
inert atmosphere at temperatures not exceeding
1370°. Above this temperature, B,Si is thermally
unstable; and the interesting phase transforma-
tion B,Si — BgSi is now being studied.

Amorphous boron of 83 to 959, purity has been
used, each material giving the identical product.
Crystalline silicon of 989, purity was used. An
intimate mixture of 500 g. of 86.69, boron$ (40
moles) and 574 g. of 987 silicon,” 4200 mesh,
(20 moles) was placed in a large metallurgical fire
clay crucible of the sillimanite type® and heated
in an electrical resistance-type furnace in argon
atmosphere to 1370° over 4-5 hours, soaked at
1370° for 2-3 hours, and furnace cooled.

The product consisted of a glassy, slag-like top
and an inner, black friable core. The latter was
powdered readily and sieved through a 325 mesh
screen, the fine portion being shown by X-ray
powder diffraction patterns to be B,Si plus traces
of BeSi. Tetraboron silicide is readily distinguish-
able from hexaboron silicide by its X-ray powder
pattern,® the six strongest lines (d A.) and respective
intensities being: 4.15, 30; 2.75, 90; 2.67, 100;
1.606, 50; 1.582, 30; 1.510, 30. Chemical analysis
of the fine fraction showed B, 60.6%,; Si, 36.89,
and Mg, 0.65%. The B/Si molar ratio is 4.28,
slightly larger due to the presence of traces of BgSi
than the expected value of 4.00 required for B,Si.
Yields of B4Si of 50-809, based on boron, have been
achieved by proper choice of reaction conditions.

(1) The writer prefers the nomenclature *‘tetraboron silicide” in
coutrast to ‘“‘silicon tetraboride'’ in consistency with the boron~carbon
system in which B4C is called *boron carbide.”

(2) C. F. Cline, J, Electrochem, Soc., 108, 322 (1959),

(3) H. Moissan and A. Stock, Compt. rend., 131, 139 (1900).

(4) G. V. Samsonov and V, P, Latysheva, Doklady Akad. Nauk
S.5.5.R., 105, 499 (1955), Chem. Abstr., 50, 7639hL (1956).

(5) V. I. Matkovich, Acta. Cryst. (1959). The complete crystal
structure of B4Si has been submitted for publication.

(6) From F. W. Berk and Co., Wood-Ridge, N, J., and Maetslsalts
Corp., Hawthorne, N. 7.

(7) Union Carbide Metals Co,

(8) Denver Flee Clay Co,, Danver, Golg,
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It seems very likely that B,Si completely free of
BeSi can be prepared by the reaction of the ele-
ments in inert atmosphere for periods longer than
2-3 hours at temperatures helow 1370° and above
about 1200°. Such studies are now in progress.
B,Si is highly oxidation resistant due to the
formation of a protective boron-silicon—-oxygen
coating which first forins upon exposure of the
material to air at elevated temperatures. Shapes
fabricated from B,Si by powder metallurgical
techniques have withstood oxidation in air for over
100 hours at 1370° and showed excellent thermal
shock resistance, no cracks being observed when
pieces were removed from 1370° to room tempera-
ture numerous times. The ceramic properties of
B.Si are now being investigated.
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REARRANGEMENT AND FRAGMENTATION
REACTIONS IN CARBENOID DECOMPOSITION OF
DIAZO HYDROCARBONS

Sir:

Tosylhydrazones of aliphatic aldehydes and ke-
tones react with bases in aprotic solvents to give
diazo compounds."? The diazo compounds un-
dergo thermal carbenoid decomposition!-2 with loss
of nitrogen to vield olefins derived from hydrogen-
nigration and cyclopropanes by intramolecular-
insertion.! Carbon-skeleton rearrangement did
not occur appreciably even in systems involving
tert-butylcarbenes. Rearrangement in carbenoid
decomposition of diazo ketones is quite common,
however.?

It is now reported that cyclopropanecarboxalde-
hyde tosylhydrazone! reacts with sodium meth-
oxide in diethyl Carbitol or N-methylpyrrolidone
at 180°% to yield (Equations 1-2) cyclobutene
(60, 679:)% by ring-expansion, ethylene (13, 10%)
and acetylene (13, 109%) by carbon-skeleton frag-
mentation, and 1,3-butadiene (4.5, 7%) by ring-
rupture.feb  Nethylenecyclopropane was not de-
tected.®® Formation of cyclobutene is thus a
prime example of extensive carbon-skeleton rear-
rangement in a simple carbenoid system.” De-

(1) L. Friedinan and H. $hechter, TEIS JOURNAL, 81, 5312 (1959),
L. Friedman, Ph.D. Dissertation, The Ohio State University, 1939,

(2) Similar conclusions have beenreached by J. W, Powell and M. C.
Whiting, Tetrahedron, T. 305 (1959).

(3) W.E. Bachmann and W. 8. Struve, **Organic Reactions,’” Vol. I,
Chapter 2, John Wiley and Sons, Inc,, New York, N. Y., 1942, p. 38,

(4) All tosylhydrazones gave satisfactory analyses.

(3) (a) The tosylhydrazones and sodium methoxide were added to
the solvent at 25°, allowed to stand for a few minutes and then heated
at 180°. Decomposition is complete in less than 5 min. (b) The
tosylhydrazones decompose to hydrocarbons in excellent yields: the
percentages reported herein are actual product compositions.

(6) (a) The hydrocarbons were analyzed, separated, and identified
by gas-chromatographic and subsequent infrared methods: compari-
sons were made with autlientic samples. (b) Minor amounts of other
hydrocarbons aiso were obtained.

(7) (a) L. Hellerman and R. L. Carner, TuHIs JovrNaL, 87, 139
(1935), report that thermal decomposition of 1-diazo-2,2,2-triphenyl-
ethane gives triphenyiethylene. It i{s thus apparent that phenyl
migration occurs in triphenylmethylcarbene systems. (b) W. von E.
Doering and P. M. LaFlamme, Tetrahedron, 2, 75 (1958), raise the
question that reaction of 1,1-dibromocyclopropanes with magnesium
of podivm to give nllenes meay invelve carbenocid processes.



