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Orientation in Aromatic Compounds of Phosphorus.

II. Nitration of Diethyl

Benzenephosphonate

By GENNADY M. KOSOLAPOFF

Although the results of nitration of benzene-
phosphonic acid have been reported,’? the esters
of this acid have not been subjected to this reac-
tion. A study of the aromatic reactions of such
esters is of importance because of the ready avail-
ability of these derivatives by the modified Frie-
del-Crafts reaction.® In addition, the observa-
tions on the possible effect of the ester grouping,
in comparison with the free acid, may be expected
to be of interest.

Nitration of benzenephosphonic acid with fum-
ing nitric acid has been reported to yield the m-ni-
tro isomer.? The early work of Michaelis and his
co-workers,! in which the product was separated
from the unreacted material by a tedious crystal-
lization of its barium salt, indicated the forma-
tion of a product, which melted at 140°, described
as the para-derivative, without further proof of
structure. Nijk,? in making a more thorough in-
vestigation, showed that the compound reported
by Michaelis was the m-isomer; it should be noted
thact; the yield of the purified product was only 50—
609%.2

Preliminary experiments indicated that diethyl
benzenephosphonate nitrates much more slug-
gishly than dibutyl benzylphosphonate! in the
cold with either fuming nitric acid or with mixed
acid. Satisfactory nitration was performed, how-
ever, with fuming nitric acid at somewhat above
room temperature. Separation of the nitrated
product from the original material was readily ac-
complished by fractional distillation. The boil-
ing point spread of more than thirty degrees per-
mitted a much more rapid and convenient method
for the separation of unreacted material than the
previously reported procedures.’»? The product of
nitration showed a boiling range of several degrees,
which indicated the presence of isomeric nitro de-
rivatives; this range was much too narrow, how-
ever, for a practical separation of the isomers by
distillation. The nitrated product, therefore, was
either hydrolyzed to the free acid (mixture) and
the latter reduced to the amino derivative, or first
reduced to the amino acid ester (mixture) and
then hydrolyzed. The results were identical in
either case: 3-aminobenzenephosphonic acid was
isolated in pure state along with the 2-amino iso-
mer, which could not be obtained completely free
from the 3-isomer. The over-all yield of the amino
acid mixture from the nitro ester averaged 869.
Although the p-amino isomer was not detected, the
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formation of the p-nitro compound in the nitration
mixture is not excluded, because of the possibility of
decomposition of the phosphanilic acid. Unfortu-
nately, no data on such decomposition are available
at this time; however, it has been noted that the
yields of phosphanilic acid are severely reduced if
the ammonolysis, used in its synthesis, is unduly
prolonged. It is of interest to note that the mix-
ture of the nitrobenzenephosphonic acids melts at
the same temperature as the m-nitro isomer, as re-
ported by Nijk,? and several attempts to separate
this mixture by crystallization (from water or
from organic solvents), were fruitless. This fact
calls for a re-examination of the nitration prod-
ucts of the free acid, particularly in view of the
fact that the total yield of positively identified
products from such nitrations has been far below
the theoretical.

Experimental Part

Nitration of Diethyl Benzenephosphonate.—Nitration of
the ester under prev1ously reported conditions¢ gave but
15-20%, conversions. However, addition of 42.8 g. (0.2
mole) of diethyl benzenephosphonate to 130 ml. of fuming
nitric acid (d. 1.5) over one hour at 30-35° and stirring
at this temperature for one hour, followed by quenching
with ice-water, washing with water and dilute sodium
carbonate solution (after dilution with 300 ml. of ben-
zene), and distillation 7z vacuo, resulted in isolation of the
nitration products in the form of a pale yellow liquid,
which boiled at 135-145° at 0.5 mm.; the original ester
boils at 99-100° at 0.5 mm. In several experiments the
average yield of the product was 35 g. (67.5%), with
recovery of 7 g. of unreacted ester.

Identification of the Products.—Reduction of the
nitrated product (15 g. ) by addition to a mixture of 38 g.
of iron filings and 45 ml. of 8%, acetic acid w1th vigorous
stirring at 60-70°, followed by stirring at 80° for forty-
five minutes, resulted in isolation, after neutralization
with sodium carbonate, extraction with benzene and
washing with water, of the isomer mixture of diethyl
aminobenzenephosphonates in the form of an oil, which
could not be distilled or crystallized. Hydrolysis of this
mixture by boiling concentrated hydrochloric acid (150
ml.) for four hours, followed by the removal of the bulk
of hydrochloric acid ¢# vacuo and careful neutralization
of the residue to a weak congo red end-point by means of
sodium carbonate, gave 8.6 g. (86%,) of the mixed 2- and
3-aminobenzenephosphonic acids, in the form of a color-
less, very sparingly soluble, crystalline powder. The
decomposition range, 290-296°, of this material indicates
the absence of appreciable amounts of the para isomer,
which develops a characteristic blue decomposition color
at lower temperatures. In addition, its characteristic
acetyl derivative could not be detected following Bauer’s
method of preparation.®

Treatment of this mixture (1.73 g.), in water containing
just enough hydrochloric acid to give a clear solution,
with bromine resulted in isolation of 0.9 g. of 2,4,6-
tribromoaniline (27%), m. p. 118°, and 2.5 g. of 2,4,6-
tribromo-3-aminobenzenephosphonic acid (61%), which
decomposed at 222-223° (Nijk? reports 222°), The
former substance forms as a result of dephosphonation of
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2-aminobenzenephosphonic acid. Repeated fractional
crystallization of the amino acid mixture from water
resulted in isolation of the 3-isomer, in the form of color-
less needles, which decomposed at 290-202° (heated
block); this product gave no detectable amounts of tri-
bromoaniline on treatment with bromine water. The
2-isomer could not be freed of the 3-isomer completely
and the material always gave small amounts of the above-
mentioned tribromoaminobenzenephosphonic acid with
bromine water, in addition to the normally expected
tribromoaniline; this imperfect material showed a de-
composition range of 294-296° (heated block).
Hydrolysis of the mixed diethyl nitrobenzenephos-
phonates (20 g., 0.0775 mole) by boiling with concentrated
hydrochloric acid (175 ml.) for five hours resulted in isola-
tion of 11-12.5 g. (78.5-89.5%) of the free acid mixture,
which after crystallization from benzene-ether-ligroin
mixture melted at 138-139°. This mixture, in the form
of fine, almost colorless needles, could not be resolved into
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its components by ecrystallization. Reduction with
alkaline sulfide, according to the previously described
procedure,® gave the amino acid mixture similar to the one
described above.

Acknowledgment.—The writer wishes to ex-
press his gratitude to Professor R. L. Shriner,
who pointed out some time ago the possibility of
non-homogeneous nature of Nijk’s nitrobenzene-
phosphonic acid.

Summary

Nitration of diethyl benzenephosphonate re-
sults in the formation of appreciable amounts of
the o-nitro isomer, along with the m-nitro isomer.
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Some Steric Effects of the Cyclohexyl Group in Organosilicon Compounds

By W. H. NEBERGALLY? AND O. H. JoHNSON

In earlier studies?®* the writers found that chlo-
rotricyclohexylgermane, (C¢Hi1);GeCl, was the
sole product of the action of a large excess of cy-
clohexyllithium upon germanium tetrachloride, no
tetracyclohexylgermane apparently being formed.
However, the halogen atom of this substituted
germarne was found to be replaceable by normal al-
kyl, benzyl and phenyl groups. Attempts to sub-
stitute the chlorine atom by the sterically hin-
dered isopropyl, cyclohexyl and o-tolyl groups were
unsuccessful.

Efforts to prepare tricyclohexylphenylsilane,
(CeH11)sSiCsHs, by the action of a large excess of
cyclohexylmagnesium bromide on phenyltrichlo-
rosilane were reported as unsuccessful by Cusa
and Kipping.® Instead of the expected tricyclo-
hexyl derivative, they obtained dicyclohexylphen-
vlsilane, (CeH11):SiH-C¢Hs. This compound was
brominated and then alkylated, using ethylmag-
nesium bromide at 160-180° to form dicyclohexyl-
phenylethylsilane. The failure to obtain tricyclo-
hexylphenylsilane was attributed to the steric ef-
fect associated with the cyclohexyl group.

“These results led the authors to investigate the
extent of substitution of the cyclohexyl group in
the silane molecule by the use of cyclohexyllithium
upon silicon tetrachloride. Under conventional
experimental conditions three cyclohexyl groups
are substituted for chlorine atoms in the reaction
of cyclohexyllithium in large excess with silicon
tetrachloride.

3CsHuLi + SiCly —> (CgHu)sSiCl + 3LiCl
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The reaction of the tricyclohexylsilicon com-
pound, however, differed from its germanium ana-
log in that efforts to replace the chlorine atom by
methyl, ethyl and phenyl groups were unsuccess-
ful.

{CeH11)sSiCl + RILi —> No reaction

Both Grignard and organolithium compounds
were employed as alkylating agents and the ether
was replaced by higher boiling solvents in an en-
deavor to force the reaction. In addition, since
the Si-Br bond is reported® as weaker than the
Si—Cl bond, bromotricyclohexylsilane was pre-
pared and its alkylation attempted but still no
evidence of further substitution was observed.
Chlorotricyclohexylsilane failed to respond to
sodium condensation in boiling toluene, whereas
bromotricyclohexylgermane condensed to form
hexacyclohexylgermane,® (CeHy)sGe—Ge(CsHi)s,
under similar conditions.
Chlorotricyclohexylsilane was reduced to tri-
cyclohexylsilane, (CsHui)sSiH, by lithium alumi-
num hydride in ether solution. This silane was
brominated and iodinated to form the correspond-
ing halides. Hydrolysis of the chloride yielded
tricyclohexylsilanol, (C¢H11)3SiOH, which was es-
terified by boiling with acetic anhydride to form
acetoxytricyclohexylsilane.

Experimental

Synthesls of Chlorotricyclohexylsilane Using Cyclo-
hexyllithium.—Cyclohexyllithium was prepared by adding,
over a period of four hours, 95 g. (0.8 mole) of chlorocyclo-
hexane to 500 ml. of low-boiling petroleum ether contain-
ing an excess of lithium metal shot in a one-liter, three-
necked flask fitted with a mercury-sealed, air-driven
stirrer, a reflux condenser protected by a calcium chloride
tube, and a dropping funnel containing the chlorocyclo-
hexane. The reaction mixture was stirred and heated on
a warm water-bath to initiate the reaction, after which

(6) Linus Pauling, ““The Nature of the Chemical Bond,” 2d ed.,
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