OcToBER, 1963

protons appeared as a broad multiplet and the ratio of aromatic~
aliphatic protons was found to be 4.56 (theoretical, 4.5).

10,11-Dihydro-5,5-diphenyldibenzo[b,f]silepin.*—To a stirred
solution of 4.5 g. (0.026 mole) of 2,2’-dibromodibenzyl in 40 ml.
of ether was added 38 ml. of an ethereal solution containing 0.52
mole of n-butyllithium,” while cooling with an ice bath. The
mixture was stirred at room temperature for 4 hr. and then was
added, during 45 min., to a stirred solution of 6.23 g. (0.0246
mole) of dichlorodiphenylsilane in 50 ml. of ether. The mixture
was hydrolyzed and the organic layer was worked up in the usual
manner. The residual material was washed with petroleum ether
{b.p. 60~70°) and an insoluble substance was filtered off. This
was dissolved in benzene and chromatographed on a column of
alumina to give 1.36 g. (15%) of product, m.p. 170-172°,
Recrystallization from petroleum ether (b.p. 77-115°) raised the
melting point to 172.5-174°.

Anal. Caled. for CuHSi: C, 86.15; H, 6.12; Si, 7.74.
Found: C, 86.49, 86.30; H, 6.32, 6.34; Si, 7.70.

The petroleum ether (b.p. 60-70°) was removed from the first
filtrate, and the residue was distilled under reduced pressure to
give two unidentified fractions and 4.1 g. of residue which could
not be further purified.
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In an attempt to catalyze the reaction of i-butyl-
magnesium chloride with 3-ethyl-3-methylvaleronitrile,
it was observed that the nitrile was reduced in reason-
able yields to the corresponding aldehyde.

Hauser and Humphlett? predicted that the Grignard
reagent should be capable of reducing nitriles, but were
not able to isolate hexanal from the reaction of t-butyl-
magnesium chloride with hexanenitrile. Mosher and
co-workers? reinvestigated the reaction and studied the
action of ethyl, isopropyl, and i{-butyl Grignard rea-
gents on trimethylacetonitrile. They found that the
amount of reduction product increased while normal
addition decreased as branching of the Grignard reagent
increased. However, the yields of trimethylacetalde-
hyde obtained amounted to only 5179, as the reaction
temperature was varied from 35-150°,

When 3-ethyl-3-methylvaleronitrile was treated with
t-butylmagnesium chloride in the present investigation,
no reaction occurred in refluxing ether for up to 139
hours. The introduction of a small amount of ferric
chloride, however, caused a fairly rapid change in the
infrared absorption spectrum of a hydrolyzed sample of
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the reaction mixture. After continued heating, there
was obtained 319, of 3-ethyl-3-methylvaleraldehyde.

Further study of the reaction of 3-ethyl-3-methyl-
valeronitrile with t-butylmagnesium chloride in the
presence of ferric chloride did not lead to improved
vields of the aldehyde. When isobutylmagnesium
iodide was substituted for t-butylmagnesium chloride,
3-ethyl-3-methylvaleraldehyde resulted in 519, yield.

The reaction of trimethylacetonitrile with t-butyl-
magnesium chloride and ferric chloride was examined
briefly. Trimethylacetaldehyde was isolated in 209,
yield along with traces of carbonyl and hydroxyl con-
taining compounds.

An attempt to reduce hexanenitrile by means of -
butylmagnesium chloride and ferric chloride afforded
t-butyl pentyl ketone plus tarry condensation produects.

Experimental!

Reaction of 3-Ethyl-3-methylvaleronitrile with ¢-Butylmag-
nesium Chloride and Ferric Chloride.—A Grignard reagent, pre-
pared from 24.3 g. (1 g.-atom) of magnesium and 102 g. (1.1
moles) of ¢-butyl chloride in 350 ml. of anhydrous ether, was
added during 1 hr. to a mixture of 25 g. (0.2 mole) of 3-ethyl-3-
methylvaleronitrile, 3 g. of ferric chloride, and 100 ml. of an-
hydrous ether. The reaction mixture was stirred and refluxed
for 200 hr., and hydrolyzed with 1:1 cold hydrochloric acid.
The ether layer was separated, washed, dried, and concentrated
in the usual manner. The residue was distilled through a 25-
em. helices-packed column to give 8 g. (31%) of 3-ethyl-3-
methylvaleraldehyde, b.p. 165-170°, n%»p 1.4258, plus an un-
characterized high-boiling residue.

Anal. Caled. for CgH,40: C, 74.94; H, 12.58.
74.54; H, 12.20.

Its 2,4-dinitrophenylhydrazone melted at 88-89° after re-
crystallization from ethanol.

Anal. Caled. for CiuHyNO,: C, 54.53; H, 6.54.
C,54.30; H,6.34.

Reaction of 3-Ethyl-3-methylvaleronitrile with Isobutylmag-
nesium Iodide and Ferric Chloride.—A titrated® ether solution
of 0.45 mole of isobutylmagnesium jodide was added dropwise
to a mixture of 25 g. (0.2 mole) of 3-ethyl-3-methylvaleronitrile,
3 g. of ferric chloride, and 100 ml. of anhydrous ether. The re-
sulting mixture was stirred and refluxed for 186 hr., and then
hydrolyzed and worked up as in the previous experiment. There
was obtained 13.1 g. (51%) of 3-ethyl-3-methylvaleraldehyde,
b.p. 165-170°, n¥p 1.4257. The high-boiling residue (10.5 g.)
was not investigated.

Reaction of Trimethylacetonitrile with ¢-Butylmagnesium Chlo-
ride and Ferric Chloride.—A mixture of 1.26 moles of ¢-butyl-
magnesium chloride and 0.75 g. of ferric chloride in 500 ml. of
anhydrous ether was stirred for 0.5 hr., and then a solution of
41.5 g. (0.5 mole) of trimethylacetonitrile in 100 ml. of dry ether
was added during 2 hr. The reaction mixture was stirred and
refluxed for 28 hr., hydrolyzed with hydrochloric acid, and
worked up in the usual fashion. There was obtained 3.6 g. of
trimethylacetaldehyde, b.p. 60-70°, n®p 1.3809-1.3827; the
corresponding 2,4-dinitrophenylhydrazone melted at 203-207°
(lit.* m.p. 205-207°). An additional 5 g. of trimethylacetalde-
hyde, codistilled with the ether, was recovered as the 2,4-dinitro-
phenylhydrazone. The total yield of trimethylacetaldehyde was
8.6 g. (209). The aqueous phase from the hydrolysis of the
original reaction mixture was extracted continuously for 2 days
with 250 ml. of ether. After drying and evaporating the ether,
a trace of residue was left. It showed characteristic infrared
absorptions for hydroxyl and carbonyl groups.

Reaction of Hexanenitrile with ¢-Butylmagnesium Chloride
and Ferric Chloride.—A solution of approximately 2 moles of ¢-
butylmagnesium chloride in 700 ml. of anhydrous ether was added
dropwise to a mixture of 48.5 g. (0.5 mole) of hexanenitrile, 3 g.
of ferric chloride, and 150 ml. of dry ether. The reaction mixture

Found: C,

Found:
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was stirred and refluxed for 39 hr. and hydrolyzed with 500 ml. of
1:1 hydrochloric acid. The ether was removed by distillation
and the residue was heated on a steam bath for 1 hr., with oc-
casional shaking. The aqueous phase was separated and ex-
tracted with three 100-ml. portions of ether. The extracts and
organic phase were combined, dried over anhydrous magnesium
sulfate, and concentrated. The residue was distilled to give
3.8 g. (2.4%) of t-butyl pentyl ketone, b.p. 45-55° (1 mm.),
n?®p 1.4190-1.4240; semicarbazone, m.p. 139-140° (lit.* m.p.
140-140.5°); 2,4-dinitrophenylthydrazone, m.p. 76-77° (lit.}
m.p. 99-100°); and 46 g. of an intractable tar.

Anal. Calcd. fOI‘ 015H2404N4Z C, 5713, H, 719, N, 16.66.
Found: C, 57.09; H, 7.14; N, 16.18.

(6) F. C. Whitmore, C. I. Noll, and V. C. Meunier, J. Am. Chem. Soc., 81,
683 (1939).
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The aluminum chloride-catalyzed reaction of alkyl
halides with phosphorus trichloride?*? has broad utility
for the synthesis of sec-alkylphosphonic dichlorides.
However, the usefulness of this reaction for the straight-
forward synthesis of ¢-alkylphosphonic dichlorides ap-
peared to be limited to the preparation of t-butylphos-
phonic dichloride. Kosolapoff and Crofts® found that
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are still only 40-509,. In all cases the foreshots ob-
tained in distillation under high vacuum were small,
and as much as half of the high-boiling material re-
remained as a heel even when bath temperatures were
raised to over 100° at about 0.2-mm. pressure. We
have not studied any range of experimental conditions
in an attempt to improve yields, since our object was to
obtain about 50 g. of pure product without regard to
optimizing conditions for yield.

Experimental

One mole of alkyl bromide was added slowly to 1 mole of
phosphorus trichloride plus 1 mole of anhydrous aluminum
chloride in 400 ml. of methylene chloride at about 0°. After
the reaction mixture had been stirred overnight at room tempera-
ture, the mixture was poured slowly, with good manual agitation,
over a mixture of ice and solid carbon dioxide. The mixture with
ice was allowed to warm up slowly to between —20 and —10°,
and the phases were separated in a separatory funnel. After the
mixture was dried with anhydrous calcium chloride, the methyl-
ene chloride was pumped off from the organic phase and distilla-
tion carried out at about 0.2 mm.

The three t-alkylphosphonic dichlorides that were prepared in
this manner are listed in Table I. All three compounds are
clear, colorless liquids at room temperature. Proton magnetic
resonance spectrograms for these compounds and for t-butyl-
phosphonic dichloride (all 109, by volume in carbon tetrachloride)
were obtained with the Varian Associates Model 4300 B spec-
trometer at40 Mc. The doublet for the 3-methyl protons occupies
the same position for all three of the higher t-alkylphosphonic
dichlorides (41.1 and 67.4 c.p.s. downfield from tetramethyl-
silane as an internal standard) but is displaced to 44.3 and 69.1
c.p.8. for the t-butylphosphonic dichloride. From the spectro-
grams it is estimated that the three higher phosphonic dichlorides

TasLe I

t-ALKYLPHOSPHONIC DICHLORIDES

Yield Yield Approxi-.
of high of mate? b.p
C, % —-H, % P, % Cl, % boilers, product, at 0.2-0.3
Compound Found Caled. Found Caled. Found Caled. Found Caled. % % mm., °C.
2-Methylbutyl-2-
phosphonic dichloride 31.6 31.7 5.9 5.9 16 .4 36.3 37.5 50 32 55
3-Methylamyl-3-
phosphonic dichloride 34.6 35.5 6.7 6.5 15.3 34.3 34.9 50 40 70
3-Methylheptyl-3-
phosphonic dichloride 40.8 41.6 7.3 7.4 13.4 29.9 30.7 40 22 90

% Crude measurements made during purification of compounds.

starting with t-amyl chloride, a mixture of t-butyl- and
amylphosphonic dichlorides was obtained and the
separation of these two products by fractional distilla-
tion was difficult. - Experiments in this laboratory con-
firmed these results; we were never able to prepare i-
amylphosphonic dichloride that, by proton magnetic
resonance spectrograms, was free of {-butylphosphonie
dichloride. However, the finding of Kinnear and
Perren® that isobutyl chloride gave i-butylphosphonic
dichloride suggested that 1-halo-2-alkylalkanes could
be used to prepare t-alkylphosphonic dichlorides.

Our investigations show that the use of 1-halo-2-
alkylalkanes apparently provides a general preparation
of t-alkylphosphonic dichlorides by the reaction of Kin-
near and Perren. The yields of pure products are only
20-409,, while the yields of gross high-boiling material

(1) The information contained in this article was developed during the
course of work under contract AT(07-2)-1 with the U. 8. Atomic Energy
CO(I;)mls(:l;mj, P. Clay, J. Org. Chem., 16, 892 (1951); (b) A. M. Kinnear and

E. A. Perren, J. Chem. Soc., 3437 (19852).
(3) P.C. Crofts and G. M. Kosolapoff, J. Am. Chem. Soc., T8, 3379 (1953).

contain not more than a few per cent of the {-butyl compound.
Even the small peaks to the lowfield side of the main doublet for
these compounds may not be due to the t-butyl doublet, but may
be due to other protons in these molecules.
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During a study of the photochemical phenylation of
tri-n-butyl phosphite with iodobenzene,! we observed
the formation of a significant amount of a third ma-

(1) For a preliminary report of this study, see J. B. Plumb and C. E.
Griffin, J. Org. Chem., 27, 4711 (1862).



