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pacity and with the necessary operating equipment. The
reaction temperature during addition was 30—40° and
50~60° for half an hour after completing the addition.
Total reaction period one and quarter hours. The excess
thionyl chloride, solvent and volatile gases were immedi-
ately removed and the crude chlorinated product distilled
under vacuum in an atmosphere of carbon dioxide. The
yield of once-distilled product obtained under the above
conditions was 80%. Employing ether as a solvent, and
distillation of the product in an atmosphere of carbon
dioxide, but without eliminating vapor phase reaction, the
yield was 539%. Eliminating both the solvent and dis-
tillation of the product in an atmosphere of carbon dioxide
the yield was 41%. The significant condition appears to
be the elimination of vapor phase chlorination by intro-
ducing the hydroxy compound beneath the surface of the
thionyl chloride~ether mixture. For material of purity of
999, see Table I.

Acknowledgment.—The author wishes to express
thanks for the density, freezing point and vapor pressure
determinations which were made by the Physical Depart-
ment, Chemical Division, Edgewood Arsenal.
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The Vapor Phase Rearrangement of Pinacols
By WiLLiaM S. EMERSON

Our success in converting styrene glycol to
phenylacetaldehyde' in the wvapor phase sug-
gested the possibility of applying this technique
to the pinacol rearrangement. We have found
that pinacol is converted to pinacolone in 949
vield by passing its vapors together with steam
over silica gel impregnated with phosphoric acid.
This compares favorably with the 65-72%, yield
obtained in the liquid phase with sulfuric acid.?
Under similar conditions, using a catalyst of silica
gel impregnated with sodium bisulfate, 2,3-di-
phenyl-2,3-butanediol yielded 989, of material
boiling in the proper range for 3,3-diphenylbuta-
none, from which 63% of crude product was iso-
lated.

Experimental

Pinacolone.—A quartz tube! was packed with silica gel
impregnated with phosphoric acid (10 ce. of 85% acid
poured on 90 cc. of silica). While steam (about five
volumes) was continuously passed over the catalyst, a
solution of 50 g. of pinacol in 50 cc. of dioxane was intro-
duced over a one-hour period. The tube was held at 275~
300° and evacuated to 170 mm. After the pinacol was
added, the tube was steamed out fer an additional fifteen
minutes before cooling. The layers in the receiver were
separated and the aqueous portion twice extracted with
ether. The combined extracts and organic layer were
dried over Drierite. Distillation yielded 35 g. of pinaco-
lone, b. p. 95~105° (103-106°),® #%p 1.4019. By redis-
tilling the ether an additional 4.5 g. was obtained, b. p.

98-105°, #%D 1.4020 to give a total yield of 39.5 g. (94%).

The 2,4-dinitrophenylhydrazone of the main fraction
melted at 122-124° (125°).2

3,3-Diphenylbutanone.—The tube was packed with
silica gel impregnated with sodium bisulfate (5 g. in 15 ce.
of water poured on 110 cc. of silica) and held at 275-300°
and 80-100 mm. While steam was continuously passed

(1) Emerson and Agnew, THIS JOURNAL, 67, 518 (1945).

(2) Hill and Flosdorf, “‘Organic Syntheses,” Coll. Vol. I, p. 462.

(3) Heilbron, *“‘Dictionary of Organic Compounds,’”’ Oxford Uni-
veraity Press, New York, N, Y., 1038, Vol, 111, p. 493.
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over the catalyst, a solution of 32.5 g. of 2,3-diphenyl-2,3-
butanediol in 50 cc. of dioxane and 65 ce. of toluene was
introduced over an eighty-minute period. Some difficulty
was encountered in keeping the tube from clogging. The
steam introduction was continued for fifteen minutes more
before cooling the tube. The layers in the receiver were
separated and the aqueous phase was twice extracted with
benzene. Distillation yielded 23 g. of crude 3,3-diphenyl-
butanone, b. p. 175~185° (15 mm.) (180° (18 mm.)),?
n®Dp 1.5870. The tube was washed out with 25 cc. of
dioxane and then with 50 cc. of benzene. These washings
were similarly workéd up to obtain an additional 6.5 g.,
b. p. 178-188° (15 mm.), #%D 1.5890. The total yield of
crude ketone was 29.5 g. (98%). By cooling and recrys-
tallizing from hexane there was isolated from the combined
fractions 10 g. of product, m. p. 36-38° (41.0-41.5°),% 2
g., m. p. 31-33°; and 7 g., m. p. > 26° < 35° (oily).
The total yield of solid material was 19 g. (63%).

The oxime of the first fraction melted at 147-149°
(151°)¢ after two crystallizations from alcohol. The
residual oil after the isolation of all the solid ketone frac-
tions yielded 499, of very impure oxime, m. p. 104-109°
after one crystallization from alcohol.
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Further' Evidence for the Configuration of
‘ Methionine

By GUNTHER S. FONKEN AND RALPH MOZINGO

Hydrogenolysis of d(+)-methionine! (non-pro-
teogenous) by Ramney nickel catalyst has been
found to give d(—)-a-aminobutyric acid. This is
further evidence? that the levorotatory methio-
nine found in proteins belongs to the same absolute
configurational series as the other ‘‘/” «-amino
acids.

It has been shown? that benzoyl-/(—)-cystine is
converted into benzoyl-l{+)-alanine by Raney
nickel catalyst. Using this procedure, /(—)-cys-
tine has now been converted into /(+)-alanine,
with no apparent racemization. Treatment of
dextrorotatory methionine with excess Ramney
nickel catalyst gave an a-aminobutyric acid whose
hydrochloride was levorotatory. Since the o-
aminobutyric acids and their hydrochlorides have
the same sign of rotation,* the amino acid is also
levorotatory. Benzoylation of the «-aminobu-
tyric acid gave levorotatory benzoyl-a-aminobu-
tyric acid. From correlation of a-aminobutyric
acid with alanine and the other amino acids,® it
follows that levorotatory a-aminobutyric acid
belongs to the “‘d” series. Dextrorotatory methi-
onine then must belong also to the ““d’’ series.

On the basis of the results reported here, levoro-
tatory methionine and dextrorotatory a-aminobu-
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