July, 1951

THE REACTION OF BENZYLMAGNESIUM CHLORIDE WITH BENZALDEHYDE

3163

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, ILLINOIS INSTITUTE OF TECHNOLOGY]

The Reaction of Benzylmagnesium Chloride with Benzaldehyde —The Identification of
the Abnormal Product

By SAMUEL SIEGEL, SEYMOUR K. COBURN AND DEWEY ROBERT LEVERING

The reaction of benzylinagnesium chloride with benzaldehyde has been reinvestigated. The earlier study of Garcia~
Banis! has been confirmed and supported by an independent synthesis of 1,3-diphenylisochromane, the so-called **abnormal”’

product.

The reaction of benzaldehyde with benzyl-
magnesium chloride has been reported to yield,
under different conditions, benzylphenylcarbinol!
(I), 1,3-diphenylisochromane® (II) and dibenzoyl-
phenylmet hane® (III).
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The first product may be made to predominate
if the aldehyde is added to an excess of benzyl-
magnesium chloride, the second, if the Grignard
reagent is added to the aldehyde at room tem-
perature and the third compound is obtained if an
excess of aldehyde is added to the Grignard reagent
and the resulting mixture is heated for several
hours.4

Despite the careful work of Garcia-Bants, et al.,
there appears to be some uncertainty as to the
course of this reaction®®® with particular regard
to the formation of II, a compound which may be
classed as an “abnormal’ product of the reaction.
The structure of the latter was established by deg-
radative methods. Attempts to establish its
identity by synthesis were unsuccessful.t

The structure of II is not one which would have
been predicted by analogy with the classical ex-
ample of the “abnormal” reaction of benzylmag-
nesium chloride with carbonyl compounds.’
Therefore, the reaction with benzaldehyde seemed
to deserve further investigation. Certain salient
studies of Garcia-Bantis’»* have been confirmed in
this Laboratory. In addition, the ‘‘abnormal”
product 1,3-diphenylisochromane was synthesized
by an independent method.
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This work is consistent with the mechanism of the reaction previously proposed by Young and Siegel.?

The reaction yields the primary products benzyl-
phenylcarbinol (I) and 2-[2-hydroxy-2-phenyl-
ethyl]-benzhydrol (VI). Analysis for active hydro-
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gen, measurement of molecular weight and oxida-
tion with potassium permanganate to o-benzoyl-
benzoic acid and benzoic acids support the assigned
structure. The glycol (VI) is readily dehydrated
to the isochromane (III). This dehydration is
acid catalyzed. Magnesium chloride, an acid
according to the definition of Lewis,® is also an
effective catalyst. There was no indication of the
formation of o-tolylphenylcarbinol (V), which
would be the expected “abnormal” product.’
These results coincide with those obtained for
the reaction of citronellal? with benzylmagnesium
chloride in which the ““abnormal” product is struc-
turally analogous to VI but not to IV.

The structure of the abnormal product (II),
was confirmed by a synthesis whose key step was
the successful addition of phenylmagnesium bro-
mide to 3-phenylisocoumarin (VIII) to yield 2-
phenacylbenzophenone (IX). This diketone was
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reduced with lithium aluminum hydride to the
glycol (VI) which in turn was readily dehydrated
to give 1,3-diphenylisochromane (II). The latter
was identical with the dehydrated ‘‘abnormal”
product.

Both the glycol (VI) and 1,3-diphenylisochro-
mane obviously should form two racemic mixtures.
Garcia-Bantis, in his latter work,® was able to
obtain two crystalline 1,3-diphenylisochromanes.
In the present study only a single crystalline form
of the isochromane was isolated. No attempt was
made to isolate both modifications since the syn-
thetic sample was identical with the ‘‘abnormal”
product. The method of dehydration may well
affect the proportion of the two isomers which are
produced.’

This study, therefore, confirms the work of
Garcia-Bantis. It also supports the mechanism
of this reaction which was previously proposed.?
Of particular significance is the fact that the frac-
tion of ‘“‘abnormal” product which is formed is a
function of the concentration of reactants. Fur-
thermore the “‘abnormal” product can not form
via the addition of a molecule of benzaldehyde to
the magnesium salt of benzylphenylcarbmol (the
normal product) since the per cent. of ““‘abnormal”
product is not increased when the reaction is
allowed to take place in the presence of the pre-
formed salt. Further discussion of the mechanism
of this reaction will be reserved for a later date.”

Experimental®®

Benzylmagnesium chloride was prepared by the method
described previously.? To the stirred reagent (0.40 mole
in 400 ml. of ether), cooled by an ice-bath, freshly distilled
benzaldehyde (0.38 mole) dissolved in five volumes of ether,
was added dropwise. The reaction mixture was poured
onto a mixture of ice and acetic acid. The ether layer was
separated and washed repeatedly with aqueous sodium
chloride, 109 sodium bicarbonate, a saturated solution of
sodium chloride and then dried over potassium carbonate.
The solvent was removed by distillation and the product
distilled under reduced pressure. The first major fraction
(64 g. 0.32 mole, b.p. 125-130° (2 mm.)) solidified on stand-
ing. This is the normal product, benzylphenylcarbinol.
After recrystallization from ligroin-benzene mixtures the
product melted at 65.5-66.5° (lit.4 67°). The compound
(1.57 g.) was oxidized with potassium permanganate to
yield an acid which was purified by sublimation {m.p. 121~
122.5°, 0.98 g., 649 yield) and identified as benzoic acid
by a mxxed meltmg point determination with an authentic
sample,

The second major fraction distilled at 185-195° (2 mm.)
and was a yellow glassy material (5.4 g., 0.018 mole). It
could not be made to crystallize. This was the ‘‘abnormal’’
product. A portion of the material was fractionally sub-
limed (1 X 10~¢*mm. and a bath-temperature of 110-120°).

Anal. Caled. for CaHy0.: C, 82.86; H, 6.62. Fouud:
C, 82.37; H, 6.61.

The “abnormal” product (1.8 g.) was oxidized with po-
tassium permanganate in pyridine.? The mixture of acids
(1.56 g.) isolated from the reaction mixture was separated
by sublimation. Benzoic acid (0.57 g.) and o-benzoyl-
benzoic acid (0.71 g.) were identified by their melting points
and mixed melting points with authentic samples

The molecular weight of the ‘‘abnormal’’ product was
determmed by the Rast method!! (caled., 304, found, 289).
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A Zerewitinoff!? analysis indicated 1.6 active hydrogen
atoms per molecule.

Formation of 13-D1phenyhsochromane from the ‘‘Ab-
normal” Product.—The ‘‘abnormal”’ product (2.0 g.) was
dissolved in 10 ml. of glacial acetic acid. Water was added
to induce separation of a second phase. Six drops of con-
centrated sulfuric acid was added. A deep blue coloration
appeared at the point where the acid met the solution and
within five minutes needle-like crystals began to separate
from the solution. The mixture was allowed to stand for
one hour and then was filtered. From the filtrate an addi-
tional quantity of the same material was obtained following
dilution of the solution with water. The combined yield
was 1.7 g. (m.p. 109-110°) and corresponds to the *‘abnor-
mal’’ product isolated by Garcia-Bantis.

Factors which Affect the Ratio of Normal to ‘‘Abnormal’’
Products.—(a) Benzylmagnesium chloride (0.40 mole) was
added to benzaldehyde (0.38 mole). The yield of normal
product was 33.9 g. (0.17 mole) whereas the yield of ‘‘ab-
normal’’ product amounted to 20.3 g. (0.067 mole).

(b) To benzylmagnesium chloride (0.40 mole in 400 ml.
of ether) was added benzylphenylearbinol (40.0 g., 0.20
mole). This reaction should produce an equivalent amount
of the magnesium alcoholate. To the solution was added
benzaldehyde (0.20 mole). The reaction products were
isolated in the usual manner. The normal product, di-ben-
zylphenylcarbinol (55.7 g.) as well as a yellowish-brown
viscous material (3.4 g.) were isolated by distillation.
Treatment of the latter fraction with acid as deseribed
above for the “uabnormal’’ product yielded 0.5 g. of 1,3-di-
phenylisochromane.

This experiment shows that the alcoholate of di-benzyl-
phenylecarbinol is not an intermediate for the formation of
the ‘‘abnormal’’ product.

3-Phenylisocoumarin (V).—This was prepared from 40
nl. of purified thionyl chloride and 10 g. (0.040 mole) of o-
phenacylbenzoic acid.!* The solution was refluxed for two
hours after which the excess thionyl chloride was removed at
reduced pressure. The product was purified by vacuyum
sublimation (0.3 mm. at 135°). The yield was 5 g. (54%,),
m.p. 89-90° (lit,1390°).

2-Phenacylbenzophenone.—Fifty milliliters of an ethereal
solution containing 0.0077 mole of phenylmagnesium bro-
mide was added to 50 ml. of an ethereal solution of 3-phenyl-
isocoumarin (1.55 g., 0.007 mole), A cream-colored pre-
cipitate formed during the addition of the Grignard reagent.
Stirring was continued for 25 minutes following the addition.
The reaction mixture was hydrolyzed with ammonium chlo-
ride (25 ml. of a 15%, solution). The ether layer was
separated, dried over anhydrous sodium sulfate and concen-
trated. The product was fractionally sublimed at 1 X 10—*
mm. at a bath temperature of 110-120°. The product was
a viscous, amber, glassy mass (1.21 g., 57%).

Anal. Caled. for CyHy0p: C, 83.97; H, 5.37. Found:
C, 83 90; H, 5.33.

2- -Hydroxy— henylethyl]-benzhydrol.—The above ke-
tone (0.8 g., 0.0027 mole) was added to an ethereal solution
of lithium aluminum hydride (0.75 g.) according to the de-
scription of Nystrom and Brown.!* A minimum amount
of water was added to the rapidly stirred reaction mixture
to hydrolyze it. The ether layer was separated and com-
bined with several ethereal washings of the precipitated hy-
droxides. The solution was dried over potassium carbon-
ate and concentrated. The product was fractionally sub-
limbed at 1 X 107* mm. and a bath temperature of 120°.
A central fraction of a very viscous material (0.35 g.) was
obtained and a portion analyzed.

Anal. Caled. for CoH20.: C, 82.86; H, 6.62. Found:
C, 82.67; H, 7.12.

Conversion of the Synthetic Glycol to 1,3-Diphenyliso-
chromane.—The above glycol (0.26 g.) was dissolved in 1.5
ml. of glacial acetic acid and treated in the manner de-
scribed for the dehydration of the ‘‘abnormal” product.
The phenomenon of halochromism with concentrated sul-
furic acid and the appearance of the product were identical
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with that of the ‘‘abnormal’’ product. After two recrys-
tallizations from ethanol, the melting point was 109-110°,
The melting point was not depressed by admixture with the
1,3-diphenylisochromane obtained previously.

B-(2-PYRIDYL)- AND §-(2-PIPERIDYL)-PROPIONAMIDES
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Amnal. Caled. for C;Hy;O: C, 88.08; H, 6.34.
C,87.45; H, 6.12.

Found:
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Some g-(2-Pyridyl)- and g-(2-Piperidyl)-propionamides*

By FrEEMAN H. McMILLAN AND JouN A. KING

Series of the substances named in the title were prepared for pharmacological evaluation of their central stimulant action,

3-(2-Pyridyl)-propanol-1 was oxidized to 3-(2-pyridyl)-propionic acid which was converted to 17 amides.

Eight of these

were catalytically hydrogenated to the corresponding piperidyl amides.

Although the physiological actions of N,N-
diethylnicotinamide, assigned the non-proprietary
name nikethamide by the Council on Pharmacy and
Chemistry of the American Medical Association,?
were first reported in 192422 and this compound has
subsequently enjoyed considerable use in medical
practice as a respiratory stimulant and analeptic,
there has been relatively little study of its homologs,
analogs and isosteres. In the pyridine series
amides of pyridine-2,3- and -3,4-dicarboxylic acid
are claimed* as analeptics, as are the amides of N-
substituted - 2,3 - dimethylpiperidine - 4,4 - di-
carboxylic acid,® and N,N-diethylpyridine-3-acet-
amide.® Several furyl carboxylic and acetic acid
amides>”® and amides of a pyranyl malonic acid®
and pyrone carboxylic acids®® are reported to have
stimulant properties. Other amides so reported
are those of several isoxazole!'—* and benzisox-
azole! carboxylic acids, of methyl-8-(1-morphol-
inyl)-ethylmalonic acid,® and of nuclear car-
boxylic acids of the pyrazole,'® pyrazine®® and thi-

* Presented before the Division of Medicinal Chemistry at the 119th
meeting of the American Chemical Society, Cleveland, Ohio, April 9,
19561.
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azole® series. It is noteworthy that in practically
all of the amides claimed to have analeptic properties
the carboxyl group is attached directly to the hetero-
cyclic nucleus; the few exceptions are a small
number of substituted malondiamides, a few furan
derivatives, a single pyridine derivative? and, as
the only mention of heterocyclic substituted alkan-
amides higher than acetamides as analeptics, a
series of w-(3,5-dimethylisoxazolyl)-alkanamides.!?
It seemed desirable to us to learn if this neglect of
higher alkanamides was justified and, particularly,
to learn if the 3-carboxylic and -acetic amides were
unique in the pyridine series in their display of
stimulant properties.

In connection with other work?! which required
the preparation of B-(2-piperidyl)-propionic acid
dimethylamide and cyclic lactam (3-ketodcta-
hydropyrrocoline) it was desirable to have a ready
source of the requisite corresponding acid or its
pyridyl precursor. The most frequently mentioned
synthesis of 8-(2-pyridyl)-propionic acid consists??
of the condensation of chloral with «-picoline, fol-
lowed by hydrolysis, dehydration and reduction;
this method was used by us at the start of our work
and, while the over-all yield of 30 to 409, was con-
sidered satisfactory, the initial condensation re-
action was somewhat troublesome. Other methods
which have been described in the literature for the
preparation of the acid are: condensation of a-
picoline with mesoxalic ester, giving a 409, yield
of ethyl B-(2-pyridyl)-acrylate which could be
reduced to the propionate?; preparation of §-
(2-pyridyl)-ethyl bromide, its metathesis with
sodium cyanide, then hydrolysis to the acid¥;
and the addition of hydrogen cyanide to 2-vinyl-
pyridine followed by hydrolysis, giving the acid in
309, over-all yield.?

Because objections were to be had to each of the
above methods, a more convenient synthesis of
B-(2-pyridyl)-propionic acid was sought and was
found in the acid permanganate oxidation of the
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