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It is well-established that heating benzaldehyde with tert-butyl peroxide (1)
or acetyl peroxide (2) gives rise to a mixture of meso and racemic forms of hydro-
benzoin dibenzoate and some unidentified oil. However, when to a mixture of
benzaldehyde (1.2 moles) and pyridine (1 mole) heated to 141°, fert-butyl per-
oxide (0.3 mole) dissolved in benzaldehyde (0.4 mole), is slowly added, only a
small amount of hydrobenzoin dibenzoate is obtained. The reaction product is
an equimolecular mixture of basic material (&), and a neutral material (B).
A small amount of benzoic acid is also formed in the reaction. The basic mate-
rial (A) was shown to be 4-(a-benzoxybenzyl)pyridine by analyses and con-
version to 4-benzoylpyridine.
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The structure of Compound B (neutral material) is as yet unknown. When
hydrolyzed with base, Compound B gave benzoic acid (ca. 67 %), phenyl-4-
pyridylearbinol (21 %) and a neutral material (14 %) which could not be crys-
tallized.

DISCUSSION

Because the structure of Compound B is as yet unknown, it is difficult to
formulate a reaction mechanism to account for the formation of Compounds A
and B. However, the hydrolysis of Compound B to give about 67 % benzoic
acid and phenyl-4-pyridylearbinol (hydrolysis product of Compound A) sug-
gests that perhaps Compound B (Compound III or Compound IV, below) is
the precursor of Compound A. Of the many ways whereby the formation of
these products could be formulated, we prefer, at this time, the reaction scheme
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indicated below:
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Alternatively Compound A could be formed by oxidation of the y-hydrogen
atom of the pyridine molecule of either Compound III or of Compound IV,

We hope to elucidate this mechanism (as well as reactions of the free benzoyl
radical with other heterocyclic systems) in a subsequent publication.

EXPERIMENTAL

Reaction of benzaldehyde with pyridine in the presence of teri-butyl peroxide. A mixture
of benzaldehyde (1.2 moles) and pyridine (1 mole) (mixture A) was placed in a three-
necked flagk fitted with a dropping-funnel, an efficient stirrer, a thermometer, and a Vi-
greux column equipped with a fractionation take-off. The outlet of the column was con-
nected to a Dry-Ice trap, and a vessel for collection of the gas generated in the reaction.
The air in the apparatus was displaced by nitrogen gas, and the flask was immersed in an
oil-bath maintained at 141°, To this mixture a solution of fert-butyl peroxide (0.3 mole)
in benzaldehyde (0.4 mole) (mixture B) was slowly added through a dropping-funnel.
At the end of 1.5 hours, the temperature in the flask started to drop. The tert-butyl alco-
hol formed in the reaction was then removed through the column. More mixture B was
then added until a drop in temperature was noted, and the procedure described above
repeated. (The yield of the final product depends on the care exercised in decomposing
the tert-butyl peroxide without loss of the material during the removal of the tert-butyl
aleohol, and the length of time of heating the reaction mixture. Thus, in an experiment
in which 0.31 mole of tert-butyl peroxide was consumed, the yield, after removal of the
unchanged pyridine and benzaldehyde at reduced pressure, was 30 g. (In another experi~
ment, consuming 0.62 mole of {erf-butyl peroxide, 102 g. of material was obtained.)! Dur-
ing the decomposition of the tert-butyl peroxide, small amounts of methane (ca. 109 on
the basis of the peroxide used) and acetone are formed in addition to the teri-butyl al-
cohol.

The material obtained after removal of the volatile compounds (30 g.) is a dark-red oil,

The oil, after extraction of benzoic acid (0.2 g.), can be separated into a basic fraction
(A) and a neutral fraction (B) by (a) extraction of the solution of the oil in ether with
2 N hydrochloric acid; (b) preparation of a chromatogram on alumina, The basic com-
pound (A), by either procedure of separation, amounts to about 40~50% of the total product
formed in the reaction.

Compound A, when isolated by extraction with acid, may be obtained in pure condi-
tion by crystallization from hexane, or, still better, by a chromatogram on alumina. When
ether is used as the eluent it is obtained in the form of a white crystalline compound.
After a single erystallization from n-hexane the compound melts sharply at 87-88°.

Proof of structure of Compound A [4-(a-benzowybenzyl)pyridinel. (a) The analytical
data are consistent with the formulation of Compound A as 4-(a-benzoxybenzyl)pyridine.

Anal. Cale’d for CeHuNO;: C, 78.87; H, 5.23; N, 4.84; Mol. Wt., 289,

Found: C, 78.8; H, 5.24; N, 5.0; Mol. Wt., 285.

A solution of Compound A in alcohol gives an immediate precipitate with an alcoholic
solution of picrie acid. The picrate (m.p. 157.5°) is rather insoluble in alcohol and changes
color when exposed to light.

(b) Hydrolysis of compound A. Compound A (0.5 g.) was dissolved in 25 ml. of alcohol.
A solution of sodium hydroxide (8 g.) in 25 ml. of water was then added, and the mixture
was heated for four hours. Alcohol was removed at reduced pressure, and the remaining
solution was extracted twice with ether. Upon evaporation of the combined ether extracts
an oil was obtained. Upon standing in an evacuated desiccator the oil was converted to
a solid crystalline material (0.3 g.). The material melted, before crystallization, at 124°,
The melting point of phenyl-4-pyridylearbinol reported in the literature is 126°,

1 In this experiment about 0.5 g. of meso and racemic forms of hydrobenzoin dibenzoate
was obtained. ‘
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The alkaline solution was acidified and extracted four times with ether. The ether ex-
tracts were combined, dried, and evaporated. The residue (0.19 g.) was a solid melting
at 122°; it did not depress the melting point of an authentic sample of benzoic acid.

(¢) Oxidation of phenyl-4-pyridylearbinol. The material obtained from the hydrolysis
of Compound A, presumably phenyl-4-pyridylearbinol (0.26 g.) was suspended in water,
and potassium permanganate was added to it. The mixture was heated on a water-bath
to 70° for three hours, and then for 30 minutes at 100°. The mixture was then extracted
with benzene. Upon concentration of the benzene solution a erystalline material (m. 72°)
separated (0.25 g.). It formed a picrate which melted at 160°. The melting points are the
same as those recorded in the literature for 4-benzoylpyridine and its picrate.

Ezamination of neutral fraction (B). The neutral fraction (B), obtained after removal
of the basic material with acid, is an oil which could not be crystallized, When chromato-
grammed on alumina, benzene eluted a small amount (ca. 1.5%) of meso-hydrobenzoin
dibenzoate (m.p. 247°). A mixture of ether and aleohol (2%) eluted a light oil, which had
a mol. wt. of about 490 and which gave the following values on analyses: C, 77.4; H, 5.8.
It made little difference whether the original oil or the oil obtained from the chromato-
gram was hydrolyzed with alkali in alcohol. The reaction mixture when worked up gave
the following materials: benzoic acid (67%); Compound A (21%) and a neutral material
(14%,) . The neutral material again could not be crystallized and appeared not to contain
nitrogen (sodium fusion).

SUMMARY

1. Benzaldehyde and pyridine react when heated {140°) with fert-butyl per-
oxide to give a mixture of a base, a neutral material, and a very small amount
of hydrobenzoin dibenzoate.

2. The basic material, which constitutes about 50 % of the reaction mixture
was shown to be 4-(a-benzoxybenzyl)pyridine,.

3. The neutral fraction upon hydrolysis with alkali gave benzoic acid (67 %)
phenyl-4-pyridylearbinol (21 %), and an unidentified neutral material (14 %).

4. A mechanism to account for the formation of these products is tentatively
suggested.
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