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The Constitution of the Product of the Reaction of Benzylethylene Oxide with
Ammonia
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In connection with an investigation of their
pharmacological properties, a number of amino
alcohols have been prepared by the reaction of
safrole oxide or methyleugenol oxide with various
amines.!’* When ammonia or amines react with
unsymmetrically substituted ethylene oxides, it is
possible for two isomers to be formed depending
on which oxide bond is opened.

RCH—CH; + NH; —>
No”
RCHOHCH:NH; or RCHNH,CH,OH
I II

Where the substituent in the ethylene oxide ring
is an aliphatic radical, it seems certain that the
product is a secondary alcohol (type I).2 Where
the substituent is a benzyl group, it has been
assumed, presumably by analogy, that a secondary
alcohol is formed.®? In the reaction of safrole
oxide with dimethylamine or with piperidine, both
isomers were considered as possible products.t
Hence it seemed desirable to establish definitely
the course of the reaction in a typical case as a
basis for predicting the structure of the products.
For this purpose the simplest example was
chosen, namely, the reaction of benzylethylene
oxide and ammonia. As was to be expected,
the products of reaction of more than one mole of
oxide with ammonia were obtained but, in con-
trast to previous work,? the desired reaction prod-
uct of one mole of oxide and one mole of ammonia
also was isolated. The amino alcohol, CsH;3NO,
was a solid which could be purified by crystalliza-
tion; m. p. 71.7-72.3°. - It was converted to its
hydrochloride, m. p. 174-176°, to the mono-
benzoate, m. p. 141.7-142.4°, by the Schotten—
Baumann procedure, and to the O,N-dibenzoate,
m. p. 103.2-103.7°, and O,N,N-tribenzoate, m. p.
89.5-90°, by reaction with benzoyl chloride in
pyridine.

The preparation of 3-phenyl-2-aminopropanol-1
by the sodium and alcohol reduction of inactive
ethyl 3-phenyl-2-aminopropionate has been de-
scribed.® It apparently is a liquid, the melting
point of the hydrochloride being reported as
128°, Qeda,’ however, reduced ethyl 3-phenyl-
2-aminopropionate from ‘‘natural phenylalanine”
and obtained dibenzylpiperazine and two amino
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alcohols, CgHysNO, one of which was optically
active and the other inactive. The latter melted
at 71-73° and gave a monobenzoate, m. p. 148
149°.

In order to obtain material for direct compari-
son, ethyl 3-phenyl-2-acetylaminopropionate was
reduced with sodium and butyl alcohol” An
oil was obtained which could not be converted into
a crystalline hydrochloride. Benzoylation by
the Schotten-Baumann procedure gave only a
dibenzoate, m. p. 150.8-151.4°, Hence the in-
dication is that the product of the reaction of one
mole of benzylethylene oxide with ammonia is not
3-phenyl-2-aminopropanol-1 but probably is 3-
phenyl-l-aminopropanol-2. In order to test this
assumption, the last compound was synthesized
by the following series of reactions

C:H:CH.CHO 4 CH;NO; —>
CaHaCH;CHOHCHQNO; e CaHsCHgCHOHCHzNHz

The amino alcohol was isolated as the hydro-
chloride, m. p. 176-177°, and converted to the
monobenzoate, m. p. 142.1-142.6°. No depres-
sion in melting point was observed on mixing these
derivatives with the corresponding compounds
obtained from the reaction of benzylethylene
oxide and ammonia.

Experimental

Condensation of Benzylethylene Oxide and Ammonia.—
To a mixture of 65 cc. of ethyl alcohol and 52 cc. of aqueous
ammonia (sp. gr. 0.90) was added, with shaking and cool-
ing, 9.8 g. of benzylethylene oxide, b. p. 86-88° at 9-10
mm.,} prepared by the reaction of allylbenzene with per-
benzoic acid.!» After standing at room temperature
twenty-four hours, the water and alcohol were removed and
the residue distilled. Three main fractions were obtained:
(a) 5.5 g., b. p. 138-164° (10-12 mm.), (b) 1.6 g., b. p.
196-197° (12 mm.), and (c) 1.7 g., b. p. 274-276° (9 mm.).
Titration of samples of the three fractions with standard
acid, using methyl red as an indicator, gave values for the
equivalent weights of 157, 241 and 430. The equivalent
weights of the primary, secondary and tertiary amines
resulting from the condensation of one, two and three moles
of benzylethylene oxide with one of ammonia are 151, 283
and 420.

Fraction (a) solidified and after crystallization from iso-
propyl ether melted at 71.7-72.5°,

Anal® Caled. for GH;3;NO: C,71.49; H, 8.66. Found:
C, 71.19, 71.15; H, 8.63, 8.49.

During attempts to crystallize the amine from a mixture
of isopropyl alcohol and carbon tetrachloride, the hydro-
chloride was obtained, which softened at about 153° and
melted at 173-174°.

Anal. Caled. for CH,CINO: C, 57.60; H,
Found: C, 57.59, 57.64; H, 7.58, 7.55.
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A mixture of isopropyl alcohol (999;) and carbon tetra-
chloride when shaken with water gave no test for halogen
in the aqueous layer but if an identical mixture was heated
on the water-bath for fifteen minutes and then shaken
with water, the aqueous layer gave a positive test for halo-
gen. Evidently the hydrochloride was formed because of
the interaction of these solvents during the crystallization.

The hydrochloride was prepared directly from the crude
amino alcohol by passing dry hydrogen chloride into an
absolute ether solution or by treating the amino alcohol
with aqueous hydrochloric acid and evaporating to dry-
ness. After crystallization from absolute ethyl alcohol-
ether mixture the product softened at about 153° and
melted at 174-176°,

Anul. Caled. for GHCINO: C, 57.60; H, 7.52; Cl,
18.89. Found: C, 57.64, 57.58; H, 7.57, 7.70; Cl, 18.75.

The monobenzoate was prepared by shaking an ether
solution of the amino alcohol with aqueous sodium hy-
droxide solution and benzoyl chloride, and crystallized
from ligroin (b. p. 100-140°) and from aqueous ethyl alco-
hol; m. p. 141.7-142.4°

Anal. Caled. for CHisNO,: C, 75.27; H,
Found: C, 75.17, 75.04; H, 6.80, 6.84.

The dibenzoate and tribenzoate were obtained by the re-
action of the amino alcohol with benzoyl chloride (mole
ratio 1:3) in pyridine at room temperature. After filter-
ing off the pyridine hydrochloride, the product was pre-
cipitated with water and washed with dilute sodium car-
bonate solution. Manipulation of the oil with a variety of
solvents gave a solid fraction which on recrystallization
from aqueous ethyl alcohol gave the tribenzoate, m. p.
89.5-90°.

Anal. Caled. for CpHz:NO.: C,
Found: C, 77.69, 77.64; H, 5.59, 5.49.

Evaporation of the mother liquors and recrystallization
from isopropyl alcohol gave the dibenzoate, m. p. 103.2—
103.7°<,

Anal. Caled. for CyuHyNO;: C, 76.85;
Found: C, 76.88, 76.80; H, 5.88, 5.79.

Neither of the above compounds gave a positive test
for an alcoholic hydroxyl group?!?® indicating that they are
the O,N, and the O,N,N derivatives.

O,N-Dibenzoate of 3-Phenyl-2-aminopropanol-1.—The
crude amino alcohol obtained by the reduction with
sodium and butyl alcohol of ethyl 2-acetylamino-3-phenyl-
propionate® was reacted with benzoyl chloride and sodium
hydroxide according to the same procedure which gave the
monobenzoate described above. The product was a di-
benzoate which melted at 150.8-151.4° after crystallization
fﬁ‘om ligroin (b. p. 100-140°} and from aqueous ethyl alco-

ol.

Anal. Caled. for Cy,HaNO;: C, 76.85;
Found: C, 76.72, 76.60; H, 6.08, 6.14.

3-Phenyl-l-aminopropanol-2 and Derivatives.—In a
500-cc., three-necked flask equipped with a mechanical
stirrer, dropping funnel, and thermometer, and sur-
rounded by an ice—salt cooling mixture was placed 56.9 g.
(0.47 mole) of phenylacetaldehyde, b. p. 70-83° (3 mm.),
prepared from ethyl orthoformate and phenylmagnesium
bromide,'* 28.7 g. (0.47 mole) of nitromethane and 82 cc.
of 959 ethyl alcohol. Wlen the temperature of the solu-
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tion reached 8°, 47.5 cc. of a 10 NV solution of sodium hy-
droxide was added dropwise with stirring at such a rate
that the temperature did not rise above 11°, An addi-
tional 50 cc. of alcohol was added to permit adequate mix-
ing, and stirring was continued for thirty minutes. The
mixture was diluted with ice-water and made neutral to
litmus with acetic acid. After standing overnight in the
refrigerator, the yellow oil was separated and the aqueous
layer extracted three times with ether. The oil and ether
extracts were washed three times with water, the ether re-
moved, and the residue distilled. The fraction'boiling at
1681-169° (7 mm.) was a red oil and proved to be the nitro
alcohol. The yield was 19.9 g. or 239, of the calculated
amount.

A solution of 10 g. of the red oil in 30 cc. of alcohol was
shaken with a palladium—charcoal catalyst containing 0.4 g.
of palladium!? in the presence of hydrogen at an initial
gage pressure of 40 1b. At the end of an hour hydrogen
was no longer absorbed so an additional like amount of
catalyst was added and shaking continued. At the end of
fifteen hours the calculated amount of hydrogen had been
absorbed.

After removal of the catalyst the clear filtrate was acidi-
fied with 5%, aqueous hydrochloric acid, the alcohol re-
moved and the aqueous solution extracted with ether.
Evaporation of the aqueous layer to dryness under reduced
pressure gave the hydrochloride as a pale wine-red liquid,
weighing 8 g. Addition of absolute alcohol and ether,
and standing overnight in the refrigerator, gave 4.4 g. of
white crystals, and an additional 0.3 g. was obtained from
the mother liquor. The total yield was 56.49%, of crude
product. After four crystallizations from absolute alco-
hol-ether the product softened at about 154° and melted
at 175-177°.

Anal. Caled. for CH,(CINO: C, 57.60; H, 7.52; Cl,
18.89. TFound: C, 57.67,57.73; H, 7.63,7.71; Cl, 18.62.

When 0.5 g. of the crude hydrochloride was benzoylated
with benzoyl chloride and sodium hydroxide, the mono-
benzoate was obtained; m. p. 142.1-142.6° after five
crystallizations from aqueous alcohol.

Anal. Caled. for CiHizNOs: C,
Found: C, 75.26, 75.22; H, 6.76, 6.78.

When the benzoate was tested in dioxane with am-
monium hexanitratocerate, a red color was produced in-
dicating the presence of a free alcoholic hydroxyl group.!?
N-Benzoyl-(2-phenylethyl)-amine did not respond to the
test. The above hydrochloride and monobenzoate did not
depress the melting point of the corresponding derivatives
of the amino alcohol derived from benzylethylene oxide
and ammonia.

75.27; H, 6.71.

Summary

The amino alcohol formed by the reaction of
one mole of benzylethylene oxide with one mole of
ammonia is identical with that obtained by the
reduction of the nitro alcohol formed by the con-
densation of phenylacetaldehyde with nitro-
methane, and hence is 1l-amino-2-hydroxy-3-
phenylpropane.
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