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However, the good yields they report, as high as 799, have not been duplicated; our
yields were 10-14%,

The reduction of a-phenylpropionitrile dissolved in absolute alcohol containing
three equivalents of hydrogen chloride proceeded smoothly and completely, although
about a third as rapidly as for the oximes, and the product was isolated as its hydro-
chloride salt, melting at 123-124° (corr.). Freund and Kénig, by reducing the nitrile
with sodium and absolute alcohol, obtained the base C¢H;CH(CH;)CH,;NH,, whose hy-
drochloride melted at 124°,

Summary

Four isomeric phenylpropylamines were prepared by catalytic hydrogen-
ation of an appropriate intermediate. A preliminary pharmacological
examination of these compounds indicates that:

(1) The optimum skeleton for pressor compounds is §-phenylethylamine.

(2) A shift in the relative positions of the phenyl and amino groups very
greatly decreases pressor potency.

(8) Substitution of a methyl on either of the two carbons in the side
chain of this skeleton confers oral activity.

{4) The presence of the secondary alcoholic hydroxyl in phenylpropanol-
amine serves to decrease the toxicity to a degree that becomes significant
therapeutically.
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The most satisfactory methods of preparing amides have involved de-
hydration of the ammonium salt of the corresponding acid. Hofmann!
prepared various amides by heating ammonium salts of aliphatic acids for
five or six hours at 230° under pressure. Kundig? prepared acetamide by
the rapid distillation of ammonium acetate and by heating an alcoholic
solution of acetic acid and ammonia in a sealed tube for a long time at 100°.
He also obtained a yield of amide greater than 25%, by passing dry ammonia
through acetic acid and then heating to boiling. Grant and James® have
prepared amides by saturating the acid with dry ammonia and boiling.
Dunlap,* Keller® and Verley® have modified the procedure by heating so-
dium acetate and ammonium chloride at 240°.

! Hofmann, Ber., 15, 977 (1882).

? Kundig, Ann., 105, 277 (1858).

3 Grant and James, THIS JOURNAL, 39, 933 (1917).
4 Dunlap, <bid., 24, 762 (1902).

8 Keller, J. prakt. Chem., [2] 31, 364 (1885).

¢ Verley, Bull. soc. chim., [3] 9, 691 (1893).



1880 JAMES A. MITCHELL AND E. EMMET REID Vol. 53

Acetamide is best prepared according to Coleman and Alvarado” by
heating a mixture of ammonium acetate and acetic acid under a reflux con-
denser in such a manner that the excess acetic acid and the water formed
in the reaction are slowly distilled off.® Noyes and Goebel have also shown
that acetic acid catalyzes the reaction.

This method is very satisfactory for preparing acetamide, but is not
economical for the higher aliphatic acids on account of the cost of the large
excess of acid required. This suggested using an excess of the other reac-
tant, ammonia, which is cheap.

Instances in which dimethyl amides were prepared in a similar manner
are rare. Franchimont and Klobbie® prepared dimethyl heptoamide by
heating the acid with dimethylamine at 230° in a sealed tube. Verley®
prepared dimethyl formamide and acetamide by distilling a mixture of an
alkali salt of the acid and dimethylamine hydrochloride.

Results

We have found that by passing ammonia gas through aliphatic acids
kept at a suitable temperature in such a way that the water formed is
continually removed, the equilibrium point of the reaction may be dis-
placed far to the amide side and very high yields of amides obtained. The
results with the aliphatic amides are indicated in Table I.

The temperature at which the acid is heated is sufficient to dehydrate a
small proportion of the higher amides to form the nitriles. This reaction
becomes appreciable with butyric and the higher amides.

The reaction velocity is appreciably slower with the higher acids. Hep-
toic acid reacts much more slowly than caproic and caprylic more slowly
than heptoic. Lauric acid was heated at 185° for sixteen hours. Only a
small fraction was converted to the amide. No amide was obtained from
palmitic or stearic acid upon heating either at 125 or 190° for consider-
able intervals of time. The ammonium salts of these acids are probably
unstable under the conditions of the experiments.

Similar experiments were performed in which anhydrous zinc chloride
was added to acetic, propionic and caproic acids. No difference in rate of
formation of the amide was observed when compared with parallel experi-
ments with no zinc chloride.

Zinc chloride is a catalyst, however, for dehydration of the amide to the
nitrile. At a temperature higher than that used in the preparation of the
amide a considerable proportion of caproic acid is converted to the nitrile.

Although small amounts of nitrile are formed in distilling acetamide and

7 Coleman and Alvarado, “Organic Syntheses,” John Wiley and Sons, Inc., New
York, 1923, Vol. 3, p. 2.

8 Rosanoff, Gulick and Larkin, THIS JOURNAL, 33, 974 (1911); Hitch and Gilbert,
ibid., 35, 1780 (1913); Noyes and Goebel, ibd., 44, 2286 (1922).

9 Franchimont and Klobbie, Rec. trav. chim., 6, 247 (1887).
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TABLE I
ALIPHATIC AMIDES
Temp.of Temp.of Time of Yietd of M, p. of
Acid  reflux acid, heating, B. p. of amide, purified
Acid g. cond.. °C. °C. hrs product, °C. 7 amide, °C.
Acetic 50 80 f 170 6 21020 77 81.5
. - 170 5 96
Acetic 50 80 | 190 { 3
Acetic 50 80 190 8 96
Propionic 49 80 185 5.5 200-20 93 81.3
Propionic 50 80 190 b 95
Butyric® 48 85 185 7 13045 (22 mm.) 84 114.8
Butyric® 48 85 185 7 88
Butyric® 48 85 180 7 85 115.0
Valeric 47 90 190 6 100-30 (6 mm.) 64 105.8
Valeric 47 90 180 15 82
Caproic’ 47 90 160 .7 135-50 (10 mm.) 75 101.5
Caproic® 47 90 160 7 75
Caproic? 47 90 . 180 . 7 75 101.0
. ;160 17 130-50 (7 mm.) 75 96.5
Heptoic 46 90 | 190 \4
. 125 [3 75
Heptoic 46 90 \ 180 { 3
Caprylic 50 90 180 11 135-55 (4 mm.) 80 106.0

* Eastman. " Prepared by the oxidation of #-butyl alcohol. ° Kindness of Sharp
and Dohme. ¢ Prepared by the malonic ester synthesis.

propionamide, they are satisfactorily purified by distillation at atmospheric
pressure. It isbetter to fractionate the higher amides at reduced pressures.

Acetamide is best recrystallized from methyl alcohol and ether according
to the method outlined by Wagner.!® The amides become increasingly solu-

TasBLE I

DIMETHYL AMIDES

. Temp. of Temp. Time of B. p. of
Acid, reflux of ?(c:id, heating, product, Yield of
. °C,

Acid ' cond., °C, hrs, amide, %
Formic 110 (95%) 60 95 3 130-65 73
Formic 120 (85%) 60 120 3.5 50
Acetic 50 80 170 2.5 165-75 76
Acetic 30 80 150 3 84
Propionic 50 80 155 2.5 165-78 76
Propionic 50 80 155 3 78
Butyric 100 85 155 2.5 180-94 84
Valeric 100 85 165 3 205-15 87
Caproic 50 85 155 3 220-30 88
Caproic 50 85 155 3.5 88
Heptoic 92 85 160 3.5 165-75 (95 mm.) 81

10 Wagner, J. Chem. Ed., 7, 1135 (1930). Wagner obtained a melting point as
high as 83° for acetamide, We obtained a melting point of only 81 5° after a very
rigid purification.
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ble in ether as the molecular weight increases. This furnishes a satisfac-
tory recrystallization medium for all but acetamide. The amides are more
effectively recrystallized from hot benzene. The crystals, however, tena-
ciously absorb the solvent and it is advisable to centrifuge.

Dimethyl amides were prepared in the same manner, the ammonia being
replaced by dimethylamine. The results are given in Table II. The
dimethyl amides obtained were all liquids at ordinary temperatures and
were purified by distillation.

Experimental

The apparatus employed. consisted of a flask with a jacketed reflux con-
denser. The condenser was connected top and bottom with a side tube
of the same length, which upon being filled with water could be kept at any
desired temperature up to 90° by meaiis of a Bunsen burner placed at the
lower end of the side-tube. The flask containing the acid was heated to
any desired temperature by an oil-bath. Temperatures were read from a
thermometer which was placed inside the flask and extended into the con-
denser. The ammonia delivery tube entered at the top of the condenser
and extended to the bottom of the flask.

For the preparation of the amides a stream of ammonia, taken directly
from a cylinder, was passed through the delivery tube and bubbled through
the acid the entire duration of the experiment. The water formed in the
reaction was swept out through a tube just at the top of the condenser
jacket into a bulb.

Samples of amides were carefully purified. After the preliminary
vacuum distillation the amides were further purified by crystallization from
pure benzene and absolute ether, frequently centrifuging and drying over
sulfuric acid in a vacuum desiccator until accurate melting points were ob-
tained, checking for several recrystallizations. The melting points were
taken with a calibrated Anschiitz thermometer. Every precaution was
taken to prevent overheating of the melting point bath and its temperature
was kept uniform by efficient stirring. Melting points quoted in Table I
are the corrected ones.

Acetamide was purified by recrystallizing four times from methyl alcohol
and ether, centrifuging twice. Propionamide was crystallized once from
methyl alcohol and ether, followed by centrifuging, and then recrystal-
lized twice from ether. Butyramide® was crystallized from benzene, cen-
trifuged and recrystallized three times from ether, followed by centrifug-
ing. Butyramide® was crystallized three times from ether, and centri-
fuged. Valeramide was crystallized three times from ether and centrifuged.
Caproamide® was crystallized three times from ether and centrifuged twice.
Caproamide,? heptoamide and caprylamide were crystallized from benzene,
centrifuged, and recrystallized twice from ether.
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For the preparation of the dimethyl amides, the apparatus was attached
to a water pump at the exit side and a current of air mixed with dimethyl-
amine, prepared by dropping an aqueous solution of the amine!! on solid
potassium carbonate, was drawn through the acid during the course of the
experiment. The gas was dried by passing it over solid potassium hy-
droxide. Certain experiments indicated, however, that drying was not
essential. The reaction proceeds much faster with dimethylamine than
with ammonia. ,

A study of the physical properties of dimethyl amides, together with
methods of preparation and purification, is being continued in this Labora-
tory by other workers.

Summary

A satisfactory and economical method has been described for the prepara-
tion of amides and dimethyl amides from the normal acids of the aliphatic
series up to caprylic.

Accurate melting points of the amides from acetic to caprylic have been
determined.
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The relationship between the specific rotation and copper reducing
values of starch hydrolytic products as formed under the influence of dia-
static action has been the subject of considerable study. In the early
work of Brown and Heron! a close relationship was not observed but later
work by Brown and associates? showed that the hydrolytic products first
formed were in a condition of lower optical value and if equilibrium condi-
tion of the mutarotating mixture was reached, the rotation assumed the
calculated value. Rolfe and Defren® claim the same close relationship
when the hydrolysis of starch is brought about by acids. Using amylo-
dextrin as the substrate in place of starch, Ford and Guthrie* have applied
the principle to the estimation of the diastatic power of malt. By deter-
mining the change in rotation and multiplying by an appropriate factor

11 Kindly furnished by the du Pont Co.

1 Brown and Heron, J. Chem. Soc., 35, 596 (1879).
 Brown, Morris and Millar, ¢bid., 71, 115 (1897).

3 Rolfe and Defren, THIS JOURNAL, 18, 869 (1896).

¢ Ford and Guthrie, J. Inst. Brewing, 11, 206 (1905).



