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present in the 809, lactic acid (ca. 22 ml.) was removed
rapidly, but the water resulting from dehydration of the
amine lactate was formed at higher temperature and at a
considerably slower rate. After removal of free water,
11 bours of refluxing at 154 to 166° was required to collect 18
ml. (1 mole) of water formed by dehydration of the salt.
By using less entraining agent (50 ml. instead of 100 ml.) the
reaction temperature was increased, and dehydration was
completed considerably faster (7 hours instead of 11).

Upon completion of the reaction, the xylene was removed
by distillation at 40—~50 mm., and the dibutyllactamide was
isolated by distillation at 5.0 mm.

The preparation of other substituted lactamides is sum-
marized in Table I. The physical constants and analytical
data were determined on redistilled or recrystallized samples.
The solid lactamide derivatives were recrystallized from
ether, except N-S-phenylethyllactamide, which was recrys-
tallized from acetone. For purposes of comparison, N,N-
dibutylpropionamide was also prepared.

Lactamides by Aminolysis of Methyl Lactate.—N-(a-
methylbenzyl)-, N-(8-phenvlethyl)-, N-3-hydroxypropyl-
and N-(1-hydroxy-2-butyvl)-lactamides were prepared by
aminolysis of methyl lactate with an equivalent amount of
a-methylbenzylamine, @-phenylethylamine, 8-aminopro-
panol and 2-amino-1-butanol, respectively. This method
has been described previously.®#® The results are shown in
Table I.

Boiling points of dibutyl, dihexyl, dioctyl and didecyl
lactamides were determined at various pressures in the range

ESTER-AMI DES OF LACTIC ACID

2099

of 0.1 to 10.0 mm. with a tensimeter still.l® The results

are shown in Fig. 1.
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Ester-amides of Lactic A'cid
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Various esters of N-substituted lactamides, particularly dialkyl-, hydroxyalkyl- and di-(hydroxyalkyl)-lactamides, were
prepared. Concurrent esterification and dehydration to produce satisfactory yields of esters of lactamides was accom-
plished by heating a mixture of the lactic acid~amine salt, fatty acid, and an entraining agent.

Because lactic acid contains both hydroxyl and
carboxyl groups it is capable of being transformed
into numerous derivatives which are simultaneously
an ester and an amide. However, comparatively
little information has been reported concerning
these ester-amide derivatives of lactic acid. Earlier
investigators have reported a few esters of lact-
amide, dimethyllactamide and lactanilide.?="

More recently some acetates, acrylates and
methacrylates of substituted lactamides have been
reported 8=

This paper reports various additional ester-
amides of lactic acid particularly esters of the N,N-
disubstituted lactamides and the hydroxyalkyl
lactamides. The preparation of some of these
ester-amides by simultaneous direct esterification
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and dehydration of the lactic acid-amine salt was
also investigated.

The pure ester-amides were prepared by acyla-
tion of the lactamide with acid anhydrides or chlo-
rides. Subsequently it was found practical to
prepare at least some of these derivatives by direct
esterification in which carboxylic acids were em-
ployed. The direct esterification of N,N-dibutyl-
lactamide with lauric acid proceeded very slowly,
and only approximately 409, esterification occurred
as judged by the amount of water removed during
the reaction. The yield of desired ester-amide
was very poor. It was of interest that if the
esterification was conducted with the lactic acid-
amine salt in place of the lactamide the esterifica-
tion proceeded satisfactorily with concurrent de:
hydration of the amine salt, and good yields of the
ester of the substituted Jactamide were obtained.
Similarly a satisfactory yield of hydroxyethyllact-
amide dipelargonate was obtained by this method.

Experimental

Preparation of Lactamides.—Butyllactamide and the
hydroxyalkyllactamides were prepared in almost quantita-
tive yields by aminolysis of methyl lactate as previously
described.®-12 Lactanilide, f-octyllactamide and the di-
alkyllactamides were prepared in satisfactory yield by de-
hydration of the corresponding lactic acid—amine salt as re-
ported recently.?

(12) W. P. Ratchford, Ind. Eng. Chem., 42, 1565 (1950).
(13) M. L. Fein and E. M. Filachione, Tars JoUur~aAL, 78, 2097
(1953).



Lactamide ester

Tactannde, 2-ethylliexanoate

Lactamide, laurate

N-Butyliactamide, 2-cthylhexaioate
N-Butyllactamide, laurate

N-t-Octylluctamide, acetate

2-t-Octyllactamide, laurate

{actanilide, 2-ethylhexanoate

Lactanilide, laurate

N, N-Dibutyllactamide, 2-¢thylhexwioate

2, N-Dibutyllactamide, laurate
N,N-Dibutylllactamide, adipate
N,N-Di-n-octyllactamide, #n-amyl carbonate
N,N-Di-2-ethylhexyllactamide, 2-ethylhexanoate
N,N-Dibenzyllactamide, acctate
N,N-Di-zn-decyllactamide, acetate
N-2-Hydroxyethyllactamide, diacctate
N-2-Hydroxyethyllactamide, dipropionate
N-2-Hydroxyethyllactamide, di-2-ethylbexanoate
N-2-Hydroxyethyllactamide, dipelargonate

N-2-Hydroxyethyllactanii le, bis-(#-hexyl carbonate)

N-2-Hydroxyethyllactamide, dibenzoate
N-2-Hydroxypropyllactamide, diacetate
N-2-Hydroxypropyllactamide, dipropionate
N-2-Hydroxypropyllactamide, di-2-ethylhexanoate

N-2-Hydroxypropyllactamide bis-(ethyl carbonate)
N-2-Hydroxypropyllactamide bis-(n-bexyl carbonate)

N-3-Hydroxypropyllactamide, diacetate
N-3-Hydroxypropyllactamide, di-2-ethylhexanoate
N,N-Di-(2-hydroxyethyl)-lactamide, triacetate
N,N-Di-(2-hydroxyethyl)-lactamide, tripropionate
N,N-Di-(2-hydroxyethyl)-lactamide, trilaurate
N,N-Di(2-hydroxyethyl)-lactamide, triheptanoate
N,N-Di«2-hydroxypropyl)-lactamide, triacetate

N,N-Di«{2-hydroxypropyl)-tactamide, tripropionatie

N,N-Di-{2-hydroxypropyl)-lactamide, tri-2-ethyl-
hexanoate

¢ Yield based on crude product. * Reerystallized from cthanol.

7 Recerystallized from ether. ¢ Supercooled liguid.
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PreEPARATION AND PROPERTIES OF ESTERS OF LACTAMIDES
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Preparation of Esters of Lactamides.—These were pre-
pared by acylation of the appropriate lactamide with acid
anhydrides or chlorides. Acetic and propionic anhydrides
were employed to obtain the acetates and propionates, and
acid chlorides in conjunction with pyridine were used to
prepare the remaining esters by standard procedures. The
ester-amides were distilled in an alembic type still!* at low
pressure. Middle fractions or recrystallized materials in
the case of solids were used for determination of properties
and for analyses. It was necessary to distil the bis-(hexyl-
carbonate) of 2-hydroxyethyl- and 2-hydroxypropyllacta-
mides in a centrifugal molecular still. The ester-amides
prepared and their properties are shown in Table I. The
boiling point curves for N-butyllactamide 2-ethylhexanoate
and the 2-ethylhexanoate and laurate of N,N-dibutyllacta-
amide are shown in Fig. 1.

Ester-amides by Simultaneous Esterification and Dehy-
dration of Lactic Acid~Amine Salts.—Ethanolamine, 61 g.
(1 mole), was added in portions to 112 g. of 80% lactic acid
with occasional cooling to remove the heat of neutralization.
Then 316 g. (2 moles) of pelargonic acid and 130 ml. of ben-
zene were added to the reaction flask, and the mixture was
refluxed under a Barrett-type water trap, which automati-
cally separated water from the water-benzene azeotrope.
After two hours, 29 ml. of water and 76 ml. of benzene had
been removed from the trap, and the still-pot temperature
had risen from 112 to 153°. An additional 40 ml. of water
was separated from the reaction mixture as the pot tempera-
ture rose to 190° in the next six hours. The reaction mix-
ture was transferred to a Vigreux still and freed of benzene
by distillation at 10 mm., a water-bath being used for heat-
ing purposes. The ester-amide was then isolated by dis-
tillation in an alembic still under high vacuum. The yield
of distilled product, N-2-hydroxyethyllactamide dipelargon-
ate (which solidified in the receiver) was 74%,.

N,N-Dibutyllactamide laurate was prepared by a similar
procedure from one mole each of lactic acid, dibutylamine
and lauric acid, with xylene as the entraining agent, in 70%
yield.

Acknowledgment.—The authors are indebted to
Mary Jane Welsh and Ruth Kelly for the ultimate

analyses, E. H. Harris, Jr., for assistance in several-

preparations, and H. B. Knight for the distillation

(14) W. P. Ratchford and C. E. Rehberg, Anal. Chem., 21, 1417
(1949).

ISOCYANATES BY THERMAL DECOMPOSITION OF SUBSTITUTED UREAS
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Fig. 1.—DBoiling points of lactamide esters: 1, N-butyl-
lactamide, 2-ethylhexanoate: 2, N,N-dibutyllactamide, 2-
ethylhexanoate; 3, N,N-dibutyllactamide, laurate,
of two products in a centrifugal molecular still.
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The Preparation of Isocyanates by the Thermal Decomposition of Substituted Ureas’

By WirLiam B. BeENNET, J. H. SAUNDERS AND Encar E. HarDy
REecEIVED DECEMBER 15, 1952

Isocyanates have been prepared in 57-71%, yields by the vapor-phase reaction of sym-disubstituted ureas with hydrogen

chloride.
chloride, and from N-phenylurea with hydrogen chloride.

The thermal dissociation of substituted ureas
into the corresponding amines and isocyanates, ac-
cording to equation 1

RNHCONHR’ —Z RNCO + R'NH, (1)

has been demonstrated qualitatively both in the
liquid phase? and in solution.? Isocyanates have
been identified among the products obtained by the
distillation of molten substituted ureas,* and by
the treatment of molten ureas with phosphorus

(1) Presented before the Organic Division of the American Chemical
Society, Atlantic City, N. J., September 18, 1852, :

(2) H. Eckenroth and M. Wolf, Ber., 36, 1463 (1893).

(3) Y. Iwakura and K. Nagakubo, Bull. Tokyo Inst. Techunol., 18,
25 (1948); C. A., 44, 3924e (1950).

(4) A, W, Hofmann, Ber., A, V306 (1881),

Lower yields were obtained from the vapor-phase reaction of amines and urea or cyanuric acid with hydrogen

pentoxide® or with dry hydrogen chloride® As
a preparative method for isocyanates, however,
the process has been limited to certain trisub-
stituted ureas which decomposed on heating into
a low-boiling isocyanate and a relatively non-
volatile secondary amine,” as in equation 2, or to

(CeH):NCONHCH; —> (CeH;);NH + CH;NCO (2)

ureas containing as the only substituent a large
tertiary alkyl group, such as the neopentyldimeth-
ylcarbinyl group.® The recombination of the

(5) A. W, Hofmann, sbid., 8, 653 (1870).

(6) A. Habich and H, Limpricht, Ax»., 109, 101 (1859).

(7) L. Strohmenger, German Patent 748,714; see W, Siefken, Ann.,
862, 75 (1949).
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