1556

chloride with 2-bromoethylamine hydrobromide according
to the procedure of Leffler and Adams.® It melted at 142-
144° after two recrystallizations from benzene and one re-
crystallization from ether in which the compound is sparingly
soluble. Yield of crude product was 949%,.

Method B. N-2-Bromoethyl-p-ethoxybenzamide was pre-
pared in 969, vield by addition of 315 mg. of N-p-ethoxy-
benzoylethylenimine with stirring to 5 ml. of cold 489, hy-
drobromic acid. Reerystallization from benzene gave a
product melting 142~144°, A mixed melting point with the
material produced by Method A was 141-144° and the in-
frared spectra of the products by Methods A and B were
identical,

2-p-Ethoxyphenyl-2-oxazoline. This compound was pre-
pared by & previously described method? for making 2-p-
chlorophenyl-2-oxazoline. It involved the alkaline methanoi-
ysis of N-2-bromoethyl-p-ethoxybenzamide. The oxazoline
melted at 105-107° (from agueous ethanol).

Anal. Caled. for C;;H;3NOs: N, 7.32, Found: N, 7.45.
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The preparation of polymers containing carbo-
hydrate repeating units has been of considerable
interest in recent years.? The preparation of a
polyamine containing carbohydrate units by Wig-
gins,® who condensed 1,2:5,6-dianhydro-3,4-0O-iso-
propylidene-p-mannitol (I) with 1,6-diamino-1,6-
dideoxy-2,3,4,5-di-O-methylene-p-mannitol,  sug-
gested a route that would afford interesting nitro-
gen-containing carbohydrate polymers.

Our initial studies quickly showed that ethylene-
diamine, hydrazine, and ammonia condensed read-
ily with equimolar quantities of the diepoxide I.
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However, the polymeric products obtained were
insoluble materials which were not amenable to
purification. It appeared that all of the amino hy-
drogens were reacting to some extent to produce
intractable cross-linked polymers.
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Attention was therefore directed to the conden-
sation of the diepoxide I with bis-secondary and
simple primary amines: piperazine, N,N’-dimeth-
vlethylenediamine, methylamine, 2-aminoethanol,
and  2-amino-2-(hydroxymethyl)-1,3-propanediol.
Although the opening of the diepoxide rings of I
with sodium alkoxides has been carried out at rela-
tively high temperatures for extended periods,! the
amines reacted readily at room temperature. Dilu-
ents were necessary to avoid excessive heating and
decomposition. ’

The polymers obtained (IT to IV) were soluble in
chloroform and aleohols; the polymer (II, R =
C(CH.0H);) from 2-amino-2-(hydroxymethyl)-1,-
3-propanediol was water-soluble. The reduced vis-
cosities (Nsp/c) of the polymers were 0.06 to 0.16
deciliter/g., indicating that the chain lengths were
not very great. Attempts to increase the relative
viscosities by alteration of the reaction conditions
either had no effect or afforded partially insoluble
products with the viscosity of the chloroform-soluble
fractions unchanged.

The soluble polymers could be de-acetonated
with refluxing aqueous hydrochloric acid. A variety
of nitration techniques were applied to the de-aceto-
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nated polymers. In most cases low yields were ob-
tained and in all cases the nitrate ester derivatives
obtained decomposed after isolation with the evolu-
tion of nitrogen oxides. This instability of the ni-
trated polymers may be analogous to the re-
ported® instability of the structurally related ni-
trate ester-nitrate salt derivatives of the mono-,
di-, and tri-ethanolamines. The acetate derivatives
could be prepared in stable form.

The details of the polymer preparation tech-
niques are illustrated in the experimental section
together with examples of the derivatives prepared.

EXPERIMENTAL

Materials. The amines employed were either commercial
products or were prepared following syntheses given in the
literature. Following the method of Siwoloboff,5 1,6-dichloro-
1,6-dideoxy-p-mannitol was prepared and converted to
1,2:5,6-dianhydro-3,4-O-isopropylidene-p-mannitol (I) by
the procedure of Wiggins.?

Condensation of piperazine with 1,2:5,6-dianhydro-8,4-O-
isopropylidene-D-mannitol. Piperazine (0.7 g., 81 mmol.)
dissolved in 5 ml. of chloroform was added to 5 ml. of chloro-
form solution containing 1.5 g. (8.1 mmol.) of the diepoxide
I. The reaction was allowed to proceed for 24 hr, at room
temperature whereupon the solution was poured with stir-
ring into 40 ml. of dry ether. The resulting gummy mass
hardened after trituration with additional ether, The white
product was soluble in methanol, ethanol, and chloroform;
evaporation of such solutions deposited clear, brittle films.
No definite melting point was observed but the polymer
was liquid at 160°. A solution of the polymer (IV) in chloro-
form had a reduced viscosity (Nsp/c) of 0.16 deciliter/g.
(e 0.5, 25°), as measured with an Ostwald viscometer.

Anal. Caled. for (CysH.OuNo)s: C, 57.33; H, 8.88; N,
10.27. Found: C, 56.92; H, 8.68; N, 10.21.

No increase in the viscosity of the polymers obtained re-
sulted when the reaction was carried out at room temper-
ature in pyridine, in methanol containing triethylamine, or
in refluxing chloroform. The product obtained by refluxing
the polymer in methanol with fresh diepoxide was only
partially soluble in chloroform and the viscosity of the sol-
uble fraction had not changed.

The isopropylidene groups were removed by treating the
polymer (0.425 g.) with N hydrochlorie acid (20 ml.) on the
steam bath for 18 hr. The polymer dissolved, and after reac-
tion the solution was treated with Amberlite TRA-4007 ex-
change resin until the solution was neutral. The resin was
removed by filtration and washed with water. The filtrate
was lyophilized to yield a nearly white powder; vield 0.28
g. This produet was nitrated by suspending it in acetic an-
hydride (5 ml.) at 0° and slowly adding a cold solution
of absolute nitric acid (4 ml.) in acetic anhydride (10 ml.).
After standing for 2 hr., the reactants were poured into ice
and water to give a low yield of a white powdery product
which was recovered by centrifugation. The product decom-
posed into water- and ethanol-soluble products and could
not be isolated in a pure state.

Condensation of 2-amino-2(hydroxymethyl)-1,3-propanediol
with 1,2:5,6-dianhydro-3,4-O~isopropylidene-v-mannitol. 2-
Amino-2-(hydroxymethyl)-1,3-propanediol (2.8 g., 23.3
mmol.) was dissolved in 20 ml. of refluxing chloroform and
4.9 g. (25.8 mmol.) of 1,2:5,6-dianhydro-3,4-O-isopropyli-
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a.
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dene-p~mannitol dissolved in 10 ml. of chloroform was
added in 4 equal parts during 6 hr. After 8 hr. of refluxing,
the solvent was distilled and the residual orange gum was
dissolved in warm water. Addition of acetone (3 vol.) caused
the formation of some precipitate which was discarded.
After evaporation of the acetone from the solution, hydro-
chloric acid was added to the aqueous residue and the poly-
mer was de-acetonated as described above to afford a yellow
powder; yield 5.8 g. A sample of the polymer (II) isolated
from its aqueous solution by freeze-drying prior to treatment
with acid, had a reduced viscosity of 0.06 deciliter/g. (¢ 3,
25°, water),

A portion of the de-acetonated polymer was nitrated as
above with similar results. Another portion of the polymer
was nitrated with dinitrogen pentoxide in chloroform
following the method of Caesar and Goldfrank.® At the end
of the nitration (14 hr. at 0°), the reaction mixture was con-~
centrated under reduced pressure and the residual solid was
washed with ethanol and dried. Although a higher yield was
obtained, the nitrate soon decomposed with the evolution
of nitrogen oxides.

Another portion (1.0 g,) of the de-acetonated polymer was
dissolved in a mixture of pyridine and acetic anhydride
(20 ml. each). After 24 hr, at room temperature, the mixture
was poured into water. The precipitate was washed with
water, ethanol, and petroleum ether to afford 1.29 g. of white
powder after drying.

Anal. Caled. for (CosHg:01:N)a: C, 51.34; H, 6.24; N, 2.50.
Found: C, 51.19; H, 6.36; N, 2.44.

Condensation of other amines with 1,2:5,6-dianhydro-3,4-O-
isopropylidenc-p-mannitol. The diepoxide also condensed
with hydrazine, ethylenediamine, and ammonia to give
yellow to brown colored brittle materials which were insol-
uble in solvents and whose isopropylidene groups were, in
general, difficult to remove. The polymers obtained by con-
densation of the diepoxide with methylamine, 2-amino-
ethanol, or ¥ ,N’-dimethylethylenediamine IIT were yellow
or orange in color but did dissolve in chloroform.
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This paper reports a further extension of the
investigation of the reactions of 17 alkyl aryl ke-
tones with various reagents.* Each of the ketones
reacted with t-butylmagnesium chloride under con-
ditions as nearly like those previously reported as
possible.® The reactions were designed to measure
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