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Chemical Modification of Cellulose. Reaction
of Cellulose Xanthate with S-Propiolactone!
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Although of primary commercial usefulness as a
method for solubilizing cellulose for subsequent
regeneration to form rayon, cellophane, and other
cellulose products, cellulose xanthate, nevertheless
possesses a high degree of chemical reactivity.
In addition to the complex reactions that take place
during ripening, viscose is reported to undergo a
number of other chemical transformations. For
example, when viscose or sodium cellulose xanthate
(I), Coar—OCSSNa, reacts with alkyl halides (or
sulfates),? iodine, sodium chloroacetate,® aniline,*
arenediazonium chloride,® or acrylonitrile® the
products, respectively, are xanthic esters C.—
OCSSR, a “disulfide” (Conr—OCSS—),;, an acetic
derivative C.—OCSSCH,;COONa, a N-substi-
tuted thiourethan C.,—OCSNHPL, an aryl cel-
lulose xanthate Car—OCSSAr (with evolution of
nitrogen), and a cyanoethyl ether C.—OCH,-

The reaction of simple xanthates with S-pro-
piolactone has been studied recently,” and the
present study is an extension to include (I).
Reaction with the beta lactone did occur as evi-
denced by the rise in temperature and a change in
the color of solution from deep orange to yellow
when an excess of §-propiolactone had been added.
In conformance with earlier results’ the following
reaction is believed to have taken place.

CeII—OCSSN& -+ CH,CH,CO —>
L o—1
Ce1—OCSSCH,CH,COON3,

Upon acidification, -carboxyethyl cellulose xan-
thate (II) precipitated. The product was quite
insoluble in water, alcohol, ether, and acetone but
could be dissolved in dimethylformamide by warm-
ing. Evaporation of the dimethylformamide from
a glass plate left a transparent, colorless, tough
film of the modified cellulose. Although insoluble,
the film was softened appreciably by water with
concomitant increase in elasticity and decrease in
strength.

Having the free carboxyl group available for
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further reaction, the effect of internal esterification
on the properties of the polymer was next investi-
gated. Treatment of the dimethylformamide solu-
tion at 80-90° with a small amount of sulfuric acid
and removal of water by azeotropic distillation ef-
fected internal esterification. After evaporating
the solvent on a glass plate a brittle film was ob-
tained. This brittleness is probably due to a certain
amount of cross linking effected by the internal
esterification.

Esterification of the g-carboxyethyl group with
a simple aleohol was next accomplished. Reaction
with butanol in the presence of sulfuric acid was
effective in bringing about the desired esterification.
The dimethylformamide solution upon evaporation
left a film of greater flexibility, indicating some
degree of internal plasticization.

Acetylation of the viscose—B-propiolactone re-
action product by two different methods was in-
vestigated. Refluxing with acetic anhydride in the
presence of a trace of sulfuric acid produced a
material insoluble in dimethylformamide. Some
cross linking through internal esterification may be
a complicating side reaction in this case, Acetyla-
tion by the pyridine-acetic anhydride method
produced a different material, still insoluble in
dimethylformamide, however. During this treat~
ment it is possible that a substantial amount of the
xanthic ester is decomposed with concomitant loss
of carbon disulfide is indicated by the sulfur analysis
on the product.

Since the aging of alkali cellulose and ripening
of the viscose solution produced therefrom play a
significant role in the properties of the fiber or film
obtained upon regeneration, efforts to obtain opti-
mum conditions for achieving the most desirable
products are not being reported at this time.

EXPERIMENTAL

Preparation of viscose solution.® Ten grams of absorbent
cotton was treated with 250 g. of 18% sodium hydroxide
solution for 1.5 hr. at 25°. At the end of this time the excess
NaOH was pressed out to a final weight of 32 g, The result-
ing alkali cellulose was shredded by hand and allowed to
stand at room temperature for 72 hr.

After this aging period the alkali cellulose was reacted with
8 ml. of carbon disulfide in a closed vessel. The mixture was
agitated for 4 hr. and excess CS; removed by evacuation,
after which a mixture of 18 g, of 189, NaOH and 75 ml. water
was added and stirring continued for 2 hr. Solution was
essentially complete at this point. Filtration of the viscose
was effective in producing a sparkling clear solution of 90—
100 ml. volume.

Reaction of 1 with B-propiolactone. The above prepared
viscose solution was diluted with 300 ml. of water and cooled
to 20°. g-Propiolactone (15.0 g.) was added dropwise during
10 min. with cooling to maintain the temperature between
20-25°. At this point the color of the solution changed from
deep orange to light yellow. Stirring at 25° was continued
for 0.5 hr. longer and the mixture was poured into an excess
of dilute hydrochloric acid. The light yellow solid which
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separated was filtered and washed with water and finally
with acetone in a Waring blender. The resulting product
was an almost white granular solid.

Anal. C, 39.65; H, 5.68; 8, 11.16.

A portion was dissolved in dimethylformamide by heating
to 50°. Evaporation of the solvent from a glass plate left
the product as a clear, tough film,

Internal esterification of II. Two grams of the modified
cellulose was dissolved in 25 ml. of dimethylformamide by
warming. A small amount of concentrated H,SO, was added
from a stirring rod and the solution was heated under
vacuum at 90-95° for 4 hr. with slow distillation of the
solvent. The solution remained clear upon cooling. Upon
evaporation of the solvent a clear, brittle film was obtained.
Anal. C,40.71; H, 5.58; 8, 11.01.

Esterification of 11 with butanol. Two grams of the modi-
fied cellulose was dissolved in 25 ml. of dimethylformamide
by warming. To this solution was added 10 ml. of butanol.
Some gellation of the solution oceurred at this point but it
remained stirrable. Once again a trace of H;80, was added
and the mixture was heated under vacuum at 80-85° for 3
hr. with slow distillation. Evaporation of the product left
a clear film of better flexibility than the original modified
cellulose.

Anal. C, 41.47; H, 5.82; 8, 10.91.

Acetylation of I1. (a) One gram of the modified cellulose
was heated to reflux for 1 hr, with 10 ml, of acetic anhydride
containing a trace of sulfuric acid. During this period appre-
ciable swelling of the polymer took place. Upon cooling, water
was added to decompose excess acetic anhydride after which
the granular solid was separated by filtration and was
washed thoroughly with water and finally ethanol. Upon
drying there was obtained 1.27 g. of the acetylated produet
which was found to be completely insoluble in acetone,
aleohol, and dimethy!formamide.

Anal. C, 45.33; H, 5.52; 8, 8.36.

(b) One gram of the modified cellulose was heated at
90-100° for 1 hr. with 10 ml, of pyridine, 10 ml. of acetic
anhydride, and 10 ml. of dimethylformamide. After quench-
ing with water, separation of the solid, and finally washing
with water and alcohol, there was obtained 1.08 g. of mate-
rial,

Anal. C, 44.20; H, 5.28; 8, 6.55.
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Synthesis of fy-Aminobutyi'yl-'y-aminobutyric
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v-Aminobutyric acid has been found in brain
extracts by Awapara et al.,? Roberts and Frankel,?
and Udenfriend.* Recently an analog, y-guanidino-
butyrie acid, was isolated from brain by Irreverre
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et ol Due to the demonstration of enzymatic
interconversion between these two butyric acids®?
and their possible role as humoral agents3—2 we
were prompted to synthesize the dipeptide of -
aminobutyric acid for physiological testing and for
comparison on paper chromatography.

The synthesized y-aminobutyryl-y-amincbutyric
acid in a concentration of 5.3 um/ml, is not effec-
tive in blocking the neutromuscular transmission
of crustaceans while y-aminobutyric acid was ef-
fective at the threshold concentration of 9.7 X
103 um/ml.Y The dipeptide as well as the benzyl
ester of y-aminobutyric acid give negative reactions
in the specific enzymatic method for the determi-
nation of y-aminobutyric acid developed by Jakoby
and Scott.!?

EXPERIMENTAL

N-Carbobenzozy-v-aminobutyric acid. This compound was
prepared by a procedure similar to that used for the prep-
aration of N-carbobenzoxyglycine,'® using 0.05 mole of
y-aminobutyric acid and 0.05 mole of carbobenzoxy chlo-
ride. The yield was 7.8 g. (66%,). Recrystallized from ethyl-
acetate-petroleum ether the compound melted at 66-67°.

Anal. Caled. for C,,HysON: C, 60.75; H, 6.37; N, 5.90.
Found: C, 60.89; H, 6.23; N, 5.90.

y-Aminobutyric acid bensyl ester hydrochloride. This de-
rivative was prepared using the procedure employed by
Erlanger and Hall¢ for the synthesis of p,i-phenylalanine
benzyl ester hydrochloride. Using 0.033 mole of y-amino-
butyric acid and 70 ml. of benzyl alcohol there was ob-
tained 5.2 g. of material (699%,). Recrystallized three times
from ethyl acetate it melted at 109-110°.

Anal. Caled. for Cy;H;sO:NCl: C, 57.66; H, 7.02; N, 6.10.
Found: C, 57.38; H, 7.05; N, 5.81.

N-Carbobenzoxy-v-aminobutyryl-v-aminobutyric acid benzyl
ester. To a mixture of 2.6 g. of N-earbobenzoxy-y-amino-
butyric acid and 1.51 ml. of triethylamine in 20 ml. of
methylene chloride pre-cooled to —5° was added 1.0 ml. of
ethylchloroformate and stored at —5° for 5 min. A second
flask containing a solution of 2.6 g. of v-aminobutyric acid
benzyl ester hydrochloride and 4.68 ml. of triethylamine
in 20 ml. of methylene chloride pre-cooled to —5° was added
to above mixture. An additional 10 ml. of methylene chloride
was used for washing out the flask. The reaction mixture
was kept at —5° for 20 min. and allowed to come to room
temperature with continuous stirring (magnetic) for 4 hr.
The solution was extracted with 50 ml. of dilute hydro-
chloric acid, then with a cold, saturated solution of NaHCO;
and finally with water. The methylene chloride layer was
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