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theless, it is clear that the materials in the various
peaks represent oligosaccharides of increasing mo-
lecular weight.

TaBLE I
GLUCOSAMINE CONTENT AND END-GROUP ANALYSIS OF THE
PEAKS
Glucosamine % of material N/reducing
content,d placed on valueb
Peak g. column mol./mol.
I 1.37 27.5 1.03
11 0.822 16.5 1.90
111 .614 12.2 2.90
v .434 8.7 4.30
A% .244 4.8 5.40
VI-end .443 8.9

@ After acid hydrolysis (4 N HCI for 30 hours at 100°).
® Reducing value by ferricyanide method® with glucosamine
as standard.

The material in peak I was characterized as glu-
cosamine hydrochloride by the following criteria:
(a) isolation of the crystalline hydrochloride, (b)
demonstration by paper chromatography and iono-
phoresis that the compound was homogeneous, (c)
conversion to a crystalline derivative, the «-1,3,-
4,6-tetraacetyl - N - (p - methoxybenzylidene) - D -
glucosamine.!'®* The derivative melted at 185~

(19) M. Bergmann and L. Zervas, Ber., 64b, 975 (1931).
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186° (uncor.) and did not depress the wm.p. of an
authentic sample.

An aliquot of the material in peak IT was isolated
and acetylated by methods to be described else-
where. The octaacetate so obtained melted at
285-288° (uncor., dec.) and did not depress the
dec. point of octaacetyl chitobiose obtained by the
acetolysis of chitin.# The characterization of the
material in peak II is preliminary, however, due in
part to the high decomposition point of the acetyl-
ated derivative.

From the data offered above it would appear that
it is now possible to separate glucosamine oligosac-
charides. Although acidic oligosaccharides have
been obtained? which contain N-acetylglucosamine
and glucuronic acid, this is apparently the first re-
port of the separation of some members of a series
of positively charge hexosamine oligosaccharides.
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Studies on the Decarboxylation of Oxidized Cellulose Acetate through the Formation
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It has been found that the carboxylic acid groups in oxidized cellulose acetate, oxidized cellulose acetate after reduction
with sodium borohydride and oxidized cellulose acetate after reduction and reacetylation can be replaced by acid chloride
groups and the acid chloride group can in turn be replaced with bromine by reaction in tetrachloroethane with a mixture
of silver oxide and bromine. Treatment of the decarboxylated polymer with sodium borohydride leads to the loss of the
halide without any marked decrease in the intrinsic viscosity of the product. Viscosity studies on the products indicate
that very little if any depolymerization takes place when reduced reacetylated oxidized cellulose is decarboxylated. The
decrease in intrinsic viscosity shown on decarboxylation of oxidized cellulose acetate, however, suggests that chain scission
takes place during the treatment of oxidized cellulose acetate containing acid chloride groups with silver oxide and bromine.

In previous communications it was shown that
the silver salt of penta-O-acetyl-p-gluconic acid
would react with bromine to form silver bromide,
carbon dioxide and aldehydo-1-bromopenta-O-
acetyl-D-arabinose.? Furthermore, it was dem-
onstrated that the silver salt of alginic acid, a
polymannuronic acid,? would, on treatment with
bromine, quantitatively evolve carbon dioxide.?
Reduction of the product of decarboxylation of al-
ginic acid proved to be extremely difficult and hy-
drolysis of the product, although it yielded the

(1) Published with permission of the Bureau of Ordnance, Navy
Department. The opinions and conclusions are those of the authors.

(2) Presented in part at the 131st Meeting of the American Chemical
Society, Miami, Florida, April, 1957,

(3) F. A, H. Rice and Arthur Russell Johnson, THIS JoURNAL, 78,
428 (1956).

(4) 8. Peat, Aun. Repts. Progress Chem. (Chem, Soc. London), 88,
150 (1941).

(h) . A. H. Rice, Abstracts 127th Meeting, Am. Chem. Soc, Cin-
cinnati, Ghin, 1053, p. 1T

expected compounds, did so only in very small
amounts.?

In the course of studies on the decarboxylation of
silver salts, it was discovered that an acid could be
quantitatively decarboxylated vie its acid chloride®
by treating the acid chloride with silver oxide and
bromine. It was apparent that this latter reaction
would be of particular value for studying acetyl-
ated polysaccharides which contain carboxylic
acid groups, insofar as it should be possible to
transform the carboxylic acid group of the acetyl-
ated polysaccharide into the acid chloride and
hence substitute by reaction with silver oxide and
a halide the carboxylic acid groups in the polysac-
charide with the halide. If the halide could be re-
placed by hydrogen, the over-all reaction would
have substituted a pentose for the original uronic

(6) F. A. H. Rice, TH1s JoUrNar, 78, 3173 (1956); F. A. H. Rice
and W. Morganroth, J. Org. Chem., 21, 1388 (1956).
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acid. It should then be possible to study the hy-
drolytic products of the polysaccharide with greater
ease, since the uronic acid constituents which are
notably susceptible to degradation by acid would
have been replaced by a pentose.

Initially attempts were made to apply the reac-
tion to a study of a commercial oxycellulose pre-
pared by treating cellulose with dinitrogen tetrox-
ide.” Attempts were made to acetylate the
oxycellulose after the manner of Godman, Haworth
and Peat® with a mixture of acetic anhydride, ace-
tic acid and thionyl chloride, However, the
oxycellulose at our disposal was not acetylatable
by this procedure.

It was decided, therefore, to use oxidized cellu-
lose acetate® which also contains carboxylic acid
groups for our preliminary investigation of the
feasibility of decarboxylating polysaccharide ace-
tates through the reaction of acid chloride groups
with silver oxide and bromine.

Our initial studies were undertaken to ascertain
whether or not a small percentage of carboxylic
acid groups in a relatively high molecular weight
polymer could be substituted by an acid chloride
group, and consequently the polymer decarboxy-
lated through reaction with silver oxide and bro-
mine. It seemed also advisable to investigate the
extent, if any, to which depolymerization could be
expected at each step of the reaction. In order to
follow any degradation of the polymer, resort was
had to the usual standard methods based on vis-
cosimetry! for determining the degree of polymeri-
zation.

Results and Discussion

The oxidized cellulose acetate® was prepared by
oxidizing acetone-soluble cellulose acetate with
chromic acid.!! A small amount of material was
found to be insoluble in sym-tetrachloroethane and
this was removed by dissolving the oxidized cellu-
lose acetate in sym-tetrachloroethane, filtering and
precipitating with petroleumn ether. The resulting
polymer was found to have an intrinsic viscosity
very close to that of a fraction of cellulose acetate
of average molecular weight of 29000.'*> The opti-
cal rotation, however, was [«]*D —5° (dioxane,
¢ 1) compared to [a«]*D —8° (dioxane, ¢ 1) for the
cellulose acetate of molecular weight 29000.

The carboxyl groups in the oxidized cellulose ace-
tate were transformed into acid chloride groups by
dissolving the oxidized cellulose acetate in thionyl
chloride and, after warming at 40-50° for several
hours, filtering and precipitating the polymer by
adding petroleum ether (b.p. 30~60°). The prod-
uct, after thorough washing with petroleum ether
and drying contained between 1-29, chlorine.
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The oxidized cellulose acetate was very slowly
degraded when subjected to the action of thionyl
chloride. Figure 1 shows how the intrinsic vis-
cosity of a sample of oxidized cellulose acetate dis-
solved in thionyl chloride decreased at intervals
over a period of 100 hours. The viscosity of the
final product dissolved in sym-tetrachloroethane is
shown for comparison. Table I shows how the re-
duced viscosity (nsp,/¢) of a 19, solution of oxidized
cellulose acetate dissolved in thionyl chloride de-
creased over a period of 100 hours. It will be seen
that although there is a continuous decrease in the
reduced and also intrinsic viscosity of a thionyl
chloride solution of oxycellulose acetate, the rate of
decrease is comparatively slow. If the values for
specific viscosity shown in Table I are plotted as a
function of time there is a definite indication that
the specific viscosity is approaching a limiting
value at the end of 100 hours.

TABLE I
CHANGE IN SpECIFIC ViscosiTy WITH TIME oF OXYCELLU-
LOSE ACETATE Di1ssoLvED IN THIONYL CHLORIDE
Temperature 25 == 0.1°

Time, hr. 5 8 24 32 50 100
7sp 0.7788 0.7744 0.6665 0.6432 0.5725 0.4820
7ap/€ 0.7714 0.7671 0.6602 0.6372 0.5671 0.4775

The most satisfactory method of substituting
the carboxyl group by the acid chloride without a
consequent marked decrease in viscosity was found
to be through the action of limited quantities of
thionyl chloride on the oxycellulose acetate dis-
solved in dioxane at 40-50°. The oxidized cellu-
lose acetate with its carboxylic acid groups trans-
formed into acid chlorides by this latter method
could be isolated by precipitation with petroleum
ether. The final product contained between 1
and 29, chlorine. Figure 2 shows the reduced vis-
cosity (nsp/c) of the oxidized cellulose acetate after
treatment with thionyl chloride plotted as a func-
tion of concentration (¢). Cellulose acetate of
average molecular weight 29000 (broken line) and
oxidized cellulose acetate regenerated from the
acid chloride by treatment with water are shown
for comparison. It is apparent that the carboxyl
groups in oxidized ceilulose acetate can be sub-
stituted by acid chloride groups with very little
decrease in molecular weight as indicated by the
small change in intrinsic viscosity. Indeed, one
might be tempted to attribute the small change in
intrinsic viscosity to the fact that the two poly-
meric materials are not strictly homologous insofar
as one contains carboxyl groups and the other acid
chloride groups and hence need not have the same
solubility!® were it not that the oxidized cellulose
acetate, regenerated from the material containing
acid chloride groups by reaction with water, shows
an intrinsic viscosity which is less than that of the
original oxidized cellulose acetate (Fig. 2). The
slight change in the slope of 54/c us. ¢ for the re-
generated oxidized cellulose acetate as compared
to the original oxidized cellulose acetate may pos-
sibly indicate that small changes in the shape!* or

(13) T. Alfrey, Jr., A. 1, Greenberg and J. A. Price, J. Colloid Sci.,
5, 251 (1950).

(14) F. Birich and J. Riseman, J. Polymer Sci., 4, 417 (1849);
G. 1. Taylor, Proc. Roy. Soc. (London), A188, 41 (1932); ¥. Eirich
and J. Sverak, Trans. Faraday Soc., B42, 57 (1946).
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Fig. 1.—Plot of #./c against ¢ of a solution of oxidized
cellulose acetate in thionyl chloride after the intervals of
time indicated in the figure; temperature 25 == 0.1°.

structure of the polymer apart from the formation
of the acid chloride take place on treatment with
thionyl chloride. 4

Since decarboxylation of the oxidized cellulose
acetate would necessitate the treatment of the acid
chloride with a mixture of silver oxide and bro-
mine, the action of this mixture on the viscosity of
oxidized cellulose acetate was investigated. Fig-
ure 2 shows the effect of treating oxidized cellulose
acetate in sym-tetrachloroethane with silver oxide
and bromine. There is only a slight decrease in in-
trinsic viscosity. Again the changed slope of the
nsp/ ¢ . ¢ relationship may indicate a slight change
in the shape or fine structure of the oxidized cellu-
lose acetate.!*

When oxidized cellulose acetate in which the
carboxyl groups had been replaced by acid chlo-
ride groups was dissolved in sym-tetrachloroethane
and treated with a mixture of silver oxide and bro-
mine, carbon dioxide was evolved. The resulting
decarboxylated oxidized cellulose acetate was iso-
lated, after filtration, by precipitating it from solu-
tion with petroleum ether. Further purification
was achieved by dissolving the precipitate in diox-
ane and precipitating with ether. Table II gives
a comparison between the observed and calculated
values for carbon dioxide evolution based on the
chlorine content of the acid chloride and the bro-
mine content of the decarboxylated polymer.
Analytical values for halide in the same sample as
well as in individual samples showed considerable
variation. When samples of oxidized cellulose
acetate were treated with thionyl chloride, the prod-
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Fig. 2.—Plot of ne/c against ¢ of cellulose acetate of
molecular weight 29000, oxidized cellulose acetate and
several of its derivatives, as indicated in the figure. Control
represents oxidized cellulose acetate that has been treated in
sym-tetrachloroethane solution with silver oxide and
bromine,

uct did not contain any sulfur. Sulfur should be
present if part of the chlorine were due to the ad-
sorption of thionyl chloride. We believe that the
variation in the analytical values for halogen is due
to the difficulty of analyzing for a halide in a poly-
meric material. A portion of the bromine in the
decarboxylated material may possibly be due to ad-
sorbed bromine. Analyses on material obtained
after only one precipitation with petroleum ether
showed values as high as 129. One additional
precipitation of the polymer from dioxane, by the
addition of ether, dropped the bromine content to
approximately 59, Additional purification did
not change the bromine content beyond the in-
dividual variation obtained on analyses of the same
sample. In general (Table IT), it would seem that
mixtures of silver oxide and bromine react quanti-
tatively with the acid chloride of oxycellulose ace-
tate with a substitution of bromine for the acid
chloride group. Figure 3 shows the effect of de-
carboxylation on the viscosity of oxidized cellulose
acetate.
TasLE II
CompaRISON OF OBSERVED AND CALCULATED VALUES FOR
CO; aND Br OBTAINED OoN DECARBOXYLATION OF OXYCELLU-
LOSE ACETATE
COs, equiv. in ml, 0.1 N
HCI

2. Br
Found Found Caled. Found Caled,
1.6 10.0 9.2 4.0 4.5
2.0 6.3 11.5 5.38 5.25 5.6
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Fig. 3.—Plot of ny/c against ¢ of oxidized cellulose ace-
tate and several of its derivatives: OCA, oxidized cellulose
acetate; AC, oxidized cellulose acetate in which the carbox-
ylicacid groups have been substituted by acid chloride groups;
D1, D2, D3, D4 and D35 are several preparations of de-
carboxylated oxidized cellulose acetate; DR1 and DR2,
decarboxylated oxidized cellulose acetate after reduction
with sodium borohydride; cellulose acetate (CA broken
line) of molecular weight 29000 is shown for comparison.

Although acid chloride groups can be substituted
for carboxylic acid groups with little change in the
intrinsic viscosity and the oxidized cellulose acetate
also can be treated with silver oxide and bromine
without any great decrease in intrinsic viscosity,
oxidized cellulose acetate on decarboxylation wig
the acid chloride shows a marked loss in intrinsic
viscosity. D1, D2, D3, D4 and D5 (Fig. 3) repre-
sent the reduced viscosity-concentration relation-
ships of a number of decarboxylated oxidized cel-
lulose acetate samples. Although the intrinsic
viscosity varies somewhat within the group there
is a notable decrease in intrinsic viscosity compared
to that of the original oxidized cellulose acetate.
Some change in specific viscosity due to a change
in solubility!®~® might be expected as a conse-
quence of the loss of carboxy! groups and the conse-
quent change in solubility. The magnitude of
nsp/¢, however, if due to changed solubility should
be related to the amount of non-solvent which
must be added to cause the formation of the new
phase.’® Although no attempt was made to deter-
mine accurately the amount of non-solvent (petro-
leum ether) necessary to cause a separation of the

(15) H. C. Evans and D. W. Young, Ind. Eng. Chem., 84, 461

(1942); H. Staudinger and W. Heuer, Z, physik. Chem., A171, 120
(1934); W. R. Moore and J. Russell, J, Colloid Sci., 8, 243 (1953).
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phases of oxidized cellulose acetate or the decarbox-
vlated product, rough measurements indicated
that any difference was too small to account for
the observed decrease in specific viscosity.

Various investigators have suggested that cel-
lulose and cellulose derivatives exist in dispersing
agents as preformed micelles or particles,! perhaps
associated through weak hemiacetal linkages.!?
The loss of carboxylic acid groups conceivably
could, if the polymer chains in the oxidized cellu-
lose acetate were associated through these groups,
cause dissociation and hence a decrease in reduced
and intrinsic viscosity. If this were the explana-
tion for the decrease in viscosity on decarboxyla-
tion, however, the treatment of the oxidized cellu-
lose acetate before decarboxylation, especially the
formation of the acid chloride, might be expected
to cause a much greater loss in reduced viscosity
than was observed.

Degradation of a hydrolytic type would account
for the observed decrease in reduced or intrinsic
viscosity observed for the decarboxylated oxidized
cellulose acetate. Thelack of any appreciable deg-
radation due to reaction of silver oxide atid bro-
mine with oxidized cellulose acetate, however, in-
dicates that a scission of the polymer chain takes
place only after decarboxylation, and hence 1s
probably related to the substitution of carboxyl by
halide on carbon-5. It has been suggested' that
oxycellulose contains a-alkoxy ketone groups. It
is at least possible that oxidation of acetone-soluble
cellulose acetate gives rise to ketonic groups on the
same D-glucose monomer on which the primary alco-
hol is oxidized and that the juxtaposition of these
groups forms an unstable link in the polymer chain,
particularly after or during decarboxylation. In
line with this suggestion it was found (following)
that oxidized cellulose acetate which had been re-
duced with sodium borohydride and reacetylated
could be decarboxylated without a similar decrease
in reduced or intrinsic viscosity.

Oxidized cellulose acetate after reduction yvit'h
sodium borohydride showed an increased intrinsic
viscosity (Fig. 4). The effect of concentration on
the reduced viscosity (7sp/c) is also more marked.
We consider this to be due to greater interaction
between the polymer chains!® due to formation of
free hydroxyl groups by reduction of keto or alde-
hydo groups. The reacetylated product behaved
as might be expected and showed the intrinsic vis-
cosity as well as the variation of 7sp/c with concen-
tration similar to that shown by cellulose acetate
of 29000 average molecular weight or our prepara-
tion of oxidized cellulose acetate. Substitution of
acid chloride groups for carboxyl yielded a product
with essentially unchanged intrinsic \'1sco§1ty'.
We suggest that the change in 7w/c vs. ¢ relation-
ship is due to a change in inter- or intramolecular
interaction due to the replacement of the carboxyl
groups by acid chlorides.

(16) '"Advances in Carhohvdrate Chemistry,” Vol. III, ed. W. W.
Pigman and M. L. Wolfrom, Academic Press, Inc.,, New York, X. V.,
1948, p. 221,

(17) E. Pacsu, Textile Research J., 17, 405 (1947).

(18) W. M. Corbett, J. Kenner and G, N. Richards, Chemistry &

Industry, 164, 462 (1953).
{19) R. W. Moncrieff, Plastics (London), 14, 108, 135 (1049).
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Decarboxylation of the reduced reacetylated
oxidized cellulose did riot yield a product with the
greatly changed intrinsic viscosity fotthd in the
case of oxidized cellulose acetate.

The products obtained by reducing either the
decarboxylated oxidized cellulose or the reduced
reacetylated oxidized cellulose with sodium boro-
hydride showed an increase in intrinsle viscosity
over that of the decarboxylated material (Figs. 3
and 4). If the increase in intrinsic viscosity and
change in the rediiced viscosity vs. concentration
relationship observed when oxidized cellulose ace-
tate is reduced is due to the formation of free hy-
droxyl groups it is likely that the same explanation
accounts for the change observed in the reduction of
decarboxylated oxidized cellulose acetate. That
the formation of hydroxyl groups is not the com-
plete story, however, is indicated by the fact that
after reductiofl of the decarboxylated, reduced,
teacetylated, oxidized celltlose acetate, the tre-
duced viscosity—concentration relationship as well
as the intrinsic viscosity is essentially that of the
reduced reacetylated oxycellulose acetate. One is
tempted to consider that the intrinsic viscosity of
the decarboxylated product obtained from re-
diced, reacetylated oxidized cellulose acetate re-
flects more nearly the trile average tmoleculat
weight of the polymer and that the increased intrin-
sic viseosity of the other derivatives (Fig. 4) fol-
lows as a coriseqtierice 6f the modification of the
shape of the polymer chain or interaction between
chains due to the presence of the hydroxyl, car-
boxyl or acid chloride groups.

It is possible that the change in reduced and in-
trinsic viscosity obsetved on reduction of the de-
carboxylated prodiict is dite to added inorganic
salts.® We do not believe this to be trite sitice we
were unable to find any appreciable changes in
viscosity after additional purification of the prod-
uct by washing it with water and precipitating
it after filtration of a dioxane solution by the addi-
tion of ethet.

It is of interest to note the influence of carboxyl
groups on the specific optical rotation. Although
the optical rotation of the oxidized cellulose acetate
is essentially the same in the two solvents (dioxane
and sym-tetrachloroethane) that would not be ex-
pected to interact to any great extent with acidic
groups, a solution of the polymer in thionyl
chloride shows a greatly increased rotation. It is
likely that the increased rotation is due to the for-
mation of the acid chloride since the acid chloride
when it is formed and isolated shows essentially the
same rotation in dioxane, sym-tetrachloroethane
and thionyl chloride. Decarboxylated products,
in addition, show almost the same optical rotation
in the three solvents. The observation suggests
the possibility of determining the number of carbox-
ylic acid groups in a cellulose derivative through
the measurement of the optical rotation in an inert
solvent and a solvent with which the acidic group
can react.

(20) F. A. H. Rice, Can. J. Research, 24B, 12 (1946); **Cellulose

and Cellulose Derivatives,”” ed. E. Ott, Interscience Publishers, Inec.,
New York, N. Y.
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Fig. 4.—Plot of 7sp/c against ¢ of oxidized cellulose ace-
tate and several of its derivatives: OCA, oxidized cellulose
acetate; R, oxidized cellulose acetate after reduction with
sodium borohydride; RR, oxidized cellulose acetate, re-
duced and reacetylated; AC, the reduced and reacetylated
oxidized cellulose acetate after replacement of its carboxylie
acid groups with acid chloride groups; D, the decarboxylated
product from reduced, reacetylated oxidized cellulose; DR,
the decarboxylated product after reduction with sodium
borohydride; CA, cellulose acetate (mol. wt. 29000) shown
for comparison.

Experimental

Viscosities were measured with a modified Ubbelohde
type viscometer?! with a flow time of 118.6 sec. for dioxane.
Solutions of approximately 1%, (g./ml.) concentration were
made by dissolving the accurately weighed samiple in an ac-
curately weighed quantity (approximately 25 ml.) of sol-
vent. Dilutions were made directly in the viscometet by
adding weighed quantities of solvent. The temperatuite
was maintained at 25 &= 0.1°.

Cellulose Acetate of Average Molecular Weight 20000.12—
Cellulose acetate of average molecular weight of 29000 had
la]?*p —4.7° (dioxane, ¢ 1); Hess and Schultze?? reported
] —22° (CHCI) for unfractionated cellulose acetate;
Bazhenov and Vol’kenshtein?? report triacetylcellulose to
ha‘ge [a]p —15.5° to —11.5° at temperatures from —10 to
80°.

Oxidized Cellulose Acetate.®~—The oxidized cellulose ace-
tate was purified by dissolving a quantity (10 g.) at 50° in
redistilled sym-tetrachloroethane (500 ml.), removing a
small amount of insoluble material by filtration through
Celite?t on a coarse fritted glass biichner funnel, and pre-

(21) W. E. Davis and J. H, Elliot, J. Colloid Sci., 4, 313 (1949);
L. Rotham, R. Simha and S. G. Weissberg, J. Polymer Sci., §, 141
(1930); S. G. Weissberg, R. Simha and L. Rotham, J. Research Natl.
Bur. Stand., 47, 298 (1951),

(22) K. Hess and G. Schultze, Ann,, 486, 81 (1927).

(28) 1. M, Bazhenov and M. V. Vol'kensitein, Jevest. Akad. Nauk
S.S.S.R. Otdel. Khim. Nauk, 334 (1952); C. A., 46, 9381 (1952); 48,
4955 (1954).

(24) No, 535 obtained from the Johns-Manville Co., New Vork,
N.Y.
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¢clpitating the oxidized cellulose acetate by adding five
volumes of petroleumn ether (b.p. 30-60°) to the filtrate.
The precipitate was collected by filtration on a fritted glass
biijchner funnel, washed several times with anhydrous ether
and dried under a high vacuum at room temperature. The
optical rotation was determined in several solvents and was
found to be [a]®p 4 4.5° (glacial HOAc, ¢ 1.5), [«]®D
—13° (8OCL, ¢ 3), [a]?*D —10° (CoH,Cly, ¢ 4), [«]22D —10°
(dioxane, ¢ 1).

Anal. Caled.®® for CH;uOu: C, 49.64; H, 5.48;
OAc, 43.17. Found: C, 48.01; H, 5.33; OAc,? 43.69.
_. Bubstitution of an Acid Chloride for the Carboxylic Acid
Groups in Oxidized Cellulose Acetate. Method 1.—The
oxidized cellulose acetate (10 g.) was dissolved in 500 ml. of
freshly redistilled thionyl chloride and the solution warnied
at 40-50° for 2 hours. The solution was then fltered
through a layer of Celite? on a coarse fritted glass biichner
funnel, and poured into 3 1. of petroleum ether (b.p. 30-60°).
The petroleum ether had been previously dried over sodium
metal. The precipitate was collected by filtration on a dry
fritted glass funnel, washed with petroleum ether (5 X 300
ml.) and dried over sodium hydroxide under reduced pres-
sure in a vacuum desiccator at room temperature. The
optical rotation was found to be [«]2p +1° (glacial HOAc,
¢ 3), [a]®Dp —22° (SOCI, ¢ 3), [a)22D —15° (CoHLCL, ¢ 2)
[«]??D —9° (dioxane, ¢ 1),

Anal. Caled.® for CioHis0:Cl: C, 49.37; H, 5.42; Cl,
1.04; OAc, 42.93. Found: C, 48.33; H, 5.22; CI, 1.44;
OAc,% 43.07.

_Method 2.—The oxidized cellulose acetate (10 g.) was
dissolved in dioxane (500 ml.) which had been freshly dis-
tilled from sodium metal. Thionyl chloride (25 ml.) was
added and the solution heated at 40-50° for 4 hours. After
filtration through Celite on a fritted glass biichner funnel
four volumes of petroleum ether (b.p. 30-60°) was added
and the precipitated polysaccharide removed by filtration
on a fritted glass funnel. The optical rotation was found
to be [x]*D —9° (dioxane, ¢ 0.5), [a]®p +1° (glacial
HOAc, ¢ 0.8), [a]??pD —22° (SOCl, ¢ 1). Analysis was es-
sentially the same as for method 1.

Regeneration of Oxidized Cellulose Acetate from the
Acid Chloride of Oxidized Cellulose Acetate.—The acid
chloride of oxidized cellulose acetate (5 g.) was dissolved
in acetone (200 ml.), 10 ml. of distilled water was added and
the solution concentrated to dryness under reduced pressure
at room temperature. The dry residue was dissolved in
dioxane (200 ml.) filtered and precipitated by the addition
of ether (1 liter). The precipitate was washed with ether
and dried under reduced pressure at room temperature;
la]¥p —10° (C,H,Cl,, ¢ 0.5), [«]*Dp +1° (glacial HOAc, ¢
0.7), [2]®p —20° (SOCl, ¢ 1), [«]?'p —10° (dioxane, ¢ 1).

Amal.  Caled.® for CisHypOgs: C, 49.64; H, 5.48; OAc,
43.17. Found: C, 47.29; H, 5.82; Cl, none; OAc, 43.36.

Decarboxylation of Oxidized Cellulose Acetate via the
Acid Chloride.—~Oxidized cellulose acetate that had been
treated with thionyl chloride as in method 1 (5 g.) was sus-
pended in 500 ml. of sym-tetrachloroethane (previously
redistilled and dried over phosphorus pentoxide) and stirred
at 40~50° for 15-20 minutes to dissolve the sample. Silver
oxide (1.5 g.) together with 20 ml. of a solution of dry bro-
mine in carbon tetrachloride® (1:10 by volume) was added
and the mixture warmed at 40-50° for 5 hours. The carbon
dioxide evolved was determined by titration.® The mixture
was filtered through a layer of Celite2* on a coarse fritted
glass filter and the filtrate poured into 4 liters of petroleum
ether (b.p. 30-60°, dried over sodium). The precipitate
was collected by filtration on a fritted glass biichner funnel.
The polymer was further purified by dissolving a quantity
(8 g.) in dioxane (80 ml. distilled from sodium metal) flter-
ing and reprecipitating the polysaccharide by the addition
of ankydrous ether (800 ml.). "After washing several times
with ankydrous ether the material had [« ]2?D —10° (C,H,Cl,,
¢2), [a]®p —15.6° (SOCl, ¢ 2), [a]?D +3° (glacial HOAc,
¢ 2), [a]?D —10° (dioxane, ¢ 1).

A sample (10 g.) of oxidized cellulose acetate treated as in

(25) Caleulated on the basis of one carbozylic acid and one reduc-
ing group per twelve glucose units. These ratios, found by trial and
error, were considered to give the most consistent agreement between
observed and calculated values for the entire series of derivatives.

(26) A. Chaney and M. L. Wolfrom, Anal, Chem., 28, 1614 (1956).
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method 2 was dissolved in dry sym-tetrachlorcethane (750
ml.) and treated with silver oxide (2 g.) and a solution (2Q
ml.} of bromine in dry sym-tetrachloroethane (1:10 by
volume) and watmed at 40-60° for 6 hours, at the end of
which time no additional carbon dioxide was evolvec!. ) The
mixture was filtered, and the polysaecharide prempltat'ed
with petroleum ether and reprecipitated from dioxane with
anhydrous ether das above; [a]®*pD —16.1° (dmxane, c 1),
[a}iD —17.5° (SOCl, ¢ 4), [a]®*p +3° (glacial HOAe, ¢ 2),
[a]?2?p —18° (C,H.CL, ¢ 2.5).

Anal. Caled.® for CisHissOsBr: €, 48.79; H_’ 5.39;
Br, 2.34; OAc, 42.74. Found: C, 48.47; H, 5.22; Br,
2.5-4.0; OAc,? 43.36; CO, evolution equiv. to 4.5-5.7 mil.
of 0.1 N HCI per g. . .

Treatment of Oxidized Cellulose Acetate w1'£h &xlveg
Oxide and Bromine.—Oxidized cellulose acetate (5 g.) was
dissolved in 500 ml. of sym-tetrachloroethane, treated with
2.0 g. of silver oxide and 25 ml. of a solution of bromine i
sym-tetrachloroethane (1:10 by volumg). The mixture
was warmed at 40-50° for 8 hours. No carbon dioxide
was evolved. The mixtiife was filtered and the polysgc-
charide isolated as above; [a]®D —14° (C:Hzochy CC11~2)y
[«]D +3.2° (glacial HOAc, ¢ 2), [a]?p —21° (8OCL, ¢
1.5), [@]??p —15° (dioxane, ¢ 1). ]

Anal. Caled.® for C1¢0H134095: C, 49.64; H, 548, 2Ac;é
43.17. Found: C, 47.29; H, 5.82; Br, 0.0; OAc,
43.36; CO, evolution, none. \

Reduction of Decarboxylated Oxidized Cellulose Acetate
with Sodium Borohydride.—An amount of 5.0 g. of _denslagd
boxylated oxidized cellulose acetate was dissolved 151 0D
ml. of dioxane (distilled from sodiuri rpetal) and treated wit
2.0 g. of powdered sodium borohydride. The mixture wai
stirred at 40° for 2 hours and then filtered through a layer o
Celite?¢ on a fritted glass biichner funnel. The filtrate was
added to 400 ml. of ankydrous ether and the prempltat_:
collected by filtration, and further purified by dxssc')lvmglsl
in dioxane, filtering and precipitating with ether; 85)1)
+4-4.6° (glacial HOAc, ¢ 0.8), [«]''D —7.4" (CgHz(:l:y ¢ 0.5),
[«]®D —8° (SOCl,, ¢ 0.5), [a]l'D —8° (dioxang; ¢ 1,- -

Anal. Caled.® for Claynggogal C, 4994, I{; \;5-'39:
OAc, 43.73. Found: C, 49.85; H, 5.55; OAc,* 42.56. o

Reduction of Oxidized Cellulose Acetate with Sodinm
Borohydride.~—Oxidized cellulose acetate (10 g‘.) was dis-
solved in dioxane (500 ml. distilled from sc_dmm metal)
and stirred for 4 hours at room temperature with powdeted
sodium borohydride (2 g.). The mixture was then filtered
and the polysaccharide precipitated with enkydrous ether
(1 liter). The precipitate was separated py filtration on &
fritted glass biichner funnel and washed with half-saturated
aqueous sodium bicarbonate (50 ml.), water (50 ml.)}, abso-
lute ethanol (200 ml.) and ether (200 ml.). After drying
for 24 hours under a high vacuum at room temperature, the
material was redissolved in dioxane (500 ml.), reprempltated
with ether (2 liters), washed with ether and drledounder a
high vacuum at room temperature; [«]®*D —7.6 (Czljaz-
Cl, ¢ 1.2), [«]®D +1.60° (glacial HOAc, ¢ 1.2), [«]*D
—20.5° (SOCL, ¢ 1.8), [«]®Dp —7.3° (dioxane, ¢ 1).

Anal. Caled.? for CuoHlsqus: C, 49.61; H, 5.()3; OAc,
44.18. Found: C, 48.56; H, 5.67; OAc,* 43.35.

Acetylation of Reduced Oxidized Cellulose Acetate.-_—'
Reduced oxidized cellulose acetate (5 g.) was dissolved in
acetic anhydride (100 ml.), cooled to —10° and then 2 rpl.
of concd. sulfuric acid added to the solution. The solution
was allowed to stand at 0° overnight, at room temperature
for 4-8 hours, and then poured into 1 liter of ice and water
buffered with sodium acetate (5 g.), and stirred for 3—4
hours. The precipitate was collected by'ﬁltxjatlon on a
fritted glass biichner funnel and washed with ice-water 81
liter), absolute ethanol (200 ml.) and ether (200 ml.).
After drying in a high vacuum at room temperature for
several days the substance showed |«]?D —19° (CszChé
¢ 1.8), [a]®p =£0.0° (glacial HOAc, ¢ 1.3), [«]"D —35
(SOCly, ¢ 1.5), [a]®D —17.5° (dioxane, ¢ 1).

Anal. Caled.® for C1gHissOgs: C, 49.71; H, 5.52;
43.87. Found: C,48.01; H, 5.33; OAc,® 43.69.

Treatment of Reacetylated Reduced Oxidized Cellulose
Acetate with Thionyl Chloride.—The reacetylated reduced
oxidized cellulose acetate was treated with thionyl ch'lo.rlde
by the same procedure (method 2), as was used for oxidized
cellulose acetate. The product had [a]?p —22.0° (CaHs-

OAc,
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Cly, ¢ 0.8), [«]®®D +4° (glacial HOAc, ¢ 0.8), [«]*D —32°
(SOCly, ¢ 0.6), [a]?'D —22° (dioxane, ¢ 1).

Anal. Caled.?® for CigHigOgCl: C, 49.44; H, 5.46;
Cl, 1.03; OAc, 43.63. Found: C, 48.53; H, 5.22; Cl,
1.03-1.60; OAc,? 43.07.

Decarboxylation of Reacetylated Reduced Oxidized
Cellulose Acetate.—The product formed by the reaction of
reacetylated reduced oxidized cellulose acetate with thionyl
chloride was treated with silver oxide and bromine following
the procedure used for the product obtained from the re-
action of oxidized cellulose acetate with thionyl chloride;
[a}¥p —12.3° (CoH,Cly, ¢ 0.4), [«]YD ==0.0° (glacial HOAC,
c 0.63, [a]®®p —14° (dioxane, ¢ 1), [a]**D —13.5° (SOCl,,
¢ 1.7).

Anal. Caled.® for CinHignOpBr: C, 48.86; H, 5.44;
Br, 2.31; OAc, 43.42; CO,, 5.8 ml. of 0.1 N NaOH per g.
Found: C, 48.47; H, 5.22; Br, 2.50; OAc,? 43.07; COs.,
6.1 ml. of 0.1 N NaOH per g.

Reduction of Decarboxylated Reacetylated Reduced
Ozxidized Cellulose Acetate with Sodium Borohydride.—
An amount of 5. g. of the decarboxylated reacetylated re-
duced oxidized cellulose acetate was dissolved in 500 ml. of
dioxane (distilled from sodium). Sodium borohydride (2
g.) was added and the mixture stirred for 4 hours at 40-50°.

INTERACTION OF BACTERIAL POLYGLUCOSANS WITH CONCANAVALIN-A

5055

Stirring was continued overnight at room temperature, at
the end of which time a thick thixotropic gel had formed.
The gel was broken up, filtered and the solid triturated with
water (2 X 500 ml.), filtered, and washed with aqueous
half-saturated sodium bicarbonate (2 X 100 ml.), water
(2 X 500 ml.) and absolute ethanol (2 X 500 ml.). The
polymer was dried overnight under a high vacuum at room
temperature and then dissolved in 500 ml. of dioxane and
precipitated by the addition of approximately two volumes
of ether; yield approximately 5 g.; [a]®p —20° (C;H,CI,,
¢ 0.4), [a]®p +5° (glacial HOAc, ¢ 0.8), [a]®D —21°
(SOCls, ¢ 0.4); [a]'®D —19° (dioxane, ¢ 1).

Anal. Caled.®for CigH;50m: C, 49.99, H, 560; OAC,
44 .44. Found: C, 49.85; H, 5.55; OAc,% 42.56.
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The globulin, concanavalin-A, obtained from Jack Bean meal, which has been shown previously to give a precipitate with
glycogen and not with the apparently closely related amylopectin, has been used to ascertain whether certain bacterial

polyglucosans are related to glycogen or to amylopectin.

Glycogen and amylopectin have been reported
to be similar in respect to properties and struc-
tures.?~® Some of the properties displayed by the
polyglucosans obtained from Neisseria perflava
appear to be intermediate between glycogen and
amylopectin.®’ One preparation was found?!3
by periodate oxidation and by methylation to have,
like glycogen, an average repeating unit of about
12 residues whereas it behaved like amylopectin in
giving a reddish-purple color with iodine and under-
going a 55-599, degradation upon treatment with
B-amylase.

In view of the apparent relationship of the Neis-
seria polyglucosans to both glycogen and amylo-
pectin it was decided to investigate their behavior
when treated with concanavalin-A, a globulin from
jackbean meal, 312 since it had been observed

(1) Paper No. 3300, Scientific Journal Series, Minnesota Agricul-
tural Experiment Station, University of Minnesota, St. Paul, Minne-
sota,

(2) J. Larner, Barbara Illingworth, Gerty T. Cori and C. F. Cori,
J. Biol. Chem., 199, 641 (1952).

(3) S. A. Barker, E. J. Bourne and M. Stacey, J. Chem. Soc., 2884
(1950).

(4) D. J. Bell and D. J. Manners, sbid., 3641 (1952).

(5) M. Stacey, Adyv. Enzymol., 18, 301 (1954).

(6) E. J. Hehre and D. M. Hamilton, J. Biol. Chem., 166, 777
(1946).

(7) E. J. Hehre, D. M. Hamilton and A. S. Carlson, ibid., 177,
267 (1949).

(8) J. B. Sumner and D. J. O'Kane, Enzymol., 12, 251 (1948).

(9) J. B. Sumner and S. F, Howell, J. Biol, Chem., 115, 583 (1936).

(10) S. F. Howell, Federation Proc., 12, 220 (1953).

(11) J. A. Cifonelli and F. Smith, Anal. Chem., 27, 1639 (1955).
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that this protein gives a precipitate with glyco-
gen®1L12 but not with amylopectin.!?

Certain of the enteric bacterial polyglucosans
were likewise investigated as were various dextrans
to ascertain whether they reacted with concana-
valin-A.

Methods.—The preparation of concanavalin-A reagent
from jackbean meal was described earlier.!”# The pro-
cedure for estimating ‘‘glycogen-values® is based on the
absort?ancy obtained upon treatment of one mg. of the
material with the concanavalin-A reagent, in relation to the
absorbancy obtained upon similar treatment of one mg. of a
standard glycogen.11,12

a-Amylolysis was carried out by treating 0.29, solutions
of the polysaccharides at 25° with 0.1 volume of diluted
saliva (1:10) buffered to pH 7.0 with phosphate.

B-Amylolysis was performed at pH 4.5 and 25°, using 1
mg. of Wallerstein g-amylase of analytical purity with 100
m%. of polysaccharide in 50 ml. of 0.01 M acetate buffer
solution.

Results and Discussion

It had been noted earlier!? that neither amylo-
pectin nor its B-limit dextrin were precipitated on
treatment with concanavalin-A reagent, whereas
all of the glycogens examined did so. Since Nets-
seria perflava cultures which contained sucrose
were stated to produce amylopectin-like polysac-
charides having in some respects properties inter-
mediate between those of glycogen and amylo-
pectin,®8 it appeared of interest to examine the
Neisseria polysaccharides with concanavalin re-
agent. The results are shown in Table I.

Contrary to the results obtained with plant am-
ylopectins, the Neisseric amylopectin-like sub-



