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The constitution of a hemicellulose from the “squeegee’ fraction of wheat flour has bcen investigated by methylation

studies.

The methylated hemicellulose gives upon hydrolysis 2,3,5-tri-O-methyl-L-arabofuranose (14 moles), 2,3-di-O-

methyl-p-xylose (24 moles), 2-O-methyl-p-xylose (7 moles) and p-xylose (4 moles) together with small amounts of two un-

known products. >
the hemicelluloses of the endosperm of the Gramineae.

When wheat flour, freed from gluten, is sus-
pended in water and centrifuged, it separates into a
tightly packed lower layer of wheat starch above
which 1s a mucilaginous material. The latter,
which has been variously called the “‘amylo-
dextrin”? or ‘“‘squeegee’”’* or ‘‘tailings”® of wheat
flour, plays an important role in the starch—gluten
separation process. The chemical composition of
the squeegee fraction of wheat starch has not been
extensively studied but it is known to contain starch
granules and a considerable amount of pentosan
and proteinaceous material.

This paper is concerned with the composition
and structure of a hemicellulose of the “squeegee”
fraction of wheat flour. By the prolonged hy-
drolysis of the ‘‘squeegee” material with pancreatin
until it no longer gives a color with iodine, Simpson®
has obtained a water-insoluble product amounting
to 0.5-19, of the whole wheat flour, This insoluble
material was used in the present study. It was
fractionated by forming the acetate and separating
it into an acetone soluble fraction, showing [a]*D
~+17° in pyridine, and an acetone-insoluble fraction
which could not be dissolved in any of the common
solvents. Deacetylation of the acetone-insoluble
fraction, which amounted to about 709, of the
crude acetate, was achieved by heating a pyridine
dispersion of it with 259, potassium hydroxide,
The resulting material was purified by extraction
with N sodium hydroxide to give a white amorphous
product which dissolved in hot water and showed
[a]®?D —108° in 0.5 N sodium hydroxide, a value
in close agreement with that ([«]p —103° in N
sodium hydroxide) shown by wheat straw hemi-
cellulose.”

Upon hydrolysis with acid, the purified hemi-
cellulose gave D-xylose (599), L-arabinose (39%)
and p-glucose (277), the quantitative analysis being

(1) This paper, No. 3127, Scientific Journal Series, Agricultural Ex-
periment Station, University of Minnesota, is part of a report of re-
search done under contract with the U. S. Department of Agriculture
and authorized by the Research and Marketing Act of 1946. The
contract was supervised by the Northern Utilization Research Branch
of the Agricultural Research Service. Presented at the 125th annual
meeting of the A.C.S., Kansas City, Kansas, March, 1954,

(2) Part 1V, R, Montgomery and F. Smith, Cereal Chem., 81, 490
(1954).

(3))R. M. Sandstedt, C. B, Jolitz and M. J. Blish, ibid., 16, 780

1939).
‘ (i) )K, A. Clendenning and D. E. Wright, Can. J. Research, 28F, 390
(1950).

(5) )MA M. McMasters and G, E. Hilbert, Cereal Chem., 21, 548
(1944).

(6) F.]J. Simpson, Can. J. Microbiol., 1, 131 (1954).

(7) I. Ehrenthal, R. Montgomery and I*. Smith, Tuis Jour~at, 76,
5509 (1954).

The highly branched structure of this hemicellulose conforms to the general type of structure found for

carried out by the phenol-sulfuric acid procedure.?
In periodate oxidation studies, 0.8 inole of periodate
was consumed per anhydropentose residue. The
resulting hemicellulose polyaldehyde after redue-
tion with hydrogen using a Raney nickel catalyst
followed by acid hydrolysis of the polyalcohol gave
a hydrolysate which was shown by chromato-
graphic analysis to contain D-xylose.® The hemi-
cellulose thus appeared from the periodate studies
to have a branched structure.

In order to determine the mode of union of the
component sugars, the hemicellulose was methyl-
ated with 459, potassium hydroxide and methyl
sulfate. Fractional precipitation of the methylated
hemicellulose from an acetone—ether solution with
petroleum ether gave a series of fractions, the
properties of which were constant ([a]?*p —163°
in acetone and —OCHj;, 38.8) indicating that the
methylated hemicellulose was essentially homo-
geneous. One striking property of the methylated
hemicellulose was the highly viscous nature of its
solutions in acetone.

Methanolysis of the methylated hemicellulose
with 29, methanolic hydrogen chloride gave a
mixture of glycosides which was hydrolyzed with
dilute hydrochloric acid to give the corresponding
methylated reducing sugars. Chromatography on
a cellulose-hydrocellulose column’® using methyl
ethyl ketone-water azeotrope as the developing
solvent, coupled with the isolation of crystalline
derivatives, showed that this mixture of methyl-
ated sugars consisted of 2,3,3-tri-O-methyl-L-
arabinose, 2,3-di-O-methyl-D-xylose, 2-O-methyl-
pD-xylose and D-xylose; by means of paper chro-
matography and the phenol-sulfuric acid analytical
method?® for determining sugars, the proportions of
these four cleavage products of the methylated
hemicellulose were found to be 14, 24, 7 and 4
moles, respectively. Although these data do not
allow a definite structure to be assigned to the poly-
saccharide, it is seen that a framework of p-xylo-
pyranose units linked through positions 1 and 4
1s present. The presence of 2-O-methyl-D-xylose
indicates that the carbohydrate polymer has a
branched structure in which the side chains,
terminated by arabofuranose residues, are attached
to xylose units of the framework through position 3.

The isolation of 7 moles of 2-O-methyl-pD-xylose
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requires the presence of 7 side chains while the 4
moles of D-xylose require 8, making a total of 15,
each of which must be terminated by an arabo-
furanose residue. This requirement for the average
repeating unit is in good agreement with the num-
ber (14) found. The “squeegee’ pentosan is there-
fore highly branched and appears to be similar to
that found in the water-soluble extracts of wheat
flour!!1? and barley flour.!3

In one column chromatographic separation, small
amounts of two unknown methyl sugars (compon-
ents A and B) were isolated; they appeared to be
derived from the same parent sugar. The sig-
nificance of this is not yet understood but it may
mean either that the structure of the hemicellulose
under discussion is more complicated than depicted
above or it may be that the methylated poly-
saccharide subjected to hydrolysis is a mixture.

Experimental

Isolation of Pentosan from the ‘‘Squeegee’’ Fraction of
Wheat Flour.—The pentosan fraction was isolated by Dr.
F. J. Simpson® of the Prairie Regional Laboratory, Saska-
toon, by prolonged hydrolysis of the squeegee starch protein
complex with pancreatin until the material no longer gave a
color with iodine., The yield of water-insoluble material
was 0.5 to 1%, of the whole flour. It was not completely
soluble in 0.5 N sodium hydroxide. Purification of the
product by extraction with 0.5 N sodium hydroxide followed
by acidification (acetic acid) and precipitation with ethanol
gave a white amorphous powder which showed [«]22D
—80°in 0.5 N sodium hydroxide.

Acetylation of the Wheat Flour Hemicellulose.—The
material (10 g.) was suspended in formamide (130 ml.) and
after two days the thick jelly-like mass was warmed to 68°.
The gel was vigorously stirred with pyridine (390 ml.) and
treated at room temperature with acetic anhydride (200
ml.) in portions with shaking. Heat was generated but no
external cooling was applied. After keeping the viscous
reaction mixture for three days at room temperature, it was
poured into water with stirring. The acetate was filtered,
washed with water and dried (yield 15 g.). The acetate did
not dissolve completely in acetone, chloroform or pyridine.

Separation of the Crude Pentosan Acetate into an Acetone-
soluble and an Acetone-insoluble Fraction.—The acetate
(15 g. approx.) was refluxed with acetone (500 ml.) for three
hours and the mixture allowed to stand overnight. The in-
soluble fraction of the acetate was removed (centrifuge),
washed three times with acetone and dried (yield 10.5 g.).

Deacetylation of the Acetone-insoluble Fraction of the
Acetate.—One-sixth of the total amount of the acetone-in-
soluble acetate obtained above was dispersed in pyridine
(50 ml.); it did not dissolve but formed a jelly-like material
which could be separated by centrifugation. Other solvents
such as chloroform, formamide, dimethylformamide, acetic
acid and m-cresol likewise had no solvent action on it. To
the pyridine dispersion, 259, potassium hydroxide (35 ml.)
was added and the mixture was heated on a boiling water-
bath. The upper pyridine layer became less viscous and
finally became watery in appearance as deacetylation pro-
ceeded. Two-thirds of the pyridine was allowed to distil
as an azeotrope with water, after which the mixture was
cooled, acidified with glacial acetic acid and treated with
methanol (4 volumes). The amorphous white precipitate
was removed, dissolved in 1 N sodium hydroxide (30 ml.)
and the solution centrifuged to remove a small amount of
insoluble matter. The solution was acidified with glacial
acetic acid and treated with methanol (4 volumes). The
precipitate of the pentosan was purified by two precipitations
from aqueous solution with ethanol. It was finally washed
with absolute ethanol, petroleum ether and dried ¢» vacuo.

Deacetylation of the rest of the crude hemicellulose ace-
tate in the same way afforded 4.2 g. of the purified poly-

(11) A. 8. Perlin, Cereal Chem., 28, 370 (1951).

(12) R. Montgomery and F, Smith, to be published.

(13) K. A. Gilles, W. O. S. Meredith and F. Smith, Cereal Chem..
29, 314 (1952).

CARBOHYDRATES OF GRAMINEAE

2835

saccharide. In the purification by dissolution in 1 N so-
dium hydroxide 0.6 g. of insoluble material was removed.

The white stringy amorphous product dissolved in hot
water to give a clear solution. It dissolved in formic acid
and in dilute sodium hydroxide and showed [«]%2D —108°
in 0.5 N sodium hydroxide.

Paper chromatographic separation followed by quantita-
tive analysis using the phenol-sulfuric acid method? showed
that the hemicellulose gave upon hydrolysis with dilute
mineral acid p-glucose (29%), D-xylose (59%,) and L-ara-
binose (39%,).

In periodate oxidation studies, 0.8 mole of sodium perio-
date was consumed per anhydropentose residue. The poly-
aldehyde so formed, without previous isolation, was re-
duced with a pressure (750 Ib. per sq. inch) of hvdrogen
at 80-90° for 7 hours using a Raney nickel catalyst.? The
resulting solution was made 1 NV with respect to sulfuric acid
and heated under reflux for 10 hours. The acid was neu-
tralized with ‘“Duolite A-4’’ anion-exchange resin and the
aqueous solution evaporated to dryness iz vacuo. Partition
chromatography of the residue using butanol-ethanol-
water (4:1:5) as the developing liquid indicated the pres-
ence of xylose; no glucose or arabinose was detected.

Examination of the Acetone-soluble Portion of the Hemi-
cellulose Acetate.—The acetone extract of 15 g. of crude
acetate (see above) was concentrated to 200 ml. and poured
into light petroleum ether., The precipitate was filtered,
washed with petroleum ether and dried ¢» vacuo (vield 4.0 g.).
This product showed [«]%2p +17° in pyridine (¢ 0.5). De-
acetylation of 1 g. of this acetate in the usual way gave 0.45
g. of a polysaccharide which had [«]?p —14° (¢ 0.5) in 0.5
N sodium hydroxide, This material was not examined
further.

Methylation of the Hemicellulose Regenerated from the
Acetone-insoluble Acetate.—The polysaccharide (4.0 g.) was
dissolved in 459, potassium hydroxide (700 ml.) and methyvl-
ated by the dropwise addition of methyl sulfate (150 ml.)
during 3.5 hours at room temperature, Heat was generated
during the reaction; no external cooling was applied.
Frothing was brought under control by adding butanol (10
ml.). When the addition of the methyl sulfate had been
completed, stirring was continued for three hours after
which the reaction mixture was heated on the boiling water-
bath. The solution was cooled, neutralized with 209, sul-
furic acid and dialyzed to remove salts, Concentration of
the solution iz vacxo gave a pale yeliow residue and while
still containing some solvent (20-30 ml.) the product was
remethylated with methyl sulfate (85 ml.) and 459, potas-
sium hydroxide (250 ml.) at 55°; the reagents were added
in one-tenth portions every 10 minutes and acetone was
added when required to keep the methylated polysaccharide
in solution. The reaction was completed by heating for 30
minutes on the boiling water-bath whereupon the methylated
polysaccharide separated as granular particles which readily
settled. The hot supernatant liquid was decanted and after
dissolving the product in acetone (80 ml.) the methylation
was repeated as before. Three more methyvlations were
applied in the same way.

After the final methylation the product was washed with
boiling water to remove salts, dissolved in acetone and
evaporated 7 vacuo to dryness to remove moisture.

Fractional Precipitation of the Methylated Polysaccharide.
—The residue from the previous experiment was dissolved
in acetone (500 ml.), centrifuged to remove a small amount

TABLE 1
FRACTIONAL PRECIPITATION OF METHYLATED “SQUEEGEE’’
HEMICELLULOSE
[]%?D in acetone
Fraction Wt., g. (c 0.4) OCHsy, 7,

IA® 0.28 R ..

1 .24 —165° 38.2
11 .31 —162° 38.4
111 1.07 —165° 38.8
v 0.70 —165° 38.3
\Y 0.53 —169° 38.4

VI (from mother liquors) 0.89

@ This fraction did not give a clear solution in acetone
presumably because salts were present and was not examined
further.
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TaABLE 11
SEPARATION OF THE CLEAVAGE PRODUCTS OF METHYLATED ‘‘SQUEEGEE” HEMICELLULOSE ON THE HYDROCELLULOSE—
CELLULOSE CoLuMNI® wiTH METHYL ETHYL KETONE-WATER AZEOTROPE

Tube no,
(inclusive)® Component

10-14 Sudan 1V (marking solvent front)
17-27 2,3,5-Tri-O-methyl-L-arabinose
28-35 Unknown A
38-73 2,3-Di-O-methvl-p-xylose
80-105 Unknown B

138-148 2-0-Methyl-p-xylose

@ Collection time for tubes 10 to 98 was 10 minutes and thereafter it was 30 minutes per tube.

Wt.. g. OMe, % Rib [ee]%D
0.2305 46.7 0.80 —35° (MeOH)
.0202 .. .74 —31.5° (MeOH)
.2596 34.4 .08 +16° (MeOH)
. 0466 . .53 —27° (H,0)
.1079 .16 +32° (H:0)

b The R; values for the

standard methyl sugars determined on Whatman No. 1 filter paper at the same time with methyl ethyl ketone-water azeo-

trope were as follows:

of insoluble material and fractionally precipitated by adding
ether (100 ml.) followed by increasing amounts of petroleum
ether. Each precipitated fraction was dissolved in acetone
(highly viscous solutions were formed) and precipitated by
pouring the solution into an excess of petroleum ether. The
fractions obtained are shown in Table I.

The methylated product appeared from these results to
be essentially homogeneous.

Hydrolysis of the Methylated Hemicellulose.—When a
portion (0.966 g.) of fraction III was boiled for 8 hours with
2.99, methyl alcoholic hydrogen chloride (50 ml.) the solu-
tion showed [«] %D +18° (final value), Heating for an addi-
tional four hours effected no further change in rotation.

The solution was concentrated ¢» vacuo (no heat applied)
to a sirup which was dissolved in 0.9 N hydrochloric acid
(100 ml.) and the solution heated on the boiling water-bath
for 19 hours when the final constant observed rotation was
ab (1 dm.) 4+0.03°. The solution was neutralized (‘‘Duo-

lite Ay’ anion-exchange resin) and concentrated iz vacuo
to dryvness. Extraction with methanol afforded a sirup
(0.897 g.).

Separation of the Cleavage Products Obtained from the
Methylated Hemicellulose.—Paper chromatographic analy-
sis of the mixture of sugars, obtained in the previous experi-
ment using methyl ethyl ketone—-water azeotrope as the de-
veloping solvent, revealed the presence of four components,
the R; values of which corresponded to 2,3,5-tri-O-methyl-
L-arabinose, 2,3-di-O-methyl-pD-xylose, 2-O-methyl-p-xylose
and p-xvlose.

Analysis of the Mixture of Methylated Sugars. (a) By
Paper Chromatography.—The mixture of methylated sugars
(101 mg.) derived from the methylated polysaccharide
(fraction II, 106 mg.) was dissolved in 209, aqueous meth-
anol (10 ml.). An aliquot of this solution (0.1 ml.) contain~
ing approximately 1 mg. of the mixture of sugars was accu-
rately transferred with a micropipet to a sheet (8" X 22”)
of Whatman No. 1 filter paper. A drop of the solution of
the mixture of sugars was also put on the starting line in
marginal strips ruled 1.25” from either side of the chromato-
gram. The chromatogram was developed (descending
technique) with methyl ethyl ketone-water azeotrope until
the solvent front had almost reached the bottom of the paper.
The chromatogram was dried in air and the marginal strips
cut off and the four methylated sugars located by spraying
in the usual way. The chromatogram was reassembled
and those areas of the central unsprayed portion of the
chromatogram containing the component methyl sugars were
cut out and extracted separately with water. The amount
of water used for extracting each methylated sugar was ad-
justed so that a 2-ml. aliquot contained approximately 10 ug.
The extract was filtered through glass wool to remove cellu-
lose fibers and an aliquot (2 ml.) treated with 809, aqueous
phenol (0.1 ml.) followed by coned. sulfuric acid (5 ml.).814
The 1nixture was shaken and the absorbance of the orange
vellow color was determined by a Coleman Junior colorime-
ter when the solution had cooled to room temperature.

The absorbance was determined at X 415 mu for 2,3,5-tri-
O-methyl-L-arabinose, at A 480 inu for 2,3-di-O-methyl-p-
xylose, 2-O-methyl-p-xylose and p-xylose.

A blank experiment was carried out on a sheet of filter
paper irrigated in the same way as the chromatogram in order
to correct for the trace amounts of carbohydrates extracted
from the filter paper that otherwise would affect the results.

By reference to standard curves, the relative amounts of

(14) E. B. Larson and F, Smith, TH1s JourNatr, 77, 429 (1955).

2,3,5-tri-O-methyl-L-arabinose (0.80), 2,3-di-O-methyl-p-xylose (0.58), 2-O-methyl-p-xylose (0.16).

the methyl sugars were found, in duplicate experiments, to
be as follows: 2,3,5-tri-O-methyl-L-arabinose (13.8 moles),
2,3-di-O-methyl-p-xvlose (24.1 moles), 2-O-methyl-p-xylose
(7.0 moles) and p-xylose (4 moles). In additional experi-
ments, the mole ratio of 2-O-methyl-p-xylose and p-xylose
was checked further by developing the chromatogram until
the monomethyl sugar was near to the bottom of the paper.
This provided better separation of the two sugar bands and
consequently more reliable results.

(b) By Column Chromatography.—The sirupy mixture
of sugars (0.897 g. from fraction I11) was extracted with ace-
tone to give a sirup (0.709 g.). The acetone-insoluble
material (0.19 g.) contained p-xylose. The acetone-soluble
material was dissolved in methyl ethyl ketone-water azeo-
trope (1 ml.) and placed on the cellulose-hydrocellulose
column for separation as described previously, using a me-
chanical fractionator and methyl ethyl ketone-water azeo-
trope as the developing solvent.l® Sudan IV dye was used
as the marker for the solvent front. Examination of the
fractions furnished the results in Table II.

After all the 2-O-methyl-p-xylose had emerged from the
column, the p-xylose was displaced by elution with a mixture
of methyl ethyl ketone—water azeotrope (4 parts) and meth-
anol (1 part).

Examination of the Cleavage Products of Methylated
“Squeegee’’ Hemicellulose. (1) Identification of 2,3,5-
Tri-O-methyl-L-arabinose.—The  tri-o-methyl-L-arabinose
(0.19 g.) was dissolved in water (10 ml.) and treated with
bromine (0.5 ml.) at room temperature for 7 days when the
solution was non-reducing to Fehling solution. The solu-
tion was freed from bromine by aeration, neutralized (Ag.0),
filtered and passed through a column of ‘“Amberlite IR 120"’
cation-exchange resin. The eluate was concentrated n
vacuo and the sirupy 2,3,5-tri-O-methyl-L-arabono-+-lactone,
after purification by extraction with ether, distilled giving
0.124 g., b.p. (bath temp.) 120°, 0.01 mm., [«}?*D —38°,
initial value in water (¢ 1.0).

When treated with methanolic ammonia in the usual way
the lactone gave 2,3,5-tri-O-methyl-L-arabonamide, m.p.
and mixed m.p. 137°, [«]?®p +414° in water (¢ 1.0) (after
crystallization from ethanol and from ethyl acetate-light
petroleum ether).

(2) Identification of 2,3-Di-O-methyl-p-xylose.—Treat-
ment of the di-O-methyl-p-xylose (0.2 g.) with aniline (0.15
ml.) in boiling ethanol (5 ml.) for 3 hours, followed by re-
moval of solvent in vacuo gave a crystalline residue. Re-
crystallization from ethanol and from ethyl acetate-petro-
leum ether gave 2.3-di-0—methyl-D-xylose anilide, m.p. and
mixed m.p. 126°, [a]?*p +183° in ethyl acetate (¢ 0.8),
(no mutarotatlon) 15

(3) Identification of 2-O-Methyl-3-p-xylose.—The crys-
talline material obtained from the column (tubes 138-148)
was purified by several crystallizations from ethanol, m.p.
136°, [«]??p —8° changing to +32.4°, equilibrium value in
water (¢ 2.5). It gave no depression of the melting point
when mixed with an authentic specimen of 2-O-methyl-p-
xylose (m.p. 133°).

(4) Identification of p-Xylose.—Evaporation of the methyl
ethyl ketone-water—methanol eluate furnished crystalline
p-xylose (40 mg.) which was identified by conversion into
its crystalline benzylidene dimethylacetal derivative, m.p.
and mixed m. p. 207°, [a]%p —10° in chloroform (¢ 0. 8 15

(15) I. Ebhrenthal, M. C. Rafique and F. Smith, 7bid., 74, 1341
(1952).
(16) L. J. Breddy and J. K. N. Joues, J. Chem. Soc., 738 (1945).
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Examination of Two Unknown Components Obtained
from the Methylated Polysaccharide.—During the column
chromatographic analysis of the sugars from fraction III of
the methylated polysaccharide described above two com-
ponents, A and B, were isolated (see Table II). Component
A (20.2 mg.) collected in tubes 28-35 had R; 0.74, and
showed [«]?*p —13.5° in methanol (¢ 0.6). Chromato-
graphically, using methyl ethyl ketone-water azeotrope as
the developing solvent, it differed from 2,3,4-tri-O-methyl-
p-xylose (R; 0.82), 2,3,4-tri-O-methyl-L-arabinose (0.58),
2,3,5-tri-O-methyl-L-arabinose (0.85), 2,3,4-tri-O-methyl-
L-rhamnose (0.87), and from tetra-O-methyl derivatives of
p-mannopyranose (0.79), bD-galactofuranose (0.88), bD-
galactopyranose (0.68) and p-glucopyranose (0.83). This
unknown compound was recovered unchanged after treat-
ment with 2 N sulfuric acid for 13 hours on a boiling
water-bath. A was therefore not a methylated oligo-
saccharide.

The unknown component B (46.6 mg.) (R; 0.53 on methyl
ethyl ketone~water azeotrope) was purified by paper chro-
matography to remove a small amount (5 mg.) of 2,3-di-O-
methyl-pD-xylose. The residue (41 mg.) obtained on re-
moval of solvent was heated for 18 hr. with N sulfuric acid
on a boiling water-bath. The solution was neutralized
(BaCQy), filtered and evaporated to dryness in vacuo giving
a sirupy residue (40 mg.), [«]?*p —27° in water (¢ 1.1),
which crystallized spontaneously m.p. 115°, [«]%D —83°

3,6-ANHYDRO-D-GALACTOSE AS A CONSTITUENT OF k-CARRAGEENIN
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changing to —55° equilibrium value in water (¢ 1.0). The
crystalline material (10 mg.) had the same R; value (0.53)
as the original sirup and it reduced boiling Fehling solution.
It was not a ketose (modified anthrone test)!” and from its
melting point, rotation and chromatographic properties, it
was readily distinguished from the 2,3-, 2,4-, 3,4- and
3,5-di-O-methyl derivatives of Dp-xylose. This crystalline
component B failed to give a crystalline anilide and complete
methylation of this sirupy anilide with silver oxide and
methyl iodide also yielded a sirupy anilide.!* Treatment of
the latter with dilute acid furnished the fully methylated
reducing sugar as a sirup which had R; 0.74, using methyl
ethyl ketone-water azeotrope as the developing solvent.
This appeared from chromatographic analysis to be the same
as the unknown component A. When this fully methylated
sugar was demethylated with 489, hydrogen bromide!® it
underwent complete decomposition and the parent sugar
was not recognized.

Acknowledgment.—The authors wish to express
their thanks to Dr. F. J. Simpson for providing the
‘““squeegee’ pentosan.
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3,6-Anhydro-D-galactose as a Constituent of x-Carrageenin'’
By A. N. O’NEILL

RECEIVED DECEMBER 17, 1954

Mercaptolysis of the x-fraction of carrageenin has led to the isolation of the diethyl mercaptals of p-galactose and 3,6-

anhydro-D-galactose.

The latter was characterized by conversion to 3,6-anhydro-p-galactose phenylosazone and to 2,4,5-
tri-O-p-nitrobenzoyl-3,6-anhydro-p-galactose dimethyl acetal.

Further confirmation was obtained by comparison with

authentic material synthesized from methyl «-p-galactopyranoside through the crystalline intermediates methyl 6-O-p-

tolylsulfonyl-a-B-galactopyranoside and methyl 3,6-anhydro-a-p-galactopyranoside,

Spectrophotometric evidence has

indicated that the 3,6-anhydro-p-galactose residues constitute about 249, of the «-fraction of carrageenin.

Carrageenin®? is the chief polysaccharide of the
red alga Chondrus crispus, where 1t occurs as a struc-
tural material, and from which it can be isolated by
hot water extraction. Polysaccharides with simi-
lar compositions and physical properties have been
isolated from the closely related seaweeds Gigartina
stellata* and Chondrus ocellatus.®

The heterogeneous nature of carrageenin prepa-
rations has long been suspected,®~!? but only
recently the polysaccharide has been separated
into two definite components designated x-carra-
geenin (409,) and \-carrageenin (609;).%

The composition and constitution of this poly-
saccharide have been the subject of several investi-
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