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ponent is a concentration anomaly.®~3° This
anomaly can be explained if one assumes that the
sedimentation coefficient of the slower component
is greatly dependent on the coucentration as ob-
served above for that of the faster moving com-
ponent.

For simiplicity let us assume that the equation
obtained by Johnstou und Ogston® is valid®:
Cov3/CP = (St — Somixt)/ (St — Ss) wlere C.os and
C® are the observed and initial concentrations of
the slow component; S, mixe aud S; are the sedi-
mentation coeflicients of the slow componeut in the
presence of the fust component aund alone; and
St is the sedimentation coefficient of the fast com-
ponent. Again for siniplicity, let us assume that in
the 0.5% solution the value of Ss mixt is equal to that
found iu the 19 solutiou, that is, 17 Svedbergs,
and that in the 0.29 solution the value of Ssmixt
is equal to that found in the 0.59 solution, that is,
20 Svedbergs. Using the values for the fast and
slow coniponents of waxy I amylopectin listed in
Table V, the value of C.°bs/C for the 0.5%; solu-
tionis (141 — 17) /(141 — 20) = 1.03 and for the 0.2
solutionis (296 — 20)/(296 — 94) = 1.37. Thusthe
observed relative concentrations for the slower
component in the 0.297 solution may be as much as
+/3 times as large as in the 0.5%, solution.

Conclusions

1. Starch granules can be completely dispersed
by refluxing in neutral 6 or & M LiBr solutious
without degrading the amylopectin to auny detect-
able extent. 2. In dispersing starch granules by
refluxing in amnyl alcohol solutions, a buffer niust be

used. An amylopectin obtained from starch
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grauules dispersed in a buffered, amyl alcohol-
saturated solution for 20 hours was less hydrolyzed
than an amylopectin obtained from starch granules
dispersed for three hours in an unbuffered solutiomn.
3. The above results illustrate that (a) similar
light-scattering molecular weights are obtained
using N KOH, water and 6 3 LiBr as solvents;
(b) sedimentation coustants of immature coru
amylopectins are extrewely large; (c) inunature
waxy corn amylopectin consistently behaves as a
statistically brauched polymer (acid hydrolysis
studies); aud (d) variations in the method of dis-
persing starch grauules with lithium bromide do
not appear to alter the molecular weight of the
amylopectin.  These results indicate that inter-
nolecular hydrogen bouding is absent in the dis-
persed amnylopectin samples aud that amylopectius
havebroad sizedistributionssuchasfound in A-R—~B,
type polymers. 4. Immature waxy corn starcli has
two components. The fast moving component
may be a chemically aggregated antylopectin while
the slower moving component may be an amylo-
pectin or glycogen which does not exist as a chemi-
cally aggregated “tetramer” or which is an im-
purity from the pericarp or ovary. The apparent
inicrease in the relative concentration of the slower
component when the starch solution is diluted is
most likely due to a concentration anomaly in the
schlieren ultracentrifuge pattern.

Acknowledgment.—The authors wish to take
this opportunity to thank Dr. R. L. Siusheimer for
the use of his light-scattering and differential re-
fractometer instruments and Dr. W. F. Harring-
ton and Dr. M. Rougvie for their assistance and
suggestious on matters related to the ultracentri-
fuge and to other problems connected with this
research  project. The ultracentrifuge facilities
were made available through a grant from The
National Science Foundatiorn.

Ames, lowa

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, UUNIVERSITY OF BR1TisSH COLUMBIA |

The Constitution of the Hemicelluloses of Sitka Spruce (Picea sifchensis). 1.
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glucopyranosiduronic Acid)-D-xylose!
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The hemicelluloses of Sitka spruce which were extracted from the chlorite holocellulose with 10% agueous potassitim
hydroxide gave upon hydrolysis p-xylose, p-mannose, p-galactose, p-glucose, (?)L-arabinose and an aldobiouronic acid.

All of the neutral sugars except arabinose were identified as crystalline derivatives.

fied as 2-0-(4-O-methyl-a-b-glucuronosyl)-p-xylose.

Sitka spruce sawdust was delignified by treat-
ment with sodium chlorite and the hemicellulose

(1) A preliminary account of this work was presented at the 40th
Anaual Conference, Chemical Institute of Canada, in Vancouver,
Canada, June, 18957, and at the 133rd A, C. S. Meeting in San Francisco,
Calif., April, 1958. The Sitka Spruce sawdust was obtained from the
Powell River Co. Ltd. through the courtesy of Dr, R, F. Patterson to
whom we express our thanks. This work is abstracted from a thesis
submitted by K. Hunt for the M.Sc. degree, April, 1957, and was
supported by the National Research Council of Canada to whom we
express our thanks,

The aldobiouronic acid has been identi-

was obtained from the holocellulose by alkaline
extraction. Upon hydrolysis the hemicellulose
gave an aldobiouronic acid and a mixture of neu-
tral sugars. The acidic component was separated
by ineans of ion-exchange resins and the neutral
sugars separated on a cellulose column using I-bu-
tanol saturated with water at 5°. All of the sugars
with the exception of arabinose were characterized
as crystalline compounds.  The aldobiouronic acid
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was shown to be 2-O-(4-O-methyl-p-glucopyrano-
siduronic acid)-p-xylose by the following evidence.

Paper chromatographic investigation of the acidic
component showed it to contain mainly an aldobio-
uronic acid, some free acid and small amounts of
higher oligosaccharides. A pure sample of the aldo-
biouronic acid was obtained by separating the
acidic mixture on a cellulose column using ethyl
acetate—acetic acid—formic acid-water. Cleavage
of the aldobiouronic acid with 8%, methanolic hy-
drogen chloride followed by treatment with ammo-
nia yielded the crystalline amide of methyl 4-O-
methyl-a-D-glucopyranosiduronic acid.? After re-
moval of this uronic acid derivative, hydrolysis of
the neutral sugar glycoside gave D-xylose charac-
terized as the di-O-benzylidene dimethyl acetal.?

The point of attachment of the 4-O-methyl-p-
glucuronic acid unit to the p-xylose was determined
from a study of the completely methylated disac-
charide, obtained by lithium aluminum hydride re-
duction*® and methylation of the aldobiouronic es-
ter. Hydrolysis of the methylated disaccharide
and chromatographic separation of the components
on a cellulose-hydrocellulose column® using buta-
none-water as the irrigating solvent? yielded 2,3,4,6-
tetra-O-methyl-p-glucose and 3,4-di-O-methyl-p-
xylose. The former was identified as the crystalline
sugar® and the latter as the crystalline 3,4-di-O-
methyl-D-xylono-é-lactone.®

This evidence shows that the aldobiouronic acid
is 2-0-(4-O-methyl-p-glucopyranosiduronic acid)-
D-xylose and the work of Bishop!® suggests that the
linkage is of the a-type. This acid is identical with
that obtained by hydrolysis of other hemicellulose
materials aud it is observed!! that 4-O-methyl-p-
glucuronic acid is commonly, but not always,!?
linked to position 2 of the p-xylose fragment. The
existence of other aldobiouronic or higher acids is
possible since paper chromatographic examination
of the acidic fraction showed several components,
The present paper reports the constitution of the
main constituent of this mixture.

It is of interest to note that in the case of beech
wood, the hemicelluloses may be extracted from the
whole wood by 1 IV aqueous sodium hydroxide,!?
but when this was tried on Sitka spruce only a negli-
gible amount of polysaccharide was isolated. It
may well be that this is another illustration of the
differences between the hemicelluloses of deciduous
and evergreen trees.

Experimental

All evaporations were carried out under reduced pressure
and at a bath temperature not exceeding 40°.

(2) F. Smith, J. Chem. Soc., 2646 (1951).

(3) L. J. Breddy and J. K. N. Jones, ib:d., 738 (1945).

(1) M. Abdel-Akher and F. Smith, Nature, 166, 1037 (1950).

\3) B. Lythgoe and S. Trippett, J. Chem. Soe,, 1983 (1950).

(6) J. D. Geerdes, B. A. Lewis, R. Montgomery and F. Smith, Anal.
Chem., 26, 264 (1954).

(7) L. Boggs, L. S. Cuendet, 1. Ehrenthal, R. Koch and F. Smith,
Nagture, 166, 520 (1950).

(8) J. C. Irvine and J. W. H. Oldham, J. Chem. Soc., 1744 (1921).

(9) S. P. James and F. Smith, 7bid., 739 (1945).

(10) C. T. Bishop, Can. J. Chem., 81, 134 (1953),

(11) G. A. Adams and C. T. Bishop, THIS JOURNAL, 78, 2842
(1958).

(12) D. J. Brasch and L. E. Wise, Tappi, 89, 768 (1956).

(13) I. R. C. McDonald, J. Ckem. Soc., 3183 (1952).

HEMICELLULOSES OF SITKA SPRUCE

4421

Isolation of Sitka Spruce Hemicellulose.—The sawdust,
as received, was delignified in 100-g. batches by treatment
with sodium chlorite and acetic acid.!* The average yield
of holocellulose was 67 g. The original sawdust and the
holocellulose when air-dried were found to contain 6.6 and
4.49, of water, respectively. Holocellulose (ca. 70 g.) was
extracted at room temperature with 109% potassium hy-
droxide (1 1.) for 4 hr., and after filtration the residue was
re-extracted with a further 500 ml. of alkali. The two
filtrates were combined and the residue washed with water
until the total volume was 2 1. Acidification of the alkaline
solution with glacial acetic acid gave no precipitation but
the hemicelluloses were obtained as an impure brown solid
by the addition of 2 volumnes of ethanol; yield 5.5 g., [a]*D
—17.4° (¢ 0.52 in water). The preferred method of isolation
was to add Fehling solution (200 ml.) to the alkaline ex-
tract (2 1.) and centrifuge off the green gelatinous precipi-
tate which formed on standing overnight. The precipitate
was washed with aqueous alkali and alcoholic alkali to re-
move excess Fehling solution, and finally with methanol.
(Although the precipitated copper complex does not appear
readily soluble in excess Fehling solution, an excess may in-
hibit its precipitation and therefore the optimum ratio of
Fehling solution was determined separately.’® A ratio of
1:10 appeared suitable). The complex was decomposed by
suspending it in methanol and adding hydrochloric acid.
The liberated polysaccharide was washed with methanol un-
til free of chloride ion and then dried by solvent-exchange;
vield 6.0 g. of hemicellulose 1. After electrodialysis a
sample had [a]®D —26.3° (¢ 1.5 in water) and equiv. wt.
1232. The supernatant from the copper complex was di-
alyzed against running water to remove salts and evapo-
rated to small bulk. Acidification and addition of ethanol
vielded material (0.3 g.) having [«]®p —31.9° (¢ 2 in water)
which was not examined further.

Attempted Direct Extraction of Hemicelluloses from
Whole Sawdust.*—Spruce sawdust (100 g.) was extracted
for 16 hr. with hot ethanol-benzene (1:2, 900 ml.). The
sawdust was washed with hot water, air-dried and then ex-
tracted at room temperature with sodium hydroxide (0.1 N,
900 ml.) for 48 hr., and the highly colored solution dis-
carded. The residue was re-extracted with sodiumn hy-
droxide (1 N, 700 ml.) and the polysaccharide isolated via
its copper complex; vield of hemicellulose 11, 0.13 g. having
[@]??2p —13.9° (¢ 1.0 in water), The residue from this ex-
traction was washed with water, delignified by the chlorite
treatment and the holocellulose extracted with potassiuin
hydroxide (109, 1 1. and 0.5 1.). The polysaccharide iso-
lated via its copper complex, yielded hemicellulose III (3.33
g.), [@]?®p —52.6° (¢ 1.0 in H,0). Samples (10 mg.) of
hemicelluloses I, II and III were hydrolyzed and examined
chromatographically. All showed the presence of xylose,
mannose, arabinose, glucose and galactose. There were
no obvious differences in the concentration of the sugars in
the three samples, but no quantitative analyses were
carried out.

Quantitative Analysis of Hemicellulose I.—Hemicellu-
lose I (10 g.) was hydrolyzed with sulfuric acid (1 N, 360
ml.) on a steam-bath for 12 hr. The solution was neutral-
ized (BaCO;) and the filtrate passed through a column of
Amberlite IR 120 and then through a column of Duolite
A-4.1" Evaporation of the eluate yielded the neutral sugars
as a sirup (6.8 g.).

The acid fragments were eluted from the Duolite resin
with sodium hydroxide (1 N, 50 ml.) and the eluate passed
through a fresh column of Amberlite IR 120. Concentra-
tion yielded the acidic component (1.9 g.) as a hygroscopic
glass, [a]??D +82° (¢ 0.5 in water).

Anal. Caled. for C;3HypOn: OMe, 9.1; equiv. wt.,
339. Caled. for C;Hy07;: OMe, 14.7; equiv. wt., 208.
Found: OMe, 10.9; equiv. wt., 274, 276.

A portion of the neutral sugars (90 mg.) was streaked on
two sheets (8'/ X 22'') of Whatman No. 1 paper. One
sheet was developed in 1-butanol-water for 168 hr. and the
other in butanone-water for 100 hr. The former solvent en-
abled D-xylose, D-galactose and p-glucose to be determined
while the use of the latter solvent led to the determination
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of p-xylose, b-mannose and L-arabinose. Estimatious were
done using the phenol-sulfuric acid method.’® The follow-
ing results were obtained, using a Coleman 14 spectro-
photometer: xylose, 42.1; mannose, 38.8; glucose, 8.6;
galactose, 6.9; and arabinose, 4.29,.

A second portion of the neutral sugar sirup (1 g.) was
added to the top of a cellulose column (40 cm. by 2.75 cm.
i.d.) and the column developed with l-butanol saturated
with water at 5° ut a flow rate of 9 ml./hr. Fractions were
collected at 30-min, iatervals.

Identification of Component Sugars.—1. Tubes 100-150
gave a trace of material having an R: value identical with
rhanminose and giving the same yellow color with p-anisidine
trichloroacetate spray; it has not been otherwise ideutified.
2. D-Xylose was obtained crystalline from tubes 160-200
and had m.p. and mixed m.p. 143-145°, [«]?*p +19.4°
(¢ 0.38 in water, equil.); it was further confirmed as its di-
O-benzylidene dimethyl acetal, m.p. and mixed m.p. 208-
209°. 3. p-Mannose was not obtained crystalline owing to
contamination with p-xylose and L-arabinose, tubes 220-
340; it was identified as its phenylhydrazoue, m.p. and
mixed m.p. 177-177.5°, [a]?®p +27.8 — 34.4° (93 hr.,
¢ 0.4 in pyridine).** 4, The arabinose was not separated
fromn the mannose, tubes 230-340. The mother liquor from
the mannose phenylhydrazone preparation was heated on
the steam-bath for 2 hr. with Amberlite IR 120 resin to re-
move excess phenylhydrazine and the filtrate concentrated.
Paper chromatographic examination in phenol-water (80:20
v./v.) showed a strong spot for arabinose, but treatment of
the filtrate with diphenylhydrazine hydrochloride® failed to
yield any crystalline material. An attempt was made to
prepare the diphenylhydrazone from the crude neutral sirup,
but this also failed. A portion of the neutral sirup, [a]?*D
+32.2° (¢ 0.2 in water), was fermeuted for 4 days with
yeast and then exanined chromatographically. The pres-
ence of p-xylose, arabinose and bp-galactose was demon-
strated, but p-mannose was absent. It was still not pos-
sible to obtain arabinose diphenylhydrazoue, but since the
optical rotation was [«]2?D +41° after ferinentation, it was
assunied the arabinose belonged to the r-series. 5. The
D-glucose sirup did not crystallize, but was identified as the
N-p-nitrophenylglucosylumine, m.p. and mixed m.p. 172-
173°.%2 6. The p-galactose did not crystallize and an
attempt to prepare the N-p-nitrophenylgalactosylamine
vielded insufficient material to purify. Accordingly a por-
tion of the neutral sirup was oxidized with nitric acid and
the derived mmucic acid had m.p. and mixed m.p. 203°.22

Separation of the Aldobiouronic Acid.—Chromatographbic
examination of the acidic fraction obtained above when de-
veloped in ethyl acctate—formic acid-acetic acid-water
(18:1:3:4 v./v.) showed five distinct spots having Ry
values 1.33, 0.64, 0.47, 0.38 and 0.11 (R xylose = R, =
1.00) and several fainter omes. The wvalue 1.33 corre-
sponded with 4-O-methyl-p-glucuronic acid and that of 0.64
with 2-0-(4-O-methyl-p-glucuronosyl)-p-xylose from west-
eri1 hemlock.’® The acidic mixture was accordingly frac-
tionated on a cellulose column and the fraction having Ry
0.64 was investigated further. This fraction was slightly
coutamined with small amounts of fractions Ry 1.33 and
Ry 0.47 and it was found later that a purer fractiou could be
ohtained by carrying out the separation on sheets of What-
man 3 MM paper.

Methanolysis of 2-0-(4-O-Methyl-p-glucopyranosiduronic
Acid)-p-xylose.—A portion of the aldobiouronic acid (198
mg.) was dissolved in methauolic hydrogen chloride (8%,
10 ml.) and sealed in a Carius tube. The tube was heated
for 7 hr. at 105° and then the conteuts diluted with methanol
and neutralized (Ag.CO;). Evaporation gave a dark
brown sirup (157 mg.) which after two treatments with
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charcoal yielded a pale yellow sirup (126 mg.). This sirup
was dissolved in methanol saturated with ammonia at 0°
(138 ml.) and the solution kept for 24 hr. at 3°. When the
solution was evaporated a clear sirup was obtaiuned which
largely crystallized in 24 hr., The crystals were washed
with cold ethanol and the filtrate saved. The solid was re-
crystallized from ethanol containing a trace of water and
vielded methyl 4-O-methyl-a-p-glucopyranosiduronamide,
m.p. 233-236° and mixed m.p. 233-237°.2 The ethanol
washings were concentrated to a sirup (43 mg.) which was
hiydrolyzed with sulfuric acid (1 N, 4 ml.) for 12 hr. ou the
steam-bath, After neutralization (BaCO;) and treatinent
with charcoal a clear sirup (18 mg.) was obtained. Siuce
the sirup did not crystallize the di-O-benzylidene dimethyl
acetal reagent (0.5 ml.) was added and after 24 lir. the solid
was recrystallized from chloroform—petrolewin ether giving
p-xylose-di-O-benzylidene dimethyl acetal, m.p. and mixed
m.p. 207-208°.2

Preparation and Identification of Methyl 2-0-(2,3,4,6-Tet-
ra-O-methyl-a-p-glucopyranosyl)-3,4-di- O-methyl-p-xylo-
pyranoside.—A second portion of the aldobiouronic acid
(162 mg.) was converted to the ester glycoside by refluxing
with 29, methanolic hydrogen chloride. Aftler neutraliza-
tion (AgeCO;) the glycoside was reduced by refluxing in
tetrahydrofuran with lithium aluminwn hydride (0.5 g.) for
1 hr. The reduced product was isolated via its acetate and
deacetylated as previously described.!'* The neutral disac-
charide (153 mg.) was dissolved in water (6 ml.) to which
was added sodium hydroxide (1.5 g.). Dimethyl sulfate
(1.5 ml.) was added over 3.5 hr. with vigorous stirring.
During the final half-hour the temperature was raised to 70°
to hydrolyze excess dimethyl sulfate. The cold niethylation
solution was brought to pH 8.9 with sulfuric acid and con-
tinuously extracted with chloroform overnight. Couceu-
tration of the chloroform yielded a sirup (88 ng.). This
sirnp togethier with 175 mg. from a previous experiiment was
dissolved in tetrahydrofuran (12 ml.) to which was added
pulverized sodium hydroxide (2.3 g.). Dimethyl sulfate
(3.0 ml.) was added to the vigorously stirred solution over
3 hr. and the reaction stirred at room temperature for a
further 16 hr. Sufficient water was added to dissolve the
salts, the solution heated to 60° for 1 hir., cooled and ex-
tracted with chloroform.?* The fully methylated disac-
charide was obtained as a pale yellow sirup (111 mg.), b.p.
(bath temp.) 125-150° (0.08 mm.), and was hydrolyzed
with sulfuric acid (1 &, 10 ml.) for 12 hr, on the steam-buth.
The acid was neutralized by passage through Duolite A-4
and the cluate concentrated to a sirup (120 wng.). Chrowma-
tograplic examination in butanone-water azeotrope showed
only two spots corresponding to tetra-O-methylhexose and
di-O-methiylpentose. The sirup was streaked on Whatman
No. SMM paper (18" X 227) and developed in the sane
solvent. The appropriate zoues were eluted with a mixturc
of acetone and methanol (50:50 v./v.). Coucentration of
one solution gave 2,3,4,6-tetra-O-methyl-p-glucose which
crystallized spontaneously and was recrystallized from ether,
m.p. and mixed m.p. 92-93°. The other solution gave
a sirup (22 mg.) having [«]%Dp +15° (¢ 0.16 in methanol);
lit. values for 3,4-di-O-methyl-pD-xylose +13°% and +22.1°%
in methanol. The sirup was dissolved in water (1 ml.) and
excess bromine added. The solution was kept in the dark
at roown temperature in a tightly stoppered flask for two
days and the excess bromine removed by aeration. The
solution was neutralized with silver carbounate, filtered and
the residual silver removed with hydrogen sulfide. The
final sirup was distilled, b.p. (bath temp.) 150-170° (0.0%
mm. ), and yielded a clear sirup (12 mg.) which crystallized
on nucleation. The 3,4-di-O-methyl-p~xylono-§-lactone was
recrystallized from ether and had m.p. and mixed m.p.
61-64°. (We are grateful to Dr. J. K. N. Jones for an
authentic sample.)
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