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An "acid converted" wheat starch dextrin of the "canary" type was investigated to determine the structural transforma
tions brought about by the process of dextrinization. The dextrin was subjected to periodate and methylation studies. 
It is shown that dextrinization of starch involves transglycosidation and the development of a more highly branched structure. 

Pyro-dextrins, the gum-like substances exten
sively used in the adhesives industry, are prepared 
by pyrolysis of native starches with or without 
acids under a wide variety of conditions. Although 
various theories have been advanced, 2~6 little pre
cise information is available concerning the mecha
nism of the reaction and the structural changes that 
occur during the dextrinization of starch. 

In a previous paper7 periodate oxidation studies 
on an "acid-converted" corn starch dextrin showed 
that the amount (5%) of D-glucose stable to perio
date oxidation is greater than in the parent native 
starch. The methylation results showed" (a) that 
while the hydrolyzate of methylated amylopectin 
contains 2,3,4,6-tetra-, 2,3,6-tri- and 2,3-di-O-
methyl-D-glucose and (b) while the hydrolysate of 
methylated amylose contains 2,3,4,6-tetra- and 
2,3,6-tri-O-methyl-D-glucose, the hydrolysate from 
the methylated corn starch dextrin contained ten 
different methyl derivatives of D-glucose, namely: 
2,3,4,6-tetra-, 2,3,6-tri-, 2,3,4-tri-, 2,4,6-tri-, 2,3-di-, 
2,6-di-, 3,6-di-, 2-, 3- and 6-0-methyl-D-glucose. 
Although the dextrin was prepared from the native 
starch, consisting of amylopectin and amylose, the 
nature and amounts of these ten cleavage frag
ments seemed to warrant the tentative conclusion 
that dextrinization not only involves a reduction in 
the molecular weight of the starch, a fact long rec
ognized from physico-chemical studies, but that in 
addition, considerable transglycosidation occurs 
with the production of a highly branched structure. 

This paper is concerned with the structural 
changes that take place when wheat starch is dex-
trinized in the presence of an acid catalyst, as re
vealed by methylation and periodate oxidation 
studies. Investigations into the dextrinization of 
amylose and of amylopectin are now being carried 
out, and they will form the subject of later commu
nications. 

The wheat starch dextrin was fractionated from 
aqueous solution with ethanol (Table I) and the 
major fraction (no. 10) purified by acetvlation 
(Table II). 

A sample of the purified dextrin, regenerated 
(1) Paper No. 3734, Scientific Journal Series, Minnesota Agricul

tural Experiment Station. This paper will form part of a thesis to be 
submitted by G.M.C. to the Graduate School of the University of 
Minnesota in partial fulfillment of the requirements for the degree of 
Ph.D. 
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Academic Press, Inc., New York, N. Y., 1950. p. 355. 
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from the acetate, was subjected to periodate oxida
tion (Table III), sodium borohydride reduction and 
acid hydrolysis.8 The periodate oxidation studies 
indicated that the molecule had an average repeat
ing unit of 8 anhydroglucose residues. Since wheat 
starch, which is a mixture of the linear and branched 
chain components, has an average repeating unit of 
20-25 glucose residues,9" it is apparent that a pro
found change in structure takes place during the 
dextrinization process. This value of 8 for the av
erage repeating unit of the dextrin agrees reason
ably well with the value of 9.5 from the analysis of 
the acid hydrolysis products of the dextrin polyal-
cohol which showed that for every molar propor
tion of glycerol there were 7.5 molar proportions of 
erythritol and 1 molar proportion of glucose. 

In addition, since the wheat starch dextrin con
tains approximately 10% glucose that is immune to 
periodate cleavage, it is clear that new linkages 
must be produced during dextrinization (the orig
inal starch has not been investigated, but by an
alogy with other starches the amount of glucose 
stable to periodate is probably no more than 
0.5%) .MO 

Treatment of the dextrin first with methyl sul
fate and then with silver oxide and methyl iodide 
furnished the methylated dextrin, which was found 
to be essentially homogeneous. After methanoly-
sis of the methylated dextrin, followed by acid hy
drolysis, the mixture of methylated sugars was sep
arated by partition chromatography on a cellulose-
hydrocellulose column11 using butanone: water 
azeotrope12 as the irrigating solvent and the com
ponents identified by preparing suitable crystalline 
compounds (Table IV). 

The hydrolyzate from the methylated wheat 
starch dextrin was found to consist of 2,3,4,6-tetra-
(12.2%), 2,3,6-tri- (74.8%), 2,3-di- (3.9%), 2,6-di-
(7.9%,), 2- (0.9%) and 3-O-methyl-D-glucose 
(0.3%). Since the dextrin was made from native 
starch, extensive structural deduction cannot be 
made, but it is apparent, however, from the per
centage (12.2) of 2.3.4,6-tetra-O-methyl-D-glucose, 
that the dextrin must be much more highly 
branched than the parent wheat starch. It is no
ticeable that the amounts of tetra- and di-0-meth-
ylglucose are approximately the same, a result re
quired by the general structural concept that the 

(8) M. Abdel-Akher, J. K. Hamilton, R. Montgomery and F. 
Smith, ibid., 74, 4970 (1952). 

(9) (a) E, L. Hirst and G. T. Young, J. Chem. Soc, 951 (1939); 
(b) K. Freudenberg and H. Boppel, Ber., 73, 609 (1940); (c) K. Freu-
denberg and G. Hull, ibid., 74, 237 (1941). 

(10) J. K, Hamilton and,F. Smith, THIS JOURNAL, 78, 5907 (105IJ). 
(11) J, D. Geerdes, Bertha A. Lewis, R. Montgomery and F. Smith, 

Anal. Chem.. 26, 204 (1954). 
(12) L, Boggs, L, S. Cuendet. I. Khrenthal, R, Koch and F. Smith, 

X.ttiin, 166, 520 (1950) 
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number of terminal, non-reducing ends should be 
the same as the number of branches in the molecu
lar complex. Since the tetra-O-methyl-D-glucose 
arises from those glucose units which give rise to 
formic acid upon periodate oxidation, it is of interest 
to note that the average rep eating unit (8) from pe
riodate oxidation studies agrees with the value (8.3) 
from methylation studies. 

The characterization of 2,6-di-O-methyl-D-glu-
cose in relatively large amounts (7.9%) reveals the 
fundamental difference in structure between the 
dextrin and the parent starch since the methylated 

starch does not give rise to appreciable amounts 
of 2,6-di-0-methyl-D-glucose.9a>c/9b'9c This finding 
also shows that the dextrinization process not only 
causes degradation of the starch molecule but that 
it must also involve the generation of new 1,3-gly-
cosidic linkages. The same phenomenon was ob
served in the previous studies on the "acid con
verted" corn starch dextrin.7 The presence of 
these 1,3-linkages in the dextrin is also supported by 
the fact that the parent dextrin contains approxi
mately 10% glucose that is immune to periodate ox
idation. 

Although the fraction of the wheat starch dextrin 
subjected to study comprised only 37% of the orig
inal dextrin, it seems likely that the same general 
transformations during dextrinization would be re
vealed by studies of the other dextrin fractions; the 
correctness of this view will form the subject of a 
later investigation. 

From the above results, therefore, it seems rea
sonable to deduce that the physical properties of 
the dextrins, especially their adhesive, gum-like 
properties and solubility characteristics, must be 
attributed, at least in part, to the fact that the dex
trins have a highly branched structure, the building 
units of which are mutually joined by a wide variety 
of glycosidic bonds. 

Experimental 
The partition chromatographic analyses were carried out 

with solvent A, butan-1-ol:ethanol:water (4:1:5),1 3 solvent 
B, butanone:water azeotrope18 or solvent C, propan-1-ol: 
water azeotrope.14 The spray reagent used for the develop
ment of color with glucose methyl ethers was ^-anisidine: 
trichloroacetic acid: water (1:5:250) .16 Unless stated other
wise all concentrations were carried out in vacuo at a bath 
temperature of 45-50°. 

Preparation of the Wheat Starch Dextrin.—Commercial 
wheat starch was heated for 3 hr. at 120° and then for 5 hr. 
at 140° in the presence of 2 N hydrochloric acid added pre
viously as a spray with mixing. The amount of 2 N acid 

(13) S. M. Partridge, Biochem. J., 4,2, 238 (1948). 
(14) F. Smith and H. C. Srivastava, T H I S JOURNAL. 78, 1404 (1956). 
(15) L. Hough, J. K. K. Jones and W. H. Wadman, J. Chem. Soc, 

1702 (1950). 

used per gram of starch corresponded to that required to 
give a pH of 3 when added to a mixture of starch (1 part) and 
water (2 parts); this was predetermined in a separate ex
periment. The "canary" dextrin so obtained had a slight 
yellow color, and 9 5 % of it was soluble in water. 

Fractional Precipitation of the Wheat Starch Dextrin.— 
The dextrin (50 g. as prepared and without pre-drying) was 
dissolved in water (200 ml.) and fractionally precipitated by 
the addition of increasing amounts of ethanol. Each frac
tion was redissolved in water and the solution poured with 
stirring into an excess of ethanol. The white amorphous 
precipitate was removed by centrifugation and washed suc
cessively with ethanol, ethyl ether and light petroleum ether 
and then dried in vacuo at 50°. The results of this frac
tionation are recorded in Table I. 

Acetylation of Starch Dextrin.—A solution of the dextrin 
(17.6 g., fraction 10, Table I) in formamide (100 ml.) was 
slowly added, with stirring during 3 hr., to a mixture of py
ridine (100 ml.) and acetic anhydride (100 ml.) cooled in an 
ice-bath.16 After standing for 10 hr. at room temperature 
the reaction mixture was poured, with stirring, into 8-10 
volumes of ice-water to precipitate the acetate. The white 
amorphous precipitate was filtered, washed successively 
with absolute ethanol, ether and petroleum ether and dried 
in vacuo. The acetylated dextrin (yield 24 g.) showed 
Ia]26D +158° in chloroform (c 0.6). After reacetylation 
with 5 parts of pyridine-acetic anhydride (1:1) for 3 hr. at 
55°, the dextrin acetate (23.5 g.) showed [aJ26D +155° in 
chloroform (c 0.6). 

The acetyl value was determined by dissolving a sample 
of the acetylated material in a small volume of acetone, 
adding an excess of 0.1 N NaOH and warming for 2 hr. at 
50°. After cooling, the excess alkali was back titrated with 
0.1 N sulfuric acid; a blank was carried out at the same time 
(Found: Ac, 44.7%). 

The acetylated dextrin (18.5 g.) was fractionally pre
cipitated from chloroform solution by adding increasing 
quantities of petroleum ether in the usual manner. The re
sults are given in Table I I . 

TABLE II 

FRACTIONAL PRECIPITATION OF DEXTRIN ACETATE 

Fraction no. 1 2 3 4 5 G 
Total petr. ether 

added, ml. 10 35 55 75 11.5 145 
Wt., g. 9.2 1.5 2.0 2.4 2.3 0.4 
[apsD (CHCl3, 

e l ) +158° +150° +157° +151° +166° 

Fractions 1, 2 and 3, being essentially the same, were 
combined and used for the experiments which follow. 

Deacetylation of Dextrin Acetate.—A solution of the ace
tate (3 g.) in 10% (w./w.) aqueous potassium hydroxide 
(10 ml.) and acetone (15 ml.) was stirred for 1 hr. at room 
temperature and for 0.5 hr. at 50°. The solution was 
cooled, neutralized with acetic acid and poured into ethanol. 
The dextrin precipitate was collected (centrifuge), redis
solved in water, reprecipitated with ethanol as before and 
finally dried in vacuo at 45°, giving a white amorphous 
powder which had [a]24D +132° in water (c 0.6). 

Periodate Oxidation of Wheat Starch Dextrin.—The 
dextrin fraction (0.9 g.) was oxidized with 0.1 N sodium 
periodate (100 ml.) at 5° in the dark and aliquots of the re
action solution periodically withdrawn in order to follow 

(IG) Cf. J. F. Carson and W. V). Maetay, T H I S JOURNAL, 68, 1015 
(194(1). 

TABLE I 

FRACTIONAL PRECIPITATION OP DEXTRIN FROM AQUEOUS SOLUTION WITH ETHANOL 

Fraction no. 
Wt., g. 
Total ethanol 

added, ml. 
Color with 

iodine0 

Ia]25D (H2O), 
Cl) 
0 P = Purple; L = Lavender; R = Red-brown. 

1 
1.5 

7 

P 

1̂75° 

2 
2.4 

17 

P 

+ 153° 

3 
2.2 

37 

P 

+ 153° 

4 
2.6 

52 

P-L 

+ 154° 

5 
0.6 

72 

P-L 

+ 155° 

6 
1.0 

92 

P-L 

+ 158° 

7 
0.4 

112 

P-L 

+ 162° 

8 
1.7 

137 

L 

+ 160° 

9 
7.1 

157 

L 

+ 156° 

10 
18.5 

207 

L 

+ 130° 

11 
2.1 

257 

L-R 

+ 122° 

12 
5.8 

307 

R 

+ 121 
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the rate of periodate consumption and formic acid production 
in the usual way.17 Blank experiments were conducted at 
the same time. The results are summarized in Table I I I . 

TABLE II I 

PERIODATE OXIDATIOX OF STARCH DEXTRIN 

eacn. time, 
hr. 
0.08 

52 
138 
213 

[ apD 

+77° 
+ 19 
+ 19 
+ 18 

MoIs. of 
anhydrohexose 

per mol. 
of formic 

acid produced 

25.9 
12.7 
9.0 
7.9 

MoIs. of periodate 
consumed per mol. 

anhydrohexose 
unit 

0.66 
1.01 
1.06 
1.06 

Reduction of the Periodate Oxidized Dextrin with So
dium Borohydride.—The periodate oxidation reaction mix
ture was treated with barium chloride solution to precipitate 
the iodate and excess periodate and the solution centrifuged. 
Four times the theoretical amount of sodium borohydride 
was then added to the supernatant solution at room tem
perature to reduce the dextrin polyaldehyde. The solu
tion was agitated periodically for 3 hr., after which time the 
evolution of hydrogen ceased and the reduced polysaccharide 
slowly precipitated from the solution. The precipitated 
dextrin polyalcohol was removed from the solution, washed 
with cold ethanol, redissolved in water and reprecipitated 
with alcohol. The material was then acidified with acetic 
acid and evaporated to dryness to decompose the residual 
borohydride. Methanolic hydrogen chloride (30 ml. of 1%) 
was added, and after shaking for 5 minutes the solution was 
evaporated in vacuo at 40° (bath temperature) to remove 
borate.18 The residue was retreated with 1% methanolic 
hydrogen chloride to ensure complete removal of borates. 
The dextrin polyalcohol was hydrolyzed by treatment with 
0.5 N HCl at room temperature for 2 hr. with constant stir
ring followed by warming at 50° for 1 hr. 

The hydrolysis solution was neutralized with BaCO3, 
filtered and passed through Amberlite IR-120 cation and 
then through Duolite A4 anion exchange resin to remove in
organic ions, and evaporated to a sirup. The hydrolyzate 
showed [a]25D + 8 . 5 ° in water (c 2.7). 

Determination of Glucose, Erythritol and Glycerol in the 
Dextrin Polyalcohol.—A small portion of the sirupy hy-
drolysate of the dextrin polyalcohol was placed on Whatman 
No. 1 filter paper and developed with solvent C. Glucose, 
erythritol and glycerol were located in the boundaries of the 
paper and the three compounds were then quantitatively 
separated and eluted from the paper with a known volume 
of water.19 

The quantitative determination of glucose was carried out 
colorimetrically with the phenol-sulfuric acid reagent,20 and 
chromotropic acid was used for the quantitative determina
tion of glycerol and erythritol.21-22 

The molar ratios of glucose :erythritol:glycerol in the hy-
drolysate of the dextrin polyalcohol was found to be 1.0: 
7.5:1.0, respectively. 

Methylation of Dextrin Acetate.—Wheat dextrin acetate 
(8.5 g.) was dissolved in acetone (190 ml.) and methylated 
with methyl sulfate (90 ml.) and sodium hydroxide (250 ml. 
of 30%) according to the method of Haworth.23 The re
action was completed by heating for 0.5 hr. on the boiling 
water-bath when the methylated dextrin separated readily 
from the reaction mixture. This precipitate was washed 
by decantation with boiling water to remove salts and then 
dissolved in acetone in preparation for the next methylation. 
The mother liquor was extracted with chloroform and the 
combined extracts dried (Na2SOO and concentrated. The 
residue was dissolved in acetone and added to the acetone 
solution of that portion of the dextrin that precipitated from 

(17) P. Fleury and J. Lange, / . pharm. chim., 17, 107 (1933). 
(18) D. R. Briggs, E. F. Garner and F. Smith, Anal. Chem., 28, 1333 

(1956). 
(19) M. Dubois, J. K. Hamilton, K. A. Gilles, P. A. Rebers and F. 

Smith, Nature, 168, 107 (1951). 
(20) M. Dubois, J. K. Hamilton, K. A. Gilles, P. A. Rebers and F. 

Smith, Anal. Chem., 28, 350 (1956). 
(21) J. K. Hamilton and F. Smith, T H I S JOURNAL, 78, 5907 (1956). 
(22) M. Lambert and A. C. Neish, Can. J. Res., B28, 83 (1950). 
(23) W. N'. Haworth, J. Chem. Soc, 107, 8 (1915). 

the reaction mixture. Three additional methylations were 
applied as above, and the product was isolated each time 
by heating the reaction mixture (chloroform extraction 
was not necessary). 

The methylated dextrin was subjected to three treatments 
with Purdie reagents using silver oxide (6 g.) and methyl 
iodide (30 ml.), the reaction mixture being refluxed for 18 
hr. After recovering the excess of the methyl iodide, the 
product was isolated by extraction with acetone, traces of 
silver iodide being removed by centrifugation. Evaporation 
gave the methylated dextrin as a brown sirup (4.20 g.). 

Fractional Precipitation of Methylated Dextrin.—The 
methylated dextrin (4.10 g.) was dissolved in acetone (40 
ml.) and fractionally precipitated by adding petroleum 
ether in the usual way. Examination of the five fractions 
obtained in this manner showed that the product was es
sentially homogeneous; [a\o +182° in chloroform (c 1). 
Found: OMe, 43.5. 

Methanolysis of Methylated Dextrin.—The methylated 
dextrin (3.30 g.) from a composite of fractions 2, 3 and 4 
above was refluxed for 10 hr. with 2 .5% methanolic hydro
gen chloride. After 3 hr. the rotation of the solution be
came constant, [a]2iD + 8 5 ° in methanol (c 3). 

The solution was neutralized (Ag2COs), filtered and the 
clear yellow solution evaporated with a current of air to avoid 
possible loss of the methyl 2,3,4,6-tetra-O-methyl-D-gluco-
side. An}' residual solvent was removed in vacuo at 40°. 

Separation of the Cleavage Products of the Methylated 
Dextrin.—The methyl glvcosides (3.42 g.) were heated at 
98° with N H2SO4 (40 ml.) for 19 hr. The solution became 
cloudy upon adding the acid, and the initial rotation could 
not be determined, but after 1 hr. it showed [a]25D +49.5° 
and did not appear to change thereafter. The solution was 
neutralized (BaCO3), filtered and the residue washed with 
water. The filtrate and washings were combined and ex
tracted twice with chloroform. The sirup (1.75 g.) from 
the combined chloroform extracts and that (1.43 g.) from 
the aqueous layer were separately subjected to partition 
chromatography on a cellulose-hydrocellulose column using 
solvent B, the fractions being collected in test-tubes using 
an automatic fraction collector, during a period of 120 hr.11 

The methylated sugars were isolated by concentrating 
the appropriate fractions and provisionally identified by 
paper chromatography using solvents A, B and C in the 
usual way. Results of the column chromatography are 
recorded in Table IV. 

TABLE IV 

COLUMN CHROMATOGRAPHY OF THE HYDROLYSATE OF 

METHYLATED STARCH DEXTRIX 
Com- Identity of o-metbyl-

ponent D-glucose R!a Wt.. 

1 2,.3,4,6-Tetra- 0.82 0.373 31.5 12.2 
2 2,3,6-Tri- .51 2.290 208 74.8 
3 2,3-Di- .18 0.119 11.5 3.9 
4 2,6-Di- .15 .240 23 7.9 
5 2- .042 .029 3 0.9 
6 3- .062 .010 1 0.3 

Ratio (approx.) 
Mole % 

Total 3.061" 
" Bv paper chromatography with solvent B. 

= 96%. 

1 Recovery-

Identification of Cleavage Products of Methylated Dex
trin. 1. 2,3,4,6-Tetra-O-methyl-D-glucose.—Component 1 
(Table IV, 0.373 g.) crystallized spontaneously upon re
moval of the solvent and after recrystallization from ethyl 
ether gave 2,3,4,6-tetra-O-methyl-a-D-glucose, m.p. 89°, 
mixed m.p. 88-89°, [<*]21D +81 .5° equilibrium value in 
water (c 5); lit.24 m.p. 88-89°, [« ]D +83.3° in water. To 
a solution of the tetra-O-methyl-D-glucose (20.7 mg.) in dry 
pyridine (2 ml.), was added ^-nitrobenzoyl chloride (48.3 
mg.). The mixture was heated at 80-85° (bath tempera
ture) for 40 min. After cooling, a few drops of water was 
added to the reaction mixture which was then poured into a 
cold, saturated, sodium bicarbonate solution (10 ml.) . Ex
traction of the product with chloroform and crystallization 
from aqueous methanol gave the mono-p-nitrobenzoate of 

(24) T. Purdie and J. C. Irvine, ibid., 85, 10-49 (1004). 
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2,3,4,6-tetra-O-methyl-D-glucose, m.p . and mixed m.p . 
101-102°; lit.26 m.p . 102°. 

2. 2,3,6-Tri-O-metlryl-D-glucose.—Component 2 (Table 
IV, 2.29 g.) crystallized spontaneously and after re-
crystallization from ethyl ether, gave 2,3,6-tri-O-methyl-
D-glucose, m.p. and mixed m.p . 112-115°, [a]24D + 6 2 ° 
equilibrium value in water (c 1); lit.26 m.p. 121-123°, 
[a]o +70.5° equilibrium value in water. Treatment of the 
trimethyl sugar with ^-nitrobenzoyl chloride in the usual 
way27 gave the l,4-di-J>-nitrobenzoate of 2,3,6-tri-O-
methyl-D-glucose, m.p. and mixed m.p. 190-191°, [<*]24D 
- 3 2 ° in chloroform (c 2); lit.2 ' m.p. 189-190°, H D - 3 3 ° 
in chloroform. 

3 . 2,3-Di-O-methyl-D-glucose.—Component 3 (Table 
IV, 0.119 g.) crystallized spontaneously from ethyl ether 
and methanol, giving 2,3-di-O-methyl-D-glucose, m.p. and 
mixed m.p. 85-86°, [a]24D + 4 9 ° in methanol (c 4); lit.28 

m.p. 85-87°, [<*]D +48 .3° in acetone. Treatment with 
aniline gave the characteristic N-phenyl-D-glucopyranosyl-
amine 2,3-dimethyl ether, m.p. and mixed m.p. 134°, [a]22D 
— 83° in chloroform (c 4) (after recrystallization from ethyl 
acetate); lit.29 m.p. 134°. 

4. 2,6-Di-O-methyl-D-glucose.—Component 4 (Table 
IV, 0.240 g.), a sirup, showed Ia]24D +63° equilibrium value 
in water (c 5); lit.30.31 [a]o +63 .3° in water. Chromato
graphic analysis using solvents A and B indicated that it 
was 2,6-di-O-methyl-D-glucose. Treatment with p-phenyl-
azobenzoyl chloride in pyridine gave the 1,3,4-triazoben-
zoate of 2,6-di-O-methyl-D-glucose, m.p. and mixed m.p . 

(25) Sister P. Litecky and F. Smith, unpublished results. 
(26) J. C. Irvine and E. L. Hirst, J. Chem. Soc, 121, 1213 (1922). 
(27) P. A. Rebers and F. Smith, T H I S JOURNAL, 76, 6079 (1954). 
(28) J. C. Irvine and J. P. Scott, / . Chem. Soc, 103, 575 (1913). 
(29) Elsa Schluchterer and M. Stacey, ibid., 776 (1945). 
(30) D. J. Bell and R. L. M. Synge, ibid., 833 (1938). 
(31) K. Freudenberg and G. Hull, Bar., 74B, 237 (1941). 

Introduction 
In prior reports from this Laboratory, dif

fusion2* and light scattering26 methods have been 
described for the estimation of the average mo
lecular weights of lignin sulfonate preparations. 
Fractionation of such preparations followed by-
estimation of the molecular weights of the lignin 
sulfonates in the resultant fractions has provided 
information concerning the distribution in lignin 
sulfonate molecular weights.20 Since these dis
tributions were found to be somewhat different for 

(1) Kokusaku Pulp Industry Co., Ltd., Shinjukuku, Tokyo, Japan. 
(2) (a) V. F. Felicetta, A. E. Markham, Q. P. Peniston, J. L. Mc

Carthy, T H I S JOURNAL, 71, 2879 (1949); (b) J. Moacanin, V. F. 
Felicetta, W. Haller and J. L. McCarthy, ibid., 77, 3470 (1955); (c) 
V F. Felicetta, A. Ahola and J. L. McCarthy, T H I S JOURNAL, 78, 1899 
(1956). 

202-206° (after recrystallization from ethvl acetate-petro
leum ether), [a]23D - 2 6 0 ° in chloroform (c 0.1); lit.31 

m.p. 205-207°, Ia]6262 - 2 7 5 ° in chloroform. 
5. 2-0-Methyl-D-glucose.—Component 5 (Table IV, 

0.029 g.) crystallized spontaneously and afforded 2-0-
methyl-D-glucose, m.p. and mixed m.p . 157-158°, [a]2

D
4 

+ 6 5 ° equilibrium value in water (c 1) (after recrystalliza
tion from ethanol); l i t . 3 2 - " m.p . 157-158°, [a] + 6 6 ° 
equilibrium value in water. 

6. 3-O-Methyl-D-glucose.—Component 6 (Table IV, 
0.01 g.) crystallized spontaneously from ethanol and ap
peared to be essentially pure 3-0-methyl-o:-D-glucose, m.p . 
and mixed m.p. 157-158°, [a]24D + 5 6 ° equilibrium value in 
water (c 1); lit.28'35 m.p . 161°, [ « ] D +55.5° equilibrium 
value in water. 

In addition to the six components identified above, 
column chromatography of the hydrolysate of the methyl
ated dextrin yielded 10 mg. of material whose Rt value, 0.062, 
corresponded to D-glucose. However, the substance failed 
to crystallize, and since its rotation, [a]24D + 1 7 ° in water 
(c 0.2), showed that only one-third of it could be D-glucose, 
it was not examined further. 
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several preparations examined, the present research 
was undertaken to obtain more knowledge con
cerning the average molecular weights and the dis
tribution in molecular weights of lignin sulfonates 
which exist at various stages of delignification of 
wood by use of bisulfite-sulfurous acid solutions. 

Experimental 
A description previously has been given2b of the prepara

tion of the Western Hemlock wood meal (Tsuga hetero-
phylla; 10 to 30 mesh; ethanol-benzene and hot water ex
tracted; 6.14% H2O and 5.15% OCH3) used for the experi
ments. Delignifications were carried out by sealing into a 
Pyrex tube 1.00 or 4.50 g. of wood meal with ten times its 
weight of an aqueous solution which contained 50 g. of SO2/ 
liter and 9.67 g. of Na20/l i ter for series I , and 90 g. of SO2/ 
liter and 9.67 g. of Na20/li ter for series I I . Each bomb 
was placed in a steel tube which was closed, fastened to a 
"Fe r r i s " wheel in an oil-bath at 135° (±0 .1°) and rotated 
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The average molecular weight has been estimated of the sodium lignin sulfonates dissolved from hemlock, spruce and maple 
woods into bisulfite-sulfurous acid solutions after several periods of treatment at elevated temperatures. With the gymno-
sperm woods, it is found that lower molecular weight lignin sulfonates are obtained first, and then as the time of treatment is 
extended, the average molecular weight of the dissolved lignin sulfonates increases to a maximum, decreases to a minimum 
and finally begins to rise again. These changes are attributed to the effects of the following three processes which are 
thought to be proceeding simultaneously but at different rates: hydrolysis of hydrolyzable bonds in the lignin polymer, 
polycondensation of some lignin molecules with others and diffusion of soluble lignin sulfonates from the wood tissue into 
solution. With maple wood, the molecular weights of the dissolved lignin sulfonates obtained are about constant and strik
ingly smaller than those observed for the gymnosperm lignins]. 


