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The Polymer-homologous Series of Oligosaccharides from Cellulose 
BY M. L. WOLFROM AND J. C. DACONS 

RECEIVED MAY 17, 1952 

A polymer-hoiuologous series of crystalline a-D-acetates obtained from cellulose by acetolysis aud chonidographic rcw- 
lution has been extended to include the acetate of the heptasaccharide member. The parent sugars of the acetates from the 
tri- through the heptasaccharide were obtained, characterized, and compared with sugars of this series reported previously. 
The crystallinities of the members of both the unsubstituted sugar and the acetate series have been studied by photomicrog- 
raphy and X-ray powder diffraction. From the cellotetraose on the unsubstituted members exhibit the X-ray diagram 
characteristic of cellulose hydrate. The crystallinity decreases as the series is ascended but all members exhibit some degree 
of order. The incipient hydrolysis constants in 51% sulfuric acid a t  30’ were evaluated for cellopentaose and cellohexaose. 

In  a previous communication, the literature on 
the cellulose oligosaccharides was reviewed and 
there was described the isolation and character- 
ization of a polymer-homologous series of a-D- 
sugar acetates from cellulose, complete from O-D- 
glucopyranose pentaacetate to a-D-cellohexaose 
eicosaacetate, inclusive. Isolation was made from 
cellulose acetolyzates by chromatographic proce- 
d u r e ~ ~ ~ ~  developed in this Laboratory. We report 
herein the extension of the series to include a -D-Cd-  
loheptaose tricosaacetate. Air-dried cotton linters 
were subjected to the mild acetolysis conditions of 
Hess and D~iengel .~  The resulting cellulose acetoly- 
zates were resolved by chromatographic tech- 
niques on “Silene EF”.2 The lower members of 
the series have been previously well characterized.2 
Some variations in the zoning capacity of the ad- 
sorbent over that previously reported2 was noted. 
Such deviations were found by Hoffman6 to be very 
pronounced in different batches of this adsorbent. 
Hoffmann also found that “Silene EF” could be 
standardized with respect to its adsorptive powers 
toward a mixture of D-glUCOSe and maltose by pre- 
washing and treating with inorganic bases or salts. 
The adsorbent used in this work was the Hoffman- 
defineds “Silene EF’,’ No. 5, whereas that used in the 
previous work2 was not defined. 

By rechromatography on the same adsorbent, 
pure a-D-cellopentaose heptadecaacetate, a - D - C d -  
lohexaose eicosaacetate and a-D-celloheptaose tri- 
cosaacetate were obtained. The properties of the 
former two compounds were in excellent agreement 
with those reported previously.2 The, properties 
of the last named compound (Table I) identified it 
as the next higher member of the series; additional 
evidence of its identity was provided by its position 
on the chromatogram and by a molecular weight 
estimation by the Rast method. 

According to Freudenberg,’ if the linkages in a 
polymer-homologous series are uniform, the plot of 
[M],/n against (n - l)/n, where [MIn is the molec- 
ular rotation and n is the degree of polymerization, 

(1) Presented October 19. 1951, before the Southwide Chemical Con- 
ference at Wilson Dam, Alabama. 

(2) E. E. Dickey and M. L. Wolfrom, THIS JOURNAL, 71, 825 
(1949). 

(3) W. H. McNeely, W. W. Binkley and M. L. Wolfrom, ibid. ,  67, 
527 (1945). 
(4) L. W. Georges, R. S. Bower and M. L. Wolfrom, ibid. ,  68 ,  2169 

(1946). 
(5) K. Hess and K. Dziengel, Bcr., 68, 1594 (1935). 
(6) D .  0. Hoffman, Ph.D. Dissertation, The Ohio State University, 

1948. 
(7) K. Freudenberg, “Tanuin, Cellulose, Lignin,” J. Springer, Ber- 

lin, 1933, p. 104. 

will yield a straight line where n is 2 or greater. 
This was substantiated by Dickey and Wolfrom2 
for the a-D-acetates of this series from cellobiose to 
cellohexaose, inclusive. Such a plot including a- 
D-celloheptaose tricosaacetate is given in Fig. 1. 
I t  was also observed that a straight line is formed in 
plotting the values for P-D-cellobiose octaacetate, 
p-D-cellotriose hendecaacetate, and the limiting 
value for cellulose triacetate. It is evident from 
these plots that the difference in rotatory power be- 
tween the CY-D- and p-D-anomers becomes increas- 
ingly small as the degree of polymerization is in- 
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Fig. 1.-Relation between degree of polymerization, n, and 
molecular rotation, [ M l n ( ~  line of sodium), for the sugar 
acetates from cellulose. Upper line, a-D-acetates; lower 
line, j3-D-acetates. Data from: 0, C. S. Hudson and J. M. 
Johnson, THIS JOURNAL, 37, 1276 (1915); 0 ,  E. E. Dickey 
and M.  L. Wolfrom2; 0 ,  this work; A, K. Hess and K. 
Dziengel6; A, extrapolated limiting value for cellulose tri- 
acetate. 
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creased. LVhen the molecular chain approaches 
infinite length the rotatory power of the molecule is 
not affected by the configuration of the terminal 
glycosidic acetyl group and in cellulose triacetate 
the chain has become sufficiently long that CY- and 
8-anomers cannot be detected by the usual inethods 
ior deterniiiiing rotatory power. By use of the 
graplis in Fig. 1, it  is possible to predict the rotatory 
powers of compounds of these series that have not 
been isolated. 

series oi unsubstituted sugars (Table I )  froin 
cellotriose to celloheptaose, inclusive, were iso- 
lated from the acetates by deacetylation with cat- 
alytic amounts of sodium methoxide in anhydrous 
inethaiiol. Cellotriose crystallized as the CY-D- 
ariunier, and cellotetraosc and cellopentaose crystal- 
lized as the (3-D-anomers. Due to their low solu- 
bilities and rotatory powers, the anoineric f o r m  of 
cellohexaose and cellohepose could not be deter- 
~niticd with certainty. The extent of mutarotation 
decreases as the series is ascended (Table I)  since 
the rcciucirig end-group becomes a smaller contribu- 
tor to the total rotation. Thus i t  is possible that 
inutarotation in the last two inembers of this series 
iiiight be barel>- detectable under optinid conditions 
of  observatioii. 

The physical properties (Table I ) of a-D-celh- 
triose cotnI>are iavorably with those reported by : 
i\'illstatter and Zechtueister8 (ni.p. cu. ? I O " ,  + 2 3 ' ~ ,  
Hcrtrand and Ueiioist3 ( I  ?QG-212', +22.S" for 
"procellose"~), Zechineist nd T6th"' (111.p.  Z38", 
tlec., +33 -+ +23") ,  xnd Hess arid Dziengel; (1n.p. 
L'U:5-:!14", +Y2 --.t +23") .  The properties of our 
1 )rcparatioii oi b-D-cellotetraose were in agreement 
with those (1n.p. Z I " ,  +11 + + 1 i " )  reported for 
cellotetraose by Zechmeister and T6th. lo Our 
d-u-cellopentaose exhibited properties strikingly 
similar to those of the "cellohexaose" reported by 
these authors. Staudinger and Leupold," after 
making viscosity measurements on a specimen of 
the acetate of "cellohexaose" received from Profes- 
sor Zechmeister, and determining the molecular 
weight of the acetate by the Rast method, stated 

R. Willstiitter and I,. Zechmeister. Ber., 62, 723 (1929). 
, G. Rertranrl  and  Sflie. S Renoisi. Bidl FOC. c i i i m . ,  [41 33, 1451 

!1923>.  
(10) I,. Zechmeister :md G. T 6 t h ,  B e y . ,  64, 834 (1031) .  
( 1 1 )  IT. Staiidiiiger a n i 1  R 0 I,eu1x~I~l, i b i L ,  67, 479 (1934). 

that the results showed this compound to be a 
pentasaccharide rather than a hexasaccharide. 

Incipient rates of hydrolysis have been employed 
in the characterization of the sugars of this series. 
Freudenberg, Kuhn and co-workers12 observed the 
difference in the rates at which cellobiose and cellu- 
lose were hydrolyzed to D-glucose. KuhnI3 at- 
tacked the problem mathematically and calculated 
incipient rate constants k3 and k? for cellotriose and 
cellotetraose, respectively, in 51% sulfuric acid at 
18 and 30". These constants were determined ex- 
perimental1yl4 by polarimetric and iodimetric 
methods. The results (Table I) substantiated the 
theory. To these data are now added those (Table 
11 for ks and ks and the values fit well into the series. 

The degree of crystallinity decreases as each 
series is ascended but a definite degree of order is 
present in each of these chromatographically puri- 
fied substances. The crystallinity of the unsub- 
stituted sugar series is greater than that of their 
acetates as the latter have much higher molecular 
weights. X-Ray powder diffraction data were oh- 
tained for the unsubstituted sugars. That of 
cellobiose has been recorded'j and our data for cello- 
triose were in agreement with those reported by 
Trogus and Hess.16 From cellotetraose on the 
main lines represented were those of cellulose hy- 
drate15.17 although other lines of low intensity were 
present. These lines are: 4.48 (very strong), 
4.04 (very strong), i . 2 x  (strong), all expressed as in- 
terplanar distances in A. The presence of cellulose 
hydrate as a contaminant in our specimens is defi- 
nitely excluded by the chromatographic methods 
employed in their isolation. These oligosaccharides 
are built on the structure of cellulose and thus pos- 
sess the same repeating unit. It is to be expected 
that they would show the properties of regenerated 
or solution-separated cellulose ("cellulose hy- 
drate"). That the identity appears so early in the 
series, a t  the cellotetraose stage, is unexpected. 
Possibly equipment able to delineate the lines of 

(12) K.  Freudenberg, W. Kuhn, W. Durr, P. Bolz and G. Stein. 

(13) W Kuhn, ibid., 68, 1503 (1930). 
(14) R. Freudenberg and G. Blomqvist, ibid. ,  68, 2070 (1935). 
(1.5) K.  Dziengel, C. Trogus and K. Hess, ibid. ,  66, 1454 (103%). 
(16) C. Trogus and K. Hess. i b i d . ,  68, 1605 (1935). 
(17) F. Klager, ibid. ,  64, 1193 (1931). 

hrunn, ibid., 63, 1810 (1930). 
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longer spacing occurring in the center of the dia- 
grams, might have yielded some differences. 

Experimental 
Chromatographic Resolution of the Cellulose Acetolyzate. 

-Air-dried cotton linters (45 8.) were subjected to  acetoly- 
sis as described by Dickey and Wolfrom,Z whose procedure 
was based upon that of Hess and Dziengel,5 and the dried 
(at  40' and finally a t  70") product was stored in a vacuum 
desiccator over sodium hydroxide; yield 70-80 g. 

Using the general procedure of Georges, Bower and Wol- 
from4 for the chromatographic separation of sugar acetates 
on Silene EFI8-Celitelg the cellulose acetolyzate from 45 g. 
of cotton linters was chromatographed in 1.5-g. portions by 
dissolving in 30 ml. of chloroform and placing this solution 
on a 215 X 45-mm. (i.d.) column of Silene EF-Celite (5 : l  
by wt.)  and developing with 1400 ml. of benzene-ethanol 
(10O:l by vol.) t o  yield the following zones designated in 
mm. from the column top: A, 159-199; B, 93-142; C, 48- 
85; D,  15-42; top, 0-9. The alkaline potassium perman- 
ganate (1% in 2.5 N KOH) streak was made on the extruded 
column by spraying a fine stream along its length from a 
capillary pipet constructed by elongating the end of a medi- 
cine dropper. The streaks were scraped from the column, 
each zone was sectioned, suspended in enough acetone to 
make a mobile slurry, filtered through sintered glass, and 
the eluting solvent removed by evaporation under reduced 
pressure. 

The material (1.33 g.)  from the combined A zones was 
rechromatographed twice on the same adsorbent by de- 
veloping with 300 ml. of benzene-ethanol ( 1 O O : l  by vol.), 
the developing time being 12-14 hr. ;  yield 0.75 g. Pure 
a-D-cellopentaose heptadecaacetatez was obtained on three 
recrystallizations from 95% ethanol; yield 0.49 g., m.p. 
240-243' (cor.), [ a l z 8 ~  +4.7' (c 2.4, chloroform). 

The material (1.74 g.) from the combined B zones was 
chromatographed as above, development being effected with 
4000 ml. of benzene-ethanol (75: 1 by vol.) requiring 14 hr. 
for each chromatogram; yield 0.64 g. Three recrystalliza- 
tions from 95% ethanol yielded pure a-Do-cellohexaose 
eicosaacetatez; yield 0.41 g., m.p.  252-254', [ c Y ] ~ ~ D  -0.23' 
(c 2.4, chloroform). 

a-D-Celloheptaose Tricosaacetate.-The material (2.0 g. ) 
from the combined C zones was rechromatographed four 
times as above, development being effected with 4000-4500 
nil. of developer requiring 19 hr. for each chromatogram; 
yield 0.26 g. Pure a-D-celloheptaose tricosaacetate was 
obtained on three recrystallizations from 95% ethanol; 
yield 122 mg., m.p. 263-266', [ a l Z 1 ~  -4.4' (c  1.7, chloro- 
form). 

Anal. Calcd. for C88H118069: C, 49.86; H, 5.61; mol. 
wt. ,  2120. Found: C ,  49.73; H, 5.40; mol. wt. (Rast), 
2080. 

Deacetylation of the Sugar Acetates.-The a-D-acetates 
or the oligosaccharides were dissolved or suspended in 1: 
ml. of 0.2 N NaOMe and stirred mechanically a t  25-30 
for 1 hr. (1.5 hr. for a-D-cellohexaose eicosaacetate); thc 
amounts of each employed were: 1.00 g. for the triose ace- 
tate, 1.00 g. for the tetraose acetate, 346 mg. for the penta- 
ose acetate, and 258 mg. for the hexaose acetate. I n  the 
case of a-D-celloheptaose tricosaacetate, 47 mg. in 2 ml. of 
the reagent was shaken for 3 hr. 

At the end of the reaction time, the solution was made 
slightly acidic with acetic acid, filtered through sintered 

(18) A synthetic calcium acid silicate manufactured by the Colum- 

(19) No. 535, a siliceous filter-aid manufactured by Johns-Manville 
hia-Southern Chemical Corp., Barherton, Ohio. 

Co.. New York, N. Y. 

glass, and the precipitate washed on the funnel with four 
5-ml. portions of cold methanol. The precipitate was then 
dissolved in water and passed through ion exchange columns" 
to  remove, not always successfully, ionic contaminants. 
The solution was followed on the columns by 400-500 ml. of 
distilled water. The solutions of the sugars a-D-cellotriose 
to  &D-cellopentaose, inclusive, were concentrated to 5 ml. 
under reduced pressure and precipitated by adding ethanol 
to incipient turbidity. Crystallization was effected by 
standing for 24 hr. a t  5-10'. The crystallization of cello- 
hexaose and celloheptaose differed only in that the initial 
solutions were concentrated to 10 ml. The solids were 
collected and recrystallized from saturated aqueous solu- 
tions with ethanol until further recrystallization did not 
change their melting point, one to three recrystallizations 
baing necessary. The sugars were then thoroughly dried 
under reduced pressure a t  the temperature of boiling ethanol; 
yields: 408 mg. of triose, 347 mg. of tetraose, 135 mg. of 
pentaose, 98 mg. of hexaose, 20 mg. of heptaose. The 
properties of the members of this series are given in Table I.  

a-D-Cellotriose was sweet, was very solkble in water, 
slightly soluble in methanol and was insoluble in ethanol. 
p-D-Cellotetraose was slightly sweet, was soluble in water 
and insoluble in methanol and ethanol. It dissolved slowly 
in 7-8 parts of warm water and crystallized readily on the 
addition of 6 volumes of absolute ethanol; X-ray powder 
diffraction data21,22: 7.16-60, 4.53-100, 4.03-100, 3.34-20, 

p-D-Cellopentaose was very slightly sweet, was much less 
soluble in water (100 mg. was slowly soluble in 2.5 nil. of 
warm water) than the lower members of the series and was 
insoluble in methanol and ethanol; X-ray power diffraction 
data: 7.18-90. 4.41-100. 4.02-100. 3.38-20. 2.98-20. 2.81- 

3.00-15, 2.80-15, 2.63-50, 2.35-50, 2.21-60, 1.91-10, 
1.84-10, 1.69-10. 

20, 2.57-40, 2.35-40, 2.'20-50, 2.02-10, 1.92-10, 1.85-10, 
1.69-10, 1.45-10. 

Anal. Calcd. for C30H52026: C, 43.48; H, 6.32. Found 
(after correction for an ash content of 1.4%): C, 42.8; H, 
6.62. 

Cellohexaose was a white powdery solid. I t  was very 
slightly soluble in water and was insoluble in methanol and 
ethanol. An amount of 100 mg. dissolved slowly in 10 ml. 
of warm water and readily separated on the addition of small 
amounts of absolute ethanol: X-rav Dowder diffraction 
data: 7.14-75, 4.43-100, 3.98-106, 8.36-10, 2.59-30, 
2.35-30, 2.20-50, 1.68-10. 

Anal. Calcd. for C36H62031: C, 43.63; H, 6.31. Found: 
C, 44.19; H ,  6.69. 

Celloheptaose was a white powdery solid that was very 
slightly soluble in water and was insoluble in methanol and 
ethanol. An amount of 26 mg. dissolved slowly in 25 ml. 
of warm water and separated on the addition of a small 
amount of absolute ethanol; X-ray powder diffraction data: 

2.53-20, 2.35-10, 2.22-20, 1.91-10. I t  could not be ob- 
tained entirely free of ash. 

A n d .  Calcd. for C42H72036: C, 43.75; H, 6.30. Found 
(after correction for an ash content of 0.84%): C, 43.54; 
H, 6.33. 
COLUMBUS 10, OHIO 

7.21-60, 4.45-100, 4.04-90, 3.38-10, 3.03-10, 2.83-10, 

(20) Amberlite IR-120 (cation resin), manufactured by the Rohm 
and Haas Co., Resinous Products Div., Philadelphia, Pennsylvania. 
Duolite A4 (anion resin), manufactured by the Chemical Process Co., 
Redwood City, California. 

(21) First number, interplanar distance in A , ,  CuKa radiation, cf- 
fective diameter of camera 57.3 11. 

(22) Second number, visually estimated relative intensity as per- 
centage of that of strongest line. 


