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yield 2%. The product from hydrazinolysk of the a-L Acknowledgment, The technical assistance of 
anomer failed to crystallize directly, but after acidic hydrol- 
ysis crystalline 2-amino-2-deoxy-~-lyxose hydrochloride wa8 
obtained; yield 30%, m.p. 155-164' dec. 
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Cellobiose and cellopentaose, models for unmodified cellulose chains with terminal carbonyl groups, methyl 8-cellobioside, 
model for an unmodified cellulose chain with a protected terminal carbonyl group, and cellobiitol and cellopentaitol, models 
for cellulose chains devoid of carbonyl groups, were irradiated with light of 2200-4000 A, in the presence of air. 

All five model compounds were fragmented, yielding comparable amounts of acidic compounds, of substances absorbing 
near 2600 A, of monosaccharides, and of most of the predicted oligosaccharides of a lower degree of polymerization. These 
results were interpreted to show that ultraviolet light will, in the presence of air, initiate the fragmentation of oligosaccharide 
molecules and presumably also that of cellulose, whether carbonyl groups are present in the molecules or not. 

The ultraviolet irradiation of cellulose is knowu 
to  cause yellowing, reduction of the degree of 
polymerization, formation of carbonyl and carboxyl 
groups, and fragmentation of the molecules to a 
diversity of neutral and acidic non-volatile, volatile 
and gaseous products.2-11 The following fragments 
have been identified : h y d r ~ g e n , ~  carbon mon- 

carbon dioxide,2* 3,g D-glucose, and D- 
arabinose." Also identified were di- and trisaccha- 
rides composed of D-glucose units and the cor- 
responding compounds in which the terminal 
reducing glucose unit was replaced by D-arabinose. I f  

Also observed but not identified were water-soluble 
acidic substances" and a water-soluble compound 
showing considerable ultraviolet absorption with a 
weak maximum near 2600 +k.8*11 

Far ultravioIet radiation was shown to be con- 
siderably more effective in bringing about this 
degradation than light of the near ~ l t r a v i o l e t . ~ - ~ ~ ~ ~  
Quantum yields of approximately were calcu- 
lated from the amount of carbon dioxide formed 
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71,958 (1949). 
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Research Natl. Bur. Standards, 60, 229 (1958). 
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during degradation caused by radiation of 2537 
Light of this wave length is commonly as- 

sumed to cause photolysis; the lesser degradation 
caused by light of the near ultraviolet is frequently 
referred to as photooxidation.4~6*1* 

The requirement for photolytic cleavage of a 
bond in a molecule is the absorption of light energy 
equal to, or greater than, the bond energy. For 
C-0 and C-C bonds this would have to be 
light of a wave length less than 3400 A. No absorp- 
tion of light by the molecule is required for photo- 
oxidative degradation; the energy transfer occurs 
by collision of the molecule with some excited 
species created by action of light of the near ultra- 
violet upon such compounds of the environment as 
metallic impurities, peroxides, and dyes. Both 
kinds of degradation proceed, no doubt, by free 
radical mechanisms. 

One of the unclarified aspects of the photodegra- 
dation of cellulose is the initiation of photolysis. 
A basic requirement would seem to be a chromo- 
phore absorbing beIow 3400 A. Of these, only 
hydroxyl, carboxyl, and carbonyl groups occur 
commonly in cotton cellulose or wood celluloses. 
Hydroxyl and carboxyl groups would have to be 
ruled out, because they absorb below, or near 2000 
A-ie. below the wave lengths which have been 
most frequently employed for the ultraviolet ir- 
radiation of cellulose. Potential carbonyl groups 
are present a t  C1 in each terminal reducing D- 
glucose unit; carbonyl groups or potential carbonyl 
groups also occur as a result of oxidative damage 
a t  C2, CB, or Ce of D-glucose units.13 As carbonyl 
groups absorb near 2800 A, they should theoreti- 
cally be capable of initiating photolysis of the cellu- 
lose molecules, and are thus frequently held re- 

(12) E. Treiber, Suensk Papperstidn., 58, 185 (1955). 
(13) J. W. Rowen, Florence H. Forziati, and R. E. Reeves, 

J .  Am. Chem. SOC., 73, 4484 (1951); H. Spedding, J .  Chem. 
Soc., 3147 (1960). 
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sponsible for the photodegradation of wood cellu- 
lose, presumably by analogy with the well estab- 
lished role of carbonyl groups in the heat degrada- 
tion of wood c e l l ~ l o s e . ~ ~ - ~ ~  

A modest amount of evidence points to the 
possibility of the acetal groups at C1 of nonreducing 
D-glucose units actingo as weak chromophores by 
absorbing near 2650 A, and thus initiating pho- 
tolysis of cellulose. 11p12117 

One way to clarify the role of the carbonyl group 
in the photolysis of cellulose would be to compare 
the effect of ultraviolet light on samples of cellulose 
containing one or another kind of carbonyl group, 
or no carbonyl groups a t  all. As carbonyl deriva- 
tives of cellulose of known structure are relatively 
inaccessible, the more convenient approach of using 
model compounds was adopted. The required oligo- 
glucoses of knom7n structure could readily be iso- 
lated, and their structures modified by appropriate 
syntheses. The water solubility of such model com- 
pounds would make all degradation products 
readily accessible to analysis by chromatographic 
techniques. Published information on the ultra- 
violet irradiation of oligosaccharides is scarce2*18, Is; 
carbon dioxide and carbon monoxide were the only 
identified degradation products.2 

This paper deals with the effect of ultraviolet 
light on the following compounds: cellobiose and 
cellopentaose (models for cellulose molecules termi- 
nated by a reducing potential carbonyl group), 
methyl 0-cellobioside (model for cellulose mole- 
cules having their reducing groups protected), and 
cellobiitol and cellopentaitol (models for cellulose 
molecules containing no carbonyl groups). 

The products discovered in ultraviolet-irradiated 
wood cellulose indicated two modes of primary 
photolytic fission in the cellulose chains: that 
between C1 of the  g glucose units and the attached 
glycosidic 0 atom, and that between C1 and Cz 
of the D-glucose units.” Both modes of fission 
occurred a t  the hypothetical ((acetal chromophores.” 
If the same “chromophores” initiate the same two 
modes of photolytic fission in the cellulose model 
compounds listed above, the following primary 
degradation products should be produced: D- 
glucose, D-arabinose, and 3-O-/3-~-glucopyranosyl- 
D-arabinose from cellobiose; the same three sugars 

(14) IT. 11. Rapson, C. B. Anderson, and G. F. King, 
Tappi, 41, 442 (1958). 

(15) 9. E. Virkola and H. Sihtola, Norsk Skogind., 12, 
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Virkola, Y. Hentola, and H. Sihtola, Puperi j a  Puu, 40, 
627 (1958); H. Sihtola and N. E. Virkola. Paveri ia Yuu. 

. _ I  

41, 35 (1959). 
(16) I. Jullander and K. Brune. Svensk Paauerstidn.. 62. .. , .  

728 (i959). 
(17) J. Schurz and E. Kienzl, Monatsh. Chem., 88, 78 

( 1957 ). 
(18) R. E. Montonna and C. C. Winding, Ind. Eng. 
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and also cellobiose, -triose, and -tetraose, as well as 
0 - 6 - D - glucopyranosyl - (1-4) - 0 - 6 - D - glu- 
copyranosyl-( 1+3)-~-arabinose (or more simply: 
3 - B - cellobiosyl - D - arabinose), 3 - fl - cellotriosyl- 
and 3 - p - cellotetraosyl - D - arabinose from cello- 
pentaose; D-glucose, D-arabinose, methyl &D- 
glucopyranoside, cellobiose, and 3-~-glucopyrano- 
syl-D-arabinose from methyl &cellobioside; D- 
glucose, D-arabinose and D-glucitol from cellobi- 
itol; and, finally, D-glucose, cellobiose, -triose, 
-tetraose, D-arabinose, 3-@-D-glucopyranosy1-, 3-& 
cellobiosyl-, and 3-/3-~el~otriosy~-~-arabinose, as 
well as D-glucitol, cellobi-, cellotri- and cellotetraitol 
from cellopentaitol. The symbols of all these 
predicted primary degradation products are listed 
in Table I. 

TABLE I 
MONO- AND OLIQOSACCHARIDES PREDICTED AS PRIMARY 
PRODUCTS OF THE PHOTOLYEIS OF CELLULOSE MODEL 

CONPOUNDS 

Ultraviolet- 
Irradiated 

Model Compounds P~imary  Degradation Products“ 

Cellobiose G; A, GA 
Cellopentaose G, Go, GI, G I ;  A, GA, GnA, GtA, G‘A 
Methyl 8-cellobioside G, Gz: A. GA: G-CHI 

. I  

Cel1ol;iitol Gi A;’S 
Cellopentaitol G, Gz, Ga, G,; A, GA, G*A, GsA; S, 

GS. G?S, GsS 

a Smbols used are: G = D-glucose, A = &arabinose, 
G- CH, = methyl 8-D-glucopyranoside, S = D-glucitol. 

If, however, stronger chromophores-e.g., car- 
bonyl groups-or perhaps potential carbonyl groups 
are required for absorption of ultraviolet light and 
initiation of photolysis, then only the two reducing 
model compounds were expected to yield the frag- 
ments predicted in the above scheme. The main 
purpose of this investigation became, conse- 
quently, the verification of the occurrence of the 
predicted degradation products in the ultraviolet 
irradiated cellulose model compounds. 

The results of ultraviolet irradiation were 
strikingly similar for all three groups of model 
compounds. The surface of all five compounds 
turned pale yellow, but the color appeared to re- 
side in a thin layer which dissolved quickly upon 
contact with water, exposing layers of white and 
visually unchanged material. All but a few milli- 
grams of each irradiated sample dissolved readily 
in water. The freshly prepared pale yellow solutions 
emitted a fairly strong, undefinable odor, which 
was indistinguishable from the odor emanating 
from wetted sheets of ultraviolet-irradiated wood 
cellulose. 11 

Solutions of the oligosaccharide alditols had a 
pH near 7.0, but the value for the other solutions 
was near 3.6. The titration values for the various 
samples (Table 11) were quite comparable. 

All solutions showed marked ultraviolet absorp- 
tion, increasing toward shorter wave lengths. Each 
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TABLE I1 
CHANQES IN SAMPLES OF CELLULOSE MODEL COMPOUNDS AFTER 80 HR. OF ULTRAVIOLET IRRADIATION 

Ultraviolet-Irradiated Model Compounds 
Observations after Irradiationa Cellobiose Cellopentaose Methyl p-Cellobioside Cellobiitol Cellopentaitol 

Weight loss, mg. 77 72 50 51 37 
Water-insolubles, mg. 6 4 3.7 3 .5  4 . 3  

Free acids, meq. X 100b 5.2  2 .7  6 .0  3 . 9  5 . 5  
Total acids, meq. x 100b 10.1 7.6 13.6 7 . 9  10.8 

PH 3 .5  3.6 3 . 6  7.4 7.0 

Absorbance, Azswb 1.46 .96 2.22 .65O 
Specific rotation, [a] y o  $30.6 f 9 . 8  - -6 .5 -4.0 

Per 100 cm.2 irradiated surface. Corrected for blank values. Absorbance corrected to pH 3.6. 

TABLE I11 
MONO- AND OLIGOSACCHARIDES DETECTED BY PAPER CHROMATOQRAPHY IN ULTRAVIOLET-IRRADIATED CELLULOSE MODEL 

COMPOUNDS BEFORE AND AFTER FRACTIONATION 
Methyl 

Ident5eda Fragments in Cellobiose Cellopentaose . p-Cellobioside . ,  Cellobiitol Cellopentaitol 
Ultraviolet-Irradiated Model Before After Before After Before After Before After Before After 

Compounds Fract. Fract. Fract. Fract. Fract. Fract. Fract. Fract. Fract. Fract. 

Cellotetraose 

3-B-Cellotriosyl-~-arabinose 

Cellotriose 

3-p-Cellobiosyl- D-arabinose 

Cellobiose 

3-@-D-GlUCOpyranOSyl-D- 
arabinose 

D-Glucose 

D-Glucitol 

D-Arabinose 

Methyl p-D-Glucopyranoside 

A,E E 
P f f ,P 

A,C,E A,E 

- -  
- -  

a The capital letters identify paper-chromatographic developers, the Greek letters spray reagents, with the aid of which 
identification was accomplished, The key for these letters is found in the Experimental part, The isolation of predicted 
degradation products which are listed in Table I, but do not appear in the first column of this table was not feasible because 
of inadequate chromatographic resolution. Isolation was not attempted. Isolation attempted, result negative. These 
degradation products were not predicted. Isolation not feasible because of inadequate chromatographic resolution. 

curve had one weak maximum; a t  2600 A for solu- 
tions a t  pH 3.6, or a t  2700 A for those a t  pH 7.0. 
An increase in pH was also accompanied by an 
increase in absorbance-e.g., from 0.96 at  pH 3.5 
to 1.45 a t  pH 7.0 in the case of cellopentaose. 
The specific rotation of the model compounds was 
reduced 1-3' by irradiation. 

The infrared spectrum of irradiated cellobiose, 
determined in a potassium bromide pellet, was 
indistinguishable from that of the blank; the melt- 
ing point of irradiated cellobiose was depressed 
6'. These checks were not repeated with the other 
model compounds. 

Several primary degradation products were 
detected and identified by paper chromatography. 
First, exploratory chromatograms showed the 

presence of various mono- and oligosaccharides in 
the irradiated model compounds. The small 
amounts of these products precluded the applica- 
tion of additional analytical techniques, and there- 
fore every effort was made to check and recheck 
the initial paper chromatographic results by the 
use of a variety of developers and spray reagents. 
The systematic examination of all five irradiated 
model compounds revealed the presence of ten 
degradation products : eight reducing sugars, D- 
glucitol, and methyl p-D-glucopyranoside. Most of 
these ten compounds were detected in several 
model compounds, as shown in Table 111. Mobili- 
ties of the model compounds and degradation 
products in one basic and two acidic paper chroma- 
tographic developers are listed in Table IV. 
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TABLE IV 
RELATIVE MIGRATION RATES OF MONO- AND OLIGO- 

SACCHARIDES 

R G ~ ~ ~ ~ ~  Values in 
Developer Developer Developer 

Sugar A" C" E= 
Cellopentaose 0.00 0.00 0.00 
Cellopentai to1 0.00 0.00 0.00 
Cellotetraose 0.00 0.04 0.03 
3-p-Cellotriosyl-n- 

arabinose 0.03 0.10 0.05 
Cellotriose O . O G  0 .21 0.07 
3-p-Cellobiosyl-~- 

arabinose 0.12 0.33 0.12 
Cellobiose 0.33 0.55 0.30 
Cellobiitol 0.24 0.61 0.34 
3-p-~Glucopyranosy~-n- 

arabinose 0.52 0.70 0.50 
Methyl B-Cellobioside 0.73 - 0.91 
D-Glucose 1.00 1.00 1 .oo 
D-Glucitol 0.90 1.17 1.19 
n-Arabinose 1.51 1.24 1.47 
Methyl p-~-Gluco- 

pyranoside 2.13 L 2.26 

a The composition of the developers is indicated in the 
Experimental part. 

The balance of all irradiated model compounds 
was fractionated by sheet paper chromatography. 
With the aid of appropriate reference compounds 
the fractions corresponding to most of the detected 
degradation products, and also the fractions cor- 
responding to some of the predicted but as yet 
undetected degradation products were recovered. 
Unirradiated portions of the five model compounds 
were fractionated in exactly the same manner. 
Concentration and rechromatography of the frac- 
tions yielded these results: confirmation of the 
identity of most compounds detected prior to 
fractionation, with a few exceptions noted in Table 
111; detection of four additional degradation 
products; and an opportunity for a quantitative 
determination of the amounts of several degrada- 
tion products. 

The qualitative results are all listed in Table 111. 
The identity of all but one of these degradation 
products rests upon comparison with an authentic 
specimen of the same compound, always chroma- 
tographed on the same strip of paper. The excep- 
tion is the hitherto unknown compound 3-p- 
cellotriosyl-D-arabinose; i t  occurred as an impurity 
in the cellotetraose fraction isolated from irradiated 
cellopentaose, and was also detected in unfraction- 
ated irradiated cellopentaitol. The mixed oligo- 
saccharides of D-glucose and D-arabinose can readily 
be differentiated from the oligoglucoses by the 
color they give with spray reagent a.11120 Most 
blank fractions contained little or none of the 
compounds detected in the corresponding fractions 
of irradiated model compounds. 

(20) J. R. Hamilton and ?;. R. Thompson, J. Am. Chem. 
Soc.,  79, 6464 (1957). 

The results of the quantitative paper chromato- 
graphic determinatiob of the degradation products 
in most of the isolated fractions are listed in Table 
V. These data are corrected, where needed, for the 
blanks, which, with three exceptions, contained 
only negligible quantities of the corresponding 
compounds. The exceptions are indicated in foot- 
notes to Table V. The quantitative data thus cor- 
roborated all but two of the earlier qualitative 
identifications. Cellobiose could, however, no 
longer be considered as an identified product of the 
photodegradation of methyl 0-cellobioside, nor 
D-glucose as that of cellopentaitol. 

Most of the predicted primary degradation 
products were shown to have actually been formed 
from the cellulose model compounds during ultra- 
violet irradiation. The detection of the remaining 
predicted primary degradation products was largely 
prevented by the limitations of paper chromatog- 
raphy. Furthermore, the three types of oligosac- 
charides used as model compounds, namely reduc- 
ing sugar, glycoside, and alditol, yielded comparable 
amounts of the same degradation products. Two 
of the detected degradation products, cellobiose 
and 3-~-~-glucopyranosyl-D-arabinose, both arising 
from irradiated cellobiitol, were, however? not 
among those originally predicted. 

Every detected degradation product arose ap- 
parently from initial cleavage of the model com- 
pound moIecules in the vicinity of carbon atom No. 
1 of the D-glucose units. Such cleavage must also 
have proceeded by the two modes of fission outlined 
in the introduction. A photolytic mechanism, 
initiated through absorption of light by the so- 
called acetal chromophores, would fit the data 
very well. This can not have been the only mech- 
anism, since it could not account for the formation 
of cellobiose and 3-~-~-g~ucopyranosy~-~-arabinose 
from cellobiitol, as there is no acetal chromophore 
a t  C1 of the D-glucitol unit of cellobiitol. These two 
degradation products may have arisen through 
photolysis initiated by light absorption at hydroxyl 
groups.g- lo 

The results of this investigation do not allow an 
accurate description of the pathway of the photo- 
degradation of oligosaccharides. They do, how- 
ever, clearly demonstrate one aspect of the problem: 
a strong chromophore, such as a carbonyl group, 
is not required for the photodegradation of oligo- 
saccharides. By analogy, it is presumed that cellu- 
lose molecules completely devoid of carbonyl 
groups would also undergo photolytic degradation. 

EXPERIMENTAL 

All melting points are corrected; all evaporations were 
carried out under reduced pressure a t  50'. 

Cellulose model compounds. (1) Cellobiose. Commercial 
cellobiose, which cantained a small amount of D-glucose, 
was recrystallized four times from 75% aqueous ethanol; 
m.p. 228-229' dec., [a]2pS + 33.3" (c 2.0, in water). Paper 
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TABLE V 
RESUIIPS OF QUANTITATIVE PAPER CHROMATOQF~APHIC ANALYSES ON TEE DEQRADATION PRODUCTS ISOLATED FROM ULTRA- 

VIOLE%~RRADIATED CELLULOSE MODEL COMPOUNDS 

Product Formed Mmole x 100/100 Cm.a 

Cellotetraose 
3-8-Cellotriosyl-~-arabinose 
Cellotriose 
Cellobiose 
3-j3-~-Glucopyranosyl-~-arabiiose 
D-Glucose 
D-Glucitol 
D-Arabinose 
Methyl 6-D-glucopyranoside 

Cellobiose 
- 

- 
0.18 
0.92O 

0.12 
_. 

- 

Cellopentaose 

1. 88" 
0.15" 
0. 56a 
0.14= - - 
- 
- 
- 

~~ ~ ~~~~~~~~~ 

Model Compounds Irradiated 

8-cellobioside Cellobiitol Cellopentaitol 
Methyl 

- - - 
- - - 
- - - 
-6 - 0.26 

0.04 0.33 0.04 
-d 0.56 -6 

I 1.00 0.50 
0.09 0.14 0.05 
1.72 - - 

a Determined indirectly; the appropriate fraction of the irradiated compound wan hydrolyzed, and quantitative analysis 
was carried out on the monosaccharides in the hydrolyzates. The quantity of cellobiose found in the blank was 84% pf 
that found in irradiated methyl B-cellobioside. The quantity of wg1ucoBe found in the blank was only 20% of that found in 
irradiated cellobiose; the latter was corrected accordingly. The D-glucose fraction could not be isolated because of over- 
lapping with methyl pcellobioside. The quantity of D-glucose found in the blank waa 73% of that found in irradiated 
cellopentaitol. 

chromatography (developer B, spray reagent a )  revealed 
only very alight traces of %glucose in the purified product. 

(2) Cellopentuose. This oligosaccharide and several of ita 
homologs were prepared in this laboratory*l as follows. 
Cotton linters waa hydrolyzed for 6 hr. at 60' in 4% solution 
in 85% phosphoric acid. The hydrolyzate was fractionated 
on a 1:l carbon-Celite column by gradient elution with 
aqueous ethanol. Cellopentaose emerged at an ethanol 
concentration of 30-35%, was then treated with carbon, and 
crystallized from water-methanol; white microcrystalline 
solid, m.p. 268.5' dec.,[a]$' + 12.4' (e 0.75, in water); 
lit.,** m.p. 266-268' deo.,[a]n + 11' (c, 4.1, in water). 
A paper chromatographic check (as for cellobiose) revealed 
no impurities. 

(3) Methyl D-eeUobiosicEe. This compound was prepared by 
a three-step synthesis from cellobiose octaacetate, using 
the procedure of Pacsu." The final product was recrystal- 
lized three times from 95% ethanol; m.p. 191.5-192.5", 
[ala. - 19.4" (c 3.7, in water); lit." m.p. 193', [ala. - 18.9'. 
A paper chromatographic check (developer A, spray re- 
agent p )  revealed only a small trace of cellobiose in the 
purified product. 

(4) Ce!lobiitd. Cellobiose, purified as above, wm reduced 
by sodium borohydride, using a slight modification 
of the method of Smith and co-workers." The modification 
consisted in adding an excess of Amberlite IR-12O(H) 
cation-exchange resin to the reaction mixture upon com- 
pletion of the reduction, instead of acetic acid. The 
sodium-free filtrate was evaporated to  a sirup, which 
was freed of borate by the methyl borate dlstillation method 
of Zill and co-workers.% Attempts at crystallizing the find 
product, a colorless glass, following the procedure of Wolfrom 
and FieldszB and using cellobiitol seed crystals, were not 
successful. An attempt a t  crystallization via acetylation 
yielded :t nonaacetate which also failed to  crystallize. The 
colorless sirupy cellobiitol had the following rotation: 
[ C Y ] :  - 7.9" (c 0.94, in water); lit.,% [a],-'' -7.8' ( e  3-6, 

(21) IS. S. Recker and J. K. Hamilton, unpublished re- 
sults. 

(22) M. L. Wolfrom and J. C. Dacons, J. Am. C h .  Soc,, 
74, 5331 (1952). 

(23) E. Pacsu, J. Am. Chem. SOC., 52,2571 (1930). 
(24) M. Abdel-Akher, J. K. Hamilton, and F. Smith, 

(25) 1,. P. Zill, J. X. Khym, and G. M. Cheniae, J .  Am. 

(26) M. L. Wolfrom and D. L. Fields, Tappi, 41, 204 

~- 

J. Am. Chem. SOC., 73,4691 (1951). 

Chem. Soc., 75, 1339 (1953). 

(1958). 

in water). No cellobiose, nor my other reducing sugar was 
detected in cellobiitol by paper chromatography, using 
developers A, B and E, and spray reagenta a, 6 and r. 

(5) Cellopataitol. Cellopentaose waa reduced with 
sodium borohydride as described above, giving cellopenta- 
itol, m.p. 284.5' dec., [ala. -4.6' ( c  3.3, in water), after 
recrystalliiation from aqueous ethano1.N L i t . J 2 6  m.p. 283- 
285' el. dec., [(2]9DQ-*6 -5.2' (c  3-6, in water). No cellopenta- 
we, nor any other reducing sugar was detected in cello- 
pentaitol by paper chromatography, using developers A, 
C and E, and spray reagent f .  

Reference compounds. Methyl p-glucoppanom2e was syn- 
thesized from 2,3,4,6-tetra-O-acety1-a-~-g1ucopyranoey1 bro- 
mide*' by the usual steps of methoxylation and deacetyla- 
tion. Commercial samples of D-gLucose, >arabinose, and 
~gluci tol  were used. Cellotriose, m.p. 205-207' dec., [ a l ~  
4-22.4' ( c  3.1, in water); lit.,** m.p. 206-209' dec.,   CY]^ 
4-21.6" (c 4, in water), waa prepared in this laboratory*' 
from partially hydrolyzed cotton linters by the method 
described above for cellopentaose. Cellotriose emerged from 
the column at an ethanol concentration of 13%, and was 
crystallized from water-methanol. Cellotetrame, m.p. 256- 
257' dec., [ a ] ~  416' (c 3.3, in water); lit.,** m.p. 252-253' 
dec., [UlD $16.5' (c  3.4, in water), was also prepared 
by the above method.*I This compound emerged from the 
column at an ethanol concentration of 20-22%',, and was 
crystalliied from water-methanol. $-&D-Ghcopyranosy&D- 
arabinose and 3-&cellobiosyl-o-arabinose were synthesized as 
previously described." 

IrrodidiOra. From previous experience with the ultra- 
violet degradation of wood cellulose,11 it was assumed that 
the extent of degradation in oligosaccharides would depend 
on the area of the sample surface and the duration of ultra- 
violet irradiation, rather than on sample weight4.e. depth 
of the irradiated layer. This assumption was upheld by the 
results of a few trial irradiations with crystalline cellobiose, 
which are given in Table VI, and consequently it was de- 
cided to  conduct the comparative irradiation of the five 
cellulose modei compounds with samples of equal surface 
area. 

A duration of 80 hr. was chosen for irradiation after further 
trials with cellobiose, as an increase in the yield of primary 
products beyond that  period appeared unlikely (Table VII). 

The ultraviolet light source was a 36O-watt, General 
Electric, W I A R C  UA-3, mercu lamp (emission peaks at 
2537,2652,3022,3131, and 3654 H ). This lamp was mounted 

(27) C. E. Redemann and C. Niemann, Org. Syntheaes, 
Coll. Vol..III, 11 (1955). 
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TABLE VI 
CHANGES IN CELLOBIOSE SAMPLES OF VABIOUS WEIGHTS BUT 
EQUAL SURFACE ABEAS AETEB 40 HB. OF ULTBAVIOLET 

Weight 
Cellobiose, Loss, Free Total Absorbance,a 
Mg./100 Mg./100 Acids" Acids" AIsoo/lOO 

Cm.* Cm.2 Meq. X lOO/lOOcm.* Cm.1 

403 18.3 4 .2  9.8 1.63 
736 16.0 5.1 10.4 1.63 

1170 13.0 5.1 11.1 1.47 
- 

a Corrected for blank values. 

TABLE VI1 
CHANGES IN CELLOBIOSE SAMPLES OF EQUAL WEIGHT AND 
SURFACE h E A  AFTER INCREASING  DOSAGE^ OF ULTBA- 

VIOLET 

Weight 
Loss, Free Total Absorbance,a 

Ultraviolet, Mg./100 h k i s a  Acids" Azw/100 
Hr. Cm.2 Mea. x 100/100 cm.4 Cm.' 

1 0 .5  0 .3  1 . 0  0.14 
2 2.3  0 . 8  1 . 4  0.24 
5 0 . 5  1.8 3 .4  0.61 

10 1.9  2 . 9  5 . 8  1.00 
20 3 .4  3 .4  6.9 1 . 2 i  
40 16.1 5 . 1  10.4 1.61 
80 77.0 5 .2  10.1 1.46 

a Corrected for blank values. 

vertically in the center of an adequately ventilated enclosure. 
Reasonably even deposits of the four crystalline model 
compounds, and a film of sirupy cellobiitol were prepared in 
tared Petri dishes of 9-cm. diameter by initiating the 
evaporation of their aqueous alcoholic solutions on the 
steam bath, and concluding it at room temperature. Sample 
clinging to  the sidewall of the dishes was carefully removed, 
the deposits dried in vacuo over phosphorus pentoxide, and 
weighed. The samples of the disaccharides weighed approxi- 
mately 450 mg., those of the pentasaccharides 250 mg. 
Uniformity of weight was not required, as the results were 
to be expressed and compared on the basis of sample surface 
area. The dishes were mounted vertically, without cover, 
with the deposit facing the lamp at a distance of 20 cm. 
The temperature of the sample surfaces was 50-52' during 
irradiation, and the air passing through the enclosure had a 
relative humidity of 60%. Duration of irradiation varied 
in exploratory runs, and was uniformly 80 hr. in the main 

Analysis of irradiated samples. After irradiation, the 
samples were redried, and dissolved in water at room tem- 
perature; the solutions were filtered, and adjusted to 25 ml. 
in volumetric flasks. Any water-insoluble material was 
dried and weighed. Blank solutions were prepared by dis- 
solving corresponding quantities of the unirradiated model 
compounds in 25 ml. of water; these solutions were analyzed 
along with the solutions of the irradiated samples. 

The pH, the optical rotation, and the ultraviolet absorp- 
tion spectra were determined on suitable portions of these 
solutions; these portions were recovered for subsequent 
analyses. 

Ten-milliliter aliquots were titrated with 0.05N sodium 
hydroxide, using phenolphthalein a~ indicator, to obtain the 
quantity of free acids formed. A threefold excess of 0.05N 
sodium hydroxide was immediately added to  the titrated 
aliquot, the mixtures were allowed to stand for 30 min. a t  
room temperature, and were then back-titrated with 0.05N 
hydrochloric acid. 

rU5S. 

The balance of each solution was concentrated and ex- 
amined by paper chromatography. The following developers 
were used: (A) ethyl acetate-pyridine-water (8:2: l), 
(B) ethyl acetateacetic acid-formic acid-water (18:3: 1:4), 
and ethyl acetate-acetic acid-water in the following ratios: 
(C) f3:3:3, (D) 6:3:2, (E)  3:1:3 upper phase. All ratios 
were vol./vol. The following spray reagents were used: 
(a) panisidine-trichloroacetic acid-pyridine,m (8) silver 
nitrate-ammonia, ( 7 )  bromophenol blue,= (6) alkaline hy- 
droxylamine followed by acidic ferric chloride,*Q a reagent 
for esters and lactones, (E) periodate-permanganste,a and 
( f )  p-anisidine hydrochloride in 1-butanol followed by 
potassium metaperiodate in aqueous acetone, 81 a reagent 
permitting detection and differentiation of reducing sugars 
and sugar alcohols on the same chromatogram. 

Qualitative paper chromatograms were run on Whatman No. 
1 paper, spotting 1-3 mg. of the irradiated sample, 1-3 mg. 
of the blank, and suitable quantities of reference compounds 
on the same strip. Several identical strips were spotted, 
developed by the descending method in developers A, B, C, 
and E, and sprayed with several of the above reagents. 

Fractionation of irradiated samples and blanks was car- 
ried out by sheet paper chromatography. Whatman No. 
3MM paper was used for cellobiose, cellopentaose and 
methyl pcellobioside; the two alditols were fractionated on 
sheets of Whatman No. 3MM paper, to the upper edge of 
which were sewn wicks of Whatman No. 1 paper.u Descend- 
ing chromatographic development wm conducted with 
solvent B for cellobiose, D for cellopentaose, and E for the 
three other model compounds. The position of the reference 
compounds was located by spraying the marginal guide 
strips of the developed sheets with reagent O! or 8. 

The fractionation of cellopentaose was carried out in two 
stages. After the first 24 hr. of development the outer pair 
of a double set of marginal guides was removed and sprayed. 
With their help the sheet was cut, parallel to  the starting 
line, between the bands of the cellobiose and 3-p-cellobiosyl- 
D-arabinose fractions. The mono- and disaccharide fractions 
on the lower half of the sheet were ready for recovery. The 
development of the tri- and tetrasaccharides, located on the 
upper half, was resumed for an additional 78 hr. after attach- 
ing a fresh portion of Whatman No. 3MM paper to  the cut 
edge by sewing. The other four model compounds were 
fractionated in the conventional manner. 

Sections of the developed sheets matching the locations 
of the reference compounds in the guide strips were excised, 
and eluted with water. The water was evaporated and the 
residues of all eluates were extracted three times in succession 
with boiling ethanol of the following concentrations: for 
monosaccharides, 95%; for disaccharides, 90%; for tri- 
saccharides, 85%; and for tetrasaccharides, 80%. The resi- 
dues of the filtered and evaporated extracts were dried, 
weighed, and used for paper chromatography. The recovery 
of the blank fractions was accomplished in exactly the same 
manner. 

The weights of the alcohol-soluble portions of all fractions, 
whether they derived from irradiated samplee or from blanks, 
were quite similar, and of the order of 5-10 mg. Qualitative 
paper chromatographic checks, carried out on all fractions 
as above, revealed most of the material to be chromato- 
graphically immobile, presumably derived from the chroma- 
tographic paper. Quantitative analyses showed subsequently 
that the chromatographically mobile degradation-products 

(28) A. L. Cochrane, Analgst, 80, 909 (1955). 
(29) M. Abdel-Akher and F. Smith, J. Am. Chem. SOC., 

(30 )  R. U. Lemieux and H. F. Bauer, Anal. Chem., 26,920 

(31) R. C. Bean and G. G. Porter, Anal. Chm., 31,  1929 

(32) J. K. Hamilton and E. V. Partlow, J. Am. Chem. 

73, 5859 (1951). 

(1954). 

(1959). 

Soc., 80, 4880 (1958). 
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represented only a small portion of the total weights of these 
fractions. 

Quantitative detehruzliuns of most of the reducing sugars 
wwe carried out by a paper chromatographic-colorimetric 
method developed in this laboratory.88 The cellobiose, 
-triose, and -tetraose fraations obtained from irradiated 
and b h n k  cellopentaose samples were first hydrolysed, using 
4% aq. sulfuric acid at 100” for 6.5 hr., and the quantities of 
n-glucose in  the processed hydrolyzates were determined by 
the above method.38 The 3-fi-~-glucopyranof$yl-~-arabinose 
fractions were not large enough for this analysis, and no 3- 
8-cellobiosyl-n-ar~in~e was detected in the appropriate 
fractiona. The hydrolygate of the cellotebraose fraction from 
irradiated eellopentaw cont&ned some D-arabinose, the 
quantity of which w&s also determined. Thin D-srabinose 
was assumed to be derived from 3-p-cellotriosyl-~-arabinose, 
anoth8r degradation product, which was present in the cello- 
tetraose fraction as a contaminant. 

The quantities of these oligosaccharidea were then cal- 
culated, after correction for the blanks, from the qqantities 

(33) J. E. Jeffery, E. V. Partlow, and W. J. Polglase, 
Anal. Chem., 32, 1774 (1960). 

of the monosaccharides in the hydrolyzates. The quantity 
of 3-fi-ceuotriosyl-~-arabinose arrived at is almost certainly 
too low, some of that  sugar having no doubt been located on 
the sheet immediately below the excised area of cello- 
tetraose. 

The quantities of methyl 8-D-glucopyranoside and D- 
glucitol were finally estimated by visual comparison. The 
appropriate fractions from irradiated and blank methyl 
8-cellobioside, cellobiitol, and cellopentaitol, and solutions 
of authentic methyl fi-D-glucopyranoside and D-glucitol in a 
suitable range of concentrations were, for this purpose, 
chromatographed side by side on the same strips of paper. 
Developer A was used for methyl fl-D-glucopyranoside, 
developer E for D-glucitol, and spray reagent p for both. 

Acknowledgment. The authors thank Prof. M. L. 
Wolfrom for the gift of cellobiitol seed crystals; 
Prof. F. Smith for an authentic specimen of methyl 
6-glucopyranoside; and Mr. E. V. Partlow for the 
synthesis of the same compound. 

SHELTON, WASH. 

[CONTRIBUTION NO. 55 FROM THE OLYMPIC RESEARCH DIVISXON OF RAYONIER INC.] 

Lignin Model Compounds. Nitric Acid Oxidation of 4-Methylguaiacol’ 

IGOR SOBOLEVl* 

Received December 18, 1960 

4Methylguaiacol (I) reacts with dilute aqueous nitric acid giving rise to the following sequence of intermediates: I + 
4methyl-6-nitrosoguaiacol (11) -+- 4methyl-6-nitroguaiacol (111) 4 5-methy~-3-nitropyrocatechol (IV) + 2-hy- 
droxy-5-methyl-3-nitro-1,4benzaquinone (V). End products include nitrous oxide, nitrogen, nitric oxide, nitrogen dioxide, 
carbon monoxide, carbon dioxide, and oxalic acid. Nitrosonium (NO+) ion mechanisms for the aitratioa of I and demethyl- 
tion of I11 are proposed to account for the observed catalysis by nitrous acid. Similar reactions are believed to occur in lignin 
oxidations. 

Oxidation with aqueous nitric acid is one of the 
oldest yet least understood reactions for degrading 
lignin. Only the simplest products have been identi- 
fied so far: monomeric phenols and nitrophenols, 
oxalic, acetic and formic acids, carbon monoxide, 
and carbon dioxide. Reported reduction products 
from nitric acid include nitrogen, nitrous oxide, 
nitric oxide, nitrogen dioxide, and hydrogen 
cyanide. Some cleavage of aromatic methoxyl 
groups occurs also, and nitrous acid appears to  be a 
required catalyst for the oxidation.2 Oxidations of 
model corn pound^^^^ have offered little new evi- 
dence concerning reaction mechanisms. I n  organic 
solvents, nitration of lignins involves some electro- 

(1) Presented a t  the 138th National Meeting of the 
American Chemical Society, New York, N. Y., September 
1960. (a) Present address: Shell Development Co., Emery- 
ville, Calif. 

(2) F. E. Brauns, The Chemistry of Lignin, Academic 
Press, New York, 1952; L. L. Sergeeva, A. A. Chuksanova, 
and N. N. Shwygina, Izvest. A h d .  Nauk  SSSR, Otdel. 
Khim. A-auk, No. 5, 653 (1957); Chem. Abstr., 51, 1426113 
(1957); V. M. Nikitin and A. E. Somin, Trudy Leningrad. 
Lesotekh. Akad., No. 75, 67 (1956); Chem. Abstr., 53, 1074413 
(1959). 

(3) 0. Routala and J. Sevon, Cellulosechem., 7, 113 
(1926). 
(4) K Ley and E. Muller, Chem. Ber., 89, 1402 (1956). 

philic displacement of aliphatic side chains by 
nitro  group^.^ Structures undergoing this displace- 
men$ are chiefly 4-substituted guaiacyl end units 
containing benzyl alcohol and ether groups. To 
what extent displacement occurs in oxidations with 
aqueous nitric acid has not been established. The 
results of the present model compound study, 
applicable to portions of lignin, are believed to be 
of value primarily in indicating the role of nitrous 
acid in oxidations with nitric acid. 

4-Methylguaiacol (I), a simplified lignin model 
with no side-chain oxygen, was oxidized with 2.6N 

nitric acid a t  70’. I n  a two-hour reaction, 
nearly all the compound was oxidized to oxalic 
acid, other water-soluble products, and to  the 
gases listed in Table I. From the evidence presented 

(5) C .  Gustafsson and L. Andmen, Paperi j a  Puu, 37, 
1 (1955); A. A. Chuksanova, L. L. Sergeeva, and N. N. 
Shorygina, Izvest. Akad. Nauk  SSSR, Otdel. Khim. hrauk, 
No. 12,2219 (1959). 

(6) In this paper, “pure” nitric acid refers to solutions 
prepared from 70% reagent grade mid without addition of 
nitrous wid. “Nitrous acid” denota all those chemical 
species determined as nitrous acid by the analytical method 
of Nelson, Kurtz, and Bray [AnaE. Chem., 26, 1081 (1954)], 
Le., by oolorimetric eathation of an azo dye formed in 
aqueous acetic acid. 


