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The formation of anhydro rings in macromolecular  polysaccharides takes place predominantly under the act ion of 
alkalis  on tosyl,  mesyl,  and sulfo esters of the polysaccharides.  

The synthesis of 2, 3-anhydro derivatives of t r i ty lcel lulose  has previously been effected [1] by the action of a 
solution of sodium methoxide or caustic potash in absolute methanol  on t r i ty l -ce l lu lose  tosylate .  In addition to the forma-  
tion of 2, 3-anhydro rings in the cel lulose macromolecu le ,  some ring opening with the introduction of a methoxy group 
takes place.. At the same t ime ,  side reactions occur leading to the appearance of carbonyl groups and double bonds, in 
the e lementa ry  unit of the macromolecule ,  which makes i t  impossible to synthesize the product in the pure state.  

The present paper gives the results of an investigation of the possibility of synthesizing 2, 3-anhydro derivatives 
of cel lulose and subsequently opening the ~ - o x i d e  rings with the formation of a mixed polysaccharide by the act ion of 
aqueous solutions of a lkal i  on t r i ty lce l lu lose  tosylate  by the following route: 
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Tri tylcel lu lose  tosylate was saponified by t reatment  with boil ing aqueous solutions of caustic soda of various con-  
centrationso The react ion was carried out in a current of argon in a heterogeneous medium,  The sulfur contents of the 
react ion products were determined ( tab le ) ,  

Sulfur content (%) of t r i ty lce l lu lose  
tosylate after t rea tment  with an 

NaOH. aqueous solution of caustic soda for 
% varying lengths of  t ime.  

10hr  15hr  30h r  4 0 h r  60hr  

6 2.66 2.11 1.68 1.61 1.35 
10 3.56 2.07 1.58 1.10 1.04 
15 2.90 1.42 1. ]2 0. 94 0. 89 

As can be seen, comple te  e l imina t ion  of the rosy1 groups was 
not achieved even with very prolonged t reatment  of the ester, 
which agrees with the results obtained by other authors [2, 3], With 

Note. The initial t r i ty lcel lulose  tosylate (OTs)0.9 6 

had the composit ion C6HvOz(OH)l.t0(OTr)x.04 
(OTs)0.96, and a sulfur content of 5.5%. 

increasing concentrat ion of caustic soda in the solution, the amount 
of sulfur in the saponif icat ion products fel l .  T h e  min imum tosyl 
group content of the products of the a lkal ine  t reatment  of t r i t y l -  
cel lulose tosylate was obtained as a result of the act ion of a 15% 
aqueous solution of caustic soda for 60 hr. 

By analogy with the results obtained earl ier ,  it might be e x -  
pected that the detosylat ion of t r i ty lcel lu lose  tosylate would take  
place  with the formation of 2, 3-anhydro rings whose opening would 
subsequently lead to the formation of glucopyranose and a t t ropyra-  
nose e lementary  units in the macromolecu le .  Under these condi -  
tions side reactions causing the appearance of double bonds and 
carbonyl groups are possible [1]. 

In order to answer this question, the products of the detosylation of a tritylcellulose tosylate of the composition 
CsHTO2 (OH)0.9s (OTr)l. 04 (O. Ts)0.9s with a 15% aqueous solution of caustic soda for 60 hr were investigated. In one 
case the reaction product contained 0.89% of sulfur (I) and in another case 0.66%(II). 

To determine the 2, 3-anhydro ring content quantitatively, part of the product was treated with a solution of 
sodium methoxide in absolute methanol at 120 ° for 48 hr. Under these conditions complete opening of the 2, 3-anhydro 
rings took place [I]. The methoxy group content of the products obtained was determined: I. 98% of OCH 3 was found 
in product (I) and 2.33% in (II), which showed the formation of 0.26 and 0.82 anhydro rings per elementary unit of 
the macromolecule, respectively. 



In order to discover the possibility of the occurrence of side reactions in the saponification of the tosyl groups in 
the tritylcellulose tosylate, the reaction products were brominated [5], and the oximes were synthesized [4]. The nitro- 
gen content of the oxime products was determined by the Dumas method: 0.94°]0 was found in product (I) and 0.88% 
in product (II), the figures for the initial tritylcellulose tosylate after oxime formation being 0. 49-0. 52o]o. Consequent- 
ly, during oxime formation from tritylcellulose tosylates saponified by aqueous solutions of alkalis, the carbonyl group 
content increases insignificantly, which indicates the absence of side reactions leading to the formation of such groups. 

The determination of the bromine number showed that there were no double bonds in products (I) and (II).  Thus, 
no side reactions take place under the detosylation conditions selected. 

To determine the possibility of the opening of the 2, 3-anhydro rings during the saponification of the t r i ty lce l '  
lulose tosylate requires the preliminary detritylation of this compound. An investigation of the detritylation of product 
(II) showed that the trityl groups can be eliminated completely by treating the compound with a 0.2% solution of hy-  
drogen chloride in chloroform for 24 hr. 

After detritylation, the products were subjected to complete hydrolysis or methanolysis. The resulting mixture of 
sugars was investigated by paper chromatography. If detosylation of the tritylcellulose tosylate had taken place with the 
intermediate formation of 2, 3-anhydro rings and their subsequent opening, the hydrolyzate should have contained 
altrose - m o r e  accurately < 1, 5>, < 1, 6 >-anhydroaltrose (altrosan), since in an acid medium altrose is readily con- 
verted into altrosan [6]. In addition to the hydrolyzate, solutions of reference samples of glucose and altrosan* were de-  
posited on the chromatogram; none of the latter was found. 

The complete methanolysis of the polysaccharide obtained was carried out by the action of a solution of hydrogen 
chloride in methanol on the product of the saponification of the tritylcellulose tosytate. Chromatography of the methyl -  
glycosides with reference samples (solutions of methyl a-D-glucoside and methyl a-D-al t roside)  showed that there was 
no methyl  a -D-altroside in the methanolysis products. 

Consequently, when tritylcellulose tosylate is detosylated with aqueous solutions of alkalis, there is no opening of 
the 2, 3-anhydro rings and no formation of a mixed polysaccharide. 

To study the possibility of the opening of the 2, 8-anhydro rings on alkaline treatment without a change of con-  
figuration, we studied the stability of the 2, 3-anhydro rings in 2, 3-anhydro-6-O-tri tylcellulose under the action of a 
6°]o aqueous solution of NaOH. Even on prolonged treatment (for 60 hr) with the boiling solution the amount of 2, 3-  
anhydro rings did not change. 

The results obtained give grounds for assuming that the splitting off of the tosyl groups from the tritylcellulose 
tosylate takes place as a result of two chemical  reactions: saponification (with the regeneration of the OH groups and 
the restoration of the initial configuration of the glucopyranose link) and the formation of 2, 8-anhydro rings, which are 
not opened under the conditions mentioned. 

Experimental** 

Saponification of tritylcellulose tosylates with aqueous solutions of caustic soda. 1 g of tritylcellulose tosylate was 
treated with a 6, 10, or 15% solution of caustic soda (in a ratio of 50 : 1) at  the boiling point of the solution in a current 
of argon for various times. After the end of the reaction, the products were washed with distiIled water to neutrality and 
dried under vacuum over PzOa. The sulfur content of the product was determined. 

Detritylation of the saponification products of tritylcellulose tosylate. 1 g of  product was treated at room tempera-  
ture for 24 hr with a mixture of 30 ml of chloroform and 10 ml of chloroform saturated with hydrogen chloride at -7°C. 
After the completion of  the detritylation, the product was precipitated in methanol, extracted with methanol, washed 
with water, and dried under vacuum over P2Os. 

Hydrolysis of the products of the saponification of tritylcellulose tosylate. A 20-ml tube was charged with 60 mg 
of polysaccharide and with 0.6 ml of 72°]o sulfuric acid at 0°C, and the mixture was left for 1 hr at 0°C . Then 6 ml 
of cold water was added and hydrolysis was carried out at 100°C in the sealed tube for 18-20 hr. 

Methanolysis of the products of the saponification of the tritylcellulose tosylate. A 10-ml tube was charged with 
60 mg of polysaccharide and 4 ml of a 5% methanolic solution of hydrogen chloride. Methanolysis at 120°C was carried 
out for 18 hr in the sealed tube. After the end of the methanolysis, the tube was opened and the contents were filtered 

* The D-altrosan and methyl a -D-altroside were kindly given to us by Prof. Micheel (Institute of  Organic Chem-  
istry of the University of Westphalia, GDR). 

** With the participation of N. M. Soldatova. 



through a No. 4 filter and neutralized with silver carbonate. The solution was centrifuged and the residue of silver 
chloride was washed several times with distilled water. The solution and the wash-waters were evaporated under vacuum. 
The resulting syrup was analyzed by paper chromatography. 

Chromatographic separation of the mixture of monosaccharides. The mixture of monosaccharides obtained by 
hydrolysis was chromatographed in the ethyl acetate-pyridine-water  ( 2 : 1 :  2) system and the methanolysis products in 
the butan-l-ol-ethanol-water (40 : 11 : 19) system by the usual method [7]. The spots were shown up with silver nitrate, 

Summary 

1. The possibility of obtaining 2, 3-anhydro derivatives of cellulose by the action of aqueous solutions of alkalis 
on tritylceilulose tosylate has been investigated. 

2. The splitting off of the tosyl groups when tritylcellulose tosylate is treated with aqueous solutions of alkalis 
takes place mainly with the saponification of the tosyl groups and the formation of elementary glucopyranose units, and 
also with the formation of 2, 3-anhydro rings. Under these conditions no side reactions take place. 
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