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The elucidation of the nature of the linkage between the peptide and polysaccharide parts of natural glyco- 
pepttdes is substantially facilitated by a study of the properties of model amino-acyl  derivatives of monosaccharide 
derivatives, which are distinguished by the nature of the amino acid, of  the monosaccharide, and of the type of 
bond between them. It is known that in natural glyeopeptides, and also in other mixed biopolymers, amino sugars 
provide some of the most usual places for the linkage of the peptide chain to the polysaccharide [1-3]. We have 
previously prepared compounds with an amide type of bond--N-(amino-acyl)  derivatives of glucosamine and galac- 
tosamine [4, 5]; in this paper we report on the synthesis of amino-acyl  derivatives of  N-acetylglucosamine,  namely, 
6-O-(amino-acyl)  derivatives of N-acetylglucosamine (2-acetamido-2-deoxyglucose) .  The synthesis of these com-  
pounds was carried out by the method which we described earlier for the preparations of O-(amino-acyl)  derivatives 
of neutral monosaccharides [5, 6], namely by the condensation of N-acetylglucosamine with (benzyloxycarbonyl- 
amino) acids in dry pyridine in presence of dicyclohexylcarbodiimide (CDI) in the cold. 

The fairly universal carbodiimide method for the synthesis of amino-acyl  derivatives of sugars was found to 
be very convenient in this case. The results show that the condensation of (benzyloxyearbonylamino) acids with un- 
substituted N-aeetylglucosamine goes predominantly at the primary hydroxyl with formation of 6-O-(amino-acyl)  
derivatives�9 When equimolecular amounts of the reactants are condensed, the formation of the 6-O-(amino acyl) 
derivative is accompanied by the formation of a small amount (10-15%) of the product of condensation at one of 
the secondary hydroxyls, which was found to be the 3-O-derivative (shown by periodate oxidation)�9 When the con- 
densation is carried out with 100% excess of N-ace ty lghcosamine  the onIy reaction product, obtained in 50--60% 
yield, is the 6-O-(amino-acyl )  derivative of glucosamine, 
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By the use of  this variant of  the synthesis we obtained N-(benzyloxycarbonyl) derivatives of  6-O-glycyl - ,  
6-O-alanyl- ,  6-O-(6-aminohexanoyl)- ,  and also G-O-diglycyl-N-acetylglueosamines.  The structures of these 
compounds were confirmed by positive tests with the aniline phthalate reagent and silver nitrate (presence of free 
glycosidic hydroxyl), with fluorescein (presence of the benzyloxycarbonyl group), and the infrared spectra, which 
showed the presence of bands in the region 1740-1755 cm -1 (ester carbonyl), in the region 1675-1710 cm -1 (car- 
bonyl group), and in the region 1675-1710 cm - l  (urethan carbonyl). 

Final confirmation of the structures of the amino-acyl  derivatives was obtained by periodate oxidationcarried 
out for the case of N-acetyl-6-O-(N-benzyloxycarbonylglycyl)glucosamine.  It is known [7] that the quantitative 

* This article is published in accordance with a resolution of the Conference of  Chief Editors of Journals of the 
Academy of Sciences of the USSR of July 12, 1962, as a dissertation paper by V. M. Kalinevich. 
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Fig. 1. Periodate oxidation of 
N- ace ty l -  6-O-(N-  benzyloxycar-  

bonylglycyl)glucosamine.  

oxidation of N-ace ty lg lucosamine  at pH 7 and room temperature is very much 

compl ica ted  by processes of overoxidation due to the oxidation of ace tamido-  
malonaldehyde formed as an in termedia te  product. Lowering of the oxidation 
temperature to 5 ~ usually reduces the rate of overoxidation greatly. In view of 
this we carried out the periodate oxidation of the amino-acy l  derivat ive of 

N-ace ty lg lucosamine  in the cold (5 ~ at pH 4. Under these conditions over- 
oxidation still  occurred, though at a re la t ively  low rate, and to es t imate  the 
amount of periodic acid lost we determined the approximate kinetics of the 
oxidation (Fig. 1). It will  be seen from Fig. 1 that the curve for the relat ion 
of periodic acid consumption to t ime has a sharp break corresponding to the 
consumption of 2 molecular  proportions of periodic acid. Also, the N-ace ty l -  

(N-benzyloxycarbonylglycyl)glucosamtne obtained does not react with benzal -  
dehyde, which excludes the structure of a 8-O-der iva t ive .  It has thus been 

proved unequivocal ly that the compound obtained is a 6-O-der iva t ive .  

To e luc ida te  the question of the structure of the by-product  formed in the amino-acy la t ion  of N-ace ty lg lu -  

cosamine when equimolecular  proportions of the reactants are used, the react ion mixture, without isolation of the 
products, was treated with benzaldehyde in presence of zinc chloride,  as we have described earl ier  [8]. Analysis 

of the mixture by th in- layer  chromatography showed the presence of not only the main p roduc t - -N-ace ty l -B-O-  
(N-benzyloxycarbonylglycyl )g lucosamine--but  also small  amounts of the benzyl idene derivat ive of another amino-  
acyl  derivat ive,  which could only be a 3 -O- (amino -acy l )  derivative.  This was confirmed by a direct comparison 

on th in- layer  chromatograms of this substance with a known sample of N - a c e t y l - 4 , 6 - O - b e n z y l i d e n e - 3 - O - ( N - b e n -  
zyloxycarbonylglycyl)g lucosamine prepared by the condensation of N-ace ty l -4 ,S -O-benzy l ideneg lucosamine  with 
N-(benzyloxycarbonyl)glycine  under the conditions of carbodi imtde condensation. Hence, the by-product  in the 
amino-acy la t ion  of N-aee ty lg lucosamine  is the 3 -O- (amino -acy l )  derivat ive.  

To pass from benzyloxycarbonyl  derivatives to amino acyl  derivatives with an unsubstituted amino group we 
e l imina ted  the benzyloxycarbonyl  group by hydrogenolysis in presence of oxalic acid, for 6 -O- (amino-acy l )  deriva-  

tives of N-ace ty lg lucosamine  are highly lab i le  and cannot withstand the act ion of strong acids. The resulting 
N-ace ty l -B-O- (amino-acy l )g lucosamine  oxalates were chromatographical ly  and e lec t rophore t iea l ly  homogeneous, 
gave a positive test with ninhydrin, and gave positive tests for free hydroxyl with silver nitrate and anil ine phthalate.  
Their structures were confirmed also by the infrared spectra, which c o n t a i n e d a n  intense band at 1755 cm - I  (ester 
grouping) and a band at 1610 cm -1 (carbonyl of ionized oxal ic  acid). Judging from the behavior of the condensa- 
tion products in the course of hydrogenation, they are more stable than the analogous products of condensation with 

D-glucose [9]. More deta i led  data on the s tabi l i ty  of the compounds will  be published shortly. 

E X P E R I M E N T A L  

Paper chromatography was carried out on Whatman No. 3 paper. The chromatograms were descending. 

Mobile phase: butyl a l coho l - -ace t i c  a c i d - w a t e r ,  4 : 1 : 1, upper layer (System I); e thy l  a c e t a t e - - p y r i d i n e - a c e t i c  
acid--water ,  5 : 5 : 3 : 1 (System II). Th in- layer  chromatography on si l ica gel  was carried out in the system chloro- 
f o r m - m e t h a n o l ,  8 : 2 (System III). Electrophoresis was carried out in the buffer: pyrtdine (2 m l ) - a c e t i c  acid 
(4 m l ) - w a t e r  (to 1 l i ter),  pH 4.2-4.5,  vol tage 900-1000. The spots were detected with ninhydrin, silver nitrate,  

fluorescein, anil ine phthalate,  and potassium per iodate-cupra te .  

N- Ace ty l -  6- O- [ (benzyloxycarbonylamtno)-  acyl]-  D- glucosamines. 0.015 mole of d icyclohexylcarbodi imide  

was added to a solution of 0.01 mole  of N-ace ty l -D-g lucosamine  and 0.005 mole  of the N-(benzyloxycarbonyl)  de-  
rivative of the amino acid or pept ide (glycine,  L-alanine,  6-aminohexanoic  acid, diglycine) in 120 ml of dry pyri-  
dine, and the mixture was left  for 48 h at 5 ~ Pyridine was vacuum-dis t i l l ed  off to dryness, the residue was treated 
with a mixture of 50 ml of  water and 25 ml of ether, insoluble 1 ,3-dicyclohexylurea  was fil tered off, and the aque- 

ous layer was extracted with five 25-ml  portions of ether; the ether extracts were washed with two 25-ml  portions 
of water, which were then combined with the main  aqueous solution. The aqueous solution, slightly acidif ied with 
acet ic  acid,  was extracted with butyl alcohol (eight 25-ml  portions), and the butyl alcohol extracts were washed 
with water (three 15-ml portions) and evaporated to dryness in a vacuum. The yield of react ion product, which was 
somewhat contaminated  with unchanged N-ace ty l -D-g lucosamine ,  was 80-60o7 ~ The product was purified by crys- 
t a l l i za t ion  from a mixture of absolute ethanol  and dry ethyl  aceta te .  Data on the N-ace ty l -6 -O- [ (benzy loxyca r -  
bonylamino) -acy l ] -D-g lucosamtnes  obtained are given in Table 1. 
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Ident i f icat ion of N- ace ty l -4 ,6 -O-  benzyl idene-  3- O-[N-(benzyloxycarbonyl)glycyl]g lucosamine formed in the 

condensation, i mmole  of d icyc lohexylcarbodi imide  was added to a solution of 0.7 mmole  of N-ace ty t -4 ,6~  - 

benzyl ideneglucosamine and 0.7 mmole  of N-(benzyloxycarbonyl)glycine  in 30 ml of dry pyridine, and the mixture 

was stirred for one day at 20". In th in- layer  chromatography of the react ion mixture on s i l ica  gel  in the system 

ch lo ro fo rm-methano l ,  9 : 1, we obtained two spots, which were developed with anil ine phthalate  and concentrated 
sulfuric acid.  One spot, Rf 0.35, corresponded to unchanged N-ace ty l -4 ,6 -O-benzy l ideneg lucosamine  (known sam- 
ple), and the other, Rf 0.54, corresponded to the product of condensation at the only free secondary hydroxy (at C-3) 

{N-a ce ty l -  4,6 - O- benzyl idene - 3- O- [N - (benzylox ycarbonyl)glycyl]glucosami ne}. 

In the condensation of 0.1 mole of N-ace ty lg lucosamine  with 0.1 mole  of N-(benzyloxycarbonyl)glycine in 
presence of 0.15 mole  of d icyc lohexylcarbodi imide  in dry pyridine we obtained by the procedure described above 

300 mg of  pure N-ace ty l -6 -O-[N-(benzy loxycarbony l )g lycy l ]g lucosamine  and 495 mg of a mixture of this 
6 -O- (amino-acy l )  derivat ive (Rf 0.29 in th in- layer  chromatography on sil ica gel in the system c h l o r o f o r m - m e t h -  
anol, 9 : 1) and what was thought to be the 3 -O- (amino -acy l )  derivat ive (Rf 0.41). 

The 495 mg of mixture was dissolved in 5 ml of freshly dist i l led benzaldehyde in presence of freshly roasted 
ZnCli,  and the mixture was stirred at 20 ~ for 2.5 h. To remove benzaldehyde the react ion mixture was extracted 
with three 15-mi  portions of petroIeum ether; the precipi ta ted oil was treated with a mixture of 15 ml of ether and 

15 ml of water, and the ether layer  was separated and evaporated;  the residue was dissolved in methanol ,  and the 
methanol ic  solution was chromatographed on si l ica gel  in the system ch lo ro fo rm-methano l ,  9 : 1, Detect ion with 
anil ine phthala te  and concentrated sulfuric acid showed the presence of three spots: Rf 0.29, corresponding to the 
6 -O- (amino -acy l )  derivative;  Rf 0 . 4 1 - t h e  3 -O- (amino -acy l )  derivative;  and Rf 0.54, corresponding to N-ace ty l -  
4 ,6 -O-benzy l idene-a -O-[N-(benzy loxycarbony l )g lycy l ]g lucosamine ,  which was prepared above. 

N-Ace ty l -  6 -O-(amino-acyl )g lucosamines  (oxalates).  0.15 mmole  of the N-ace ty l -  6-O-[(benzyloxycarbonyl-  
amino) -acy l ] -D-g lucosamine  was dissolved in 2 ml of 75% methanol ,  0.09 mmole  of oxal ic  acid and 85 mg of 
Pd/BaSO 4 were added, and hydrogenation was carried out for two hours. The catalyst  was separated by centrifugation.  
The f i l t rate was diluted with five t imes its volume of  dry acetone,  and the f locculent  prec ip i ta te  that formed was 
centrifuged off, dissolved in the least possible amount of water (2-3 drops), and reprecipi ta ted with dry acetone.  The 

oil was rubbed out three t imes in absolute acetone until  it was converted into a powder, and residual acetone was 
removed in a vacuum. Data on the substances obtained are given in Table 2. 

Oxidation of N-ace ty l -6 -O- [N- (benzy loxyca rbony l )g iycy l ] -D-g lucosamine  with periodic acid.  20.9 g of 
N-ace ty l -6 -O- [N- (benzy loxyca rbony l )g lycy l ] -D-g lucosamine  was dissolved in 40 ml of aceta te  buffer of pH 4.0, 
10 ml of periodic acid solution (5.5 g / l i t e r )  was added, and the mixture was left at 5 ~ in the dark for 100 h. After 
definite intervals of t ime  5-ml  aliquots were taken and neutral ized with 0.5 N NaOH; 2 ml of 4% borax solution 

and 2 ml of 10% KI solution were added, and the solution was t i t rated with sodium arsenite. The results are shown 
in Fig. 1. 

S U M M A R Y  

By the condensation of  N-(benzyloxycarbonylam[no)  acids with N-ace ty lg lucosamine  in presence of d icyc lo-  
hexylcarbodi imide  6 -O- (amino -acy l )  derivatives of N - a e e t y l g l u c o s a m i n e - m o d e l s  of one of the possible types of 
l inkages in natural g lycopept ides--were  prepared. 
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