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I.  Introduction and objectives of the dissertation 

 

 In the living organisms carbohydrates play important roles not only as energy 

resource, but also as carriers of biological information. This fact could be recognized only 

recently, as the techniques for isolation, purification and structure determination, as well as 

the sensitivity of the devices (HPLC, MS, GC-MS, NMR) have developed revolutionary in 

the last decades. Owing to this development numerous biologically active carbohydrates 

could be isolated from glycoconjugates, and their structures were determined by modern 

methods.  

 The studies of glycoconjugates clarified connections which help us to understand the 

role of the carbohydrate portion of glycoconjugates; the communication of the cells with their 

environment; the cell-cell interaction; and the organisation of cells into tissues.   

The recognition of the biological roles of the oligosaccharides has brought new 

challenges for chemists. The synthesis of oligosaccharides with longer or branched chains 

necessitated new block syntheses, protecting group strategies, stereospecific glycosylation 

methods and further developments in the techniques for the isolation of compounds and the 

determination of their structures. The syntheses and studies of the biologically active natural 

compounds, their units, and analogues, open up options to examine the connection between 

the structure and the biological activity.  

Researchers of the Department of Biochemistry at Faculty of Sciences, University of 

Debrecen and the Research Group for Carbohydrates of the Hungarian Academy of Sciences 

have had considerable results in the field of the synthesis of oligosaccharide antigens from 

Mycobacteria. They synthesized the oligoglycosyl part of the trehalose-containing 

lipooligosaccharides from Mycobacterium smegmatis and Mycobacterium kansasii; the 

phenolic glycolipid from Mycobacterium leprae; and the glycopeptidolipids from the 

serovariants 8, 14, and 20 of the Mycobacterium avium complex. 

 The present describes the syntheses of the pentasaccharide haptens of the 

glycopeptidolipids from the serovariant 12 and 17 of the Mycobacterium avium complex. 
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II.  Methods applied 

 

 The macro- and micro methods of the modern preparative organic chemistry were 

applied in the synthetic work.  

Thin layer-, high pressure liquid-, and gas chromatography were applied to follow the 

reactions, to control the purity of substances and to determine the ratios of the products. 

Besides classical crystallization, column chromatography was used for the purification of the 

crude products and for the separation of the isomers.   

Besides classical methods (elemental analysis, melting point and optical rotation 

determination) modern spectroscopic methods (one- and two dimensional NMR and mass 

spectrometry) were applied for the verification of the structures of the synthesized 

compounds.  

 

III.  New scientific results of the dissertation 

 

 The synthesis of the pentasaccharide from the serovar 17 of the Mycobacterium avium 

complex acylated with (2S,3S) nilic acid, and the fully protected pentasaccharide from serovar 

12 are discussed in the dissertation.  

 

III.1.  Synthesis of the pentasaccharide hapten of the glycopeptidolipid antigen from 

serovar 17 of the Mycobacterium avium complex  

 

The synthesis of the terminal monosaccharide unit was carried out starting from D-

glucose. The main tasks of the synthesis were a) to introduce an amino group into position 3, 

and b) to deoxygenate at position 6. The amino function was introduced as an azido precursor, 

and the 6-deoxy derivative was obtained by the reduction of the 6-O-p-toluenesulfonyl group 

(→1). 

The key step of the syntheses of the B and C L-rhamno carbohydrate units was the 

regioselective benzylation at position 2 by the two-phase method to yield the synthons 2 and 

3.  

The trisaccharide 4 was obtained from these monosaccharide units, and the 

glycosylation of the disaccharide 5 with the trisaccharide yielded the pentasaccharide 6. 
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 The azido group was reduced to amino, which was acylated with (2S,3S) nilic acid, 

then transformation of the aglycone and removal of the protecting groups yielded the target 

compound 7. 
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III.1.  Synthesis of the pentasaccharide hapten of the glycopeptidolipid antigen from 

serovar 12 of the Mycobacterium avium complex 

 

The synthesis of the terminal monosaccharide unit was carried out starting from D-

galactose. The main tasks of the synthesis were a) methylation at position 3, b) introduction of 

an amino group into position 3, and c) deoxygenation at position 6. The OH-3 was methylated 

with diazomethane, the amino group was introduced as an azido precursor, and the 6-deoxy 

derivative was obtained by the reduction of the 6-O-p-toluenesulfonyl group (→8). A new 

type of the anomalous Zemplén-deacylation was observed: the 4-O-benzoate of the D-galacto 

derivative 9, carrying isolated benzoyl groups at positions both 2 and 4, proved to be more 

stable than the 2-O-benzoate under the Zemplén conditions. 
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The trisaccharide 10 was obtained from the monosaccharide units 2, 3 and 8, and 

glycosylation of the disaccharide 5 with the trisaccharide yielded the pentasaccharide 11.  
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IV.  Possibilities for utilization of the results 

 

 The synthesized pentasaccharide haptens – connected to suitable spacers – could be 

used for immunological studies in the serodiagnosis of Mycobacterial infections. 

 The new type of the anomalous Zemplén O-deacylation reaction may help in the 

elaboration of suitable protecting group strategies for another syntheses.  
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