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Thesis subject, aims and theoretical background 

 

In glycoconjugates such as glycopeptides, glycoproteins, peptidoglycans, glycolipids 

carbohydrates are covalently linked with the aglycons. Pivotal role of glycoconjugates in 

cell-cell interactions, including cell-cell recognition, and cell-matrix interactions has been 

widely demonstrated. Design and synthesis of glycoconjugate mimetics opened new frontiers 

for the research and development of new pharmaceuticals. Membrane transport, in vivo half 

life, and tissue-specific binding of the parent peptide sensitive to chemical and enzymatical 

hydrolysis were increased by conjugation to carbohydrates (O- and N-glycopeptides).1,2 

Preparation of  C-glycosyl conjugates provides molecules with enhanced in vivo hydrolytic 

stability as compared to that of traditional O- or N-glycosides. Therefore our objectives were 

to design new C-glycosyl compound building blocks in order to prepare glycopeptides and 

C-glycosylic heterocycles possessing biological activity. 

 

A specific objective of our work was to prepare 2-amino-2-C-(α/β-D-

glycopyranosyl)acetonitrile derivatives. Hydrolysis of these molecules results in C-glycosyl 

glycines applicable in solid phase peptide synthesis of glycopeptides, while reduction of the 

nitrile group provides glycosyl-ethylene diamine analogues3 which had found anti-tubercular 

activity. In the reaction of various aldehydes and diamines formed by the reduction of the 

nitrile function 5-C-glycosyl-1,3-imidazolines can be prepared, which are analogues to P2X7 

receptor antagonist 4,5-diaryl-imidazolines4 with anti-inflammatory activity. Synthesis of 

2-amino-2-C-(α/β-D-glycopyranosyl)acetonitriles were intended to be carried out from α- 

and β-anomeric glycosyl-cyanides via C-glycosyl aldehydes in Strecker reaction. C-Glycosyl 

aldehydes can be widely applied as starting materials for the synthesis of C-glycosyl 

derivatives by Mannich, Reformatsky, Hantsch, or Biginelli reactions.5 Further aim of our 

work was to study the stereochemistry of the hydrocyanation reaction of α- and β-C-glycosyl 

aldehyde-derived C-glycosyl-methyleneimines containing a C=N bond on the exocyclic 

carbon. 
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Methods applied 

 

Both macro- and semi-micro methods of the preparative organic chemistry were used 

throughout this work. Proceedings of the reactions were followed by thin-layer 

chromatography, and products of the reactions were purified by silica gel chromatography. In 

addition to classical analytical techniques, such as melting point- and optical density 

measurements, mass spectrometry, 1D- and 2D-NMR spectroscopy such as 1H-, 13C-NMR, 

HSQC, HMBC, TOCSY and 1D-NOESY as well as x-ray crystallography were used for the 

characterization and structure assignment of the reaction products. 

 

New scientific results of the dissertation 

 

1. Preparation of 2-deoxy-3,4,6-tri-O-benzyl-β-D-gluco- and galactopyranosyl 

cyanides 

 

New benzyl protected 2-deoxy-β-D-gluco- and galactopyranosyl cyanides (27 and 28) 

were prepared from the respective 1-cyano-glycals by chemo- and stereoselective reduction 

using palladium on charcoal catalyst. 

 
 

2. Preparation of α- and β-anomeric C-glycopyranosyl formaldehydes by reductive 

hydrolysis of glycosyl cyanides 

 

A general method for the transformation of benzyl and methyl protected α- and 

β-glycosyl cyanides into the respective 1-C-glycosyl-formaldehyde derivatives was 

developed. Diisobutylaluminium hydride (DIBAL-H) reduction of α- and β-D-
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glycopyranosyl-, 2-deoxy-β-D-glycopyranosyl cyanides and 1-cyano-D-glycals at -78 oC in 

CH2Cl2 followed by the hydrolysis (1M NH4Cl, 0 oC) of the resulting aldimine alane 

provided the corresponding aldehyde derivatives (Table 1). 

 

Table 1. Reductive hydrolysis of α- and β-D-glycopyranosyl-, 2-deoxy-β-D-glycopyranosyl 

cyanides as well as 1-cyano-D-glycals and effect of silica gel chromatography on product 

decomposition by β-alkyloxy elimination. 

 

Cyanide Sugar, 
protecting group 

Ratio of the aldehydes 
in crude productsa Isolated aldehyde, yield 

Glycosyl-CHO Glycal-CHO Glycosyl-CHO Glycal-CHO 

26 -Gal, Bn 50, 90% 48, 10% 50, 18% 48, 36% 

5 -Gal, Bn 47, 91% 48, 9% 47, 52% 48, 10% 

40 -Gal, Me 51, 100% - 51, 71% 52, 8% 

41 -Gal, Me 53, 100% - 53, 60% - 

25 -Glc, Bn 55, 92% 56, 8% - 56, 38% 

12 -Glc, Bn 57, 98% 56, 2% - 56, 41% 

38 -Glc, Me 58, 95% 61, 5% N/A N/A 

39 -Glc, Me 59, 98% 61, 2% N/A N/A 

36 -Man, Me 60, 88% 61, 12% 60, 29% 61, 26% 

37 -Man, Me 62, 80% 61, 20% 62, 38% 61, 28% 

6 Galactal, Bn - - - 48, 63% 
13 Glucal, Bn - - - 56, 52% 
28 2-deoxy Gal, Bn - - 63, 53% - 
27 2-deoxy Glc, Bn - - 64, 59% - 
aBased on the ratio of integral values for CHO protons in the 1H NMR spectrum of crude products. 
 

During chromatographic purification on silica gel decomposition of the aldehydes take 

place by the formation of glycal aldehydes due to 2-alkyloxy elimination. Reductive 

hydrolysis of benzyl protected 1-cyano-glycals (6, 13) yielded the corresponding aldehydes 
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(48, 56) in good yields (50-60%) without amine formation and double bond saturation. 2-

Deoxy-aldehyde derivatives 63 and 64 formed with similar yields from 2-deoxy-β-D-galacto- 

(28) and glucopyranosyl (27) cyanides and no β-elimination or epimerization occurred during 

the reaction. 

C-glycosyl aldehydes as the products of the reductive hydrolysis can be trapped in situ 

as stable N,N’-diphenyl-1,3-imidazoline derivatives by the use of  Wanzlick’s reagent 

(N,N’-diphenylethylenediamine) following the reduction step. 

 

3. Study of β-alkyloxy elimination reaction of C-glycosyl aldehydes 

 

During the reductive hydrolysis of glycosyl cyanides and silica gel chromatography of 

the resulting C-glycopyranosyl aldehydes β-alkyloxy elimination yielding glycal aldehydes  

was studied. β-Benzyloxy elimination has been  described5,6 for such molecules in the 

literature, but it was never studied. Benzyl protected β-D-galactosyl-formaldehyde underwent 

β-benzyloxy elimination  in CDCl3 at 40 oC (T½ ~ 200 min). This compound converts into 

the respective glycal derivative within few hours in the presence of 0.2 eq DBU and instantly 

when 0.2 eq TFA was added. In case of methyl protected derivatives the β-methoxy 

elimination was much slower, but it could be detected during the chromatography and 

storage. 

 

4. Alane-Strecker reaction with achiral nitriles 

 

The alane-Strecker reaction developed in our laboratory is a multicomponent, one-pot 

reaction which involves the transformation of nitriles into -aminonitriles via aldimin-alane 

then imine intermediates. This reaction makes it possible to prepare C-glycosyl 

-aminonitriles without the synthesis and isolation of instable aldehydes and starting from 

nitriles very unique aminoacid can be synthesized. 
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In the reduction step of the alane-Strecker reaction DIBAL-H addition (1.4 eq, -78 oC) 

to the nitrile results in aldimine alane and the excess of the hydride is queched by the 

addition of methanol (0.4 eq). Addition of the amine to aldimine alane results yields in a 

transimination reaction followed by the nucleophilic addition of the cyanide. Chiral (S)- or 

(R)-1-phenylethylamines (S/R-PEA) and achiral benzylamine as amine reagent while acetone 

cyanohydrin (ACH), trimethylsilyl cyanide (TMSCN) as well as NaCN as cyanide donors 

were applied.  

In reactions with achiral alkyl or aryl nitriles except 2-phenoxyacetonitrile and chiral 

amines unseparable diasteromeric mixture of aminonitriles were formed. The relative 

configuration of the products was determined by different chemical shifts of the methine 

proton in the newly formed stereocenter by 1H NMR according to the well-established rules.7 

The signals due to the methine protons of the new stereocenter in major isomers always 

appeared at a higher field than those in minor isomers. The results on relative configurations 

were confirmed by 1D-NOESY spectroscopy in case of 3-phenoxy-(S/R)-2-((S)-1-

phenylethylamino)propionitrile diastereomers. The observed upfield methine shift is due to 

the magnetic shielding effect by the phenyl group from the chiral amine in the major 

diastereomer. In alane-Strecker reaction of achiral nitriles and S-PEA Re-face nucleophilic 

addition resulted in the predominant diastereomers. Enhanced yields and Re-face selectivities 

in the alane-Strecker reaction were found when dichloromethane solvent was replaced with 

the more polar dichloromethane-metanol mixture. Nevertheless, apolar solvent toluene did 

not favor for the Si-face CN attack. 
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5. Preparation of 2-amino-2-C-( / -D-glycosyl)acetonitriles by Strecker and alane-

Strecker reactions: Role of double asymmetric induction in the strereochemical 

outcome of the reaction 

 

New 2-amino-2-C-( / -D-glycosyl)acetonitriles were prepared from - and -D-

glycosyl- and D-glycal aldehydes as well as from their cyanid precursors in Strecker and 

alane-Strecker (see Chapter 4.) reactions. Yields of alane-Strecker reactions always exceeded 

those obtained in Strecker reactions carried out at the same stoichometric ratios of S-PEA and 

ACH (Table 2). In the alane-Strecker reactions several - and -linked glycoaminonitrile 

derivatives were obtained in good yields which were obtained only in low yields by the 

aldehyde-based Strecker reaction. 

 

Table 2. Comparison of the Strecker and alane-Strecker reaction with various sugar nitriles 

and aldehydes using S-PEA and ACH reactants. 

 

Cyanide 
Yield of 
reductive 
hydrolysis 

Strecker reaction alane-Strecker 
reaction Aminonitrile 

product yield dr. (Re/Si)  Yield dr. (Re/Si) Yield 

6 Galactal, Bn 63% 73 3,00 46% 2,50 62% 73 

13 Glucal, Bn 52% 43 1,24 22% 2,63 75% 76 

25 -Glc, Bn -* -*    1/1,35 25%    1/2,77 55% 79 

36 -Man, Me -* -* 2,00 13% 1,53 71% 80 

5 -Gal, Bn -* -* 3,30 17% 5,73 57% 77 

28 2-deoxy-Gal, Bn 53% 62 5,17 33% 4,49 62% 81 
*The aldehyde intermediates were not isolated therefore Strecker reactions were performed using the 
crude products of the reductive hydrolysis. 
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Reactions starting from either nitriles or aldehydes provided aminonitriles with the 

same diastereoselectivity, therefore we can assume that in the alane-Strecker reaction the by-

products formed preceding the cyanide addition, did not substantially affect the 

stereochemistry of the reaction. The 1H NMR experiments suggested the S and R 

configuration for the major -D-glycosyl- and -D-mannosyl-aminonitrile diastereomers, 

respectively. These results were confirmed by x-ray crystallography.  

The stereochemical outcome during the new stereocenter formation by nucleophilic 

cyanide addition to the intermediate C-glycosyl-methyleneimines is affected by dual 

asymmetric induction since a chiral substituent is attached to both the imine carbon and the 

nitrogen. Therefore during dual asymmetric induction, chiral substituents attached to the 

prochiral reaction center can enhance (matched pair) or counteract (mismatched pair) each 

other’s effect by increasing or decreasing the extent of the stereoselection.8 In alane-Strecker 

reactions with chiral substrates determination of  the diastereomers’ configuration was based 

on the anisotropic magnetic shielding effect by the phenyl group in the chiral amine. It was 

postulated that the order of chemical shift of anisocronous protons was not affected by the 

chiral carbohydrate moiety.  In reactions with -glycosyl substrates using S-PEA and ACH 

R-configured main diastereomers were formed as a result of 1,3-asymmetric induction by S-

PEA and the asymmetric induction by the carbohydrates.  

Considering the ring methine group large spatial demand Felkin-type transient state  is 

very unlikely therefore the observed Re-face selectivity can be interpreted by an anti-Felkin 

or a modified Cram model in which not the oxygen is the largest substituent.  
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The possibility to enhance the Re-face selectivity of the alane-Strecker reaction starting 

from the benzyl protected -D-galactosyl cyanide was studied by changing the reaction 

conditions (Table 3).  

 

Table 3. Alane-strecker reactions with benzyl protected -D-galactosyl-cyanide. Effect of 

amines, solvents, and hydrocyanation temperatures on yields and selectivities. 

Amine  Cyanide Solvent Catalyst 
Tb 

(oC) 
Yield 
(%) 

dr. 
(Re/Si) 

Main 
Product 

R-PEA ACH CH2Cl2 - 0  32 2,89 106-R 

BA ACH CH2Cl2 - 0  63 3,11 105-Ra 

BA ACH CH2Cl2 - -40 59 3,78 105-Ra 

BA ACH CH2Cl2 cinchona -40 63 3,78 105-Ra 

NH4Br TMSCN CH2Cl2/MeOH - 0  48 2,43 71-Ra 

S-PEA ACH CH2Cl2 - 0  57 5,73 77-R 

S-PEA ACH CH2Cl2 - -15 46 8,1 77-R 
S-PEA ACH THF - THF 0 - 77-R 
S-PEA TMSCN toluene - -78 60 15,5 77-R 
S-PEA TMSCN toluene Jacobsen -78 62 15,1 77-R 
a The NMR data advise no information about the configuration. 
b Hydrocyanation was perfomed at T (oC) for 2h, then rt for 16h.  

 

 

With R-PEA and ACH the reaction took place with low selectivity (dr. 2.89) and 106-R 

was the favored diastereomer. When R-PEA was replaced with achiral benzylamine similar 

stereoselectivities but higher yields were obtained regardless of the temperature or the use of 

organocatalyst. The alane-Strecker reaction also underwent with ammonium bromide as 

amine source yielding the product with low selectivity. By the use of S-PEA lowering the 

temperature the diastereoselectivity increased and the highest dr. values (~ 15) were obtained 

when toluene was the solvent and TMSCN was the cyanide donor. Stereoselective 

nucleophilic addition on imine intermediates were also studied in the presence of thiourea 

organocatalysts such as cinchona-based and Jacobsen’s thiourea catalysts. In the alane-

Strecker reaction none of these catalysts affected the stereochemical outcome. 

In the reaction of D-galactal aldehyde (48) and nitrile predominant R-diastereomers 

were formed as a results of 1,4-asymmetric induction by the carbohydrate and 
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1,3-asymmetric induction by the chiral amines. In order to study the relative contribution of 

these asymmetric inductions on the stereoselectivity, Strecker reactions of 48 were studied 

with various amines (S-PEA, R-PEA, benzylamine) and cyanide donors (ACH, TMSCN) 

under the same conditions. Applying S-PEA, higher diastreoselectivities (matched pair) were 

obtained than with R-PEA (mismatched pair). The nucleophilic addition on the imine formed 

with R-PEA promoting the Si-face addition the reaction took place on the Re-face with both 

cyanide sources. This indicates a strong Re-face selectivity by the galactal. Based on the 

previous findings we can also postulate a favored Re-face addition to benzylimine derivative 

(114) despite the configuration of the product was not predictable from 1H NMR data.  

0,10

1,00

10,00

 
 

Effect of thiourea catalysts on the hydrocyanation of preformed imines (114-116) 

prepared from 1-formyl-D-galactal (48) with various amines (S-PEA, R-PEA, benzylamine) 

was studied in dichlorometnane at room temperature (Table 4). With these imines slightly 

higher yields and similar diastereoselectivities were obtained as compared with Strecker 

reactions starting from aldehydes.  
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Table 4. Comparison of the diastereoselectivity of  aldehyde- and preformed imine-based 

Strecker reaction and the effect of thiourea catalysts on the stereochemistry 

 

Substrate Amine 
(1.05 eq.) Catalyst HCN 

(1.25 eq.) Product Yield 
(%) 

dr. 
(Re/Si) 

48 S-PEA - TMSCN 73 65 5.82 
48 + S-PEA → 113 - Jacobsen TMSCN 73 78 4.80 
48 BA - TMSCN 74 72 3.36* 
48 + BA → 114 - cinchona TMSCN 74 77 2.85* 
48 R-PEA - TMSCN 75 61 2.44 
48 + R-PEA → 115 - Jacobsen TMSCN 75 77 2.11 
* The NMR-measurement does not has information about the configuration, when 
achiral amine was used. The configuration of the main product is presumably R. 

 

6. Preparation of (S/R)-1-((S)-1-phenylethyl)-2-phenyl-5-(2,3,4,6-tetra-O-methyl-α-D-

mannopyranosyl)-4,5-dihydro-1,3-imidazol 

 

Reduction of α-linked D-mannosyl-aminonitrile diastereomers (80-R and 80-S) with 

lithium aluminium hydride in THF provided the corresponding C-mannosyl-

ethylenediamines with moderate yields (117, 58%; 118, 65%). Diastereomer mannosyl-

ethylenediamines were converted into 5-C-mannosyl-1,3-imidazoline derivatives  (119, 52%; 

120, 67%) in the reaction with benzaldehyde and N-bromosuccinimide. No β-methoxy 

elimination or epimerization occurred during these reactions. 
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Exploitation of the results 

 

Synthesis and structure assignment of previously unknown glycosyl cyanides (7 new 

compounds), C-glycosyl formaldehydes (14 new compounds), 2-amino-2-C-( / -D-

glycosyl)acetonitriles (27 new diastereomer pairs), mannosyl-ethylene-1,2-diamines (3 new 

compounds) and mannosyl-imidazolines (2 new compounds) have been described in the 

dissertation. By development of alane-Strecker reaction the scope of classic Strecker reaction 

has been extended for compounds having cyano functionality. The use of biologically active 

compounds such as peptides and pharmaceuticals with amino functional groups in the alane-

Strecker reaction opens a way for the preparation of C-glycosyl derivatives of these aglycons 

in order to influence their biological properties. Aminonitriles and the diamines can be 

reacted with compounds having carboxyl function (C-terminals of the peptides) to form 

glycoconjugates resistant to enzymatic hydrolysis. In addition, these new aminonitriles can 

serve as building blocks in the synthesis of glycomimetics such as C-glyco-amino acids, 

glycosyl-imidazolines and C-nucleoside analogues. Stereochemical studies of the Strecker-

type reactions using C-glycosyl-methyleneimines provided theoretical basis for 

stereoselective synthesis of C-glycoconjugates preparable by additions to C=N bond. 

Information collected during the study of dual asymmetric synthesis makes possible to 

influence of stereochemistry of other multi-component reactions such as Mannich, Ugi, etc. 

taking place via imine intermediates. 
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