
Glycans
Part I: Chemical Structure 

of Glycans





Key carbohydrate building blocks



Stereogenic carbon furthest from acetal or ketal: R (D) or S (L)



Hemiacetal carbon: anomeric carbon has two possible configurations

Anomers: epimers (diastereomers) at C.1
Diastereomer = non-mirror image stereoisomer
Epimer=diastereomer in which the difference in configuration 
is at a single carbon atom 



Alpha or down in on the right side of the Fischer projection;
Beta or up is on the left side of the of the Fischer projection





Polar effect

Anomeric effect



Evidence for the anomeric effect:
Structure: Reaction rates:

Electronegativity effect: electronegative elements in a bond
have lower energy σ* orbitals, which overlap more closely with lone pairs



Five and six-membered hemiacetals preferred over open chain form



Hydrolysis of glycosidic bonds involves SN1 reactions



The positive charge is at the anomeric carbon atom



Neighboring group effects: anchimeric participation:

Kinetically equivalent: 
which pathway takes place?



Glycosyl hydrolases: rate enhancements of hydrolysis up to 1017!

Concerted SN2-like displacement



Different types of Glycosyl Hydrolases:



Substrate distortion is important in glycosyl hydrolase enzymes

Notice the important role of carboxylate/carboxylic acids in binding
Pocket!



β-glycosyl hydrolases: ring flip required!



Cleavage of β-glycosidic linkages require substrate distortion in order
to achieve an axial leaving group benefiting from the anomeric effect



Retaining glycosyl hydrolases: double inversion and a covalent
intermediate 

Key glutamic and aspartic acid residues in active site



Common glycosylase inhibitors



Polysaccharides

(alpha helix)

(beta sheet)



Cyclodextrin, made from starch



Crystal Structures of alpha, beta, and gamma cyclodextrins

6 glucose                     7 glucose                        8 glucose



The polymer of anthropod exoskeletons:



The glycosaminoglycans in human cartilage are made up of repeating 
Disaccharide subunits

Extrusion polymerization by hyaluronan synthase Gel-like layer

Cushioning of joints



Glycosphingolipids are lipid-like glycoconjugates

The ceramide moeities anchor the glycans to cell membranes



Glycosylphosphatidylinositols serve as anchors that link proteins and 
Carbohydrates to the cell membrane



The glycoprotein Thy-1 is anchored to the membrane of T cells by a 
glycosylphosphatidylinositol



Glycans as determinants of ABO blood type



Sweetness







Glycans
Part II: Chemical Synthesis 

of Glycans



General Concept



Common leaving groups for O-glycosylation



Chemical activation of glycosyl donors:



Glycosyl halides can lead to both α and β glycosides by
halide ion-mediated interconversion of anomeric
stereochemistry



Glycosyl halides: Bromides, Chlorides, and Iodides



Neighboring group participation favors the formation of β-glycosides



Depending on the promoter, glycosyl fluorides can give excess of 
 α or β glycosides



α or β glycosyl imidates can be prepared from sugar lactols



α-imidates give β-glycosides predominantly; β-imidates give
α-glycosides, predominantly



Thioglycoside activation leads to oxonium ion formation under very
mild conditions

Thiophile= NBS, methyl triflate



Two-stage activation:
Thioglycosides can be easily converted to glycosyl fluorides

and used in coupling reactions. 



Danishefsky’s glycal epoxide  method

E+= NIS, PhSeCl, PhSCl



Pentenyl glycosides



Solid Phase Oligosaccharide Synthesis

SPOS by the Danishefsky Method





Schmidt’s imidate method for the preparation of a hexasaccharide



Total synthesis of pectinioside E hexasaccharide (Liebigs Ann. Chem.1992,975-982) 



Total Synthesis of Sialyl Lewis X ganglioside





Glycosyl transferases transfer monosaccharides from
glycosyl phosphate donors.



A Manganese ion coordinates the diphosphate unit, 
making it a better leaving group

aspartate

aspartate



Glycans
Part III: Molecular 

Recognition of Glycans by 
Biomolecules



Cell-cell recognition is mediated by glycoproteins



Crystal structure of gp120, with many glycosylation sites



Protein receptors for carbohydrates are referred to as Lectins



Sialyl-Lewisx

antigen

Sialyl-Lewisx

Binds selectively 
to P-selectin



Notice: surface binding of carbohydrate to lectin



Sucrose binding lectin



Calicheamicin in the
minor groove of DNA



Chromomycin  A3 bound
In the minor groove of
GC-rich  DNA





GM2CD-1 in complex with ganglioside GM2

Ceramide chains buried deep within the protein binding pocket

Glycoproteins such as 
CD 1a present lipid ���
antigens for specific
recognition by 
T-lymphocytes


