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1. Introduction

Carbohydrates are the most abundant group of natural
products and the role of sugars as energy and biosynthetic
resources (glycolysis, pentose phosphate cycle, etc.),
‘energy storage devices’ (photosynthesis) and key structural
elements in the formation of biological backbones
(2-deoxyribose for DNA or N-acetylglucosamine for
murein) is general knowledge.1 Carbohydrates and carbo-
hydrate-containing structural moieties are also involved in
more active biochemical and bioorganic processes. An
enormous amount of precise biological studies of naturally
occurring products and the mechanisms of action of these
substances have shed light on the biological significance of
the glycons of glycoconjugates (glycoproteins, glycolipids)
in various domains such as the molecular recognition for
the transmission of biological information.2 Indeed, the
presence of the sugars greatly modifies the biological
activity of all the drugs. For instance, the glycan chains
control the pharmacokinetics of the drugs, such as
absorption, distribution, metabolism and excretion. Clearly,
the aglycon itself is not active in most instances, as was
demonstrated for many antibiotics and antitumour com-
pounds, with erythromycin, daunomycin or amphotericin B
being prominent examples. It is now well established that
protein- and lipid-bound saccharides play essential roles in
many molecular processes impacting eukaryotic biology
and disease.3 Examples of such processes include fertilisa-
tion, embryogenesis, neuronal development, hormone
activities, the proliferation of cells and their organisation
into specific tissues. Carbohydrates are found in nature as
monomers, oligomers, or polymers, or as components of
biopolymers and other naturally occurring substances. As
domains of natural products, they play important roles in
conferring certain physical, chemical, and biological
properties to their carrier molecules. In addition, they
have been implicated in many cellular processes, including
cell–cell recognition, cellular transport, and adhesion; they
appear in all cells in some form or another, for example, as
peptido- and proteoglycans, glycoproteins, nucleic acids,
lipopolysaccharides or glycolipids.4 Indeed, carbohydrates
are important elements of recognition and specificity in

cell–cell interactions,5,6 for example, as cell surface
oligosaccharides,7,8 for example, tumour-associated anti-
gens,9 lectins,10,11 glycoproteins, glycolipids, and immuno-
determinants. They also play a part in the mode of action of
many drugs as they contribute to a variety of processes,
including active transmembrane transport,12,13 stabilization
of protein folding,14 and enzyme inhibition.15,16 With this
stimulating biological background, the O-glycosylation
method, which is a crucial synthetic organic methodology
to attach sugars to other sugar moieties or other molecules
(aglycon), is again becoming more and more important.
Since the major historical advance of the Koenigs–Knorr
method was shown in 1901, considerable attention has been
directed towards the efficiency of the O-glycosylation
method.17 From a synthetic standpoint, the efficiency of
the O-glycosylation reaction generally involves a high
chemical yield, regioselectivity, and stereoselectivity.
Among these, the high regioselectivity was easily realised
by the selective protection of the hydroxyl group of the
glycosyl acceptor. Therefore, many organic chemists have
focused on the high chemical yield and high stereoselec-
tivity of this reaction. This review concentrates on the
applications of the O-glycosylation reaction for the
synthesis of biologically attractive natural products and
analogues except steroidal glycosides, which have been the
subject of a recent review (Scheme 1).18

This review is an update of the use of O-glycosylation in
total synthesis covering the literature from 1993 to date,
since early work has already been reviewed.19 For a survey
on the applications of the O-glycosylation reaction for the
total synthesis of natural products and related compounds,
glycosyl donors are roughly classified into five groups,

Scheme 1. Glycosylations of aglycons in the formation of natural products
and analogues.
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