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a  b  s  t  r  a  c  t

Polysaccharides  are  ubiquitous  in nature,  and  play  many  critical  roles  in biology.  As  such,  the  synthesis  of
polysaccharides  and  of  polymers  mimicking  the structure  or function  of  polysaccharides  is of keen  inter-
est  in  order  to reveal  structure-function  relationships  and  to prepare  biocompatible  and  biodegradable
materials  for  research  and  commercial  applications.  Recent  developments  in  polymerization  method-
ologies  are  enabling  the  synthesis  of  polysaccharides  and  polysaccharide  mimetics  with  a  variety  of
structures  and  architectures.  While  there  have  been  significant  advances  in  overcoming  the  difficulties  in
controlling  the  regioselectivity  and  stereospecificity  of  glycosidic  bond  formation  during  polymerization,
the  development  of efficient  synthetic  routes  with  general  applicability  to  stereoregular  and  structurally
complex  polysaccharides  remains  a challenge.  This  review  comprehensively  describes  the  chemical  poly-
merization  methods  to  synthesize  polysaccharides  with  different  compositions  and  architectures  (linear,
branched,  and hyperbranched)  and  the  synthetic  procedures  to  polysaccharide  mimetics  possessing,
for  example,  amine  linkages,  amide  linkages,  and  carbonate  linkages.  It  begins  with  a  discussion  of the
challenges  and strategies  for  the synthesis  of  polysaccharides.  We  highlight  the  complexity  observed
in  theses  macromolecules  due  to  the  number  and variety  of stereo-  and  regio-types  of glycosidic  link-
ages  present  between  monosaccharide  residues.  With  regards  to  polysaccharide  mimetics,  we focus  on
polymers  displaying  important  structural  features  present  in  natural  polysaccharides,  such  as a rigid  poly-
mer  backbone  containing  heterocyclic  ring  structures,  short  linkages  with  less  than  three  atoms,  as  well
as multiple  hydroxyl  groups.  Both  condensation  polymerization  and  ring-opening  polymerization  are
used  to  prepare  linear  polysaccharides,  branched  polysaccharides,  hyperbranched  polysaccharides,  non-
O-glycosidic  linked  polysaccharide  mimetics,  and  pseudopolysaccharides.  The  review  concludes  with
reflections  and  suggestions  for future  directions  of  investigation.

©  2017  Elsevier  B.V.  All  rights  reserved.
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1. Introduction and scope

Polysaccharides, along with nucleic acids and proteins, are one
of three classes of biopolymers that exist ubiquitously in nature,
and play many critical roles in the biology of living systems includ-
ing energy storage, structural support, lubrication, and cell signal
transduction [1]. However, progress in polysaccharide research
lags significantly behind that of proteins and nucleic acids in
terms of synthesizing and manipulating these biopolymers, due to
structural complexity and functional diversity [2,3]. Compared to
proteins and nucleic acids whose primary structures are simply
defined by types and consequences of monomers (amino acids and
nucleotides correspondingly), the primary structures of polysac-
charides vary in composition, sequence, regio- and stereo-types of
linkages, branching, and molecular weight [4].

Structurally, polysaccharides are condensation polymers in
which monosaccharide units are joined together by O-glycosidic
linkages (Fig. 1). The O-glycosidic linkage is formed by the conden-
sation or dehydration reaction of the hemiacetal hydroxyl group of
one sugar (glycosyl donor) and a hydroxyl group of another sugar
unit (glycosyl acceptor) [5]. In contrast to nucleic acids and proteins
where monomers are joined together by a specific type of linkage
(phosphodiester bond and peptide bond correspondingly), whose
formation does not involve a stereocenter, a variety of stereo- and
regio-types of glycosidic linkages exist between monosaccharide
residues, including �-(1 → 2)-, �-(1 → 3)-, �-(1 → 4)-, �-(1 → 6)-
, �-(1 → 2)-, �-(1 → 3)-, �-(1 → 4)-, and �-(1 → 6)-linkage (Fig. 2)
[5,6]. Due to the presence of multiple hydroxyl groups, one residue
of a glycosyl acceptor may  connect to more than one glyco-
syl donor through different O-glycosidic linkages. Consequently,

polysaccharides may  be linear or branched, and the branches of
various structures can occur at different positions of sugar units on
the polysaccharide backbones with different branching densities
[7]. Unlike proteins, polysaccharides generally exist as polydis-
persed polymers without defined molecular weights. The degree
of polymerization (DP) usually varies from a hundred to a few hun-
dred thousands [8]. The polydispersity of polysaccharides results
from the fact that biosynthetic production is not under strict and
direct genetic control: there is no template for the synthesis of
polysaccharides. Instead, the program for polysaccharide synthesis
is intrinsic to various enzymes (glycosidases and glycosyltrans-
ferases) that catalyze the polymerization of sugar units, and there
is no specific stopping point in the synthetic process [8,9].

Permutations in these structural parameters consequently lead
to an almost limitless array of polysaccharide chemical structures
and compositions [4]. Sometimes a subtle variation in the monosac-
charide unit, glycosidic linkage, or branching affords a dramatic
change in polysaccharide structure, property, and/or function [5,9].
For example, both amylose and cellulose are natural homopolysac-
charides consisting of (1 → 4)-linked glucose as repeating units,
and the only difference in their primary structures lies in the str-
ereochemistry of the glycosidic linkages: �-and �- for amylase
and cellulose, respectively. This small difference in glycosidic link-
age configuration affords completely different functions: amylose
serves to store the chemical energy obtained from the process of
photosynthesis, and cellulose acts as the structural materials of
plants [9–11].

Owing to structural complexity and polydispersity of polysac-
charides, it is challenging to understand the role they play in
biological processes and elucidate the mechanism underneath
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