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�(13)�D�Glucans are a group of natural polysac�
charides consisting of D�glucose residues interlinked
through �(13)�glycosidic bonds. Frequently, the
�(13)�linked main chain of these polysaccharides is
modified with glucose �(16)� or �(14)�branches.
�(13)�D�Glucans are fundamental structural members
of cell wall or reserve polysaccharides of bacteria and fungi,
including yeasts, algae, and higher plants. At the same
time, �(13)�D�glucans are absent in vertebrates, in�
cluding humans.1

�(13)�D�Glucans attracted great attention of re�
searchers in the middle of XXth century when they were
found to be capable of stimulating the immune system.
Since that time, more than 6000 studies dedicated to
various aspects of bioactivities of polysaccharides under
discussion have been published. They were shown to pos�
sess anti�inflammatory, anticancer, antimicrobial, antidi�
abetic, and some other bioactivities.2—5

In the last decade, another trend in the study of
�(13)�D�glucans is in progress. These polysaccharides
are known to be components of the cell walls of fungi,
including such dangerous pathogens as Candida albicans
and Aspergillus fumigatus, and they are not produced by
mammals. This makes �(13)�D�glucans and structur�
ally related oligosaccharide ligands promising components
of conjugated carbohydrate�protein vaccines for preven�
tion and treatment of mycotic infections,6 which are one
of the most common hospital acquired diseases with a high
mortality rate.7

�(13)�D�Glucans, especially those isolated from dif�
ferent sources, may vary considerably from each other in
molecular weight and number and position of branches
along the main chain, which has a significant effect on
their secondary and tertiary structures, water solubility,
and other properties. These differences, as well as differ�
ences in the degrees of purity and homogeneity compli�
cate the studies of molecular mechanisms responsible for
�(13)�D�glucan bioactivities, which gives rise to a great
number of contradicting literature data.8 These obstacles
raised a demand for synthetic oligosaccharides correspond�
ing to the �(13)�D�glucan fragments and possessing
a rigorously defined structure and a high degree of purity
from researchers dealing with the study of glucan bioac�
tivities and design of antimycotic vaccine preparations. At
the same time, the oligosaccharide types under discussion
provoke interest of synthetic chemists in these objects.
The present review considers the works on the synthesis of
linear �(13)�D�glucooligosaccharides and their use in
the mechanistic study of �(13)�D�glucan bioactivities
and in the design of conjugated antifungal vaccines.

1. Chemical synthesis of
�(13)�D�glucooligosaccharides

Virtually all presently known chemical syntheses of
�(13)�D�glucooligosaccharides with three and more
monosaccharide units can be represented by the general�
ized sequence of chemical transformations shown in
Scheme 1. Molecule 1 is a glycosyl donor, which is acti�
vated and the group X is replaced during the glycosylation
reaction, i.e. the glycosyl moiety is transferred to the free
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hydroxyl group in the 3 position of molecule 2 referred to
as glycosyl acceptor to form the glycosylation product 3.
The glycosyl donor 1 contains the so called "permanent"
protective groups R2, R4, and R6 at the O(2), O(4), and
O(6) atoms, respectively, i.e. the groups which remain in
the molecule throughout elongation of the oligosaccha�
ride and are removed only at the final preparation step of
free oligosaccharide. It should be emphasized that the per�
manent protective group R2 is acyl providing �stereo�
specificity of glycosylation due to the anchimeric assis�
tance. The hydroxyl group at the C(3) atom in the glycosyl
donor 1 is protected by the "temporary" protective group
R3 which can be removed selectively without affecting the
permanent protective groups. The number of mono�
saccharide residues in the glycosyl donor (n) and glycosyl
acceptor (m) can vary from 1 to 4. The removal of the
temporary protective group R3 in the glycosylation prod�
uct 3 affords the "next�generation" glycosyl acceptor 4
with a longer oligosaccharide chain which also can enter
the glycosylation reaction with the glycosyl donor 1. The
k�fold repetition of glycosylation and temporary protec�
tive group removal results in the formation of oligo�
saccharide 5 containing m + n(k + 1) glucose residues.

The preparation of a representative series of �(13)�
D�glucooligosaccharides up to octasaccharide was de�
scribed for the first time in the first half of 1990s by Japa�
nese authors (Scheme 2).9 In this work, the perma�
nent protective groups were 2�O�benzoyl and 4,6�O�benz�
ylidene groups. The chloroacetyl group was used as the
temporary protection at the O(3) atom. The disaccha�
ride glycosyl chloride 9 served as the glycosyl donor for
chain extension. All oligosaccharides were assembled
starting from the single monosaccharide precursor, viz.,
thioglycoside 6.

Chloroacetylation of compound 6 followed by chlo�
rine treatment afforded glucosyl chloride 7 whose con�
densation with thioglycoside 6 in the presence of AgOTf
and DTBMP* leads to disaccharide 8. In compound 8,
the ethylthio group was substituted for the chlorine atom
to form glycosyl chloride 9, which is the main glycosyl
donor used for extension of the oligoglucoside chain. The
reaction of chloride 7 with methanol followed by removal
of the temporary chloroacetyl group yielded methyl gluco�
side 10, which is the glycosyl acceptor for the preparation
of a series of oligoglucosides with odd number of monosac�
charide residues. For example, glycosylation of 10 with
chloride 9 afforded trisaccharide 13 where removal of the
chloroacetyl group resulted in the "second�generation" gly�
cosyl acceptor 14.

Subsequent iterative glycosylation and temporary chlo�
roacetyl group removal procedures led to oligomers con�
taining five and seven glucose residues. Oligosaccharides
with even number of monosaccharide units were prepared
starting from the disaccharide glycosyl acceptor 12, which,
in turn, was synthesized by glycosylation of methyl gluco�
side 10( 11) with chloride 7 followed by removal of the
chloroacetyl group. The extension of chain in acceptor 12
using glycosyl donor 9 resulted in a series of oligogluco�
sides containing four, six, and eight glucose residues (in
all cases, glycosylation proceeded in 80—85% yields). The
target unprotected methyl glycosides 15 were obtained af�
ter deprotection.

Attempts were made to obtain linear �(13)�D�glu�
cooligosaccharides using glycosyl donors and glycosyl ac�
ceptors where all permanent protective groups R2, R4, and
R6 were acyls. This approach is attractive, since it allows

Scheme 1

R2, R4, and R6 are permanent protective groups, R3 is a temporary protective group, and X is a leaving group.

i. Glycosylation. ii. Removal of the temporary protective group R3. iii. k�Fold repetition of glycosylation and  protective group removal.

* DTBMP is 2,6�di�tert�butyl�4�methylpyridine.
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efficient one�step removal of all protecting groups in the
final products by a common alkaline treatment. However,
the hydroxyl group at the C(3) atom was found to have
a low reactivity in the case when it is in close vicinity to
the acyl protective groups at the O(2) and O(4) atoms.

For example, in the above�considered Ref. 9, the model
glycosylation of glycosyl bromide 16 with the 2,4,6�tri�O�
benzoylated glycosyl acceptor 17 in the presence of AgO�
Tf and DTBMP afforded no anticipated disaccharide 18
(Scheme 3).

Scheme 2

Reagents and conditions: i. ClCH2COCl, CH2Cl2—Py; ii. Cl2, CHCl3; iii. MeOH, Ag2CO3, AgClO4, MS 4 E, CH2Cl2; iv. (H2N)2CS, 2,6�lut�
idine, CH2Cl2—MeOH; v. AgOTf—PhMe, DTBMP, MS 4 Å, CH2Cl2; vi. ethylene glycol, TsOH•H2O, MeCN; vii. MeONa, MeOH.

Note. GOS2m+1 are glucooligosaccharides with odd number of monosaccharide residues (5, 7) (m = 2, 3); GOS2m are glucooligosaccharides
with even number of monosaccharide residues (4, 6, 8) (m = 2, 3, 4); and CA is chloroacetyl.

Scheme 3

Reagents and conditions: AgOTf/PhMe, DTBMP, MS 4 Å, CH2Cl2.

Note. SE is 2�(trimethylsilyl)ethyl.
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To compensate for the low reactivity of a glycosyl ac�
ceptor, more efficient glycosyl donors, for example, glyco�
syl trichloroacetimidates, should be used. However, glyco�
syl acceptors of this type were found to have a significant
disadvantage. Glycosylation of poorly reactive acceptors
often proceeds with a loss of �stereospecificity and re�
sults in the formation of a mixture of � and �glycosides

or even in the formation of �glycoside alone despite the
use of glycosyl donors with the participating acyl group at
the O(2) atom. Some examples of such unusual stereo�
chemical results are given in Scheme 4.

For example, the TMSOTf�catalyzed glycosylation of
triacetyl glycosyl acceptor 20 with glycosyl imidate 19
affords a mixture of disaccharides �21 and �21 in the

Scheme 4

Reagents and conditions: i. TMSOTf, CH2Cl2.

Note. MP is p�methoxyphenyl; and Piv is pivaloyl.
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ratio of 7 : 3, whereas the analogous reaction of imidate 19
with the disaccharide glycosyl acceptor 22 yielded exclu�
sively the �linked trisaccharide 23 (see Refs 10 and 11).
Similarly, the reaction of acceptor 22 with the disaccha�
ride glycosyl donor 24 affords only �tetrasaccharide 25.11

Another example is glycosylation of the trisaccharide
glycosyl acceptor 27 with the disaccharide imidate 26,
which also leads to the �linked product 28.12

The formation of undesirable �anomer during glyco�
sylation of glycosyl acceptors with acyl protective groups
at the O(2), O(4), and O(6) atoms was avoided by the use
of glycosyl donors with the 4�acetoxy�2,2�dimethylbutyr�
yl group at the O(2) atom (Scheme 5).

For example, the reaction between thioglycoside 29
containing the 2�O�pivaloyl protective group and glycosyl
acceptor 30 in the presence of N�iodosuccinimide (NIS)
and AgOTf afforded a mixture of � and �trisaccharides
31 and 32 in the ratio of 1 : 3, whereas glycosylation using
glycosyl donor 33 with the 4�acetoxy�2,2�dimethylbutyr�
yl group afforded �trisaccharide 34 (83%) only.13 On the
authors´ opinion, 4�acetoxy�2,2�dimethylbutyrl group sta�
bilizes the bicyclic intermediate 35 and facilitates the at�
tack of glycosyl acceptor R´OH only from the �side. De�
spite the fact that the use of glycosyl donors with the
4�acetoxy�2,2�dimethylbutyryl group allows avoiding the
formation of undesirable �products upon glycosylation
of 2,4,6�tri�O�acylated glycosyl acceptors, the latter found
no application for the preparation of �(13)�D�gluco�
oligosaccharides.

In all successful syntheses of oligosaccharides under
consideration (with one exception), the benzylidene group
was used for protection of hydroxyl groups at the C(4) and
C(6) atoms. An example of such approach is the de�
scribed14 synthesis of pentasaccharide 42 (Scheme 6) by
sequential extension of oligosaccharide chain by one

monosaccharide residue using glycosyl donor 37, which
was obtained in seven steps from the available 1,2:5,6�di�
O�isopropylidene��D�glucofuranose 36.

At the first step of oligosaccharide chain assembly,
donor 37 was transformed by the reaction with benzyl
alcohol in the presence of NIS and triethylsilyl trifluoro�
methane sulfonate (TESOTf) into benzyl glycoside 38
followed by removal of the naphthylmethyl group under
the action of DDQ to afford 39, on which the oligo�
saccharide chain was then assembled. Glycosylation
of the glycosyl acceptor 39 with the glycosyl donor 37
led to disaccharide 40, which then underwent three itera�
tions of the reaction sequence consisting of removal
of the temporary naphthylmethyl group and glycosyla�
tion to yield the protected pentasaccharide 41. At the final
step, all protective groups in pentasaccharide 41 were
removed to give the deblocked �(13)�D�glucopen�
taose 42.

In some works, the assembly of relatively short oligo�
saccharide chains (5 or 6 monosaccharide residues) was
performed using a complex approach where di� or trisac�
charide glycosyl donors and glycosyl acceptors were as�

Scheme 5

R = Piv (29, 32), AcOCH2CH2C(CH3)2CO (33, 34)

Reagents and conditions: i. NIS, AgOTf.

Fig. 1. Probable mechanism of the effect of 4�acetoxy�2,2�di�
methylbutyryl group on the stereochemical result of glycosylation.
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sembled first of monosaccharide blocks and then inter�
linked at the final glycosylation step. In one of these
works,15 the temporary protective group at the C(3) atom
was acetyl (Scheme 7).

Oligosaccharide blocks were synthesized from � and
�allyl glucosides 43 and 45 using imidate 44 as the single
glycosyl donor. Condensation of compounds 43 and 44 in
the presence of TMSOTf afforded disaccharide 46 (53%)
which was converted into the the disaccharide acceptor 47
by selective deacetylation with HBF4. Repetition of this
reaction sequence afforded the trisaccharide acceptor 48.
The reaction between imidate 44 and glycosyl acceptor 45
yielded disaccharide 49 (53%), where replacement of the
anomeric allyl group with trichloroacetimidoyl led to
imidate 50. At the final step, pentasaccharide 51 was ob�
tained by condensation of 48 + 50. Subsequent removal of
protective groups and epoxidation of the allyl group afford�
ed the target product 52. However, the described selective
removal of the acetyl group under acidic conditions (HBF4,
step ii) in the presence of acid�labile benzylidene groups in
compound 46 (47, 80%) and in the precursor of trisac�
charide 48 is arguable.

The analogous approach (Scheme 8) was used in Ref. 16
for the preparation of hexasaccharide 60. As in Ref. 15,
the formation of the oligoglucoside chain was carried out
starting from the monosaccharide glycosyl acceptor 43

using the glycosyl donor 53 with a levulinoyl group (Lev)*
as the temporary protective group at O(3). The first glyco�
sylation afforded disaccharide 54 (75%), which was con�
verted into the disaccharide glycosyl acceptor 55 by re�
moval of the temporaty protective group. Further glycosy�
lation of (53 + 55) yielded trisaccharide 56 (53%). Simi�
larly, trisaccharide 56 was converted into the trisaccha�
ride glycosyl acceptor 57 by removal of the levulinoyl group
and also into the trisaccharide glycosyl donor 58 by re�
placement of the anomeric allyl group with trichloroacet�
imidoyl. Their condensation gave the protected hexasac�
charide 59 (54%), which was deprotected and after radical
addition of cysteamine to the allyl group afforded the free
glucohexaoside 60 with an amino group in aglycon.

In some works, the �(13)�D�oligoglucoside chain
was elongated by sequential glycosylation with disaccha�
ride glycosyl donors. For example, the thioglycoside donor
was used in Ref. 17 (Scheme 9). The temporary protective
group at the O(3´) atom in 63 was TBS and the O(2) atom
in the glycosylating monosaccharide residue was prot�
ected by the above�considered 4�acetoxy�2,2�dimethyl�
butyryl group.

At the first step, the disaccharide glycosyl donor 63
(92%) was synthesized by condensation of glycosyl donor

Scheme 6

Reagents and conditions: i. BnOH, NIS, TESOTf, MS 4 E, CH2Cl2; ii. DDQ, CH2Cl2—MeOH; iii. 37, NIS, TESOTf, MS 4 Å,
CH2Cl2; iv. camphorsulfonic acid, acetone—MeOH—water; and v. MeONa, MeOH; vi. H2, Pd(OAc)2, 50% aq. MeOH.

Note. NAP is 2�naphthylmethyl; and TES is triethylsilyl.

* Lev is levulinoyl.
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61 with the thioglycoside glycosyl acceptor 62 in the pres�
ence of NIS and AgOTf. In addition, the disaccharide
glycosyl acceptor 66 was obtained by the reaction between
thioglycoside 64 and glycosyl acceptor 65 followed by re�
moval of the temporary silyl protection. Two successive
cycles of oligosaccharide chain elongation via glycosyla�
tion of glycosyl acceptor 66 with donor 63 gave the pro�
tected hexasaccharide 67 (78%).  Notably, the patent ap�

plication (Ref. 18) describes the similar approach to the
preparation of longer oligomers, in particular, the pro�
tected decasaccharide 68 was synthesized by four cycles of
oligosaccharide chain elongation. The removal of all pro�
tective groups in derivatives 67 and 68 afforded �(13)�
glucohexaose 69 and �(13)�glucodecaose 70.

The patent application (Ref. 19) describes a similar
approach (Scheme 10) without experimental details (in

Scheme 7

Reagents and conditions: i. TMSOTf, CH2Cl2; ii. HBF4, THF; iii. PdCl2, MeOH; iv. CCl3CN, K2CO3, CH2Cl2; v. MCPBA, CH2Cl2;
vi. 90% aq. AcOH; vii. MeONa, MeOH.
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particular, reaction conditions and yields) for the prepara�
tion of linear �(13)�D�glucopentadecaoside 81. In this
case, the disaccharide glycosyl trichloroacetimidate do�
nor 75 with a pivaloyl protective group at O(2) and
a chloroacetyl group as a temporary protection of the hydr�
oxyl group at C(3´) was used. Imidate 75 was obtained by
condensation of the monosaccharide glycosyl acceptor 71
and glycosyl donor 72 followed by replacement of the ano�
meric allyl group with trichloroacetimidoyl in the con�
densation product 74.

The monosaccharide glycosyl acceptor 77, on which
the oligosaccharide chain was grown, was synthesized by
condensation of imidate 72 with alcohol 73 followed by
removal of the temporary chloroacetyl group in prod�
uct 76. The first cycle of oligosaccharide chain elongation
involved preparation of trisaccharide 78 by glycosylation

of 77 with glycosyl donor 75 followed by removal of the
temporary chloroacetyl group to give the trisaccharide
glycosyl acceptor 79. Six iterations of this reaction cycle
afforded the protected pentadecasaccharide 80 which was
converted to �(13)�glucopentadecaoside 81 by remov�
al of protective groups and reduction of the azide group in
the aglycon.

The largest linear synthetic oligo��(13)�D�gluco�
side, hexadecasaccharide, was synthesized (Scheme 11)
using the tetrasaccharide glycosyl donor 89 and glycosyl
acceptor 90 (see Refs 20 and 21). The use of large synthet�
ic blocks of this type allowed assembly of the target oli�
gosaccharides in a relatively small number of steps.

In addition, the authors made another important im�
provement, which is based on the �(13)�selectivity22—25

of glycosylation of 4,6�O�benzylidene glucopyranose deriva�

Scheme 8

Reagents and conditions: i. TMSOTf, CH2Cl2; ii. H2NCH2CH2NH2•AcOH, CH2Cl2; iii. (cycloocta�1,5�diene)bis(methyldi�
phenylphosphine)iridium hexafluorophosphate, aq. THF; I2; iv. CCl3CN, DBU, CH2Cl2; v. NaOMe, MeOH; vi. 90% aq. AcOH;
vii. HSCH2CH2NH2, h, aq. MeOH.
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tives  with unprotected hydroxyl groups at C(2) and C(3).
As a result, there was no need for differentiation of protective
groups at the O(2) and О(3) atoms, i.e. selective introduc�
tion of temporary protective group at the O(3) atom and
permanent protective group at the O(2) atom. This sim�
plified significantly the synthesis of both glycosyl donors
and glycosyl acceptors and increased noticeably the total
efficiency of synthetic scheme. In the work under consid�
eration, the temporary protective group at the O(2) and
O(3) atoms was levulinoyl which can be removed selec�
tively in the presence of other acyl groups. At the first step
of synthesis, the tetrasaccharide glycosyl donor 89 and
glycosyl acceptor 90 were assembled starting from two
readily available monosaccharide precursors, viz., thio�

glycoside 82 and trichloroacetimidate 83. Their conden�
sation in the presence of TMSOTf afforded the �(13)�
glycosylation product in yield of 69%. In addition, the
isomeric (12)�linked product was isolated in yield of
6%. This result shows that, even in the case of acceptor 82
with the anomeric thioethyl group, which does not cause
sterical hindrance for 2�O�glycosylaiton, the reaction pro�
ceeds selectively to form the �(13)�bond.

In the resulted disaccharide 84, the free hydroxyl group
at the C(2) atom was benzoylated to form product 85,
which was then transformed to the disaccharide glycosyl
donor 86 and glycosyl acceptor 87 by replacement of the
anomeric thioethyl group for trichloroacetimidate and re�
moval of the levulinoyl groups, respectively. The reaction

Scheme 9

n = 1 (67), 3 (68), 4 (69), 8 (70)

Reagents and conditions: i. TMSOTf, MS 4 Å, CH2Cl2; ii. NIS, AgOTf—PhMe, MS 4 Å, CH2Cl2; iii. HF•Py, Py—THF; iv. H2,
Pd/C, MeOH—THF—AcOH; and v. MeONa, MeOH.
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between imidate 86 and diol 87 in the presence of
TMSOTf afforded tetrasaccharide 88 in 90% yield. Thus, the
presence of a bulky carbohydrate substituent in the ano�
meric position of glucose residue to be glycosylated inhib�
its completely 2�O�glycosylation.

Acetylation of the free hydroxyl group in tetrasaccha�
ride 88 yielded the tetrasaccharide glycosyl donor 89 which
was then used for the oligosaccharide chain extension.
Also, glycosylation of the hexanol derivative with donor
89 followed by removal of the levulinoyl groups afforded

Scheme 10
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glycosyl acceptor 90. The first glycosylation of this com�
pound with donor 89 in the presence of NIS and TfOH
resulted in the formation of octasaccharide 91 which after
acetylation of the remaining hydroxyl group and removal
of the temporary levulinoyl protective groups was trans�
formed into glycosyl acceptor 92. Further glycosylation

of 92 with donor 89 resulted in dodecasaccharide 93, from
which the corresponding glycosyl acceptor 94 was ob�
tained. The last glycosylation (94 + 89) afforded hexa�
decasaccharide 95. At the final step, all protective groups
were removed and the azide group in aglycon was reduced
to yield the free �(13)�oligoglucosides 96—98. High

Scheme 11

Compound n R1 R2 Compound n R1 R2 Compound n
91 1 H Lev 94 3 Ac H 96 6
92 1 Ac H 95 5 H Lev 97 10
93 3 H Lev 98 14

Reagents and conditions: i. TMSOTf, MS 4 Å, CH2Cl2; ii. BzCl, DMAP, Py; iii. N�(phenylsulfinyl)morpholine, Tf2O, CH2Cl2, then
Et3N; iv. CCl3CN, Cs2CO3, CH2Cl2; v. NH2NH2•H2O, AcOH, THF; vi. Ac2O, DMAP, Py; vii. HO(CH2)6OTs, NIS, TfOH,
MS 4 Å, CH2Cl2; viii. NaN3, DMF; ix. NIS, TfOH, MS 4 Å, CH2Cl2; and x. Li, liq. NH3— THF—EtOH; and then MeOH.
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yields of products in the glycosylation reactions shoud be
noted: oligosaccharides 91, 93, and 95 were obtained in
yields of 97, 88, and 82%, respectively.

Recently, the automated solid�phase synthesis of �
(13)�D�glucododecaoside was described26 (Scheme 12).
The oligosaccharide chain was extended by one monosac�
charide residue using the monosaccharide glycosyl donor.
The permanent protective group at the O(2) atom was
pivaloyl and the temporary protective group at the O(3)
atom was 9�fluorenylmethoxycarbonyl (Fmoc). In the first
version of synthesis, the benzylidene group was used for
protection of the O(4) and O(6) atoms and the leaving
group in glycosyl donor 100 was 5�tert�butyl�2�methyl�
thiophenyl. Glycosyl donor 100 was synthesized in seven
steps from the available glucose pentaacetate 99.

The growth of oligosaccharide chain was performed
on the Merrifield funcitonalized resin 101; the linker bind�
ing the resin to the oligosaccharide that formed contained
the ester group which was cleaved simulaneously with re�
moval of the pivaloyl protecing group in the oligosaccha�
ride upon treatment with sodium methoxide. After each

glycosylation reaction, the Fmoc group at the O(3) atom
was removed almost quantitatively under the action of
piperidine in DMF to release the hydroxyl group for sub�
sequent glycosylation. Three cycles of glycosylation with
donor 100 resulted in the formation of polymer�bound tri�
saccharide 102 whose treatment with sodium methoxide
afforded trisaccharide 103. However, all attempts to extend
further the chain in product 102 were unsuccessful. In
authors´ opinion, the benzylidene group causes conformation�
al distortion of the pyranose ring, which affects the reac�
tivity of hydroxyl group at the C(3) atom in trisaccharide 102.

Therefore, the second version of synthesis was based
on application of glycosyl donor 104 where the 4,6�O�
benzylidene group was replaced with the benzyl groups
and the leaving group was dibutylphosphate26 (Scheme 13).
Since the conditions for activation of the dibutylphos�
phate group are incompatible with linker 101, the second
version of synthesis used the photolabile linker 105. Twelve
cycles of glycosylation with 104 resulted in the formation
of polymer�linked dodecasaccharide 106 whose UV irra�
diation resulted in the linker cleavage and formation of the

Scheme 12

Reagents and conditions: i. Seven steps. ii. NIS, TfOH, CH2Cl2—dioxane; iii. piperidine, DMF; iv. NaOMe, MeOH—CH2Cl2.

Note. MR is the Merrifield resin; and Fmoc is 9�fluorenylmethoxycarbonyl.
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protected dodecasaccharide 107. The removal of all pro�
tective groups in compound 107 yielded the target free
�(13)�glucododecaoside 108. The average yield at each
of twelve glycosylation steps was 88%.

The main drawback of the above�considered approach
for the preparation of �(13)�oligoglucosides is the need
for use of glycosyl donors in large excesses to achieve a high
yield of the glycosylation product. For example, each of
twelve glycosylation steps involved three successive treat�
ments of the corresponding polymer�linked glycosyl ac�
ceptor with three equivalents of the glycosyl donor 104 in
the presence of TMSOTf activator (see Scheme 13). Thus,
the nine�fold excess of glycosyl donor was used at each
glycosylation step. This work contains no infromation on
the regeneration of the excess of glycosyl donor.

The reviewed works allow us to resume that the most
efficient approach for the preparation of large oligo��

(13)�D�glucosides is the block synthesis, which involves
oligosaccharide glycosyl donor for the oligosaccharide
chain extension. 4,6�O�Benzylidene derivatives with free
hydroxyl groups at the C(2) and C(3) atoms should be
used as glycosyl acceptors.

2. Enzymic and chemical enzymic
syntheses of oligo��(13)�D�glucosides

Transglycosylation catalyzed with �(13)�D�gluca�
nases was used for the preparation of a series of oligo��
(13)�glucosides with different degrees of oligomeriza�
tion (Scheme 14).27

Polysaccharides of the general formula 109, viz., lam�
inarin from the Laminaria digitata brown alga, which is
a linear �(13)�D�glucan with single �(16)�branches
(not shown in Scheme 14), and curdlan from the Alcali�

Scheme 13

Reagents and conditions: i. TMSOTf, CH2Cl2; ii. piperidine, DMF, 12 glycosylation cycles; iii. h, CH2Cl2; iv. MeONa,
MeOH—CH2Cl2; and v. H2, Pd(OH)2, aq. THF—AcOH.

Note. Z is benzyloxycarbonyl.
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genes faecalis bacterium, which is a linear �(13)�D�
glucan containing no branches, were used as glucose
donors. The glycosyl acceptor was 4�methylumbelliferryl�
glucoside (110). Two endo��(13)�D�glucanases isolat�
ed from Oerskovia sp. bacteria and Spisula sachalinensis
seashell were studied. The composition of oligomer mix�
ture formed depended on the natures of both glucose do�
nor and enzyme. When glucanase from Oerskovia was used,
a mixture of oligomers 111—113 with predomination of
di� and trisaccharides 111 and 112 forms irrespective of
the nature of polysaccharide donor. The use of enzyme
from S. sachalinensis in combination with curdlan results
in the formation of di� and trisaccharides 111 and 112
only and the use of this enzyme in combination with lam�
inaran results in a mixture of oligomers 111—115 whose
yields were 30, 20, 15, 8, and 6%, respectively.

There are works where attempts were made to carry
out the chemical enzymic synthesis of oligo��(13)�D�
glucosides using a glycosynthase technique. This technique
is based on the use of recombinant glycosyl hydrolases
(glycosynthases) which act with the retention of the ano�
meric configuration of substrate in the reaction product; the
replacement of amino acid functioning as a catalytic
nucleophile in the active site results in inhibition of the
hydrolase activity of these enzymes, but their ability to
transfer glycosyl fluorides to the corresponding glycosyl
acceptor is preserved. (13)��D�Glucan�endohydrolase
from barley where glutamic acid 231 was replaced with
glycine ((13)��D�glycosynthase, Glu231Gly) was shown
to be capable of efficient condensation of �laminaribio�
syl fluoride 116 to form �(13)�D�glucan 117 contain�
ing about 30 glucose residues.28 This enzyme can also
transfer glycosyl fluoride 116 to mono� and disaccharide
glycosyl acceptors (Scheme 15).29

The reaction of fluoride 116 with p�nitrophenylgluco�
side 118 upon their mixing at equimolar concentrations
affords mainly glucan 117 due to self�condensation of 116.
At higher concentration of glycosyl acceptor 118 and the
ratio of 116 : 118 = 1 : 5, self�condensation of donor 116
is suppressed to result in the predominant formation of
trisaccharide 119 in 90% yield. In the reaction of fluoride
116 with the disaccharide methylglycoside 120, the corre�
sponding tetrasaccharide 121 was obtained; however, its
yield was not high (45%). Donor 116 underwent no trans�
fer to p�nitrophenylglucoside 122 and no formation of
tetrasaccharide 123 was observed even at the donor�ac�
ceptor ratio of 5 : 1, the reaction product being glucan 117
(see Scheme 15). According to authors, the absence of the
reaction between 116 and 122 can result from their com�
petition for the position of glycosyl donor in the active site
of the enzyme. Inhibition of the formation of �(13)�D�
glucan by self�condensation of glycosyl donor can be
achieved by protection of hydroxyl at the C(3´) atom or its
replacement with the group which cannot adopt the glyco�
syl residue. For example, the 3´�azido derivative 124 un�
dergoes efficient transfer to the monosaccharide acceptor
118 to form trisaccharide 125 at the equimolar reagent
ratio; however, there was no transfer to the disaccharide
acceptor 122 at such reagent ratio. Only, when the five�
fold excess of donor 124 was used, tetrasaccharide 126
was obtained in high yield.

Attempts were made to use the glycosynthase tech�
nique also for the preparation of oligo��(13)�D�gluco�
side with specified number of monosaccharide units.30 The
general view of approach used is represented in Scheme 16.

Laminaribiosyl fluoride 130 where hydroxyl at the
C(3´) atom is protected with the allyl group was used as
the glycosyl donor. The glycosynthase�catalyzed transfer

Scheme 14

i. �1,3�D�Glucanase.

n = 0 (111), 1 (112), 2 (113), 3 (114), 4 (115)
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of donor 130 to the monosaccharide glycosyl acceptor
127 was expected to result in trisaccharide 131 from which
the trisaccharide acceptor 129 was obtained by chemical
removal of the protective allyl group. Repetition of enzy�
mic glycosylation and chemical removal of the protective
group resulted in a series of oligo��(13)�D�glucosides
with odd number of monosaccharide residues. In the case
when the disaccharide glycosyl acceptor 128 was used, the
first act of enzymic glycosylation resulted in tetrasaccha�
ride 132 and, then, in a series of oligomers with even

number of glucose residues. Indeed, only the transfer of
donor 130 to the monosaccharide acceptor 127 proceeded
smoothly to afford trisaccharide 131 in 70% yield, where�
as the attempts to carry out the enzymic glycosylation of
di� and trisaccharide acceptors 128 and 129 were un�
successful. To obtain oligomers with more than three
monosaccharide units, the authors of Ref. 30 also studied
an alternative approach consisting in extension of oligosac�
charide chain on the monosaccharide glycosyl acceptor
127 using larger glycosyl donors. For this purpose, prod�

Scheme 15

i. Glycosynthase.

Note. pNP is p�nitrophenyl.
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uct 131 was transformed in four chemical steps into the
trisaccharide glycosyl donor 133. The enzymic glycosyla�
tion of 127 with donor 133 afforded tetrasaccharide 132 in
70% yield. The authors do not report on the efficiency of
this approach for the synthesis of larger oligo��(13)�D�
glucosides.

Considering Refs 27–30, it may be concluded that the
current enzymic methods cannot compete with chemical
synthesis in a solution to the preparation problem of suffi�
ciently large oligo��(13)�D�glucosides with specified
number of monosaccharide units.

3. Methods of conjugation of synthetic
oligo��(13)�D�glucosides and natural
�(13)�D�glucans with carrier proteins

To date, the preparation of several conjugates of natu�
ral �(13)�D�glucans and synthetic oligo��(13)�D�
glucosides with carrier proteins, which are used as poten�
tial antifungal vaccines, has been described (see Section 5).
Scheme 17 shows the preparation of conjugates of natural
�(13)�glucans of the general formula 109 with the
CRM197 (recombinant diphteria toxoid) protein.31,32 The
above�mentioned laminaran containing about 30 glucose
residues and partially hydrolyzed curdlan containing the
close number of monosaccharide residues were used as the
starting glucans. For transformation of polysaccharide to
the active form necessary for conjugation with carrier
proteins, they were subjected to reductive amination
with ammonium acetate and cyanoborohydride to form

aminated derivatives 134. Then, amines 134 were treated
with the excess of bifunctional reagents, viz., bis(N�suc�
cinimidyl) adipate 135. The resulted monoamides 136
underwent reaction with the CRM197 protein; the acti�
vated ester in derivatives 136 reacted with the amino groups
of lysine residues in the protein to form conjugates of the
general formula 137. According to the analysis data, the
carbohydrate—protein weight ratio in conjugates 137 var�
ied from 0.2 to 0.75.

The analogous approach was used also for the prepara�
tion of conjugates of synthetic hexa� and pentadecasac�
charides 60 and 81 containing the amino group in aglycon
required for conjugation16,32 (Scheme 18). For example,
the sequential reactions of compounds 60 and 81 with
bifunctional reagent 135 and CRM197 protein afforded
conjugates 138 and 139. In the case of relatively short
hexasaccharide, on the average 17 oligosaccharide resi�
dues were included into conjugate 138; in the case of longer
pentasaccharide, the conjugate contained on the average
7.5 oligosaccharide residues per one protein molecule.

In the above�described examples, the activated oligo�
and polysaccharide forms were added to the lysine amino
groups of the protein molecule. An alternative approach
based on conjugation to tyrosine residues is known. Since
the number of tyrosine residues available for modification in
the protein is signficantly lower than that of lysine resi�
dues, the resulting conjugate should possess a more definite
structure with regard to the addition sites of carbohydrate
ligands, which facilitates the reproducibility of prepara�
tion of conjugates and their analytical characterization.33

Scheme 16

n = 1 (127, 131), 2 (128, 132), 3 (129)

Reagents and conditions: i. Glycosynthase; ii. PdCl2, MeOH, allyl group removal; iii. Ac2O, Py; iv. (NH4)2Ce(NO3)6,
PhMe—MeCN—H2O; v. Et2NSF3, CH2Cl2; and vi. MeONa, MeOH.
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The proposed method is based on the nucleophilic ad�
dition of the tyrosine phenol group to the 1,2,4�triazoline�
3,5�dione derivatives (Scheme 19). At the first step, the

tyrosine residues of the CRM197 protein were modified by
the reaction with the 4�phenyl�1,2,4�triazoline�3,5�dione
derivative 140 containing the acetylenic fragment for fur�

Scheme 17

Reagents and conditions: i. AcONH4, NaBH3CN, water, pH 7.5; ii. Et3N, aq. DMSO; and iii. phosphate buffer, pH 7.2.

Scheme 18

n = 4, X = CH2CH2SCH2 (60, 138); n = 13, X = CH2CH2CH2CH2 (81, 139)

Reagents and conditions: i. bis(N�succinimidyl) adipate (135), Et3N, aq. DMSO; ii. CRM197, phosphate buffer, pH 7.0.
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ther addition of the oligosaccharide ligand. The resulted
modified protein 141 underwent reaction with hexasac�
charide 142 containing the azide group in aglycon. 1,3�Di�
polar cycloaddition of the azide group to acetylene ("click
reaction") afforded conjugate 143 which contained about
3.5 hexasaccharide ligands per one protein molecule linked
mainly through the tyrosine residues Y27, Y46, Y358,
and Y380.

Similarly, the CRM197 protein was modified with
1,2,4�triazoline�3,5�dione derivative 144 containing two
propargyl groups (Scheme 20).34 The analysis of modified
protein 145 showed the inclusion of three linker groups
linked also with the tyrosine residues Y27, Y46, Y358, and
Y380. The subsequent click reaction with hexasaccharide
142 afforded conjugate 146 containing six hexasaccharide
residues, each of modified tyrosine residues binding to two
oligosaccharide chains.

The same team of authors studied the relative avail�
abilities of lysine amino group in the CRM197 protein for

modification.35 CRM197 was acylated with activated pen�
tynoic ester 147 (Scheme 21) and the modified protein
148 was then subjected to partial hydrolysis using pro�
teolytic enzymes. The resulted mixture of peptides, in�
cluding those modified with the pentynoic acid residue,
was then studied by the mass�spectrometry methods. It was
shown that at the molar ratio of 147 : CRM197 = 5 : 1,
three residues of pentynoic acid (n = 3) are attached to the
CRM197 protein, mainly to the lysine residues K103,
K221, and K242. With an increase in the 147 : CRM197
ratio to 10 : 1, conjugate 148 containing six acid residues
(n = 6) formed; besides the above�mentioned three lysine
residues, mainly the lysine residues K236, K498, and K526
entering into the reaction. The modified protein 148 (n = 6)
underwent click reaction with hexasaccharide 142 which
afforded conjugate 149 containing six hexasaccha�
ride ligands linked predominantly with the above�men�
tioned lysine residues. The results of this work suggest
that, at certain modifying reagent—protein ratios, con�

Scheme 19

Reagents and conditions: i. 0.5 M Tris buffer•HCl, pH 7.4; ii. CuSO4•5H2O, sodium ascorbate, tris(3�hydroxypropyltriazolylmethyl)�
amine, 0.1 M phosphate buffer, pH 7.0.

Note. Tris is 2�amino�2�hydroxymethylpropane�1,3�diol.
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jugation to lysine residues can also produce conjugates
with quite definite positions of addition of carbohydrate
ligands.

The click reaction was used also for the preparation
(Scheme 22) of three�component conjugate based on
detoxified tetanus toxoid (dTT) 151.36 One of the carbo�
hydrate components was �(12)�D�mannotrioside used
for induction of protective antibodies against C. albicans
whose cell wall contains oligo��(12)�D�manno�
side chains. The second carbohydrate component was

�(13)�D�glucan, viz., laminaran (109, the �(16)�linked
side chains being present in its structure are not shown in
Scheme 22). This glucan is the ligand of dectin�1 receptor
which is expressed at the surfaces of monocytes, phago�
cytes, and dendritic cells. In authors´ opinion, the pres�
ence of glucan chains should provide a more efficient bind�
ing of conjugate to dendritic cells due to interaction with
dectin�1 and, as a consequence, a more efficient presenta�
tion of the �(12)�D�mannotrioside ligand and subse�
quent production of homologous antibodies.

Scheme 20

Reagents and conditions: i. 0.2 M Tris buffer•HCl, pH 7.4; ii. 142, CuSO4•5H2O, sodium ascorbate, tris(3�hydroxypropyltriazolyl�
methyl)amine, 0.1 M phosphate buffer, pH 7.0.

Scheme 21

Reagents and conditions: i. 0.4 M phosphate buffer — DMSO; and ii. 142, CuSO4•5H2O, sodium ascorbate,  tris(3�hydroxypropyltri�
azolylmethyl)amine, 0.1 M phosphate buffer, pH 7.0.
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Laminarin 109 underwent reductive amination with
propargyl amine to form the modified polysaccharide 150
containing the acetylene fragment required for the subse�
quent click reaction. The amino groups of lysine in the
dTT protein was replaced with the azide ones by the diazo�
transfer reaction with imidazolyl�1�sulfonyl azide. Then,
the �(12)�D�mannotrioside derivative containing the
amino group in aglycon was conjugated (step iii in Scheme 22)
with the carboxyl groups of glutamic acid and aspartic
acid residues of the protein. Conjugate 152 obtained in
such way underwent click reaction with the modified lam�
inaran 150 to result in the formation of 153. At the final
step, unreacted azide groups were reduced to yield the
target three�component conjugate 154 containing ~20 tri�
mannoside chains and two�three glucan chains per one
protein molecule. The data on the bioactivity of this prod�
uct are considered in Section 5 of the present review.

4. Study of bioactivities
of synthetic �(13)�D�glucooligosaccharides

�(13)�D�Glucans belong to the group of evolution�
ary conserved macromolecules called pathogen�associated
molecular patterns (PAMPs), which are components of
the cell surface of pathogenic microorganisms not occur�
ring in mammals. For this reason, PAMPs are the most
important structures which are recognized by the innate
immume system.37 During evolution, the immune system
have produced the so called pattern recognition receptors
(PRRs),whose interaction with PAMPs is the first step in
the response of innate immune system to microbial invasion.

Dectin�1 was shown to be the most important PRR
recognizing �(13)�D�glucans.38 This receptor is ex�
pressed at the surfaces of monocytes, neutrophiles, macro�
phages, dendritic cells, and some Т�lymphocytes and me�

Scheme 22

B — �(12)�mannotrioside.

Reagents and conditions: i. propargyl amine, NaBH3CN, 0.2 M phosphate buffer, pH 6.0; ii. imidazol�1�sulfonyl azide hydrochloride,
CuSO4•5H2O, 0.5 M carbonate�bicarbonate buffer, pH 9.8; iii. �(12)�D�mannotrioside�O(CH2)3SCH2CH2NH2, 4�(4,6�dimethoxy�
1,3,5�triazin�2�yl)�4�methylmorpholinium chloride, 100 mM 4�methylmorpholine, pH > 8.0; iv. bathophenanthroline—Cu+, 0.2 M
Tris buffer•HCl, pH 8.0; and v. Me3P, 0.5 M sodium carbonate—THF.
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diate phagocytosis and secretion of inflammation mediators
being involved in the development of immune response to
mycotic pathogens. For this reason, synthetic �(13)�
D�glucooligosaccharides were used to determine the struc�
ture of epitope in the composition of �(13)�D�glucans,
which is responsible for specific binding to dectin�1.

For example, the capability of synthetic linear and
branched �(13)�D�glucooligosaccharides18 109 and 155
to inhibit the interaction between the murine recombinant
dectin�1 and the biosensor surface�immobilized sclero�
glucan, viz., branched �(13)�D�glucan from the Sclero�
tium rolfsii fungus with a molecular weight of ~1000 kDa,
was studied in Ref. 39 by surface plasmon resonance.

The strength of oligomer binding to dectin�1 depends
on the length of oligosaccharide chain and the presence of
�(16)�branches. The linear oligomers 109 containing
from seven to nine monosaccharide residues (n = 5—7)
interacted weakly with dectin�1 (the half maximal in�
hibitory concentration IC50 was in the range of
1.3—2.6 mmol L–1). The linear decasaccharide 109 (n = 8)
exhibited a slightly higher affinity (IC50 0.7 mM). Intro�
duction of �(16)�branch into the oligosaccharide mol�
ecule resulted in a significant increase in the affinity for
dectin�1. For example, the branched decasaccharide 155
(m = 5) was found to be 25�fold more active inhibitor
(IC50 29 mol L–1) than the linear decasaccharide 109
(n = 8) and almost by two orders of magnitude more ac�
tive than nonasaccharide 109 (n = 7). For compari�
son, laminaran (low�molecular�weight polysaccharide
consisting of ~30 glucose residues and containing only

one branch per ~10 glucose residues in the main chain )
has IC50 = 22 nmol L–1.

Inhibition of the interaction between the soluble dec�
tin�1 form and schizophyllan, �(13)�D�glucan from
Schizophyllum commune with a molecular weight of ~450
kDa bringing �(16)�branches on each third glucose res�
idue of the main chain, was studied by enzyme�linked
immunoassay.21 The linear 16�mer 98 (see Scheme 11)
and branched 17�mer 156 (m = 12) were found to inhibit
the dectin—schizophyllan interaction to the same extent,
their inhibiting ability being only about 10�fold lower than
that of schizophyllan taken alone. The shorter linear oli�
gomers 96 and 97 as the branched ones 156 (m = 4, 8)
were significantly weaker inhibitors.

In the same Ref. 21 and later study,40 the interaction
between the linear 16�mer 98 and the lectin�like C�type
domain of dectin�1 was studied by saturation transfer dif�
ference (STD) NMR spectroscopy. The oligosaccharide
was shown to link with the protein through its hydropho�
bic �side, so that mainly the H(1) and H(3) protons of
the glucose residues within the oligosaccharide chain get
involved in interaction. The conclusion of that the glucan
chain—dectin interaction has a hydrophobic nature was
confirmed using STD also by the example of laminaran in
Ref. 41. The same works also showed that the linear hexa�
saccharide 69 (see Scheme 9) does not interact with the
receptor. Thus, the use of synthetic oligosaccharides al�
lowed one to ascertain that, for efficient recognition with
dectin�1, �(13)�D�glucooligosaccharide must contain
at least 12—13 monosaccharide residues.
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However, the mechanism of �(13)�D�glucan bio�
activity mediated by the interaction with dectin�1 is obvi�
ously not the only possible one,41 which follows from the
presence of immunostimullatory activity in short �(13)�
D�oligoglucosides incapable of being recognized with dec�
tin�1 and binding thereto. The immunostimulatory prop�
erties of pentasaccharide 42 (see Scheme 6) compared to
phycarine (commercial name of laminaran) were studied in
Ref. 14. Upon intraperitoneal injection, the reducing pen�
tasaccharide 42 and phycarine stimulate the increase in
the blood levels of monocytes and granulocytes and the
abdominal level of macrophages to the comparable extent.
In addition, compound 42 demonstrated the ability to
stimulate the phagocytic activity of granulocytes and
macrophages and secretion of IL�1 cytokines compara�
ble with that of phycarine. The abilities of 42 and phycarine
to inhibit the breast tumor growth in mice were also close.
The mechanisms of bioactivities of short �(13)�D�
glucooligosaccharides have not been clarified yet.

5. Antifungal conjugate vaccines
based on natural �(13)�D�glucans

and synthetic �(13)�D�glucooligosaccharides

Conjugates of natural �(13)�D�glucans and synthet�
ic �(13)�D�glucooligosaccharides whose preparation
has been described in Section 3 are being studied exten�
sively as key components of potential antifungal vaccines.
The main prerequisite defining the applicability of car�
bon�protein conjugate as vaccine is its ability to stimulate
the body production of IgG antibodies specific for carbo�
hydrate ligands as a part of conjugate. The above�described
conjugates of natural and synthetic glucans 137, 138, 139,
143, 146, and 149 (see Schemes 17—21) can induce the
production of IgG antibodies specifically recognizing the
�(13)�D�glucan chains. The immunological potencies
of conjugates depending on the length of carbohydrate
ligands, their number in the composition of conjugate
(carbohydrate loading), and pattern of binding to carrier
protein (random or directed) were studied. For example,
conjugate 138 containing a relatively short hexasaccha�
ride ligand, but having a high carbohydrate loading
(17 oligosaccharide chains per one molecule of the CRM197
carrier protein) induced a higher titer of antiglucan IgG
antibodies than that induced by the laminaran�based con�
jugate 137 (~30 glucose residues) containing on the aver�
age only 7.5 glucan chains.16 At the same time, the conju�
gate of partially hydrolyzed curdlan (~25 glucose residues)
137 (the number of glucan chains in the conjugate is not
specified) was found to be more immunogenic than con�
jugate 139 containing 7.5 pentadecasaccharide ligands.32

These data show that the formation of antiglucan IgG
antibodies in comparable amounts can be induced by con�
jugates with different content of carbohydrate component,
which allows no unambiguous conclusion of that the

immunogenicity of preparations depend on the length
of conjugated oligosaccharide fragments or the number of
these fragments in the conjugate composition.

In Ref. 34, the immunogenicity of conjugates 137
(based on laminaran) and 138 (based on synthetic hexa�
saccharide) obtained by random conjugation to the lysine
residues of carrier protein were compared with those of
conjugates 143, 146, and 149 where the hexasaccharide
ligands bind to certain tyrosine or lysine residues. The
abilities of conjugates to induce the formation of anti�
glucan IgG antibodies varied in the order as follows:
138 > 143  146 > 149  137, and the authors concluded
that conjugation to tyrosine residues results in more im�
munogenic derivatives compared to conjugation to lysine
residues. However, introduction of two oligosaccharide
chains through one tyrosine residue (conjugate 146) did
not increase the immonological potency. Besides the dif�
ference in the immunological potency, conjugates 137,
138, 143, 146, and 149 differed in the ability to invoke
antibodies which inhibit the adhesion of C. albicans cells
to human epithelial cells. The highest inhibiting activity
was exhibited by the serum obtained upon immunization
with conjugate 149.

The animal models31,32 showed that conjugates 137
(based on laminaran and partially hydrolyzed curdlan) and
139 have protective activities, i.e. the ability to decrease
the mortality rate upon infection with a lethal dose of
infectious agent. If the infection with the lethal dose of
C. albicans was preceded by immunization with the lami�
naran�based conjugate 137, about 80% of laboratory ani�
mals survived, whereas the mortality rate in the control
group reached 90%. The laminaran�based conjugate 137
also possessed protective activity against other fungal
pathogen, viz., A. fumigatus. The protective activity seems
to be mediated by antiglucan antibodies, since only the
whole immune serum and isolated fraction of IgG anti�
bodies, as well as monoclonal IgG2b anbibodies specific
for �(13)�D�glucan possessed protective properties upon
passive immunization with conjugate 137.

The immune serum obtained upon immunization of
with conjugate 137 can also inhibit the growth of C. albicans
and A. fumigatus.31 The protective activities of conjugate
137 based on curdlan and conjugate 139 based on synthet�
ic pentadecasaccharide were close to that of laminaran�
based conjugate 137.32 It should be noted that the conju�
gate of branched synthetic heptadecasaccharide 15719 con�
taining �(16)�branches in the fifth and tenth glucose
residues possessed no protective properties.32 At first sight,
this result is in contradiction with a high protective activi�
ty of laminaran�based conjugate 137 which also contains
�(16)�branches. However, it was assumed42 based on
the study of anti�glucan monoclonal antibodies that the
protective epitope is a linear �(13)�glucose sequence
containing no �(16)�branches and consisting of eight
glucose residues. It is obvious that oligosaccharide 157
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contains no such sequence, while such sequence is present
in laminaran where there are on the average ~10 glucose
residues of the main chain per one branch.

The three�component conjugate 154 (see Scheme 22)
in contrast to the conjugate containing only �(12)�D�
mannotrioside ligands can stimulate immature dendritic
cells and increase secretion of some cytokines, including
TGF� and IL�6, which are activators of Th17 cells. Im�
munization of mice with conjugate 154 induced the for�
mation of �(12)�mannotrioside ligand�specific anti�
bodies with titers being 5�10�fold higher than those upon
immunization with the conjugate containing no glucan
chains.36 Thus, all of this confirms the author assumption
of that introduction of the glucan ligands, which can in�
teract with the dectin�1�bringing immune cells and acti�
vate them, into the composition of vaccinal conjugates
causes a stronger immune response.

The results under consideration suggest the validity of
assumption of that, since �(13)�D�glucan is a compo�
nent of cell walls of all clinically imporatnt mycotic patho�
gens, conjugates based on synthetic �(13)�D�gluco�
oligosaccharides are of great practical promise for appli�
cation as pluripotential antifungal vaccines. This addi�
tionally shows why the preparation of oligosaccharide de�
rivatives being related to linear and branched �(13)�D�
glucan chains are of great interest among synthetic chemists.

The data considered in this review show that the cur�
rent methods and approaches allow efficient synthesis
of quite large �(13)�D�glucooligosaccharide deriva�
tives comparable in length with short naturally occuring
�(13)�D�glucans, for example, laminaran. This creates
a reliable base for the preparation of various model oligo�
saccharides required for the mechanistic study of immun�
ostimulatory activities of natural �(13)�D�glucans and
ligands for the design of conjugated antifungal vaccines.
Yet another promising field of application of �(13)�D�
glucooligosaccharide ligands and their protein conjugates
is their use as components of clinical and ecological diag�
nostic preparations for detection of �(13)�D�glucans
and homologous antibodies.43—48
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No. 2014�14�579�0001�017)).

References

1. Chemistry, Biochemistry and Biology of (13)��Glucans and
Related Polysaccharides, Eds A. Bacic, G. B. Fincher, B. A.
Stone, Academic Press, Elsevier, Amsterdam, 2009, 677 pp.

2. M. Novak, V. Vetvicka, J. Immunotoxicol., 2008, 5, 47.
3. J. Chen, R. Seviour, Mycol. Res., 2007, 111, 635.
4. H. Stier, V. Ebbeskotte, J. Gruenwald, Nutr. J., 2014, 13, 38.
5. D. B. Zekovic, S. Kwiatkowski, M. M. Vrvic, D. Jakovljevic,

C. A. Moran, Crit. Rev. Biotechnol., 2005, 25, 205.
6. A. Casadevall, L.�A. Pirofski, TRENDS Mol. Med., 2006, 12,

6.
7. J.�L. Vincent, D. J. Bihari, P. M. Suter, H. A. Bruining,

J. White, M.�H. Nicolas�Chanoin, M. Wolff, R. C. Spencer,
M. Hemmer, JAMA, 1995, 274, 639.

8. M. Novak, V. Vetvicka, Endocr. Metab. Immune Disord. Drug
Targets, 2009, 9, 67.

9. K. Takeo, K. Maki, Y. Wada, S. Kitamura, Carbohydr. Res.,
1993, 245, 81.

10. Y. Zeng, J. Ning, F. Kong, Tetrahedron Lett., 2002, 43, 3729.
11. Y. Zeng, J. Ning, F. Kong, Carbohydr. Res., 2003, 338, 307.
12. F. Yang, H. He, Y. Du, M. Lü, Carbohydr. Res., 2002,

337, 1165.
13. H. Yu, D. L. Williams, H. E. Ensley, Tetrahedron Lett., 2005,

46, 3417.
14. F. Jamois, V. Ferrières, J.�P. Guégan, J.�C. Yvin, D. Plus�

quellec, V. Vetvicka, Glycobiology, 2005, 15, 393.
15. G.�L. Huang, X.�Y. Mei, M.�X. Liu, Carbohydr. Res., 2005,

340, 603.
16. R. Adamo, M. Tontini, G. Brogioni, M. R. Romano, G. Cos�

tantini, E. Danieli, D. Proietti, F. Berti, P. Costantino,
J. Carbohydr. Chem., 2011, 30, 249.

17. K.�F. Mo, H. Li, J. T. Mague, H. E. Ensley, Carbohydr.
Res., 2009, 344, 439.

18. D. Williams, H. Ensley, H. Yu, PCT Int. Appl. 2006; Chem.
Abstr., 2006, 144, 412834.

19. W. J. Christ, O. Plante, PCT Int. Appl. WO 2012/103058
A1, 2012.

20. H. Tanaka, T. Kawai, Y. Adachi, N. Ohno, T. Takahashi,
Chem. Commun., 2010, 46, 8249.

21. H. Tanaka, T. Kawai, Y. Adachi, S. Hanashima, Y. Yama�
guchi, N. Ohno, T. Takahashi, Bioorg. Med. Chem., 2012,
20, 3898.



Synthetic �(13)�D�glucans and antifungal vaccines Russ.Chem.Bull., Int.Ed., Vol. 64, No. 5, May, 2015 1013

22. H. He, F. Yang, Y. Du, Carbohydr. Res., 2002, 337, 1673.
23. A. Fеrstner, F. Jeanjean, P. Razon, C. Wirtz, R. Mynott,

Chem. Eur. J., 2003, 9, 307.
24. N. A. Jones, S. A. Nepogodiev, R. A. Field, Org. Biomol.

Chem., 2005, 3, 3201.
25. J. Schimmel, M. I. Passos Eleutério, G. Ritter, R. R.

Schmidt, Eur. J. Org. Chem., 2006, 1701.
26. M. W. Weishaupt, S. Matthies, P. H. Seeberger, Chem. Eur.

J., 2013, 19, 12497.
27. R. Borriss, M. Krah, H. Brumer, III, M. A. Kerzhner, D. R.

Ivanen, E. V. Eneyskaya, L. A. Elyakova, S. M. Shishlyan�
nikov, K. A. Shabalin, K. N. Neustroev, Carbohydr. Res.,
2003, 338, 1455.

28. M. Hrmova, T. Imai, S. J. Rutten, J. K. Fairweather,
L. Pelosi, V. Bulone, H. Driguez, G. B. Fincher, J. Biol.
Chem., 2002, 277, 30102.

29. J. K. Fairweather, M. Hrmova, S. J. Rutten, G. B. Fincher,
H. Driguez, Chem. Eur. J., 2003, 9, 2603.

30. E. Montel, M. Hrmova, G. B. Fincher, H. Driguez, S. Cot�
taz, Aust. J. Chem., 2009, 62, 575.

31. A. Torosantucci, C. Bromuro, P. Chiani, F. De Bernardis,
F. Berti, C. Galli, F. Norelli, C. Bellucci, L. Polonelli,
P. Costantino, R. Rappuoli, A. Cassone, JEM, 2005, 202, 597.

32. C. Bromuro, M. Romano, P. Chiani, F. Berti, M.Tontini,
D. Proietti, E. Mori, A. Torosantucci, P. Costantino, R. Rap�
puoli, A. Cassone, Vaccine, 2010, 28, 2615.

33. Q.�Y. Hu, M. Allan, R. Adamo, D. Quinn, H. Zhai, G. Wu,
K. Clark, J. Zhou, S. Ortiz, B. Wang, E. Danieli, S. Crotti,
M. Tontini, G. Brogioni, F. Berti, Chem. Sci., 2013, 4, 3827.

34. R. Adamo, Q.�Y. Hu, A. Torosantucci, S. Crotti, G. Brogio�
ni, M. Allan, P. Chiani, C. Bromuro, D. Quinn, M. Tontin�
ia, F. Berti, Chem. Sci., 2014, 5, 4302.

35. S. Crotti, H. Zhai, J. Zhou, M. Allan, D. Proietti, W. Pan�
segrau, Q.�Y. Hu, F. Berti, R. Adamo, ChemBioChem, 2014,
15, 836.

36. T. Lipinski, A. Fitieh, J. St. Pierre, H. L. Ostergaard, D. R.
Bundle, N. Touret, J. Immunol., 2013, 190, 4116.

37. S. Akira, H. Hemmi, Immunol. Lett., 2003, 85, 85.
38. G. D. Brown, Nature Rev. Immunol., 2006, 6, 33.
39. E. L. Adams, P. J. Rice, B. Graves, H. E. Ensley, H. Yu,

G. D. Brown, S. Gordon, M. A. Monteiro, E. Papp�Szabo,
D. W. Lowman, T. D. Power, M. F. Wempe, D. L. Williams,
J. Pharmacol. Exp. Ther., 2008, 325, 115.

40. S. Hanashima, A. Ikeda, H. Tanaka, Y. Adachi, N. Ohno,
T. Takahashi, Y. Yamaguchi, Glycocon. J., 2014, 31, 199.

41. B. Sylla, J.�P. Guegan, J.�M. Wieruszeski, C. Nugier�Chau�
vin, L. Legentil, R. Daniellou, V. Ferrieres, Carbohydr. Res.,
2011, 346, 1490.

42. A. Torosantucci, P. Chiani, C. Bromuro, F. De Bernardis,
A. S. Palma, Y. Liu, G. Mignogna, B. Maras, M. Colone, A.
Stringaro, S. Zamboni, T. Feizi, A. Cassone, PLoS One, 2009,
4, e5392.

43. J. Douwes, G. Doekes, R. Montijn, D. Heederik, B. Brunek�
reef, Appl. Environ. Microbiol., 1996, 62, 3176.

44. J. Douwes, G. Doekes, R. Montijn, D. Heederik, B. Brunek�
reef, Mediators Inflamm., 1997, 6, 257.

45. J. Douwes, R. van Strien, G. Doekes, J. Smit, M. Kerkhof,
J. Gerritsen, D. Postma, J. de Jonqste, N. Travier, B. Brunek�
reef, J. Allergy Clin. Immunol., 2006, 117, 1067.

46. D. K. Milton, K. U. Alwis, L. Fisette, M. Muilenberg, Appl.
Environ. Microbiol., 2001, 67, 5420.

47. S. J. Van Dyken, D. Garcia, P. Porter, X. Huang, P. J.
Quinlan, P. D. Blanc, D. B. Corry, R. M. Locksley, J. Im�
munol., 2011, 187, 2261.

48. I. G. Akhapkina, T. M. Zheltikova�Vostroknutova, A. B.
Antropova, O. V. Egorova, M. A. Kalinkina, D. V. Yashun�
skii, Yu. E. Tsvetkov, A. A. Karelin, N. E. Nifant´ev, N. A.
Mikhailov, RU 2013130517, patent grant decision on
2014.06.16.

Received November 19, 2014;
in revised form December 18, 2014


	Synthetic b�(1®3)�D�glucooligosaccharides:model compounds for the mechanistic study of b�(1®3)�D�glucan bioactivitiesand design of antifungal vaccines
	Abstract
	1. Chemical synthesis ofb�(1®3)�D�glucooligosaccharides
	2. Enzymic and chemical enzymicsyntheses of oligo�b�(1®3)�D�glucosides
	3. Methods of conjugation of syntheticoligo�b�(1®3)�D�glucosides and naturalb�(1®3)�D�glucans with carrier proteins
	4. Study of bioactivitiesof synthetic b�(1®3)�D�glucooligosaccharides
	5. Antifungal conjugate vaccinesbased on natural b�(1®3)�D�glucansand synthetic b�(1®3)�D�glucooligosaccharides
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 25
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /NewStandardA
    /NewStandardA-Bold
    /NewStandardA-BoldItalic
    /NewStandardA-Italic
    /NewtonC
    /NewtonC-Bold
    /NewtonC-BoldItalic
    /NewtonC-Italic
    /PragmaticaC
    /PragmaticaC-Bold
    /PragmaticaC-BoldOblique
    /PragmaticaC-Oblique
    /Symbol
    /symbol
  ]
  /NeverEmbed [ true
    /CourierA
    /CourierA-Bold
    /CourierA-BoldOblique
    /CourierA-Oblique
    /MathFont1
    /Times-Bold
    /Times-BoldItalic
    /TimesET
    /TimesET-Bold
    /TimesET-BoldItalic
    /TimesET-Italic
    /Times-Roman
    /Webdings
    /Wingdings2
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 202
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 202
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 610
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.48689
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.001 840.999]
>> setpagedevice


