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I. Introduction

Various aspects of the coordination chemistry of natural carbo-
hydrates have been detailed in a number of reviews.1 ± 8 The
coordination chemistry of chemically modified carbohydrates
has been studied in far less detail; the data available 8 ± 11 discuss
only some aspects of this field of research. The interest in this topic
is connected with further improvement of methods of synthetic
chemistry of carbohydrates.

Chemical modification of monosaccharides aimed at the
preparation of ligands consists predominantly in the coupling of
natural monosaccharides, which are continuously reproduced
upon photosynthesis, to a priori complex-forming (in the extreme
case, chelatogenic) fragments. This approach allows a consider-
able increase in the structural diversity of carbohydrate complex-
ones, which are chiral by nature. Such complexones and their
metal complexes are necessary for the preparation of chirally pure
pharmaceuticals.

This review is an attempt to get a better insight into this branch
of chemistry. The material presented herein is arranged according
to the principle used in our previous review.6 The ligands are
classified into oxygen, nitrogen-, phosphorus-, sulfur- and sele-
nium-containing monosaccharide derivatives according to the
type of donor heteroatoms. Metal cations for each ligand class
are cited in the order of complexity of their electronic configu-
rations and in conformity with their positions in the Periodic
Table, i.e., s-, p-, d- and f-metals.

II. Metal complexes of monosaccharide
O-derivatives

1. Complexes with s-metal cations
Free water-soluble monosaccharides represent 2, 3, 6 weak com-
plexones of s-metal cations owing to strong competition of water
molecules for the coordination of these cations. O-Alkylation
(acylation) or acetalation of monosaccharides increases their
hydrophobicities as a result of which the corresponding deriva-
tives become soluble in organic solvents where they play the role of
moderate s-metal complexones due to the lack of water. This can
be exemplified by the acetalated monosaccharide 1 (see Ref. 12)
and the di-O-methyl derivative 2.13 Thus substitution of the
O(CH2)2OH and O(CH2)2O(CH2)2OEt fragments for the
methoxy groups in compounds 1 and 2 yields 12, 13 carbohydrate
podands (acyclic analogues of crown esters);2 their affinities for
s-metal cations markedly exceed those of the starting monosac-
charides. This is especially typical of podands 3 (R is a per-O-
acetylated monosaccharide residue) 14 and 4.15

As can be judged from qualitative reactions, regioisomeric
mixtures of podands and coronands (e.g., compounds 5 and
6) 15 ± 19 readily bind alkali metal cations.
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The coordination of coronands 7,20 8 21 and 9 (see Ref. 22)
involves carbohydrate fragments. Ethers 10 (see Ref. 23) and a
coronand 11 coordinate s-metals in a similar way, i.e., with the
involvement of carboxy groups.24 This imparts additional stabil-
ity to complexes of the above-mentioned ligands.

2. Complexes with p-metal cations
This type of complex, like complexes with s-metal cations, are
relatively scarce. They include a series of borates of acetalated
sugars (e.g., compound 12 and its derivatives).25 The O-carboxy-
methyl derivative 13 binds Al(III) and some d-metal cations.26 In a
homoleptic complex 14, the aluminium atom and three carbohy-
drate ligands form a trigonal pyramid.27

The Sn(IV) complexes of the general formula 15 are the most
extensively documented in the literature.28 ± 30 Organotin com-
pounds with organometal fragments directly bound to the carbo-
hydrate core 31, 32 are characterised by intramolecular
coordination of the type 16a.31

The stannylene carbohydrate acetals 17 form dimers 18.33, 34

Some analogous derivatives form trimers and even pentamers.34

For other p-metals, only complexes of the type 16b,c and 19a,b
have been described.30

3. Complexes with d-metal cations
d-Metal complexes are especially fully and diversely represented in
the coordination chemistry as a whole and in the coordination
chemistry of modified monosaccharides, in particular, which to
some extent is characteristic of complexes of monosaccharide
O-derivatives. Thus the above-mentioned O-carboxymethyl
derivative 13 is coordinated 26 not only with the p-cation of
Al3+, but also with d-cations Cu2+, Fe3+, Co2+, Ni2+ and
Mn2+. The formation of copper bischelates 20 in the selective
O-alkylation (acylation) of the acetalated glycoside 21 in organic
solvents in the presence of copper(II) has been described.35

We failed to retrieve any literature data on complexes of
monosaccharide O-derivatives with d-metal cations of subgroups
IB and IIIB. d-Metal complexes of subgroup IVB were studied in
some papers devoted to the use of monosaccharide Ti(IV) com-
plexes in modern organic synthesis.36 ± 41 Ti(IV) complexes con-
taining D- and L-tartaric acid derivatives, which are employed in
the highly efficient enantioselective Sharpless epoxidation of
allylic alcohols (optical yields 80%± 100%) have been studied in
most detail.36 ± 38 (Sharpless was awarded aNobel prize in 2001.42)
The Sharpless catalysts form very diverse structures in solu-
tion 43, 44 with cyclic (22) 36 ± 38, 45 and bridge-type (23) dimers
predominating.38, 45, 46

Titanium complexes 24 serve as nucleophilic reagents in some
enantioselective transformations.39 ± 41 The chlorine atom in com-
plex 25,47 which is a structural analogue of the complex 14, is
readily exchanged for alkyl and other groups, e.g., the allyl
group.48 Like organometallic compounds, the substitution prod-
uct adds enantioselectively to the carbonyl group.48

X = CH2COCH2, CH2;
Glyc is an acetalated or acetylated
monosaccharide residue.
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The chiral ligands in the homoleptic complexes 26 based on
diacetone glucose 27 and the oxygen-rich periphery form cavities
which favour further coordination. X-Ray diffraction analysis
data suggest that two pyridine and two carbohydrate ligands in
the complex 27 are localised in the equatorial plane of the pseudo-
octahedral structure.27

In the case of d-metals of subgroup VB, the vanadiumdi-O-
isopropylidene-D-glucose complex 28 is the only complex
described so far.49 According to X-ray diffraction analysis data,
the ligands in this complex form a propeller-shaped structure
having a L-configuration. Reaction of the complex 28 with
lithium and sodium alcoholates of di-O-isopropylidene-D-glucose
yields complexes [V(OGlyc3)6M3] (M=Li, Na) where the carbo-
hydrate ligands form an environment for M+ which resembles
that of the solvate complex (structure 29).50 Thus, metal com-
plexes of modified sugars can in principle be used as ligands for
group IA metal ions:

Carbohydrate-containing d-metal complexes of subgroup
VIB are represented in the literature by carbene complexes of
two types. The first of them includes complexes 30 51 where the
acetalated carbohydrate moiety is in the b-position relative to the
carbene carbon atom. In the second type of complex (31),52 the
acetylated carbohydrate fragment is linked directly to the carbene
carbon atom.

Carbene complexes of the second type (e.g., 32) have been
known for d-metals of subgroup VIIB.53

Complexes 33 were prepared 54 from acetylated glycosyl
bromides by exchange reaction with NaMn(CO)5 . Interactions
of 1,6-anhydrohexopyranoses 34 with Mn2+, Mn3+ and Mn4+

follow the Angyal rule;3, 6 the ligand complexes with the axial-
equatorial-axial orientation of the three vicinal hydroxy groups
are the most stable.55

The structurally unique iron carbonyl complexes 35,56 36 52

and 37 57 and the p-complex 38 58 are of interest among carbo-
hydrate compounds of group VIII metals. m3-Carbine clusters,
e.g., compound 39, have been prepared.59

In strongly alkaline aqueous media, vicinal diol groups of
partially protected monosaccharides undergo deprotonation; the
deprotonated forms of these compounds coordinate the metal
complex trans-[(en)2CoCl2]Cl (en is ethylenediamine) to yield
complexes 40 with a predominant L- or D-configuration depend-
ing on the stereochemistry of the monosaccharide.60

Complex [Pd(OH)2(en)] reacts with 1,6-anhydro-b-D-glucose
(levoglucosan) in strongly alkaline aqueous solutions7 to afford
complex 41 (by analogy with the complex 40). The complex
[PtMe3(Me2CO)3]+BFÿ4 is coordinated with acetalated aldoses
(e.g., di-O-isopropylidene-D-glucose Glyc3OH) to give the com-
plex 42 with elimination of the terminal isopropylidene protective
group. Per-O-acetylated aldoses form complexes similar to 43.7, 61
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III. Metal complexes of nitrogen-containing
monosaccharide derivatives

The predominance of nitrogen-containing ligands in coordination
chemistry on the whole 62 is also characteristic of the coordination
chemistry of carbohydrates. Nitrogen-containing monosacchar-
ide derivatives coordinate virtually all known metals.

1. Complexes with s-metal cations
The majority of s-metal complexones in the series of nitrogen-
containing monosaccharides, e.g., the amino derivatives 44, 45,63

46 ± 48,64 49 and 65, 66 50 67, 68 and the amido derivatives 51 ± 59,
have simple structures.69 Typical s-metal complexones, such as the
azapodands 60 (see Ref. 70) and 61 have also been prepared.69

The ability of these compounds to form complexes with s-metals
was estimated by qualitative reactions.64

The podand activity ofN-glycosylaminocarboxylates is prob-
ably due to their ability 70, 71 to form the dimers 62 in non-polar
media. The formation of the tetramer 64 from the acetalated
N-glycoside, viz., guanosine 63, which also occurs in non-polar
media, is yet another example of aggregation of cavity-free
compounds into those with cavities.72 ± 74 The tetramer 64 forms
stable L2M complexes (L= 64) with K+ and Cs+ where the
coordination apparently involves the carbonyl oxygen atoms. An

important role is played by the structure of the carbohydrate
fragment; thus substitution of O-acetyl groups for the isopropy-
lidene protective group in compound 63 prevents aggregation.74

A series of carbohydrate azacrown ethers 65 form stable
complexes with Na+ and K+ ions [logKst=4 ± 6 (in CDCl3)].75

The azacoronands 66 and 67 (see Ref. 64) catalyse the enantiose-
lective reduction of a prochiral ketone acetophenone under phase-
transfer conditions with optical yields of 48% and 20%, respec-
tively.76

2. Complexes with d-metal cations
In contrast to the poorly investigated coordination of nitrogen-
containing monosaccharide derivatives with p-metal cations,
there is a considerable body of data on analogous complexes
with d-metal cations.

a. Complexes of N-glycosides and related compounds
N-Glycosides containing chelate-forming fragments as aglycons
are unstable; therefore, their complexes with metals are prepared
using different approaches, e.g., reactions of aldoses with ethyl-
enediamine with subsequent addition of copper(II) halides to the
reactionmixtures.77 At first, aldose 68a as the aldehyde (form 68b)
reacts with ethylenediamine to produce the Schiff base 69, which is
immediately cyclised into N-glycoside 70. In turn, the free amino
group in compound 70 reacts with the aldose resulting in bis-N-
glycoside, which yields complex 71 upon addition of copper(II)
salts. 77 In the case of N,N 0- and N,N-dimethylethylenediamine,
only one amino group is involved in the formation of N-glyco-
sides; the resulting complexes have the structures 72a and 72b,
respectively.
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The reactions of aldoses with [Ni(en)3]2+ (73) afford the
biscarbohydrate complexes 74.9, 78 Apparently, the aldehyde
form 68b first reacts with the amino groups N(1) and N(2) of the
complex 73 as is shown in the previous scheme, 68b? 69? 70, the
reacting ligands being localised in the coordination sphere of the
complex. Further, the hydroxy groups at C(2) of the carbohydrate
residues incorporated into the metal complex displace the ligand
with the amino groups at N(3) and N(4) from the coordination
sphere (as in the case of formation of the complex 40) and are
coordinated with the central metal atom (the formation of metal
complexes by ligand exchange 62). The reactions with ketoses yield
monocarbohydrate complexes 75;9, 78, 79 noteworthy, the coordi-
nation involves the primary hydroxy group at C(1) in addition to
the secondary hydroxy group at C(1).

Reaction of D-mannose with the Ni(II) ±N,N 0-dimethylethy-
lenediamine complex yields compound 76 having unusual bridg-
ing structure;9, 80 one of the carbohydrate ligands in this complex
assumes a furanose form seldom occurring in carbohydrate metal
complexes. The [Ni(tn)3]2+ complex (tn is trimethylenediamine)
reacts with aldoses like [Ni(en)3]2+ to yield products analogous to
the complex 74.9, 81 A similar result was obtained in the case of the
Ni(II) b-alanine complex.9, 82

Substitution of Co3+ for Ni2+ significantly changes the mode
of coordination of the carbohydrate ligand: the conformation of
the six-membered ring of the single carbohydrate ligand in

complex 77 is considerably distorted, which facilitates involve-
ment of the hydroxy group at C(3) in the coordination.9, 83, 84

The main principles of the geometry of the metal complexes
under discussion are retained in the case of a structurally more
complex amino component, viz., N,N-bis(2-aminoethyl)-
ethylenediamine (tren) 78. Thus the reaction with nickel(II)
yielded mono- (79) (in the case of D-glucose) and biscarbohydrate
(80) complexes (in the case of D-mannose).85

Triscarbohydrate complexes 81 with Ni2+ (see Refs 9, 85 and
86) and Co3+ (see Refs 9, 85 and 87) using N-glycosides 82 as
ligands could also be synthesised.

All the metal complexes synthesised are characterised by a
specific anomeric configuration (a or b) of the glycosidic imino
group, l- or d-conformation of the five-membered metallocycles
and helical L- or D-configuration 88 of the chelate point owing to
the transfer of chirality from the carbohydrate ligands to themetal
centre. Reversible chiral inversion of the L-diastereomer into the
D-diastereomer in complex 81 (M=Co3+) after substitution of
the sulfate ion as the counterion for the halide ion has been
described for the first time.87 The synthesis of a bridging double-
charged complex 83 based onD-glucose is another step forward.89

In a similar scheme (viz., by the reaction of a carbohydrate
ligand with a metal-containing derivative), starting fromN-glyco-
side 84 and alkynylcarbene complexes 85, a mixture of complexes
86 and 87 (3 : 2) was obtained.90 Ferrocenyl derivatives 88 and 89
were synthesised analogously.91
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TheN,O-coordination of amino acidN-glycosides 90 (as salts)
is a characteristic of complexes 91 with salts M1

2[M
2Cl4]

(M1=Na, K; M2=Pt, Pd).7, 92 N,N-Coordination (structure
92) is observed only in the case of histidine.7, 92

b. Complexes of O- and C-substituted monosaccharides with
nitrogen-containing fragments
The central metal atom in the copper complex 93 of O-(b-D-
xylopyranosyl)-L-serine is surrounded 93 by four carbohydrate
ligands with a distorted octahedral configuration.

The D-glucopyranosyl ester of glycine 94a and its partially
(94b) and fully substituted (94c) derivatives coordinate Fe(III)
exclusively through the oxygen atoms of the carboxy groups to
yield complexes 95a ± c,94 their structures are simpler the larger the
number of protective groups.

O-Glycoside analogues 96 of the ferrocenyl derivatives 88 and
89 have been prepared.95

The type of coordination in 2-[poly(hydroxyalkyl)]thiazol-
idine-4-carboxylic acids 97 depends on the nature of the metal
ion.96 ± 98 The Cr2+ cation in complexes ML2 (L= 97), as in
a-amino acid metal complexes, is coordinated through the imino
group and the carboxy group of the heterocyclic fragment.96

Similar structures are formed with Zn2+, the latter being coordi-
nated at the hydroxy group through the C(2) atom of the
carbohydrate residue.97 The Pd2+ cation is coordinated through
the nitrogen and sulfur atoms of the heterocyclic fragment 98 (the
so-called competitive coordination 62). It is interesting to note that
the stability constants of zinc complexes depend on the chirality of
the C(1) atom of the carbohydrate fragment.97

Metal complexes 98 ± 102 were prepared in high yields using
the electrochemical method.99, 100 The copper chelates 98, 99a and
101 possess a distorted planar configuration of the chelate point,
and other complexes have octahedral structures.99, 100

c. Complexes of amino sugars and their derivatives
D-Glucosamine (103a), D-mannosamine (103b) and D-galactos-
amine (103c) react with [Ni(en)3]2+ to yield complexes 104 9, 101

similar to complexes 74 containing an amino group at C(2) instead
of a hydroxy group. Reactions of D-glucosamine 103a with
[Co(NH3)3]3+, [Co(en)3]3+ and [Co(phen)2]3+ (phen is phenan-
throline) yield complexes 105 by a ligand exchange mecha-
nism.9, 102 The use of an alternative workup of the
D-glucosamine (103a) ± [Co(en)3]3+ mixture (see Ref. 103) gave
eight monocarbohydrate metal complexes.
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Among the complexes isolated,103 only compound 106 with a
pyranose form of the carbohydrate ligand is a normal product. In
the other complexes, D-glucosamine 103a is transformed into both
D-mannosamine 103b by the Lobry de Bruyn ± van Ekenstein
rearrangement,104, 105 and D-fructosylamine by the Amadori
rearrangement 105 (complex 107). Complex 108 where D-glucos-
amine exists in an unusual open aminal form is of most interest.
The complexes formed are diastereomerically pure and have a D-
or L-configuration at the chelate point. The study 103 is undoubt-
edly one of the key studies in the coordination chemistry of
carbohydrates, since it demonstrates extreme flexibility of unpro-
tected monosaccharides in complexation with metals.

The oxidation products of the glycosidic hydroxy group of
2-amino sugars, i.e., the carbohydrate a-amino acids 109, coor-
dinate d-metal ions only through the carboxy and amino
groups.106 ± 108 Complexes 110 provide yet another illustrative
example of the non-involvement of the carbohydrate fragment in
the coordination.109

Monoamino sugars of the type 103a ± c form complexes 111
with platinum metals.9, 110 The protected amino sugar 112 yields
complexes of analogous structures.9, 110 In the case of synthetic
vicinal diamino sugars, coordination (e.g., with the formation of
the complex 113) follows the same scheme.9

The reaction of protected N-glycosylaminocarboxylates 114
with platinum metal complexes gives complexes 115 ± 117.9, 111

Complexes of N-glycosylaminocarboxylate 50 with Cu2+

(118) have a square-planar structure, whereas with Co2+ and
Ni2+ ions, octahedron 119 is formed involving the hydroxy
groups at the C(5) atom of the carbohydrate fragment.19, 112 ± 115

The structures of complexes of a carbohydrate amino deriva-
tive 49with d-metal cations depend on the basicity of the medium.
In alkalinemedia, reactions with the correspondingmetal acetates
yield monocarbohydrate complexes 120 and 121, while in neutral
media, biscarbohydrate complexes 122 are formed.66

Some papers describe metal complexes of the Schiff bases
prepared from natural and synthetic amino sugars. Thus the
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Schiff bases 123a,b of both unprotected and protected D-glucos-
amine form ordinary bischelates 124,116 ± 118 while the carboxylic
derivative 123c reacts with Cu(II) to give the binuclear bridging
complex 125.117 In the case of Pt(II), the coordination involves the
nitrogen atoms to yield complex 126 7 due to the absence of a
donor substituent in the ortho-position of the aromatic ring (all
the hydroxy groups in the carbohydrate fragment are acetylated).

Mixed zero-valent palladium complexes 127 in which the
double Schiff base is used as a carbohydrate ligand and dimethyl
fumarate, fumarodinitrile andmaleic anhydride are used as alkene
components, have been synthesised.119.

The coordination capabilities of amino sugars can be signifi-
cantly enlarged owing to the introduction of coordinating frag-
ments into the amino group as can be exemplified by the
b-oxoenamino derivatives 128, which form binuclear complexes
129 with copper.120

The ability of isocyanides, e.g., compound 130 obtained from
D-glucosamine, to enter into ligand exchange reactions was
successfully employed 121 in the preparation of complexes
131 ± 136 with different structures. Complexes 132 and 134 can
add other isocyanides as well as amines and alcohols, e.g., with the
formation of complexes 137.122

Special mention should be made of a yet another interesting
peculiarity of the complexation of the compounds under discus-
sion. The feasibility of a transfer of chirality from a carbohydrate
ligand to ametal centre inmetal complexes of chemically modified
carbohydrates was demonstrated above. A most illustrative
example of this phenomenon is the reaction of the diol derivatives
138 (obtained from tartaric acid) with silver triflate,122 which
yields either the polymeric complex 139 in the form of a right- or
left-handed helix (supramolecular polymeric complexes, heli-
cates 123), or, in the case of the meso-diol, the cyclic dimer 140,
depending on the chirality of the starting diol.

IV. Metal complexes of phosphorus-, sulfur- and
selenium-containing monosaccharide derivatives

The discovery by Wilkinson of the ability of chlorotris(triphenyl-
phosphine)rhodium(I) to efficiently catalyse homogeneous hydro-
genation of alkenes at room temperature 124 gave a strong impetus
to the appearance of a vast number of publications devoted to the
molecular design and applications of this type of catalyst includ-
ing enantioselective ones. This, in turn, generated the need for the
synthesis of some organophosphorus carbohydrate derivatives,
such as phosphines, phosphinites, phosphites and hydrogen
phosphonates and phosphates.

Chiral phosphines DIOP (141) are the most popular phos-
phine ligands used in catalysis; the ruthenium complex
DIOP±Ru2Cl4[(7)-DIOP]3 has a hypothetical structure
142.125, 126
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The monophosphine ligand 143 reacts with Pd(II) to give
complex 144.127

A series of [Rh(cod)(PPh2Glyc)2]ClO
ÿ
4 complexes (cod is

cyclooctadiene) have been synthesised from acetalated monosac-
charide monophosphine derivatives, e.g., compound 145.7

Synthetically more accessible phosphinites react with Rh(III)
to yield complexes 146 3, 128 ± 132 similar to monophosphine com-
plexes of the acetalated ligands 145.

Many studies by Russian investigators have been devoted to
the complexation of carbohydrate phosphites (see, e.g., a
review 133). Thus hydrogen phosphonates derived from acetalated
monosaccharides 147 yield palladium complexes 148.134 ± 137

Treatment of the readily available phosphite (Glyc3O)3P with
Cu(CO)Cl gives the tetramer {CuCl[P(OGlyc3)3]}4 having a cubic
structure.138

The bicyclophosphite complexes LCuX (L= 149; X=Br,
I),139 ± 142 with a cubic structure (150) in the solid state, have been
prepared.143

Phosphorodiamidites 151 form complexes (Z3-C3H5)Pd(L)Cl
and L2Rh(CO)Cl 144 as well as trans-[PtCl2L2] (L= 151).145 Their
structures and the coordination sites of metal ions have not been
established.144, 145

Carbohydrate phosphates have been investigated in less
detail. The preparation of a cobalt complex with the phosphonate
152 146 having a hypothetical dimeric structure 153 has been
reported.

Some papers are devoted to sulfur- and selenium-containing
monosaccharides, particularly thiolates and selenolates. These
compounds are, in principle, soft bases, therefore the complexes
of the corresponding carbohydrate derivatives with soft cations,
such as Au+, and platinum metal cations (the principle of hard
and soft acids and bases 147), have been studied first. Thus dithiol
154a forms a mixed complex 154b with gold(I).148 The HS7SH
group in the dithiol ± rhodium complex 155a forms a part of the
chelate centre (structure 156).7 The iridium cation in complex 157
prepared from the thioethers 155b (R=Me, Pri, Ph) is coordi-
nated in a similar way.7

The readily available carbohydrate dithianes react smoothly
with K2[PtCl]4 ; thus compound 158 yields the complex 159.7

A fairly large number of papers are devoted to complexes of
acetylated b-D-thioglucose 160. Gold complexes 161 are used in
medicine 149, 150 along with analogous gold complexes containing
a deacetylated carbohydrate fragment. Iron, ruthenium, tungsten
and platinum complexes 162 ± 165 with acetylated thioglucose
have been described.7

Some complexes of sulfur- and nitrogen-containing carbo-
hydrate ligands have been investigated. Thiocarbamates 166 react
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with bridge binuclear platinum complexes to yield complexes
167 ± 172.7

The metal atom in complexes with the thiourea ligand 173 (L)
[M(Z5-Cp)Cl2L] (M=Rh, Ir), [Pd(o-C6H4CH2NMe2)ClL] and
[MCl2L2] (M=Pd, Pt) is coordinated through the nitrogen
atoms.7 The ligand 174 containing an N,N-dithiocarbamoyl frag-
ment forms the complex 175 with bidentate S,S-coordination.7

The dihydrooxazole thioglucose derivatives 176 form com-
plexes 177 and 178 with palladium.7 By virtue of its allylic
structure, the latter complex is represented by two diastereomers
differing in the position of the central allylic proton relative to the
dihydrooxazole substituent R.

p-Allylic complexes are also typical of ligands 179 and 180
containing both sulfur and phosphorus. Thus the aryl ligand 179
forms complexes 181,7, 151 whereas the ferrocenyl ligand 180 yields
the complex 182.7, 152 Zero-valent palladium complexes 183 have
also been prepared. An analogous derivative of the unsaturated
thio sugar 184 coordinates the Rh(II) cation to yield the structure
185.7

Selenium-containing monosaccharides described in the liter-
ature are represented only by the selenoglucose derivative 186,
whichwas used as a source of complexes 187 ± 191 having different
structures.7, 153 The latter complex represents a mixture of three
diastereomers 191a ± c.153

V. Conclusion

The progress in the coordination chemistry of carbohydrates is
favoured by three main factors, viz., inexhaustibility of this class
of compound due to continuous photosynthetic reproduction, the
diastereomeric purity of carbohydrates and the chirality of metal
complexes formed from them, which is associated with chirality
transfer from the ligands to the metal centres.

Chemical modification of monosaccharides enables one to
enhance considerably their coordination capabilities, particularly
owing to the diversity of their oxygen donor centres. Moreover,
hydrophobisation of startingmonosaccharidesmakes possible the
preparation and further utilisation of their metal complexes in
non-aqueous media.

Localisation of coordination points of monosaccharide metal
complexes localised in close proximity to the ligands often changes
their conformation, anomeric configuration and even the nature
as a result of molecular rearrangements (see, e.g., Ref. 6 and this
review). Mention should be made in this connection of the
conversion of oximes of the aldehydo-forms of monosaccharides
into the corresponding amides in the presence of Cu2+ (Beckman
rearrangement).154 Although such rearrangements are still very
rare, their number will inevitably increase and, as a consequence,
novel methods for the modification of carbohydrates by complex-
ation with metals will be developed. At present, the chemistry of
carbohydrates is still imperfect due to the use of accessory
reagents, formation of side products, etc.155 In our opinion,
progress in this area will be achieved through further development
of the coordination chemistry of modified carbohydrates.
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