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Abstract

The formation of W(V1) complexes of two C-6 epimeric heptitols, namely meso-p-glycero-
D-gulo-heptitol and D-glycero-L-gulo-heptitol, has been studied in agueous solution. In
alkaline medium, both heptitols form two types of dinuclear complexes which have been
structurally characterized from multinuclear NMR data. In the first type T, the site of
chelation is a tridentate xylo system. In the second type P, the site of chelation is a
pentadentate system with a centra xylo triol group. The influence of the nature and
orientation of the substituents attached to the lateral carbon atoms of the chelating site upon
the complex stability is discussed. © 1998 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Most sugars and alditols react with tungstate ions
in agueous solution, yielding ionic W(VI)—carbo-
hydrate complexes which are useful for the ion chro-
matography separation of mixtures of carbohydrates
[1-3]. Such complexes are commonly represented by

* Corresponding author.

( p,g,r) according to the formation reaction, where L
is the carbohydrate:

pWOZ~ + gL +rH*=(p,q,r) + nH,0O

The stability constants of a number of W(VI)—
carbohydrate complexes have been determined by a
potentiometric method and were related to the config-
urations of the ligands, alowing the establishment of
stability—structure correlations [4]. For most com-
pounds, p=2 and q=1, whereas the r value de-
pends on the medium acidity. In acidic solution,
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(2,1,2) complexes are formed which are stronger
when chelation takes place at erythro sites than at
threo sites. Moreover, further NMR studies demon-
strated that alditols that possess a site of chelation of
xylo configuration form three types of W(VI) com-
plexes. Depending on the pH, these complexes differ
in the denticity of the ligand [5]. In acidic medium,
the major (2,1,2) complexes contain tetradentate lig-
ands whereas in alkaline medium, two types of (2,1,1)
complexes contain tridentate (type T) and pentaden-
tate (type P) ligands.

With the smaller aditols, one complex generally
prevails, and the site of chelation is identified by
experimentally determining the coordination-induced
shifts (CIS) for the carbon atoms of the ligand. On
the other hand, higher-carbon aditols generally pos-
sess severa possible chelation sites and may form
mixtures of W(VI) complexes, which cannot be eas-
ily identified in the crowded carbon spectrum. In
such cases, the use of **W NMR spectroscopy, a
technique recently introduced for the study of W(V1)
complexes of aditols [5—-8] and sugar acids [9,10],
alows the structural characterization of the various
species formed in aqueous solution. In the tungsten
spectrum, the complexes are easily detected, because
few signals are present (one or two signals per com-
plex), and these signals are found in specific ranges
for each type of complex. Previous studies have
shown that two natural heptitols, namely perseitol [7]
and volemitol [8], do not form complexes of type P,
but mainly (2,1,2) complexes in which tetradentate
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Scheme 1. Fischer projection of the pentadentate chelating
sites for the three groups of W(VI)—carbohydrate com-
plexes of type P. R' and R? are non-chelating substituents
which may be CH,OH groups or other groups, such as
carboxylate groups.

HOCH, HOCH, HOCH,
HOCH, HOCH, HOCH,
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Scheme 2. Fischer projections of meso-b-glycero-p-gulo-
heptitol (1), D-glycero-L-gulo-heptitol (2) and meso-b-
glycero-L-ido-heptitol (3).

sites of chelation contain a central erythro diol group.
On the contrary, two other carbohydrates containing a
sequence of five adjacent CHOH groups with a cen-
tral xylo triol system, a heptitol [5] and a heptonic
acid [10], afford (2,1,1) W(VI) complexes of type P
in alkaline medium.

The complexes of type P can be classified into
three groups [10], depending on the relative orienta-
tions of the five adjacent chelating hydroxyl groups
(Scheme 1). Group P corresponds to alditols with an
al-threo site of chelation, i.e., the five HO groups
define a sequence of four threo diol groups, which
can be symbolized by (t—t—t—t). Group P corre-
sponds to the (e—t—t—t) sequence and group P’ to the
(e—t—t—e) sequence, where e and t stand for erythro
and threo respectively. When one chelating hydroxyl
group is a non-chiral CH,OH group, the configura-
tion of the corresponding CHOH—CH ,OH system is
considered, with respect to steric interactions, to be
equivalent to a threo system. The reason is that, when
both HO groups are oriented syn (which is the case in
metal chelates), threo diol systems give rise to much
less interaction between the lateral substituents than
erythro systems.

Up to now, complexes of group P are known only
for alditols [5], whereas complexes of groups P and
P” were characterized only for sugar acids, one for
p-glycero-p-gulo-heptonic acid (group P”) [10] and
one for L-gulonic acid (group P'). * A striking feature
was that, in both aldonate complexes, the carboxylate
group was not part of the pentadentate chelating site.
The search for novel examples of alditol complexes
of groups P and P’ was prompted by our recent
syntheses [11] of two unnatural epimeric heptitols,
meso-D-glycero-p-gulo-heptitol (1) and b-glycero-L-
gulo-heptitol (2), which differ from the previously

L'M. Hldibi, JF. Verchére, and S. Chapelle, unpublished
results.
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studied [5] all-threo compound, meso-p-glycero-L-
ido-heptitol (3), by containing one internal xylo triol
group surrounded by one or two syn diol groups
(Scheme 2). These heptitols were expected to afford
mixtures of W(VI) complexes belonging to the three
groups P, P and P’, accompanied by complexes of
type T. Our aim was the comparison of the relative
stabilities of the complexes of the tridentate and
pentadentate ligands.

2. Experimental

All chemicals were of the highest commercialy
available purity. Tungsten was introduced as dis
odium tungstate dihydrate. The heptitols were pre-
pared according to standard procedures [11].

The concentrations for the NMR studies were: 2 M
tungstate and 1 M heptitol, in 2 mL D,O for **w
and *C spectraor 1 M tungstate and 0.5 M heptitol,
in 0.5 mL D,O for the 2D proton—proton homonu-
clear (COSY) and proton—carbon heteronuclear
(HSQC) correlation experiments. The structural char-
acterization of the complexes was performed by mult-
inuclear NMR spectroscopy [5-8,10]. The B¢C and
8\W NMR spectra were obtained at 297 K on a
Bruker ARX 400 spectrometer equipped with 5 or
10-mm multinuclear probes.

Table 1

The pH of the solutions of complexes were ad-
justed by stepwise addition of a concentrated NaOH
solution. The pH measurements were made using a
Radiometer MI-412 combined glass microelectrode
(external diameter 2 mm) and a Metrohm 632 pH
meter standardized with commercia buffers.

3. Resaults

The literature assignments for the *H [12] and **C
[13] NMR spectra of the free ligands were redeter-
mined by 2D homo- and heteronuclear experiments
(Tables 1 and 2). The results are presented first for
meso-D-glycero-p-gulo-heptitol (1), which is a sym-
metrical ligand (Scheme 2) and thus affords simpli-
fied NMR spectra.

At pH < 7.5, the *C NMR spectrum of 1 was not
modified after the addition of two equivalents of
disodium tungstate. Complex formation began at pH
7.5, but only broad signals were observed in the
spectrum, indicating exchange phenomena between
several complexes and the free heptitol. The nature of
these complexes was determined as follows. The
presence of two characteristic signalsin the §, 91-92
range is the ‘fingerprint’ for the formation of a pair
of dinuclear complexes involving the arabino O-
1,2,3,4 or 0O-4,5,6,7 sites of 1. Such complexes were

100.62-MHz **C NMR data (8, in ppm and *Jc ;, in Hz) for the W(V1) complexes of meso-p-glycero-p-gulo-heptitol (1)

and p-glycero-L-gulo-heptitol (2)

Carbon atom C-1 C-2 c-3 C-4 C-5 C-6 C-7
1u 63.1 718 735 69.0 735 718 63.1
1,u, "3, 143 140 145 141 145 140 143
P, 5 63.9 86.1 82.2 69.5 82.2 86.1 63.9
P’ AS 0.8 14.3 8.7 05 8.7 14.3 0.8
P’ Y 143 145 144 142 144 145 143
T, 8 64.7 73.0 825 84.2 82.5 73.0 64.7
T, A 1.6 1.2 9.0 15.2 9.0 1.2 1.6
T, e 143 144 144 150 144 144 143
2,u,8 63.7 715 71.8 70.7 72.7 72.0 63.8
2,0, "3 141 143 140 141 140 140 141
P, s 64.0 87.7 83.4 83.3 79.8 85.5 64.0
P AS 03 16.2 11.6 12.6 7.1 135 0.2
e 143 145 146 146 144 143 143
P, 5 64.7 735 88.0 82.8 86.7 83.0 77.9
P, AS 1.0 2.0 16.2 12.1 14.0 11.0 14.1
P, %Jen 143 141 143 145 145 146 144
T, 8 64.6 718 74.9 82.2 845 825 63.4
T, A8 0.9 03 31 115 11.8 105 -04
T, e 141 141 144 147 143 145 141

u, Uncomplexed. 8 + 0.01 ppm, *J. , + 1 Hz.
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Table 2

400.13-MHz "HNMR chemical shifts (8, in ppm) for the W(VI) complexes of meso-p-glycero-p-gulo-heptitol (1) and

p-glycero-L-gulo-heptitol (2)

Carbon atom H-1 H-2 H-3 H-4 H-5 H-6 H-7
Lud 3.55/3.70 3.67 3.63 3.90 3.63 3.67 3.55/3.70
P, 8 3.64/3.76 4.38 4.36 4.01 4.36 4.38 3.64/3.76
T, 8 3.76/3.89 3.69 4.36 5.37 4.36 3.69 3.76/3.89
2,u, 6 3.69/3.73 3.58 3.65 3.85 3.65 3.70 3.69/3.73
P, s 3.50/3.50 4.35 4.68 4.57 3.87 3.86 351/351
P, 6 3.49/3.49 3.64 4.19 4.68 4.36 4.79 4.16/4.30
T, 6 3.72/3.84 3.93 3.74 4.38 5.52 4.32 3.69/3.77
u, Uncomplexed. & + 0.01 ppm.

already characterized for many aditols and are re-
ferred to as type E in the literature [5,7,8]. Other
signals for deshielded carbons near § 83 revealed the
presence of a third complex formed at the xylo
0-3,4,5 site, which is fully characterized below as
type T. Since W(VI) complexes of type E are well-
known [5—7], no other attempts were made for fur-
ther characterization of these species at pH 7.5.

At pH 8.5, the signals in the >*C NMR spectrum
became sharper than at pH 7.5, showing that the rate
of exchange was noticeably sower, and at pH 9.9
and 10.4, three sets of four well-defined signals were
observed in 2:2:2:1 ratio. Such an intensity pattern
demonstrates that the three corresponding species are
symmetrical. One of them is the free ligand (propor-
tion 15%). The other species are two W(VI) com-
plexes (proportions 70% and 15%). The carbon and
proton assignments given in Tables 1 and 2 show that
the major complex (type T) contains the tridentate
ligand (0-3,4,5). The "®W NMR spectrum of the

Table 3

solution at pH 9.9 showed four signals, one for free
tungstate at 6=0 and three signas for the two
complexes. As in other complexes of type T [5,6],
none of the tungsten atoms is coupled to the ligand
protons. The smaller signa at &, 96 was attributed to
the minor species, whereas two larger signals of
equal intensities found at §, —54 and — 124 corre-
spond to the major complex (Table 3). The latter
pattern is characteristic for a species of type T [5,6],
the structure of which is represented in Fig. 1.

The identification of the minor complex of 1 began
from the observation that the single signal found at
8, 96 in the "W NMR spectrum lies in the range
characteristic for complexes of type P [5,10]. The
structure of such complexes, containing the pentaden-
tate ligand, is represented in Fig. 2. Complexes of
type P generally display two separate tungsten signals
in the 8, 82-108 range, but only one signa is
observed when both tungsten atoms are magnetically
equivalent because the ligand is symmetrical, as is

16.67-MHz "®**WNMR chemical shifts (8, in ppm) for the W(VI) complexes of tridentate (type T) and pentadentate (type P)

carbohydrate ligands®

Ligand Type Site W-1 W-2

1 T 0-34,5 —54.2 —1245
2 T 0-45,6 —56.6 —1189
1 P’ 0-2,3,4,5,6 96.1 96.1
2 P 0-2,3,4,5,6 95.6 93.1
2 P 0-34,5,6,7 93.1 83.3
Xylitol [5] P 0-1,2,345 93.3 93.3
L-lditol [5] P 0-1,2,345 93.4 82.3
L-Gulonate” P 0-2,34,5,6 1054 91.1
p-glycero-b-gulo-Heptonate [10] P’ 0-2,3,4,5,6 108.1 102.3

®Relative to Na,WO, in akaline D,O.

®M. Hlaibi, JF. Verchére, and S. Chapelle, unpublished results.

0+ 0.1 ppm.

1, meso-D-glycero-p-gulo-heptitol; 2, p-glycero-L-gulo-heptitol.
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@ Tungsten atom

Bonding oxygen atom

O Oxygen atom

Fig. 1. Structures of W(V1)—heptitol complexes of type T.
1, R'=R?=CHOH-CH,OH. 2, R'=CH,OH; R?=
CHOH-CHOH-CH ,0OH.

the case for xylitol (Table 3). Therefore, the observa
tion of a single signal for the complex of 1 indicates
that the site of chelation can only be the symmetrical
0-2,3,4,5,6 system. This assumption is in agreement
with the symmetry of the *H and *C NMR spectra
(Tables 1 and 2). However, the CIS patterns do not
agree with the expected observation of five deshielded
adjacent carbon atoms or protons. Only C-2,3,5,6 are
deshielded to the normal extent, while C-4 is not
(A85=0.5). In the same way, H-4 exhibits a very
small deshielding (A 6 = 0.11), contrary to H-2,3,5,6.
This finding was not a complete surprise, as large
variations of the CIS for the central carbon atom of
the ligand are known to occur in complexes of type P
[5,10]. For example, in the heptonate complex [10],
A6=15 for C-4, which is smaler than in other re-
ported complexes of type P (A& > 10). Since the
stereochemistry of the postulated site in 1 (O-
2,3,4,5,6) is the same as that in the heptonate ligand,
both complexes belong to group P’ (Schemes 1 and
2).

Contrary to heptitol 1, D-glycero-L-gulo-heptitol

@ Tungsten atom
Bonding oxygen atom

O Oxygen atom

Fig. 2. Structures of W(VI)—heptitol complexes of type P.
1, Group P’, R'=R?=CH,OH, R®*=H. 2, Group P,
R! = R? = H; R®= CHOH—-CH,OH. 2, Group P, R' = R®
= CH,OH, R? = H.

(2) is not a symmetrical ligand (Scheme 2). The
carbon and proton assignments for free 2, made as
above, are reported in Tables 1 and 2. In the presence
of two equivalents of disodium tungstate, the *C
NMR spectrum could not be resolved at pH < 10.6,
owing to exchange phenomena. At pH 10.6, however,
the carbon signals are much sharper and alow the
identification of three complexes (proportions 27%
each) in addition to the free ligand (19%). At pH
11.7, the proportion of free ligand is larger (40%),
while those of the three complexes are 30, 25 and
5%. The complexes were characterized from their
1B\ NMR spectraat pH 11.7 and 10.6. At pH 11.7,
three signals lie in the 83—96 ppm range, specific for
complexes of type P (Table 3). The spectrum was
analyzed as containing two pairs of signals, since the
larger central peak is due to overlapping of two
signals. The CIS patterns reported in Tables 1 and 2
show that the corresponding sites of chelation are
0-3,4,5,6,7 (group P) and O-2,3,4,5,6 (group P'). By
analogy with the W and **C NMR spectra of the
W(VI1)—iditol complex [5], one pair of tungsten sig-
nals (8, 93.1 and 83.3) was assigned to the complex
of group P. The other pair of signals (8, 95.6 and
93.1) was thus attributed to the complex of group P
(Scheme 1). The third complex present at pH 10.6
gives rise to an additiona pair of small signals at &,
—57 and — 119, characteristic for a complex of type
T. The assignments for the carbon spectrum, detailed
in Table 1, show that this complex contains the
tridentate ligand bound at the xylo 0-4,5,6 site (Fig.
1). No coupling could be detected between the tung-
sten atoms and the ligand protons.

The magnitude of the proton—carbon coupling
constants in the complexes warrants some comments.
Although previous studies have reported a significant
increase in the *J,, values for al carbon atoms of
the chelating site in many tungsten—carbohydrate
complexes [5-8], the data in Table 1 do not show
such large variations. In our opinion, this result must
be attributed to the heptitols being bound to tungsten
in zigzag conformation, with negligible resulting
steric strain. Examination of molecular models con-
firmed that the pentadentate ligands fit easily, without
any twisting, with the dinuclear tungsten core, as
shown in Figs. 1 and 2.

As is common in the agueous chemistry of W(V1),
kinetic variations were noticed for the complexes of
2. At pH 10.6, the proportion of complex T is lower
(5%) in the carbon and tungsten spectra, recorded
after a long accumulation (27 h), than in the carbon
spectrum carried out after 10 min (27%). It indicates
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that complex T lowly gives complexes of type P and
is a very minor species at equilibrium. At pH 11.7,
no T type complex appeared in the tungsten and
carbon NMR spectra recorded after 15 h. Moreover,
the relative proportions of the complexes of groups P
and P also changed with time. The proportion of
complex P (initially 25%) increased at the expense of
complex P’ (initialy 30%). It may suggest that like
T, P isakinetic product and P is the thermodynamic
product of the complex-forming reaction. However,
previous studies have established that the proportions
of complexes T, P and P' do not change with pH and
that their kinetic variations do not reflect different
protonation states [5].

4. Discussion

Sructures of the complexes.—In the three types of
W(VI1)—alditol complexes, E, T and P, the ligands
exhibit various denticities and the structure of the
ditungstate core is different. At pH < 7, the ligands
are tetradentate and bind a W,0O, metal core made of
two WO, octahedra sharing a face. In alkaline
medium, the ligands are either tridentate and bind a
W,O, metal core in which two WO, octahedra share
a face (type T), or pentadentate and bind a W,O,
metal core in which two WO, octahedra share an
edge (type P) [5,10]. The latter mode of bonding
between WO, octahedra resembles that observed in
many inorganic iso- and hetero-polytungstate anions
[14]. The present results show that, in akaline
medium, both heptitols 1 and 2 afford W(VI) com-
plexes of types T and P.

The complexes of type T are similar to their
shorter homologues [5]. In the structure represented
inFig. 1, W-1(8, = —60) is bound to three adjacent
oxygen atoms, whereas W-2 (8, = —120) is bound
to both side oxygen (bridging) atoms.

Few examples of dinuclear W(VI)—carbohydrate
complexes of type P have been reported, since they
require ligands with at least five adjacent hydroxyl
groups, including three central CHOH groupsin xylo
configuration. The complexes of xylitol and iditol
have been characterized by multinuclear NMR spec-
troscopy, whereas two complexes of meso-p-glycero-
L-ido-heptitol (3) were studied by *C NMR spec-
troscopy only [5]. The general structure of complexes
of type P is represented in Fig. 2, showing that the
central oxygen atom of the pentadentate chelating site
bridges the tungsten atoms, and that each tungsten
atom is bound to three adjacent oxygen atoms. If the

site of chelation is numbered O-1,2,3,4,5, as shown
in Fig. 2, the four C-1,2,4,5 atoms are deshielded by
9-15 ppm, but for the central C-3, the deshielding
effect Ad lies between 0 and 14 ppm. Such varia
tions of the CIS may reflect the existence of steric
strain in the pentadentate site, due to the interaction
of the central C-3 with the substituents attached to
C-1 and C-5 (only when HO-1,2 and/or HO-4,5 are
erythro) [10]. Accordingly, the deshielding effect on
C-3 decreases in the order: P> P > P’ (Table 1). If
it is admitted that the complex stability is related to
the number and strength of the C—O-W bonds, then
weakening the central bond should make the complex
weaker. Thus, the stabilities of complexes of type P
would follow the order indicated by the deshielding
of C-3, since the steric strain is larger in group P’
than in group P, and nil in group P (Scheme 1).

Ranges of ***W NMR chemical shifts in the com-
plexes.—The various complexes of W(VI)—alditol
complexes can be characterized by **W NMR spec-
troscopy, since each type of complex gives signals
that appear in a specific range. For example, com-
plexes of type T display two signals near 6, —60 and
— 120, whereas complexes of type P show one or two
uncoupled signals with positive chemical shifts (8,
82—108) [5]. The available data for all known com-
plexes of type P, collected in Table 3, suggest that
when the chelating site contains a deprotonated
CH,OH group, the W atom bound to this oxygen
atom gives a signal near 6 93. On the contrary, W
atoms bound to three adjacent deprotonated CHOH
groups give a signal in the 82-108 range. There
seems to be no apparent relationship between the
tungsten chemical shifts and the complex group (P, P
or P’). Thus, the steric effects responsible for the
small CIS for the central carbon in complexes of
groups P and P’ do not seem to influence the
tungsten chemical shifts, which do not show specific
values for complexes of groups P, P and P".

The present data obtained for heptitol complexes
and previous results for aldonate complexes [10] *
alow a comparison of the influence of CH,OH or
COO™ substituents on the tungsten chemical shiftsin
the complexes of type P (Table 3). For complexes of
alditols, 6 < 100 ppm are found for the three groups,
whereas for complexes of adonates, 6 > 100 ppm
are observed at least for one tungsten atom. It sug-
gests that the presence of the unbound carboxylate
group is responsible for the enhancement of the
tungsten chemical shifts in aldonate complexes.

Sabilities of the complexes.—The proportions, at
equilibrium, of W(V1)—heptitol complexes of types T
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and P are dependent on their relative stabilities. The
observed trend is that from 1 to 3, which differ only
by their C-2,6 configurations, the proportion of com-
plexes of type P increases at the expense of com-
plexes of type T. This trend is probably related to the
different stabilities of complexes of groups P, P and
P’, since the proportion of complex of type P in-
creases when the ligand changes from 1 (complex of
group P”) to 2 (complexes of groups P and P') and 3
(complexes of group P only). It isin agreement with
the stability order: P> P > P,

Three important factors that influence the stabili-
ties of W(VI) complexes of alditols have been con-
sidered in the literature [4,5,15,16]. The first one is
the denticity of the ligand, since the complex stability
increases with the number of W—O—-C bonds. The
second factor is the steric strain created when two
lateral substituents of the chelating site may interact,
as a result of their unfavorable orientation. The third
factor is the involvement of one CH,OH group in-
stead of a CHOH group in the site of chelation. Since
a free CH,OH group has a higher degree of freedom
than a CHOH group [17], complexes which involve
one or two primary HO groups are weaker than
similar species involving only CHOH groups. The
influence of these three factors was examined for
complexes of types T and P.

According to the first factor, complexes of type P,
involving pentadentate ligands, should be intrinsically
stronger than those of type T, involving tridentate
ligands. It must be stated here that the notion of
intrinsic stability implies that the chelating sites are
(CHOH),, systems (n=3 or 5). In fact, our results
show that complexes of type T are weaker than
complexes of groups P and P’ (ligand 2), but stronger
than the complex of group P’ (ligand 1). This finding
may be accounted for by examining the influence of
the second factor on both types of complexes. Steric
strain is probably of little importance for species of
type T, in which the lateral substituents R* and R? are
aways well-separated (Fig. 1). On the contrary, it
may play arole in species of type P, since groups R*
and R? are located closer than groups R® and H (Fig.
2). Hence, the observed stability order, P> P > P,
agrees with the variations of the magnitude of the
interaction between substituents R* and R?.

The third factor is probably responsible for the
relative stahilities of the W(VI) complexes of 2 and
3. Complexes of group P are expected to be stronger
than those of group P, but for alditol 2, complex P
(0-34,5,6,7) involves the primary HO-7 group,
whereas complex P (0-2,3,4,5,6) involves only

CHOH groups. Thus, the complex of group P is
weaker than ‘normal’ complexes of group P formed
by a ligand containing a (CHOH), chelating site,
explaining the similar stabilities of both complexes P
and P. The relative stabilities of both complexes of
group P formed by 3 have also been rationalized by
consideration of this third factor, since the minor
complex contains a binding CH,OH group [5].

Other complexes of type P have also been reported
with aldonate ligands [10] . These complexes, in
which the carboxylate group is not part of the chelat-
ing site, may thus be compared with the above hepti-
tol complexes. The L-gulonate complex * belongs to
group P, but its site of chelation (0-2,3,4,5,6) in-
volves a binding CH,OH group, which makes it
weaker than a ‘normal’ complex of group P. The
D-glycer o-D-gul o-heptonate complex [10] is formed at
the O-2,3,4,5,6 site and thus belongs to group P’, like
the complex of 1. However, no complexes of type T
have been reported for both aldonates, showing that
their complexes of type P are much stronger than
those of type T. This result is especially surprising
for the heptonate ligand, whose chelating site has the
same configuration as alditol 1 and was therefore
expected to react in a similar manner. This finding
may indicate either a peculiar stability of the aldonate
complexes of type P, or a peculiar instability of their
complexes of type T. A possible reason may be
associated with the presence of the carboxylate sub-
stituent, but available data is not sufficient for the
interpretation of this interesting result.

5. Conclusions

Epimeric C-2,6 heptitols 1-3 form well-char-
acterized W(V1) complexes of two types in akaline
medium. Complexes of type T involve the tridentate
ligands, whereas complexes of type P involve the
pentadentate ligands. Depending on the configura
tional sequence in the chelating sites, complexes of
type P can be separated into three groups, P (t—t—t—t),
P (e-t-t-t) and P’ (e-t-t—e). The stability order,
P> P > P, is due to steric strain that appears when
the lateral diol groups of the chelating site are ery-
thro. The observation of large variations in the CIS of
the central carbon supports this assumption. Com-
plexes of type T are stronger than complexes of
group P’, but are weaker than complexes of groups P
and P.



34 S Chapelle et al. / Carbohydrate Research 306 (1998) 27-34

References

[1] H.J.F. Angus, E.J. Bourne, and H. Weigel, J. Chem.
Soc., (1965) 21-26.

[2] H.JF. Angus, J. Briggs, N.A. Sufi, and H. Weigdl,
Carbohydr. Res., 66 (1978) 25-32.

[3] J. Briggs, I.R. Chambers, P. Finch, I.R. Slaiding, and
H. Weigel, Carbohydr. Res., 78 (1980) 365—367.

[4] JF. Verchere, J.P. Sauvage, and G.R. Rapaumbya,
Analyst, 115 (1990) 637—-640.

[5] S. Chapelle, J.P. Sauvage, P. Kdll, and J.F. Verchére,
Inorg. Chem., 34 (1995) 918-923.

[6] S. Chapelle and JF. Verchére, Inorg. Chem., 31
(1992) 648-652.

[7] S. Chapelle, J.P. Sauvage, and J.F. Verchere, Inorg.
Chem., 33 (1994) 1966-1971.

[8] S. Chapelle and J.F. Verchére, Carbohydr. Res., 266
(1995) 161-170.

[9] M.L. Ramos, M.M. Caldeira, and V.M.S. Gil, Carbo-
hydr. Res., 297 (1997) 191-200; Carbohydr. Res.,
299 (1997) 209-220, and references therein.

[10] M. Hlaibi, M. Benaissa, C. Busatto, JF. Verchere,
and S. Chapelle, Carbohydr. Res., 278 (1995) 227—
238.

[11] P. KOll, M. Bischoff, M. Morf, B. Zimmer, and J.
Kopf, Carbohydr. Res., 248 (1993) 45-53.

[12] D. Lewis, J. Chem. Soc., Perkin Trans. 2, (1986)
467-470.

[13] SJ. Angya and R. Le Fur, Carbohydr. Res., 126
(1984) 15-26.

[14] F.A. Cotton and G. Wilkinson, in Advanced Inor-
ganic Chemistry, 5th edn., Wiley-Interscience, New
York, 1988.

[15] S. Chapelle, JF. Verchére, and J.P. Sauvage, Polyhe-
dron, 9 (1990) 1225-1234.

[16] JF. Verchere and J.P. Sauvage, Bull. Soc. Chim. Fr.,
115 (1988) 263—266.

[17] M.S. Searle and D.H. Williams, J. Am. Chem. Soc.,
114 (1992) 10690-10697.



