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Abstract

Titration calorimetric, densimetric and viscosimetric measurements have been combined to study the interactions of 18-crown-6 with
p-glucose anab-galactose in water. The crown ether forms a thermodynamically stable 1:1 complexgathctose but not with-glucose.
These observations are explained in terms of the stereochemistry of the monosaccharide molecules.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction stereoselectively interact with monosaccharides through non-
covalen, weak hydrogen bonding and hydrophobic andriCH-

Selective interactions of saccharides play an important interactions. The macrocyclic compounds are often consid-
role in a wide range of biochemical processes such aseredasmodels of enzymes and antibidti&s17]. Therefore,
antigen—antibody interaction$,2] and enzymatic reactions the studies of interactions between saccharides and macro-
[1,3,4]. Cell surface oligosaccharides are the receptors of bio-cyclic compounds are of particular interest from the point of
logically active compounds (i.e. drug®),6]. view of biochemistry, pharmacology and medicine.

Literature data shows that selective binding of monosac- The aim of the present work is to determine interac-
charides in solution depends on their stereochemical struc-tions ofp-galactose and-glucose with 18-crown-6 in water.
ture [7-9]. Each monosaccharide molecule has a unique p-Galactose and-glucose differ only by steric orienta-
stereo arrangements of OH-groups (axial and equatorial),tion of the hydroxyl group at the fourth carbon atom. Both
which determine solute—solvent interactions and reactivity monosaccharides are in the pyranose form in agueous solu-
with other molecules. This is associated with hydrogen bond- tion [18]. Titration calorimetry, densimetry, and viscosimetry
ing and in some cases with multiple binding in the complex provide a comprehensive picture of the interactions under
[7]. That requires steric complementarity of the OH-groups study.
of the saccharide and the active centers of the complexing
molecule. Moreover, because monosaccharide molecules are ]
amphiphilic, the ratio of hydrophilicity to hydrophobicity 2+ Materials and methods
depends on their stereochemical configurafidh11].

A number of studies on interactions of monosaccharides
with macrocyclic compounds in aqueous solutions indicate
that some cyclodextringl2—14] and cyclophaneg$8,15]

2.1. Materials

18-Crown-6  (1,4,7,10,13,16-hexaoxacyclooctadecane)
(MP Biomedicals), p-glucose andp-galactose (Fluka)
(>99% pure) were used without further purification. All
* Corresponding author. Tel.: +7 932 351859; fax: +7 932 336259. chemicals were dried in vacuum at 323K (crown ether)
E-mail addressevp@isc-ras.ru (E.V. Parfenyuk). and 343K (monosaccharides) during several days before
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Fig. 1. Calorimetric titration curve of aqueous solution of 18-crown-6
(2.281 mM) by aqueous solution ofgalactose (0.20911 M) at 298.15 K.

use. Solutions were prepared by weight in doubly distilled
degassed water.

2.2. Titration calorimetry

Heat measurements were made at 298.15 K with a differ-
ential titration calorimeter. The detailed description of the
calorimeter and check of its reliability have been reported
earlier[19]. In a typical run, a solution of monosaccharide
(0.2-0.25M) was incrementally titrated with crown ether
solution (2-3 mM) in the calorimeter cell ¢¢/40mL). The
volume of an injection was 7.6410-2mL. All measure-

ments were run in triplicate. The measurement technique andgys = — —
the procedure of treatment of the experimental data were as

described earlid0]. The calorimetric titration curve for the
18-crown-6—-p-galactose—water system is presenteajiri.

2.3. Densimetry

Density (9 measurements were performed with a mag-
netic float densimeter. Its construction is similar to that
described elsewhef21,22]. The volume of the glass cellwas
30 cn?. The float volume and solenoid constant were deter-
mined by calibration with water at 298.#50.005 K with a
set of platinum weights. The current in the solenoid was var-
ied from 0.05 to 0.13 A. The current was measured with an
accuracy of:2 x 10~° A. The density values of the solution
under study were calculated as:
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whereW andV are the weight and the volume of the float,
respectivelyw the mass of the platinum weighfsthe con-
stant of the solenoid; the current strengthyp the density
of platinum. The instrumental uncertainty jm was esti-
mated to bet1.2 x 10~2kg m~3. The statistical uncertainty

109

in p as result of 10 measurements was estimated to be
+0.5%x 10~ 2kgm3.

2.4. Viscosimetry

Viscosities were measured with an Ubbelohde suspended-
level viscosimeter equipped with a photo-optic system to
register flow time. The flow time of water at 298 £%.005 K
was 142 s. The viscosimeter had a volume of 8 atre radius
and length of the capillary were 0.38 mm and 13 cm, respec-
tively. The dynamic viscosities were calculated according to:
n=vp=At— E 2

T
wherev is the kinematic viscosityt the flow time;A andB
are the constants of the viscosimet&rand B values were
calculated from calibration data on water at different temper-
atures. The uncertainty in the flow time w&6.01 s, and the
total uncertainty im was estimated to be 0.03%.

The viscosities and densities of the three component solu-
tions 18-crown-6—monosaccharide—water were measured at
fixed concentration of crown ether {gx.6= 0.04 mol kg 1).

The concentration of monosaccharide was varied from 0 to
0.08 molkg L.

3. Results
Apparent molar volumes of the monosaccharides studied
were calculated with the equation

1000(p— po)
MspPPo

4 3)
P
whereM is the molar mass of the monosaccharidg;the
molality; o the density of the three component solution;
po the density of the aqueous solution of the crown ether
(Mig-cr-6=0.04 mol kg1). For binary solutionsp and pg

are the densities of aqueous monosaccharide solution and
water, respectively. Taking into account that for given solu-
tion pg is constant and uncertaintyin is usually not greater
than 0.03%, the calculated uncertaintiegig at ms=0.02,

0.04 and 0.08 molkg' were estimated to be 1, 0.5 and
0.3cn?mol~1, respectively. Variation of theys values of

the monosaccharides with their concentration at fixed con-
centration of 18-crown-6 at 298.15K is presenteéig. 2.

The limiting partial molar volumes of the monosaccha-
rides V2 in water and aqueous solution of 18-crown-6 were
calculated by the method proposed elsewli28¢ The vol-
umes of transfer of the monosaccharides from water to aque-
ous crown ether solution were obtained as

AVQ, = VO(H20 + 18-cr-6)— VO(H,0) (4)

The volume data are summarizedTiable 1.
The concentration dependence of relative viscosities
(nr=n/no) of the solutions of nonelectrolytes can be
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Table 1

B-coefficient of viscosity and limiting partial molar volumféao, of pb-glucose ana-galactose in water and water—18-crown-6 solutions at 298.15 K

p-Glucose

p-Galactose

Mi8-cr-6= 0.000006

mMg.-cr-6=0 .04016

Mg-cr-6= 0.00006 Mig-cr-6= 0.03996

B (molkgt) 0.462+0.006 0.477+0.006, 110.6£ 0.2 0.439+ 0.002 0.45:0.01
V2 (cm® mol~1) 111.2+0.5,111.7 111.5+0.1 110.5+ 0.8, 110.7 109.8+0.3
V2 (cm®mol™1) - =0 - -0.8
a Units: molkg™.
b Ref.[40].
¢ Ref.[39].
4 Ref.[41].
114 (i) heat effects of dehydration of the reacting molecules and
13 b (if) hydrophobic interactions. Numerous thermodynamic,
r spectroscopic and theoretical studig8-31] show that
vz r monosaccharide molecules are extensively hydrated in aque-
= M ous solutions, but the extent of hydration depends on stere-
€ j0l ochemical structure. In particular, steric orientation of the
"’g v L OH—grqups atthe second (C2) andfourth (C4) carbonatomsis
;2 I of crucial importancen-Glucose with equatorial OH-groups
108 - at C2 and C4 is more compatible with the three-dimensional
107 | water structure them-galactose having an equatorial OH-
B S T group at C2 and an axial group at ¢28]. Moreover, the

0,00 0,02 004 0,06 0,08
El
mg/mol kg

Fig. 2. Dependence apys on the concentration ob-glucose (@) and

p-galactose (W) in aqueous solution of 18-crownvgd.cr.s = 0.04 mol kg'1)
at 298.15K.

expressed gg4,25]
nr =1+ Bcs (5)

However, in dilute solutions the molar concentratiof can
be replaced by the molal concentrations. B-coefficients

usually reflect the structure effects induced by solute—solvent
interactions [26]. The values of B-coefficients of the

monosaccharide molecules are amphiphitieGlucose is
more hydrophobic tham-galactose[10,32]. However,p-
galactose has a larger hydrophobic region on its surface
thanp-glucose[10,11]. Thus, their hydration cospheres are
due to both hydrogen bonding of the OH-groups with water
molecules and hydrophobic hydration of nonpolar fragments.

18-Crown-6 molecules are also amphiphilic and strongly
hydrated in aqueous solution. Specific interactions with water
are determined by oxygen lone pairs of electr{i$®,34].
However, a number of studi¢85-37]have concluded that
hydrophobic hydration ofCH,-groups gives a significant
contribution to the hydration of crown ethers.

The interactions between the monosaccharides and 18-
crown-6 should be accompanied by a significant endother-

monosaccharides were calculated for the binary and threemic effect of dehydration. The stronger the hydration of the

component solutions and are presentedahle 1.

4. Discussion
4.1. Calorimetric results

The calorimetric titration curve presented Fg. 1

monosaccharide molecules, the weaker the complex. It is
likely that stronger hydration af-glucose as compared with
p-galactose is one of the factors that prevents formation of a
complex between 18-crown-6 aneglucose.

A large, positiveA Sying value for the complex formation
indicates structural reorganization of the solvent which is the
major contribution to the stability of the complex.

shows that 18-crown-6 forms a thermodynamically stable 4.2. Volumetric properties

1:1 complex with p-galactose. The calculated thermo-

dynamic parameters of binding ar&=2619(+397);
AHping=3.40(£0.52) kImatl;  ASying=77ImoftK-1,

Fig. 2shows thepys values as a function of the monosac-
charide concentration at a fixed concentration of 18-crown-6.

These data are slightly different from those obtained earlier This function exhibits a minimum ats = 0.04 mol kg* for
[27], but this has no influence on further conclusion. For p-galactose corresponding 1:1 complex. This minimum may
D-glucose, no difference between the titration heat effects be due to complex formation, similar to that shown by Bakshi
and heat effects of dilution was detected. [38]. b-Glucose exhibits no such minimum.

Complex formation betweengalactose and 18-crown-6 The limiting partial moIarvqumeB’s0 ofthe monosaccha-
is endothermic. A positive binding enthalpy may be caused by rides in water and in aqueous crown ether solution (Table 1)
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ically stable 1:1 complex forms between 18-crowmn6
0.96 1= galactose in contrast to-glucose. The complex formation
» 095 i is characterized by a small positiveHping, by a large pos-
s L itive ASing, and by a large stability constant. The transfer
T e L of p-galactose from water to aqueous 18-crown-6 solution is
= L accompanied by a decrease of the limiting partial molar vol-
093 | ume of the monosaccharide. FeglucoseA Vs is near zero.
L We suppose hydrophobic interactions between 18-crown-6
0,92 andp-galactose differs from-glucose because of the orien-

P ISR R SR ; _
000 002 004 o006 o008 tapon_of the OH-group at th_e fourth carbon atom. Because of
m /mol kg this differencep-galactose is less hydrated and has a more
* accessible fragment to form the complex. Thus, a selectivity
Ei . . in the interaction of 18-crown-6 with the monosaccharides is
ig. 3. Dependence gfof 18-crown-6—monosaccharide—water solutions on . : . . .
the concentration of monosaccharide at 298.15K) p-glucose and (@) a_ﬁec'ted' by Fhew steric Conf'gurf"‘t'c_ms- Th'§ .SI.Udy may pro-
p-galactose (Mg-cr-6=0.04 molkgt). vide insight into carbohydrate binding specificity of drugs at
the molecular level.

reflect the true volume of the solute and the volume change
arising from the solute—;olvent interactions. THE val- Appendix A. Supplementary data
ues of the monosaccharides in water are in good agree-
ment with literature dataTable 1shows thatAVQ < 0

for p-galactose while fon-glucoseA V% = 0. According

to the cosphere overlap mod@2,43], the overlap of the
cospheres of two hydrophobic groups or a hydrophobic group
with that of a hydrophilic group produces negative volume
changesA V2, < 0 means that hydrophobic—hydrophobic or References
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