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ABSTRACT 

The conformation of I,&anhydrolactose (1) has been investigated by n.m.r. spectroscopy and 
molecular mechanics calculations. For a solution in D,O, the 1,6-anhydroglucopyranoid ring has a ‘C, 
conformation, whereas there is a c I: I equilibrium between the ‘C, and the So,, conformations in (CD,),SO. 
There is restricted ~exibility with p - 80 5 20” and w - t 20 +40”. The hexa-acetate (2) of 1 shows a similar 
conformational behaviour. 

INTRODUCTION 

As a part of a project on the molecular recognition of synthetic analogues of 
methyls-~actoside by ricin, a cytotoxic plant lectin’, the existence has been suggested of 
a non-polar interaction of the lectin and the C-3 region of the disaccharide2, on the basis 

of a marked enhancement of the binding of the 3-deoxy analogue and a six-fold 
decreased affinity of the 3-O-methyl derivative. The affinity of 1,6-anhydrolactose for 
the lectin was approximately two and a half times lower than that of methyl @-lactoside, 
which suggested the involvement in the binding of the D-glu~opyranose moiety in the ‘C, 
conformation. 

In a systematic study of the affinities of receptor-active analogues of oligosaccha- 
rides3,4, it is necessary to consider their conformations in order to assess the biological 
activity in terms of the size and shape of the hydrophilic and hydrophobic surfaces’. In 
this context, we now report on the nonformation in solution of I ,6-anhydro~actose (l), 
using n.m.r. data and molecular mechanics calculationsG9. Since methyl sulfoxide has 

been presumed to model the behaviour of protein surfaces for several recognition 

processes4”0, the n.m.r. experiments were performed on solutions in D,O and (CD,),SO. 
The conformation of the hexa-acetate (2) of 1 has also been studied. 

EXPERIMENTAL 

1,6-Anhydrolactose was obtained from deacetylation of its hexa-acetate {m.p. 
104-106”, [aIt, - 39.8” (c 1, chloroform)), which was prepared as previously described”. 
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separated by a known fixed distance (i.e., 2.5 A for Y”_,.,“_~ in the galactopyranoid ring), 
it is possible to translate the n.0.e. value for a given proton on the glucopyranoid ring in 
terms of average distance ( <r-’ > ‘} -‘:6. Only the values from the experiment carried 
out with a mixing time of 500 ms were considered to give such average distances. These 

distances were compared to those expected for a Boltzmann distribution of the possible 
conformations obtained through molecular mechanics’s. Spin-lattice relaxation times 
were determined for a solution of I in D,O, using the inversion-recovery technique with 
10 values of the variable delay. The mean values of two independent measurements are 
given and the estimated error was 10%. 

50-MHz 13C-N.m.r. experiments were performed with a Bruker AM-200 spec- 

trometer equipped with a dual probe. Chemical shifts are expressed relative to external 
acetone (6 29.8) or CDCI, (6 77.0). The chemical shifts of the resonances of 1 in solution 
in D,O or (CD&SO varied by only 0.1 p_p.m. between 30” and 80°. Heteronuclear 
correlation experiments with Fl decoupling were performed using standard Bruker 
software. A 64 x 4k data matrix was obtained and processed after zero-filhng. 
Spin-lattice relaxation times were determined by the inversion-recovery technique, 
using a non-linear least-squares fit procedure. At least 7 delays were used for each 

determination of T, and the estimated error was 5%. Long-range H-1’-C-4 coupling 
constants for solutions of 1 in D,O and 2 in CDCI, were determined using the spin-flip 
method with a DANTE sequence for the selective proton pulse. A 16 x 8k data matrix 
was obtained and processed after zero-filling. 

RESULTS AND DISCUSSION 

Conformations of the monosaccharide residues in 1 and 2. - The atom numbering 
of 1 is shown in the formula. The ‘H-n.m.r. parameters for solutions of 1 in D,O and 
(CD&SO and of 2 in CDCl, are given in Tables I and II. There are large and positive 4J 
couplings (J,.3, J2,+ and J,,,) for the D-glu~opyranoid ring for solutions of 1 in D,O and of 
2 in CDCl,, which indicatei planar arrangements of the protons involved and, there- 
fore, a major ‘C, conformation. However, these 4J couplings were not observed for a 
solution of I in (CD,),SO, and the 3J?,3 and 3J3,4 values are noticeably larger than those 
for a solution in D,O. The magnitudes of the coupling constants for hydroxyl protons 
also differ from those reported for other 4-O-substituted derivatives of 1 ,danhydro-D- 
glucopyranose17. The expected values of ‘J,‘,u, calculated by applying Aktona’s equa- 
tion’* to the vicinal proton torsion angles obtained for the chair and boat forms of the 
glucopyranoid ring of 1 by MM2 calculations, are given in Table III. The values for 
solutions of 1 in DzO and 2 in CDCl, account for a major ‘C, conformation of the 
glucopyranoid ring, whereas those for a solution of 1 in (CD,),SO are in between those 
expected for the ‘C, and B, 3 forms’6~‘9. The difference in free energy between these two 

conformations in i,6-anhydro-/%glucopyranose is 1.4 kcal/mol”. Intramolecular 
hydrogen bonding favours the chair form. Thus, 4-substitution precludes an HO-4.,-0-Z 

hydrogen bond, so that, for a solution of 1 in (CD@O, the difference in free energy 
between the chair and boat forms is < 1.4 kcal/mol and the glucose ring exists as a N 1: 1 



TABLE I 
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TABLE If 

Coupling constants (Hz) for 1,6-anhydrolactose (1) and its hexa-acetate (2) at 30” 

Coupling Compound 

J I.2 1.0 0.4 1.0 
J 1.3 0.9 <0.4 1.1 
J 2.3 1.0 3.9 1.2 
J 2.4 0.9 <0.4 1.0 
J 3.4 1.0 4.0 1.3 
J 

3.5 1.1 <0.4 1.1 

J 4.5 1.0 0.5 1.0 
J 5.6Sd0 1.0 0.5 0.6 
J 5.6rro 5.9 5.4 5.1 
J 6mh%*o -7.7 -7.1 -7.7 

Jr,, 7.6 7.6 7.9 
52.1 10.4 9.8 10.2 
JS,‘, 3.5 3.3 3.5 
J’ C.5’ 0.4 0.5 0.9 
JY.b% 4.1 N.d.” 6.3 
JS.6.b 7.9 N.d. 6.6 
JU% - 12.0 N.d. -10.9 

2 - H02.2 7.0 
J - 3.9 - HO-I.3 J”W.2, - 3.9 - 
J - “0.3’.3 5.1 - 
J HO-I:4 4.5 
J - 5.3, 5.3 - HO-6’.6 

U Not determined. 

TABLE III 

Torsion angles (“) and coupling constants (Hz) for the ‘C, and B,,s conformations of the 1,6-anhydro-~-D- 
glucopyranose moiety in 1 according to MM2 calculations and the Altona equation, respectively 

H-l,2 58 2.9 109 1.2 
H-2,3 -77 1.9 -162 6.4 
H-3,4 81 1.6 IS3 5.2 
H-4,5 -61 2.0 -91 1.0 
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According to the calculated Boltzmann distributions, the average T~_,,,~_+ T~_,‘,~_~, and 
rH_,.,H_5 distances should be 2.39,3.73, and 2.74 A, respectively, for c = 1, and 2.43,3.30, 
and 2.61 A, for E = 80, respectively. On the other hand, the H-2’-H-4 and H-2’-H-3 
distances would be >4 A. These predicted interatomic distances can be correlated with 

the experimental n.0,e.s. The ratios between the observed inter- and intra-residue 
n.0.e.s for 1 and 2 are given in Table VII, which also shows the corresponding average 

distances, estimated from the n.0.e. ratios, according to the rm6 dependence. The 
inter-residue H-I’-H-4, H-I’-H-3, and H-1,-H-5 n.0.e.s are observed for both 1 and 2, 
although with different intensities, which indicate that the three predicted conformers 
contribute to the conformational equilibrium. The data for a solution of 1 in D,O agree 

with a -6.5:5:30 distribution of the conformers A-C, whereas those for a solution in 

(CD@0 reflect ratios of -30:50:20. The ratios of conformers A-C for 2 are 

-60:15:25. The relaxation times have a similar dependence on the inter-proton dis- 
tances’“. The values for 1 (Table I) also indicate a minor contribution of conformer B for 
a solution in DzO, since lir, of H-3 is similar to that of H-2 and, therefore, has a similar 
disposition, surrounded only by H-2 and H-4, with little influence of H-l’. On the other 
hand, H-l’ is affected by the glucose ring, since its relaxation time is noticeably smaller 

than that of H-3’, 

TABLE V 

Relative steric energies and populations at 30” of the stable conformers of 1” 

Conformers Conformation q/v/ Dielectric constant (e) 
qfrhe 1,6-an- (“) 
hydra-D-&i- 
cost moiety 

A ‘C4 -63/- 137 1.11 5.8 I .0x 9.4 
B 0.3 -72/-119 2.16 I .o 2.92 0.4 

B ‘c4 -108:- 166 1.85 1.7 0.50 24.7 
B 0.3 -94/-168 0.00 37.1 1.83 2.7 

c If, -8O/-83 0.02 35.9 0.00 57.1 
R 0.3 -87/-SO 0.63 12.9 f .4O 5.5 

D ‘C, 52/- 101 3.53 0.1 3.40 0.2 
B 0.3 55/-- 107 1.15 5.4 4.67 0.0 

E ‘G 17/- 168 3.34 0.1 5.30 0.0 
B 

0.3 
32/- 167 5.64 0.0 6.95 0.0 

0 Calculated by the MM2 programme, at dielectric constants (E) of I and 80. 
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Fig. 1. Stereoscopic view of the conformations of Y calculated using the MM2 programme: A, p/y 
-63”/- 137”; B, p/y - lOS’/- 166”; C, rp/y -IJO”/-83”. 
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Fig. 3. Stereoscopic view of a superposition of the majore conformers of I ,6-anhydrolactose and methyl 

/I-lactoside’ calculated according to the MM2 programme: (u) conformers A, (h) conformers B. 

in methyl /3-lactoside in the solid state** and in solution*~*‘. However, in spite of the 

change of the conformation of the glucose moiety from 4C, in methyl /I-lactoside to ‘C, 

in 1,6-anhydrolactose, the overall shape of the molecule is not affected significantly. Fig. 

3 shows a superposition of conformers A and B with the major conformers of methyl 

P-lactoside, showing H-3 of 1 in the same region of O-3 of methyl /I-lactoside, which is 

hydrogen-bonded to O-5’. A similar arrangement has been invoked to render a polar 

region more lipophilic in character”. The C-5-H-5 bond in 1 occupies the place of the 

C-5-C-6 bond in methyl P-lactoside. Therefore, 1,6-anhydrolactose and methyl D- 

lactoside may have similar polar and non-polar regions in their interactions with ricin or 

other lectins. 
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