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Abstract: Tbe conformation of methyl 4-O-(E-D-galactopyranoranosyl)-B-D-xylopyranoside (1) and benzyl 

3-0-(BD-galactopyrsnosyl)-l3-D-xylopyranoside (2) has been studied by NMR spectroscopy, assisted by 

molecular mechanics, molecular dynamics, aad semiempirical methods. Both compounds show moderate 

flexibility and the shape of the global minimum of both molecules is very similar, although the xylose 

ring shows an important displacement when going from 1 to 2. 

H-D-Galactopyranosyl-D-xyloses are fragments of proteoglycansl and xyloglucans2 which play a number 
of biological roles. In recent years, the disaccharide Gal-O-(1->4)-Xyl, which resembles lactose (Gal-R-(1+4)- 

Glc) has been used to modify biosynthetic pathways in which lactose is involved3, and has been proposed as a 

non-invasive tool to evaluate in viva the activity of intestinal lactase in animals4~ We have previously reported on 

the synthesis of methyl 4-O-(8D-galactopyranosyl)-g-D-xylopyranoside (1) and benzyl 3-0-(0-D- 
galactopyranosyl)-l3-D-xylopyranoside (2) by enzymatic galactosidation of the corresponding xylose 
derivativess. In addition, based on our results on the galactosidation of different xylopyranosides, we have 

postulated6 that different complexes between the xylopyranoside and the enzyme are formed when R-( l->4) or 

8-(1->3)-linked disaccharides are produced. Our hypothesis involved a different orientation of the xylopy-ranoid 

ring (cu. 180 flip) in the two different complexes. Assuming that the enzymatic reaction takes place under kinetic 

control, the orientation of the xylose ring in the transition state could be related to the major conformation of the 

synthetic products, in this case, disaccharides 1 and 2. We now report on the conformational study of 1 and 2 
using NMR spectroscopy, assisted by Molecular Mechanics (MM), Molecular Dynamics (MD), and 
semiempirical calculations, in order to evaluate the extension of flexibility of these molecules, and to assess the 
degree of agreement between the different force fields employed in the theoretical calculations, and the 
experimental NOE results. 
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RESULTS AND DISCUSSION 

Table 1. Interatomic Distances, Energy Differences, and Populations for the Low Energy Conformers of 1. 

Conformer 

A,-1 
D E C 
271175 17014 -231-28 !4,-55 

AE (Kcal/mol) 

AMBER (SINGLE POINT) 
E=78 
POP(%) ZP4 ::7’ 
e=4*r 1.0 0.0 
POP(%) 15.0 80.3 

0.0 
89.8 

0.5 28.9 62 
i:; 2 
2.4 1.6 2 

ENSBtiBLE AVERAGE(E=~~) 
POP(%) 72.0 8.0 
MM2 (SINGLE POINT) 
~=78 
POP(%) :4!5 ::: 
E=l 
POP(%) !;‘4 

2.3 
1.1 

CVPP (SINGLE POINT) 
fF1 
POP(%) !;95 ::: 
ENSEMBLE AVERAGE 
POP(%) 91.1 8.1 
AM1 (SINGk;2’GlNT) 
vacua 0.58 
POP(%) 29.8 19.3 
AM 1 (SING;;7’GINT) 
solution . 0.06 
POP(%) 10.9 42.3 

20.0 A 

::: 2.5 

::: tk;t 13.1 

::; :: 

0.8 A 

0.00 50.9 2 

0.00 46.8 2 

A 

::; 
0.0 
50.3 

:: 

Distance(A) 

ri’4 
ri’3 
ri*q 
r2’4 

2.39 >3.5 >3.5 2.31 2.42 
>3.5 1.8 >3.5 3.55 3.44 
3.14 >3.5 >3.5 >4 >4 
>3.5 >3.5 1.94 >3.5 >3.5 

A.-Converges to Conformer A. 

Tables 1 and 2 show the values of the steric energies, of the estimated populations, and of the relevant 
interproton distances of the different confomxers of 1 and 2, obtained, as described in experimental, by using the 

AMBER7 and CvFF8 force fields. in comparison to those previously reported for 1 by using the MM2 program. 
Due to the presence of a number of electronegative atoms, these energies should be taken as approximate since 
they are variable at least 0.5 KcalImol. The single-point populations are calculated from the energy values for the 
corresponding local minima, and not for the conformers having the exact a/Y value. The torsion angle values 

for the different minima did not differ mote than lo* from the figures of Tables l-2. independently of the force 
field or the dielectric constant used. 
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Table 2. Interatomic Distances. Energy Differences, and Populations for the Low Energy Conformers of 2. 

Distance(A) Conformer(O/Y) 

A D E B C 
48/l 23/171 166/S -231-22 201-35 

AE (Kcal/mol) 

AMBER (SINGLE POINT) 

.e=l8 0.0 :*: 0.4 POP(%) 65.3 29.2 AA :: 
e=4*r 
POP(%) ;:; 

0:o 1.0 
79.5 15.3 T? 2 

E=l*r 
1:6 

0.0 
POP(%) 88.4 

::: 2.4 A 
1.6 A 

ENSEMBLE AVERAGE (e=78) 
POP(%) 74.0 8.0 18.0 A A 
CVFF (SINGLE POINT) 

ZP(%) kT6 2.5 1.4 ::; 2 AA 
ENSEMBLE AVERAGE 
POP(%) 98.5 0.5 1.0 A A 
AM1 (SINGLE POINT) 
vacua 1.57 1.03 0.00 A A 
POP(%) 5.8 14.2 80.0 A A 
AM1 (SINGLE POINT) 
solution 0.00 0.31 5.14 A 
POP(%) 62.7 37.3 0.0 A :: 
--------_ ---~- 

Distance(A) 

w4 
w3 
ri2 
r2’3 

>4.0 1.9 3.8 >4.0 4.0 
2.4 >3.5 >3.5 2.2 2.2 
3.9 2.8 >4.0 >4.0 >4.0 

>3.5 >3.5 2.1 >3.5 >3.5 

A.-Converges to Confonner A 

Relaxed energy plots of the isoenergy contours obtained by using the AMBER and CVFF force fields for 
compounds 1 and 2 are given in Figures 1 and 2. respectively. Although the CVFF is a general MM 

programme not specifically parametrized for carbohydrates, and therefore does not include any extra potential to 

account for the endo- or exe-anomeric effectsp, its use in the conformational study of different oligosaccharides 

has produced satisfactory results lo. Gn the other hand, the AMBER force field has been recently parametrised 
to deal with carbohydrate moleculesll. After energy minimization, it can be observed that, in all cases, there is a 
broad low energy region, which depending on the orientation of the hydroxyl groups can be described by 
different conformers with rather small energy barriers among them, and two separated smaller islands. 

Figure 3 shows views of these low energy conformers for 1 and 2. The previously reported X-ray 
structures for different B(l->4) and B(l->3) equatorial linked disaccharide&D are included in the low energy 
regions for 1 and 2. 
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Although, generally speaking, all the force fields used in this work provide remarkably similar geometries 
for the local minima. the associated energies are rather different. In addition, some of the local mimima detected 
by the MM2 program are not stable when using AMBER and CVFF and converge to minimum A. Plots of the 

levels of population of the different regions, calculated from the CVFF or AMBER energies are also shown in 

Figures 1 and 2. Both adiabatic maps show a very similar shape, although the surface of 1 seems to be- more 
extended along Y axes, particularly when considering the AMBER results. 

I dlhdmll 

Fig. 1. Adiabatic maps (above) of the isoenergy contours (1 KcaJ/mol) and populations (below) calculated from 
the relaxed steric energy plots obtained by using AMBER for 1 (left) and 2.(right). The level contours of 
populations am given at 10%. I%, and 0.1%. 0 is indicated horizontally, and Y along the vertical axis. 
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This fact is reasonable. in principle, since the site of attachment of the glycosidic linkage to the xylose 

moiety shows either two equatorial oxygen substituents (compound 2) or only one equatorial oxygen and two 
hydrogens (1). Therefore, according to the observations reportedt4 by Anderson et al.. it is to be expected a 
higher rigidity along Y angle for 2. Depending on the method of calculation, the population of the different 

regions is rather distinct. Thus, according to the previous MM2 result&?. the low energy region of 1, 
described by cP=5of4oP, ‘I’=-2of40p, appears to be populated in more than 90% extent, while the two minor 

islands described by conformers D and E are populated less than 5% at 40Q. However, although the calculation 
of the conformer populations making use of relaxed AMBER maps (a=78 D) also locates the A region as the 

more heavily populated, predicts that its population is of only 72%. Islands E and D, on the other hand, are 

populated in 20 and 8% extent, respectively. The calculation from the the single-point energy conformers 

predicts a smaller population of the central region, only 63%. while that of E increases to 29%. 

Fig. 2.-Adiabatic maps (above) of the isoenergy contours (1 KcaVmol) and populations (below) calculated from 
the relaxed steric energy plots obtained by using CVFF for 1 (left) and 2.(right). The level contours of 
populations are given at IO%, l%, and 0.1%. Q is indicated horizontally, and Y along the vertical axis. 



6422 I. L. &ENS10 et al. 

wJfb-+H- 
A B 

f w D 

d D 

% 
C 

w E 

Fig. 3. Views of the low energy conformers of 1 (above) and 2 (below). In both cases, approximate WY angles 
are as follows: A (48/7). B @O/-35), C (-23/-22). D (166/g), E (23/171). 
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Fig. 4. Trajectory plots of two MD simulations for 1. Top, (CVFF, a=1 D, time 1 ns), starting from conformer 
A. From left to right: (A) Trajectory of the simulation in WY space. (B) History of H-l’-H-4. Bottom, 
(AMBER, E=SO, 1 ns), starting from conformer D. (C) Trajectory of the simulation in @/‘I’ space. (D) History 
of H-l’-H-4. (E) History of 0 angle. (F) History of Y. 



6424 J. L. ASENSIO et al. 

The use of the CVFF force field. on the other hand, accounts for a higher population of the region defined 
by minimum A, which amounts to 90%. The population of islands D and E is only marginal (4%). The use of 
quantum mechanical methods is not widely spread in oligosaccharide conformational problems, mainly due to the 
time-consuming calculations involvedl5. The optimization of the geometries of three local minima of the adiabatic 

map by the AM1 method16 provides, in this case, very slight energy differences, which indicates that the three 
different regions are present in solution. Thus, the semiempirical calculations indicate a 30: 1951 distribution in 

vacm, and, after estimation of the solvation energy by the AMSOL program,a 11:42:47 equilibrium in water 

among the major conformers representing regions A:D:E, respectively. It is noteworthy to mention that the 
possibility of the existence of islands D and E in solution cannot be discarded since their existance has been 
reported for some g-(1->4)-linked oligosaccharides 18. For compound 2, from the energies of the relaxed 
AMBER surfaces, the corresponding low energy region of 2 described by @=X)&40*, Y=20&35* appears to be 

populated in more than 74% extent, while the two minor conformers D and E are populated in 8 and 18% extent 
at 40’. The use of single point conformers provides again a higher population for E, which increases to 298, 
while A region decrease to 65% As stated above, the central region (A conformer) is much more stable, 

according to the CVFF calculations, and its population is 93%. while that of D and E is again less than 5%. The 

use of single point conformers only partially modii these figures. Finally, the AM1 method predicts 6: 14~80 and 

63:37:0 equilibria in vucuo and in solution, respectively. It has to be noted that all these populations are 
calculated from energy values which correspond to enthalpies and not to true free energies. Although the 
calculations are only approximated, an estimation of the vibrational free energies19 using CVFF for the low 
energy conformers of 1 and 2 indicates that, in both cases, the central region should be more populated, since 

their associated entropies are significantly higher for conformers of type A (between 0.5-0.9 Kcal/mol at 40*). 
The normal mode vibrational analysis, according to the AM1 Hamiltonian does not concludes the same results, 

since the calculated entropy for A is in between that for D and E, respectively. Anyway, it has to be mention that 

this method only provide qualitative estimations for molecules with internal rotations. As a further step, the 

conformational stability of the minima was studied by using molecular dynamics simulations (MD) with CVFF 
and AMBER . Different conformations of 1 and 2 were used as input geometries for independent 0.5-2 ns 
simulations at 300 or 4OO“K. Several trajectories are displayed in Figures 4 and 5. In all cases, no chair to chair 
or chair to boat inter-conversions were observed. For both B( l->4) and 8( I->3) linkages, the average Q and Y 

angles were calculated to be 5Oi15* and Oi20*, depending on the starting conformer. It can be observed that the 
trajectories remained most of the time in the low energy region close to form A. In fact, only when the calculation 

started from geometry E, the trajectory spent a fraction of time within this island (ca. 300 ps). although the 

trajectory went again to the low energy region. Also, when the starting geometry was that of D, the simulation 
resulted in a transition to region A within a few ps. Therefore, according to the MD simulations, minimum 
energy conformers D and E are not stable enough in comparison to A, when external factors such as stabilization 
by external hydrogen or covalent bonds or non polar contacts are not involved. In some cases, for the 4OO*K 
simulations, several transitions between the possible orientations of the galactoses lateral chains were 

obsetved.(Fig 6). 
NMR spectroscopy can be used to distinguish the presence of either confonner2u. All the low energy 

region described by conformers A-C of compound 1 has short distances between H-4 and H-l’, H-3 is close to 
H-l’ in conformer E, H-4 close to H-2’ in conformer D, and there is an unique contact between H-l’ and H-5,, 
for conformer A, respectively. In addition, HO-3 and O-5’ of A and B can be intramolecularly hydrogen bonded 
since both oxygen atoms are less than 3.0 8, apart. These structural characteristics are shown in Tables I and II. 
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Fig. 5. Trajectory plots of one MD simulation (CVFF, &=l D, time 2 ns) for 2, starting from A region. From left 
to right and top to bottom: (A) History of @ angle, (s) History of Y. (C) History of H-l’-H-3. (D) History of 
H- l’-H-4. 
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Table 3. IH-NMR Chemical Shifts (6. ppm) for l-2 in D20 Solution at 40 ‘12. 

Proton 

H-l 

;:: 
H-4 
H-5ar 
H-Se4 
H-6’S 
H-6’R 

Compound 

1 2 

Xylose residue 

4.53 4.54 

3.37 3.59 3.52 3.68 
3.86 3.75 
3.41 3.36 
4.12 4.03 

1 2 

Galactose residue 

4.48 4.65 

3.52 3.66 3.60 3.67 
3.93 3.93 
3.71 3.70 

3.75 3.76 
3.82 3.80 

Hydroxymethyl conformation. Gal HsprO~ and H6pr0s were assigned as previously reported for similar 

derivativesal. The distribution of rotamers was calculated. following well established methodology, assuming a 

gt:tg:gg equilibrium22. The observed couplings agree with combinations of the gt and tg rotamers, being the gt 

family populated in extensions >65%. These experimental results are in fair agreement with those calculated from 
the AMBER energy surfaces, which predict gt populations of 61 and 62% for 1 and 2, respectively. 

Analysis of NOE data- The conformational analysis of oligosaccharide structures based on NOE data can 
be performed in several ways23. Qualitatively, the existence of NOE between H-l’ and H-4 and not between H- 

2’ and H-4 implies that compound 1 spends most of its time in the region defined by local minima A-C. Besides, 

the presence of NOE between H-l’ and H-5,, protons indicate that the region defined by minimum A is 

populated to some extent. On the other hand, the small but detectable H-l’-H-3 NOE indicates that the region 

defined by conformer A is not the only one populated in water solution, and that conformers B, C, and/or E are 
also present. The corresponding average distances for H-l’-H-4, H-l’-H-3, H2’-H-4, and H-l’-H5,, proton 
pairs from MD simulations are 2.30 A, 3.20, 3.40 A, and 2.60 A, respectively, although oscillations could be 
observed. On the other hand, the calculation from the adiabatic AMBER map provides values of 2.7,3.8, 3.2, 

and 2.9 A, (a-3> averaging) or 2.6, 3.2, 2.7 and 2.7 A (<r-6> averaging), respectively. According to these 
values, besides those observed NOES, we should also expect the presence of NOE between H-2’ and H-4 

protons. In principle, a more rigorous method to evaluate the experimental data is to use the geometries of the 

different minima to calculate the expected NOE24 via a complete relaxation matrix25 approach using either one 

conformation or an average26 according to a Boltzmann distribution function27 at a given temperature. The 
results following this methodology by using the protocole described in the experimental part are collected in 
Table 4. The correlation time was estimated from the fitting between the calculated and experimental intensities of 
H- l’-H-3’ and H- l’-H-5’. The comparison among the observed and calculated interresidue cross peaks H- l’-H- 
4, H-l’-H-3, and H-I’-H-5,, for the different individual minima showed that a satisfactory match could be 
obtained by considering the presence of certain flexibility (@=6Ckb20* and Y=10&20*) around form A in the 

conformational equilibrium, along with a small participation (ca. 5-10%) of conformer E. A more precise 
quantitation of the population of both states is precluded by the uncertainty in the time scale of motion around the 
linkages& is important to mention that the calculation of the NOES from the AMBER energies (&=78) provided 

H-l’-H-4 intensities noticeably smaller than those measured along with larger NOE values for the H-l’-H-3 (B 
region) and observable H-2-H-4 (D region) intensities. 
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Fig. 6.- Transitions between the possible orientations of the galactose lateral chain of 1 (4OO*K, AMBER). 
History of w (H-S-C-5-C-6-0-6) torsion angle (left). Trajectory of the simulation in torsional space (right): o 

angle is indicated horizontally and 0-5-C-5-C-6-0-6 torsion angle along the vertical axis. Conformations gt and 
fg are strongly predominant along the whole MD simulation. 

The superimposition of these relevant interproton distances with the corresponding conformational maps 
are given in Figure 7. The observation of one or two inter-residue NOES can impose constraints in the potential 
energy map to verify the existence of a given conformation 20. The previous step for the analysis of the NOE data 

was tire assignment of the different resonances through a combination of regular COSY and HMQC techniques. 

The chemical shifts for 1 and 2 are shown in Table 3. The observed couplings (data not shown) agree with 4c1 
chair conformations for all the pyranoid rings of 1 ami 2. 

Fig. 7.-Superimposition of the relevant interproton distances with the energy maps of 1 (left) and 2 (right). 
Distance levels are drawn at 2.3.2.6.2.9, and 3.2 A. For 1. H-l’-H-4 (centre), H-l’-H-Seq (above), and H-l’- 
H-3 (below) distances are indicated. For 2. H-1.-H-3 (centre), H-l’-H-2 (above), and H-II-H-4 (below). 
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Table 4. Experimental and Calculated Steady State NOES (H-l’, Sat.time=lO s) for 1 at 37*C in D20 Solution, 

at 300 and 500 MHz. 

Proton pair Intensity (4%) 

a b c d e f g 

H-1’/2’ 7 6 6 6 6 5 6 

H-1’/3’ 10 9 H-1’14’ -3 -2 $! :; 10 9 -2 -2.5 :;5 
H- l’/S 12 11 11 11 11 13 12 
H- 1 ‘I4 :” 13 13 - 12 8 13 
H-l’/Seq 2 
H-l’/3 3 ; __ 32 : Z ;*: 
H-2114 __ __ __ __ __ 0.8 0:6 

a Experimental 300 M-Ix. b Exp. 500 MI-Ix. c Theoretical from minimum A. d Theor. from minimum E. e 955 A:E equilibrium. f 
Ensemble average Amber. g Ensemble average CVFF. In all cases .rc=0.06*10-9 s 

However, according to the experimental data, the presence of conformers D or E in an appreciable extent 
(>5%) can be discarded. The use of AMBER with smaller dielectric constants produce even worse results, since 

D population became higher (Table 1). On the other hand, although not especially parametrized for 
carbohydrates, the CVFF energies are more consistent with the experimental NOES. Therefore, according to our 

results, the AMBER force field, when used in these conditions (bulk dielectric constant), does not correctly 
reproduce28 the conformational properties of 1 (and 2, see below). Although the application of the AM1 

Hamiltonian has been performed in a less systematic way, a similar behavior is observed with these calculations 

and the fit to the experimental NOE data is poor. Interestingly, the AM1 charges are much closer to those 
employed by the CVFF program than to those used by AMBER. 

The presence of NOE between H-l’ and H-3 and not between H-l’ and H-4 indicates that the 

conformation of 2 can be defined by the central region. However, the presence of NOE between H-l’ and H-2 
indicates that minimum A alone can not explain the experimental data. The corresponding average distances for 

H-l’-H-3, and H-l’-H-2 from MD simulations are 2.40 A and 2.95 A, respectively, although oscillations were 
also observable. The results following the relaxation matrix methodology are collected in Table 5. 

Table 5. Experimental and Calculated (~&l.O6*10-9 s) Steady State NOES (H-l’, Saturation Time=10 s) for 2 at 
37*C in D20 Solution, at 300 and 500 MHz. 

Proton pair 
-____--- 

Intensity (96) 

a b c d e 

H- 1’12’ 8 
H- 1’13’ 10 ;: x : 8 
H- l’j4’ -3 -2 -2 -2.5 -2.5 
H- 1’15’ 11 10 10 13 12 
H-l’/4 3 
H- 1’13 17 14 Is 10 13 
H-l’/2 2 2 1 2 1 
H-2’/3 __ _ _ __ __ _ _ 

------- ------ 
a Experimental 300 MHz. b Exp. 500 MHz. c Theoretical from minimum A. d Ensemble average Amber e Ensemble average CVFF 
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The comparison among the observed and calculated interresidue cross peaks H-l’-H-3, and H-l’-H-2 for 

the different individual minima showed that a satisfactory match could be obtained by considering the presence of 
flexibility around minimum A (~=60&20* and Y=lfbt20~. The presence of other conformers in an appreciable 

extent (~5%) can be discarded since they would produce H-l’-H-3 intensities noticeably smaller than those 
measured along with much larger NOE values for the H-l’-H-4 contact, that was not detected. Again, as 
described for 1, the calculation of the ensemble average NOES from AMBER energies predicts smaller H-l’-H-3 
intensities than those observed. However, the experimental NOE data can be satisfactorily explained by 

considering the presence of conformers located in the low energy region alone. As stated above, the CVFF 

results have a better agreement with the experiment than the AMBER and the AM1 methods. 

These results indicate that the extent of flexibility around the B( 1-4) linkage of 1 and the R( l->3) linkage of 

2 in water solution is rather limited, and that less than 5% of the complete potential energy surfaces are populated 

in solution. Therefore, for both linkages, the recognition of conformers of other regions should be accompanied 
by the formation of several hydrogen bonds or stabilizing van der Waals contacts to override the important 
energy barrier between the low energy area and the different islands. 

According to our results, the glycosidic bonds of 1 and 2 are neither as flexible as observed for the Gal- 
6( l->4)-Glc linkage within the GM 1 ganglioside in dimethyl sulfoxide29, nor as rigid as deduced for the same 
moiety in the GM3 analoguew, the vex uisaccharide31,6’-0-sialyllactose32, and the Gal-8( l->4)-Xyl linkage in 

two proteoglycan fragments33. Compound 1 shows a moderate flexibility, similar to that proposed for O-(1+4)- 

linked lactosides10*12,34 and xylobiosides 35. The MD simulations produced average 0-5’-O-3 distances of 

2.95kO.10 A indicating the possible presence of intramolecular hydrogen bond. With regard to 2, it seems to be 
also fairly rigid, with reduced oscillations around a global shape similar to that reported for the Gal-8( l->3)-Glc 
moiety of the Lea group36. The existence of intramolecular 0-5’-O-4 hydrogen bond is also possible, according 

to the calculated average distance. A superimposition of the global minima for both compounds is shown in 

Figure 8. The global shape of both molecules is very similar, although the xylose ring shows an important 

displacement when going from 1 to 2. Although other explanations could also be possible, the calculated major 

conformers satisfactorily explain the results observed in the enzymatic galactosidation of xylopyranosides576. 

Fig. 8.-Superimposition of the global minima for compounds 1 and 2. 
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EXPERIMENTAL 

Materials.- The syntheses of compounds 1 and 2 have been reported elsewheres-6. 
NMR experimenk- NMR spectra were recorded at 40 ‘C in D20, on Varian XL-300 and Unity 500 

spectrometers. Proton chemical shifts were referenced to residual HDO at 8 4.61 ppm. The steady state NOE 

experiments were performed through the interleaved differential technique using a saturation delay of 10 s. 
Conformational calculations.- Glycosidic torsion angles are defined as 0 H-I’-C-l’-0-I’-C-4, and Y C- 

l’-0-l’-C-4-H-4 for 1, and Q H-l’-C-l’-0-l’-C-3, and Y C-l’-O-l’-C-3-H-3 for 2. Relaxed (*,‘I’) potential 

energy maps*5 were calculated for compounds 1 (as methyl glycoside) and 2 by using the AMBER7 and CVFFs 
force fields. Only the g and gt conformations of the lateral chain were used for the galactose residue21.22, since 

they have been shown to be rather more stable than the alternative gg conformer. The starting position for the 
secondary hydroxyl groups was set as rr (anti-clockwise) or cc (clockwise). Therefore, four different energy 

maps were built for each disaccaride and each force field. In total 6400 conformers were calculated. The previous 

step involved the generation of the corresponding rigid residue maps by using a grid step of la*. Then, every 
@,Y point of this map was optimised to build the relaxed one. From these data, adiabatic CVFF and AMBER 

surfaces were built for both 1 and 2. In order to explore the possibility of additional local minima not detected by 
this protocol, the MMZlow energy conformers 12 found previously for the g-methyl analogue of 1 were built and 

submitted to further minimization by using AMBER and CVFF. For compound 2, different conformers based on 
the previously reported X-ray and molecular mechanics conformers for laminaribiose analogues (Glc-O-(l->3)- 
Glc) were also built and minimized (WY, 54-29Q/14-8Q, or WY, 42-2aQ/-38 to -52Q)1u. Dielectric constants of 1 

and 78 D were used for the CVFF calculations, while distance dependent dielectric constants (1,4, and 78 D) 

were employed for the AMBER minimizations. The low energy conformations from the adiabatic maps were also 

optimized by semiempirical methods at the AM1 level 16. The heats of formation were obtained by minimizing the 
total energy with respect to all geometric variables, using the BFGS procedure. The adequate choice of the 
convergence criteria implied the use of the PRECISE option. Their corresponding solvation energies were 
estimated by using the AMSOLt7 program. Different geometries describing local minima were then taken as 

starting structures for Molecular Dynamics calculations in vucuo by using AMBER and CVFF as integrated in the 

Discover 2.9 program37. The MD simulations were performed at 300% and 400QK, with dielectric constants of 

78, 1, and/or 4*r, and a time step of 1 fs. The equilibration time was considered to be 100-200 ps while the total 

simulation time was 520 ps, 1020 or 2000 ps. Trajectory frames were saved every 1 ps. The trajectories were 

then examined with the Analysis module of INSIGHT 1138. The steady state lD-NOE were calculated according 

to the complete relaxation matrix method by using the NOEMOL39 program for the proton coordinates of the 
obtained local minima, for conformers included in regions centered in the local minima geometries, for which @ 
and Y differed up to W in 109 steps, and for a Boltxmann distribution of all the conformers, calculated from the 

relaxed relative energies at 310 OK. Isotropic motion or motion according to a symmetric top28,39, and external 
relaxation of 0 and/or 0.1s were assumed in different calculation process. Only the best results are shown in 
Tables 4 and 5. Since NOES are extremely dependent on the correlation time, different zc values were used in 

order to best match between the experimental and the calculated NOE for a given intraresidue proton pair. For the 
obtention of the ensemble average NOES, the relaxation rates were estimated assuming r3 or 1-6 averaging of the 
interproton distances, in two separate calculations. 
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