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A Tethered Disaccharide Trapped As Itsanti
Conformer Calibrates the Karplus Relationship for
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We show here that a tethered disaccharide trapped iaritie
conformation with ay glycosidic torsional angle of~160°
provides an ideal model compound to calibrate the Karplus type
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Table 1. Selectednter-Residue Proton Distances in A tfand 22

1 anti 2syn
H1'—H3 H1—H4 H1—-H5 H1—-H3 H1-H4 H1-H5
exptl NOE 2.4 3.6 2.3 3.6 2.2 3.9
5ns MDsim 2.3 3.7 2.4 3.7 2.4 4.4

2 NOE data obtained from 600 MHz TROESY experiments, mixing
time 400 ms, in pyridinals at 27.0°C; distance calculations based on
2.44 A o-Gal-H1:H2 reference distance.

constant can be scaled in the F1 dimension, this parameter can
be obtained with some precisidh?
The synthetic tethered disaccharid@provides a rare example
of a glycosidic linkage trapped in the high eneggyti conforma-
tion and is the first such example for an unprotected oligosac-

relationship that describes the torsional dependence of three bondtharide. In solution the unrestrained disacchaZigeedominantly
heteronuclear coupling constants for this class of molecules. Thepopulates thesynconformation. ThéH and*3C resonances and

observed value ofJcy exceeds that calculated by empirically
derived Karplus relationshipsut is less than those predicted by
a recent theoretical treatment.

Interest in these coupling constants arises because a paucity HO
of distance and torsional angle constraints renders the experimental

elucidation of the solution conformations of oligosaccharides
underdetermined. This complex situation is compounded by

motional averaging between numerous conformational mi-
crostate$.While NOE-derived distance constraints have been the
most frequently used parameter to infer solution conformations

of oligosaccharides, torsional angles across the glycosidic het-
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o)
o) o)
H NHAC HO Ay on
Ho L o OMe H o
0 HO OMe
H “OH NHAC
1 2

coupling constants df and2 were assigned for solutions inO,
methanold,, and pyridineds (Supporting Information). The

eroatom have been recognized for some time as a valuablehomonuclea?J; ; coupling constant of 3.8 Hz and single bond

parametep.Difficulties that once limited the measurement of this
parameter have been overcome through increased us$&Cof
labeling and by the introduction of a variety of NMR experi-
ments’ While model compounds have been used to derive
experimental Karplus relationshipshose that closely mimic
actual glycosidic bonds of oligosaccharides are restricted in
number and could potentially yield anomalous couplings due to
the presence of structural strain. This is especially true for the
region of the Karplus type curve that corresponds to the higher-
energyanti conformery = 18C°, a conformation whose popula-
tion has been the focus of intense intefés€ Since the NMR
pulse sequence “EXSIDE” employed to measure this coupling
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heteronucleatlc 4 coupling constants unambiguously define the
a configuration of the Gal-GIcNAc glycoside linkage for both
disaccharided and2.!* The homonucleat] coupling constants
observed for the pyranose residues in each disaccharide indicate
that both monosaccharide residues exist as chair conformers.
However, the pattern ahter-residue NOEs for the two disac-
charides differs dramatically. Whil@ exhibited the expected
NOEs for a predominargyn conformation with a strong NOE
for the H1/H4 pair and very weak NOEs between 'HH43 and
H1'/H5, disaccharidd exhibited a weak NOE between Hdl4
and strong NOEs for the pairs HH3 and H1/H5 (Table 1).
These NOEs are only consistent with thati conformation.
Molecular dynamics calculations performed for disacchafide
with and without the NOE constraints clearly indicated that the
anti conformation is adopted and, furthermore, predictgy a
torsional angle of 162

Measurement of three-bond heteronuclear coupling constants
across the glycosidic linkage provide time-averaged values of the
two torsional angleg andy but due to their often small numerical
value, passive coupling pathways and intrinsically low sensitivity,
extraction of the parameter is often difficult, especially for
compounds that are not isotopically enricliewe recently used
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13C 13C Table 2. 3Jcy Coupling Constants in Hz and Torsional Angleslof
A B and2
ppm ppm

96.0 1 anti 2syn

g:l 42Hz 96.5—] g :I 7.0 Hz ¢ v ¢ v

79.5—

80.0— EXSIDE 42-31° 7.0-180¢ 45-27 49-2r

5nsMDsim 4.2-31° 6.2-160C 4.7-24 4.7-2&

) : ) aBased on EXSIDE experiments at 800 @nd 600 MHz 2) in
jscale=15 : jscale=10 pyridineds at 27.0 °C and application of the empirical Karplus

T : T I ! HE I i ina
575 i 560 545 1H 460 . 445 430 relatlonshlp.

97.0

80.5 —

fragment H1-C1'—01'—C4. This suggests that the conforma-
tional equilibria are not significantly different in the three solvents,
especially forl. Conclusions of this type were reported for blood
group oligosaccharides that were shown by Bush et al. to exhibit
solvent independent conformational preferettda.pyridine and
methanol, the coupling constants (4.2 and 4.5 Hz) for the fragment
H1'—C1'—01'—C4 of disaccharide& and2 are consistent with
similar ¢ torsional angles. While disaccharidés able to sample

J an unrestricted range @fandy torsional angles, it&)c y values

A of 4.5 and 4.9 Hz are consistent with modeling data (Table 2)
that suggests a narrow rangego¥alues with averaging of the
H4 torsional angle over two principal families of conformers that
correspond to theyn and anti conformers. Literature data for
H3 H5 disaccharides in DMSO or f® solution are consistent with the
sampling of theanti conformatiorf® Tethered disaccharidé
t exhibits a®Jc 1y value of 7 Hz that is consistent, according to the
empirically derived Karplus type relationsHigyith av torsional
RLARERD LEEEDLERRN RALAD CLLL) LLLLI LLAL) RELL) RLERJRRRRPRLLA) LLLLY LLLL) LALLM AL Ll e angle close to 1801In fact the 7.0 Hz coupling constant is higher

o

56 54 5.2 5.0 48 46 4.4 42 ppm than the maximum predicted by the modified Karplus-type curve
Figure 1. EXSIDE spectra ofl at 800 MHz and selective excitation ~ proposed by Tvaroska et #I¢ or Mulloy et al*?
profiles for the H1 and H4 protons. While combined NOE and molecular modeling data are

consistent with ap torsional angle close to 160the empirical

the pulse sequence “EXSIDE” to measure these coupling constantd<arplus relationshipwould suggest a perfeanti conformation

for the blood group B-trisaccharidé The experiment requires @ty = 180 and if y = 160", a coupling constant of 6.1 Hz
selective excitation at the resonance frequency of the proton thatwould be expected. Since the modeling and NOE data are based
is part of the H-C—O—C fragment. The shaped pulses must ©On three separate NOE constraints it seems more probable that
excite only the proton resonance of interest and must not perturbthe Karplus curve is under-calibrated and that a torsional angle
any protons that are coupled to this hydrogen. Here the fragmentsof ~160-170" yields a 7 Hzheteronuclear coupling constant.

that define thep andy torsional angles are HC1—01—C4 This implies that the numerical values féllc 14 across oligosac-

and C1-O1—C4—H4. The determination of each coupling charide glycosidic bonds for torsional angles close to°l8@

constant requires its own experiment. too low by 10-20%. In support of this contention, a highly
For the EXSIDE experiment to provide tHdcy coupling branched and sterically crowde_d bacter_lal polysaccharide was

constant (fragment C+01 —C4—H4; y torsional angle) the shown to possess a cellobiose disaccharide element that adopted

resonance for H4 must be well separated from 3heoupled the anti conformatiorf” In this case the coupling constant was

hydrogen atoms H3 and H5. To measure the coupling related to /-4 Hz, a value also higher than the maximum predicted by the
the ¢ torsional angle only requires that Hiie well separated ~ €mpirical relationship. ] _

from H2, a condition that is fulfilled for virtually all hexopyranose The *Jc 4 coupling constant for thanti conformation of1,
residues. The former condition is frequently not satisfied and for While definitely larger than coupling constants predicted by
disaccharided and 2 the resonances of H3, H4, and H5 were empirical treatment& ¢ is smaller than predictions of the
either too close or overlapped for solutions iR DMSO-ds, the_oretical treatmerﬁMor_e examples are therefore needed to
and methanotl,. We resorted to the use of an aromatic solvent, Ccalibrate the proportionality constants.

pyridine-ds to disperse the resonances so that at 800 MHz field
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