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ABSTRACTS

lH NMR signals of H-6proR and H-6proS protons of D-glucoses and

their per-0O-acylated (acetyl and benzoyl) derivatives were unambiguous—
ly assigned by chiral deuteration at the C~6 position. The JHS H-6proR
and JHS H-6proS values thus obtained enabled us to calculate thé rota-
meric distributions of gg, gt and tg conformers. For the calculations,
conventional equations (4 and B) and novel equations accounting for
possible departure of the three conformers from perfect staggering,
were employed. The results showed that D-glucoses irrespective of
solvents and protecting groups were predominant in two conformers gg
and gt in an approximate ratio of 60 and 40, respectively, with a
negligibly low population of the tg conformer. These results were in
complete accordance with the statistical study of X-ray data of
D-glucoses.

INTRODUCTION

Exo cyclic C5-C6 bonds of D-Glucoses are expected to exist in con-
formational equilibrium between three staggered conformers, namely, gg
(gauche-gauche), gt (gauche-trang) and gt (trans-gauche) (FIG. 1).
Determination of the rotameric distribution of C5-Cé bonds has been the
subject of many conformational studies of D-glucose, in which semi-
empirical energy calculations,l X-ray diffractions,2 chiroptical meth-

ods3 and nuclear magnetic resonance spectroscopy4 have been employed.
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Distributions of conformers derived from energy calculations varied
extensively among the reports and seemed to depend on the parameters
employed. In X~ray analyses, Marchessault and PerezZ reported statis-
tical data of more than one hundred solid D-glucoses including their
derivatives to show the distributions of gg : gt : tg in the ratio of
60 : 40 : 0, respectively. It is noteworthy that the *g-conformer was
not found among these crystalline compounds. The chiroptical methods
are informative for studying conformations in solution. However,
reported results were in contradiction between Yamana5 and Lemieux6 who
assigned the tg and gt conformers of D-glucose in water solution
respectively using molecular rotation rules. Using circular dichroism,
Nakanishi and his co—workers7 showed the gg-preference of per-0-benzoy-
lated 2-glucose in dilute ethanol solution. NMR spectroscopy has pro-
vided a promising method for the study of solution conformations because
the relatiomship between vicinal lH - 1H coupling constants and the
relative geometries between the two protons are well established by a

Karplus rule.8 Fer the present purpose, a set of J d

H5,H-6proR an
JHS,H—6proS couplinggconstantslgan be used. Studies of this type were
initiated by Lemieux” and Hall in the 1960's but more recent results
have been reported.ll However, most of the results were based on
ambiguous assignments of the two C-6 protons, and thereby are inconsist-

ent.’"11

Analyses based on the unequivocal designation of the two
12

protons were reported by Gagnaire et al. and Rao and Perlin13 who

employed selective deuteration of the H-6proR or H-6proS to show

the gg and gt are predominant conformers in solution.

The purpose in this study was to calculate the rotameric distribu-
tions of gg, gt and tg of D-glucose in solution by lH NMR analysis.
Here, we apply our method of chiral deuteration at the C-6 position of
Q-hexosesla_l7 to make unambiguous assignments of the two C-6 protons
and apply conventional Karplus type equations to calculate the

rotameric distributions.

RESULTS AND DISCUSSION

a) Assignments of H-6proR and H-6proS signals
Unequivocal assignment of H-6proR and H-6proS signals is a crucial

problem in lH NMR analyses of conformations about C5-C6 bonds because
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FIG. 1 Three Possible Conformers about C5-C6 Bonds of
D-glucose, gg, gt and tg.

ambiguous assignments of the two protons might lead to proposing a wrong
conformation. 1In order to circumvent this problem an assumption has

often been used18’19

that since the Zg-conformer would be most unfavo-
red because of a strong 1,3-syn-periplanar repulsion between C4-04 and
C6-06 bonds, the proton with a larger vicinal coupling constant with
H-5 is assignable to H~6proR, Validity of this assumption was not

1,20,21 a considerably higher

clear because in some energy calculations
tg-population was expected over gg or gt. In this study we employed
our method of selective deuteration at the C-6 position of D-hexoses,
and H-6proR and H-6proS signals of all compounds studied in this paper
were unequivocally differentiated. An example is presented in FIG. 2,
methyl B-D-glucopyranoside and its (6S)-(6—2H1)-analog. Since H-6proS
proton is replaced by a deuterium in the latter compound, the signals
that disappeared in the spectrum can be assigned to H~6proS, and the
signals in which the coupling pattern is changed from a double-doublet
to a doublet is assignable to H-6proR. Here, there was no detectable
difference in coupling constant of H-6proR with H-5 between the non-
deuterated compound and its deuterated analog (within + 0.2 Hz), while
the chemical shift of H-6proR signals showed upper-field shift by ca.
0.015-0.020 ppm compared with the signal of the non-deuterated
compound. These phenomena were common among all of the compounds
studied here,

The chemical shifts (8§ ppm) and the vicinal coupling constants
(J Hz) of the two C-6 protons thus obtained are summerized in Table 1.

The data revealed that the vicinal coupling constants of the two
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FIG, 2 400 MHz lH-NMR spectra of methyl B-D-glucopyra=-

noside in D20 solution (a) and its (6S)-(6-<Hp)-
analog (b).

. . > -
protons showed a constant relationship of JHS,H—6proR JHS,H—éproS

ca. 2 Hz among the compounds. However, the relative chemical shifts of

the two protons changed completely between OH-glucose in DZO solution

{or OBz-sugars in CDCl., solution) and O-acetylated derivatives in CDCl3

3
solution. This trend was already reported in the literature13 and

found to occure in 4,6-di-0O-acetyl compounds but not in the correspond-
ing mono-4-0-acetyl or mono-6-O-acetyl compounds.

Our assignments of H-6proR and H-6proS signals matched with those
of Perkins et al.lg and resulted in confirming their assumption that the

proton with the larger J values is assignable to H-6proR as previ-

H5,H6
ously mentioned.

b) Calculations of Rotameric Distributions from J and
H5,H-6proR

JHS,H—6proS values,

Since the interconversion among the three conformers is sufficien-

tly fast on the MMR-time scale, I and J values are

H5, H-éproR H5,H-6proS
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observed as weighted time-averaged values reflecting the rotameric
distributions. Conventionally two types of equations 4 and B (Table 2)
have been employed in the study of D-pentofuranocses to calculate the

22,23 Application of these equat-

distributions of the C4~C5 fragments.
ions to the study of D- hexoses has been restricted to the recent report
of Boyd et aZ.ll In our preliminary use of these two equations for
methyl a-D-glucopyranoside, a-D-galactopyranose and their 4,6-0-benzyl-
idene derivatives with rigid tg and gg-conformers, respectively, it was
found that equation A and B showed considerable change in the distribu-
tions from each other (Table 2); the latter equation gave large minus
distribution to the fg-conformer of D-glucose suggesting that applicat-
ion of equation B for D-hexoses should be approached cautiously.
Recently Boyd et aZ.ll reported the use of equation B for the conforma-
tional study of N~-acetyl-D-glucosamines. However, they assigned the two
C-6 protons incorrectly26 on the basis that equation B gives large minus
values when the two C-6 protons are assigned according to the assumption
of Perkin et aZ.lg, and proposed the conformations gg : tg = 70 : 30
with a negligible contribution from the gf-conformer. In a separate
paperz4 we revised their assignments and reported the conformations of
N~acetyl-D-glucosamine in water solution to be gg : gt : tg = ca. 60 :
40 : 0 by using our chiral deuteration method and equation A. However
the problem concerned with the unreasonable minus populations by equat-
ion B was not solved. These facts prompted us to check the use of
equation B for the study on D-hexopyranoses, and in this section we
wish to report that possible distortion of gg, gt and fg conformers from
perfect staggering should be taken into account for the calculations.
The equation B originates in a Karplus equations (see Table 2) of
l-laasnoot.zs-27 This Karplus equation may be to-date one of the most
sophisticated equations and widely tested in the field of carbohydrates.
Its accuracy and applicability for the study on D-hexoses has beeu
recognized.26 Thus, the significance of this Karplus equation may
depend on the accuracy of optimizing the dihedral angles of the three
conformers. This can be noticed in the calculations for 4,6-0O-benzyli-
dene derivatives with rigid conformers about C5-C6 bonds. When the
dihedral angles of the conformers are suitably optimized, the equations
derived from the Karplus equation of Haasnoot et al. show the distribu-

tions of conformers in excellent accord with the real-conformers of the
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benzylidine derivatives (Table 2). In the equation B,23 the conformers
about C5-C6 bonds are assumed to be perfectly staggered, <.e., $05,06 =
-60°, +60° and 180° for gg, gt and tg, respectively. However in a stat-
tistical study of X-ray data of more than one hundred D-glucoses and
twenty Q;galactoses,2 considerable distortions from the perfect angles
were presented; D-glucoses showed mean angles of gg and gt to be -66.5°
and +65°, respectively, while D-galactoses showed those of gg, gt and

tg to be -52°, +63.8° and +178.4°, respectively, These X-ray data
provided useful information for optimizing the dihedral angles of three
conformations in solutions.

Additional information was available from empirical force field
calculations. Although the relative abundance of the three conformers
varied among the reports as previously mentioned, the reported dihedral
angles of the conformers with lowest energy showed overall tendencies in
good accordance with the data from X-ray analysis as mentioned above.
Perez et aZ.Zl showed the dihedral angles of gg and gt of acetylated
D-glucoses with the lowest energy to be -70° and +60°, respectively,
and Braddy1 reported those of gt and tg to be +71.7° and +171.6°, resp-
ectively. Melberg and Rasmussen27 documented in force field calculat-
ions of gentiobiose that the dihedral angles about the C5-C6 bonds with
lowest energy are not centered symmetrically around -600, +60° and 180°,
mainly because of strong O -- O repulsion(0-6 -- 05 for gg and gt and
0-6 -- 04 for tg), and they showed further that the distortions of the
dihedral angles were in good agreement with the X-ray data.

By assuming these deviations of dihedral angles for each of the
three conformers we optimized their dihedral angles in several ways
using the Karplus equation of Haasnoot et al. to derive new equations
C-E for D-glucoses and F-H for D-galactoses. These new equations were
used for the rotamer calculations as shown in Table 2., First of all it
is notable that the small differences in the optimized angles among C
to F or F to H showed little change in the results of the calculationms.
The significant change was that the large minus distributions of tg
conformers in equation B was considerably minimized in the C-F
equations. This suggests that the conformers, especially gg and gt of
D-glucoses in solution, might be distorted from perfect staggering in
the manner predicted from X-ray studies or force field calculations.

Consequently, some of the confusion in using equation B for the calcu-
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lation of D-glucoses was eliminated. It is also noteworthy that the
conventional equation 4 has parameters closer to those in the new
equations C-E than to those in F-H. Since equation 4 originates from
lH NMR data of a cyclic nucleoside as a rigid gg conformer with an angle
$04,05 = ca. -70° (X-ray analysis)29 and 2,3-trans-dimethyldioxanes
(torsion angles were not defined), this equation has parameters close to
those in equation C-E for D-glucoses. Thus, the distributions calcula-
ted by C-E are very similar to those calculated by equation 4 (Table 1
and 2).

In this study we calculated rotameric distributions of D-glucoses
by using equations A and B in a conventional manner and a new equation
D assuming the deviations of dihedral angles as shown in Table 2.
These equations were used also for acylated derivatives without modifi-
cation since small differences in the electronegativity between OH and
QO-acylated groups would show little change of coupling constants (order
of 0.1 - 0.2 Hz).27 The results are summarized in Table 1 together with
the lH NMR data. They indicated that the rotameric distributions of
D-glucoses showed a constant feature of gg : gt : tg = ca. 60-50 : 50-
40 : 0, irrespective of solvents and protecting groups. That the tg-
distribution is negligibly low is in accord with the results obtained
in X-ray analysis of D-glucoses. Moreover, the relative ratio of gg
and gt also showed good agreement with the X-ray data (gg/gt = 60/40).
Here, the highest gg population was observed for penta-0O-acetyl-a-D-
glucopyranose (gg : gt = ca. 70 : 30) and the lowest population was
observed in methyl B—Q—glucopyranoside (gg ¢ gt = ca.60: 40) and in
agreement with the circular dichroism study of Nakanishi et aZ.7’31’32

In Table 3 are shown calculation of D-galactopyranoses by using
conventional equations 4 and B and a new equation G where dihedral
angles of gg, gt and tg were optimized to be -55°, +65° and 180°,
respectively on the basis of X-ray data. The detailed discussion of
conformations of D-galactoses have already been reported in our separate
paper3o using equations A and B, and the results of equation G are not

different significantly from those of equation B.
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