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ABSTRACT

The variable temperature 'H NMR spectra of the signals of the C-6 protons of 2-
hydroxy-3-methylphenyl $-D-glucopyranoside (92) and its 2,3,4,6-tetra-O-acetyl derivative
(2a) had previously been interpreted as indicating that there was slow rotation around the
C5-C6 bond in 2a and for 9a, that the 7g rotamer was significantly populated while the gt
rotamer had a negligible population. The data was reanalysed to demonstrate that neither
conclusion was valid.

INTRODUCTION

The conformational analysis of rotation about the C5-C6 bond in hexopyranosides
has been the subject of a number of recent 'reports because of its importance for
oligosaccharides linked through O-6 and its relation to anomeric equilibria."® We have
become interested in this problem because the various factors determining the bosition of

the equilibria between the three rotamers were not well understood.” As a result, we were

- very interested in a paper by Mabic and Lepoittevin which described the synthesis, NMR

spectra and conformational analysis of catechol B-glucosides in which the conformational
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analysis of the rotamers about the C5-C6 bond was a major topic.® From their analysis of
the variable temperature NMR spectra of 9a, these authors concluded that rotation around
the C5-C6 bond was slow on the NMR time scale, a highly significant observation, if valid.
We disagree strongly with this and other conclusions drawn in the paper and present the

basis for our disagreements here.

H .
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22aR=Ac
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RESULTS AND DISCUSSION

Mabic and Lepoittevin reported the relative stabilities of the three C5-C6 rotamers
of 2-hydroxy-3-methylphenyl f-D-glucopyranoside (9a) and its 2,3,4,6-tetra-O-acetyl
derivative (2a) as calculated by the molecular mechanics program MacMimic 2.0 and used
these to interpret NMR experiments. The three rotamers are shown in the Scheme.

We disagree with two areas of interpretation of the NMR experiments. These
authors state that, on heating a C,D,Cl, solution of 2a, the AB pattern for the H-6R and H-
65 protons that arises on decoupling H-5 is transformed into an X, pattern. In fact, this
transformation should never happen at any temperature® and was not observed there. The
authors suggest that only two of the three possible rotamers are populated. H-6R and H-6§
are diastereotopic in each rotamer. Therefore, under slow exchange conditions, each of the
two populated conformers would give rise to an AB quartet if decoupling was successful.
An eight line pattern like that shown for the 410 K spectrum in Figure 2* (see Figure) could
be observed under slow exchange conditions, but only if the populations of the two rotamers
were identical. More importantly, coalesence would then produce a single AB pattern
because these two protons remain diastereotopic when the rotamers are interconverting
rapidly on the NMR timescale;® coalescense to a single AB quartet was not observed nor
was the X, pattern predicted® observed. Fortunately, the region of the NMR spectrum
containing these signals was shown in Figure 2 of the author's paper at temperatures from
410 to 455 K* and the coalescence point was deemed to be 450 +5S K. At 410K, the part
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Figure. The part of the 200 MHz 'H NMR spectra of 2-hydroxy-3-methylphenyl 2,3,4,6-
tetra-O-acetyl-3-D-glucopyranoside (2a) in C,D,Cl, containing the signals of H-6S and H-

410K

- 6R: top, a simulated spectra; centre, the experimental spectra;® bottom, a simulated

spectrum. See text for the parameters used for the simulations.
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of the spectrum shown that contains the 8 lines, numbered 1-8 here, can be best interpreted
as the AB part of an ABX pattern expected for the signals of H-6R and H-6S when no
decoupling is performed. As the temperature is raised, the signals broaden somewhat and
the chemical shift difference between H-6R and H-6S decreases sufficiently that the two
central lines, lines 4 and 5, are coincident but no coalescence takes place.

The Figure reproduces the spectra in the previous® Figure 2, recorded at 200 MHz
in C,D,Cl, and also contains two simulations. Below the experimental spectra is a
simulation of an AB segment of an ABX pattern for H-6R and H-6S calculated with the
coupling constants given® for a CDC, solution, and with chemical shifts of 3.83, 4.19 and
4.29 ppm for H-5, H-6S, and H-6R, respectively and with a line width of 1.5 Hz. A slightly
smaller chemical shift difference than reported® for the CDCl, solution was used to match
the observed intensities of the 1, 2, 7 and 8 lines versus the 3, 4, 5, and 6 lines. Above the
experimental spectrum, is a spectrum calculated with chemical shifts of 3.83, 4.215 and
4.265 ppm for H-5, H-68, and H-6R, respectively and with J; ;3.3 Hz, J; i 4.5 Hz, Jpes
-12.4Hz and aline width of 2.5 Hz. As canbe seen, the reported pattern at the temperature
of "coalescence" was reproduced well with this set of many possible sets of parameters that
would reproduce the experimental spectrum shown.

It should also be noted that an observation of separéte patterns for individual
rotamers is extremely unlikely in this system. The three rotamers (g, gg, g7) are separated
by three saddlepoints on the potential energy surface named’ using the number of the atom
eclipsed with O-6 in the saddlepoint, i.e., syn-05, syn-HS, and syn-C4. Two pathways exist
for interconversion of any two of the rotamers, e.g., for the gg rotamer to be converted to
the gt rotamer, it could proceed directly over the syn-05 saddlepoint, but it could also
change into the fg rotamer via the syn-C4 saddlepoint, then to the g7 rotamer over the syn-
HS5 saddlepoint. In order for the populated rotamers for 2a, gg and gf, to undergo slow
interconversion on the NMR timescale, both processes would have to be slow. It was
recently calculated from the results obtained by ultrasonic relaxation on glucose and méthyl
(-D-glucopyranoside' that this barrier was about 19 kJ-mol?,” too small to be observed by
NMR spectroscopy.

.In addition, Mabic and Lepoittevin® concluded that the two rotamers that were

populated were different for the acetylated derivative 2a and the non-esterified compound
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9a, even though the *J; ; values were similar for both compounds, 5.7 and 2.5 Hz for 2a and
4.8 and 2.0 Hz for 9a. For 2a, the gg and g7 rotamers were calculated to have populations
of 66% and 34%, respectively, whereas for 9a, it was considered that the populated
conformers were the gg and 7g conformers at 74% and 26%, respectively.

The assignments of the H-6R and H-6S protons cause the difference in the
assessment of which two of the three rotamers had significant populations. The assignments
were based® on literature reports in which it was concluded that the signal of H-6R appeared
at a larger frequency than that of H-6S in various pyranoside derivatives.>'*'> However,
Rao and Perlin have demonstrated that the above pattern of chemical shifts is reversed for
glucopyranose and mannopyranose derivatives whenboth O-4 and O-6 are acetylated.”® We
have shown that the same is true if O-4 and O-6 are methylated and that the relative
chemical shifts of these two protons is influenced by the rotamer populations, by the
anisotropy of the group,' and by solvent effects.” Thus, in the paper by Mabic and
Lepoittevin, the populated rotamers for 9a should be the gg and the gf rotamers.
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