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Configurational assignment of N-acetylneuraminic acid and
analogues via the vicinal C,H coupling constants
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Sialic acids, particularly N-acetylneuraminic acid (NeuSAc), frequently occur at
the non-reducing ends of oligosaccharide chains of glycoproteins and glycolipids'™.
Although 'H-n.m.1. spectroscopy has been used to elucidate the structures of these
molecules™’, assignment of the configuration at the anomeric centre (C-2) of Neu5Ac
derivatives can be difficult because C-2 is a quaternary carbon and the exocyclicC-1isa
carboxyl carbon (see 1), and only empirical fingerprints could be given*®’.
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For several NeuSAc derivatives, the J., y, 5, values, determined by 2D-methods®,
were found to be ~ —8 Hz for the x anomers and ~ —4 Hz for the f anomers. However,
for oligosaccharides, the identification of the sialic acid C-2 resonances may not always
be accomplished easily and we have been interested in alternative methods of assign-
ment of anomeric configuration. Haverkamp ez al.’ demonstrated that the § configura-
tion of cytidine 5'-phospho-NeuSAc can be determined on the basis of the values of
e Hoaar We now report the results of a re-examination of this method by measuring the
Jeimae and Jogps, values for N-acetyl-2.4,7,8.9-penta-O-acetylneuraminic acid
methyl ester (1). The situation with 1is complex since there is an «,f-mixture in solution®
and the numerous carbonyl carbon resonances from the OAc groups can overlap those
from the methyl ester group. 2D-N.m.r. techniques were applied in order to obtain a
rigorous assignment of the resonances and a precise analysis of the coupling constants.

Vicinal C,H-coupling constants are sensitive to structure, as are vicinal H,H-
coupling constants'®. Schwarcz and Perlin'' presented an experimental correlation
diagram for vicinal C,H-couplings in mono- and di-saccharides, and recent mea-
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Newman projections and C-1.H-3 dihedral angles in x-1 and -1
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surements'” gave average J.,, values of 1.5 and 5.5 Hz for dihedral angles (¢) of 60" and
180", respectively. These are the dihedral angles which are to be expected for x-1. as can
be seen from the Newman projectionsin Table I (NeuSAcderivatives adopt the (. chair
conformation*). For f-1. @ is 60° for both H-3e¢ and H-3ax. and the couplings with C-1
are expected to be small, Only the determination of /-, ., will allow configurational
assignment for 1.

The H-3eq and H-3ax resonances in the 360-MHz 'H-n.m .t spectrum of | have
been assigned” by H.H-COSY, The (-1 resonances of the methyl ester groups can be
assigned by a C.H-COSY experiment with polarisation franster sig the fong-range
couplings'™ "

T

. since they correlate with the methyl protons ar 277 popm. (Fig 1)
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Fig. 1. 90.5-MHz C H-COSY spectrum (CD,CL, 257) of the region for carbony! carbon resonances of 1.
The polarisation transfer was made rie the long-range couplings.,
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Fig. 2. Part of the region for carbonyl carbon resonances of the 'H-decoupled (a) and 'H-coupled ()
90.5-MHz PC-n.m.r. spectrum of 1. In (b), the multiplet of C-1x is hatched.

Resonances for C-1 were found at 166.71 and 168.74 p.p.m., which correspond to -1
and a-1, respectively (@,f-ratio ~3:1)®, The large difference in the chemical shifts of the
C-la and C-1f resonances may be a useful fingerprint for the assignment of anomeric
configuration in sialic acids. The C-1§ resonance at 166.71 p.p.m. was well separated
from the other carbonyl carbon resonances. The proton-coupled *C-n.m.r. spectrum
(Fig. 2b)contained a quartet of doublets, with the quartet arising from the coupling with
the methyl ester protons (*J 3.9 Hz). Additional splittings are expected from the
coupling of C-1p with H-3. However, only one coupling (1.3 Hz) was resolved (Fig. 2)
and the other must be less than the line width of the resonances (i.e., <<1 Hz). The larger
coupling should correspond to that of C-18 with H-3ax, since a cross-peak was observed
between these resonances (Fig. 1), but not between those of C-1f and H-3egq.

The C-la resonance at 168.74 p.p.m. was close to those at 168.68 and 168.66
p.p.m. that could be attributed to the AcO-2 carbonyl carbons of 2-1 and f-1 since, in
Fig. 2, they occurred as simple quartets (*J 7.0 Hz). Consequently, the proton-coupled
C-la multiplet was markedly overlapped (Fig. 2b) and no C-1,H-3 couplings could be
determined from the 1D experiment.

The heteronuclear 2D-n.m.r. techniques, gated-decoupling'” and spin-flip'® with
selective 180° '"H (DANTE) pulse'?, were applied to 1 on each H-3. Fig. 3 shows portions
of the 2D gated-decoupling spectrum of 1 and the cross-sections taken at the chemical
shifts of the C-1 resonance of each anomer. The C-1a multiplet was now well separated
from the AcO-2 resonances. However, since the cross-sections showed multiplets where
all J values were half of their actual magnitudes™, the resolution of the couplings was
not ideal. Indeed, the 2D-spin-flip experiment allowed a more precise determination of
these couplings (Fig. 4). Furthermore, since the protons were selectively excited, an
individual assignment of the C-1,H-3eq and C-1,H-3ax couplings was obtained. Table
11 collects the resuits for the C-1,H-3 couplings of 1.
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Fig. 3. The J-resolved 90.5-MHz “C-n.mr. spectrum of | obtained by the gated decoupling method
Contour plot and cross-sections at the chemical! shifts of the resonances of O-ly and C-11

Fig. 4. The J-resolved 90.5-MHz "C-n.mr. spectrum of 1 obtained by the spin-flip method; H-3eg and
H-3ux of each anomer were excited selectively by a 180" DANTE pulse. Cross-sections are plotted at the
chemical shifts of the C-1 resonances of C-1x and C-14

TABLE 1

Vicinal C.H coupling constants for z-1 and f-1 determined by the selective 2D-spin-flip experiment

J(HZ) 21
C-1.H-3ax 6.0 13
C-1.H-3eq 1 i

The C-1.H-3eq couphngs were small and simular for x-§ and /-1 (Table I,
However, the J 5., value was definitely larger for x-1. fc (700 = ey ©
(J(~},H~‘<x/v)z./)"

NeuSAc derivatives and are an alternative to J,. ..., values™

Thus. J i, values indicate unambiguously the unomeric configuration in
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Compound 1 was prepared as described®. N.m.r. spectra were recorded with a
Bruker AM-360 instrument as reported®.
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