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aDepartment of Chemistry, Gdańsk Uni6ersity, Sobieskiego 18, PL-80-952 Gdańsk, Poland
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Abstract

1H NMR spectroscopy and X-ray diffraction data are described for N-(2,3,4,6-tetra-O-acetyl-b-D-galactopyra-
nosyl)pyridinium bromide and N-(b-D-galactopyranosyl)pyridinium bromide. X-ray crystallography revealed that the
O-acetylated salt crystallizes with two molecules of water and one molecule of ethanol. © 2001 Elsevier Science Ltd.
All rights reserved.
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Pyridinium salts with N-alkyl, N-aryl or
N-acyl substituents belong to a large and im-
portant group of organic compounds.1 The
X-ray structures for many of them were deter-
mined.2 It was documented that the pyri-
dinium salts can crystallize as mono-,3 di-4 and
trihydrates.5

N-Glycosylpyridinium salts can be obtained
in the reaction of per-O-acetyl-glycopyranosyl
bromide with dry pyridine.6a–c,7 Both anomers
are present in the post-reaction mixture. The
title compounds represent a special case of
molecules with a cationic aglycon in which the
reverse anomeric effect is observed. Influence
of this effect on conformational equilibria of

these compounds in a solution was discovered
by Lemieux,7 and all results obtained before
1995 were summarized by Perrin.8 These salts
undergo hydrolysis independent of pH in the
range of 4.4–10.5 pH units,9 enzymatic hy-
drolysis,10 O-glycosidation and intramolecular
cyclization (competitive reactions),11 and pho-
tohydration.12 Crystal structures of these com-
pounds are unknown. In this article we
describe the molecular and crystal structures
of N-(b-D-galactopyranosyl)pyridinium bro-
mide (2) and its per-O-acetylated derivative
(1).
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The reaction of 2,3,4,6-tetra-O-acetyl-a-D-
galactopyranosyl bromide with dry pyridine
according to Fischer and Raske6a affords pre-
dominantly the b anomer of the pyridium salt
1.10a

The high resolution 1H NMR spectrum of 1
confirmed the b anomeric configuration and
the 4C1-D conformation for the sugar moiety.
Unrepeatable results for the elemental analysis
for 1 prompted us to an X-ray analysis, de-
spite of the rather poor quality of the crystals.
As seen in Fig. 1, 1 crystallizes with two
molecules of water and one molecule of etha-
nol. The summary of crystallographic data,
data collection and structure refinement for 1
is given in Table 1. The crystallographic anal-
ysis of 1 showed rather short C-5–C-6 bond
length [1.44(12) A, ]. The poor quality crystal
probably explains this striking and incredible
value. Bromide ion, ethanol and two water
molecules in the crystal of 1 are involved in
hydrogen bonds of which only one between

Table 1
Crystal data and structure refinement for 1 and 2

1 2

C21H34BrNO12Empirical formula C11H16BrNO5

(C19H24BrNO9·2H2-
O+C2H5OH)

322.16Formula weight 572.40
293(2)Temperature (K) 223(2) (liquid

nitrogen)
0.71073Wavelength (A, ) 0.71073
tetragonal, P41212Crystal system, monoclinic, P21

space group
Unit cell

dimensions
10.394(2)a (A, ) 9.9260(10)
12.188(4)b (A, ) 9.9260(10)

26.146(5)10.929(3)c (A, )
b (°) 94.22(2)

2576.0(6)V (A, 3) 1380.8(6)
2, 1.377Z, Dcalcd (Mg/m3) 8, 1.661
1.546 3.204Absorption

coefficient
(mm−1)

F(000) 596 1312
0.3×0.3×0.50.2×0.3×0.5Crystal size (mm)
2.19–30.06Theta Range for 1.87–26.99

data collection
(°)

05h513,−135h513,Index ranges
05k515, −95k59,

05l536−115l513
4029/3735Reflections 5328/3140

[Rint=0.0613]collected/unique [Rint=0.1197]
Completeness to 98.399.6

(1)u=26.99 (%)
(2)u=30.06

full-matrixRefinement full-matrix
method least-squares onleast-squares on

F2F2

3735/12/2053140/12/303Data/restraints/para
meters

Goodness-of-fit on 0.979 1.007
F2

Final R indices R1=0.0299,R1=0.0763,
wR2=0.0760wR2=0.1714[for 1375 (1)

and 1826 (2)
reflections with
I\2s(I)]

R1=0.2222,R indices (all R1=0.1413,
wR2=0.0979data) wR2=0.2227
0.045(10)0.03(3)Absolute structure

parameter
0.517 and −0.948Largest difference 1.240 and −0.681

peak and hole
(e A, −3)

Fig. 1. The X-ray structure of N-(2,3,4,6-tetra-O-acetyl-b-D-
galactopyranosyl)pyridinium bromide (1) showing 50% prob-
ability displacement for ellipsoids.

the water molecules is rather strong [O-23–O-
24 distance 2.635 A, and angle 134° at H
atom]. The hydrogen bond parameters are
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Table 2
Hydrogen bond parameters for 1 and 2 with H···ABr(A)+2.000A, and BDHA 110°

Distance (A, ) (D···A)Donor (D�H) Acceptor (A)Distance (A, ) (D�H) Distance (A, ) (H···A) Angle (°) (D�H�A)

Compound 1
O-24O-20�H-20 0.82 2.423 161.3 3.21(4)
Br-1O-23�H-23A 0.82 3.38(2)2.623 153.6

O-23�H-23B 0.82 2.04 135.0 2.69(4) O-24
O-24�H-24A 0.82 2.545 140.0 3.22(3) O-10

Compound 2
Br-1O-2�H-2 3.21(3)0.82 2.39 171.7

O-3�H-4 0.82 2.54 145.8 Br-13.25(3)
O-6O-4�H-4 0.82 2.90(4)2.15 151.3

O-4�H-4 0.82 2.29 111.5 O-32.70(4)
O-6�H-6 0.82 2.48 160.8 Br-13.27(3)

given in Table 2. In order to check for the
C-5–C-6 bond length value mentioned above,
we decided to perform the X-ray analysis on
the deacetylated compound. Treatment of N-
(2,3,4,6-tetra-O-acetyl-b-D-galactopyranosyl)-
pyridinium bromide (1) with a 3% aqueous
solution of hydrogen bromide afforded the
pure b anomer of the O-deacetylated salt 2,
which turned out to be the appropriate com-
pound for the purpose. This compound was
earlier obtained by Sinnott10a under the
Lemieux and Morgan procedure6b but its 1H
NMR spectrum was not described.

The high resolution 1H NMR spectrum of 2
confirmed the b anomeric configuration and
the 4C1-D conformation for the sugar moiety.
Crystal structure for 2 is presented in Fig. 2
and the summary of crystallographic data,
data collection and structure refinement is
given in Table 1.

The C-5–C-6 bond length in 2, for good
quality crystals, is 1.517 A, which is a standard
value. The C-1–N-1 bond length of 2 (1.482
A, ) is between the values of well known ana-
logues i.e. N-methylpyridinium iodide [1.46(2)
A, ]13 and N-[3-(adenin-9-yl)propyl]-3-car-
bamoylpyridinium bromide hydrobromide di-
hydrate [1.491(9) A, ]4 or N-[3-(adenin-9-yl)-
propyl]-3-carbamoylpyridinium bromide tri-
hydrate [1.496(7) A, ].5 The same bond of 1
(per-O-acetylated derivative) is longer
[1.521(11) A, ] than those cited above.† The
selected bond lengths for 1 and 2 are summa-

rized in Table 3. The important dihedral an-
gles for 1 and 2 are given in Table 4.

The pyridinium ring in the molecules stud-
ied is slanted toward the heterocyclic oxygen
atom of the pyranoid ring [torsion angle O-
5�C-1�N-1�C-11 is 43.4° for 1 and 39.8° for
2]. The values of bond lengths and angles

Fig. 2. The X-ray structure of N-(b-D-galactopyran-
osyl)pyridinium bromide (2) showing 50% probability dis-
placement for ellipsoids.

Table 3
Selected bond lengths (A, ) for 1 and 2

Bond Length (A, ) for compound

1 2

1.521(11)C-1�N-1 1.482(4)
1.527(4)1.532(12)C-1�C-2
1.518(5)1.531(12)C-2�C-3

C-3�C-4 1.513(12) 1.529(5)
1.514(12)C-4�C-5 1.516(5)
1.441(12)C-5�C-6 1.517(5)

O-5�C-1 1.409(10) 1.390(4)
O-5�C-5 1.456(4)1.446(10)† It is worthy to mention that the mean value of Csp3–N+

bond length in substituted pyridinium compounds taken from
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Table 4
Torsion angles (°) for 1 and 2

Angle (°) for compoundDihedral angle
21

O-5�C-1�C-2�O-2 −179.9(3)178.8(6)
N-1�C-1�C-2�O-2 −61.9(3)−68.2(8)

179.4(3)172.0(7)N-1�C-1�C-2�C-3
67.0(4)O-2�C-2�C-3�O-3 67.8(9)

−172.8(3)−173.9(7)C-1�C-2�C-3�O-3
−50.3(10)C-1�C-2�C-3�C-4 −54.1(4)

46.9(9)O-3�C-3�C-4�O-4 53.0(3)
−68.9(4)−71.4(9)C-2�C-3�C-4�O-4

48.7(10)C-2�C-3�C-4�C-5 52.0(4)
59.0(3)59.8(9)C-1�O-5�C-5�C-4

−51.1(4)O-4�C-4�C-5�C-6 −53.8(9)
−172.7(3)−173.4(7)C-3�C-4�C-5�C-6

−52.5(9)C-3�C-4�C-5�O-5 −53.1(4)
−178.4(3)−170.6(7)C-4�C-5�C-6�O-6

43.4(10)O-5�C-1�N-1�C-11 39.8(4)

fractometer. The structures were solved by
direct methods with the SHELXS program18 and
refined employing full-matrix least-square
methods implemented in the SHELXL pro-
gram,19 with anisotropic displacement coeffi-
cients for all non-hydrogen atoms. Hydrogen
atoms for 2 were refined with individual
isotropic temperature factors. Common dis-
tances for C(sp3)�H and C(sp2)�H to 0.963 and
0.969 A, , respectively were used in refinement.
Hydrogen atoms of O�H groups were refined
at 0.82 A, from oxygen atoms with tetrahedral
angle at the vertex atom. Hydrogen atoms of
the sugar moiety for 1 were refined in idealized
positions with isotropic factors 1.2 times the
equivalent isotropic temperature factor of the
adjacent C atom. Ethanol and water molecules
were refined as rigid with C�C distance of 1.52
A, , C�O distance of 1.43 A, , H�O distance of
0.82 A, and H�H (not bonded) distance of 1.3
A, . The atomic scattering factors were taken
from the International Tables for X-ray Crys-
tallography (1993). Molecular illustrations for
two compounds were drawn using the ORTEP
program.20

N-(2,3,4,6-Tetra-O-acetyl-b-D-galactopyra-
nosyl)pyridinium bromide (1).—2,3,4,6-Tetra-
O-acetyl-a-D-galactopyranosyl bromide21 (10
g, 24.3 mmol) and phenol (3.7 g, 39.3 mmol)
were dissolved in dry pyridine (20.6 g, 21.02
mL) and the reaction mixture was kept at rt.
After 7 days the solvent was evaporated and the
crude product was extracted with water. The aq
solution was evaporated under diminished pres-
sure to a dark oil, then decolorized with char-
coal in boiling aq solution. Next, the charcoal
was filtered off and the solution was concen-
trated to a thick syrup (8 g), which was crystal-
lized from acetone–CCl4 system and
recrystallized from EtOH giving pure 1 (3 g,
25%), mp 176–178 °C, (lit.,10a 187–188 °C),
[a ]20

D = +16.7° (c 1.5, water), (lit.,10a [a ]20
D = +

25° (c 2, CHCl3));
1H NMR (D2O) d : 9.04–8.08

(m, 5 H, Py); 6.08 (d, 1 H, J1,2 8.8 Hz, H-1), 5.34
(t, 1 H, J2,3 9.5 Hz, H-2), 5.44 (dd, 1 H, J3,4 1.5
Hz, H-3), 5.56 (t, 1 H, J4,5 1.5 Hz, H-4), 4.52
(t, 1 H, J5,6a 6.1, J5,6b 5.4 Hz, H-5), 4.20 (d, 2
H, H-6a, H-6b), 2.16-1.82 (12 H, 4×OAc).
Anal. Calcd for C19H24BrNO9·2 H2O+EtOH
(572.40): C, 44.06; H, 5.99; N, 2.45. Found: C,
44.80; H, 5.10; N, 2.56, (lit.,10a C, 46.15; H, 4.9;
N, 2.95 for C19H24BrNO9).

determined in this work, except for the C-5�C-6
bond length in 1, agree well with those reported
by Allen et al.14 In the crystal, 1 and 2 show
both six-membered pyranoid rings in 4C1-D

conformation with one axial substituent at C-4
(puckering parameters: Q=0.559(8), U=
6.9(9)° and Q=0.574(3), U=4.7(4)° for 1 and
2, respectively).15

Previous studies of protonated N-glycosyl-
imidazoles and -pyrimidines6b,16,17 showed that
the positive charge on the nitrogen atoms linked
to the anomeric center provides a strong driv-
ing-force for the aglycon to adopt the equato-
rial orientation. The same situation occurs with
the salts presently studied, where the nitrogen
atom formally bears a positive charge. The
sugar moieties of 1 and 2 adopt a nearly ideal
4C1-D conformation in solution and in the solid
state as well, and the cationic aglycons are in
the energetically preferred equatorial orienta-
tion.

1. Experimental

General methods.—A Varian Unity Plus 500
MHz and a Mercury-400BB 400 MHz spec-
trometers were used with D2O as a solvent and
TMS or acetone as an external standard, and
2D COSY technique at temperature of 25 °C.

X-ray crystallography.—X-ray data were
measured on a KUMA KM-4 four circle dif-
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N-(b-D-Galactopyranosyl)pyridinium bro-
mide (2).—Compound 1 (0.65 g, 1.3 mmol)
was dissolved in a 3% aq solution of HBr (65
mL). The mixture was conditioned at 45 °C
for 24 h. Next the solution was evaporated to
a dense oil. Crystallization from 10:1 EtOH–
EtOAc gave the expected compound (0.37 g,
70%), mp 175–176 °C, (lit.,10a 164–165 °C)
[a ]20

D = +150° (c 1.5, water) (lit.,10a [a ]20
D = +

141° (c 2, water)); 1H NMR (D2O) d : 9.10–
8.12 (m, 5 H, Py); 5.78 (d, 1 H, J1,2 8.8 Hz,
H-1), 3.86 (t, 1 H, J2,3 9.2 Hz, H-2), 3.96 (dd,
1 H, J3,4 3.4 Hz, H-3), 4.16 (dd, 1 H, J4,5 0.4
Hz, H-4), 4.14 (dd, 1 H, J5,6a 7.6, J5,6b 4.4 Hz,
H-5), 3.95 (dd, 1 H, J6a,6b 12.4 H-6a), 3.88 (dd,
1 H, H-6b), Anal. Calcd for C11H16BrNO5

(322.13): C, 41.01; H, 4.95; N, 4.35. Found: C,
41.00; H, 4.90; N, 4.20, (lit.,10a C, 41.4; H,
5.25; N, 4.45).

2. Supplementary material

Full crystallographic details, excluding
structure features, have been deposited (depo-
sition no. CCDC 151046 for 1 and CCDC
151047 for 2) with the Cambridge Crystallo-
graphic Data Centre. These data may be ob-
tained, on request, from The Director,
Cambridge Crystallographic Data Centre, 12
Union Road, Cambridge, CB2 1EZ, UK (fax:
+44-1223-336033; e-mail: deposit@ccdc.cam.
ac.uk or www: http://www.ccdc.cam.ac.uk).
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