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Abstract

Twelve N-glycosyl amines were synthesised using 4,6-O-benzylidene-D-glucopyranose and different substituted
aromatic amines, including some diamines that resulted in bis-glycosyl amines. Another set of six N-glycosyl amines
was synthesised using different hexoses and pentoses and 2-(o-aminophenyl)benzimidazole. All compounds were
isolated as solid products and purified, their elemental compositions were established, and these were characterised
by NMR (1H and 13C), UV–Vis, and FTIR spectroscopy, by FAB mass spectrometry (molecular-ion peaks gave
molecular weights), and by their optical rotations. While the protected saccharide, 4,6-O-benzylidene-D-glucopyran-
ose, exists as a mixture of � and � anomers in solution, the corresponding N-glycosyl amines were of only the �
anomeric form as determined by NMR and FTIR spectroscopy. On the other hand, N-glycosyl amines synthesised
from 2-(o-aminophenyl)benzimidazole prefer the � anomeric form, and in two cases a mixture of both the � and the
� anomers were observed. The trends observed in the chemical shifts were compared among different products.
© 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The finding of insulin-like activity associ-
ated with various alkyl and aryl glycosyl
amines1 and their generally wide range of
biological activities2 prompted our study of
N-glycosyl amines. Glycosyl amines3 are im-

portant because these occur as junctures in
glycoproteins.4 The chemical and structural
nature of the derivatives formed from the
reaction of a monosaccharide and different
nitrogen bases depends upon the reaction con-
ditions and the base used. Thus glycosyl
amines exist either in cyclic or acyclic form.5
Benzimidazole-based non-glycosyl amine
derivatives exhibit a range of biological activi-
ties.6 N-Glycosyl amines have better advan-
tage in binding to metal ions over their sac-
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charide counter parts, as these compounds
provide additional binding centres. Thus in
view of such important aspects of N-glycosyl
amines, herein we report the synthesis and
characterisation of different N-glycosyl
amines of simple and partially protected sac-
charides using different amines, such as the
ortho-substituted aromatic amines and the
benzimidazole-based amines.

2. Experimental

All solvents were purified and dried prior to
use by adopting routine procedures. Saccha-
rides (Lancaster, UK), ortho-substituted anili-
nes (Lancaster, UK), nitrobenzaldehyde, and
Pd–C (10%) (Loba Chimie) were purchased
and used without further purification. NMR
spectra were measured in Me2SO-d6 on a
Bruker Avance DRX 500 spectrometer or on
a 300 MHz spectrometer. FTIR spectra were
recorded on an Impact 400 Nicolet FTIR
spectrometer in KBr matrix in the region of
400–4000 cm−1. Microanalyses were per-
formed on a Carlo–Erba elemental analyser.
FAB mass spectra were recorded on a JEOL
SX 102/DA-6000 mass spectrometer using ar-
gon as the FAB gas at 6 kV and 10 mA. UV
absorption spectra were recorded on a Shi-
madzu UV-2101 spectrophotometer as 10−4

M solutions in N,N-dimethylformamide
(DMF). Optical rotations of N-glycosyl
amines 1–12 were measured in dimethyl sulf-
oxide (Me2SO) on a JASCO DIP-370 digital
polarimeter, whereas 13–18 were measured on
an AA-10 automatic polarimeter at the
sodium D line (589 nm). While assigning the
spectral data several short forms were used
and these include, ‘Ar’ for aromatic, ‘Gly’’ for
glycosidic, ‘Sac’ for saccharide, ‘Ts’ for tosyl,
‘But’ for butylidene, ‘Ace’ for acetal and ‘Imi’
for imidazole.

4,6-O-Benzylidene-D-glucopyranose,7 4,6-
O-butylidene-D-glucopyranose8 and N-p-
toluenesulfonyl-1,2-diaminobenzene9 were
synthesised as per the indicated literature pro-
cedures, and the compounds were identified
based on analytical and spectral data. N-Gly-
cosyl amines of 4,6-O-benzylidene-D-glucopy-
ranose were synthesised using different mono-

and diamines to give products 1–12 by adopt-
ing the same procedure. 2-(o-Nitro-
phenyl)benzimidazole was synthesised by
adopting a literature procedure,10 but by using
o-phenylenediamine in our case, the product
was subsequently converted to 2-(o-
aminophenyl)benzimidazole. Benzimidazol-2-
yl-phenyl N-Glycosyl amines were synthesised
using different saccharides and their deriva-
tives, resulting in products 13–18. A typical
synthetic procedure for 1 is reported in the
following section.

4,6-O-Benzylidene-N-(o-carboxyphenyl)-�-
D-glucopyranosylamine (1).—4,6-O-Benzyli-
dene-D-glucopyranose (4 mmol, 1.072 g) and
anthranilic acid (4 mmol, 0.548 g) were dis-
solved in EtOH (30 mL) and stirred under
reflux. The reaction mixture was stirred for 15
min, and the product separated. The solid
thus obtained was purified by repeated wash-
ings with EtOH, followed by Et2O, and then it
was dried under vacuum. Yield 0.898 g (58%):
mp 140–142 °C; [� ]D

25 −86° (c 1.0, Me2SO);
FTIR (KBr): 3351, 2888, 1668, 1587, 1382,
1090 cm−1; 1H NMR (Me2SO-d6): � 12.86–
13.00 (br, 1 H, COOH), 8.43 (d, 1 H, 3JH1,NH

7.32 Hz, Gly-NH), 7.82 (d, 1 H, Ar-H), 7.38–
7.47 (m, 6 H, Ar-H), 6.99 (d, 1 H, Ar-H),
6.705 (t, 1 H, Ar-H), 5.59 (s, 1 H, Ace-H),
5.53 (d, 1 H, Sac-OH), 5.42 (d, 1 H, Sac-OH),
4.77 (d, 1 H, 3JH1,H2 8.82 Hz, H-1�H), 3.20–
4.20 (6 H, Sac-H); 13C NMR (Me2SO-d6): �
169.7 (1 C, COOH), 111.3–149.3 (12 C, Ar-
C), 100.6 (1 C, Ace-C), 66.6–84.2 (6 C, Sac-
C); FABMS: m/z 388 [M+H]+; Anal. Calcd
for C20H21NO7: C, 62.01; H, 5.43; N, 3.62.
Found: C, 61.78; H, 5.39; N, 3.54.

4,6-O-Benzylidene-N-(o-hydroxyphenyl)-�-
D-glucopyranosylamine (2).—Yield 0.086 g
(24%): mp 150–152 °C; [� ]D

25 −144° (c 1.0,
Me2SO); FTIR (KBr); 3485, 3374, 3301, 2929,
2878, 1590, 1381, 1085 cm−1; 1H NMR
(Me2SO-d6): � 9.30 (s, 1 H, Ar-OH), 7.41 (d, 5
H, Ar-H), 6.64–6.75 (m, 3 H, Ar-H), 6.53 (t,
1 H, Ar-H), 5.59 (s, 1 H, Ace-H), 5.33 (s, 2 H,
Gly-NH and Sac-OH), 5.20 (d, 1 H, Sac-OH),
4.57 (t, 1 H, 3JH1,H2 8.30 Hz, H-1), 3.44–4.19
(6 H, Sac-H); 13C NMR (Me2SO-d6): � 111.9–
144.1 (12 C, Ar-C), 100.6 (1 C, Ace-C), 66.5–
86.0 (6 C, Sac-C); FABMS: m/z 360 [M+
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H]+; Anal. Calcd for C19H21NO6: C, 63.51; H,
5.85; N, 3.90. Found: C, 62.71; H, 5.53; N,
3.55.

4,6-O-Benzylidene -N-(phenyl) -� -D-gluco-
pyranosylamine (3).—Yield 0.487 g (71%): mp
120–122 °C; [� ]D

25 −114° (c 1.0, Me2SO);
FTIR (KBr); 3338, 2879, 1604, 1383, 1097
cm−1; 1H NMR (Me2SO-d6): � 7.34–7.51 (m,
5 H, Ar-H), 7.11 (t, 2 H, Ar-H), 6.72 (d, 2 H,
Ar-H), 6.62 (t, 1 H, Ar-H), 6.33 (d, 1 H,
3JH1,NH 8.42 Hz, Gly-NH), 5.59 (s, 1 H, Ace-
H), 5.35 (d, 1 H, Sac-OH), 5.16 (d, 1 H,
Sac-OH), 4.63 (t, 1 H, 3JH1,H2 8.79 Hz, H-1),
3.24–4.21 (6 H, Sac-H); FABMS: m/z 344
[M+H]+; Anal. Calcd for C19H21NO5: C,
66.46; H, 6.12; N, 4.08. Found: C, 66.22; H,
5.98; N, 3.94.

4,6 - O - Benzylidene - N - (o - fluorophenyl) - �-
D-glucopyranosylamine (4).—Yield 0.448 g
(62%): mp 130–132 °C; [� ]D

25 −96° (c 1.0,
Me2SO); FTIR (KBr); 3369, 2882, 1598, 1383,
1095 cm−1; 1H NMR (Me2SO-d6): � 7.42 (d, 5
H, Ar-H), 6.95–7.09 (m, 3 H, Ar-H), 6.67 (d,
1 H, Ar-H), 5.99 (d, 1 H, 3JH1,NH 6.00 Hz,
Gly-NH), 5.59 (s, 1 H, Ace-H), 5.37 (d, 1 H,
Sac-OH), 5.22 (d, 1 H, Sac-OH), 4.66 (t, 1 H,
3JH1,H2 8.79 Hz, H-1), 3.39–4.16 (6 H, Sac-H);
13C NMR (Me2SO-d6): � 113.5–142.3 (12 C,
Ar-C), 100.6 (1 C, Ace-C), 66.6–85.1 (6 C,
Sac-C); FABMS: m/z 362 [M+H]+; Anal.
Calcd for C19H20FNO5: C, 63.15; H, 5.54; N,
3.88. Found: C, 63.66; H, 5.34; N, 3.75.

4,6 - O - Benzylidene - N - (o - chlorophenyl) - �-
D-glucopyranosylamine (5).—Yield 0.226 g
(60%): mp 138–140 °C; [� ]D

25 −86° (c 1.0,
Me2SO); FTIR (KBr): 3407, 2885, 1624, 1394,
1094 cm−1; 1H NMR (Me2SO-d6): � 7.47 (q, 2
H, Ar-H), 7.38–7.40 (m, 3 H, Ar-H), 7.29
(dd, 1 H, Ar-H), 7.16–7.19 (m, 1 H, Ar-H),
6.98 (dd, 1 H, Ar-H), 6.71–6.74 (m, 1 H,
Ar-H), 5.63 (d, 1 H, 3JH1,NH 7.34 Hz, Gly-
NH), 5.59 (s, 1 H, Ace-H), 5.38 (q, 2 H,
Sac-OH), 4.69 (t, 1 H, 3JH1,H2 8.50 Hz, H-1),
3.42–4.21 (6 H, Sac-H); 13C NMR (Me2SO-
d6): � 113.5–142.3 (12 C, Ar-C), 100.6 (1 C,
Ace-C), 66.6–85.1 (6 C, Sac-C); FABMS: m/z
378 [M+H]+; Anal. Calcd for C19H20ClNO5:
C, 60.40; H, 5.30; N, 3.71. Found: C, 60.95;
H, 5.25; N, 3.84.

4,6 -O-Benzylidene -N- [o- (p- toluenesulfon-
amido)phenyl]-�-D-glucopyranosylamine (6).—

Yield 0.296 g (58%): mp 168–170 °C; [� ]D
25

−33° (c 1.0, Me2SO); FTIR (KBr); 3510,
3326, 2873, 1601, 1328 cm−1; 1H NMR
(Me2SO-d6): � 9.3 (br, 1 H, Ts-NH), 7.65 (d, 2
H, Ar-H), 7.47 (d, 2 H, Ar-H), 7.34–7.39 (m,
5 H, Ar-H), 6.98 (t, 1 H, Ar-H), 6.81 (d, 1 H,
Ar-H), 6.72 (dd, 1 H, Ar-H), 6.53 (t, 1 H,
Ar-H), 5.68 (d, 1 H, 3JH1,NH 7.91 Hz, Gly-
NH), 5.60 (s, 1 H, Ace-H), 5.36 (d, 1 H,
Sac-OH), 5.24 (d, 1 H, Sac-OH), 4.52 (t, 1 H,
3JH1,H2 8.61 Hz, H-1), 3.28–4.20 (6 H, Sac-H),
2.37 (s, 3 H, �CH3 of Ts group); 13C NMR
(Me2SO-d6): � 113.6–142.9 (18 C, Ar-C),
100.6 (1 C, Ace-C), 66.5–85.5 (6 C, Sac-C),
20.9 (1 C, CH3 of Ts group); Anal. Calcd for
C26H28N2O7S: C, 60.93; H, 5.47; N, 5.47; S,
6.25. Found: C, 61.51; H, 5.73; N, 5.85; S,
6.61.

4,6 - O - Benzylidene - N - (1 - napthyl) - � - D-
glucopyranosylamine (7).—Yield 0.239 g
(61%): mp 118–120 °C; [� ]D

25 −94° (c 1.0,
Me2SO); FTIR (KBr); 3338, 2885, 1634, 1383,
1077 cm−1; 1H NMR (Me2SO-d6): � 7.61–
7.69 (m, 3 H, Ar-H), 7.31–7.48 (m, 6 H,
Ar-H), 7.16 (t, 1 H, Ar-H), 7.07 (d, 1 H,
Ar-H), 7.02 (s, 1 H, Ar-H), 6.62 (d, 1 H,
3JH1,NH 8.10 Hz, Gly-NH), 5.61 (s, 1 H, Ace-
H), 5.38 (d, 1 H, Sac-OH), 5.19 (d, 1 H,
Sac-OH), 4.79 (t, 1 H, 3JH1,H2 8.42 Hz, H-1),
3.32–4.22 (6 H, Sac-H); 13C NMR (Me2SO-
d6): � 105.4–144.7 (16 C, Ar-C), 100.7 (1 C,
Ace-C), 56.0–85.5 (6 C, Sac-C); FABMS: m/z
394 [M+H]+; Anal. Calcd for C23H23NO5: C,
70.22; H, 5.85; N, 3.56. Found: C, 69.38; H,
5.78; N, 3.63.

4,6-O-Benzylidene-N-[o-(4,6-O-benzylidene-
�-D-glucopyranosylamino)phenyl)-�-D-gluco-
pyranosylamine (8).—Yield 0.740 g (61%): mp
140–142 °C; [� ]D

25 −61° (c 1.0, Me2SO); FTIR
(KBr); 3569, 3374, 3302, 2883, 1604, 1385,
1093 cm−1; 1H NMR (Me2SO-d6): � 7.47 (s, 2
H, Ar-H), 7.38 (d, 3 H, Ar-H), 6.76 (t, 1 H,
Ar-H), 6.66 (dd, 1 H, Ar-H), 5.61 (s, 1 H,
Ace-H), 5.31 (q, 2 H, 3JH1,NH 9.95 Hz, Gly-
NH and Sac-OH), 5.13 (d, 1 H, Sac-OH), 4.50
(br, 1 H, H-1), 3.38–4.24 (6 H, Sac-H); 13C
(Me2SO-d6): � 113.4–137.9 (9 C, Ar-C), 100.7
(1 C, Ace-C), 68.2–86.4 (6 C, Sac-C); Anal.
Calcd for C32H36N2O10: C, 63.16; H, 5.92; N,
4.61. Found: C, 62.05; H, 5.74; N, 4.46.
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4,6-O-Benzylidene-N-[p-(4,6-O-benzylidene-
� - D - glucopyranosylamino) - benzyl]phenyl-
�-D-glucopyranosylamine (9).—Yield 0.441 g
(63%): mp 124–126 °C; [� ]D

25 −62° (c 1.0,
Me2SO); FTIR (KBr): 3372, 3035, 2873, 1618,
1383, 1085 cm−1; 1H NMR (Me2SO-d6): �
7.46 (t, 2 H, Ar-H), 7.37 (d, 3 H, Ar-H), 6.92
(d, 2 H, Ar-H), 6.64 (d, 2 H, Ar-H), 6.11 (d,
1 H, 3JH1,NH 8.5 Hz, Gly-NH), 5.58 (s, 1 H,
Ace-H), 5.29 (d, 1 H, Sac-OH), 5.06 (d, 1 H,
Sac-OH), 4.60 (t, 1 H, 3JH1,H2 7.87 Hz, H-1),
3.37–4.17 (6 H, Sac-H), 2.08 (s, 1 H, �CH2);
13C NMR (Me2SO-d6): � 113.3–144.7 (12 C,
Ar-C), 100.6 (1 C, Ace-C), 66.4–85.9 (6 C,
Sac-C); FABMS: m/z 699 [M+H]+; Anal.
Calcd for C39H42N2O10: C, 67.05; H, 6.02; N,
4.01. Found: C, 66.61; H, 5.85; N, 3.88.

4,6 - O - Benzylidene - N - (p - aminophenyl)-
phenyl-�-D-glucopyranosylamine (10).—Yield:
0.239 g (55%): mp 128–130 °C; [� ]D

25 −63° (c
1.0, Me2SO); 1H NMR (Me2SO-d6): � 7.58 (s,
1 H, Ar-H), 7.45 (s, 2 H, Ar-H), 7.38 (d, 3 H,
Ar-H), 7.10 (t, 2 H, Ar-H), 6.92 (d, 2 H,
Ph-NH and Ar-H), 6.82 (d, 2 H, Ar-H), 6.60–
6.71 (m, 3 H, Ar-H), 6.08 (d, 1 H, 3JH1,NH 8.10
Hz, Gly-NH), 5.59 (s, 1 H, Ace-H), 5.34 (d, 1
H, Sac-OH), 5.11 (d, 1 H, Sac-OH), 4.59 (t, 1
H, 3JH1,H2 8.06 Hz, H-1), 3.24–4.19 (6 H,
Sac-H); Anal. Calcd for C25H26N2O5: C,
69.12; H, 5.99; N, 6.45. Found: C, 68.76; H,
5.74; N, 6.30.

4,6-O-Benzylidene-N-(p-carboxyphenyl)-�-
D-glucopyranosylamine (11).—Yield 0.230 g
(59%): mp 150–152 °C; [� ]D

25 −96° (c 1.0,
Me2SO); 1H NMR (Me2SO-d6): � 7.72 (d, 2 H,
Ar-H), 7.46 (q, 2 H, Ar-H), 7.38 (t, 3 H,
Ar-H), 7.07 (d, 1 H, 3JH1,NH 8.40 Hz, Gly-
NH), 6.77 (d, 2 H, Ar-H), 5.59 (s, 1 H,
Ace-H), 5.39 (br, 1 H, Sac-OH), 5.22 (br, 1 H,
Sac-OH), 4.72 (t, 1 H, 3JH1,H2 8.43 Hz, H-1),
3.29–4.20 (6 H, Sac-H); 13C NMR (Me2SO-
d6): � 167.4 (1 C, �COOH), 112.3–151.0 (12
C, Ar-C), 100.6 (1 C, Ace-C), 66.6–84.6 (6 C,
Sac-C); Anal. Calcd for C20H21NO7: C, 62.01;
H, 5.43; N, 3.62. Found: C, 61.39; H, 5.74; N,
3.81.

4,6-O-Benzylidene-N-(2-pyridyl)-�-D-gluco-
pyranosylamine (12).—Yield 0.144 g (42%):
mp 158–160 °C; [� ]D

25 −18° (c 1.0, Me2SO);
1H NMR (Me2SO-d6): � 8.02 (d, 1 H, Ar-H),
7.42–7.48 (m, 3 H, Ar-H), 7.34–7.40 (m, 3 H,

Ar-H), 7.08 (d, 1 H, 3JH1,NH 8.91 Hz, Gly-
NH), 6.56–6.40 (m, 2 H, Ar-H), 5.59 (s, 1 H,
Ace-H), 5.35 (d, 1 H, Sac-OH), 5.14 (t, 2 H,
3JH1,H2 9.15 Hz, Sac-OH and H-1), 3.27–4.18
(6 H, Sac-H); Anal. Calcd for C18H20N2O5: C,
62.79; H, 5.81; N, 8.14. Found: C, 63.12; H,
5.46; N, 8.52.

N - [o - (Benzimidazol - 2 - yl)phenyl] - 4,6 - O-
benzylidene-�-D-glucopyranosylamine (13).—
Yield 0.326 g (71%): mp 192–194 °C; [� ]D

24 20°
(c 1.0, Me2SO); FTIR (KBr): 3360, 2920,
2859, 1621, 1459, 1099 cm−1; UV (DMF), �
(nm) (� (M−1 cm−1)): 291 (12,660), 360
(10,500); 1H NMR (Me2SO-d6): � 7.80 (d, 1 H,
Ar-H), 7.56 (d, 3 H, Ar-H), 7.44 (br, 3 H,
Ar-H), 7.16 (t, 1 H, Ar-H), 7.08 (d, 2 H
Ar-H), 6.82 (d, 1 H, Imi-NH), 6.68–6.74 (m,
3 H, Ar-H), 6.16 (s, 1 H, H-1), 5.75 (s, 1 H,
Ace-H), 5.08 (d, 1 H, 3JH1,NH 3.66 Hz, Gly-
NH), 4.74 (d, 1 H, Sac-OH), 4.63 (d, 1 H,
Sac-OH), 3.55–4.17 (6 H, Sac-H); 13C NMR
(Me2SO-d6): � 109.8–147.6 (19 C, Ar-C),
100.5 (1 C, Ace-C), 60.2–80.9 (6 C, Sac-C);
FABMS: m/z 460 [M+H]+; Anal. Calcd for
C26H25N3O5: C, 67.97; H, 5.45; N, 9.15.
Found: C, 67.32; H, 5.12; N, 9.65.

N - [o - (Benzimidazol - 2 - yl)phenyl] - 4,6 - O-
butylidene-�-D-glucopyranosylamine (14).—
Yield 0.319 g (75%): mp 162–164 °C; [� ]D

24 10°
(c 1.0, Me2SO); FTIR (KBr): 3363, 2956,
2926, 2863, 1615, 1382, 1087 cm−1; 1H NMR
(Me2SO-d6): � 7.86 (d, 1 H, Ar-H), 7.57 (d, 2
H, Ar-H), 7.17–7.40 (m, 3 H, Ar-H), 6.79–
6.84 (br, 2 H, Ar-H), 6.46 (s, 1 H, Imi-NH),
5.88 (s, 1 H, H-1), 4.94 (t, 3 H, Sac-OHs and
Gly-NH), 4.56 (br, 1 H, Ace-H), 3.59–4.56 (6
H, Sac-H), 1.43–1.47 (s, 2 H, �CH2 of But-
H), 1.26–1.33 (s, 2 H, �CH2 of But-H) and
0.81–0.84 (s, 3 H, �CH3 of But-H); 13C NMR
(Me2SO-d6): � 111.6–145.9 (13 C, Ar-C),
100.7 (1 C, Ace-C), 60.2–80.4 (6 C, Sac-C),
13.7–35.9 (CH3 and CH2s); FABMS: m/z 426
[M+H]+; Anal. Calcd for C23H27N3O5: C,
64.94; H, 6.35; N, 9.88. Found: C, 65.32; H,
6.74; N, 10.61.

N - [o - (Benzimidazol - 2 - yl)phenyl] - � - D-
mannopyranosylamine (15).—Yield 0.267 g,
(72%): mp 164–166 °C; [� ]D

24 110° (c 1.0,
Me2SO); FTIR (KBr): 3377, 3299, 2922, 1620,
1329, 1085, 1022 cm−1; UV (DMF), � (nm) (�
(M−1 cm−1)): 292 (24,600), 366 (20,660); 1H
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NMR (Me2SO-d6): � 7.78 (d, 1 H, Ar-H),
7.62 (d, 1 H, Ar-H), 7.52 (d, 1 H, Ar-H),
7.20 (d, 2 H, Ar-H), 7.13 (t, 1 H, Ar-H),
6.85 (s, 2 H, Ar-H and Imi-NH), 6.63 (t, 1
H, Ar-H), 6.29 (s, 1 H, H-1), 4.72 (s, 1 H,
Gly-NH), 4.56 (d, 1 H, Sac-OH), 4.40 (s, 2
H, Sac-OH), 4.27 (d, 1 H, Sac-OH), 3.43–
3.89 (6 H, Sac-H); 13C NMR (Me2SO-d6): �
111.8–148.1 (13 C, Ar-C), 63.5-71.5 (6 C,
Sac-C); FABMS: m/z 372 [M+H]+; Anal.
Calcd for C19H21N3O5: C, 61.46; H, 5.66; N,
11.32. Found: C, 62.23; H, 5.25; N, 10.76.

N - [o - (Benzimidazol - 2 - yl)phenyl] - � - D-
ribofuranosylamine (16).—Yield 0.241 g
(71%): mp 204–206 °C; [� ]D

24 130° (c 1,
Me2SO); FTIR (KBr): 3283, 2908, 2862,
1620, 1327, 1271, 1072 cm−1; UV (DMF): �
(nm) (� (M−1 cm−1)) 301 (23,640), 354
(18,030); 1H NMR (Me2SO-d6): � 7.49–7.81
(m, 3 H, Ar-H), 6.83–7.22 (m, 4 H, Ar-H),
6.64 (t, 2 H, Ar-H and Imi-NH), 6.22 (s, 1
H, H-1), 5.01 (d, 1 H, 3JH1,NH 6.00 Hz, Gly-
NH), 4.92 (d, 1 H, Sac-OH), 4.86 (d, 1 H,
Sac-OH), 4.50 (t, 1 H, Sac-OH), 3.43–3.94
(5 H, Sac-H); 13C NMR (Me2SO-d6): �
111.1–148.0 (13 C, Ar-C), 62.8–73.3 (5 C,
Sac-C); FABMS: m/z 342 [M+H]+; Anal.
Calcd for C18H19N3O4: C, 63.34; H, 5.57; N,
12.32. Found: C, 62.83; H, 5.92; N, 13.02.

N - [o - (Benzimidazol - 2 - yl)phenyl] - � - ,� - D-
xylopyranosylamine (17).—Yield 0.235 g
(69%): mp 162–164 °C; [� ]D

24 30° (c 1.0,
Me2SO); 1H NMR (Me2SO-d6): � 7.85 (dd, 1
H, Ar-H), 7.56–7.64 (m, 2 H, Ar-H), 7.14–
7.27 (m, 3 H, Ar-H), 6.70–6.92 (m, 3 H,
Ar-H and Imi-NH), 6.04 (d, 0.5 H, 3JH1,H2

4.03 Hz, �, H-1), 5.88 (d, 0.5 H, 3JH1,H2 8.79
Hz, �, H-1), 4.99 (d, 1 H, Sac-OH), 4.87 (d,
0.5 H, 3JH1,NH 5.13 Hz, Gly-NH), �4.74
(br, 0.5 H, Gly-NH), 4.68 (t, 1 H, Sac-OH),
4.49–4.54 (m, 1 H, Sac-OH), 3.40–3.86 (5
H, Sac-H); 13C NMR (Me2SO-d6): � 111.6–
147.3 (26 C, Ar-C), 62.3–73.5 (10 C, Sac-
C); FABMS: m/z 342 [M+H]+; Anal.
Calcd for C18H19N3O4: C, 63.33; H, 5.61; N,
12.31. Found: C, 64.22; H, 6.13; N, 12.13.

N - [o - (Benzimidazol - 2 - yl)phenyl] - � - ,� - D-
arabinopyranosylamine (18).—Yield 0.228 g
(67%): mp 160–162 °C; [� ]D

24 40° (c 1.0,
Me2SO); FTIR (KBr): 3346, 1619, 1406,
1034 cm−1; UV (DMF): � (nm) (� (M−1

cm−1)) 301 (19,940), 352 (15,280); 1H NMR
(Me2SO-d6): � 7.86 (t, 1 H, Ar-H), 7.58–
7.65 (m, 2 H, Ar-H), 7.14–7.27 (m, 3 H,
Ar-H), 6.96 (q, 1 H, Ar-H), 6.78–6.86 (m, 2
H, Ar-H and Imi-NH), 5.86 (d, 0.5 H,
3JH1,H2 6.80 Hz, �, H-1), 5.83 (d, 0.5 H,
3JH1,H2 9.05 Hz, �, H-1), 5.08 (d, 0.5 H,
3JH1,NH 6.95 Hz, Gly-NH), 4.80 (d, 0.5 H,
3JH1,NH 6.00 Hz, Gly-NH), 4.64 (t, 1 H, Sac-
OH), 4.45 (d, 1 H, Sac-OH), 4.37 (br, 1 H,
Sac-OH), 3.00–3.93 (5 H, Sac-H); 13C NMR
(Me2SO-d6): � 110.2–146.9 (26 C, Ar-C),
63.3–71.5 (10 C, Sac-C); FABMS: m/z 342
[M+H]+; Anal. Calcd for C18H19N3O4: C,
63.33; H, 5.61; N, 12.31. Found: C, 63.97;
H, 5.34; N, 11.98.

3. Results and discussion

A simple procedure has been adopted to
synthesise different N-glycosyl amines of the
free and the partially protected saccharides
with different types of amines. N-Glycosyl
amines 1–12 were synthesised from 4,6-O-
benzylidene-D-glucopyranose using different
ortho-substituted anilines as shown in
Scheme 1. Formation of a gel-like product
was observed in case of the N-glycosyl
amines of o-fluroaniline (4); o-chloroaniline
(5); 1-aminonapthalene (7); o-phenylenedi-
amine (8) and the methylene-linked dianiline
(9). Saccharides and their derivatives that
have hydrogen bond-forming segments are
generally prone to form gels.11,12 Some p-ni-
trophenyl-based saccharides have exhibited
gel formation12,13. However, the gels formed
in the present studies were converted to solid
products by repeated washings with ethanol,
followed by ether. The syntheses of different
N-glycosyl amines, 13–18 from 2-(o-amino-
phenyl)benzimidazole are outlined in Scheme
2. Compounds 1–18 were characterised
based on analytical and spectral techniques,
and the corresponding data is reported in
Section 2. Comparison of melting points of
N-glycosyl amines 1–12 exhibited a trend,
3�7�4�5�1�11�2, which is at-
tributable to their increasing intermolecular
interacting abilities.
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FAB mass spectral studies.—Mass spectra
of the N-glycosyl amines reported in this pa-
per exhibited the molecular-ion peaks. Thus

the molecular weights of the N-glycosyl
amines shown in Schemes 1 and 2 were confi-
rmed by these data.

Scheme 1. N-Glycosyl amines 1–12 derived from the reaction between 4,6-O-benzylidene-D-glucopyranose and different aromatic
amines.

Scheme 2. N-Glycosyl amines 13–18 derived from the reaction between 2-(o-aminophenyl)benzimidazole and different free and
protected saccharides.
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Table 1
Chemical shifts (ppm) and coupling constants (Hz) of the
anomeric proton (H-1) and glycosyl amine proton (Gly-NH)

Compound no. � (N�H), 3JH1,NH� (H-1), 3JH1,H2

1 8.43 (d), 7.304.77 (d), 8.82
2 5.33 (s) a4.57 (t), 8.30

6.33 (d), 8.424.63 (t), 8.793
5.99 (d), 6.004 4.66 (t), 8.79
5.63 (d), 7.344.69 (t), 8.505

4.52 (t), 8.616 5.68 (d), 7.91
4.79 (t), 8.427 6.62 (d), 8.10

5.31 a (q), 9.954.50 (br)8
4.60 (t), 7.879 6.11 (d), 8.50

6.08 (d), 8.104.59 (t), 8.0610
7.07 (d), 8.4011 4.72 (t), 8.43
7.08 (d), 8.915.14 (t), 9.1512
5.08 (d), 3.6613 6.16 (s)
4.94 (t) a14 5.88 (s)

6.29 (s)15 4.72 (s)
16 6.22 (s) 5.01 (d), 6.00

a Gly-NH peak overlapped with the Sac-OH.

Me2SO, the corresponding N-glycosyl amines
1–12 exist only in the � form,14 as judged
from the coupling constants 3JH1,H2, which
were found in the range of 7.87–8.79 Hz. On
the other hand, 13, which was derived from
the same saccharide, shows C-1�H at 5.758
ppm as a broad singlet, indicating the pres-
ence of some � anomer in the product. In case
of 14, the precursor saccharide, 4,6-O-butyli-
dene-D-glucopyranose (4.917 ppm, 3.7 Hz), as
well as the product, are found in the �-
anomeric form. Similarly, the spectra of 15
and 16 exhibited broad singlet for C-1�H indi-
cating the presence of � anomer. However, in
17 and 18 the C-1�H resonances each appear
as two doublets corresponding to the presence
of both the � (60%) and the � anomers (40%)
having coupling constants of 4.0 and 8.8 Hz,
respectively. Correspondingly, two different
signals were observed in the case of 17 and 18
for the C-1�NH (glycosyl) indicating the pres-
ence of mixture of anomers. N-Glycosyl
amines formed from D-arabinose and D-ribose
with sulfanilamide showed the formation of �
anomeric form, whereas D-mannose showed
the � anomeric form, indicating that the for-
mation of different anomeric forms depends
on the saccharide part as well as on the amine
part.15

Further, the N-glycosyl amine bond forma-
tion was noted through observing the glyco-
syl�NH peak in the spectra of the products.
The large variation observed in the chemical
shift of the glycosyl amine�NH groups (5.3–
8.5 ppm for 1–12 and 4.7–6.9 ppm for 13–18)
may be attributed to the nature of the saccha-
ride moiety as well as to the amine counter-
part. Chemical shifts and coupling constants,
3JH1,NH of all the compounds are provided in
Table 1. Comparison of the glycosyl
amine�NH chemical shift of 3 (o-H, 6.35
ppm) with 1 (o-COOH, 8.43 ppm) and 11
(p-COOH, 7.07 ppm) suggests the involve-
ment of this �NH in intramolecular hydrogen
bonding with the o-COOH function in the
case of 1 as shown in Fig. 1, whereas 11
cannot show such interaction. On the other
hand, the variations observed among 3 (6.35
ppm, o-H), 4 (5.99 ppm, o-fluoro), 5 (5.63
ppm, o-chloro) and 6 (5.68 ppm, o-tosyl) are
attributable to the inductive effects of the
corresponding ortho-substituents.

NMR studies.—1H and 13C NMR spectra
of the N-glycosyl amines 1–18 were recorded
in Me2SO-d6 and were assigned by comparing
these with the spectra of the corresponding
amine and the saccharide counterparts.

1H NMR studies.—Exchangeable protons,
such as, the COOH, OH and NH, were fur-
ther cross-checked by measuring the spectra
after D2O addition. N-Glycosyl amines 1 and
11 exhibited �COOH protons, and 2 exhibited
phenolic-OH proton resonances in the corre-
sponding spectra. Products 1–18 showed gly-
cosidic-NH protons, and in addition, the
products 13–18 showed the imidazole-NH
proton peaks.

As the glycosylation occurs at the C-1 cen-
tre by condensation of the saccharide with the
amine, the spectrum of the corresponding N-
glycosyl amine product is devoid of the C-
1�OH resonance that is otherwise present in
the corresponding saccharide spectrum (6.49–
6.78 ppm). Signals corresponding to the OH
groups of the saccharide moiety were iden-
tified from the spectra of the N-glycosyl
amines (5.00–5.55 ppm in case of 1–12 and
4.25–5.10 ppm in case of 13–18).

While the precursor saccharide, 4,6-O-ben-
zylidene-D-glucopyranose, exists as a mixture
of both the � (60%) and � (40%) anomers in
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While the heterocyclic NH of the 2-(o-
aminophenyl)benzimidazole appeared at 12.63
ppm, the same group in the N-glycosyl amine
products 13–18 experienced a large upfield
shift (6.8–7.0 ppm) owing to the breakage of
the intramolecular N�H···N hydrogen bond
present in the former as shown in Fig. 2.

13C NMR studies.—13C NMR spectra were
shown to be consistent with the structures
proposed in Schemes 1 and 2. The chemical
shifts of the C-1 carbon atoms indicated the
presence of � anomers in the case of 1–12 and
the � anomers in the case of 13–16, and a
mixture of these two in the case of 17 and 18.

Electronic spectra.—Absorption spectra of
the N-glycosyl amines derived from 4,6-O-
benzylidene-D-glucopyranose, compounds 1
and 11, showed doubling of the absorptivity
without any change in the position of the
n��* transition with respect to the corre-
sponding amine. The N-glycosyl amines
derived from 2-(o-aminolphenyl)benzimida-
zole showed changes in the position of the
absorption peaks when compared with that of

the parent amine. Out of the two absorption
bands observed in case of the 2-(o-
aminophenyl)benzimidazole, the 292-nm band
did not show any change upon glycosylation,
whereas the 351-nm band showed marginal
shift in the position.

FTIR spectral studies.—Formation of the
N-glycosyl amines was observed by compar-
ing the FTIR spectra of the products 1–12,
with the spectra of the saccharide, 4,6-O-ben-
zylidene-D-glucopyranose and the amine.
When 2-(o-aminophenyl)benzimidazole reacts
with the saccharide, the band corresponding
to the primary amine was absent, and that of
the secondary amine was shifted to higher
frequency in the products 13–18 due to the
formation of the N-glycosyl amine. The differ-
ence observed between the �C�O vibration of 1
(o-COOH, 1668 cm−1) and that of 11 (p-
COOH, 1692 cm−1) supports the observation
made by NMR studies of the involvement of 1
in H-bonding.

Vibrations corresponding to the anomeric
properties16 of these N-glycosyl amines were
observed in the spectra. Strong bands were
observed for 1–12 (� anomer, 750–757 and
695–698 cm−1), 13–16 (� anomer, 737–745
cm−1), and 17 and 18 (� and � anomers,
740–742, 775, 695 cm−1), indicating the pres-
ence of the corresponding anomer(s). This is
consistent with the observations made by
NMR studies.

Optical rotation studies.—In the case of N-
glycosyl amines 1–12, both the precursor sac-
charide and the N-glycosyl amines were found
to be levorotatory, while the benzimidazole-
based glycosyl amines 13–18 were dextrorota-
tory. These results are consistent with those
reported in the literature17 for the correspond-
ing anomer type.

Conclusions.—The present study demon-
strates that unprotected and partially pro-
tected saccharides are promising building
blocks for the synthesis of new glycosyl
amines with different characteristic properties,
such as gellation, and intra- and intermolecu-
lar H-bond formation. These molecules sup-
port binding cores, an aspect which is
currently under investigation in our labora-
tory, as shown for 1 and 2 in Fig. 3. There-
fore, such molecules are potentially important
in the metal-ion binding studies. N-Glycosyl

Fig. 1. Intra molecular N�H···O hydrogen bonding in 1.

Fig. 2. Presence of H-bond interaction in (a) 2-(o-
aminophenyl)benzimidazole; and (b) its absence in the corre-
sponding N-glycosyl amine.
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Fig. 3. ‘ONO’ core present in the N-glycosyl amines (a) 1 and
(b) 2.

help. We also thank the editor and the referees
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References

1. (a) Durette, P. L.; Bugianesi, R. L.; Ponpipom, M. M.;
Shen, T. Y.; Cascieri, M. A.; Glitzer, M. S.; Katzen, H.
M. J. Med. Chem. 1978, 21, 854–859;
(b) Katzen, H. M. J. Biol. Chem. 1979, 254, 2983–2992;
(c) Cascieri, M. A.; Mumford, R. A.; Katzen, H. M.
Arch. Biochem. Biophys. 1979, 195, 30–44.

2. Kuhn, R. Angew. Chem. 1957, 69, 23–33.
3. Ellis, G. P.; Honeyman, J. Ad�. Carbohydr. Chem. 1955,

10, 95–168.
4. (a) Kent, P. W. Essays Biochem. 1967, 3, 105–151;

(b) Hughes, R. C. Progr. Biophys. Mol. Biol. 1973, 26,
189–268.

5. Ojala, W. H.; Ostman, J. M.; Ojala, C. R. Carbohydr.
Res. 2000, 326, 104–112.

6. (a) Meggio, F.; Shugar, D.; Pinna, L. A. Eur. J. Biochem.
1990, 187, 89–94;
(b) Deshpande, S. M.; Datta, K. C.; Sanyal, A. K.;
Raina, M. K. J. Med. Chem. 1970, 13, 143–144;
(c) Yildir, I.; Uzbay, T.; Noyanalpan, N. J. Fac. Pharm.
1990, 7, 111–124;
(d) Yadav, A.; Yadav, V. S. Himalayan Chem. Pharm.
Bull. 1998, 15, 11–12.

7. Barili, P. L.; Berti, G. C.; Catelani, G.; Cini, C.; D’An-
dran, F.; Mastrorilli, F. Carbohydr. Res. 1995, 278, 43–
57.

8. Mellies, R. L.; Mehltretter, C. L.; Rist, C. E. J. Am.
Chem. Soc. 1951, 73, 294–296.

9. Bernal, M.; Garcia-Vazquez, J. A.; Romero, J.; Gomez,
C.; Duran, M. L.; Sousa-Pedrares, A.; Rose, D. J.;
Maresca, K. P.; Zubieta, J. Inorg. Chim. Acta 1999, 295,
39–47.

10. Kwok, W. H.; Zhang, H.; Payra, P.; Duan, M.; Hung,
S.-C.; Johnston, D. H.; Gallucci, J.; Skrzypczak-Jankun,
E.; Chan, M. K. Inorg. Chem. 2000, 39, 2367–2376.

11. (a) James, T. D.; Murata, K.; Shinkai, S. Chem. Lett.
1994, 273–276;
(b) Yamasaki, S.; Tsutsumi, H. Bull. Chem. Soc. Jpn.
1996, 69, 561–564;
(c) Yoza, K.; Ono, Y.; Yoshihara, K.; Akao, T.; Shin-
mori, H.; Takeuchi, M.; Shinkai, S.; Reinhoudt, D. N.
Chem. Commun. (Cambridge) 1998, 907–908.

12. Amanokura, N.; Yoza, K.; Shinmori, H.; Shinkai, S.;
Reinhoudt, D. N. J. Chem. Soc., Perkin Trans. 2 1998,
2585–2591.

13. Amanokura, N.; Kanekiyo, Y.; Shinkai, S.; Reinhoudt,
D. N. J. Chem. Soc., Perkin Trans. 2 1999, 1995–2000.

14. Linek, K.; Alfoldi, J.; Defaye, J. Carbohydr. Res. 1987,
164, 195–205.

15. Ojala, C. R.; Ostman, J. M.; Ojala, W. H.; Hanson, S. E.
Carbohydr. Res. 2001, 331, 319–325.

16. Tajmir-Riahi, H. A. Carbohydr. Res. 1989, 190, 29–37.
17. Capon, B.; Connet, B. E. J. Chem. Soc. 1965, 4492–4497.
18. Likhosherstov, L. M.; Novikova, O. S.; Derevitskaja, V.

A.; Kochetkov, N. K. Carbohydr. Res. 1986, 146, C1–C5.

amines, 1–12 are found in the � anomeric
form, although their saccharide precursor was
in the � anomeric form. Similar types of N-
glycosyl amines of deoxy monosaccharides are
reported in the literature.18 The effect of dif-
ferent substituents is reflected on the chemical
shifts of the glycosyl amine NH protons. De-
pending upon the nature of the substituent at
ortho-position, the presence of a different
type, as well as the extent of, H-bondings are
observed. The specific rotations of the N-gly-
cosyl amines 1–12 were negative (levorota-
tory), whereas the N-glycosyl amines 13–18
were positive (dextrorotatory), a result which
is consistent with the corresponding anomeric
assignments.

The imidazole N�H proton in the glycosylic
amines 13–18 appears at an upfield position
relative to that of the corresponding amine.
As some of the derivatives of 2-(o-
aminophenyl)benzimidazoles are shown to
have biological activity6, we believe that the
presence of saccharide moiety would serve to
enhance the activity in these N-glycosyl amine
products, and hence, these molecules may act
as models for the biological systems.
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