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Reaction of benzamidrazone hydroiodide 1 with -glucose 2, -galactose 3 and -arabinose 8 followed by acetylation
afforded 1-(2,3,4,6-tetra-O-acetyl-β--glucopyranosyl)-, 1-(2,3,5,6-tetra-O-acetyl-α--galactofuranosyl)- and
1-(1,2,3,4,5-penta-O-acetyl--manno-pentitol-1-yl)-5-methyl-3-phenyl-1H-1,2,4-triazole 6, 7 and 13, respectively.
Structural analyses of these products were carried out by 1H, 13C, and 2D NMR spectra (DQFCOSY, HMQC and
HMBC experiments), as well as by MS, FABMS and X-ray crystallography.

Introduction
Much attention has been focused on the synthesis of 1,2,4-
triazole derivatives because of their role in a broad spectrum
of biological activities such as antiinflammatory, antimycotic,
antifungal, antitumor and anticancer agents.1–4 Moreover,
antiradical and antioxidant properties were found for some
members of this ring system.5 Consequently, the synthesis of N-
and C-nucleosides as well as their acyclic analogues possessing
a 1,2,4-triazole moiety has attracted many workers 6–16 in the
field in their attempts to enhance the biological activity of
these compounds, particularly after the recognized biological
properties of ribavirin.17 Therefore synthetic approaches
towards 1,2,4-triazole nucleosides are our targets.

Results and discussion
The versatility of amidrazones in heterocyclic synthesis has
long been recognised.18,19 However they have remained less
familiar than their well known analogues such as amino-
guanidine 20 or amidines,21 especially in their reactions with
carbohydrates for the construction of nucleosides. Accordingly,
the reaction of benzamidrazone hydroiodide 22 1 (benzimido-
hydrazide) with some aldoses has been studied. Thus, equi-
molar condensation of 1 with concentrated solutions of
-glucose 2, -galactose 3 and -arabinose 8 in water was
achieved, within 5-15 min, to give the respective highly soluble
hydroiodide salts 4, 5 and 9; they form yellow precipitates with
aq. silver nitrate. Their attempted crystallisations were unsuc-
cessful because of their high solubilities, and no attempt was
made to prepare the free base, but their direct conventional
acetylation was carried out with acetic anhydride in pyridine
whereby crystalline products were obtained in moderate yields.
They could be characterised as the 5-methyl-3-phenyl-1H-1,2,4-
triazole derivatives 6, 7 and 13 rather than the respective N-
acetyl derivatives, but the structure of the sugar part was found
to be dependent on its configuration. The presence of the 5-
methyl-3-phenyl-1,2,4-triazole ring in each product was estab-
lished from the study of their 1H and 13C NMR spectra which
showed a characteristic singlet for the methyl protons in the
range δ 2.53–2.62 and its carbon signal in the range δC 11.86–
12.15. Characteristic signals for both C-3 and C-5 of the tria-

† Atomic coordinates and isotropic displacement parameters for com-
pound 13 are available as supplementary data. For direct electronic
access see http://www.rsc.org/suppdata/p1/a9/a904200h/

zole ring were assigned at δC 161.11–162.03 and 154.52–155.08,
respectively. Their mass spectra showed ion peaks at m/z 160
corresponding to the protonated 5-methyl-3-phenyl-1H-1,2,4-
triazole fragment (BH�). The cyclisation may be readily realised
from the conversion of amidrazones and, in particular, their
acyl derivatives to the 1,2,4-triazole derivatives 18,23 which in the
present cases arise via prior acylation of the N-substituted
amidrazones.

The formation of products from the condensation of mono-
saccharides with amino compounds is generally discussed in the
terms of acyclic and cyclic forms which are often present in
solution as equilibrium mixtures that are strongly influenced
by the pH of the solution.24–28 The respective derivatives
from aminoguanidine as well as their 1,2,4-triazole nucleosides
analogues exist exclusively in the β-pyranosyl form as deduced
from their 1H and 13C NMR and X-ray studies.10,27,29 Accord-
ingly, we expected the prepared nucleosides to possess the
1-(2,3,4,6-tetra-O-acetyl-β--aldopyranosyl)-1H-1,2,4-triazole
structure. However, we have found that the structure of
the prepared nucleosides was dependent on the nature of the
sugar.

The cyclic natures of products 6 and 7 were readily realised
from their mass spectra as well as their FABMS, which showed
a molecular ion peak for 7 at m/z 489 and its protonated ion
peak at m/z 490 for 6 and 7. This was in agreement with their
molecular formula (C23H27N3O9) as deduced from their elem-
ental analysis. Furthermore, a fragmentation involving the
fission of the triazole ring gave a fragment at m/z 331 corre-
sponding to a cyclic sugar acetate.

Their 1H NMR spectra were in accord with the cyclic struc-
tures, since there are only four signals corresponding to the four
acetoxy groups in the downfield region at δ 1.82–2.11. The 1H
and 13C NMR data (Experimental section) of 6 were consistent
with the pyranose ring structure, namely 5-methyl-3-phenyl-1-
(2,3,4,6-tetra-O-acetyl-β--glucopyranosyl)-1H-1,2,4-triazole
6. The assignment of the multiplet in the upfield region at
δ 3.95–3.98 to H-5 (H-2, H-3 and H-4 resonated in a more
downfield region) indicated that H-5 is linked to a carbon
bearing the oxygen of the pyranose ring. Its 13C NMR spectra
showed a downfield shift of C-5 (δC 74.77) compared with those
of C-2 (δC 69.79) and C-4 (δC 67.77) which further confirmed
such a pyranosyl ring structure. Furthermore, the anomeric
signals for H-1 at δ 5.56 and for C-1 at δC 83.94 are in accord
with the existence of 6 in a cyclic structure rather than the
corresponding acyclic one, which requires a signal at much
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Scheme 1

lower field. Its anomeric purity was apparent from its spectra,
and its β-configuration could be readily deduced from the large
coupling constant (J1,2 9.24 Hz) for the doublet of H-1 and
from the chemical shift of C-1.

On the other hand, the product from -galactose 3 was
assigned the α--galactofuranoside structure 7. The 1H–1H
DQFCOSY and 1H–13C HMQC spectral data help in the
assignment of both the proton and carbon signals. The galacto-
furanoside nature of 7 was established by the characteristic
downfield shift of both C-4 (δC 78.20) and C-2 (δC 76.28),
whereas C-3 and C-5 resonated at lower frequency (δC 72.27,
70.07). The 1H–1H DQFCOSY correlation (Fig. 1) of H-4 with
both H-3 and H-5 led to its assignment as the doublet of

Fig. 1 1H–1H DQFCOSY of compound 7.

doublets that resonated at the lower frequency region at δ 4.25,
whereas H-3 and H-5 were shifted to the downfield region at
δ 6.29 and 5.50, respectively, which was in accord with the
furanoside ring system of 7. The high value of J1,2 (6.34 Hz)
indicated a cis configuration of H-1 and H-2, since the trans
configuration would require a smaller J1,2-value.30–34 The
doublet of H-1 was correlated with the anomeric C-1 at δC

83.22 in its HMQC spectrum, which agreed with an α-
configuration upon comparison with those of the acetyl deriv-
atives of α- and β--galactofuranosyl nucleosides and related
derivatives.31–34

The product 13, obtained from -arabinose 8, showed in its
mass spectrum a molecular-ion peak at m/z 519 agreeing with
the molecular formula C24H29N3O10 obtained from its elemental
analysis. No fragment ion for a cyclic sugar acetate was
observed, but an acetoxy and acetoxyalkyl C-1–C-2 fission led
to an ion at m/z 188 due to the formation of the ion 1-
hydroxymethylium-5-methyl-3-phenyl-1H-1,2,4-triazole. Its 1H
NMR spectrum showed five signals in the range δ 2.07–2.16 for
five acetoxy groups, indicating the acyclic nature of the sugar
moiety. The 1H and 13C NMR spectra of 13 revealed the pres-
ence of only one isomer since only five groups of signals for
both the protons and the carbons were found. Correlation of
the 13C chemical shifts with those of the attached protons was
deduced from its 1H–13C HMQC spectrum. The assignment of
C-1 at δC 74.99, C-4 at δC 67.88 and C-5 at δC 61.60, which are
in lower frequency regions than expected for carbons in the
furanose or pyranose ring structures, led us to rule out the ring
structures whereas the unexpected seco (acyclo) nucleoside
5-methyl-1-(1,2,3,4,5-penta-O-acetyl--alditol-1-yl)-3-phenyl-
1H-1,2,4-triazole was assigned as the product. The generation
of a new asymmetric centre would, thus, be visible whereby the
products possessing the -gluco- 12 or -manno- 13 configur-
ations could be formed.

The observed large coupling-constant value for J1,2 (9.28 Hz)
for the product indicated an antiparallel disposition of H-1
and H-2 as in the conformer 13a or 12b. The latter one is a
result of rotation about the C-1–C-2 bond in the -gluco zig-zag
conformation 12a which has H-1 and H-2 in a gauche dis-
position but has a 1,3-interaction of the two acetoxy groups.



J. Chem. Soc., Perkin Trans. 1, 2000, 829–834 831

This is a situation which is usually unfavorable in the conform-
ational studies of acyclic free and partially or fully acetylated
sugars which have in solution the polyhydroxyalkyl chain
present in the favored extended planar zig-zag conform-
ation; otherwise a bend or a sickle conformation 35 would be
adopted, which would occur also in the crystalline state, and
which may be tolerated even in the presence of a 1,3-parallel
interaction.36

Considering the Newman projection of C-1–C-2 of the
intermediate 11 (see Scheme 3), two possible nucleophilic
attacks of the acetate anion could take place on C-1. The attack
via route i would give the -gluco-isomer 12 but it is sterically
less favourable due to the presence of two bulky substituents on
both sides. Moreover, the Newman projection of the product
suffers from the presence of the four bulky groups in a gauche
arrangement with each other. Rotation around the C-1–C-2
bond would remedy this situation to generate a conformer
having the two acetoxy groups as well as C-3 and the tri-
azole in gauche arrangements. On the other hand, the attack
via route ii would take place from the less sterically hindered
side to give the -manno structure 13 with a favorable gauche
arrangement of substituents.

However, confirmation of the assignment of the absolute
configuration at C-1 in an unambiguous manner is required.
Accordingly, this has been achieved from a single-crystal X-ray
diffraction experiment. Single crystals of 13 were grown by slow
evaporation of a chloroform solution. The crystallographic
data for 13 are given in Table 1.‡ The structure was solved by
direct methods using SHELX-97.37 All atoms were located by
Fourier and difference-Fourier synthesis. Anisotropic refine-
ment was used for all non-hydrogen-atoms; hydrogen atoms
were refined isotropically. The final refinement on F 2 converged
to the R indices are given in Table 1. Selected bond lengths and
angles, and torsional angles, as key conformational parameters,
are given in Table 2. The final coordinates of C-, O- and N-
atoms are listed in Table S1 as supplementary material.

The crystallographic perspective drawing (Fig. 2) shows that
the structure of the product in the solid state is in full accord
with the acyclic structure 13 present in the extended planar zig-
zag conformation, free from any 1,3-interactions and having
both H-1 and H-2, as well as H-3 and H-4, in an antiparallel

Scheme 2

‡ CCDC reference number 207/385.

disposition whereas both pairs H-2, H-3 and H-4, H-5 are in
a gauche disposition, which findings are in agreement with
the observed coupling constants. The average value of J4,5�

(4.75 Hz), which is small for an antiperiplanar disposition of
these protons, required a rotation along the C-4–C-5 bond, so
that H-5� will be an extension of the planar zig-zag conform-
ation (Fig. 2) . The triazole ring in 13 is not coplanar with the
sugar moiety but is coplanar with the phenyl group. Therefore,
from the spectroscopic data as well as from the X-ray crystallo-
graphic study, compound 13 exists in the -manno structure,
namely 5-methyl-1-(1,2,3,4,5-penta-O-acetyl--manno-pentitol-
1-yl)-3-phenyl-1H-1,2,4-triazole 13.

In order to account for the formation of products of different
structures from different sugars, the equilibria of sugars in their
aqueous solutions can be considered. The pyranoid ring com-
pounds with equatorial hydroxy groups may fit tightly into
water and be stabilised by hydrogen bonding more than those
with the axial OH groups 38–43 as in -glucose 2. Considering
this hypothesis, the reaction of benzamidrazone 1 with 2
afforded the stable β--glucopyranosyl derivative 4 which may
be present in equilibrium with the other forms in solution and
that upon acetylation afforded the cyclic nucleoside 6 as the
isolated product (Scheme 1).

Fig. 2 ORTEP representation of 5-methyl-1-(1,2,3,4,5-penta-O-
acetyl--manno-pentitol-1-yl)-3-phenyl-1H-1,2,4-triazole 13, with crys-
tallographic numbering scheme.

Table 1 Crystallographic data and structure refinement for 13

Crystal data

Chemical formula
Formula weight
Crystal size
Crystal system
Unit-cell dimensions

(a, b, c/Å)
(α, β, γ/deg)

Space group
Unit-cell volume (Å3)
Z (formulae/cell)
Absorption coefficient (µ/mm�1)

C24H29N3O10

519.50
0.4 × 0.3 × 0.3 mm
Monoclinic

10.519(3), 9.8910(10), 13.385(5)
90, 112.120(10), 90
P21

1290.1(6)
2
0.105

Data collection

Wavelength (Å)
Temperature (K)
Independent reflections
Observed reflections [I > 2σ(I)]

0.710 69
183(2)
5055 [R(int) = 0.0149]
4555

Refinement

Final R-indices [I > 2σ(I)]
R-indices (all data)

R1 = 0.0348, wR2 = 0.0773
R1 = 0.0419, wR2 = 0.0813
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Table 2 Selected bond lengths (Å), angles (deg) and torsion angles (deg) for 13

N(1)–N(2)
N(2)–C(8)
N(2)–C(10)
N(3)–C(8)
N(3)–C(7)
C(10)–C(13)
C(11)–C(12)
C(13)–C(16)
C(14)–C(15)
C(16)–C(19)
C(17)–C(18)
C(19)–C(22)
C(23)–C(24)

C(7)–N(1)–N(2)
C(8)–N(2)–N(1)
C(8)–N(2)–C(10)
N(1)–N(2)–C(10)
C(8)–N(3)–C(7)
N(1)–C(7)–N(3)
N(3)–C(7)–C(1)
N(3)–C(8)–N(2)
N(3)–C(8)–C(9)
N(2)–C(8)–C(9)
O(1)–C(10)–N(2)
O(1)–C(10)–C(13)
N(2)–C(10)–C(13)
O(1)–C(10)–H(101)
N(2)–C(10)–H(101)
C(13)–C(10)–H(101)
O(3)–C(13)–C(10)
O(3)–C(13)–C(16)
C(10)–C(13)–C(16)
O(3)–C(13)–H(131)
C(10)–C(13)–H(131)
C(16)–C(13)–H(131)
O(5)–C(16)–C(13)
O(5)–C(16)–C(19)
C(13)–C(16)–C(19)
O(5)–C(16)–H(161)
C(13)–C(16)–H(161)
C(19)–C(16)–H(161)
O(7)–C(19)–C(22)
O(7)–C(19)–C(16)
C(22)–C(19)–C(16)
O(7)–C(19)–H(191)
C(22)–C(19)–H(191)
C(16)–C(19)–H(191)

1.369(2)
1.348(2)
1.455(2)
1.323(2)
1.367(2)
1.521(2)
1.479(3)
1.522(2)
1.482(3)
1.529(20)
1.485(3)
1.512(3)
1.477(3)

102.00(14)
110.46(14)
128.78(15)
120.76(14)
103.67(15)
114.60(15)
122.50(16)
109.27(15)
126.80(17)
123.93(17)
110.70(14)
107.14(14)
110.68(14)
111.3(11)
106.0(11)
111.0(11)
104.48(14)
110.27(14)
113.12(14)
110.4(10)
110.6(10)
107.9(10)
109.36(14)
106.35(13)
112.73(14)
109.0(11)
108.8(10)
110.5(10)
110.12(15)
105.40(13)
113.30(15)
111.4(13)
103.7(12)
113.1(12)

C(7)–N(1)–N(2)–C(8)
C(7)–N(1)–N(2)–C(10)
N(2)–N(1)–C(7)–N(3)
N(2)–N(1)–C(7)–C(1)
C(8)–N(3)–C(7)–N(1)
C(8)–N(3)–C(7)–C(1)
C(6)–C(1)–C(7)–N(1)
C(2)–C(1)–C(7)–N(1)
C(6)–C(1)–C(7)–N(3)
C(2)–C(1)–C(7)–N(3)
C(7)–N(3)–C(8)–N(2)
C(7)–N(3)–C(8)–C(9)

N(1)–N(2)–C(8)–N(3)
C(10)–N(2)–C(8)–N(3)
N(1)–N(2)–C(8)–C(9)
C(10)–N(2)–C(8)–C(9)
C(11)–O(1)–C(10)–N(2)
C(11)–O(1)–C(10)–C(13)
C(8)–N(2)–C(10)–O(1)
N(1)–N(2)–C(10)–O(1)
C(8)–N(2)–C(10)–C(13)
N(1)–N(2)–C(10)–C(13)
C(14)–O(3)–C(13)–C(10)
C(14)–O(3)–C(13)–C(16)
O(1)–C(10)–C(13)–O(3)
N(2)–C(10)–C(13)–O(3)
O(1)–C(10)–C(13)–C(16)
N(2)–C(10)–C(13)–C(16)
C(17)–O(5)–C(16)–C(13)
C(17)–O(5)–C(16)–C(19)
O(3)–C(13)–C(16)–O(5)
C(10)–C(13)–C(16)–O(5)
O(3)–C(13)–C(16)–C(19)
C(10)–C(13)–C(16)–C(19)
C(20)–O(7)–C(19)–C(22)
C(20)–O(7)–C(19)–C(16)
O(5)–C(16)–C(19)–O(7)
C(13)–C(16)–C(19)–O(7)
O(5)–C(16)–C(19)–C(22)
C(13)–C(16)–C(19)–C(22)
O(7)–C(19)–C(22)–O(9)
C(16)–C(19)–C(22)–O(9)

�0.72(18)
178.33(15)

0.7(2)
179.65(15)
�0.3(2)

�179.35(16)
3.4(3)

�174.96(17)
�177.68(18)

4.0(3)
�0.1(2)
179.13(19)

0.6(2)
�178.39(16)
�178.74(18)

2.3(3)
�79.22(18)
160.11(14)
126.15(18)

�52.8(2)
�115.31(19)

65.8(2)
�125.45(15)

112.69(16)
�173.10(13)

66.12(17)
�53.14(18)

�173.92(14)
120.78(16)

�117.22(16)
63.90(17)

�52.69(19)
�54.19(19)

�170.78(14)
�91.35(18)
146.11(15)
177.79(13)

�62.37(18)
57.31(19)

177.15(16)
�62.00(19)

55.8(2)
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On the other hand, -galactose tends to exist in both pyr-
anose and furanose forms in water, where the proportion of the
galactofuranose structure is increased because it permits the
attachment of all the large groups in alternate trans positions
on the ring.43 Its proportion was increased in DMSO solution 43

whereas in pyridine it lies between the value in aqueous
solution and that in DMSO.43,44 Since the acetylation of sugars
was carried out in pyridine as solvent and catalyst, the ester-
ification reaction proceeds faster than ring–chain intercon-
version and consequently the main product is the respective
furanosyl derivative. Sugars with a relatively stable furanose
ring give more complex mixture of acetates whereby galactose
gives appreciable proportions of the furanose acetate. There-
fore, the formation of the galactofuranosyl derivative 5-methyl-
3-phenyl-1-(2,3,5,6-tetra-O-acetyl-α--galactofuranosyl)-1H-
1,2,4-triazole 7 would be acceptable. The formation of the
α-anomer may be attributed to formation of a hydrogen bond
between the C-2 OH and the C-1 NH in a cis configuration.
The formation of the galactofuranosyl nucleoside 7 as well as
the acyclic -manno-alditol nucleoside 13 were contrary to the
outcome of the reaction of aminoguanidine with -galactose
and -arabinose.10

Experimental
Mps were determined on a Mel-temp apparatus and are
uncorrected. IR spectra were recorded with a Unicam SP 1025
spectrometer. Mass spectra were recorded using electron ionis-
ation (EI) on a Finnigan MAT 312 spectrometer and fast-atom-
bombardment (FAB) on a Kratos MS 50 spectrometer. 1H
NMR and 13C NMR spectra were recorded with a Bruker AC
250 MHz or a Bruker Avance DRX 600 MHz spectrometer.
The chemical shifts are expressed on the δ-scale using Me4Si
as a standard, and coupling-constant values are given in Hz.
The assignments of 1H NMR spectra were based on chemical-
shift correlation (DQFCOSY) spectra. The assignment of 13C
NMR spectra was based on carbon–proton shift-correlation
spectra (HMQC) and (HMBC). The X-ray structure determin-
ation was performed at 183 K. The relevant options of the
SHELX-97 program 37 were used for calculation of geometrical
parameters. TLC was performed on Merck Silica Gel 60F254
with detection by charring in sulfuric acid and by UV light.
Microanalyses were performed in the Microanalysis Unit at
Faculty of Science, Alexandria University.

Reaction of benzamidrazone hydroiodide 22 1 with aldoses

A solution of an aldose 2, 3 or 8 (2.6 mmol) in water (5.0 ml)
was treated with 1 (2.6 mmol). The reaction mixture was heated
on a water-bath for 5–15 min, whereby a dark solution was
obtained. The resulting solution was evaporated under reduced
pressure to give a syrupy residue which was used without purifi-
cation in the next step.

Acetylation of benzamidrazone derivatives

General method. The syrupy residue from above was
dissolved in pyridine (5.0 ml), then the mixture was cooled to
0 �C and acetic anhydride (5.0 ml) was added. The reaction
mixture was left at room temperature for 48 h, and then poured
into ice-cold water.

5-Methyl-3-phenyl-1-(2,3,4,6-tetra-O-acetyl-�-D-glucopyr-
anosyl)-1H-1,2,4-triazole 6. The above solution (from 2) was
extracted with chloroform, and the extract was washed well
with water, dried over anhydrous sodium sulfate, and then
evaporated under reduced pressure. The resulting syrup was
crystallised from absolute ethanol to give 6 as white crystals
(0.58 g, 46%); mp 213–215 �C; νmax (KBr)/cm�1 1747 (OAc);
δH (CDCl3) 1.85, 2.05, 2.07, 2.08 (4 s, 12 H, 4 × Ac), 2.60 (s, 3H,
Me), 3.95–3.98 (m, 1H, H-5), 4.19 (dd, 1H, J5,6�, 2.82, J6,6�, 12.55

Hz, H�-6), 4.30 (dd, 1H, J5,6 4.96 Hz, H-6), 5.29 (t, 1H, J4,5, 9.80
Hz, H-4), 5.41 (t, 1H, J3,4 9.51 Hz, H-3), 5.56 (d, 1H, J1,2

9.24, H-1), 5.83 (t, 1H, J2,3 9.40 Hz, H-2), 7.39–7.41 (m, 3H,
Ph), 8.06 (d, 2H, Ph); δC (CDCl3) 12.15 (Me), 20.33, 20.55,
20.66 (Ac), 61.71 (C-6), 67.77 (C-4), 69.79 (C-2), 73.11 (C-3),
74.77 (C-5), 83.94 (C-1), 126.40, 128.53, 129.45, 130.31 (Ph),
154.58 (C-5�), 161.11 (C-3�), 168.66, 169.26, 170.26, 170.50
(C��O); FABMS (CHCl3–MNBA) m/z (%) 490 (29, MH��), 331
(9, M�� � B), 160 (35, BH�) (Found: C, 55.97; H, 5.41; N, 8.26.
C23H27N3O9 requires C, 56.43; H, 5.56; N, 8.58%).

5-Methyl-3-phenyl-1-(2,3,5,6-tetra-O-acetyl-�-D-galactofur-
anosyl)-1H-1,2,4-triazole 7. The solid product that precipi-
tated after the acetylation (of 3) was filtered off, washed well
with water, dried and crystallised from ethanol to give 7 as white
crystals (0.63 g, 50%); mp 178–180 �C; νmax (KBr)/cm�1 1762
(OAc); δH (CDCl3) 1.82, 2.00, 2.04, 2.11 (4 s, 12H, 4 × Ac),
2.53 (s, 3H, Me), 4.21 (dd, 1H, J5,6� 5.60, J6,6� 12.11 Hz, H�-6),
4.25 (dd, 1H, J4,5 5.89 Hz, H-4), 4.42 (dd, 1H, J5,6 4.30 Hz, H-6),
5.36 (t, 1H, J2,3 7.42 Hz, H-2), 5.49–5.50 (m, 1H, H-5), 6.24 (d,
1H, J1,2 6.34, H-1), 6.29 (t, 1H, J3,4 7.69 Hz, H-3), 7.40–7.44 (m,
3H, Ph), 8.11 (d, 2H, Ph); δC (CDCl3) 11.99 (Me), 20.09, 20.72
(Ac), 62.08, (C-6), 70.07 (C-5), 72.27 (C-3), 76.28 (C-2), 78.20
(C-4), 83.22 (C-1), 126.67, 128.66, 129.40, 130.70 (Ph), 154.52
(C-5�), 161.48 (C-3�), 169.88, 170.36 (C��O); FABMS (CHCl3–
MNBA) m/z (%) 490 (44, MH��), 331 (5, M�� � B); MS m/z
(%) 489 (14, M��), 446 (3, M�� � Ac), 430 (4, M�� � AcO),
387 (7, 430 � Ac), 331 (14, M�� � B), 169 (100), 160 (28, BH�)
127 (28), 109 (28) (Found: C, 56.43; H, 5.66; N, 8.59%).

5-Methyl-1-(1,2,3,4,5-penta-O-acetyl-D-manno-pentitol-1-yl)-
3-phenyl-1H-1,2,4-triazole 13. The solution obtained from the
acetylation of 8 was extracted with chloroform, and the extract
was washed with water, dried over anhydrous sodium sulfate,
and evaporated to dryness, and the syrup obtained was crystal-
lised from absolute ethanol to give 13 as white crystals (0.54 g,
40%); mp 187–188 �C; νmax (KBr)/cm�1 1756 (OAc); δH (CDCl3)
2.07, 2.11, 2.14, 2.15, 2.16 (5 s, 15H, 5 × Ac), 2.62 (s, 3H, Me),
4.13 (dd, 1H, J4,5� 4.75, J5,5� 12.62 Hz, H�-5), 4.27 (dd, 1H, J4,5

2.77 Hz, H-5), 5.06–5.08 (m, 1H, H-4), 5.67 (dd, 1H, J3,4 9.22
Hz, H-3), 6.15 (dd, 1H, J2,3 2.14 Hz, H-2), 6.50 (d, 1H, J1,2 9.28,
H-1), 7.36–7.42 (m, 3H, Ph), 8.03 (d, 2H, Ph); δC (CDCl3)
11.86 (Me), 19.95, 20.52, 20.56, 20.65, 20.91 (Ac), 61.60, (C-5),
67.56 (C-3), 67.88 (C-4), 68.86 (C-2), 74.99 (C-1), 126.58,
128.52, 129.47, 130.43 (Ph), 155.08 (C-5�), 162.03 (C-3�),
167.93, 169.27, 169.53, 169.96, 170.52 (C��O); MS m/z (%)
519 (64, M��), 476 (3, M�� � Ac), 460 (17, M�� � AcO), 417
(10, 460 � Ac), 400 (16, 460 � AcOH), 358 (20, 400 � C2H2O),
259 (20), 201 (12), 188 (22, BC�HOH), 159 (100, B�), 139 (15)
(Found: C, 55.41; H, 5.65; N, 8.34. C24H29N3O10 requires C,
55.48; H, 5.62; N, 8.08%).
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