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Abstract Condensation of tetra-O-pivaloyl-α-d-glucopy-
ranosyl bromide (1) with three heterocyclic oximes:
3-hydroxyiminoquinuclidine (2), 4-hydroxyiminomethyl-
pyridine (3) and N-methyl-2-hydroxyiminomethylimidazole
(4) leads to the β-N-glucoconjugates. Conjugates 6 and 7
were synthesized using aromatic compounds 3 and 4 as the
starting material. They were obtained in two isomeric forms
(E and Z) due to the restricted rotation around the oxime’s
double bond. The presence of E and Z isomers was proved
by comparison of NMR spectra with calculated GIAO/DFT
NMR spectra on B3LYP/6-31G(d) level of theory and by
X-ray structural analysis of starting oxime reagents. Isomery
was not observed in the quinuclidinium glucoconjugate 5.

Keywords Conjugation . Heterocycles .

N-glucoconjugates . X-ray structure . DFT calculations

Introduction

The pivaloyl group has been used as an useful protecting
group in the synthesis of acylated monosaccharides [1–4]
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and disaccharides [1, 2]. It can be introduced selectively to
produce various partially pivaloylated saccharides, its posi-
tion in a molecule is easily detectable by 1H NMR, and it can
be removed totally or selectively by esterases from mam-
malian sera [2, 4–6]. Furthermore, the pivaloyl group has
been used in carbohydrate chemistry because of its advanta-
geous stereodirecting properties in glycosylation reactions.
Thus, only β anomers were obtained in reactions of tetra-
O-pivaloyl-α-d-glucopyranosyl bromide with simple alco-
hols such as benzyl alcohol or more complicated structures
such as cholesterol [7]. We now report on the synthesis of
β-N-glucoconjugates of pivaloylated glucose with some het-
erocyclic oximes. The heterocyclic part of these conjugates
were quinuclidinium, pyridinium, or imidazolium oxime, ba-
sic structures of many compounds tested in vitro and in vivo
as antidotes in poisoning by organophosphorus (OP) com-
pounds such as pesticides and nerve warfare agents [8–10].
The OP compounds inhibit the enzyme acetylcholinesterase
(AChE), essentially irreversibly. This causes accumulation of
acetylcholine (ACh) which is responsible for many toxic ef-
fects. An oxime is considered as an efficient antidote if it has
a high reactivation rate constant and if it persists in blood cir-
culation for a long enough period of time. Its toxicity should
be low as well. The glucoconjugates on which we report
in this work were designed as possible model compounds
satisfying these requirements. It was previously found that
attachment of a sugar moiety to the oxime derivatives in-
creases the bioavailability of the antidote. Thus, we presume
that the sugar moiety might be recognized by sites responsi-
ble for sugar transport through the cell membrane leading to
the increased permeability of membranes for the quaternary
oximes. Furthermore, the previously reported glucoconju-
gates were less toxic than non-sugar conjugates, and some
of them also displayed higher efficacy [11].
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Results and discussion

Synthesis

Glucoconjugates (5–7) with N-glycosyl bond were syn-
thesized from tetra-O-pivaloyl-α-d-glucopyranosyl bromide
(1) with three different heterocyclic oximes: 3-hydroxyi-
minoquinuclidine (2), 4-hydroxyiminomethylpyridine (3)
and N-methyl-2-hydroxyiminomethylimidazole (4). Pival-
oylation of β-d-glucopyranose in pyridine with a 10-fold
molar excess of pivaloyl chloride produced penta-O-
pivaloyl-β-d-glucopyranose [7] which was, after isolation
and purification, treated with HBr (33% in glacial acetic acid)
to give the starting tetra-O-pivaloyl-α-d-glucopyranosyl bro-
mide (1) [2, 7]. Heterocyclic oxime 3 is commercially
available while oximes 2 and 4 were prepared following
the previously reported procedure [12–14]. Condensation of
equimolar quantities of monosaccharide 1 with heterocyclic
oximes 2–4 were achieved in sulfolane (tetrahydrotiophene-
1,1-dioxide), an aprotic solvent with a high dielectric con-
stant in which both components, the apolar bromide and the
polar oxime could be dissolved [11]. All synthesized glu-
coconjugates were identified by MS, IR, 1D (1H and 13C
(APT)) and 2D (HETCOR) NMR spectroscopies, and their
purity determined by elemental analyses and optical rota-
tion measurements. The β-configuration of all three conju-
gates was determined on the basis of 1H NMR spectra in
which the anomeric proton was found to be a doublet with a

characteristical J value of approximately 9 Hz. Neverthe-
less, the spectra of conjugates 6 and 7 showed presence of
two compounds since two sets of signals in 1H and 13C
NMR spectra with very similar chemical shifts were ob-
served. Spectra also indicated that two compounds formed
in a ratio of 1:3. We presumed that two sets of NMR signals
were due to the formation of two isomers, E and Z, caused by
the restricted rotation around the oxime double bond. E and Z
isomers were not observed in the case of the quinuclidinium
conjugate 5. Presence of two isomeric forms was previously
reported for the pyridinium oxime 3 which is the starting
compound in the synthesis of conjugate 6. The change of
solvent system during the crystallization process led to the
separation of E and Z isomers of oxime 3 which were identi-
fied by X-ray structural analysis [15, 16]. However, the X-ray
structure showed that only the E isomer of the heterocyclic
oxime 4 could be isolated in the form adequate for X-ray
analysis. On the contrary, X-ray determination of the struc-
ture of oxime 2 showed that Z isomer was the one which
was crystalized. The newly synthesized N-glucoconjugates
5–7 could not be obtained in a crystaline form suitable for
X-ray analysis. We thus attempted to determine the structure
of the quinuclidinum conjugate 5 and of the major isomers
of the pyridinium and imidazolium compounds 6 and 7 by
a different approach. For this purpose, we calculated 13C
NMR chemical shifts for both isomers of compounds 5–7 by
using their model structures optimized on the high level of
theory.

Scheme 1
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Fig. 1 An ORTEP drawing of 2 with the atom labeling scheme.
Ellipsoids are drawn at the 50% probability level

Crystal structures of 2 and 4

Single crystal X-ray analysis revealed that the structure of
2 consists of molecules which possess the mirror symmetry
(Fig. 1, Table 1). They are connected into endless chains by
hydrogen bonds O1–H···N1(x − 0.5, y, 1.5 − z) of 2.765(3) Å
(Fig. 2, Table 2). The quinuclidinium cage consists of three
6-membered rings which all approach the ideal boat confor-
mation. It was found that the molecule is a Z isomer. The same
isomer was also found in 3-methoxyiminoquinuclidinium
chloride, the only structure solved till now of an oxime-
substituted quinuclidine [17].

The crystal structure of 4 consists of two independent
molecules in the asymmetric unit (Fig. 3). The molecules
are connected into chains by hydrogen bonds O11 − H···N21
(0.5 + x, y − 0.5, z) and O21–H···N11 of 2.718(2) and
2.723(3) Å, respectively (Fig. 4, Table 3).

Table 1 Interatomic distances (Å) and angles (◦) for 2

Interatomic distances (Å)
O1–N2 1.409(3)
N1–C2 1.478(3)
N1–C6 (C6a) 1.474(2)
N2–C3 1.282(3)
C2–C3 1.504(3)
C3–C4 1.497(3)
C4–C5 (C5a) 1.527(2)
C5–C6 1.545(2)
Interatomic angles (◦)
C6–N1–C6a 108.6(2)
C2–N1–C6 108.76(12)
O1–N2–C3 109.15(19)
N1–C2–C3 110.24(19)
N2–C3–C2 126.3(2)
C2–C3–C4 112.44(19)
N2–C3–C4 121.3(2)
C3–C4–C5 107.48(13)
C5–C4–C5a 108.5(2)
C4–C5–C6 108.66(15)
N1–C6–C5 111.97(15)

aSymmetry code: x, 1/2 − y, z.

The bond distances (Table 4) in both molecules
are comparable, and both are E isomers. The pla-
narity of the molecules can be indicated by torsion
angles N12–C11–C15–N13 and N22–C21–C25–N23 of
−3.4(3)◦ and − 0.9(3)◦, respectively. The C11–N11 and
C21–N21 bonds (1.323(2) and 1.326(2) Å) are sig-
nificantly shorter than bonds C11–N12 and C21–N22
(1.357(2) and 1.353(2) Å), indicating localization of
the double bond. Similar values were found in
2-hydroxyiminomethyl-1-benzylimidazole (1.322(3) and
1.357(3) Å) which is also an E isomer [18]. When a
methyl substituent was introduced at the other imida-
zole nitrogen atom the two C–N bond lengths became
similar since the double bond and the charge are both

Fig. 2 Hydrogen bonding in 2
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Table 2 Hydrogen bonding in 2

D–H···A d(D–H) d(H···A) d(D···A) <(DHA)

O1–H1···N1a 0.82 1.95 2.765(3) 179
O1–H1···N1b 0.82 1.95 2.765(3) 179

aSymmetry code: −1/2 + x, 1/2 − y, 3/2 − z.
bSymmetry code: −1/2 + x, y, 3/2 − z.

delocalized. Interestingly, after substitution, rotation about
the C21–C25 bond occurred (using the atom numbering
scheme of the present structure) orienting the oxime ni-
trogen toward the methyl-substituted nitrogen. The isomer
remained E [18].

The OP antidotes possess a carbonyl-oxygen, or some
related oxygen-containing functional group, which may be
important in binding to the enzyme. For the choline and
acetylcholine structures the average separation between the
quaternary-nitrogen and carbonyl-oxygen is 4.7(3) Å with
the range from 4.35 to 5.11 Å [19]. The oxime-oxygen to
nitrogen distances have also been investigated [18]. In 2 the
O1 to N1 distance is 4.088 (3) Å. In 4 the distance between
the oxime-oxygen O11 to the imidazole nitrogen atoms N11
and N12 are 4.584(3) and 4.339(2) Å, while those between
O21 to N21 and N22 amount to 4.605(3) and 4.332(2) Å,
respectively.

Computational details

Molecular structures

Quality of calculated nuclear magnetic shielding results de-
pend on the quality of the structural data. Since experimental
structures are seldom available for the molecules of interest,
energy optimized geometries are frequently used [20]. We
have chosen model structure 8 for representing the exam-

ined N-glucoconjugates 5–7 in order to see the difference in
shielding between experimentally observed oxime E and Z
isomers of the β anomers since the experiment showed lack
of α anomers:

Different conformations were examined and fully optimized
using the Gaussian 03 program package [21, 22] at the
B3LYP/6-31G(d) level of theory [23–26]. Vibrational fre-
quencies calculated with the same model chemistry were
used to confirm that the obtained stationary points were
minima. The most stable molecular structures and relative
energies according to the more stable isomer of each pair are
presented in Fig. 5.

Nuclear magnetic shielding calculations

The 13C NMR chemical shifts were calculated for B3LYP/6-
31G(d) optimized geometries by the GIAO method (gauge
including atomic orbitals) [27–29] implemented in the Gaus-
sian 03 suite of programs at the same level of theory. These
chemical shifts were referenced to as CH4, calculated with
GIAO method at the HF/6-31G(d) level of theory. The proce-
dure of subtracting the calculated magnetic shielding for the
nuclei of interest from the reference compound shielding was
automatically performed by the GaussView program [30].
Calculated and appropriate experimental 13C NMR chemi-
cal shifts are shown in Tables 5–7.

Interpretation of experimental data for N-glucoconjugate
with quinuclidinium oxime as the heterocyclic part (5)
is straightforward. In its NMR spectra there is no signal
splitting, which suggests lack of the oxime isomerisation.

Fig. 3 An ORTEP drawing of
4 with the atom labeling
scheme. Ellipsoids are drawn at
the 50% probability level
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Fig. 4 Hydrogen bonding in 4

Calculations showed that Z isomer is more stable than is E
isomer (1.8 kcal/mol). The tendency of quinuclidinium
oximes to form Z isomers was also noticed during the crys-
tallization process of the starting oxime since only Z isomer
could be obtained under different crystallization conditions
and its structure unequivocally determined by X-ray crystal-
lography. Furthermore, calculations showed that Z isomer as
compared to E has slightly better correlation with experimen-
tal 13C NMR chemical shifts: R2 = 0.987, F = 695 (Fig. 6)
vs. R2 = 0.986, F = 631. In all the correlations C–5, C=O,
and CH3 shifts are omitted because of significant difference
in chemical surroundings from the real structures.

Other two N-glucoconjugates (6 and 7) have more com-
plex experimental NMR spectra because all of the signals
are splitted. Table 6 shows the calculated 13C NMR chemi-
cal shifts of the most stable E and Z isomers, and appropriate
experimental 13C NMR values of the N-glucoconjugate 6
with pyridinium oxime as heterocyclic part.

Although calculated E and Z isomer show different 13C
NMR chemical shifts, it is not possible to conclude which
of the two signals (exp or exp′) belong to which isomer, be-
cause all the possible correlations are good (R2 > 0.97). The
best correlation is that of Z isomer with exp′ chemical shifts
(R2 = 0.983, F = 451), so we can suppose that exp′ origi-
nate from Z, and exp from E isomer (R2 = 0.973, F = 284).

Table 3 Hydrogen bonding in 4

D–H···A d(D–H) d(H···A) d(D···A) <(DHA)

O11–H11···N21a 0.97(3) 1.75(3) 2.718(2) 177(2)
O21–H22···N11 0.92(3) 1.81(3) 2.723(3) 177(3)

aSymmetry code: 1/2 + x, − 1/2 + y, z.

Calculations showed that E isomer is more stable than is Z
isomer (3.2 kcal/mol).

Table 7 shows the calculated 13C NMR chemical shifts
of the most stable E and Z isomers and appropriate exper-
imental 13C NMR values of the N-glucoconjugate 7 with
imidazolium oxime as heterocyclic part.

This case is similar to the previous one; oxime isomeriza-
tion causes the signal splitting, but it is not possible to connect

Table 4 Interatomic distances (Å) and angles (◦) in 4

Mol I Mol II

Interatomic distances (Å)
O11–N13/O21–N23 1.385(2) 1.394(2)
N11–C11/N21–C21 1.323(2) 1.326(2)
N11–C12/N21–C22 1.365(3) 1.360(3)
N12–C11/N22–C21 1.357(2) 1.353(2)
N12–C13/N22–C23 1.365(3) 1.355(3)
N12–C14/N22–C24 1.461(2) 1.458(2)
N13–C15/N23–C25 1.267(2) 1.267(2)
C11–C15/C21–C25 1.441(3) 1.440(3)
C13–C12/C23–C22 1.345(3) 1.353(3)

Interatomic angles (◦)
O11–N13–C15/O21–N23–C25 111.33(15) 111.31(16)
N11–C11–N12/N21–C21–N22 111.29(17) 110.95(17)
N11–C11–C15/N21–C21–C25 120.82(17) 121.65(17)
N11–C12–C13/N21–C22–C23 110.6(2) 110.1(2)
N12–C11–C15/N22–C21–C25 127.89(17) 127.38(16)
N12–C13–C12/N22–C23–C22 106.4(2) 106.7(2)
N13–C15–C11/N23–C25–C21 123.50(18) 123.32(18)
C11–N11–C12/C21–N21–C22 105.08(18) 105.37(17)
C11–N12–C13/C21–N22–C23 106.62(17) 106.94(17)
C11–N12–C14/C21–N22–C24 127.92(17) 127.95(17)
C13–N12–C14/C23–N22–C24 125.44(18) 125.10(18)
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Fig. 5 Optimized model
structures of examined
N-glucoconjugates at the
B3LYP/6-31G(d) level of theory
(m: model)

calculated and experimental data with certainty because all
of the possible correlations are good (R2 > 0.97). Since the
best correlation is that of Z isomer with exp′ chemical shifts
(R2 = 0.998, F = 661), we can suppose that exp′ originate
from Z, and exp from E isomer (R2 = 0.976, F = 279). Cal-
culations showed that E isomer is more stable than Z isomer
(4.4 kcal/mol).

Therefore, the conclusion can be made that the differ-
ence in energies between E and Z isomers indicates that Z
isomer formed in the case of the quiniclidinum conjugate 5
while E isomers predominate in the case of pyridinium and
imidazolium conjugates 6 and 7.

Conclusion

In this paper, we present the synthesis of β-N-
glucoconjugates with heterocyclic oximes. Some of them
formed in two isomeric forms (E and Z) due to the restricted

rotation around the oxime’s double bond. This was proved by
comparison of NMR spectra with the calculated spectra and
by X-ray structural analysis of heterocyclic oxime reagents.

Experimental

General remarks

Column chromatography was performed on Silica Gel
(Merck) and TLC on Kieselgel G (Merck) with solvent A,
benzene:EtOAc (10:1) or solvent B, CHCl3:MeOH (5:1).
The detection was effected by charring with H2SO4 or J2.1H
and 13C NMR spectra were recorded with a Bruker AV600
spectrometer at room temperature. Chemical shifts are given
in ppm downfield from TMS as internal standard. Optical
rotations were measured in MeOH at ∼25◦C using the Opti-
cal Activity LTD AA-10 Automatic Polarimeter. Melting
points were determined in open capillary using a Büchi
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Table 5 Calculated and experimental 13C NMR chemical shifts of
5-m (E and Z)

Ecalc Zcalc Experimental

q C-3 150.86 150.08 148.27
C-1 105.54 105.86 91.96
C-3 83.59 83.59 67.38
C-4 78.77 78.87 66.40
C-2 78.16 79.05 74.37
q C-2 67.76 66.86 60.58
q C-7 65.56 66.26 55.87
q C-6 58.61 60.06 54.05
q C-4 33.59 38.25 26.73
q C-8 34.43 35.27 23.02
q C-5 32.45 34.14 22.97

B-540 melting point apparatus and are uncorrected. IR spec-
tra were recorded with a Perkin-Elmer FTIR 1725 X spec-
trometer. Elemental analyses were performed with a Perkin-
Elmer PE 2400 Series II CHNS/O Analyser.

Single crystals for X-ray analysis of 2 and 4 were obtained
by recrystallization of the compounds from isopropanol-
diisopropil ether.

N-(tetra-O-pivaloyl-β-d-glucopyranosyl)-3-
hydroxyiminoquinuclidinium bromide (5)

Tetra-O-pivaloyl-α-d-glucopyranosyl bromide (1, 250 mg,
0.43 mmol) was added to the solution of 3-hydroxyi-
minoquinuclidine (2, 60 mg, 0.43 mmol) in sulfolane
(5 mL). The mixture was stirred under nitrogen, at 50◦C
for 24 h under nitrogen. The course of the reaction was
monitored by TLC (solvent B). The reaction mixture was
then chromatographed on a column of silica gel, first with
CHCl3 to elute sulfolane (RF 0.8), followed by solvent B
to obtain compound 5 (45 mg, 14%) as yellow crystals:
m.p. 124–128◦C; [α]25

D + 14 (c = 1.0 MeOH); RF 0.3. IR
(KBr):ν̃ = 3434, 3323, 2918, 1737, 1653, 1479 cm−1. 1H
NMR (600 MHz, CDCl3): δ = 1.11 (s, 9H, Piv), 1.15 (s,

Table 6 Calculated and experimental 13C NMR chemical shifts of
6-m (E and Z)

Ecalc Zcalc exp exp′

pyr C-4 156.42 147.11 152.78 151.72
CH=NO 147.30 143.73 144.46 144.27
pyr C-2 145.58 145.40 144.05 143.21
pyr C-6 142.48 144.43 142.27 142.66
pyr C-3 130.39 131.84 141.86 141.34
pyr C-5 124.04 130.69 124.22 124.58
C-1 105.25 105.69 91.30 94.29
C-2 83.83 83.99 72.90 72.78
C-3 81.95 81.96 71.52 71.65
C-4 79.63 79.60 66.52 66.36

Table 7 Calculated and experimental 13C NMR chemical shifts of
7-m (E and Z)

Ecalc Zcalc exp exp′

im C-2 143.50 143.01 153.63 139.59
CH=NO 139.77 134.15 131.52 128.34
im C-5 125.31 127.12 124.40 124.10
im C-4 127.49 125.81 119.77 119.27
C-1 100.70 100.48 84.64 84.18
C-2 82.09 80.18 71.92 71.73
C-3 82.29 82.06 70.65 70.17
C-4 79.84 79.88 66.52 66.68
CH3N 50.04 46.05 38.07 36.99

9H, Piv), 1.22 (s, 9H, Piv), 1.24 (s, 9H, Piv), 2.18–2.21 (m,
4H, q (H-5 and H-8)), 2.99–3.04 (m, 1H, q H-4), 3.57–3.84
(m, 2H, H-6), 3.96–4.04 (m, 1H, q H-6), 4.12 (dd, J = 4.33;
J = 13.07, 1H, q H-2), 4.25–4.31 (m, 2H, q (H-6 and
H-7)), 4.36–4.38 (m, 1H, q H-2), 4.52–4.54 (m, 1H, H-5),
4.69–4.72 (m, 1H, q H-7), 5.21 (app t, J = 9.96; J = 9.63,
1H, H-4), 5.46 (app t, J = 8.83; J = 8.52, 1H, H-2), 5.56 (app
t, J = 8.52; J = 8.76, 1H, H-3), 6.61 (d, J = 9.07, 1H, H-1),
10.71 (s, 1H, NOH) ppm. 13C NMR (150 MHz, CDCl3):
δ = 22.97 (q C-5), 23.02 (q C-8), 26.73 (q C-4), 26.83
((CH3)3CCO), 27.02 ((CH3)3CCO), 27.07 ((CH3)3CCO),
27.24 ((CH3)3CCO), 38.63 ((CH3)3CCO), 38.65
((CH3)3CCO), 38.83 ((CH3)3CCO), 39.12 ((CH3)3CCO),
51.19 (C-6), 54.05 (q C-6), 55.87 (q C-7), 60.58 (q C-2),
66.40 (C-4), 67.38 (C-3), 74.37 (C-2), 74.92 (C-5), 91.96
(C-1), 148.27 (q C-3), 176.23 (C=O), 176.30 (C=O),
177.15 (C=O), 177.76 (C=O) ppm. ESMS: m/z = 639.38
(100%) [M+]. C33H55BrN2O10 (719.70): calculated C
55.07, H 7.70, N 3.89; found C 55.00, H 7.57, N 3.86.

Fig. 6 Correlation of Zcalc vs. exp 13C NMR chemical shifts of 5

Springer



344 Struct Chem

N-(Tetra-O-pivaloyl-β-d-glucopyranosyl)-4-
hydroxyiminomethylpyridinum Bromide (6)

Tetra-O-pivaloyl-α-d-glucopyranosyl bromide (1, 100 mg,
0.17 mmol) was added to the solution of 4-hydroxyimino-
methylpyridine (3, 21 mg, 0.17 mmol) in sulfolane (2 mL).
The mixture was stirred at 50◦C for 24 h. The course of the re-
action was monitored by TLC (solvent B). The reaction mix-
ture was then chromatographed on a column of silica gel, first
with CHCl3 to elute sulfolane (RF 0.8), followed by solvent B
to obtain compound 6 as mixture of E/Z isomers in ratio 1:3,
(34 mg, 28%) as yellow crystals: m.p. 119–124◦C; [α]25

D +
16 (c = 1.0 MeOH); RF 0.3. IR(KBr):ν̃ = 3465, 3395, 2950,
2850, 1747, 1643, 1480 cm−1. 1H NMR (600 MHz, CDCl3):
δ = 1.00 (s, 9H, Piv), 1.11 (s, 9H, Piv), 1.17 (s, 9H, Piv), 1.18
(s, 9H, Piv), 1.19 (s, 9H, Piv), 1.24 (s, 9H, Piv), 1.25 (s, 9H,
Piv), 1.26 (s, 9H, Piv), 3.87–4.11 (m, 2H, H-6), 4.23–4.32
(m, 2H, H-5, and H-5′), 4.41–4.60 (m, 2H, H-6), 5.19–5.38
(m, 2H, H-3, and H-3′), 5.42–5.47 (m, 2H, H-4, and H-4′),
5.56–5.85 (m, 2H, H-2, and H-2′), 6.10 (d, J = 8.53, 1H, H-
1), 7.00 (d, J = 9.17, 1H, H-1′), 8.24 (s, 1H, CH=NO′), 8.42
(s, 1H, CH = NO), 8.94 (d, J = 6.55, 2H, pyr(H-3 and H-5)),
8.98 (d, J = 6.66, 2H, pyr(H-3′ and H-5′), 9.17 (d, J = 6.66,
2H, pyr(H-2 and H-6)), 9.40 (d, J = 6.51, 2H, pyr(H-2′

and H-6′)), 12.17 (s, 1H, NOH′), 12.36 (s, 1H, NOH)
ppm.13C NMR (150 MHz, CDCl3): δ = 26.86 ((CH3)3CCO),
26.88 ((CH3)3CCO), 26.99 (2 × (CH3)3CCO), 27.04
((CH3)3CCO), 27.06 (2 × (CH3)3CCO), 27.08 ((CH3)3

CCO), 38.60 ((CH3)3CCO), 38.69 (2 × (CH3)3CCO),
38.74 ((CH3)3CCO), 38.80 (2 × (CH3)3CCO), 38.82
(2 × (CH3)3CCO), 60.73 (C-6), 61.20 (C-6′), 66.36 (C-4′),
66.52 (C-4), 71.52 (C-3′), 71.65 (C-3), 72.78 (C-2′), 72.90
(C-2), 75.69 (C-5), 75.70 (C-5′), 91.30 (C-1), 94.29 (C-1′),
91.30 (C-1), 124.22 (pyr C-5), 124.58 (pyr C-5′), 141.34
(pyr C-3′), 141.86 (pyr C-3), 142.27 (pyr C-6), 142.66
(pyr C-6′), 143.21 (pyr C-2′), 144.05 (pyr C-2), 144.27
(CH=NO′), 146.46 (CH=NO), 151.72 (pyr C-4′), 152.78
(pyr C-4), 176.12 (C=O), 176.25 (2 × C=O), 176.30
(C=O), 176.93 (C=O), 176.70 (C=O), 177.79 (C=O),
177.94 (C=O) ppm. ESMS: m/z = 621.33 (100%) [M+].
C32H49BrN2O10 (701.64): calculated C 54.78, H 7.04, N
3.99; found C 54.78, H 7.08, N 3.97.

N-(Tetra-O-pivaloyl-β-d-glucopyranosyl)-2-
hydroxyiminomethyl-3-methylimidazolium bromide (7)

Tetra-O-pivaloyl-α-d-glucopyranosyl bromide (1, 200 mg,
0.35 mmol) was added to the solution of N-methyl-2-
hydroxyiminomethylimidazole (4, 43 mg, 0.35 mmol) in
sulfolane (4 mL). The mixture was stirred at 50◦C for 24 h.
The course of the reaction was monitored by TLC (solvent
B). The reaction mixture was then chromatographed on a

column of silica gel, first with CHCl3 to elute sulfolane
(RF 0.8), followed by solvent B to obtain compound 7 as
mixture of E/Z isomers in ratio 1:3, (29 mg, 12%) as yellow
crystals: m.p. 110–114◦C; [α]25

D +22 (c = 0.51 MeOH);
RF 0.2. IR(KBr):ν̃ = 3415, 3187, 2980, 2850, 1750, 1539,
1462 cm−1. 1H NMR (600 MHz, CDCl3): δ = 1.05 (s, 9H,
Piv), 1.07 (s, 9H, Piv), 1.11 (s, 9H, Piv), 1.12 (s, 9H, Piv),
1.15 (s, 9H, Piv), 1.16 (s, 9H, Piv), 1.22 (s, 9H, Piv), 1.24
(s, 9H, Piv), 4.10 (s, 3H, CH3N′), 4.17 (s, 3H, CH3N),
4.20–3.34 (m, 6H, H-5, H-5′, H-6, and H-6′), 5.31–5.34
(m, 3H, H-3′, H-4, and H-4′), 5.44–5.47 (m, 1H, H-3),
5.53–5.69 (m, 2H, H-2 and H-2′), 6.12 (d, J = 9.13, 1H,
H-1), 6.56 (d, J = 9.39, 1H, H-1′), 7.13 (s, 1H, CH=NO),
7.28 (s, 1H, CH=NO′), 7.48 (d, J = 2.03, 1H, im H-4′),
7.60 (d, J = 2.01, 1H, im H-4), 7.78 (d, J = 1.91, 1H, im
H-5), 7.94 (d, J = 2.02, 1H, im H-5′), 10.95 (s, 1H, NOH),
10.97 (s, 1H, NOH′) ppm. 13C NMR (150 MHz, CDCl3):
δ = 26.90 ((CH3)3CCO), 26.93 ((CH3)3CCO), 27.01
((CH3)3CCO), 27.10 ((CH3)3CCO), 27.12 ((CH3)3CCO),
27.16 (2 × (CH3)3CCO), 27.22 ((CH3)3CCO), 36.99
(CH3N′), 38.07 (CH3N), 38.79 (2 × (CH3)3CCO),
38.85 (2 × (CH3)3CCO), 38.90 (2 × (CH3)3CCO), 38.94
(2 × (CH3)3CCO), 60.86 (C-6), 60.95 (C-6′), 66.52 (C-4),
66.68 (C-4′), 70.17 (C-3′), 70.65 (C-3), 71.73 (C-2′), 71.92
(C-2), 75.45 (C-5′), 75.75 (C-5), 84.18 (C-1′), 84.64 (C-1),
119.27 (im C-4′), 119.77 (im C-4), 124.10 (im C-5′), 124.40
(im C-5′), 128.34 (CH=NO′), 131.52 (CH=NO), 139.59
(im C-2′), 153.63 (im C-2), 176.15 (C=O), 176.36 (C=O),
176.710 (2 × C=O), 177.24 (2 × C=O), 177.34 (C=O),
177.77 (C=O) ppm. ESMS: m/z = 624.35 (100%) [M+].
C31H50BrN3O10 (704.65): calculated C 52.84, H 7.15, N
5.96; found C 53.09, H 7.21, N 5.90.

X-ray crystallography

The X-ray diffraction data for compounds 2 and 4 were
collected on the Oxford Diffraction Xcalibur3 CCD diffrac-
tometer with monochromated Mo Kα radiation (λ = 0.71073
Å). The measured intensity data were corrected for Lorentz
and polarisation effects. The molecular and crystal structures
were solved by direct methods implemented in the program
SIR97 [31] and refined on F2 with anisotropic displacement
parameters for all nonhydrogen atoms (SHELXL97) [32].
Crystal data and data for the structure solutions and
refinements are collected in Table 8. Positions of the
hydrogen atoms in 2 were calculated geometrically and they
were refined using the riding model. Hydrogen atoms in
4 were found in difference Fourier map and were refined
isotropically. Those on the methyl groups had poor geometry
and were placed in calculated position and refined using the
riding model.
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Table 8 Crystallographic data for 2 and 4

Crystal data Compound 2 Compound 4

Formula C7H12N2O C5H7N3O
Mr 140.18 125.14
Crystal system and habit Orthorhombic,

prism
Monoclinic,
prism

Space group Pnma C2/c
a (Å) 11.7494(15) 15.532(3)
b (Å) 9.4830(13) 9.733(2)
c (Å) 6.5317(9) 17.760(4)
α (◦) 90 90
β (◦) 90 108.23(2)
γ (◦) 90 90

Volume (Å3) 727.76(17) 2550.0(10)
Z 4 16
Density (calculated, g cm−3) 1.279 1.304
µ(Mo Kα) (mm−1) 0.088 0.096
F(000) 304 1056
2θ range for data collection (◦) 9.34–58.00 8.72–56.00
h, k, l range −16 to 16, −12

to 12, −8 to 8
−20 to 20, −10
to 12, −23 to 23

Scan type ω scan ω scan
No. of measured reflections 7777 11,816
No. of independent reflections 1011 3049
No. of refined parameters 55 195
No. of observed reflections,

[I ≥ 2σ (I)]
901 1838

g1, g2 in wa 0.0590, 0.2206 0.0732, 0.0000
Rb, wRc [I ≥ 2σ (I)] 0.0649, 0.1517 0.0536, 0.1293
R, wR (all data) 0.0756, 0.1580 0.0942, 0.1538
Goodness-of-fit on F2, Sd 1.244 1.047
Max., min. electron density

(e Å−3)
0.285 − 0.202 0.155–0.127

aw = 1/
[
σ 2

(
F2

o

) + (g1 P)2 + g2 P
]
, where P = (

F2
o + 2F2

c

)
/3.

b R = ∑ ∣
∣|Fo| − |Fc|

∣
∣/

∑∣
∣ Fo

∣
∣.

cwR =
[∑ (

F2
o − F2

c

)2
/
∑

w
(
F2

o

)2
]1/2

.

d S = ∑ [
w

(
F2

o − F2
c

)2
/Nobs − Nparam

]1/2
.

Supplementary material

Crystallographic data (excluding structure factors) for the
structures in this paper have been deposited with the
Cambridge Crystallographic Data Centre as supplemen-
tary publication numbers CCDC-258876 (2) and -258877
(4). Copies of the data can be obtained, free of charge,
on application to CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK; fax: + 44-(0)1223/336-033; or e-mail:
deposit@ccdc.cam.ac.uk.

Acknowledgments We thank the Ministry of Science, Education and
Sport of Croatia for support of this work (0119610, 0119612, and
0119632). We thank Mrs. Mirjana Nehyba for technical assistance.

References
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