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Abstract—1,3-Dipolar cycloaddition of aryl nitrile oxides to benzyl/acetyl-protected exo-glucals and to a benzoylated glucosyl cya-
nide led in high yield to spiro-isoxazolines and to 3-aryl-5-glucosyl-1,2,4-oxadiazoles, respectively. The choice of the protective
groups was important to the outcome of the cycloaddition and for the deprotection of the adducts. Cleavage of the ester protecting
groups (acetyl, benzoyl) provided water-soluble spiro-isoxazolines and 3-aryl-5-glucosyl-1,2,4-oxadiazoles, evaluated as glycogen
phosphorylase inhibitors. Preliminary tests showed IC50 values in the lM range.
� 2006 Elsevier Ltd. All rights reserved.
Glycogen phosphorylase1 (GP) is responsible for the
conversion of glycogen to glucose (glycogenolysis). It
contributes to glucose production, for the glycolysis
pathway in muscles, and for delivery of glucose into
the bloodstream in the liver. Hepatic glucose produc-
tion, normally under tight hormonal control, is disregul-
ated in patients suffering from type 2 diabetes.
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Figure 1. Some known glucose-based inhibitors of GP.
Inhibition2 of GP is emerging as a viable approach3

for the treatment of hyperglycaemia.4,5 The largest fam-
ily of GP inhibitors consists of glucose derivatives,2,6–9

such as glucopyranosyl-spiro-oxathiazoles A,10 -spiro-
(thio)hydantoins B,7 -benzothiazole11 or -benzimidazole
C,11 -1,2,4-oxadiazoles D12 and -1,3,4-oxadiazoles E11

(Fig. 1). 1,3-Dipolar cycloadditions of nitrile oxides to
diazoles.
ail: jean-pierre.praly@univ-lyon1.fr
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Figure 2. Cycloaddition approaches towards glucose-based hetero-
cycles as potential GP inhibitors.

Table 1. 1,3-Dipolar cycloaddition of aromatic nitrile oxides with
methylene exo-glucals 1 and 3

exo-Glucals Ar Products (%)

1 p-MeOPh 4 (83)
3 p-MeOPh 5a (83)
3 Ph 5b (99)
3 p-O2NPh 5c (94)
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methylene exo-glucals and C-glucosyl cyanides (Fig. 2)
could lead, respectively, to spiro-isoxazolines and
1,2,4-oxadiazoles, analogous to the aforementioned
inhibitors.

1,3-Dipolar cycloaddition reactions involving carbo-
hydrate derivatives as a dipole or a dipolarophile have been
studied extensively.13 In particular, Gallos et al.14,15

recently reported the cycloaddition of 3,4- and 5,6-unsat-
urated sugars with nitrile oxides. Another study by
Ikegami and co-workers16 described the synthesis of an
amino-C-ketosyl disaccharide by cycloaddition of a
nitrone to a methylene exo-glycal. Electron-deficient
exo-glycals were used by Chapleur and co-workers17,18

for cycloadditions with nitrones and nitrile oxides.
Cycloadditions of nitrile oxides to electron-rich exo-gly-
cals have been studied only briefly by Rajanbabu
and Reddy19 and more recently by Lieberknecht and
co-workers20 and Ikegami and co-workers21 using
substituted and unsubstituted methylene exo-glycals,
respectively. These studies focused primarily on the
cycloaddition regio- and stereoselectivities without con-
sidering the deprotection of the spiro-compounds.
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Scheme 1. Reagents and conditions: (i) TBAF, THF, rt, 4 h then Ac2O, pyrid
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As part of our projects concerning glucose analogs as
GP inhibitors,9,10,12 we have been interested in spiro-
cyclic sugars and C-glycosyl heterocyles. We have pre-
pared differently protected methylene exo-glucals 1–322

using our recently established procedure23,24 from sugar
lactones while the glucosyl cyanide 8 was prepared
according to Somsák’s method.25 As reported below,
cycloadditions between these dipolarophiles and aryl
nitrile oxides and deprotections of the expected cyclo-
adducts were carried out to afford potential GP inhibitors
(Scheme 1).

The benzylated exo-glucal 123,26 underwent a cycloaddi-
tion reaction with p-anisonitrile oxide at room tempera-
ture to afford the desired spiro-isoxazoline 427 in high
yield with complete regio- and stereoselectivity (Table
1). The regiochemistry of the cycloaddition reaction
was established from data provided by 1H NMR, 13C
NMR and 2D NMR experiments (COSY, HSQC,
HMBC). The (R) configuration at the spiro-carbon
atom of cycloadduct 4 was determined by NOE experi-
ments showing a contact between the methylene protons
of the isoxazoline ring and either the H-2 proton of the
sugar ring or a benzylic proton (superimposed signals at
d = 3.70–3.82), (H-4 and H-10, following the systematic
numbering used in the NMR data), but no enhancement
of the H-3 and H-5 signals (H-9 and H-7).
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However, subsequent hydrogenolysis of the benzyl
ethers of 4 occurred with concomitant reductive cleav-
age of the N–O bond and reduction of the C@N double
bond,16 as evidenced by mass spectroscopy showing a
molecular ion m/z = 329.9 [M+H]+, supporting struc-
ture 6.28

The triethylsilyl (TES) groups appeared to be a suitable
alternative to benzyl groups, since their cleavage occurs
under mild conditions with fluoride ion. However,
attempted cycloadditions of aromatic nitrile oxides to
the silylated exo-glucal 2 failed to furnish the expected
spiro-derivatives. Complete recovery of unreacted 2
was observed even in refluxing toluene. The lack of reac-
tivity could be attributed to the bulkiness of silyl groups
in 2 hindering the approach of the nitrile oxide.

The acetyl protective group, characterized by limited
steric hindrance and cleavage under mild conditions, ap-
peared as a viable alternative to benzyl and silyl groups.
The acetylated methylene exo-glucal 329 was obtained
from 2 in nearly quantitative yield via a one-pot proce-
dure combining cleavage of silyl ethers and subsequent
acetylation. Finally, cycloaddition at room temperature
afforded the desired spiro-isoxazolines 5a–c in high
yields (Table 1). The regio- and stereochemistries at
the anomeric spiro-centre were determined as before
by 13C NMR and NOE experiments, which showed
unambiguously a contact between the methylene pro-
tons of the isoxazoline ring and the H-2 proton of the
sugar ring. As expected, methanolysis of the acetates
delivered the deprotected spiro-isoxazolines 7a–c in
quantitative yields.30

Next, we considered the corresponding [3+2] cycloaddi-
tions to nitriles31,32 as an access to 3-aryl-5-C-glucosyl-
1,2,4-oxadiazoles from the benzoylated b-DD-glucosyl
cyanide 825 (Scheme 2). Nitrile 8 reacted in refluxing
toluene with various aryl nitrile oxides to afford the
expected heterocyclic compounds 9a–c in high yields
Table 2. 1,3-Dipolar cycloaddition of aromatic nitrile oxides with
b-DD-glucosyl cyanide 8

Cycloadducts Ar Yields (%)

9a p-MeOPh 90
9b Ph 94
9c p-O2NPh 99
(Table 2).33 Deprotection of the benzoyl esters under
Zemplén conditions provided the deprotected 5-C-b-DD-
glucosyl-1,2,4-oxadiazoles 10a–c34 (75–92% isolated
yield) together with a small amount of the endo-glucals
11a–c (4–7% isolated yield).

In summary, we developed short and convenient routes
to glucose-derived spiro-isoxazolines and 3-aryl-5-C-
glucosyl-1,2,4-oxadiazoles, based on [3+2] cycloaddition
reactions to acetyl- and benzyl-protected exo-glucals
or a benzoylated b-DD-glucopyranosyl cyanide. Use of
ester protective groups gave access to the corresponding
deprotected water-soluble motifs, analogous to
known inhibitors of glycogen phosphorylase. Indeed,
preliminary tests showed that 5-b-DD-glucopyranosyl-3-
phenyl-1,2,4-oxadiazole 10b inhibited significantly
(IC50 = 64 lM) rabbit muscle GPb (unphosphorylated
isoform). In contrast, 3-b-DD-glucopyranosyl-5-phenyl-
1,2,4-oxadiazole, an isomer of 10b, had a low inhibitory
activity towards GP (IC50 = 1.49 mM).12 Therefore,
the 3-aryl-5-b-DD-glucopyranosyl-1,2,4-oxadiazole series
appears to be more promising for GP inhibition. Such
glucose-based analogues are currently investigated and
their syntheses, inhibitory activities as well as data
obtained from crystallographic studies will be reported
in due course.
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Tóth, M.; Köver, K. E.; Bényei, A.; Somsák, L. Org.
Biomol. Chem. 2003, 1, 4039–4046.

30. Selected data for (5R,7R,8R,9S,10R)-7-(hydroxymethyl)-
3-(p-methoxyphenyl)-1,6-dioxa-2-azaspiro[4,5]dec-2-ene-
8,9,10-triol (7a): 1H NMR (500 MHz, CD3OD, 55 �C):
d = 3.31 (m, 1H, H-4a), 3.44 (dd, 1H, J = 8.9, 9.2 Hz, H-
8), 3.58 (d, 1H, J = 9.8 Hz, H-10), 3.68–3.83 (m, 5H, H-
4b, CH2OH, H-7, H-9), 3.84 (s, 3H, OCH3), 6.97 (d, 2H,
J = 8.1 Hz, H-ar), 7.62 (d, 2H, J = 8.1 Hz, H-ar). 13C
NMR (125 MHz, CD3OD, 55 �C): d = 44.6 (C-4), 56.0
(OCH3), 62.6 (CH2OH), 71.7 (C-8), 73.3 (C-10), 75.9 (C-
9), 76.4 (C-7), 110.7 (C-5), 115.4 (2C, C-ar), 123.1 (C-ar),
129.5 (2C, C-ar), 159.5 (C-3), 163.2 (C-ar). MS (ESI)
m/z = 326.0 [M+H]+, 348.0 [M+Na]+, 672.9 [2M+Na]+,
997.6 [3M+Na]+. HRMS (ESI) m/z = C15H20N1O7

[M+H]+ calcd 326.1240, found 326.1243.
31. Huisgen, R.; Mack, W.; Anneser, E. Tetrahedron Lett.

1961, 2, 587–589.
32. Hemming, K. J. Chem. Res. (S) 2001, 209–216.
33. Typical procedure for 1,3-dipolar cycloaddition on b-DD-

glucosyl cyanide 8: To a solution of compound 8
(0.5 mmol) and hydroximoyl chloride (5 equiv) in distilled



M. Benltifa et al. / Tetrahedron Letters 47 (2006) 6143–6147 6147
toluene (10 mL), a solution of triethylamine (7.5 equiv) in
dry toluene (2 mL) was added dropwise (syringe pump,
8 h) at 110 �C. The mixture was stirred overnight at
110 �C. After evaporation, the crude material was purified
by flash chromatography to afford the desired spiro-
isoxazolines 9a–c.
Selected data for 5-C-(2 0,3 0,4 0,6 0-tetra-O-benzoyl-b-DD-
glucopyranosyl)-3-(p-methoxyphenyl)-1,2,4-oxadiazole
(9a): 1H NMR (300 MHz, CDCl3): d = 3.81 (s, 3H,
OCH3), 4.38 (m, 1H, H-5 0), 4.56 (dd, 1H, J = 4.8,
12.3 Hz, H-6 0a), 4.70 (dd, 1H, J = 1.9, 12.3 Hz, H-6 0b),
5.23 (d, 1H, J = 9.0 Hz, H-1 0), 5.86 (t, 1H, J = 9.3 Hz, H-
4 0), 6.06 (m, 2H, H-2 0, H-3 0), 6.89 (d, 2H, J = 8.7 Hz, H-
ar), 7.28–7.55 (m, 12H, H-ar), 7.85–8.05 (m, 10H, H-ar).
13C NMR (75 MHz, CDCl3): d = 55.8 (OCH3), 63.4 (C-
6 0), 69.5 (C-4 0), 71.1 (C-2 0 or 3 0), 72.9 (C-1 0), 74.2 (C-2 0 or
3 0), 77.6 (C-5 0), 114.6 (C-ar), 119.0 (C-ar), 128.8, 128.8,
128.9, 129.0 (C-ar), 129.1 (C-ar), 129.1 (C-ar), 129.6, 129.9
(C-ar), 130.2, 130.3, 133.6, 133.8, 133.9, 134.0, 162.5, 165.2
(C-ar), 165.6, 166.2, 166.6 (4C, COPh), 168.6 (C-3), 173.5
(C-5). MS (LSIMS, NBA) m/z = 755 [M+H]+. HRMS
(LSIMS, NBA) m/z = C43H35N2O11 [M+H]+ calcd
755.2241, found 755.2242.

34. Selected data for 5-C-(b-DD-glucopyranosyl)-3-(p-methoxy-
phenyl)-1,2,4-oxadiazole (10a): 1H NMR (300 MHz,
CD3OD): d = 3.43–3.50 (m, 3H, H-3 0, H-4 0, H-5 0), 3.72
(dd, 1H, J = 4.8, 12.3 Hz, H-6 0a), 3.79 (t, 1H, J = 9.6 Hz,
H-2 0), 3.86 (s, 3H, OCH3), 3.91 (d, 1H, J = 12.3 Hz, H-
60b), 4.63 (d, 1H, J = 9.6 Hz, H-1 0), 7.05 (d, 2H,
J = 8.9 Hz, H-ar), 8.00 (d, 2H, J= 8.9 Hz, H-ar). 13C
NMR (75 MHz, CD3OD): d = 56.0 (OCH3), 62.8 (C-6 0),
71.2 (C-4 0), 74.0 (C-2 0), 75.2 (C-1 0), 79.2 (C-3 0), 83.0 (C-
50), 115.2 (2C, C-ar), 120.0 (C-ar), 130.1 (2C, C-ar), 163.8
(C-ar), 169.3 (C-3), 177.9 (C-5). MS (LSIMS, glycerol)
m/z = 339 [M+H]+. HRMS (LSIMS, glycerol) m/z =
C15H19N2O7 [M+H]+ calcd 339.1192, found 339.1191.
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