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Synthetic methods were elaborated for D-glucals attached to oxadiazoles by a CeC bond. Introduction of
the double bond was effected by either DBU induced elimination of PhCOOH from the O-perbenzoylated
glucopyranosyl precursors or Zn/N-methylimidazole mediated reductive elimination from the 1-
bromoglucopyranosyl starting compounds. Alternatively, heterocyclizations of 2-deoxy-D-arabino-hex-
1-enopyranosyl cyanide were also carried out. Test compounds were obtained by Zempl�en debenzoy-
lation, however, none of them showed significant inhibition of rabbit muscle glycogen phosphorylase b.
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1. Introduction

The continuous interest in glycogen phosphorylase inhibitors
(GPIs) is primarily derived from the antihyperglycemic potential of
such molecules involving their possible application in the medi-
cation of patients with type II diabetes.1 On the other hand, inhi-
bition of glycogen phosphorylase (GP) enzymes has also become an
investigational approach in the context of other diseases such as
ischemic lesions2e5 and tumors.6e10

The inhibitors targeting the seven binding sites of GP (catalytic,
inhibitor, allosteric, new allosteric, glycogen storage, benzimid-
azole11 and the recently discovered quercetin binding site12) showa
large molecular diversity.13e17 Among them various glucose de-
rivatives bind mostly to the catalytic site of the enzyme.18,19 At
present, N-acyl-b-D-glucopyranosylamines, N-acyl-N0-b-D-gluco-
pyranosyl ureas, glucopyranosylidene-spiro-heterocycles as well as
N- and C-glucosylated heterocycles (see Chart 1 for some important
representatives of the latter e.g., 1e7, 13e20) belong to the most
potent classes of this inhibitor family displaying their activity in or
; fax: þ36 52512744.
(L. Soms�ak).
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inhibitors, Carbohydrate Rese
below the low micromolar range against rabbit muscle GPb
(RMGPb).17e19 X-ray crystallographic studies on the binding modes
of several of these molecules elucidated their increased binding
strengths in comparison to that of D-glucose (Ki¼1.7 and 7.4 mM for
the a and b anomers,20 respectively). Besides the ideal fit of the
glucose part of these inhibitors in the active site, the strong binding
must be ascribed to the H-bonding capacities of the aglycons as
well as van der Waals interactions of an aromatic appendage (if
present) in the so-called b-channel of the enzyme.13 These findings
highlight the decisive contribution of the aglycon to the good in-
hibition and account for the fact that the structure-based inhibitor
design of glucose analog GPIs has mainly been focused on the
anomeric substitution patterns. Nevertheless, to get a thorough
insight into the structure-activity relationships, the exploration of
the specificity of the sugar unit is also necessary. Early in-
vestigations on the inhibitory and binding properties of different
monosaccharides indicated the superior effectiveness of D-
glucose.21,22 Changes in the sugar configuration (e.g., for D-
mannose21 Ki>100 mM against RMGPb) as well as removal or
replacement of substituents of the glucose moiety (e.g., for 2-
deoxy-D-glucose21 Ki¼27 mM, for D-xylose21 Ki¼> 100 mM, for 3-
deoxy-3-fluoro-D-glucose22 Ki¼200 mM against RMGPb) proved
117
118
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Glc Xyl 3-F-Glc Glucal
Sugar part N-Glycosyl heterocycles

R = CH2OH

Glc 1 2636

1437
2 6.115

1238
3 X = F

5.515

7.938

4 X = Cl
1.038

5 X = Br
3.338

6 X = I
1.938

7 7.715 -

Xyl 8 No inh.
at 625 μM28

- - - -

3-F-Glc - 9
346029

10 X = F
367029

11
401029

12
4629

C-Glycosyl heterocycles

Glc R = Me
13 No inh.

at 625 μM39
- 16 21240

14541
18 49942 20 11 40

8.6 41

R = 2-Naphthyl
14 3843 15 12 (2.4)39 17 10 % inh. 

at 625 μM39
19 0.4142,44

Xyl - - - 21 49124 22 No inh. at 625 
μM24

Glucal Target compounds of this study - -

Chart 1. Inhibitory potency (Ki [mM]) of selected N- and C-glycosyl heterocycles against rabbit muscle glycogen phosphorylase b (RMGPb).36, 37, 38, 42, 44 Q1
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detrimental for the inhibition. Taking into account the crucial role
of the aglycon in the efficiency of the glucose based inhibitors al-
terations of the sugar moiety in cases of some potent heterocyclic
glucose derivatives were also examined to test whether the in-
teractions of the anomeric substituent could compensate the
impaired binding affinity of the glycon.

As part of this program D-xylose derived analogs of the best
glucose based inhibitors were most often studied.
Xylopyranosylidene-spiro-hydantoins, the first compounds inves-
tigated in this series, proved practically inactive.23

Xylopyranosylidene-spiro-isoxazolines and oxathiazoles,24 having
the most potent aglycones of the glucopyranosyl series,25e27

remained also ineffective.24 Xylopyranosyl counterparts of N-(b-D-
glucopyranosyl)-1,2,3-triazoles (e.g., 8 in Chart 1) as well as anal-
ogous derivatives of 5-thio-xylose and their oxidized variants
(sulfoxides and sulfones) showed also negligible or no inhibition
against RMGPb.28 Very recently, C-b-D-xylopyranosyl-heterocycles
were synthesized (e.g., 21 and 22), and among them only the 2-
naphthyl substituted 1,2,4-triazole derivative 21 had modest ac-
tivity towards RMGPb.24

Other studies with N-b-D-glucopyranosyl-pyrimidines15,17 2e7
and 9e12 showed that replacement of the 3-OH group of the
Please cite this article in press as: Bokor �E, et al., C-(2-Deoxy-D-arabino-
their evaluation as glycogen phosphorylase inhibitors, Carbohydrate Res
glucosemoiety by fluorine caused very significant weakening of the
inhibitions (see Chart 1 for the directly comparable pairs 2 and 9, 3
and 10, and 7 and 11, respectively).29 Nevertheless, elongation of
the aglycon by a hydrophobic group proved advantageous
(compare 11 and 12) rendering compound 12 to be the first
micromolar inhibitor of this class.29 Furthermore, insertion of an
axially oriented hydroxymethyl group into the C-3 position of the
glucose part of 2 induced a slightly decreased inhibition
(Ki¼27.1 mM against RMGPb) in spite of additional molecular in-
teractions of the eCH2OH group that was evidenced by X-ray
crystallography.30

Additionally, in the frame of a study of conformationally
restricted pseudonucleosides, an N-substituted spiro-
thiohydantoin ring was constructed at the C-3 position of D-
glucose, however, such compounds remained inactive against
RMGPb.31 Glucofuranosylidene-spiro-hydantoins32 as well as some
iminosugar derivatives were also studied to show no significant
activity except 1,4-dideoxy-1,4-imino-arabinitol (DAB).33

The phosphorolytic cleavage of glycogen catalyzed by GP is
supposed to occur via a glycosyliumion-like transition sate.34 Thus,
it can be expected that compounds known to be mimics of this
intermediate can bind to the active site of the enzyme as evidenced
hex-1-enopyranosyl)-oxadiazoles: synthesis of possible isomers and
earch (2015), http://dx.doi.org/10.1016/j.carres.2015.04.016
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Scheme 1. Reagents and conditions: a) DBU, dry CH2Cl2, rt; b) Zn, N-methylimidazole, dry EtOAc, reflux; c) NH2OH$HCl, dry pyridine, rt; d) RCOCl, dry 1,4-dioxane, rt; e) 1 M TBAF in
THF, toluene, reflux; f) cat. NaOMe in dry MeOH, rt.
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by X-ray crystallography for some iminosugar type GP inhibitors.33

Glycals can also be considered as oxocarbenium ion analogs due to
the resemblance of the shape of these molecules (half-chair
conformation) to that of the glycosyl cation, as it was demonstrated
earlier for glycosidase inhibitors.35 Based on these considerations
we set out to prepare 1-C-hetaryl-glucal derivatives to study their
inhibitory potential against GP. Although D-glucal itself is a weak
inhibitor of RMGPb (Ki¼80 mM),21 it can be assumed that attaching
a heterocycle to the C-1 carbon atom of the glucal may result in
favorable interactions with the protein. In this paper we disclose
our first steps towards this type of inhibitors and report the syn-
theses and enzymatic evaluation of each possible isomer of oxa-
diazoles appended to D-glucal by a CeC bond.

2. Results and discussion

2.1. Syntheses

For the preparation of the target compounds two main routes
can be envisaged: a suitably functionalized glucal can be made first
followed by the formation of the heterocycle in the final stage or,
alternatively, the 1,2-double bond can be introduced into a pre-
formed C-glucopyranosyl heterocycle. The rather scarce literature
of 1-C-hetaryl pyranoid glycals45e48 offers possibilities for both
strategies and neither of them seems superior.47 Since the 2,3,4,6-
tetra-O-benzoyl-b-D-glucopyranosyl cyanide49 23 was shown to
be a common precursor toward each isomer of C-glucopyranosyl-
oxadiazoles40,39,43,50 synthesis and transformations of its unsatu-
rated counterpart 25 (Scheme 1) were studied first.

Based on literature analogies46,47,51,52 DBU induced benzoic acid
elimination from 23 as well as Zn/N-methylimidazole mediated
reductive elimination35,53 of the 2,3,4,6-tetra-O-benzoyl-1-bromo-
b-D-glucopyranosyl cyanide49 (24) were probed to get the 1-cyano-
glucal 25 (Scheme 1). The latter method proved to be more efficient
both in terms of purity of the product and overall yields (compare
yields under conditions a and b in Scheme 1 taking into account
that 24 can be obtained almost quantitatively49). By adaptation of a
literature method43 25 was then transformed into amidoxime 26,
which was acylated by acid chlorides to give compounds 27 and 28
in high yields. Subsequent TBAF promoted ring closure54 gave
oxadiazoles 29 and 30, which were debenzoylated by the Zempl�en
protocol to furnish 5-aryl-3-(20-deoxy-D-arabino-hex-10-enopyr-
anosyl)-1,2,4-oxadiazoles 31 and 32, respectively, in good yields.
Please cite this article in press as: Bokor �E, et al., C-(2-Deoxy-D-arabino-
their evaluation as glycogen phosphorylase inhibitors, Carbohydrate Rese
For the preparation of the constitutionally reversed O-perben-
zoylated 3-aryl-5-(20-deoxy-D-arabino-hex-10-enopyranosyl)-1,2,4-
oxadiazoles (35 and 36) both main strategies were investigated
(Scheme 2). 1,3-Dipolar cycloaddition of in situ generated nitrile
oxides39,50 to the O-perbenzoylated 1-cyano-glucal 25 took place
chemoselectively to give unsaturated oxadiazoles 35 and 36.
Additionally, DBU induced b-elimination of PhCOOH from the
appropriate O-perbenzoylated 3-aryl-5-b-D-glucopyranosyl-1,2,4-
oxadiazoles39,50 33 and 34 was also performed. A comparison of
the yields for 35 and 36 from 25 on route a and from 33 and 34 on
route b, respectively, showed the latter method to be superior.
Deprotection of 35 and 36 was carried out by the Zempl�en method
to yield 37 and 38, which proved identical with C-glucosyl-1,2,4-
oxadiazoles isolated as by-products in the base-catalyzed trans-
esterification of compounds 33 and 34, respectively.39

For the formation of 2-(20-deoxy-D-arabino-hex-10-enopyr-
anosyl)-5-substituted-1,3,4-oxadiazoles (48e50) the easily avail-
able O-perbenzoylated 2-(b-D-glucopyranosyl)-5-substituted-
1,3,4-oxadiazoles40,39 (39e41) were used as starting materials
(Scheme 3). Contrary to the elimination of PhCOOH from 3-aryl-
1,2,4-oxadiazole derivatives (33 and 34 in Scheme 2, route b)
introduction of the double bond into the sugar moiety of 39e41 by
using DBU failed (no or low conversions were observed at either rt.
or reflux temperature in CH2Cl2, CHCl3 and toluene). We speculate
that this might be due to different acidity of the C-1-H bonds,
however, no further investigations were devoted to verify this
point. Thereafter, the bromination-reductive elimination sequence
was followed to obtain the unsaturated derivatives 45e47. Bromi-
nation of 40 and 41 was smoothly accomplished to give 43 and 44,
respectively, by using Br2 under irradiation by a heat lamp.55 Taking
into account the susceptibility of the methyl group to be bromi-
nated under the above radical bromination conditions56 trans-
formation of 39 into 42was achieved by using the KBrO3eNa2S2O4/
CH2Cl2eH2O reagent-solvent system57 where the methyl group
remained intact. The brominated compounds 42e44 were then
subjected to reductive elimination by Zn/N-methylimidazole to
obtain 45e47, respectively, in good yields. Removal of the benzoyl
protecting groups by the Zempl�en method furnished the final
products 48e50 in high yields.

Structural elucidation of the new compounds was based on
proton and carbon NMR data. The 1H NMR spectra for the O-per-
benzoylated oxadiazoles 29, 30, 35, 36, 45e47 displayed narrow
doublets in the range of 6.2e6.6 ppm for the olefinic H-20 protons
hex-1-enopyranosyl)-oxadiazoles: synthesis of possible isomers and
arch (2015), http://dx.doi.org/10.1016/j.carres.2015.04.016
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Scheme 2. Reagents and conditions: a) RC(Cl)NOH, dry toluene, Ar, reflux; b) DBU, dry CH2Cl2, rt; c) cat. NaOMe in dry MeOH, rt.
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while the same signals appeared in the 5.8e6-1 ppm range for the
deprotected derivatives 31, 32, 37, 38, 48e50. Characteristic 13C
resonances are collected in Table 1 to show the C-10 and C-20 signals
for the double bond in the sugar rings as well as the C-2 or C-3 and
C-5 peaks for the heterocycles.

2.2. Enzyme kinetic studies

The unprotected oxadiazoles 31, 32, 37, 38, and 48e50 were
assayed against rabbit muscle glycogen phosphorylase b as
described earlier58 with maximal inhibitor concentrations of
625 mM. Under these circumstances none of the compounds
inhibited the enzyme (Table 2, entry 2). A comparison with the
‘parent’ C-glucopyranosyl oxadiazoles (Table 2, entry 1) shows that
either the removal of the 2-OH or the change in the conformation of
the sugar ring or both resulted in a complete loss of the activity. The
alterations of the sugar ring could not be compensated by the
additional interactions of the aglycons in the b-channel of the
enzyme, and among others this might be due to a move in their
position as a consequence of the conformational change of the
Scheme 3. Reagents and conditions: a) KBrO3, Na2S2O4, CH2Cl2, H2O, rt; b) Br2, dry
CHCl3, K2CO3, hn, reflux; c) Zn, N-methylimidazole, dry EtOAc, reflux; d) cat. NaOMe in
dry MeOH, rt.

Please cite this article in press as: Bokor �E, et al., C-(2-Deoxy-D-arabino-
their evaluation as glycogen phosphorylase inhibitors, Carbohydrate Res
pyranoid ring. Nevertheless, the effect of glucals attached to better
aglycons (e.g., 1,2,4-triazoles 19 in Chart 1) remains an open
question, and further studies in this direction are in progress in our
laboratory.

In conclusion, syntheses of D-glucals conjugated to each isomer
of oxadiazoles by a CeC bond were carried out. These compounds
could be prepared by introducing the double bond in the precursor
glucopyranosyl cyanide followed by further manipulations to
cyclize the aglycon or formation of the unsaturated sugar ring in the
C-glucosyl heterocycle. Either base induced elimination of benzoic
acid from the O-perbenzoylated starting compounds or Zn/N-
methylimidazole mediated reductive elimination from the 1-
bromoglucosyl precursor molecules could be applied for the for-
mation of the hex-1-enopyranosyl rings. However, no general
sequence of the above steps could be established, therefore, specific
syntheses had to be elaborated for each target compound. None of
the studied glucal derived oxadiazoles showed inhibition against
RMGPb indicating that the binding of the these aglycons was not
strong enough to override the detrimental effects of the changes in
the sugar parts of the molecules.
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3. Experimental

3.1. General methods

Melting points were measured on a Kofler hot-stage and are
uncorrected. Optical rotations were determined with a Per-
kineElmer 241 polarimeter at rt. NMR spectra were recorded with
Bruker 360 (360/90 MHz for 1H/13C) or Bruker 400 (400/100 MHz
for 1H/13C) spectrometers. Chemical shifts are referenced to Me4Si
(1H), or to the residual solvent signals (13C). Mass spectra were
obtained by a Thermo Scientific LTQ XL instrument (sample injec-
tion in 50:50:0.1 CH3CNeH2OeHCOOH or 50:50:0.1
MeOHeH2OeCH3COONH4). TLC was performed on DC-Alurolle
Kieselgel 60 F254 (Merck) plates, visualized under UV light and by
gentle heating. For column chromatography Kieselgel 60 (Merck,
particle size 0.063e0.200 mm) was used. Toluene, CH2Cl2, CHCl3,
EtOAc were distilled from P4O10 and stored over 4 Å molecular
sieves or sodium wires. MeOH was purified by distillation after
refluxing for a couple of hours with magnesium turnings and
iodine. 1,4-Dioxane was distilled from sodium benzophenone ketyl
and stored over sodium wires. 2,3,4,6-Tetra-O-benzoyl-b-D-gluco-
pyranosyl cyanide49 (23), 2,3,4,6-tetra-O-benzoyl-1-bromo-1-
deoxy-b-D-glucopyranosyl cyanide49 (24), N-hydroxy-arene-
carboximidoyl chlorides,39 3-aryl-5-(20,30,40,60-tetra-O-benzoyl-b-
D-glucopyranosyl)-1,2,4-oxadiazoles39 (33 and 34) and 2-
(20,30,40,60-tetra-O-benzoyl-b-D-glucopyranosyl)-5-substituted-
1,2,4-oxadiazoles40,39 (39e41) were synthesized according to
published procedures.
hex-1-enopyranosyl)-oxadiazoles: synthesis of possible isomers and
earch (2015), http://dx.doi.org/10.1016/j.carres.2015.04.016



Table 1
Characteristic 13C resonances of the oxadiazole derivatives

C-10 C-20 C-3 C-5 C-10 C-20 C-3 C-5

R¼Ph 29 144.5 103.2 164.9 175.9 31 141.3 110.4 164.8 174.6
R¼2-naphthyl 30 144.5 103.2 164.9 175.9 32 141.3 110.5 164.9 174.8

R¼Ph 35 141.7 105.2 168.8 170.3 37 141.1 112.9 169.8 172.9
R¼2-naphthyl 36 141.7 105.3 168.9 170.4 38 138.7 113.0 168.0 171.3

C-2 C-2

R¼Me 45 141.3 102.4 160e166a 48 140.2 110.2 166.1b 162.0b

R¼Ph 46 141.2 102.6 159e166a 49 138.2 110.1 163.7b 159.9b

R¼2-naphthyl 47 141.3 102.7 159e166a 50 138.3 110.2 163.9b 160.0b

a The range of the C-2, C-5 and CO signals without assignment.
b Interchangable assignments.
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3.2. General procedure I for the preparation of 3,4,6-tri-O-benzoyl-
2-deoxy-D-arabino-hex-1-enopyranosyl derivatives (25, 35, 36) by
DBU induced PhCOOH elimination

To a solution of the corresponding 2,3,4,6-tetra-O-benzoyl-b-D-
glucopyranosyl derivative (23, 33, 34) in anhydrous CH2Cl2
(1 mmol/10 mL) DBU (1.5e2.0 equiv) was added and the reaction
mixture was stirred at rt. When the TLC (1:4 EtOAc-hexane)
showed total consumption of the starting material the mixture
was diluted with CH2Cl2, extracted with satd aq KHSO4 solution
then with water. The organic phase was dried over MgSO4, filtered
and concentrated under diminished pressure. The residue was
purified by column chromatography.

3.3. General procedure II for the synthesis of 3,4,6-tri-O-benzoyl-2-
deoxy-D-arabino-hex-1-enopyranosyl derivatives (25, 45, 47) by Zn/
N-methylimidazole mediated reductive elimination

The corresponding 2,3,4,6-tetra-O-benzoyl-1-bromo-1-deoxy-
b-D-glucopyranosyl derivative (24, 42e44) was dissolved in anhy-
drous EtOAc (1 mmol/10 mL), activated zinc dust35 (10 equiv) was
Table 2
Inhibition (Ki [mM]) of RMGPb by C-glycosyl oxadiazoles

Entry Sugar part Heterocycle

R¼Ph R¼2-naphthyl R¼Ph

1 14
10% inh. at 625 mM43 3843 6439

2 31 32 37
No inhibition at 625 mM concentration.

Please cite this article in press as: Bokor �E, et al., C-(2-Deoxy-D-arabino-
their evaluation as glycogen phosphorylase inhibitors, Carbohydrate Rese
added and the mixture was stirred at reflux temperature. N-
Methylimidazole (5 equiv) was added to the boiling suspension,
and the heating was continued until the starting material dis-
appeared (TLC, 3:7 EtOAc-hexane). Charcoal was added to the hot
mixture and the solids were filtered off through a pad of Celite. The
filtrate was then extracted with 1 M aq HCl solution, satd aq
NaHCO3 solution and water. The organic phase was dried over
MgSO4, filtered and evaporated. The residue was purified by col-
umn chromatography.

3.4. General procedure III for the synthesis of O-aroyl-C-(3,4,6-tri-
O-benzoyl-2-deoxy-D-arabino-hex-1-enopyranosyl)
formamidoximes (27 and 28)

To the solution of C-(3,4,6-tri-O-benzoyl-2-deoxy-D-arabino-
hex-1-enopyrano-syl)formamidoxime (26) in anhydrous 1,4-
dioxane (1 mmol/5 mL) an acid chloride (1.1 equiv) was added
and the reaction mixture was stirred at rt. After total consumption
of the starting material (TLC 1:2 EtOAc-hexane) the solvent was
removed under reduced pressure. The crude product was then
purified by column chromatography.
R¼2-naphthyl R¼Me R¼Ph R¼2-naphthyl

15 16 17
12 (2.4)39 21240 14541 10% inh. at 625 mM39 10% inh. at 625 mM39

38 48 49 50

113
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3.5. General procedure IV for the synthesis of 5-aryl-3-(30,40,60-tri-
O-benzoyl-20-deoxy-D-arabino-hex-10-enopyranosyl)-1,2,4-
oxadiazoles (29 and 30)

An O-aroyl-C-(3,4,6-tri-O-benzoyl-2-deoxy-D-arabino-hex-1-
enopyranosyl)formamidoxime (27 or 28) was dissolved in toluene
(1 mmol/15 mL), a 1 M solution of Bu4NF in THF (0.1 equiv) was
added and the mixture was refluxed. After completion of the re-
action monitored by TLC (1:2 EtOAc-hexane) the solvent was
removed and the residue was purified by column chromatography.

3.6. General procedure V for removal of benzoyl protecting groups
by the Zempl�en protocol

To a solution of an O-perbenzoylated compound in anhydrous
MeOH (5 mL/100 mg, a few drops of anhydrous CHCl3 were added
in case of incomplete dissolution) a catalytic amount of a NaOMe
solution (1 M in MeOH) was added and the mixture was left at rt.
After completion of the reaction monitored by TLC (9:1
CHCl3eMeOH) the mixture was neutralized with a cation exchange
resin Amberlyst 15 (Hþ form), then the resinwas filtered off and the
solvent was removed. The crude product was purified by column
chromatography.

3.7. General procedure VI for the synthesis of 3-aryl-5-(30,40,60-tri-
O-benzoyl-20-deoxy-D-arabino-hex-10-enopyranosyl)-1,2,4-
oxadiazole (35 and 36) from cyanide 25 by 1,3-dipolar
cycloaddition

3,4,6-Tri-O-benzoyl-2-deoxy-D-arabino-hex-1-enopyranosyl
cyanide (25, 0.50 g, 1.03 mmol) and the corresponding N-hydroxy-
arenecarboximidoyl chloride (5.0 equiv) were dissolved in anhy-
drous toluene (12 mL) and stirred at reflux temperature under Ar
atmosphere. To this mixture a solution of Et3N (1.08 mL, 7.76 mmol,
7.5 equiv) in anhydrous toluene (12 mL) was added with a syringe
pump in 8 h. The reactionmixturewas heated for an additional 12 h
and then the solvent was removed under reduced pressure. The
residue was purified by column chromatography.

3.8. General procedure VII for the preparation of 5-aryl-2-
(20,30,40,60-tetra-O-benzoyl-10-bromo-10-deoxy-b-D-
glucopyranosyl)-1,3,4-oxadiazoles (43 and 44)

A 5-aryl-2-(20,30,40,60-tetra-O-benzoyl-b-D-glucopyranosyl)-
1,3,4-oxadiazole (40 or 41, 2.0 g) was dissolved in anhydrous CHCl3
(30 mL) in an Erlenmeyer flask, and bromine (3 equiv) and some
solid K2CO3 were added. The mixture was placed above a heat lamp
(375 W, distance from the lamp 2e3 cm, height of the solution
1e2 cm), and refluxed. After total consumption of the starting
material monitored by TLC (1:3 EtOAc-hexane) the mixture was
diluted with CHCl3 (100 mL) and extracted with 1 M aq Na2SO3
solution (80 mL), satd aq NaHCO3 solution (2�80 mL) and with
water (80 mL). The organic phase was dried over MgSO4, filtered
and evaporated under diminished pressure. The residual crude
product was purified either by crystallization or by column
chromatography.

3.9. Synthesis and characterization of the compounds

3.9.1. 3,4,6-Tri-O-benzoyl-2-deoxy-D-arabino-hex-1-enopyranosyl
cyanide (25)

A: Prepared from cyanide 2349 (10.00 g, 16.50 mmol) and DBU
(4.92 mL, 33.00 mmol) according to General procedure I (Section
3.2). Reaction time: 3 h. Purified by column chromatography (1:4
EtOAc-hexane) to yield 3.97 g (50%) colorless syrup.
Please cite this article in press as: Bokor �E, et al., C-(2-Deoxy-D-arabino-
their evaluation as glycogen phosphorylase inhibitors, Carbohydrate Res
B: Prepared from cyanide 2449 (4.13 g, 6.04 mmol) according to
General procedure II (Section 3.3). Reaction time: 2 h. Purified by
column chromatography (1:4 EtOAc-hexane) to yield 2.08 g (92%)
colorless syrup. Rf: 0.39 (1:4 EtOAc-hexane); [a]D �43 (c 0.50,
CHCl3); 1H NMR (CDCl3) d (ppm): 8.05e7.97 (6H, m, aromatics),
7.60e7.54 (3H, m, aromatics), 7.46e7.39 (9H, m, aromatics), 5.99
(1H, d, J¼4.0 Hz, H-2), 5.81 (1H, pseudo t, J¼5.9, 5.3 Hz, H-4), 5.76
(1H, pseudo t, J¼5.3, 4.0 Hz, H-3), 4.85 (1H, ddd, J¼5.9, 5.3, < 1 Hz,
H-5), 4.75e4.66 (2H, m, H-6a, H-6b); 13C NMR (CDCl3) d (ppm):
165.9, 165.2, 164.7 (C]O), 133.8, 133.7, 133.3 (aromatics), 131.0 (C-
1), 129.8e128.4 (aromatics), 112.9 (C^N), 112.1 (C-2), 75.8, 66.3,
66.0 (C-3eC-5), 61.0 (C-6). MS-ESI (m/z, positive mode): Calcd for
C28H25N2O7

þ [MþNH4]þ: 501.2. Found: 501.8.

3.9.2. C-(3,4,6-Tri-O-benzoyl-2-deoxy-D-arabino-hex-1-
enopyranosyl)formamidoxime (26)

3,4,6-Tri-O-benzoyl-2-deoxy-D-arabino-hex-1-enopyranosyl
cyanide (25, 3.00 g, 6.21 mmol) and hydroxylamine hydrochloride
(1.08 g, 15.53 mmol, 2.5 equiv) were stirred in anhydrous pyridine
(20 mL) at rt. When the TLC (1:1 EtOAc-hexane) showed total
disappearance of the starting material (2 d) the reaction mixture
was diluted with EtOAc (200 mL) and extracted with water
(200 mL). The organic phase was then washed with 1 M aq HCl
solution (200mL), with satd aq NaHCO3 solution (200mL) andwith
water (200 mL), respectively. The separated organic phase was
dried over MgSO4, filtered and the solvent was removed by
diminished pressure. The resulted colorless oil (2.70 g, 84%) was
then usedwithout further purification. Rf: 0.47 (1:1 EtOAc-hexane);
[a]D �23 (c 0.50, CHCl3); 1H NMR (CDCl3) d (ppm): 8.04e7.97 (6H,
m, aromatics), 7.56e7.48 (3H, m, aromatics), 7.43e7.35 (6H, m, ar-
omatics), 5.83e5.78 (3H, m, H-2, H-3, H-4), 4.91 (2H, s, NH2),
4.80e4.69 (3H, m, H-5, H-6a, H-6b); 13C NMR (CDCl3) d (ppm):
166.1, 165.6, 165.0 (C]O), 147.6, 146.3 (C-1, C]N), 133.5e128.4
(aromatics), 97.0 (C-2), 74.7, 67.5 (2) (C-3eC-5), 61.6 (C-6). MS-ESI
(m/z, positive mode): Calcd for C28H25N2O8

þ [MþH]þ: 517.2.
Found: 517.7.

3.9.3. O-Benzoyl-C-(3,4,6-tri-O-benzoyl-2-deoxy-D-arabino-hex-1-
enopyranosyl)form-amidoxime (27)

Prepared from amidoxime 26 (1.50 g, 2.90 mmol) and benzoyl
chloride (0.37 mL, 3.19 mmol) according to General procedure III
(Section 3.4). Reaction time: 1 d. Purified by column chromatog-
raphy (1:3 EtOAc-hexane) to yield 1.53 g (85%) white amorphous
solid. Rf: 0.53 (1:1 EtOAc-hexane); [a]D�13 (c 0.50, CHCl3); 1H NMR
(CDCl3) d (ppm): 8.04e7.37 (20H, m, aromatics), 6.22 (1H, d,
J¼3.9 Hz, H-2), 5.86 (1H, pseudo t, J¼4.7, 3.9 Hz, H-3), 5.80 (1H,
pseudo t, J¼5.5, 4.7 Hz, H-4), 5.43 (2H, s, NH2), 4.86e4.69 (3H, m, H-
5, H-6a, H-6b); 13C NMR (CDCl3) d (ppm): 166.3, 165.4, 165.1, 163.7
(C]O), 152.1, 144.7 (C]N, C-1), 133.7e128.6 (aromatics), 100.1 (C-
2), 75.5, 67.5, 66.9 (C-3eC-5), 61.6 (C-6). MS-ESI (m/z, positive
mode): Calcd for C35H29N2O9

þ [MþH]þ: 621.2. Found: 621.3.

3.9.4. O-(2-Naphthoyl)-C-(3,4,6-tri-O-benzoyl-2-deoxy-D-arabino-
hex-1-enopyranosyl)-formamidoxime (28)

Prepared from amidoxime 26 (2.00 g, 3.87 mmol) and 2-
naphthoyl chloride (0.81 g, 4.26 mmol) according to General pro-
cedure III (Section 3.4). Reaction time: 1 d. Purified by column
chromatography (1:3 EtOAc-hexane) to yield 2.21 g (85%) white
amorphous solid. Rf: 0.33 (1:3 EtOAc-hexane); [a]D �10 (c 0.50,
CHCl3); 1H NMR (CDCl3) d (ppm): 8.58 (1H, s, aromatic), 8.04e7.34
(21H, m, aromatics), 6.27 (1H, d, J¼4.0 Hz, H-2), 5.88 (1H, pseudo t,
J¼5.3, 4.0 Hz, H-3), 5.84 (1H, pseudo t, J¼5.9, 5.3 Hz, H-4), 5.57 (2H,
s, NH2), 4.86e4.70 (3H, m, H-5, H-6a, H-6b); 13C NMR (CDCl3)
d (ppm): 166.3, 165.4, 165.1, 163.9 (C]O), 152.2, 144.7 (C]N, C-1),
135.4e124.9 (aromatics), 100.1 (C-2), 75.4, 67.5, 67.0 (C-3eC-5), 61.6
hex-1-enopyranosyl)-oxadiazoles: synthesis of possible isomers and
earch (2015), http://dx.doi.org/10.1016/j.carres.2015.04.016
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(C-6). MS-ESI (m/z, positive mode): Calcd for C39H31N2O9
þ [MþH]þ:

671.2. Found: 671.3.

3.9.5. 5-Phenyl-3-(30,40,60-tri-O-benzoyl-20-deoxy-D-arabino-hex-
10-enopyranosyl)-1,2,4-oxadiazole (29)

Prepared from compound 27 (1.00 g, 1.61 mmol) according to
General procedure IV (Section 3.5). Reaction time: 1 d. Purified by
column chromatography (1:2 EtOAc-hexane) to yield 0.96 g (99%)
white solid. Mp: 154e155 �C; [a]D þ24 (c 0.50, CHCl3); 1H NMR
(CDCl3) d (ppm): 8.16e7.39 (20H, m, aromatics), 6.46 (1H, d,
J¼3.9 Hz, H-20), 5.96e5.94 (2H, m, H-30, H-40), 5.05 (1H, ddd, J¼6.3,
5.5, 4.7 Hz, H-50), 4.87 (1H, dd, J¼12.5, 6.3 Hz, H-60a), 4.80 (1H, dd,
J¼12.5, 4.7 Hz, H-60b); 13C NMR (CDCl3) d (ppm): 175.9 (oxadiazole
C-5), 166.2, 165.7, 165.2, 164.9 (C]O, oxadiazole C-3), 144.5 (C-10),
133.6e123.8 (aromatics), 103.2 (C-20), 75.0, 67.4, 67.0 (C-30eC-50),
61.7 (C-60). MS-ESI (m/z, positive mode): Calcd for C35H27N2O8

þ

[MþH]þ: 603.2. Found: 603.3.

3.9.6. 5-(2-Naphthyl)-3-(30,40,60-tri-O-benzoyl-20-deoxy-D-
arabino-hex-10-enopyranosyl)-1,2,4-oxadiazole (30)

Prepared from compound 28 (1.00 g, 1.49 mmol) according to
General procedure IV (Section 3.5). Reaction time: 1 d. Purified by
column chromatography (1:2 EtOAc-hexane) to yield 0.86 g (88%)
white amorphous solid. Rf: 0.42 (1:2 EtOAc-hexane); [a]D þ20 (c
0.50, CHCl3); 1H NMR (CDCl3) d (ppm): 8.68 (1H, s, aromatic),
8.14e7.38 (21H, m, aromatics), 6.53 (1H, d, J¼3.3 Hz, H-20),
6.00e5.97 (2H, m, H-30, H-40), 5.07 (1H, ddd, J¼5.9, 5.3, 4.6 Hz, H-
50), 4.91 (1H, dd, J¼11.9, 5.9 Hz, H-60a), 4.83 (1H, dd, J¼11.9, 4.6 Hz,
H-60b); 13C NMR (CDCl3) d (ppm): 175.9 (oxadiazole C-5), 166.2,
165.7, 165.1, 164.9 (C]O, oxadiazole C-3), 144.5 (C-10), 135.3e120.9
(aromatics), 103.2 (C-20), 74.9, 67.4, 67.0, (C-30eC-50), 61.7 (C-60).
MS-ESI (m/z, positive mode): Calcd for C39H29N2O8

þ [MþH]þ: 653.2.
Found: 653.2.

3.9.7. 3-(20-Deoxy-D-arabino-hex-10-enopyranosyl)-5-phenyl-
1,2,4-oxadiazole (31)

Prepared from compound 29 (0.30 g, 0.50 mmol) according to
General procedure V (Section 3.6). Reaction time: 1 h. Purified by
column chromatography (9:1 CHCl3eMeOH) to yield 0.10 g (72%)
white solid. Mp: 212e214 �C; [a]D þ16 (c 0.50, DMSO); 1H NMR
(DMSO-d6) d (ppm): 8.12 (2H, d, J¼7.3 Hz, aromatics), 7.72 (1H, t,
J¼7.3 Hz, aromatic), 7.64 (2H, t, J¼7.3 Hz, aromatics), 5.88 (1H, d,
J¼2.0 Hz, H-20), 5.36, 5.30, 4.76 (3�1H, 3�OH), 4.19e4.15,
3.92e3.89, 3.85e3.81, 3.77e3.71, 3.62e3.56 (5�1H, 5m, H-30, H-40,
H-50, H-60a, H-60b); 13C NMR (DMSO-d6) d (ppm): 174.6 (oxadiazole
C-5), 164.8 (oxadiazole C-3), 141.3 (C-10), 133.4, 129.6 (2), 127.9 (2),
123.2 (aromatics), 110.4 (C-20), 80.8, 68.4, 68.1 (C-30eC-50), 59.9 (C-
60). MS-ESI (m/z, negative mode): Calcd for C16H17N2O7

‒ [MþAcO]‒:
349.1. Found: 349.7.

3.9.8. 3-(20-Deoxy-D-arabino-hex-10-enopyranosyl)-5-(2-
naphthyl)-1,2,4-oxadiazole (32)

Prepared from compound 30 (0.30 g, 0.50 mmol) according to
General procedure V (Section 3.6). Reaction time: 1 h. Purified by
column chromatography (9:1 CHCl3eMeOH) to yield 0.13 g (85%)
white solid. Mp: 199e200 �C; [a]D þ20 (c 0.50, DMSO); 1H NMR
(DMSO-d6) d (ppm): 8.81 (1H, s, aromatic), 8.21e7.64 (6H, m, aro-
matics), 5.93 (1H, s, H-20), 5.05 (3H, br signal, OH), 4.20e4.19, 3.91,
3.86e3.83, 3.78e3.74, 3.64e3.59 (5�1H, 5m, H-30, H-40, H-50, H-60a,
H-60b); 13C NMR (DMSO-d6) d (ppm): 174.8 (oxadiazole C-5), 164.9
(oxadiazole C-3), 141.3 (C-10), 134.8, 132.3, 129.4, 129.3, 129.1, 128.9,
127.9, 127.5, 123.5, 120.4 (aromatics), 110.5 (C-20), 80.8, 68.4, 68.3
(C-30eC-50), 60.0 (C-60). MS-ESI (m/z, negative mode): Calcd for
C20H19N2O7

‒ [MþAcO]‒: 399.1. Found: 399.3.
Please cite this article in press as: Bokor �E, et al., C-(2-Deoxy-D-arabino-
their evaluation as glycogen phosphorylase inhibitors, Carbohydrate Rese
3.9.9. 3-Phenyl-5-(30,40,60-tri-O-benzoyl-20-deoxy-D-arabino-hex-
10-enopyranosyl)-1,2,4-oxadiazole (35)

A: Prepared from oxadiazole 3339 (0.20 g, 0.28 mmol) and DBU
(62 mL, 0.41 mmol) according to General procedure I (Section 3.2).
Reaction time: 1 d. Purified by column chromatography (1:7 EtOAc-
hexane) to yield 0.13 g (78%) pale yellow syrup.

B: Prepared from cyanide 25 (0.50 g,1.03mmol) and N-hydroxy-
benzenecarboximidoyl chloride39 (0.80 g, 5.17 mmol) according to
General procedure VI (Section 3.7). Purified by column chroma-
tography (1:8 EtOAc-hexane) to yield 0.37 g (60%) pale yellow
syrup. Rf: 0.67 (1:2 EtOAc-hexane); [a]D�11 (c 0.50, CHCl3). 1H NMR
(CDCl3) d (ppm): 8.12e8.02 (8H, m, aromatics), 7.63e7.41 (12H, m,
aromatics), 6.55 (1H, d, J¼4.7 Hz, H-20), 5.92e5.91 (2H, m, H-30, H-
40), 5.07 (1H, ddd, J¼7.0, 6.3, 4.7 Hz, H-50), 4.89 (1H, dd, J¼11.7,
6.3 Hz, H-60a), 4.78 (1H, dd, J¼11.7, 4.7 Hz, H-60b); 13C NMR (CDCl3)
d (ppm): 170.3, 168.8 (oxadiazole C-3, C-5), 166.0, 165.4, 164.9 (C]
O), 141.7 (C-10), 133.7e126.2 (aromatics), 105.2 (C-20), 75.2, 67.0,
66.3 (C-30eC-50), 61.2 (C-60). MS-ESI (m/z, positive mode): Calcd for
C35H27N2O8

þ [MþH]þ: 603.2. Found: 603.8.

3.9.10. 3-(2-Naphthyl)-5-(30,40,60-tri-O-benzoyl-20-deoxy-D-
arabino-hex-10-enopyrano-syl)-1,2,4-oxadiazole (36)

A: Prepared from oxadiazole 3439 (0.5 g, 0.65 mmol) and DBU
(145 mL, 0.97 mmol) according to General procedure I (Section 3.2).
Reaction time: 2 h. Purified by column chromatography (1:4 EtOAc-
hexane) to yield 0.30 g (70%) white solid.

B: Prepared from cyanide 25 (0.5 g, 1.03 mmol) and N-hydroxy-
naphthalene-2-carboximidoyl chloride39 (1.06 g, 5.17 mmol) ac-
cording to General procedure VI (Section 3.7). Purified by column
chromatography (toluene) to yield 0.34 g (50%) white solid. Mp:
184e185 �C; [a]D �6 (c 0.50, CHCl3). 1H NMR (CDCl3) d (ppm): 8.66
(1H, s, aromatic), 8.24e7.41 (21H, m, aromatics), 6.60 (1H, d,
J¼4.7 Hz, H-20), 5.94e5.93 (2H, m, H-30, H-40), 5.10 (1H, ddd, J¼6.3,
4.7, 3.9 Hz, H-50), 4.92 (1H, dd, J¼12.5, 6.3 Hz, H-60a), 4.80 (1H, dd,
J¼12.5, 4.7 Hz, H-60b); 13C NMR (CDCl3) d (ppm): 170.4, 168.9
(oxadiazole C-3, C-5), 166.0, 165.4, 164.9 (C]O), 141.7 (C-10),
134.6e123.4 (aromatics), 105.3 (C-20), 75.2, 67.0, 66.2 (C-30eC-50),
61.2 (C-60). MS-ESI (m/z, positive mode): Calcd for C39H29N2O8

þ

[MþH]þ: 653.2. Found: 653.1.

3.9.11. 5-(20-Deoxy-D-arabino-hex-10-enopyranosyl)-3-phenyl-
1,2,4-oxadiazole39 (37)

Prepared from compound 35 (0.20 g, 0.33 mmol) according to
General procedure V (Section 3.6). Reaction time: 8 h. Purified by
column chromatography (9:1 CHCl3eMeOH) to yield 85 mg (89%)
white solid. Mp: 198e199 �C; [a]D �8 (c 0.45, DMSO); 1H NMR
(CD3OD) d (ppm): 8.06 (2H, d, J¼7.8 Hz, aromatic), 7.58e7.51 (3H, m,
aromatics), 6.13 (1H, d, J¼2.3 Hz, H-20), 4.35 (1H, dd, J¼7.0, 2.3 Hz,
H-30), 4.08 (1H, ddd, J¼7.8, 5.5, 2.3 Hz, H-50), 4.03 (1H, dd, J¼12.5,
2.3 Hz, H-60a), 3.94 (1H, dd, J¼12.5, 5.5 Hz, H-60b), 3.76 (1H, dd,
J¼7.8, 7.0 Hz, H-40); 13C NMR (CD3OD) d (ppm): 172.9, 169.8 (oxa-
diazole C-3, C-5), 141.1 (C-10), 132.7e127.7 (aromatics), 112.9 (C-20),
82.3, 70.3, 69.7 (C-30eC-50), 61.9 (C-60).

3.9.12. 5-(20-Deoxy-D-arabino-hex-10-enopyranosyl)-3-(2-
naphthyl)-1,2,4-oxadiazole39 (38)

Prepared from compound 36 (0.19 g, 0.29 mmol) according to
General procedure V (Section 3.6). Reaction time: 4 h. Purified by
column chromatography (9:1 CHCl3eMeOH) to yield 95 mg (96%)
white solid. Mp: 202e203 �C; [a]D �8 (c 0.50, DMSO); 1H NMR
(DMSO-d6þ1e2 drops of D2O) d (ppm): 8.55 (1H, s, aromatic),
8.06e7.95 (4H, m, aromatics), 7.63e7.56 (2H, m, aromatics), 6.05
(1H, d, J¼3.1 Hz, H-20), 4.19 (1H, dd, J¼6.3, 3.1 Hz, H-30), 3.98 (1H,
ddd, J¼8.6, 5.5, 2.3 Hz, H-50), 3.83 (1H, dd, J¼12.5, 2.3 Hz, H-60a),
3.74 (1H, dd, J¼12.5, 5.5 Hz, H-60b), 3.59 (1H, dd, J¼8.6, 6.3 Hz, H-
hex-1-enopyranosyl)-oxadiazoles: synthesis of possible isomers and
arch (2015), http://dx.doi.org/10.1016/j.carres.2015.04.016
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40); 13C NMR (DMSO-d6) d (ppm): 171.3, 168.0 (oxadiazole C-3, C-5),
138.7 (C-10), 134.2e123.2 (aromatics), 113.0 (C-20), 81.1, 67.9, 67.7
(C-30eC-50), 59.6 (C-60). MS-ESI (m/z, negative mode): Calcd for
C20H19N2O7

‒ [MþAcO]‒: 399.1. Found: 399.2.

3.9.13. 2-Methyl-5-(20,30,40,60-tetra-O-benzoyl-10-bromo-10-deoxy-
b-D-glucopyranosyl)-1,3,4-oxadiazole (42)

2-Methyl-5-(20,30,40,60-tetra-O-benzoyl-b-D-glucopyranosyl)-
1,3,4-oxadiazole40 (39, 0.85 g, 1.28 mmol) was dissolved in CH2Cl2
(25 mL), and an aqueous solution of KBrO3 (1.29 g, 7.70 mmol,
6 equiv in 25 mL water) was added. To the stirred heterogenous
mixture an aqueous solution of Na2S2O4 (1.34 g, 7.70 mmol, 6 equiv
in 25 mL water) was added dropwise over 10 min. The mixture was
then stirred at rt and the reaction was monitored by TLC (1:1
EtOAc-hexane). After disappearance of the starting material (1 d)
the reaction mixture was diluted with CH2Cl2 (50 mL), extracted
with 1 M aq solution of Na2SO3 (30 mL), with satd aq NaHCO3
(2�30 mL) and with water (30 mL), respectively. The organic phase
was dried over MgSO4, filtered and evaporated under diminished
pressure. The residue was purified by column chromatography (1:2
EtOAc-hexane) to yield 0.61 g (64%) white amorphous solid. Rf: 0.49
(1:1 EtOAc-hexane); [a]D þ141 (c 0.50, CHCl3); 1H NMR (CDCl3)
d (ppm): 8.07e7.25 (20H, m, aromatics), 6.30 (1H, pseudo t, J¼9.4,
9.4 Hz, H-30 or H-40), 6.07 (1H, d, J¼9.4 Hz, H-20), 5.95 (1H, pseudo t,
J¼9.4, 9.4 Hz, H-30 or H-40), 4.92 (1H, ddd, J¼9.4, 4.7, 2.3 Hz, H-50),
4.73 (1H, dd, J¼12.5, 2.3 Hz, H-60a), 4.61 (1H, dd, J¼12.5, 4.7 Hz, H-
60b), 2.48 (3H, s, CH3); 13C NMR (CDCl3) d (ppm): 165.8, 165.4, 165.0,
164.8, 164.3, 162.4 (C]O, oxadiazole C-2, C-5), 133.6e128.2 (aro-
matics), 90.8 (C-10), 74.8, 71.9, 71.4, 67.5 (C-20eC-50), 61.7 (C-60), 10.9
(CH3). MS-ESI (m/z, positive mode): Calcd for C37H30BrN2O10

þ

[MþH]þ: 741.1. Found: 741.5.

3.9.14. 2-Phenyl-5-(20,30,40,60-tetra-O-benzoyl-10-bromo-10-deoxy-
b-D-glucopyranosyl)-1,3,4-oxadiazole (43)

Prepared from oxadiazole 4039 (2.00 g, 2.76 mmol) according to
General procedure VII (Section 3.8). Reaction time: 2 h. Purified by
crystallization from EtOH to yield 1.49 g (67%) white solid. Mp:
decomposition above 152 �C; [a]D þ137 (c 0.50, CHCl3); 1H NMR
(CDCl3) d (ppm): 8.08, 8.00, 7.96, 7.92, 7.85 (5�2H, 5d, J¼7.3 Hz in
each, aromatics), 7.60e7.26 (15H, m, aromatics), 6.32 (1H, pseudo t,
J¼9.2, 9.2 Hz, H-30 or H-40), 6.12 (1H, d, J¼9.2 Hz, H-20), 5.96 (1H,
pseudo t, J¼9.9, 9.2 Hz, H-30 or H-40), 4.95 (1H, ddd, J¼9.9, 4.6,
2.6 Hz, H-50), 4.77 (1H, dd, J¼12.6, 2.6 Hz, H-60a), 4.65 (1H, dd,
J¼12.6, 4.6 Hz, H-60b); 13C NMR (CDCl3) d (ppm): 165.9, 165.6, 165.5,
164.9, 164.4, 162.2 (C]O, oxadiazole C-2, C-5), 133.7e127.2 (aro-
matics), 90.9 (C-10), 74.9, 72.0, 71.5, 67.8 (C-20eC-50), 61.8 (C-60).
MS-ESI (m/z, positive mode): Calcd for C42H32BrN2O10

þ [MþH]þ:
803.1. Found: 803.2.

3.9.15. 2-(2-Naphthyl)-5-(20,30,40,60-tetra-O-benzoyl-10-bromo-10-
deoxy-b-D-glucopy-ranosyl)-1,3,4-oxadiazole (44)

Prepared from oxadiazole 4139 (2.00 g, 2.58 mmol) according to
General procedure VII (Section 3.8). Reaction time: 2 h. Purified by
column chromatography (1:3 EtOAc-hexane) to yield 2.09 g (95%)
colorless syrup. Rf: 0.35 (EtOAc-hexane 1:2); [a]D þ104 (c 0.50,
CHCl3); 1H NMR (CDCl3) d (ppm): 8.37 (1H, s, aromatic), 8.10e7.25
(26H, m, aromatics), 6.36 (1H, pseudo t, J¼9.4, 9.4 Hz, H-30 or H-40),
6.15 (1H, d, J¼9.4 Hz, H-20), 6.00 (1H, pseudo t, J¼9.4, 9.4 Hz, H-30 or
H-40), 4.99 (1H, ddd, J¼9.4, 4.7, 2.3 Hz, H-50), 4.80 (1H, dd, J¼12.5,
2.3 Hz, H-60a), 4.69 (1H, dd, J¼12.5, 4.7 Hz, H-60b); 13C NMR (CDCl3)
d (ppm): 165.9, 165.8, 165.5, 164.9, 164.4, 162.3 (C]O, oxadiazole C-
2, C-5), 134.8e120.1 (aromatics), 90.9 (C-10), 74.9, 72.0, 71.5, 67.7 (C-
20eC-50), 61.8 (C-60). MS-ESI (m/z, positive mode): Calcd for
C46H34BrN2O10

þ [MþH]þ: 853.1. Found: 853.3.
Please cite this article in press as: Bokor �E, et al., C-(2-Deoxy-D-arabino-
their evaluation as glycogen phosphorylase inhibitors, Carbohydrate Res
3.9.16. 2-Methyl-5-(30,40,60-tri-O-benzoyl-20-deoxy-D-arabino-hex-
10-enopyranosyl)-1,3,4-oxadiazole (45)

Prepared from compound 42 (0.40 g, 0.54 mmol) according to
General procedure II (Section 3.3). Reaction time: 10 min. Purified
by column chromatography (1:1 EtOAc-hexane) to yield 0.20 g
(69%) colorless syrup. Rf: 0.40 (1:1 EtOAc-hexane); [a]D �29 (c 0.50,
CHCl3); 1H NMR (CDCl3) d (ppm): 8.05e7.39 (15H, m, aromatics),
6.24 (1H, d, J¼3.9 Hz, H-20), 5.90 (1H, pseudo t, J¼5.5, 4.7 Hz, H-30 or
H-40) 5.86 (1H, pseudo t, J¼4.7, 3.9 Hz, H-30 or H-40), 5.01 (1H, ddd,
J¼6.3, 5.5, 4.7 Hz, H-50), 4.85 (1H, dd, J¼11.7, 6.3 Hz, H-60a), 4.75 (1H,
dd, J¼11.7, 4.7 Hz, H-60b), 2.57 (3H, s, CH3); 13C NMR (CDCl3)
d (ppm): 166.0,165.5,164.9,164.2,159.9 (C]O, oxadiazole C-2, C-5),
141.3 (C-10), 133.7e128.4 (aromatics), 102.4 (C-20), 75.1, 67.0, 66.5
(C-30eC-50), 61.3 (C-60), 11.0 (CH3). MS-ESI (m/z, positive mode):
Calcd for C30H25N2O8

þ [MþH]þ: 541.2. Found: 541.7.

3.9.17. 2-Phenyl-5-(30,40,60-tri-O-benzoyl-20-deoxy-D-arabino-hex-
10-enopyranosyl)-1,3,4-oxadiazole (46)

Prepared from compound 43 (1.00 g, 1.24 mmol) according to
General procedure II (Section 3.3). Reaction time: 15 min. Purified
by column chromatography (2:3 EtOAc-hexane) to yield 0.68 g
(91%) colorless syrup. Rf: 0.33 (2:3 EtOAc-hexane); [a]D �7 (c 0.50,
CHCl3); 1H NMR (CDCl3) d (ppm): 8.08e7.39 (20H, m, aromatics),
6.38 (1H, d, J¼3.9 Hz, H-20), 5.96e5.92 (2H, m, H-30, H-40), 5.08 (1H,
ddd, J¼6.3, 5.5, 4.7 Hz, H-50), 4.94 (1H, dd, J¼11.7, 6.3 Hz, H-60a),
4.79 (1H, dd, J¼11.7, 4.7 Hz, H-60b); 13C NMR (CDCl3) d (ppm): 165.9,
165.4, 164.8 (2), 159.4 (C]O, oxadiazole C-2, C-5), 141.2 (C-10),
133.6e123.1 (aromatics), 102.6 (C-20), 75.0, 67.0, 66.4 (C-30eC-50),
61.2 (C-60). MS-ESI (m/z, positive mode): Calcd for C35H27N2O8

þ

[MþH]þ: 603.2. Found: 603.3.

3.9.18. 2-(2-Naphthyl)-5-(30,40,60-tri-O-benzoyl-20-deoxy-D-
arabino-hex-10-enopyrano-syl)-1,3,4-oxadiazole (47)

Prepared from compound 44 (1.00 g, 1.17 mmol) according to
General procedure II (Section 3.3). Reaction time: 15 min. Purified
by column chromatography (2:3 EtOAc-hexane) to yield 0.67 g
(87%) colorless syrup. Rf: 0.34 (1:2 EtOAc-hexane); [a]D þ9 (c 0.50,
CHCl3); 1H NMR (CDCl3) d (ppm): 8.53 (1H, s, aromatic), 8.13e7.40
(21H, m, aromatics), 6.43 (1H, d, J¼3.9 Hz, H-20), 5.98e5.93 (2H, m,
H-30, H-40), 5.10 (1H, ddd, J¼6.3, 5.5, 4.7 Hz, H-50), 4.96 (1H, dd,
J¼11.7, 6.3 Hz, H-60a), 4.81 (1H, dd, J¼11.7, 4.7 Hz, H-60b); 13C NMR
(CDCl3) d (ppm): 166.0, 165.5, 165.1, 164.9, 159.5 (C]O, oxadiazole
C-2, C-5), 141.3 (C-10), 134.7e120.3 (aromatics), 102.7 (C-20), 75.1,
67.1, 66.5 (C-30eC-50), 61.2 (C-60). MS-ESI (m/z, positive mode):
Calcd for C39H29N2O8

þ [MþH]þ: 653.2. Found: 653.1.

3.9.19. 5-(20-Deoxy-D-arabino-hex-10-enopyranosyl)-2-methyl-
1,3,4-oxadiazole (48)

Prepared from compound 45 (0.21 g, 0.38 mmol) according to
General procedure V (Section 3.6). Reaction time: 15 min. Purified
by column chromatography (9:1 CHCl3eMeOH) to yield 0.08 g
(90%) white solid. Mp: 154e155 �C; [a]D �8 (c 0.50, DMSO); 1H
NMR (CD3OD) d (ppm): 5.79 (1H, d, J¼3.1 Hz, H-20), 4.31 (1H, dd,
J¼7.0, 3.1 Hz, H-30), 4.02e3.96 (2H, m, H-50, H-60a), 3.88 (1H, dd,
J¼11.7, 6.3 Hz, H-60b), 3.69 (1H, dd, J¼9.3, 7.0 Hz, H-40), 2.57 (3H, s,
CH3); 13C NMR (CD3OD) d (ppm): 166.1, 162.0 (oxadiazole C-2, C-5),
140.2 (C-10), 110.2 (C-20), 82.0, 70.2, 69.9 (C-30eC-50), 62.1 (C-60),
10.7 (CH3). MS-ESI (m/z, negative mode): Calcd for C11H15N2O7

‒

[MþAcO]‒: 287.1. Found: 287.6.

3.9.20. 5-(20-Deoxy-D-arabino-hex-10-enopyranosyl)-2-phenyl-
1,3,4-oxadiazole (49)

Prepared from compound 46 (0.30 g, 0.50 mmol) according to
General procedure V (Section 3.6). Reaction time: 1 h. Purified by
column chromatography (9:1 CHCl3eMeOH) to yield 0.12 g (86%)
hex-1-enopyranosyl)-oxadiazoles: synthesis of possible isomers and
earch (2015), http://dx.doi.org/10.1016/j.carres.2015.04.016
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white solid. Mp: 193e194 �C; [a]D þ8 (c 0.50, DMSO); 1H NMR
(DMSO-d6) d (ppm): 8.05 (2H, dd, J¼8.2, 1.4 Hz, aromatics),
7.67e7.59 (3H, m, aromatics), 5.89 (1H, d, J¼3.4 Hz, H-20), 5.41e5.37
(2H, 2�OH), 4.81 (1H, OH), 4.19e4.15, 3.96e3.92, 3.85e3.80,
3.77e3.71, 3.62e3.57 (5�1H, 5m, H-30, H-40, H-50, H-60a, H-60b); 13C
NMR (DMSO-d6) d (ppm): 163.7, 159.9 (oxadiazole C-2, C-5), 138.2
(C-10), 129.6, 126.8, 126.5, 123.0 (aromatics), 110.1 (C-20), 81.01, 68.0,
67.9 (C-30eC-50), 59.7 (C-60). MS-ESI (m/z, negative mode): Calcd for
C16H17N2O7

‒ [MþAcO]‒: 349.1. Found: 349.7.

3.9.21. 5-(20-Deoxy-D-arabino-hex-10-enopyranosyl)-2-(2-
naphthyl)-1,3,4-oxadiazole (50)

Prepared from compound 47 (0.20 g, 0.31 mmol) according to
General procedure V (Section 3.6). Reaction time: 1 h. Purified by
column chromatography (9:1 CHCl3eMeOH) to yield 0.08 g (77%)
white solid. Mp: decomposition above 174 �C; [a]D þ18 (c 0.50,
DMSO); 1H NMR (DMSO-d6) d (ppm): 8.68 (1H, s, aromatic),
8.18e8.03 (4H, m, aromatics), 7.70e7.63 (2H, m, aromatics), 5.96
(1H, d, J¼2.7 Hz, H-20), 5.43e5.40 (2H, 2�OH), 4.83 (1H, OH),
4.22e4.18, 3.99e3.95, 3.87e3.82, 3.78e3.74, 3.65e3.59 (5�1H, 5m,
H-30, H-40, H-50, H-60a, H-60b); 13C NMR (DMSO-d6) d (ppm): 163.9,
160.0 (oxadiazole C-2, C-5), 138.3 (C-10), 134.2, 132.4, 129.3, 129.0,
128.8, 128.1, 127.7, 127.2, 120.3 (aromatics), 110.2 (C-20), 81.0, 68.0,
67.9 (C-30eC-50), 59.7 (C-60). MS-ESI (m/z, positive mode): Calcd for
C18H17N2O5

þ [MþH]þ: 341.1. Found: 341.3.

3.10. Enzyme assay

Glycogen phosphorylase b was prepared from rabbit skeletal
muscle according to the method of Fischer and Krebs,59 using
dithiothreitol instead of L-cysteine, and recrystallized at least three
times before use with a specific activity of 55 U/mg protein. Kinetic
experiments were performed in the direction of glycogen synthesis
as described previously.58 Kinetic data for the inhibition of rabbit
skeletal muscle glycogen phosphorylase were collected using 4mM
of a-D-glucose-1-phosphate constant concentrations of glycogen
(1% w/v) and AMP (1 mM), and various concentrations of inhibitor.
Inhibitor was dissolved in dimethyl sulfoxide (DMSO) and diluted
in the assay buffer (final concentrations between 6.25 and 625 mM)
(50 mM triethanolamine, 100 mM KCl, 1 mM EDTA and 1 mM
dithiothreitol) so that the DMSO concentration in the assay should
be lower than 1%.

Acknowledgments

This work was supported by the Hungarian Scientific Research
Fund (OTKA PD105808) as well as the BAROSS REG_EA_09-1-2009-
0028 (LCMS_TAN) project and the T�AMOP-4.2.2./A-11/1/KONV-
2012-0025, the latter co-financed by the European Union and the
European Social Fund. E. Sz. thanks the International Visegr�ad Fund
for providing her with a scholarship (V4EaP program, contracts
51300722 and 51401335) as well as Collegium Talentum (Edutus
College, Tatab�anya) for a stipend. T. D. thanks for a Bolyai J�anos
Research Fellowship from the Hungarian Academy of Sciences and
support from the University of Debrecen (5N5X 1IJ0 KUDT 320).
Attila Kiss-Szikszai is thanked for recording the mass spectra.

References

1. Henke BR. In: Jones RM, editor. New therapeutic strategies for type 2 diabetes e
small molecule approaches. RSC Drug Discov Ser, 27; 2012. p. 324e65.

2. Tracey W, Treadway J, Magee W, McPherson R, Levy C, Wilder D, et al. Diabetes
2003;52. A135eA135.

3. Tracey WR, Treadway JL, Magee WP, Sutt JC, McPherson RK, Levy CB, et al. Am J
Physiol-Heart Circul Physiol 2004;286:H1177e84.

4. Sun H, Xu L. Mini-Rev Med Chem 2010;10:1188e93.
Please cite this article in press as: Bokor �E, et al., C-(2-Deoxy-D-arabino-
their evaluation as glycogen phosphorylase inhibitors, Carbohydrate Rese
5. Guan T, Qian YS, Tang XZ, Huang MH, Huang LF, Li YM, et al. J Neurosci Res
2011;89:1829e39.

6. Schnier JB, Nishi K, Monks A, Gorin FA, Bradbury EM. Biochem Biophys Res
Commun 2003;309:126e34.

7. Geschwind J-F, Georgiades CS, Ko YH, Pedersen PL. Expert Rev Anticanc Ther
2004;4:449e57.

8. Favaro E, Bensaad K, Chong MG, Tennant DA, Ferguson DJP, Snell C, et al. Cell
Metab 2012;16:751e64.

9. Ros S, Schulze A. Cell Metab 2012;16:687e8.
10. Zois CE, Favaro E, Harris AL. Biochem Pharmacol 2014;92:3e11.
11. Chrysina ED, Chajistamatiou A, Chegkazi M. Curr Med Chem 2011;18:2620e9.
12. Kantsadi AL, Apostolou A, Theofanous S, Stravodimos GA, Kyriakis E,

Gorgogietas VA, et al. Food Chem Toxicol 2014;67:35e43.
13. Soms�ak L, Czifr�ak K, T�oth M, Bokor �E, Chrysina ED, Alexacou KM, et al. Curr Med

Chem 2008;15:2933e83.
14. Loughlin WA. Mini-Rev Med Chem 2010;10:1139e55.
15. Gimisis T. Mini-Rev Med Chem 2010;10:1127e38.
16. Gaboriaud-Kolar N, Skaltsounis A-L. Expert Opin Ther Pat 2013;23:1017e32.
17. Hayes J, Kantsadi A, Leonidas D. Phytochem Rev 2014;13:471e98.
18. Praly JP, Vidal S. Mini-Rev Med Chem 2010;10:1102e26.
19. Soms�ak L. Compt Rend Chim 2011;14:211e23.
20. Oikonomakos NG, Kontou M, Zographos SE, Tsitoura HS, Johnson LN,

Watson KA, et al. Eur J Drug Metabol Pharmakokin 1994:185e92.
21. Sprang SR, Goldsmith EJ, Fletterick RJ, Withers SG, Madsen NB. Biochem

1982;21:5364e71.
22. Street IP, Armstrong CR, Withers SG. Biochem 1986;25:6021e7.
23. Soms�ak L, Kov�acs L, T�oth M, }Osz E, Szil�agyi L, Gy€orgyde�ak Z, et al. J Med Chem

2001;44:2843e8.
24. Soms�ak L, Bokor �E, Czibere B, Czifr�ak K, Kopp�any C, Kulcs�ar L, et al. Carbohydr

Res 2014;399:38e48.
25. Benltifa M, Hayes JM, Vidal S, Gueyrard D, Goekjian PG, Praly J-P, et al. Bioorg

Med Chem 2009;17:7368e80.
26. Soms�ak L, Nagy V, Vidal S, Czifr�ak K, Berzs�enyi E, Praly J-P. Bioorg Med Chem

Lett 2008;18:5680e3.
27. Nagy V, Vidal S, Benltifa M, Berzs�enyi E, Teilhet C, Czifr�ak K, et al. Bioorg Med

Chem 2009;17:5696e707.
28. Goyard D, Baron M, Skourti PV, Chajistamatiou AS, Docsa T, Gergely P, et al.

Carbohydr Res 2012;364:28e40.
29. Tsirkone VG, Tsoukala E, Lamprakis C, Manta S, Hayes JM, Skamnaki VT, et al.

Bioorg Med Chem 2010;18:3413e25.
30. Manta S, Xipnitou A, Kiritsis C, Kantsadi AL, Hayes JM, Skamnaki VT, et al. Chem

Biol Drug Des 2012;79:663e73.
31. Gasch C, Merino-Montiel P, Lopez O, Fernandez-Bolanos JG, Fuentes J. Tetra-

hedron 2010;66:9964e73.
32. Agasimundin YS, Mumper MW, Hosmane RS. Bioorg Med Chem 1998;6:

911e23.
33. Oikonomakos NG, Tiraidis C, Leonidas DD, Zographos SE, Kristiansen M,

Jessen CU, et al. J MedChem 2006;49:5687e701.
34. Johnson LN, Acharya KR, Jordan MD, McLaughlin PJ. J Mol Biol 1990;211:

645e61.
35. Kiss L, Soms�ak L. Carbohydr Res 1996;291:43e52.
36. Bokor �E, Docsa T, Gergely P, Soms�ak L. Bioorg Med Chem 2010;18:1171e80.
37. Chrysina ED, Bokor �E, Alexacou K-M, Charavgi M-D, Oikonomakos GN,

Zographos SE, et al. Tetrahedron: Asymm 2009;20:733e40.
38. Kantsadi AL, Hayes JM, Manta S, Skamnaki VT, Kiritsis C, Psarra AMG, et al.

ChemMedChem 2012;7:722e32.
39. T�oth M, Kun S, Bokor �E, Benltifa M, Tallec G, Vidal S, et al. Bioorg Med Chem

2009;17:4773e85.
40. Hadady Z, T�oth M, Soms�ak L. Arkivoc 2004;vii:140e9.
41. Chrysina ED, Kosmopolou MN, Tiraidis C, Kardarakis R, Bischler N, Leonidas DD,

et al. Protein Sci 2005;14:873e88.
42. Kun S, Bokor �E, Varga G, Sz}ocs B, P�ahi A, Czifr�ak K, et al. Eur J Med Chem

2014;76:567e79.
43. Benltifa M, Vidal S, Fenet B, Msaddek M, Goekjian PG, Praly J-P, et al. Eur J Org

Chem 2006:4242e56.
44. Bokor �E, Docsa T, Gergely P, Soms�ak L. ACS Med Chem Lett 2013;4:612e5.
45. Kov�acs L, Herczegh P, Batta G, Farkas I. Tetrahedron 1991;47:5539e48.
46. Buchanan JG, Clelland APW, Johnson T, Rennie RAC, Wightman RH. J Chem Soc

Perkin Trans 1 1992:2593e601.
47. Mahmoud SH, Soms�ak L, Farkas I. Carbohydr Res 1994;254:91e104.
48. Soms�ak L. Carbohydr Res 1996;286:167e71.
49. Soms�ak L, Nagy V. Tetrahedron: Asymm 2000;11:1719e27. Corrigendum 2247.
50. Benltifa M, Vidal S, Gueyrard D, Goekjian PG, Msaddek M, Praly J-P. Tetrahedron

Lett 2006;47:6143e7.
51. Delany JJ, Padykula RE, Berchtold GA. J Am Chem Soc 1992;114:1394e7.
52. Banaszek A. Tetrahedron 1995;51:4231e8.
53. Soms�ak L, N�emeth I. J Carbohydr Chem 1993;12:679e84.
54. Cecioni S, Argintaru O-A, Docsa T, Gergely P, Praly J-P, Vidal S. New J Chem

2009;33:148e56.
55. Soms�ak L, Czifr�ak K. Carbohydr Chem 2013;39:1e37.
56. Soms�ak L, Batta G, Farkas I. Carbohydr Res 1983;124:43e51.
57. Czifr�ak K, Soms�ak L. Tetrahedron Lett 2002;43:8849e52.
58. Oikonomakos NG, Skamnaki VT, }Osz E, Szil�agyi L, Soms�ak L, Docsa T, et al.

Bioorg Med Chem 2002;10:261e8.
59. Fischer EH, Krebs EG. Meth Enzymol 1962;5:369e72.
hex-1-enopyranosyl)-oxadiazoles: synthesis of possible isomers and
arch (2015), http://dx.doi.org/10.1016/j.carres.2015.04.016

Original text:
Inserted Text
-

Original text:
Inserted Text
Acknowledgements

Original text:
Inserted Text
Please provide the grant number for ‘BAROSS REG_EA_09-1-2009-0028 (LCMS_TAN) project ; TÁMOP-4.2.2./A-11/1/KONV-2012-0025 and the European Union and the European Social Fund’ if any.


	CAR6993_edited.pdf
	C-(2-Deoxy-d-arabino-hex-1-enopyranosyl)-oxadiazoles: synthesis of possible isomers and their evaluation as glycogen phosph ...
	1. Introduction
	2. Results and discussion
	2.1. Syntheses
	2.2. Enzyme kinetic studies

	3. Experimental
	3.1. General methods
	3.2. General procedure I for the preparation of 3,4,6-tri-O-benzoyl-2-deoxy-d-arabino-hex-1-enopyranosyl derivatives (25, 35, 36 ...
	3.3. General procedure II for the synthesis of 3,4,6-tri-O-benzoyl-2-deoxy-d-arabino-hex-1-enopyranosyl derivatives (25, 45, 47) ...
	3.4. General procedure III for the synthesis of O-aroyl-C-(3,4,6-tri-O-benzoyl-2-deoxy-d-arabino-hex-1-enopyranosyl)formamidoxim ...
	3.5. General procedure IV for the synthesis of 5-aryl-3-(3′,4′,6′-tri-O-benzoyl-2′-deoxy-d-arabino-hex-1′-enopyranosyl)-1,2,4-ox ...
	3.6. General procedure V for removal of benzoyl protecting groups by the Zemplén protocol
	3.7. General procedure VI for the synthesis of 3-aryl-5-(3′,4′,6′-tri-O-benzoyl-2′-deoxy-d-arabino-hex-1′-enopyranosyl)-1,2,4-ox ...
	3.8. General procedure VII for the preparation of 5-aryl-2-(2′,3′,4′,6′-tetra-O-benzoyl-1′-bromo-1′-deoxy-β-d-glucopyranosyl)-1, ...
	3.9. Synthesis and characterization of the compounds
	3.9.1. 3,4,6-Tri-O-benzoyl-2-deoxy-d-arabino-hex-1-enopyranosyl cyanide (25)
	3.9.2. C-(3,4,6-Tri-O-benzoyl-2-deoxy-d-arabino-hex-1-enopyranosyl)formamidoxime (26)
	3.9.3. O-Benzoyl-C-(3,4,6-tri-O-benzoyl-2-deoxy-d-arabino-hex-1-enopyranosyl)form-amidoxime (27)
	3.9.4. O-(2-Naphthoyl)-C-(3,4,6-tri-O-benzoyl-2-deoxy-d-arabino-hex-1-enopyranosyl)-formamidoxime (28)
	3.9.5. 5-Phenyl-3-(3′,4′,6′-tri-O-benzoyl-2′-deoxy-d-arabino-hex-1′-enopyranosyl)-1,2,4-oxadiazole (29)
	3.9.6. 5-(2-Naphthyl)-3-(3′,4′,6′-tri-O-benzoyl-2′-deoxy-d-arabino-hex-1′-enopyranosyl)-1,2,4-oxadiazole (30)
	3.9.7. 3-(2′-Deoxy-d-arabino-hex-1′-enopyranosyl)-5-phenyl-1,2,4-oxadiazole (31)
	3.9.8. 3-(2′-Deoxy-d-arabino-hex-1′-enopyranosyl)-5-(2-naphthyl)-1,2,4-oxadiazole (32)
	3.9.9. 3-Phenyl-5-(3′,4′,6′-tri-O-benzoyl-2′-deoxy-d-arabino-hex-1′-enopyranosyl)-1,2,4-oxadiazole (35)
	3.9.10. 3-(2-Naphthyl)-5-(3′,4′,6′-tri-O-benzoyl-2′-deoxy-d-arabino-hex-1′-enopyrano-syl)-1,2,4-oxadiazole (36)
	3.9.11. 5-(2′-Deoxy-d-arabino-hex-1′-enopyranosyl)-3-phenyl-1,2,4-oxadiazole39 (37)
	3.9.12. 5-(2′-Deoxy-d-arabino-hex-1′-enopyranosyl)-3-(2-naphthyl)-1,2,4-oxadiazole39 (38)
	3.9.13. 2-Methyl-5-(2′,3′,4′,6′-tetra-O-benzoyl-1′-bromo-1′-deoxy-β-d-glucopyranosyl)-1,3,4-oxadiazole (42)
	3.9.14. 2-Phenyl-5-(2′,3′,4′,6′-tetra-O-benzoyl-1′-bromo-1′-deoxy-β-d-glucopyranosyl)-1,3,4-oxadiazole (43)
	3.9.15. 2-(2-Naphthyl)-5-(2′,3′,4′,6′-tetra-O-benzoyl-1′-bromo-1′-deoxy-β-d-glucopy-ranosyl)-1,3,4-oxadiazole (44)
	3.9.16. 2-Methyl-5-(3′,4′,6′-tri-O-benzoyl-2′-deoxy-d-arabino-hex-1′-enopyranosyl)-1,3,4-oxadiazole (45)
	3.9.17. 2-Phenyl-5-(3′,4′,6′-tri-O-benzoyl-2′-deoxy-d-arabino-hex-1′-enopyranosyl)-1,3,4-oxadiazole (46)
	3.9.18. 2-(2-Naphthyl)-5-(3′,4′,6′-tri-O-benzoyl-2′-deoxy-d-arabino-hex-1′-enopyrano-syl)-1,3,4-oxadiazole (47)
	3.9.19. 5-(2′-Deoxy-d-arabino-hex-1′-enopyranosyl)-2-methyl-1,3,4-oxadiazole (48)
	3.9.20. 5-(2′-Deoxy-d-arabino-hex-1′-enopyranosyl)-2-phenyl-1,3,4-oxadiazole (49)
	3.9.21. 5-(2′-Deoxy-d-arabino-hex-1′-enopyranosyl)-2-(2-naphthyl)-1,3,4-oxadiazole (50)

	3.10. Enzyme assay

	AcknowledgementsAcknowledgments
	References



	Check Box: Off


