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ABSTRACT

A one-pot ring-expansion�glycosylation reaction was performed using 1,2-cyclopropanated sugars as glycosyl donors and carbohydrate
O-nucleophiles as acceptors to provide septanohexose mimics of pyranose and furanose derivatives. The methodology was successfully
extended to the synthesis of septano-oligosaccharides by adopting a divergent strategy as well as an iterative protocol.

Mimicking natural glycans1 is one of the intellectual
ways of misleading microorganisms and enzymes that are
responsible for a variety of diseases. An importantmethod
of mimicking natural carbohydrates is by expanding or
contracting the ring size. The ring-expanded versions of
hexoses are the so-called septanoses/carbohydrate-based
oxepanes,2 which have been shown to be very important
mimics of carbohydrates. Structure�activity studies on
oral antithrombotic beciparcil derivatives revealed that
ring-expansion to a seven-membered thio sugar exhibited
a 10-fold increase in activity relative to the reference
compound, beciparcil.3 Protein�carbohydrate interaction
studies by Peczuh et al., involving concanavalin A and

methyl septanosides, provided preliminary evidence that
septanosides can resemble pyranosides.4 Septanosemimics
of nucleosides5 and nucleic acids6 have also been synthe-
sized and evaluated for their antiviral and RNA-cleavage7

properties. Even though several methods are available for
the synthesis of septanose monosaccharides,8 not many
reports have been published on the preparation of septa-
nose containing oligo- and polysaccharides.9,8b In this con-
text, stereoselective construction of glycosidic linkage is a
central challenge in the formationofdi- andoligosaccharides.
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In our efforts to explore the application of 1,2-cyclo-
propanated sugars in the synthesis of unnatural glyco-
analogues,10 herein we report the stereoselective synthesis
of 2,3-dideoxyseptanohexoses by TMSOTf-mediated one-
step ring-expansion�glycosylation of sugar-derived 1,2-
cyclopropanated donors with a series of carbohydrate
acceptors.
The use of 1,2-cyclopropanated sugars for the synthesis

of carbohydrate-based oxepanes has been reported via
either the standard Ferrier rearrangement conditions11 or
by nucleophilic ring-opening of geminal dihalocyclopro-
panated sugar derivatives.12 However, to the best of
our knowledge, no reports are available for the synthesis
of di- and oligoseptanosides from this type of glycosyl
donor.
We envisaged that incorporating an electron-withdrawing

functionality at the C-3 position of 1,2-cyclopropanated
sugar derivatives would provide access to cyclic donor�
acceptor cyclopropanes, which might undergo a regiose-
lective electrophilic ring-opening reactions, assisted by the
endocyclic oxygen, to give oxepane derivatives. Based on
this protocol, we herein present stereoselective ring-open-
ing of 3-oxo-1,2-cyclopropanated sugar derivatives, with
carbohydrate O-nucleophilic glycosyl acceptors. Even
though this kind of donor�acceptor cyclopropanes have
been showntoundergoLewis acidpromoted ring-expansion
with silyl enolates,13 to the best of our knowledge, this is the
first report of using these sugar derivatives as glycosyl
donors in oligosaccharide synthesis. Further, an iterative
glycosylation technologyhasbeendevelopedandutilized for
the synthesis of a diseptanohexose oligosaccharide.
The 1,2-cyclopropanated glycosyl donorswere prepared

from known sugar-derived enones.14 Luche reduction15 of
114 produced the allal derivative 216 as a single diastereo-
mer. Hydroxyl-directed cyclopropanation11d of 2 using
CH2I2 and Et2Zn under Simmons�Smith reaction
conditions17 produced 1,2-cyclopropanated allose deriva-
tive 3, which upon Swern oxidation18 provided the 1,2-
cyclopropa-3-pyranone 4 in excellent yield (Scheme 1).13

Our preliminary investigations focused on optimiza-
tion of the glycosylation reaction conditions using 4

as the glycosyl donor and sugar-derived O-nucleophiles
as glycosyl acceptors. Toward this end, 4 (1 mmol) was
glycosylated with 2,3;4,5-di-O-isopropylidene-R-D-fructo-
pyranose 5 (1.1 mmol) as an acceptor in CH2Cl2 at�78 �C
using catalytic BF3 3Et2O (0.2 equiv) as Lewis acid. The

glycosylation reaction proceeded smoothly and provided

the septanohexose disaccharide 6 in 65% yeild, respec-

tively (Table 1, entry 1). A slight improvement that

favored the R-glycoside formation was observed by using

(CF3SO2)2O or InCl3 as Lewis acids under similar reaction

conditions (Table 1, entries 2�4). Interestingly, when

TMSOTf was used as a catalyst, the ring-expansion gly-

cosylation proceeded fruitfully, with excellent R-selectiv-
ity, providing the disaccharide 6 with 1:0.11 R:β selectivity

in excellent yield (Table 1, entry 5). Carrying out the

reaction either at �78 �C or from �10 to 0 �C did not

improve the stereoselectivity of the glycosylation reaction

(Table 1, entries 6 and 7).

Scheme 1. Synthesis of Glucose-Derived 1,2-Cyclopropanated
Donor

Table 1. Optimization of Reaction Conditions for One-Step
Ring-Expansion-Glycosylation Reaction Using 1,2-Cyclopro-
panated Sugar Donor 4

entry catalyst (0.2 equiv) temp conditions (�C) yielda (%) R:βc

1 BF3 OEt2 �78 to þ25 65 1:0.71

2 (CF3SO2)2O �78 to þ25 60 1:0.57

3 lnCI3 �78 to þ25 <5

4 lnCI3
b �78 to þ25 50 1:0.45

5 TMSOTf �78 to þ25 89 1:.0.11

6 TMSOTf �78 72 1:0.71

7 TMSOTf �10 to 0 82 1:0.42

aYield represents pure and isolated products. b 1 equiv of catalyst
was used. cBased on septanosyl anomeric proton ratio.
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The major R-glycosylated product can be envisaged
arising by a preferential approach of the nucleophile
along an axial trajectory toward the oxocarbonium ion
intermediate.19 As shown in Scheme 2, activation of the
glycosyl donor 4 with TMSOTf would generate the oxo-
carbenium ion intermediate 7 via the cleavage of C1�C2
bond. The trimethylsilyl vinyl ether 7 would react with
acceptor 5, preferentially in the axial direction, due to the
anomeric effect,20 provide the R-selective septanohexose 6
as the major product.

After optimizing these conditions, the aforementioned
ring expansion�glycosylation of sugar derived 1,2-cyclo-
propa-3-pyranone donors was extended to other carbo-
hydrate-derived O-nucleophilic glycosyl bond acceptors.
Thus, the reaction of acceptor 8 with 1,2-cyclopropanated
donors 4 and 10 gave rise to septanohexose derivatives 9
and 11, respectively, withmodest diastereoselectivity at the
newly formed C100 anomeric center (R:β (7:3)) in excellent
yield (Table 2, entries 1 and 2). The methodology was also
applied to sugar acceptors possessing less reactive second-
ary alcohols. Thus, different 1,2-cyclopropa-3-pyranone
donors, 4, 10, and 15 were glycosylated with the sugar
acceptor 12, possessing a free hydroxyl group at the C2
position (Table 2, entries 3�5). Interestingly, donors 4 and
15, upon glycosylation with 12, provided selectively the
R-glycosylated septanohexoses 13 and 16, whereas donor
10 with acceptor 12 provided a diastereomeric mixture of
14rand 14β in 7:3 ratio, respectively (Table 2, entry 4).The
structure of the minor diastereomer 14β was confirmed by
X-ray crystallography.21

Glycosylation of donors 4, 15, and 20 with acceptor 17,
in which the free hydroxyl is at C3, provided the corre-
sponding septanohexoses 18, 19, and 21 as single diaste-
reomers with the R-configuration at the newly formed
glycosidic center (Table 2, entries 6�8). The stereochem-
istry atC100 for all the disaccharide derivativeswas assigned

based on the chemical shift value of the anomeric carbon22

(δC100 for R-septanosides ranges from 99 to 104 ppm while
for β-septanosides it ranges from δ 104�111 ppm) as well
as two-dimensional NMR experiments. For the septano-
hexoses possessing a β-glycosidic bond, a strong NOEwas
observed between the 1,3-diaxial hydrogens at C100 and
C600 which was absent in the case of septanosides with
R-glycosidic linkage. The sugar-derived enone acceptor 22
was also very reactive toward the one-step ring-expansion�
glycosylation reaction with donor 20 and produced the
disaccharide derivative 23 as a single diastereomer in
excellent yield (Table 2, entry 9). It is well-known that

Scheme 2. Proposed Mechanism for the Stereoselective
Formation of R-Glycoside

Table 2. Stereoselective Synthesis of Septanohexoses

a Isolated yield after column chromatography.
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the stereoselectivity in the glycosylation of hexose derived
oxocarbenium ions is dictated by stereoelectronic effects in
the glycosyl donor and nonbonding steric interactions
from the glycosyl acceptors.19,23 The above experimental
results provide ample evidence that similar effects play a
role in the glycosylation of septanosides as well.
After successful synthesis of a series of septanohexose

disaccharide derivatives, we focused our attention on the
synthesis of diseptanohexose trisaccharides. Thus, stereo-
selective reduction of disaccharide 18 with lithium tri-tert-
butoxyaluminum hydride in ethanol at �78 �C provided
the acceptor alcohol24.However, glycosidationofdonor 4
with acceptor 24 did not proceed under the optimized
reaction conditions. We reasoned that the very low reac-
tivity of the acceptor 24might be due to the axial orienta-
tion of hydroxyl group. Therefore, inversion of the axial
hydroxyl in 24 via the Mitsunobu reaction provided the
acceptor 25. Gratifyingly, glycosylation of 4with acceptor
disaccharide 25 proceeded smoothly, generating the dis-
eptanohexose trisaccharide derivative 26 as a single
diastereomer (Scheme 3). Stereoselective reduction of
ketone provided the trisaccharide acceptor 27-r,r which
can be used further for the synthesis of septano-
oligosaccharides.

Finally, an iterative protocol for the synthesis of septano-
oligosaccharides was investigated. Many biologically
active natural products possess deoxysugar subunits in
their structures.24 Therefore, we planned to use 6-deoxy
glucal derived 1,2-cyclopropanated sugar 20 as a glycosyl
donor and alcohol 28 as an acceptor. Thus, glycosylation
of 20 with 28 provided disaccharide 29 as a single diaste-
reomer in good yield. Reduction of diketone 29 to the

corresponding diol, followed by Simmons�Smith cyclo-
propanation and subsequent Swern oxidation of the diol
provided the donor 30 as a mixture of R- and β-cyclopro-
panated products in 2:1 ratio, respectively, in 75% yield
after three steps. Glycosidation of 30 with acceptor 28,
using TMSOTf in CH2Cl2 at�78 �C, provided the trisac-
charide derivative 31 as a single diastereomer in which the
second glycosylation was also R selective (Scheme 4).

In conclusion, a novel ring expansion�glycosylation
reaction has been developed for the synthesis of septanose
derivatives which uses sugar-derived 1,2-cyclopropa-3-
pyranones as glycosyl donors and carbohydrate-derived
O-nucleophiles as acceptors. The generality of the reaction
was evaluated by performing a number of glycosylation
reactions and synthesizing several septanohexose deriva-
tives. Two different methods (a divergent synthesis and an
iterative technique) for the synthesis of septanose-derived
oligosaccharides were successfully performed. Ligation of
these ring-expanded sugar mimics to natural products and
evaluation of their biological properties are presently
under investigation.
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Scheme 3. Synthesis of Diseptanohexose Trisaccharide

Scheme 4. Iterative Protocol for the Synthesis of Septano-
oligosaccharide
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