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Abstract: Indium(III) chloride catalyzed, microwave assisted
Ferrier rearrangement on different per-O-acetylglycals leads to an
efficient synthesis of 2,3-unsaturated O-glycosides in good to excel-
lent yields.
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2,3-Unsaturated glycosides or pseudoglycals represent a
very important class of compounds where the double bond
can easily be modified, e.g., by hydroxylation, hydrogena-
tion, epoxidation and amino hydroxylation. These are also
versatile chiral intermediates2a,b in the synthesis of glyco-
peptides,2c modified carbohydrates,2d nucleosides,2e,f

uronic acids,2g,h oligosachharides2i,j and several biologi-
cally active natural products.2k 2-Deoxy- and 2,3-dideoxy
sugars derived from 2,3-unsaturated glycosides constitute
the structural motifs of several antibiotics3 and they are
also found to reduce the plasma cholesterol and triglycer-
ide levels significantly in mice.4 2,3-Unsaturated glyco-
sides are generally accessed via a strong Lewis acid5

[boron trifluoride etherate or titanium(IV) chloride or
tin(IV) chloride] mediated Ferrier rearrangement6 of
sugar derivatives. Other reagents used to effect this trans-
formation include indium(III) halides,7 acidic montmoril-
lonite K10,8 2,3-dichloro-5,6-dicyano-p-benzoquinone,9

trimethylsilyl triflate,10 trichloroacetimidate,11 N-
iodosuccinimide12 and triflates like scandium triflate,13

Ytterbium triflate14 are also known to bring about the Fer-
rier rearrangement under different conditions. However,
many of these methods suffer from generality and have
limitations like strong oxidizing conditions, high acidic
medium, low yields, reaction temperature, longer reaction
time, compatibility with functional groups present, the
catalyst and reagents used, their amounts and especially
the cost of the reagents used. Therefore, there is still a
need for a general procedure for the Ferrier rearrange-
ment. Accordingly, as a part of our endeavour15 to develop
an efficient, mild, rapid, eco-friendly procedure for O-
and C-glycosylation, we have explored the use of micro-
waves for Ferrier rearrangement. Although microwave-
assisted reactions are widely applied in other domains of
organic synthesis, their use in carbohydrate area has been
rather limited. Herein, we now report, an InCl3-catalyzed,

microwave-assisted Ferrier rearrangement of different
per-O-acetylglycals to synthesize 2,3-unsaturated O-gly-
cosides. Although the Ferrier rearrangement has been
reported7e by using InCl3, the authors had confined their
findings only with glucal. Above all, these reactions were
not performed under microwave conditions. Besides that,
they have used CH2Cl2–CH3CN mixed solvent system
and performed the reaction at ambient temperature. On
the contrary, we have chosen a polar solvent like CH3CN
to perform these transformations under microwave condi-
tion,16 a representative example is shown in Scheme 1. To
our knowledge, this is the first report of O-glycosylation
through Ferrier rearrangement illustrating the value of
microwave coupled with InCl3 in glycal chemistry.

Scheme 1

Typically, the per-O-acetylglycals, alcohols and InCl3

were taken in acetonitrile in an open vessel and irradiated
with microwaves to afford the 2,3-unsaturated products in
good to excellent yields (Table 1). The reactions were
complete in a few seconds. The reaction mixture was di-
luted with ethyl acetate, subsequently washed with water
and concentrated. All the products were characterized
through 1H NMR, COSY, IR and mass spectral data.18

Anomeric ratios of these products were determined from
1H NMR.

It is interesting to note that all glycals, other than arabinal,
furnished only axial products with all the alcohols. The
case of allyl alcohol with galactal and benzyl alcohol with
rhamnal could be treated as exception where also the
stereoselectivities are high though not 100%. It seems that
the stereochemical outcome is guided by the stereochem-
istry of the C-5 substituent. The relative stereochemistry
was found to be trans as was evident from J1,2 values18 of
major/only isomers. In the case of arabinal, where the sub-
stituents at C-5 are only H atoms, the selectivity becomes
less as is clear from the products. The yields of the reac-
tions are good to excellent. Only in case of galactal with
propargyl alcohol and arabinal with pent-4-en-1-ol yields
were found to be moderate (50%). Repetition of the reac-
tions with increased amounts of reagents from 2 equiva-
lents to 5 equivalents improved the yields by 5–10% only.
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Table 1 InCl3-induced Microwave-assisted Synthesis of 2,3-Unsaturated Ferrier Rearranged Products with Different Alcohols

Substrate R-OH (R = ) Product Time (sec) Yielda (a/b) ref.

allyl 50 81% 8/1 17a

propargyl 50 50% ab 17b

heptyl 20 97% ab 17c

benzyl 20 85% ab 17d

pent-4-enyl 50 68% ab 17e

phenethyl 50 93% ab 13

allyl 55 75% ab 17f

propargyl 60 70% ab 17f

heptyl 60 79% ab 18

benzyl 60 72% ab 17f

pent-4-enyl 60 78% ab 18

phenethyl 60 80% ab 18

allyl 20 85% ab 17g

propargyl 20 98% ab 17g

heptyl 20 65% ab 18

benzyl 20 84% 6/1 17h

pent-4-enyl 20 70% ab 18

phenethyl 20 65% ab 18
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In conclusion, the present method of InCl3 catalyzed
Ferrier rearrangement of acetylglycals provides an effi-
cient alternative to the existing methodologies to synthe-
size 2,3-unsaturated O-glycosides. The process is
operationally simple and high yielding. The use of cataly-
tic amount of InCl3, easy work-up and short reaction time
makes this procedure further an attractive alternative to
those existing.
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Table 1 InCl3-induced Microwave-assisted Synthesis of 2,3-Unsaturated Ferrier Rearranged Products with Different Alcohols (continued)

Substrate R-OH (R = ) Product Time (sec) Yielda (a/b) ref.
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