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Abstract: Glycals have been transformed into a variety of functionalized substrates which have been found to
be useful in synthesizing some aminosugars, N-glycopeptides, nitrosugars and some iminosugars which are
potential glycosidase inhibitors. An account of work that has been done in our laboratory is briefly discussed
here.
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1. Introduction

Glycals are important synthons[1] in or-
ganic chemistry. The enol ether moiety in
glycals is susceptible to electrophilic attack
at C(2) (Scheme 1) to form an oxonium ion
‘A’ that will trap a nucleophile ‘Nu’ to gen-
erate a species of kind ‘B’. The usefulness
of product ‘B’ depends on the nature of the
electrophile (‘E’) and the nucleophile ‘Nu’.
For example, O-, C-, and N-glycosides will
clearly be formed by reaction with O-, C-,
and N-derived nucleophiles. Several dif-
ferent types of reactions have already been
reported in the literature[2] related to the
reactions of glycals and they have been
employed in carbohydrate chemistry,[3] as
well as in natural product synthesis.[4] In
our pursuit of functionalizing glycals we
have developed various methodologies and
applied them in the formation of 2-deoxy-
O-glycosides, aminosugars, nitrosugars,
N-glycopeptides and some glycosidase in-
hibitors. In this mini review we present our
results of these endeavors.

2. Ceric Ammonium Nitrate Catal-
yzed Synthesis of 2-Deoxy-1-O-
glycosides

Several years ago, we studied the re-
action of alkenes with NaNO

2
/ceric am-

monium nitrate (CAN) in acetonitrile and
reported[5] that such a combination leads
to the formation of the corresponding
vicinal nitroacetamides 1 (Scheme 2). It
was proposed that the reaction proceeds
via a mechanism as shown in Scheme 2.
Assuming the importance of 1,2-diamines
in carbohydrate chemistry we decided to

explore the reactivity of such a reagent
system with glycals hoping to form 2-ni-
tro-1-acetamide-derived sugar derivatives
which could be useful to provide access to
2-deoxy-N-glycopeptides and 2-amino-N-
glycopeptides.[6] With this view in mind,
when 3,4-dihydro-2-H-pyran, as a model
example, was treated with NaNO

2
/CAN/

CH
3
CN, no expected nitro acetamide was

formed and the reaction led to a mixture
from which no worthwhile product could
be identified. However, when, in order to
study the solvent effect, methanol was used
as a solvent, surprisingly, the correspond-
ing tetrahydropyranyl ether was formed.
Re-examination of the reaction conditions
led us to use only catalytic amounts of
CAN and two equivalents of dihydropyran
and in this way a number of alcohols gave
the corresponding THP ethers in good to
excellent yields.A few examples are shown
in Fig. 1. Application of this methodology
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Me
3
SiN

3
and Me

3
SiONO

2
should lead to

1-azido-2-nitro sugars as shown in Scheme
4. This was presumed because a similar
combination of Me

3
SiONO

2
and CrO

3
had led[12] to the conversion of olefins to
α-nitro ketones in one step. It was expected
that the nitro group at C(2) could be either
reductively removed to form 1-azido-2-de-
oxy sugars, or the nitro group reduced to
an amino functionality to form 2-amino-
1-azido sugars eventually leading to 2-de-
oxy-1-N-glycopeptides and 2-amino-1-N-
glycopeptides respectively. With this view
in mind, Me

3
SiONO

2
was prepared by re-

acting ClSiMe
3
and AgNO

3
in acetonitrile

followed by filtering off the precipitated
AgCl. Interestingly, a combination of such
a solution of Me

3
SiONO

2
and Me

3
SiN

3
when reacted with glycals anticipating the
formation of 1-azido-2-nitro sugars led to
the formation of 2-deoxy-1-azido sugars.
Clearly, the Me

3
SiONO

2
species appeared

to have no role in the process, but Me
3
SiN

3
alone, obviously, cannot convert glycals
to 2-deoxy-1-azido sugars. We anticipated
that a proton source must be emanating
from ClSiMe

3
which was not specifically

treated to remove contaminated HCl. We
further assumed that this particular reaction
may be proceeding as shown in Scheme 5.

Later, we also noticed that 20 mol%
of Me

3
SiONO

2
, taken from the bulk

acetonitrile solution, also gave the de-
sired 1-azido-2-deoxy sugars suggesting
that Me

3
SiONO

2
is required in catalytic

amount as per the above shown mecha-
nism. However, it is clear that the H+

should be present in sufficient amounts so
that the protonation occurs on a molar ba-
sis to permit the formation of the oxonium
ion ‘A’ (Scheme 5). Further, it was proved
by mass spectrometry that the formation
of intermediate nitrate ester ‘B’ indeed

to glycals gave the corresponding 2-deoxy-
1-O-glycosides with α-anomeric selectiv-
ity.[7] Galactal derivatives were found to
undergo glycosidation using only 2 mol%
of CAN, with good to excellent selectivity,
though a small amount of the correspond-
ing Ferrier product[8] was formed in some
cases. Surprisingly, however, Ferrier prod-
ucts were formed as the major products
with glucal derivatives using 2 mol% of
the CAN. On the other hand, usage of four
equivalents of CAN suppressed the forma-
tion of the Ferrier products to some extent
and moderate yields of the α-glycosides
were obtained in some cases. Thus, it
is clear that the present method is more
useful for making THP ethers and also 2-
deoxy-1-O-galactosides. A few examples
along with yields and selectivity are shown
in Fig. 2.

A tentative mechanism for this reac-
tion is shown in Scheme 3 that involves the

formation of HNO
3
and alcohol-containing

ceric ammonium nitrate that transfers the
alcohol and completes the glycosidation
(path A). Alternatively, the reaction may
also proceed via an electron transfer pro-
cess (path B, Scheme 3).

Even though we were not able procure
the 1,2-diamino sugar derivatives, this
conversion of glycals to 2-deoxy-O-glyco-
sides could be useful as there are several
natural products that contain 2-deoxy sug-
ars such as aureolic acid,[9] compactin,[10]
calicheamicin,[11] etc.

3. Me3SiN3-Me3SiONO2-mediated
Synthesis of 1-Azido-2-deoxy
Sugars

In continuation of our attempts to func-
tionalize glycals to obtain 1,2-diamino
sugars, we expected that a combination of
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of iodide and the azide moieties. The reac-
tion with pyranoglycals were equally facile
with both the reagent systems. However,
furanoglycals reacted only with the NIS/
NaN

3
reagent system leading to the desired

2-iodo-1-azido furanose sugars, but with
the oxone-derived reagent system forma-
tion of a furan derivative 11 (Scheme 9)
was observed, which is an important in-
termediate in organic synthesis.[18] Also,
6-O-trityl- and 6-O-TBDMS-protected
pyranoglycals reacted smoothly with NIS/
NaN

3
to form the 2-iodo-1-azido sugars in

excellent yields. The same reactions, how-
ever, were not clean with an oxone-derived
reagent system. The stereoselectivity of the
reaction was found to drop down when the
reactions were carried out with 3-deoxy
glycals. Thus, 3-deoxy-4,6-di-O-benzyl
glucal gave 5.5:1 ratio of the α/β-anomeric
products, whereas 3-deoxy-4,6-di-O-
acetyl glucal gave a 2:1 ratio of the α/β-
anomeric iodoazides 12, from which the
α-isomer was then converted into methyl
N-acetyl-α-d-lividosaminide 13 as shown
in Scheme 10. We have also earlier report-
ed[19] the formation of this important amino
sugar which is an integral part aminogly-
coside antibiotics lividomycinA and B iso-
lated from Streptonyces lividus, and 3′-de-
oxy kanamycin C, isolated from a mutant

occurs as the first step but since it is rela-
tively unstable on column chromatography
it could not be isolated in pure form. Since
preformed HN

3
did not add on to the gly-

cals, our procedure of indirect addition of
HN

3
to glycals using Me

3
SiONO

2
/M

3
SiN

3
combinations is a useful procedure[13] to
convert glycals to 1-azido-2-deoxy sugars
which are normally prepared by displacing
a leaving group such as an acetate, mesyl-
ate or a halide[14] at the anomeric carbon by
an azide group. A few representative ex-
amples of the 1-azido-2-deoxy sugars are
shown in Fig. 3.

The azide group at the anomeric carbon
could be readily reduced with Ph

3
P and

water[15] and condensed the corresponding
amine with several amino acids to form the
corresponding 2-deoxy-1-N-glycopeptides
as shown in Scheme 6. Likewise, one of the
azido sugars viz. 3 was converted into a
γ-sugar amino acid 10, as shown in Scheme
7.

4. Me3SiONO2-catalyzed Synthesis
of 2-Deoxy-1-O-glycosides

An obvious extension of the
Me

3
SiONO

2
-mediated conversion of gly-

cals into 1-azido-2-deoxy sugars is to ex-
amine the outcome of the reaction by re-
placing Me

3
SiN

3
by alcohols anticipating

the formation of 2-deoxy-1-O-glycosides.
Indeed it was the case and a variety of alco-
hols underwent reaction with 2,4,6-tri-O-
benzyl galactal to form the corresponding

2-deoxy-O-glycosides in good yields with
highor exclusiveα-anomeric selectivity.[16]
As expected, 2,4,6-tri-O-benzyl glucal
upon reaction with methanol gave a mix-
ture of 2-deoxy-O-glycosides and the cor-
responding Ferrier product in 70:30 ratio
wherein the α/β ratio of the 2-deoxy-O-
glycoside was 55:45 and that of the Ferrier
product was 90:10. We, however, carried
out our studies with 2,4,6-tri-O-benzyl ga-
lactal as it did not give any Ferrier prod-
uct. The reaction required one equivalent
of Me

3
SiONO

2
for successful completion

of the reaction. It is clear that the reaction
proceeds via the formation of 2-deoxy-
1-nitrate ester which further reacts with
alcohols to replace the nitrate ester with
the alcohol forming 2-deoxy-1-O-glyco-
sides. The proposed mechanism is shown
in Scheme 8. Since the reaction proceeds
via an oxonium ion, the anomeric effect
operates and the α-selectivity is high. A
few representative examples are shown in
Fig. 4.

5. Synthesis of 2-Iodo-1-azido
Sugars and Methyl N-Acetyl-α-d-
lividosaminide

We further found[17] that a combina-
tion of oxone, KI and NaN

3
on alumina

(or that of N-iodosuccinimide and NaN
3
)

led to a clean formation of 2-iodo-1-azido
sugars from glycals with excellent stereo-
selectivity in most of the cases studied,
with dominance of 1,2-diaxial orientation
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of Streptomyces cremeus tobramycin.[20]
A few examples of the iodoazides are
shown in Fig. 5. Further, it is also interest-
ing to note that while pyranoglycals gave
1,2-trans-2-deoxy-2-iodoglycosyl azides,
the furanoglycals gave exclusively the
1,2-cis-2-deoxy-2-iodoglycosyl azides.

6. Oxalyl Chloride-AgNO3-CH3CN-
mediated Synthesis of 2-Chloro-1-
acetamido Sugars

Further, in our quest of discovering
a reagent system that could convert gly-
cals into a course of 1,2-diamino sugars
we considered that a new reagent system
comprising oxalyl chloride,AgNO

3
in ace-

tonitrile to form 2-nitro-acetamido sugars.
This was anticipated considering that an
intermediate of type ‘A’ (Scheme 11) will

result, along with precipitation of AgCl,
and it would act as a source of nitronium
ion thus enabling glycals to form 2-nitro-
1-acetamido sugars as shown in Scheme
11 (Path ‘A’). However, such a reagent
system turned out to be a source of chlo-
ronium ion allowing glycals into 2-chlo-
ro-1-acetamido sugars (Path ‘B’, Scheme
11). Both pyrano galactal as well as pyrano
glucal derivatives gave 2-chloro-1-acet-
amido sugars in varied ratios as shown in
Scheme 12. However, furanoglycals gave
exclusively one stereoisomer as shown in
Scheme 13.[21]

Although glucal derivatives gave a
mixture of two diasteromers in almost
equal ratio, it was generally observed
that galctal derivatives showed better ste-
reoselectivity. It was possible to develop
reaction conditions to efficiently deprot-
ect the chloroacetamides using 0.7 N HCl

in MeOH at 55 °C. The glycosyl amines
were then coupled with suitably protect-
ed amino acids using DCC and HOBt in
THF and the corresponding 2-chloro-β-
N-glycopeptides were obtained in good
yields. A few representative glycopeptides
are shown in Scheme 14.

Glycal-derived 2-deoxy-sulfonamides
were reported to be potent inhibitors for
the growth of heptacellular carcinoma cell
lines by Colinas et al.[22] In view of this we
became interested to examine the cytotox-
ic behavior of some of the sugar-derived
chloroacetamides and the corresponding
glycosyl amines. Our results showed that
the IC-50 values against U-87 Malignant
Glyoma (brain tumor) are in the range 1
nM to 37 µM, whereas the corresponding
IC-50 values against Human Embryonic
Kidney (normal) cell lines ranged from 37
µM to more than 100 µM.A few represen-
tative examples are shown in Fig. 6.

O

OR
R2

R1

OR

O
ORR2

R1
RO

Cl

NHAc

O
ORR2

R1
RO

Cl
NHAc

O
ORR2

R1
RO

Cl
NHAc

O

ORR2

R1
RO

Cl
NHAc

AgNO3

(COCl)2

CH3CN

R1 = OBn, R2 = H, R = Bn
R1 = OAc, R2 = H, R = Ac

R1 = H, R2 = OBn, R = Bn

R1 = H, R2 = OAc, R = Ac

(39%) (41%)

(41%) (43%)
(75%) (5%)
(80%) (5%)-

-

- -
-

-
-

-

-30 oC, 45 min

Scheme 12.

O

OBn

Y
NH2BnO

R1

R2

X

R1, X = H, R2 = OBn, Y = Cl

R1, Y = H, R2 = OBn, X = Cl;

R1 = OBn, R2, X = H, Y = Cl

(0.001 µM)

IC-50 values against
U-87 Malignant Glyoma
Cell Lines

IC-50 Values against
Normal Hek Cell Lines

(100 µM))

(0.1 µM) 37 µM))

(0.04 µM) (> 100 µM))

Fig. 6.

O

OBn

Y
NH2BnO

R1

R2
O

OBn

Y

H
N

BnO

R1

R2

O

DCC, HOBt
THF

XX

NHBoc

CH3
HOOC NHBoc

CH3

O

OBn

Y
NH2BnO

R1

R2 O

OBn

Y

H
N

BnO

R1

R2

O

DCC, HOBt
THF

X
X COOBut NHBoc

COOH

NHBoc

COOBut

0-10 oC, 24 h

R1, X = H, R2 = OBn, Y = Cl

R1, Y = H, R2 = OBn, X = Cl

R1 = OBn, R2, X = H, Y = Cl

(74%)

(72%)

(72%)

0-10 oC, 24 h
(74%)

(72%)

(78%)

R1, X = H, R2 = OBn, Y = Cl

R1, Y = H, R2 = OBn, X = Cl

R1 = OBn, R2, X = H, Y = Cl

TBTH
AIBN

(84%)

(88%)

(85%)

TBTH
AIBN

(82%)

(80%)

(84%)

reflux

reflux

tBuOH

tBuOH

Scheme 14.

Cl
Cl

O

O

AgNO3 Cl
O

O

O
N

O

O

Cl
O

O

O
N
O

O

NO2

Cl

CH3CN

H2O

NO2AcHN

CH3CN

H2O

ClAcHN

Path B

Path A

'A'

'A'

Scheme 11.

O

R1O

OR
RO O

R1O

OR
RO NHAc

Cl

AgNO3

(COCl)2

CH3CN

R = R1 = Bn
R = R1 = Bz
R = Bz, R1 = Bn

(88%)
(92%)
(90%)

-30 oC, 45 min

Scheme 13.

OI

N3

BnO

BnO OBn

(60%)a; (80%)b

OI

N3

AcO
AcO

OAc

(87%)a; (88%)b

OI

N3

BnO

OBn
O

I

N3BnO

OBn

(55%; 5:1)a; (52%; 5.6:1)b

OI

N3

AcO

OAc
O

I

N3AcO

OAc

(72%; 2:1)a; (74%; 2.5:1)b

OI

N3

BnO

BnO OTBDMS

(95%)a

OI

N3

BnO

BnO OTr

(96%)a

O

BnO

BnO
BnO

I

N3

(93%)a

a: Using NIS/NaN3; b: Using Oxone/NaN3/KI

Fig. 5



Chemistry in india Part i CHIMIA 2012, 66, No. 12 909

7. Synthesis of Glycosidase
Inhibitors

The above-described methodologies
to obtain 2-deoxy amino sugars were
further utilized in the synthesis of d- and
l-fagomines. This stemmed from our
continued interest[23] in the synthesis and
biological evaluation of imino (or aza)
sugars and carbasugars as potential gly-
cosidase inhibitors. Glycosidase inhibitors
are carbohydrate-processing enzymes that
are involved in numerous fundamental bi-
ological processes.[24] Many nitrogen-con-
taining heterocycles such as nojirimycin,
1-deoxynojirimycin, fagomine, isofago-
mine etc. are piperidine derivatives as
their numerous analogues have been found
to inhibit glycosidases. As a result, some
of these imino (or aza) sugars are effective
therapeutic agents for the treatment of a
wide range of diseases including diabetes,

viral infection, tumor metastasis, and lyso-
somal storage disorders. Because of these
developments many synthetic approaches
towards naturally occurring imino (or
aza) sugars and their structural analogues
have been reported[24] in the literature. In
our studies we have utilized[25] the chem-
istry of 2-deoxy-1-amino sugars obtained
from the Me

3
SiONO

2
/Me

3
SiN

3
- and oxa-

lyl chloride-AgNO
3
-CH

3
CN-based meth-

odologies to synthesize d-(–)-fagomine
14, d-(+)-1,2-dideoxy-galactostatin 15, l-
(–)-fagomine 16, and l-(+)-1,2-dideoxy-
galactostatin 17 (Fig. 7).

Synthesis of d-(–)-fagomine 14, d-
(+)-1,2-dideoxy-galactostatin 15 starting
from 2,4,6-tri-O-benzyl glucal and galac-
tal respectively and via a sequence of re-
actions is shown in Scheme 15. The key
step is the functionalization of glycals with
oxalyl chloride-AgNO

3
/CH

3
CN to procure

the corresponding 2-chloro acetamides

18 and 19 which were further taken to
the target iminosugars via dechlorinated
products 20 and 21. Further, compounds
l-(–)-fagomine 16, and l-(+)-1,2-dide-
oxy-galactostatin 17 were obtained from
N-Boc-protected sugar derivatives 22 and
23 as shown in Scheme 16.

Likewise, 2,4,6-tri-O-benzyl glucal and
galactal were converted into d-(–)-fago-
mine 14, d-(+)-1,2-dideoxy-galactostatin
15 using the reagent system Me

3
SiONO

2
/

Me
3
SiN

3,
[13] developed in our laboratory,

to functionalize them to 2-deoxy-1-azido-
sugars 24 and 2 respectively. These azido
compounds were reduced with LiAlH

4
to

amino alcohols 25 and 26 respectively and
then further taken to the desired targets
14 and 15 via a sequence of reactions as
shown in Scheme 17.

Further, NH-nosylates 27 and 28 were
directly cyclized using diisopropyl azadi-
carboxylate (DIAD) and triphenylphos-
phine followed by deprotections led to
l-(–)-fagomine 16, and l-(+)-1,2-dideoxy-
galactostatin 17 as shown in Scheme 18.
Since the glycosidase inhibition studies
for compounds 14 and 15 have already
been reported, the inhibitory activity of
fagomine isomers 16 and 17 were tested
against a few glycosidases. Thus, com-
pound 16 was found to show moderate
inhibition of β-glucosidase (almonds, 5.8
mM), α-galactosidase (coffee beans, 0.6
mM) and β-galactosidase (bovine liver,
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0.67 mM) while it showed no inhibition of
α-glucosidase (rice), and α-mannosidase
(jack beans). On the other hand, compound
17 showed no inhibition of α-glucosidase,
β-glucosidase and α-mannosidase but rea-
sonable inhibition of α-glactosidase (cof-
fee beans, 0.9mM) and β-galactosidse (bo-
vine liver, 0.8 mM). Clearly, it is possible
to further make structural modifications to
improve inhibitions and selectivity associ-
ated with it.

More recently, we have also convert-
ed[26] the glycal-derived 2-chloro amines
into aziridine 29 and furanose derivatives
30 as shown in Scheme 19. Further scope
of these molecules in terms of converting
them into some useful glycosidase inhibi-
tors is being investigated.

Polyhydroxylated indolizidine, pyrro-
lizidine, and quinolizidine aza-bicyclic al-
kaloids are useful molecules from the gly-
cosidase inhibition point of view. Among
others, swainsonine 31, castanospermine
32 and alexine 33 (Fig. 8), and their de-
rivatives have been well studied from syn-
thesis as well as biological activity point
of view. Although there are many reports
pertaining to the synthesis of indolizidine
and pyrrolizidine derived glycosidase in-
hibitors, very few reports of polyhydrox-
ylated quinolizidines are known.[27] We
considered the possibility of employing
the procedure for amino sugar formation
using oxalyl chloride-AgNO

3
-CH

3
CN re-

agent system[21] for the synthesis of eight

new quinolizidine molecules and also their
assessment in terms of glycosidase inhibi-
tion activity. The synthesis from 2,4,6-tri-
O-benzyl glucal and galactal is shown in
Scheme 20 employing the methodology
developed in our laboratory for functional-
izing the glycals to 2-chloro acetamides.[28]

The glucal and galactal derived 1-ami-
no-2-deoxy sugars 22 and 23 were reacted
with allyl magnesium bromide to form
amino alcohols 34 and 35 respectively
which were then carried forward to cy-
clized dienes 36, 37, 38 and 39 through a
series of reactions (cf. Scheme 20).

The dienes 36 and 37 were then con-
verted into the polyhydroxylated quinoli-
zidines 42 and 43 respectively as shown
in Scheme 21 using Grubb’s second-gen-
eration catalyst for ring-closing metathesis
followed by dihydroxylation and deprot-
ections. Likewise, compounds 38 and 39
gave bicyclic molecules 46 and 47 using
similar sequence of reactions.

Further, the bicylic enamides 40, 41, 44
and 45 were hydrogenated and also deben-
zylated using Pd(OH)

2
/MeOH/H

2
at 50 psi

for 24 h to form trihydroxyamides 48, 49,
50 and 51 (Scheme 22) respectively.

The inhibitory activity of all new bi-
cyclic quinolizidinone molecules 42, 43,
46, 47, 48, 49, 50, 51 were tested against
a few glycosidases. Thus, pentahydroxyl-
ated-quinolizidinones 42, 43 and 46 did
not show good inhibition while 47 showed
moderate inhibition of β-glucosidase (al-

monds, 0.75 mM) and β-galactosidase
(bovine liver, 0.29 mM). On the other
hand, trihydroxyquinolizidines 48, 49,
50 and 51 were found to be selective in-
hibitors of glycosidases. Thus, compound
48 was found to inhibit β-galactosidase
(bovine liver) at 1.40 mM concentration
whereas compound 11b showed inhibi-
tion of α-mannosidase (jack beans) at 0.37
mM concentration. Likewise, compound
12a showed inhibition of β-glucosidase
(almonds) at 3.80 mM while compound
12b inhibited β-galactosidase at 1.58 mM
concentrations respectively. Clearly, the
selective inhibition using the last four com-
pounds is encouraging and these could be
improved by further studies with respect
to change in position, stereochemistry and
number of –OH groups/and or ring sizes.

8. Acetyl Chloride-AgNO3-CH3CN-
mediated Synthesis of 2-Nitro
Glycals and 2-Nitro-1-acetamido
Sugars

Finally more recently, we have intro-
duced[29] a new reagent system comprising
CH

3
COCl-AgNO

3
-CH

3
CN for the conver-

sion of glycals into 2-nitro glycals and also
to 2-nitro-1-acetamido sugars. The nature
of the product depends upon the reaction
conditions. The reactions are believed to
proceed as shown in Scheme 23.

The 2-nitroglycals are useful interme-
diates[30] in carbohydrate chemistry and ac-
cess to such molecules from glycals under
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relativelymild conditions is important. The
most commonly used method to procure
2-nitroglycals is from glycals by reacting
them with acetyl nitrate (generated from
acetic anhydride and nitric acid at –33 °C)
followed by treatment with Et

3
N.However,

the present method is mild and does not
require the use of Et

3
N. Depending on the

concentration of CH
3
CN and temperature

of the reaction, the product ratio could be
managed. Thus, for example, 0.24 mmol
of 2,4,6-tri-O-benzyl glucal upon treat-
ment with 1 equiv. of AgNO

3
and 1 equiv.

of CH
3
COCl in 3 mL of acetonitrile at 55

°C gave 8:1 ratio of 2-nitroglucal 52 and
2-nitroacetamide 54, as a mixture of dia-
stereomers, in 75% combined yield. On the
other hand, use of 7 mL of acetonitrile at
15 °C gave 72% of the 2-nitroacetamide
54 exclusively. It may be noted that 2-ni-
trogalactal gave better selectivity of the
2-nitroactamide leading to 78% of the two
products 56 and 57 in 9:1 ratio. A variety
of 2-nitroglycals could be procured by this
method. A few representative examples of
the 2-nitroglycals procured by this method
are shown in Fig. 9.

It was interesting to carry out a few re-
actions[31] on acetylated 2-nitroglycals and
it was possible to add alcohols upon catal-
ysis with DMAP to form the correspond-
ing glycosides accompanied by Ferrier
type reaction. A few examples are shown
Scheme 24. Interestingly, when PhSh and

NaN
3
were used as nucleophiles, the sub-

stitution occurred at C(3) forming 58 and
59 as exclusive products in 86% and 78%
yields respectively. Further aspects of the
chemistry of these newly formed sugar-
derived nitro-olefins are being carried out
and will be reported in due course.

9. Miscellaneous Transformations
of Glycals

Apart from the above-described trans-
formations, glycals have also been dihy-
droxylated into 1,2-dihydroxy sugars with
oxone-acetone-water-NaHCO

3
reagent

system in moderate to good yields.[32]
Further, we have also found[33] that HClO

4
-

SiO
2
reagent system catalyzes addition of a

variety of alcohols to 3,4,6-triacetyl glucal
to form the corresponding 2,3-unasturated-
O-glucosides via the well known Ferrier
reaction[8] in good to excellent yields in
short time. Also, 3,4,6-trihydroxy glucal
(or galactal) form the chiral furan diol
60 (Scheme 25) in excellent yields when
treated with 5 wt% of HClO

4
-SiO

2
reagent

system.

10. Conclusions

In summary, we have been involved in
developing a variety of useful transforma-

tions of glycals to functionalized sugar
substrates and some of them have been
utilized in procuring useful glycosidase in-
hibitors which are either monocyclic or bi-
cyclic imino (or aza) sugars. It is expected
that some of these methodologies will find
use in organic synthesis and in carbohy-
drate chemistry in particular.
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