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In the past one-decade, we have synthesized a number of natural and unnatural analogues of azasugars and evaluated
their glycosidase inhibitory activity. In all our synthetic methodologies, we have utilized D-glucose as a chiral building
block. The strategies used in the synthesis include simple organic transformations such as: (a) intermolecular conjugate
addition, (b) 1,3-dipolar cycloaddition, (c) asymmetric dihydroxylation, (d) regioselective epoxide opening, (e)
reductive amination, (f) ring closing metathesis, (g) 1,3-addition reaction etc. A brief account of our contribution

in the area of azasugars is described.
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Introduction

Glycobiology is an emerging research field at the
frontier of chemistry, enzymology and biology.
Many important biclogical processes, wherein
glycosidases play a crucial role, are being uncovered
leading to the possibility of finding new therapeutic
targets for the treatment of diseases such as obesity,’
diabetes,? viral infection,® and cancer.* Most
glycosidase inhibitors share two common structural
features:- (i) a basic nitrogen that, at physiological
pH, mimics the positive charge formed during the
hydrolysis of the glycosidic bond and (ii) an array
of hydroxyl groups in a conformationally restricted
motif that selectively fit into the enzyme site. The
structure of azasugar is the obvious choice for this
molecule, as their six membered chair conformation
is identical to that of sugar. The parent molecule
of azasugars namely nojirimycin 1 is the compound
in which the ring oxygen of D-glucose is replaced
by the nitrogen atom. These azasugars are also
known as iminosugars. The polyhydroxylated
piperidine (e.g. nojirimycin), pyrrolidine (e.g. 4-
hydroxymethyl-2,3-dihydroxypyrrolidine), azepane
(e.g. tetrahydroxy azepane), indolizidine (e.g.
castanospermine), quinolizidine (e.g. homo-
castanospermine) alkaloids in general form the
class of azasugars (Fig. 1).

The azasugars show potential glycosidase
inhibitory activity and therefore promising candidates
*Email:ddd@chem.unipune.ernet.in

for the therapeutic applications. In addition,
polyhydroxylated seven membered azasugars-
azepanes are also potentially useful as DNA minor
groove binding ligands (MGBL).> The hydroxyl
groups in azepanes adopt different conformations
due to the flexibility of the seven-membered ring,
thereby increasing the probability of forming
hydrogen bonds with nitrogen base, thus showing
the ability to bind into the minor groove of DNA.
In the search for structure-activity relationship, the
last two decade has witnessed a massive development
in the synthesis of azasugars and evaluation of their
glycosidase inhibitory activity and thus opened a
new area of research at the interface of synthetic
organic chemistry and glycobiology.

As part of our interest in the carbohydrate
chemistry, we have synthesized a number of
polyhydroxylated piperidine, pyrrolidine,
indolizidine, quinolizidine and azepane alkaloids
using different organic transformations. Thus,
starting from D-glucose as a substrate, our
methodologies mainly include (a) intermolecular
Michael addition, (b) 1,3-dipolar nitrone olefin
cycloaddition, (c) 1,3-addition reaction of
organometalics to nitrone, (d) asymmetric
dihydroxylation, (e) regioselective sugar epoxide
opening, (f) reductive amination, (g) ring closing
metathesis and (h) sugar aziridines etc. Our synthetic
contribution to azasugars and study of their
glycosidase inhibitory activity is discussed herein.
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1 Hydroxylated Piperidine Alkaloids

1.1 Introduction

Nojirimycin 1 is one of the first naturally
occurring carbohydrate mimic azasugar in which
a nitrogen atom replaces the oxygen in the D-
glucose ring. Over the years, a large number of
nojirimycin analogues have been either isolated
from the nature or synthesized in the laboratory that
include 1-deoxynojirimycin 2, homonojirimycin
analogues 3 and 4 and fagomine 5 and isofagomine
analogues 6a and 6b.

1.2 Synthetic Methodologies

1.2.1 Synthesis of 6-deoxy-nojirimycin®
D-Glucose was easily converted to D-xylo- and
D-ribo-configurated pentodialdoses 7a and 7b. The
individual reactions of 7a and 7b with N-benzyl
hydroxylamine hydrochloride gave nitrones 8a and
8b, respectively, in good yields (Scheme 1). The
1,3-addition of methylmagnesium chloride to nitrone
8a afforded a distereomeric mixture of N-benzyl
hydroxylamines 9a,10a. The diastereoselectivity
of the addition reaction was improved by the use
of trimethylsilyl triflate which afforded D-gluco 9a
and L-ido 10a isomer in the ratio 87:13. The D-
gluco isomer 9a was separated by column
chromatography and subjected to N-O bond
reductive cleavage to afford the N-benzyl amino
sugars 11a which on hydrogenolysis followed by

treatment with SO, gas afforded bisulphite adduct.
The bisulphite product on passing through basic
column afforded 6-deoxynojirimycin 14. The 1,3-
addition reaction of methylmagnesiumbromide was
also extended with D-ribo-configurated nitrone 8b.

1.2.2 Stereocontrolled 1,3-addition Reaction of
Silyl Ketene Acetal to Sugar Nitrones: Synthesis
of D- gluco-I-deoxy-homo-nojirimycin and L-
ido-1-deoxy-homo-nojirimycin’

The 1,3-addition reaction of silyl ketene acetal
to D-glucose derived nitrone 8a and N-O bond
reductive cleavage afforded D-gluco and L-ido-
configured-f-amino ester derivatives 15a and 15b
(Scheme 2). The diastereoselectivity in the 1,3-
addition reaction was improved as well as altered
by making use of different Lewis acids. Reduction
of the ester group in 15a followed by hydrogenolysis
gave an amino alcohol that on selective N-Cbz
protection afforded 19a. The compound 19a on
1,2-acetonide deprotection and reductive amination
by hydrogenation afforded D-gluco-1-deoxy-homo-
nojirimycin 3. Analogously, f3-aminoester 15b was
converted to L-ido-1-deoxy-homo-nojirimycin 4.

1.2.3 Intermolecular Conjugate Addition of
Substituted Amine to Sugar Derived a,b-
unsaturated Ester: Synthesis of 1-deoxy-D-gluco
and L-ido-homonojirimycin®

An alternative approach to 1-deoxy-D-gluco-
homonojirimycin 3 and 1-deoxy-L-ido-
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Scheme 1°
Synthesis of 6-deoxynojirimycin
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Scheme 2°
Synthesis of homo-1-deoxy-D-gluco-nojirimycin and homo-1-deoxy-L-ido-nojirimycin
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homonojirimycin 4 was achieved via the
intermediacy of D-glucose derived f-amino esters
16a,b. The Wiitig olefination of aldehyde 7a afforded
an o,B-unsaturated ester 20. The key step involved
was the intermolecular conjugate addition of
benzylamine to «,p-unsaturated ester 20, which
afforded diastereomeric mixture of f-amino esters
with D-gluco 16a and L-ido 16b configuration in
the ratio 32:68, respectively (Scheme 3). Attempts
were made to improve the diastercoselectivity at
the prochiral C-5 in the favour of D-gluco/L-ido
isomer. The kinetically controlled condition using
N-benzyl lithiumamide at — 40° C afforded L-ido
isomer as the exclusive product in 92 % yield.
Attempts to get the D-gluco isomer in major amount
under different reaction conditions such as
temperature, change of solvents, different Lewis
acids were unsuccessful. The B-amino esters 16a,b
were subsequently converted to target molecules
3 and 4 as shown in scheme 3.

1.2.4 A Stereo Selective Synthesis of 1,6-
dideoxy Nojirimycin®

The D-xylo-pentodialdose 7a was easily
converted to P-ketoester 21 by reacting with ethyl
diazoacetate in the presence of catalytic amount of
BF,.etherate in dichloromethane. Decarbalkoxy-
lation of 21 using sodium chloride in wet DMSO
afforded 5-keto sugar 22 in good yield (Scheme
4). Hydrolysis of the 1,2-O-isopropylidene

o)

16a, R; = NHBn, R, = H
16b, Ry = H, R, = NHBn

R
HO™

3, R1 = CHchon, Rz =H
4, R =H, Ry = CH,CH,OH

functionality in 22 followed by critical double
reductive amination reaction with benzhydrylamine
and NaCNBH, (catalytic acetic acid) in methanol
at -78 °C afforded a diastereomeric mixture of
piperidines 23a,b corresponding to D-gluco and L-
ido configurations in the ratio 86:14, respectively.
Benzylation of the diastereomeric mixture provided
an easy access for purification and the required D-
gluco-diastereomer 24a was isolated in good yield
by chromatography. One-pot removal of N-CHPh,
and O-Bn groups in the D-gluco isomer 24a by
hydrogenolysis (ammonium formate, 10% Pd/C in
methanol at 70 °C for 30 min) gave 1,6-
dideoxynojirimycin 25a and 25b as a colorless
liquid.

1.2.5 Intramolecular Conjugate Addition of
Benzylamine to Sugar Derived a,b-unsaturated
Ester: Synthesis of 1-deoxy-L-ido-
homonojirimycin®

The removal of 1,2-acetonoide functionality in
o,f3-unsaturated ester 20, afforded hemiacetal 26
(Scheme 5). The treatment of hemiacetal 26 with
benzylamine and NaCNBH, gave lactone 27 with
'C, conformation. This one pot three step reaction
involves reductive amination at C-1, intramolecular
conjugate addition and domino lactonization to
give 27. The reduction of the lactone functionality
followed by hydrogenolysis afforded 1-deoxy-L-
ido-homonojirimycin 4 with ‘C, conformation as
evident from the 'H NMR data.

17a, R; =NHBn, Ry = H
17b, Ry =H, R, = NHBn

““OH

19a, Ry = NHCbz, Ry = H
19b, R; = H, R, = NHCbz

3Reaction Conditions: (a) PhsP=CHCOOEL, CH,CN, 80 °C, 3 h; (b) BnNH,, 1t, 24 h; (c) LAH, THF, rt, 2 h. (d) (i)
HCOONH,, Pd/C, 80 °C 2h. (ii) CbzCl, NaHCO3, EtOH:H,0 (1:1), 2 h. () (i) TFA:H,0 (3:2), rt, 2 h. (ii) 10% Pd/C,

Hy, MeOH, 45 psi.

Scheme 3°
Synthesis of 1-deoxy-D-gluco-homonojirimycin and 1-deoxy-L-ido-homonojirimycin
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Scheme 4°
Synthesis of 1,6-dideoxynojirimycin by double reductive amination
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(f) 10 % Pd/C, HCOONH,4, MeOH, 80 °C, 1h.

Scheme 5°
Synthesis of 1-deoxy-homo-L-ido-nojirimycin

1.2.6 N-Hydroxy-ethyl-piperidine and —
pyrrolidine homoazasugars: Preparation and
Evaluation of Glycosidase Inhibitory Activity"

Amongst nojirimycin analogues, the N-alkylated
derivatives are strong glycosidase inhibitors. In
particular, the N-hydroxyethyl-1-deoxynojirimycin
namely miglitol was found to be a potent sucrase
inhibitor and has been reported to reduce
postprandial elevations of blood glucose and plasma
insulin in animals including tests with starch and

sucrase. In view of this, we have synthesized N-
hydroxyethyl-1-deoxy-D-gluco- and L-ido-
homonojirimycins 37a and 37b, respectively. The
individual N-alkylation of $-aminoesters 16a,b with
ethyl bromoacetate followed by reduction with
LAH afforded the required N-hydroxyethyl
derivatives 32a,b. Acetylation, hydrogenation and
selective protection of amine with Cbz afforded
compounds 35a,b. The removal of 1,2-acetonide
functionality, hydrogenation and deacetylation
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?Reaction Conditions: (a) BrCH,COOEt, K,CO4, DMF, it, 24 h; (b) LAH, THF, 0 °C, 2 h; (c) Acy0, Py, 40 h;
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Scheme 6*
Synthesis of N-hydroxyethyl piperidine alkaloids

afforded N-hydroxyethyl D-gluco-1-deoxyhomo-
nojirimycin 37a and N-hydroxy-ethyl-L-ido-1-deoxy
homonojirimycin 37b, respectively, which were
characterized as acetyl derivatives 38a,b (Scheme
6).

Glycosidase Inhibitory Study

Glycosidases particularly $-glucosidase (E.C.
3.2.1.21), a-galactosidase (E.C 3.2.1.22), B-
galactosidase (E.C.3.2.1.23) and o-mannosidase

(E.C. 3.2.1.24) are abundantly present in sweet
almonds. Therefore inhibitory potency of
homoazasugars 37a, 37b, 38a and 38b was evaluated
using glycosidases extracted from sweet almonds.
The IC,; (values) obtained for the above mentioned
compounds are summarized in Table I. 1-
Deoxynojirimycin (2) is reported to be a potent
inhibitor of all types of mammalian a-glucosidases
and is also a moderate to weak inhibitor of b-
glucosidase, B-galactosidase and a-mannosidase.

Table 1
Concentration of N-hydroxyethyl-1-deoxyhomonojirimycin and N-hydroxyethyl-pyrrolidine Derivatives (mM) Giving
50% Inhibition of Glycosidases

Compound IC, (uM)
B-glucosidase B-galactosidase a-galactosidase o-mannosidase

37a 425 9.04 NI NI
37b 2.11 1.29 NI 3.52
38a NI NI NI NI
38b 232 6.96 NI NI
67a NI 23.5 3.27 6.54
67b NI 23.40 3.11 4.20

NI, inhibition not observed under assay condition.

All above values are an average obtained from three sets of assays performed.
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From the IC,, (values) obtained for N-hydroxyethyl
compounds 37a and 37b, it can be observed that
they are potent f3-galactosidase, P-glucosidase and
o-mannosidase inhibitors, but do not inhibit o-
galactosidase. Thus, the introduction of N-
hydroxyethyl and C-5 hydroxyethyl functionality
(instead of C-5 hydroxymethyl group as in 2) makes
them more potent against f3-glycosidases as
compared to a-glycosidases. Comparison of IC,
(values) between 37a and 37b suggests that the
replacement of C-5 position with a-oriented —
CH,CH,OH functionality in 37b resulted in increased
potency towards p-galactosidases. Inhibitory
effectiveness of both azasugars (37a and 37b) is
more than that of their pentaacetate forms (38a and
38b). The N-hydroxyethyl pyrrolidine 6 and 7 were
found to be moderate to weak glycosidase inhibitors.

1.2.7 Asymmetric Dihydroxylation of D-glucose
derived o, f-unsaturated Ester: Synthesis of 1-
deoxynojirimycin Analogues'

The D-glucose derived o, S-unsaturated ester 20
was also exploited in the synthesis of 1-deoxy-
nojirimycin analogues using Sharpless asymmetric
dihydroxylation methodology. The dihydroxylation
of 20 using potassium osmate (catalytic), potassium
ferricyanide, potassium carbonate and methane
sulfonamide in tert-butanol-water (1:1) afforded a
diastereomeric mixture of vicinal diols 39a and 39b
in the ratio 67:33. The formation of 39a is according
to Kishi’s empirical rule wherein the syn-
hydroxylation from the side opposite to the pre-
existing furanose alkoxy group is preferred. The
diastereoselectivity in the formation of 39a and 39b
was improved using cinchona alkaloids as chiral
ligands. Thus, the use of [(DHQ),PHAL] in
osmylation  afforded 39a  with  high
diastereoselectivity (de 94%), while the use of
[(DHQD),PHAL] gave 39a:39b in the ratio 32:68
as determined by the '"H NMR of the crude mixture
(Scheme 7). The 44a and 44b were elaborated to
the synthesis of 1-deoxy-D-altronojirimycin and 1-
deoxy-L-nojirimycin, respectively. Thus, treatment
of diol 39a with thionyl chloride in pyridine afforded
the cyclic sulfite that was further oxidized using
sodium metaperiodate and a catalytic amount of
ruthenium trichloride to furnish the cyclic sulfate
40a. The regioselective ring opening of cyclic
sulfate 40a with sodium azide, at the o-position to
the carboethoxy group in an S 2 fashion, followed

by acid hydrolysis provided the azido ester 4la.
Reduction of the azido ester 41a with LAH afforded
an amino alcohol that was directly subjected to
hydrogenolysis using ammonium formate in the
presence of 10% Pd/C followed by reaction with
benzyl chloroformate to give N-Cbz protected amino
alcohol 42a. The free hydroxyls were protected by
acetyl protection by treating with acetic anhydride
and pyridine, which afforded triacetates 43a that
on 1,2-acetonide deprotection, sodium
metaperiodate cleavage and hydrogenolysis
afforded trihydroxy piperidines. The trihydroxy
piperidines on acidic hydrolysis using methanolic
hydrogen chloride followed by basic resin treatment
afforded 1-deoxy-D-altro-nojirimycin 44. The same
sequence of reactions was claborated with 39b to
givel-deoxy-L-nojirimycin 45.

1.2.8 Synthesis and Evaluation of the Glycosidase
Inhibitory Activity of 5-hydroxy Substituted
Isofagomine Analogues”

The naturally occurring 1,2-dideoxynojirimycin
is called as fagomine, which was isolated from
various microorganisms or plant sources and
evaluated for their glycosidase inhibitory potency.
A subtle change in selective glycosidase inhibitory
activity in 1-deoxy nojirimycir 2 was observed by
moving the nitrogen atom to the anomeric position
to form isofagomine - a much more potent and
selective P-glucosidase inhibitor. The name
isofagomine was given due to the difference between
the position of nitrogen in fagomine and
isofagomine. In isofagomine, the anomeric carbon
C-1 of fagomine is substituted by nitrogen and
therefore isofagomines were termed as 1-azasugars
or 1-N-iminosugars.

An efficient strategy for the synthesis of 5-
hydroxy substituted isofagomine analogues
50a-c¢ having both —~CH,OH/CH, and -OH
functionality at the C-5 position, and evaluation of
their inhibitory potency is reported. The synthetic
methodology involves the aldol-Cannizzaro reaction
of easily available o-D-xylo-pentodialdose followed
by hydrogenolysis to afford the triol 46. The
regioselective tosylation of f3- and a-hydroxymethyl
group gave 47 and 52 respectively. The amidation
of 47, deprotection of the 1,2-acetonide group and
hydrogenation gave 50a. Similarly 50b was obtained
from 52. An interesting product that formed in
azidation reaction of 47 was 55, that was elaborated
to new isofogamine analogue 50c. All the target
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2Reaction Conditions: (a) K;Fe(CN)g, K,CO3, CH3SO,NH,, (DHQ),PHAL, t-BuOH:H,0 (1:1), 0
°C, 24 h; (b) K3zFe(CN)g, K;CO3, CH3SO,NH,, (DHQD),PHAL, £BuOH:H,0 (1:1), 0 °C, 24 h; (c)
(i) SOCI,, Py, CH,Cly, 0 °C, 30 min; (ii) NalOy4, RuCls. 3H,0, CH3CN:H,0 (3:1), 0 °C, 10 min. (d)
(i) NaN3, acetone:water (4:1), 0 °C to 25 °C, 2 h; (i) 20% H,SOy, ether:water (6:1), 25 °C, 6 h.
(e) (i) LAH, THF, 0 °C to 25 °C, 3 h; (ii)) HCOONH,, Pd/C, MeOH, 80 °C, 1 h; (iii) CbzCl,
MeOH:H,0 (9:1), 0 °C to 25 °C, 3.5 h; (f) Ac,O, DMAP, Py, it, 12 h; (g) (i) TFA:H,0 (2:1), 0 °C to
25 °C, 2.5 h; {ii) Hy, Pd/C, MeOH:HCI (9:1), 80 psi, 24 h; (iii) MeOH:HCI (9:1), 80 °, 6 h; (h) NH3,

MeOH, rt, 30 min.

Scheme 7°
Synthesis of 1-deoxy-D-altronojirimycin and 1-deoxy-L-nojirimycin

compounds were converted to their hydrochloride
salts (Scheme 8).

Glycosidase Inhibitory Study

Isofagomine. is known to be the most potent
inhibitor of B-glucosidase (IC,, 0.11 uM) and most
of the inhibition data for isofagomine analogues is
known in IC, (values). So the IC (values) were
determined for the compounds 50a-c¢ and are
summarized in Table II. The a-glucosidases, however
are generally more powerfully inhibited by 1-
deoxynojirimycin analogues. There are several
explanations available for observed inhibitory
profiles of isofagomine compared to that of the
related 1-deoxynojirimycin. The inhibition potential
increased tremendously for compounds 50a and

50b, which have C3a-OH group. The compound
50a showed selectivity towards f-glycosidases
inhibition that is expected notion for isofagomine
class of glycosidase inhibitors. The compound 50c,
with methyl and hydroxyl group at C-5 and C3a-
OH, strongly inhibits most of the glycosidase
enzymes. This result could be attributed to the
hydrophobic interaction of CH, group at the active
site of glycosidases. In addition, 50c also
demonstrated excellent potency against human
salivary amylase.

1.2.9 Synthesis of 1-N-iminosugars: Evaluation
of Glycosidase Inhibitory Activity”

D-glucose was converted to D-xylo and D-ribo
pentodialdose 7a and 7b as reported earlier. On
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51, R=0H 50b
®) €5 R=0Ts ® CSop.Hel
(©)$53.R=N;,
(d) 54, R= NHCbz
N
(h) N O~ (d) CbzHN o )
47—>48+:>@‘—’ ‘>®_>H3C .
I 0o HaC o} Hd:' “OH
O\k OQ( OH
55

50c
® CSoc.Hel

?Reaction Conditions: (a) HCHO, NaOH, THF/H,0, rt, 10 h; (b) TsCl, Py, -15 °C, 24 h; (¢}
NaN3, DMF, 110 °, 60 h; (d) LAH, THF, 0 °C-rt, 1.5 h; (ji) CbzCl, NaHCO3, MeOH/H,0, 0 °C,
3h; () (i) TFAH,0 (3:2) rt, 2 h; (i) HCOONHy, 10% Pd/C, MeOH, 80 °C, 45 min; (f) HCI,
MeOH, rt, 2h (g) 2,2-dimethoxy propane, p-TSA, MeOH, 25 °C, 5 min; (h) NaN3, DMF, TBAI,
110°,6h
Scheme 8°
Synthesis of isofagomine analogues

Table II
Inhibitory Potencies of 1-azasugars 50a— (IC,, mM)
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Compound a-glucosidase f-glucosidase a-galactosidase {B-galactosidase o-mannosidase
50a NI 2.57 8.74 2.18 2.20

50b 7.11 16.78 17.12 16.85 NI

50c 1.75 1.76 NI 1.89 1.77

NI, inhibition not observed under assay condition.

All above values are an average obtained from three sets of assays performed.

reduction followed by tosylation, azide displacement,
hydrogenation and selective N-Cbz protection with
benzyloxy carbonyl chloride gave 60a, which on
removal of 1,2-acetonoide functionality, and
hydrogenation afforded corresponding 1-aza-sugars
6la in good overall yield. The same reaction
sequence was carried out on D-ribo configurated
pentodialdose 7b to afford 61b. Similarly 7b was
elaborated to isofogamine 61¢ with -CH CH,OH
functionality at C-4. The glycosidase inhibition
activity of these 1-aza-sugars was tested with sweet
almond as a rich source of different glycosidases.

Glycosidase Inhibitory Study

Almond seeds are known to be a rich source
of glycosidases namely oa-glucosidases (E.C.

3.2.1.23), B-glucosidases (E.C. 3.2.1.2.4), a-
galactosidases (E.C.3.2.1.2.2), B-galactosidases
(E.C. 3.2.1.2.3), and a-mannosidases (E.C.
3.2.1.2.4). Therefore, the potency of 1-aza-sugars
6la-c as glycosidase inhibitors was evaluated using
almond seed extract as a glycosidase source. The
IC,, (values) obtained are summarized in Table III.
In the case of 6la, the observed IC  (value) for
b-glucosidase inhibition is found to be comparable
to that reported. The glycosidase inhibition activity
of 61b, although known in the literature as 61b.HCI,
is not reported. Our results demonstrate that 61b
is a potent B-glucosidase inhibitor than 6la. This
indicates that inversion of configuration at C-4 in
piperidine triol, with —OH substituent, has a
significant increase in P-glucosidase inhibition
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7abc——-> HO/\Q‘ o TsO/\@ ()

Rz O\k Ro O\k

I

R o\k

57a, Ry =0Bn,R,=H 58a, R1=0Bn, Ry = 59a, R =0Bn, R, =
57b, Ry =H, R, = OBn 58b, Ry =H,R, = OB!"I 59b,R{=H, Ry = OBn
570, R1 = H, R2 = (CHz)zan 58C, R1 = H, Rz = (CHz)zan 59C, R1 = H, R2 = (CHz)ZOBn

l(d)

HO™ o}
Rz o\k

61a, Ry =0OH, R, =H 60a, Ry =0OH, Ry =H

61b, Rq = H, R2 = OH 60b, R1 = H, R2 =OH

61c, R1 =H, R2 = (CHz)on 60c¢, R1 =H, Rz = (CHz)ZOH

#Reaction Conditions: (a) NaBH,, EtOH, 0 °C, 2 h; (b) TsCl, Py, 0 °C 4h; (c) NaN3, DMF, 90 °C, 2.5 h:
(d) (i) 10% Pd/C, Hy, MeOH, 80 psi, 12 h; (ii) CbzCl, NaHCO3, EtOH:H,0 (1:1), 2 h. (e) (i) TFA:H,0 (3:2),
rt, 2 h. (ii) 10% Pd/C, H,, MeOH, 80 psi; 12 h.
Scheme 9*
Synthesis of piperidine triol

Table III
Inhibitory Potencies of 1-aza-sugars (IC,, mM) of 6la-c
Compound ., (UM)
B-glucosidase a-glucosidase B-galactosidase a-galactosidase o-mannosidase
6la 1.40 x 10° - 3.6 x 10° 4.44 x 10° -
61b 3.18 x 10° - 327 x 10° - -
61c 497 x 10° - - -

activity. Biological activities of 61a and 61¢ (wherein
B-hydroxy functionality at C-4 was replaced by o-
CH,CH,OH functionality) were compared. The
comparative study demonstrates that the replacement
of C4-OH with a-oriented CH,CH,OH functionality
resulted in increased potency towards f-glucosidases
with high specificity.

2 Pyrrolidine Alkaloids

2.1 Introduction

The pyrrolidine ring skeleton is among the most
commonly occurring structural cores in a large
number of biologically active alkaloids. Among

g N
R CgHig N
HO OH
62a, R = B-CH,CH,OH 63

62b, R = 0-CH,CH,OH

OH

these the hydroxylated pyrrolidines have evoked
considerable interest in recent years owing to both
their enormous therapeutic potential and application
as catalyst in asymmetric synthesis. Due to their
close resemblance to furanose form of sugars, the
hydroxylated pyrrolidines e.g. 62a,b are now
considered as pyrrolidine azasugars. Among the
pyrrolidine azasugars, N-alkylated pyrrolidines are
notable. For example, (+)-preussin (L-657398, 63)
is an antifungal antibiotic and (-) or (+)-
codonopsinines (64a or 64b) are hypotensive agents
without side effect. The presence of N-methyl group
in these compounds is considered to be important
for their activity. Thus, efforts to understand the

HO ~ OH

64a, R = B-CH;
64b, R = o-CH;

Fig.3 Pyrrolidine Alkaloids
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chemistry and biochemistry of N-alkylated
pyrrolidines remain to be an active area of
investigation. In view of this, different analogues
of pyrrolidines and N-alkylated pyrrolidines have
been synthesized and evaluated for glycosidase
inhibitory activities.

2.2 Synthetic Methodologies

2.2.1 N-Hydroxy-ethyl-pyrrolidine Homoazasugars:
Preparation and Evaluation of Glycosidase
Inhibitory Activity"

As described in scheme 6, compounds 35a,b
on acetylation gave acetylated products 65a and
65b which on 1,2-acetonide deprotection, one carbon
chopping by sodium metaperiodate oxidation,
hydrogenation and deacetylation gave 1,4,5-
trideoxy-1,4-imino-N-hydroxyethyl-D-arabino-
hexitol 67a and 1,4,5-trideoxy-1,4-imino-N-
hydroxyethyl-L-xylo-hexitol 67b, respectively
(Scheme 10). The glycosidase inhibition activity of
67a,b are reported in Table 1.

2.2.2 Intramolecular Conjugate Addition of
Benzylamine to D-glucose derived o,f-
unsaturated Ester: An Efficient Synthesis of
Trihydroxylated pyrrolidine Alkaloids as
Potential Glycosidase Inhibitors®

A short and efficient synthesis of 1,4,5-trideoxy-
1,4-imino-L-xylo-hexitol 72a and 1,4,5-trideoxy-
1,4-imino-D-arabino-hexitol 72b was reported using
the intramolecular conjugate addition of benzylamine
to an o,B-unsaturated ester derived from D-glucose.
Thus, the chopping of C-1 in o,p-unsaturated ester

R1 R2

@) e

35a,b — AcO OAc
o)
o\%

65a, R; = N(Cbz)CH,CH,0Ac, Ry = H
65b, Ry = H, R, = N(Cbz)CH,CH,0AC

20, by 1,2-acetonide deprotection and sodium
metaperiodate oxidative cleavage gave aldehyde
69 (Scheme 11). The aldehyde 69 on reductive
amination with benzylamine and sodium
cyanoborohydride, followed by in situ conjugate
addition gave 70a and 70b in the ratio 42:58, that
on LAH reduction and hydrogenolysis afforded
corresponding pyrrolidines 72a and 72b.

3 Azepane Alkaloids

3.1 Introduction

The seven membered polyhydroxylated
azasugars are generally known as azepanes. Due
to their structural flexibility the azepanes act as
DNA minor groove binding ligands (MGBL). The
different types of tri, tetra and pentahydroxylated
azepanes 73a-c and 74a,b are reported in the
literature.

Due to the suger-like structure, many syntheses
of azepanes utilize carbohydrate as a chiral pool.
The hexoses are the obvious choice as the number
of carbons and the absolute configurations of the
hydroxyl groups at C-2, C-3, C-4 and C-5 in D-
glucose and D-mannose were noticed to be identical
with those in azepane at C-2, C-3, C-4 and C-5.3.2

Synthetic Methodologies

3.2.1 Concise and Practical Synthesis of
(2S,3R,4R,5R) and (2S,3R,4R,5S)-1,6-dideoxy-
1,6- iminosugars'®

D-Glucose was converted to 5,6-ene compound
75 as per the reported method. Epoxidation of 75

OR

HON H

N

66a, R = AC, R1 - CH2CH20AC, R2 - R3 =H
(c) (66b, R = Ac, Ry = Rs = H, R, = CH,CH,0Ac

67a, R=R, = R3 = H, Ry = CH,CH,OH

67b, R = Ry = Ry = H, Ry = CH,CH,OH
d)C 68a, R = Ry = Ac, Ry = CH,CH,0AC, R, = H,

68b R = R3 = AC R1 H R2 = CHchzoAC

#Reaction Conditions: (a) Ac,0, Py, 3 h; (b) (i) TFA/H,0, 3 h; (i) NalQ,, acetone/water, 0 °C, 3 h; (iii)
HCOONH,, 10% Pd/C, 80 °C, 1 h; (¢c) NaOMe, MeOH, 0 °C tort, 12 h; (d) Ac,0, Py, 0°Ctort, 12 h.

Scheme 10*
Synthesis of N-hydroxyethyl pyrrolidine alkaloids
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o COOEtBn En

(a) ocHo  (b)
20—->Et0 = OBh H —™

69 © HO" 704 'OBn O 70p OBn
(c) l(C)
R
R N
HO\/\Q HOV""
\\‘ \\‘.
HO' OR HO OR
71a,R = Bn 71b,R=Bn
@ o) (
72a,R=H 72b,R=H

aReagents and conditions: (a) (i) TFA: H,0 0 °C to 25 °C, 3 h; (ii) NalQO4, acetone-water,
0 °C to 25 °C, 40 min; (b) BnNH,, CH3COOH cat., NaCNBHj3, dry MeOH, -20 °C 3 h then 25
°C, 4 h; (c) LiAlH,, THF, 0 °C to 25 °C, 75 min; (d) Hy, Pd/C, 80 psi, MeOH, 18 h.

Scheme 11°
Synthesis of pyrrolidine alkaloids

using m-CPBA afforded D-gluco- and L-ido-
configurated diasterepmeric mixture of 5,6 epoxides
76a and 76b. The regioselective epoxide ring opening
of 76a and 76b with N-benzylamine, hydrogenolysis
and selective N-Cbz protection afforded 78a and
78b, respectively. The removal of 1,2-acetonide
functionality followed by hydrogenation afforded
the  corresponding  (2S5,3R,4R,5R) and
(2S,3R,4R,55)-1,6-dideoxy-1,6 iminosugars 73a
and 73b.

3.2.2 Concise Practical Synthesis of
(3S,4R,5R)-trihydroxy Azepane'

A practical approach for the synthesis of the
(25,3S,4R)-trihydroxyazepane 73¢ was reported
starting from D-xylo-pentodialdose 7a. Thus, one
carbon homologation of 7a by Wittig olefination
followed by reductive amination, hydrogenolysis
and selective amine protection afforded 82. The 1,2
acetonide deprotection and reductive amination
afforded trihydroxy azepanes 73ec.

3.2.3 Asymmetric Dihydroxylation of D-glucose
derived o,fB-unsaturated Ester: Synthesis of
Azepane Analogues'

Compounds 42a and 42b as described in scheme
7 were converted to the hydroxymethyl azepanes
74a and 74b in two efficient steps by removal of
1,2-acetonide functionality, and reductive amination
under hydrogenation condition.

4 Indolizidine Alkaloids

4.1 Introduction

1,6,7,8-Tetrahydroxyindolizidine, commonly
known as castanospermine 83, was isolated from
the seeds of the Australian legume Castanospermum
australe and the dried pod of Alexa leiopetala.
Castanospermine has five chiral centers and therefore
expected to have 32 stereo-isomers. In the search
for structure-activity relationship, a number of natural
and unnatural derivatives of castanospermine have
been synthesized and evaluated for glycosidase
inhibition.

We have broadly classified castanospermine
and its analogues into three categories; the brief
account of which is given below. In this series of
compounds, the systematic study for the improved
inhibition was made by designing and examining
how each hydroxy substituent in the glycon
contributed to the free energy of binding with the
enzyme. In this aspect, a variety of deoxy analogues
have been synthesized.

K ¥ o N
R, HO HO™
HO  OH HO  ©OH
OH 74a 74b

HO  OH

73a,R; = H,R, =
73b, Ry = OH, R, = H
73¢,R; = Ry=H

Fig.4. Azepane alkaloids
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0 c) RpHN
D-glucose OH OR1 O“ “HOH
o) N
l(a) O\k HO OH
76a 77a, R4y =Ry, =Bn
= or? ﬁ)_. s (d)(na R = H.Ry = Cbz 73a
o,,
o] _©F RoHN o] e
OH W I/OH
76b 77b, R R =Bn 73b
(d)(.nb Ry =H R2—Cbz

2Reaction Conditions: (a) Ref.15; (b) m-CPBA, DCM, 0 °C to 25 °C, 36 h; (c) BnNH,, neat, rt,
12 h; (d) (i) HCOONH,, Pd/C, MeOH, 80 °C, 1 h; (ii) CbzCl, NaHCO3, MeOH:H,0 (5:1), 0 °C to 25
°C, 4 h; (e) (i) TFA:H,0 (2:1), 11, 3 h; (i) Hp, Pd/C, MeOH, 80 psi, 12 h.

Scheme 12°
Synthesis of tetrahydroxy azepanes

(a) MeO 0 b) c BnHN ‘o)
OBn OBn OBn

0

79 04( 81 0\\(
l )

(e) 8 CbzhN
Q OH \/\Q\

82

#Reaction conditions: (a) CH30CH,PPhsBr, t-BuOK, 0 °C to rt, 2 h; (b) 3N HCI-THF, rt, 2 h; (c) BnNH,,
NaCNBHj, cat. AcOH, MeOH, 0 °C to rt, 12 h; (d) (i) HCOONH,, 10% Pd/C, MeOH, 80 °C, 1 h; (ii) CbzCl,
MeOH;H,0 (5:1),0° Ctort, 2 h; (e) (i) TFA:H,0 (2:1), rt, 3 h; (i) Hy, 10% Pd/C, MeOH, t, 12 h.

Scheme 13°
Synthesis trihydroxyazepane
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(a)

PReaction Conditions: (a) (i) TFA:H,0 (2:1), 0 °C t0 25 °C, 2.5 h;
(i) Ho, Pd/C, MeOH:HCI (9:1), 80 psi, 24 h.
Scheme 14*
Synthesis of hydroxymethyl azepanes

4.2 Synthetic Methodologies

4.2.1 Intermolecular Conjugate Addition of
Substituted Amines to a Sugar Derived a,b-
unsaturated Ester: Synthesis of 1-
deoxycatsanospermine and 1-deoxy-8a-epi-
castanospermine®

The B-amino esters with D-gluco 16a and L-ido
16b configuration as obtained earlier were

converted to y-amino esters 88a and 88b respectively,
by Arndt-Eistert synthesis, which on hydrogenolysis
and treatment with sodium acetate gave
corresponding y-lactums 89a and 89b. The LAH
reduction followed by selective N-protection,
hydrolysis-hydrogenation cascade successfully led
to 1-deoxy castanosperimine 84a and its 8a-epi
analogue 84b (Scheme 15).
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4.2.2 A Short and Efficient Synthesis of 1-
deoxy-castanospermine and 1-deoxy-8a-epi-
castanospermine’®

An efficient route for the synthesis of 1-deoxy-
castanospermine 84a and 1-deoxy-8a-epi-
castanospermine 84b has been developed via a
sequential triple reductive amination process of a
suitably protected D-gluco-oct-5-ulo-1,8-dialdose
92, which was easily prepared by three carbon
homologation of readily available a-D-xylo-
pentodialdose 7a using an appropriate Grignard
reagent followed by oxidation (Scheme 16).

i

WOH JOH wOH
Iy OH

: H: OH
OH OH

83 B4a 84b
Fig.5 Indolizidine Alkaloids

4.2.3 1,3-Dipolar Cycloaddition Reaction of D-
glucose Derived Nitrone with Allyl Alcohol:
Synthesis of 2-hydroxy-1-deoxy-castanospermine
Analogues®

The synthesis and evaluation of glycosidase
inhibitory activity of polyhydroxylated indolizidine

85a, Ry = NBnCbz, R, = H 86a, R; = NBnCbz, R, = H 87a, R, = NBnCbz, Ry = H
85b, Ry = H, R, = NBnCbz 86b, R;=H, R, =NBnCbz  87b, R; = H, R = NBnCbz
Q j (d
OH NCbz NH R, ‘RZ
N @ o ) o :
D oH -~ OH
H H
LY ToH o]
on 20 HO\k ©
oty %: 90b, p.H 89a, o-H 88a, R; = NBnCbz, R, = H
' ’ 89b, p-H 88b, R = H, R, = NBnCbz

®Reaction Conditions: (a) CbzCl, NaHCO3, EtOH:H,0 (1:1), 2 h; (b) LiOH, MeOH:H,O (4:1), rt, 4 h; (c)
EtOCOCI, NEt3, THF, 0 °C, 30 min; {d) (i) CH,N,, Et,0, 0 °C to 25 °C, 1.5 h; (i) PhCOOAg, NEts, MeOH, rt, 1.5
h; (e} (i) 10 % Pd/C, Hy, MeOH, (i) CHsCOONa, MeOH, 80 °C, 4 h; {f) (i) LAH, THF, 65 °C, 20 h; (ii) CbzCl,
NaHCOjg, EtOH:H,O (4:1), rt, 1.5; (g) (i) TFA:H,0 (3:2), rt, 2 h; (ii) 10% Pd/C, H,, MeOH, ri, 80 psi, 12 h.
Scheme 15*
Synthesis of 1-deoxycastanospermine and 1-deoxy-8a-epi-castanospermine

NCHPhg
Y\/KC? o) M @
OBn OBn OBn

93a, (xH
93b, B-H

92 o\%

l (d)
~OH NCbz

Z

OH H OH
O

o
o
a-H 90a, o-H \k
B-H

90b, p-H

“Reaction Conditions: (a) (i) Mg, 2-(2-bromoethyl)-1,3-dioxolane, Et,0O, -78 °C to rt, 6 h; (ii) DMSO, (COCI),,
Et3N, CH,Cly, -78 °C to 1, 4 h; (b) 80% aqueous AcOH, 70 °C, 2 h; (c) PhoCHNH,, AcOH, NaCNBH3, MeOH, -78

°Ctor, 12 h;
TFAH,0 (3:2) 1t, 2 h; (ii) 10 %

(d) (i) 10 % Pd/C, Hy,, MeOH, 80 psi, 20 h (ii} CbzCl, NaHCOs, EtOH:H,0 (4:1), 2 hi(e) (i)
Pd/C, Hp, MeOH, rt, 80 psi, 12 h.

Scheme 16°
Synthesis of 1-deoxycatanospermine and 8a-epi-1-deoxycastanospermine
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TsO TSO O\

ll
Bn 7 OBn
94a 94b

l

96a, R =H
(@) C97a, R=Ac

95b O\k

96b, R = H
@ L97b, R=Ac

H :
OR
96c, R=H 96d, R = H
@ C~97c, R=Ac @ Co7d R=Ac

2Reaction conditions: (a) Allyl alcohol, acetone, 70 °C, 48 h; {b) (i) HCOONH,, Pd/C, MeOH, 80 °C, 1 h;
(ii) CbzCl, NaHCO3, MeOH, 0°°C t0 25 °C, 2 h; (¢} (i) TFA-H,0 (3:2), 25 °C, 2 h;(ii) Hz, Pd/C, MeOH,
80 psi, 25 °C, 12 h; (d) Ac,0, Pyridine, DMAP, 0 °Ct0 25 °C, 12 h.
Scheme 17°
Synthesis of 1-deoxycatsnospermine analogues

alkaloids namely 2-hydroxy-1-deoxy-
castanospermine 96a,b and 2-hydroxy-1-deoxy-
8a-epi-castanospermine 96c¢c,d was achieved as
shown in scheme 17. Thus, intermolecular 1,3-
dipolar cycloaddition of allyl alcohol to D-glucose
derived nitrone 8a followed by tosylation that
afforded four diastereomeric sugar substituted
isoxazolidines 94a-d with desired regioselectivity.
The conversion of individual 94a-d to corresponding
pyrrolidines 95a-d was achieved wunder
hydrogenation condition in which N-O bond
reductive cleavage and nucleophilic displacemant
of tosyl group took place in one pot. The selective
N-Cbz protection, removal of 1,2-acetonoide
functionality and reductive amination under
hydrogenation afforded corresponding target
molecules 96a-d.

Glycosidase Inhibitory Study

The castanospermine 83 is a potent but non-
selective inhibitor of many glycohydrolases
including the intestinal disaccharidases. The

castanospermine analogues 96a-d thus obtained
were tested for inhibitory activity against
glycosidases, namely «-galactosidase (E.C.
3.2.1.22), B-galactosidase (E.C. 3.2.1.23), a-
mannosidase (E.C. 3.2.1.24), a-glucosidase (E.C.
3.2.1.20) and B-glucosidase (E.C. 3.2.1.21). All the
compounds showed inhibition in micromolar ranges
and the results obtained are summarized in Table
IV. The inhibitory profile of 3a-d also corroborates
the non-selective nature of inhibition as in case of
castanospermine 83. ’

Table IV
IC,, (values) for Compounds 96a-d
Enzyme o (mM)
96a 96b 9c 96d
a-galactosidase (Almond) NI 9.76 393 46

- galactosidase (Bovine) 16.53 6.45 ND 426
a-mannosidase (Jack bean) 20.00 36.23 4.28 NI
a-glucosidase (Yeast) 28.56 NI 8.48 10.97
{3-glucosidase (Almond) 371 2.96 459 794

NI - Inhibition not observed under assay conditions.
ND - Not determined.
Data is average of three sets of assay performed.
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Fig.6 Quinolizidine Alkaloids

5 Quinolizidine Alkaloids

5.1 Introduction

Most naturally occurring quinolizidine alkaloids
are devoid of polyhydroxylated functionalities and
in the search for structure-activity relationship; the
hydroxylated unnatural analogues are interesting
targets for obtaining the better understanding of
mechanism of action and in design of even more
potent inhibitors.

5.2 Synthetic Methodologies

5.2.1 Synthesis of Trihydroxy Quinolizidine
Alkaloids: 1,3-addition Reaction of Allylmagnesium
Bromide to a Sugar Nitrone”

The synthesis of (1R,2R,35,9aR) and
(1R,2R,3S,9a8) trihydroxy quinolizidine alkaloids
98a and 98b, respectively, from D-glucose derived
nitrone 8a was achieved (Scheme 18). The key
transformation involves the 1,3-addition of
allylmagnesium bromide to nitrone 8a that afforded

(@) ’ 0 ()
ga —>7 0OBn =

99a, R = H, R, = N(OH)Bn 101a, R,
by ( 99b. Ry =N(OH)Bn, R, = H 101b, R, =

100a, R, = H, Ry = NHBn

100b, R, = NHBn, R, = H

= H, R, = N(Cbz)Bn

high diastereoselectivity in the presence of TMSOTHI.
The N-O bond reductive cleavage, N-Cbz
protection, ozonolysis, Wittig olefination, lactam
formation and reductive amination cascade afforded
the target compounds 98a,b in good overall yield.

5.2.2 An Efficient Synthesis of Trihydroxy
Quinolizidine Alkaloids using Ring-Closing
Metathesis®

We have developed an alternative methodology
for the synthesis of trihydroxy quinolizidine
alkaloids 98a and 98b using ring closing metathesis
of D-glucose derived dienes, with nitrogen linkage,
as a key step (Scheme 19). Thus, the sequential C-
and N-allylation of D-glucose derived nitrone 8a
provides the required diene functionality 105a,b
with nitrogen linker. The ring-closing metathesis of
105 gave dehydroxypiperidine ring skeleton.
Hydrogenation of 106 undergoes reduction of double
bond and removal of benzyl groups. The selective
N-Cbz protection, acetonide opening and reductive
amination gave quinolizidine alkaloids 98a and
98b.

6 Bicyclic Diazasugars

6.1 Introduction

Naturally occurring bicyclic diazasugars
containing a glycosidic nitrogen atom showed

Ro O Ry R

102a, R; = H, R, = N(Cbz)Bn
102b, R, = N(Cbz)Bn, R, = H

0O l(e)

N(Cbz)Bn, R, = H

\\OH /Cbz NH
e
O

98a, R=o H
98b, R = H

o\k o)
104a, R = o H 103a, R= o H
104b, R = B H

103b, R = p H

2Reaction Conditions: (a) allyimagnesiumbromide, THF, -78 °C, 2h; (b) Zn, Cu(OAc), AcOH-H,0, 80 °C,

h; (c) CbzCl, NaHCO3, MeOH:H,0 (4:1), 2 h; (d) O3, DCM, MDS, -40 °C, 1 h; (e) (i} PhzP=CHCOOE,
MeOH, t, 2 h; (ii) Hy, 10% Pd/C, MeOH, 80 psi, 12 h; (jii) CH;COONa, MeOH, reflux, 6 h; (f) (i) LAH, THF, 0
°C, 1 h; (i) CbzCl, NaHCO3, MeOH:H,0 (4:1), 2 h; (@) (i) TFA:H,0 (3:2) rt, 2 b; (i) 10 % Pd/C, Hy, MeOH, t,

80 psi, 12 h.

Scheme 18
Synthesis of tri-hydroxy quinolizidine alkaloids
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105a, R = (xH
105b, R = p H

98a, R = o H
98b, R=p H

2Reaction Conditions: (a) allyloromide, K,CO3, DMF, rt, 18 h; (b) Grubb's catalyst (5% mol), dry benzene,
reflux, 18 h; (c) (i) H,, 10% Pd/C, MeOH, 80 psi, 12 h; (i} CbzCl, NaHCO;, MeOH:H,0 (4:1), 2 h; (d) (i)
TFA:H,0O (3:2) i1, 2 h; (i) 10 % Pd/C, Hy, MeOH, rt, 80 psi, 12 h.

Scheme 19*
Synthesis of tri- hydroxy quinolizidine alkaloids
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107a, R; = CH,OH, R, = OH 108a, R; = CH,OH, R, = OH

107b, R1 = OH, R2 = CHon 108b, R1 = OH, R2 = CHon

Fig.7 Bicyclic Diazasugars

selectivity in enzyme inhibition. The excellent
glycosidase inhibition is due to the presence of a
basic glycosidic nitrogen atom in these compounds.
Therefore, we have synthesized octahydro-2H-
pyrido[1,2-a]pyrmidine (six to six ring fused)
bicyclic diazasugars 107a,b as well as octahydro-
imidazo[1,2-a]pyridine (six to five ring fused)
bicyclic diazasugar 108a,b and evaluated their
glycosidase inhibitory potency. We were particularly
interested in examining the effect of ring size as
well as the presence of hydroxyl and hydroxymethyl
functionality at the same carbon atom (C-7 or C-
6) on the activity relationship.

6.2 Synthetic Methodologies

6.2.1 Selective Sulfonylation of 4-C-hyroxymethyl-
B-L-threo-pento-1,4-furanose: Synthesis of Bicyclic
Diazasugars *

The triol 46, reported in scheme 8, was
regioselectively converted to a- and b-mesyl
derivatives 109a and 109b, respectively (Scheme
20). The cleavage of 1,2-acetonoide functionality

followed by reaction with 1,3-diamino propane
gave in situ formation of sugar aminals, that undergo
concomitant nucleophilic displacement of mesyl
group by amino functionality, to give hitherto
unknown corresponding bicyclic diazasugars 107a
and 107b with a hydroxymethyl substituent at C-
7.

6.2.2 Synthesis and Evaluation of Glycosidase
Inhibitory Activity of octahydro-2H-pyrido [1,2-
a]pyrimidine and Octahydro-imidazo[1,2-a]
pyridine Bicyclic Diazasugars®™

The triol 46 was also exploited in the synthesis
of six to five fused bicyclic diazasugars 108a and
108b. Thus, regioselective f- and c-tosylation of
hydroxymethyl groups of triol 46 afforded f-
tosylated 109b and a-tosylated 111 in good yields
(Scheme 20). The cleavage of 1,2-acetonoide
functionality, individually, followed by reaction
with ethylene diamine gave in-situ formation of
sugar aminols that undergo concomitant nucleophilic
displacement of the sulfonoxy group by amino
functionality, to give hitherto unknown bicyclic
diazasugar 108a,b (Scheme 21).

Glycosidase Inhibitory Study

Glycosidases namely b-glucosidase (E.C.
3.2.1.21), a-galactosidase (E.C. 3.2.1.22), B-
galactosidase (E.C.3.2.1.23) and a-mannosidase
(E.C. 3.2.1.24) are abundantly present in sweet
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#Reaction Conditions: (a) (i) HCHO, NaOH, THF/H,O, rt, 10 h; (i) Hy, 10% Pd/C, MeOH, 80 psi, 20
h; (b) MsCl, Py, -10 °C, 4 h; (c) (i) TFA:H,0 (3:2) it, 2 h; (ii) NH2(CH3)sNH,, MeOH/H,0, rt, 12 h; (d)
2,2-dimethoxy propane, p-TSA, MeOH, rt, 5 min.
Scheme 20°
Synthesis of bicyclic diazasugars
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2Reaction Conditions (a) (i) TFA:H,0 (3:2) t, 2 h; (ii) NH(CHa),NH,,

MeOH/H,0, t, 12 h.

Scheme 21°
Synthesis of bicyclic diazasugars
Table V
Inhibitory Potencies of Bicyclic Diazasugars
Ccompound IC (uM)
a-glucosidase B-glucosidase [-galactosidase a-galactosidase a-mannosidase
107a ' NI NI NI NI NI
107b NI 5.54 5.17 9.71 5.61
108a NI 3.78 330 NI 4.65
108b NI 2.50 2.67 271 S NI

NI - Inhibition not observed under assay conditions.
ND — Not determined.
Data is average of three sets of assay performed.

almonds. Therefore inhibitory potency of 107a,
107b, 108a and 108b was evaluated using
glycosidases extracted from sweet almonds.
Glycosidases were partially purified using Sephadex
G-100 column chromatography. a-Glucosidase
from yeast was purchased from Sigma Chemicals.
However, no inhibition by these compounds was
observed towards a-glucosidase. The IC_ (values)
obtained for the above mentioned compounds are
summarized in Table V. IC_ (values) indicate that

compounds 107b, 108a and 108b are potent
inhibitors of glycosidase. Compound 107a showed
no inhibition towards any glycosidase. While
comparing the inhibitory potency of compounds
107b, 108a and 108b, it can be observed from the
Table V that 108b is most potent followed by 108a.
When C-7 CH,OH group is axial in pyrido-
pyrimidine as in 107a there is complete loss of
inhibition. Lowest IC, (values) obtained among the
four compounds studied are by compound 108b
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in which C-7 CH,OH group is equatorial in imidazo-
pyridine ring system. Thus, it can be concluded that
for best binding to active site of the enzymes and
thus acting as good competitive inhibitors, C-7
CH,OH should be equatorial in imidazo-pyridine
ring system. In general compounds inhibited f-
galactosidase more effectively than other
glycosidases assayed. Probable reason for such
speci.city towards fB-glycosidases is due to the
presence of [-orientated glycosidic nitrogen atom,
which has been confirmed by conformational
assignment of these compounds using spectroscopic
technique.
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