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Understanding of the reaction mechanisms of glycosidases, structure and activity correlation has led to design, synthesis
and evaluation of several potent glycosidase inhibitors. Azasugars or 1-N-iminosugars are a creative chemical design
for transition state analogues of carbohydrate mimetics-based glycosyl transferase inhibitors. This review focuses
on the development and synthesis of various 1-N-iminosugars that shows significant biological activity.
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1 Imtroduction

Azasugars (polyhydroxylated pyrrolidines and
piperidines) represent an interesting class of
glycosidase inhibitors and are widely recognized
as potential therapeutics for the treatment of inter-
alia diabetes, cancer, and viral infections. The
biological activity of these glycomimetics comes
from the conformational resemblance to natural
sugars, by the protonation of the ring nitrogen at
physiological pH, which mimics the developing
charge of an intermediate oxocarbonium ion during
glycosidic bond cleavage of a glycoside (i.e.
enzyme)

Enzymes are one of the four major classes of
nature’s biopolymers, playing a fundamental role
in life’s processes. In particular, glycosidases and
glycosyl transferases are ubiquitous
macromolecules, which catalyze glycosyl group
transfer reactions that assemble, trim and shape
bioactive glycoprotein and glycolipid conjugates.
Overall, these processes involve cleavage of the
glycosidic bond linking a sugar’s anomeric carbon
with an oligo or polysaccharide or a nucleoside
diphosphate group. The liberated glycosyl group
is further transferred to water (by glycosidases) or
to some other nucleophilic acceptor (by transferases)
(Fig. 1).

A primary classification of glycosidases can be
done based on, a) The position of the glycosidic
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bond that is cleaved by the enzyme. Exoglycosidases
remove sugars one at a time, from the non-reducing
end of an oligo or polysaccharide and are involved
in the breakdown of starch and glycogen, the
processing of eucaryotic glycoproteins, the
biosynthesis and modification of glycosphingolipids
and the catabolism of peptidoglycans and other
glycoconjugates. Endoglycosidases cleave interior
glycosidic bonds within polysaccharides and are
involved in the catabolism and clearance of the aged
glycoproteins. These enzymes also catalyze the
alteration of bacterial and plant cell walls as well
as the hydrolysis of highly insoluble structural
polysaccharides like chitin and cellulose.
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b) Glycosidases are more rigorously classified based
on the stereochemistry of the anomeric glycosidic
bond that they cleave. Enzymes catalyzing the
cleavage of a d-glycosidic bond are termed as d-
glycosidases while those cleaving a d-glycosidic
bond are termed as d-glycosidases. Depicted in
Scheme 1 is a typical glycosidase reaction
mechanism. d-Glycosidases (axial glycoside bond)
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are generally believed to act through an E2 type
elimination mechanism during which a positively
charged aglycon (the leaving group) and the lone
pair of the ring oxygen are positioned antiperiplanar,
cooperatively facilitating the glycosidic bond
cleavage reaction.’

In the case of the d-glycosidase (equatorial
glycoside bond) reaction, if the enzyme proceeds
via an E2 type mechanism, similar to that of the
d-glycosidases, the protonated substrate 6 has to
go through a highly strained intermediate 7 that may
not favor further reaction. Therefore, in the case
of a d-glycosidase reaction, the positively charged
aglycon leaves via an E1 like mechanism, involving
the glycosyl cation 8, further stabilized by the ring
oxygen to give 9. Thus, as seen in Scheme 1,
although the final reaction intermediate in both the
reaction mechanisms is the same flattened, half
chair oxocarbenium ion 9, the first intermediate in
the case of d-glycosidase reaction differs with respect
to the position of charge development.

Glycosidases are also classified on the basis of
the stereochemical outcome of the newly formed
anomeric bond. The enzymatic cleavage of the
glycosidic bond liberates a sugar hemiacetal with
either the same configuration as the substrate
(retention) or less commonly, the opposite

configuration (inversion). Based on this criterion
glycosidases are classified as retaining or inverting
glycosidases.

Any chemical entity that is capable of mimicking
either the charge or shape (or both) of the substrate
or that of any of the transition states, can act as
a reversible inhibitor of that particular glycosidase.
These entities are termed as glycosidase inhibitors.

2 Inhibitors of Glycosidases
Historically, the first glycosidase inhibitors were the
families of the monosaccharide-derived &-
aldonolactones (such as D-gluconolactone 11),?
and glycosyl amines (1-amino-1-deoxy pyranoses
such as D-glucosyl amine 12).° (Fig. 2)

Although, lacking long-term stability in aqueous
solution, these families of compounds typically
display competitive inhibition against glycosidases
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whose substrates they most closely resemble. Ever
since the pioneering work by Paulsen on sugar
analogues with basic nitrogen instead of oxygen
in the ring (also called the azasugars or iminosugars)*
and the discovery of such a natural product
(nojirimycin 17)° over three dozen naturally
occurring iminosugars have been identified and
many additional analogues and horologes have
been synthesized, opening a dynamic research area.
A wide variety of structural motifs characterize
glycosidase inhibitors. Prominent amongst them
are:
(a) The nitrogen heterocycles incorporating four to
seven membered rings as well as bicyclics like
pyrrolizidines, indolizidines and nortropanes.

(b) The aminocyclitols like trehazolin, acarbose,
mannostatins and allosamidins.

(c) Entities incorporating a nitrogen in more than
one position, including the one in the ring, e.g.;
Nagstatins, Siastatins, etc.

Several comprehensive reviews and accounts
on glycosidases and glycosidase inhibitors have
been published, covering various subsections of the
field.® These “sugar-shaped alkaloids” are
widespread in plants and microorganisms’ and are
believed to bind to the active site of the glycosidases
by closely mimicking the charge and shape of the
transition state of the glycosidic cleavage reaction.
Some of the natural and synthetic glycosidase
inhibitors are being depicted below in the tabular
form.

Inhibitor Source

Activity
(only the most inhibited enzymes are being listed)

(1) Four Membered Rings

OH
"N
NH

(13)
1,3-dideoxy-1,3-imino-L-xylitol

(2) Five Membered Rings

N
HO " oH

HO\:“ 4 OH Derris elliptica.’

DMDP:

(2R,3R,4R,5R)-
Bis(hydroxymethyl)-dihydroxy
pyrrolidine

1.4-dideoxy-1,4-imino-dD-
arabinitol

N

(16)
Nectricine

(3) Six membered Rings

CH,OH
Isolated from Streptomyes
HO™ ™ "oN roseochromogenes.’
OH

(7

Nojirimycin

Synthetic compund.?

Isolated from leaves of

Isolated from fruits of
Angylocalux boutiqeanus.!

Isolated from culture broth of
HO OH fungus Nectria lidica.?

Inhibits amyloglucosidase from Rhizous mold.
(K =76 mM, IC,, = 4.0 mM)*

Inhibits a-glucosidase from Bacillus
stearothermophillus.(K = 0.03 mM at pH 6.8)"
Inhibits trehalase from corynebacterium sp. (IC,, =
0.35 mM) ®

Inhibits g-glucosidase from yeast.
(IC, = 0.18 mM at pH 6.8).

Inhibits a-glucosidase from yeast.
(IC, = 0.08 mM).

Inhibits &-glucosidase from Aspergillus wentii.
(K, = 0.07 uM at pH 5.0) Inhibits d-glucosidase from
sweet almond. (K = 0.9 uM at pH 5.0). ¥
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CH,OH
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HO™ ™
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(18)

1-deoxynojirimycin
(Moranoline)

CH,OH
HO.. NH
HO

(19)
Fagomine

COOH
HO
HO _NH

NHAc

(20

Siastatin B

CH,OH
HO N
HO” >N COOH

NHAc

(21)

Nagstatin

(4) Seven Membered Rings
HO OH
HO-. OH

N
H

(22)

(38,4R,5R,6S5)-3.4.5.6-
tetrahydroxyazepane

(5) Pyrrolizidines

HQ  OH

HO _N

HOH,C (23)
Alexine
HQ 4 OH

H

© N

HOH,C (54

Austraiine
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First synthesized.* Later was
isolated from roots of Mulberry
trees.'

Isolated from seeds of
Fagopyrum Esculentum.®

Isolated from Streptomyces
verticillus var. Quantum.”

Isolated from Streptomyces
Amakusaesis.”

Synthetic molecule.*

Isolated from Alexa leiopetala
(plate 8).>

Isolated from the seeds of
Castanospermum Australae.®

Inhibits a-glucosidase from rice. (K = 0.01 uM at pH
6.0) '¢ Inhibits a-glucosidase from Bacillus
stearothermophilus (K = 0.44 at pH 6.8). *

Inhibits d-galactosidase from rat intestine.
(IC, = 15 uM at pH 5.8).©

Inhibits d-glucuronidase from bovine liver
(IC,, = 16 uM).** Inhibits N-acetyl neuraminidase
from streptococcus. (IC,, = 29 uM). "

Inhibits N-Ac-d-glucosamindine from bovine kidney
(IC, = 0.01 uM at pH 5.0). %" Also inhibits N-Ac-
d-glucosamidine from hog kidney

(K = 0.017 uM at pH 4.5). >

Inhibits 4-glucosidase from Bacillus stearothermophilus
(K, = 4.8 uM at pH 6.8). '

Inhibits amyloglucosidase from aspergillus niger.
(IC,, = 6 uM at pH 5.0). ®

Inhibits amyloglucosidase
from aspergillus niger.
(K =7 uM). %
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(6) Indolizidines

OH  oH
HO™ N

(25)

Castanospermine

H OH
CQ‘OH Isolated from Astralagus
26) lentiginous.”

Lentiginosine

HO H 9H

27

Swansonine

(7) Nortropanes

HQ  oH

Isolated from root cultures of
Calystegia sepium.>

OH

(28)
Calystegine A3

HO OH
@‘OH
HO "OH

(29)
Calystegine C,

M. alba®

Isolated from the seeds of
Castanospermum Australae.”

Isolated from legumes of
Swainson Canescens.™

Isolated from M. bombysis,

Inhibits 4-glucosidase from rice (K = 0.015 uM).»
Inhibits sucrase from cacogreen coffee beans cell line.
(K, = 0.0026 uM at pH 8.0). *

Inhibits amyloglucosidase from aspergillus niger
(K =20 at pH 5.0).%

Inhibits d-mannosidase from human liver lysosomal
(K = 0.07 mM at pH 4.0).” Inhibits 4-mannosidase
from humanliver, golgi I (IC, = 0.04 uM at pH
5.7).2%

Inhibits d-glucosidase from Caldocellum
saccharolyticum. (K = 12 uM, IC_ = 37 uM). *

Inhibits 4-glucosidase from sweet almonds.
(K =045 uM, IC_ = 0.82 uM). *

3 Biological Significance of Glycosidase
Inhibitors

The tremendous potential of glycosidase inhibitors
in studying the biological functions of
oligosaccharides has resulted in opening up new
avenues in glycobiology.* The capability of
polyhydroxy alkaloids to disrupt the general cellular
function of glycoprotein processing promises
therapeutic potential for the treatment of various
carbohydrate related disorders. Investigation of these
alkaloids for therapeutic potential has so far
concentrated on three major disease states i.e., for
treatment of cancer and inhibition of metastatis, as
anti-diabetic drugs and for antiviral activities.
Swainsonine (27) has received particular attention
as an anti-metastatic agent. Clinical trials in humans

with very advanced malignancies showed that
lysosomal 4-mannosidase and Golgi mannosidase
II were inhibited and some improvement in clinical
status occurred.”” Castanospermine (25) has also
been reported to suppress the metastasis in the mice
but experiments with this alkaloid have not been
as extensive as those with swainsonine.*®
Castanospermine and 1-deoxynojirimycin (18) have
been shown to be capable of suppressing the
infectivity of a number of retroviruses, including
the HIV responsible for AIDS.”* This effect is a
consequence of disruption of glycoprotein
processing enzyme resulting in the changes of the
structure of the glycoprotein coat of the virus.
Cellular recognition of the host is, thus, prevented
and syncytum formation is suppressed. To reduce
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water-solubility (causative of rapid excretion), 6-
O-butyryl castanospermine and N-butyl-
deoxynojirimycin have been synthesized and both
these compounds have undergone clinical trials
against AIDS in humans, either alone or in
combination with AZT.*® Another structural
modification of deoxynojirimycin, the N-
hydroxyethyl derivative, miglitol, an inhibitor of
d-glucosidase, has been clinically evaluated and
released as an antidiabetic drug in insulin and non-
insulin dependent diabetes. The alkaloid was shown
to potently inhibit glucose induced insulin release
and also suppressed the islet d-glucoside hydrolase
activity, thus, controlling postglycemia.”” Another
glycosidase inhibitor, voglibose, a synthetic
derivative of valiolamine is also being marketed as
an anti-diabetic.” Acarbose, a naturally occurring
glycosidase inhibitor, has also been used as an anti-
diabetic agent.” The ability of polyhydroxy alkaloid
glycosidase inhibitors to prevent cellular recognition
has resulted in their evaluation for clinical situations
where suppression of an immune response is
desirable. Thus, in vivo experiments have shown
that castanospermine can be used as an
immunosuppressive drug; promoting heart and renal
allograft survival in rats.* Glycosidase inhibitors
are also showing tremendous promise as new
therapeutics for lysosomal storage diseases like
Gaucher’s disease and Fabry disease.’

4 Development of 1-N-iminosugars as
Glycosidase Inhibitors

An important element of enzymatic catalysis is the
ability of an enzyme to lower the energy of the
transition state for the reaction it catalyses. The only
real evidence for this theory is the fact that stable
compounds that resembles the transition state,
transition state analogues, are competitive inhibitors
of that particular enzyme.®

These understanding have led to a keen interest
in recent years for designing compounds that in
terms of polarity and shape resemble the transition
state of glycosidic cleavage or formation to create
potent, selective enzyme inhibitors.

As depicted below, (Scheme 2) there are three
important reaction intermediates 31, 32, and 33
depending upon the position of the charge buildup
during the glycoside hydrolysis. It was observed
that a compound that could resemble any of the
intermediates 31-33 should be an inhibitor of the
respective glycosidases.

H
1®
HO 0.__0-R o Ho 0. Og ROH
HO' OH HO' OH +ROH
OH OH
(30) 31)
@
HO O\® HO Os
-
HO' “OH HO' “OH
OH OH
(32) (33)
Scheme 2

There are a number of compounds that fulfill
this criterion. One group of compounds belongs to
the nojirimycin class. These compounds resemble
monosaccharides but the ring oxygen has been
replaced with a nitrogen atom. Thus, if protonated
at the basic nitrogen atom, these compounds become
the analogues of 33. Glucosamidines® are a group
of glycosidase inhibitors, designed by Ganem and
co-workers that resemble 33. Another group of
glycosidase inhibitors belongs to the glycosyl amine
class, which upon protonation, resemble 31.
Acarbose and similar compounds when protonated
at nitrogen, also resemble intermediate 31.

Until the last decade, no glycosidase inhibitor
that was an analogue of 32 was known. It was long
interpreted that 32 was insignificant in the glycoside
cleavage process and in many theoretical discussions
of glycosidic cleavage, 32 was indeed, ignored at
the expense of 33. In 1991, Reymond and co-
workers reported isolating a catalytic antibody,
(using transition state analogue 35 as a hapten) that
could catalyse the hydrolysis of a tetrahydropyranyl
ether, a simple model of a glycosidic bond.*
Compound 35 was considered an analogue of a
carbocation at the anomeric center and in principle,
an analogue of ion 32, except for the lack of
hydroxyl groups.

Antibody O.__-OH
PRI Y e
H,0

(34) (36) (37)
|
CE oy
(35) = | Ho “OH
OH
(32}
Scheme 3

This report suggested that analogues of 32
could be good transition state analogues of glycoside
cleavage and since 32 was a significant transition
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state in the case of a d-glycosidase reaction;
analogues of this would be good inhibitors of d-
glycosidases. This finding led to a spurt of activity
of creative chemical design of anomer selective d-
glycosidase inhibitors led by the groups of Bols,*
Ichikawa® and Nishimura.®® This new class of
designed molecules was termed as 1-azasugar or
1-N-iminosugar class of glycosidase inhibitors.
The first 1-N-iminosugar synthesized was the
D-glucose type 1-N-iminosugar, isofagomine (38)
(named after natural product fagomine). Designed
by Bols and co-workers,” this molecule was nearly
a perfect mimic of D-glucose and as expected,
turned out to be an extremely potent inhibitor of
d-glucosidase (sweet almonds, K, = 0.11 uM).

0]

HO NH HO OH
HO" HO" “'OH
OH OH
(38) (39)

Isofagomine D-Giucose

Fig. 3

Subsequently, extremely potent and selective
d-glycosidase inhibitors (1-Azasugars) were
designed and synthesized. The most prominent
amongst them are depicted below (Fig. 4).

CH,OH CHs
Ho:é HO,, O
. NH
HO NH HO'
(40) 41)
Isogalactofagomine Isofucofagomine
CH,OH
HO.,. HO
NH
HO HO
OH OH
(43) (44)

Noeuromycin

OH

‘«\OH CH,OH
HO.,. HO., ",‘H
N. NH
HO R
(46) (47)
(8) R=CyHg Azafagomine
(b) R = CgHy7
R = H : 5-hydroxy
Isofagomine

D-Galacto
noeuromycin

Isogalactofagomine (40) was designed and
synthesized by Ichikawa and coworkers and was
found to inhibit d-galactosidase in the nanomolar
range (Aspergillus oryzae, K. = 4.1 nM at pH 6.8).*
Isofucofagomine (41) was simultaneously
synthesized by the groups of Bols and Ichikawa
and was an extremely potent inhibitor of a-
fucosidases (bovine liver, IC,, = 26 uM),” (human
placenta, K. = 6.4 uM).* Isoglucuronofagomine
(42) was also designed and synthesized by the
group of Ichikawa and exhibited nanomolar
inhibition of d-glucuronidase (bovine liver, K, = 79
nM at pH 5.0).¥ Noeuromycin (43), the 2- hydroxy
analogue of isofagomine was designed and
synthesized by Bols and coworkers and was found
to be a better mimic of D-glucose as compared to
isofagomine and inhibited glucosidases in the
nanomolar range; (d-glucosidase rom sweet
almonds, K, = 69 nM), (d-glucosidase from yeast,
K, = 22 nM).*® The high inhibitory activity towards
d-glucosidase was attributed to the 2-hydroxy group.
In a similar manner, D-galactonoeuromycin (44)
and L-fuconoeuromycin (45) were synthesized and
both exhibited nanomolar inhibition of the respective
glycosidases.” Also notable is the compound 46 (5-
hydroxy isofagomine), the N-alkyl derivatives of
which (butyl and octyl) were found to be inhibitors

COOH
HO,,

NH
(42)
Isoglucuronofagomine

CH,OH CHs

HO, -~
OH
(45)

t-Fuco
noeuromycin

COOH CHg
HO,, '}l H HO., NH
H
NH HO N
(48) (49)
D-Glucurono L-Fuco

azafagomine azafagomine

Fig. 4
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of glycolipid biosynthesis.” N-Butyi-5-hydroxy
isofagomine (46a) inhibited 50% of phorbol ester
(TPA)-induced differentiation of HL-60 cells at 0.5
mM. It also inhibits 40 % of UDP glucose: N-
acylsphingosine glucosyltransferase (from rat brain)
activity at 5 mM. N-Cctyl-5-hydroxy isofagomine
(46b) inhibits 50 % of the same enzyme activity
at 1mM. Bols and co-workers also designed
azafagomine (47) which mimicked the transition
states of both d- as well as d- glycosidase reaction.™
This compound along with the D-glucurono (48)
and L-fuco (49) analogs when compared with the
isofagomines and noeuromycins, exhibited slightly
poorer inhibitory properties for the respective
glycosidases.>®

Driven by the promising biological activities
and contiguous functionalities, these designed
piperidines have been in the limelight for synthetic
organic chemists. The foregoing section would
focus on some of the notable synthetic approaches
towards these molecules.

5 Synthetic Strategies toward 1-N-Iminosugars
5.1 Strategies toward Isofagomine

5.1.1 Bols and co-workers”

Approach 1

Bols and co-workers first synthesized
Isofagomine in ten steps with an overall yield of
6%. The synthesis started from the Cerny epoxide
50, obtained in four steps from levoglucosan.

&)~ B -
B ——— e
OBn oBn OBn OH

(50) (51) (52)
OH
o p OBn CH,OH
- BnOJ —~ > H H
OH
HO O OH O
(53 (54)
CH,OH CH,OH
HO., ¢ HO.,
. — -
NH.HCI
BnO NH HO'
(55) (38)
Scheme 4

Ragents and conditions: (a) CH,=CHMgBr, THF, 87%; (b) (i)
O,, EiOH, 0 °C; (ii) NaBH,, EtOH/H,0, 63%; (c) 1 M H,SO,,
Reflux, 98%; (d) NalO,, H,O/MeOH, 45 °C, 87%; () NH,, EtOH,
H,, Pd/C, 35 atm, 20 °C, 78%; (f) HCL (aq), H,, Pd/C, 1atm,
93%.

Approach II*'

Recently, isofagomine has been synthesized
from 56 via a much shorter route (five steps from
56, in about 30% yield); by albeit with extremely
poor diastereoselectivity (dr = < 2:1).

0._.0Bn 0. _.0Bn
(Lo = | AL =
HO" ™" “OH O™ ™ "OH
OH OH
(56) (57)

O. OBn (o) OBn

O G
2 OH ON
HO &, 2N oG OAC

éAc
(58) (59)

(a-OH : b-OH = < 2:1)

0. ,0Bn CH,0OH CH,0H
MJ/\I e HO,, HO., -~
o o * /@
EH Ho NH O NH
(60) (38) (61)
(<2:1)
Scheme 5

Reagents and conditions: (a) (Bu,Sn),0, Br,, CHCL, 80-95%;
(b) CH,NO,, TEA, 55-65%; (c) Ac,0, p-TSA, 82 %; (d) NaBH,,
EtOH then NaOMe, 96%; (e) H,, Pd/C, MeOH, then
chromatographic separation, 85-90%.

5.1.2 Ichikawa and Co-workers
Approach I*

Hggy&% ab ’ 0] 0Bz ¢©
OH
(62) (63)
X o
o © d
N9 o won —% » Ho e .
HO OH NH
(64) (65)
OH
OBz OBz
.l
ng’g&N_Boc———» B20-\F~N-Boc
OH ~CO,Me
(66) (67 ¢
OH
HO- HO— S NH.HCI
HO NH.HCI
(38) 2:1 OH (61)
(36%) (18%)
Scheme 6

Reagents and conditions: (a) (i) Acetone-con. H,SO,, 1t, overnight;
(ii) TsCl, py, 0 °C o 1t, overnight; (iii) BzCl, py, 0°Cto rt, overnight,
41% over three steps; (b) NaN,, DMSO, 100 °C, overnight, 74
%; (c) (i) NaOMe, MeOH, 1t; (ii) K,CO,, 30% HCHO-MeOH,
85 °C, overnight, 80-90%; (d) (i) H,, Pd(OH),, MeOH, rt,
overnight; (ii) IN HCI; (¢) (i) (Boc),0, TEA, MeOH, 1t, overnight,
49%,; (ii) BzCl, py 0 °C to rt, overnight, 41% overall; (f) (i)
MeOCOCOCI, DMAP, CH,CN; (ii) Bu,SnH, 1,1’-azobis
(cyclohexane carbonitrile), tolune, 100 °C; (iii) NaOMe, MeOH,
2h, 1t; (iv) 1 N HCI, overnight; (v) Silica chromatogrhaphy with
2-PrOH/H,O/NH,OH (7:2:1).
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Isofagomine was synthesized in fourteen steps
and in about 2% overall yield starting from D-
Lyxose 62 as shown in Scheme 6. The
diastereoselection in the final step was rather low
(dr = 2:1).

Approach 11

An improved synthesis of isofagomine was
later achieved in nine steps and in 25% overall yield
starting from readily available (R)-2,3-O-
cyclohexylidene glyceraldehyde 68 (Scheme 7).

<:>< ]/CHO @ <:>< ]/\/\OH ©

(68) (69)
Ry
O 0 :
C><O]/\?/\OH (d) <:>< j/\‘ﬁOH
R
o] Y 2
(70)
{71a): R; =OH, R, = CN
{(71b): Ry = CN, R, = OH
OH OH
, (F - -
@0 HO]/\A/\OTBDPS @ | Ho\(jAOTBDPS
TsO CN ”
(72) (73)
OH
) HgN)
—» HO NH.HCI
isofagomine
(38)
Scheme 7

Reagents and conditions: (a) (MeO),PO)CH,CO,Me, NaH,
Benzene THF (E:Z=10:1), 83 %; (b) DIBAL, DCM, 92 %; (c)
Ti(O-'Pr),, (+)-diethyl tartarate, t-BuOOH, DCM, 90 %; (d) KCN,
Bu, NI, Ti(O-"Pr), DMSO; (e) TBDPSCI, Imidazole, DMF, 88%
over two steps; (f) (i) 80% AcOH; (i) TsCl, py, 70% over two
steps; (g) H,, Raney Ni, EtOH; (h) 2 N HCI, 58% over two steps.

5.1.3 Ganem’s Approach™

Ganem and co-workers synthesized isofagomine
in an overall yield of 49%, starting from methyl
nicotinate 74, using Fowler reductions as their key
step. The route employing eight steps from 74 had
a moderate enantiomeric excess (83%).

5.1.4 Pandey’s Approach™®

A common synthon (82) is designed from which
various 1-azasugars are easily accessible. This
synthon (82) is easily accessed using our
methodology developed for the synthesis of cyclic
amines via the photo induced electron transfer
(PET) mediated cyclization of a-trimethyl

~-COCH, N 00 AOCO. _~ COCH
O e (7™ "oy
N N

\ HO™ N
CO,Ph COPh
(74) (75) (76)
COCHs COCHa HOW_ - -COCH3
P G aN Iy
CO,Ph co Ph CO,Ph
an (78)° 79°
oH
COOH
\(j/ CHZOH EOH
— \O/ —h 3% NH.HCI
COQPh Isofagomine
CO,Ph
(80) (81) (38)
Scheme 8

Reagents and conditions: (a) NaBH,, PhOCOCIl, MeOH, -78
°C, 97%; (b) m-CPBA, DCM, -70 °C to 0 °C, 92%; (c) TMSOTH,
BH,-THF, -70 °C to0 0 °C; (d) CrO,, acetone; (¢) LAH, (-)-N-Me-
ephedrine, 85%; (f) 1 N HCl, reftux, 99%; (g) BH,-THF, H,0,,
NaOAc, 70%; (h) LiOH, 95%.

silylmethylamine radical cation to a tethered
acetylene or olefin functionality®”>® (Scheme 9).

OH

HO.
OH o'/é ~OH
HO, - NH #OH
. HO' HO,
o e
HO' HO' NH

PR
o = xofb =

(143) (82) 84)
(85) >< N\/TMS I~—-:> D-(-)-Tartaric acid
Scheme 9

Synthesis of isofagomine is shown in Scheme 10.

Z fin, OCN
Steps o e 2-ProH
Ref. 11 >< N._-TMS —

p-Tartaric acid

o}
(85)
_OH
%oﬁ (i) 9- BBN Hob
—
N -
o “gp (i) HCI, MeOH, HO NH
(82) (i) Pd(OH)2, H2. (38)
Scheme 10

5.2 Approaches toward Isogalactofagomine

5.2.1 Ichikawa’s Approach*>

Ichikawa and co-workers first designed and
synthesized isogalactofagomine from D-Lyxose in



146 GANESH PANDEY et al.

eleven steps with an overall yield of 6% (Scheme
11).

O
L 4 steps N3 o a, b X l
-Lyxose ——» 0= — -
oLy Scheme 6 OBz % OH n-Boc

(63) (86)
OH
c o d ®
> Agkl.“ N-Boc — X&N'Boc
(87) (88)
. HO _ on
e
HO NH.HCI
(40)
Scheme 11

Reagents and conditions: (2) (i) NaOMe, MeOH, 30 min; (ii)
H,, Pd(OH),, MeOH, 1t, overnight; (b) (Boc),0, TEA, MeOH;
(c) (i) Swern oxidation, -78 °C, 48% over four steps; (ii) n-BuLi,
Ph,PCH,Br, DME, 0 °C to rt, overnight, 77%; (d) 9-BBN, THF,
0 0C to rt 3 h, then NaOH, 30% H,O,, rt, overnight, 56%; (e)
IN HC], rt, overnight, 94%.

5.2.2 Bols’ Approach”

Bols and co-workers used a chemoenzymatic
approach for the synthesis of Isogalactofagomine.
The synthesis, starting from 89 utilized nine steps
and had an overall yield of 14%.

oH OH CH
MeO.C A -COMe MeO,C. CO,Me  MeO,C, CO,Me
| — +
N N N
89) N @) N (0%
(90) (91)
MeO,C CO,Me HO,C CO,Me
MeO,C
(90} ——»
Boc Boc
92 {93) Boc
(92) o8
o
e I,
94) ——»
(45 %) NT (37 %)
Boc Boc
(95) (96)
N OH OH
o o] HO.
(96) — F3CCOO g
N
E Boc
0C
) (40)
Scheme 12

Reagents and conditions: (a) PtO,, MeOH, H,, 40 atm, 60 °C,
5 h; (b) (Boc),0, TEA, 91%; Lipase M, H,0, 95%, 99% ee; (d)
(i) BH,, THF, 0 °C, 99%; (ii) Me,C(OMe),, TsOH, 93%; (iii)
LiOH-H,0, 87%; (¢) PhI(OAc),, I, CCl,, hn; (f) CF,CO,Ag,

EtOAc, 95%; (g) TFA, H,0, 100%.

5.3 Approaches toward Isofucofagomine

Isofucofagomine was simultaneously conceived
and synthesized by the groups of Ichikawa and
Bols.

5.3.1 Bols’ Approach®

Bols and co-workers derived isofucofagomine
from L-Arabinose in six steps with an overall yield
of 12%.

0. ~0Bn 0. .~0Bn
L-arabinose —————m 4 steps g/\\[ J;/\(
a6 %
(98) (99)
HO OH H HC
c.d
oY Vo —- Q
)ro HO" “OH
OH
{100) (101) (a1)
Scheme 13

Reagents and conditions: (a) Pd/C, NH,, H,, latm, 20 °C, 18
h, 95-97%; (b) Na (8 equiv.), NH,, DME, -78 °C, 3 h, 81%; (¢)
TsCl, py, 5 °C, 21 h, 62%; (d) BaNH,, 40 °C, 2 days, 76%; ()
TFA-H,0, 1.5 h, tt; (f) 1 M HCL, H,, Pd/C, 1 atm, 3 days, 69%.

5.3.2 Ichikawa’s Approach®

The group of Ichikawa synthesized
isofucofagomine in eleven steps starting from D-
Ribose 102, with an overall yield of 11%.

(105) {106) (107)
H HCI
g. h
T HO" ™ "OH
OH
(41)
Scheme 14

Reagents and cenditions: (a) 2,2-dimethoxypropane, TsOH,
acetone, tf, 12 h; (b) (i) TsCl, py, 0-5 °C, 10 h; (ii) BzCl, py, 0-
5°C, 1 h, 48 % over three steps; (c) NaN,, DMF, 60-65 °C, 4
h, 91 %; (d) (i) NaOMe, MeOH, rt, 10 min; (i) H,, Pd(OH),,
MeOH, H,0, 1t, 12 h 75% over 2 steps; (e) (i) BocN,, TEA, H,O-
dioxane, rt, 8h, 73%; (ii) Swearn oxidation, -70 °C, 30 min, 80%;
(f) Ph,PCH,Br, n-BuLi, DME,0 °C to 1t, 8 h, 77%; (g) H,, Pd/
C, MeOH, 1t, 5 h, 82%; (h) 1 N HCI, rt, 12 h, 90-95%.
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5.4 Approaches toward Isoglucuronofagomine

5.4.1 Ichikawa and Co-workers

Approach 7%

The first design and synthesis of
Isoglucuronofagomine was achieved in thirteen
steps and 5% yield from 108, derived from D-
Arabinose.

N3 N3 N3

OAc 1( OAc O\OBn OH
[ O~
OAc a : l7-OAr b
OAC OAc OBn
(108) (109) (110)
HO HOOC,
BnO d,e f
_C» Bno/mN\ e Bé]r?o N —_—
Boc )
(111 (112)
HOOC,
HO
HO NH.HCI
(42)
Scheme 15

Reagents and condition: (a) p-MeOC.H,OH, TMSOT{, DCM,
tt, 6 h, 84%; (b) (i) NaOMe, MeOH, tt, 10 min; (ii) BnBr, NaH,
DMF, 0 °C to t, 12 h, 99%; (iii) CAN, CH,CN-H,0 (5:1), 0
°C to 5 °C, 5 min, 89%; (c) (i) H,, Lindlar catalyst, MeOH, rt,
18 h 67%; (ii) (Boc),0, TEA, MeOH, 0 °C to 1t, 8 h, 75%; (d)
(i) Swern oxidation, -70 °C, 78%; (ii) Ph,PCH,Br, LIHMDS,
DME, 0 °C to rt 18 h, 81%; (e) (i) 9-BBN, THF, 0 °C to rt, 12
h, then 10% NaOH, H,0,, 0 °C to t, 12 h, dr = 5:1, quanti; (ii)
Swern oxidation, -70 °C; (jii) NaClO,, H,0, NaH PO,, CH,CN-
H,O (1:1), 0 °C to 1t, 1 h, 69% in two steps; (f) (i) H,, Pd(OH),,
EtOH- EtOAc, 1t, 18 h; (ii) 1 N HCI ; (iii) Silica column
chromatography and gel filtration, 32%.

Approach II*

Subsequently, an improved synthesis of
isoglucuronofagomine was developed (twelve steps,
22% vyield) starting from the readily available (R)-
2,3-O-cyclohexylidene- glyceraldehyde 68

OH
CHO :
<:><°j steps  HO OTBDPS
o) Scheme 7 N e
(68) H (73

OMOM OMOM

MOMO\‘\/j/\OH MOMO._~_,COOH
_b,

y N
OC

Boc
(113) (114)

Scheme 16
Reagents and cond:tions: (a) (i) (Boc),0, TEA, MeOH, 12 h;
(ii) MOMC, i-Pr,NEt, 0 °C to rt, DCM, 30 b; (iii) TBAF, THF,
4 h, 74%; (b) (i) Swern oxidation, -78 °C; (ii) H,0,, NaClO,,
NaH,PO,, CH,CN-H,0, 82% over two step; (¢) 3N HCI, 89%.

5.4.2 Ganem’s Approach®”

Ganem and co-workers utilized Fowler
reductions for their nine-step synthesis of
isoglucuronofagomine. The overall yield of the
synthesis was 40% but the enantiomeric excess was
a moderate 83%.

OH
HOW_~_sCH,OH
mCOzCH?, 7 steps \(j/ 2 a
P> Scheme 8
N N
CO,Ph
(74) (81)
OH
HO, COOH
N
CO,Ph
(115)
Scheme 17

Reagents and conditions: (a) Pt, O,, 80%; (b) LiOH, 95%.

5.5 Approaches toward Noeuromycin and
Analogs

5.5.1 Bols and co-workers

Approach I

Noeuromycin and analogs were first designed
and synthesized by the group of Bols.” The synthesis
of noeuromycin (43) starting from the known 2-
hydroxymethylglucose derivative 116, utilized six
steps with an overall yield of 40% from 116.

o0 og . oH oBn O . o OH
Hoé@mOH — NHBoc — ™ “Hio NH
CH,0H T OH
OH OH
(116} (117 (43)
Scheme 18

Reagents and conditions: (a) (i) Allyl amine, NaBH,CN, AcOH,
25°C, 83%; (ii) Wilkinson catalyst, CH,CN/H,O reflux, then TFA/
H,0, 25 °C; (iii) (Boc),0, NaHCO,, Acetone-water, 25 °C, 87%
over two steps; (b) (i) NalO, ; (ii) H,, latm, Pd/C, AcOH, 25
°C; (iii) TFA/ H,0, 25 °C, 55% over three steps.

D-Galactonoeuromycin  (44) and L-
Fuconoeuromycin (45) were synthesized from
known derivatives 118 and 120, respectively.

o WO, _oTBs oH
AT G I =
[s] a o NHBoc __2_,. HOZ NH
/}—0 ores @B % 5 41%) ‘ot
(118) (419) (44)

HO.

C?LO o @ SHs b HaC%NgH
L7 cri,  Tmawmy O NHBOC ™85 OH
0

HO
(120) {121) )
Scheme 19
Reagents and conditions: (a) Allyl amine, NaBH,CN, AcOH,
25 °C, (ii) Wilkinson catalyst, CH,CN/H,0 reflux; (iii) (Boc),0,
NaHCO,, Acetone-water, 25 °C; (b) (i) TEMPO, m-CPBA, DCM;
(ii) HCI, H,0.
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Approach IT*

Subsequently, a short synthesis of noeuromycin
(six steps from 56, 19% yield) was also published,
however, the diastereoselection was low (dr = <
2:1).

0. ,0Bn 0._,0Bn
(I 4 steps a
__...___’ _____._>
HO" " OH  Scheme 5 ~" “OH
OH NO, OH
(56) (60)
0. ,0Bn b
A — > @)
BocHN . » OH
OH
(122)
Scheme 20

Reagents and conditions: (a) H,, Pd/C, TEA, MeOH then
(Boc),0, TEA, (dr = < 2:1), chromatographic separation, 44%;
(b) H,, Pd/C, EtOH, then HCI, H,0, 98%.

5.6 Approaches towards 5-hydroxy
Isofagomine

5.6.1 Ichikawa’s Approach®

Ichikawa and co-workers first designed and
synthesized 5-hydroxy isofagomine (46) in eight
steps starting from 123 that was derived from D-
mannose.

VAR o
N 07,0 37{{%'0\0” Otn Ho, A OH

: WOB“ d E‘“‘ e :
NH

OBn HO'
(126) OBn (127) {46)

Scheme 21

Reagents and conditions: (a) Ag,0, BnBr, KI, DMF, 1t, 10 h,
85%; (b) (i) 70% AcOH, 1t, overnight, 80%; (ii) NalO » MeOH-
H,0, 0 °C, 30 min; (iii) NaBH,, t, overnight, 84%; (c) (i)
(CF,S0,),0, DCM, py, -40 °C, to 0 °C, 30 min; (ii) NaN,, DMF,
80 °C, overnight, 94% over two steps; (d) 60 % TFA, rt, overnight,
83%; (e) (i) 20 % Pd(OH),, H,, aq. HCl, pH = 3; (ii) Dowex
50W-X8 [H'] eluted with 5% NH,OH, 95%.

5.6.2 Bols’ Approach”

Bols and co-workers published a short three-
step synthesis of 5-hydroxy isofagomine starting
from 128 that in turn was derived from D-Mannose
in three steps.

OH

OH o
HO O .~OH @ H)]S;iszH ® o Oty
H N > Ho C’>”\0H > Ho NH.HCI
0,0 on 5
(128) {129) (46)
Scheme 22

Reagents and conditions: (2) NalO,, MeOH-H,O (1:1), 2 h, 0
°C, 93%; (b) (i) NH,, H,, 37 atm, 5% Pd/C, MeOH, 67%; (i)
HCI, H,0, MeOH, 50-55 °C, 2 h, 100 %.

5.6.3 Ganem’s Approach”

The approach of Ganem and co-workers was
based upon the use of selective Fowler reductions
as the key step. The synthesis utilized nine steps

and had an overall yield of 49%. The
enantioselectivity was a moderate 83%.
OH
oy COLCHs  HO\ o~ -COCH3 HOW_~_sCO,CH;
(7 " Y R
N Scheme 8 N f?l
CO,Ph COzPh
(74) (79) (130)
OH
b HO\_~_,COOH c
— *(j’won —— )
N
H
(131)
Scheme 23

Reagent and conditions: (a) 0sO,, NMO, 81%; (b) LiCH, 95%;
(©) (i) HMDS-py, 110 °C; (ii) LAH, THF, 83%.

5.7 Miscellaneous

5.7.1 An approach towards the Synthesis of 5-
epi-isofagomine’®

Kazmaier and co-workers synthesized 5-epi-
isofagomine (61) in seventeen steps with an overall
yield of 9% from 132 utilizing an asymmetric
chelate-controlled enolate Claisen rearrangement
as the key step.

5.7.2 An Approach towards 5-hydroxy-5-epi-
isofagomine®*

Pandey et al. synthesized 5-hydroxy-5-epi-
isofagomine 83 from 82. 5-hydroxy-5-epi-
isofagomine showed inhibition for b-glycosidase
(37 °C, pH 6.0), K, = 96 mM.
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OH OH OTBDPS
= OH OTBDPS P
/o a b
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& BocHN /\g’
(132) (133) (134)
OTBDPS OTBDPS
¢ OBn [ d OBn E e

—_— —_— —_—

BocHN™ “COOH BocHN
(135) (136)
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]/I e Oj/\L\I g—,. \(j
NHBoc
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137 (138) (139)
OH OH
, HO N
——")
N
H.HCI

(61)
Scheme 24

Reagents and conditions: (a) (i) NaH, BnBr, DMF, 90%; (ii)
TFA, H,0/ MeOH, 89%; (iii)TBDPSC}, py, DCM, 10% DMAP,
86%; (b) DCC, 10% DMAP, Boc-Gly-OH, 99%; (c) LDA, ZaCl,,
THF, -78 °C, 89%; (d) (i) NMM, CICOOR, THF; (ii) 2-
mercaptopyridine-N-oxide sodium salt; (iii) z-BuSH, hn, 70%; (e)
(i) AD-mix-b, +-BuOH, H,0, 88%; (ii) DMP, TsOH, Acetone,
94%; (f) TBAF, THF, 97%; (g) (i} (CF,S0,),0, py, DCM; (ii)
HCI, dioxane; (iii) NaHCO,, 50 °C, dioxane-water, 49%; (h) (i)
TMSI, DCM; (ii) HCl, MeOH; (iii)) Dowex S0W-X8, 57%.

_OH _OH

2 —_—
o N\Bn o NH HO NH.HCI
(82) (140) (83)
Scheme 25

Reagents and conditions: (a) (i) OsO,, NMO, py , acetone-water
(9:1), from 0 °C to t, 24 h, 95% ; (ii) Pd(OH),, H,, EtOH, 65
psi, 6 h, 90%; (b) HC], MeOH, r1t, 4 h, quant.

5.7.3 An Approach towards 5‘-deoxy-5-epi-
isofagomine °*

Pandey et al. synthesized 5°‘-deoxy-5-epi-
isofagomine (84) from (141), which showed
inhibition for b-glycosidase (37 °C, pH 6.0), K, =
30 mM.

In addition to these approaches towards 1-N-
iminosugars, Mehta and coworkers have published
an approach for Isofagomine analogs utilizing a
Diels-Alder cycloaddition approach.’®® Various
groups, including those of Bols*"* and Horenstein,*
have synthesized many other structural analogs of
these molecules, but these have not been covered
here.

| | e
X X T4 X LA
[¢] OH o “Bn [e) “Bn

(141) (142) (143)

CHs

HO,, -~

C
e

HO NH HCH

(84)
Scheme 26

Reagents and conditions: (a) (i) TsCl, Py, DCM, rt, 24 h, 95%;
(i) PhRCH,NHCH,TMS, Cs,CO,, TBAI, CH.CN. Reflux, 72 h,
58%; (b) hn, DCN, 2-PrOH, 2 h 55%; (c) Pd(OH),, on C, HCL,
MeOH, H,, 1atm, 28 h, quant.

6 Piperidine Triols as Glycosidase Inhibitors

Dale and co-workers systematically studied the
inhibition of sweet almond d-glucosidase by a wide
variety of normal and deoxy sugars. While the
stereochemical configurations of individual ring
hydroxyls were important, removing the C-6
hydroxymethyl substituent altogether had
remarkably little effect on enzyme substrate
interactions.® This surprising finding led Ganem
and co-workers to postulate that stereochemically
simpler or nor-analogues of deoxynojirimycin 18
may also be good inhibitors of glycosidases.

Along with the gluco- analog 144, Ganem and
co-workers prepared and studied the galactose- 145
and mannose- analogs 146 of des(hydroxymethyl)
deoxynojirimycin and found that these molecules
were almost as potent glycosidase inhibitors as their
parent deoxynojirimycins® (Fig. 5).

OH OH
o' N Ho' N
(144) (145)

des(hydroxymethyl)
deoxygalactonojinmycin

des{hydroxymethyl)
deoxynojirimycin

OH OH
HO,,/O HO,, O
HO NH HO" NH

(146) (147)

des(hydroxymethyl)

des{hydroxymethyl}
deoxymannojirimycin

deoxyalionojirimycin

Fig. 5

Five years later, Kusano and co-workers isolated
triols 144, 145 and 147 from Eupatorium fortunei
TURZ and showed that these triols were active
components of the extracts of this plant, used in
traditional Chinese and Japanese folk medicine as
a diuretic, antipyretic, emmenagogue and anti-
diabetic agent.*
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These structural analogues of the parent
deoxynojirimycin can also beconsidered as 1-N-
iminosugar type glycosidase inhibitors although
they do not resemble any of the existing pyranose
sugars. Not many syntheses of these molecules are
known. We shall concentrate specifically only on
the reported syntheses of these molecules and
therefore, their structural analogs or the N-substituted
compounds have been omitted.

7 Synthetic Approaches toward 3,4,5-
piperidine triols

7.1 Ganem’s Approach®

Ganem and co-workers synthesized 144, 145
and 146, utilizing their strategy of reductive opening
of bromopyranose sugars.

Br
/
a
D-Glucose HI?O/&OEOCI% 2 . HSO NHBn

OH
(148) (149)
—P o | Ho—<CHO NHBn|___, HO N-gn ¢
Bo -~ QXA BYC o (144
OH OH
(150) (151)
Z b-c
Similarly,  p-Galactose ——» BnO NHBn —==-» (145}
BnO
OBn
(152)
\ OBn b-c
D-Mannose — ngo/itvNHBn —— = (146)
(153)
Scheme 27

Reagents and conditions: (a) Zn, 2-PrOH/H,0 (19:1), NaBH,CN,
BaNH,, reflux, 2 h; (b) (i) TFA, DCM; (i) O,, DCM, -78 °C,;
(ii) Me S, NaBH,CN, MeOH, 1t, 3 h; (c) Pd(OH),, Pd/C, MeOH.

7.2 Legler’s Approach®

Legler’s group synthesized des(hydroxymethyl)
mannojirimycin 146 from D-Arabinose, in seven
steps, with an overall yield of 41%.

TsO OAc X N; Ohc
D-Arabinose — 2w O~ OAc O- OAc
OAc OAC
(154) (155)
c
> (146)
Scheme 28

Reagents and conditions: (a) (i) Trityl chloride, py, 24 h: (ii)
Ac,0; (iii) BF,. Et,0, MeOH, 60% over three steps; (iv) TsCl,
py; 85%; (b) NaN,, DMF, 90 °C, 94%; (c) (i) NaOMe, MeOH,
quant.; (i) Pd/C, H,, 1atm, 16 h, 85%.

7.3 Lundt’s Approach®

Lundt and co-workers derived 3,4,5-piperidine
triols from aldonolactones.

NH
HO oo Br oOH HO =0
) o —a>- 0 ——-——b—-—> O
o
OH OH
(156) (157) (158)

D-Arabinolactone

(146)

Scheme 29
Reagents and conditions: (a) HBr-AcOH; (b) (i) 25% ag. NH,,
2 h, tt; (ii) 2,2-dimethoxypropane, TsOH, 50% over three steps;
(c) NaBH,, TFA, dioxane, 100 °C, 3 h: IR-120 (H*); aq. HC],
66%.

MsO NH
(o] 0 a o]
p-Ribonolactone —— = e
HO0 o
2N X

(159) (160)
_._.b_> (147)
Scheme 30
Reagents and conditions: (a) ag. NH,, 84 %; (b) NaBH,, AcOH,

Dioxane, 100 °C, 5 h; IR-120 (H*); aq. HCl, 50%.

(1 59) (161) (1 62)

—— (145)

Scheme 31
Reagents and conditions: (a) (i) KOH/ H,0, 3 h; then aq. HCI
to pH = 3, 84%; (ii) MsCl, py, 1 h, 0 °C, 91%; (b) 25% aq. NH,,
4 h, rt, 70%; (c) NaBH,, AcOH, dioxane, 100 °C, 5 h, IR-120

(HY); aq. HCY, 57%.
CO,CH3
Hoj\‘/ ‘0

a ><O CO,CH3 b
-, e . .
D-Xylose o 0 R
o~7L o

(163) (164)

TsO

TsO H

¢ CONH, N._.O
\ Y ——
HO' L OH HO' “OH
OH

(165) (166)

Scheme 32
Reagents and condition: (a) (i) Br,, NaHCO,, H,0; then, HCV/
MeOH; (ii) Acetone, 2,2-dimethoxypropane, MeOH, 5 h, reflux,
89%; (b) (i) TsCl, py, 0 °C, 0.5 — 1.5 h, 38%; (c) aq. NH,, rt
16 ; then 1% HCI-MeOH, 60 °C, 4 h IR-400 (HCO-,), 38%; (d)
(i) HMDS, TMSCI, CH,CN, 1 h, 82 °C; then BH,.SMe,, dioxarne,
100 °C, 5 h; then 1 M HCL, 100 °C, 1 h, 95%.
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74 Amat’s Approach®

Amat and co-workers based their approach on
the stereoselective m-CPBA oxidation of
phenylglycinol-derived 2-pyridone. The synthesis
of 146 utilized six steps with an overall yield of
14%. The yield of the key step was rather low
(~40%).

Ph
Ph, Ph,

- OH e [ \
o] N(\ Oy N e}
a O~ _N 0 b
1S G G §

X -
X~"oH HO" ™" ~OH
(167) (168) OH
(169)

[ d "
e K)\ —
. NH
Q" ™7 “OH HO

(146)

Scheme 33
Reagents and conditions: (a) m-CPBA, DCM, 25 °C, 4 days,
single diastereomer, 35-40% (b) 0sO,, NMO, aq. CH,CN, 25 °C,
24 h, 78%; (c) (i) 2,2-dimethoxypropane, p-TsOH, DCM, 25 °C,
24 h, 85%; (ii) BH,.THF, -78 °C (30 min) to 25 °C (3 h), 87%;
(d) (i) H,, Pd/C, MeOH, 65%; (ii) MeOH, HCl, 95%.

7.5 Dhavale’s Approach®

Dhavale’s group utilized chiral pool derived
aldehydes in their approach towards the two meso
triols 144 and 147.

CHO TsO Ng

o . o o
0
A< OBn O_\T 0Bn 0—>

(171) 172 (173)

CbzHN N
[ o d
0 HO" “OH
0Bn 0— En
(174) (147)

H

CHQO N
Similarly, KB —
0 " hoY “OH
OA( OH

(175) (144)

Scheme 34

Reagents and conditions: (a) (i) NaBH,, MeOH, 1t, 15 min; (ii)
TsCl, py, 1t, 12 h, 85%; (b) NaN,, DMSO, 100 °C, 6 h, 86%;
() (i) 10% Pd/C, H,, 80 psi, MeOH, 12 h; (ii) CbzCl, NaHCO,,
EtOH-H,0 (8:2), 1t, 2 h, 93% over two steps; (d) (i) TFA-H,0
(3:2), it, 2 h; (ii) 10% Pd/C, H,, 8 psi, MeOH, 12 h, 94%.

7.6 Pandey’s Approach**

Pandey’s group have synthesized des(hydroxy
methylymannojirimycin 146 and des(hydroxyl
methyl)deosynojirimycin 144 from a common
synthon 82544

b 0 OH
o, a ob b 0. -
><O N‘Bn ><0 N\Bn ><O(©‘Bn

(82) (176) (177)
OH
¢ HO, -~
—_—
HO NH.HCI
(146)
Scheme 35

Reagents and conditions: (a) NalO,, EtOH-H,0 (4:1), tt, 1h,
80%; (b) NaBH,, MeOH, 1t, 40 h, then saturated NaCl, t, 24 h,
85%; (c) Pd(OH), on C, HClI, MeOH, H,, 1 atm, 1t, 36 h,
quantitative; silica gel chromatography, 88 %.

OH (?H OH
0, 0., ab HO,,.
>< \G" x >< N NH.HCI
o “Bn o) “Bn HO' :
(178) (177) (144)
Scheme 36

Reagents and conditions: (a) (i) DIAD, PPh,, p-nitrobenzoic
acid, THF, rt, overnight; (ii) LiOH, MeOH, 60% over two steps;
(b) PA(OH), on C, HCl, MeOH, H,, 1 atm, rt, 20 h, quant; silica
gel chromatograhphy, 90%.

Along with these successful syntheses, a couple
of syntheses of N-substituted piperidine triols have
also been reported.”’

8 Conclusion

This review clearly shows that 1-N-imino analogues
of monosaccharides are strong inhibitors and
particularly strong inhibitors of glycosidases, which
cleave b-glycosidases (equatorial glycosidic bond).
These I-N-iminosugars are transition state analogues
resembling carbocation 8 upon protonation (Scheme
1). This also gives an overview of synthetic
methodologies pursued by different research group
active in glycosidase Chemistry.
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