
Tetrahedron Letters 49 (2008) 5534–5536
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate / tet let
Total synthesis of (+)-lentiginosine from D-glucose

Mohammad Abrar Alam, Yashwant D. Vankar *

Department of Chemistry, Indian Institute of Technology, Kanpur 208 016, India

a r t i c l e i n f o a b s t r a c t
Article history:
Received 9 June 2008
Revised 4 July 2008
Accepted 9 July 2008
Available online 12 July 2008

Keywords:
(+)-Lentiginosine
D-Glucose
Epoxide
Barton deoxygenation
0040-4039/$ - see front matter � 2008 Elsevier Ltd. A
doi:10.1016/j.tetlet.2008.07.057

* Corresponding author. Tel.: +91 512 259 7169; fa
E-mail address: vankar@iitk.ac.in (Y. D. Vankar).
A total synthesis of (+)-lentiginosine, a potent and selective amyloglucosidase inhibitor, is reported from
a D-glucose-derived epoxide in 38% overall yield. In this synthesis, ambient conditions and readily avail-
able starting materials and reagents are used.
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The synthesis and biological evaluation of naturally occurring
and rationally designed glycosidase inhibitors has gained impor-
tance1 through the introduction of drugs for the treatment of
various diseases such as diabetes type II,2 Gaucher’s disease3 and
influenza infections.4 In addition, the design and synthesis of
new glycosidase inhibitors against diseases such as AIDS5 and can-
cer6 are also being developed. The majority of glycosidase inhibi-
tors are either derivatives of azasugars or carbasugars, and most
of them are either mono or bicyclic. (+)-Lentiginosine 1 (Scheme
1), a bicylic azasugar and the least hydroxylated naturally occur-
ring indolizidine derivative, was isolated in 1990 from the leaves
of Astragalus lentiginosus.7 It shows amyloglucosidase inhibition
activity at submicromolar concentration (IC50 = 0.43 lg/L) and is
the most potent and selective amyloglucosidase inhibitor known
so far. Due to its interesting activity, many groups have reported
its synthesis. Syntheses of optically active (+)-lentiginosine use
starting materials such as ribonolactone,8 tartaric acid,9 D-xylose,10

pipecolic acid,11
D-homoproline,12 chiral sulfoxide,13 lactam deriv-

atives14 and pyridine N-oxide derivatives.15 Some racemic synthe-
ses are also reported in the literature.16 Although the synthesis of
(�)-lentiginosine is known from D-glucose,17 to the best of our
knowledge, no synthesis of (+)-lentiginosine from D-glucose has
been reported.

In continuation of our efforts to synthesize glycosidase inhibi-
tors,18 we herein report a new synthesis of (+)-lentiginosine from
D-glucose. Retrosynthetically (Fig. 1) the target molecule 1 can be
obtained from the hydroxy pyrrolidine derivative A which, in turn,
ll rights reserved.
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can be obtained from the dimesylate B. The dimesylate could read-
ily be derived from the olefin C which can be obtained from the
corresponding glucose-derived epoxide D, via epoxide opening
and deoxygenation of the resulting alcohol.

Thus, epoxide 2, obtained from D-glucose in four steps,19 upon
treatment with allylmagnesium chloride20 gave the hydroxy deriv-
ative 3 in 95% yield, which was characterized by the presence of its
internal olefinic proton at d 5.74 as a multiplet in its 1H NMR spec-
trum in addition to other spectral data.21 The hydroxy group was
removed using the Barton deoxygenation22 to give the olefin 4.
Derivative 4 was treated with 10% HCl in methanol to give the ace-
tonide-deprotected acetal23 5 in 98% yield, which typically showed
the absence of the two geminal methyl groups at d 1.0 and the
appearance of one methoxy resonance at d 3.39 in its 1H NMR spec-
trum. The free hydroxy group of 5 was protected as its benzyl ether
to give 6 in 97% yield. The acetal moiety of 6 was hydrolyzed24 by
treatment with 3 M HCl in refluxing dioxane, followed by reduc-
tion with NaBH4 to give diol 7 in 88% yield. This diol was treated
with MsCl/Et3N to give the corresponding dimesylate 8 in 96%
yield, which showed the presence of two methyl singlets at d 2.9
in its 1H NMR spectrum. The double bond of 8 was cleaved using
OsO4/NaIO4 followed by reduction with NaBH4 to give the hydroxy
derivative 9 in good yield.25,26 Treatment of 9 with neat benzyl-
amine27 at 90 �C gave the pyrrolidine derivative 10. The 1H NMR
spectrum showed the complete disappearance of the mesylate
singlets and an increase in the number of phenyl protons, which
confirmed the formation of the pyrrolidine system. Hydroxypyrrol-
idine 10 on treatment with MsCl/Et3N formed a very polar com-
pound, most likely a quaternary ammonium salt,28 which upon
treatment with Pd/C in methanol under 5 atm H2 gave (+)-lentigi-
nosine 1 in 81% yield. All the spectral and analytical data for 1 were
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Figure 1. Retrosynthesis of (+)-lentiginosine.
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in agreement with the data reported in the literature.29 Moreover,
1 was further characterized as its acetate derivative 11.30

In conclusion, we have synthesized (+)-lentiginosine from the D-
glucose-derived epoxide 2 in an efficient manner in 38% overall
yield. This synthetic scheme can be utilized for the preparation
of analogues of lentiginosine, and work towards this direction is
being pursued in our laboratory.
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