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Abstract

Nojirimycin-δ-lactam skeleton was synthesized by asymmetric reduction of a cyclic triacetyloxymesoimide
with a chiralβ-amino thiol ligand. The resulting product was converted to unnatural (+)-5-epi-nojirimycin-δ-
lactam. © 1999 Elsevier Science Ltd. All rights reserved.

The synthetic challenge of naturally occurring monosaccharide-like alkaloids containing a piperidine
moiety,1a and1b, and their analogues such as nojirimycin-δ-lactams2a,b are significant since they are
potent and selective glycosidase inhibitors,1,2 and thus are expected to have potential chemotherapeutic
utilities such as antidiabetic agents,3 novel anticancer4,5 and anti-HIV agents.6,7 The syntheses of
nojirimycin-δ-lactams2a,b have so far been accomplished by oxidation of nojirimycin,8 amination of
idofuranose9 and from glucose as a mixture.8 Many synthetic methods have been reported to present the
flexibility of approaches to the synthesis of the nojirimycin skeleton by the preparation of analogues.
However, they have little advantage in the synthesis of the enantiomer as well as their C-1 and C-5
derivatives.

We appreciate that another possible synthetic strategy would be the use of enantioselective reduction
in the presence of a catalytic amount ofβ-amino thiol ligand710 of a six-membered cyclicmesoimide
3 bearing three equatorial hydroxy groups at C-2, 3 and 4 positions. Subsequent substitution of the C-5
hydroxyl group with a hydroxymethyl group through a chiral acyliminium ion5 would furnish the desired
product. This strategy has the advantage that the syntheses of C-5 analogues and their enantiomers could
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Table 1
Asymmetric reduction of cyclic imides withβ-amino thiol ligand7a

be accomplished by properly controlling chiral ligands and nucleophiles. In this communication, we wish
to disclose the use of the asymmetric reduction of ameso-imide for the enantioselective synthesis of an
unnatural nojirimycin-δ-lactam enantiomer.

In fact, chiral catalytic reduction of themesoimides by optically active ligands occupies an important
position in the field of modern organic synthesis, and nucleophilic additions to resulting chiral acylimi-
nium ion are important methods for the preparation of nitrogen containing natural products.11

Our asymmetric reduction ofmesotriacetyloxy imide3a12 and tribenzyloxy imide3b13 was carried
out with BDMPB (bis(2,6-dimethylphenoxy)borane:6)10 as a reducing agent in toluene in the presence
of a catalytic amount (20%) of the thiazazincolidine complex8, generated in situ from enantiomerically
pure amino thiol ligand7 and Et2Zn.10

The corresponding hydroxyδ-lactams4a and4b were individually converted to aδ-lactam, (−)-9 (1:
Ac2O, Pyr, CH2Cl2; 2: Et3SiH, BF3·OEt2, CH2Cl2), and aδ-lactone, (−)-10 (1: NaBH4, EtOH; 2: 2 N
H2SO4, THF), respectively. The products were analyzed by chiral HPLC for enantioselectivity for the
reduction ofmesoimide, the results of which are summarized in Table 1. Although the enantioselectivity
in the reduction ofmesotribenzyloxy imide3b was relatively low, it was gratifying to find that the same
reduction of triacetyloxymesoimide3a, using identical conditions, gave higher enantioselectivity.

The reduction product,4a [resulting from the reaction of imide3a with BDMPB (3 equiv.) in the
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presence of8 (20 mol%), −10°C, 16 h; 62% yield, 85% ee] was ultimately converted to the unnatural
nojirimycin skeleton as shown in Scheme 1, which was initiated by acetylation to the corresponding
acetate11 in 87% yield. Subsequently, substitution of lactam acetate11 with propargyltrimethylsilane16

produced allenic compound12 in 88% yield with a form under a mixed Lewis acid combination of
BF3·OEt2 and t-butyldimethylsilyl triflate17 to give 5-epi-compound12. It was noteworthy that the
nucleophilic addition of propargylsilane on the resulting acyliminium ion center took place exclusively
from the axial direction.18,19 Compound12was transformed to hydroxymethyl product14by ozonolysis
followed by reduction of crude aldehyde13 with NaBH4 in 86% yield for two steps. Attempted
base-induced epimerization of theα-carbon of crude aldehyde13 to the corresponding C-5 equatorial
compound under various conditions20 invariably produced an elimination product15. After acetylation
of monoalcohol14 followed by oxidative cleavage of thep-methoxyphenyl group with CAN (58% yield
for the steps to16), the final compound (+)-2b21 was obtained by removal of all acetyl moieties with
NaOH (81% yield) (Scheme 1).

Scheme 1. Reagent: (a) Ac2O, Py–CH2Cl2, rt, 87%. (b) Propargyltrimethylsilane, BF3·OEt2, TBSOTf (0.2 equiv.), CH3CN,
88%. (c) O3, CH2Cl2, −78°C. (d) NaBH4, EtOH, 0°C, 86% (2 steps). (e) Ac2O, Py–CH2Cl2, rt. (f) CAN, CH3CN–H2O, rt, 58%
(2 steps). (g) Et3N, i-PrOH–CH2Cl2, 28%. (h) 2 N NaOH, MeOH, 0°C, 81%

In conclusion, we have shown that enantioselective reductive differentiation of the carbonyl groups in a
meso-imide, axial addition of an organometallic to iminium ion center derived therefrom and subsequent
removal of the nitrogen protecting group can be applied to a concise and efficient synthesis of potentially
biologically active nitrogen heterocycles.
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