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Abstract

Nojirimycin-8-lactam skeleton was synthesized by asymmetric reduction of a cyclic triacetylesgimide
with a chiral f-amino thiol ligand. The resulting product was converted to unnatural @pHpojirimycin-o&-
lactam. © 1999 Elsevier Science Ltd. All rights reserved.

The synthetic challenge of naturally occurring monosaccharide-like alkaloids containing a piperidine
moiety, laandl1b, and their analogues such as nojirimyéiactams2a,b are significant since they are
potent and selective glycosidase inhibitbfsand thus are expected to have potential chemotherapeutic
utilities such as antidiabetic ageritsjovel anticancér® and anti-HIV agent§.” The syntheses of
nojirimycin-8-lactams2a,b have so far been accomplished by oxidation of nojirimycamination of
idofuranos@ and from glucose as a mixtufeMany 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.

HO O N Ho7~24_—NH
HO HO HO /
HO R R2 Y5
R: OH , Nojirimycin (1a) R': CH,OH , R% H (2a)
R: H, 1- Deoxynojirimycin (1b) R': H, R% CH,OH (2b)

We appreciate that another possible synthetic strategy would be the use of enantioselective reduction
in the presence of a catalytic amountfeamino thiol ligand7'? of a six-membered cyclimesoimide
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%omould 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 witB-amino thiol ligand7@

OR OR For (-)-9 OAc OBn

RO, WOR RO, ~OR1. Ac 0, Pyr-CH,Cl, AcO,, WOAC BnO,, 20Bn
J:'l BDMPB (6), tol ’J\/'I 2. BFyOEty, EtsSH. CHyCly in, N . . .
o r;J () 8 (20 mol%) HO rTj O For ()10 r;J o O o
An - An 1. NaBHy4, EtOH An
dit .
3ab condition 4ab 2 .2NH,SO, THF )9 (10
Entry Imide Temp ('C) Time (hr) Ee’ (%)  Yield® (%) Conf* Optical Rotation
1 3a (R=Ac) 0 12 78 50 (-)-9
2 3a -10 16 85 62 (-)-9 [OL],,25 4.8 (¢ 0.66, CHCL,)"
3 3a -20 48 70 12' (-)-9
4  3b(R=Bn) -10 48 24 92 (-)-10 [, 1.1 (c 0.56, CHCI,)*

‘Reactions with the ligand 7 (20 mol%), Et,Zn (20 mol%) and BDMPB (3 eq.) in toluene (0.3 M). "Determined by HPLC
(Chiralcel OD column) of the lactam 9 or lactone 10. ‘Isolated yields of 4a and 4b. ‘Confirmed by comparison of optical
rotation and chiral HPLC elution order with authentic (+)-9 and (+)-10. ‘Specific rotation of (+)-9": [a],* 5.6 (c 0.95,
CHCl,). ‘Most of the starting material remained unchanged even after 48 h. *Specific rotation of (+)-10"": [a], 4.4 (c 0.85,
CHCL,), [ae],* 5.2° (¢ 0.53, CDCl,).

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

In fact, chiral catalytic reduction of thmesamides 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 prétucts.

OH OP, OP, OP,
HO. ~OH  NucleophilicP10x. wOP4 P10, ~OP1 Asymmetric P1Ox, ~OP4
pr— > pr——
ZoN substitution P >NZ 0P N “oH feduction PN
H OH An An il\n
2a,b 5 4 3a,b

P': OH protecting group
An = p-MeO-CgH,4
Our asymmetric reduction ahesotriacetyloxy imide3al? and tribenzyloxy imide8b!3 was carried
out with BDMPB (bis(2,6-dimethylphenoxy)borang)® as a reducing agent in toluene in the presence
of a catalytic amount (20%) of the thiazazincolidine com@egenerated in situ from enantiomerically
pure amino thiol ligand@ and EpzZn.10

Ph Me
z 3 Ety,Zn _ r\A?Zn
he N £ ¥ BDMPB (6): C[ Iﬁ
C ) prve Me Me
7 8 Bis(2,6-dimethylphenoxy)borane

The corresponding hydroxy-lactams4a and4b were individually converted to &-lactam, (-)9 (1:
Ac,0, Pyr, CHCIy; 2: E3SiH, BF;-OEt, CH,Cl,), and ad-lactone, (-)10 (1: NaBH;, EtOH; 2: 2 N
H>SOy, THF), respectively. The products were analyzed by chiral HPLC for enantioselectivity for the
reduction ofmesamide, the results of which are summarized in Table 1. Although the enantioselectivity
in the reduction ofnesatribenzyloxy imide3b was relatively low, it was gratifying to find that the same
reduction of triacetyloxynesamide 3a, using identical conditions, gave higher enantioselectivity.

The reduction produc#a [resulting from the reaction of imid8a with BDMPB (3 equiv.) in the
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presence 08 (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
acetatel1in 87% yield. Subsequently, substitution of lactam acetateith propargyltrimethylsilant®
produced allenic compount2 in 88% vyield with a form under a mixed Lewis acid combination of
BF3;-OEb and t-butyldimethylsilyl triflaté’ to give 5epicompound12. It was noteworthy that the
nucleophilic addition of propargylsilane on the resulting acyliminium ion center took place exclusively
from the axial directiot®1® CompoundlL2 was transformed to hydroxymethyl proddetby ozonolysis
followed by reduction of crude aldehydE3 with NaBH; in 86% yield for two steps. Attempted
base-induced epimerization of thecarbon of crude aldehydE3 to the corresponding C-5 equatorial
compound under various conditidAsnvariably produced an elimination produts. After acetylation

of monoalcoholl4 followed by oxidative cleavage of tiemethoxyphenyl group with CAN (58% vyield

for the steps tdl6), the final compound (+2b?! was obtained by removal of all acetyl moieties with
NaOH (81% yield) (Scheme 1).

OAc
AcOy,,, ‘\OAc AcO,, (k/\L\\OAc AcO,, \\OAc AcO,, \\OAc f
RO™ “N” S0 n OHC™ o]
An Il OH An
a 4a (R:H) 12 13 14
11(R: Ac) g 1
X OAc
OAc OH |
ACO/,,. _‘\\OAC h HO/,,. .‘\\OH OHC fl\l (o]
_— An
| TNTo NS0 15
OAc on H
16 (+)-2b

Scheme 1. Reagent: (a) A8, Py—CHCl,, rt, 87%. (b) Propargyltrimethylsilane, BFOEt, TBSOTf (0.2 equiv.), CHCN,
88%. (C) Q, CH,Cl,, —=78°C. (d) NaBH, EtOH, 0°C, 86% (2 steps). (€) A0, Py—CHCl,, rt. (f) CAN, CH;CN-H,0, rt, 58%
(2 steps). (9) BN, i-PrOH-CHCI,, 28%. (h) 2 N NaOH, MeOH, 0°C, 81%

In conclusion, we have shown that enantioselective reductive differentiation of the carbonyl groups in a
meseimide, 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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