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Abstrac t :  The formal synthesis of c a s ~  (1) starting from tetrabenzyigluconolactam (3) is 
described. Olefin metathe,~ cycli~mJ'on reaction of dinikmle 9, derived from 3, leads to indolizid~none 10, 
which can be used as a key intermediate for the synthesis of castancspennine (1) and its analogues. 

I n t roduc t i on .  (+)-Castanospermine (1) (Scheme 1) is a member of a large fan-dly of polyhydroxylated 
alkaloids which are analogues of monosaccharides in which the ring oxygen is replaced by a nitrogen atom I . It is 
a structural analogue of glucopyranoside (2, R=H) and, thus, is a potent inhibitor of several 0t- and J3- 
glycosidases 2. Since the isolation of 1 from Castanos/mmuun austra/e aa and A/exa le/ope/a/a 3b castanos~rnlme 
(1) has been the subject of extensive synthetic efforts which have resulted in several total syntheses of the parent 
molecule I and its structural analogues 4. 
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Scheme I 

In connection with a programme on the development of new AT~ugars as potential glycosidase inhibitors, we 
have reported a facile general synthesis of sugar laetams s. Thus, giuconolactam (4) was synthesised from 
tetrabenzylglucopyranose (2, RfBn) in a 4 step sequence v/a tetrabenzylgluconolaetam (3) (Scheme 1) and is 
available in our latxratory on a multigram scale s,6. We now describe the formal synthesis of I starting from 3 
via the application of an olefin metathesis cyclisation reaction 7 in the critical step of the synthetic sequence. 

Syn thes i s .  In Scheme 2 the transformation of gluconolactam 3 to dialkeue 8 is outlined. N-allylation of 
lactam 3 was accomplished with aUyl bromide, using two-phase conditions with tetrabutylammonium iodide as a 
phase transfer catalyst, to give $ in 93% yield. Selective deprotection of the primary alcohol function by treatment 
with ferric chloride and acetic anhydride and subsequent hydrolysis of the resulting acetate gave alcohol 6, which 
was oxidised to aldehyde 7 with the Dess Martin periodane 8, in 80% overall yield. Treatment of this aldehyde 
with methyl (triphenylphosphoranylidene)aeetate gave the Wittig product 8 in 85% yield 9. 
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Scheme 2 

The dialkene 8 was subsequently allowed to undergo a metathesis cyclisation reaction with the ruthenium 
carbene complex 9 as a catalyst 7* (Scheme 3). It may be noted that since the development of this ruthenium 
complex and the related molybdenum carbene complex 7b, the olefin metathesis cyclisation reaction has aroused a 
great deal of attention. The syntheses of several oxygen le and nitrogen z L]2 containing beterocycles, including 
pyrrolidines, pyrrolizidines and indolizidines (using this method) have been published recently. In our own 
laboratory, a metathesis-mediated closure of a 13-membered ring, in a strategy for preparing the ABCD ring 
system of the alkaloid manzamine A, was achieved recently 13 
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Scheme 3 

The cycllsation of dialkene 8 (catalyst 9, 5% w/w, toluene, 110°~ in which one of the reacting alkenes consists 
of an ¢t-~-unsaturated ester is unprecedented in literature 14 . Although this reaction was much slower than that of 
the corresponding substrate with two terminal olefines 9, the cyclisation was accomplished yielding 70% of the 
bicyclic lactam 10 Is. The double bond was oxidised, using a catalytic amount of osmium tetroxide with N- 
methyl moffoline N-oxide as the cooxidand 6, to form a mixture of diols, which was subsequently transformed 
into a mixture of sulphites 1~' 11 (55%). Oxidation of this mixture gave, after separation on silicagel, the 
sulphates 12 and 13, almost quantitatively, in a ratio of 1:5. The transformation to the sulphates has been chosen 
because epoxidation of the double bond in 10 gave unsatisfactory results. Cyclic sulphates can be regarded as 
chemical equivalents of epoxides which are generally more reaedve towards nucleophiles is .  Such a building 
block has been succesfully used as an intermediate for the synthesis of azasugar pyrrolidines 19. 
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The relative configuration of  the sulphates 12 and 13 has been established by NOE experiments 
(Scheme 4) showing that the major isomer 13 has the stereochemistry corresponding with castanospermine (1). 
Irradiation of H5 gave a positive effect on H6 and vice versa; proving these protons to be on the same side of the 
bicyclic framework. From analogous experiments performed on the minor isomer 12, proximity of the protons 
H4 and H6 is evidenced; as would be expected in structure 12. 
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Scheme 4 

Finally, the cyclic sulphate was treated with sodium borohydride in dimethyl acctamide to yield a mono- 
sulphate 17, which gave lactam 14 upon hydrolysis. In the reduction step, the product resulting from attack of the 
hydride from the sterically less hindered side is formed exclusively (98%; Scheme 5). 
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Scheme 5 

All spectroscopic data for 14 are in agreement with those described in the literatm~ 4•.20 for this compound. 
The transformation of 14 to the title compound (1) has been accomplished by reducing the lactam to the amine, 
followed by hydxogenolysis of the benzyl ethers 't•. 

In conclusion, a new synthesis of castanospermine (1) has been devised. The precursor lactam 15 is 
synthesised in 11 steps starting from tetrabenzyl gluconolactam (3) in an overall yield of 19%. The olefin 
metathesis cyclisation reaction has been shown to be a useful method in the synthesis of natural occurring 
heterocycles. The bicyclic systems 10 and 13 are expected to be useful synthons for the synthesis of new 
analogues of castanospermine (1). 
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