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A tandem Michael addition-nitrone cyclisation sequence has been used to construct the histrionicotoxin skeleton. 

Histrionicotoxin 1 was first isolated from the Columbian tree 
frog Dendrobates histrionicus by Daly et al. in 1971.1 In 
common with other alkaloids (batrachotoxins, gephyrotoxins, 
pumiliotoxins2) isolated from the skin secretions of these 
frogs, the histrionicotoxins display neurological activity, 
interfering with the binding of acetylcholine to its protein 
bound receptor at the junction between a neuron and a muscle 

Our approach to histrionicotoxin 1 relies on a tandem 
Michael addition-nitrone cyclisation sequence. Treatment of 
cyclopentanone with the Grignard reagent derived from 
1-bromopent-4-ene gave the alcohol 2 quantitatively (Scheme 
1). Ozonolysis of 2 in DCM (CHZC12) followed by reductive 
work-up with triphenylphosphine gave lactol 3, which was 
treated with ethoxycarbonylmethylenetriphenylphosphorane 
to yield the acrylic ester 4. Elimination of the alcohol was 
achieved with phosphorus oxychloride in pyridine to give 
alkene 5 ,  which was smoothly converted to the keto-aldehyde 
6 by epoxidation followed by periodate cleavage. A chromium 
mediated addition4 of 3-bromoallyltrimethylsilane~ to 6 furn- 
ished our cyclisation precursor in high yield. The alcohol was 
protected as the TBDMS (tert-butyldimethylsilyl) ether under 
standard reaction conditions. When the ester 7b was commit- 
ted to our cyclisation conditions two cyclised products were 
obtained in equal quantities in 52% overall yield. Cycloaddi- 
tion of the intermediate nitrone took place by way of a 
'boat-like', rather than a 'chair-like' transition state, to 
produce isoxazolidines 8 and 9.F [relative stereochemistries 
were confirmed by NOE (nuclear Overhauser effect) spectro- 
scopic studies]. The nitrogen-oxygen bond was reductively 
cleaved to yield hydroxy-amine 10. 

Compound 10 has the correct relative stereochemistry at 
centres 2, 6 and 8 to be taken through to histrionicotoxin, 
while we expect to be able to isomerise centre 7 to the correct 
stereochemistry once the side chain has been developed to the 
aldehyde. 
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?- Spectroscopic data for 8: IR w,,x/cm-l (DCM solution cell) 1727s 
(C=O), 127% 840s (Si-C). aH (400 MHz, CDC13) 0.00 (15H, s), 0.85 
(9H, s), 0.95 ( lH ,  dd, J 15,3 Hz), 1.05 ( lH ,  dd, J 11,15 Hz), 1.18 ( lH ,  
m), 1.22 (3H, t,  J 7 Hz), 1.30-1.45 (4H, m), 1.55-1.60 (2H, m), 
1.75-1.85 (3H, m), 2.20 ( lH ,  bs), 2.50 ( lH,  bs, J 9.0 Hz), 2.75 ( lH ,  
bd, J 10 Hz), 3.10 ( lH ,  dd, J 15 ,2  Hz), 3.25 ( lH ,  m), 3.85 ( lH ,  bt, J 
9Hz), 3.95 ( lH,  apparent q, 5 2.4 Hz), 4.15 (2H, dq, J 7, 1.6Hz). aC 
29.20, 29.60, 31.26, 32.03, 35.93, 39.82, 55.17, 31.26, 32.03, 35.93, 
39.82, 55.17, 60.03, 60.07, 67.32, 80.48, 172.54. 

For 9; IR wm,,/cm-~ (DCM solution cell) 1727s (C=O), 1278s, 840s 
(Si-C). 6~ (400 MHz, CDC13) 0.00 (5H, s), 0.85 (lOH, bs), 0.95 ( lH ,  
dd, J 15, 12 Hz), 1.22(3H7 t, 5 7  Hz), 1.20-1.85 (12H, m), 2.05-2.20 
(2H, m), 2.65 ( lH ,  d d , J 9 , 5  Hz), 3.15 ( lH ,  dd,516,2Hz),  3.25-3.35 
(1H,brm),3.85(1H7dt,J5,12Hz),4.30(1H,brm),4.10(2H,q,J7 
Hz) . 

(100.614MHz) -5.24, -5.02,14.17,16.62,17.79,19.17,25.64,27.02, 

This cyclisation is reminiscent of work by Tufariello and 
Trybulski6 but relies on the addition of an oxime nitrogen to 
an electron-deficient double bond followed by cycloaddition 
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Scheme 1 Reagents and conditions: i ,  (a) 0 3 ,  DCM, -78 "C; (b )  PPh,; 
ii, Ph3PCHC02Et, DCM, room temp.; iii, POC13, pyridine, reflux; 
iv, m-chloroperbenzoic acid, DCM; v, H5I06, tetrahydrofuran-H20; 
vi, 3-bromoallyltrimethylsilane, CrC12, NiCl2 (cat), DMF (dimethyl- 
formamide); vii, TBDMSCl, DMF, dimethylaminopyridine (cat), 
imidazole; viii, NH20HeHC1, NaOAc, toluene, H20, sealed tube, 
150°C; ix, H2, Pd, EtOH, 40 psi, (TMS = trimethylsilyl). 
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to an allylic trimethylsilane to successfully direct the cycload- 
dition,7 in contrast to the acrylic ester employed by Tufariello 
and Trybulski. Work in the 1960s demonstrated the reaction 
of oximes with electron-poor double bonds8 and has been the 
subject of a thorough investigation in recent years by Grigg 
and coworkers9 and ourselves.10 

Cyclisation of the parent alcohol 7a under similar conditions 
gave the hydroxylamine 11 (40%), produced by a consecutive 
Michael addition, cycloaddition fragmentation sequence. 
Compound 11 compares with azaspirocycle 10 and arises from 
an in situ fragmentation of the intermediate isoxazolidine. 
This compound is also under investigation in our new 
approach to the histrionicotoxins and related compounds. 
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