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Abstract llK. rope for tan&m radical nKdiMxt macmcyclisati-aansannulation processes (Scheme 1) in the 
elabaaticm of polycycks is illusttatcd with the facile syntheses of linear 5,6-. 6,6- and 5.7~ring fused carbo- 
bicycks, vi: 7, 8. 11. 13 Fran a-e iododiatcme precursors. viz 1. 2. 12, on treatment with Bu+H- 
AIBN. 

In earlier investi 
1 cembranes,l zearaknone. 

ations we have developed facile syntheses of macrocyclic natural products, e.g. 
based on inaamOkcukr &ditions of allylic radicals to ekctron deficient alkenes. We 

have also described an approach to the taxane ring system using a 12-e&~ radical macrocyclisation of a 
functional&d cu-alkenyl alkyl iodide iu tandem with a 8-e~Io/6-exo radical transannulation process.3 The 
elaboration of ring-fused carbocycles based on sequential radical macrocyclisation-transannular processes 
would seem to offer a unique opportunity for the rapid, stereocontrolled synthesis of a wide range of highly 
functional&d polycyclic natural products, e.g. diterpenes, steroids, alkaloids. under mild conditions. With this 
aim in mind, we have investigated some general principks underlying the synthetic design presented in Scheme 
1 .4 In this Lerter we summari se the scope for tandem radical macrocyclisation-transannulation reactions as a 
stratagem in the synthesis of linear 5,5-, 5.6-. 5,7- and 6.6~ring fused carbocycles. In the accompanying 
communication we show how this overall strategy can be extended to the elaboration of nicyclic mokcules from 
appropriate triene alkyl radical pr~~ursors.~ 

schne 1 

We began our investigations by first examining the tandem macrocyclisation-transannulation sequence 
involving the radical interm4iate produced from the iododiene 1, with a view to the synthesis of 1-decalone. 
Model studies, and earlier work, had demonstrated the need for an electron deficient alkene electrophore (e.g. 
conjugated enone) to promote macrocyclisations with nucleophilic carbon radical~,~ and the iodide 1 (rather 
than the bromide) was selected because of its enhanced reactivity. 
as summa&d in Scheme 27. 

Thus. the E-iododienone 1 was synthesised 
When a 3mM solution of 1 in dry degassed benzene was heated in the presence 

of 1.1 equivalents of Bu,SnH and a catalytic amount of AIBN for 0.5h, work up and chromatography, gave a 
3:2 mixture of true- and cis-isomers of l-de&one, 7 and 8 respectively. in a combined 72% yield. The 
formation of7 and 8 was accompanied by the product (6. -10%) of reduction of the starting material, but we 
obtained no evidence for the co-formation of any cyclodecenone or alternative bicyclic products. Tteamxnt of 
the 3:2 mixhue of cis and gyms I-decalones with DBU (2Y’C. 24h) allowed the isolation of mans-ldecalone in 
essentially quantitative ~ield.~ 
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OH i 

RlrageNs: i C&dXWCX THF t53%h th OWCCOCI, C&C1~, ppidk (100%): ii, ~g(ococ~~~, 
~~~H2~3 @%b thar sdd tUk 12.0” C, 13 h; iii, CHp3CHh@X THF, (58%); iv, DEBAL., CHfll2, (82%); 
v. NBS. m, a$l2. (53%): vi. Dew-Ma&n pcddimc, CH#2. (76%): vii, NaI, acetone. (100%); 
*. cyclww~l-MsBr, THF, (81%); ix. ZnBq. HBr (4.). (65%): x. PCC. CH2C12, (t?B%), 

scbeme2 

We next cxambd the reaction between Bu+H-AIBN and the positional isomer of 1, i.e. 2. To our 
initial surprise this ldendo mafxacyclisabon-tr ansannulation 
7 and cboctahydmazukn-l-one 11,9 

scqwncc kxi to a 1: 1 mixture of mm-l-daxlone 
in a combined yield of 6846, resulting fmm competitive ~-+Fx&~-~xo 

transannular cyclisation f&m the inwmcdiate cyckxiecenone mdicall0. 

The diffdg teaction pathways followed by the radkals 3 and 9 produced fbm the iododienones 1 and 
2 xspcctively, is interesting and they most likely have theii origins in the ConformationaI preferences of the lO- 
membered a-keto radical in&xmediatcs involved in the two cyclisations. Thus the a& a-kern radical 4 lo 
derived from 3, located in a chair-chair IO-member& intcrmc&ate should cyclist in an 6-e~b/exo fashion 
leading to the tmnr-de&one 7, whereas the same radical in a chair-boat-chair conformation, viz 5, would be 
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expected to cyclise to the conqmnding cimkcalone 8. In neither of the conformations 4 and 5 should it be 
possible for the a-keto radical inmmediates to undergo competing S-exe cyclisations, and indeed no 
octahydroazulen-l-one product was obsmed fhn the tandem cyclisation of 3; cyclisation of 4/S via a syn a- 
keto radical would involve a significantly higher energy transition state, and is probably precluded. By 
contrast_ bansannular cyclisation of the anti a-keto radical 10 in the lowest energy chair-chair IO-ring 
conformation. should be facik in eithr a S-d20 or a 6-exe sense. with an equal p&ability of producing either a 
cis 7,5- or a tmm 6,bbicyclic product, as indeed we observe. 

Bu3SnH 
(2) --&- l w l@ffk 

0 

In further investigations of the scope for sequential radical macrocyclisation-transannulations in the 
construction of linear bicyclic systems we also examined the cyclisations of the iodo-dienones 12, 14, and 
18. I1 Intmestingly, although the nonadienone 12 underwent tandem 9-endo-5-exe cyclisation producing the 
c&tetralone 13 in reasonable yield (-50%). the comsponding E-octadienonc 14 on treatment with Bu$nH- 
AIBN led to only the Z-cyclooctenone 16 (40%) together with recovered starting material. None of the 
expected biiyclo[3.3.0]octanone 15 was obtained in the mction products. The formation of Z-cyclooctenone 
1 612 from E-l 4 is interesting for a number of masons, not least since it indicates that the transannulation step in 
this reaction. and presumably therefore som of the reactions mentioned earlier, can be reversible in favourable 
situations. 

Fiially, as if one needed further evidence of the propensity with which hexenyl radicals will undergo 5- 
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exe-trig cyclisation when given half a chance, treatment of the iododienone 18 with Bu.$n-AIBN led to the 4- 
cyclopentyl substituted cycAolxxanone 17 in quantitative yield. None of the hoped for 7,6-bicyclic ketone 19 
resulting from sequential 1 l-err&. 64x0 cyclisation was produced in this reaction. 

Further studies are now in progress to extend these investigations to other carbon cenued radicals5 and 
to differing ring-sized polycycles, and also to delincate the parameters determining the efficacy of this new 
radical mediated macrocyclisation-tsannulation approach to polycycle constructions. 
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