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Absfracl: Trcabncnt of apppdtely sum 59diene. S9,13-tiene and 5,9,13,17-tetrae-ne ptmoselenyl 
esters, e.g. la, 9 and 14. with Bu3SnH-AIBN is shown to iead to linear and angular six-ring fused polycycles, 
viz2.11 andlS~~y,~uconsecutive~mdo-trigmodesofcyc~~gfromthecorresponding 
polyoletin acyl radicat intermediaaes. 

Studies of the sequential cyclisations of polyolefinic substrates in the presence of electrophilic reagents 
leading to polycycle constructions, pioneered by W S Johnson. have provided organic chemistry with one of its 
major and enduring methods for steroid ring synthesis. l Although these novel electrophilic polyolefin 
cycllsations mimic closely the biogenetic pathway to steroids from squalene oxide, it is now over thirty years 
since Bres10w2 first entertained the possibility of an alternative, free radical, mechanism for the oxidative 
cyclisation of squalene. Breslow’s hypothesis, which was demonstrated for the case of cyclisation of farnesyl 
acetate to decalin derivatives in the pmsence of benzoyl per~xide,~ and later by Julia4 for the cyclisation of 
substituted 2,6.10-uidecauienes, has more recently been revisited by Snider5 and by Zoreti& in their 
independent studies of the oxidative free radical cyclisations of polyolefkic Eketo esters with Mn(III) and 
Ctt(II) reagents. In contc mpomneous studies we have investigated the scope for polyolefin precursors in the 
elaboration of steroid ring systems by consecutive free radical six-ring forming reactions under reductive 
conditions. In this Laner we show that free radical cyclisations of polyolefin selenyl esters, under clean 
conditions in the presence of Bu3SnH-AIBN, provide stereospecifically linear and angular six-ring fused 
polycyclcs via consecutive 6-e&uig modes of cyclisation. 

The construction of linear, angular and @o-fused polycycles by way of sequential radical mediated 
cyclisation reactions t&n alkyl radical centres is well documented7 Furthermore, with very few exceptions 5 
m-trig cyclisations are generally preferred over 6-endo-trig closures from hex-5-en-l-y1 radical 
inmgV9 Tbe unusual tendency of hex-S-en-l-oyl (i.e. acyl) radicals to cyclise via the 6-endo-trig 
mode, leading to six-ring carbocycles$“~‘2 prompted us to evaluate the consecutive cyclisations of a range of 
(5,9,13-) polyolefinic acyl radical in-s produced from the corresponding phenylselenyl esters, with a 
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view to steroid ring constructions (Scheme 1). 

la. l3 
We fiit examined the cyclisation of the acyl radical intermediate produced from the diene selenyl ester 
The ester la was obtained from the corresponding carboxylic acid simply by treatment with diphenyl 

diselenide and uibutylphosphine in benzene at 25°C for 3h. When a solution of the phcnyl sclenyl ester la in 
tenzcm was @cated with Bu.$nH-AIBN (rcflux, 8h) it was found to undergo two consecutive 6-e&o-trig 
cyclisations leading to the fnznrdecalone 2 in 77% yield. l4 In addition, treatment of the cyclohexene 
substituted phenyl selenyl ester 4. under identical conditions, led to the crystalline rrans,anfi,h-uns-uicyclic 
ketone 5, m.p. 71.573’C, in 72% yield. The structure and stereochemistry of 5 followed from comparison of 
data with those of an authentic sample synthesised independently. l5 The consecutive 6-e&trig modes of 
cyclisation observed for the selenyl esters la and 4 can be contrasted with the conesponding cyclisations of the 
differentially methyl-substitutal olefin substrates 1 b and 6, which instead produced the cyclopentanes (3; 75%) 
and (7; 85%) respectively. 

(6) (7) 

We next investigated the tandem radical cyclisation of the E,E-friene phenyl selenyl ester 9. The ester 9 
was smoothly produced from 2methylpropeno1, via the central uienal intern&&e 8, using a series of Claisen 
rearrangements (Scheme 1). When 9 was treated with Bu3SnH-AIBN (CeHe reflux, 24h) it underwent three 
consecutive 6-e&-trig cyclisations giving rise to a 3: 1 mixtute of 13-methyl epirnets of the uicyclic ketone 11 
in 63% yie@ a small amount of the substituted indanone 12 was also produced in the cyclisation of 9. 

The trlenal intermediate 8 used in the synthesis of the triene 9 was also employed to synthesise the all- 
E-tetraene phenyl selenyl ester 10 (Scheme 2). l4 Free mdical mediated cyclisation of 10 with Bu$IH-AlBN 
inbenz.eneatrefluxfor24hgaves&eospe&callythetmnsring-fusedteuacyclicketone13asa1:1mixt.ureof 
ring D methyl epimers in a satisfying 53% yield. l6 In a similar manner the tetraene ester 14 lacking methyl 
substitution at the terminal double bond, underwent three consecutive 6-e&o-trig radical cyclisations followed 
bya5-exo-aigclosurekadingtothesteroidtetracyclickdonelSinadmilar51%yield.16 

The stemospecific tandem 6-et&-trig cyclisations of the polyolefin substituted acyl radical intermed& 
produced from the phenyl selenyl esters la, 4, 9 10 and 14 a~ quite remarkable, and they offer immense 
scope for the rapid construction of a range of substituted linear and angular-fused cyclohwcancs, including 
steroid systems. It is tempting to rational& the stereospecificities observed in the cyclisations of the uiene 9 
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A# OH i ) 
OH 

Reagmrs: i EPOCHS, Hg(OAck. nflux, 6h., scald tua, 120-C, 24. (40-M); ii, 
2-bomomagnesium aopnc (4!5-66%k iii, McOCIizPPh&L LIiMDS. THF. OOC-25°C (70%); iv. 
PCC, c&C12 (73% v, KzC~-M~~ ret%, 24 h. f769% vi phzsez, Bug. PM-K WC, fSb. (709s). 

Bus&H 

AIBN- 

and the tetr~enes 10 and 14 on the basis of fully concerted mechanisms vha chair cm&m-nations of their all-E 
palyolefm acyl radical intwmediates. Other factms, not least substitution and stereochemistry of the olefin 
units, m also important however, and these factors together with synthetic applications of the new polyokfim 
cyclisations, are now under active investigation in our laboramy. 
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