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EIGHT-MEMBERED RING TEMFLATES FOR STEREOSELECTIVE RADICAL CYCLIZATIONS+ 
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ABSTRACT. The radical cyclization of suitably disubstituted cyclooctadienes and cyclooctenes leadr to the 
formation of trans-bicyclo[6.3.0]undecane ring systems with exceedingly high levels of 
stereochemical control. 

The conformational biases of medium rings can lead to valuable templates for stereoselective carbon- 

carbon bond formation.3 We have shown that the cyclization of the radical derived from mono-substituted 

cyclooctadiene 1 leads to the formation of a mixture of products, reflecting a ca. 3: 1 partitioning between 

m- and &bicyclo[6.3.O]undecenyl radicals 2 and 3, respectively (Scheme I).4 In an attempt to magnify 

the conformational biases of this system so that synthetically useful selectivities could be obtained, we have 

now examined the effect of a second cyclooctadiene substituent on the stereochemical outcome of the cy- 

clization. We report herein that the intramolecular radical cyclization of suitably disubstituted cyclooctadi- 

enes leads to the formation of m-bicyclo[6.3.0]undecane ring systems, corresponding to 2, with exceed- 

ingly high levels of stereochemical control. 

SCHEME I 

1 2 3 

A B 

The conformational analysis that was used to explain the stereochemical outcome of the cyclization of 

1 (Scheme I; A: X=Y=I-I)” leads to very different predictions for the reaction of &- and gilllS-disubstituted 

cyclooctadienes, respectively. A & substituent at the 4-position of the cyclooctadiene (X=R, Y=I-I) should 

avoid the unfavorable transannular interaction shown in conformation B (X=R, Y=H), reinforcing the 

+ Dedicated to Professors Gerhard Closs and N. C. Yang on the occasion of their sixtieth birthdays. 
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preference for the exo-orientation of the propyl chain (conformation A). However, a trans substituent (X=H; 

Y=R) should decrease the preference for the exo-orientation of the propyl substituent, since both conforma- 

tions A and B would suffer transannular repulsive interactions. Based on this analysis, the trans/cis selectivity 

in the cyclization of a &disubstituted cyclooctadiene should be greater than that observed with 

monosubstituted-l (ca. 70:30), while the trans/cis selectivity for the trans-disubstituted substrate should be 

less than that observed with 1. 

scHRME II 
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The cyclization substrates required to test these predictions were prepared as outlined in Scheme II. 

Reaction of cyclooctatetraene oxide with 2 equiv of 3-t-butyldimethylsilyloxy-propylhthium in tetrahydrofirran 

(THF) [ 10X!-*reflux (lh), 85% yield] produced dienone 4. 6.7 Reduction of 4 with L-Selectride (2 equiv in 

THF, -loOC, 74% yield) furnished a single alcohol, 5, to which the &-stereochemistry was assigned by 

careful analysis of the COSY-lHNMR spectrum. 8 Reduction of 4 with NaB& (CeC13, aq. MeOH, 25eC!, 

99% yield)9 led to a mixture of two epimeric alcohols, 5 and 6 in a 3:l ratio. The major NaB& reduction 

product was identical with the L-Selectride product, so the minor product, 6, was therefore assigned them 

stereochemistry. Conversion of silyl ethers 5 and 6 to the iodide cyclization substrates a-11 and m-12 

proceeded via desilylation (n-BuqNF, THF, 90% yield), tosylate formation (1.5 equiv p-toluenesulfonyl 

chloride, 1.5 equiv triethylamine, 4-dimethylaminopyridine (cat.), dichloromethane, 65% yield), and 

conversion to the iodide (3 equiv sodium iodide, acetone, 98% yield). Dienone iodide 13 was prepared by 

oxidation of 9 (pyridinium dichromate, dichloromethane, 50% yield), followed by displacement of the 

tosylate with iodide (2 equiv sodium iodide, acetone, 90% yield). 
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The results of the cyclizations of 11, 12, and 13 (1.1 equiv tributyltin hydride, AIBN (cat.), 

benzene, 150W sunlamp irradiation, in 65%, 70% and 65% yield, respectively), along with the earlier 

result obtained with 1 (see Table), are in good agreement with the predictions outlined above. The 

cyclization of 11 is indeed more selective for the formation of m-bicyclo[6.3.0]undecane products than 

that of 1, which, in turn, is more selective than the analogous reaction of 12. The results obtained with 

the cyclization of the diene substrate 13 deserve special comment. Molecular mechanics calculations 

reveal that the conformation (Scheme I; B: X=Y=O) of 13 with the endo-oriented propyl chain is ca. 2.5 

kcal/mol more stable than the conformation (A) with the exo-oriented propyl substituent to However, the 

cyclization of 13 leads to the predominant (95:5) formation of the m-fused bicyclic product (see 

Table). These results are consistent with a conformational change in B (Scheme I; X=Y=O) prior to 

cyclization (i.e., planarization of the enone) which leads to the exclusive formation of the m-fused 

bicyclic product. 

Finally, we note than equally high levels of stereochemical control are possible using eight-mem- 

bered rings containing a single olefin, suggesting that local conformation biases are also important in 

these systems.3h Reduction of 4 (PtO;?, 1 atm. Hz, ethyl acetate, 100% yield) provided 14, which, when 

submitted to the same steps outlined above, led to the formation of cyclization substrates 15 and 16. 

Treatment of 15 and 16 with tributyltin hydride (1.1 equiv, azoisobutyronitrile (cat.), benzene, 150W 

sunlamp irradiation) led to the exclusive formation of 17 (70% yield) and 18 (79% yield), respectively. 

These results demonstrate that suitably substituted medium rings serve as very effective templates for 

highly stereoselective carbon-carbon bond formation. The extension of this methodology to other ring 

systems is currently in progress in our laboratory and will be reported in due course. 
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All new compounds were characterized by full spectroscopic (NMR, IR, MS) data. Yields refer to 
spectroscopically and cbromatographically homogeneous (>95%) materials. 

The COSY-lHNMR spectrum permitted the assignment of the cyclooctadiene ring protons as indicated 
below. The assignment of the & stereochemistry was then made based on the coupling constants 
(Jae=6 Hz; Jaf= 3Hz; Jt,& Hz; J~=12 Hz) and the 1 Hz W-coupling observed between Hc and Hf. 
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lO.Calculated using the Gajewski/Gilbert modification of the Allinger MM2 program (#395, Quantum 
Chemistry Program Exchange, Indiana University), which is commercially available through Serena 
Software, Bloomington, IN. 

(Received in USA 1 September 1988) 


