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Abslmct: Heating of encdiynes la, lb and 2 at 2liP C in a sealed tube in the presence of a hydrogen atom source 
yields naphthalene derivatives 3a, 36 and 4 in yields of 53-7246. 

In recent years, the emergence of enediyne antitumor antibiotics such as calicheamicin, esperamicin, and 

dynemicin A has sparked renewed interest in the Bergman cyclization reported in the early 197O’s.l While the 

majority of the research in this area has been focused towards the synthesis of enediyne natural products2 and 

their synthetic analogs,3 we are aware of no examples in which the Bergman diyl has been used as a precursor 

for radical cyclizations.4 We have completed model studies employing a Bergman cyclization followed by a 

radical cyclization of one of the resultant diyl radicals into an sp2 carbon either five or six centers away. 

Reported within is the first radical cyclization of a Bergman generated aromatic 1,4-diyl with an a$ unsaturated 

ester to yield either a [6.6.5] or [6.6.6] angular ring system. 
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When compound la was heated to 210° C in chlorobenzene in the presence of 1,4lcyclohexadiene 

(hydrogen atom donor), the 3,4-dihydrobcnz-[e]-indene 3a was isolated in 72% yield (Scheme 1).5a,6 When 

compound 2 (R= H, n= 2) was subjected to the same reaction conditions, two products 4 and 5 were formed in 

53% and 42% yields respectively. 5C.d The formation of product 5 was not surprising since in general 6-exo 

cyclizations are slower than 5-exo cyclizations.7 

2315 



2316 

Attempts to shift the product distribution toward the tricyclic product 4 by employing low concentrations of 

hydrogen atom donor had no effect on the product ratio. In order to rule out the presence of a second hydrogen 

atom donor in the reaction, the reaction was run in the absence of 1,4-cyclohexadiene resulting in no formation 

of product. This result suggests the rate constants for the radical cyclization of the Bergman diyl intermediate 

and the rate of hydrogen trapping of the diyl may be of the same order of magnitude. Another possibility is that 

the less stable aromatic radical undergoes a 1,5 hydrogen atom abstraction of the y-position of the a,P 

unsaturated ester leading to the more stable ally1 radical which then undergoes hydrogen atom trapping.8 Studies 

are in progress to determine which of these mechanisms are operating. 

To test whether the Bergman-radical cyclization will tolerate two internal acetylenes, we extended this 

methodology to substrate lb. This compound was heated to 2100 C for 24 hours and product 3b5b was 

obtained in 58 % isolated yield. In all three examples, mass balance in the reaction could be accounted for by 

polymeric material formed in the reaction which was isolated but not characterized. 

Compounds la,b and 2 are easily accessed in four or five high-yielding steps.9+10 The synthesis of la is 

shown below (Scheme 2). 
Scheme 2 

Scheme 2: a) PDC (1.6 eq), Celtte (86 %), CHzCIz; b) trlmethylphosphononcetate 
(1.4 eq), DBU (1.4 eq), LlCl (2 eq), CH3CN (89 W); c) dilodobenzene (1 eq), 
bls-ditriphenylphosphine palladium chloride (0.05 eq), NEta (3 eq), Co1 (0.1 eq) 
THF (94 %); d) TMS acetylene, same as c; e) MeOH, K+O, (cat.) (97 96 from 8). 

Absolute stmctural determination of 3a was achieved in a five step alternate synthesis (Scheme 3).l1 

Scheme 3 

Scheme 3: a) NBS (0.95 eq), benzoyl peroxide (0.05 cat.), Ccl,, (60%); b) ally1 mag- 
nesium chloride (2 eq), Et20 (89 sb); c) 03, 5% MeOH In CHzCIz (73%); d) trhnethyl- 
phosphonoacetate (1.4 eq), DBU (1.4 eq), LlCl (2 eq), CH,CN (68%); e) n-Bu3SnH 
(1.65 eq), AIBN (cat.), toluene (25%) 
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After evaluating the 1H NMR data for compound 3a, the resonance of the C4 methylene proton at 4.12- 

4.17 ppm was puzzling.5a This proton resonance might be expected to come between 2 and 3 ppm. This 

unusual chemical shift can be explained by conformational preferences of product 3a. The ester carbonyl 

apparently prefers to lie underneath and parallel to the naphthalene ring to avoid electron-electron interactions 

between the n: cloud of the aromatic ring and the ester carbonyl. In this conformation, the carbonyl deshielding 

region points directly at one of the Q methylene protons shifting this proton resonance uncharacteristically 

downfield. 

In conclusion, a new method for ring annulation has been developed by using the Bergman cyclization 

diyl as a radical precursor for further radical cyclizations into a$ unsaturated esters. It has been shown that 

either the 5-exo or 6-exo products can be formed and that the cyclization will occur with sterically demanding 

functionality in the second acetylenic position. Other variations of this ring annulation procedure including bis- 

radical cyclizations are under study in our laboratory and will be presented in due course. 
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