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Abstract: Using tert-butyl hydroperoxide as oxidant, facile palladium- 
catalyzed cyclizations of arylaminoquiones have been performed. 

The carbazole structure is found in a number of biologically active alkaloids. 1 Also, the related 

indolequinone ring system, common to the mitomycin antibiotics, shows interesting biological activity. 2 Some 

years ago we showed that palladium-promoted, stoichiometric cyclization of diphenylamine derivatives is a 

versatile reaction for preparation of different carbazoles. 3,4 Using a slight modification of our procedure, the 

alkaloid ellipticine, which shows activity aganist some forms of cancer, has been prepared. 5 Also 

carbazoloquinones such as 2b 6, 2d 7, murrayaquinone-A, 2e, and pyrayaquinone-A and -B, 8 have been 

synthesized by this procedure. Murrayaquinone-A, 2e, has recently been found to exhibit cardiotonic activity. 9 

Because the procedure required stoichiometric amounts of palladium, attempts have been made to develop 

catalytic cyclization reactions. 6,7 In one of these attempts some catalytic activty was observed when 34% yield 

of 2d was obtained, using 12 mol% Pd(OAc)2 and 110 mol% Cu(OAc)2 as oxidant. 7 We recently discovered 

that t-butyl hydroperoxide (TBHP), together with benzoquinone as co-catalyst, is a useful oxidant in palladium- 

catalyzed allylic carboxylations and lactonizations.10 Although this system did not effect cyclization reactions, 

we have now found that TBHP alone is an efficient oxidant in palladium catalyzed cyclization of 2-arylamino- 

1,4-quinones. The preparation of some arylaminoquinones 11,12 and their subsequent cyclization is illustrated in 

Scheme 1. The cyclization reaction is performed in acetic acid at 90°C, using palladium acetate as catalyst and an 

excess of t er t -buty l  hydroperoxide as oxidant, giving good yields of carbazoloquinones 2 a-f 12,13 (Table 1 ). 
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In order to probe the generality of the reaction, diphenylamine and diphenylether were reacted under 

similar conditions as the arylaminoquinones. With diphenylamine a moderate yield of carbazole was formed 

(ca. 30%, Table 1) but with diphenylether, no dibenzofuran could be detected. Both scope and optimum 

Table 1. Oxidative Aromatic Ring 
Closure with Pd(OAc)2 and TBHP. a 

Product Isolated Time 
Yield 

2 a 74% 27 h 
2 b 66% 27 h 
2 c 65% 26 h 
2 d 59% 26 h 
2 e 67% 33 h 
2 f 60% 33 h 

Carbazole 30%b 10 h 

a) 5 mol% Pd(OAc), 250 tool% TBHP in 
acetic acid at 90°C. b) 110 mol% TBHP. 
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reaction conditions for the observed cyclization reaction are being studied further. With the exception of 

carbazole (70% yield with stoichiometric amount of Pd(OAc)2) 3 and 2d (84%) 7, the yields are approximately 

the same as found in the stoichiometric reactions, suggesting that the necessary reoxidation of palladium is the 

crucial step. The fact that the cyclization is strongly dependent on the quality of both palladium acetate and tert- 

butyl hydroperoxide indicates that the reaction conditions are crucial and gives hope that reaction conditions can 

be modified to broaden the scope of the reaction. 
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