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Abstract: Indoles are c(3)- or N-phenylated by triphenylbismuth bis-trifluoro- 
acetate under copper catalysis. c(3)-Phenyl derivatives are obtained with C(3)- 
unsubstituted indoles and N-phenyl derivatives with C(3)-substituted indoles. 

In previous communications, we have reported the arylation of various hydroxyl and 

nitrogen containing substrates by Ph,Bi(OCOR), reagents 1 and 2 in the presence of copper 

catalysts a-51m4. Organobismuth reagents present similarities in their general reactivity 

with diaryliodonium5 and organolead6 derivatives. However, ordinary enamines react with 

iodonium7 and lead* compounds, but not with bismuth" reagents. The indole nucleus, found 

in many biologically important natural products, is characterized by an ambident enaminic 

type reactivityg. We extended our studies of the reactivity of pentavalent organo- 

bismuth reagents to the arylation of indolic compounds. In previous papers, we have 

already described the non-catalyzed phenylation of indole 8 to mono- or di-phenyl 

derivatives 9-ul", and the phenylation of 3-methylindole 12 to 13, all under basic 

conditions". We now report our results on the copper catalyzed phenylation of indole 

derivatives by bismuth reagents (Table). 

Reaction of triphenylbismuth diacetate 1 and copper diacetate 4 with indole 

derivatives 12, E and 19 led to no phenylated derivatives. When indole 8 was treated 

with triphenylbismuth bis-trifluoroacetate 2 and copper catalysts 3 or 3 (0.1 eq.), a 

reaction took place, although no pure products could be isolated in good yield. However, 

lowering the copper concentration proved beneficial, as a 50% yield of the C(3) phenyl 

indole u was obtained. Even the copper traces present in the solvent' were sufficient to 

induce a 41% yield. When the reaction was performed with &(3) substituted indoles, a 

different regioselectivity was observed, as only N-phenylation was obtained in moderate 

yields (15-58%). In the case of carbazole fl, addition of 2 equivalents of 2 in four 

portions allowed a better yield (84%). C(3) unsubstituted indoles led to the c(3) phenyl 
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derivatives in good yields (60-94%), under mild conditions. Even the 1,2-disubstituted 
indole a was phenylated in good yield. The indole ester 3 followed a different path, as 
only a moderate yield (30%) of the N-phenyl derivative p was obtained. As expected, the 
1,3-disubstituted derivative a failed to give any phenylation. 

Depending upon the indole substitution pattern, the reaction is believed to follow 

two different pathways (Scheme). In an initial step the copper catalyst, to which the 

substrate may already be co-ordinated, reacts with 2 to give a copper (III) species, which 

reacts to give either a C(3)-Cu 4 or I-Cu .Z intermediate. Reductive elimination then 

leads to the arylated compounds. AS the reaction requires the more reactive bismuth 

derivative 2, a too high concentration of copper leads to decomposition of the reagent. 

The synthesis of aryl indoles has been performed by different methods before. Among them, 

reaction with benzyne gave very low yields of fl- and C- phenyl derivatives12. Multistep 

reactions were involved in the case of cationic cyclohexadienyl-iron complexL3. Phenyl 

(fi-indolyl)iodonium trifluoroacetate, gives the G(3) aryl derivative14. Our method is 

simpler, milder and gives predictable regiochemistry. 

We thank Professor J. M. Surzur for generously providing laboratory space. 
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ndole 1 (eo.) Catalyst Reaction N-Ph C(3)-Ph Other 
(eo.) Time (h) (a) (%) 

8 1 1 (0.1) 48 __ __ b 
8 1 4 (0.1) 48 __ _- b 

s 1.5 3 (0.01) 24 U! (50) 

8 1.5 -- 24 Is! (41) 
12 1.1 4 to.11 zc 19 (21) __ C 

Is 1 4 (0.1) 5 1p (15) _- C 

12 1 3 (0.1) 24 U (58) __ 

1L 1 I (0.1) 24 I!S (56) __ 

11 4 x 0.5 S (0.1) 50 U (84) _- 

19 1 4 (0.1) 24 __ 20 (6'3) 

19 1 2 (0.1) 18 __ 2Q (96) 

21 1 9 (0.1) 24 _- 22. (84) 

21 2.2 4 (0.1) 24 _- P (87) 

21 1 5 (0.1) 1 _- 22 (94) 
24 1 4 (0.1) 24 K (30) _- 

24 1 z (0.1) 24 25 (31) __ 

a. All reactions performed in CH Cl (10 ml/mmole of substrate) at room temperature 
until completion (or no evolutio$) by T.L.C. 

b. Complex mixture by T.L.C. 

c. Many minor products present, but not isolated from P.T.L.C. 
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Scheme - Mechanism of the copper catalysed arylation 
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