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Indole is ubiquitous among a wide range of natural products. 
While a number of methods have already been well documented 
for the construction of this important nucleus, there appear to be 
few practical procedures available for the synthesis of 2,3-
disubstituted indoles.' In this communication we report a versatile 
tin-mediated indole synthesis which is particularly suited for the 
preparation of 2,3-disubstituted indoles. Our method has a 
significant implication for the synthesis of a variety of indole 
alkaloids. 

It has been known for quite some time that tin radicals add 
to isonitriles to form imidoyl radicals.2 Despite the fact that 
some of the imidoyl radicals have been demonstrated to have 
strong synthetic potentials for inter- and intramolecular carbon-
carbon bond formation,3 simple a-stannoimidoyl radicals have 
attracted little attention among synthetic chemists. At the outset 
of this research, we reasoned that the a-stannoimidoyl radical 2, 
generated from o-isocyanostyrene derivative 1 by addition of a 
tri-n-butyltin radical, should lead to the formation of the 
2-stannylindole 3 through a radical cyclization and subsequent 
tautomerization as illustrated in Scheme 1. 

Treatment of the isonitriles I4 with tributyltin hydride and a 
catalytic amount of AIBN indeed gave the desired 3-substituted 
indoles 4 in high yields upon acidic workup (Table I).5 It should 
be noted that the substrates bearing radical-stabilizing substituents 
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Table 1. Synthesis of 3-Substituted Indoles 

CC" 
1Jn-Bu3SnH (1.1 equiv) 

AIBN (5%). CH3CN, 100'C -OX 
2) H3O* 

entry substrate product 
isolated 
yield,% 

NC 

OTHP 

NO I b 

"^ OBn 

^OTHP 

OCT c t r r " 
ocr ox: 

oar 
H 

ox: 
ox: 
6c: 

CC^: 
(I 

CC 
(BZ6:1) 

Ph 

I d 
(BZ 7:2) 

n-Bu 

1e 

83 

68 

83 

51 

kJk^ « 4 e 

33 

72 

18 

^ Q^-̂
SnSUj OX" SnBu3 

rvT~-» «• *•"- U X , — OX" 
R'X, Pd(O) 

OX" 
Table 2. One-Pot Synthesis of 2,3-Disubstituted Indoles 
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at the ^-position gave excellent yields (Table 1, entries 1 and 4). 
While a substantial amount (33%) of the tetrahydroquinoline 6 
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was formed from the ̂ -substrate Ie (entry 5), the problem could 
be alleviated by employing the Z-substrate If (entry 6). 

The important ramification of the above finding is that the 
hitherto unknown, N-unprotected 2-stannylindoles 3 have become 
readily available for further manipulation. To the best of our 
knowledge, the chemistry of 2-stannylindole has not been 
developed extensively, presumably because metalation of the 
N-protected indole has been the only practical method for 
synthesizing it.6-7 Since 2-stannylindoles 3 were prone to undergo 
facile destannylation during workup, the Stille's palladium-
mediated coupling8 was performed on the crude reaction mixture 
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immediately after the completion of the indole synthesis. As 
expected, the one-pot Stille coupling proceeded smoothly to give 
the desired 2,3-disubstituted indoles 5 in 49-82% yields as shown 
in Table 2. A few comments are worthy of note. As reported 
by Stille,80 addition of LiCl was essential for successful couplings 
with triflates (Table 2, entries 4, 6, and 10). When trans-1-
iodohexene was used, addition of 1 equiv of CuI was needed to 
suppress the formation of the undesired 2-( l-butylethenyl)indole 
(entry 8).9 

Since a wide variety of functional groups are known to tolerate 
both radical and palladium-mediated reactions, our efficient 
synthesis paves the way for a facile construction of a range of 3-
or 2,3-substituted indoles from readily accessible isonitriles. 
Application of our method to the total synthesis of indole alkaloids 
is currently underway in our laboratories. 
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