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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 thiscommunication wereportaversatile 
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 f~rmat ion ,~  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 l4 with tributyltin hydride and a 
catalytic amount of AIBN indeed gave the desired 3-substituted 
indoles 4 in high yields upon acidic workup (Table l).5 It should 
be noted that the substrates bearing radical-stabilizing substituents 
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Table 2. One-Pot Synthesis of 2,3-Disubstituted Indoles 
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a LiCl(5 equiv) and 10% volume of DMF were added. b N o  Et3N was 
added. CUI (1 equiv) was added. 

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 E-substrate l e  (entry S), 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.637 Since 2-stannylindoles 3 were prone to undergo 
facile destannylation during workup, the Stille's palladium- 
mediated couplings was performed on the crude reaction mixture 
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a three-step sequence in 86% overall yield (( 1) HCOzH, AczO, Py, CHzCIz, 
23 OC; (2) CH2=CHC02Me, Pd(OAc)z, Jo-tol)lP, Et3N, CHJCN, 80 OC; 
(3) COCI2, EtjN,CHZClz,O "C). Other isonitriles lb-fweresimilarly prepared 
in 6 1-82% overall yields from o-iodoformanilide by palladium-mediated 
coupling reactions. 

(5) A typical experimental procedure is as follows. A solution of an isonitrile 
(0.85 mmol), n-BulSnH (0.93 mmol), and AIBN (0.04 mmol) in 5 mL of dry 
acetonitrile was heated at 100 OC for 1 h in a tightly capped culture tube under 
an argon atmosphere. The reaction mixture was partitioned between 3 N HCl 
and ether. After the ethereal layer was washed with a saturated KF solution, 
the desired indole was separated by flash silica gel chromatography. 

(6) (a) Beak, P.; Lee, W. K. J .  Org. Chem. 1993,58,1109. (b) Trost, B. 
M.; Fortunak, J. M. D. Organometallics 1982, I ,  7. 

(7) Palmisano, G.; Santagostino, M. Helv. Chim. Acra 1993, 76, 2356. 
(8) (a) Sheffy, F. K.; Godschalx, J. P.; Stille, J. K. J.  Am. Chem. SOC. 

1984, 106, 4833. (b) Stille, J. K.; Groh, B. L. J .  Am. Chem. SOC. 1987, 109, 
813. (c) Echavarren, A. M.; Stille, J. K. J .  Am. Chem. SOC. 1987,109, 5478. 

(9) Liebeskind, L. S.; Feng, R. W .  J .  Org. Chem. 1990, 55, 5359. 

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,sc 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 4  1-butyletheny1)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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