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The indole nucleus is present in a wide range of natural
products, and the synthesis of this important structure has been a
steady topic of interest for many years.1 Among the numerous
methods that have been developed for the synthesis of indoles,
few practical and mild procedures are available for the construc-
tion of 2,3-disubstituted indoles.2 Specifically, although the
venerable Fischer indole synthesis still sees frequent use, the
general necessity for acid and heat often produces significant
purification difficulties.3 Furthermore, the more recently developed
Gassman and Fu¨rstner indole syntheses require the frequently
laborious synthesis ofR-thiomethyl ketones ando,N-diacyl-
anilines, respectively.4,5 In this communication, we describe a
novel indole synthesis that is carried out under mild radical
cyclization conditions. In addition, we show that the thioanilide
indole precursors may be easily synthesized in a modular fashion,
to make accessible a wide range of 2,3-disubstituted indoles, in
some cases with substituents on the carbocyclic aromatic ring as
well.

In an earlier study, we reported that theR-stannoimidoyl radical
2, generated by addition of tri-n-butyltin radical to 2-alkenyl-
phenylisonitrile1, leads to the formation of 2-stannylindole3
through radical cyclization and subsequent tautomerization (eq
1).6 This methodology proved to be applicable to the synthesis

of a variety of 2-substituted and 2,3-disubstituted indoles. It has
recently been reported that tin radicals add to thionoesters or
thioamides to generate stabilized radical species.7 With this in
mind, we reasoned that tin radicals might add to thioamide
derivatives such as 2-alkenylthioanilide4 to form sp3 (5) or
imidoyl radical species (6), which might then undergo radical
cyclization to furnish 2,3-disubstiuted indoles7 (Scheme 1).

The 2-alkenylthioanilidescis- andtrans-8 were prepared from
2-iodoaniline in several steps (vide infra) and subjected to typical
radical cyclization conditions. Gratifyingly, treatment ofcis-8 with
tri-n-butyltin hydride and AIBN in toluene at 80°C for 5 min
resulted in the clean formation of the expected 2-n-pentyl-3-
(acetoxyethyl)indole (9) in 93% isolated yield (Scheme 2).

Furthermore, a similar reaction was complete within 5 min at
room temperature using Et3B as the radical initiator,8 to afford9
in 93% yield.9,10 The rate of the Et3B-initiated reaction proved to
be dependent upon the geometry of the olefin. For example,
cyclization of trans-8 afforded only 39% of9 along with the
recovered starting material (19%), even after stirring for 90 min
at room temperature.11

As shown in Table 1, a wide range of both base- and acid-
sensitive functional groups such as esters, THP ethers, and
â-lactams could be introduced at the indole 2- and 3-positions.12

In the case of a thioanilide derived from a chiralR-amino acid,
no detectable racemization was observed after the indole forma-
tion.13 In addition, we have found that hypophosphorous acid can
be employed as an alternative radical reducing agent to tin
hydride.14 For example, 2-cyclohexylindole was prepared in 71%
yield after heating a mixture of the substrate, hypophosphorous
acid (10 equiv), triethylamine (15 equiv), and AIBN (1.1 equiv)
in n-PrOH at 100°C for 20 min.

The present protocol is also well-suited for the preparation of
2,3-disubstituted indoles bearing substituents on the carbocyclic
aromatic ring. 5- or 6-Methoxyindoles could be synthesized by
our method in about 80% yield (Table 2). Remarkably, a bromo-
substituted carbocyclic ring survived the radical reaction with only
a small amount of radical hydrodebromination to afford the
corresponding 5-bromoindole.
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The requisitecis-2-alkenylthioanilides can be synthesized by
one of three general methods developed in the course of this
investigation. Method A begins with the treatment of quinolines
10a-d with thiophosgene and barium carbonate to obtaincis-
enals11a-d,15 followed by immediate reduction with NaBH4 to
give the correspondingcis-cinnamyl alcohols12a-d in good
yields over two steps (Scheme 3).16 The conversion of the
isothiocyanates into thioamides was carried out by THP protection
of the hydroxyl group, followed by treatment of the resultant
ethers13 with Grignard reagents or lithium enolates.17 Method
B involves the hydrolysis of isothiocyanate12a to give aniline
derivative15, which, after acylation, protection of the primary
alcohol, and treatment with Lawesson’s reagent, led to the desired
thioamides16 (Scheme 3).17 Method C involves the palladium-

catalyzed Sonogashira coupling of 2-iodoaniline (17) with terminal
alkynes to afford 2-alkynylanilines18, which are then stereospe-
cifically reduced with activated zinc to give exclusivelycis-19
(Scheme 4). Acylation followed by thionation with Lawesson’s
reagent furnished the desired 2-alkenylthioanilides20.17

Methods A and B give rise to 2-(3-oxypropenyl)thioanilides,
which are then transformed into 2-indolylethanols by radical
cyclization. The ease of conversion of the hydroxyl function to
amines makes these compounds excellent precursors to the wide
range of tryptamine-containing indole alkaloids. Methods A-C,
together with the new indole formation protocol presented herein,
represent a modular set of protocols for the construction of 2,3-
disubstituted indoles and their carbocyclic ring congeners, with
the 2-substituent arising from a carboxylic acid, Grignard reagent,
or enolate, the 3-substituent from an alkyne or a 3-oxypropenyl
fragment from a ring-opened quinoline, and the carbocyclic ring
from quinolines or 2-iodoaniline.

In summary, we have demonstrated the facile and mild
formation of 2,3-disubstituted indoles by radical cyclization of
2-alkenylthioanilides. This process is complementary to our pre-
viously reported protocol in which introduction of sp3-hybridized
substituents to the 2-position was difficult. The modular prepara-
tion of indole precursors, mild cyclization conditions, and
compatibility with various substituents at the 2- and 3- positions
as well as on the carbocyclic aromatic ring make this protocol a
powerful addition to existing indole synthesis methodologies.
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Table 1. Formation of 2,3-Disubstituted Indoles

a All yields are for isolated products.b AIBN (1.1 equiv) and H3PO2

(10 equiv) were used as a radical source and a radical reducing agent,
respectively, in the presence of Et3N (15 equiv).c Enantiomeric excess
of the substrate and the product were 93% ee.

Table 2. Syntheses of 5- and 6-Substituted Indoles

a All yields are for isolated products.b Ca. 3% of the corresponding
debrominated product was isolated.

Scheme 3.Methods A and Ba

a (a)CSCl2 (1.0 equiv), BaCO3 (1.5 equiv), CH2Cl2/H2O. (b) NaBH4,
CH2Cl2/MeOH. (c) DHP, CSA, CH2Cl2, 90%. (d) RMgX or Li enolate.
(e) 5 M KOH, t-BuOH/H2O, reflux, 80%. (f) RCOCl, PhNEt2; Ac2O,
pyridine; Lawesson’s reagent, toluene, 110°C.

Scheme 4.Method Ca

a (a) HCtCR, PdCl2(PPh3)2, CuI, Et2NH. (b) Activated Zn, BrCH2-
CH2Br, (CuBr, LiBr), EtOH. (c) 1. CSCl2, CaCO3. 2. RMgBr or 1.
RCOCl, pyridine. 2. Lawesson’s reagent, toluene, 110°C.
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