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New synthesis of 3-substituted indoles using lithium
trimethylsilyldiazomethane
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Abstract—Lithium trimethylsilyldiazomethane smoothly reacted with N-tosyl-o-acylanilines to give 3-substituted indoles in good to
high yields.
� 2004 Elsevier Ltd. All rights reserved.
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Indoles have a wide spectrum of biological activities.1 A
large number of methods for the construction of the
indole nucleus have been reported.2 Among them, the
base-3a–c or Lewis acid-3d mediated, and transition-
metal-catalyzed3e–i cyclization of o-ethynylaniline deriv-
atives is one of the most useful methods. However, there
is still strong demand for new, versatile, and efficient
methods for the construction of the indole nucleus.

We have already demonstrated that the lithium salt of
trimethylsilyldiazomethane (TMSC(Li)N2), prepared
from trimethylsilyldiazomethane (TMSCHN2) with
n-butyllithium (n-BuLi) or lithium diisopropylamide
(LDA), is quite useful as a reagent for generating alkyl-
idene carbenes from carbonyl compounds.4 For exam-
ple, TMSC(Li)N2 smoothly reacts with b-amino
ketones to give 2-pyrrolines, the intramolecular N–H
insertion product, via alkylidene carbene intermediates
in good yields.5 We thought that this reaction would
be applicable to the synthesis of 3-substituted indoles
if o-acylanilines were used as substrates. In fact, treat-
ment of TMSC(Li)N2 with o-aminoacetophenone 1a in
THF gave the desired 3-methylindole 3a in 23% yield,
but the major product was o-(1-propynyl)aniline 4a6

(58%) via the alkylidene carbene intermediate 2 (Scheme
1). However, protection of the amino group of 1a with
tosyl chloride led to a significant improvement of the
yield.
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Thus, we found that N-tosyl-o-acylanilines 1 smoothly
reacted with TMSC(Li)N2 in THF at �78 �C for 1h
and then at room temperature for 1h to give the corre-
sponding 3-substituted N-tosylindoles 3 in good to high
yields (Scheme 2).7 The scope of the new synthesis of
3-substituted N-tosylindoles is summarized in Table 1.8

N-tosyl-o-acylanilines bearing various R1 groups such
as alkyl, aryl, and heteroaryl groups were smoothly con-
verted to the corresponding 3-substituted N-tosylindoles
3 (entries 1 and 5–10). In some cases, the alkynes 4 were
also formed as by-products. Analogously, the N-meth-
anesulfonyl derivative 1c afforded the desired indole 3c
in 70% yield (entry 2). In the case of the N-Boc deriva-
tive 1d, the product was a mixture of the corresponding
3d (48%) and the alkyne 4d (28%) with low selectivity
(entry 3). Moreover, although the N-acetyl derivative
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Table 1. Preparation of 3-substituted N-tosylindoles

Entry Substrate R1 R2 R3 R4 Conditions Yield (%)

1a 1b Me Ts H H �78�C, 1hfirt, 1h 81 (3b)+8 (4b)

2 1c Me Ms H H �78�C, 1hfirt, 2h 70 (3c)+10 (4c)

3b 1d Me Boc H H �78�C, 1hfirt, 2h 48 (3d)+28 (4d)

4b 1e Me Ac H H �78�C, 1hfi0 �C, 5h ––c (3e)+46 (4e)

5 1f Me Ts –OCH2O– �78�C, 1hfirt, 1.5h 78 (3f)+ndd (4f)

6 1g n-Bu Ts H H �78�C, 1hfirt, 1h 68 (3g)+29 (4g)

7 1h Ph Ts H H �78�C, 1hfirt, 1h 91 (3h)+ndd (4h)

8 1i Ph Ts Cl H �78�C, 1hfirt, 1h 87 (3i)+ndd (4i)

9 1j 2-Furyl Ts H H �78�C, 1hfirt, 1h 63 (3j)+30 (4j)

10 1k 2-Pyridyl Ts H H �78�C, 1hfirt, 1h 64 (3k)+ndd (4k)

11 1l H Ts H H �78�C, 1hfirt, 1h 85 (3l)+ndd (4l)

12 1m H Ts –CH@CHCH@CH– �78�C, 1hfirt, 1h 79 (3m)+ndd (4m)

a 3b (78%) and 4b (8%) were obtained when n-BuLi was used as a base.
bMe3SiCHN2 (2equiv) and n-BuLi (2equiv) were used.
c 3-Methylindole 3a (21 %) was obtained and 3e could not be detected.
d Not detected.
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1e also reacted with TMSC(Li)N2 to give the indole 3a
(21%), formed by hydrolysis of the first produced N-
acetylindole during work-up, the major product was
the alkyne 4e (46%) (entry 4). It is known that hydrogen
has a high migratory aptitude for alkylidene carbene
rearrangement giving alkynes.6,9 Interestingly, however,
the aldehydes 1l and 1m preferentially gave the corre-
sponding indoles 3l and 3m in high yields, respectively,
and no alkynes could be detected (entries 11 and 12).
In these reactions, THF was found to be the reaction
solvent of choice. No reaction occurred under the above
reaction conditions when Et2O was used as a solvent
because of the poor solubility of substrates. Both LDA
and n-BuLi could be used as a base. The tosyl group
of 3 can be easily removed with 10% aqueous sodium
hydroxide in refluxing ethanol to give 3-substituted
indoles.10

In conclusion, the present method using TMSCHN2

makes possible the efficient conversion of N-tosyl-o-
acylanilines11 into 3-substituted indoles and will provide
added flexibility in indole synthesis.
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