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ABSTRACT

A modular indole synthesis based on an intramolecular 5-endo-dig carbocupration starting from readily available N-aryl-ynamides is reported.
A variety of ynamides are converted to indoles in moderate to good yields and with varying substitution pattern on the indole ring. This further extends
the synthetic utility of ynamides in organic synthesis and provides additional insights on the use of intramolecular carbometalation reactions.

Due to the development of efficient methods for their
synthesis,1 ynamides have emerged as one of the most
efficient building blocks in organic synthesis over the past
decade.2 They have been used for the development of an
impressive and ever-increasing number of transformations,
the presence of the nitrogen atom attached to the alkyne
being responsible for a strong differentiation of the two sp
carbonatoms,which typically allows forhigh levels of regio-
and stereoselectivities. This polarization of the triple bond
combined with the presence of the electron-withdrawing

group, which can act as a remarkably efficient directing

group, makes them ideal candidates for the development of

metal-mediated transformations. Indeed, they have been

used, for example, in palladium-catalyzed hydrostannyla-

tions,3 carbopalladations,4 silaborations,5 hydroacyloxyla-

tions,6 chloroallylations,7 gold-catalyzed hydroamina-

tions,8 or nickel-catalyzed hydrophosphorylations9 and

were also found to be excellent substrates for intermolecular
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carbomagnesiation,10 carbozincation,11 and carbocupra-
tion12 reactions.
In this context, we have recently reported a straightfor-

ward synthesis of 1,4-dihydropyridines 4 relying on a highly
efficient intramolecular carbolithiation starting from
N-allyl-ynamides 1 (Scheme 1).13 To further exploit both
this strategyand theuseof ynamides inheterocyclic synthesis,
we decided to investigate the possibility of an intramolecular
carbometalation from N-(2-bromoaryl)ynamides such as 5.
Provided that a clean bromine�metal exchange could be
achieved in the presence of the reactive ynamide in 5, we
anticipated that a 5-endo-dig carbometalation14would afford
polysubstituted indoles 8. The indole skeleton being a privi-
legedmolecular scaffold at the core of an impressive number
of natural and/or biologically relevant molecules, the devel-
opment of new routes to indoles is still a highly active area of
research.15 Indeed,while theFischer indole synthesishasbeen
one of the most popular routes to indoles since its discovery
130 years ago,16 there is still a strong demand for versatile,
efficient, and regioselective indole synthesis. Herein, we pre-
sent the development of a new and modular method for the
synthesis of polysubstituted indoles 8 from readily available
N-(2-bromoaryl)ynamides 5.

To test our hypothesis and optimize the reaction condi-
tions, ynamide 5a, readily prepared through Hsung’s

copper-catalyzed cross-coupling between the correspond-
ing bromoalkyne and Boc-protected aniline,1b was chosen
as a model substrate. A variety of conditions and metals,
including lithium, magnesium, zinc, palladium, and cop-
per, were screened to promote the intramolecular carbo-
metalation: selected results from these studies are collected
in Table 1.

While an intramolecular 6-endo-dig carbolithiation from
anallylic sp3 organolithium intermediate2was remarkably
efficient in the case of the formation of a dihydropyridine
ring system 4 (Scheme 1),13 the related carbolithiation
involving an aryllithium intermediate and a 5-endo-dig
carbolithiation was disappointingly inefficient, the reduc-
tion of the starting N-(2-bromophenyl)ynamide 5a being

Scheme 1. Strategy for the Synthesis of Indoles by
Intramolecular Carbometalation from Ynamides

Table 1. Optimization of the Intramolecular Carbometalation

entry conditions

NMR

yielda

1 sBuLi (1.2 equiv), TMEDA (1.2 equiv),

THF, �78 �C, 14 h

�b

2 tBuLi (2.2 equiv), Et2O, �78 to �50 �C, 14 h �b

3 tBuLi (2.2 equiv), MgBr2 3OEt2 (1.2 equiv),

Et2O, �78 to �50 �C, 14 h

�b

4 tBuLi (2.2 equiv), ZnCl2 (1.2 equiv),

Et2O, �78 to �50 �C, 14 h

�b

5 tBuLi (2.2 equiv), CuCN 32LiCl (1.0 equiv),

Et2O, �78 to �50 �C, 14 h

62%

6 sBuLi (2.2 equiv), CuCN 3 2LiCl (1.0 equiv),

Et2O, �78 to �50 �C, 14 h

37%

7 sBuLi (2.2 equiv), TMEDA (2.2 equiv),

CuCN 32LiCl (1.0 equiv),

Et2O, �78 to �50 �C, 14 h

45%

8 nBuLi (2.2 equiv), CuCN 32LiCl (1.0 equiv),

Et2O, �78 to �50 �C, 14 h

55%

9 iPrMgCl 3LiCl (1.1 equiv), CuCN 3 2LiCl
(0.3 equiv), THF, rt, 14 h

�c

10 tBuLi (2.2 equiv), CuCN 32LiCl (1.0 equiv),

THF, �78 to �50 �C, 14 h

20%

11 tBuLi (2.2 equiv), CuBr 3SMe2 (1.0 equiv),

THF, �78 to �50 �C, 14 h

14%

12 tBuLi (2.2 equiv), CuI 3P(OEt)3 (1.0 equiv),

Et2O, �78 to �50 �C, 14 h

48%

13 tBuLi (2.2 equiv), CuCN 32LiCl (0.2 equiv),

Et2O, �78 to �50 �C, 14 h

54%

14 tBuLi (2.2 equiv), CuCN 32LiCl (1.0 equiv),

Et2O, �78 �C, 14 h

15%

15 tBuLi (1.5 equiv), CuCN 32LiCl (1.0 equiv),

Et2O, �78 to rt, 14 h

62%

16 Bu3SnH, AIBN, benzene, reflux, 48 h �b

17 Pd(OAc)2 (5 mol %), PPh3 (10 mol %), HCO2NH4

(1.5 equiv), DMF, 80 �C, 14 h

�d

aDetermined using p-anisaldehyde as an internal standard. bCom-
plete reduction of the starting material was observed. cCompetitive
intermolecular carbomagnesiation was observed. dA mixture of N-(2-
bromophenyl)-oxazolone and N-phenyl-oxazolone was formed.
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the only reaction observed under similar reaction condi-
tions (Table 1, entries 1 and 2). While transmetalation to
magnesium or zinc after bromine/lithium exchange in
order to promote an intramolecular carbomagnesiation
or carbozincationwas equally inefficient (Table 1, entries 3
and 4), the addition of 1 equiv of CuCN 3 2LiCl

17 was
found to have a dramatic effect on the outcome of the
intramolecular carbometalation reaction, the desired in-
dole 8a being formed in 62% yield (Table 1, entry 5). The
use of other reagents for the metalation step was then
briefly evaluated but with little success, with n-butyl- and
s-butyllithium (with or without additional TMEDA) giving
lower yields (Table 1, entries 6�8) and competitive inter-
molecular carbomagnesiationbeingobservedwithKnochel’s
iPrMgCl 3LiCl,

18 whichwas found to be remarkably efficient
for the intramolecular copper-catalyzed carbomagnesiation
of alkynyl(2-bromoaryl)thioethers (Table 1, entry 9).14c

Switching from diethyl ether to THF or changing the
copper source to CuBr 3 SMe2 or CuI 3P(OEt)3 was found
to be detrimental for the yield (Table 1, entries 10�13).We
next looked at the possibility of using a catalytic amount of
CuCN 3 2LiCl: if the copper-catalyzed intramolecular car-
bolithiation was still operative, the yield was however
lower. The effect of the temperature was finally evaluated,
and it was found that the cyclization was too slow when
the reaction temperature was kept at �78 �C (Table 1,
entry 14) while slowly warming the reaction mixture
from�78 �C to room temperature gave the desired indole
8a in 62%yield (Table 1, entry 15), conditions thatwe kept
for the intramolecular carbocupration. Of note, radical
(Table1, entry16) andpalladium-catalyzed (Table1, entry17)
cyclizations were also evaluated but failed to give the
desired indole, as reduction or cyclization to oxazolones
by nucleophilic attack of the Boc group to the activated
alkyne was the major respective reaction pathway in these
cases.
With the optimized conditions, consisting of a bromine/

lithium exchange with tert-butyllithium in ether at�78 �C
followed by transmetalation with CuCN 3 2LiCl and intra-
molecular carbocupration upon warming the reaction to
room temperature, we next evaluated the scope of this
reaction.To this aim, a set ofN-(2-bromophenyl)ynamides
5a�l possessing various representative substituents on the
alkyne were submitted to the metalation/transmetalation/
carbocupration sequence: results from those studies are

collected in Figure 1. The reaction proceeded smoothly in
most cases, with indoles 8a�l being obtained in moderate
to good yields regardless of the substituent of the ynamide.
Indeed, aryl-substituted ynamides 5a�5h were found to
smoothly undergo intramolecular 5-endo-dig carbocupra-
tion regardless of the substitution pattern or the electronic
properties of the aromatic substituent. The corresponding
3-aryl-indoles 8a�8h were predominantly formed in all
cases along with minor amounts of debrominated starting
materials. The produced compounds are very useful build-
ing blocks, with many biologically active indoles posses-
sing an aromatic group at C-3 and no substituent at C-2.19

The reaction worked equally well with a styryl group,
affording the corresponding indole 8i in 54% yield; with
alkyl groups, no competitive propargylic deprotonation or
proton transfer was observed during the preparation of
propyl-substituted indole 8k. Finally, a TIPS-substituted
indole (8l) could also be obtained using the metalation/
intramolecular carbocupration sequence, although with
less efficiency.

This intramolecular carbometalation from readily avail-
able ynamides therefore provides an efficient and selective
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route to 3-substituted indoles and is therefore complemen-
tary to other routes to indoles such as, for example, the
intramolecular hydroamination from 2-ethynylanilines
yielding to 2-substituted indoles.15

To further evaluate the scope of our indole synthesis and
test the possibility of preparing polysubstituted indoles

through this reaction, we finally examined the reactivity of
a small set of ynamides 5m�q possessing additional sub-
stituents on the aniline core (Scheme 2). The presence of
this additional substituent had virtually no impact on the
outcome of the reaction, 1,3,5-, 1,3,6-, and 1,3,7-trisubsti-
tuted indoles 8m�q, compounds that can be challenging to
prepare using other routes, being readily formed using the
reaction conditions.
In conclusion, we have developed an efficient and

modular synthesis of polysubstituted indoles from readily
available N-aryl-ynamides. A variety of ynamides are
converted to 3-substituted indoles in moderate to good
yields and with varying substitution patterns on the indole
ring. This should further extend the synthetic utility of
ynamides in organic synthesis and provides additional
insight to the use of intramolecular carbometalation reac-
tions. The extension of this reaction to other heterosub-
stituted alkynes is under study and will be reported in due
time.
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