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A wide variety of N-alkyl-3-iodoindoles are readily prepared under very mild reaction conditions by the palladium/copper-catalyzed cross-
coupling of N,N-dialkyl-o-iodoanilines and terminal alkynes, followed by electrophilic cyclization by I,. Alkyl-, aryl-, and vinylic-substituted
alkynes all undergo iodocyclization in excellent yields.

The indole nucleus is prevalent in a wide variety of bio- ployed in the synthesis of indoles. However, some of these
logically active natural and unnatural compouédhe syn- approaches are either incompatible with functioné&flityr
thesis and functionalization of indoles have been the major sometimes restricted by a lack of regioselectidtiRecent
objectives of research for over one hundred years. Amongsuccess in the synthesis of berzffirans! furopyridines?
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cyclization of appropriately functionalized aromatic acety-

We wish to report a much more efficient approach to

lenes!! readily prepared by Sonogashira coupling of the 3-iodoindoles involving the palladium/copper-catalyzed coup-

corresponding aryl halides and terminal alkyR€Scheme

ling of N,N-dialkyl-o-iodoanilines and terminal alkynes,

1), encouraged us to examine the possibility of preparing followed by electrophilic cyclization. The aryl-alkynes re-

indoles by a similar strategy.
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Although Hoedt reported an approach to the synthesis of

1-methyl-2p-tolylindole and its 3-iodo derivative by a related
process involving iodocyclization (Scheme'2jhe unusual
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quired for our approach to indoles are readily prepared by
the Sonogashira couplifigpf N,N-dialkyl-o-iodoanilines and
terminal alkynes (eq 1). The yields of this process range from

HC=CR® e
2% PdCl,(PPh), o~ N-g2
R | M
1% Cul NP
Et;N TSy

70% to 94% and this procedure readily accommodates con-
siderable functionality.

Since Hoedt had previously established thigN-dimethyl-
2-(p-tolylethynyl)aniline undergoes facile iodocyclization in
CCl,,*2 we first examined the reaction of our alkynes with
I, in CH.Cl,. We were extremely pleased to see that our
N,N-dialkyl-2-(1-alkynyl)anilines react in less th& h at
room temperature to afford the 3-iodoindole directly and only
a trace of the indolium triiodide salt was observed (eq 2).

ye R2
N !
1~ TR? " R N
R4 | — R || )R 2)
A Q CH2C|2 AN

R® I

Adding aqueous N&,0O; solution spontaneously decom-
posed the triiodide salt and afforded almost quantitative
yields of the corresponding 3-iodoindoles (see Table 1).
Virtually no differences in the rates of reaction or the overall
yields have been observed using alkynes bearing an aryl, a
hindered alkyl, a straight chain alkyl, or a vinylic group
(Table 1, entries £4). Even the alkyn& bearing a bulky

preparation of the arylalkyne starting material, the separation tert-butyl group affords a high yield of the desired indole
of the indolium triiodide salt, and the stepwise addition of (entry 2). This iodocyclization process also readily accom-
sodium thiosulfate or a silver salt are not particularly modates a wide variety of functional groups, including
attractive synthetically. Furthermore, the yield of the above nitriles, halides, nitro groups, ethers, and esters, either on
cyclization was only 66% or less. Finally, the scope of the the alkyne moiety (entries 5 and 6) or the aromatic ring
cyclization step has not been examined. (entries 7—10).

We have investigated the electronic effect of various
substituents on the aniline moiety in this electrophilic cycli-
zation. This reaction does not require the presence of a
strong electron-donating functional group, such as a methoxy
group, to enhance the nucleophilicity of the nitrogen in the
dialkylamino group. Simple unsubstituted anilines (entries
1-6) and even anilines bearing strong electron-withdrawing
groups, like nitro or ester groups (entries 7, 8, and 10), give
excellent yields of the desired indole products, even though
the nitro and ester electron-withdrawing functional groups
no doubt significantly lower the nucleophilicity of the
dialkylamino group.

The use of two different alkyl groups on the nitrogen of
the aniline affords interesting selectivity. Compourgdwith
a methyl and am-butyl group on the nitrogen undergoes
electrophilic cyclization smoothly and the total conversion
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Table 1. Synthesis oiN-Alkyl-3-iodoindoles (eq 2

entry alkyne time (h) product(s) isolated yield (%)
NMe, Me
N
1 S 1 2 @Ph 2 100
Ph [
NMe, Me
N
2 S 3 2 @(—Bu 4 96
t-Bu \
NMe, Me
N
3 S 5 2 @n@;m 6 94
n-CeHiz [
NMe, Me
s ~
4 A 7 2 @_@ 8 85
O |
NMe, Me
N
5 S ° 4 @(CHz)sCN 10 86
(CH2);CN |
NMe;, Me
N
6 S 11 4 C[f(wzw 12 73
(CHz)sCl |
NMe, Me
N
7 OuN S 13 05 @Ph 14 100
Ph O:N ]
NMe, Me
N
-CeH
8 O,N X 15 05 o N@n CeHys 16 95
n-CgHys 2 \
MeO. NMe, Me
O MeO. N
9 x 17 2 @_@ 18 100
@ |
Ve R
N. N
n-Bu mPh 08
10 EtO,C T 19 05 EO,C : (72:28)

R=n-Bu
20

R =CHs
21

a All reactions were run with 0.25 mmol of the alkyne, 2 equiv fl 5 mL of CH,Cl, at 25°C, followed by addition of 5 mL of saturated aqueous

NaS;03 to remove the excess. |

is almost quantitative (entry 10). Due to the different steric
effects of a methyl group and ambutyl group in an g
reaction, the less hindered methyl group is more easily
removed by attack of the iodide formed during electrophilic
cyclization than is then-butyl group. The ratio ofN-n-
butylindole 20 to N-methylindole21 is 72 to 28.

Mechanistically, we believe that these cyclizations pro-
ceed by anti attack of the electrophile and the nitrogen of
the N,N-dialkylamino group on the alkyne to produce an
iodoindolium salt, which undergoes facile methyl group
removal via {2 displacement by the iodide present in
the reaction mixture (Scheme 3). The saturated aqueous
NaS;0; solution has been used simply to remove the
unreactedjand to generate more iodide nucleophile for the
S\2 displacement.

The success of this reaction is presumably due to several
factors. First, the two alkyl groups enhance the nucleophi-

Scheme 3
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Scheme 4
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licity of the nitrogen. Second, the interaction between the
two alkyl groups and the internal triple bond favors an
orientation of the nitrogen with its lone pair of electrons
pointing toward the triple bond. Third, the highly nucleophilic
iodide ion formed during the cyclization facilitates re-
moval of the methyl or other alkyl group. Fourth, the use of
CH.CI; as the solvent increases the solubility of the resulting
indolium salts, facilitating dealkylation by iodide.

We believe that this approach to 3-iodoindoles should
prove very useful for the synthesis of additional more highly

further functionalized by applying palladium-catalyzed coup-
ling reactions, such as Sonogashkirand Suzuk* cross-
coupling processes and the Heck reacfig8cheme 4). One
should be able to prepare many other 2,3-disubstituted
indoles using these iodoindole substrates and known pal-
ladium methodology.

During our study of this iodocyclization approach to the
synthesis oN-alkyl-3-iodoindoles, similar approaches have
been developed independently by Barluenga using carbam-
ates or sulfonamides derived fram(1-alkynyl)aniline4® and
by Knight usingN-tosyl-2-(1-alkynyl)anilined” However,
Barluenga’s approach utilizes a very expensive iodonium salt
IPy,BF,, plus the very strong, toxic acid HBFrequires
careful temperature control; and provides quite variable
yields. Knight's method employs, lunder relatively mild
reaction conditions, but the addition of 3 equiv 0§GO;
might affect certain base-sensitive functional groups in the
starting materials. The present procedure is run under neutral
reaction conditions, is more efficient and convenient, and
producesN-alkylindoles.
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