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o-trifluoroacetamidophenyl)-1-propargyl carbonate with piperazines in the presence of Pd(PPh 3)a

in THF at 80 °C affords 2-(piperazin-1-ylmethyl)indoles in excellent yields. Good to excellent yields are also obtained with other secondary

amines.

Our palladium-catalyzed hydroarylation/cyclization of alkynes in was isolated in 4% yield; none of the hydroarylation
bearing nucleophilic and electrophilic centers close to the product2 was observed.

carbon-carbon triple bond was proved to be a useful tool

for the construction of heterocyclic ringsUsing this
procedure, we prepared butenolidegiinolines’ chromenes,
coumarins, and chromandi®uring our continuing studies

on this research area, we had the occasion to examine the

reaction of ethyl 3<¢-trifluoroacetamidophenyl)-1-propargyl
carbonatela with p-iodoanisole under the hydroarylation
conditions shown in Scheme 1. 2-Methyl indddewas
isolated in 78% yield, and 2-(piperidin-1-ylmethyl)indale
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Though we did not obtain the desired product, the reaction
provided us with some data which attracted our attention.
Indeed, this is an example of a new palladium-catalyzed

cyclization of an acyclic alkyne to free-\H functionalized



indoles. In particular, of great interest to us was the formation
of 4a (albeit in very poor vyield), in which two carben

nitrogen bonds are formed in a single operative step. The

conversion of this side reaction into a synthetically useful

process would add to known procedures based on the

cyclization ofo-alkynylanilines ana-alkynylanilide$ a new

useful approach for the assembly of the functionalized pyrrole
nucleus incorporated into the indole system (Scheme 2) and

Scheme 2. Retrosynthetic Representation of the
Palladium-Catalyzed Assembly of the Pyrrole Nucleus from
Ethyl 3-(o-Trifluoroacetamidophenyl)-1-propargyl Carbondie
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H

open a straightforward route to an important class of indole
derivatives. Indeed, the 2-(aminomethyl)indole motif is a key
structural feature present in several biologically active
compounds.In particular, 2-(piperazin-1-ylmethyl)indoles,
containing two privileged substructures (the indole and
piperazine nucleij,exhibit important biological activities and

=~ OCO,Et
p—
NHCOCF,

have attracted considerable attention in organic, medical, and

pharmaceutical chemistfy.

Therefore, the development of a protocol for the prepara-
tion of 2-(piperazin-1-ylmethyl)indole$ from la and
piperaziness (Scheme 3) was initially explored when we
started this research project.

Compoundla was prepared through a four-step process
from o-iodoaniline via Sonogashira cross-coupling with the
tetrahydropyranyl derivative of propargyl alcohol followed
by trifluoroacetylation, deprotection, and esterification steps
in 80% overall isolated yield, omitting isolation and char-
acterization of reaction intermediates.
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Part of our optimization work using different catalyst
systems and solvents is summarized in Tabfelbdoanisole

Table 1. Examination of the Reaction of Ethyl
3-(o-Trifluoroacetamidophenyl)-1-propargyl Carbonagewith
N-Ethylpiperazineba?

entry catalyst system solvent time(h) yield % of 6a®
1 Pd(OAc)z, PPhs  THF 6 52
2 Pda(dba)s, PPhy  THF 6 58
3 Pd(PPhs), MeCN 6 57¢
4 Pd(PPhs), DMF 6 54¢
5 Pd(PPhs), THF 1.5 91
6 Pdy(dba)s, dppf ~ THF 6 85
7 Pdy(dba)s, dppe  THF 24 50
8 PdCly(2-furyl), THF 24 33

aUnless otherwise stated, reactions were carried out on a 0.159 mmol
scale in 1 mL of solvent under argon at 80 by using 1 equiv ofla, 3
equiv of5a, 0.05 equiv of [Pd], 0.1 equiv of PR}or 0.05 equiv of bidentate
phosphine ligand? Yields are given for isolated productswith 0.05 equiv
of Pd(PPBh)a.

(which did not enter the catalytic cycle affording isolated
products) and formic acid (very likely involved in the
formation of3) were omitted. Moderate yields were obtained
under a variety of reaction conditions (Table 1, entrieg)L

The best result in terms of yield and reaction time was
obtained in the presence of Pd(BRIn THF (Table 1, entry

5). Longer reaction times and lower yields were observed
with Pd(dba) and bidentate ligands such as dppf and dppe
(Table 1, entries 6 and 7). A longer reaction time and lower
yield were also observed using the less reactive propargyl
acetat®’ 1b as the starting alkyne (50% yield; Pd(RRh
THF, 80°C, 24 h). A slight increase of the yield (67%) was
observed withlb at 100°C after 9 h, but the yield was still
significantly lower than that witda.

The best conditions found fda [Pd(PPh), THF, 80°C]
proved to be very efficient for a number of related cycliza-
tions to 2-(piperazin-1-ylmethyl)indoles as indicated in Table
2. Only with5j (Table 2, entry 10), the desired indole product
was isolated in moderate yield, very likely because of the
low nucleophilicity of the nitrogen derivative due to steric
effects.

Then, the extension of the reaction to other secondary
amines and even to primary amines was briefly investigated

(10) For a review on the palladium-catalyzed reactions of propargyl
esters, see: (a) Tsuji, J.; Mandai, Angew. Chem., Int. Ed. Engl995
34, 2589.
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Table 2. Palladium-Catalyzed Synthesis of 2-(Piperazin-1-
ylmethyl)indoles6 from Ethyl 3-(-Trifluoroacetamidophenyl)-
1-propargyl Carbonatga and Piperazine§®

entry piperazine 5 time  yield % of 6°
(h)
HN  N-Et 5 5 6a 9
1 \_/ a 1. a 91
Cl
2 HN/ \NGCI 5b 2 6b 96
_/
HN N
n_/
3 o Sc 24 6c 80
NG Cl
4 aNooN 5d 3 6d 98
/
i N F 5 6
5 \_/ e © 6e 9
/\
HN N F
6 ~ st 6 6f 98
F
7w \N@ 5g 25 6g 97
/
HN N
/
8 5h 3 6h 92
\ ¢
HN N
/
9 Si 3 6i 94
Ph Br
10 HN>_\N_Me 5 6 6j 58
N
HN N
-
11 Sk 4 6k 85
Me
HN N cl
12 —/ % 5112 61 78
F
/\
HN N
/
13 Sm 4 6m 81
OMe
HN N Me
/
14 Ve Sn 4 6n 80
Me
~— Ph
HN N
-
15 S0 8 60 92
16 HN  N-CO EtcI 5p 20 6p 88
A P P

a2 Reactions were carried out on a 0.159 mmol scale in 1 mL of THF
under argon at 80C by using 1 equiv ofla, 3 equiv of5, and 0.05 equiv

of Pd(PPh)a. P Yields are given for isolated products.
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(Table 3). Yields are usually good to high with secondary
amines (Table 3, entries—B). The moderate yield obtained

Table 3. Palladium-Catalyzed Reaction of Ethyl
3-(o-Trifluoroacetamidophenyl)-1-propargyl Carbonagewith
Secondary Aminés

entry amine time (h) yield % of 4
1 HN ) 1 4a 94°
2 HN o 1 4b 98
/
3 Et,NH 2 4c 60°
(i-Pr),NH 4 4d 45

aUnless otherwise stated, reactions were carried out on a 0.159 mmol
scale in 1 mL of THF under argon at 8C by using 1 equiv olLla, 3 equiv
of secondary amine, and 0.05 equiv of Pd(BRI® Yields are given for
isolated products: The indole productiawas isolated in 84% yield in the
presence of 0.0125 equiv of Rdbay and 0.05 equiv of PRtafter 6 h and
in 73% yield with 0.025 equiv of R(dba), omitting PP, after 24 h.4 With
5 equiv of amine.

with diisopropylamine (Table 3, entry 4) was attributed again
to the involvement of steric effects. With primary amines,
the efficiency of the reaction is flawed by the occurrence of
side reactions. For example, with benzylamine and butyl-
amine, complex reaction mixtures were obtained that we have
not thoroughly investigated.

Although the precise mechanism for this indole synthesis
is not clear, a possible rationale considers the following basic
steps: (@) initial formation of the-allenylpalladium complex
7 (via a §y2' reaction of the palladium complex witha)
which would be in equilibrium with ther-propargylpalla-
dium intermediate,** (b) intramolecular nucleophilic attack
of the nitrogen at the central carbon of the allenyl/propar-
gylpalladium complexX?212.13(c) protonation of the resultant
carbene9 to give thez-allylpalladium complex10, (d)
regioselective intermolecular nucleophilic attack of the
nitrogen nucleophile at the less hindered allylic terminus of
10 (Scheme 4).

As observed in our previous studies on the aminopalla-
dation-reductive elimination route to indol&sthe acidity
of the nitroger-hydrogen bond was found to play a crucial
role. When ethyl 3¢-acetamidophenyl)-1-propargyl carbon-
ate 11, containing a less acidic nitrogeinydrogen bond,
was subjected to 4-ethylpiperazine under our standard
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Scheme 4
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ligands® and that the best ligands for the palladium-catalyzed
reaction of propargyl halidésand carbonaté% with soft
nucleophiles are the bidentate ligands.

In conclusion, we have developed a straightforward, very
useful new approach to 2-(aminomethyl)indoles, including
the important class of 2-(piperazin-1-ylmethyl)indoles. The
procedure is simple. The reaction proceeds under mild
conditions, and indole products are formed in good to

10 COCF, COCF, excellent yields. Further investigations, directed toward the
Pd+ utilization of this strategy to the assembly of other func-
EtO_/%\ : - tionalized indole products, are currently in progress.
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