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Abstract—An efficient protocol for palladium-catalyzed direct C-3 arylation of indoles containing unprotected heterocyclic nitrogen

atom has been developed.
© 2007 Published by Elsevier Ltd.

Indole derivatives are one of the most important and
commonly found heterocyclic motifs in both pharma-
ceuticals and natural products,! since indole can be con-
sidered as a commonly used starting material for further
alkaloid synthesis if suitable synthetic methodology can
be developed from this parent skeleton.>? The Pd-cata-
lyzed arylation of indole is a quite hot research area in
recent years. In most cases, this type of Pd-catalyzed
reaction gave 2-arylated indole® or N-arylated indole*
as major products. Among the arylated indole com-
pounds, 3-phenylindole is an antimicrobial compound
active towards many fungi and Gram-positive bacteria.’
Usually 3-arylated indoles have been prepared by ring-
synthesis® or by introducing protecting groups on het-
erocyclic nitrogen atom and/or reactive functionalities
prior to C-C formation.” Herein, we report the direct
C-3 arylation of indoles containing unprotected hetero-
cyclic nitrogen atom, which demonstrates the high selec-
tivity of palladium catalyst with phosphinous acid
complexes (abbreviated as POPd), formed in situ, in
the presence of a mild base.
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Li and co-workers developed the air-stable palladium-—
phosphinous acid complexes, such as [(z-Bu),P(OH)],-
PdCl,, [[(#-Bu),P(OH)(#-Bu),POIPdCI], and [(z-Bu),-
P(OH)PdCl,], (abbreviated as POPd, POPdl and
POPd2) (Scheme 1),® which were investigated and found
to be the efficient catalysts for a variety of cross-cou-
pling reactions.’ The principal goal of this study was
to explore the possibility of using the air-stable POPd
catalysts, in the arylation of substituted indoles with
phenyl bromides (Scheme 2) to afford N-aryl indoles E
or C-aryl indoles C and D. We found that indoles
reacted with aryl bromides to form 3-arylindole (D) with
high degree of selectivity to 2-arylindole (C), without
extra reagents introduced to protect free N-H of indole,
and no E was detected.

The reaction sequences were carried out in thermal fash-
ion, according to the standard procedure of Pd-cata-
lyzed coupling reaction. The various conditions were
tested in order to optimize the desired results. An exam-
ination of selected and inexpensive bases revealed that
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K,CO;5 and KOH were effective (Table 1), compared to
KO(#-Bu) and NaO(z-Bu). It was which indicated that
the stronger base such as KO(z-Bu) and NaO(z-Bu)
would remove the proton on nitrogen atom, which
alerted the electronic distribution of indole aromatic
ring system and resulted in no occurrence of the desired
reaction.

In regard to the comparisons of catalytic effects among

POPd, POPd1, POPd2 and other conventional Pd cata-
lysts such as Pd(OAc),(PPhj3),, Pd(PPh;),, Pd(dba), and

Table 1. Effect of various bases upon the C-3 arylation of indole®

Entry Base Yield® (%)
1 K,CO; 71.5

2 KOH 70.6

3 NaOH 36.8

4 N32C03 0

5 KO(z-Bu) 0

6 NaO(z-Bu) 0

#Reactions were carried out with indole (0.5 mmol), bromobenzene
(0.6 mmol), 5 mol % POPd and K,COj; (3 equiv) in 2 mL of dioxane
under refluxing for 24 h.

®Isolated yields.

Pd,(dba);, the reactions between indole and bromoben-
zene (Table 2) were conducted, using these catalysts.
When dioxane was used as a solvent under the identical
conditions of concentration and temperature, Pd(dba),
and Pd,(dba); completely failed to yield any coupled
products (entries 9 and 10). However, when POPdI
was applied as the catalyst, the coupling reaction of
indole and bromobenzene (entry 4) led to 3-phenylindole
with good yield. In the cases of POPd, POPd2,
Pd(OAc),(PPh3), and Pd(PPh;),, the direct arylation
proceeded with moderate yield (entries 1, 6-8). In terms
of the POPd catalysts, when dioxane was used as the
solvent, the formation of 2-phenylindole was depressed
while the content of biphenyl increased. However, when
toluene was wused, the content of 2-phenylindole
enhanced while that of biphenyl decreased (entries 1-6).
It was interesting that POPd1 and POPd2 demonstrated
different reactivity in toluene and dioxane (entries 3-6).
Based upon these results, the POPds have been found to
be superior catalysts in this kind of cross-coupling reac-
tions. Additionally, due to the air-stability of the POPd
catalysts, we believe that POPd catalysts are much more
convenient to handle and thus offer an attractive alter-
native for the chemists interested in exploring their use
in the Pd-catalyzed reactions in organic synthesis.

Table 2. Effect of various catalysts upon the coupling reaction based on the same amount of Pd*

Entry Catalyst (mol %) Base (solvent) Yield® (%) (HPLC %)
Cc Dd Fe
1 POPd (5.0) K,COj; (toluene) 66.6 8.8 77.9 33
2 POPd (5.0) K,COj5 (dioxane) 71.5 0.8 83.4 6.9
3 POPd1 (2.5) K,COj; (toluene) 54.9 7.8 68.9 2.7
4 POPd1 (2.5) K,COj; (dioxane) 85.4 1.3 87.4 6.7
5 POPd2 (2.5) K,COj; (toluene) 72.9 7.0 81.0 1.3
6 POPA2 (2.5) K,COj5 (dioxane) 60.8 1.6 68.9 3.8
7 Pd(OAc),(PPh;), (5.0) K,CO; (dioxane) 74.5 1.0 80.2 14.2
8 Pd(PPh;), (5.0) K,COj; (dioxane) 65.2 2.0 71.5 13.5
9 Pd(dba), (5.0) K,COj; (dioxane) 0 0 0 5.8
10 Pdy(dba); (2.5) K,COj; (dioxane) 0 0 0 10.4

#Reactions were carried out with indole (0.5 mmol), bromobenzene (0.6 mmol), catalyst and K,COs (3 equiv) in 2 mL of dioxane or toluene under

refluxing for 24 h.
®Isolated yields of 3-phenylindole.
¢ C: 2-phenylindole.
4D: 3-phenylindole.
°F: biphenyl.
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Table 3. Palladium-catalyzed coupling reaction of indole with substituted bromobenzenes®

Entry Halide Coupling partner Target product Yield® (%)
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% Reactions were carried out using a mixture of (substituted) indole (0.5 mmol), substituted bromobenzene (0.6 mmol), 5 mol % POPd and K,CO3
(3 equiv) in 2 mL of dioxane under refluxing for 24 h.

®Isolated yields.

“HPLC yield.
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The reactions of various substituted indoles with substi-
tuted bromobenzenes were also explored and the results
are shown in Table 3.!° It was found that either electron-
withdrawing substituted bromobenzenes (entries 2 and
3) or electron-donating substituted bromobenzenes
(entry 4) depressed the arylation. When methoxyl group
was introduced at 5-position of indole, the reaction
occurred in good yield (entry 5), while cyano and nitro
group were introduced at the same position, the reaction
was seriously retarded (entries 6 and 7). When 2-acetyl-
indole reacted with bromobenzene, no arylated product
was found possibly due to the steric effect (entry 8).
According to our findings, we proposed a possible
reaction mechanism in the C-3 arylation of indoles
(Scheme 3).

In conclusion, we have demonstrated that cross-cou-
pling of indoles with various aryl bromides proceeded
in moderate to good yields when the palladium—phosph-
inous acid complex POPd was used as the catalyst. The
direct arylation of an indole core would eliminate the
need to protect indole nitrogen atom or establish a reac-
tive functionality (cf., halogenation or stoichiometric
metalation) prior to C-C coupling, and would enable
the direct elaboration and expansion of the core motif.
The further application of this catalyst for the synthesis
of substituted indoles, mechanism study and scope and
limitation of this kind of reaction are currently under
investigation in our group.
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86.0-87.0 °C. (hexane) (lit."" 85.5-86°C). 'H NMR
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121.43, 120.21, 119.88, 118.40, 111.32, 21.16; MS (m/z)
208.0 [M+H"]. Compound 3e: Yellow sticky liquid
(79.9%). '"H NMR (500 MHz, CDCl;) § 8.23 (s, 1H),
7.67 (d, 2H, J="7.5Hz), 748 (t, 2H, J="1.8 Hz}, 7.40 (s,
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