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Abstract—2-Aryl-3-alkylindoles were prepared on solid phase via palladium-mediated heteroannulation of 1-alkyl-2-(trimethyl-
silyl)acetylene with amide resin-bound o-iodoaniline 1, followed by transformation of trimethylsilyl to iodide and then Suzuki
coupling reactions. Traceless synthesis of symmetrical and unsymmetrical 2,3-diarylindoles was achieved via palladium-mediated
one-pot coupling/intramolecular indole cyclization of aryl-substituted terminal alkynes with sulfonyl resin-bound o-iodoaniline 6,
followed by regioselective bromination and Suzuki coupling reactions. © 2001 Elsevier Science Ltd. All rights reserved.

The 2-arylindole unit is present in diverse biologically
active molecules, and various 2-aryl-3-alkylindoles and
2,3-diarylindoles exhibit interesting biological activi-
ties,! such as antiestrogen,'®® 5-HT,, antagonism,'
anti-inflammatory,'“¢ and cytotoxicity.!® Introduction
of an aryl group into the 2- or 3-position of an indole
ring is usually achieved either by de novo indole ring
construction,> such as Fischer indole synthesis,'® or
cross-coupling reactions of 2- or 3-indolylmetal species
with an aryl halide.? Palladium-mediated coupling reac-
tions of 2- or 3-haloindoles with an arylmetal species
has also been used for the synthesis of arylindoles,* but
this application has been somewhat limited by the
inaccessibility of the haloindoles.” Recently, Gribble
disclosed a solution-phase synthesis of symmetrical 2,3-
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diarylindoles via a stepwise preparation of 2,3-dihalo-
indoles, followed by one-pot bis-Suzuki coupling reac-
tions.® In this regard, we wish to report our studies on
the solid-phase synthesis of 2-aryl-3-alkylindoles, sym-
metrical and unsymmetrical 2,3-diarylindoles via
sequential palladium-mediated indole construction,
regioselective indole halogenation, and Suzuki coupling
reaction.”

Given the importance of the indole nucleus in medicinal
chemistry, we® and others’ have developed efficient
solid-phase methods for the construction of the indole
nucleus. However, little work has been done to further
functionalize the indole nucleus on the solid support to
obtain more diverse indole derivatives. In the palla-
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dium-mediated heteroannulation of unsymmetrical
internal alkynes with a resin-bound o-iodoaniline,®!°
excellent regioselectivity was achieved by using a
trimethylsilylalkyne, where the bulky trimethylsilyl
group served as a regiochemistry directing group to
provide 2-(trimethylsilyl)-3-alkylindole predominantly.
This silyl group could then be easily removed during
resin cleavage with trifluoroacetic acid (TFA)® or serve
as a useful precursor to other 2-substituted indole
derivatives via silyl group transformation. We identified
an efficient method to convert this 2-(trimethylsilyl)-3-
alkylindole to diverse 2-aryl-3-alkylindoles on the solid
phase via iodination and a Suzuki coupling reaction.
Thus, palladium-mediated heteroannulation of 1-
methyl-2-(trimethylsilyl)acetylene with resin-bound o-
iodoaniline 1%® at 80°C for 5 h afforded
2-(trimethylsilyl)-3-methylindole 2 (Scheme 1). Treat-
ment of resin 2 with N-iodosuccinimide (NIS) in methy-
lene chloride at 23°C for 2 h cleanly provided resin-
bound 2-iodoindole 3. In solution phase, a 2-haloindole
has been obtained via directed 2-lithiation of an N-pro-
tected indole, followed by quenching lithiated species
with a halogen.®!! Indole 3 was alkylated with benzyl
bromide or 4-fluorobenzyl bromide in DMF to give 4a
or 4b, respectively. Suzuki coupling of resin-bound
2-iodoindoles 3 or 4 with various arylboronic acids
occurred smoothly to provide, after resin cleavage with
TFA, 2-aryl-3-methylindoles 5 with good to excellent
yields and high purity (Table 1). For the Suzuki coup-
ling reaction, procedure B was generally more effective
than procedure A.

Our process could also be applied to the synthesis of
other 2-aryl-3-(substituted-alkyl)indole derivatives by
using an appropriate 1-(substituted-alkyl)-2-(trimethyl-
silyl)acetylene.®> However, an attempt to prepare 2,3-
diarylindoles was less successful since the regioselectiv-

Table 1. Solid-phase synthesis of 2-arylindoles 5%

ity of heteroannulation of an 1-aryl-2-(trimethylsilyl)-
acetylene with 1 decreased significantly. For example,
the heteroannulation of  1-phenyl-2-(trimethylsi-
lyl)acetylene with resin 1 under the same conditions as
described in Scheme 1 afforded only 56% of desired
2-trimethylsilyl-3-phenylindole, along with 27% of the
regioisomer, 3-trimethylsilyl-2-phenylindole  deriva-
tive.®> We recently reported a facile solid-phase con-
struction of 2-substituted indole derivatives via
palladium-mediated  coupling/intramolecular indole
cyclization of terminal alkynes based on a traceless,
activating sulfonyl linker.®¥ When an aryl-substituted
terminal alkyne was used, the process could be applied
to the regiospecific synthesis of a 2-arylindole. We have
now extended this method for the synthesis of symmet-
rical and unsymmetrical 2,3-diarylindoles. Thus, palla-
dium-mediated coupling/intramolecular indole
cyclization of aryl-substituted terminal alkynes 7 with
resin 6%¢ afforded resin-bound 2-arylindoles 8 (Scheme
2). The regioselective halogenation at the 3-position of
8 was achieved with N-bromosuccinimide (NBS, 3-4
equiv.) in 1,4-dioxane or THF at 60°C to afford 2-aryl-
3-bromoindoles 9. Less clean results were observed
when DMF was used as solvent or NIS as halogenating
agent. Suzuki coupling reactions of resins 9 with vari-
ous aryl(heteroaryl)boronic acids 10 was followed by
resin cleavage with tetrabutylammonium fluoride
(TBAF, 5 mol equiv.)® in THF to provide unsymmetri-
cal 2,3-diarylindoles 11 with good to excellent yields
and high purity (Table 2).!? Starting with appropriate
aryl-substituted terminal alkynes and arylboronic acids,
our process could provide symmetrical 2,3-diaryl
indoles, as prepared by one-pot bis-Suzuki coupling reac-
tions in solution phase.® However, the latter approach
has not been successful so far for unsymmetrical 2,3-
diarylindoles via tandem bis-Suzuki coupling of 2,3-
dihaloindoles.® Our method can also be used for the

Entry R Ar Procedure Time (h) Yield (%)° Purity (%)°
1 H Ph A 20 68¢

2 H 4-Me-C¢H, A 26 654

3 H 4-MeO-C4H, B 6 93 89

4 H 1-Naphthyl B 6 96 98

5 H Ph A 20 85 90

6 4-F-Bn 4-Me-C¢H, A 18 754

7 4-F-Bn 4-MeO-C4H, B 6 744

@ Conditions for the Pd-mediated Suzuki coupling of resins 3 or 4: ArB(OH), (5 equiv.), K,CO; (5 equiv.), Pd,(dba); (0.1 equiv., procedure A)
or Pd(PPh,), (0.1 equiv., procedure B), DMF (procedure A) or 9:1 DMF-H,O (procedure B), 80°C.
® Crude yields unless noted otherwise (for four or five steps; based on the loading level of resin 1). All products gave satisfactory analytical data.

¢ Determined by reverse-phase HPLC.
d Isolated yields.
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Table 2. Traceless solid-phase synthesis of 2,3-diarylindoles 11*

Entry X Ar! Ar? Yield (%)° Purity (%)°
1 H 4-Me-CH, 4-MeO-C(H, 85 93
2 H 4-Me-C(H, 4-CO,Me-C H, 94 87
3 H 4-Me-C¢H, 4-Pyridyl 92 84
4 H 4-F-CH, 4-MeO-C H, 86 85
5 H 4-F-CH, 4-Cl-C(H, 86 9
6 H 4-F-CH, Ph 87 91
7 H 4-NO,-C.H, 4-MeO-C(H, 87 96
8 H 4-NO,-C(H, |-Naphthyl 91 99
9 H 4-NO,-C(H, 3-Thiey! 93 96
10 H 4-NO,-C(H, 4-MeS-CH, 99 96
11 5-CO,Me Ph 2-Naphthyl 85 82
12 5-CO,Me Ph 3,4-OCH,O-C,H, 86 98

2 Conditions for Suzuki coupling of resins 9: Ar’B(OH), (4 equiv.), K,CO; (3 equiv.), Pd(PPh;), (0.1 equiv.), DMF, 90°C, 5-10 h.
® Crude yields for four steps; based on the loading level of resin 6. All products gave satisfactory analytical data.

¢ Determined by reverse-phase HPLC.
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synthesis of other 3-substituted 2-arylindoles via Heck-
or Stille-type coupling of 9.

When aryl-substituted terminal alkyne 7 was replaced
with (trimethylsilyl)acetylene, the palladium-mediated
coupling/intramolecular indole cyclization of resin 6
provided resin-bound 2-trimethylsilylindole 12 (Scheme
3). One-pot treatment of 12 with excess NBS in THF or
1,4-dioxane afforded 2,3-dibromoindole 13 (use of NIS
was less successful). It is noteworthy that conversion of
the trimethylsilyl group in resin 12 to a halide was more
difficult than that in resin 2 probably partially due to
the electronic effect. One-pot bis-Suzuki coupling of 13
with 4-methoxybenzeneboronic acid followed by resin
cleavage afforded 84% yield (86% purity by HPLC) of
symmetrical 2,3-diarylindole 14a.'* Similarly, bis-
Suzuki coupling of resin 13 with 4-methylbenzene-
boronic acid gave 81% yield (with 90% purity) of
14b.

In conclusion, we have developed facile solid-phase
approaches to 2-aryl-3-alkylindoles and 2,3-diaryl-
indoles via palladium-mediated indole formation, fol-
lowed by regioselective halogenation of indole ring and
Suzuki coupling reactions. The sulfonyl linker approach
proved to be particularly efficient for the traceless
synthesis of symmetrical or unsymmetrical 2,3-diaryl-
indoles, as well as other 2-arylindole derivatives. These
methods should prove valuable for the generation of
biologically interesting arylindole-based chemical
libraries.
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