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Abstract—A novel dimerization of N-protected bromomethylindoles involving an exchange reaction with phenylmagnesium chlo-

ride is reported.
© 2005 Elsevier Ltd. All rights reserved.

In continuation of our interest on the synthesis of carba-
zole-based alkaloids,! we wanted to develop a viable
procedure for the arylation of N-protected bromome-
thylindoles as the existing procedure is applicable only
to electron rich arenes.®> Numerous developments have
been achieved recently using transition metal mediated
carbon—carbon bond formation.* Nevertheless, these
developments are yet to be adapted to the indole system.
In continuation of our efforts to explore the synthetic
utility of N-protected bromomethyl indoles using transi-
tion metal complexes as catalysts,? the Ni(II)-mediated
coupling reaction of bromo compound la’ was carried
out with phenylmagnesium chloride. However, the reac-
tion failed to produce the expected benzylindole 3
(Scheme 1). Careful analysis of the '"H NMR and *C
NMR spectra confirmed the product as dimer 2a in
50% yield. Recently, Qian and Negishi observed® a sim-
ilar dimerization during the Pd-mediated coupling of
benzyl bromide with phenylethynylzinc bromide. Repe-
tition of the coupling reaction using freshly prepared
4-methoxyphenylmagnesium bromide also afforded the
self-dimerization product 2a in 52% yield.

In order to gain an insight into the mechanism of the
dimerization, the coupling reaction of bromo compound
1a’ was carried out in the presence of Ni(II)/Pd(0) with-
out the addition of the Grignard reagent. However, the
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Scheme 1.

reaction did not afford the dimerization product 2a, only
the starting bromo compound 1a’ was recovered.

Next, the bromo compound 1a’ was reacted with phe-
nylmagnesium chloride in the absence of the Ni(II)/
Pd(0) complex at 0-10 °C under a nitrogen atmosphere
for 5 h to afford the dimerized product 2a in 60% yield.
Obviously, the reaction of bromo compound 1a’ with
PhMgCl led to the formation of indolylmethyl Grignard
4 via Grignard exchange (Scheme 2), which reacts with
more bromomethylindole 1a’ to form the dimer 2a.
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It is also clear that the self-dimerization of bromo com-
pound 1a’ is not catalyzed by Ni or Pd.

In order to verify the proposed Grignard exchange, bro-
mo compound la’ was reacted with isopropylmagne-
sium bromide at room temperature. Acidic workup of
the reaction mixture followed by mass spectral analysis
indicated the formation of isopropylmethyl indole 5
[M", 421 (10%)] and 1-phenylsulfonyl-3-phenylthio-2-
methylindole 6 [M ™, 379 (15%)], Scheme 3. The forma-
tion of 5 can be visualized through nucleophilic attack
and compound 6 can be formed only through Grignard
exchange. The formation of the latter compound con-
firmed that bromomethylindole 1a’ underwent Grignard
exchange.

Table 1. Dimerization of N-protected bromomethyl indoles using PhMgCl
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At this point it is worthwhile mentioning that the at-
tempted formation of Grignard 4 from bromo com-
pound 1a’ in the presence of Mg in dry THF under
reflux was found to be unsuccessful. Even though aryl
Grignards have been generated via exchange reactions
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between aryl iodides and phenylmagnesium chloride,” to
our knowledge, this is the first time Grignard exchange
has been observed with benzylic, or more specifically,
an indolylmethyl system.

The unusual dimerization reaction was then tested with
a variety of bromomethylindoles 1a-h and the results
are described in Table 1. The dimerization was found
to be facile irrespective of the position of the bromo-
methyl unit. The rate and yield of the dimerization were
found to be somewhat decreased with the corresponding
N-protected chloromethylindoles (entries 1 and 3). The
presence of a cyano group at the 3-position significantly
lowers the yield of the dimerization process (entry 2). In
contrast, the presence of a methyl ester at the indole-3-
position allowed the dimerization to proceed smoothly
to afford the product 2h in 48% yield (entry 8).

In conclusion, we have observed an unusual Grignard
exchange reaction of N-protected bromomethylindoles
with aryl and isopropylmagnesium bromides. Using
the observed Grignard exchange phenomena, a novel
dimerization of N-protected bromomethyl indoles was
achieved in reasonable yields. Investigations are under-
way to utilize the Grignard exchange technique to syn-
thesize various indole analogs.
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Typical experimental procedure for 2a: 1-Phenylsulfonyl-3-
phenylthio-2-bromomethylindole 1a’ (0.5g, 1.09 mmol)
dissolved in dry THF (10 mL) was stirred at 0-10 °C under
a nitrogen atmosphere. To this, phenylmagnesium chloride
(0.65mL, 2M in THF) was added slowly. The reaction
mixture was slowly raised to room temperature and stirred
for 5 h. Then it was quenched with saturated ammonium
chloride solution (10 mL), extracted with ethyl acetate
(2x20mL) and the extracts were combined and dried
(NayS0O4). Removal of the solvent followed by column
chromatographic purification (silica gel, hexane-EtOAc;
9:1) afforded 2a as a colourless solid (0.42 g, 52%); mp
220 °C; '"H NMR (400 MHz, CDCls): 6 3.77 (s, 4H), 6.65—
6.68 (m, 4H), 6.92-6.94 (m, 6H), 7.16 (t, J=7.8 Hz, 2H),
724 (t, J=17.3Hz, 2H), 7.27-7.32 (m, 2H), 7.37 (t,
J=16.1 Hz, 4H), 7.51-7.53 (m, 2H), 7.73 (d, J=17.3 Hz,
4H), 8.22 (d, J=8.3Hz, 2H). '*C NMR (75.5 MHz,
CDCl;): ¢ 28.1, 113.7, 115.6, 120.3, 124.4, 125.2, 1254,
126.3, 126.5, 128.7, 129.5, 130.9, 134.1, 136.6, 137.3, 138.8,
144.6. Anal. Calcd for C4,H3,N>04S,4: C, 66.64; H, 4.26; N,
3.70; S, 16.94. Found: C, 66.30; H, 4.40; N, 3.92; S, 16.81.
Data for 2b: mp 230 °C; '"H NMR (400 MHz, CDCly): &
4.27 (s, 4H), 7.37 (t, J=17.1 Hz, 2H), 7.42-7.44 (m, 2H),
7.49 (t, J=8.1 Hz, 4H), 7.55 (d, J= 7.8 Hz, 2H), 7.61 (t,
J=74Hz, 2H), 786 (d, J=7.8Hz, 4H), 825 (d,
J=8.8 Hz, 4H). '*C NMR (100.6 MHz, CDCl;): § 28.9,
96.5, 112.9, 115.1, 119.5, 125.1, 126.5 (2C), 127.1, 129.8,
1348, 1359, 1376, 146.7. Anal. Calcd for C32H22N404S22
C, 65.07; H, 3.75; N, 9.49; S, 10.86. Found: C, 65.31; H,
3.91; N, 9.35; S, 10.67.

Data for 2g: mp 208 °C; '"H NMR (400 MHz, CDCls): &
3.65 (s, 4H), 7.25-7.43 (m, 10H), 7.51-7.53 (m, 2H), 7.77 (d,
J=73Hz 4H), 822 (d, J=8.3Hz, 2H); C NMR
(100.6 MHz, CDCl3): § 28.2, 104.8, 115.6, 120.3, 124.9,
126.3, 127.9, 129.4, 129.9, 130.1, 134.7, 136.7, 139.1. Anal.
Calcd for C30H»,BraN>O4S5: C, 51.59; H, 3.17; N, 4.01; S,
9.18. Found: C, 51.51; H, 3.41; N, 4.16; S. 8.98.
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