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Abstract — A one-pot synthesis of 3,3’-bisindolylmethanes was developed

through the intermolecular Pummerer reaction using indole as a nucleophile.

3,3’-Bisindolylmethanes are a group of compounds with promising biological and pharmaceutical
properties, such as the inhibition of cancer cell growth, and antifungal and antibacterial activities." One
widely used synthetic route to 3,3’-bisindolylmethane derivatives’ (Figure 1) depends on the
condensation of indoles with carbonyl compounds or their synthetic equivalents.’ Recently,
metal-catalyzed reactions have been developed for the facile synthesis of the 3,3’-bisindolylmethanes,*
such as the Pd-catalyzed benzylic substitution of gramine with indole,* and the metal-catalyzed addition
of indole to allenes*" and alkynes.* Moreover, a one-pot approach to the 3,3’-bisindolylmethanes through

the Bartoli indole synthesis was developed by us.’
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Figure 1. 3,3’-Bisindolylmethanes

The Pummerer reaction is widely used for the synthesis of natural products and biologically interesting
compounds,’ whereas the intermolecular Pummerer reaction using indole as a nucleophile has not been
extensively investigated. Recently, an intermolecular Pummerer-type reaction of indole with DMSO in
the presence of CuBr(PPhs); and NH4OAc was reported, although unsuitability of indole as a nucleophile

under classical reaction conditions was mentioned.” Therefore, we have focused on developing a
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Pummerer reaction that depends on the intermolecular nucleophilic attack of indole on a
sulfur-substituted carbocation intermediate. Herein, we describe a one-pot reaction for accessing
3,3’-bisindolylmethanes through the intermolecular Pummerer reaction with indole as a nucleophile.

Initially, the Pummerer reaction was attempted by adding trifluoroacetic anhydride (TFAA) to a solution
of indole and DMSO in dioxane in an ice bath. This resulted in the isolation of 3-methylthiomethylindole
(5) in only 10% yield. However, slightly changing the reaction conditions increased the yield to 82%.
After treating DMSO (10 equiv) with TFAA (1 equiv) in dioxane in an ice bath for 0.5 h, the mixture was
heated with indole (1 equiv) at 80 °C for 0.5 h to obtain 5. Compound 5 was converted to arundine (1) by
heating with indole (1.2 equiv) in dioxane at 80 °C for 24 h to afford 1 in 70% yield. After several
experiments, it was found that the presence of Cu(OAc), (1 equiv) accelerated the reaction and a 73%

yield was obtained by heating at 80 °C for 1 h (Scheme 1).
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These results prompted us to explore a one-pot approach for 1 (Scheme 2). Initially, TFAA (0.5 equiv)
was added to a mixture of indole and DMSO (10 equiv) in dioxane in an ice bath, then the mixture was
heated with Cu(OAc), (1 equiv) at 80 °C for 2 h, but this resulted in a low yield of 1 (~10%). However,
the reaction conditions were optimized and 1 was obtained in an 80% yield when Cu(OAc), was added to

the heated mixture at 80 °C.
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Under the same conditions, 3,3’-bis(1-methoxyindolyl)methane (2)° was obtained from the reaction of
N-methoxyindole with DMSO in 75% yield. In addition, the reaction of indole with sulfoxides 6 and 7
provided vibrindole A (3)'° and 3,3 -bisindolylphenylmethane (4),"" in 73 and 64% yields, respectively.

A plausible reaction path is shown in Scheme 3, where 5 is activated by the interaction between the SMe
group and Cu(OAc), and undergoes a subsequent nucleophilic attack by indole (Scheme 3).
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Based on these results, the one-pot protocol was applied to the assembly of unsymmetric
3,3’-bisindolylmethanes using two different indoles (Scheme 4). Minor modifications were made to the
protocol, and the reaction was carried out using indole and N-methoxyindole. After treating indole (1
equiv) with a mixture of DMSO (10 equiv) and TFAA (1 equiv) in dioxane, the mixture was heated with
N-methoxyindole (1 equiv) at 80 °C, and then Cu(OAc), (1 equiv) was added to the heated mixture.
Additional heating for 2 h provided 8 in 60% yield. Moreover, 9 was obtained from the reaction using
2-methylindole and indole in 66% yield. The reaction of 5-methoxyindole and 5-chloroindole with indole

afforded 10'* and 11 in 64 and 55% yields, respectively.
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In summary, we have developed a one-pot method for the construction of 3,3’-bisindolylmethanes by the

intermolecular Pummerer reaction using indoles. Further investigation of the scope of the reaction is

currently in progress.
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then heated at 80 °C for 30 min. Cu(OAc);°H,0 (199 mg, 1 mmol) was added next at 80 °C and the
mixture was heated for 2 h. After cooling, the mixture was diluted with AcOEt (100 mL), washed
with 10% aq. NaHCOj; solution and brine, and dried over MgSQOy. The solvent was removed, and the
residue was separated by silica gel column chromatography with hexane/AcOEt (30:1) to give 10
(177 mg, 64%) as a colorless oil. IR (neat): 3408 cm™. '"H-NMR (CDCls) 8: 3.81 (s, 3H), 4.21 (s,
2H), 6.86 (d, J = 8.6 Hz, 1H), 6.89 (s, 2H), 7.07 (s, 1H), 7.11 (t, J= 7.5 Hz, 1H), 7.20 (t, J= 7.5 Hz,
1H), 7.23 (d, J=9.2 Hz, 1H), 7.34 (d, /= 8.1 Hz, 1H), 7.64 (d, /= 7.5 Hz, 1H), 7.77 (br s, 1H), 7.88
(br s, 1 H). "C-NMR (CDCls) &: 21.4, 56.0, 101.2, 111.2, 111.9, 112.2, 115.4, 115.7, 119.2, 119.3,
122.0, 122.3, 123.2, 127.7, 128.0, 131.7, 136.6, 153.9. HR-ESI-MS m/z: Calcd for C;sH;7N,O
[(M+H)']: 277.1341. Found: 277.1345.





