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Regioselective Synthesis of Benzazetines and Indoles from Alkenylanilides
and Dimethyl(methylthio)sulfonium Trifluoromethanesulfonate
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Regioselective synthesis of benzazetines and indoles from
o-alkenylanilides was achieved. The reaction of o-vinylbenzani-
lide with dimethyl(methylthio)sulfonium trifluoromethanesulfo-
nate (DMTST) gave the corresponding benzazetine in 92%
yield, whereas the reaction of o-vinyl-N-p-toluenesulfonylani-
lide gave N-tosylindoline in 77% yield. 3-Methy-N-p-tosylin-
dole was directly synthesized by the reaction of o-isopropenyl-
N-p-tosylanilide with dimethyl disulfide and methyl triflate in
85% yield.

The formation of indoles (1) is current interest because of
their synthetic and pharmacological utility. The recent methods
include the intramolecular cyclization of amino-substituted
Fischer chromium carbenes,' reaction of NBS with vinylic ani-
lides,? and palladium-catalyzed intramolecular arylacylation of
aryl iodide.? In contrast with the indole synthesis, there are rel-
atively few reports on the synthesis of benzazetines (2).* Only
the practical synthesis of 2 involves iodoamination of vinylic
anilides.’ Dimethyl(methylthio)sulfonium trifluoromethanesul-
fonate (DMTST) was found to be a good reagent for the synthe-
sis of glycosides.®'° Previously, we have synthesized vinylphos-
phonium salts by the reaction of alkenes with DMTST and tri-
phenylphosphine.'! However, there is no report on the synthesis
of 1 or 2 by intramolecular thioamination by using DMTST.
These results prompted us to investigate the synthesis of benz-
azetines and indoles by activating alkenes. In this communica-
tion, we would like to report a regioselective formation of in-
doles and benzazetines by using DMTST and o-alkenylanilides.

Acylated and sulfonylated o-vinyl- (3a and 3b) and o-alke-
nylanilides (3c-3i) were synthesized by the reported proce-
dure.'?!3 Treatment of o-vinylbenzanilide (3a) with DMTST
at room temperature followed by the addition of aqueous sodium
carbonate resulted in the formation of 1-benzoyl-2-methylthio-
methylbenzazetine (2a) in 92% yield (Scheme 1). The structure
of 2a was confirmed by its spectroscopic analysis. The interest-
ing feature of its NMR spectrum is methylene double doublet
signals, which resonated at 2.85 and 3.05 ppm.'# Another possi-
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Table 1. Reaction of alkenylanilide 3a-3d with DMTST

3 Solvent Time/h Products (%)
3a CH,Cl, 2 2a: 92
3a CH;CN 12 2a: 91
3b CH;CN 2 2b: 90
3c CH,Cl, 2 2¢: 90
3d CH;CN 3 2d: 93

ble structure, N-benzoyl-3-methylthioindoline, was discarded by
comparison with N-acetyl-3-methylindoline’s N-methylene sig-
nals, which resonated at 3.58 and 4.21 ppm.!> Additionally,
methine carbon signal of 2a was resonated at 75.7 ppm, which
was quite different from the reported value (51.6ppm) of
methine signal of N-acetyl-3-(2-hydroxypropan-2-yl)indoline.'®
The result was shown in Table 1.

When o-vinyl-N-p-tosylanilide (3e) was chosen as a sub-
strate, 3-methylthio-N-tosylindoline (4) was obtained in 77%
yield. The structure was confirmed by its NMR spectrum.'* A
typical AB, pattern (4.2, 3.9, and 4.2 ppm) was observed at N-
methylene and methine region of its proton NMR spectrum,
which was similar to that of N-acetyl-3-methylindoline (3.52,
3.58, and 4.21 ppm).!> Additionally, when o-isopropenyl-N-p-
tosylanilide (3f) was chosen as a substrate, 3-methyl-N-tosylin-
dole (1a) was directly formed in 95% yield. Other substituted
alkenyl-N-p-tosylamides (3f-3i) also reacted with DMTST at
room temperature to afford the corresponding N-tosylindoles
(1b—1d) in good yields (Scheme 2). The result was summarized
in Table 2. Thus, regioselective thioamination was achieved for
the synthesis of benzazetines and indoles from o-alkenylanilides
and DMTST.

Recently, Kobayashi et al. have reported that the reaction of
o-isopropenylacetanilide (3d) with iodine followed by the addi-
tion of aqueous sodium carbonate gave 2-iodomethyl-N-acetyl-
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Table 2. Reaction of alkenylanilide 3e-3i with DMTST

3 Solvent Time/h Products/%
3e CH,Cl, 3 4: 77
3f CH,Cl, 3 la: 95
3g CH,Cl, 2 1b: 86
3h CH,Cl, 2 1c: 92
3i CH,Cl, 12 1d: 68
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benzazetine (5) in good yield.> However, Arisawa et al. reported
the synthesis of 3-iodomethyl-N-acetylindoline (6) from N-iodo-
succinimide (NIS) with 3d.2 They did not mention the reason for
the difference. Since both reagents might provide three-mem-
bered cyclic iodonium intermediates, we have interested in the
difference in the reactivity between iodine and NIS. When
the reaction of 3d with NIS was carried out under the condition
Arisawa et al. stated,? the obtained product was not indoline
6 but benzazetine 5. The structure of 5 was confirmed by
comparing its spectral data to the one reported by Kobayshi
et al. (Scheme 3).> As already shown in Scheme 1, anilide 3d
reacted with DMTST followed by the addition of aq Na,CO;
to afford benzoazetine 2d, suggesting that Kobayashi’s result
is more plausible.

How do we account for the difference in the reactivity
between the formation of benzazetine 2 and indoline 4? We first
thought that the bulkiness of N-acyl and N-sulfonyl groups plays
an important role for the difference. However, o-isopropenyl-N-
methanesulfonylanilide (3g) gave N-mesyl-3-methylindole (1b)
in 86% yield, suggesting that bulkiness might be less effective
for the difference in the selectivity. We then thought that the
basicity of substituted anilines plays an important role for the
difference. Since N-ethylmethanesulfonamide (pK, = 6.0'7)
and benzenesulfonamide (pK, = 10.0'®) are more acidic than
acetamide and benzamide (pK, = 17'%), less nucleophilic amide
attacked terminal carbon to afford five-membered cyclic hetero-
cycles.

Additionally, the present reaction did not require the isola-
tion of DMTST. For example, when anilide 3f was added to a
solution of dimethyl disulfide and methyl triflate, 3-methylindole
1a was obtained in 85% yield (Scheme 4). Similarly, 2b and 1b
was obtained in 84 and 83% yields, respectively.
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Thus, one-pot and regioselective synthesis of indoles and
benzazetine was achieved by using dimethyl disulfide, methyl
triflate, and o-alkenylaniline derivatives.
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