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Abstract

Coupling of o-iodoanilines with terminal
alkynes under standard Sonogashira conditions, and further treatment
with NaOH under conventional heating or microwave irradiation, afford
2-substituted indoles in usually high yields. Functionalities such
as halides, nitro, and cyano groups are tolerated under the reaction conditions.


Key words

indoles - cyclizations - alkynes - microwave
irradiation
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A mixture of 2-iodoaniline (3a, 219 mg, 1 mmol), 
1-ethynylcyclohexene
(159 mg, 1.5 mmol), PdCl2
            (PPh3)2 (21
mg, 0.03 mmol), CuI (9.5 mg, 0.05 mmol), and Et2NH (110
mg, 1.5 mmol) in anhyd DMF (3 mL) was stirred under N2 at
r.t. for 1.5 h (the consumption of the starting material was monitored
by GC-MS). Then, DMF (2 mL) and freshly powdered NaOH (400 mg, 10
mmol) were added to the reaction mixture, and it was heated at 140 ˚C
for 2 h (the end of the cyclization was monitored by GC-MS). The
reaction was cooled to r.t. and then, CH2Cl2 (15
mL) and HCl aq (20 mL of a 0.5M solution) were added. The
separated aqueous phase was extracted with CH2Cl2 (2 × 15
mL), and the combined organic layers were washed with H2O (3 × 50 mL).
The organic phase was dried (Na2SO4) and concentrated
under reduced pressure. The crude product was purified by column
chromatography on SiO2 (hexane-EtOAc, 10:1)
to afford 2c (162 mg, 82%) as
a white solid; mp 137-139 ˚C (lit.²0 mp
140-141 ˚C). ¹H NMR (300 MHz, CDCl3): δ = 8.06
(br s, 1 H), 7.66 (d, J = 7.8
Hz, 1 H), 7.35 (dd, J = 7.8,
1.2 Hz, 1 H), 7.29-7.14 (m, 2 H), 6.53 (d, J = 1.7 Hz,
1 H), 6.15-6.09 (m, 1 H), 2.57-2.48 (m, 2 H), 2.36-2.27
(m, 2 H), 1.92-1.82 (m, 2 H), 1.82-1.72 (m, 2
H). ¹³C NMR (75.4 MHz, CDCl3): δ = 139.6
(C), 136.2 (C), 129.1 (C), 129.0 (C), 122.7 (CH), 122.0 (CH), 120.4
(CH), 119.8 (CH), 110.5 (CH), 98.7 (CH), 26.1 (CH2),
25.6 (CH2), 22.6 (CH2), 22.3 (CH2).
LRMS (EI): m/z (%) = 197
(100) [M+], 182 (13), 168
(58), 130 (33). HRMS: m/z calcd for C14H15N:
197.1204; found: 197.1199.
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            H
            -indole (4c)
            

A
mixture of 5-chloro-2-iodoaniline (3d,
127 mg, 0.5 mmol), 1-heptyne (72 mg, 0.75 mmol), PdCl2
            (PPh3)2 (10.5 mg,
0.015 mmol), CuI (4.8 mg, 0.025 mmol), and Et2NH (55 mg,
0.75 mmol) in DMA (2 mL) was charged under air in a 35 mL thick-walled
glass sealed tube and irradiated, under stirring, at 70 ˚C
in the microwave cavity for 10 min (CEM Focused Microwave System,
Discover S-Class). Temperature measurements were conducted using
an IR sensor located below the microwave-cavity floor, and reaction
times refer to the total hold time at the indicated temperature.
The maximum wattage supplied was 70-80 W). After cooling,
freshly powdered NaOH (80 mg, 2 mmol) was added to the reaction
mixture and it was heated at 180 ˚C in the microwave
cavity for 20 min. The reaction mixture was cooled to r.t. and then,
Ph2S2 (131 mg, 0.6 mmol) was added to the
mixture, and it was heated at 140 ˚C in the microwave cavity
for 20 min. The reaction was cooled to r.t. and then, CH2Cl2 (15
mL) and HCl aq (20 mL of a 0.5 M solution) were added.
The separated aqueous phase was extracted with CH2Cl2 (2 × 15
mL), and the combined organic layers were washed with H2O
(3 × 50 mL). The organic phase was dried
(Na2SO4) and concentrated under reduced pressure.
The crude product was purified by column chromatography on SiO2 (hexane-EtOAc,
15:1) to afford 4c (133 mg, 81%)
as a light brown oil; R
            
              f
             = 0.27 (hexane-EtOAc,
15:1). ¹H NMR (300 MHz, CDCl3): δ = 8.37
(br s, 1 H), 7.47 (d, J = 8.4
Hz, 1 H), 7.32 (d, J = 1.7
Hz, 1 H), 7.22-7.15 (m, 2 H), 7.15-7.02 (m, 4
H), 2.89 (t, J = 7.5
Hz, 2 H), 1.71-1.60 (m, 2 H), 1.36-1.25 (m, 4
H), 0.86 (t, J = 6.9 Hz,
3 H). ¹³C NMR (75.4 MHz, CDCl3): δ = 146.4
(C), 139.2 (C), 135.9 (C), 128.9 (C), 128.8 (2 × CH), 128.0
(C), 125.5 (2 × CH), 124.7 (CH), 121.4 (CH), 120.0 (CH),
111.0 (CH), 99.2 (C), 31.5 (CH2), 29.2 (CH2),
26.5 (CH2), 22.4 (CH2), 14.0 (CH3).
LRMS (EI): m/z (%) = 331
(37) [M+ + 2], 329 (92) [M+],
272 (57), 236 (100), 204 (38), 164 (60). IR (neat): 3411, 2931,
1582, 1454, 808, 740, 690 cm-¹. HRMS: m/z calcd
for C19H20ClNS: 329.1005; found: 329.1004.
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