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Abstract – 1-Methoxy-3-(2-nitrovinyl)indole (1a) functions as an electrophile 

and reacts with various nucleophiles. In THF, nucleophiles undergo conjugate 
addition to the β-carbon of the nitrovinyl side chain of 1a, regioselectively. The 

resultant Michael addition products (4d and 8) cyclize to novel 3-substituted 

1-methoxyindoles (5 and 7) depending on reaction conditions and a plausible 

mechanism is discussed. In dipolar aprotic solvent (DMF), nucleophiles react 

with 1a at the 2-position predominantly with concomitant liberation of the 

1-methoxy group giving 2-substituted indoles.  

Solvents are known to exert large effects on reaction rates, equilibrium constants, chemical reactions, and 

so on.2 In this paper, we wish to report a novel finding that the solvent can govern the reaction pathway 

as well in the reaction of 1-methoxy-3-(2-nitrovinyl)indole (1a, Scheme 1) with nucleophiles. In THF, 

nucleophiles undergo regioselective conjugate addition to the β-carbon of the nitrovinyl side chain at the 

3-position of 1a,3 whereas in dipolar aprotic solvent (DMF) similar reaction with 1a leads predominantly 

to nucleophilic substitution reactions at the 2-position with concomitant liberation of the 1-methoxy 

group.4 This is a full report of the previous communications.3,4  

I. Conjugate addition of nucleophiles to the β-carbon of nitrovinyl side chain. 

The substrate (1a) was prepared in 91% yield by reacting nitromethane with 1-methoxyindole-3- 

carbaldehyde (2), which was readily available from commercially available 2,3-dihydroindole (3) in 

three steps in 49% overall yield according to our procedures.5 Employing THF as a solvent, the reaction 

of 1a was carried out with NaOMe and NaOPr-n at 0°C to provide Michael addition products, 1- 

methoxy-3-(1-methoxy-2-nitroethyl)indole  (4a) and  1-methoxy-3-(2-nitro-1-n-propyloxyethyl)indole 

# Dedicated to the memory of Dr. Kenji Koga. 
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(4b) in 90 and 92% yields, respectively. Further reactions of 1a with sodium allyl oxide, potassium 1,1- 

dimethylallyl oxide, and sodium 3-butyn-1-oxide in THF at 0°C produced 4c, 4d, and 4e6 in 58, 81, and 

95% yields, respectively. Interestingly, when a similar reaction with potassium 1,1-dimethylallyl oxide 

was carried out at reflux instead of 0°C, formation of novel cyclic product (5) was observed in 55% yield 

probably through the expected intermediate (4d).  
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In order to determine the structure of 5 by X-Ray single crystallographic analysis, an attempt was made 

to convert 5 to a crystalline compound. The reactions of 5 with p-bromo- and p-chlorobenzoyl chlorides 

afforded 6a and 6b in 63 and 82% yields, respectively. They were not suitable crystals though. The 

reaction with p-nitrobenzoyl chloride was finally found to give a 78% yield of 6c as feasible prisms. 

Figure 1 shows the ORTEP drawing of 6c.7 Consequently, the structures of 6c and its starting material 

(5) are proved unequivocally.  
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Taking the formation of 5 into consideration, we next planned to react 1a with 1,1-dimethylpropargyl 
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alcohol (Scheme 2). As expected, employing KOBu-t as a base, the reaction proceeded smoothly in THF 

at room temperature and provided a novel cyclic product (7) in 35% yield as shown in Table 1 (Entry 1). 

A similar reaction using NaH as a base in THF at 0°C provided conjugate addition product (8) in 75% 

yield (Entry 2). Although the structure of 7 was determined based on its spectral data, further 

confirmation was obtained by the fact that 7 was produced in 60% yield from 8 by treatment with 

KOBu-t at 0°C for 30 min.  
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A possible reaction mechanism for the formation of 5 and 7 is shown in Scheme 3. The base abstracts an 

active methylene proton of the conjugate addition product (9) giving nitronate intermediate (10). In the 

case that the R substituent is a 1,1-dimethylallyl group, cycloaddition8 of nitronate to the alkene side 

chain occurs to give 11. Subsequent elimination of the alkoxy part produces 5 directly or via a nitroso 

intermediate (12).  
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On the other hand, when the R substituent of 10 is a 1,1-dimethylpropargyl group, cycloaddition of 

nitronate to the alkyne side chain, followed by protonation, affords 14 through 13. Subsequent 

isomerization of 14 leads to 7.  

Thus, novel types of 3-substituted 1-methoxyindoles (4—8) are produced for the first time. 

 

II. Nucleophilc substitution reaction of 1a at the 2-position with concomitant liberation of the 

1-methoxy group 

Nucleophilic substitution reactions are rarely observed in the indole chemistry.4,9 We have disclosed that 

1-methoxyindole-3-carbaldehyde (2) undergoes nucleophilic substitution reactions9 in sharp contrast 

with indole-3-carbaldehyde which does not react with nucleophiles under forcing reaction conditions. 
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In dipolar aprotic solvents, 1a was also found to react with nucleophiles regioselectively at the 2-position 

with concomitant liberation of the 1-methoxy group (Scheme 4). When 1a was treated with either 

NaOMe or NaOPr-n in DMF at around 80—92 °C, 15a and 15b were obtained in 85 and 45% yields, 
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respectively. In these reactions, formation of conjugate addition products to the β-carbon atom of the 

nitrovinyl side chain was not observed at all. In addition, 1b did not produce the corresponding 

2-substituted indoles under the same and forcing reaction conditions. 

As expected, the reaction of 1a with allyl alcohol/NaH in DMF at 86 °C produced 

2-allyloxy-3-(2-nitrovinyl)indole (15c) and (±)-3-allyl-3-(2-nitrovinyl)-2-oxindole (17) in 65 and 6% 

yields, respectively. Subsequent heating of 15c at 144°C on celite underwent Claisen-type rearrangement 

resulting in the formation of 17 in 95% yield. On the basis of the results, we examined the reaction of 1a 

with sodium allyl oxide in N-methylformamide or DMF at around 105°C in order to obtain 17 in a 

one-pot reaction. In both cases, formation of 17 was not detected; instead, formation of 15d and 15e was 

observed in 58 and 49% yields, respectively. The formation of these compounds through 15c might be 

one of the possible reaction pathways.  

In summary, we have disclosed that 1-methoxy-3-(2-nitrovinyl)indole (1a) has two reaction sites on the 

reaction with nucleophiles, and the choice of the solvent governs the position to which the nucleophiles 

add. In addition, conjugate addition products undergo interesting cyclization depending on the bases 

giving novel 3-substituted 1-methoxyindoles.  

 

EXPERIMENTAL 

Melting points were determined on a Yanagimoto micro melting point apparatus and are uncorrected. IR 

spectra were determined with a Shimadzu IR-420 spectrophotometer, and 1H-NMR spectra with a JEOL 

GSX-500 spectrometer, with tetramethylsilane as an internal standard. MS spectra were recorded on a 

JEOL SX-102A spectrometer. Preparative thin-layer chromatography (p-TLC) was performed on Merck 

Kiesel-gel GF254 (Type 60)(SiO2). Column chromatography was performed on silica gel (SiO2, 100-200 

mesh, from Kanto Chemical Co. Inc.). 

1-Methoxy-3-(2-nitrovinyl)indole (1a) from 1-Methoxyindole-3-carbaldehyde5 (2) — A mixture of 2 

(149.8 mg, 0.86 mmol) and ammonium acetate (149.8 mg, 0.86 mmol) in MeNO2 (9.0 mL) was heated at 

100 °C for 2.5 h with stirring. After addition of H2O, the whole was extracted with CH2Cl2–MeOH (95:5, 

v/v). The extract was washed with brine, dried over Na2SO4, and evaporated under reduced pressure to 

leave a residue, which was column-chromatographed with CH2Cl2–hexane (2:3, v/v) to give 1a (169.3 

mg, 91%). 1a: mp 109—111 °C (lit.,5a mp 105—106 °C, no spectral data are reported, yellow fine 

needles, recrystallized from CHCl3–hexane). IR (KBr): 1626, 1518, 1470 (br), 1328 (br) cm-1. 1H-NMR 

(CDCl3) δ: 4.18 (3H, s), 7.34 (1H, ddd, J=8.3, 7.2, 1.1 Hz), 7.40 (1H, ddd, J=8.3, 7.2, 1.1 Hz), 7.53 (1H, 

dt, J=8.3, 1.1 Hz), 7.73 (1H, s), 7.75 (1H, d, J=13.3 Hz), 7.77 (1H, dt, J=8.3, 1.1 Hz), 8.21 (1H, d, 

J=13.3 Hz). Anal. Calcd for C11H10N2O3: C, 60.55; H, 4.62; N, 12.84. Found: C, 60.46; H, 4.59; N, 12.63.  

General Procedure for Michael Addition of 1a to give Products (4a—d): An alcohol was added to a 
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suspension of NaH (60% suspension in paraffin oil) in anhydrous THF (1.5 mL) and the mixture was 

stirred at 0 °C for 10 min. To the resulting mixture, a solution of 1a in anhydrous THF (1.5 mL) was 

added and the mixture was stirred at 0 °C for 10 min. After addition of AcOH, the whole was filtered 

through SiO2 and the pad was rinsed with AcOEt. The filtrate was evaporated under reduced pressure to 

leave a residue, which was column-chromatographed with AcOEt–hexane (1:10 or 1:5, v/v) to give 

product.  

1-Methoxy-3-(1-methoxy-2-nitroethyl)indole (4a) from 1a — According to the general procedure, 

methanol (0.20 mL, 4.70 mmol), NaH (48.0 mg, 1.20 mmol), and 1a (51.3 mg, 0.24 mmol) were used. 

After column-chromatography 53.2 mg (90%) of 4a was obtained. 4a: mp 101—102 °C (yellow plates, 

recrystallized from CCl4–hexane). IR (KBr): 1558, 1383, 1107 cm-1. 1H-NMR (CDCl3) δ: 3.31 (3H, s), 

4.11 (3H, s), 4.52 (1H, dd, J=12.7, 3.7 Hz), 4.87 (1H, dd, J=12.7, 10.0 Hz), 5.25 (1H, dd, J=10.0, 3.7 Hz), 

7.17 (1H, ddd, J=8.1, 7.1, 1.0 Hz), 7.30 (1H, ddd, J=8.1, 7.1, 1.0 Hz), 7.32 (1H, s), 7.46 (1H, dt, J=8.1, 

1.0 Hz), 7.71 (1H, dt, J=8.1, 1.0 Hz). Anal. Calcd for C12H14N2O4: C, 57.59; H, 5.64; N, 11.20. Found: C, 

57.37; H, 5.66; N, 10.96. 

1-Methoxy-3-(1-propoxy-2-nitroethyl)indole (4b) from 1a — According to the general procedure, 

1-propanol (0.36 mL, 4.82 mmol), NaH (48.2 mg, 1.21 mmol), and 1a (52.2 mg, 0.24 mmol) were used. 

After column-chromatography 61.3 mg (92%) of 4b was obtained. 4b: pale yellow viscous oil. IR (film): 

2964, 2937, 1558, 1379 cm-1. 1H-NMR (CDCl3) δ: 0.86 (3H, t, J=7.6 Hz), 1.55 (2H, tq, J=6.5, 7.6 Hz), 

3.33 (1H, dt, J=9.0, 6.5 Hz), 3.44 (1H, dt, J=9.0, 6.5 Hz), 4.10 (3H, s), 4.51 (1H, dd, J=12.7, 3.7 Hz), 

4.85 (1H, dd, J=12.7, 10.0 Hz), 5.34 (1H, dd, J=10.0, 3.7 Hz), 7.16 (1H, ddd, J=8.3, 7.5, 1.0 Hz), 7.29 

(1H, ddd, J=8.3, 7.5, 1.0 Hz), 7.30 (1H, s), 7.45 (1H, dt, J=8.3, 1.0 Hz), 7.72 (1H, dt, J=8.3, 1.0 Hz). 

HRMS m/z: Calcd for C14H18N2O4: 278.1266. Found: 278.1270. 

3-(1-Allyloxy-2-nitroethyl)-1-methoxyindole (4c) from 1a — According to the general procedure, allyl 

alcohol (0.32 mL, 4.69 mmol), NaH (48.3 mg, 1.21 mmol), and 1a (50.3 mg, 0.23 mmol) were used. 

After column-chromatography 58.2 mg (91%) of 4c was obtained. 4c: pale yellow viscous oil. IR (film): 

1558, 742 cm-1. 1H-NMR (CDCl3) δ: 3.89 (1H, ddt, J=12.7, 6.4, 1.5 Hz), 4.05 (1H, ddt, J=12.7, 5.1, 1.5 

Hz), 4.11 (3H, s), 4.53 (1H, dd, J=12.7, 3.8 Hz), 4.90 (1H, dd, J=12.7, 10.0 Hz), 5.17 (1H, dq, J=10.5, 

1.5 Hz), 5.20 (1H, dq, J=17.3, 1.5 Hz), 5.42 (1H, dd, J=10.0, 3.8 Hz), 5.84 (1H, dddd, J=17.3, 10.5, 6.4, 

5.1 Hz), 7.17 (1H, ddd, J=8.1, 7.3, 1.0 Hz), 7.30 (1H, ddd, J=8.1, 7.3, 1.0 Hz), 7.31 (1H, s), 7.46 (1H, dt, 

J=8.1, 1.0 Hz), 7.71 (1H, dt, J=8.1, 1.0 Hz). HRMS m/z: Calcd for C14H16N2O4: 276.1110. Found: 

276.1109. 

1-Methoxy-3-[1-(2-methyl-3-buten-2-oxy)-2-nitroethyl]indole (4d) from 1a — According to the 

general procedure, 2-methyl-3-buten-2-ol (0.50 mL, 4.78 mmol), NaH (48.3 mg, 1.21 mmol), and 1a 

(52,1 mg, 0.24 mmol) were used. After column-chromatography 58.6 mg (81%) of 4d was obtained. 4d: 
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mp 85—86 °C (colorless plates, recrystallized from hexane). IR (KBr): 1545 (br), 1384, 1362, 734 cm-1. 
1H-NMR (CD3OD) δ: 1.13 (3H, s), 1.23 (3H, s), 4.06 (3H, s), 4.55 (1H, dd, J=12.0, 3.9 Hz), 4.74 (1H, dd, 

J=12.0, 9.7 Hz), 5.02 (1H, dd, J=10.7, 1.0 Hz), 5.13 (1H, dd, J=17.5, 1.0 Hz), 5.49 (1H, dd, J=9.7, 3.9 

Hz), 5.73 (1H, dd, J=17.5, 10.7 Hz), 7.10 (1H, ddd, J=8.1, 7.1, 1.0 Hz), 7.22 (1H, ddd, J=8.1, 7.1, 1.0 

Hz), 7.41 (1H, dt, J=8.1, 1.0 Hz), 7.42 (1H, s), 7.70 (1H, dt, J=8.1, 1.0 Hz). Anal. Calcd for C16H20N2O4: 

C, 63.14; H, 6.62; N, 9.21. Found: C, 63.14; H, 6.72; N, 9.12. 

Preparation of 4e was already reported in our literature.6 

2,4-trans-4,5-Dihydro-4-hydroxymethyl-2-(1-methoxyindol-3-yl)-5,5-dimethyl-3(2H)-furanone 

(Z)-oxime (5) from 1a — 2-Methyl-3-buten-2-ol (2.23 mL, 21.3 mmol) was added to a suspension of 

NaH (60% suspension in paraffin oil, 291.4 mg, 7.29 mmol) and the mixture was stirred for 5 min at rt. 

To the resulting mixture, a solution of 1a (309.7 mg, 1.42 mmol) in anhydrous THF (5.0 mL) was added 

and the mixture was refluxed for 1 h with stirring. After addition of H2O, the whole was made acidic 

with 6% HCl under ice cooling and extracted with CHCl3–MeOH (95:5, v/v). The extract was washed 

with brine, dried over Na2SO4, and evaporated under reduced pressure to leave a residue, which was 

column-chromatographed with AcOEt–hexane (1:2, v/v) and then on Al2O3 with AcOEt–MeOH (95:5, 

v/v) to give 5 (235.8 mg, 55%). 5: yellow viscous oil. IR (film): 3290 (br), 2928, 1448, 1367, 736 cm-1. 
1H-NMR (CDCl3) δ: 1.18 (3H, s), 1.51 (3H, s), 2.83 (1H, br d, J=11.0 Hz, disappeared on addition of 

D2O), 3.19 (1H, ddd, J=8.0, 4.5, 1.6 Hz), 3.72 (1H, br dt, J=4.5, 11.0 Hz, collapsed to dd, J=11.0, 4.5 Hz 

on addition of D2O), 3.92 (1H, br dd, J=11.0, 8.0 Hz), 4.07 (3H, s), 5.85 (1H, d, J=1.6 Hz) , 7.09 (1H, br 

s, disappeared on addition of D2O), 7.12 (1H, ddd, J=8.3, 7.3, 1.0 Hz), 7.24 (1H, ddd, J=8.3, 7.3, 1.0 Hz), 

7.31 (1H, s), 7.41 (1H, dt, J=8.3, 1.0 Hz), 7.71 (1H, dt, J=8.3, 1.0 Hz). HRMS m/z: Calcd for 

C16H20N2O4: 304.1423. Found: 304.1421. 

General Procedure for the Preparation of Products (6a—c) from 5: An aroyl chloride was added to a 

solution of 5 in pyridine (1.0 mL) and the mixture was stirred at rt for 1 h. The solvent was evaporated 

under reduced pressure to leave a residue, which was column-chromatographed with CHCl3–hexane (2:1, 

v/v) to give products. 

2,4-trans-3-(Z)-(p-Bromobenzoyloxyimino)-4-(p-bromobenzoyloxymethyl)-2-(1-methoxyindol-3-yl)-

4,5-dihydro-5,5-dimethyl-3(2H)-furanone (6a) from 5 — According to the general procedure, 

p-bromobenzoyl chloride (92.7 mg, 0.42 mmol) and 5 (21.2 mg, 0.07 mmol) were used. After 

column-chromatography 29.4 mg (63%) of 6a was obtained. 6a: mp 209—212 °C (decomp, colorless 

powder, recrystallized from CHCl3–AcOEt). IR (KBr): 1743, 1720, 1591 cm-1. 1H-NMR (CDCl3) δ: 1.40 

(3H, s), 1.60 (3H, s), 3.71 (1H, ddd, J=9.3, 5.1, 1.2 Hz), 4.01 (3H, s), 4.56 (1H, dd, J=12.0, 9.3 Hz), 5.09 

(1H, dd, J=12.0, 5.1 Hz), 5.93 (1H, d, J=1.2 Hz), 7.15 (1H, ddd, J=8.1, 7.1, 1.0 Hz), 7.26—7.30 (3H, m), 

7.32 (2H, m), 7.33 (1H, s), 7.42 (1H, dt, J=8.1, 1.0 Hz), 7.63 (2H, m), 7.66 (1H, dt, J=8.1, 1.0 Hz), 7.96 

HETEROCYCLES, Vol. 66, 2005 589



(2H, m). MS (FAB+) m/z: 673 (M++1), 671 (M++1), 669 (M++1). Anal. Calcd for C30H26N2O6Br2·H2O: C, 

52.34; H, 4.10; N, 4.07. Found: C, 52.61; H, 3.88; N, 4.05. 

2,4-trans-3-(Z)-(p-Chlorobenzoyloxyimino)-4-(p-chlorobenzoyloxymethyl)-2-(1-methoxyindol-3-yl)-

4,5-dihydro-5,5-dimethyl-3(2H)-furanone (6b) from 5 — According to the general procedure, 

p-chlorobenzoyl chloride (0.075 mL, 0.59 mmol) and 5 (60.1 mg, 0.20 mmol) were used. After 

column-chromatography 94.4 mg (82%) of 6b was obtained. 6b: mp 217—222 °C (decomp, colorless 

prisms, recrystallized from CHCl3–MeOH). IR (KBr): 1741, 1720, 1593, 1400 cm-1. 1H-NMR (CDCl3) δ: 

1.41 (3H, s), 1.60 (3H, s), 3.71 (1H, ddd, J=9.3, 5.1, 1.2 Hz), 4.01 (3H, s), 4.56 (1H, dd, J=12.0, 9.3 Hz), 

5.09 (1H, dd, J=12.0, 5.1 Hz), 5.93 (1H, d, J=1.2 Hz), 7.13—7.16 (3H, m), 7.28 (1H, ddd, J=8.1, 7.1, 1.0 

Hz), 7.32 (1H, s), 7.36 (2H, m), 7.42 (1H, dd, J=8.1, 1.0 Hz), 7.46 (2H, m), 7.66 (1H, dd, J=8.1, 1.0 Hz), 

8.03 (2H, m). MS m/z: 584 (M+), 582 (M+), 580 (M+). Anal. Calcd for C30H26N2O6Cl2·1/4 H2O: C, 61.49; 

H, 4.56; N, 4.78. Found: C, 61.52; H, 4.47; N, 4.78. 

2,4-trans-4,5-Dihydro-2-(1-methoxyindol-3-yl)-5,5-dimethyl-3-(Z)-(p-nitrobenzoyloxyimino)-4-(p-nit

robenzoyloxymethyl)-3(2H)-furanone (6c) from 5 — According to the general procedure, 

p-nitrobenzoyl chloride (166.7mg, 0.90 mmol) and 5 (90.6 mg, 0.30 mmol) were used. After 

column-chromatography with CHCl3, 139.5 mg (78%) of 6c was obtained. 6c: mp 176.5—177.0 °C 

(yellow prisms, recrystallized from CHCl3–MeOH). IR (KBr): 1749, 1728, 1603, 1525 cm-1. 1H-NMR 

(CDCl3) δ: 1.43 (3H, s), 1.63 (3H, s), 3.75 (1H, ddd, J=8.5, 5.4, 1.5 Hz), 4.06 (3H, s), 4.64 (1H, dd, 

J=12.0, 8.5 Hz), 5.11 (1H, dd, J=12.0, 5.4 Hz), 5.96 (1H, d, J=1.5 Hz), 7.15 (1H, ddd, J=8.1, 7.1, 1.0 Hz), 

7.30 (1H, ddd, J=8.1, 7.1, 1.0 Hz), 7.36 (1H, s), 7.45 (1H, dd, J=8.1, 1.0 Hz), 7.54 (2H, m), 7.65 (1H, dd, 

J=8.1, 1.0 Hz), 8.00 (2H, m), 8.29 (2H, m), 8.35 (2H, m). Anal. Calcd for C30H26N4O10: C, 59.80; H, 

4.35; N, 9.30. Found: C, 59.60; H, 4.23; N, 9.21. 

2,5-Dihydro-5-(1-methoxyindol-3-yl)-2,2,3-trimethyl-4-nitrofuran (7) from 1a — 

2-Methyl-3-butyn-2-ol (0.50 mL, 5.16 mmol) was added to a suspension of KOBu-t (158.2 mg, 1.41 

mmol) in anhydrous THF (1.5 mL) and the mixture was stirred at 0 °C for 20 min. To the resulting 

mixture, a solution of 1a (30.7 mg, 0.14 mmol) in anhydrous THF (1.5 mL) was added and the mixture 

was stirred at rt for 10 min. After addition of H2O, the whole was made acidic with 6% HCl under ice 

cooling and extracted with CHCl3–MeOH (95:5, v/v). The extract was washed with brine, dried over 

Na2SO4, and evaporated under reduced pressure to leave a residue, which was column-chromatographed 

with benzene to give unreacted 1a (3.4 mg, 11%) and 7 (14.7 mg, 35%) in the order of elution. 7: pale 

yellow viscous oil. IR (film): 2978, 1670, 1508, 1360 cm-1. 1H-NMR (CD3OD) δ: 1.47 (3H, s), 1.50 (3H, 

s), 2.27 (3H, d, J=1.7 Hz), 4.07 (3H, s), 6.30 (1H, q, J=1.7 Hz), 7.06 (1H, ddd, J=8.1, 7.1, 1.0 Hz), 7.21 

(1H, ddd, J=8.1, 7.1, 1.0 Hz), 7.41 (1H, dt, J=8.1, 1.0 Hz), 7.50 (1H, s), 7.59 (1H, dt, J=8.1, 1.0 Hz). 

HRMS m/z: Calcd for C16H18N2O4: 302.1267. Found: 302.1271. 
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1-Methoxy-3-[1-(2-methyl-3-butyn-2-oxy)-2-nitroethyl]indole (8) from 1a — 2-Methyl-3-butyn-2-ol 

(0.46 mL, 4.75 mmol) was added to a suspension of NaH (60% suspension in paraffin oil, 48.5 mg, 1.21 

mmol) in anhydrous THF (1.5 mL) and the mixture was stirred at 0 °C for 10 min. To the resulting 

mixture, a solution of 1a (51.5 mg, 0.24 mmol) in anhydrous THF (1.5 mL) was added and the mixture 

was stirred at 0 °C for 10 min. After addition of AcOH (0.07 mL, 1.22 mmol), the whole was filtered 

through SiO2 and the pad was rinsed with AcOEt. The filtrate was evaporated under reduced pressure to 

leave a residue, which was column-chromatographed with AcOEt–hexane (1:10, v/v) to give 8 (53.8 mg, 

75%). 8: mp 91.0—91.5 °C (pale yellow prisms, recrystallized from CHCl3–hexane). IR (KBr): 3280, 

2112, 1552, 1381, 1068 cm-1. 1H-NMR (CDCl3) δ: 1.28 (3H, s), 1.50 (3H, s), 2.41 (1H, s), 4.08 (3H, s), 

4.53 (1H, dd, J=12.1, 4.2 Hz), 4.79 (1H, dd, J=12.1, 9.3 Hz), 5.86 (1H, dd, J=9.3, 4.2 Hz), 7.16 (1H, ddd, 

J=8.1, 7.1, 1.0 Hz), 7.28 (1H, ddd, J=8.1, 7.1, 1.0 Hz), 7.30 (1H, s), 7.43 (1H, dt, J=8.1, 1.0 Hz), 7.75 

(1H, dt, J=8.1, 1.0 Hz). Anal. Calcd for C16H18N2O4: C, 63.56; H, 6.00; N, 9.27. Found: C, 63.49; H, 

6.02; N, 9.10. 

2,5-Dihydro-5-(1-methoxyindol-3-yl)-2,2,3-trimethyl-4-nitrofuran (7) from 8 — KOBu-t (20.1 mg, 

0.18 mmol) was added to a solution of 8 (36.0 mg , 0.12 mmol) in anhydrous THF (5 mL) and the 

mixture was stirred at 0 °C for 30 min. After addition of H2O, the whole was made acidic with 6% HCl 

and extracted with AcOEt. The extract was washed with brine, dried over Na2SO4, and evaporated under 

reduced pressure to leave a residue, which was purified by p-TLC on SiO2 developed with benzene. 

Extraction of the band having an Rf value of 0.50—0.37 with CHCl3 gave 1a (3.2 mg, 12%). Extraction 

of the band having an Rf value of 0.37—0.17 with CHCl3 gave 7 (22.7 mg, 63%). 

2-Methoxy-3-(2-nitrovinyl)indole (15a) from 1a — A solution of 1a (32.7 mg, 0.15 mmol) in DMF 

(3.0 mL) was added to a solution of NaOMe [prepared with sodium (113.6 mg, 4.90 mg atom) and 

anhydrous MeOH (2.0 mL)]. The mixture was heated at 92 °C for 1.5 h with stirring. After addition of 

saturated NH4Cl, the whole was extracted with CH2Cl2–MeOH (9:1, v/v). The extract was washed with 

brine, dried over Na2SO4, and evaporated under reduced pressure to leave a residue, which was 

column-chromatographed repeatedly with CH2Cl2–MeOH (99:1, v/v) to give 15a (27.0 mg, 85%). 15a: 

mp 209—212 °C (decomp, red powder, recrystallized from CH2Cl2–MeOH). IR (KBr): 1597, 1560 cm-1. 
1H-NMR (DMSO-d6) δ: 4.21 (3H, s), 7.15 (1H, dt, J=1.5, 7.3 Hz), 7.18 (1H, dt, J=1.5, 7.3 Hz), 

7.35—7.38 (1H, m), 7.66—7.69 (1H, m), 7.70 (1H, d, J=13.0 Hz), 8.25 (1H, d, J=13.0 Hz). MS m/z: 218 

(M+). Anal. Calcd for C11H10N2O3·1/8H2O: C, 59.93; H, 4.69; N, 12.70. Found: C, 60.09; H, 4.58; N, 

12.76. 

3-(2-Nitrovinyl)-2-n-propoxyindole (15b) from 1a — 1-Propanol (0.35 mL, 4.68 mmol) was added to a 

suspension of NaH (60% suspension in paraffin oil, 48.8 mg, 1.22 mmol) in anhydrous THF (1.5 mL) 

and the mixture was stirred at 0 °C for 10 min. After evaporation of the solvent, the residue was 
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dissolved in DMF (1.5 mL). Then a solution of 1a (51.4 mg, 0.24 mmol) in anhydrous DMF (1.5 mL) 

was added under ice cooling. The mixture was heated at 80 °C for 1 h with stirring. After addition of 

H2O, the whole was made acidic with 6% HCl and extracted with AcOEt. The extract was washed with 

brine, dried over Na2SO4, and evaporated under reduced pressure to leave a residue, which was 

column-chromatographed successively with CHCl3 and CHCl3–MeOH (99:1, v/v) to give unreacted 1a 

(13.4 mg, 26%) and 15b (31.7 mg, 55%). 15b: mp 191—198 °C (decomp, red powder recrystallized 

from CH2Cl2–hexane). IR (KBr): 3188 (br), 1597, 1156 (br) cm-1. 1H-NMR (DMSO-d6, 60 °C) δ: 1.04 

(3H, t, J=7.1 Hz), 1.87 (2H, sex, J=7.1 Hz), 4.42 (2H, t, J=7.1 Hz), 7.13 (1H, dt, J=1.5, 7.7 Hz), 7.16 (1H, 

dt, J=1.5, 7.7 Hz), 7.31—7.34 (1H, m), 7.62—7.65 (1H, m), 7.66 (1H, d, J=13.2 Hz), 8.24 (1H, d, J=13.2 

Hz). MS m/z: 246 (M+). Anal. Calcd for C13H14N2O3·1/2H2O: C, 61.17; H, 5.53; N, 10.97. Found: C, 

61.23; H, 5.53; N, 10.91. 

2-Allyloxy-3-(2-nitrovinyl)indole (15c) and 3-Allyl-3-(2-nitrovinyl)-2-oxindole (17) from 1a — A 

solution of 1a (61.3 mg, 0.28 mmol) in DMF (2.0 mL) was added to sodium allyl oxide [prepared with 

NaH (60% suspension in paraffin oil, 98.5 mg, 2.46 mmol) and allyl alcohol (0.30 mL, 4.40 mmol)]. The 

mixture was heated at 86 °C for 2 h with stirring. After addition of H2O, the whole was made neutral 

with 6% HCl and extracted with AcOEt. The extract was washed with brine, dried over Na2SO4, and 

evaporated under reduced pressure to leave a residue, which was column-chromatographed with 

AcOEt–hexane (1:4, v/v) to give 15c (39.1 mg, 57%) and 17 (12.6 mg, 18%). 15c: mp 124—129 °C 

(decomp, pink powder, recrystallized from acetone–hexane). IR (KBr): 3193 (br), 1593, 1576, 1558 cm-1. 
1H-NMR (CDCl3:CD3OD = 1:1, v/v) δ: 4.93 (2H, dt, J=5.5, 1.4 Hz), 5.43 (1H, dq, J=10.7, 1.4 Hz), 5.54 

(1H, dq, J=17.3, 1.4 Hz), 6.14 (1H, ddt, J=17.3, 10.7, 5.5 Hz), 7.18 (1H, dt, J=1.1, 7.7 Hz), 7.22 (1H, dt, 

J=1.1, 7.7 Hz), 7.29—7.32 (1H, m), 7.54—7.58 (1H, m), 7.71 (1H, d, J=13.2 Hz), 8.42 (1H, d, J=13.2 

Hz). MS m/z: 244 (M+). Anal. Calcd for C13H12N2O3·1/8H2O: C, 63.34; H, 5.01; N, 11.36. Found: C, 

63.19; H, 4.84; N, 11.24. 17: mp 124.0—127.5 °C (decomp, colorless prisms, recrystallized from 

AcOEt–hexane). IR (CHCl3): 1714, 1615, 1525 cm-1. 1H-NMR (CD3OD) δ: 2.73 (1H, br dd, J=13.0, 7.9 

Hz), 2.82 (1H, br dd, J=13.0, 6.9 Hz), 4.99 (1H, br d, J=10.0 Hz), 5.06 (1H, dq, J=16.7, 1.1 Hz), 

5.40—5.48 (1H, m), 6.96 (1H, dt, J=7.7, 1.1 Hz), 7.09 (1H, d, J=13.6 Hz), 7.12 (1H, dt, J=1.1, 7.7 Hz), 

7.31 (1H, dt, J=1.1, 7.7 Hz), 7.37 (1H, br d, J=7.7 Hz), 7.38 (1H, d, J=13.6 Hz). Anal. Calcd for 

C13H12N2O3: C, 63.92; H, 4.95; N, 11.47. Found: C, 63.84; H, 4.95; N, 11.41. 

2-Methylamino-3-(2-nitrovinyl)indole (15d) from 1a — Sodium (98.9 mg, 4.3 mg atom) was added to 

anhydrous allyl alcohol (3.0 mL) with stirring. To the resultant solution, a solution of 1a (40.4 mg, 0.19 

mmol) in anhydrous N-methylformamide (1.5 mL) was added and the mixture was heated at 103 °C for 2 

h with stirring. Brine was added to the reaction mixture and the whole was made neutral by adding 6% 

HCl and extracted with AcOEt. The extract was washed with brine, dried over Na2SO4, and evaporated 
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under reduced pressure to leave an oil, which was column-chromatographed with CH2Cl2–MeOH (97:3, 

v/v) to give 15d (23.2 mg, 58%). 15d: mp 229.5-231.0 °C (decomp, red purple powder recrystallized 

from acetone–hexane). IR (KBr): 3175, 1649, 1585 cm-1. 1H-NMR (DMSO-d6) δ: 2.98 (3H, d, J = 4.7 Hz, 

collapsed to s on addition of D2O), 7.01—7.09 (2H, m), 7.16 (1H, d, J = 7.0 Hz), 7.44 (1H, d, J = 7.0 Hz), 

7.51 (1H, d, J = 12.1 Hz), 8.44 (1H, d, J = 12.1 Hz), 8.51 (1H, br s). MS m/z: 217 (M+), 201, 170, 155, 

115. Anal. Calcd for C11H11N3O2･1/4H2O: C, 59.59; H, 5.23; N, 18.95. Found: C, 59.34; H, 5.07; N, 

18.68.  

2-Dimethylamino-3-(2-nitrovinyl)indole (15e) from 1a — Sodium (145.2 mg, 6.3 mg atom) was added 

to anhydrous allyl alcohol (4.0 mL) with stirring. To the resultant solution, a solution of 1a (51.2 mg, 

0.24 mmol) in anhydrous DMF (1.0 mL) was added and the mixture was heated at 105 °C for 1 h with 

stirring. The reaction mixture was made neutral by adding 6% HCl and extracted with CH2Cl2. The 

extract was washed with brine, dried over Na2SO4, and evaporated under reduced pressure to leave an oil, 

which was column-chromatographed with CH2Cl2–MeOH (97:3, v/v) to give 15e (26.7 mg, 49%). 15e: 

mp 236—239 °C (decomp, dark purple prisms, recrystallized from MeOH). IR (KBr): 1580, 1568, 1256, 

1171 cm-1. 1H-NMR (DMSO-d6) δ: 3.32 (6H, s), 7.07—7.11 (2H, m), 7.18—7.22 (1H, m), 7.51—7.55 

(1H, m), 7.59 (1H, d, J = 12.3 Hz), 8.52 (1H, d, J = 12.3 Hz). MS m/z: 231 (M+). Anal. Calcd for 

C12H13N3O2･1/8 H2O: C, 61.72; H, 5.61; N, 18.00. Found: C, 62.10; H, 5.67; N, 17.81. 
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