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(A) General 

Infrared (IR) spectra were recorded on a JASCO FT/IR 460 Plus Fourier transform infrared spectro- 

photometer. NMR spectra were recorded on a JEOL ECA-500 spectrometer, operating at 500 MHz (1H) 

or 125 MHz (13C). Chemical shifts in CDCl3 were reported in the scale relative to CHCl3 (7.26 ppm) for 
1H NMR and to CDCl3 (77.0 ppm) for 13C NMR as internal references. EI mass spectra were measured on 

a JEOL JMS-T100GCv. Column chromatography was performed with silica gel Kanto 60 (230-400 mesh 

ASTM). DMA was distilled under vacuum (ca. 10 mmHg) from CaH2. PdCl2 was purchased from Wako 

Pure Chemical Industries, Ltd., and used as received. P(C6H4-p-CF3)3 was purchased from Sigma-Aldrich 

Co. LLC., and used as received. ZnEt2 (1 M in hexane) was purchased from Kanto Chemical Co., Inc., 

and used as received. A cylinder of CO2 was purchased from Hokkaido Air Water, Inc. In general, 

reactions were carried out under an argon atmosphere unless otherwise noted. Caution! TMSCHN2 is 

potentially explosive, especially when CH2N2 is generated after a long time in storage. 

 

 

(B) Investigation of Catalyst Loading 

In palladium-catalyzed cyclization/carboxylation sequence, the loading of PdCl2 was investigated (Table 

S1) to reveal that the use of 1 mol % of PdCl2 and 2 mol % of P(C6H4-p-CF3)3 also afforded the desired 

product 2a in high yield (entry 3). In addition, the larger-scale reaction (1a: 6.00 mmol, 2.14 g) was 

successful without decrease of the yield (entry 4: the result in Scheme 1). 

 

Table S1. Investigation of Pd Catalyst Loading 
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(C) Synthesis of Substrates 

N-Allenyl-2-iodoanilines 1a-j1 and other allenes (1l,2 1k,3 and 1m4) were synthesized according to the 

reported methods.  

 

 

tert-Butyl (2-Iodophenyl)(propa-1,2-dien-1-yl)carbamate (1a) 

White solids; m.p. 63-65 oC; IR (CHCl3): 3018, 2980, 2932, 1705, 1472, 1369, 1323, 1216, 

1163, 757 cm-1; “&” indicates two rotamers are present in 1H NMR. 1H NMR (500 MHz, 

CDCl3):  = 7.84 (d, J = 7.7 Hz, 1H), 7.34 (t, J = 7.7 Hz, 1H), 7.31-7.23 (m, 1H), 7.22-7.10 

(m, 1H), 7.00 (t, J = 7.7 Hz, 1H), 5.05-4.94 (m, 2H), 1.57 & 1.37 (s, 9H) ppm; 13C NMR 

(125 MHz, CDCl3):  = 201.6, 151.4, 141.9, 139.2, 129.5, 129.1, 128.7, 101.0, 99.6, 86.8, 81.5, 28.1 ppm; 

HRMS (EI) m/z calcd for C14H16INO2 [M]+: 357.0226. Found: 357.0225. 

 

tert-Butyl (4-Fluoro-2-iodophenyl)(propa-1,2-dien-1-yl)carbamate (1b) 

White solids; m.p. 79-81 oC; IR (CHCl3): 3019, 2980, 2932, 1706, 1485, 1369, 1322, 

1216, 1164, 764 cm-1; “&” indicates two rotamers are present in 1H NMR. 1H NMR (500 

MHz, CDCl3):  = 7.59-7.52 (m, 1H), 7.31-7.18 (m, 1H), 7.17-7.10 (m, 1H), 7.09-7.02 

(m, 1H), 5.08-4.95 (m, 2H), 1.56 & 1.38 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  = 

201.5, 160.8 (d, JCF = 250.4 Hz), 151.3, 138.3, 130.1 (d, JCF = 8.3 Hz), 126.1 (d, JCF = 23.9 Hz), 115.8 (d, 

JCF = 21.5 Hz), 101.1, 99.4 (d, JCF = 8.3 Hz), 87.1, 81.7, 28.1 ppm; HRMS (EI) m/z calcd for C10H7FINO2 

                                                   
1 a) H. Fuwa, M. Sasaki, Org. Biomol. Chem. 2007, 5, 2214; b) M.-G. Braun, M. H. Katcher, A. G. Doyle, 

Chem. Sci. 2013, 4, 1216. 
2 K. Suzuki, H. Iwasaki, F. Ichiyoshi, M. Tominaga, N. Kojima, M. Ozeki, M. Yamashita, Heterocycles 

2015, 91, 1244. 
3 R. Grigg, J. M. Sansano, V. Santhakumar, V. Sridharan, R. Thangavelanthum, M. Thornton-Pett, D. 

Wilson, Tetrahedron 1997, 53, 11803. 
4 L. Shen, R. P. Hsung, Org. Lett. 2005, 7, 775. 
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[M-C4H8]
+: 318.9506. Found: 318.9500. 

 

tert-Butyl (4-Chloro-2-iodophenyl)(propa-1,2-dien-1-yl)carbamate (1c) 

White solids; m.p. 91-93 oC; IR (CHCl3): 3019, 2980, 1707, 1472, 1368, 1321, 1216, 

1163, 1016, 759 cm-1; “&” indicates two rotamers are present in 1H NMR. 1H NMR 

(500 MHz, CDCl3):  = 7.83 (s, 1H), 7.32 (d, J = 8.0 Hz, 1H), 7.28-7.23 & 7.19-7.16 (m, 

1H), 7.10 (d, J = 8.0 Hz, 1H), 5.08-4.97 (m, 2H), 1.56 & 1.38 (s, 9H) ppm; 13C NMR 

(125 MHz, CDCl3):  = 201.4, 151.1, 140.7, 138.6, 133.7, 130.0, 129.1, 100.9, 99.9, 87.2, 81.8, 28.1 ppm; 

HRMS (EI) m/z calcd for C10H7ClINO2 [M-C4H8]
+: 334.9210. Found: 334.9202. 

 

tert -Butyl (4-Bromo-2-iodophenyl)(propa-1,2-dien-1-yl)carbamatee (1d) 

White solids; m.p. 81-83 oC; IR (CHCl3): 3017, 2980, 2932, 1710, 1469, 1368, 1321, 

1163, 1014, 759 cm-1; “&” indicates two rotamers are present in 1H NMR. 1H NMR 

(500 MHz, CDCl3):  = 7.98 (s, 1H), 7.46 (d, J = 8.0 Hz, 1H), 7.29-7.21 (m, 1H), 

7.14-7.02 (m, 1H), 5.09-4.98 (m, 2H), 1.56 & 1.38 (s, 9H) ppm; 13C NMR (125 MHz, 

CDCl3):  = 201.4, 151.0, 141.3, 141.2, 132.0, 130.5, 121.7, 100.8, 100.4, 87.3, 81.9, 28.1 ppm; HRMS 

(EI) m/z calcd for C10H7BrINO2 [M-C4H8]
+: 378.8705. Found: 378.8703. 

 

tert-Butyl (2-Iodo-4-(trifluoromethyl)phenyl)(propa-1,2-dien-1-yl)carbamate (1e) 

White solids; m.p. 74-76 oC; IR (CHCl3): 3009, 2981, 2933, 1710, 1370, 1319, 1176, 

1135, 1018, 761 cm-1; “&” indicates two rotamers are present in 1H NMR. 1H NMR 

(500 MHz, CDCl3):  = 8.09 (s, 1H), 7.61 (d, J = 8.0 Hz, 1H), 7.39-7.25 & 7.16-7.06 

(m, 2H), 5.08-4.98 (m, 2H), 1.57 & 1.38 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  

= 201.2, 150.8, 145.3, 136.3, 129.9, 126.1, 125.9, 122.2 (q, JCF = 272.3 Hz), 100.7, 99.7, 87.5, 82.2, 28.0 

ppm; HRMS (EI) m/z calcd for C15H15F3INO2 [M]+: 425.0100. Found: 425.0091. 

 

tert-Butyl (4-Cyano-2-iodophenyl)(propa-1,2-dien-1-yl)carbamate (1f) 

White solids; m.p. 121-123 oC; IR (CHCl3): 3020, 2981, 2234, 1712, 1369, 1321, 1216, 

1160, 1018, 758 cm-1; “&” indicates two rotamers are present in 1H NMR. 1H NMR 

(500 MHz, CDCl3):  = 8.13 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.37-7.03 (m, 2H), 

5.08-4.98 (m, 2H), 1.56 & 1.37 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  = 201.2, 

150.5, 146.4, 142.7, 132.6, 130.3, 116.7, 113.1, 100.6, 100.1, 87.7, 82.5, 28.1 ppm; HRMS (EI) m/z calcd 

for C15H15IN2O2 [M]+: 382.0178. Found: 382.0177. 

 

tert-Butyl (2-Iodo-4-methylphenyl)(propa-1,2-dien-1-yl)carbamate (1g) 

White solids; m.p. 79-81 oC; IR (CHCl3): 3010, 2977, 2929, 1698, 1447, 1369, 1323, 

1164, 1017, 761 cm-1; “&” indicates two rotamers are present in 1H NMR. 1H NMR 

(500 MHz, CDCl3):  = 7.66 (s, 1H), 7.30-7.24 (m, 1H), 7.17-7.08 (m, 1H), 7.04 (d, J = 

8.0 Hz, 1H), 5.05-4.95 (m, 2H), 2.31 (s, 3H), 1.56 & 1.38 (s, 9H) ppm; 13C NMR (125 

MHz, CDCl3):  = 201.7, 151.5, 139.6, 139.2, 139.1, 129.5, 128.9, 101.1, 99.3, 86.7, 81.3, 28.1, 20.6 ppm; 

HRMS (EI) m/z calcd for C11H10INO2 [M-C4H8]
+: 314.9756. Found: 314.9755. 
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tert-Butyl (2-Iodo-4-methoxyphenyl)(propa-1,2-dien-1-yl)carbamate (1h) 

White solids; m.p. 74-76 oC; IR (CHCl3): 3017, 2980, 1703, 1492, 1369, 1324, 1217, 

1164, 1036, 759 cm-1; “&” indicates two rotamers are present in 1H NMR. 1H NMR 

(500 MHz, CDCl3):  = 7.34 (s, 1H), 7.30-7.24 (m, 1H), 7.15-7.03 (m, 1H), 6.85 (d, J 

= 8.0 Hz, 1H), 5.06-4.95 (m, 2H), 3.79 (s, 3H), 1.56 & 1.38 (s, 9H) ppm; 13C NMR 

(125 MHz, CDCl3):  = 201.7, 158.7, 151.7, 134.9, 129.4, 123.9, 114.4, 101.4, 99.7, 86.7, 81.3, 55.5, 28.1 

ppm; HRMS (EI) m/z calcd for C11H10INO3 [M-C4H8]
+: 330.9705. Found: 330.9704. 

 

tert-Butyl (5-Chloro-2-iodophenyl)(propa-1,2-dien-1-yl)carbamate (1i) 

White solids; m.p. 77-79 oC; IR (CHCl3): 3016, 2979, 2932, 1710, 1465, 1357, 1316, 

1161, 1015, 762 cm-1; “&” indicates two rotamers are present in 1H NMR. 1H NMR 

(500 MHz, CDCl3):  = 7.75 (d, J = 7.8 Hz, 1H), 7.29-7.22 (m, 1H), 7.21-7.15 & 

7.12-7.05 (m, 1H), 7.01 (d, J = 7.8 Hz, 1H), 5.08-5.01 (m, 2H), 1.56 & 1.38 (s, 9H) ppm; 

13C NMR (125 MHz, CDCl3):  = 201.3, 150.9, 143.0, 139.9, 134.3, 129.7, 129.4, 100.8, 97.1, 87.3, 82.0, 

28.0 ppm; HRMS (EI) m/z calcd for C14H15ClINO2 [M]+: 390.9836. Found: 390.9830. 

 

tert-Butyl (2-Iodo-5-methylphenyl)(propa-1,2-dien-1-yl)carbamate (1j) 

White solids; m.p. 78-81 oC; IR (CHCl3): 3019, 2980, 1704, 1367, 1322, 1256, 1216, 

1157, 1017, 759 cm-1; “&” indicates two rotamers are present in 1H NMR. 1H NMR 

(500 MHz, CDCl3):  = 7.68 (d, J = 7.8 Hz, 1H), 7.30-7.23 & 7.16-7.09 (m, 1H), 

7.08-7.03 & 7.02-6.96 (m, 1H), 6.81 (d, J = 7.8 Hz, 1H), 5.05-4.94 (m, 2H), 2.30 (s, 

3H), 1.57 & 1.38 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  = 201.7, 151.4, 141.6, 139.1, 138.9, 138.7, 

130.1, 101.0, 95.3, 86.7, 81.4, 28.1, 20.8 ppm; HRMS (EI) m/z calcd for C11H10INO2 [M-C4H8]
+: 

314.9756. Found: 314.9750. 

 

1-Iodo-2-(propa-1,2-dien-1-yloxy)benzene (1k)3 

Colorless oil; 1H NMR (500 MHz, CDCl3):  = 7.79 (d, J = 8.1 Hz, 1H), 7.31 (t, J = 8.1 Hz, 

1H), 7.08 (d, J = 8.1 Hz, 1H), 6.85-6.79 (m, 2H), 5.45 (s, 1H), 5.44 (s, 1H) ppm; 13C NMR 

(125 MHz, CDCl3):  = 202.4, 156.2, 139.6, 129.3, 124.7, 118.4, 116.8, 90.4, 87.2 ppm; The 

spectral data of 1k was consistent with the reported one.3 

 

tert-Butyl Buta-2,3-dien-1-yl(2-iodophenyl)carbamate (1l)2 

Pale yellow solids; “&” indicates two rotamers are present in 1H NMR. 1H NMR (500 

MHz, CDCl3):  = 7.85 (d, J = 7.6 Hz, 1H), 7.32 (t, J = 7.6 Hz, 1H), 7.28 & 7.19 (d, J = 

7.6 Hz, 1H), 6.97 (t, J = 7.8 Hz, 1H), 5.31-5.22 (m, 1H), 4.77-4.62 (m, 2H), 4.54-4.41 

(m, 1H), 3.78-3.65 (m, 1H), 1.53 & 1.35 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  

= 209.3, 153.7, 144.2, 139.2, 129.9, 128.7, 128.6, 100.6, 86.7, 80.3, 76.0, 48.1, 28.2 

ppm; The spectral data of 1l was consistent with the reported one.2 
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tert-Butyl (2-Iodobenzyl)(propa-1,2-dien-1-yl)carbamate (1m)4 

Pale yellow oil; “&” indicates two rotamers are present in 1H NMR. 1H NMR (500 

MHz, CDCl3):  = 7.80 (d, J = 7.5 Hz, 1H), 7.33-6.89 (m, 4H), 5.25-5.10 (m, 2H), 

4.57-4.45 (m, 2H), 1.54 & 1.37 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  = 201.3, 

152.8, 139.1, 128.4, 128.2, 126.1, 100.6, 97.1, 87.8, 81.4, 54.1, 28.1 ppm; The spectral 

data of 1m was consistent with the reported one.4 

 

 

(D) Pd-Catalyzed Intramolecular Arylative Carboxylation of Allene Derivatives 1a-m 

PdCl2 (3.5 mg, 0.02 mmol, 10 mol %) and P(C6H4-p-CF3)3 (18.7 mg, 0.04 mmol, 20 mol %) were placed 

on the bottom of a sealed tube containing a stirring bar. The tube was evacuated and refilled with CO2 

(balloon) three times. After the addition of DMA (0.5 mL), the mixture was stirred at room temperature 

for 10 min under CO2 atmosphere (1 atm, balloon). N-Allenyl-2-iodoaniline 1a (71.4 mg, 0.20 mmol) in 

DMA (0.5 mL) and ZnEt2 (1 M solution in hexane, 0.6 mL, 0.60 mmol, 3.0 equiv) were added at 0 oC, 

and then the tube was closed. The resulting reaction mixture was stirred at room temperature for 16 h. 

HCl aq. (3 M) and water were added at 0 oC, and the mixture (pH < 2) was extracted with Et2O three 

times. The combined organic layer was washed with brine, dried over Na2SO4, and removed under 

reduced pressure. The residue was dissolved in Et2O/MeOH = 4:1 (ca. 2 mL) followed by treatment with 

TMSCHN2 (2 M in Et2O, 110 l, 0.22 mmol, 1.1 equiv). After 10 min, the mixture was directly 

concentrated under high vacuum to afford the crude product, which was then purified by silica gel column 

chromatography (hexane/AcOEt, 95:5), affording 1-(tert-butyl) 2-methyl 3-methyleneindoline- 

1,2-dicarboxylate (2a) (49.7 mg, 0.172 mmol) as white solids in 86% yield.  

m.p. 64-67 oC; IR (neat): 2975, 2932, 1757, 1719, 1478, 1385, 1257, 1153, 1027, 

752 cm-1; “&” indicates two rotamers are present in 1H NMR. 1H NMR (500 MHz, 

CDCl3):  = 7.97 & 7.55 (d, J = 7.7 Hz, 1H), 7.40 (d, J = 7.7 Hz, 1H), 7.28 (t, J = 

7.7 Hz, 1H), 6.99 (t, J = 7.7 Hz, 1H), 5.55 (s, 1H), 5.37-5.27 (m, 2H), 3.77 (s, 3H), 

1.61 & 1.50 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  = 169.8, 150.6, 144.7, 139.9, 130.5, 127.1, 

122.7, 120.5, 115.1, 103.8, 81.7, 65.6, 52.6, 28.2 ppm; HRMS (EI) m/z calcd for C16H19NO4 [M]+: 

289.1314. Found: 289.1318. 

 

1-(tert-Butyl) 2-Methyl 5-Fluoro-3-methyleneindoline-1,2-dicarboxylate (2b)  

(1b: 75.0 mg, 0.20 mmol; The product was purified by silica gel column chromatography (hexane/AcOEt, 

95:5) to afford 2b (53.3 mg, 0.173 mmol) as pale yellow oil in 87% yield.) 

IR (CHCl3): 3020, 2980, 2954, 1754, 1710, 1483, 1385, 1216, 1157, 764 cm-1; 

“&” indicates two rotamers are present in 1H NMR. 1H NMR (500 MHz, CDCl3): 

 = 7.94-7.89 & 7.50-7.44 (m, 1H), 7.08-7.03 (m, 1H), 7.00-6.91 (m, 1H), 5.52 

(s, 1H), 5.41-5.27 (m, 2H), 3.77 (s, 3H), 1.60 & 1.48 (s, 9H) ppm; 13C NMR 

(125 MHz, CDCl3):  = 169.5, 159.0 (d, JCF = 239.6 Hz), 150.5, 140.8, 139.2 (d, JCF = 3.5 Hz), 128.6 (d, 

JCF = 9.5 Hz), 117.0 (d, JCF = 23.9 Hz), 116.0 (d, JCF = 8.4 Hz), 107.3 (d, JCF = 25.1 Hz), 105.3, 81.8, 65.8, 

52.6, 28.1 ppm; HRMS (EI) m/z calcd for C16H18FNO4 [M]+: 307.1220. Found: 307.1214. 
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1-(tert-Butyl) 2-Methyl 5-Chloro-3-methyleneindoline-1,2-dicarboxylate (2c)  

(1c: 78.3 mg, 0.20 mmol; The product was purified by silica gel column chromatography (hexane/AcOEt, 

95:5) to afford 2c (57.0 mg, 0.176 mmol) as pale yellow oil in 88% yield.) 

IR (CHCl3): 3021, 2979, 2954, 2932, 1753, 1713, 1473, 1377, 1157, 758 cm-1; 

“&” indicates two rotamers are present in 1H NMR. 1H NMR (500 MHz, 

CDCl3):  = 7.90 & 7.45 (d, J = 8.5 Hz, 1H), 7.34 (d, J = 2.2 Hz, 1H), 7.22 (dd, 

J = 8.5, 2.2 Hz, 1H), 5.55 (s, 1H), 5.41-5.27 (m, 2H), 3.77 (s, 3H), 1.60 & 1.49 

(s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  = 169.4, 150.4, 143.2, 138.8, 130.2, 128.7, 128.1, 120.6, 

116.1, 105.4, 82.0, 65.8, 52.7, 28.1 ppm; HRMS (EI) m/z calcd for C16H18ClNO4 [M]+: 323.0924. Found: 

323.0913. 

 

1-(tert-Butyl) 2-Methyl 5-Bromo-3-methyleneindoline-1,2-dicarboxylate (2d)  

(1d: 87.0 mg, 0.20 mmol; The product was purified by silica gel column chromatography (hexane/AcOEt, 

95:5) to afford 2d (60.2 mg, 0.163 mmol) as yellow oil in 82% yield.) 

IR (CHCl3): 3020, 2979, 2953, 2932, 1753, 1719, 1471, 1375, 1156, 757 cm-1; 

“&” indicates two rotamers are present in 1H NMR. 1H NMR (500 MHz, 

CDCl3):  = 7.84 & 7.40 (d, J = 8.5 Hz, 1H), 7.48 (d, J = 1.7 Hz, 1H), 7.36 (dd, 

J = 8.5, 1.7 Hz, 1H), 5.53 (s, 1H), 5.41-5.25 (m, 2H), 3.77 (s, 3H), 1.59 & 1.48 

(s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  = 169.4, 150.4, 143.7, 138.6, 133.0, 129.1, 123.5, 116.6, 

115.4, 105.4, 82.0, 65.7, 52.7, 28.1 ppm; HRMS (EI) m/z calcd for C16H18BrNO4 [M]+: 367.0419. Found: 

367.0419. 

 

1-(tert-Butyl) 2-Methyl 3-Methylene-5-(trifluoromethyl)indoline-1,2-dicarboxylate (2e)  

(1e: 85.0 mg, 0.20 mmol; The product was purified by silica gel column chromatography (hexane/AcOEt, 

95:5) to afford 2e (56.1 mg, 0.157 mmol) as pale yellow oil in 78% yield.) 

IR (neat): 2979, 2956, 2934, 1758, 1724, 1381, 1325, 1270, 1162, 736 cm-1; 

“&” indicates two rotamers are present in 1H NMR. 1H NMR (500 MHz, 

CDCl3):  = 8.06 (d, J = 8.5 Hz, 1H), 7.61 (s, 1H), 7.53 (d, J = 8.5 Hz, 1H), 

5.65 (s, 1H), 5.49-5.31 (m, 2H), 3.79 (s, 3H), 1.62 & 1.50 (s, 9H) ppm; 13C 

NMR (125 MHz, CDCl3):  = 169.3, 150.4, 147.2, 138.7, 127.6 (q, JCF = 3.6 Hz), 127.5, 125.0 (q, JCF = 

33.0 Hz), 124.2 (q, JCF = 270.3 Hz), 117.7, 115.1, 105.9, 82.4, 65.9, 52.8, 28.1 ppm; HRMS (EI) m/z 

calcd for C17H18F3NO4 [M]+: 357.1188. Found: 357.1183. 

 

1-(tert-Butyl) 2-Methyl 5-Cyano-3-methyleneindoline-1,2-dicarboxylate (2f)  

(1f: 76.4 mg, 0.20 mmol; The product was purified by silica gel column chromatography (hexane/AcOEt, 

5:1) to afford 2f (50.1 mg, 0.159 mmol) as white solids in 80% yield.) 

m.p. 135-138 oC; IR (CHCl3): 3020, 2980, 2227, 1754, 1720, 1480, 1373, 1216, 

1153, 763 cm-1; “&” indicates two rotamers are present in 1H NMR. 1H NMR 

(500 MHz, CDCl3):  = 8.05 & 7.58 (d, J = 8.3 Hz, 1H), 7.63 (s, 1H), 7.55 (d, J 

= 8.3 Hz, 1H), 5.65 (s, 1H), 5.48 & 5.45 (s, 1H), 5.39 & 5.33 (s, 1H), 3.79 (s, 

3H), 1.61 & 1.49 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  = 169.0, 150.1, 147.9, 137.9, 134.6, 128.0, 
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124.3, 118.9, 115.6, 106.8, 105.9, 82.9, 65.8, 52.8, 28.0 ppm; HRMS (EI) m/z calcd for C17H18N2O4 [M]+: 

314.1267. Found: 314.1261. 

 

1-(tert-Butyl) 2-Methyl 5-Methyl-3-methyleneindoline-1,2-dicarboxylate (2g)  

(1g: 74.2 mg, 0.20 mmol; The product was purified by silica gel column chromatography (hexane/AcOEt, 

95:5) to afford 2g (55.6 mg, 0.183 mmol) as pale yellow oil in 92% yield.) 

IR (CHCl3): 3022, 2979, 2953, 2929, 1754, 1715, 1489, 1384, 1157, 758 cm-1; 

“&” indicates two rotamers are present in 1H NMR. 1H NMR (500 MHz, 

CDCl3):  = 7.84 & 7.43 (d, J = 8.5 Hz, 1H), 7.20 (s, 1H), 7.09 & 7.06 (d, J = 

8.5 Hz, 1H), 5.51 (s, 1H), 5.35-5.25 (m, 2H), 3.76 (s, 3H), 2.30 (s, 3H), 1.60 & 

1.49 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  = 169.9, 150.5, 142.5, 140.0, 132.3, 131.2, 127.0, 

120.8, 114.8, 103.5, 81.4, 65.7, 52.5, 28.2, 20.8 ppm; HRMS (EI) m/z calcd for C17H21NO4 [M]+: 

303.1471. Found: 303.1464. 

 

1-(tert-Butyl) 2-Methyl 5-Methoxy-3-methyleneindoline-1,2-dicarboxylate (2h)  

(1h: 77.4 mg, 0.20 mmol; The product was purified by silica gel column chromatography (hexane/AcOEt, 

5:1) to afford 2h (53.1 mg, 0.166 mmol) as gray solids in 83% yield.) 

m.p. 112-114 oC; IR (CHCl3): 3019, 2979, 2954, 1753, 1706, 1488, 1389, 

1217, 1158, 761 cm-1; “&” indicates two rotamers are present in 1H NMR. 1H 

NMR (500 MHz, CDCl3):  = 7.88 & 7.45 (d, J = 8.5 Hz, 1H), 6.91 (d, J = 

2.5 Hz, 1H), 6.85 (dd, J = 8.5, 2.5 Hz, 1H), 5.51 (s, 1H), 5.37-5.26 (m, 2H), 

3.78 (s, 3H), 3.76 (s, 3H), 1.60 & 1.48 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  = 169.8, 155.8, 150.5, 

139.9, 138.7, 128.0, 116.6, 115.8, 105.4, 104.0, 81.4, 65.8, 55.7, 52.5, 28.2 ppm; HRMS (EI) m/z calcd 

for C17H21NO5 [M]+: 319.1420. Found: 319.1410. 

 

1-(tert-Butyl) 2-Methyl 6-Chloro-3-methyleneindoline-1,2-dicarboxylate (2i)  

(1i: 78.3 mg, 0.20 mmol; The product was purified by silica gel column chromatography (hexane/AcOEt, 

10:1) to afford 2i (56.8 mg, 0.175 mmol) as colorless oil in 88% yield.) 

IR (CHCl3): 3020, 2979, 1753, 1713, 1479, 1381, 1216, 1157, 1028, 758 cm-1; 

“&” indicates two rotamers are present in 1H NMR. 1H NMR (500 MHz, 

CDCl3):  = 8.02 & 7.54 (s, 1H), 7.28 (d, J = 8.0 Hz, 1H), 6.95 (d, J = 8.0 Hz, 

1H), 5.52 (s, 1H), 5.38-5.26 (m, 2H), 3.77 (s, 3H), 1.61 & 1.49 (s, 9H) ppm; 13C 

NMR (125 MHz, CDCl3):  = 169.4, 150.4, 145.5, 138.9, 136.2, 125.7, 123.0, 121.2, 115.5, 104.5, 82.2, 

65.9, 52.7, 28.1 ppm; HRMS (EI) m/z calcd for C16H18ClNO4 [M]+: 323.0924. Found: 323.0919. 

 

1-(tert-Butyl) 2-Methyl 6-Methyl-3-methyleneindoline-1,2-dicarboxylate (2j)  

(1j: 74.2 mg, 0.20 mmol; The product was purified by silica gel column chromatography (hexane/AcOEt, 

95:5) to afford 2j (51.1 mg, 0.168 mmol) as pale yellow oil in 84% yield.) 

IR (neat): 2978, 2952, 2930, 1758, 1717, 1385, 1173, 1153, 1028, 733 cm-1; 

“&” indicates two rotamers are present in 1H NMR. 1H NMR (500 MHz, 

CDCl3):  = 7.88 & 7.45 (d, J = 8.5 Hz, 1H), 6.91 (d, J = 2.5 Hz, 1H), 6.85 (dd, 
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J = 8.5, 2.5 Hz, 1H), 5.51 (s, 1H), 5.37-5.26 (m, 2H), 3.78 (s, 3H), 3.76 (s, 3H), 1.60 & 1.48 (s, 9H) ppm; 

13C NMR (125 MHz, CDCl3):  = 169.8, 155.8, 150.5, 139.9, 138.7, 128.0, 116.6, 115.8, 105.4, 104.0, 

81.4, 65.8, 55.7, 52.5, 28.2 ppm; HRMS (EI) m/z calcd for C17H21NO5 [M]+: 319.1420. Found: 319.1410. 

 

Methyl 3-Methylene-2,3-dihydrobenzofuran-2-carboxylate (2k)  

Methyl 3-Methylbenzofuran-2-carboxylate (2k”)5 

(1k: 51.6 mg, 0.20 mmol; These products were purified by silica gel column chromatography 

(hexane/AcOEt, 97:3), affording 2k (25.5 mg, 0.134 mmol) as yellow oil in 67% yield and 2k” (6.6 mg, 

0.034 mmol) as yellow oil in 17% yield.) 

IR (neat): 2954, 2850, 1761, 1741, 1465, 1316, 1194, 1051, 1029, 749 cm-1; 1H 

NMR (500 MHz, CDCl3):  = 7.39 (d, J = 7.2 Hz, 1H), 7.25 (t, J = 7.2 Hz, 1H), 

6.99-6.93 (m, 2H), 5.62 (t, J = 2.5 Hz, 1H), 5.55 (d, J = 2.5 Hz, 1H), 5.35 (d, J = 2.5 

Hz, 1H), 3.82 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3):  = 169.3, 162.5, 142.0, 

130.9, 124.2, 121.6, 121.0, 110.8, 103.2, 82.0, 52.8 ppm; HRMS (EI) m/z calcd for C11H10O3 [M]+: 

190.0630. Found: 190.0626. 

1H NMR (500 MHz, CDCl3):  = 7.64 (d, J = 8.1 Hz, 1H), 7.54 (t, J = 8.1 Hz, 1H), 

7.46 (d, J = 8.1 Hz, 1H), 7.31 (d, J = 8.1 Hz, 1H), 3.99 (s, 3H), 2.60 (s, 3H) ppm; 

13C NMR (125 MHz, CDCl3):  = 160.9, 154.4, 140.7, 129.0, 127.9, 126.0, 123.2, 

121.1, 112.2, 52.0, 9.3 ppm; The spectral data of 2k’’ was consistent with the 

reported one.5 

 

1-(tert-Butyl) 3-Methyl 4-Methylene-3,4-dihydroquinoline-1,3(2H)-dicarboxylate (2l)  

(1l: 74.2 mg, 0.20 mmol; ZnEt2 was added over 8 hours, and the reaction mixture was then stirred for 

additional 8 hours.; The product was purified by silica gel column chromatography (hexane/AcOEt, 5:1) 

to afford 2l (36.4 mg, 0.120 mmol) as yellow oil in 60% yield.) 

IR (neat): 2977, 2952, 2930, 1739, 1704, 1368, 1245, 1163, 1061, 767 cm-1; 1H 

NMR (500 MHz, CDCl3):  = 7.67 (d, J = 7.8 Hz, 1H), 7.57 (d, J = 7.8 Hz, 1H), 

7.22 (t, J = 7.8 Hz, 1H), 7.06 (t, J = 7.8 Hz, 1H), 5.80 (s, 1H), 5.14 (s, 1H), 4.36 (dd, 

J = 7.5, 4.5 Hz, 1H), 3.74-3.66 (m, 5H), 1.51 (s, 9H) ppm; 13C NMR (125 MHz, 

CDCl3):  = 172.1, 153.3, 137.7, 136.5, 128.0, 126.0, 124.6, 124.1, 124.0, 112.2, 

81.2, 52.2, 47.4, 45.3, 28.2 ppm; HRMS (EI) m/z calcd for C17H21NO4 [M]+: 303.1471. Found: 303.1467. 

 

2-(tert-Butyl) 3-Methyl 4-Methylene-3,4-dihydroisoquinoline-2,3(1H)-dicarboxylate (2m)  

(1m: 74.2 mg, 0.20 mmol; The product was purified by silica gel column chromatography (hexane/AcOEt, 

10:1) to afford 2m (31.2 mg, 0.103 mmol) as pale yellow oil in 51% yield.) 

IR (CHCl3): 3019, 2980, 2931, 1741, 1693, 1394, 1249, 1216, 1167, 758 cm-1; “&” 

indicates two rotamers are present in 1H NMR. 1H NMR (500 MHz, CDCl3):  = 

7.61-7.54 (m, 1H), 7.29-7.10 (m, 3H), 5.75 & 5.72 (s, 1H), 5.61 & 5.41 (s, 1H), 

5.39 & 5.37 (s, 1H), 4.71 & 4.70 (d, J = 16.5 Hz, 1H), 4.65 & 4.58 (d, J = 16.5 Hz, 

1H), 3.66 & 3.64 (s, 3H), 1.52 & 1.49 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  = 170.8, 155.1, 136.3, 

                                                   
5 G. Liu, Y. Shen, Z. Zhou, X. Lu, Angew. Chem. Int. Ed. 2013, 52, 6033. 
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132.3, 130.6, 128.4, 126.8, 126.2, 124.6, 113.8, 80.9, 58.5, 52.4, 44.7, 28.4 ppm; HRMS (EI) m/z calcd 

for C15H18NO2 [M-CO2Me]+: 244.1338. Found: 244.1336. 

 

 

(E) Preparative Scale Procedure for Pd-Catalyzed Intramolecular Arylative Carboxylation of 

Allene 1a 

PdCl2 (10.6 mg, 0.06 mmol, 1 mol %) and P(C6H4-p-CF3)3 (56.0 mg, 0.12 mmol, 2 mol %) were placed 

on the bottom of a round-bottom flask containing a stirring bar. The flask was evacuated and refilled with 

CO2 (balloon) three times. After the addition of DMA (20 mL), the mixture was stirred at room 

temperature for 10 min under CO2 atmosphere (1 atm, balloon). N-Allenyl-2-iodoaniline 1a (2.14 g, 6.0 

mmol) in DMA (10 mL) and ZnEt2 (1 M solution in hexane, 18 mL, 18.0 mmol, 3.0 equiv) were added at 

0 oC. The resulting reaction mixture was stirred at room temperature for 16 h. HCl aq. (3 M) and water 

were added at 0 oC, and the mixture (pH < 2) was extracted with Et2O three times. The combined organic 

layer was washed with brine, dried over Na2SO4, and removed under reduced pressure to afford the crude 

product. The product was then purified by silica gel column chromatography (CH2Cl2/MeOH, 15:1), 

affording 1-(tert-butoxycarbonyl)-3-methyleneindoline-2-carboxylic acid (2a”’) (1.39 g, 5.05 mmol) as 

white solids in 84% yield.  

m.p. 85-88 oC; IR (CHCl3): 3017, 2974, 2934, 1733, 1698, 1480, 1400, 1251, 1217, 

755 cm-1; “&” indicates two rotamers are present in 1H NMR. 1H NMR (500 MHz, 

CDCl3):  = 7.96 & 7.54 (d, J = 7.7 Hz, 1H), 7.40 (d, J = 7.7 Hz, 1H), 7.28 (t, J = 7.7 

Hz, 1H), 7.00 (t, J = 7.7 Hz, 1H), 6.13 (brs, 1H), 5.59 (s, 1H), 5.45-5.26 (m, 2H), 1.60 

& 1.49 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  = 175.0, 150.5, 144.5, 139.5, 130.6, 126.9, 122.9, 

120.5, 115.1, 104.4, 82.1, 65.2, 28.2 ppm; HRMS (EI) m/z calcd for C15H17NO4 [M]+: 275.1158. Found: 

275.1152. 

 

 

(F) Derivatization of 3-Methyleneindoline-2-Carboxylate 2a 

(F-1) Synthesis of 1-(tert-Butyl) 2-Methyl 3-Methyl-1H-indole-1,2-dicarboxylate (2a”) 

DBU (22.4 l, 0.15 mmol, 1.5 equiv) was added to a solution of 3-methyleneindoline-2-carboxylate 2a 

(28.9 mg, 0.10 mmol) in THF (1.0 mL), and the mixture was stirred at room temperature for 1 h. The 

solvent was then removed under reduced pressure to afford the crude product, which was then purified by 

silica gel column chromatography (hexane/AcOEt, 10:1), affording the title compound (2a”) (28.8mg, 

0.100 mmol) as colorless oil in a quantitative yield. 

IR (CHCl3): 3020, 2983, 2952, 1730, 1330, 1216, 1161, 1105, 1011, 755 cm-1; 1H 

NMR (500 MHz, CDCl3):  = 8.08 (d, J = 7.8 Hz, 1H), 7.56 (d, J = 7.8 Hz, 1H), 

7.41 (t, J = 7.8 Hz, 1H), 7.28 (t, J = 7.8 Hz, 1H), 3.94 (s, 3H), 2.40 (s, 3H), 1.61 (s, 

9H) ppm; 13C NMR (125 MHz, CDCl3):  = 163.1, 149.5, 136.8, 129.3, 126.8, 

126.6, 123.5, 122.9, 120.1, 114.9, 84.1, 52.1, 27.9, 9.3 ppm; HRMS (EI) m/z calcd for C16H19NO4 [M]+: 

289.1314. Found: 289.1312. 
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(F-2) Synthesis of 1-(tert-Butyl) 2-Methyl 3-(Hydroxymethyl)-1H-indole-1,2-dicarboxylate (5) 

DMDO6 (ca. 0.05 M solution in acetone, not dried, 3.0 mL, 0.15 mmol, 1.5 equiv) was added to a 

solution of 3-methyleneindoline-2-carboxylate 2a (28.9 mg, 0.10 mmol) in acetone (0.5 mL), and the 

mixture was stirred at room temperature for 1 h. The solvent was removed under reduced pressure to 

afford the crude product, which was then purified by silica gel column chromatography (hexane/AcOEt, 

2:1), affording the title compound (5) (29.6 mg, 0.097 mmol) as colorless oil in 97% yield. 

IR (CHCl3): 3450, 2981, 2952, 2932, 1737, 1335, 1217, 1106, 1024, 755 cm-1; 1H 

NMR (500 MHz, CDCl3):  = 8.08 (d, J = 7.6 Hz, 1H), 7.74 (d, J = 7.6 Hz, 1H), 

7.44 (t, J = 7.6 Hz, 1H), 7.31 (t, J = 7.6 Hz, 1H), 4.86 (s, 2H), 3.96 (s, 3H), 2.57 (brs, 

1H), 1.62 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  = 163.2, 149.3, 136.8, 127.5, 

127.3, 127.2, 126.9, 123.4, 120.5, 115.0, 84.8, 55.3, 52.6, 27.9 ppm; HRMS (EI) m/z 

calcd for C16H19NO5 [M]+: 305.1263. Found: 305.1263. 

 

(F-3) Synthesis of 1,4-Dihydro-4-tert-butyloxycarbonyl-3H-furo[3,4-b]indol-3-one (6)7 

DMDO6 (ca. 0.05 M solution in acetone, not dried, 3.0 mL, 0.15 mmol, 1.5 equiv) was added to a 

solution of 3-methyleneindoline-2-carboxylate 2a (28.9 mg, 0.10 mmol) in acetone (0.5 mL), and the 

mixture was stirred at room temperature for 1 h. After filtration through a short column of silica gel 

(hexane/AcOEt, 1:1), the filtrate was concentrated under reduced pressure affording the crude product (5), 

which was directly used in the next step. 

A round bottomed flask was charged with the product (5), Zn4(OCOCF3)6O
8

 (4.8 mg, 0.005 mmol, 5 

mol %), and DMAP (12.2 mg, 0.10 mmol, 1.0 equiv). After toluene (10 mL) was added, the mixture was 

heated under reflux for 16 h. The resulting mixture was concentrated under reduced pressure to give the 

crude product, which was purified by silica gel column chromatography (hexane/AcOEt, 5:1), affording 

the title compound (6) (20.8 mg, 0.076 mmol) as white solids in 76% yield. 

1H NMR (500 MHz, CDCl3):  = 8.37 (d, J = 7.9 Hz, 1H), 7.60 (d, J = 7.9 Hz, 1H), 

7.54 (t, J = 7.9 Hz, 1H), 7.36 (t, J = 7.9 Hz, 1H), 5.32 (s, 2H), 1.71 (s, 9H) ppm; 13C 

NMR (125 MHz, CDCl3):  = 160.7, 148.8, 142.9, 142.7, 128.7, 128.2, 123.9, 121.5, 

120.7, 117.1, 85.4, 65.1, 28.1 ppm; The spectral data of 6 was consistent with the 

reported one.7 

 

(F-4) Synthesis of 1-(tert-Butyl) 2-Methyl 3-(Bromomethyl)-1H-indole-1,2-dicarboxylate (7) 

NBS (29.4 mg, 0.165 mmol, 1.1 equiv) was added to a solution of 3-methyleneindoline-2-carboxylate 2a 

(43.4 mg, 0.15 mmol) in CH2Cl2 (1.0 mL) at 0 oC, and the mixture was stirred at room temperature for 1 h. 

The residue was purified by silica gel column chromatography (hexane/AcOEt, 10:1), affording the title 

compound (7) (49.5 mg, 0.134 mmol) as white solids in 90% yield. 

m.p. 71-74 oC; IR (CHCl3): 3019, 2983, 1736, 1438, 1338, 1215, 1155, 1109, 1043, 

765 cm-1; 1H NMR (500 MHz, CDCl3):  = 8.09 (d, J = 7.8 Hz, 1H), 7.73 (d, J = 7.8 

Hz, 1H), 7.45 (t, J = 7.8 Hz, 1H), 7.35 (t, J = 7.8 Hz, 1H), 4.78 (s, 2H), 3.99 (s, 3H), 

                                                   
6 D. F. Taber, P. W. DeMatteo, R. A. Hassan, Org. Synth. 2013, 90, 350. 
7 A. K. Jana, P. Pahari, D. Mal, Synlett 2012, 23, 1769. 
8 Y. Maegawa, T. Ohshima, Y. Hayashi, K. Agura, T. Iwasaki, K. Mashima, ACS Catal. 2011, 1, 1178. 
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1.62 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  = 162.1, 148.9, 136.7, 127.7, 127.3, 126.8, 123.5, 

122.2, 120.2, 115.1, 85.1, 52.6, 27.8, 21.5 ppm; HRMS (EI) m/z calcd for C16H18BrNO4 [M]+: 367.0419. 

Found: 367.0421. 

 

(F-5) Synthesis of 1-(tert-Butyl) 2-Methyl 3-(Iodomethyl)-1H-indole-1,2-dicarboxylate (8) 

NIS (24.7 mg, 0.11 mmol, 1.1 equiv) was added to a solution of 3-methyleneindoline-2-carboxylate 2a 

(28.9 mg, 0.10 mmol) in CH2Cl2 (1.0 mL) at 0 oC, and the mixture was stirred at room temperature for 1 h. 

The residue was purified by silica gel column chromatography (hexane/AcOEt, 10:1), affording the title 

compound (8) (36.4 mg, 0.088 mmol) as pale yellow solids in 88% yield. 

m.p. 83-85 oC; IR (CHCl3): 3020, 2983, 2952, 1733, 1336, 1242, 1219, 1152, 1017, 

757 cm-1; 1H NMR (500 MHz, CDCl3):  = 8.09 (d, J = 8.0 Hz, 1H), 7.68 (d, J = 8.0 

Hz, 1H), 7.45 (t, J = 8.0 Hz, 1H), 7.36 (t, J = 8.0 Hz, 1H), 4.70 (s, 2H), 3.99 (s, 3H), 

1.62 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  = 162.3, 148.9, 136.8, 127.4, 

126.6, 126.2, 124.0, 123.3, 120.2, 115.0, 84.9, 52.5, 27.8, -7.8 ppm; HRMS (EI) m/z 

calcd for C12H9INO3 [M-OtBu]+: 341.9627. Found: 341.9626. 

 

(F-6) Synthesis of 1-(tert-Butyl) 2-Methyl 3-((Benzylamino)methyl)-1H-indole-1,2-dicarboxylate (9) 

NBS (19.6 mg, 0.11 mmol, 1.1 equiv) was added to a solution of 3-methyleneindoline-2-carboxylate 2a 

(28.9 mg, 0.10 mmol) in CH2Cl2 (1.0 mL) at 0 oC, and the mixture was stirred at room temperature for 1 h. 

H2NBn (32.8 l, 0.30 mmol, 3.0 equiv), K2CO3 (41.5 mg, 0.30 mmol, 3.0 equiv), and DMF (3.0 mL) 

were then added, and the resulting mixture was stirred at 50 oC for 2 h. After cooling to room temperature, 

water and Et2O were added, and the mixture was extracted with Et2O three times. The combined organic 

layer was washed with brine, dried over Na2SO4, and removed under reduced pressure to afford the crude 

product. The product was then purified by silica gel column chromatography (hexane/AcOEt, 3:1), 

affording the title compound (9) (36.0 mg, 0.091 mmol) as colorless oil in 91% yield.  

IR (CHCl3): 3332, 3021, 2982, 2952, 2931, 1735, 1332, 1216, 1161, 755 cm-1; 1H 

NMR (500 MHz, CDCl3):  = 8.09 (d, J = 7.8 Hz, 1H), 7.68 (d, J = 7.8 Hz, 1H), 

7.41 (t, J = 7.8 Hz, 1H), 7.35-7.22 (m, 6H), 3.98 (s, 2H), 3.87 (s, 3H), 3.82 (s, 2H), 

1.85 (brs, 1H), 1.62 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  = 163.0, 149.3, 

140.2, 136.6, 129.3, 128.3, 128.1, 127.8, 126.9, 126.7, 125.0, 123.1, 120.6, 115.0, 

84.5, 53.2, 52.3, 42.3, 27.9 ppm; HRMS (EI) m/z calcd for C23H26N2O4 [M]+: 394.1893. Found: 

394.1889. 

 

(F-7) Synthesis of 1-(tert-Butyl) 2-Methyl 3-(Cyanomethyl)-1H-indole-1,2-dicarboxylate (10) 

NBS (19.6 mg, 0.11 mmol, 1.1 equiv) was added to a solution of 3-methyleneindoline-2-carboxylate 2a 

(28.9 mg, 0.10 mmol) in CH2Cl2 (1.0 mL) at 0 oC, and the mixture was stirred at room temperature for 1 h. 

KCN (13.0 mg, 0.20 mmol, 2.0 equiv) and DMF (3.0 mL) were then added, and the resulting mixture was 

stirred at 50 oC for 6 h. After cooling to room temperature, water and Et2O were added, and the mixture 

was extracted with Et2O three times. The combined organic layer was washed with brine, dried over 

Na2SO4, and removed under reduced pressure to afford the crude product. The product was then purified 

by silica gel column chromatography (hexane/AcOEt, 3:1), affording the title compound (10) (22.6 mg, 
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0.072 mmol) as white solids in 72% yield.  

m.p. 106-110 oC; IR (CHCl3): 3021, 2984, 2954, 2254, 1739, 1339, 1246, 1216, 

1157, 765 cm-1; 1H NMR (500 MHz, CDCl3):  = 8.10 (d, J = 8.3 Hz, 1H), 7.73 (d, J 

= 8.3 Hz, 1H), 7.49 (t, J = 8.3 Hz, 1H), 7.36 (t, J = 8.3 Hz, 1H), 3.99 (s, 2H), 3.98 (s, 

3H), 1.62 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  = 161.8, 148.9, 136.7, 127.8, 

127.7, 126.6, 123.8, 119.7, 116.4, 115.13, 115.12, 85.2, 52.6, 27.8, 13.4 ppm; 

HRMS (EI) m/z calcd for C17H18N2O4 [M]+: 314.1267. Found: 314.1259. 

 

(F-8) Synthesis of 1-(tert-Butyl) 2-Methyl 3-(2-(Dimethylamino)ethyl)-1H-indole-1,2-dicarboxylate 

(11) 

According to Buchwald’s procedure,9 N,N-dimethylmethyleneiminium chloride (10.3 mg, 0.11 mmol, 1.1 

equiv) was added to a solution of 3-methyleneindoline-2-carboxylate 2a (28.9 mg, 0.10 mmol) in CH3CN 

(2.0 mL) at 80 oC, and the mixture was stirred at the same temperature for 3 h. After cooling to room 

temperature, Et2O was added, and the mixture was washed with 2M NaOH aq., water, and brine. The 

resulting organic layer was dried over Na2SO4, and removed under reduced pressure to afford the crude 

product, which was then purified by silica gel column chromatography (hexane/AcOEt = 60:40, then 

hexane/AcOEt/NEt3 = 60:35:5), affording the title compound (11) (33.0 mg, 0.095 mmol) as white solids 

in 95% yield. 

m.p. 48-51 oC; IR (CHCl3): 3020, 2980, 2951, 2861, 2823, 1731, 1334, 1216, 1157, 

762 cm-1; 1H NMR (500 MHz, CDCl3):  = 8.08 (d, J = 7.4 Hz, 1H), 7.60 (d, J = 7.4 

Hz, 1H), 7.40 (t, J = 7.4 Hz, 1H), 7.27 (t, J = 8.3 Hz, 1H), 3.93 (s, 3H), 3.00 (t, J = 

8.0 Hz, 2H), 2.57 (t, J = 8.0 Hz, 2H), 2.33 (s, 3H), 1.61 (s, 9H) ppm; 13C NMR (125 

MHz, CDCl3):  = 163.0, 149.3, 136.8, 128.5, 126.9, 126.7, 125.2, 123.0, 120.0, 

115.1, 84.3, 59.6, 52.1, 45.3, 27.9, 22.8 ppm; HRMS (EI) m/z calcd for C19H26N2O4 [M]+: 346.1893. 

Found: 346.1887. 

 

(F-9) Synthesis of 1-(tert-Butyl) 2-Methyl 3-Benzyl-1H-indole-1,2-dicarboxylate (12) 

According to Sigman’s procedure,10 in a glove box, a round bottomed flask equipped with a stir bar was 

charged with 3-methyleneindoline-2-carboxylate 2a (28.9 mg, 0.10 mmol). To the flask containing 2a was 

added phenyldiazonium tetrafluoroborate (28.8 mg, 0.15 mmol, 1.5 equiv) in DMA (1.0 mL), followed 

quickly by Pd(dba)2 (5.8 mg, 0.01 mmol, 10 mol %) in DMA (1.0 mL). The flask was closed with a 

septum, and stirred for 3 h. After the flask was removed from the glove box, Et2O and water were added, 

and the mixture was extracted with Et2O three times. The combined organic layer was washed with brine, 

dried over Na2SO4, and removed under reduced pressure to afford the crude product. The product was 

then purified by silica gel column chromatography (hexane/AcOEt, 10:1), affording the title compound 

(12) (32.1 mg, 0.088 mmol) as pale yellow oil in 88% yield. 

 

 

 

                                                   
9 J. H. Tidwell, S. L. Buchwald, J. Am. Chem. Soc. 1994, 116, 11797. 
10 E. W. Werner, M. S. Sigman, J. Am. Chem. Soc. 2011, 133, 9692. 
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IR (CHCl3): 3019, 2984, 1731, 1362, 1333, 1242, 1216, 1159, 1106, 751 cm-1; 1H 

NMR (500 MHz, CDCl3):  = 8.09 (d, J = 7.9 Hz, 1H), 7.45 (d, J = 7.9 Hz, 1H), 

7.37 (t, J = 7.9 Hz, 1H), 7.28-7.22 (m, 4H), 7.20-7.15 (m, 2H), 4.19 (s, 2H), 3.90 (s, 

3H), 1.63 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3):  = 163.1, 149.3, 139.2, 136.8, 

128.51, 128.46, 128.43, 127.4, 126.6, 126.2, 125.1, 123.0, 120.7, 115.0, 84.4, 52.2, 

30.4, 27.9 ppm; HRMS (EI) m/z calcd for C22H23NO4 [M]+: 365.1627. Found: 

365.1621. 

 

(F-10) Synthesis of 1-(tert-Butyl) 2-Methyl 3-(4-Chlorobenzyl)-1H-indole-1,2-dicarboxylate (13) 

According to Sigman’s procedure,10 in a glove box, a round bottomed flask equipped with a stir bar was 

charged with 3-methyleneindoline-2-carboxylate 2a (28.9 mg, 0.10 mmol). To the flask containing 2a was 

added p-chlorophenyldiazonium tetrafluoroborate (34.0 mg, 0.15 mmol, 1.5 equiv) in DMA (1.0 mL), 

followed quickly by Pd(dba)2 (5.8 mg, 0.01 mmol, 10 mol %) in DMA (1.0 mL). The flask was closed 

with a septum, and stirred for 3 h. After the flask was removed from the glove box, Et2O and water were 

added, and the mixture was extracted with Et2O three times. The combined organic layer was washed 

with brine, dried over Na2SO4, and removed under reduced pressure to afford the crude product. The 

product was then purified by silica gel column chromatography (hexane/AcOEt, 5:1), affording the title 

compound (13) (36.0 mg, 0.090 mmol) as pale yellow oil in 90% yield. 

IR (CHCl3): 3019, 2983, 2952, 1731, 1335, 1241, 1216, 1158, 1105, 759 cm-1; 1H 

NMR (500 MHz, CDCl3):  = 8.09 (d, J = 8.0 Hz, 1H), 7.43-7.37 (m, 2H), 

7.24-7.18 (m, 5H), 4.15 (s, 2H), 3.91 (s, 3H), 1.64 (s, 9H) ppm; 13C NMR (125 

MHz, CDCl3):  = 163.0, 149.3, 137.7, 136.8, 132.0, 129.8, 128.5, 128.3, 127.4, 

126.8, 124.5, 123.1, 120.5, 115.1, 84.6, 52.3, 29.7, 27.9 ppm; HRMS (EI) m/z 

calcd for C22H22ClNO4 [M]+: 399.1237. Found: 399.1224. 

 

(F-11) Synthesis of 1-(tert-Butyl) 2-Methyl 3-(4-Methoxybenzyl)-1H-indole-1,2-dicarboxylate (14) 

According to Sigman’s procedure,10 in a glove box, a round bottomed flask equipped with a stir bar was 

charged with 3-methyleneindoline-2-carboxylate 2a (28.9 mg, 0.10 mmol). To the flask containing 2a was 

added p-methoxyphenyldiazonium tetrafluoroborate (33.3 mg, 0.15 mmol, 1.5 equiv) in DMA (1.0 mL), 

followed quickly by Pd(dba)2 (5.8 mg, 0.01 mmol, 10 mol %) in DMA (1.0 mL). The flask was closed 

with a septum, and stirred for 3 h. After the flask was removed from the glove box, Et2O and water were 

added, and the mixture was extracted with Et2O three times. The combined organic layer was washed 

with brine, dried over Na2SO4, and removed under reduced pressure to afford the crude product. The 

product was then purified by silica gel column chromatography (hexane/AcOEt, 5:1), affording the title 

compound (14) (36.8 mg, 0.093 mmol) as pale yellow oil in 93% yield. 

IR (CHCl3): 3019, 2983, 2953, 1731, 1511, 1333, 1246, 1216, 1159, 755 cm-1; 

1H NMR (500 MHz, CDCl3):  = 8.09 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 8.0 Hz, 

1H), 7.38 (t, J = 8.0 Hz, 1H), 7.22-7.17 (m, 3H), 6.80 (d, J = 8.5 Hz, 2H), 4.14 

(s, 2H), 3.92 (s, 3H), 3.76 (s, 3H), 1.64 (s, 9H) ppm; 13C NMR (125 MHz, 

CDCl3):  = 163.1, 158.0, 149.3, 136.8, 131.3, 129.4, 128.5, 127.2, 126.6, 

125.5, 123.0, 120.7, 115.0, 113.8, 84.4, 55.2, 52.2, 29.5, 27.9 ppm; HRMS (EI) 
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m/z calcd for C23H25NO5 [M]+: 395.1733. Found: 395.1719. 

 

(F-12) Synthesis of 1-(tert-Butyl) 2-Methyl 3-Oxoindoline-1,2-dicarboxylate (15) 

A round bottomed flask was charged with 3-methyleneindoline-2-carboxylate 2a (28.9 mg, 0.10 mmol), 

CH2Cl2 (3.0 mL), and MeOH (1.0 mL). The flask was cooled to -78 oC and ozone was bubbled through 

the solution with stirring for 2 h. When the ozone generator was ceased, PPh3 (52.5 mg, 0.20 mmol) was 

then added to the flask and the resulting mixture was stirred overnight (-78 oC to room temperature) Then, 

it was concentrated under high vacuum to give the crude product, which was purified by silica gel column 

chromatography (hexane/AcOEt, 4:1), affording the title compound (15) (25.3 mg, 0.087 mmol) as white 

solids in 87% yield. 

m.p. 134-136 oC; IR (CHCl3): 3021, 2980, 1759, 1718, 1468, 1371, 1216, 1153, 

1060, 762 cm-1; “&” indicates two rotamers are present in 1H NMR. 1H NMR (500 

MHz, CDCl3):  = 8.28 & 7.81 (d, J = 7.7 Hz, 1H), 7.70 (d, J = 7.7 Hz, 1H), 7.65 (t, 

J = 7.7 Hz, 1H), 7.14 (t, J = 7.7 Hz, 1H), 4.88 (s, 1H), 3.83 (s, 3H), 1.63 & 1.51 (s, 

9H) ppm; 13C NMR (125 MHz, CDCl3):  = 189.8, 165.0, 153.9, 149.7, 137.8, 

124.6, 123.4, 122.6, 116.4, 83.0, 67.8, 53.2, 28.0 ppm; HRMS (EI) m/z calcd for C15H17NO5 [M]+: 

292.1107. Found: 292.1104. 

 

 

(G) One-Pot Synthesis of Strychnocarpine (16)11 

3-Methyleneindoline-2-carboxylate 2a (28.9 mg, 0.10 mmol) and N,N-dimethylmethyleneiminium 

chloride (10.3 mg, 0.11 mmol, 1.1 equiv) were placed on the bottom of a sealed tube containing a stirring 

bar. After the addition of DMA (0.5 mL), the mixture was stirred at 80 oC for 2h, and the temperature was 

increased to 200 oC and maintained for 16 h. After cooling to room temperature, the solvent was removed 

under reduced pressure to give the crude product, which was then purified by silica gel column 

chromatography (hexane/AcOEt, 2:1), affording the title compound (16) (17.4 mg, 0.087 mmol) as white 

solids in 87% yield. 

1H NMR (500 MHz, CDCl3):  = 10.19 (brs, 1H), 7.57 (d, J = 7.8 Hz, 1H), 7.50 (d, J 

= 7.8 Hz, 1H), 7.29 (t, J = 7.8 Hz, 1H), 7.14 (t, J = 7.8 Hz, 1H), 3.72 (t, J = 7.0 Hz, 

2H), 3.20 (s, 3H), 3.09 (t, J = 7.0 Hz, 2H) ppm; 13C NMR (125 MHz, CDCl3):  = 

162.0, 137.5, 127.1, 125.2, 124.5, 120.0, 117.8, 112.6, 50.2, 34.1, 20.6 ppm; The 

spectral data of 16 was consistent with the reported one.11 

                                                   
11 a) C. Herdeis, A. Dimmerling, Heterocycles 1984, 22, 2277; b) G. P. Tokmakov, Chem. Heterocycl. 

Compd. 2014, 50, 211. 
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(H) Carboxylation of 3-Indolylmethyl Acetate 4  

 

PdCl2 (3.5 mg, 0.02 mmol, 10 mol %) and PPh3 (10.5 mg, 0.04 mmol, 20 mol %) were placed on the 

bottom of a sealed tube containing a stirring bar. The tube was evacuated and refilled with CO2 (balloon) 

three times. After the addition of DMA (0.5 mL), the mixture was stirred at room temperature for 10 min 

under CO2 atmosphere (1 atm, balloon). 3-Indolylmethyl acetate 412 (57.9 mg, 0.20 mmol) in DMA (0.5 

mL) and ZnEt2 (1 M solution in hexane, 0.6 mL, 0.60 mmol, 3.0 equiv) were added at 0 oC, and then the 

tube was closed. The resulting reaction mixture was stirred at 60 oC for 16 h. HCl aq. (3 M) and water 

were added at 0 oC, and the mixture (pH < 2) was extracted with Et2O three times. The combined organic 

layer was washed with brine, dried over Na2SO4, and removed under reduced pressure. The residue was 

dissolved in Et2O/MeOH = 4:1 (ca. 2 mL) followed by treatment with TMSCHN2 (2 M in Et2O, 110 l, 

0.22 mmol, 1.1 equiv). After 10 min, the mixture was directly concentrated under high vacuum to afford 

the crude product. Yields of 2a, 3a, and 4 were determined at this stage using 1,1,2,2-tetrachloroethane ( 

= 5.9 ppm in CDCl3, 2H) as an internal standard (2a: 25%; 3a: 20%; 4 rec.: 53%). 

                                                   
12 H.-C. Hsu, D.-R. Hou, Tetrahedron Lett. 2009, 50, 7169. 
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