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General methods 

Unless otherwise noted, all reactions were performed in flame-dried glassware under an 

inert atmosphere of dry nitrogen. All commercially available compounds were purchased 

from Aldrich Chemical Co., GFS Chemicals, Strem Chemicals, Acros Organics, and 

Advanced Chemtech, and used as received. The reaction solvents tetrahydrofuran (THF), 

diethyl ether (Et2O), and dichloromethane (CH2Cl2) were purified by passing through 

alumina using the Sol-Tek ST-002 solvent purification system. Triethylamine (NEt3), 

toluene and 1,2-dichlorobenzene were freshly distilled from CaH2 prior to use. Benzene 

was freshly distilled from sodium/benzophenone prior to use. Purification of the 

compounds by flash column chromatography was performed using silica gel (32–63 µm 

particle size, 60 Å pore size) purchased from Silicycle. TLC analyses were performed on 

EMD Chemicals Silica Gel 60 F254 glass plates (250 µm thickness). 
1
H NMR and 

13
C NMR spectra were recorded on Bruker Avance 300 MHz, 500 MHz, or 700 MHz 

spectrometers. Spectra were referenced to residual chloroform (7.26 ppm, 
1
H, 77.0 ppm, 

13
C), benzene (7.16 ppm, 

1
H, 128.0 ppm, 

13
C), or o-dichlorobenzene (6.93 ppm, 

1
H, 

127.19 ppm, 
13

C). Chemical shifts are reported in ppm, multiplicities are indicated by s 

(singlet), d (doublet), t (triplet), q (quartet) and m (multiplet). Coupling constants, J, are 

reported in Hertz. All NMR spectra were obtained at room temperature unless otherwise 

specified. IR spectra were obtained using a Nicolet Avatar E.S.P. 360 FT-IR. EI mass 

spectroscopy was performed on a Micromass Autospec high-resolution mass 

spectrometer. Melting points are uncorrected and were determined on a Mel-Temp 

instrument. All microwave-mediated reactions were carried out using a Biotage 

Initiator™ Exp microwave synthesizer. The microwave parameters were set to variable 

power, constant temperature, with the fixed hold time set to on. The microwave reactions 

were carried out in 0.2–0.5 mL, 0.5–2 mL, or 2–5 mL Biotage™ microwave vials. 
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Experimental section 

 

 

Literature preparations 

N-methylisatin (7) was prepared from isatin (S1) by either the procedure reported by 

Aboul-Fadl in 2003 [1] or the procedure reported by Mazumder in 2004 [2]. Diyne 8 was 

prepared following the procedure of Yamamoto [3]. 

 

 

3-Hydroxy-1-methyl-3-(7-phenylhepta-1,6-diynyl)indolin-2-one (S2). A flame-dried 

single necked 10 mL round bottomed flask under a nitrogen atmosphere was charged with 

diyne 8 (0.133 g, 0.792 mmol) and tetrahydrofuran (4 mL) and cooled to −78 C. To this 

solution was added n-butyllithium (0.50 mL of a 1.6 M solution in hexanes, 0.79 mmol) 

dropwise over a period of 5 min. The reaction was maintained at −78 C for 1 h at which 

time N-methylisatin (7) (0.116 g, 0.720 mmol) in tetrahydrofuran (1.5 mL) was added 

dropwise over 5 min. The reaction was maintained at −78 C for 30 min, then allowed to 

warm to rt and stirred overnight during which time all the starting material had been 

consumed based on TLC. The reaction was quenched with saturated aqueous ammonium 

chloride solution (2 mL). The aqueous phase was separated and extracted with ether (3 × 

2 mL). The combined organic layers were washed with brine (2 mL), dried over 
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anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue 

was purified by silica gel flash chromatography eluting with 30% ethyl acetate/hexanes to 

afford 0.211 g of propargyl alcohol S2 in 89% yield as a light-orange solid. 

Data for S2: (JMO3-78) 

1
H NMR (300 MHz, CDCl3)  

7.55–7.52 (m, 1 H), 7.38–7.32 (m, 3H), 7.28–7.24 (m, 3H), 7.13 (dt, J = 

0.9, 7.8 Hz, 1H), 6.83 (d, J = 7.8 Hz, 1H), 3.50–3.47 (m, 1H), 3.21 (s, 3H), 

2.48 (t, J = 6.9 Hz, 2H), 2.41 (t, J = 7.2 Hz, 2H), 1.80 (quintet, J = 7.2 Hz, 

2H) 

13
C NMR (75 MHz, CDCl3) 

174.3, 142.8, 131.4 (2C), 130.1, 129.4, 128.0 (2C), 127.5, 124.3, 123.6, 

123.5, 108.6, 88.9, 86.5, 81.1, 77.6, 69.0, 27.3, 26.4, 18.4, 18.0 

IR  (thin film) 

3350, 3057, 2937, 2905, 2235, 1961, 1896, 1711, 1614 cm
−1

 

MS EI+ 

m/z (%) 329 (22), 328 (13), 314 (46), 252 (14), 224 (37), 129 (17), 128 

(50), 116 (20), 115 (100) 

HRMS  EI-HRMS: C22H18NO2 

  Calculated 329.1416; Found 329.1414 

TLC  Rf = 0.44 (50% EtOAc/hexanes) [silica gel, UV, p-anisaldehyde stain] 

 

 

 

1-Methyl-2-oxo-3-(7-phenylhepta-1,6-diynyl)indolin-3-yl acetate (9a). A flame-dried 

5 mL round bottomed flask under a nitrogen atmosphere was charged with propargyl 

alcohol S2 (0.200 g, 0.607 mmol) and dichloromethane (1.9 mL). 4-

Dimethylaminopyridine (7.4 mg, 0.0607 mmol) was added followed by triethylamine 

(304 μL, 2.19 mmol) and finally acetic anhydride (137 μL, 1.45 mmol). The reaction was 
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allowed to stir at room temperature for 1 h at which time complete consumption of the 

starting material was observed by TLC. Saturated aqueous sodium bicarbonate solution 

(1 mL) was added to quench the reaction. The layers were separated and the aqueous layer 

extracted with dichloromethane (3 × 1 mL). The combined organic layers were washed 

with brine (2 mL), dried over anhydrous sodium sulfate, filtered, and concentrated. The 

residue was purified by silica gel flash chromatography eluting with 30% ethyl 

acetate/hexanes to provide 0.220 g of propargyl acetate 9a in 98% yield as a colorless oil. 

Data for 9a: (JMO3-80) 

1
H NMR (300 MHz, CDCl3)  

7.43 (d, J = 7.2 Hz, 1H), 7.38–7.33 (m, 3H), 7.28–7.26 (m, 3H), 7.09 (t, J 

= 7.5 Hz, 1H), 6.85 (d, J = 7.8 Hz, 1H), 3.26 (s, 3H), 2.47 (t, J = 6.9 Hz, 

2H), 2.43 (t, J = 7.2 Hz, 2H), 2.09 (s, 3H), 1.81 (quintet, J = 7.2 Hz, 2H) 

ppm 

13
C NMR (75 MHz, CDCl3) 

170.7, 168.4, 143.4, 131.4 (2C), 130.3, 128.1 (2C), 127.5, 127.0, 123.5, 

123.4, 123.1, 108.6, 88.7, 88.3, 81.2, 74.1, 73.1, 27.1, 26.7, 20.6, 18.5, 

18.1 ppm 

IR  (thin film) 

3058, 2937, 2836, 2244, 1739, 1614 cm
−1

 

MS EI+ 

m/z (%) 371 (8), 330 (72), 329 (100), 314 (71), 312 (90), 301 (95), 300 

(88), 273 (86), 272 (82), 252 (85), 225 (75), 184 (75), 183 (94), 115 (83) 

HRMS  EI-HRMS: C24H21NO3 

  Calculated 371.1521; Found 371.1520  

TLC  Rf = 0.22 (30% EtOAc/hexanes) [silica gel, UV, p-anisaldehyde stain] 
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Spirooxindole (10a). Propargyl acetate 9a (30 mg, 0.081mmol) was dissolved in 1,2-

dichlorobenzene (1.6 mL) in a 0.5–2 mL Biotage™ microwave vial,. The vial was capped 

and the solution was irradiated in the microwave for 30 min at 225 °C (time does not 

include a ca. 4 min ramp time). The reaction mixture was diluted with hexanes (2 mL) 

and applied to a silica gel column. The column was eluted with hexanes (100 mL) and 

then with 25% ethyl acetate/hexanes. The fractions containing the desired product were 

concentrated under reduced pressure to provide 18 mg of spirooxindole 10a in 60% yield 

as a brown oil. 

Data for 10a: (JMO3-86) 

1
H NMR (700 MHz, CDCl3)  

7.29 (t, J = 7.7 Hz, 1H), 7.17 (d, J = 7.7 Hz, 1H), 7.15 (t, J = 7.7 Hz, 2H), 

7.08 (t, J = 7 Hz, 1H), 6.98 (t, J = 7.7 Hz, 1H), 6.90 (d, J = 8.4 Hz, 1H), 

6.87 (d, J = 8.4 Hz, 2H), 3.34 (s, 3H), 2.79–2.67 (m, 2H), 2.42–2.34 (m, 

2H), 2.17–2.03 (m, 2H), 1.77 (s, 3H) ppm 

13
C NMR (175 MHz, CDCl3) 

175.5, 167.3, 147.0, 143.8, 137.7, 132.7, 132.0, 128.54 (2C), 128.47, 

127.6, 127.1, 125.4 (2C), 124.5, 123.5, 122.4, 107.8, 61.8, 27.3, 26.7, 23.7, 

22.3, 20.5 ppm  

IR  (thin film) 

3055, 2932, 1761, 1717, 1611 cm
−1

 

MS EI+ 

m/z (%) 372 (16), 371 (73), 330 (30), 329 (100), 328 (78), 300 (10), 288 

(7), 272 (13), 244 (10), 202 (9), 105 (12), 77 (9) 

HRMS  EI-HRMS: C24H21NO3 

  Calculated 371.1521; Found 371.1532 

TLC  Rf = 0.14 (25% EtOAc/hexanes) [silica gel, UV, p-anisaldehyde stain] 

COSY, HMBC, HMQC, and DEPT-135 spectra for 10a are attached. 
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Literature preparation 

Mono-TMS diyne S3 was prepared in 21% yield by treatment of 1,7-heptadiyne with 

1 eq. of EtMgBr (3 M in Et2O) followed by addition of TMSCl. Alternatively, Cheng has 

reported the preparation of S3 in 74% yield using LHMDS as the base [4]. 

 

 

3-Hydroxy-1-methyl-3-(7-(trimethylsilyl)hepta-1,6-diynyl)indolin-2-one (S4). A 

flame-dried 10 mL round bottomed flask under a nitrogen atmosphere was charged with 

diyne S3 (106 mg, 0.645 mmol) and tetrahydrofuran (3.2 mL) and cooled to −78 C. To 

this solution was added n-butyllithium (0.40 mL of a 1.6 M solution in hexanes, 

0.645 mmol) dropwise over a period of 5 min. The reaction was maintained at −78 C for 

1 h at which time N-methylisatin (7) (95 mg, 0.586 mmol) in tetrahydrofuran (1.5 mL) 

was added dropwise over a period of 5 min. The reaction was maintained at −78 C for 

30 min, then allowed to warm to rt and stir overnight during which time all the starting 

material had been consumed based on TLC. The reaction was diluted with ether (5 mL) 

and poured into a separatory funnel containing ether (10 mL) and saturated aqueous 

ammonium chloride solution (10 mL). The aqueous phase was separated and extracted 

with ether (3 × 5 mL). The combined organic layers were washed with brine (10 mL), 

dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. 
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The residue was purified by silica gel flash chromatography eluting with 25% ethyl 

acetate/hexanes to afford 55 mg of propargyl alcohol S4 in 29% yield as a white solid. 

Additionally, 30 mg of the desilylated propargyl alcohol was isolated. 

Data for S4: (JMO3-96) 

Mp  124–126 °C 

1
H NMR (300 MHz, CDCl3)  

7.52 (dt, J = 7.5, 0.3 Hz, 1H), 7.34 (dt, J = 0.9, 7.8 Hz, 1H), 7.13 (t, J = 7.5 

Hz, 1H), 6.83 (d, J = 7.8 Hz, 1H), 3.20 (s, 3H), 2.31 (t, J = 7.2 Hz, 2H), 

2.26 (t, J = 6.9 Hz, 2H), 1.69 (quintet, J = 7.2 Hz, 2H), 0.122 (s, 9H) ppm 

13
C NMR (75 MHz, CDCl3) 

174.3, 142.9, 130.3, 129.2, 124.4, 123.7, 108.7, 106.0, 86.8, 85.2, 77.4, 

69.1, 27.2, 26.5, 19.0, 18.0, 0.06 (3C) ppm  

IR  (thin film) 

3357, 2957, 2236, 2173, 1713, 1614 cm
−1

 

MS EI+ 

m/z (%) 325 (35), 310 (38), 252 (90), 224 (30), 115 (31), 109 (100), 96 

(59), 81 (44), 75 (48), 73 (87) 

HRMS  EI-HRMS: C19H23NO2Si 

  Calculated 325.1498; Found 325.1489 

TLC  Rf = 0.48 (50% EtOAc/hexanes) [silica gel, UV, p-anisaldehyde stain] 

 

 

 

1-Methyl-3-(7-(trimethylsilyl)hepta-1,6-diynyl)-2-oxoindolin-3-yl acetate (9b). A 

flame-dried 5 mL round bottomed flask under a nitrogen atmosphere was charged with 

propargyl alcohol S4 (55 mg, 0.169 mmol) and dichloromethane (0.53 mL). 4-

Dimethylaminopyridine (2.1 mg, 0.0169 mmol) was added followed by triethylamine 

(85 µL, 0.609 mmol) and finally acetic anhydride (38 µL, 0.408 mmol). The reaction was 

allowed to stir at room temperature for 30 min at which time complete consumption of the 
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starting material was observed by TLC. The reaction was then diluted with 

dichloromethane (3 mL) and saturated aqueous sodium bicarbonate solution (2 mL) was 

added to quench the reaction. The layers were separated and the aqueous layer extracted 

with dichloromethane (3 × 2 mL). The combined organic layers were washed with brine 

(5 mL), dried over anhydrous sodium sulfate, filtered, and concentrated. The residue was 

purified by silica gel flash chromatography eluting with 20% ethyl acetate/hexanes to 

provide 62 mg of propargyl acetate 9b in 99% yield as a colorless oil. 

Data for 9b: (JMO3-101) 

1
H NMR (300 MHz, CDCl3)  

7.42 (d, J = 7.0 Hz, 1H), 7.35 (dt, 1.2, 7.8 Hz, 1H), 7.09 (t, J = 7.2 Hz, 

1H), 6.85 (d, J = 7.8 Hz, 1H), 3.26 (s, 3H), 2.35 (t, J = 7.5 Hz, 2H), 2.27 (t, 

J = 7.2 Hz, 2H), 2.08 (s, 3H), 1.71 (quintet, J = 7.2 Hz, 2H), 0.128 (s, 9H) 

ppm 

13
C NMR (75 MHz, CDCl3) 

170.8, 168.5, 143.5, 130.4, 127.0, 123.5, 123.2, 108.7, 105.9, 88.5, 85.3, 

74.0, 73.2, 27.1, 26.8, 20.7, 19.0, 18.1, 0.05 (3C) ppm  

IR  (thin film) 

2958, 2901, 2245, 2173, 1741, 1614 cm
−1

 

MS EI+ 

m/z (%) 398 (27), 397 (100), 396 (91), 379 (50), 378 (95), 368 (72) 

HRMS  TOF MS ES+: C21H25NO3NaSi 

  Calculated: 390.1502 Found: 390.1538 

TLC  Rf = 0.25 (20% EtOAc/hexanes) [silica gel, UV, p-anisaldehyde stain] 

 

 

 

Spirooxindole (10b). A 0.5–2 mL Biotage™ microwave vial was charged with propargyl 

acetate 9b (29 mg, 0.079 mmol) and 1,2-dichlorobenzene (1.6 mL). The vial was capped 
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and irradiated in the microwave for 50 min at 225 °C. After cooling to room temperature, 

the reaction mixture was diluted with hexanes (3 mL) and applied to a silica gel column. 

The column was eluted with hexanes (100 mL) and then with a gradient of 10%–25% 

ethyl acetate/hexanes. The fractions containing the desired product were concentrated 

under reduced pressure to furnish 14.5 mg of spirooxindole 10b in a 50% yield as a brown 

oil. 

Data for 10b: (JMO4-70) 

1
H NMR (700 MHz, CDCl3)  

7.22 (t, J = 7.7 Hz, 1H), 7.12 (d, J = 7.7 Hz, 1H), 6.96 (t, J = 7.7 Hz, 1H), 

6.79 (d, J = 7.7 Hz, 1H), 3.24 (s, 3H), 2.50–2.45 (m, 1H), 2.41–2.37 (m, 

1H), 2.28 (t, J = 5.6 Hz, 2H), 2.07–2.02 (m, 1H), 1.98–1.94 (m, 1H), 1.77 

(s, 3H), −0.15 (s, 9H) ppm 

13
C NMR (175 MHz, CDCl3) 

176.6, 167.2, 163.7, 145.8, 143.4, 131.3, 129.4, 128.0, 124.6, 123.3, 122.0, 

107.5, 63.3, 27.1, 26.4, 23.8, 22.9, 20.6, −1.38 (3C) ppm  

IR  (thin film) 

2927, 2854, 1765, 1717, 1612, 1587 cm
−1

 

MS  TOF MS ES+ 

  m/z (%) 392 (10), 391 (35), 390 (100), 387 (30), 365 (10), 227 (8), 217 (5) 

HRMS  TOF MS ES+: C21H25NO3SiNa 

  Calculated: 390.1501 Found: 390.1492 

TLC  Rf = 0.30 (50% EtOAc/hexanes) [silica gel, UV, p-anisaldehyde stain] 
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3-(Hepta-1,6-diynyl)-3-hydroxy-1-methylindolin-2-one (S6). A flame-dried 25 mL 

round bottomed flask under a nitrogen atmosphere was charged with 1,6-heptadiyne (S5) 

(0.100 g, 1.08 mmol) and tetrahydrofuran (5.4 mL) and cooled to −78 C. To this solution 

was added n-butyllithium (0.62 mL of a 1.6 M solution in hexanes, 0.996 mmol) dropwise 

over a period of 5 min. The reaction was maintained at −78 C for 1 h at which time N-

methylisatin (7) (0.146 g, 0.906 mmol) in tetrahydrofuran (3 mL) was added dropwise 

over a period of 5 min. The reaction was maintained at −78 C for 30 min, then allowed to 

warm to rt and stirred overnight during which time all the starting material had been 

consumed based on TLC. The reaction was diluted with ether (5 mL) and saturated 

aqueous ammonium chloride solution (5 mL) added. The aqueous phase was extracted 

with ether (3 × 5 mL). The combined organic layers were washed with brine (10 mL), 

dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. 

The residue was purified by silica gel flash chromatography eluting with a gradient of 

25%–30% ethyl acetate/hexanes to afford 152 mg of propargyl alcohol S6 in 66% yield as 

a white solid.  

Data for S6: (JMO3-97) 

Mp  95–97 °C 

1
H NMR (700 MHz, CDCl3)  

7.51 (d, J = 7.0 Hz, 1H), 7.32 (dt, J = 0.7, 7.7 Hz, 1H), 7.11 (t, J = 7.7 Hz, 

1H), 6.81 (d, J = 7.7 Hz, 1H), 4.38 (s, 1H), 3.18 (s, 3H), 2.31 (t, J = 7.0 
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Hz, 2H), 2.32–2.21 (m, 2H), 1.91 (t, J = 2.8 Hz, 1H), 1.67 (quintet, J = 7.0 

Hz, 2H) ppm 

13
C NMR (175 MHz, CDCl3) 

174.3, 142.8, 130.1, 129.3, 124.3, 123.6, 108.7, 86.4, 83.3, 77.5, 69.0, 

68.9, 27.0, 26.5, 17.8, 17.4 ppm  

IR  (thin film) 

3287, 2958, 2935, 2236, 2112, 1715, 1615 cm
−1

 

MS EI+ 

m/z (%) 254 (23), 253 (28), 145 (23), 128 (28), 115 (50), 104 (34), 91 (41), 

78 (41), 77 (95), 65 (40), 53 (100), 52 (49), 51 (77) 

HRMS  EI-HRMS: C16H15NO2 

  Calculated 253.1103; Found 253.1115 

TLC  Rf = 0.34 (50% EtOAc/hexanes) [silica gel, UV, p-anisaldehyde stain] 

 

 

 

3-(Hepta-1,6-diynyl)-1-methyl-2-oxoindolin-3-yl acetate (9c). A flame-dried 1 dram 

vial under a nitrogen atmosphere was charged with propargyl alcohol S6 (50 mg, 

0.198 mmol) and dichloromethane (0.6 mL). 4-Dimethylaminopyridine (2.4 mg, 

0.099 mmol) was added followed by triethylamine (99 µL, 0.711 mmol) and finally acetic 

anhydride (48 µL, 0.408 mmol). The reaction was allowed to stir at room temperature for 

30 min at which time complete consumption of the starting material was observed by 

TLC. The reaction was then diluted with dichloromethane (1 mL) and saturated sodium 

bicarbonate solution (1 mL) was added to quench the reaction. The layers were separated 

and the aqueous layer extracted with dichloromethane (3 × 1 mL). The combined organic 

layers were washed with brine (2 mL), dried over anhydrous sodium sulfate, filtered, and 

concentrated. The residue was purified by silica gel flash chromatography eluting with 

25% ethyl acetate/ hexanes to provide 58 mg of propargyl acetate 9c in 100% yield as a 

colorless oil. 
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Data for 9c: (JMO3-104) 

1
H NMR (700 MHz, CDCl3)  

7.41 (d, J = 7.7 Hz, 1H), 7.35 (dt, J = 1.4, 7.7 Hz, 1H), 7.08 (t, J = 7.7 Hz, 

1H), 6.84 (d, J = 8.4 Hz, 1H), 3.25 (s, 3H), 2.36 (t, J = 6.3 Hz, 2H), 2.24 

(dt, J = 2.8, 7.0 Hz, 2H), 2.07 (s, 3H), 1.93 (t, J = 2.8 Hz, 1H), 1.72 

(quintet, J = 7.0 Hz, 2H) ppm 

13
C NMR (175 MHz, CDCl3) 

170.8, 168.6, 143.5, 130.4, 127.0, 123.5, 123.2, 108.7, 88.3, 83.2, 74.1, 

73.2, 69.0, 26.9, 26.8, 20.7, 18.0, 17.5 ppm  

IR  (thin film) 

3289, 2938, 2243, 1738, 1613 cm
−1

 

MS EI+ 

m/z (%) 297 (12), 296 (64), 253 (100), 226 (88), 225 (74), 174 (65), 122 

(50) 

HRMS  EI-HRMS: C18H17NO3 

  Calculated 295.1208; Found 295.1223 

TLC  Rf = 0.48 (50% EtOAc/hexanes) [silica gel, UV, p-anisaldehyde stain] 

 

 

Literature preparations 

SEM protected isatin (S7) was prepared following the procedure reported by Overman in 

2008 [5]. 
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1-((2-(Trimethylsilyl)ethoxy)methyl)-3-hydroxy-3-(7-phenylhepta-1,6-diynyl)indolin-

2-one (S8). A flame-dried 15 mL 2-necked round bottomed flask under an argon 

atmosphere was charged with diyne 8 (167 mg, 0.992 mmol) and tetrahydrofuran (4 mL) 

and cooled to −78 °C. To this solution was added n-butyllithium (0.62 mL of a 1.6 M 

solution in hexanes, 0.992 mmol). The reaction was maintained at −78 °C for 30 min at 

which time SEM-isatin (S7) (250 mg, 0.902 mmol) was added as a solution in 

tetrahydrofuran (1.8 mL). The reaction was warmed to room temperature and left to stir 

for 3 h, at which time all starting material had been consumed based on TLC. Saturated 

aqueous ammonium chloride solution (2 mL) and water (2 mL) were added to quench the 

reaction. The aqueous layer was extracted with ether (3 × 3 mL). The combined organic 

layers were washed with brine (5 mL), dried over magnesium sulfate and concentrated. 

The crude material was purified by silica gel flash chromatography eluting with 20% 

ethyl acetate/hexanes. The fractions containing the desired product were concentrated to 

provide 335 mg of propargyl alcohol S8 as a yellow oil in 83% yield. 
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Data for S8: (JMO4-162) 

1
H NMR (300 MHz, CDCl3) 

7.54 (dt, J = 7.5, 0.6 Hz, 1H), 7.39–7.33 (m, 3H), 7.29–7.25 (m, 3H), 7.16 

(dt, J = 1.2, 7.8 Hz, 1H), 7.06 (d, J = 7.8 Hz, 1H), 5.18 (d, J = 11.1 Hz, 

1H), 5.12 (d, J = 10.8 Hz, 1H), 3.62–3.56 (m, 2H), 3.19–3.15 (m, 1H), 2.48 

(t, J = 6.9 Hz, 2H), 2.41 (t, J = 7.2 Hz, 2H), 1.80 (quintet, J = 6.9 Hz, 2H), 

0.94–0.89 (m, 2H), −0.04 (s, 9H) 

TLC  Rf = 0.30 (20% EtOAc/hexanes) [silica gel, UV, p-anisaldehyde stain] 

 

 

 

1-((2-(Trimethylsilyl)ethoxy)methyl)-2-oxo-3-(7-phenylhepta-1,6-diynyl)indolin-3-yl 

acetate (9d). A flame dried two-dram vial under a nitrogen atmosphere was charged with 

propargyl alcohol S8 (330 mg, 0.741 mmol) and dichloromethane (2.3 mL). To this 

solution was added 4-dimethylaminopyridine (9.1 mg, 0.0741 mmol) followed by 

triethylamine (370 μL, 2.67 mmol), and finally acetic anhydride (168 μL, 1.78 mmol). 

The reaction was stirred at room temperature for 1 h at which time all the starting material 

had been consumed based on TLC. The reaction was diluted with dichloromethane (3 mL) 

and saturated sodium bicarbonate solution (2 mL) was added. The aqueous layer was 

extracted with dichloromethane (3 × 2 mL). The combined organic layers were washed 

with brine (3 mL), dried over magnesium sulfate and concentrated. The residue was 

purified by silica gel flash chromatography eluting with 16% ethyl acetate/hexanes to 

provide 361 mg of propargyl acetate 9d in 98% yield as a slightly colored oil.  

Data for 9d: (JMO4-166) 

1
H NMR (300 MHz, CDCl3)  

7.45–7.42 (m, 1H), 7.40–7.35 (m, 3H), 7.30–7.26 (m, 3H), 7.15–7.09 (m, 

2H), 5.25 (d, J = 11.4 Hz, 1H), 5.18 (d, J = 11.1 Hz, 1H), 3.74 (ddd, J = 

6.9, 9.9, 9.9 Hz, 1H), 3.64 (ddd, J = 6.9, 9.9, 9.9 Hz, 1H), 2.48 (t, J = 6.9 
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Hz, 2H), 2.44 (t, J = 7.2 Hz, 2H), 2.10 (s, 3H), 1.82 (quintet, J = 6.9 Hz, 

2H), 1.04–0.88 (m, 2H) ppm 

IR  (thin film) 

3058, 2951, 2897, 2244, 1747, 1614 cm
−1

 

MS  TOF MS ES+ 

 m/z (%) 516 (22), 511 (45), 510 (100), 482 (35), 431 (32), 365 (30), 363 

(28), 227 (41) 

HRMS  TOF MS ES+: C29H33NO4SiNa 

  Calculated: 510.2077 Found: 510.2053 

TLC  Rf = 0.44 (20% EtOAc/hexanes) [silica gel, UV, p-anisaldehyde stain] 

 

 

 

2'-Oxo-8-phenyl-1'-((2-

(trimethylsilyl)ethoxy)methyl)spiro[bicyclo[4.2.0]octa[1(8),5]diene-7,3'-indolin]-5-yl 

acetate (10d). Propargyl acetate (9d) (75 mg, 0.154 mmol) was dissolved in 1,2-

dichlorobenzne (3 mL) in a 2–5 mL Biotage™ microwave vial. The vial was capped and 

the mixture was irradiated at 225 °C for 60 min (time does not include an additional ca. 4 

min ramp). The solution was then diluted with hexanes (3 mL) and applied to a silica gel 

column. The column was eluted with 100 mL of hexanes and then with a gradient of 5%–

20% ethyl acetate/hexanes. The fractions containing the desired product were 

concentrated to provide 45.6 mg of spirooxindole 10d in a 61% yield as a light-orange 

foamy solid. 

Data for 10d: (JMO4-168) 

1
H NMR (500 MHz, CDCl3)  

7.29 (t, J = 7.7 Hz, 1H), 7.18 (d, J = 7.4 Hz, 1H), 7.16–7.12 (m, 3H), 7.09 

(d, J = 7.3 Hz, 1H), 7.00 (t, J = 7.4 Hz, 1H), 6.90 (d, J = 7.5 Hz, 2H), 5.34 

(d, J = 11.1 Hz, 1H), 5.22 (d, J = 11.1 Hz, 1H), 3.71–3.63 (m, 2H), 2.79–
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2.73 (ddd, J = 17.0, 7.0, 7.0 Hz, 1H), 2.69 (ddd, J = 17.0, 7.0, 7.0 Hz, 1H), 

2.42 (ddd, J = 17.0, 5.5, 5.5 Hz, 1H), 2.38–2.32 (ddd, J = 17.0, 5.5, 5.5 Hz, 

1H), 2.17–2.02 (m, 2H), 1.76 (s, 3H), 0.96 (t, J = 8.2 Hz, 2H), −0.04 (s, 

9H). 

13
C NMR (125 MHz, CDCl3) 

176.0, 167.4, 147.1, 142.3, 137.8, 132.7, 132.2, 128.6, 128.6 (2C), 127.2, 

127.1, 125.4 (2C), 124.5, 123.7, 122.9, 109.5, 70.0, 66.2, 62.2, 27.3, 23.7, 

22.3, 20.5, 17.9, −1.4 ppm 

IR  (thin film) 

3056, 2949, 1762, 1730, 1613 cm
−1

 

MS  TOF MS ES+ 

  m/z (%) 558 (15), 542 (32), 526 (64), 511 (52), 510 (100) 

HRMS  TOF MS ES+: C29H33NO4SiK 

  Calculated: 526.1816 Found: 526.1850 

TLC  Rf = 0.15 (20% EtOAc/hexanes) [silica gel, UV, p-anisaldehyde stain] 

 

 

 

Literature preparations 

MOM protected isatin was prepared following the procedure reported by Trost in 2005 

[6]. 
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3-Hydroxy-1-(methoxymethyl)-3-(7-phenylhepta-1,6-diynyl)indolin-2-one (S10). A 

50 mL flame dried round bottomed flask under a nitrogen atmosphere was charged with 

diyne 8 (0.484 g, 2.88 mmol) and tetrahydrofuran (11.5 mL). The solution was cooled to 

0 °C and n-butyllithium (1.8 mL of a 1.6 M solution in hexanes, 2.88 mmol) was added 

dropwise via syringe. The reaction was maintained at 0 °C for 15 min at which time N-

MOM isatin (S9) (0.500 g, 2.62 mmol) was added over 5 min as a solution in 

tetrahydrofuran (8 mL). The reaction was warmed to rt and was left to stir for 2 h at which 

time all the starting material had been consumed based on TLC. Saturated aqueous 

ammonium chloride (10 mL) and water (5 mL) were added to quench the reaction. The 

layers were separated and the aqueous layer extracted with ether (3 × 10 mL). The 

combined organic layers were washed with brine, dried over magnesium sulfate, and 

concentrated. The crude material was purified by silica gel flash chromatography eluting 

with 30% ethyl acetate/hexanes. The fractions containing the desired product were 

concentrated to provide 0.708 g of propargyl alcohol S10 in 75% yield as an orange oil. 

Data for S10: (JMO5-16) 

1
H NMR (300 MHz, CDCl3)  

7.57 (d, J = 6.6 Hz, 1H), 7.39–7.33 (m, 3H), 7.28–7.26 (m, 3H), 7.17 (t, J 

= 7.5 Hz, 1H), 7.05 (d, J = 7.8, 1H), 5.16 (d, J = 10.8 Hz, 1H), 5.11 (d, J = 

11.1 Hz, 1H), 3.85 (s, 1H), 3.36 (s, 3H), 2.48 (t, J = 6.9 Hz, 2H), 2.41 (t, J 

= 7.2 Hz, 2H), 1.80 (quintet, J = 7.2 Hz, 2H) ppm  

13
C NMR (75 MHz, CDCl3) 

174.8, 141.1, 131.5 (2C), 130.4, 128.7, 128.2 (2C), 127.6, 124.6, 124.1, 

123.6, 110.2, 88.8, 87.2, 81.3, 77.2, 71.7, 69.4, 56.3, 27.3, 18.5, 18.0 ppm 

IR  (thin film) 

3374, 2938, 2234, 1723, 1614, 1488 cm
−1

 

MS  TOF MS ES+ 

  m/z (%) 383 (30), 382 (100), 365 (17), 227 (15) 

HRMS  TOF MS ES+: C23H21NO3Na 
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  Calculated: 382.1419 Found: 382.1391 

TLC  Rf = 0.08 (20% EtOAc/hexanes) [silica gel, UV, p-anisaldehyde stain] 

 

 

 

1-(Methoxymethyl)-2-oxo-3-(7-phenylhepta-1,6-diynyl)indolin-3-yl acetate (9e). A 

flame dried 25 mL round bottomed flask under a nitrogen atmosphere was charged with 

propargyl acetate S10 (0.660 g, 1.84 mmol) and dichloromethane (7.4 mL). To this 

solution was added 4-dimethylaminopyridine (23 mg, 0.184 mmol), followed by 

triethylamine (0.92 mL, 6.62 mmol), and finally acetic anhydride (0.42 mL, 4.42 mmol). 

The reaction was left to stir at rt for 2 h at which time all the starting material had been 

consumed based on TLC. The reaction was quenched by adding saturated aqueous sodium 

bicarbonate solution (8 mL). The layers were separated and the aqueous layer extracted 

with dichloromethane (3 × 5 mL). The combined organic layers were washed with brine 

(10 mL), dried over magnesium sulfate, and concentrated. The crude material was 

purified by silica gel flash chromatography eluting with a gradient of 15–20% ethyl 

acetate/hexanes to afford 0.670 g of propargyl acetate 9e in 91% yield as a thick yellow 

oil. 

Data for 9e: (JMO5-22) 

1
H NMR (300 MHz, CDCl3)  

7.44 (d, J = 7.5 Hz, 1H), 7.39–7.34 (m, 3H), 7.29–7.27 (m, 3H), 7.14 (t, J 

= 7.5 Hz, 1H), 7.08 (d, J = 8.1 Hz, 1H), 5.22 (d, J = 11.1 Hz, 1H), 5.15 (d, 

J = 11.1 Hz, 1H), 3.43 (s, 3H), 2.48 (t, J = 7.2 Hz, 2H), 2.44 (t, J = 7.2 Hz, 

2H), 2.11 (s, 3H), 1.82 (quintet, J = 6.9 Hz, 2H) ppm 

13
C NMR (75 MHz, CDCl3) 

171.3, 168.5, 141.6, 131.4 (2C), 130.4, 128.1 (2C), 127.6, 126.6, 123.7, 

123.5, 123.2, 110.2, 88.8, 88.6, 81.3, 74.2, 73.4, 72.0, 56.5, 27.1, 20.6, 

18.5, 18.1 ppm 
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IR  (thin film) 

3058, 2938, 2831, 2243, 1746, 1613, 1488 cm
−1

 

MS  TOF MS ES+ 

  m/z (%) 527 (43), 492 (30), 440 (20), 425 (70), 424 (100), 397 (20), 382  

  (15), 381 (18) 

HRMS  TOF MS ES+: C25H23NO4Na 

  Calculated: 424.1525 Found: 424.1564 

TLC  Rf = 0.24 (20% EtOAc/hexanes) [silica gel, UV, p-anisaldehyde stain] 

 

 

1'-(Methoxymethyl)-2'-oxo-8-phenylspiro[bicyclo[4.2.0]octa[1(8),5]diene-7,3'-

indolin]-5-yl acetate (10e). Propargyl acetate 9e (93 mg, 0.232 mmol) was dissolved in 

1,2-dichlorobenzene (4 mL)in a 2–5 mL Biotage™ microwave vial. The vial was capped 

and the solution was irradiated in the microwave at 225 °C for 60 min (time does not 

include a ca. 4 min ramp time). The reaction mixture was applied to a silica gel column 

and the column was eluted with hexanes (100 mL) and then with 40% ethyl 

acetate/hexanes. The fractions containing the desired product were concentrated to 

provide 53 mg of spirooxindole 10e in 57% yield as a ligh-brown foamy solid.  

Data for 10e: (JMO5-24) 

1
H NMR (500 MHz, CDCl3) 

7.29 (td, J = 7.7, 1.3 Hz, 1H), 7.20 (ddd, J = 7.4, 1.3, 0.6 Hz, 1H), 7.18–

7.14 (m, 2H), 7.12–7.08 (m, 2H), 7.02 (td, J = 7.5, 1.0 Hz, 1H), 6.91–6.90 

(m, 2H), 5.27 (d, J = 11.0 Hz, 1H), 5.25 (d, J = 11.0 Hz, 1H), 3.40 (s, 3H), 

2.77 (ddd, J = 17.1, 7.8, 5.6 Hz, 1H), 2.70 (ddd, J = 17.1, 7.1, 5.5 Hz, 1H), 

2.43 (ddd, J = 16.7, 6.7, 5.2 Hz, 1H), 2.36 (ddd, J = 16.7, 7.2, 4.9 Hz, 1H), 

2.18–2.03 (m, 2H), 1.78 (s, 3H). 
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13
C NMR (75 MHz, CDCl3) 

176.2, 167.4, 147.1, 141.9, 137.6, 132.6, 132.2, 128.7, 128.6, 127.2, 127.1, 

125.3, 124.4, 123.7, 123.0, 71.7, 62.1, 56.3, 56.3, 27.3, 23.6, 22.2, 

20.4 ppm 

IR  (thin film) 

2937, 1760, 1728 cm
−1

 

HRMS  TOF MS ES+: C25H23NO4Na 

  Calculated: 424.1525 Found: 424.1509 

TLC  Rf = 0.28 (40% EtOAc/hexanes) [silica gel, UV, p-anisaldehyde stain] 

 

Alternative reaction conditions for the transformation of propargyl acetate 9e to 

spirooxindole 10e: 

1'-(Methoxymethyl)-2'-oxo-8-phenylspiro[bicyclo[4.2.0]octa[1(8),5]diene-7,3'-

indolin]-5-yl acetate (10e). Propargyl acetate 9e (28 mg, 0.0698 mmol) was dissolved in 

N-methylpyrrolidinone (1.4 mL) in a 0.5–2 mL Biotage™ microwave vial. The vial was 

capped and the solution was irradiated in the microwave at 250 °C for 10 min (time does 

not include a ca. 1 min ramp time). The reaction mixture was partitioned between ether 

(5 mL) and water (5 mL). The ether layer was washed with water (4 × 3 mL). The 

combined aqueous portions were then extracted with ether (5 mL). The combined organic 

layers were washed with brine (5 mL), dried over magnesium sulfate and concentrated. 

The crude material was purified by silica gel flash chromatography eluting with 40% 

ethyl acetate/hexanes to afford 17 mg of the title compound 10e in 61% yield as a light- 

brown foamy solid. 
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3-Hydroxy-1-(methoxymethyl)-3-(octa-1,7-diynyl)indolin-2-one (S12). A flame dried 

50 mL round bottomed flask under a nitrogen atmosphere was charged with 1,8-octadiyne 

(S11) (206 mg, 1.94 mmol) and tetrahydrofuran (19 mL). To this solution at room 

temperature was added ethyl magnesium bromide (0.52 mL of a 3.0 M solution in ether, 

1.57 mmol). The reaction was stirred for 1 h at which time N-MOM isatin (S9) (200 mg, 

1.05 mmol) was added as a solution in tetrahydrofuran (3 mL). After 2.5 h, all the starting 

material had been consumed based on TLC. Saturated aqueous ammonium chloride 

solution (10 mL) and water (5 mL) were added to quench the reaction. The layers were 

separated and the aqueous layer extracted with ether (3 × 10 mL). The combined organic 

layers were washed with brine (10 mL), dried over magnesium sulfate, and concentrated. 

The residue was purified by silica gel flash chromatography eluting with 20% ethyl 

acetate/hexanes to provide 226 mg of the title compound S12 in 72% yield as a yellow oil. 

Data for S12: (JMO5-30) 

1
H NMR (300 MHz, CDCl3) 

7.53 (d, J = 7.5 Hz, 1H), 7.36 (dt, J = 1.2, 7.8 Hz, 1H), 7.17 (dt, J = 0.6, 

7.5 Hz, 1H), 7.04 (d, J = 7.8 Hz, 1H), 5.15 (d, J = 10.8 Hz, 1H), 5.10 (d, J 

= 10.8 Hz, 1H), 3.35 (s, 3H), 2.26 (t, J = 6.9 Hz, 2H), 2.19 (dt, J = 2.7, 6.9 

Hz, 2H), 1.93 (t, J = 2.4 Hz, 1H), 1.68–1.53 (m, 4H) ppm 
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TLC  Rf = 0.67 (50% EtOAc/hexanes) [silica gel, UV, p-anisaldehyde stain] 

 

 

3-hydroxy-1-(methoxymethyl)-3-(8-phenylocta-1,7-diynyl)indolin-2-one (S13). A 

10 mL round bottomed flask under a nitrogen atmosphere was charged with propargyl 

alcohol S12 (211 mg, 0.710 mmol), tetrahydrofuran (0.3 mL) and triethylamine (2.1 mL, 

14.9 mmol). Iodobenzene (290 mg, 1.42 mmol) was added followed by copper (I) iodide 

(2.7 mg, 0.0142 mmol) and finally tetrakis(triphenylphosphine)palladium(0) (8.2 mg, 

7.1 × 10
−3

 mmol). The reaction was left to stir at rt overnight. The reaction mixture was 

diluted with ether (5 mL), filtered through a plug of Celite, and concentrated. The residue 

was purified by silica gel flash chromatography eluting with 25% ethyl acetate/hexanes to 

afford 174 mg of the title compound S13 in 66% yield as a light-amber oil. 

Data for S13: (JMO5-34) 

1
H NMR (300 MHz, CDCl3) 

7.54 (d, J = 7.5 Hz, 1H), 7.39–7.33 (m, 3H), 7.29–7.25 (m, 3H), 7.15 (t, J 

= 7.5 Hz, 1H), 7.04 (d, J = 8.1 Hz, 1H), 5.14 (d, J = 11.1 Hz, 1H), 5.10 (d, 

J = 11.1 Hz, 1H), 3.34 (s, 3H), 3.13 (s, 1H), 2.41 (t, J = 6.6 Hz, 2H), 2.30 

(t, J = 6.9 Hz, 2H), 1.72–1.65 (m, 4H) ppm 

TLC  Rf = 0.29 (50% EtOAc/hexanes) [silica gel, UV, p-anisaldehyde stain] 

 

 

1-(Methoxymethyl)-2-oxo-3-(8-phenylocta-1,7-diynyl)indolin-3-yl acetate (9f). A 

5 mL round bottomed flask under a nitrogen atmosphere was charged with propargyl 

alcohol S13 (174 mg, 0.466 mmol) and dichloromethane (1.5 mL). To this solution was 

added 4-dimethylaminopyridine (5.7 mg, 0.047 mmol), triethylamine (234 μL, 
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1.68 mmol) and finally acetic anhydride (105 μL, 1.11 mmol). The reaction mixture was 

left to stir overnight during which time all the starting material had been consumed based 

on TLC. The reaction was quenched by adding saturated sodium bicarbonate solution (2 

mL). The layers were separated and the aqueous layer extracted with dichloromethane (3 

× 1 mL). The combined organic layers were washed with brine (2 mL), dried over 

magnesium sulfate, and concentrated. The residue was purified by silica gel flash 

chromatography eluting with 30% ethyl acetate/hexanes to afford 157 mg of propargyl 

acetate 9f in 81% yield as a slightly colored oil.  

Data for 9f: (JMO5-58) 

1
H NMR (300 MHz, CDCl3) 

7.43–7.31 (m, 4H), 7.30–7.25 (m, 3H), 7.10 (dt, J = 1.2, 7.8 Hz, 1H), 7.06 

(d, J = 7.8 Hz, 1H), 5.19 (d, J = 11.1 Hz, 1H), 5.13 (d, J = 11.1 Hz, 1H), 

3.40 (s, 3H), 2.39 (t, J = 6.9 Hz, 2H), 2.30 (t, J = 6.9 Hz, 2H), 2.10 (s, 3H), 

1.74–1.60 (m, 4H) ppm 

TLC  Rf = 0.18 (20% EtOAc/hexanes) [silica gel, UV, p-anisaldehyde stain] 

 

 

Spirooxindole (10f). A 0.5–2 mL Biotage™ microwave vial was charged with propargyl 

acetate 9f (79 mg, 0.190 mmol) and N-methylpyrrolidinone (3.8 mL). The vial was 

capped and the solution was irradiated in the microwave at 250 °C for 5 min (time does 

not include a ca. 1 min ramp time). The reaction mixture was partitioned between ether 

(10 mL) and water (10 mL). The ether layer was washed with water (4 × 6 mL). The 

combined aqueous portions were extracted with ether (3 × 5 mL). The combined organic 

layers were dried over magnesium sulfate and concentrated. The residue was purified by 

silica gel flash chromatography eluting with a gradient of 21%–30% ethyl acetate/hexanes 

to afford 38 mg of spirooxindole 10f in 48% yield as a brown oil. 
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Data for 10f: (JMO5-62) 

1
H NMR (700 MHz, C6H6) 

7.24 (d, J = 7.4 Hz, 1H), 7.10 (d, J = 8.0 Hz, 2H), 7.00 (td, J = 7.7, 1.2 Hz, 

1H), 6.95 (t, J = 7.6 Hz, 2H), 6.89–6.87 (m, 2H), 6.83 (td, J = 7.5, 0.9 Hz, 

1H), 5.16 (d, J = 10.9 Hz, 1H), 4.96 (d, J = 11.0 Hz, 1H), 3.29 (s, 3H), 2.70 

(ddd, J = 17.8, 8.0, 3.9 Hz, 1H), 2.47 (ddd, J = 18.2, 6.3, 6.3 Hz, 1H), 2.42 

(ddd, J = 18.2, 6.3, 6.3 Hz, 1H), 2.21 (ddd, J = 17.8, 7.8, 3.2 Hz, 1H), 

1.62–1.57 (m, 1H), 1.53–1.46 (m, 3H), 1.29 (s, 3H) ppm 

13
C NMR (75 MHz, CDCl3) 

176.3, 168.4, 147.1, 143.0, 140.1, 138.1, 133.8, 130.9, 129.3, 129.0, 128.6, 

127.7, 126.8, 125.2, 123.6, 109.6, 71.8, 59.6, 56.7, 34.4, 30.6, 26.3, 26.0, 

19.7 ppm 

TLC  Rf = 0.50 (50% EtOAc/hexanes) [silica gel, UV, p-anisaldehyde stain] 
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