
Supporting Information  

Diastereoselective Synthesis of Functionalized Spiroindolines via 

Intramolecular ipso-Iodocyclization/Nucleophile Addition 

Cascade Reactions of Indole-tethered Ynones 

Debojyoti Baga,b, and Sanghapal D. Sawanta,b,c* 

 
aNatural Products and Medicinal Chemistry Division, CSIR-Indian Institute of Integrative 

Medicine, Canal Road, Jammu, Jammu & Kashmir, 180001, India. 
 

bAcademy of Scientific and Innovative Research (AcSIR), Ghaziabad-201002, India. 

 
cOrganic Chemistry Division, CSIR-National Chemical Laboratory, Dr. Homi Bhabha Road, 

Pune - 411008, India. 

Correspondence to: sdsawant@iiim.res.in, sdsawant@iiim.ac.in, sd.sawant@ncl.res.in 

 

Table of Contents 

Contents Page No. 

1. General Methods………………………………………………………..... S-2 

2. Synthesis of Starting Materials……………………………………............ S-3 

3. General Experimental Procedures...……………………………………… S-3 

4. Characterization data for compounds 2a-3f……………………………… S-4 

5. References................................................................................................... S-18 

6. NMR Spectra……………………………………………………………... S-19 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2024

mailto:sdsawant@iiim.res.in
mailto:sdsawant@iiim.ac.in


S-2 

 

1. General Methods: 

Materials: All glassware was oven-dried (90 °C). Unless mentioned, chemicals & solvents 

were purchased in high purity grade from commercial suppliers and used without further 

purification.  

Chromatography: Thin layer chromatography (TLC) was carried out on Merck silica plates 

(60F– 254), and components were visualized by observation under UV light or by treating the 

plates with p-anisaldehyde followed by heating. Silica gel chromatography was performed 

using silica gel (60–120 or 100-200 mesh).  

Characterization: NMR spectra for the characterization of compounds were recorded on 

Bruker Avance DPX FT-NMR 400 MHz instrument (1H) at 400 MHz and (13C) at 100 MHz 

respectively. 19F NMR was recorded at 376 MHz. Chemical shifts (δ) are reported in ppm, 

using the residual solvent peak in DMSO-d6 (δH = 2.50 and δC = 39.52 ppm) as internal 

reference and coupling constants (J) are given in hertz (Hz). The following abbreviations were 

used to explain the multiplicities: s = singlet, d = doublet, dd = doublet of doublet, ddd = doublet 

of doublets of doublets, t = triplet, q = quartet, m = multiplet. High-Resolution Mass Spectra 

(HRMS) were recorded using a Waters XEVO-G2-XS-Q-TOF mass spectrometer.  

Experimental details. Unless mentioned, reactions were performed in an open atmosphere at 

room temperature (25-30 °C) in a 5 mL glass vial.  

 

 

Figure S1: Indole-tethered ynones utilized in this study 
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Figure S2: (Hetero)arene nucleophiles utilized in this study 

 

2. Synthesis of Starting Materials:  

Indole-tethered ynones utilized in this study were synthesized in two steps according to the 

previously reported literature procedures.1  

 

3. General Experimental Procedure: 

Procedure for the Synthesis of Spiroindolines from Indole-tethered Ynones (GP1):  

 

To the solution of indole-tethered ynone 1 (1.0 equiv.) and nucleophile 

(indole/pyrrole/thiophene/azulene) (1.0 equiv.) in 1,2-DCE (0.25 M) was added NIS (1.1 

equiv.) The resulting mixture was stirred at room temperature. Progress of the reaction was 

monitored periodically by TLC.  Upon completion, aqueous Na2S2O3 solution was added to 

the reaction mixture. The organic layer was separated and washed with brine. The combined 

organic layers were dried over anhydrous Na2SO4 and concentrated under reduced pressure. 

Silica gel column purification by using ethyl acetate and petroleum ether mixture as eluent 

afforded the desired products.   
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4. Characterization Data of Synthesized Compounds: 

 2'-(1H-indol-3-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-one (2a): 

Reaction of ynone 1a (75 mg, 0.289 mmol), indole (33.9 mg, 0.289 

mmol) and NIS (71.6 mg, 0.318 mmol) following the GP1 afforded the 

title compound 2a as pale yellow solid (131 mg, 90% yield); mp 112-

114 °C; Rf : 0.46 (30% Ethyl Acetate-Petroleum Ether); 1H NMR (400 

MHz, DMSO-d6) δ 11.2 (s, 1H), 7.48-7.42 (m, 3H), 7.40-7.35 (m, 1H), 

7.28-7.19 (m, 4H), 7.14-7.04 (m, 3H), 6.92-6.86 (m, 1H), 6.73-6.68 (m, 1H), 6.58-6.54 (m, 

1H), 6.15 (s, 1H), 5.21 (s, 1H), 2.74 (d, J = 18.79 Hz, 1H), 2.47 (d, J = 18.78 Hz, 1H) ppm; 

13C{1H} NMR (100 MHz, DMSO-d6) δ  201.9, 179.1, 151.4, 136.8, 135.9, 130.2, 129.4, 129.0, 

128.3, 128.1, 125.9, 124.6, 123.4, 121.4, 119.7, 118.9, 117.8, 113.1, 111.8, 108.7, 105.1, 63.9, 

63.0, 45.0 ppm; HRMS (ESI): calcd. for C26H20N2OI [M+H]+: 503.0620, found 503.0623. 

2'-(4-methyl-1H-indol-3-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-one 

(2b): Reaction of ynone 1a (75 mg, 0.289 mmol), 4-methylindole (38 

mg, 0.289 mmol) and NIS (71.6 mg, 0.318 mmol) following the GP1 

afforded the title compound 2b as yellow solid (133 mg, 89% yield); mp 

167-169 °C; Rf : 0.54 (30% Ethyl Acetate-Petroleum Ether); 1H NMR 

(400 MHz, DMSO-d6) δ 11.10 (d, J = 2.33 Hz, 1H), 7.40-7.32 (m, 3H), 

7.25-7.21 (m, 1H), 7.10 (ddd, J = 15.22, 7.72, 1.21 Hz, 1H), 7.06-7.02 (m, 1H), 7.01-6.96 (m, 

2H), 6.90-6.86 (m, 2H), 6.81-6.76 (m, 1H), 6.65 (dt, J = 7.39, 093 Hz, 1H), 6.51 (d, J = 7.58 

Hz, 1H), 6.02 (s, 1H), 5.38 (s, 1H), 2.58 (s, 2H), 2.41 (s, 3H) ppm; 13C{1H} NMR (100 MHz, 

DMSO-d6) δ  202.2, 180.8, 152.0, 136.8, 135.7, 129.3, 129.1, 128.5, 128.1, 127.7, 127.1, 125.0, 

123.9, 123.6, 121.3, 121.1, 117.1, 115.7, 110.0, 107.5, 103.9, 64.3, 61.9, 44.4, 20.7 ppm; 

HRMS (ESI): calcd. for C27H22N2OI [M+H]+: 517.0777, found 517.0776. 

2'-(4-methoxy-1H-indol-3-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-

one (2c): Reaction of ynone 1a (75 mg, 0.289 mmol), 4-methoxyindole 

(42.5 mg, 0.289 mmol) and NIS (71.6 mg, 0.318 mmol) following the 

GP1 afforded the title compound 2c as yellow solid (129 mg, 84% yield); 

mp 152-154 °C; Rf : 0.48 (30% Ethyl Acetate-Petroleum Ether); 1H 

NMR (400 MHz, DMSO-d6) δ 11.03 (d, J = 2.03 Hz, 1H), 7.38-7.30 (m, 

3H), 7.08-6.96 (m, 4H), 6.90-6.82 (m, 3H), 6.61 (dt, J = 7.37, 0.90 Hz, 2H), 6.47 (d, J = 7.65 

Hz, 1H), 6.46 (dd, J = 7.47, 0.90 Hz, 1H), 5.88 (s, 1H), 5.42 (s, 1H), 3.68 (s, 3H), 2.67 (d, J = 
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18.81 Hz, 1H), 2.53 (d, J = 18.80 Hz, 1H) ppm; 13C{1H} NMR (100 MHz, DMSO-d6) δ 202.3, 

181.0, 153.3, 152.3, 138.0, 136.0, 129.1, 128.9, 128.0, 127.8, 127.1, 124.0, 122.4, 121.6, 116.9, 

116.4, 115.2, 107.4, 105.3, 103.5, 99.2, 63.8, 62.4, 55.3, 43.5 ppm; HRMS (ESI): calcd. for 

C27H22N2O2I [M+H]+: 533.0726, found 533.0729. 

 

2'-(5-methyl-1H-indol-3-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-one 

(2d): Reaction of ynone 1a (75 mg, 0.289 mmol), 5-methylindole (38 

mg, 0.289 mmol) and NIS (71.6 mg, 0.318 mmol) following the GP1 

afforded the title compound 2d as yellow solid (136 mg, 91% yield); mp 

84-87 °C; Rf : 0.55 (30% Ethyl Acetate-Petroleum Ether); 1H NMR (400 

MHz, DMSO-d6) δ 10.99 (s, 1H), 7.50-7.41 (m, 3H), 7.33-7.23 (m, 3H), 

7.22-7.19 (m, 1H), 7.15-7.05 (m, 2H), 7.00 (s, 1H), 6.92-6.87 (m, 1H), 

6.74-6.68 (m, 1H), 6.59 (d, J = 7.75 Hz, 1H), 6.16 (s, 1H), 5.25-5.20 (m, 1H), 2.78 (d, J = 

18.43 Hz, 1H), 2.42 (d, J = 18.31 Hz, 1H), 2.27 (s, 3H) ppm; 13C{1H} NMR (100 MHz, DMSO-

d6) δ 201.9, 178.5, 151.2, 135.9, 135.1, 130.7, 129.5, 128.9, 128.4, 127.2, 126.3, 124.6, 123.3, 

123.0, 119.3, 117.9, 112.2, 111.5, 108.9, 105.4, 64.0, 63.1, 45.1, 21.4 ppm; HRMS (ESI): calcd. 

for C27H20N2OI [M-H]-: 515.0620, found 515.0621. 

2'-(5-methoxy-1H-indol-3-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-

one (2e): Reaction of ynone 1a (75 mg, 0.289 mmol), 5-methoxyindole 

(42.5 mg, 0.289 mmol) and NIS (71.6 mg, 0.318 mmol) following the 

GP1 afforded the title compound 2e as off white solid (137 mg, 89% 

yield); mp 160-162 °C; Rf : 0.44 (30% Ethyl Acetate-Petroleum Ether); 

1H NMR (400 MHz, DMSO-d6) δ 10.94 (s, 1H), 7.44-7.39 (m, 3H), 

7.28-7.23 (m, 2H), 7.21-7.16 (m, 2H), 7.08-7.03 (m, 2H), 6.73-6.67 (m, 

2H), 6.56-6.51 (m, 2H), 6.06 (bs, 1H), 5.16 (s, 1H), 3.51 (s, 3H), 2.73 (d, J = 18.52 Hz, 1H), 

2.53 (d, J = 18.50 Hz, 1H) ppm; 13C{1H} NMR (100 MHz, DMSO-d6) δ 202.0, 179.6, 153.1, 

151.6, 135.9, 131.9, 130.1, 129.3, 129.1, 128.3, 127.9, 125.9, 125.3, 123.2, 117.7, 113.6, 112.5, 

111.6, 108.5, 104.8, 101.3, 63.6, 63.2, 55.1, 44.8 ppm; HRMS (ESI): calcd. for C27H20N2O2I 

[M-H]-: 531.0569, found 531.0564. 
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2'-(5-hydroxy-1H-indol-3-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-

one (2f): Reaction of ynone 1a (75 mg, 0.289 mmol), 5-hydroxyindole 

(38.5 mg, 0.289 mmol) and NIS (71.6 mg, 0.318 mmol) following the 

GP1 afforded the title compound 2f as light brown solid (130 mg, 87% 

yield); mp 177-179 °C; Rf : 0.22 (30% Ethyl Acetate-Petroleum Ether); 

1H NMR (400 MHz, DMSO-d6) δ 10.80 (d, J = 2.20 Hz, 1H), 8.67 (s, 

1H), 7.45-7.40 (m, 3H), 7.25-7.20 (m, 2H), 7.15 (d, J = 8.65 Hz, 1H), 

7.11-7.05 (m, 3H), 6.74 (d, J = 2.23 Hz, 1H), 6.69 (dt, J = 7.41, 0.78 Hz, 1H), 6.60 (dd, J = 

8.65, 2.29 Hz, 1H), 6.57-6.57 (m, 1H), 6.10 (d, J = 2.38 Hz, 1H), 5.10 (d, J = 2.34 Hz, 1H), 

2.80 (d, J = 18.40 Hz, 1H), 2.40 (d, J = 18.39 Hz, 1H) ppm; 13C{1H} NMR (100 MHz, DMSO-

d6) δ 202.1, 179.1, 151.3, 150.5, 136.1, 131.3, 130.3, 129.4, 129.0, 128.5, 128.3, 127.0, 124.8, 

123.5, 117.8, 112.2, 111.9, 111.6, 108.9, 105.2, 104.1, 64.4, 63.2, 45.3 ppm; HRMS (ESI): 

calcd. for C26H18N2O2I [M-H]-: 517.0413, found 517.0406. 

2'-(5-fluoro-1H-indol-3-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-one 

(2g): Reaction of ynone 1a (75 mg, 0.289 mmol), 5-fluoroindole (39 mg, 

0.289 mmol) and NIS (71.6 mg, 0.318 mmol) following the GP1 

afforded the title compound 2g as off white solid (102 mg, 68% yield); 

mp 155-157 °C; Rf : 0.37 (30% Ethyl Acetate-Petroleum Ether); 1H 

NMR (400 MHz, DMSO-d6) δ 11.23 (d, J = 2.18 Hz, 1H), 7.45-7.41 (m, 

3H), 7.39-7.34 (m, 2H), 7.23-7.19 (m, 2H), 7.14-7.09 (m, 2H), 6.92 (dt, 

J = 9.11, 2.55 Hz, 1H), 6.84 (dd, J = 10.42, 2.54 Hz, 1H), 6.72 (dt, J = 7.41, 0.91 Hz, 1H), 

6.58-6.54 (m, 1H), 6.14 (d, J = 2.01 Hz, 1H), 5.16 (d, J = 1.96 Hz, 1H), 2.68 (d, J = 18.40 Hz, 

1H), 2.50 (d, J = 18.42 Hz, 1H) ppm; 13C{1H} NMR (100 MHz, DMSO-d6) δ 201.7, 179.0, 

156.6 (d, J = 231.3 Hz), 151.3, 135.9, 133.4, 130.0, 129.3, 129.1, 128.3, 128.0, 126.7, 125.9 

(d, J = 10.03 Hz), 123.4, 117.9, 113.3 (d, J = 4.64 Hz), 112.8 (d, J = 9.86 Hz), 109.5 (d, J = 

26.06 Hz), 108.7, 105.2, 104.4 (d, J = 23.89 Hz), 63.8, 63.0, 44.7 ppm; 19F NMR (376 MHz, 

DMSO-d6) δ -124.5 ppm; HRMS (ESI): calcd. for C26H17N2OIF [M-H]-: 519.0370, found 

519.0369. 
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2'-(5-bromo-1H-indol-3-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-one 

(2h): Reaction of ynone 1a (75 mg, 0.289 mmol), 5-bromoindole (56.7 

mg, 0.289 mmol) and NIS (71.6 mg, 0.318 mmol) following the GP1 

afforded the title compound 2h as yellow solid (145 mg, 86% yield); mp 

178-180 °C; Rf : 0.35 (30% Ethyl Acetate-Petroleum Ether); 1H NMR 

(400 MHz, DMSO-d6) δ 11.35 (d, J = 2.13 Hz, 1H), 7.47-7.42 (m, 3H), 

7.38-7.31 (m, 3H), 7.29-7.24 (m, 2H), 7.18 (dd, J = 8.62, 1.93 Hz, 1H), 

7.14-7.08 (m, 2H), 6.73 (dt, J = 7.42, 0.88 Hz, 1H), 6.60 (d, J = 7.73 Hz, 1H), 6.20 (d, J = 

2.44 Hz, 1H), 5.18 (d, J = 2.35 Hz, 1H), 2.68 (d, J = 18.34 Hz, 1H), 2.44 (d, J = 18.32 Hz, 

1H) ppm; 13C{1H} NMR (100 MHz, DMSO-d6) δ 201.7, 178.4, 151.1, 135.8, 135.4, 130.4, 

129.5, 129.1, 128.4, 128.3, 127.8, 126.2, 123.9, 123.4, 122.0, 118.2, 113.9, 112.5, 111.6, 109.1, 

105.5, 64.0, 62.9, 44.9 ppm; HRMS (ESI): calcd. for C26H17N2OBrI [M-H]-: 578.9569, found 

578.9561. 

3-iodo-2'-(5-nitro-1H-indol-3-yl)-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-one 

(2i): Reaction of ynone 1a (75 mg, 0.289 mmol), 5-nitroindole (46.8 mg, 

0.289 mmol) and NIS (71.6 mg, 0.318 mmol) following the GP1 

afforded the title compound 2i as pale brown solid (104 mg, 66% yield); 

mp 165-167 °C; Rf : 0.25 (30% Ethyl Acetate-Petroleum Ether); 1H 

NMR (400 MHz, DMSO-d6) δ 11.88 (s, 1H), 8.26 (s, 1H), 8.04-7.93 (m, 

1H), 7.61-7.52 (m, 2H), 7.51-7.41 (m, 3H), 7.37-7.29 (m, 2H), 7.18-7.08 

(m, 2H), 6.80-6.66 (m, 2H), 6.30 (s, 1H), 5.627 (d, J = 2.30 Hz, 1H), 2.64 (d, J = 18.26 Hz, 

1H), 2.45 (d, J = 18.30 Hz, 1H) ppm; 13C{1H} NMR (100 MHz, DMSO-d6) δ 201.4, 178.0, 

150.9, 140.5, 139.8, 135.7, 130.4, 129.5, 129.1, 128.5, 128.3, 125.2, 123.5, 118.4, 116.8, 115.5, 

112.4, 109.3, 105.7, 63.9, 62.6, 45.0 ppm; HRMS (ESI): calcd. for C26H17N3O3I [M-H]-: 

546.0315, found 546.0316. 

3-iodo-2'-(6-methyl-1H-indol-3-yl)-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-one 

(2j): Reaction of ynone 1a (75 mg, 0.289 mmol), 6-methylindole (38 

mg, 0.289 mmol) and NIS (71.6 mg, 0.318 mmol) following the GP1 

afforded the title compound 2j as off white solid (126 mg, 84% yield); 

mp 118-120 °C;  Rf : 0.51 (30% Ethyl Acetate-Petroleum Ether); 1H 

NMR (400 MHz, DMSO-d6) δ 10.94 (d, J = 1.96 Hz, 1H), 7.47-7.39 

(m, 3H), 7.25-7.20 (m, 2H), 7.17-7.13 (m, 2H), 7.12-7.05 (m, 3H), 6.75-6.67 (m, 2H), 6.55 (d, 
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J = 7.69 Hz, 1H), 6.12 (s, 1H), 5.17 (d, J = 0.89 Hz, 1H), 2.73 (d, J = 18.45 Hz, 1H), 2.42 (d, 

J = 18.43 Hz, 1H), 2.35 (s, 3H) ppm; 13C{1H} NMR (100 MHz, DMSO-d6) δ 202.0, 179.0, 

151.4, 137.2, 136.0, 130.5, 130.3, 129.4, 129.0, 128.4, 128.2, 123.9, 123.8, 123.4, 120.7, 119.4, 

117.8, 112.9, 111.6, 108.8, 105.2, 64.0, 63.1, 45.1, 21.4 ppm; HRMS (ESI): calcd. for 

C27H22N2OI [M+H]+: 517.0777, found 517.0776. 

3-iodo-2'-(6-(methoxy)-1H-indol-3-yl)-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-

one (2k): Reaction of ynone 1a (75 mg, 0.289 mmol), 6-

methoxyindole (42.5 mg, 0.289 mmol) and NIS (71.6 mg, 0.318 

mmol) following the GP1 afforded the title compound 2k as off 

white solid (128 mg, 83% yield); mp 175-177 °C; Rf : 0.35 (30% 

Ethyl Acetate-Petroleum Ether); 1H NMR (400 MHz, DMSO-d6) δ 

10.89 (d, J = 2.01 Hz, 1H), 7.46-7.40 (m, 3H), 7.24-7.19 (m, 2H), 

7.12-7.05 (m, 4H), 6.86 (d, J = 2.24 Hz, 1H), 6.69 (dt, J = 7.41, 0.92 Hz, 1H), 6.58-6.52 (m, 

2H), 6.11 (d, J = 2.14 Hz, 1H), 5.14 (d, J = 2.02 Hz, 1H), 3.73 (s, 3H), 2.72 (d, J = 18.44 Hz, 

1H), 2.43 (d, J = 18.42 Hz, 1H) ppm; 13C{1H} NMR (100 MHz, DMSO-d6) δ 201.9, 179.1, 

155.6, 151.3, 137.6, 135.9, 130.1, 129.3, 129.0, 128.3, 128.1, 123.3, 123.1, 120.3, 120.2, 117.7, 

113.1, 109.1, 108.7, 105.1, 94.7, 63.9, 63.1, 55.1, 45.0 ppm; HRMS (ESI): calcd. for 

C27H22N2O2I [M+H]+: 533.0726, found 533.0731. 

2'-(6-(benzyloxy)-1H-indol-3-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-

one (2l): Reaction of ynone 1a (75 mg, 0.289 mmol), 6-

benzyloxyindole (64.5 mg, 0.289 mmol) and NIS (71.6 mg, 0.318 

mmol) following the GP1 afforded the title compound 2l as pale 

brown solid (162 mg, 92% yield); mp 117-119 °C; Rf : 0.44 (30% 

Ethyl Acetate-Petroleum Ether); 1H NMR (400 MHz, DMSO-d6) δ 

10.92 (d, J = 2.11 Hz, 1H), 7.48-7.37 (m, 7H), 7.34-7.31 (m, 1H), 

7.24-7.20 (m, 2H), 7.13-7.06 (m, 4H), 6.95 (d, J = 2.23 Hz, 1H), 6.70 (dt, J = 7.41, 0.92 Hz, 

1H), 6.65 (dd, J = 8.68, 2.25 Hz, 1H), 6.55 (d, J = 7.70 Hz, 1H), 6.13 (d, J = 2.14 Hz, 1H), 

5.16 (d, J = 2.02 Hz, 1H), 5.09 (s, 2H), 2.74 (d, J = 18.43 Hz, 1H), 2.45 (d, J = 18.41 Hz, 1H) 

ppm; 13C{1H} NMR (100 MHz, DMSO-d6) δ 201.9, 179.0, 154.6, 151.3, 137.5, 137.4, 135.9, 

130.1, 129.3, 129.0, 128.4, 128.3, 128.1, 127.7, 127.5, 123.3 (2), 120.4 (2), 117.7, 113.0, 109.7, 

108.6, 105.1, 96.1, 69.4, 63.9, 63.1, 45.0 ppm; HRMS (ESI): calcd. for C33H24N2O2I [M-H]-: 

607.0882, found 607.0890. 



S-9 

 

2'-(6-chloro-1H-indol-3-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-one 

(2m): Reaction of ynone 1a (75 mg, 0.289 mmol), 6-chloroindole 

(43.8 mg, 0.289 mmol) and NIS (71.6 mg, 0.318 mmol) following the 

GP1 afforded the title compound 2m as off white solid (122 mg, 79% 

yield); mp 90-93 °C; Rf : 0.52 (30% Ethyl Acetate-Petroleum Ether); 

1H NMR (400 MHz, DMSO-d6) δ 11.26 (d, J = 1.77 Hz, 1H), 7.46-

7.40 (m, 4H), 7.32-7.29 (m, 1H), 7.25-7.20 (m, 3H), 7.12-7.06 (m, 2H), 

6.95-6.90 (m, 1H), 6.71 (dt, J = 7.40, 0.78 Hz, 1H), 6.56 (d, J = 7.61 Hz, 1H), 6.18 (s, 1H), 

5.18 (d, J = 1.69 Hz, 1H), 2.67 (d, J = 18.29 Hz, 1H), 2.43 (d, J = 18.33 Hz, 1H) ppm; 13C{1H} 

NMR (100 MHz, DMSO-d6) δ 201.7, 178.7, 151.2, 137.1, 135.9, 130.1, 129.4, 129.0, 128.4, 

128.1, 126.1, 125.7, 124.8, 123.4, 121.1, 119.2, 117.9, 113.2, 111.4, 108.8, 105.4, 63.9, 62.8, 

44.9 ppm; HRMS (ESI): calcd. for C26H19N2OClI [M+H]+: 537.0231, found 537.0234. 

2'-(6-bromo-1H-indol-3-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-one 

(2n): Reaction of ynone 1a (75 mg, 0.289 mmol), 6-bromoindole (56.7 

mg, 0.289 mmol) and NIS (71.6 mg, 0.318 mmol) following the GP1 

afforded the title compound 2n as off white solid (122 mg, 72% yield); 

mp 129-132 °C; Rf : 0.52 (30% Ethyl Acetate-Petroleum Ether); 1H 

NMR (400 MHz, DMSO-d6) δ 11.26 (d, J = 2.21 Hz, 1H), 7.57 (d, J 

= 1.56 Hz, 1H), 7.45-7.40 (m, 3H), 7.29 (d, J = 2.45 Hz, 1H), 7.26-

7.22 (m, 2H), 7.21-7.18 (m, 1H), 7.13-7.06 (m, 2H), 7.05-7.02 (m, 1H), 6.71 (dt, J = 7.42, 0.94 

Hz, 1H), 6.57 (d, J = 7.68 Hz, 1H), 6.18 (d, J = 2.19 Hz, 1H), 5.19 (d, J = 2.01 Hz, 1H), 2.67 

(d, J = 18.36 Hz, 1H), 2.45 (d, J = 18.34 Hz, 1H) ppm; 13C{1H} NMR (100 MHz, DMSO-d6) 

δ 201.7, 178.7, 151.2, 137.6, 135.9, 130.1, 129.4, 129.1, 128.4, 128.2, 125.7, 125.1, 123.5, 

121.8, 121.5, 118.0, 114.4, 114.2, 113.2, 108.9, 105.4, 64.0, 62.8, 45.0 ppm; HRMS (ESI): 

calcd. for C26H19N2OBrI [M+H]+: 580.9725, found 580.9711. 

2'-(5,6-dimethoxy-1H-indol-3-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-

4-one (2o): Reaction of ynone 1a (75 mg, 0.289 mmol), 5,6-

dimethoxyindole (51.2 mg, 0.289 mmol) and NIS (71.6 mg, 0.318 

mmol) following the GP1 afforded the title compound 2o as light 

brown solid (153 mg, 94% yield); mp 167-169 °C; Rf : 0.17 (30% 

Ethyl Acetate-Petroleum Ether); 1H NMR (400 MHz, DMSO-d6) δ 

10.78 (d, J = 2.06 Hz, 1H), 7.45-7.38 (m, 3H), 7.20-7.16 (m, 2H), 
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7.13-7.07 (m, 3H), 6.88 (s, 1H), 6.69 (dt, J = 7.40, 0.78 Hz, 1H), 6.53 (d, J = 7.63 Hz, 1H), 

6.49 (s, 1H), 6.06 (d, J = 1.55 Hz, 1H), 5.13 (d, J = 1.57 Hz, 1H), 3.73 (s, 3H), 3.48 (s, 3H), 

2.72 (d, J = 18.55 Hz, 1H), 2.53 (d, J = 18.50 Hz, 1H) ppm; 13C{1H} NMR (100 MHz, DMSO-

d6) δ 202.0, 179.6, 151.7, 146.4, 144.2, 135.9, 131.2, 130.0, 129.3, 129.0, 128.2, 127.9, 123.2, 

122.8, 118.2, 117.6, 113.8, 108.5, 104.8, 102.0, 95.3, 63.5, 63.3, 55.6, 55.6, 44.6 ppm; HRMS 

(ESI): calcd. for C28H24N2O3I [M+H]+: 563.0832, found 563.0828. 

2'-(7-methyl-1H-indol-3-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-one 

(2p): Reaction of ynone 1a (75 mg, 0.289 mmol), 7-methylindole 

(38 mg, 0.289 mmol) and NIS (71.6 mg, 0.318 mmol) following the 

GP1 afforded the title compound 2p as off white solid (128 mg, 86% 

yield); mp 162-164 °C; Rf : 0.52 (30% Ethyl Acetate-Petroleum 

Ether); 1H NMR (400 MHz, DMSO-d6) δ 1H NMR (400 MHz, 

DMSO-d6) δ 11.09 (s, 1H), 7.46-7.40 (m, 3H), 7.26-7.20 (m, 3H), 7.14-7.06 (m, 2H), 7.05-

7.00 (m, 1H), 6.90-6.85 (m, 1H), 6.82-6.77 (m, 1H), 6.70 (t, J = 7.39 Hz, 1H), 6.55 (d, J = 

7.80 Hz, 1H), 6.12 (s, 1H), 5.23-5.20 (m, 1H), 2.73 (dd, J = 18.47, 2.66 Hz, 1H), 2.49-2.41 (m, 

4H) ppm; 13C{1H} NMR (100 MHz, DMSO-d6) δ 202.0, 179.2, 151.4, 136.3, 135.9, 130.2, 

129.4, 129.0, 128.4, 128.2, 125.6, 124.3, 123.3, 121.9, 120.9, 119.1, 117.7, 117.3, 113.6, 108.6, 

105.1, 63.9, 63.0, 45.1, 16.8 ppm; HRMS (ESI): calcd. for C27H22N2OI [M+H]+: 517.0777, 

found 517.0778. 

2'-(7-methoxy-1H-indol-3-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-

one (2q): Reaction of ynone 1a (75 mg, 0.289 mmol), 7-

methoxyindole (42.5 mg, 0.289 mmol) and NIS (71.6 mg, 0.318 

mmol) following the GP1 afforded the title compound 2q as 

yellow solid (140 mg, 90% yield); mp 169-172 °C; Rf : 0.46 (30% 

Ethyl Acetate-Petroleum Ether); 1H NMR (400 MHz, DMSO-d6) 

δ 1H NMR (400 MHz, DMSO-d6) δ 11.23 (d, J = 2.2 Hz, 1H), 7.46-7.41 (m, 3H), 7.25-7.19 

(m, 2H), 7.14 (d, J = 2.6 Hz, 1H), 7.12-7.06 (m, 2H), 6.84-6.80 (m, 2H), 6.69 (dt, J = 7.4, 0.8 

Hz, 1H), 6.66-6.62 (m, 1H), 6.54 (d, J = 7.70 Hz, 1H), 6.14 (d, J = 2.1 Hz, 1H), 5.19 (d, J = 

2.0 Hz, 1H), 3.89 (s, 3H), 2.72 (d, J = 18.5 Hz, 1H), 2.44 (d, J = 18.4 Hz, 1H) ppm; 13C{1H} 

NMR (100 MHz, DMSO-d6) δ 201.8, 179.0, 151.3, 146.2, 135.9, 130.1, 129.3, 129.0, 128.3, 

128.1, 127.4, 126.8, 124.0, 123.3, 119.5, 117.7, 113.7, 112.4, 108.6, 105.1, 101.8, 63.9, 62.9, 

55.1, 45.0 ppm; HRMS (ESI): calcd. for C27H22N2O2I [M+H]+: 533.0726, found 533.0724. 
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2'-(7-benzyloxy-1H-indol-3-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-

one (2r): Reaction of ynone 1a (75 mg, 0.289 mmol), 7-

benzyloxyindole (64.5 mg, 0.289 mmol) and NIS (71.6 mg, 0.318 

mmol) following the GP1 afforded the title compound 2r as off 

white solid (162 mg, 92% yield); mp 120-123 °C; Rf : 0.55 (30% 

Ethyl Acetate-Petroleum Ether); 1H NMR (400 MHz, DMSO-d6) 

δ 1H NMR (400 MHz, DMSO-d6) δ 11.26 (d, J = 2.4 Hz, 1H), 7.59-7.55 (m, 2H), 7.46-7.40 

(m, 5H), 7.36-7.33 (m, 1H), 7.24-7.20 (m, 2H), 7.16 (d, J = 2.6 Hz, 1H), 7.12-7.06 (m, 2H), 

6.84-6.78 (m, 2H), 6.75-6.67 (m, 2H), 6.55 (d, J = 7.7 Hz, 1H), 6.14 (d, J = 2.1 Hz, 1H), 5.24 

(s, 2H), 5.20 (d, J = 2.0 Hz, 1H), 2.74 (d, J = 18.5 Hz, 1H), 2.45 (d, J = 18.4 Hz, 1H) ppm; 

13C{1H} NMR (100 MHz, DMSO-d6) δ 201.9, 179.1, 151.3, 145.2, 137.3, 135.9, 130.1, 129.4, 

129.0, 128.5, 128.4, 128.1, 127.8, 127.6 (2), 127.1, 124.2, 123.4, 119.5, 117.8, 113.8, 112.7, 

108.7, 105.1, 103.2, 69.2, 63.9, 62.9, 45.0 ppm; HRMS (ESI): calcd. for C33H26N2O2I [M+H]+: 

609.1039, found 609.1041. 

3-iodo-2'-(2-methyl-1H-indol-3-yl)-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-one 

(2s): Reaction of ynone 1a (75 mg, 0.289 mmol), 2-methylindole (38 

mg, 0.289 mmol) and NIS (71.6 mg, 0.318 mmol) following the GP1 

afforded the title compound 2s as yellow solid (135 mg, 88% yield); 

mp 77-80 °C; Rf : 0.51 (30% Ethyl Acetate-Petroleum Ether); 1H NMR 

(400 MHz, DMSO-d6) δ 10.99 (s, 1H), 7.46-7.40 (m, 3H), 7.28-7.15 

(m, 4H), 7.14-7.08 (m, 1H), 7.01-6.96 (m, 2H), 6.86-6.80 (m, 1H), 6.70-6.64 (m, 1H), 6.54 (d, 

J = 7.84 Hz, 1H), 6.09 (s, 1H), 5.24 (s, 1H), 2.73 (d, J = 18.45 Hz, 1H), 2.53 (d, J = 18.48, 

1H), 2.15 (s, 3H) ppm; 13C{1H} NMR (100 MHz, DMSO-d6) δ 202.1, 178.9, 151.4, 135.6, 

135.5, 133.9, 130.1, 129.6, 129.2, 128.3, 128.3, 127.2, 123.1, 120.4, 118.7, 117.4, 110.7, 108.4, 

108.2, 104.2, 64.0, 62.1, 45.9 ppm; HRMS (ESI): calcd. for C27H22N2OI [M+H]+: 517.0777, 

found 517.0782. 

3-iodo-2-phenyl-2'-(2-phenyl-1H-indol-3-yl)spiro[cyclopentane-1,3'-indolin]-2-en-4-one 

(2t): Reaction of ynone 1a (75 mg, 0.289 mmol), 2-phenylindole (56 

mg, 0.289 mmol) and NIS (71.6 mg, 0.318 mmol) following the GP1 

afforded the title compound 2t as yellow solid (156 mg, 94% yield); 

mp 180-183 °C; Rf : 0.67 (30% Ethyl Acetate-Petroleum Ether); 1H 

NMR (400 MHz, DMSO-d6) δ 11.44 (s, 1H), 7.58-7.48 (m, 3H), 7.41-
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7.29 (m, 4H), 7.27-7.21 (m, 2H), 7.16-7.05 (m, 4H), 6.90-6.82 (m, 1H), 6.74-6.65 (m, 3H), 

6.45 (d, J = 7.67 Hz, 1H), 6.13 (s, 1H), 5.19 (s, 1H), 2.85-2.70 (m, 2H) ppm; 13C{1H} NMR 

(100 MHz, DMSO-d6) δ 202.3, 180.0, 151.8, 137.2, 136.4, 135.3, 132.0, 129.6, 129.3, 129.0, 

128.8, 128.4, 128.1, 127.5, 126.5, 123.5, 121.9, 120.6, 119.4, 117.1, 111.6, 111.3, 107.6, 104.0, 

63.6, 61.3, 46.0 ppm; HRMS (ESI): calcd. for C32H24N2OI [M+H]+: 579.0933, found 579.0931. 

 2'-(1-ethyl-2-methyl-1H-indol-3-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-

en-4-one (2u): Reaction of ynone 1a (75 mg, 0.289 mmol), 1-ethyl-2-

methylindole (46 mg, 0.289 mmol) and NIS (71.6 mg, 0.318 mmol) 

following the GP1 afforded the title compound 2u as yellow solid (146 

mg, 93% yield); mp 157-159 °C; Rf : 0.68 (30% Ethyl Acetate-

Petroleum Ether); 1H NMR (400 MHz, DMSO-d6) δ 7.46-7.37 (m, 4H), 

7.26-7.20 (m, 3H), 7.11 (dd, J = 7.63, 1.24 Hz, 1H), 7.08-7.03 (m, 1H), 7.00-6.95 (m, 1H), 

6.86 (dd, J = 7.51, 0.76 Hz, 1H), 6.67 (dt, J = 7.40, 0.89 Hz, 1H), 6.54 (d, J = 7.75 Hz, 1H), 

6.13 (d, J = 1.61 Hz, 1H), 5.28 (bs, 1H), 4.18-4.08 (m, 2H), 2.68 (d, J = 18.10 Hz, 1H), 2.53 

(d, J = 18.20 Hz, 1H), 2.17 (s, 3H), 1.18 (t, J = 7.10 Hz, 3H)  ppm; 13C{1H} NMR (100 MHz, 

DMSO-d6) δ 202.0, 178.8, 151.4, 135.5, 134.5, 130.0, 129.7, 129.3, 128.4, 128.3, 126.6, 123.1, 

120.6, 118.9, 117.4, 109.3, 108.7, 108.3, 104.1, 64.1, 62.3, 46.0, 37.2, 15.1 ppm; HRMS (ESI): 

calcd. for C29H26N2OI [M+H]+: 545.1090, found 545.1099. 

2'-(1-methyl-1H-indol-3-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-one 

(2v): Reaction of ynone 1a (75 mg, 0.289 mmol), 1-methylindole 

(38 mg, 0.289 mmol) and NIS (71.6 mg, 0.318 mmol) following the 

GP1 afforded the title compound 2v as yellow solid (140 mg, 94% 

yield); mp 82-84 °C; Rf : 0.72 (30% Ethyl Acetate-Petroleum Ether); 

1H NMR (400 MHz, DMSO-d6) δ 7.47-7.39 (m, 4H), 7.30-7.18 (m, 

4H), 7.16-7.06 (m, 3H), 6.96-6.91 (m, 1H), 6.71 (t, J = 7.42 Hz, 1H), 

6.56 (d, J = 7.78 Hz, 1H), 6.14 (s, 1H), 5.20 (d, J = 1.94 Hz, 1H), 3.76 (s, 3H), 2.75 (d, J = 

18.49 Hz, 1H), 2.46 (d, J = 18.55 Hz, 1H) ppm; 13C{1H} NMR (100 MHz, DMSO-d6) δ 201.9, 

179.0, 151.2, 137.1, 135.9, 130.2, 129.4, 129.1, 128.9, 128.4, 128.1, 126.2, 123.3, 121.4, 119.8, 

119.0, 117.8, 112.3, 110.1, 108.7, 105.1, 63.8, 62.7, 45.1, 32.5 ppm; HRMS (ESI): calcd. for 

C27H22N2OI [M+H]+: 517.0777, found 517.0778. 
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2'-(1H-indol-3-yl)-3-iodo-2-(p-tolyl)spiro[cyclopentane-1,3'-indolin]-2-en-4-one (2w): 

Reaction of ynone 1b (75 mg, 0.274 mmol), indole (32.1 mg, 

0.274 mmol) and NIS (67.9 mg, 0.302 mmol) following the GP1 

afforded the title compound 2w as yellow solid (120 mg, 85% 

yield); mp 121-123 °C; Rf : 0.51 (30% Ethyl Acetate-Petroleum 

Ether); 1H NMR (400 MHz, DMSO-d6) δ 11.10 (s, 1H), 7.39-

7.34 (m, 1H), 7.26-7.20 (m, 4H), 7.17-7.01 (m, 5H), 6.92-6.86 

(m, 1H), 6.73-6.66 (m, 1H), 6.56 (d, J = 7.78 Hz, 1H), 6.14 (s, 1H), 5.20 (d, J = 1.75 Hz, 1H), 

2.71 (d, J = 18.43 Hz, 1H), 2.42 (d, J = 18.39 Hz, 1H), 2.33 (s, 3H) ppm; 13C{1H} NMR (100 

MHz, DMSO-d6) δ 201.8, 179.0, 151.3, 139.1, 136.7, 132.9, 130.4, 129.0, 128.9, 128.2, 125.9, 

124.5, 123.3, 121.3, 119.7, 118.9, 117.8, 113.1, 111.8, 108.7, 104.7, 63.9, 63.1, 45.1, 20.9 ppm; 

HRMS (ESI): calcd. for C27H22N2OI [M+H]+: 517.0777, found 517.0780. 

2-(4-butylphenyl)-2'-(1H-indol-3-yl)-3-iodospiro[cyclopentane-1,3'-indolin]-2-en-4-one 

(2x): Reaction of ynone 1c (89 mg, 0.190 mmol), indole (22.3 

mg, 0.190 mmol) and NIS (47.1 mg, 0.209 mmol) following the 

GP1 afforded the title compound 2x as pale brown solid (86 mg, 

81% yield); mp 147-149 °C; Rf : 0.40 (30% Ethyl Acetate-

Petroleum Ether); 1H NMR (400 MHz, DMSO-d6) δ 11.11 (s, 

1H), 7.40-7.35 (m, 1H), 7.30-7.17 (m, 6H), 7.13-7.01 (m, 3H), 

6.92-6.85 (m, 1H),  6.73-6.66 (m, 1H), 6.61-6.55 (m, 1H), 6.18 (s, 1H), 5.22 (s, 1H), 2.73 (d, J 

= 18.36 Hz, 1H), 2.60 (t, J = 7.72 Hz, 2H), 2.40 (d, J = 18.38 Hz, 1H), 1.63-1.52 (m, 2H), 

1.36-1.26 (m, 2H), 0.90 (t, J = 7.32 Hz, 3H) ppm; 13C{1H} NMR (100 MHz, DMSO-d6) δ 

201.9, 178.7, 151.2, 144.0, 136.7, 133.1, 130.7, 129.0, 128.4, 128.3, 126.0, 124.5, 123.2, 121.4, 

119.6, 118.9, 117.9, 112.9, 111.8, 108.8, 104.8, 64.0, 63.1, 45.2, 34.7, 32.8, 21.9, 13.9 ppm; 

HRMS (ESI): calcd. for C30H28N2OI [M+H]+: 559.1246, found 559.1245. 

2'-(1H-indol-3-yl)-2-(4-ethoxyphenyl)spiro[cyclopentane-1,3'-indolin]-2-en-4-one (2y): 

Reaction of ynone 1d (81 mg, 0.267 mmol), indole (31.3 mg, 

0.267 mmol) and NIS (66.1 mg, 0.293 mmol) following the GP1 

afforded the title compound 2y as pale brown solid (137 mg, 

94% yield); mp 173-176 °C; Rf : 0.40 (30% Ethyl Acetate-

Petroleum Ether); 1H NMR (400 MHz, DMSO-d6) δ 11.10 (d, J 

= 1.99 Hz, 1H), 7.37-7.33 (m, 1H), 7.30-7.25 (m, 2H), 7.22 (d, J = 2.45 Hz, 1H), 7.17 (d, J = 
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8.01 Hz, 1H), 7.10 (dd, J = 7.75, 1.22 Hz, 1H), 7.05 (dd, J = 7.12, 1.04 Hz, 1H), 7.01-6.97 (m, 

3H), 6.87 (dd, J = 7.05, 0.91 Hz, 1H),  6.68 (dt, J = 7.41, 0.93 Hz, 1H), 6.59 (d, J = 7.75 Hz, 

1H), 6.21 (bs, 1H), 5.23 (s, 1H), 4.05 (q, J = 6.99 Hz, 2H), 2.71 (d, J = 18.36 Hz, 1H), 2.36 (d, 

J = 18.35 Hz, 1H), 1.32 (t, J = 6.97 Hz, 3H) ppm; 13C{1H} NMR (100 MHz, DMSO-d6) δ 

201.8, 178.1, 159.5, 151.1, 136.7, 131.1, 130.4, 129.0, 127.4, 126.0, 124.5, 123.1, 121.4, 119.5, 

118.9, 118.0, 114.2, 112.9, 111.9, 108.9, 103.9, 63.9, 63.4, 63.3, 45.3, 14.7 ppm; HRMS (ESI): 

calcd. for C28H24N2O2I [M+H]+: 547.0882, found 547.0872. 

2'-(1H-indol-3-yl)-3-iodo-2-(m-tolyl)spiro[cyclopentane-1,3'-indolin]-2-en-4-one (2z): 

Reaction of ynone 1e (53 mg, 0.194 mmol), indole (22.7 mg, 0.194 

mmol) and NIS (48 mg, 0.213 mmol) following the GP1 afforded the 

title compound 2z as off white solid (91 mg, 91% yield); mp 133-

136 °C; Rf : 0.52 (30% Ethyl Acetate-Petroleum Ether); 1H NMR 

(400 MHz, DMSO-d6) δ 11.11 (d, J = 1.68 Hz, 1H), 7.40-7.29 (m, 

2H), 7.28-7.18 (m, 3H), 7.13-7.04 (m, 3H), 7.01-6.96 (m, 2H), 6.91-

6.85 (m, 1H), 6.74-6.68 (m, 1H), 6.55 (d, J = 7.74 Hz, 1H), 6.12 (d, J = 1.87 Hz, 1H), 5.18 (d, 

J = 2.01 Hz, 1H), 2.71 (d, J = 18.45 Hz, 1H), 2.45 (d, J = 18.44 Hz, 1H), 2.27 (s, 3H) ppm; 

13C{1H} NMR (100 MHz, DMSO-d6) δ 202.0, 179.4, 151.4, 137.4, 136.8, 135.9, 130.2, 130.0, 

129.0, 128.6, 128.3, 125.9, 125.2, 124.7, 123.4, 121.4, 119.7, 118.9, 117.7, 113.2, 111.9, 108.6, 

104.9, 63.9, 63.0, 44.9, 21.2 ppm; HRMS (ESI): calcd. for C27H22N2OI [M+H]+: 517.0777, 

found 517.0771. 

2-(3-fluorophenyl)-2'-(1H-indol-3-yl)-3-iodospiro[cyclopentane-1,3'-indolin]-2-en-4-one 

(2aa): Reaction of ynone 1f (97.5 mg, 0.351 mmol), indole (41.2 mg, 

0.351 mmol) and NIS (87 mg, 0.387 mmol) following the GP1 

afforded the title compound 2aa as yellow solid (154 mg, 84% yield); 

mp 162-164 °C; Rf : 0.46 (30% Ethyl Acetate-Petroleum Ether); 1H 

NMR (400 MHz, DMSO-d6) δ 11.10 (s, 1H), 7.52-7.44 (m, 1H), 7.40-

7.35 (m, 1H), 7.31-7.24 (m, 2H), 7.16-7.10 (m, 3H), 7.09-7.01 (m, 

2H), 6.92-6.84 (m, 2H), 6.75-6.68 (m, 1H), 6.56-6.50 (m, 1H),  6.10 (s, 1H), 5.17 (d, J = 1.17 

Hz, 1H), 2.70 (d, J = 18.55 Hz, 1H), 2.53 (d, J = 18.49 Hz, 1H) ppm; 13C{1H} NMR (100 

MHz, DMSO-d6) δ 201.9, 178.0, 161.5 (d, J = 244.10 Hz), 151.6, 138.1 (d, J = 7.91 Hz), 136.9, 

130.5 (d, J = 8.28 Hz), 129.3 (d, J = 10.32 Hz), 125.7, 124.8, 124.4, 123.5, 121.4, 119.8, 119.0, 
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117.7, 116.1 (d, J = 20.71 Hz), 114.9, 114.7, 113.5, 111.8, 108.6, 105.6, 63.7, 63.0, 44.6 ppm; 

HRMS (ESI): calcd. for C26H19N2OFI [M+H]+: 521.0526, found 521.0527. 

2'-(1H-indol-3-yl)-3-iodo-2-pentylspiro[cyclopentane-1,3'-indolin]-2-en-4-one (2ab): 

Reaction of ynone 1g (105 mg, 0.414 mmol), indole (48.6 mg, 0.414 

mmol) and NIS (102.6 mg, 0.455 mmol) following the GP1 afforded 

the title compound 2ab as off white solid (182 mg, 88% yield); mp 

172-174 °C; Rf : 0.52 (30% Ethyl Acetate-Petroleum Ether); 1H 

NMR (400 MHz, DMSO-d6) δ 11.07 (s, 1H), 7.37-7.31 (m, 1H), 

7.28-7.22 (m, 1H), 7.13-6.96 (m, 3H), 6.95-6.90 (m, 1H), 6.86-6.80 (m, 1H), 6.70-6.60 (m, 

2H), 6.26 (s, 1H), 5.18 (s, 1H), 2.78-2.53 (m, 3H), 2.28 (d, J = 18.40 Hz, 1H), 1.64-1.45 (m, 

1H), 1.40-1.18 (m, 5H), 0.79 (t, J = 6.91 Hz, 3H) ppm; 13C{1H} NMR (100 MHz, DMSO-d6) 

δ 201.6, 184.4, 151.8, 136.8, 130.1, 128.9, 125.6, 124.7, 123.6, 121.3, 119.6, 118.9, 117.6, 

113.8, 111.8, 108.8, 103.2, 63.4, 62.8, 44.0, 32.1, 31.7, 27.0, 21.6, 13.7 ppm; HRMS (ESI): 

calcd. for C25H26N2OI [M+H]+: 497.1090, found 497.1088. 

2-cyclohexyl-2'-(1H-indol-3-yl)-3-iodospiro[cyclopentane-1,3'-indolin]-2-en-4-one (2ac): 

Reaction of ynone 1h (67 mg, 0.252 mmol), indole (29.6 mg, 0.252 

mmol) and NIS (62.5 mg, 0.277 mmol) following the GP1 afforded 

the title compound 2ac as off white solid (106 mg, 83% yield); mp 

176-179 °C; Rf : 0.52 (30% Ethyl Acetate-Petroleum Ether); 1H 

NMR (400 MHz, DMSO-d6) δ 11.08 (s, 1H), 7.40-7.32 (m, 1H), 

7.27-7.17 (m, 2H), 7.14-7.03 (m, 2H), 6.95-6.84 (m, 2H), 6.70-6.60 (m, 2H), 6.31 (s, 1H), 5.22 

(s, 1H), 2.77-2.64 (m, 1H), 2.54 (d, J = 18.50 Hz, 1H), 2.45-2.31 (m, 1H), 2.26-2.04 (m, 2H), 

1.95-1.78 (m, 2H), 1.74-1.60 (m, 2H), 1.44-1.17 (m, 3H), 1.07-0.93 (m, 1H) ppm; 13C{1H} 

NMR (100 MHz, DMSO-d6) δ 202.0, 184.3, 151.9, 136.9, 130.0, 128.9, 125.8, 124.6, 123.5, 

121.3, 120.0, 118.9, 117.5, 113.3, 111.8, 108.7, 99.9, 65.2, 62.9, 43.7, 28.4, 28.3, 25.8, 25.4 

ppm; HRMS (ESI): calcd. for C26H26N2OI [M+H]+: 509.1090, found 509.1077. 

2-cyclopropyl-2'-(1H-indol-3-yl)-3-iodospiro[cyclopentane-1,3'-indolin]-2-en-4-one 

(2ad): Reaction of ynone 1i (50 mg, 0.224 mmol), indole (26.2 mg, 

0.224 mmol) and NIS (55.4 mg, 0.246 mmol) following the GP1 

afforded the title compound 2ad as off white solid (93 mg, 89% yield); 

mp 126-130 °C; Rf : 0.43 (30% Ethyl Acetate-Petroleum Ether); 1H 

NMR (400 MHz, DMSO-d6) δ 11.10 (d, J = 1.55 Hz, 1H), 7.37-7.26 (m, 
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3H), 7.11-7.02 (m, 2H), 6.95-6.87 (m, 2H), 6.61-6.68 (m, 2H), 6.32 (d, J = 1.71 Hz, 1H), 5.50 

(d, J = 1.62 Hz, 1H), 2.72 (d, J = 18.15 Hz, 1H), 2.06 (d, J = 18.15 Hz, 1H), 1.99-1.91 (m, 

1H), 1.57-1.42 (m, 2H), 1.27-1.17 (m, 1H), 1.11-1.01 (m, 1H), ppm; 13C{1H} NMR (100 MHz, 

DMSO-d6) δ 200.6, 181.6, 151.4, 136.6, 131.5, 128.6, 126.1, 124.6, 123.4, 121.3, 119.3, 118.8, 

118.0, 112.3, 111.8, 109.1, 98.0, 64.0, 63.7, 44.3, 15.4, 9.4, 8.5 ppm; HRMS (ESI): calcd. for 

C23H20N2OI [M+H]+: 467.0620, found 467.0610. 

3-iodo-2-phenyl-2'-(1H-pyrrol-2-yl)spiro[cyclopentane-1,3'-indolin]-2-en-4-one (3a): 

Reaction of ynone 1a (75 mg, 0.289 mmol), pyrrole (19.4 mg, 0.289 mmol) 

and NIS (71.6 mg, 0.318 mmol) following the GP1 afforded the title 

compound 3a as pale brown solid (112 mg, 86% yield); mp 160-162 °C; 

Rf : 0.62 (30% Ethyl Acetate-Petroleum Ether); 1H NMR (400 MHz, 

DMSO-d6) δ 10.85 (s, 1H), 7.45-7.39 (m, 3H), 7.22-7.17 (m, 2H), 7.12-7.05 (m, 2H), 6.75-

6.69 (m, 2H), 6.57 (d, J = 7.77 Hz, 1H), 6.22 (d, J = 2.34 Hz, 1H), 5.98 (dd, J = 5.64, 2.96 Hz, 

1H), 5.79 (s, 1H), 4.90 (d, J = 2.94 Hz, 1H), 2.50 (d, J = 18.46 Hz, 1H), 2.32 (d, J = 18.46 Hz, 

1H) ppm; 13C{1H} NMR (100 MHz, DMSO-d6) δ 201.4, 178.0, 150.8, 136.1, 132.8, 130.1, 

129.2, 129.0, 128.8, 128.5, 128.4, 128.0, 123.7, 118.4, 117.8, 109.4, 107.8, 106.1, 105.9, 64.6, 

62.9, 44.6 ppm; HRMS (ESI): calcd. for C22H18N2OI [M+H]+: 453.0464, found 453.0479. 

2'-(5-ethyl-1H-pyrrol-2-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-one 

(3b): Reaction of ynone 1a (75 mg, 0.289 mmol), 2-ethylpyrrole (27.5 

mg, 0.289 mmol) and NIS (71.6 mg, 0.318 mmol) following the GP1 

afforded the title compound 3b as yellow solid (116 mg, 84% yield); 

mp 141-144 °C; Rf : 0.69 (30% Ethyl Acetate-Petroleum Ether); 1H 

NMR (400 MHz, DMSO-d6) δ 10.57 (s, 1H), 7.45-7.37 (m, 3H), 7.20-7.13 (m, 2H), 7.10-7.04 

(m, 2H), 6.74-6.68 (m, 1H), 6.59-6.54 (m, 1H), 6.15 (bs, 1H), 5.70-5.60 (m, 2H), 4.85 (s, 1H), 

2.60 (d, J = 18.36 Hz, 1H), 2.54-2.47 (m, 2H), 2.32 (d, J = 18.39 Hz, 1H), 1.11 (t, J = 7.54 

Hz, 3H) ppm; 13C{1H} NMR (100 MHz, DMSO-d6) δ 201.7, 178.3, 150.9, 136.2, 134.2, 130.2, 

129.3, 128.8, 128.5, 128.1, 126.8, 123.7, 118.4, 109.4, 106.0, 105.9, 104.1, 64.7, 63.2, 44.9, 

20.4, 14.3 ppm; HRMS (ESI): calcd. for C24H22N2OI [M+H]+: 481.0777, found 481.0792. 
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3-iodo-2'-(1-methyl-1H-pyrrol-2-yl)-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-

one (3c): Reaction of ynone 1a (75 mg, 0.289 mmol), 1-methylpyrrole 

(23.5 mg, 0.289 mmol) and NIS (71.6 mg, 0.318 mmol) following the GP1 

afforded the title compound 3c as yellow solid (118 mg, 88% yield); mp 

157-160 °C; Rf : 0.67 (30% Ethyl Acetate-Petroleum Ether); 1H NMR (400 

MHz, DMSO-d6) δ 7.43-7.34 (m, 3H), 7.11-7.05 (m, 3H), 7.01-6.97 (m, 1H), 6.72-6.63 (m, 

2H), 6.51 (d, J = 7.72 Hz, 1H), 6.14 (d, J = 2.02 Hz, 1H), 5.96-5.91 (m, 2H), 5.04 (d, J = 2.15 

Hz, 1H), 3.36 (s, 3H, merged with H2O peak) 2.62 (d, J = 18.48 Hz, 1H), 2.38 (d, J = 18.51 

Hz, 1H) ppm; 13C{1H} NMR (100 MHz, DMSO-d6) δ 201.8, 179.0, 150.9, 135.4, 130.7, 129.5, 

129.2 (2), 128.3, 127.9, 123.7, 123.3, 117.7, 108.6, 108.4, 106.7, 104.6, 63.9, 61.8, 45.1, 34.3 

ppm; HRMS (ESI): calcd. for C23H20N2OI [M+H]+: 467.0620, found 467.0616. 

2-(4-ethoxyphenyl)-3-iodo-2'-(1-methyl-1H-pyrrol-2-yl)spiro[cyclopentane-1,3'-indolin]-

2-en-4-one (3d): Reaction of ynone 1d (81 mg, 0.267 mmol), 1-

methylpyrrole (21.7 mg, 0.267 mmol) and NIS (66.1 mg, 0.294 

mmol) following the GP1 afforded the title compound 3d as pale 

yellow solid (122 mg, 90% yield); mp 162-165 °C; Rf : 0.52 (30% 

Ethyl Acetate-Petroleum Ether); 1H NMR (400 MHz, DMSO-d6) δ 7.18-7.12 (m, 2H), 7.07 (dt, 

J = 7.61, 1.14 Hz, 1H), 6.95-6.86 (m, 3H), 6.68-6.61 (m, 2H), 6.55 (d, J = 7.80 Hz, 1H), 6.18 

(bs, 1H), 5.99-5.91 (m, 2H), 5.06 (s, 1H), 4.02 (q, J = 6.98 Hz, 2H), 3.29 (s, 3H) 2.49 (d, J = 

18.35 Hz, 1H), 2.40 (d, J = 18.42 Hz, 1H), 1.30 (t, J = 6.96 Hz, 3H) ppm; 13C{1H} NMR (100 

MHz, DMSO-d6) δ 201.8, 178.0, 159.7, 150.7, 130.5, 130.3 (2), 129.2, 126.9, 123.7, 123.1, 

118.1, 114.2, 108.8, 108.6, 106.9, 103.4, 64.0, 63.4, 62.2, 45.6, 34.3, 14.7 ppm; HRMS (ESI): 

calcd. for C25H24N2O2I [M+H]+: 511.0882, found 511.0890. 

3-iodo-2'-(5-methoxythiophen-2-yl)-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-one 

(3e): Reaction of ynone 1a (75 mg, 0.289 mmol), 2-

methoxythiophene (33 mg, 0.289 mmol) and NIS (71.6 mg, 0.318 

mmol) following the GP1 afforded the title compound 3e as yellow 

solid (132 mg, 92% yield); mp 155-158 °C; Rf : 0.69 (30% Ethyl 

Acetate-Petroleum Ether); 1H NMR (400 MHz, CDCl3) δ 7.46-7.39 (m, 3H), 7.22-7.13 (m, 

3H), 7.11-7.06 (m, 1H), 6.78-6.73 (m, 1H), 6.61-6.55 (m, 2H), 6.42 (d, J = 3.22 Hz, 1H), 6.19 

(d, J = 3.85 Hz, 1H), 4.93 (d, J = 3.25 Hz, 1H), 3.81 (s, 3H), 2.76 (d, J = 18.46 Hz, 1H), 2.38 

(d, J = 18.46 Hz, 1H)  ppm; 13C{1H} NMR (100 MHz, CDCl3) δ 201.3, 177.5, 164.9, 150.1, 
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135.9, 130.2, 129.4, 129.0, 128.6, 128.1, 123.8, 122.7, 119.1, 109.8, 106.9, 103.5, 64.4, 64.3, 

60.0, 44.1ppm; HRMS (ESI): calcd. for C23H19NO2S [M+H]+: 500.0181, found 500.0178. 

2'-(azulen-1-yl)-3-iodo-2-phenylspiro[cyclopentane-1,3'-indolin]-2-en-4-one (3f): 

Reaction of ynone 1a (75 mg, 0.289 mmol), azulene (37 mg, 0.289  

mmol) and NIS (71.6 mg, 0.318 mmol) following the GP1 afforded the 

title compound 3f as dark blue solid (140 mg, 94% yield); mp 164-

168 °C; Rf : 0.74 (30% Ethyl Acetate-Petroleum Ether); 1H NMR (400 

MHz, DMSO-d6) δ 8.41 (d, J = 9.34 Hz, 1H), 8.13 (d, J = 9.82 Hz, 1H), 

7.81 (d, J = 3.85 Hz, 1H), 7.70 (t, J = 9.84 Hz, 1H), 7.53-7.44 (m, 3H), 7.40 (d, J = 3.89 Hz, 

1H), 7.35-7.21 (m, 3H), 7.18-7.10 (m, 2H), 7.03 (d, J = 7.36 Hz, 1H), 6.76-6.70 (m, 1H), 6.64 

(d, J = 7.76 Hz, 1H), 6.36 (s, 1H), 5.64 (s, 1H), 2.46 (d, J = 18.45 Hz, 1H), 2.35 (d, J = 18.45 

Hz, 1H) ppm; 13C{1H} NMR (100 MHz, DMSO-d6) δ 201.5, 178.1, 151.2, 141.2, 138.5, 137.4, 

136.8, 135.7, 135.6, 133.9, 130.2, 129.7, 129.1, 128.4 (2), 127.0, 123.6, 123.3, 122.7, 118.2, 

117.5, 109.0, 105.0, 64.4, 63.2, 45.3 ppm; HRMS (ESI): calcd. for C28H21NOI [M+H]+: 

514.0668, found 514.0671. 

5. References: 

1. (a) James, M. J.; Cuthbertson, J. D.; O’Brien, P.; Taylor, R. J. K.; Unsworth. Angew. Chem., 

Int. Ed. 2015, 54, 7640. (b) Liddon, J. T. R.; Clarke, A. K.; Taylor, R. J. K.; Unsworth, W. P. 

Org. Lett. 2016, 18, 6328. (c) James, M. J.; Clubley, R. E.; Palate, K. Y.; Procter, T. J.; Wyton, 

A. C.; O'Brien, P.; Taylor, R. J. K.; Unsworth, W. P. Org. Lett. 2015, 17, 4372. 
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