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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. 1,2-alkynyldiketones were prepared according known procedures previously 

reported.

Chromatography: Thin layer chromatography (TLC) carried out on Merck silica plates (60 F-

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 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 were recorded at 376 MHz Chemical shifts (δ) are reported in ppm, 

using the residual solvent peak in CDCl3 (δH = 7.26 and δC 77.16 ppm) and 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, t = triplet, q = quartet, m = multiplet. High-Resolution Mass Spectra (HRMS) were 

recorded using Waters XEVO-G2-XS-Q-TOF mass spectrometer.

Experimental details. Unless mentioned, reactions were performed at refluxing temperature 

in 5 mL glass vial. Ynedione used in this study were synthesized following the previously 

known literature procedures. Solvent used for the reaction purpose are of commercial grade 

and used without further purification. N-protection of indole was done following the 

previously reported methods.

2. Synthesis of Starting Materials:
Ynedione used in this study were synthesized following the previously known literature 

procedure.1 N-substituted indoles (1.0 equiv.) in dry THF (25 mL) were placed under argon 

atmosphere in a two-neck round-bottom flask, degassed with argon and cooled to 0 °C 

(water/ice, for 15 min). Then, oxalyl chloride (1.0 equiv.) was added dropwise to the reaction 

mixture at 0 °C. The mixture was allowed to come to room temperature (water bath) and was 

stirred for 4 h. Then, 5 mol% CuI, 2.0 equiv. of terminal alkyne and dry triethylamine (4 equiv.) 

were successively added to the mixture and stirring at room temperature was continued for 

12h. After complete conversion (product monitored by TLC) water was added, the phases 

were separated and the aqueous phase was extracted with dichloromethane. The combined 

organic layers were dried with anhydrous sodium sulfate, concentrated and the residue was 
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subjected to silica gel column chromatography by using petroleum ether/ethyl acetate to 

provide the desired ynedione.

3. General Experimental Procedures:

Procedure for the  Catalysed  bond cleavage of α-keto 1,2 
 𝐶𝑢 𝐼2

𝐶
𝑆𝑝2 -  𝐶𝑆𝑝

Alkynediones followed by C-O bond formation

PhSeSePh
(cat)

R OH
O

PhO

reflux, 10-12 hI2 (1b),

1a 2a

O

OR
O

Wide functional group compatibiltyGood yieldsOpen atmosphere

N
N

Cu(OAc)2

To the solution of indole-tetheredynedione 1a (1.0 equiv.) in alcohol, Iodine and 

diphenyldisilinide was added, Cu(OAc)2 (10 mol %). The resulting mixture was stirred at 

refluxing temperature. Progress of reaction was montered periodically  by TLC. Upon 

completion, the reaction mixture was concentrated under reduced pressure and directly 

subjected for silica gel column purification by using ethyl acetate and petroleum ether mixture 

as eluent. 

4. Characterization Data of Synthesized Compounds

Methyl 2-(1-methyl-1H-indol-3-yl)-2-oxoacetate (2a)2: The title compound as off  white solid 

(60 mg, 79% yield); Rf: 0.50 (20% ethyl acetate -petroleum ether); 1H NMR (400 MHz, CDCl3) 

  8.44-8.40 (m, 1H), 8.31 (s, 1H), 7.35-7.34 (m, 3H), 3.94 (s, 3H), 3.84 

(s, 3H) ppm; 13C{1H}NMR (100 MHz, CDCl3)  176.9, 163.5, 140.6, 

137.4, 127.1, 124.3, 123.7, 122.9, 112.9, 110.0, 52.8, 33.9 ppm; HRMS 

(ESI): calcd. for C13H11NO3 [M+H]+: 218.0817 found 218.0812.

Ethyl 2-(1-methyl-1H-indol-3-yl)-2-oxoacetate (2b)3: The title 

compound as off  white solid (65 mg,  81% yield); Rf: 0.56 (20% ethyl 

acetate -petroleum ether); 1H NMR (400  MHz, CDCl3)   8.41-8.37 

(m, 1H), 8.20 (s, 1H), 7.33-7.26 (m, 3H), 4.41-4.35 (q, J=7.12 Hz, 

2H), 3.76 (s, 3H), 1.43-1.40 (d, J=7.15 Hz, 3H) ppm; 13C{1H}NMR 

N
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(100 MHz, CDCl3)  177.4, 163.0, 140.3, 137.3, 127.0, 124.1, 123.5, 122.6, 112.7, 109.9, 62.0, 

33.7, 14.1 ppm; HRMS (ESI): calcd. for C13H13NO3 [M+H]+: 232.0974, found 232.0986.

Isopropyl 2-(1-methyl-1H-indol-3-yl)-2-oxoacetate (2c)4: The title compound as off  orange  

solid (66 mg, 77% yield); Rf: 0.50 (20% ethyl acetate -petroleum ether); 1H NMR (400  MHz, 

CDCl3)   8.44-8.40 (m, 1H), 8.28 (s, 1H), 7.35-7.32 (m, 3H), 5.29-5.11 

(m, 1H), 3.84  (s, 3H), 1.41 (d, J=6.28 Hz, 6H) ppm; 13C {1H}NMR 

(100 MHz, CDCl3)  177.8, 162.5, 140.0, 137.1, 126.7, 123.8, 123.2, 

122.3, 112.4, 109.8, 69.8, 33.5, 21.6 ppm; HRMS (ESI): calcd. for 

C14H15NO3 [M+H]+: 246.1130, found 246.1112.

Butyl 2-(1-methyl-1H-indol-3-yl)-2-oxoacetate (2d)5: The title compound as off  white solid 

(61 mg, 72% yield); Rf: 0.52 (20% ethyl acetate -petroleum ether); 1H NMR (400  MHz, 

CDCl3) δ 8.40-8.38 (m, 1H), 8.19 (s, 1H), 7.31-7.26 (m, 3H), 4.37-

4.33 (t, J=6.89 Hz, 2H), 3.75 (s, 3H), 1.79-1.65 (m, 3H), 1.00-

0.92(m, 6H) ppm; 13C{1H} NMR (100 MHz, CDCl3)  δ 177.4, 

163.1, 140.2, 140.2, 137.2, 126.9, 124.0, 123.4, 122.5, 112.0, 

109.9, 64.6, 37.0, 33.7, 25.0, 24.4ppm; HRMS (ESI):  calcd. for 

C15H17NO3 [M+H]+: 260.1287, found 260.1287.

Benzyl 2-(1-methyl-1H-indol-3-yl)-2-oxoacetate (2e)6: The title compound as off  white solid 

(70 mg, 69% yield); Rf: 0.51 (20% ethyl acetate -petroleum ether); 1H 

NMR (400 MHz, CDCl3)  δ  8.40-8.38 (m, 1H), 8.18 (s, 1H), 7.46-7.44 

(m, 2H), 7.39-7.30 (m, 6H), 5.35(s,  2H), 3.76 (s, 3H) ppm; 13C {1H} 

NMR (100 MHz, CDCl3) δ 177.0, 162.8, 140.4, 137.3, 135.1, 128.7, 

128.6, 128.5, 124.1, 123.5, 122.6, 112.7, 110.0, 67.5, 33.8ppm; HRMS 

(ESI): calcd. For C18H15NO3 [M+H]+: 294.1130, found 294.1131.

Prop-2-yn-1-yl 2-(1-methyl-1H-indol-3-yl)-2-oxoacetate (2f)7: The title compound as off  

brown  solid (57 mg, 68 % yield); Rf: 0.54 (20% ethyl acetate -petroleum ether); 1H NMR (400  

MHz,  CDCl3) δ 8.43-8.39 (m,1H), 8.31 (s,  1H), 7.37-7.34 (m, 3H), 

4.92 (d, J=2.46 Hz, 2H), 3.87 (d, J=2.63 Hz, 1H), 7.23 (s, 1H), 

7.17-7.13 (m, 1H), 7.10 (dd, J=8.67, 2.07 Hz, 1H), 6.98-6.94 (s, 

3H), 2.56 (t, J=2.47 Hz, 1H) ppm; 13C {1H}NMR (100 MHz, 

CDCl3)  δ 175.9, 161.9, 156.1, 140.5, 137.3, 126.9, 124.3, 123.6, 
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N
Me
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122.6, 112.6, 110.0, 75.9, 75.7, 54.4, 33.9 ppm; HRMS (ESI):  calcd. for C14H11NO3 [M+H]+: 

242.0817, found 242.0793.

Cyclopentyl 2-(1-methyl-1H-indol-3-yl)-2-oxoacetate (2g)8: The title compound as off  white 

solid (62 mg, 66% yield); Rf: 0.54 (20% ethyl acetate -petroleum ether); 1H NMR (400 MHz, 

CDCl3) δ 8.38 (s, 1H), 8.18-8.11 (m, 1H), 7.50-7.10 (m, 3H), 5.38-

5.35 (m, 1H), 3.78(s, 3H), 2.00-1.63 (m, 8H) ppm; 13C{1H}NMR 

(100 MHz, CDCl3) δ 178.0, 163.1, 140.2, 137.3, 140.2, 137.3, 

127.0, 124.1, 123.5, 122.7, 112.8, 109.9, 79.1, 33.8, 32.8, 32.7 

ppm; HRMS (ESI): calcd. for C16H18NO3 [M+H]+: 272.1287, found 

272.1288.

Cyclohexyl 2-(1-methyl-1H-indol-3-yl)-2-oxoacetate (2h)9: The title compound as off  white 

solid (63 mg, 64% yield); Rf: 0.56 (20% ethyl acetate -petroleum ether); 1H NMR (400 MHz, 

CDCl3)   8.42-8.40 (m, 1H), 8.23(s, 1H), 7.35-7.32 (m, 3H), 

5.02-4.95 (m, 1H), 3.82 (s, 3H), 2.02-1.98 (m, 2H), 71.85-1.79 (m, 

2H) 1.66-1.55 (m, 3H), 1.47-1.25 (m, 3H) ppm; 13C{1H}NMR(100 

MHz, CDCl3)  178.1, 162.7, 140.2, 137.3, 127.1, 124.1, 123.5, 

122.8, 112.9, 109.9, 75.0, 33.8, 31.5, 25.3, 23.9 ppm; HRMS 

(ESI): calcd. for C17H19NO3 [M+H]+: 286.1443 found 286.1435.

Phenethyl 2-(1-methyl-1H-indol-3-yl)-2-oxoacetate (2i)10: The title compound as off  yellow 

solid (75 mg, 70 % yield); Rf: 0.59 (20% ethyl acetate -

petroleum ether); 1H NMR (400 MHz,   CDCl3)   8.42-8.38 (m, 

1H), 7.88 (s, 1H), 7.33-7.14 (m, 9H), 4.55 (t, J=7.00 Hz, 2H), 

3.69 (s,  3H), 3.08 (t, J=6.92 Hz, 2H) ppm; 13C {1H} NMR (100 

MHz, CDCl3)  177.9, 162.9, 140.3, 137.4, 137.2, 129.1, 128.6, 

126.9, 126.7, 124.1, 123.5, 122.6, 112.6, 109.9, 66.2, 34.9, 33.7 ppm; HRMS (ESI): calcd. for 

C19H17NO3 [M+H]+: 308.1287, found 308.1289.

Pentyl 2-(1-methyl-1H-indol-3-yl)-2-oxoacetate (2j)11: The title compound as off  yellow 

liquid (75 mg, 79% yield); Rf: 0.55 (20% ethyl acetate -petroleum ether); 1H NMR (400 MHz, 

CDCl3) δ 8.43-8.39 (m, 1H), 8.31(s, 1H), 7.37-7.34 (m, 3H), 

4.92 (d, J=2.84 Hz, 2H), 3.87 (s,  3H), 2.56 (t, J=2.47 Hz, 1H) 

ppm; 13C {1H}NMR (100 MHz, CDCl3)  175.9, 161.9, 156.1, 

140.5, 137.3, 126.9, 124.3, 123.6, 122.6, 112.6, 110.0, 54.4, 33.9 

ppm; HRMS (ESI): calcd. for C16H19NO3 [M+H]+: 274.1443, 
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found 274.1438.

Allyl 2-(1-methyl-1H-indol-3-yl)-2-oxoacetate (2k)11: The title compound as off  brown solid 

(58 mg, 69 % yield); Rf: 0.55 (20% ethyl acetate -petroleum ether); 1H NMR (400 MHz, 

CDCl3)   8.44-8.42 (m, 1H), 8.32 (s, 1H), 7.37-7.35 (m, 3H), 

6.09-5.99 (m, 1H), 5.47-5.43 (m, 1H), 5.35-5.32 (m, 1H), 4.85-

4.83 (m, 2H), 3.87(s, 3H) ppm; 13C{1H}NMR (100 MHz, 

CDCl3) δ 177.1, 162.7, 140.4, 137.4, 131.3, 127.1, 

124.3, 123.7, 122.9, 119.6, 112.9, 110.0, 66.6, 33.9 

ppm; HRMS (ESI): calcd. for C14H13NO3 [M+H] +: 244.0974, found 244.0979.

Ethyl 2-(1-ethyl-1H-indol-3-yl)-2-oxoacetate (2l)12: The title compound as off  white solid (68 

mg, 84 % yield);  Rf: 0.53 (20% ethyl acetate -petroleum ether); 1H NMR (400 MHz, CDCl3)   

8.45-8.41 (m, 1H), 8.34 (s, 1H), 7.37-7.29 (m, 3H), 4.40(q,  

J=14.33 Hz, 2H), 4.19 (t, J=14.60 Hz, 2H), 1.52 (t, J=7.32 Hz, 

3H), 1.42 (t, J=7.15, 3H) ppm; 13C {1H} NMR (100 MHz, CDCl3) 

δ 177.2, 162.8, 136.5, 136.1, 129.1, 126.9, 123.7, 123.1, 122.4, 

112.5, 109.9, 61.7, 41.8, 14.6, 13.92 ppm; HRMS (ESI): calcd. for 

C14H16NO3 [M+H]+: 246.1130, found 246.1136.

Ethyl 2-(1-isopropyl-1H-indol-3-yl)-2-oxoacetate (2m)12: The title 

compound as off  yellow  liquid (66 mg, 80% yield); Rf: 0.54 (20% 

ethyl acetate-petroleum ether); 1H NMR (400 MHz, CDCl3) δ 8.42-

8.41(m, 1H), 7.38-7.37 (m, 1H), 7.32-7.27 (m, 3H), 4.67-4.60 (m, 1H), 

4.38 (q, J=7.16 Hz, 2H), 1.54 (d, J=6.72 Hz, 6H), 1.41(t, J=7.12 Hz, 3H) ppm; 13C {1H} NMR 

(100 MHz, CDCl3)   177.3, 163.0, 136.3, 135.7, 127.2, 123.8, 123.4, 122.7, 112.9, 110.2, 61.9, 

48.3, 22.3, 14.0 ppm; HRMS (ESI): calcd. for C15H17NO3 [M+H]+: 260.1287, found 260.1290.

Ethyl 2-(1-butyl-1H-indol-3-yl)-2-oxoacetate (2n)12: The title compound as off  yellow solid 

(82 mg, 82 % yield);  Rf: 0.57 (20% ethyl acetate -petroleum ether); 1H NMR (400 MHz, 

CDCl3) δ 8.46-8.43 (m, 1H), 8.37 (s, 1H), 7.40-7.32 (m, 3H), 

4.41(q, J=7.13 Hz, 2H), 4.18 (t, J=7.18, 2H), 1.92-1.85 (m, 2H), 

1.45-1.36 (m, 5H) 0.96 (t, J=7.35 Hz, 3H) ppm; 13C {1H} NMR 

(100 MHz, CDCl3) δ 177.9, 163.9, 140.3, 137.2, 129.1, 128.6, 

126.9, 126.9, 124.1, 123.5, 122.6, 112.6, 109.9, 66.2, 34.9, 33.7 
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ppm; HRMS (ESI): calcd. for C16H19NO3 [M+H]+: 274.1443, found 274.1441.

Ethyl 2-(1-hexyl-1H-indol-3-yl)-2-oxoacetate (2o)12: The title compound as off  yellow  solid 

(70  mg, 83 % yield); Rf: 0.58 (20% ethyl acetate -petroleum ether); 1H NMR (400 MHz, 

CDCl3)  8.46-8.42 (m, 1H), 8.33 (s, 1H), 7.37-7.29 (m, 3H), 4.40 

(q, J=7.15 Hz, 2H), 4.12 (t, J=7.16 Hz, 2H), 1.90-1.83 (m, 2H), 

1.42 (t, J=7.15 Hz, 3H), 1.36-1.26 (m, 6H), 0.87 (t, J=6.92 Hz, 3H) 

ppm; 13C {1H} NMR (100 MHz, CDCl3) δ 177.4, 163.0, 139.4, 

136.6, 127.2, 124.0, 123.4, 122.8, 112.8, 110.2, 47.4, 31.2, 

29.6, 26.4, 22.4, 14.1, 13.9 ppm; HRMS (ESI): calcd. for C18H23NO3 [M+H]+: 302.1756, 

found 302.1760.

Ethyl 2-oxo-2-(1-phenyl-1H-indol-3-yl)acetate (2p)12: The title compound as off  white solid 

(77 mg, 76 % yield); Rf : 0.52 (20% ethyl acetate -petroleum ether); 1H  NMR (400 MHz, 

CDCl3)  8.56 (s, 1H), 8.52-8.50 (m, 1H), 7.60-7.46 (m, 6H), 7.43-

7.7.31(m, 2H), 4.42 (q, J=7.14 Hz, 2H), 1.44 (t, J=7.15 Hz, 3H) 

ppm; 13C {1H} NMR (100 MHz, CDCl3)  178.1, 162.9,139.2, 

138.0, 137.0, 130.0, 128.6, 125.1, 124.7, 124.0, 123.0.9, 114.5, 

111.2, 62.3, 14.2 ppm; HRMS (ESI): calcd. for C18H15NO3 

[M+H]+: 294.1130, found 294.1128.

Ethyl 2-(1-benzyl-1H-indol-3-yl)-2-oxoacetate (2q)12: The title compound as off  orange (59 

mg, 70% yield); Rf: 0.58 (20% ethyl acetate -petroleum ether); 1H NMR (400 MHz, CDCl3) δ 

8.45 (d, J=7.80 Hz, 1H), 8.38 (s, 1H), 7.34-7.24 (m, 6H), 7.17-7.14 

(m, 2H), 5.33 (s, 2H), 4.37 (q, J=7.17 Hz, 2H), 1.39 (t, J=7.15 Hz, 

3H) ppm; 13C {1H} NMR (100 MHz, CDCl3) δ 177.6, 162.9, 139.8, 

136.8, 135.2, 129.1, 128.3, 127.3, 127.0, 124.3, 123.6, 122.9, 113.3, 

110.6, 62.1, 51.1, 14.1 ppm; HRMS (ESI): calcd. for C19H17NO3 

[M+H]+:308.1287, found 308.1291.

Methyl 2-oxo-2-(1-phenyl-1H-indol-3-yl)acetate (2r)12: The title compound as off  white 

solid (60 mg, 75% yield); Rf: 0.56 (20% ethyl acetate -petroleum ether); 1H NMR (400 MHz, 

CDCl3) δ 8.57 (s, 1H), 8.52-8.50 (m, 1H), 7.61-7.46 (m, 6H), 7.42-

7.32 (m, 2H), 3.96 (s,  3H) ppm; 13C {1H} NMR (100 MHz, CDCl3) 

δ 177.6, 163.2, 139.4, 138.0, 137.1, 130.0, 128.6, 127.3, 125.7, 

124.8, 124.1, 123.0, 114.5, 111.2, 52.9 ppm; HRMS (ESI): calcd. for 

C17H13NO3 [M+H]+: 280.0974, found 280.0977.
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Methyl 2-(1-butyl-1H-indol-3-yl)-2-oxoacetate (2s)12: The title compound as off orange solid 

(52 mg, 67% yield); Rf: 0.54 (20 % ethyl acetate petroleum ether); 1H NMR (400 MHz, CDCl3) 

 8.45-8.40 (m,1H), 8.45-8.40 (m,1H), 8.31(s,1H), 7.35-7.29 (m,3H), 

4.10 (t, J=7.20Hz, 2H), 3.92 (s, 3H), 1.86-1.79 (m, 2H), 1.39-1.25 

(m, 2H), 0.93 (t, J=7.21 Hz, 3H) ppm; 13C {1H} NMR (100 MHz, 

CDCl3) δ 176.8, 163.3, 139.5, 136.6, 127.1, 124.0, 123.4, 

122.7,112.6,110.2, 52.6,47.1,31.6, 20.0, 13.5 ppm; HRMS (ESI): 

calcd. for C15H17NO3 [M+H]+: 260.1287, found 260.1291.

Methyl 2-(1-allyl-4-methyl-1H-indol-3-yl)-2-oxoacetate (2t): The title compound as off  

white solid (65 mg, 83% yield); m.p.= 84-86 ºC; Rf: 0.54 (20 % ethyl acetate petroleum ether); 
1H NMR (400 MHz, CDCl3)   8.18 (s, 1H), 7.26-7.15 (m, 2H), 7.09 

(d, J=7.03 Hz, 1H), 6.04-5.94 (m, 1H), 5.31 (dd, J=0.82, 0.82 Hz, 

1H), 5.18 (dd, J=0.79, 0.81Hz, 1H) 4.40 (q, J=7.14 Hz, 2H), 2.88 (s, 

3H), 1.42 (t, J=7.09 Hz, 3H) ppm; 13C {1H} NMR (100 MHz, 

CDCl3) δ 178.2, 164.7, 140.6, 137.9, 134.2, 131.5, 125.7, 125.5, 

124.5, 119.2, 114.3, 62.1, 49.8, 23.2, 14.2 ppm; HRMS (ESI): calcd. 

for C16H18NO3 [M+H]+: 258.1130, found 258.1133.

Methyl 2-(1-isopropyl-5-methyl-1H-indol-3-yl)-2-oxoacetate (2u): The title compound as off 

light yellow solid (66 mg, 84% yield); m.p.= 82-84 ºC; Rf: 0.57 (20% ethyl acetate petroleum 

ether); 1H NMR (400 MHz, CDCl3)   8.41 (s, 1H), 8.26-8.25 (m, 

1H), 7.31(s, J=8.37 Hz, 1H), 7.16 (dd,  J=1.42, 1.43 Hz, 1H), 4.70-

4.63 (m, 1H), 3.95(s, 3H), 2.40 (s,  3H), 1.60 (d, J=6.65 Hz, 6H) ppm; 
13C {1H} NMR (100 MHz, CDCl3) δ 176.9, 163.7, 136.0, 134.8, 

133.5, 127.6, 125.5, 122.8, 112.8, 110.0, 52.7, 48.6, 22.6, 21.6ppm; 

HRMS (ESI): calcd. for C15H17NO3 [M+H]+: 260.1287, found 260.1293.

Ethyl 2-(1-ethyl-7-methyl-1H-indol-3-yl)-2-oxoacetate (2v): The title compound as off  white 

solid (73 mg, 85% yield); m.p.= 78-80 ºC; Rf : 0.51 (20% ethyl acetate -petroleum ether); 1H 

NMR (400 MHz, CDCl3)   8.32 (d, J=7.98 Hz, 1H), 8.25 (s, 1H), 

7.14 (t,  J=7.59 Hz, 1H), 7.01 (d, J=7.07 Hz, 1H), 4.41-4.32 (m, 4H), 

2.66 (s, 3H), 1.43-1.40 (m, 6H) ppm; 13C {1H} NMR (100 MHz, 

CDCl3) δ 177.1,  162.9, 140.0, 134.9, 128.0, 126.9, 123.2, 121.3, 

120.4, 112.3, 61.7, 44.4, 19.3, 16.9, 13.9 ppm; HRMS (ESI): calcd. for 

C15H17NO3 [M+H]+: 260.1287, found 260.1286.
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Ethyl 2-(1-isopropyl-5-methoxy-1H-indol-3-yl)-2-oxoacetate (2w): The title compound as off  

yellow liquid (67 mg, 80% yield); Rf: 0.54 (20% ethyl acetate -petroleum ether); 1H NMR (400 

MHz, CDCl3) δ  8.29 (s, 1H), 7.87 (s,  1H), 7.19 (d,  J=8.66 Hz, 1H), 

6.85 (d, J=8.92 Hz, 1H), 4.55-4.47 (m, 1H),  4.30 (q,  J=7.12 Hz,  

2H),  3.79 (s, 3H), 1.48 (d,  J=6.65 Hz, 6H) 1.33 (t, J=7.09 Hz, 3H) 

ppm; 13C {1H} NMR (100 MHz, CDCl3)  177.3, 163.2, 157.0, 135.6, 

131.1, 128.3, 114.0, 112.7, 111.1, 104.2, 61.9, 55.7, 48.6, 22.4, 14.1 

ppm; HRMS (ESI): calcd. for C16H19NO4 [M+H]+: 290.1392, found 290.1395.

Ethyl 2-(1-allyl-5-methoxy-1H-indol-3-yl)-2-oxoacetate (2x): The title 

compound as off  yellow solid (62 mg, 74% yield); m.p.= 76-78 ºC;  Rf: 

0.56 (20% ethyl acetate -petroleum ether); 1H NMR (400 MHz, CDCl3)   

8.24 (s, 1H), 7.88 (d, J=2.50 Hz, 1H), 7.19-7.16 (m, 1H), 6.88 (dd,  

J=2.54, 2.54 Hz, 1H) 5.98-5.89 (m, 1H), 5.26-5.23 (m,  1H), 5.16-5.11 

(m, 1H), 4.66-4.67 (m, 2H), 4.33 (q, J=7.10 Hz, 2H), 3.82 (s, 3H), 1.36 (t, J=7.10 Hz, 3H) ppm; 
13C {1H} NMR (100 MHz, CDCl3)  177.5, 163.1, 157.2, 139.3, 131.6, 128.3, 114.4, 113.0, 

111.3, 104.3, 62.1, 55.8, 50.1, 14.2 ppm; HRMS (ESI): calcd. for C16H17NO4 [M+H]+: 

288.1236, found 288.1214.

Ethyl 2-(1-ethyl-5-methoxy-1H-indol-3-yl)-2-oxoacetate (2y): The title compound as off  

yellow solid (69 mg, 83% yield); m.p.= 68-70 ºC;  Rf: 0.59 (20% ethyl acetate -petroleum 

ether); 1H NMR (400 MHz, CDCl3) δ 8.32 (s, 1H), 7.95 (d, J=2.50 Hz, 

1H), 7.26 (t, J=5.27, 1H), 6.96 (dd, J=2.55, 2.56, 1H), 4.40 (q, J=7.16 Hz, 

2H), 4.19 (q, J=7.32 Hz, 3H), 3.90 (s, 3H, 1.54 (t, J=7.31 Hz, 3H), 1.43 

(t, J=7.13 Hz, 3H) ppm; 13C {1H} NMR (100 MHz, CDCl3) δ 177.4, 

163.2, 157.1, 138.5, 131.3, 128.4, 114.2, 112.7, 110.9, 104.3, 62.0, 55.8, 42.3, 15.1, 14.2 ppm; 

HRMS (ESI) : calcd. for C15H17NO4 [M+H]+: 276.1236, found 276.1233.

Isopropyl 2-(1-benzyl-1H-indol-3-yl)-2-oxoacetate (2z): The title compound as off  light 

yellow solid (60 mg, 68% yield); m.p.= 95-97 ºC;  Rf: 0.58 (20% ethyl acetate -petroleum 

ether); 1H NMR (400 MHz, CDCl3)   8.46-8.43 (m, 1H), 8.35 (s, 1H), 

7.35-7.24 (m, 6H), 7.18-7.16 (m, 2H), 5.33 (s,  2H), 5.24-5.18 (m,  1H), 

1.37 (d, J=6.25 Hz, 6H) ppm; 13C {1H} NMR (100 MHz, CDCl3) δ 

178.1, 162.6, 139.6, 136.8, 135.2, 129.1, 128.4, 127.3, 127.1, 124.2, 

123.6, 122.9, 113.3, 110.5, 70.1, 51.1, 21.7 ppm; HRMS (ESI): calcd. 

for C20H19NO3 [M+H]+: 222.1443, found 222.1449.
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Ethyl 2-(5-methylfuran-2-yl)-2-oxoacetate (3a)13: The title compound as off  yellow solid (53 

mg, 70% yield); Rf: 0.40 (20% ethyl acetate -petroleum ether); 1H NMR (400 MHz, CDCl3) δ 

7.62 (dd, J=1.95 Hz, 1.72, 1H), 6.24 (dd, J=3.85, 3.82 Hz, 1H), 4.36 

(q, =15.36, 2H), 2.41 (s, 3H), 1.37 (t, J=67.09 Hz, 3H), ppm; 13C {1H} 

NMR (100 MHz, CDCl3) δ 170.2, 161.8, 161.4, 148.9, 127.2, 110.2, 

62.6, 14.3, 14.0, ppm; HRMS (ESI): calcd. for C09H11O4 [M+H]+: 

183.2553, found 183.2550 

Isopropyl 2-(5-methylfuran-2-yl)-2-oxoacetate (3b)13: The title 

compound as off  colorless liquid (61 mg, 74% yield); Rf: 

0.44(20% ethyl acetate-petroleum ether); 1HNMR (400 MHz, 

CDCl3) 7.60 (dd, J=3.60Hz, 3.63, 1H), 6.24 (dd, J=3.59Hz, 3.59, 

1H,), 5.25-5.19 (m, 1H), 2.43 (s, 3H), 1.38 (d, J=6.34Hz, 6H) ppm; 13C {1H} NMR (100 MHz, 

CDCl3) 170.8, 161.6, 149.03, 126.9, 110.2, 70.9, 21.7, 21.5, ppm; HRMS(ESI): calcd. for 

C14H13NO3Na [M+Na]+: 219.0633 found 219.0600.

Ethyl 2-oxo-2-(1-phenyl-1H-pyrrol-3-yl)acetate (3c)14: The title compound as off  white solid 

(56 mg, 69% yield); Rf: 0.53 (20% ethyl acetate -petroleum ether); 1H NMR (400 MHz, CDCl3) 

δ 7.43-7.38 (m, 4H), 7.28-7.25 (m, 2H), 7.10 (t, J=1.71 Hz, 1H), 6.37 (q, 

J=2.60 Hz, 1H), 4.32 (q, J=7.18 Hz, 2H), 1.35 (t, J=7.10 Hz, 3H) ppm; 
13C {1H} NMR (100 MHz, CDCl3) δ 173.4, 163.2, 139.8, 133.9, 128.7, 

128.1, 126.0, 125.5, 110.8, 62.0, 14.0 ppm; HRMS (ESI): calcd. for 

C14H13NO3 [M+H]+: 244.0939 found 244.0974.

Isopropyl 2-oxo-2-(1-phenyl-1H-pyrrol-2-yl)acetate (3d)14: The title compound as off  

yellow solid (56 mg, 66% yield); Rf: 0.50 (20% ethyl acetate -petroleum ether); 1H NMR (400 

MHz, CDCl3) δ 7.41-7.34 (m, 4H), 7.27-7.24 (m, 2H), 7.08-7.07 

(m,1H), 6.37-6.35 (m, 1H), 5.21-5.15 (m, 1H), 1.33 (d, J=6.27 Hz, 

6H) ppm; 13C {1H} NMR (100 MHz, CDCl3) δ 173.8, 162.9, 139.8, 

133.8, 128.7, 128.1, 128.0, 125.3, 110.7, 70.1, 21.6 ppm; HRMS 

(ESI): calcd. for C14H13NO3 [M+H]+: 258.1130 found 258.1128.
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