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General Information

All the commercially available reagents were purchased from Merck, Aldrich and Fluka, and were 

used as received. All 1H and 13C NMR spectra were recorded on JEOL AL 300 and BRUKER 400 MHz 

FT-NMR spectrometer. Chemical shifts are given as δ value (in ppm) with reference to 

tetramethylsilane (TMS) as the internal standard. The IR spectra were recorded on PerkinElmer 

Spectrum Version 10.03.05 FT-IR spectrophotometer. Mass spectra were recorded on a Agilent Q-

TOF B.05.00 (B5042.0), BRUKERmicroTOF-Q III and maXis ESI mass spectrometer instrument. X-

ray diffraction was measured on Xcalibur Oxford CCD Diffractometer. All the reactions were 

monitored by TLC using precoated sheets of silica gel G/UV-254 of 0.25 mm thickness (Merck 

60F254) using UV light for visualization. Melting points were determined with Büchi B-540 melting 

point apparatus and are uncorrected. Solvents were dried and purified by standard procedures.

Typical experimental procedures
General procedure for synthesis of 1,2,3,4-tetra and 1,2,3,4,5-pentasubstituted pyrroles

α-Oxoketene-N,S-acetal,1 β-nitrostyrenes/β-methyl-β-nitrostyrenes2 were prepared from reported 

procedures.

Experimental procedure for Synthesis of 3:

The α-oxoketene-N,S-acetal 1(1.0mmol), β-nitrostyrene/β-methyl-β-nitrostyrene 2(1.0mmol) were 

taken with In(OTf)3 (10 mol%) in a 25 ml round bottom flask and the whole reaction mixture was 

heated in oil bath at 55 °C for the stipulated period of time till the completion of the reaction 

(monitored by TLC). After completion of reaction, organic phase was extracted with EtOAc, washed 

with water (2×20 mL) and brine (1×20 mL). Dried over sodium sulphate and the crude compounds 

were purified with silica gel column chromatography.

Competition Reactions

a) Competition reaction between α-oxoketene-N,S-acetals ( 1c vs. 1d): 
To an oven-dried 25mL round bottom flask, equipped with a magnetic stirrer bar was charged with 
1d (1.0 eq.), 1c (1.0 eq.) and 2a (1.0 eq.). To this reaction mixture 10 mol% of In(OTf)3 was added 
and the whole reaction mixture was put on a pre-heated oil bath at 55 °C. After completion of the 
reaction (monitored through TLC), 5mL of distilled water was added and extracted with EtOAc, 
washed with brine and distilled water (1×20 mL). Dried over anhydrous sodium sulphate and 
solvent was evaporated under reduced pressure to obtain the crude product, which was analyzed by 
1H NMR using TMS as internal standard.
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In(OTf)3, 10 mol %

SF, 55 °C, 50 min

1d (1.0 eq.) 1c (1.0 eq.) 2a (1.0 eq.) 3da, 30% 3ca, 70%

1d

1H-NMR Spectrum of 1d:

1H-NMR Spectrum of 1c:

1H-NMR Spectrum of 2a:
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1H-NMR Spectrum of 3ca:

1H-NMR Spectrum of 3da:

1H-NMR Spectrum of crude reaction mixture:
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Since, presence of characteristic peaks of α-oxoketene-N,S-acetal at 5.8 ppm (of α-H), 13.53 ppm (of N-H) 
with integration value of ~1 and at 2.43 ppm with integration value of ~3 confirms the presence of only one 
α-oxoketene-N,S-acetal, but it can’t be predicted from NMR because both α-oxoketene-N,S-acetals have 
almost similar characteristic peaks. TLC pattern clearly shows that 1c was fully consumed and 1d was left.

b) Competition reaction between β-nitrostyrenes( 2cvs. 2d): To an oven-dried 25 mL round 
bottom flask, equipped with a magnetic stirrer bar was charged with 1a (1.0 eq.), 2c (1.0 eq.) and 2d 
(1.0 eq.). To this reaction mixture 10 mol % of In(OTf)3 was added and the whole reaction mixture 
was put on a pre-heated oil bath at 55 °C. After completion of the reaction (monitored through TLC), 
5 mL of distilled water was added and extracted with EtOAc, washed with brine and distilled water 
(1×20 mL). Dried over anhydrous sodium sulphate and solvent was evaporated under reduced 
pressure to obtain the crude product, which was analyzed by 1H NMR using TMS as internal 
standard. 
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1H-NMR Spectrum of 1a:

1H-NMR Spectrum of 2c:
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1H-NMR Spectrum of 2d:

1H-NMR Spectrum of 3ac:

1H-NMR Spectrum of 3ad:
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1H-NMR Spectrum of crude reaction mixture:

1H-NMR spectrum of α-oxoketene-N,S-acetal shows characteristic peaks of α-H at 5-6 ppm and that of N-H at 
12-15 ppm, which are absent in 1H-NMR spectrum of crude mixture. It clearly shows depletion of α-
oxoketene-N,S-acetal 1a from reaction mixture. And if, there is reminiscent of 2cin reaction mixture, it 
would be clearly shown in spectra as –OCH3 peak different with –OCH3 of product pyrrole. But there is only 
one peak of -OCH3 with integration value of ~3. Now, on the basis of these observations we can clearly say 
that, there are only product pyrrole 3ac and β-nitrostyrene 2d in the crude mixture.

Characterization data for isolated compounds
①3aa.3-Benzoyl-2-(methylthio)-1,4-diphenylpyrrole
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②3ab. 3-Benzoyl-2-(methylthio)-1-phenyl-4-(p-tolyl)pyrrole
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③3ac. 3-Benzoyl-4-(4-methoxyphenyl)-2-(methylthio)-1-phenylpyrrole
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④3ad.3-Benzoyl-2-(methylthio)-4-(4-nitrophenyl)-1-phenylpyrrole
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⑤ 3bd. 2-(methylthio)-4-(4-nitrophenyl)-1-phenyl-3-(p-tolyl)pyrrole
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⑥3ca. 3-(4-Methoxybenzoyl)-2-(methylthio)-1,4-diphenylpyrrole
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⑦3cb.3-(4-Methoxybenzoyl)-2-(methylthio)-1-phenyl-4-(p-tolyl)pyrrole
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⑧3cd.3-(4-methoxybenzoyl)-2-(methylthio)-4-(4-nitrophenyl)-1-phenylpyrrole
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⑨3db.2-(Methylthio)-1-phenyl-4-(p-tolyl)-3-(4-trifluoromethyl)pyrrole
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⑩3ea.1,4-Diphenyl-2-(methylthio)-3-(4-phenylbenzoyl)pyrrole
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⑪3eb.2-(Methylthio)-1-phenyl-3-(4-phenylbenzoyl)-4-(p-tolyl)pyrrole
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⑫3ee.4-(4-Fluorophenyl)-2-(Methylthio)-1-phenyl-3-(4-phenylbenzoyl)pyrrole
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⑬3fa.1,4-Diphenyl-2-(methylthio)-3-(2-furoyl)pyrrole
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⑭3fb.3-(2-Furoyl)-2-(methylthio)-1-phenyl-4-(p-tolyl)pyrrole
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⑮3fc.3-(2-Furoyl)-4-(4-methoxyphenyl)-2-(methylthio)-1-phenylpyrrole
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⑯3fd.3-(2-Furoyl)-2-(methylthio)-4-(4-nitrophenyl)-1-phenylpyrrole
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⑰3ga. 1,4-Diphenyl-2-(methylthio)-3-(2-thienoyl)pyrrole
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⑱3gb. 2-(Methylthio)-1-phenyl-3-(2-thienoyl)-4-(p-tolyl)pyrrole
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⑲ 3ha.3-(4-Bromobenzoyl)-4-phenyl-2-(methylthio)-1-methylpyrrole
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⑳ 3ic.3-(3-Hydroxybenzoyl)-4-(4-methoxyphenyl)-2-(methylthio)-1-(n-butyl)pyrrole
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㉑3jc. 3-Benzoyl-4-(4-methoxyphenyl)-2-(methylthio)-1-cyclohexylpyrrole
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㉒3cf. 4-(2-Ethynylphenyl)-2-(methylthio)-3-(4-methoxyphenyl)-1-phenylpyrrole
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㉓3ef. 4-(2-Ethynylphenyl)-2-(methylthio)-1-phenyl-3-(4-phenylbenzoyl)pyrrole



45



46

㉔3ag. 3-Benzoyl-4-((E)-(4-methoxystyryl))-2-(methylthio)-1-phenylpyrrole
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㉕3dh. 4-(4-Methoxyphenyl)-5-methyl-2-(methylthio)-1-phenyl-3-(4-trifluoromethyl)pyrrole
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㉖3fh. 3-(2-Furoyl)-4-(4-methoxyphenyl)-5-methyl-2-(methylthio)-1-phenylpyrrole
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