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I. General Considerations 

Unless noted otherwise, all reagents and solvents were purchased from commercial sources and 

used as received. All reactions were performed in a screw-cap sealed tube. The 1H and 13C NMR 

spectra were obtained in CDCl3, MeOD or DMSO-d6 as solvent using a 400 MHz and 100 MHz 

spectrometer respectively with Me4Si as an internal standard. Coupling constants (J values) are 

reported in Hz. Column chromatography was performed using silica gel (60-120 mesh, 100-200 

mesh, and 230-400 mesh).  

II. Experimental section 

1. Preparation of substituted α-oxocarboxylic acids:  

All substituted α-oxocarboxylic acids were prepared from oxidation of corresponding methyl 

ketones with SeO2 according to the reported procedure.1 

2. General procedure for the synthesis of potassium salts of the α-oxocarboxylic acids  

Following a literature procedure, a solution of potassium tert-butoxide (1 mmol) in ethanol (1 mL) 

was added drop by drop to a solution of α-oxocarboxylic acids (1 mmol) in ethanol (1 mL) over 

30 minutes. After complete addition, the reaction mixture was stirred for another 2 h at room 

temperature. A gradual formation of a precipitate was observed. The resulting solid was collected 

by filtration, washed with ethanol (2 x 10.0 mL), diethyl ether (10.0 mL) respectively, transferred 

to a round-bottomed flask and dried it under vacuum to give corresponding potassium salts of α-

oxocarboxylic acids.2 

3. Typical procedure for the synthesis of 2-aryl/heteroarylquinazolin-4(3H)-ones (15-25) 

In an oven-dried screw cap vial equipped with a magnetic stir bar was charged with 2-amino 

benzamide derivative (0.3 mmol), α-oxocarboxylate (1.2 equiv), and K2S2O8 (3 equiv). The tube 

was evacuated and backfilled with nitrogen. CH3CN (2 mL) was added by syringe under flow of 

nitrogen. The tube was sealed and the mixture was allowed to stir at 80 oC for 8 h. The reaction 

mixture was allowed to cool to room temperature and neutralized with saturated solution of 

Na2CO3 (10 mL) by constant stirring. It was then extracted with EtOAc (20 mL x 2). The organic 

layer was dried (Na2SO4), concentrated under reduced pressure, and purified by column 

chromatography [silica, EtOAc - hexanes = 3:7] to give the desired cyclized product. 
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4. Typical procedure for the synthesis of 2-arylbenzo[d]thiazoles (30-34) 

In an oven-dried screw cap vial equipped with a magnetic stir bar was charged with α-

oxocarboxylate (0.3 mmol), 2-amino thiophenol derivative (1.5 equiv), and K2S2O8 (2 equiv). The 

tube was evacuated and backfilled with nitrogen. CH3CN (2 mL) was added by syringe under flow 

of nitrogen. The tube was sealed and the mixture was allowed to stir at 80 oC for 8 h. The reaction 

mixture was allowed to cool to room temperature and neutralized with saturated solution of 

Na2CO3 (10 mL) by constant stirring. It was then extracted with EtOAc (20 mL x 2). The organic 

layer was dried (Na2SO4), concentrated under reduced pressure, and purified by column 

chromatography [silica, EtOAc - hexanes = 0.5:9.5 ~ 1:9] to give the desired cyclized product. 

5. General procedure for the synthesis of 2-arylbenzazoles (35-37) 

In an oven-dried screw cap vial equipped with a magnetic stir bar was charged with substrates (0.3 

mmol), α-oxocarboxylate (1.2 equiv), and K2S2O8 (2 equiv). The tube was evacuated and 

backfilled with nitrogen. CH3CN (2 mL) was added by syringe under flow of nitrogen. The tube 

was sealed and the mixture was allowed to stir at 80 oC for 8 h. The reaction mixture was allowed 

to cool to room temperature and neutralized with saturated solution of Na2CO3 (10 mL) by constant 

stirring. It was then extracted with EtOAc (20 mL x 2). The organic layer was dried (Na2SO4), 

concentrated under reduced pressure, and purified by column chromatography [silica, EtOAc - 

hexanes = 0.5:9.5 ~ 1:9] to give the desired cyclized product. 

6. General procedure for the synthesis of nitrogen heterocycles from benzaldehyde (3, 30, 35-

37) 

In an oven-dried screw cap vial equipped with a magnetic stir bar, substrate (0.3 mmol), 

benzaldehyde (1.2 equiv), K2S2O8 (3 equiv), and CH3CN (2 mL) as solvent was heated at 80 oC 

for 8 h. The reaction mixture was allowed to cool to room temperature and neutralized with 

saturated solution of Na2CO3 (10 mL) by constant stirring. It was then extracted with EtOAc (20 

mL x 2). The organic layer was dried (Na2SO4), concentrated under reduced pressure, and purified 

by column chromatography [silica, EtOAc - hexanes = 0.5:9.5 ~ 3:7] to give desired cyclized 

product. 
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7. Typical procedure for the synthesis of 5-(2-ethoxyphenyl)-1-methyl-3-propyl-1H 

pyrazolo[4,3-d]pyrimidin-7(6H)-one (51) 

In an oven-dried screw cap vial equipped with a magnetic stir bar was charged with 4-amino-1-

methyl-3-propyl-1H-pyrazole-5-carboxamide (0.5 mmol), 2-ethoxy phenylglyoxylate (1.2 equiv), 

and K2S2O8 (3 equiv). The tube was evacuated and backfilled with nitrogen. CH3CN (3.3 mL) was 

added by syringe under flow of nitrogen. The tube was sealed and the mixture was allowed to stir 

at 80 oC for 8 h. The reaction mixture was allowed to cool to room temperature and neutralized 

with saturated solution of Na2CO3 (10 mL) by constant stirring. It was then extracted with EtOAc 

(20 mL x 2). The organic layer was dried (Na2SO4), concentrated under reduced pressure, and 

purified by column chromatography [silica, EtOAc - hexanes = 3:7] to give the desired cyclized 

product. 

8. Typical procedure for the synthesis of 4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7-dihydro 

1H-pyrazolo[4,3-d]pyrimidin-5-yl)benzene-1-sulfonyl chloride (51a) 

Following a literature procedure,3 5-(2-ethoxyphenyl)-1-methyl-3-propyl-1H pyrazolo[4,3-

d]pyrimidin-7(6H)-one (0.3 mmol) was added portionwise to chlorosulphonic acid (0.25 mL) at 0 

oC. The reaction mixture was allowed to stir at room temperature overnight. The reaction mixture 

was poured to crushed ice. A white precipitate formed which was filtered, washed with cold water 

and dried it under pressure to give a title compound as a white solid. (112 mg, 91%) 

9. Typical procedure for the synthesis of 5-(2-ethoxy-5-((4-methylpiperazin-1 

yl)sulfonyl)phenyl)-1-methyl-3-propyl-1H-pyrazolo[4,3-d]pyrimidin-7(6H)-one (Sildenafil) 

(52) 

To the solution of sulfonyl chloride derivative (0.25 mmol) in THF (2 mL), excess of N-methyl 

piperazine was added. The resulting mixture was stirred at room temperature for 3 h. After the 

completion of reaction, THF was concentrated under reduced pressure and the residue was washed 

with cold water. The resulting precipitate was filtered, washed with cold water, dried under 

reduced pressure and recrystallized from ethanol to give white color solid. (123 mg, 89%). 
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III. Peripheral discussion on mechanism  

The possible reaction pathways of the tandem reaction are shown in Scheme 1. Initially, homolytic 

cleavage of K2S2O8 under thermal conditions could generate a sulfate radical anion (SO4˙ˉ),
4 which 

upon reaction with phenylglyoxylate could produce acyl radical 36 via decarboxylation. The 

formation of amide 38 could occur via two pathways. The acyl radical 36 could react with 2-

aminobenzamide 1 to form amide 38 via a radical pathway.5a Upon capture of a sulfate radical 

anion (SO4˙ˉ), the acyl radical 36 could also form a benzoyl sulfate 37, which could undergo 

nucleophilic substitution with 1 to give 38 via an ionic pathway. Furthermore, intramolecular 

nucleophilic addition of the primary amide group to the secondary amide in amide 38 in the 

presence of bases (HSO4
-, SO4

-2) generated in situ could give quinazolinone 3.  

 

Scheme 1. Possible reaction pathways 

Effect of TEMPO or BHT in the tandem reaction  

A free radical quencher, such as BHT or TEMPO did not affect the yield of 3 significantly. 

Apparently, this fact could be explained as follows. When the reaction of 2-aminobenzamide 1 

and phenylglyoxylate 2 is carried out in the presence of TEMPO, acyl radical 40 could react with 

TEMPO to form TEMPO-acyl adduct 41, which could further undergo nucleophilic substitution 

with 1 to give the intermediate 43 via an ionic mechanism (Scheme 1). To prove the hypothesis, 

we investigated the formation of TEMPO-acyl adduct 43 in this reaction and its reaction, prepared 

independently, with 2-aminobenzamide 1. Reaction of phenylglyoxylate 2 and TEMPO under the 
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standard conditions did not form the TEMPO-acyl adduct 41 (scheme 2). Thus, the formation of 

TEMPO-acyl adduct is not warranted in tandem reaction.   

 

Scheme 2. Acyl radical to TEMPO-acyl adduct formation 

   Next, we performed three different reactions of TEMPO-acyl adduct 41 and 2-aminobenzamide 

1 under the conditions shown in Scheme 3. When the pure TEMPO-acyl adduct 41 was reacted 

with 1 under the optimized conditions, the reaction did not give amide 43. Similarly, the reaction 

1 and 41 also did not give the amide 43 in the presence or absence of any base. Therefore, our 

hypothesis is not supported by these experiments. Probably, the trapping of acyl radical 40 with a 

sulfate radical anion could be faster than trapping with TEMPO resulting in the formation of acyl 

sulfate 42, which could undergo nucleophilic substitution with 1 to give 43 via ionic pathway. This 

could explain why TEMPO does not inhibit the tandem reaction.  

 

Scheme 3. Reaction of TEMPO-acyl adduct 41 with 1 

The condensation of aliphatic α-oxocarboxylic acid and hydroxylamine,5b is reported to occur at 

temperature below 50 °C in the absence of any reagent. Based on the literature, another possible 

pathway could be the condensation of 2 and 1 followed by dehydration to generate imine, which 

could undergo oxidative decarboxylation to form imine radical. Intramolecular cyclization and 

subsequent oxidation in the presence of K2S2O8 could give quinazolinone 3 (Scheme 4). To prove 

this pathway, we carried out a control experiment, which involved heating arylamine 1 and 
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phenylglyoxylate 2 in acetonitrile at 40 °C for 8 h. However, the reaction did not form any 

significant product. Thus, the reaction pathway involving condensation of 1 and 2, and subsequent 

oxidative decarboxylation to give the quinazolinone 3 is unlikely. The other pathways (not shown) 

that reasonably explain the formation of quinazolinone 3 from ortho-substituted arylamine 1 and 

α- phenylglyoxylate 2 are not ruled out. 

 

Scheme 4. Condensation pathway 

Preparation of 2,2,6,6-tetramethylpiperidin-1-yl benzoate (41)6 

According to literature procedure,6 an oven-dried screw cap vial equipped with a magnetic stir bar, 

quinoline (0.5 mmol), benzaldehyde (4 equiv), NCS (0.3 equiv), TEMPO (1.1 equiv) and TBHP 

in decane (5.5M, 3 equiv), in DCE (2 mL) was heated at 105 °C for 16 h. The reaction mixture 

was allowed to cool to room temperature and neutralized with saturated solution of Na2CO3 (10 

mL) by constant stirring. It was then extracted with EtOAc (20 mL x 2). The organic layer was 

dried (Na2SO4), concentrated under reduced pressure, and purified by column chromatography 

[silica, EtOAc - hexanes = 0.2/0.8] to give 2,2,6,6-tetramethylpiperidin-1-yl benzoate (118 mg, 

69%). 

 

IV. Control experiments 

1. Typical procedure for the synthesis of N-phenylbenzamide (39) 

In an oven-dried screw cap vial equipped with a magnetic stir bar was charged with aniline (0.3 

mmol), α-oxocarboxylate (1.5 equiv), and K2S2O8 (2 equiv). The tube was evacuated and 

backfilled with nitrogen. CH3CN (2 mL) was added by syringe under flow of nitrogen. The tube 
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was sealed and the mixture was allowed to stir at 80 oC for 24 h. The reaction mixture was allowed 

to cool to room temperature and neutralized with saturated solution of Na2CO3 (10 mL) by constant 

stirring. It was then extracted with EtOAc (20 mL x 2). The organic layer was dried (Na2SO4), 

concentrated under reduced pressure, and purified by column chromatography [silica, EtOAc - 

hexanes = 1:9] to give the desired cyclized product. 

2. Typical procedure for the preparation of 2-(benzoylamino)benzamide (43) 

Following a literature procedure,7 a dried round bottom flask equipped with magnetic stirrer bar 

charged with 2-amino benzamide (5 mmol), triethyl amine (5 mmol), and acetone (20 mL). The 

reaction mixture was cool down to 0 oC and solution of benzoyl chloride (5 mmol) in acetone (5 

mL) was added dropwise over 5 minutes. The reaction mixture was stirred for 2 h at room 

temperature. The product together with a part of separated triethylammonium chloride was 

separated by filtration through a sintered glass filter, and salt was removed by washing with cold 

water to obtain the first portion of product. The mother liquor was concentrated under reduced 

pressure, and the residue was recrystallized from toluene to provide the second portion of product. 

3. Typical procedure for the synthesis of 2-phenylquinazolin-4(3H)-one from 2-

(benzoylamino)benzamide (3) 

In an oven-dried screw cap vial equipped with a magnetic stir bar, 2-(benzoylamino)benzamide 

(0.3 mmol), KHSO4 (3 equiv), K2SO4 (3 equiv), and CH3CN (2 mL) as solvent was heated at 80 

oC for 8 h. The reaction mixture was allowed to cool to room temperature and neutralized with 

saturated solution of Na2CO3 (10 mL) by constant stirring. It was then extracted with EtOAc (20 

mL x 2). The organic layer was dried (Na2SO4), concentrated under reduced pressure, and purified 

by column chromatography [silica, EtOAc - hexanes = 3:7] to give 2-phenylquinazolin-4(3H)-one. 

 

V. Characterization data 

2-Phenylquinazolin-4(3H)-one (3)8 

White solid (63 mg, 95%); 1H NMR (400 MHz, CDCl3): δ 11.81 (s, 1H), 8.35 (d, 

J = 7.6 Hz, 1H), 8.31-8.28 (m, 2H), 7.87-7.80 (m, 2H), 7.62-7.60 (m, 3H), 7.53 

(dt, J = 7.9, 1.3 Hz, 1H); 
13C NMR (100 MHz, CDCl3): δ 163.4, 151.5, 149.4, 

134.9, 132.8, 131.7, 129.1, 128.0, 127.2, 126.9, 126.4, 120.9. 
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2-(o-Tolyl)quinazolin-4(3H)-one (15)10 

White solid (58 mg, 82%); 1H NMR (400 MHz, CDCl3): δ 9.93 (s, 1H), 8.32 (d, 

J = 7.8 Hz, 1H), 7.83-7.82 (m, 2H), 7.59-7.52 (m, 2H), 7.47-7.42 (m, 1H), 7.38-

7.35 (m, 2H), 2.55 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 162.8, 153.3, 149.0, 

136.8, 134.8, 133.6, 131.4, 130.6, 128.6, 127.8, 127.0, 126.4, 126.3, 120.7, 20.1. 

2-(2-Bromophenyl)quinazolin-4(3H)-one (16)9  

Light brown solid (76 mg, 85%); 1H NMR (400 MHz, CDCl3): δ 9.82 (s, 1H), 

8.31 (d, J = 7.9 Hz, 1H), 7.82-7.81 (m, 2H), 7.75 (dd, J = 7.6, 1.6 Hz, 1H), 7.72 

(dd, J = 8.0, 1.0 Hz, 1H), 7.57-7.52 (m, 1H), 7.49 (dt, J = 7.5, 1.0 Hz, 1H), 7.40 

(dt, J = 7.8, 1.6 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 162.1, 151.9, 148.9, 136.4 134.9, 134.8, 

133.8, 132.1, 131.3, 128.0, 127.4, 126.5, 121.1, 120.8. 

2-(3-Methoxyphenyl)quinazolin-4(3H)-one (17)9  

White solid (65 mg, 86%); 1H NMR (400 MHz, CDCl3): δ 10.87 (s, 1H), 

8.33 (d, J = 8.0 Hz, 1H), 7.88-7.81 (m, 2H), 7.77-7.73 (m, 2H), 7.55-7.48 

(m, 2H), 7.15 (dd, J = 8.2, 2.5 Hz, 1H), 3.98 (s, 3H); 13C NMR (100 MHz, 

CDCl3): δ 163.9, 160.1, 151.6, 149.4, 134.9, 134.1, 130.1, 128.0, 126.8, 126.3, 120.9, 119.7, 118.2, 

112.1, 55.6. 

2-(p-Tolyl)quinazolin-4(3H)-one (18)9 

White solid (59 mg, 84%); 1H NMR (400 MHz, CDCl3): δ 10.47 (s, 1H), 8.34 

(d, J = 8.1 Hz, 1H), 8.04 (d, J = 8.2 Hz, 2H), 7.83-7.81 (m, 2H), 7.52 (dt, J = 

8.0, 1.9 Hz, 1H), 7.40 (d, J = 7.9 Hz, 2H) 2.48 (s, 3H); 13C NMR (100 MHz, 

CDCl3): δ 163.6, 151.6, 149.5, 142.2, 134.8, 129.9, 129.8, 127.9, 127.2, 126.6, 126.3, 120.8, 21.5. 

2-(4-Methoxyphenyl)quinazolin-4(3H)-one (19)8 

White solid (67 mg, 89%); 1H NMR (400 MHz, CDCl3): δ 11.15 (s, 1H), 

8.33 (d, J = 7.6 Hz, 1H), 8.21 (d, J = 8.8 Hz, 2H), 7.82-7.80 (m, 2H), 7.52-

7.48 (m, 1H), 7.11 (d, J = 8.8 Hz, 1H), 3.93(s, 3H); 13C NMR (100 MHz, 

CDCl3): δ 162.5, 151.2, 149.7, 134.9, 132.2, 129.0, 127.7, 126.4, 126.3, 

125.0, 120.4, 114.4, 113.6, 55.5. 
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2-(4-Fluorophenyl)quinazolin-4(3H)-one (20)11 

White solid (62 mg, 87%); 1H NMR (400 MHz, DMSO-d6): δ 12.5 (s, 1H), 

8.24-8.21 (m, 2H), 8.15 (d, J = 7.9 Hz, 1H), 7.84 (dt, J = 8.2, 1.4 Hz, 1H), 7.73 

(d, J = 7.9 Hz, 1H), 7.53 (t, J = 7.8 Hz, 1H), 7.41-7.36 (m, 2H); 13C NMR (100 

MHz, DMSO-d6): δ 164.4 (d, J = 250 Hz), 162.8, 151.9, 149.0, 135.1, 130.8 

(d, J = 9 Hz), 129.6 (d, J = 12 Hz), 127.7, 127.1, 126.3, 121.2, 116.2 (d, J = 22 Hz). 

2-(4-Chlorophenyl)quinazolin-4(3H)-one (21)9  

White solid (60 mg, 78%); 1H NMR (400 MHz, DMSO-d6): δ 12.60 (s, 1H), 

8.19-8.14 (m, 3H), 7.85 (dt, J = 8.3, 1.4 Hz, 1H), 7.75 (d, J = 7.8 Hz, 1H), 

7.63 (d, J = 8.6 Hz, 2H), 7.54 (dt, J = 8.0, 1.0 Hz, 1H). 13C NMR (100 MHz, 

DMSO-d6): δ 162.6, 151.8, 149.0, 136.7, 135.2, 131.9, 130.0, 129.1, 127.9, 127.3, 126.3, 121.3. 

2-(4-Bromophenyl)quinazolin-4(3H)-one (22)9  

White solid (73 mg, 81%); 1H NMR (400 MHz, DMSO-d6): δ 8.15 (dd, J = 

7.9, 1.2 Hz, 1H), 8.0 (d, J = 8.6, 2H), 7.85 (dt, J = 8.3, 1.5 Hz, 1H), 7.7-7.3 

(m, 3H), 7.54 (dt, J = 8.0, 1.0 Hz, 1H). 13C NMR (100 MHz, DMSO-d6): δ 

162.6, 151.9, 149.0, 135.1, 132.3, 132.1, 130.2, 127.9, 127.3, 126.3, 125.7, 121.4.  

2-(Thiophen-2-yl)quinazolin-4(3H)-one (23)8 

White solid (53 mg, 78%); 1H NMR (400 MHz, DMSO-d6); δ 12.64 (s, 1H), 8.24 

(dd, J = 3.7, 0.9 Hz, 1H), 8.12 (dd, J = 7.8, 1.2 Hz, 1H), 7.87 (dd, J = 5.4, 0.8 Hz, 

1H), 7.80 (dt, J = 8.4, 3.9 Hz, 1H), 7.65 (d, J = 7.9 Hz, 1H), 7.49 (t, J = 7.5 Hz, 

1H), 7.24 (t, J = 4.4 Hz, 1H); 13C NMR (100 MHz, DMSO-d6): δ 162.3, 148.3, 137.8, 135.1, 132.6, 

129.8, 128.9, 127.3, 126.7, 126.4, 121.3. 

2-(furan-2-yl)quinazolin-4(3H)-one (24)11 

White solid (53 mg, 82%); 1H NMR (400 MHz, CDCl3); δ 11.16 (s, 1H), 8.32 (d, 

J = 7.8, Hz, 1H), 7.80-7.78 (m, 2H), 7.68 (d, J = 1.1 Hz, 1H), 7.68 (d, J = 3.4 Hz, 

1H), 7.51-7.47 (m, 1H), 6.67 (dd, J = 3.5, 1.7 Hz, 1H); 13C NMR (100 MHz, 

DMSO-d6): δ 162.7, 149.3, 146.2, 145.6, 143.5, 135.0, 127.7, 126.7, 126.5, 121.0, 114.0. 112.9. 
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6-Chloro-2-phenylquinazolin-4(3H)-one (25)8 

White solid (58 mg, 76%); 1H NMR (400 MHz, DMSO-d6); δ 8.16 (dd, J = 

7.9, 1.0 Hz, 2H), 8.08 (d, J = 2.4 Hz, 1H), 7.87 (dd, J = 8.7, 2.5 Hz, 1H), 7.77 

(d, J = 8.7 Hz, 1H), 7.62-7.53 (m, 3H); 13C NMR (100 MHz, DMSO-d6): δ 

161.8, 153.4, 147.8, 135.1, 134.9, 132.9, 131.2, 130.1, 129.1, 128.3, 125.3, 122.6. 

2-Phenylbenzo[d]thiazole (30)13  

White solid (47 mg, 75%); 1H NMR (400 MHz, CDCl3): δ 8.14-8.09 (m, 3H), 

7.93 (d, J = 8.0 Hz, 1H), 7.54-7.50 (m, 4H), 7.41 (dt, J = 8.2, 1.1 Hz, 1H); 13C 

NMR (100 MHz, CDCl3): δ 168.1, 154.1, 135.0, 133.6, 131.0, 129.0, 127.5, 126.3, 125.2, 123.2, 

121.6. 

2-(o-Tolyl)benzo[d]thiazole (31)14  

Colorless solid (38 mg, 56%); 1H NMR (400 MHz, CDCl3): δ 8.14 (d, J = 8.2 

Hz, 1H), 7.96 (d, J = 7.7 Hz, 1H), 7.78 (d, J = 7.2 Hz, 1H), 7.54 (dt, J = 7.7, 1.2 

Hz, 1H), 7.46-7.32 (m, 4H), 2.69 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 168.0, 153.8, 137.2, 

135.6, 131.5, 130.5, 130.0, 126.1, 126.1, 125.1, 123.4, 121.3, 21.3. 

2-(3-Methoxyphenyl)benzo[d]thiazole (32)13 

Colorless solid (49 mg, 68%); 1H NMR (400 MHz, CDCl3): δ 8.11 (d, J = 8.0 

Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.71-7.65 (m, 2H), 7.52 (dt, J = 7.3, 1.2 

Hz, 1H), 7.44-7.28 (m, 2H), 7.06 (dd, J = 8.2, 2.5 Hz, 1H) 3.94 (s, 3H); 13C NMR (100 MHz, 

CDCl3): δ 167.9, 160.0, 154.0, 135.1, 134.9, 130.0, 126.3, 125.2, 123.2, 121.6, 120.2, 117.3, 112.0, 

55.5. 

2-(4-Chlorophenyl)benzo[d]thiazole (33)13 

White solid (53 mg, 72%); 1H NMR (400 MHz, CDCl3): δ 8.06 (d, J = 8.0 

Hz, 1H), 8.04-8.01 (m, 2H), 7.90 (d, J = 7.8 Hz, 1H), 7.52-7.45 (m, 3H), 7.40 

(dt, J = 7.3, 1.1 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 166.6, 154.0, 137.0, 135.0, 132.1, 129.2, 

128.7, 126.5, 125.4, 123.3, 121.6.  

2-(p-Tolyl)benzo[d]thiazole (34)14 

Colorless solid (50 mg, 74%); 1H NMR (400 MHz, CDCl3): δ 8.05 (d, J = 

8.0 Hz, 1H), 7.98 (d, J = 8.2 Hz, 2H), 7.88 (d, J = 7.6 Hz, 1H), 7.47 (dt, J = 

7.2, 1.2 Hz, 1H), 7.36 (dt, J = 8.0, 1.1 Hz, 1H), 7.29 (d, J = 7.9 Hz, 2H), 2.42 (s, 3H); 13C NMR 
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(100 MHz, CDCl3): δ 168.2, 154.1, 141.4, 134.9, 130.9, 129.7, 127.4, 126.2, 125.0, 123.0, 121.5, 

21.5. 

2-Phenylbenzo[d]oxazole (35)9 

Colorless solid (29 mg, 50%); 1H NMR (400 MHz, CDCl3): δ 8.30-8.28 (m, 2H), 

7.82-7.79 (m, 1H), 7.63-7.60 (m, 1H), 7.57-7.55 (m, 3H), 7.39-7.37 (m, 2H). 

2-Phenyl-1H-benzo[d]imidazole (36)12 

White solid (23 mg, 40%); 1H NMR (400 MHz, MeOD): δ 7.98 (dd, J = 8.3, 1.7 

Hz, 2H), 7.51-7.49 (m, 2H), 7.45-7.39 (m, 3H), 7.16-7.14 (m, 2H); 13C NMR 

(100 MHz, MeOD): δ 151.9, 129.9, 129.6, 128.7, 126.4, 122.5. 

2-Phenyl-4H-benzo[d][1,3]oxazin-4-one (37)9 

White solid (20 mg, 30%); 1H NMR (400 MHz, CDCl3): δ 8.34 (dd J = 8.0, 0.9 

Hz, 2H), 8.27 (dd, J = 7.9, 1.2 Hz, 1H), 7.86 (dt, J = 8.2, 1.5 Hz, 1H), 7.72 (d, J 

= 7.7 Hz, 1H), 7.60 (tt, J = 7.2, 1.3 Hz, 1H), 7.57-7.53 (m, 3H); 13C NMR (100 

MHz, CDCl3): δ 159.6, 157.1, 147.0, 136.6, 132.6, 130.2, 128.7, 128.6, 128.3, 128.2, 127.2, 117.0. 

N-phenylbenzamide (39)15 

White solid (28 mg, 48%); 1H NMR (400 MHz, CDCl3): δ 7.8 (dd J = 7.9, 0.9 

Hz, 2H), 7.83 (brs, 1H), 7.64 (dd, J = 8.6, 1.0 Hz, 2H), 7.56 (tt, J = 7.3, 1.3 Hz, 

1H), 7.50-7.46 (m, 2H), 7.40-7.35 (m, 2H), 7.15 (tt, J = 7.4, 1.0 Hz, 1H); 13C 

NMR (100 MHz, CDCl3): δ 165.7, 137.9, 135.0, 131.8, 129.1, 128.8, 127.0, 124.6, 120.1. 2,2,6,6-

tetramethylpiperidin-1-yl benzoate (41)6 

White solid (118 mg, 69%); 1H NMR (400 MHz, CDCl3): δ 8.10-8.08 (m, 

2H), 7.59 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.8 Hz, 2H), 1.84-1.76 (m, 2H), 

1.72-1.69 (m, 1H), 1.63-1.59 (m, 2H), 1.50-1.46 (m, 1H), 1.29 (s, 6H), 1.14 

(s, 6H); 13C NMR (100 MHz, CDCl3): δ 166.4, 132.8, 129.7, 129.5, 128.4, 60.4, 39.0, 31.9, 20.8, 

17.0. 

N-(2-carbamoylphenyl)benzamide (43)3 

Colorless solid (1g, 86%); 1H NMR (400 MHz, DMSO-d6): δ 12.9 (s, 1H), 8.68 (d, 

J = 8.2 Hz, 1H), 8.44 (s, 1H), 7.94 (d, J = 7.1 Hz, 2H), 7.89 (d, J = 7.8 Hz, 1H), 

7.85 (s, 1H), 7.63-7.56 (m, 4H), 7.18 (t, J = 7.6 Hz, 1H); 13C NMR (100 MHz, 



[S-13] 
 

DMSO-d6): δ 171.6, 164.9, 140.4, 135.0, 133.1, 132.5, 129.4, 129.2, 127.3, 123.2, 120.5, 119.6. 

5-(2-ethoxyphenyl)-1-methyl-3-propyl-1H-pyrazolo[4,3-d]pyrimidin-7(6H)-one (51)17 

White solid (126 mg, 81%); 1H NMR (400 MHz, CDCl3): δ 11.13 (s, 1H), 8.48 

(dd, J = 7.9, 1.6 Hz, 1H), 7.47 (dt, J = 8.7, 1.7 Hz, 1H), 7.16 (t, J = 7.2 Hz, 1H), 

7.05 (d, J = 8.3 Hz, 1H). 4.33-4.29 (m, 5H), 2.9 (t, J = 7.4 Hz, 2H), 1.8 (sx, J = 

7.6 Hz, 2H), 1.62 (t, J = 7.0 Hz, 3H), 1.05 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 

156.4, 153.9, 148.3, 146.6, 138.7, 132.3, 131.0, 124.4, 121.8, 120.2, 112.9, 65.2, 38.1, 27.8, 22.3, 

14.7, 14.0. 

4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7-dihydro-1H pyrazolo[4,3-d]pyrimidin-5yl)benzene 

-1-sulfonyl chloride (51a)16 

White solid (112 mg, 91%); 1H NMR (400 MHz, CDCl3): δ 10.80 (s, 1H), 9.09 

(d, J = 2.6 Hz, 1H), 8.10 (dd, J = 8.9, 2.6 Hz, 1H), 7.23 (d, J = 9 Hz, 1H), 4.42 

(q, J = 8.5 Hz), 4.27 (s, 3H), 2.95 (t, J = 7.4 Hz, 2H), 1.86 (sx, J = 7.4 Hz, 2H), 

1.66 (t, J = 7.0 Hz, 3H), 1.04 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3): 

δ 160.8, 153.5, 147.2, 145.6, 138.2, 137.5, 131.0, 130.9, 124.4, 121.8, 113.5, 66.6, 38.2, 27.6, 22.3, 

14.4, 14.0. 

5-(2-ethoxy-5-((4-methylpiperazin-1-yl)sulfonyl)phenyl)-1-methyl-3-propyl-1H- pyrazolo[4, 

3-d]pyrimidin-7(6H)-one [Sildenafil] (52)17 

 White solid (123 mg, 89%); 1H NMR (400 MHz, CDCl3): δ 10.81 (s, 1H), 

8.82 (d, J = 2.2 Hz, 1H), 7.83 (dd, J = 8.7, 2.3 Hz, 1H), 7.14 (d, J = 8.8 

Hz, 1H), 4.36 (q, J = 6.9 Hz, 2H), 4.27 (s, 3H), 3.10 (brs, 4H), 2.92 (t, J = 

7.4 Hz, 2H), 2.50 (brs, 4H), 2.27 (s, 3H), 1.86 (sx, J = 7.4 Hz, 2H), 1.64 (t, 

J = 6.9 Hz, 3H), 1.02 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 

159.2, 153.6, 147.0, 146.4, 138.3, 131.6, 131.2, 128.9, 124.5, 121.0, 113.0, 66.1, 54.0, 45.9, 45.7, 

38.2, 27.7, 22.2, 14.5, 14.0. 
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VII. NMR spectra 

 

 



[S-16] 
 

 

 

 

 



[S-17] 
 

 

 

 

 



[S-18] 
 

 

 

 

 



[S-19] 
 

 

 

 



[S-20] 
 

 

 

 

 



[S-21] 
 

 

 

 



[S-22] 
 

 

 

 

 



[S-23] 
 

 

 

 

 



[S-24] 
 

 

 

 



[S-25] 
 

 

 

 



[S-26] 
 

 

 



[S-27] 
 

 

 

 



[S-28] 
 

 

 

 



[S-29] 
 

 

 

 

 



[S-30] 
 

 

 

 



[S-31] 
 

 

 

 

 



[S-32] 
 

 

 

 

 



[S-33] 
 

 

 

 



[S-34] 
 

 

 

 



[S-35] 
 

 

 

 

 



[S-36] 
 

 

 

 

 



[S-37] 
 

 

 

 

 



[S-38] 
 

 

 

 



[S-39] 
 

 

 

 

 



[S-40] 
 

 

 

 



[S-41] 
 

 

 

 



[S-42] 
 

 

 

 

 



[S-43] 
 

 

 

 



[S-44] 
 

 

 

 

 



[S-45] 
 

 

 

 



[S-46] 
 

 

 

 



[S-47] 
 

 

 

 



[S-48] 
 

 

 

 



[S-49] 
 

 

 

 



[S-50] 
 

 

 

 



[S-51] 
 

 

 

 

 



[S-52] 
 

 

 

 

 



[S-53] 
 

 

 

 

 



[S-54] 
 

 


