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Crystal X-ray report of compound 5g [CCDC:1990292]. 

 

Figure S1. Crystal X-ray structure of compound 5g. 

Table S1.  Crystal data and structure refinement for 5g. 

 

Identification code  5g 

Empirical formula  C18 H12 Br N5 O2 

Formula weight  410.23 

Temperature  298 K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P -1 

Unit cell dimensions a = 10.1063(13) Å = 94.851° (4). 

 b = 10.6214(12) Å = 97.256° (4). 

 c = 12.8286(16) Å  = 111.253° (3). 

Volume 1260.4(3) Å3 

Density (calculated) 1.081 g/Cm3 
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F(000) 412.0 

Data completeness 0.991 

 

 

Crystal X-ray report of compound 7b [CCDC:1978229]. 

 

Figure S2. Crystal X-ray structure of compound 7b. 

Table S2.  Crystal data and structure refinement for 7b. 

 

Identification code  7b 

Empirical formula  C27 H21 Cl2 N5 O3 

Formula weight  534.39 

Temperature  293 K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P 21/c 
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Unit cell dimensions a = 9.6991 (4) Å = 90°. 

 b = 15.1736 (7) Å = 101.750° (2). 

 c = 18.5825 (9) Å  = 90°. 

Volume 2677.5(2)Å3 

Density (calculated) 1.326 g/Cm3 

F(000) 1104.0 

Data completeness 0.993 

 

 

Crystal X-ray report of compound 7h [CCDC: 1968978]. 

 

 

Figure S3. Crystal X-ray structure of compound 7h. 

Table S3.  Crystal data and structure refinement for 7h. 
 

Identification code  7h 

Empirical formula  C27 H27 N5 O5 

Formula weight  525.55 
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Temperature  293 K 

Wavelength  0.71073 Å 

Crystal system  Orthorhombic 

Space group  P 21 21 21 

Unit cell dimensions 12.2814(14)Å = 90°. 

 b = 12.4871(16) Å = 90°. 

 c = 16.249(2)Å  = 90°. 

Volume 2492.0(5) Å3 

Density (calculated) 1.401g/Cm3 

F(000) 1104.0 

Data completeness 1.76/0.99 

 

Characterizations details of 11-aryl-3,6,7,11-tetrahydro-8H-pyrazolo[4,3-f]pyrimido[4,5-

b]quinoline-8,10(9H)-diones 5(a-k) and 7,9-diaryl-3,6,7,9-tetrahydro-2'H-spiro[pyrazolo[4,3-f] 

quinoline-8,5'-pyrimidine]-2',4',6'(3'H)-triones (7a-i). 

 
Spectroscopic and analytical characterization of 11-aryl-3,6,7,11-tetrahydro-8H-pyrazolo[4,3-

f]pyrimido[4,5-b]quinoline-8,10(9H)-diones 5(a-k). 

 

11-phenyl-3,6,7,11-tetrahydro-8H-pyrazolo[4,3-f]pyrimido[4,5-b]quinoline-8,10(9H)-dione. (5a) 

Light pink solid, %purity (HPLC) =88.1%, mp. 282-284°C; 1H-NMR (400 MHz, DMSO-d6) (δ, ppm): 

12.98 (s, 1H, NH), 10.54 (s, 1H, NH), 10.34 (s, 1H, NH), 8.88(s, 1H, ArH), 8.02(s, 1H, ArH) ,7.30-

7.39 (m, 3H, ArH), 7.13-7.19 (m, 3H, ArH), 7.05 (t, J= 7.2 Hz, 1H, ArH), 5.41 (s, 1H, CH); 13C-NMR 

(100 MHz, DMSO-d6) (δ, ppm): 162.77, 150.25, 147.13, 145.66, 137.23, 131.76, 128.45, 128.23, 

127.92, 127.49, 125.92, 121.48, 117.07, 113.94, 109.43, 85.26, 64.88, 38.08, 15.13; MS(MM-

ES+APCI)  329.9 [M+H]+. 

11-(4-chlorophenyl)-3,6,7,11-tetrahydro-8H-pyrazolo[4,3-f]pyrimido[4,5-b]quinoline-8,10(9H)-

dione. (5b) 

 

Off white solid, mp. 280-282°C; 1H-NMR (400 MHz, DMSO-d6) (δ, ppm): 13.05 (s, 1H, NH), 10.67 

(s, 1H, NH), 10.45 (s, 1H, NH), 7.52(s, 1H, ArH),7.45 (d, J= 9.2 Hz, 2H, ArH), 7.30-7.39 (m, 2H, 

ArH), 7.22 (d, J= 7.6 Hz, 2H, ArH), 7.07 (d, J= 9.2 Hz, 1H, ArH), 6.91 (s, 1H, CH), 4.91 (s, 1H, 

CH);13C-NMR (100 MHz, DMSO-d6) (δ, ppm):169.98, 165.22, 162.76, 153.25, 146.01, 139.90, 

137.25, 137.23, 132.07, 131.24, 130.48, 130.27, 130.20, 129.35, 128.70, 128.66, 128.59, 128.22, 
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127.87, 127.79, 121.36, 117.13, 116.54, 113.68, 113.29, 109.70, 109.57, 84.89; MS(MM-ES+APCI)  

365.8 [M+H]+. 

 

11-(4-nitrophenyl)-3,6,7,11-tetrahydro-8H-pyrazolo[4,3-f]pyrimido[4,5-b]quinoline-8,10(9H)-

dione. (5c) 

 

Pale yellow solid, mp. 268-270°C; 13C-NMR (100 MHz, DMSO-d6) (δ, ppm):169.69, 167.73, 162.74, 

154.26, 153.20, 150.12, 145.78, 145.72, 137.24, 131.63, 129.57, 128.80, 128.33, 123.92, 123.30, 

121.36, 117.27, 112.31, 110.19, 110.12, 84.35; MS(MM-ES+APCI)  376.8 [M+H]+. 

 

11-(4-methoxyphenyl)-3,6,7,11-tetrahydro-8H-pyrazolo[4,3-f]pyrimido[4,5-b]quinoline-

8,10(9H)-dione. (5d) 

 

Off white solid, %purity (HPLC) =98.7%, mp. 278-280°C; 1H-NMR (400 MHz, DMSO-d6) (δ, ppm): 

12.97 (s, 1H, NH), 10.54 (s, 1H, NH), 10.29 (s, 1H, NH), 8.82 (s, 1H, ArH), 7.34(d, J= 8.8 Hz, 1H, 

ArH),7.22 (d, J= 8.8 Hz, 2H, ArH), 7.13 (d, J= 8.8 Hz, 1H, ArH), 6.72 (d, J= 8.8 Hz, 2H, ArH), 5.36 

(s, 1H, CH), 3.63 (s, 1H, OCH3); 
13C-NMR (100 MHz, DMSO-d6) (δ, ppm):162.78, 157.41, 150.19, 

145.41, 139.47, 137.24, 131.78, 128.41, 128.10, 121.46, 117.05, 114.26, 113.28, 109.30, 85.46, 54.86, 

37.17; MS(MM-ES+APCI)  359.8 [M+H]+. 

11-(p-tolyl)-3,6,7,11-tetrahydro-8H-pyrazolo[4,3-f]pyrimido[4,5-b]quinoline-8,10(9H)-dione. 

(5e) 

 

Off white solid, %purity (HPLC) =98.5%, mp. >300°C; 1H-NMR (400 MHz, DMSO-d6) (δ, ppm): 

12.97 (s, 1H, NH), 10.54 (s, 1H, NH), 10.29 (s, 1H, NH), 8.82 (s, 1H, ArH), 8.01 (s, 1H, ArH), 7.34(d, 

J= 8.8 Hz, 1H, ArH),7.19 (d, J= 8.4 Hz, 2H, ArH), 7.13 (d, J= 8.8 Hz, 1H, ArH), 6.96 (d, J= 8.0 Hz, 

2H, ArH), 5.36 (s, 1H, CH), 2.15 (s, 1H, CH3); 
13C-NMR (100 MHz, DMSO-d6) (δ, ppm):162.75, 

150.15, 145.45, 144.25, 134.87, 131.79, 128.46, 128.12, 127.37, 117.07, 114.11, 110.66, 109.37, 

109.32, 108.0, 90.66, 85.34, 84.77, 20.49; MS(MM-ES+APCI)  345.0 [M+H]+. 

11-(4-fluorophenyl)-3,6,7,11-tetrahydro-8H-pyrazolo[4,3-f]pyrimido[4,5-b]quinoline-8,10(9H)-

dione. (5f) 

 

Off white solid, %purity (HPLC) =99.5%, mp. >300°C; 1H-NMR (400 MHz, DMSO-d6) (δ, ppm): 

13.0 (s, 1H, NH), 10.57 (s, 1H, NH), 10.33 (s, 1H, NH), 8.88 (s, 1H, ArH), 8.01 (s, 1H, ArH), 7.33-

7.38(m, 3H, ArH),7.15 (d, J= 8.8 Hz, 1H, ArH), 6.99 (t, J= 8.8 Hz, 2H, ArH), 5.45 (s, 1H, CH);13C-

NMR (100 MHz, DMSO-d6) (δ, ppm):162.77, 161.69, 159.29, 150.16, 145.53, 143.33, 143.29, 137.25, 
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131.73, 131.71, 129.27,129.19, 128.19, 121.39, 117.12, 114.66, 114.45, 113.66, 109.59, 85.16, 37.35; 

MS(MM-ES+APCI)  349.8 [M+H]+. 

11-(4-bromophenyl)-3,6,7,11-tetrahydro-8H-pyrazolo[4,3-f]pyrimido[4,5-b]quinoline-8,10(9H)-

dione. (5g) 

 

Off white solid, mp. 290-292°C; 1H-NMR (400 MHz, DMSO-d6) (δ, ppm): 13.05 (s, 1H, NH), 10.66 

(s, 1H, NH), 10.45 (s, 1H, NH), 7.57 (d, J= 8.4 Hz, 2H, ArH), 7.44 (d, J= 8.8 Hz, 1H, ArH) 7.24-

7.34(m, 2H, ArH),7.08 (d, J= 8.8 Hz, 1H, ArH), 6.92 (s, 1H, ArH), 4.90 (s, 1H, CH); 13C-NMR (100 

MHz, DMSO-d6) (δ, ppm):169.98, 165.21, 162.79, 153.27, 146.42, 140.32, 137.25, 131.64, 131.28, 

131.24, 130.80, 130.55, 130.41, 130.29, 129.86, 129.77, 121.36, 120.61, 119.02, 116.59, 113.61, 

110.06, 84.85, 54.91, 42.62; MS(MM-ES+APCI)  408.8 [M+H]+. 

11-(3-methoxyphenyl)-3,6,7,11-tetrahydro-8H-pyrazolo[4,3-f]pyrimido[4,5-b]quinoline-

8,10(9H)-dione. (5h) 

 

White solid, %purity (HPLC) =99.6%, mp. >300°C; 1H-NMR (400 MHz, DMSO-d6) (δ, ppm): 12.98 

(s, 1H, NH), 10.56 (s, 1H, NH), 10.32 (s, 1H, NH), 8.85 (s, 1H, ArH), 7.36 (d, J= 8.8 Hz, 1H, ArH), 

7.06-7.15(m, 2H, ArH), 6.91 (s, 1H, ArH), 6.85 (d, J= 7.6 Hz, 1H, ArH), 6.64 (dd, J= 6.4 Hz, J=1.6 

Hz, 1H, ArH), 5.39 (s, 1H, CH), 3.66 (s, 3H, OCH3); 
13C-NMR (100 MHz, DMSO-d6) (δ, 

ppm):162.77, 158.90, 148.59, 138.51, 128.95, 121.49, 119.81, 119.67, 119.53, 117.12, 117.05, 113.90, 

113.86, 113.65, 110.66, 109.46, 109.44, 109.41, 109.35, 107.37, 73.14, 54.82; MS(MM-ES+APCI)  

360.0 [M+H]+. 

11-([1,1'-biphenyl]-4-yl)-3,6,7,11-tetrahydro-8H-pyrazolo[4,3-f]pyrimido[4,5-b]quinoline-

8,10(9H)-dione. (5i) 

 

Off white solid, mp. >300°C; 1H-NMR (400 MHz, DMSO-d6) (δ, ppm): 12.97 (s, 1H, NH), 10.54 (s, 

1H, NH), 10.34 (s, 1H, NH), 8.88 (s, 1H, ArH), 8.06 (d, J= 16.8 Hz, 1H, ArH), 7.26-7.79(m, 10H, 

ArH), 5.44 (s, 1H, CH); 13C-NMR (100 MHz, DMSO-d6) (δ, ppm):162.81, 162.78, 150.22, 150.20, 

146.34, 145.63, 140.06, 138.01, 137.26, 131.81, 129.29, 128.99, 128.92, 128.76, 128.24, 128.04, 

127.96, 127.09, 126.69, 126.51, 126.40, 126.08, 121.52, 121.50, 117.13, 117.10, 113.81, 113.78, 

109.50, 85.17; MS(MM-ES+APCI)  407.0 [M+H]+. 

11-(3-chlorophenyl)-3,6,7,11-tetrahydro-8H-pyrazolo[4,3-f]pyrimido[4,5-b]quinoline-8,10(9H)-

dione. (5j) 
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Off white solid, %purity (HPLC) =99.5%, mp. >300°C; 1H-NMR (400 MHz, DMSO-d6) (δ, ppm): 

13.02 (s, 1H, NH), 10.59 (s, 1H, NH), 10.36 (s, 1H, NH), 8.91 (s, 1H, ArH), 8.05 (s, 1H, ArH), 7.38 

(d, J= 8.4 Hz, 2H, ArH), 7.12-7.28(m, 4H, ArH), 5.46 (s, 1H, CH); 13C-NMR (100 MHz, DMSO-d6) 

(δ, ppm):162.75, 157.90, 150.14, 150.13, 149.39, 145.67, 143.05, 137.25, 136.75, 132.60, 131.76, 

129.85, 128.30, 128.24, 127.42, 127.23, 126.53, 126.26, 125.98, 117.17, 113.05, 110.22, 109.82, 

109.81, 109.81, 109.61, 107.35, 84.77, 79.21; MS(MM-ES+APCI)  365.8 [M+H]+. 

11-(2-chlorophenyl)-3,6,7,11-tetrahydro-8H-pyrazolo[4,3-f]pyrimido[4,5-b]quinoline-8,10(9H)-

dione. (5k) 

 

Off white solid, %purity (HPLC) =99.0%, mp. >300°C; 1H-NMR (400 MHz, DMSO-d6) (δ, ppm): 

13.04 (s, 1H, NH), 10.49 (s, 1H, NH), 10.30 (s, 1H, NH), 8.93 (s, 1H, ArH), 7.88 (s, 1H, ArH), 7.37 

(d, J= 8.4 Hz, 1H, ArH), 7.30 (d, J= 6.8 Hz, 1H, ArH),  7.09-7.19(m, 3H, ArH), 5.82 (s, 1H, CH);13C-

NMR (100 MHz, DMSO-d6) (δ, ppm):162.57, 150.16, 145.61, 144.39, 137.15, 131.39, 131.29, 131.24, 

128.98, 128.52, 127.68, 127.28, 121.59, 117.30, 112.70, 109.91, 84.77; MS(MM-ES+APCI)  365.8 

[M+H]+. 

Spectroscopic and analytical characterization of 7,9-diaryl-3,6,7,9-tetrahydro-1'H-

spiro[pyrazolo[4,3-f]quinoline-8,5'-pyrimidine]-2',4',6'(3'H)-triones (7a-i). 

1',3'-dimethyl-7,9-diphenyl-3,6,7,9-tetrahydro-2'H-spiro[pyrazolo[4,3-f]quinoline-8,5'-

pyrimidine]-2',4',6'(1'H,3'H)-trione. (7a) 

White solid, %purity (HPLC) =98.7%, mp. 252-254°C; 1H-NMR (400 MHz, CDCl3) (δ, ppm): 7.46-

7.52 (m, 1H, ArH), 7.29-7.40 (m, 7H, ArH), 7.23-7.27 (m, 2H, ArH), 7.05-7.14 (m, 2H, ArH), 6.81 

(d, J= 7.6 Hz, 1H, ArH), 5.42 (s, 1H, CH), 4.95 (s, 1H, CH), 2.99 (s, 3H, CH3), 2.90 (s, 3H, CH3); 
13C-

NMR (100 MHz, CDCl3) (δ, ppm):170.20, 165.18, 149.91, 137.72, 136.24, 130.0, 129.83, 129.64, 

128.96, 128.82, 128.67, 128.55, 128.36, 128.20, 126.77, 125.80, 120.63, 120.62, 120.58, 64.71, 59.86, 

59.85, 50.37; MS(MM-ES+APCI)  465.8 [M+H]+. 

7,9-bis(4-chlorophenyl)-1',3'-dimethyl-3,6,7,9-tetrahydro-2'H-spiro[pyrazolo[4,3-f]quinoline-

8,5'-pyrimidine]-2',4',6'(1'H,3'H)-trione. (7b) 

 

White solid, %purity (HPLC) =99.3%, mp. 246-248°C; 1H-NMR (400 MHz, CDCl3) (δ, ppm): 7.48 

(d, J= 9.2 Hz, 1H, ArH), 7.27-7.36 (m, 4H, ArH), 7.09-7.20 (m, 4H, ArH), 5.39 (s, 1H, CH), 4.92 (s, 

1H, CH), 3.04 (s, 3H, CH3), 2.93 (s, 3H, CH3); 
13C-NMR (100 MHz, CDCl3) (δ, ppm):169.74, 164.70, 
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149.53, 135.84, 135.76, 134.63, 134.41, 131.24, 131.20, 129.29, 129.05, 128.17, 121.83, 63.83, 59.59, 

49.37; MS(MM-ES+APCI)  535.8 [M+H]+. 

1',3'-dimethyl-7,9-bis(4-nitrophenyl)-3,6,7,9-tetrahydro-2'H-spiro[pyrazolo[4,3-f]quinoline-

8,5'-pyrimidine]-2',4',6'(1'H,3'H)-trione. (7c) 

 

Pale yellow solid, %purity (HPLC) =99.6%, mp. 264-266°C; 1H-NMR (400 MHz, CDCl3) (δ, ppm): 

8.24 (d, J= 8.8 Hz, 3H, ArH), 8.0 (d, J= 8.8 Hz, 1H, ArH), 7.41-7.56 (m, 4H, ArH), 6.48 (s, 1H, ArH), 

5.64 (s, 1H, CH), 5.08 (s, 1H, CH), 3.05 (s, 3H, CH3), 2.92 (s, 3H, CH3); 
13C-NMR (100 MHz, CDCl3) 

(δ, ppm):169.27, 164.13, 149.11, 148.65, 147.81, 145.20, 142.94, 131.34, 130.70, 128.13, 128.04, 

124.25, 124.17, 123.90, 123.83, 123.62, 123.46, 119.57, 64.14, 59.75, 49.62, 49.55, 28.77, 27.99; 

MS(MM-ES+APCI)  555.8 [M+H]+. 

7,9-bis(4-methoxyphenyl)-1',3'-dimethyl-3,6,7,9-tetrahydro-2'H-spiro[pyrazolo[4,3-f]quinoline-

8,5'-pyrimidine]-2',4',6'(1'H,3'H)-trione. (7d) 

 

Off white solid, %purity (HPLC) =96.2%, mp. 244-246°C; 1H-NMR (400 MHz, CDCl3) (δ, ppm): 

7.58 (d, J= 4.0 Hz, 1H, ArH), 7.16-7.25 (m, 4H, ArH), 6.73-6.83 (m, 4H, ArH), 5.34 (s, 1H, CH), 4.95 

(s, 1H, CH), 3.81 (s, 6H, 2-OCH3), 3.02 (s, 3H, CH3), 2.95 (s, 3H, CH3); 
13C-NMR (100 MHz, CDCl3) 

(δ, ppm):170.15, 170.12, 160.43, 149.91, 131.16, 130.66, 128.03, 127.93, 127.84, 127.75, 114.50, 

114.31, 114.17, 113.91, 63.85, 63.78, 63.72, 59.75, 55.31, 55.26, 49.47, 28.49, 27.81; MS(MM-

ES+APCI)  525.8 [M+H]+. 

1',3'-dimethyl-7,9-di-p-tolyl-3,6,7,9-tetrahydro-2'H-spiro[pyrazolo[4,3-f]quinoline-8,5'-

pyrimidine]-2',4',6'(1'H,3'H)-trione. (7e) 

 

Off white solid, %purity (HPLC) =98.7%, mp. 178-180°C; 1H-NMR (400 MHz, CDCl3) (δ, ppm): 

7.38 (d, J= 8.8 Hz, 1H, ArH), 7.06-7.25 (m, 8H, ArH), 6.92 (d, J= 8.0 Hz, 1H, ArH),  6.67 (d, J= 8.4 

Hz, 1H, ArH), 5.35 (s, 1H, CH), 4.91 (s, 1H, CH), 3.0 (s, 3H, CH3), 2.92 (s, 3H, CH3), 2.33 (s, 6H, 

2CH3); 
13C-NMR (100 MHz, CDCl3) (δ, ppm): 170.31, 165.30, 150.09, 150.07, 139.52, 138.40, 

138.12, 136.01, 134.45, 133.18, 132.67, 129.92, 129.62, 129.51, 129.44, 129.32, 126.63, 121.18, 

64.36, 59.72, 59.69, 50.10, 38.27, 28.40, 27.70, 21.17, 21.15; MS(MM-ES+APCI)  493.8 [M+H]+. 

7,9-bis(4-fluorophenyl)-1',3'-dimethyl-3,6,7,9-tetrahydro-2'H-spiro[pyrazolo[4,3-f]quinoline-

8,5'-pyrimidine]-2',4',6'(1'H,3'H)-trione. (7f) 

 

White solid, %purity (HPLC) =99.4%, mp. 262-264°C; 1H-NMR (400 MHz, CDCl3) (δ, ppm): 7.22-

7.37 (m, 4H, ArH), 7.01-7.13 (m, 4H, ArH), 6.81-6.86 (m, 2H, ArH), 6.53 (s, 1H, ArH), 5.42 (s, 1H, 
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CH), 4.93 (s, 1H, CH), 3.03 (s, 3H, CH3), 2.93 (s, 3H, CH3); 
13C-NMR (100 MHz, CDCl3) (δ, 

ppm):170.04, 164.97, 164.41, 163.75, 161.92, 161.28, 149.68, 133.46, 133.42, 132.08, 132.04, 131.72, 

131.64, 131.54, 131.46, 128.67, 128.58, 120.35, 116.17, 115.96, 115.92, 115.71, 115.62, 115.41, 

63.93, 60.04, 49.44, 28.50, 27.78; MS(MM-ES+APCI) 501.8 [M+H]+. 

7,9-bis(4-bromophenyl)-1',3'-dimethyl-3,6,7,9-tetrahydro-2'H-spiro[pyrazolo[4,3-f]quinoline-

8,5'-pyrimidine]-2',4',6'(1'H,3'H)-trione. (7g) 

 

White solid, %purity (HPLC) =98.8%, mp. 208-210°C; 1H-NMR (400 MHz, CDCl3) (δ, ppm): 7.47-

7.50 (m, 3H, ArH), 7.40 (d, J= 8.8 Hz, 1H, ArH), 7.20-7.26 (m, 2H, ArH), 7.05-7.13 (m, 3H, ArH), 

6.69 (d, J= 8.4 Hz, 1H, ArH), 6.56 (s, 1H, ArH), 5.39 (s, 1H, CH), 4.90 (s, 1H, CH), 3.04 (s, 3H, CH3), 

2.93 (s, 3H, CH3); 
13C-NMR (100 MHz, CDCl3) (δ, ppm):169.80, 160.73, 149.56, 138.28, 136.54, 

135.04, 132.23, 131.94, 131.92, 131.60, 131.53, 128.44, 123.84, 122.71, 120.96, 111.84, 110.32, 

63.99, 59.54, 49.51, 28.60, 27.86; MS(MM-ES+APCI)  623.6 [M+H]+. 

7,9-bis(3-methoxyphenyl)-1',3'-dimethyl-3,6,7,9-tetrahydro-2'H-spiro[pyrazolo[4,3-f]quinoline-

8,5'-pyrimidine]-2',4',6'(1'H,3'H)-trione. (7h) 

 

White solid, %purity (HPLC) =99.1%, mp. 234-236°C; 13C-NMR (100 MHz, CDCl3) (δ, ppm):170.25, 

170.12, 165.35, 165.14, 160.07, 159.75, 159.58, 150.04, 150.01, 139.19, 139.14, 138.07, 137.76, 

130.01, 129.57, 122.38, 122.19, 120.72, 120.60, 118.98, 118.96, 116.0, 115.02, 114.78, 113.17, 

112.68, 112.35, 112.33, 109.87, 64.53, 59.58, 59.47, 55.35, 55.28, 55.12, 50.59, 50.29, 28.47, 28.44, 

27.78, 27.73; MS(MM-ES+APCI) 525.8 [M+H]+. 

7,9-di([1,1'-biphenyl]-4-yl)-1',3'-dimethyl-3,6,7,9-tetrahydro-2'H-spiro[pyrazolo[4,3-

f]quinoline-8,5'-pyrimidine]-2',4',6'(1'H,3'H)-trione. (7i) 

 

Off white solid, %purity (HPLC) =98.3%, mp. 258-260°C; 1H-NMR (400 MHz, CDCl3) (δ, ppm): 

7.53-7.65 (m, 7H, ArH), 7.28-7.51 (m, 11H, ArH), 7.08 (d, J= 6.0 Hz, 1H, ArH), 6.88 (d, J= 8.4 Hz, 

1H, ArH),  5.47 (s, 1H, CH), 5.02 (s, 1H, CH), 3.04 (s, 3H, CH3), 2.95 (s, 3H, CH3); 
13C-NMR (100 

MHz, CDCl3) (δ, ppm):170.18, 165.19, 149.86, 142.55, 141.10, 140.10, 139.87, 136.59, 135.06, 

134.95, 130.46, 130.22, 128.90, 128.81, 127.86, 127.56, 127.28, 127.22, 127.10, 127.06, 126.96, 

121.23, 64.40, 64.33, 59.77, 50.10, 50.01, 49.94, 28.53, 27.82; MS(MM-ES+APCI)  617.8 [M+H]+. 
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# Spectroscopic characterization of betaine based Deep Eutectic Mixtures (DEMs)  

(B1-B4). 

 

Figure: S4: 1H-NMR Spectra of Fresh catalyst B1 (Betaine: Oxalic acid). 

 

 

1H-NMR (400 MHz, D2O): δ (ppm): 3.99(s, 2H, N-CH2), 3.12 (s, 9H, N+ (-CH3)3). 
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Figure: S5: 13C-NMR Spectra of Fresh catalyst B1 (Betaine: Oxalic acid). 

 

 

13C-NMR (100 MHz, D2O): δ (ppm): 167.42(CO), 164.23(CO), 64.08(N-CH2), 53.65(N+ (-CH3)3). 
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Figure: S6: 1H-NMR Spectra of recycled catalyst B1 (Betaine: Oxalic acid). 

 

1H-NMR (400 MHz, D2O): δ (ppm): 3.77(s, 2H, N-CH2), 3.13 (s, 9H, N+ (-CH3)3). 
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Figure: S7: 13C-NMR Spectra of recycled catalyst B1 (Betaine: Oxalic acid). 

 

 

13C-NMR (100 MHz, D2O): δ (ppm): 64.08(N-CH2), 53.65(N+ (-CH3)3). 
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Figure: S8: 1H-NMR Spectra of catalyst B2 (Betaine: Citric acid). 

 

 

1H-NMR (400 MHz, D2O): δ (ppm): 3.82 (s, 2H, N-CH2), 3.12 (s, 9H, N+ (-CH3)3), 2.87 (d, J = 15.6 Hz, 

2H, COO-CH2), 2.70 (d, J = 15.6 Hz, 2H, COO-CH2). 
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Figure: S9: 13C-NMR Spectra of catalyst B2 (Betaine: Citric acid). 

 

13C-NMR (100 MHz, D2O): δ (ppm): 177.01(CO), 173.53(CO), 168.70(CO), 73.33(C-OH), 

65.58(N-CH2), 53.45(N+ (-CH3)), 53.41(N+ (-CH3)), 53.36(N+ (-CH3)), 43.29(-CH2). 
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Figure: S10: 1H-NMR Spectra of catalyst B3 (Betaine: Tartaric acid). 

 

 

1H-NMR (400 MHz, D2O): δ (ppm): 4.53 (d, J= 4.8 Hz, 2H, -CH), 3.81 (s, 2H, N-CH2), 3.09 (s, 9H, N+ (-

CH3)3). 
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Figure: S11: 13C-NMR Spectra of catalyst B3 (Betaine: Tartaric acid). 

 

 

13C-NMR (100 MHz, D2O): δ (ppm): 174.79(CO), 168.63(CO), 71.98(C-OH), 65.47(N-CH2), 53.42(N+ (-CH3)), 

53.38(N+ (-CH3)), 53.34(N+ (-CH3)). 
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Figure: S12: 1H-NMR Spectra of catalyst B3 (Betaine: Succinic acid) 

 

 

1H-NMR (400 MHz, D2O): δ (ppm): 3.77 (s, 2H, N-CH2), 3.11 (s, 9H, N+ (-CH3)3), 2.51 (d, J = 2.8 Hz, 4H, 

CH2). 
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Figure: S13: 13C-NMR Spectra of catalyst B4 (Betaine: Succinic acid) 

 

 

13C-NMR (100 MHz, D2O): δ (ppm): 177.11(CO), 169.02(CO), 169.01(CO), 65.97(N-CH2), 53.37(N+ (-CH3)), 

53.32(N+ (-CH3)), 53.28(N+ (-CH3)), 28.86 (-CH2). 
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Figure: S14: LC report of compound 5a. 
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Figure: S15: HPLC report of compound 5a. 
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Figure: S16: LC-MS report of compound 5a. 
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Figure: S17: LC-MS report of compound 5b. 
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   Figure: S18: LCMS report of compound 5c. 

 

 



Page | S26  
 

Figure: S19: LC report of compound 5d. 
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Figure: S20: HPLC report of compound 5d. 
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Figure: S21: LCMS report of compound 5d. 

. 
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Figure: S22: LC report of compound 5e. 
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Figure: S23: HPLC report of compound 5e. 
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Figure: S24: LCMS report of compound 5e. 

 

  



Page | S32  
 

Figure: S25: LC report of compound 5f. 
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Figure: S26: HPLC report of compound 5f. 
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Figure: S27: LCMS report of compound 5f. 
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Figure: S28: LCMS report of compound 5g. 
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Figure: S29: LC report of compound 5h. 
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Figure: S30: HPLC report of compound 5h. 
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Figure: S31: LCMS report of compound 5h. 
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Figure: S32: LCMS report of compound 5i. 
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Figure: S33: LC report of compound 5j. 
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Figure: S34: HPLC report of compound 5j. 
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Figure: S35: LCMS report of compound 5j. 
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Figure: S36: LC report of compound 5k. 

 



Page | S44  
 

Figure: S37: HPLC report of compound 5k. 
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Figure: S38: LCMS report of compound 5k. 
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Figure: S39: LC report of compound 7a. 
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Figure: S40: HPLC report of compound 7a. 
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Figure: S41: LCMS report of compound 7a. 

 

 

 

  



Page | S49  
 

Figure: S42: LC report of compound 7b. 
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Figure: S43: HPLC report of compound 7b. 
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Figure: S44: LCMS report of compound 7b. 
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Figure: S45: LC report of compound 7c. 
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Figure: S46: HPLC report of compound 7c. 
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Figure: S47: LCMS report of compound 7c. 
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Figure: S48: LC report of compound 7d. 
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Figure: S49: HPLC report of compound 7d. 
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Figure: S50: LCMS report of compound 7d. 
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Figure: S51: LC report of compound 7e. 
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Figure: S52: HPLC report of compound 7e. 
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Figure: S53: LCMS report of compound 7e. 
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Figure: S54: LC report of compound 7f. 
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Figure: S55: HPLC report of compound 7f. 
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Figure: S56: LCMS report of compound 7f. 
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Figure: S57: LC report of compound 7g. 
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Figure: S58: HPLC report of compound 7g. 
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Figure: S59: LCMS report of compound 7g. 
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Figure: S60: LC report of compound 7h. 
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Figure: S61: HPLC report of compound 7h. 

 

 

  



Page | S69  
 

Figure: S62: LCMS report of compound 7h. 
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Figure: S63: LC report of compound 7i. 
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Figure: S64: HPLC report of compound 7i. 
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Figure: S65: LCMS report of compound 7i. 
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Figure S66: 1H-NMR Spectra of Compound 5a. 
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Figure S67: 13C-NMR Spectra of Compound 5a. 
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Figure S68: 1H-NMR Spectra of Compound 5b. 
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Figure S69: Extended 1H-NMR Spectra of Compound 5b. 
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Figure S70: 13C-NMR Spectra of Compound 5b. 
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Figure S71: 13C-NMR Spectra of Compound 5c. 
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Figure S72: 1H-NMR Spectra of Compound 5d. 

 

 



Page | S80  
 

Figure S73: 13C-NMR Spectra of Compound 5d. 
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Figure S74: 1H-NMR Spectra of Compound 5e. 
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Figure S75: Extended 1H-NMR Spectra of Compound 5e. 
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Figure S76: 13C-NMR Spectra of Compound 5e. 
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Figure S77: 1H-NMR Spectra of Compound 5f. 
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Figure S78: 13C-NMR Spectra of Compound 5f. 
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Figure S79: 1H-NMR Spectra of Compound 5g. 
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Figure S80: 13C-NMR Spectra of Compound 5g. 
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Figure S81: 1H-NMR Spectra of Compound 5h. 
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Figure S82: 13C-NMR Spectra of Compound 5h. 
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Figure S83: 1H-NMR Spectra of Compound 5i. 
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Figure S84: Extended 1H-NMR Spectra of Compound 5i. 

 

 

 

 

 

 

 



Page | S92  
 

Figure S85: 13C-NMR Spectra of Compound 5i. 
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Figure S86: 1H-NMR Spectra of Compound 5j. 
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Figure S87: 13C-NMR Spectra of Compound 5j. 
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Figure S88: 1H-NMR Spectra of Compound 5k. 
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Figure S89: 13C-NMR Spectra of Compound 5k. 
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Figure S90: 1H-NMR Spectra of Compound 7a. 
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Figure S91: Extended 1H-NMR Spectra of Compound 7a. 
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Figure S92: 13C-NMR Spectra of Compound 7a. 
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Figure S93: 1H-NMR Spectra of Compound 7b. 
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Figure S94: 13C-NMR Spectra of Compound 7b. 
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Figure S95: 1H-NMR Spectra of Compound 7c. 
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Figure S96: 13C-NMR Spectra of Compound 7c. 
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Figure S97: 1H-NMR Spectra of Compound 7d. 
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Figure S98: Extended 1H-NMR Spectra of Compound 7d. 
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Figure S99: 13C-NMR Spectra of Compound 7d. 
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Figure S100: 1H-NMR Spectra of Compound 7e. 
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Figure S101: 13C-NMR Spectra of Compound 7e. 
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Figure S102: 1H-NMR Spectra of Compound 7f. 
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           Figure S103: 13C-NMR Spectra of Compound 7f. 
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Figure S104: 1H-NMR Spectra of Compound 7g. 
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Figure S105: 13C-NMR Spectra of Compound 7g. 
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 Figure S106: 13C-NMR Spectra of Compound 7h. 
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Figure S107: 1H-NMR Spectra of Compound 7i. 
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Figure S108: Extended 1H-NMR Spectra of Compound 7i. 
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Figure S109: 13C-NMR Spectra of Compound 7i. 
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# Validation of Green chemistry metrics for all newly synthesized compounds. 

Materials used for green chemistry metrics calculations 

5-aminoindazole (1, 1.0 mmol), barbituric acid (2a, 1.0 mmol), N, N-dimethyl barbituric acid (2b, 1.0 

mmol) and aldehyde (3(a-k), 1.0 mmol and 3(a-i), 2.0mmol). 

Respective amount of reagents: 

5-aminoindazole (1): 0.133gm (Mol.wt.=133.15), barbituric acid (2a): 0.128gm (Mol.wt.=128.14), N, 

N-dimethyl barbituric acid (2b): 0.156gm (Mol.wt.=156.14), benzaldehyde (3a): 0.106gm (Mol.wt.= 

106.12), 4-chlorobenzaldehyde (3b): 0.140gm (Mol.wt.= 140.56), 4-nitrobenzaldehyde (3c): 0.151gm 

(Mol.wt.= 151.12), 4-methoxybenzaldehyde (3d): 0.136gm (Mol.wt.= 136.15),4-methylbenzaldehyde 

(3e): 0.120gm (Mol.wt.= 120.15), 4-fluorobenzaldehyde (3f): 0.124gm (Mol.wt.= 124.11), 4-

bromobenzaldehyde (3g): 0.185gm, (Mol.wt.=185.02), 3-methoxybenzaldehyde (3h): 0.136gm (Mol. 

wt.=136.15), 4-phenylbenzaldehyde (3i): 0.182gm (Mol.wt.=182.22), 3-chlorobenzaldehyde (3j): 

0.140gm (Mol.wt.=140.56), 2-chlorobenzaldehyde (3k): 0.140gm (Mol. wt.=140.56). 

Note: For the synthesis of 7(a-i) series of compounds the respective amount of aldehydes 3(a-i) is 

doubled.  

Solvents used: 

Ethanol as a reaction media (5mL): 3.77gm 

Water in reaction work-up process (15 mL): 14.6gm 

Ethanol for washing purpose (5mL): 3.77gm 

 

Products: 

 

For 5(a-k) series of compounds: 

5a: 0.26gm (Mol.wt.=331.34), 5b: 0.32gm (Mol.wt.=365.78), 5c: 0.28gm (Mol.wt.=376.33), 5d: 

0.32gm (Mol.wt.=361.36), 5e: 0.28gm (Mol.wt.=346.36), 5f: 0.24gm (Mol.wt.=349.33), 5g: 0.3gm 

(Mol.wt.=410.23), 5h: 0.28gm (Mol.wt.= 361.36), 5i: 0.32gm (Mol.wt.=407.43), 5j: 0.23gm 

(Mol.wt.=365.78), 5k: 0.3gm (Mol.wt=365.78). 

 

For 7(a-i) series of compounds: 

7a: 0.4gm (Mol.wt.=465.51), 7b: 0.44gm (Mol.wt.=534.40), 7c: 0.49gm (Mol.wt.=555.51), 7d: 

0.48gm (Mol.wt.=525.57), 7e: 0.42gm (Mol.wt.=493.57), 7f: 0.39gm (Mol.wt.=501.49), 7g: 0.42gm 

(Mol.wt.=623.31), 7h: 0.47gm (Mol.wt.=525.57), 7i: 0.51gm (Mol.wt.=617.71). 
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#Calculation of green chemistry metrics for one representative entry, viz. 5a. 

✓ E­ factor = (Total mass of wastes)/ (Mass of product)  

    E­ factor = ((0.133gm+0.128gm+0.106gm)-0.26)/0.26 = 0.41 

✓ AE (%) = (Molecular wt. of product)/ (Total molecular wt. of reactants) x 100 

    AE (%) = [(331.34)/ (133.15+128.09+106.12)] x 100 = 90.19% 

✓ RME (%) = (Mass of isolated product)/ (Total mass of reactant) x 100 

 

RME (%) = [(0.26gm)/ (0.133gm+0.128gm+0.106gm)] x 100 = 70.84% 

 

✓ OE (%) = RME/ AE x 100 

 

OE (%) = (70.84/ 90.19) x 100 =78.54% 

 

✓ AEF (%) = AE x % yield 

 

AEF (%) = (90.19 x 80)/100 =72.15 

 

# Fig S110: Radar chart for green metrics evaluation of compounds 5(a-i) 
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    Table S4: 

Sr. 

No. 

Product (5(a-k)) E-factor AE (%) RME (%) OE (%) AEF (%) 

1 5a 0.41 90.19 70.84 78.54 72.15 

2 5b 0.25 91.03 79.80 87.66 70.22 

3 5c 0.47 91.26 68.0 74.51 69.35 

4 5d 0.24 90.93 80.60 88.63 80.92 

5 5e 0.36 90.81 73.49 80.92 74.46 

6 5f 0.60 90.65 62.33 68.76 63.45 

7 5g 0.49 91.92 67.26 73.17 68.02 

8 5h 0.41 90.93 70.53 77.56 72.74 

9 5i 0.38 91.87 72.23 76.62 71.65 

10 5j 0.74 91.03 57.36 63.01 58.25 

11 5k 0.33 91.03 74.81 82.18 75.55 

 

Table S5: 

 

Sr. 

No. 

Product (7(a-i)) E-factor AE (%) RME (%) OE (%) AEF (%) 

1 7a 0.25 96.67 79.84 82.59 82.16 

2 7b 0.29 93.70 77.19 82.38 77.77 

3 7c 0.20 93.91 82.91 88.29 82.64 

4 7d 0.17 93.58 85.56 91.43 85.15 

5 7e 0.26 93.19 79.39 85.19 79.21 

6 7f 0.38 93.29 72.63 77.85 71.83 

7 7g 0.56 94.54 63.73 67.41 64.28 

8 7h 0.19 93.58 83.78 89.53 84.22 

9 7i 0.28 94.49 78.10 82.65 77.48 

 

 

 


