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Synthesis of various aldehyde

H
N

O H
N

O

Br

NBS, MeCN

0 oC, 15 min

4-bromo-1H-pyrrole-2-carbaldehyde

To a solution of pyrrole-2-carboxaldehyde (0.302 g, 3.18 mmol) in MeCN (5 mL) was added 
N-bromosuccinimide (0.566 g, 3.18 mmol) at 0 oC. The reaction mixture was stirred at 0 oC for 
15 min. The mixture was diluted by H2O (5 mL) and was extracted with Et2O (3 x 10 mL). The 
combined organic layers were dried (Na2SO4), filtered, and the solvent was evaporated. 
Purification by flash column chromatography, eluted with EtOAc-Hexane (3:7), gave 4-bromo-
1H-pyrrole-2-carbaldehyde (0.305 g, 1.76 mmol, 55%) as a white solid; Rf 0.6 [EtOAc-Hexane 
(3:7)]; m.p. 123_125 oC, lit.1 m.p. 122_124 oC; 1H NMR (600 MHz, CDCl3) δ 9.73 (br. s, 1H), 
9.50 (s, 1H), 7.14_7.13 (m, 3H), 6.99 (m, 1H) Data were in agreement to those reported in the 
literature.[1]
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0 oC, 1 h

Br

Br

4,5-dibromo-1H-pyrrole-2-carbaldehyde

To a solution of pyrrole-2-carboxaldehyde (0.316 g, 3.32 mmol) in MeCN (5 mL) was added 
N-bromosuccinimide (1.21 g, 6.80 mmol) at 0 oC. The reaction mixture was stirred at 0 oC for 
1 h. The mixture was diluted by H2O (5 mL) and was extracted with Et2O (3 x 10 mL). The 
combined organic layers were dried (Na2SO4), filtered, and the solvent was evaporated. 
Purification by flash column chromatography, eluted with EtOAc-Hexane (3:7), gave 4,5-
dibromo-1H-pyrrole-2-carbaldehyde (0.765 g 3.02 mmol, 91%) as a white solid; Rf 0.6 
[EtOAc-Hexane (3:7)]; m.p. 148_150 oC, lit.1 m.p. 144_146 oC; 1H NMR (300 MHz, CDCl3) δ 
10.09 (br. s, 1H), 9.35 (s, 1H), 6.96 (s, 1H) Data were in agreement to those reported in the 
literature.[2]
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3-chloro-1H-pyrrole-2-carbaldehyde and 4-chloro-1H-pyrrole-2-carbaldehyde

To a solution of pyrrole-2-carboxaldehyde (0.249 g, 2.62 mmol) in THF (5 mL) was added N-
chlorosuccinimde (0.390 g, 2.92 mmol) at room temperature. The reaction mixture was stirred 
at room temperature for 48 h. The mixture was dilute by MeOH (3 mL) and was evaporated. 
Purification by flash column chromatography, eluted with EtOAc-Hexane (0:100 to 1.5:8.5), 
gave 3-chloro-1H-pyrrole-2-carbaldehyde (0.156 g) as a white solid and 4-chloro-1H-pyrrole-
2-carbaldehyde (0.051 g) as a yellow solid. The compounds were used in the next step without 
characterisation.
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N
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H
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Ethyl 5-formyl-1H-pyrrole-2-carboxylate and ethyl 4-formyl-1H-pyrrole-2-carboxylate

To a solution of ethyl 1H-pyrrole-2-carboxylate (1.06 g, 7.62 mmol) in anhydrous DMF (14 
mL) was added POCl3 (2.1 mL, 15.7 mmol) at 0 oC. The reaction mixture was allowed to warm 
to room temperature 15 min and stirred at room temperature for 16 h. The mixture was diluted 
by H2O (8 mL) and was added 25% aqueous NH3 until the pH of solution adjust to 7. The 
aqueous layer was extracted with CH2Cl2 (3 x 20 mL). The combind organic layers were 
washed with saturated aqueous NaHCO3 (25 mL), brine (25 mL), was dried (Na2SO4), and was 
evaporated. Purification by flash column chromatography, eluted with EtOAc-Hexane (3:7 to 
1:1), gave ethyl 5-formyl-1H-pyrrole-2-carboxylate (0.514 g, 3.07 mmol, 40%) as a yellow 
solid and ethyl 4-formyl-1H-pyrrole-2-carboxylate (0.544 g, 3.25 mmol, 43%) as a yellow 
solid.

Ethyl 5-formyl-1H-pyrrole-2-carboxylate; Rf 0.6 [EtOAc-Hexane (3:7)]; m.p. 71_74 oC, lit.3 
m.p. 122_124 oC; 1H NMR (300 MHz, CDCl3) δ 9.83 (br. s, 1H), 9.68 (s, 1H), 6.97 (d, J = 2.5 
Hz, 2H), 4.44 (q, J = 7.1 Hz, 2H), 1.43 (t, J = 7.1 Hz, 3H) Data were in agreement to those 
reported in the literature.[3]

Ethyl 4-formyl-1H-pyrrole-2-carboxylate; Rf 0.3 [EtOAc-Hexane (3:7)]; m.p. 100_102 oC, lit.3 
m.p. 101_102 oC; 1H NMR (300 MHz, CDCl3) δ 9.89 (br. s, 1H), 9.85 (s, 1H), 7.58 (dd, J = 
3.4, 1.6 Hz, 2H), 7.33_7.31 (m, 1H), 4.44 (q, J = 7.1 Hz, 2H), 1.43 (t, J = 7.1 Hz, 3H) Data 
were in agreement to those reported in the literature.[3]
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Ethyl 1H-pyrrole-3-carboxylate

Under Argon atmosphere, anhydrous Et2O (20 mL) was added to NaH (60% in oil, 1.11 g, 
27.72 mmol) at room temperature. With a magnetic stirring, TosMIC (3.0 g, 15.4 mmol) and 
ethyl acrylate (1.8 mL, 16.5 mmol) in anhydrous Et2O-DMSO (20 mL: 10 mL) was added 
dropwise. The reaction mixture was stirred at room temperature for 5h. The mixture was diluted 
by H2O (20 mL) and was extract with Et2O (3 x 30 mL). The combined organic layers were 
dried (Na2SO4), filtered, and the solvent was evaporated. Purification by flash column 
chromatography, eluted with EtOAc-Hexane (1:9 to 3:7), gave ethyl 1H-pyrrole-3-carboxylate 
(0.883 g, 6.35 mmol, 41%) as a yellow oil; Rf 0.4 [EtOAc-Hexane (3:7)]; 1H NMR (400 MHz, 
CDCl3) δ 8.58 (br. s, 1H), 7.44_7.42 (m, 1H), 6.76_6.75 (m, 1H), 6.67_6.65 (m, 1H), 4.31 (q, J 
= 7.1 Hz, 2H), 1.36 (t, J = 7.1 Hz, 3H) Data were in agreement to those reported in the 
literature.[4]

Ethyl 5-formyl-1H-pyrrole-3-carboxylate and ethyl 2-formyl-1H-pyrrole-3-carboxylate

To a solution of ethyl 1H-pyrrole-3-carboxylate (0.883 g, 6.35 mmol) in anhydrous DMF (20 
mL) was added (Chloromethylene)dimethyliminium chloride (1.3 g, 10.16 mmol) at 0 oC. The 
reaction mixture was allowed to warm to room temperature 15 min and stirred at room 
temperature for 16 h. The mixture was diluted by H2O (10 mL) and was added saturated 
aqueous Na2CO3 until the pH of solution adjust to 7. The aqueous layer was extracted with 
CH2Cl2 (3 x 20 mL). The combind organic layers were washed with saturated aqueous NaHCO3 
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(25 mL), brine (25 mL), was dried (Na2SO4), and was evaporated. Purification by flash column 
chromatography, eluted with EtOAc-Hexane (1:9 to 3:7), gave ethyl 5-formyl-1H-pyrrole-3-
carboxylate (0.847 g, 5.07 mmol, 80%) as a yellow solid and ethyl 2-formyl-1H-pyrrole-3-
carboxylate (0.137 g, 0.82 mmol, 13%) as a yellow solid. 

Ethyl 5-formyl-1H-pyrrole-3-carboxylate; Rf 0.4 [EtOAc-Hexane (3:7)]; m.p. 90_93 oC, lit.[5] 
m.p. 84.1_85.1 oC; 1H NMR (400 MHz, CDCl3) δ 10.18 (br. s, 1H), 9.56 (d, J = 1.1 Hz, 1H), 
7.71 (dt, J = 3.3, 1.3 Hz, 1H), 7.40 (dd, J = 2.5, 1.4 Hz, 1H), 4.35 (q, J = 7.1 Hz, 2H), 1.38 (t, 
J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 180.10, 163.74, 133.20, 129.92, 121.57, 
119.36, 60.54, 14.52; νmax/cm-1 3254, 3051, 2838, 1699, 1651, 1189; HRMS (ESI) m/z [M+H]+ 
calcd for C8H10O3N 168.0655; found 168.0654.

Ethyl 2-formyl-1H-pyrrole-3-carboxylate; Rf 0.6 [EtOAc-Hexane (3:7)]; m.p. 116_119 oC, 
lit.[6] m.p. 84.1_85.1 oC; 1H NMR (400 MHz, CDCl3) δ 10.23 (d, J = 1.0 Hz, 1H), 10.13 (br. s, 
1H), 7.05 (td, J = 2.8, 1.0 Hz, 1H), 6.78 (t, J = 2.7 Hz, 1H), 4.40 (q, J = 7.1 Hz, 2H), 1.41 (t, J 
= 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 182.06, 163.73, 132.94, 124.13, 123.06, 113.85, 
60.93, 14.47; νmax/cm-1 3205, 3123, 2901, 1697, 1633, 1118; HRMS (ESI) m/z [M+H]+ calcd 
for C8H10O3N 168.0655; found 168.0654.

H
N

O

CO2Et

H
N

O

CO2H

KOH, EtOH:H2O (4:1)

90 oC, 5_18 h

5-formyl-1H-pyrrole-2-carboxylic acid

To a solution of ethyl 5-formyl-1H-pyrrole-2-carboxylate (0.45 g, 2.69 mmol) and KOH (166 
mg, 2.96 mmol) in EtOH/H2O (4:1, 5 mL) was heated to 90 oC. The reaction mixture was 
stirred for 3_6 h. The reaction mixture was cooled to room temperature, and the solvent was 
evaporated. The residue was dissolved in H2O (3 mL), acidified with conc. HCl until the pH of 
solution adjusted to 1_2. The percipitate product was filtered, washed with H2O (3 x 10 mL) 
and dried over night  to gave 5-formyl-1H-pyrrole-2-carboxylic acid (0.347 g, 2.49 mmol, 
93%) as brown solid; m.p. decomposed; 1H NMR (300 MHz, (CD3)2SO) δ 13.13 (br. s, 1H), 
12.87 (br. s, 1H), 9.68 (s, 1H), 6.95_6.93 (m, 1H), 6.84_6.82 (m, 1H) Data were in agreement 
to those reported in the literature.[7] Compounds below were synthesized following the 
procedure described here.

4-formyl-1H-pyrrole-2-carboxylic acid

Brown solid (0.256 g, 1.84 mmol, 95%); m.p. decomposed; 1H NMR (300 MHz, (CD3)2SO) δ 
12.84 (br. s, 1H), 12.53 (br. s, 1H), 9.74 (s, 1H), 7.77 (dd, J = 3.4, 1.6 Hz, 1H), 7.08_7.06 (m, 
1H); 13C NMR (75 MHz, (CD3)2SO) δ 185.90, 161.62, 130.90, 126.67, 125.67, 112.70; 
νmax/cm-1 3287, 3119, 2877, 2766, 1677, 1436, 1119; HRMS (ESI) m/z [M_H]- calcd for 
C6H4O3N 138.0186; found 138.0182.

5-formyl-1H-pyrrole-3-carboxylic acid

To a solution of ethyl 5-formyl-1H-pyrrole-3-carboxylate (0.238 g, 1.42 mmol) and KOH (239 
mg, 4.26 mmol) in EtOH/H2O (1:1, 5 mL) was heated to 90 oC. The reaction mixture was 
stirred for 17 h. The reaction mixture was cool to room temperature, and the solvent was 
evaporated. The residue was dissolved in H2O (3 mL), acidified with conc. HCl until the pH of 
solution adjusted to 1_2. The percipitate product was filtered, washed with H2O (3 x 10 mL) 
and dried over night  to gave 5-formyl-1H-pyrrole-2-carboxylic acid (0.139 g, 1.0 mmol, 70%) 
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as an orange solid; m.p. decomposed; 1H NMR (400 MHz, (CD3)2SO) δ 12.59 (br. s, 1H), 12.25 
(br. s, 1H), 9.55 (d, J = 1.0 Hz, 1H), 7.68_7.66 (m, 1H), 7.33_7.32 (m, 1H); 13C NMR (100 
MHz, (CD3)2SO) δ 180.36, 164.61, 133.31, 130.18, 120.92, 118.31; νmax/cm-1 3236, 3122, 
2893, 2720, 1649, 1564, 1232; HRMS (ESI) m/z [M_H]- calcd for C6H4O3N 138.0186; found 
138.0182.

H
N

O

CO2H

EDCI, HOBt, NEt3

DMF, rt, 18 h

H
N

O
O

N

O

5-(morpholine-4-carbonyl)-1H-pyrrole-2-carbaldehyde

To a solution of 5-formyl-1H-pyrrole-2-carboxylic acid (0.119 g, 0.86 mmol), EDCI (0.247 g, 
1.29 mmol), and HOBt (0.174 g, 1.29 mmol) in DMF (10 mL) was added morpholine (0.08 
mL, 0.92 mmol) and NEt3 (0.3 mL, 2.16 mmol) at roomtemperature. The reaction mixture was 
stirred at room temperature for 18 h. The mixture was diluted by H2O (10 mL) and was extract 
with CH2Cl2 (3 x 30 mL). The combined organic layers were dried (Na2SO4), filtered, and the 
solvent was evaporated. Purification by flash column chromatography, eluted with MeOH-
CH2Cl2 (1:99 to 1:19), gave 5-(morpholine-4-carbonyl)-1H-pyrrole-2-carbaldehyde (0.127 g, 
0.61 mmol, 71%) as a white solid; Rf 0.6 [MeOH-CH2Cl2 (1:19)]; m.p. 160_162 oC; 1H NMR 
(400 MHz, (CD3)2SO) δ 12.58 (br. s, 1H), 9.61 (s, 1H), 6.97 (d, J = 3.9 Hz, 1H), 6.57 (d, J = 
4.0 Hz, 1H), 3.61 (s, 8H); 13C NMR (100 MHz, (CD3)2SO) δ 180.55, 160.97, 133.54, 131.23, 
117.52, 112.55, 66.10; νmax/cm-1 3183, 3086, 2856, 2819, 1673, 1589, 1233; HRMS (ESI) m/z 
[M+H]+ calcd for C10H13O3N2 209.0921; found 209.0917. Compounds below were synthesized 
following the procedure described here.

5-(morpholine-4-carbonyl)-1H-pyrrole-3-carbaldehyde

White solid (0.091 g, 0.44 mmol, 51%); Rf 0.5 [MeOH-CH2Cl2 (1:19)]; m.p. 172_175 oC;  1H 
NMR (400 MHz, CDCl3) δ 11.29 (br. s, 1H), 9.81 (s, 1H), 7.51 (dd, J = 3.4, 1.4 Hz, 1H), 
6.94_6.93 (m, 1H), 3.87 (s, 4H), 3.77_3.74 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 185.73, 
161.50, 128.95, 127.14, 126.37, 110.63, 66.83; νmax/cm-1 3138, 3126, 2843, 1665, 1599, 1115; 
HRMS (ESI) m/z [M_H]- calcd for C10H11O3N2 207.0764; found 207.0766.

4-(morpholine-4-carbonyl)-1H-pyrrole-2-carbaldehyde

Yellow solid (0.058 g, 0.29 mmol, 48%); Rf 0.4 [MeOH-CH2Cl2 (1:19)]; m.p. 180_182 oC 
decomposed; 1H NMR (400 MHz, (CD3)2SO) δ 12.49 (br. s, 1H), 9.52 (d, J = 1.0 Hz, 1H), 
7.51_7.50 (m, 1H), 7.20 (t, J = 7.9 Hz, 1H), 3.60 (s, 8H); 13C NMR (100 MHz, (CD3)2SO) δ 
180.02, 164.12, 132.42, 128.34, 120.34, 119.90, 66.19; νmax/cm-1 3172, 3001, 2923, 2858, 
1658, 1591, 1114; HRMS (ESI) m/z [M_H]- calcd for C10H11O3N2 207.0764; found 138.0765.

H
N

O H
N

O
NO2

+

H
N

O

NO2

HNO3, Ac2O
_30 oC, 1h

5-nitro-1H-pyrrole-2-carbaldehyde and 4-nitro-1H-pyrrole-2-carbaldehyde

To acetic anhydride (4 mL) was added conc. HNO3 (0.6 mL) at room temperature. After 
complete the addition, the nitration reagent was added dropwise to the solution of pyrrole-2-
carboxaldehyde (0.511 g, 5.37 mmol) in acetic anhydride (5 mL) at _30 oC. The reaction 
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mixture was stirred at _30 oC for 1 h. The mixture was poured in H2O (20 mL), basicdified with 
saturated aqueous Na2CO3 until the pH of solution adjusted to 8, and was extracted with EtOAc 
(3 x 30 mL). The combined organic layers were dried (Na2SO4), filtered, and the solvent was 
evaporated. Purification by flash column chromatography, eluted with EtOAc-Hexane (1:9 to 
3:7), gave 5-nitro-1H-pyrrole-2-carbaldehyde (0.097 g, 0.69 mmol, 13%) as a yellow solid and 
4-nitro-1H-pyrrole-2-carbaldehyde (0.276 g, 1.97 mmol, 37%) as a yellow solid.

5-nitro-1H-pyrrole-2-carbaldehyde; Rf 0.4 [EtOAc-Hexane (3:7)]; m.p. 176_178 oC 
decomposed; 1H NMR (400 MHz, (CD3)2CO) δ 9.83 (s, 1H), 7.20 (d, J = 4.2 Hz, 1H), 7.11 (d, 
J = 4.3 Hz, 1H); 13C NMR (100 MHz, (CD3)2SO) δ 182.12, 134.70, 118.12, 111.23; νmax/cm-1 

3418, 3127, 2890, 2853, 1680, 1279; HRMS (ESI) m/z [M_H]- calcd for C5H3O3N2 139.0138; 
found 139.0138.

4-nitro-1H-pyrrole-2-carbaldehyde; Rf 0.3 [EtOAc-Hexane (3:7)]; m.p. 135_137 oC 
decomposed; 1H NMR (400 MHz, (CD3)2CO) δ 12.05 (br. s, 1H), 9.69 (d, J = 1.1 Hz, 1H), 
8.13_8.12 (m, 1H), 7.58 (d, J = 1.7 Hz, 1H); 13C NMR (100 MHz, (CD3)2SO) δ 181.02, 138.98, 
133.14, 126.01, 144.35; νmax/cm-1 3216, 3134, 2813, 2702, 1660, 1306; HRMS (ESI) m/z 
[M_H]- calcd for C5H3O3N2 139.0138; found 139.0137.

H
N

O H
N

O

NO2

H2SO4, KNO3
1h

Me

Me

Me

Me

3,5-dimethyl-4-nitro-1H-pyrrole-2-carbaldehyde

3,5-Dimethyl-1H-pyrrole-2-carbaldehyde (0.22 g, 1.79 mmol) was added into conc. H2SO4 (10 
mL) slowly at _20 oC, and the mixture was stirred until it become homogeneous. Subsequently, 
KNO3 (0.198 g, 1.96 mmol) was added in portion below _10 oC. The mixture was stirred at _10 
oC for 20 min and then stirred at room temperature for another 20 min. After completion, cold 
H2O (20 mL) was added in portions. The parcipitate was filtered washed with H2O (20 mL), 
and dried over night  to gave 3,5-dimethyl-4-nitro-1H-pyrrole-2-carbaldehyde (0.178 g, 1.06 
mmol, 59%) as a brown solid; m.p. decomposed; 1H NMR (400 MHz, (CD3)2SO) δ 12.79 (br. 
s, 1H), 9.73 (s, 1H), 2.55 (s, 3H), 2.54 (s, 3H) Data were in agreement to those reported in the 
literature.[8]

H
N

H
N

O
Et Et

NCl
Me

Me
Cl

, C2H4Cl2i)

ii) NaOAc, H2O

5-ethyl-1H-pyrrole-2-carbaldehyde

To a solution of 2-ethylpyrrole (0.3 mL, 2.93 mmol) in C2H4Cl2 (10 mL) was added 
(Chloromethylene)dimethyliminium chloride (0.451 g, 3.52 mmol) at 0 oC. The reaction 
mixture was allowed to warm to room temperature 15 min. The reaction mixture was heated to 
85 oC and stirred for 30 min. The mixture was cooled to room temperature, a solution of NaOAc 
(1.32 g, 16.11 mmol) in H2O (10 mL) was added. The mixture was heated to 85 oC and stirred 
for 30 min. The mixture was wash with H2O (10 mL), saturated Na2CO3 (2 x 10 mL), and brine 
(10 mL). The organic layer was dried (Na2SO4), filtered, and the solvent was evaporated. 
Purification by flash column chromatography, eluted with EtOAc-Hexane (1:9 to 3:7), gave 5-
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ethyl-1H-pyrrole-2-carbaldehyde (0.331 g, 2.69 mmol, 92%) as a yellow solid; Rf 0.6 [EtOAc-
Hexane (3:7)]; m.p. 38_41 oC; 1H NMR (400 MHz, CDCl3) δ 10.18 (br. s, 1H), 9.36 (s, 1H), 
6.92 (dd, J = 3.8, 2.4 Hz, 1H), 6.10_6.09 (m, 1H), 2.76 (q, J = 7.6 Hz, 2H), 1.30 (t, J = 7.6 Hz, 
3H); 13C NMR (100 MHz, CDCl3) δ 178.66, 145.42, 132.31, 123.51, 109.27, 21.54, 13.54; 
νmax/cm-1 3252, 3128, 2880, 2818, 1630, 1495; HRMS (ESI) m/z [M+H]+ calcd for C7H10ON 
124.0757; found 124.0759.

H
N H

N
ONCl

Me

Me
Cl

CH2Cl2
Et

+

H
N

O

EtEt

H
N

O

LiAlH4

THF

3-ethyl-1H-pyrrole

To a solution of LiAlH4 (0.572 g, 15.08 mmol) in anhydrous THF (10 mL) was added 3-
acetylpyrrole (0.822 g, 7.53 mmol) at 0 oC. The reaction mixture was allowed to warm to room 
temperature 15 min. The reaction mixture was heated to 72 oC and stirred for 17 h. The reaction 
was cooled to room temperature and quenched with a few drops of EtOAc followed by MeOH 
and H2O until no bubbles were released. The mixture was extracted by CH2Cl2 (3 x 20 mL). 
The combined organic layers were dried (Na2SO4), filtered, and the solvent was evaporated. 
Purification by flash column chromatography, eluted with Et2O-Pentane (3:7), gave 3-ethyl-
1H-pyrrole (0.544 g) as colourless oil. The compounds were used in the next step without 
characterisation.

4-ethyl-1H-pyrrole-2-carbaldehyde and 3-ethyl-1H-pyrrole-2-carbaldehyde

To a solution of 3-ethyl-1H-pyrrole (0.544 g, 5.72 mmol) in CH2Cl2 (10 mL) was added 
(Chloromethylene)dimethyliminium chloride (1.46 g, 11.44 mmol) at 0 oC. The reaction 
mixture was allowed to warm to room temperature 15 min. The mixture was stirred at room 
temperature for 16 h. The solvent was evaporated, the residue was added H2O (10 mL) followed 
by NaOH (1.83 g, 45.76 mmol) and the mixture was stirred at room temperature for 1 h. EtOAc 
(20 mL) was added, the layers were separated and the aqueous layer was extracted by EtOAc 
(2 x 20 mL). The combined organic layers were dried (Na2SO4), filtered, and the solvent was 
evaporated. Purification by flash column chromatography, eluted with EtOAc-Hexane (1:9 to 
3:7), gave 4-ethyl-1H-pyrrole-2-carbaldehyde (0.130 g, 1.06 mmol, 19%) as a yellow oil and 
3-ethyl-1H-pyrrole-2-carbaldehyde (0.297 g, 2.41 mmol, 42%) as a yellow oil.

4-Ethyl-1H-pyrrole-2-carbaldehyde; Rf 0.5 [EtOAc-Hexane (3:7)]; 1H NMR (300 MHz, 
CDCl3) δ 9.45 (s, 1H), 6.93 (~t, 1H), 6.82 (t, J = 2.2 Hz, 1H), 2.54 (q, J = 7.6 Hz, 2H), 1.21 (t, 
J = 7.6 Hz, 3H) Data were in agreement to those reported in the literature.[9]

3-Ethyl-1H-pyrrole-2-carbaldehyde; Rf 0.5 [EtOAc-Hexane (3:7)]; 1H NMR (300 MHz, 
CDCl3) δ 9.64 (s, 1H), 9.34 (br. S, 1H), 7.02 (~t, 1H), 6.19j (t, J = 2.6 Hz, 1H), 2.82 (q, J = 7.6 
Hz, 2H), 1.28 (t, J = 7.6 Hz, 3H) Data were in agreement to those reported in the literature.[9]
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1H and 13C spectra
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4,5-dibromo-1H-pyrrole-2-carbaldehyde spectra in CDCl3
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Ethyl 5-formyl-1H-pyrrole-2-carboxylate spectra in CDCl3
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Ethyl 4-formyl-1H-pyrrole-2-carboxylate spectra in CDCl3
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N CO2Et
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Ethyl 1H-pyrrole-3-carboxylate spectra in CDCl3
H
N

CO2Et
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Ethyl 5-formyl-1H-pyrrole-3-carboxylate spectra in CDCl3
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Ethyl 2-formyl-1H-pyrrole-3-carboxylate spectra in CDCl3
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5-formyl-1H-pyrrole-2-carboxylic acid spectra in dmso-d6
H
N

O
CO2H
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4-formyl-1H-pyrrole-2-carboxylic acid spectra in dmso-d6
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5-formyl-1H-pyrrole-3-carboxylic acid spectra in dmso-d6
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5-(morpholine-4-carbonyl)-1H-pyrrole-2-carbaldehyde spectra in dmso-d6
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5-(morpholine-4-carbonyl)-1H-pyrrole-3-carbaldehyde spectra in CDCl3
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4-(morpholine-4-carbonyl)-1H-pyrrole-2-carbaldehyde spectra in dmso-d6
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5-nitro-1H-pyrrole-2-carbaldehyde spectra in acetone-d6
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4-nitro-1H-pyrrole-2-carbaldehyde spectra in acetone-d6
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3,5-dimethyl-4-nitro-1H-pyrrole-2-carbaldehyde spectra in dmso-d6
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5-ethyl-1H-pyrrole-2-carbaldehyde spectra in CDCl3
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4-ethyl-1H-pyrrole-2-carbaldehyde spectra in CDCl3
H
N

O
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3-ethyl-1H-pyrrole-2-carbaldehyde spectra in CDCl3
H
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(E)-N’-((1H-pyrrol-2-yl)methylene)-5-bromo-3-phenyl-1H-indole-2-carbohydrazide (3a) 
spectra in dmso-d6 
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(E)-N’-((1H-pyrrol-3-yl)methylene)-5-bromo-3-phenyl-1H-indole-2-carbohydrazide (3b) 
spectra in dmso-d6
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(E)-5-bromo-N’-((3,5-dimethyl-1H-pyrrol-2-yl)methylene)-3-phenyl-1H-2-
carbohydrazide (3c) spectra in dmso-d6
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(E)-5-bromo-N’-((1-methyl-1H-pyrrol-2-yl)methylene)-3-phenyl-1H-indole-2-
carbohydrazide (3d) spectra in dmso-d6
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1H NMR of compound (3d) at 90 oC in dmso-d6
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(E)-5-bromo-N’-((4-bromo-1H-pyrrol-2-yl)methylene)-3-phenyl-1H-indole-2-
carbohydrazide (3e) spectra in dmso-d6

Br

N
H

O

HN N
H
N

Br

-3-2-10123456789101112131415
f1 (ppm)

0.
94

1.
01

2.
14

5.
19

1.
11

1.
03

1.
09

0.
98

1.
00

6.
44

6.
91

7.
23

7.
24

7.
25

7.
28

7.
30

7.
35

7.
36

7.
37

7.
38

7.
40

7.
41

7.
62

7.
76

11
.1

5
11

.7
6

12
.0

5

0102030405060708090100110120130140150160170180190200
f1 (ppm)

96
.0

5

11
3.

04
11

4.
35

11
4.

58
11

7.
19

12
1.

95
12

2.
31

12
6.

55
12

6.
98

12
7.

87
12

7.
94

12
8.

66
12

9.
01

12
9.

62
13

3.
07

13
4.

40
13

9.
39

15
7.

98

112116120124128
f1 (ppm)

11
3.

04
11

4.
35

11
4.

58

11
7.

19

12
1.

95
12

2.
31

12
6.

55
12

6.
98

12
7.

87
12

7.
94

12
8.

66
12

9.
01

12
9.

62



34

(E)-5-bromo-N’-((4,5-dibromo-1H-pyrrol-2-yl)methylene)-3-phenyl-1H-indole-2-
carbohydrazide (3f) spectra in dmso-d6
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(E)-5-bromo-N’-((3-chloro-1H-pyrrol-2-yl)methylene)-3-phenyl-1H-indole-2-
carbohydrazide (3g) spectra in dmso-d6
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(E)-5-bromo-N’-((4-chloro-1H-pyrrol-2-yl)methylene)-3-phenyl-1H-indole-2-
carbohydrazide (3h) spectra in dmso-d6
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Ethyl (E)-5-((2-(5-bromo-3-phenyl-1H-indole-2-carbonyl)hydrazono)methyl)-1H-
pyrrole-2-carboxylate (3i) spectra in dmso-d6

 

Br

N
H

O

HN N
H
N CO2Et

 -3-2-10123456789101112131415

3.
25

2.
25

0.
33

0.
96

0.
32

1.
03

0.
31

7.
13

1.
02

0.
37

1.
00

0.
90

0.
35

0.
32

0.
33

1.
05

0.
94

1.
28

1.
29

1.
30

4.
24

4.
25

4.
26

4.
27

6.
27

6.
63

6.
72

6.
83

7.
22

7.
36

7.
38

7.
40

7.
40

7.
41

7.
41

7.
44

7.
47

7.
48

7.
49

7.
51

7.
53

7.
72

7.
86

8.
05

11
.4

6
11

.7
6

11
.8

9
11

.9
5

12
.1

6
12

.3
6

0102030405060708090100110120130140150160170180190200
f1 (ppm)

14
.8

3

60
.3

9

11
0.

31
11

3.
40

11
4.

98
11

6.
71

11
7.

90
12

2.
35

12
4.

76
12

6.
98

12
7.

35
12

8.
35

12
8.

98
12

9.
19

13
0.

06
13

2.
87

13
3.

47
13

4.
79

13
9.

85
15

8.
43

16
0.

49

127129131133135
f1 (ppm)

12
6.

98
12

7.
35

12
8.

35
12

8.
98

12
9.

19
13

0.
06

13
2.

87
13

3.
47

13
4.

79



38

1H NMR of compound (3i) at 90 oC in dmso-d6
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Ethyl (E)-5-((2-(5-bromo-3-phenyl-1H-indole-2-carbonyl)hydrazono)methyl)-1H-
pyrrole-3-carboxylate (3j) spectra in dmso-d6
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Ethyl (E)-2-((2-(5-bromo-3-phenyl-1H-indole-2-carbonyl)hydrazono)methyl)-1H-
pyrrole-3-carboxylate (3k) spectra in dmso-d6
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(E)-5-((2-(5-bromo-3-phenyl-1H-indole-2-carbonyl)hydrazono)methyl)-1H-pyrrole-2-
carboxylic acid (3l) spectra in dmso-d6
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(E)-5-((2-(5-bromo-3-phenyl-1H-indole-2-carbonyl)hydrazono)methyl)-1H-pyrrole-3-
carboxylic acid (3m) spectra in dmso-d6
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(E)-5-bromo-N’-((5-(morpholine-4-carbonyl)-1H-pyrrol-2-yl)methylene)-3-phenyl-1H-
indole-2-carbohydrazide (3n) spectra in dmso-d6
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(E)-5-bromo-N’-((4-(morpholine-4-carbonyl)-1H-pyrrol-2-yl)methylene)-3-phenyl-1H-
indole-2-carbohydrazide (3o) spectra in dmso-d6
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(E)-5-bromo-N’-((5-nitro-1H-pyrrol-2-yl)methylene)-3-phenyl-1H-indole-2-
carbohydrazide (3p) spectra in dmso-d6
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1H NMR of compound (3p) at 90 oC in dmso-d6
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(E)-5-bromo-N’-((4-nitro-1H-pyrrol-2-yl)methylene)-3-phenyl-1H-indole-2-
carbohydrazide (3q) spectra in dmso-d6
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(E)-5-bromo-N’-((3,5-dimethyl-4-nitro-1H-pyrrol-2-yl)methylene)-3-phenyl-1H-indole-
2-carbohydrazide (3r) spectra in dmso-d6
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(E)-5-bromo-N’-((5-ethyl-1H-pyrrol-2-yl)methylene)-3-phenyl-1H-indole-2-
carbohydrazide (3s) spectra in dmso-d6
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(E)-5-bromo-N’-((4-ethyl-1H-pyrrol-2-yl)methylene)-3-phenyl-1H-indole-2-
carbohydrazide (3t) spectra in dmso-d6
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(E)-5-bromo-N’-((3-ethyl-1H-pyrrol-2-yl)methylene)-3-phenyl-1H-indole-2-
carbohydrazide (3u) spectra in dmso-d6
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Ethyl (E)-4-((2-(5-bromo-3-phenyl-1H-indole-2-carbonyl)hydrazono)methyl)-1H-
pyrrole-2-carboxylate (3v) spectra in dmso-d6
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(E)-4-((2-(5-bromo-3-phenyl-1H-indole-2-carbonyl)hydrazono)methyl)-1H-pyrrole-2-
carboxylic acid (3w) spectra in dmso-d6
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(E)-5-bromo-N’-((5-(morpholine-4-carbonyl)-1H-pyrrol-3-yl)methylene)-3-phenyl-1H-
indole-2-carbohydrazide (3x) spectra in dmso-d6
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5-bromo-3-phenyl-1H-2-carbohydrazide (5) spectra in dmso-d6
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Figure S1. NCI60 one dose screen
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Table S2. GI50 and LC50 screen for compounds 3a_j, 3n, and 3p_v
GI50, μMDisease Cell line

3a 3b 3c 3d 3e 3f 3g 3h 3i 3j
CCRF-CEM 0.345 0.821 3.07 0.429 0.341 2.89 1.53 0.132 3.04 2.41
HL-60 (TB) 0.242 0.598 2.4 0.317 0.327 2.38 0.891 0.185 1.84 1.5
K-562 0.202 0.429 2.43 0.327 0.393 1.93 0.413 0.234 1.08 1.9
MOLT-4 0.384 1.52 2.29 0.438 0.375 3.38 1.71 0.283 2.49 2.1
RPMI-8226 0.337 1.43 2.43 0.61 0.346 2.27 0.855 0.446 2.28 2.52

leukemia

SR 0.160 0.179 0.948
NSC lung A549/ATCC 0.357 1.61 3.82 0.649 0.395 3.11 0.838 0.43 3.25 2.7
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EKVX 1.23 4.41 3.24 0.641 0.62 3.45 2.66 1.28 4.29 4.57
HOP-62 0.684 2.01 2.97 0.57 0.546 3.52 3.8 0.408 3.65 2.78
HOP-92 0.992 1.87 2.61 0.429 1.51 1.88 2.79 1.19 2.33 4.56
NCI-H226 0.323 2.52 2.58 0.603 0.382 2.28 1.44 0.604 3.13 3.07
NCI-H23 0.504 1.87 2.59 0.447 0.298 2.62 0.884 0.317 2.59 3.06
NCI-H322M 0.661 2.38 2.69 1.98 0.578 3.73 3.14 0.768 3.3 5.63
NCI-H460 0.318 0.657 2.83 0.442 0.353 2.53 0.448 0.281 2.8 2.41

cancer

NCI-H522 0.045 0.925 2.61 0.217 0.185 0.623 0.233 0.211 0.46 2.27
COLO 205 0.261 1.23 3.25 0.366 0.192 3.36 1.66 0.251 3.15 2.49
HCC-2998 0.415 1.55 3.55 0.402 0.296 2.3 1.23 0.224 2.51 2.18
HCT-116 0.28 0.991 4.02 0.427 0.242 3.24 0.467 0.331 3.24 2.95
HCT-15 0.269 0.918 2.91 0.228 0.28 2.7 0.465 0.302 2.48 2.93
HT29 0.329 0.68 3.53 0.327 0.345 2.33 0.401 0.287 2.32 2.59
KM12 0.388 0.996 2.96 0.357 0.301 2.46 0.488 0.328 2.22 2.21

Colon 
cancer

SW-620 0.352 0.548 3.06 0.432 0.405 2.96 0.499 0.328 3.93 3.36
SF-268 0.995 2.41 2.98 0.547 0.529 2.57 1.76 0.388 2.68 2.29
SF-295 0.224 1.94 2.76 0.321 0.254 2.2 0.501 0.237 1.8 2.34
SF-539 0.202 0.869 2.93 0.217 0.214 1.78 0.378 0.231 1.6 2.26
SNB-19 0.416 2.55 3.86 0.449 0.330 3.47 1.06 0.638 2.98 4.51
SNB-75 0.136 0.88 2.68 0.259 0.475 1.08 0.325 0.247 0.399 1.09

CNS 
cancer

U251 0.375 2.08 3.21 0.477 0.418 2.95 0.63 0.349 2.82 2.66
LOX IMVI 0.244 0.916 2.43 0.494 0.36 2.31 0.555 0.37 2.26 2.82
MALME-3M 0.320 3.46 3.16 0.409 0.665 2.97 0.596 0.645 3.83 6.06
M14 0.304 1.58 4.45 0.324 0.27 2.81 0.689 0.305 2.73 2.39
MDA-MB-435 0.105 0.463 2.84 0.151 0.207 1.01 0.222 0.185 0.464 1.09
SK-MEL-2 0.357 2.48 3.37 0.366 0.322 2.68 1.07 0.26 2.38 2.8
SK-MEL-28 0.488 5.75 3.81 4.7 0.612 5.1 0.909 0.582 2.65 4.56
SK-MEL-5 0.302 1.1 2.52 0.196 0.195 1.72 0.427 0.228 1.48 1.44
UACC-257 0.647 8.22 4.35 0.416 1.09 3.24 0.738 0.856 2.97 2.53

Melanoma

UACC-62 0.099 1.03 2.36 0.283 0.439 1.2 0.411 0.559 0.614 2.92
IGROV1 0.404 1.27 2.47 0.621 0.44 0.53 0.734 0.538 2.02 3.91
OVCAR-3 0.423 1.09 2.53 0.246 0.302 2.3 0.409 0.27 2.63 2.13
OVCAR-4 0.814 4.82 3.55 0.637 1.35 5.2 3.09 0.555 4.26 2.28
OVCAR-5 0.437 1.74 3.63 0.472 0.346 3.6 1.1 0.473 3.43 3.87
OVCAR-8 0.323 1.21 3.1 0.39 0.304 1.98 0.481 0.214 2.49 2.37
NCI/ADR-RES 0.44 0.636 2.11 0.186 0.197 1.14 0.219 0.2 0.897 1.89

Ovarian 
Cancer

SK-OV-3 0.702 5.59 6.81 1.61 0.966 4.76 11.6 0.519 4.01 4.53
786-0 0.791 5.46 5.19 29.4 0.727 4.91 2.58 0.459 4.48 3.29
A498 2.57 12.7 8.25 >100 5.47 11.1 10.6 1.45 10.5 3.53
ACHN 0.355 1.71 3.03 0.175 0.418 2.59 0.627 0.493 1.86 3.39
CAKI-1 0.257 0.776 3.17 0.255 0.329 1.38 0.445 0.253 0.961 1.46
RXF 393 0.339 1.78 2.26 0.28 0.497 1.55 0.346 0.219 1.69 1.36
SN12C 0.371 1.49 2.58 0.497 0.310 2.15 1.34 0.391 2.86 2.49
TK-10 2.46 11.1 7.32 1.01 4.21 6.8 7.16 3.91 6.92 7.35

Renal 
Cancer

UO-31 0.431 1.66 1.77 0.33 0.618 1.94 0.577 1.48
PC-3 0.344 2 2.06 0.564 0.382 2.29 0.826 0.426 2.28 3.76Prostate 

Cancer DU-145 0.429 1.95 4.07 0.399 0.352 3.18 1.58 0.352 3.32 3.48
MCF7 0.136 0.436 2.3 0.072 0.294 1.99 0.376 0.309 1.54 2.76
MDA-MB-231/ATCC 0.396 1.62 2.78 0.237 0.215 2.49 2.07 0.296 2.63 2.85
HS 578T 0.452 1.31 2.31 0.22 0.34 1.82 0.59 0.284 1.21 2.36
BT-549 0.375 4.53 5.04 2.81 0.314 3.69 3.56 0.255 3.47 2.23
T-47D 0.341 3.49 4.68 0.344 1.4 3.84 2.5 0.546 4.2 2.91

Breast
Cancer

MDA-MB-468 0.209 0.593 2.00 0.155 0.231 2.09 0.297 0.251 1.63 2.47

GI50, μMDisease Cell line
3n 3p 3q 3r 3s 3t 3u 3v

CCRF-CEM 3.45 0.382 0.799 1.89 0.375 0.368 2.35 3.7
HL-60 (TB) 1.84 0.374 0.633 2.31 0.235 0.237 2.03 4.68
K-562 1.27 0.365 0.387 2.69 0.338 0.348 2.27 4.59
MOLT-4 1.5 0.537 0.657 2.29 0.464 0.399 2.37 3.91
RPMI-8226 4.5 0.468 3.71 2.70 0.375 0.343 2.04 3.84

leukemia

SR 0.405 0.354 0.405 2.04 0.419 0.446 2.02
A549/ATCC 3.88 2.23 1.79 3.19 0.399 0.397 2 4.37
EKVX 7.51 5.37 >100 3.34 0.453 0.448 2.79 7.14

NSC lung 
cancer

HOP-62 3.36 0.606 1.26 2.09 0.861 1.35 3.77 6.66
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HOP-92 6.14 1.79 11.6 2.51 2.01 2.57 3.8 7.99
NCI-H226 3.39 2.43 3.39 3.78 0.506 0.33 1.97 4.21
NCI-H23 2.83 1.45 2.57 2.46 0.484 0.408 2.66 3.42
NCI-H322M 13.9 11 46.4 4.22 1.73 2.31 3.93 4.42
NCI-H460 2.49 0.421 0.328 1.87 0.396 0.346 1.23 3.49
NCI-H522 1.6 0.588 0.722 2.43 0.183 0.206 2.3 2.41
COLO 205 3.12 1.52 1.28 1.9 0.316 0.207 2.96 3.51
HCC-2998 2.31 1.67 3.66 2.41 1.45 0.342 4.11 4.17
HCT-116 2.79 0.439 0.491 1.98 0.325 0.385 2.5 3.42
HCT-15 2.62 0.607 0.504 2.41 0.349 0.319 1.03 3.21
HT29 2.57 0.55 0.469 1.84 0.298 0.308 2.17 3.33
KM12 2.91 1.17 1.39 1.92 0.289 0.325 3.17 3.37

Colon 
cancer

SW-620 3.26 0.249 0.38 2.06 0.558 0.431 3.82 4.41
SF-268 2.51 1.47 0.774 2.37 1.47 0.861 2.86 6.04
SF-295 1.63 0.413 0.623 2.32 0.246 0.319 2.29 3.04
SF-539 2.23 0.389 0.822 3.51 0.225 0.203 3.17 2.02
SNB-19 5.66 3.34 6.25 3.45 1.82 0.396 4.5 4.08
SNB-75 0.809 0.482 0.242 2.19 0.285 0.44 4.94 1.95

CNS 
cancer

U251 3.1 0.987 0.574 1.85 0.329 0.373 2.15 3.8
LOX IMVI 3.06 0.519 0.647 1.63 0.722 0.427 2.42 4.31
MALME-3M 11.7 3.23 0.83 1.99 0.88 1.72 3.5 4.32
M14 1.92 0.652 0.574 2.54 0.318 0.337 1.62 3.54
MDA-MB-435 0.392 0.253 0.226 1.77 0.227 0.23 4.12 1.54
SK-MEL-2 2.8 2.18 1.3 2.11 0.647 0.454 6.77 4.37
SK-MEL-28 6.1 2.24 0.89 3.56 0.979 0.839 3.46 4.73
SK-MEL-5 1.48 1.02 0.671 1.5 0.381 0.279 2.54 2.01
UACC-257 11.9 3.12 2.58 3.13 1.32 1.23 3.78 11.7

Melanoma

UACC-62 0.864 0.451 0.538 2.9 0.381 0.442 2.48 3.18
IGROV1 6.69 1.48 2.06 3.83 0.612 0.888 3.52 3.75
OVCAR-3 2.57 0.602 0.397 1.77 0.356 0.316 3.2 3.23
OVCAR-4 2.93 0.679 1.06 1.97 2.41 2.17 3.33 9.00
OVCAR-5 5.78 2.87 5.37 3.53 0.573 0.337 6.77 3.49
OVCAR-8 2.86 1.02 10.2 3.08 0.337 0.316 3.02 3.65
NCI/ADR-RES 1.92 0.285 0.434 1.89 0.253 0.247 2.68 2.23

Ovarian 
Cancer

SK-OV-3 5.68 2.95 3.14 3.23 0.514 0.922 2.59 1.31
786-0 2.86 0.803 2.21 2.35 0.801 0.646 3.51 6.01
A498 3.53 2.6 10.7 2.35 5.59 13.7 1.45 12.9
ACHN 4.56 1.26 0.791 3.3 0.861 0.628 3.27 4.87
CAKI-1 1.46 0.411 0.53 2.29 1.04 1.05 6.04 3.2
RXF 393 1.06 0.411 0.734 1.7 0.194 0.217 1.19 2.56
SN12C 3.14 1.24 2.58 1.74 0.392 0.372 2.26 3.63
TK-10 10.4 12.2 76 5.1 2.91 2.83 5.05 12.5

Renal 
Cancer

UO-31 0.644 1 2.94 4.21
PC-3 3.44 1.2 0.724 2.85 0.532 0.529 3.09 4.07Prostate 

Cancer DU-145 3.72 1.84 3.87 3.48 0.418 0.38 4.3 3.36
MCF7 2.46 0.394 0.354 2.57 0.369 0.375 2.63 3.03
MDA-MB-231/ATCC 4.81 2.14 17.4 3.56 0.63 0.311 5.02 3.27
HS 578T 1.04 0.27 0.486 2.43 0.294 0.3 3.6 3.11
BT-549 2.36 1.52 2.47 2.74 0.979 0.39 2.7 13.4
T-47D 3.1 2.4 2.21 2.51 0.681 1.59 2.17 5.88

Breast
Cancer

MDA-MB-468 1.98 0.873 0.503 1.94 0.248 0.263 2.72 2.6

LC50, μMDisease Cell line
3a 3b 3c 3d 3e 3f 3g 3h 3i 3j

CCRF-CEM >100 >100 >100 >100 >100 >100 >100 >100 >100 >100
HL-60 (TB) >100 >100 >100 >100 >100 88.8 >100 0.886 >100 9.88
K-562 >100 97 >100 >100 >100 76.4 >100 5.64 >100 57.1
MOLT-4 >100 >100 >100 >100 >100 >100 >100 >100 53.4
RPMI-8226 >100 >100 >100 >100 >100 >100 >100 >100 >100 >100

leukemia

SR >100 4.6 >100
A549/ATCC 33.6 52.6 45.4 >100 56.4 37.6 53.4 47.4 79.4 51.8
EKVX 33.4 41.7 35.4 >100 34.3 44.8 38.1 >100 >100 43.1

NSC lung 
cancer

HOP-62 32.6 61.4 69.3 >100 >100 >100 60.8 34.7 >100 54.4
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HOP-92 26.4 50.3 43.5 >100 26.3 46 50.1 55.4 >100 58.6
NCI-H226 23.3 51.2 34.4 >100 29.9 32.5 32.1 >100 45.4 41.3
NCI-H23 37.7 33.9 35.2 >100 26.9 34 34.4 36.5 43.2 46.4
NCI-H322M 36.5 37.2 38.7 >100 38.8 62.8 48.8 92.3 >100 50
NCI-H460 12.5 46 37.9 >100 43.2 32.7 34.3 9.24 41.4 23.1
NCI-H522 22 24 32.7 >100 19.1 23.2 20.4 >100 82.2 33
COLO 205 35.1 20.4 52.3 >100 0.884 48.8 40.3 1.88 36.9 55.2
HCC-2998 19.5 32.7 37.2 >100 15.6 24 28.6 4.2 36.4 15.9
HCT-116 32.3 >100 >100 >100 85 >100 79.9 29.1 >100 45.6
HCT-15 32.3 34 37.2 >100 13.5 33.1 34.3 21.9 40.5 51.9
HT29 9.31 34.5 46.6 >100 8.24 20.8 58.5 7.2 22.9 27.5
KM12 56.5 37.8 35.4 >100 16.3 35.3 34.6 20.7 38 33.9

Colon 
cancer

SW-620 37.4 49.4 42 >100 59.4 41.9 50.2 80.9 53.6 76.2
SF-268 56.4 59.1 53.2 >100 52.9 65.3 53 77.3 >100 46.3
SF-295 23.2 33.8 29.5 >100 25.9 26.9 26 58.5 38.1 24.4
SF-539 14.6 17 32.4 >100 25.5 15.7 18.5 22.1 26.2 19.4
SNB-19 35 39.8 39.4 >100 34.5 39.3 35.4 61.9 62.8 46.1
SNB-75 16 32 43.9 >100 51 64.4 38.6 75.5 >100 35.8

CNS 
cancer

U251 12.4 40.8 35.7 >100 10.1 36 37.7 24.9 39.4 40.6
LOX IMVI 19 38.7 30.2 >100 6.98 31.8 29.4 16.7 35.2 40.9
MALME-3M 30.9 48.3 38.5 >100 32.5 42.4 48.4 46.1 54.8 54.9
M14 41.4 45.8 49.9 >100 20.2 66.1 45.4 50.3 71.9 50.3
MDA-MB-435 15.8 34 24.3 19.6 25.5 27.6 16.1
SK-MEL-2 38.8 38.4 41.7 >100 38.1 36.3 38.7 47.9 55 32.8
SK-MEL-28 37.4 44.4 38.8 >100 43.9 47 47.5 47.9 94.5 45.8
SK-MEL-5 15.7 14.6 28.8 >100 1.22 8.65 63 3.08 7.68 10.1
UACC-257 47.1 47.8 49.2 >100 47 45.7 52 58.8 87.4 51.8

Melanoma

UACC-62 8.03 41.3 32.4 >100 17.7 38 37 66.3 48.5 42.6
IGROV1 14.6 43.6 38.4 >100 36.2 36.1 43 44.1 41.5 46.1
OVCAR-3 35.3 31.9 36.4 >100 17.3 24.5 34.9 19.7 40.7 23.1
OVCAR-4 33.6 45.2 40.7 >100 40.5 45.8 43.5 34.1 >100 34.8
OVCAR-5 30.8 38.5 37.6 >100 26.5 40.2 35.7 36 38 42.9
OVCAR-8 6.55 38.6 45 >100 18.2 17.2 27.7 0.988 47.6 23.7
NCI/ADR-RES 59.2 27.1 19.3 40.9 0.971 9.73 10.5 9.2 10.4

Ovarian 
Cancer

SK-OV-3 31.8 71.9 70.8 >100 53.8 72.5 64.1 45.4 >100 45.3
786-0 23.9 77.2 63.9 >100 55.9 64.1 50.2 39.8 >100 44.7
A498 41.6 54.6 46.9 >100 44.5 49.4 49.3 42.1 55.2 43.4
ACHN 21.2 39 34.2 >100 23.5 35.5 34.5 32.1 73.8 36.4
CAKI-1 30.9 44.1 39.1 >100 29 40.9 36.9 27.5 74.2 40.5
RXF 393 35.1 46.5 35 >100 37.9 34.3 42.1 34.3 66.4 22
SN12C 3.97 37.7 32.3 >100 5.49 30.7 29.2 15.3 36.2 33.3
TK-10 37.1 58 45.2 >100 44.9 49.5 49.5 83.2 >100 46.2

Renal 
Cancer

UO-31 20.2 41 33.8 >100 28.1 38.5 35.7 >100
PC-3 29.6 >100 47.6 >100 38.1 63.3 63.6 47.6 >100 >100Prostate 

Cancer DU-145 33.3 34.7 38.9 >100 29.7 33.9 33.1 27.2 38.7 35.6
MCF7 29.1 49.8 37.2 >100 30.7 33.7 42.2 53.5 >100 50.2
MDA-MB-231/ATCC 21 26.4 32.8 >100 14.3 26.3 28.2 26.9 33.2 36.8
HS 578T >100 >100 >100 >100 >100 >100 >100 >100 >100 >100
BT-549 6.39 52.3 47.9 >100 36.2 90.8 46.8 18.1 >100 29.5
T-47D 51.3 >100 77.6 >100 82.5 74.3 81.9 92.6 >100 86.9

Breast
Cancer

MDA-MB-468 42.1 24.2 26.4 >100 13 22.8 24.7 27.8 36.6 24.2

LC50, μMDisease Cell line
3n 3p 3q 3r 3s 3t 3u 3v

CCRF-CEM >100 >100 >100 >100 >100 >100 63.8 >100
HL-60 (TB) 8.56 >100 >100 >100 >100 91.9 24.3 >100
K-562 42.7 >100 >100 >100 >100 >100 56.2 >100
MOLT-4 20.8 >100 >100 >100 >100 94.2 55.1 >100
RPMI-8226 >100 >100 >100 >100 >100 >100 78.6 >100

leukemia

SR 38.9 >100 >100 >100 >100 >100 >100
A549/ATCC >100 44.9 >100 35.6 70.3 38.8 41.5 44.2
EKVX >100 45.7 >100 34.9 43 35.6 37.7 60.7

NSC lung 
cancer

HOP-62 69.2 39.5 >100 11.7 46.2 37.5 45.8 69.2
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HOP-92 >100 47.3 >100 45.8 40.1 33 44.3 >100
NCI-H226 81.7 46.9 >100 40.6 32.3 28 37.7 46.2
NCI-H23 69.8 35.4 >100 26.3 42.6 37.4 38.3 40.4
NCI-H322M >100 53.3 >100 89.5 64.6 49.8 43.4 76.1
NCI-H460 54.1 45.9 >100 8.05 43.5 20.2 36.7 34.3
NCI-H522 58.8 19.8 >100 29.6 28 29.5 34.1 61.2
COLO 205 37.5 8.08 >100 7.51 26.1 41.3 34.8
HCC-2998 42.9 19.6 >100 25.4 35.1 30.4 42.4 42.1
HCT-116 66.7 33.8 >100 10.4 31.9 40.3 44 50.5
HCT-15 >100 35.7 >100 26.4 37.4 35.6 38.8 35.7
HT29 38.3 43.9 >100 6.67 33.8 21 39.3 35.3
KM12 43.6 34.2 >100 11.6 37.5 34.4 42.3 35.5

Colon 
cancer

SW-620 >100 48.4 >100 19.1 43.2 42.5 43.3 40.1
SF-268 >100 44.2 >100 33.1 83 51.9 42.7 >100
SF-295 31 29.9 >100 21.2 31.9 24.7 37.1 37.2
SF-539 34.9 28.1 >100 35.7 29.8 19.6 35.6 13.5
SNB-19 >100 42.4 >100 43.1 51.8 41.3 42.2 43.4
SNB-75 88.9 40.5 >100 21.5 54.1 37.8 43.4 90.6

CNS 
cancer

U251 84.7 39.2 66.8 13.4 36.7 38.2 37.8 37.6
LOX IMVI 71.2 35.8 >100 5.73 36.1 8.27 32.3 41.1
MALME-3M >100 56.2 >100 28.5 46.5 48 40 52.8
M14 64.2 37 >100 36.3 38.7 38.4 23.7 41.3
MDA-MB-435 55.4 29.8 8.78 17.9 34 38.7 41.6 9.53
SK-MEL-2 48.3 36.5 >100 22.6 45.9 43.8 45.8 47.3
SK-MEL-28 >100 43.5 >100 38.7 49.8 46.6 40.1 48.5
SK-MEL-5 17 8.69 69.9 5.87 10.1 6.96 27.2 17.9
UACC-257 94.4 48.2 >100 48.1 64.7 41.3 40.8 77.8

Melanom
a

UACC-62 63.7 40.9 >100 37.5 38.1 32.1 30.8 40.7
IGROV1 >100 88.8 >100 41.2 43.3 48.6 44 38.9
OVCAR-3 47.4 34.8 >100 10.4 36.1 41.7 44 33.4
OVCAR-4 >100 35.9 >100 18.8 53.7 43 43.7 52.8
OVCAR-5 >100 40.9 >100 41.5 38.7 37.2 45.4 37.4
OVCAR-8 43.1 39 >100 36.5 25.2 26 39.8 38.5
NCI/ADR-RES 84.1 16.2 >100 9.15 30.2 22 34.6 21.2

Ovarian 
Cancer

SK-OV-3 >100 43 >100 39.2 50.1 35.4 42.4 80.3
786-0 80.7 41.4 >100 17 47.4 38.5 44.3 53.3
A498 59.9 43.7 >100 27.6 47.2 54.5 55.4 52.1
ACHN >100 38 >100 33.4 36.6 35.5 36.7 49.9
CAKI-1 >100 34.9 >100 33.1 56.2 34.4 45.3 40.2
RXF 393 14.7 41.2 >100 15.9 28.9 21 18.7 33
SN12C 79.7 36.7 >100 6.73 30.3 30 34 38.1
TK-10 >100 53.8 >100 41.2 46.3 42.1 41.6 80.7

Renal 
Cancer

UO-31 59.9 40.7 39.7 61.9
PC-3 >100 78.5 >100 45.5 >100 57 47.6 >100Prostate 

Cancer DU-145 >100 32.5 >100 34.9 36.7 39.5 42.3 33.4
MCF7 77.8 39 >100 29.9 45.9 33.8 37.5 40.3
MDA-MB-231/ATCC 83.2 46.6 >100 40.5 48.4 42.4 44.7 33.8
HS 578T >100 94.3 >100 97.2 >100 87.3 61.8 >100
BT-549 55.2 28.4 >100 30.6 30.3 23.9 34.2 60.2
T-47D >100 59.6 >100 33.5 52.7 39.3 41.9 >100

Breast
Cancer

MDA-MB-468 75.5 34.7 >100 26.1 25.9 9.22 32.1 34

Figure S3. NCI60 five dose dcreen
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Figure S4. Screening derivatives 3a_x against T_47D with two different concentration (10 µM 
and 50 µM)
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Figure S5. Correlations between IC50 values and GI50 values of the tested compounds against 
the T47D breast cancer cell line (R2=0.7884).
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Fig. S6. Overlay between the co-crystallized colchicine (green) and the re-docked colchicine 
conformer using the GoldScore scoring function. The RMSD between the heavy atoms was 
calculated to be 1.33 Å. 

Fig. S7. Overlay between the co-crystallized exemestane (green) and the re-docked 
exemestane conformer using the GoldScore scoring function. The RMSD between the heavy 
atoms was calculated to be 0.46 Å.
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Table S8. The physicochemical properties of the newly synthesised furanyl- and thiophenyl-
3-phenyl-1H-indole-2-carbohydrazide derivatives.

Derivatives
Molecular 

weight 
(g/mol)

MlogP Hydrogen 
bond 
donor

Hydrogen 
bond 

acceptor

Topological 
polar 

surface 
area (Å2)

Rotatable 
bond 
count

3a 407.29 3.112 3 3 73.04 4
3b 407.29 3.112 3 3 73.04 4
3c 435.35 3.542 3 3 73.04 4
3d 421.32 3.329 2 3 62.18 4
3e 486.18 3.704 3 3 73.04 4
3f 565.07 4.019 3 3 73.04 4
3g 441.73 3.597 3 3 73.04 4
3h 441.73 3.597 3 3 73.04 4
3i 479.36 3.229 3 5 99.34 7
3j 479.36 3.229 3 5 99.34 7
3k 479.36 3.229 3 5 99.34 7
3l 451.3 2.806 4 5 110.34 5

3m 451.3 2.806 4 5 110.34 5
3n 520.42 2.483 3 6 102.58 5
3o 520.42 2.483 3 6 102.58 5
3p 452.29 3.605 3 5 118.86 5
3q 452.29 3.199 3 5 118.86 5
3r 480.35 3.628 3 5 118.86 5
3s 435.35 3.542 3 3 73.04 5
3t 435.35 3.542 3 3 73.04 5
3u 435.35 3.542 3 3 73.04 5
3v 479.36 3.229 3 5 99.34 7
3w 451.3 2.806 4 5 110.34 5
3x 520.42 2.483 3 6 102.58 5



125

Table S9. Toxicity evaluation of the most active compounds.

3a 3e 3h 3p 3r 3t
hERG blocker 0.149 0.277 0.268 0.341 0.139 0.293

AMES mutagenicity 0.562 0.471 0.473 0.867 0.697 0.546
Human hepatotoxicity 0.898 0.841 0.885 0.868 0.939 0.857

RPMI-8226 
immunotoxicity 0.157 0.121 0.125 0.082 0.060 0.090

aAll values represent toxicity probabilities within the range of 0 to 1.


