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NMR spectrum of synthesized derivatives 
4-allyl-2-methoxyphenyl (E)-4-(4-(3-(3,4,5-trimethoxyphenyl)acryloyl)piperazin-1-
yl)butanoate (A2): 

 
1H NMR (600 MHz, CDCl3) spectrum of A2 

 
13C NMR (600 MHz, CDCl3) spectrum of A2 
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5-allyl-2-methoxyphenyl (E)-4-oxo-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butanoate (B2): 

 
1H NMR (600 MHz, CDCl3) spectrum of B2 

 
13C NMR (600 MHz, CDCl3) spectrum of B2 
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methoxy-4-((E)-prop-1-en-1-yl)phenyl 4-(4-((E)-3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butanoate (A3): 

 
1H NMR (600 MHz, CDCl3) spectrum of A3 

 
13C NMR (600 MHz, CDCl3) spectrum of A3 
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2-methoxy-4-((E)-prop-1-en-1-yl)phenyl 4-oxo-4-(4-((E)-3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butanoate (B3):  

 
1H NMR (600 MHz, CDCl3) spectrum of B3 

 
13C NMR (600 MHz, CDCl3) spectrum of B3 
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2-allylphenyl (E)-4-(4-(3-(3,4,5-trimethoxyphenyl)acryloyl)piperazin-1-yl)butanoate 
(A4):  

 
1H NMR (600 MHz, CDCl3) spectrum of A4 

 
13C NMR (600 MHz, CDCl3) spectrum of A4 
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2-allylphenyl (E)-4-oxo-4-(4-(3-(3,4,5-trimethoxyphenyl)acryloyl)piperazin-1-
yl)butanoate (B4):  

 
1H NMR (600 MHz, CDCl3) spectrum of B4 

 
13C NMR (600 MHz, CDCl3) spectrum of B4 
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(E)-3-(2,4,5-trimethoxyphenyl)allyl 4-(4-((E)-3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butanoate (A5):  

 
1H NMR (600 MHz, CDCl3) spectrum of A5 

 
13C NMR (600 MHz, CDCl3) spectrum of A5 
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(E)-3-(2,4,5-trimethoxyphenyl)allyl 4-oxo-4-(4-((E)-3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butanoate (B5):  

 
1H NMR (600 MHz, CDCl3) spectrum of B5 

 
13C NMR (600 MHz, CDCl3) spectrum of B5 
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cinnamyl 4-(4-((E)-3-(3,4,5-trimethoxyphenyl)acryloyl)piperazin-1-yl)butanoate 
(A6):  

 
1H NMR (600 MHz, CDCl3) spectrum of A6 

 
13C NMR (600 MHz, CDCl3) spectrum of A6 
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cinnamyl 4-oxo-4-(4-((E)-3-(3,4,5-trimethoxyphenyl)acryloyl)piperazin-1-
yl)butanoate (B6):  

 
1H NMR (400 MHz, CDCl3) spectrum of B6 

 
13C NMR (101 MHz, CDCl3) spectrum of B6 
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rel-(1R,2S,4R)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl 4-(4-((E)-3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butanoate (A7): 

 
1H NMR (400 MHz, CDCl3) spectrum of A7 

 
13C NMR (101 MHz, CDCl3) spectrum of A7 
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(1R,2S,4R)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl 4-oxo-4-(4-((E)-3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butanoate (B7): 

 
1H NMR (400 MHz, CDCl3) spectrum of B7 

 
13C NMR (101 MHz, CDCl3) spectrum of B7 
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(E)-1-(4-benzhydrylpiperazin-1-yl)-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butan-1-one (A8): 

 
1H NMR (400 MHz, CDCl3) spectrum of A8 

 
13C NMR (101 MHz, CDCl3) spectrum of A8 
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(E)-1-(4-benzhydrylpiperazin-1-yl)-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butane-1,4-dione (B8): 

 
1H NMR (400 MHz, CDCl3) spectrum of B8 

 
13C NMR (101 MHz, CDCl3) spectrum of B8 
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(E)-1-(4-(bis(4-fluorophenyl)methyl)piperazin-1-yl)-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butan-1-one (A9): 

 
1H NMR (400 MHz, CDCl3) spectrum of A9 

 
13C NMR (101 MHz, CDCl3) spectrum of A9 
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(E)-1-(4-(bis(4-fluorophenyl)methyl)piperazin-1-yl)-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butane-1,4-dione (B9): 

 

1H NMR (400 MHz, CDCl3) spectrum of B9 

 
13C NMR (101 MHz, CDCl3) spectrum of B9 
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(E)-1-(4-(benzo[d]isothiazol-3-yl)piperazin-1-yl)-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butan-1-one (A10):  

 

1H NMR (400 MHz, CDCl3) spectrum of A10 

 
13C NMR (101 MHz, CDCl3) spectrum of A10 
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(E)-1-(4-(benzo[d]isothiazol-3-yl)piperazin-1-yl)-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butane-1,4-dione (B10):  

 

1H NMR (400 MHz, CDCl3) spectrum of B10 

 
13C NMR (101 MHz, CDCl3) spectrum of B10 
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(E)-1-(4-phenylpiperazin-1-yl)-4-(4-(3-(3,4,5-trimethoxyphenyl)acryloyl)piperazin-1-
yl)butan-1-one (A11):  

 

1H NMR (400 MHz, CDCl3) spectrum of A11 

 

13C NMR (101 MHz, CDCl3) spectrum of A11 
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(E)-1-(4-phenylpiperazin-1-yl)-4-(4-(3-(3,4,5-trimethoxyphenyl)acryloyl)piperazin-1-
yl)butane-1,4-dione (B11):  

 

1H NMR (400 MHz, CDCl3) spectrum of B11 

 
13C NMR (101 MHz, CDCl3) spectrum of B11 

  

-4-3-2-1012345678910111213141516

f1 (ppm)

4
.
4
4

1
.
0
3

4
.
4
6

7
.
6
8

3
.
0
9

9
.
0
0

2
.
4
4

2
.
4
7

1
.
5
3

2
.
0
5

1
.
0
2

2
.
7
5

3
.
2
0

3
.
6
4

3
.
6
5

3
.
7
0

3
.
7
6

3
.
7
7

3
.
7
9

3
.
8
7

3
.
9
0

6
.
7
4

6
.
9
2

6
.
9
4

7
.
2
6
 
C
D
C
l
3

7
.
2
7

7
.
2
8

7
.
2
8

7
.
3
0

7
.
6
0

7
.
6
4

-100102030405060708090100110120130140150160170180190200210

f1 (ppm)

2
8
.
0
5

2
9
.
7
9

4
1
.
8
4

4
5
.
4
1

4
9
.
4
5

4
9
.
7
2

5
6
.
3
4

6
1
.
0
8

7
7
.
1
6
 
C
D
C
l
3

1
0
5
.
2
2

1
1
5
.
7
7

1
1
6
.
7
5

1
2
0
.
6
5

1
2
9
.
3
5

1
3
0
.
6
7

1
3
9
.
9
1

1
4
3
.
8
1

1
5
1
.
0
3

1
5
3
.
5
5

1
6
5
.
7
9

1
7
0
.
4
4

1
7
1
.
0
0



(E)-1-(4-(2,3-dichlorophenyl)piperazin-1-yl)-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butan-1-one (A12): 

 

1H NMR (400 MHz, CDCl3) spectrum of A12 

 

13C NMR (101 MHz, CDCl3) spectrum of A12 
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(E)-1-(4-(2,3-dichlorophenyl)piperazin-1-yl)-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butane-1,4-dione (B12):  

 

1H NMR (400 MHz, CDCl3) spectrum of B12 

 

13C NMR (101 MHz, CDCl3) spectrum of B12 
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(E)-1-(4-(3-chlorophenyl)piperazin-1-yl)-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butan-1-one (A13):  

 
1H NMR (400 MHz, CDCl3) spectrum of A13 

 

13C NMR (101 MHz, CDCl3) spectrum of A13 
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(E)-1-(4-(3-chlorophenyl)piperazin-1-yl)-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butane-1,4-dione (B13):  

 

1H NMR (400 MHz, CDCl3) spectrum of B13 

 

13C NMR (101 MHz, CDCl3) spectrum of B13 
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(E)-1-(4-(4-(trifluoromethyl)phenyl)piperazin-1-yl)-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butan-1-one (A14):  

 

1H NMR (400 MHz, CDCl3) spectrum of A14 

 
13C NMR (101 MHz, CDCl3) spectrum of A14 
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(E)-1-(4-(4-(trifluoromethyl)phenyl)piperazin-1-yl)-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butane-1,4-dione (B14):  

 

1H NMR (400 MHz, CDCl3) spectrum of B14 

 

13C NMR (101 MHz, CDCl3) spectrum of B14 
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(E)-1-(4-(2-methoxyphenyl)piperazin-1-yl)-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butan-1-one (A15):  

 

1H NMR (400 MHz, CDCl3) spectrum of A15 

 

13C NMR (101 MHz, CDCl3) spectrum of A15 
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(E)-1-(4-(2-methoxyphenyl)piperazin-1-yl)-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butane-1,4-dione (B15):  

 

1H NMR (400 MHz, CDCl3) spectrum of B15 

 

13C NMR (101 MHz, CDCl3) spectrum of B15 
  

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0.5

f1 (ppm)

3
.
8
4

5
.
4
7

8
.
2
5

2
.
6
1

6
.
1
1

6
.
0
4

2
.
2
2

1
.
1
6

3
.
2
6

0
.
9
8

1
.
0
0

2
.
7
4

2
.
7
5

3
.
7
0

3
.
7
0

3
.
7
9

3
.
8
7

3
.
8
9

6
.
7
4

6
.
8
9

6
.
9
0

6
.
9
2

7
.
0
3

7
.
2
6
 
C
D
C
l
3

7
.
5
9

7
.
6
3

-100102030405060708090100110120130140150160170180190200210

f1 (ppm)

2
8
.
0
6

2
9
.
8
2

4
2
.
1
1

4
5
.
7
2

5
0
.
6
7

5
1
.
0
1

5
5
.
5
6

5
6
.
3
4

6
1
.
1
1

7
7
.
1
6
 
C
D
C
l
3

1
0
5
.
1
4

1
1
1
.
3
8

1
1
5
.
7
6

1
1
8
.
5
5

1
2
1
.
1
6

1
2
3
.
7
0

1
3
0
.
6
9

1
3
9
.
8
4

1
4
0
.
7
6

1
4
3
.
8
1

1
5
2
.
3
4

1
5
3
.
5
5

1
6
5
.
7
5

1
7
0
.
3
2



(E)-1-(4-(pyrimidin-2-yl)piperazin-1-yl)-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butan-1-one (A16):  

 

1H NMR (400 MHz, CDCl3) spectrum of A16 

 

13C NMR (101 MHz, CDCl3) spectrum of A16 
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(E)-1-(4-(pyrimidin-2-yl)piperazin-1-yl)-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butane-1,4-dione (B16): 

 

1H NMR (400 MHz, CDCl3) spectrum of B16 

 

13C NMR (101 MHz, CDCl3) spectrum of B16 
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(E)-1-(4-(6-fluorobenzo[d]isoxazol-3-yl)piperidin-1-yl)-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butan-1-one (A17):  

 

1H NMR (400 MHz, CDCl3) spectrum of A17 

 

13C NMR (101 MHz, CDCl3) spectrum of A17 
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(E)-1-(4-(6-fluorobenzo[d]isoxazol-3-yl)piperidin-1-yl)-4-(4-(3-(3,4,5-
trimethoxyphenyl)acryloyl)piperazin-1-yl)butane-1,4-dione (B17):  

 

1H NMR (400 MHz, CDCl3) spectrum of B17 

 

13C NMR (101 MHz, CDCl3) spectrum of B17 
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LC-MS spectrum of synthesized derivatives 

 
LC-MS spectrum of A2 

 
LC-MS spectrum of B2 

 
LC-MS spectrum of A3 
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Spectrum from DataSET13.wiff (sample 42) - 230505 synthetic 017, +TOF MS (100 - 1300) from 0.074 min
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Spectrum from DataSET14.wiff (sample 24) - 230529 syn016, +TOF MS (100 - 1300) from 0.051 min
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Spectrum from DataSET14.wiff (sample 28) - 230529 syn020, +TOF MS (100 - 1300) from 0.088 min



 
LC-MS spectrum of A4 
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LC-MS spectrum of A6 
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LC-MS spectrum of B7 
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Spectrum from DataSET14.wiff (sample 30) - 230529 syn022, +TOF MS (100 - 1300) from 0.139 min
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Spectrum from DataSET14.wiff (sample 20) - 230529 syn012, +TOF MS (100 - 1300) from 0.060 min
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Spectrum from DataSET14.wiff (sample 34) - 230529 syn026, +TOF MS (100 - 1300) from 0.074 min



 

LC-MS spectrum of A8 

 
LC-MS spectrum of B8 

 
LC-MS spectrum of A9 

 
LC-MS spectrum of B9 
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Spectrum from DataSET13.wiff (sample 27) - 230505 synthetic 002, +TOF MS (100 - 1300) from 0.070 min
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Spectrum from DataSET14.wiff (sample 37) - 230529 syn029, +TOF MS (100 - 1300) from 0.139 min
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Spectrum from DataSET13.wiff (sample 58) - Sam0609004, +TOF MS (100 - 1300) from 0.042 min
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Spectrum from DataSET13.wiff (sample 66) - Sam0609012, +TOF MS (100 - 1300) from 0.116 min
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Spectrum from DataSET13.wiff (sample 55) - Sam0609001, +TOF MS (100 - 1300) from 0.046 min



LC-MS spectrum of A10 

 
LC-MS spectrum of B10 

 
LC-MS spectrum of A11 

 
LC-MS spectrum of B11 

 
LC-MS spectrum of A12 
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Spectrum from DataSET14.wiff (sample 43) - 230529 syn035, +TOF MS (100 - 1300) from 0.065 min
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Spectrum from DataSET13.wiff (sample 31) - 230505 synthetic 006, +TOF MS (100 - 1300) from 0.051 min
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Spectrum from DataSET14.wiff (sample 36) - 230529 syn028, +TOF MS (100 - 1300) from 0.107 min
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Spectrum from DataSET13.wiff (sample 29) - 230505 synthetic 004, +TOF MS (100 - 1300) from 0.046 min



 
LC-MS spectrum of B12 

 
LC-MS spectrum of A13 

 

LC-MS spectrum of B13 

 
LC-MS spectrum of A14 
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Spectrum from DataSET14.wiff (sample 31) - 230529 syn023, +TOF MS (100 - 1300) from 0.070 min
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Spectrum from DataSET13.wiff (sample 32) - 230505 synthetic 007, +TOF MS (100 - 1300) from 0.056 min
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Spectrum from DataSET14.wiff (sample 39) - 230529 syn031, +TOF MS (100 - 1300) from 0.056 min
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Spectrum from DataSET13.wiff (sample 38) - 230505 synthetic 013, +TOF MS (100 - 1300) from 0.088 min



 
LC-MS spectrum of B14 

 
LC-MS spectrum of A15 

 
LC-MS spectrum of B15 

 
LC-MS spectrum of A16 
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Spectrum from DataSET14.wiff (sample 32) - 230529 syn024, +TOF MS (100 - 1300) from 0.051 min
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Spectrum from DataSET13.wiff (sample 33) - 230505 synthetic 008, +TOF MS (100 - 1300) from 0.121 min
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Spectrum from DataSET14.wiff (sample 40) - 230529 syn032, +TOF MS (100 - 1300) from 0.065 min
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Spectrum from DataSET14.wiff (sample 12) - 230529 syn004, +TOF MS (100 - 1300) from 0.051 min



 
LC-MS spectrum of B16 

 
LC-MS spectrum of A17 

 
LC-MS spectrum of B17 
  

150 200 250 300 350 400 450 500 550

 

0.0e0

5.0e4

1.0e5

1.5e5

2.0e5

In
te

n
si

ty
, 

cp
s

411.2259 553.2775

412.2314 554.2815

Spectrum from DataSET13.wiff (sample 65)  Sam0609011, +TOF MS (100  1300) from 0.121 min
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Spectrum from DataSET13.wiff (sample 56)  Sam0609002, +TOF MS (100  1300) from 0.046 min
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Table S1. ADMET properties of compounds A14 and STP. 
Category  Property  ADMET lab 3 VNN-ADMET  PreADMET PkCSM  Consensus 
A14 
Absorption  Water solubility  - - 14.512 mg/L -5.446 log mol/L Low 
 Caco-2 permeability -4.898 log unit - 51.220 nm/sec 1.199 log Papp in 

10-6 cm/s 
Moderate 

 Human intestinal 
absorption (%) 

- - 97.562 93.621  High 

 Skin permeability (log Kp) - - -2.215 -2.756 Low 
 P-gp inhibitor Yes No Yes Yes Yes 
Distribution  VDss (human, log L/kg) - - - 0.729 Low 
 BBB permeability (log BB) No Yes Yes -1.435 Yes 
Metabolism  CYP1A2 inhibitor No No - No No 
 CYP2C9 inhibitor No No No No No 
 CYP2C19 inhibitor No No No No No 
 CYP2D6 inhibitor No No No No No 
 CYP3A4 inhibitor Yes No Yes Yes Yes 

Excretion  Total clearance (log 
ml/min/kg) 

- - - 0.509 Low 

Toxicity  AMES toxicity No No No No No 
 hERG blocker Yes Yes Medium risk No Yes 
STP 
Absorption  Water solubility  - - 373.226 mg/L -3.098 log mol/L Moderate 
 Caco-2 permeability -4.492 log unit - 44.979 nm/sec 1.945 log Papp in 

10-6 cm/s 
Moderate 

 Human intestinal 
absorption (%) 

- - 93.304 93.322 High 

 Skin permeability (log Kp) - - -2.161 -2.444 Low 
 P-gp inhibitor Yes Yes No Yes Yes 
Distribution  VDss (human, log L/kg) - - - 0.371 Low 
 BBB permeability (log BB) No No Yes 0.079 Yes 
Metabolism  CYP1A2 inhibitor Yes No - Yes Yes 
 CYP2C9 inhibitor No No Yes No No 
 CYP2C19 inhibitor Yes No Yes Yes Yes 
 CYP2D6 inhibitor Yes No No No No 
 CYP3A4 inhibitor Yes No Yes No Yes 

Excretion  Total clearance (log 
ml/min/kg) 

- - - -0.02 Low 

Toxicity  AMES toxicity No No No No No 
 hERG blocker No No No No No 

 
  



Docking results of original ligand GEN-140 interacting with LDH (PDB:4ZVV). 
Original co-crystallised interaction 

  
Data result 

 
Typical interaction 

 
Conformational superposition results and RMSD values 
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