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Scheme S1. Synthetic pathway of compound (C1-S)-31. 
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Table S1. Anticonvulsant activity screening data in the MES, 6 Hz (32 mA) and scPTZ seizure models 

in mice i.p. (dose of 100 mg/kg) at 0.5 h post compound administration.  

Compd A R MES 6 Hz (32 mA) scPTZ 

13 -NHCH3 3-CF3 1/4 2/4 2/4 

14 -N(CH3)2 3-CF3 4/4 3/4 2/4 

15 -N(C2H5)2 3-CF3 4/4 3/4 1/4 

16 morpholine 3-CF3 0/4 0/4 1/4 

17 -N(CH3)2 3-OCF3 3/4 2/4 3/4 

18 -N(CH3)2 3-SCF3 1/4 1/4 1/4 

(C1-R)-31 -N(CH3)2 3-CF3 4/4 3/4 3/4 

(C1-S)-31 -N(CH3)2 3-CF3 1/4 2/4 1/4 

(C1-R)-32 -N(CH3)2 3-OCF3 4/4 3/4 3/4 

(C1-R)-33 -N(CH3)2 3-SCF3 1/4 1/4 1/4 

Data for the most potent compounds have been highlighted in bold for easier interpretation. 
a Data indicate: number of mice protected / number of mice tested. The animals were examined at one pretreatment 

time – 0.5 h.  

MES – the maximal electroshock seizure test. 

6 Hz – the psychomotor 6 Hz seizure test (current intensity of 32 mA). 

scPTZ – the subcutaneous pentylenetetrazole seizure test. 

 

 

Table S2. Radioligand binding and functional assays for 14 .and (C1-R)-32. 

Assays were performed commercially in Eurofins Cerep SA (Celle l’Evescault, France) or Eurofins Panlabs 

Discovery Services Taiwan, Ltd. (New Taipei City, Taiwan), using procedures describe elsewhere: 

Binding studies Ref. 

Na+ channel (site 2) [1] 

L-type Ca2+(diltiazem site, antagonist radioligand) [2] 

Functional studies 

TRPV1 (VR1) (h) (antagonist effect) [3] 

Cav1.2 (L-type) (h) calcium ion channel cell based antagonist calcium flux assay  [4,5] 
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UPLC/MS traces for target final compounds 

The purity of target final compounds determined by use of chromatographic UPLC method was 

≥99%. 

3-(Methylamino)-1-(2-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)piperazin-1-

yl)ethyl)pyrrolidine-2,5-dione hydrochloride (13) 
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3-(Dimethylamino)-1-(2-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)-piperazin-1-

yl)ethyl)pyrrolidine-2,5-dione hydrochloride (14) 
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3-(Diethylamino)-1-(2-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)piperazin-1-

yl)ethyl)pyrrolidine-2,5-dione hydrochloride (15) 
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3-Morpholino-1-(2-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)piperazin-1-yl)ethyl)pyrrolidine-

2,5-dione hydrochloride (16) 
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3-Dimethylamino-1-(2-oxo-1-phenyl-2-(4-(3-(trifluoromethoxy)phenyl)piperazin-1-

yl)ethyl)pyrrolidine-2,5-dione hydrochloride (17) 
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3-Dimethylamino-1-(2-oxo-1-phenyl-2-(4-(3-((trifluoromethyl)thio)phenyl)piperazin-1-

yl)ethyl)pyrrolidine-2,5-dione hydrochloride (18) 
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3-Dimethylamino-1-((R)-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)-piperazin-1-

yl)ethyl)pyrrolidine-2,5-dione hydrochloride (C1-R)-31 

 

  



12 
 

3-Dimethylamino-1-((S)-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)-piperazin-1-

yl)ethyl)pyrrolidine-2,5-dione hydrochloride (C1-S)-31 
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3-Dimethylamino-1-((R)-2-oxo-1-phenyl-2-(4-(3-(trifluoromethoxy)phenyl)piperazin-1-

yl)ethyl)pyrrolidine-2,5-dione hydrochloride (C1-R)-32 
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3-Dimethylamino-1-((R)-2-oxo-1-phenyl-2-(4-(3-((trifluoromethyl)thio)phenyl)piperazin-1-

yl)ethyl)pyrrolidine-2,5-dione hydrochloride (C1-R)-33 
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1H NMR, 13C NMR spectra for final compounds 

3-(Methylamino)-1-(2-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (13)  

1H NMR  
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3-(Methylamino)-1-(2-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (13)  

13C NMR  
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3-(Dimethylamino)-1-(2-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)-piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (14)  

1H NMR 

 

 

 

  



18 
 

3-(Dimethylamino)-1-(2-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)-piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (14) 

13C NMR 
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3-(Diethylamino)-1-(2-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (15)  

1H NMR 
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3-(Diethylamino)-1-(2-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (15) 

13C NMR 
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3-Morpholino-1-(2-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (16)  

1H NMR 
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3-Morpholino-1-(2-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (16)  

13C NMR 
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3-Dimethylamino-1-(2-oxo-1-phenyl-2-(4-(3-(trifluoromethoxy)phenyl)piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (17)  

1H NMR 

 

 

  



24 
 

3-Dimethylamino-1-(2-oxo-1-phenyl-2-(4-(3-(trifluoromethoxy)phenyl)piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (17)  

13C NMR 
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3-Dimethylamino-1-(2-oxo-1-phenyl-2-(4-(3-((trifluoromethyl)thio)phenyl)piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (18) 

1H NMR 
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3-Dimethylamino-1-(2-oxo-1-phenyl-2-(4-(3-((trifluoromethyl)thio)phenyl)piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (18) 

13C NMR 
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3-Dimethylamino-1-((R)-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)-piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (C1-R)-31  

1H NMR 
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3-Dimethylamino-1-((R)-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)-piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (C1-R)-31  

13C NMR 
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3-Dimethylamino-1-((S)-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)-piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (C1-S)-31  

1H NMR 
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3-Dimethylamino-1-((S)-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)-piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (C1-S)-31  

13C NMR 
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3-Dimethylamino-1-((R)-2-oxo-1-phenyl-2-(4-(3-(trifluoromethoxy)phenyl)piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (C1-R)-32  

1H NMR 
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3-Dimethylamino-1-((R)-2-oxo-1-phenyl-2-(4-(3-(trifluoromethoxy)phenyl)piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (C1-R)-32  

13C NMR 
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3-Dimethylamino-1-((R)-2-oxo-1-phenyl-2-(4-(3-((trifluoromethyl)thio)phenyl)piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (C1-R)-33  

1H NMR 
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3-Dimethylamino-1-((R)-2-oxo-1-phenyl-2-(4-(3-((trifluoromethyl)thio)phenyl)piperazin-1-yl)ethyl)pyrrolidine-2,5-dione (C1-R)-33  

13C NMR 
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Chiral HPLC chromatograms  

(R,S)-1-(2-Oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)piperazin-1-yl)ethyl)-1H-pyrrole-2,5-dione 

(10) 
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(R)-1-(2-Oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)piperazin-1-yl)ethyl)-1H-pyrrole-2,5-dione 

(C1-R)-28 
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(S)-1-(2-Oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)piperazin-1-yl)ethyl)-1H-pyrrole-2,5-dione 

(C1-S)-28 
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(R,S)-1-(2-Oxo-1-phenyl-2-(4-(3-(trifluoromethoxy)phenyl)piperazin-1-yl)ethyl)-1H-pyrrole-2,5-

dione (11) 
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(R)-1-(2-Oxo-1-phenyl-2-(4-(3-(trifluoromethoxy)phenyl)piperazin-1-yl)ethyl)-1H-pyrrole-2,5-dione 

(C1-R)-29 
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(R,S)-1-(2-Oxo-1-phenyl-2-(4-(3-((trifluoromethyl)thio)phenyl)piperazin-1-yl)ethyl)-1H-pyrrole-2,5-

dione (12) 
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(R)-1-(2-Oxo-1-phenyl-2-(4-(3-((trifluoromethyl)thio)phenyl)piperazin-1-yl)ethyl)-1H-pyrrole-2,5-

dione (C1-R)-30 
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3-(Dimethylamino)-1-(2-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)-piperazin-1-

yl)ethyl)pyrrolidine-2,5-dione (14) 
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3-Dimethylamino-1-((R)-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)-piperazin-1-

yl)ethyl)pyrrolidine-2,5-dione (C1-R)-31 
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3-Dimethylamino-1-((S)-oxo-1-phenyl-2-(4-(3-(trifluoromethyl)phenyl)-piperazin-1-

yl)ethyl)pyrrolidine-2,5-dione (C1-S)-31 
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3-Dimethylamino-1-(2-oxo-1-phenyl-2-(4-(3-(trifluoromethoxy)phenyl)piperazin-1-

yl)ethyl)pyrrolidine-2,5-dione (17) 
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3-Dimethylamino-1-((R)-2-oxo-1-phenyl-2-(4-(3-(trifluoromethoxy)phenyl)piperazin-1-

yl)ethyl)pyrrolidine-2,5-dione (C1-R)-32 
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3-Dimethylamino-1-(2-oxo-1-phenyl-2-(4-(3-((trifluoromethyl)thio)phenyl)piperazin-1-

yl)ethyl)pyrrolidine-2,5-dione (18) 
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3-Dimethylamino-1-((R)-2-oxo-1-phenyl-2-(4-(3-((trifluoromethyl)thio)phenyl)piperazin-1-

yl)ethyl)pyrrolidine-2,5-dione (C1-R)-33 

 


