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1. General Method 

Unless otherwise noted, all manipulations (reactions) were carried out in oven-dried glassware 

without using standard Schlenk-line techniques at rt (25-28 ÁC) and monitored by thin layer 

chromatography (TLC). Concentration of reaction mixtures were done under reduced pressure 

by rotary evaporation at 25-40 ÁC at an appropriate pressure. Purified compounds were further 

dried under vacuum. Yields refer to purified and spectroscopically pure compounds, unless 

otherwise stated. 

Chemicals 

All the reagents such as starting materials like piperazine derivatives and allyl nitrile were 

purchased from Sigma-AldrichÈ
, Alfa Aesar

È, Chemscene, BLD Pharm and used as supplied. 

Solvents  

Ethyl acetate, Hexane, Dichloromethane, Methanol, Pentane were purchased from Fisher 

Scientific, Qualigen and used as received without further purification or distillation. Solvents 

like Toluene, THF, Dichloroethane, 1,4-dioxane, TFE, methanol were purchased from Sigma- 

Aldrich, Fisher Scientific and used as received. Deuterated solvents like CDCl3 and DMSO-d6 

were purchased from Sigma Aldrich and TCI chemicals. 

Surfactants 

All the surfactants were purchased from Sigma Aldrich. TPGS-750-M (2% w/w) and SPGS-

550-M (2% w/w) were used while PTS (15% w/w) was diluted to 2% w/w concentration using 

MilliQ water. Other surfactants including SDS, SDOSS (X% w/w) concentration mentioned 

were made using MilliQ water before using them for the reaction.  

Chromatography  

Thin layer chromatography (TLC) was performed using Merck TLC plates pre-coated with 250 

Õm thickness silica gel 60 F254 plates and visualized under UV light (254 nm). All the 

compounds were purified using column chromatography with 100-200 mesh size silica or 230- 

400 mesh size eluted using either EtOAc: Hexane and EtOAc: Methanol as mobile phase. 

Spectroscopy and Instruments: 

NMR: 1H NMR and 13C NMR spectra were recorded on Brukar 500 MHz and 125 MHz 

spectrometers respectively using tetramethylsilane (1% v/v solution in the respective solvent) 
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as an internal standard. Both 1H and 13C NMR chemical shifts were reported in parts per 

million downfield from tetramethylsilane (d = 0) with the solvent residual peak. For 1H NMR: 

CDCl3, d 7.26; For 13C NMR: CDCl3, d 77.16; 19F NMR spectra were referenced using a 

unified chemical shift scale based on the 1H resonance of tetramethylsilane (1% v/v solution in 

the respective solvent) Coupling constants (J) are reported in hertz (Hz). Standard 

abbreviations indicating multiplicity were used as follows: s (singlet), b (broad), d (doublet), t 

(triplet), q (quartet) and m (multiplet).  

High-resolution mass spectra (HRMS): spectra of compounds were obtained at Agilent Q-

TOF spectrometer in positive (ESI+) ion mode.  

The data collection was done on two instruments: 

1. 6545 Q-TOF LC/MS Agilent Technologies: 

Spectra of compounds were obtained by 6545 Q-TOF LC/MS Agilent Technologies  

spectrometer in positive (ESI+ ion) mode. 

2. Orbitrap FusionTM: 

Spectra of compounds were obtained by Vanquish UHPLC system (Thermo Scientific, 

Massachusetts, USA) equipped with a dual pump (VF-P32-2A) equipped with PDA (VF-D11-

A) operated with ChromeleonTM 7 software in positive (ESI+ ion) mode. 

Melting Point: The melting point of solid compounds were recorded using óBuchi-Melting 

Point M-560ô instrument. 

 

Zeta-sizer: Dynamic light scattering (DLS) for particle size and PDI was utilised through 

zetasizer (NanoZS90, Malvern Instruments, Cambridge, UK). 

pH meter: The pH of the aqueous solution was recorded using óEutech pH 700ô instrument. 

 

High-performance liquid chromatography (HPLC):  

The purity was analyzed using two different methods: 

 

1. An Agilent 1260 Infinity II system with Agilent Eclipse Plus C18 column (250 Ĭ 4.6 

mM, 5 ɛM) eluted at 1 mL/min with gradient elution having solvent system of water 

(ultrapure): HPLC-grade methanol (procured from qualigens) was used for analyzing the 

purity of the compounds; 100 ppm of the analyte solution was prepared in HPLC-grade 

methanol. The method optimized was gradient having a duration of 15 min. The injection 

volume was 10 ɛL. The detector utilized was diode-array detection. The chromatograms 

revealed purity of more than 95%. (Wavelength- 254 nm) 
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       Table S1. Gradient program used for the method development 
 

Time (min) Milli-Q Methanol 

0.00 80.0 20.0 

2.00 50.0 50.0 

4.00 30.0 70.0 

6.00 20.0 80.0 

10.00 10.0 90.0 

12.00 50.0 50.0 

13.00 80.0 20.0 

15.00 80.0 20.0 
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2. List of chemicals and reagents: 

 

Figure S1. List of surfactants 

 

 

 

 

 

 

 

 

 

 

 

 

 



3χ 
 

3. Optimization Study  

Table S2. Influence of SDS concentration 

 
Entry  SDS (% w/w) 3a (% yield)a 

1 1 26 

2 2 45 

3 4 44 

4 6 44 

5 8 45 

6 10 45 

Conditions: 1a (0.2 mmol) and 2a (0.3 mmol, 1.5 equiv) were stirred in 

aqueous SDS (X% w/w, 1 mL) at rt for 5 h. aYields refer to isolated and 

purified yields of 3a. 

 

Table S3. Influence of reaction time 

 
Entry  Time (h) 3a (% yield)a 

1 5 45 

2 12 58 

3 18 69 

4 24 81 

Conditions: 1a (0.2 mmol) and 2a (0.3 mmol, 1.5 equiv) were stirred in 

aqueous SDS (2% w/w, 1 mL) at rt for different time intervals. aYields refer 

to isolated and purified yields of 3a. 

 

Table S4. Influence of reaction temperature 

 
Entry  Temperature ( C) 3a (% yield)a 

1 Rt (25 ï 28) 81 

2 50 82 

3 80 86 

4 100 71 

Conditions: 1a (0.2 mmol) and 2a (0.3 mmol, 1.5 equiv) were stirred in 

aqueous SDS (2% w/w, 1 mL) for 24 h at different temperature. aYields refer 

to isolated and purified yields of 3a. 
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4. Representative procedure for the synthesis of 3-(4-Phenylpiperazin-1-yl)butanenitrile 

(3a) 

 

 

To a well-cleaned tube equipped with a stir bar, 1a (32.4 mg, 31.5 ÕL, 0.2 mmol), allyl nitrile 

2a (13.4 mg, 16.8 ÕL, 0.3 mmol, 1.5 equiv), and aq. SDS (2% w/w, 1 mL) were added. The 

resultant mixture was stirred at room temperature for 24 h. The reaction mixture was diluted 

with EtOAc (2 x 2 mL) and vortexed the resultant mixture. The supernatant liquid containing 

the product and other organic residue was removed carefully. The recovered organic layer was 

dried over anhyd. Na2SO4 and concentrated under reduced pressure. The crude products were 

adsorbed on silica gel and passed through the column (Rf = 0.48; EtOAc: Hexane = 1:5, v/v) 

to get analytically pure product 3a (37 mg, 81%) as white solid; mp: 57-60 ÜC;  1H NMR (500 

MHz, CDCl3) ŭ 7.26 ï 7.23 (m, 2H), 6.90 (d, J = 8.6 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 3.17 (t, 

J = 5.0 Hz, 4H), 3.03 (td, J = 7.0, 5.8 Hz, 1H), 2.67 (hept, J = 5.4 Hz, 4H), 2.53 (dd, J = 16.7, 

5.7 Hz, 1H), 2.37 (dd, J = 16.7, 7.4 Hz, 1H), 1.22 (d, J = 6.7 Hz, 3H); 13C NMR (125 MHz, 

CDCl3) ŭ 151.26, 129.17, 119.96, 118.73, 116.26, 77.42, 77.16, 76.91, 56.17, 49.50, 48.39, 

21.29, 15.47; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C14H20N3
+ 230.1652, observed 

230.1670. 

 

 

 

 

 

 

 

 

 

 

 



3ω 
 

5. Spectroscopic characterization data of synthesized compounds: 

3-(4-Phenylpiperazin-1-yl)butanenitrile (3a): White solid (37 mg, 81%); mp: 57-60 ºC; 
1H NMR (500 MHz, CDCl3) ŭ 7.27 ï 7.22 (m, 2H), 6.90 (d, J = 

8.6 Hz, 2H), 6.85 (t, J = 7.2 Hz, 1H), 3.17 (t, J = 5.0 Hz, 4H), 

3.03 (td, J = 7.0, 5.8 Hz, 1H), 2.67 (hept, J = 5.4 Hz, 4H), 2.53 

(dd, J = 16.7, 5.7 Hz, 1H), 2.37 (dd, J = 16.7, 7.4 Hz, 1H), 1.22 (d, J = 6.7 Hz, 3H); 13C 

NMR (125 MHz, CDCl3) ŭ 151.3, 129.2, 120.0, 118.7, 116.3, 56.2, 49.5, 48.4, 21.3, 15.5; 

HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C14H20N3
+ 230.1652, observed 230.1648. 

 

3-(4-(p-Tolyl)piperazin -1-yl)butanenitrile (3b): White solid (41.8 mg, 86%); mp: 75-78 

ºC; 1H NMR (500 MHz, CDCl3) ŭ 7.08 (d, J = 8.4 Hz, 2H), 

6.85 (d, J = 8.6 Hz, 2H), 3.15 (t, J = 5.0 Hz, 4H), 3.07 (dq, 

J = 13.4, 6.7 Hz, 1H), 2.70 (dq, J = 11.0, 6.0 Hz, 4H), 2.56 

(dd, J = 16.6, 5.6 Hz, 1H), 2.41 (dd, J = 16.7, 7.5 Hz, 1H), 2.28 (s, 3H), 1.26 (d, J = 6.6 Hz, 

3H); 13C NMR (125 MHz, CDCl3) ŭ 149.2, 129.7, 129.6, 118.8, 116.7, 56.2, 50.1, 48.5, 

21.3, 20.5, 15.6; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C15H22N3
+ 244.1808, observed 

244.1800. 

 

3-(4-(3-Methoxyphenyl)piperazin-1-yl)butanenitrile (3c): Pale yellow solid (42.5 mg, 

82%); mp: 69-73 ºC; 1H NMR (500 MHz, CDCl3) ŭ 7.17 (t, 

J = 8.2 Hz, 1H), 6.54 (dd, J = 8.3, 1.6 Hz, 1H), 6.46 (t, J = 2.

4 Hz, 1H), 6.43 (dd, J = 8.2, 3.1 Hz, 1H), 3.79 (s, 3H), 3.19 (

t, J = 5.0 Hz, 4H), 3.09 ï 3.03 (m, 1H), 2.69 (hept, J = 5.4 H

z, 4H), 2.56 (dd, J = 16.7, 5.7 Hz, 1H), 2.40 (dd, J = 16.7, 7.5 Hz, 1H), 1.25 (d, J = 6.7 Hz, 

3H); 13C NMR (125 MHz, CDCl3) ŭ 160.7, 152.7, 129.9, 118.8, 109.1, 104.7, 102.8, 56.2, 

55.3, 49.5, 48.4, 21.4, 15.5; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C15H22N3O
+ 

260.1757, observed 260.1755. 

3-(4-(2-Methoxyphenyl)piperazin-1-yl)butanenitrile (3d): Pale yellow solid (45.6 mg, 

88%); mp: 67-70 ºC; 1H NMR (500 MHz, CDCl3) ŭ 7.00 (ddd, 

J = 8.0, 6.4, 2.6 Hz, 1H), 6.94 ï 6.91 (m, 2H), 6.86 (dd, J = 8.0, 

1.2 Hz, 1H), 3.85 (s, 3H), 3.10 ï 3.04f (m, 5H), 2.73 (qt, J = 10.6, 

4.7 Hz, 4H), 2.57 (dd, J = 16.7, 5.6 Hz, 1H), 2.40 (dd, J = 16.7, 

7.6 Hz, 1H), 1.26 (d, J = 6.7 Hz, 3H); 13C NMR (125 MHz, CDCl3) ŭ 152.3, 141.2, 123.1, 

121.0, 118.9, 118.3, 111.1, 56.3, 55.4, 50.9, 48.5, 21.1, 15.7. HRMS (ESI-TOF) m/z: [M + 

H]+ Calcd for C15H22N3O
+ 260.1757, observed 260.1745. 

  



3ρπ 
 

2-(4-(1-Cyanopropan-2-yl)piperazin-1-yl)benzonitrile (3e): Brown liquid (40.6 mg, 

80%); 1H NMR (500 MHz, CDCl3) ŭ 7.53 (dd, J = 7.6, 1.7 Hz, 

1H), 7.46 (ddd, J = 9.1, 7.6, 1.7 Hz, 1H), 6.99 (ddd, J = 9.4, 7.8, 

1.5 Hz, 2H), 3.20 (td, J = 4.2, 2.5 Hz, 4H), 3.05 (q, J = 6.7 Hz, 

1H), 2.73 ï 2.70 (m, 4H), 2.54 (dd, J = 16.7, 6.1 Hz, 1H), 2.40 

(dd, J = 16.8, 7.2 Hz, 1H), 1.21 (d, J = 6.7 Hz, 3H); 13C NMR (125 MHz, CDCl3) ŭ 155.5, 

134.3, 133.9, 121.9, 118.7, 118.6, 118.4, 106.0, 56.1, 51.7, 48.3, 21.5, 15.3; HRMS (ESI-

TOF) m/z: [M + H]+ Calcd for C15H19N4
+  255.1604, observed 255.1583. 

3-(4-(4-Nitrophenyl)piperazin -1-yl)butanenitrile (3f): Yellow solid (44.4 mg, 81%); mp: 

97-103 ºC; 1H NMR (500 MHz, CDCl3) ŭ 8.14 ï 8.11 (m, 

2H), 6.84 ï 6.80 (m, 2H), 3.45 ï 3.42 (m, 4H), 3.09 (h, J = 

6.7 Hz, 1H), 2.70 (t, J = 5.0 Hz, 4H), 2.55 (dd, J = 16.8, 

6.3 Hz, 1H), 2.44 (dd, J = 16.8, 6.9 Hz, 1H), 1.23 (d, J = 6.7 Hz, 3H); 13C NMR (125 MHz, 

CDCl3) ŭ 154.9, 138.7, 126.0, 118.5, 112.9, 56.3, 48.1, 47.5, 21.8, 15.3; HRMS (ESI-TOF) 

m/z: [M + H]+ Calcd for C14H19N4O2
+ 275.1503, observed 275.1513.  

3-(4-(4-(Trifluoromethyl)phenyl)piperazin -1-yl)butanenitrile (3g): Pale yellow solid 

(50.5 mg, 85%); mp: 83-87 ºC; 1H NMR (500 MHz, 

CDCl3) ŭ 7.48 (d, J = 8.8 Hz, 2H), 6.91 (d, J = 8.8 Hz, 2H), 

3.28 (dd, J = 6.2, 3.9 Hz, 4H), 3.07 (h, J = 6.7 Hz, 1H), 2.69 

(td, J = 4.5, 1.8 Hz, 4H), 2.55 (dd, J = 16.8, 6.0 Hz, 1H), 2.42 (dd, J = 16.8, 7.2 Hz, 1H), 

1.24 (d, J = 6.7 Hz, 3H); 13C NMR (125 MHz, CDCl3) ŭ 153.3, 126.5 (q, 3JC-F = 3.8 Hz), 1

24.8 (q, 1JC-F = 268.75 Hz), 120.8 (q, 2JC-F J = 32.7 Hz), 118.6, 114.8, 56.3, 48.4, 48.2, 21.6, 

15.4; 19F NMR (471 MHz, CDCl3) ŭ -61.18; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for 

C15H19F3N3
+ 298.1526, observed 298.1505. 

3-(4-(4-Chlorophenyl)piperazin-1-yl)butanenitrile (3h): White solid (43.1 mg, 82%); 

mp: 175-177 ºC; 1H NMR (500 MHz, CDCl3) ŭ 7.17 (d, J 

= 9.0 Hz, 2H), 6.79 (d, J = 9.0 Hz, 2H), 3.11 (dd, J = 5.8, 4.3 

Hz, 4H), 3.01 (d, J = 6.5 Hz, 1H), 2.67 ï 2.60 (m, 4H), 2.50 

(dd, J = 16.7, 5.9 Hz, 1H), 2.37 (dd, J = 16.7, 7.3 Hz, 1H), 1.19 (d, J = 6.7 Hz, 3H); 13C 

NMR (125 MHz, CDCl3) ŭ 149.8, 128.8, 124.4, 118.6, 117.2, 56.0, 49.2, 48.1, 21.2, 15.2; 

HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C14H19ClN3
+  264.1262, observed 264.1244. 
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3-(4-(Pyridin -2-yl)piperazin-1-yl)butanenitrile (3i): Brown solid (39.1 mg, 85%); mp: 

64-68 ºC; 1H NMR (500 MHz, CDCl3) ŭ 8.17 (ddd, J = 4.9, 2.0, 

0.9 Hz, 1H), 7.46 (ddd, J = 8.9, 7.1, 2.0 Hz, 1H), 6.63 ï 6.60  (m, 

2H), 3.53 (td, J = 4.7, 1.3 Hz, 4H), 3.05 (td, J = 7.1, 5.8 Hz, 1H), 

2.63 (hept, J = 5.4 Hz, 4H), 2.54 (dd, J = 16.7, 5.8 Hz, 1H), 2.39 (dd, J = 16.7, 7.4 Hz, 1H), 

1.22 (d, J = 6.7 Hz, 3H); 13C NMR (125 MHz, CDCl3) ŭ 159.5, 148.0, 137.6, 118.7, 113.5, 

107.2, 56.3, 48.2, 45.5, 21.4, 15.4; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C16H22N3O2
+ 

231.1604, observed 231.1597.  

 

3-(4-(Pyrimidin -2-yl)piperazin-1-yl)butanenitrile (3j ): Brown solid (39.8 mg, 86%); mp: 

69-73 ºC; 1H NMR (500 MHz, CDCl3) ŭ 8.30 (d, J = 4.7 Hz, 

2H), 6.50 (t, J = 4.7 Hz, 1H), 3.88 (t, J = 5.3 Hz, 4H), 3.18 (h, J 

= 6.7 Hz, 1H), 2.69 (t, J = 5.1 Hz, 4H), 2.65 ï 2.61 (m, 1H), 2.49 

(dd, J = 16.8, 7.3 Hz, 1H), 1.26 (d, J = 6.7 Hz, 3H); 13C NMR (125 MHz, CDCl3) ŭ 161.5, 

157.9, 118.2, 110.4, 56.5, 48.3, 43.4, 21.3, 15.0; HRMS (ESI-TOF) m/z: [M + H]+ Calcd 

for C12H18N5
+ 232.1557, observed 232.1546.  

 

3-(4-(2,4,6-Trimethylbenzyl)piperazin -1-yl)butanenitrile (3k): Brown liquid (46.8 mg, 

82%);  1H NMR (500 MHz, CDCl3) ŭ 6.86 (s, 2H), 3.47 (s, 

2H), 3.00 (dq, J = 13.4, 6.7 Hz, 1H), 2.52 (dd, J = 16.7, 5.6 Hz, 

9H), 2.38 (s, 6H), 2.36 ï 2.32 (m, 1H), 2.30 (s, 3H), 1.22 (d, J 

= 6.7 Hz, 3H); 13C NMR (125 MHz, CDCl3) ŭ 138.0, 136.2, 

131.7, 128.8, 118.8, 56.0, 55.7, 52.8, 48.5, 20.9, 20.8, 20.0, 

15.6; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C18H28N3
+ 286.2278, observed 286.2276. 

 

3-(4-(Benzo[d][1,3]dioxol-5-ylmethyl)piperazin-1-yl)butanenitrile (3l): Brown liquid 

(47.1 mg, 82%); 1H NMR (500 MHz, CDCl3)  ŭ 6.82 (d, J = 

1.4 Hz, 1H), 6.74 ï 6.70 (m, 2H), 5.92 (s, 2H), 3.40 (s, 2H), 

2.99 (ddd, J = 7.6, 6.6, 5.5 Hz, 1H), 2.57 ï 2.45 (m, 9H), 2.34 

(dd, J = 16.6, 7.6 Hz, 1H), 1.19 (s, 3H).13C NMR (125 MHz, 

CDCl3) ŭ 147.7, 146.7, 131.9, 122.4, 118.9, 109.6, 108.0, 

101.0, 62.8, 56.2, 53.1, 48.2, 21.2, 15.7; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for 

C16H22N3O2
+ 288.1707, observed 288.1696. 
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3-(4-(4-Fluorobenzyl)piperazin-1-yl)butanenitrile (3m): Brown liquid (43.9 mg, 84%);  1

H NMR (500 MHz, CDCl3) ŭ 7.25 ï 7.22 (m, 2H), 6.99 ï 6.94 

(m, 2H), 3.44 (s, 2H), 2.97 (td, J = 7.0, 5.6 Hz, 1H), 2.50 (ddt, J 

= 22.1, 17.5, 8.4 Hz, 9H), 2.33 (dd, J = 16.7, 7.5 Hz, 1H), 1.17 (

d, J = 6.7 Hz, 3H) 13C NMR (125 MHz, CDCl3) ŭ 162.0 (d, 1JC

-F = 244.9 Hz), 133.7 (d, 4JC-F = 3.1 Hz), 130.7 (d, 3JC-F = 7.8 H

z), 118.8, 115.0 (d, 2JC-F = 21.2 Hz), 62.1, 56.0, 53.1, 48.1, 21.1, 15.5; 19F NMR (471 MHz

, CDCl3) ŭ -116.61;  HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C15H21FN3
+ 262.1714, 

observed 262.1700. 

 

3-(4-Benzhydrylpiperazin-1-yl)butanenitrile (3n): White solid (56.2 mg, 88%); mp: 130-

133 ºC; 1H NMR (500 MHz, CDCl3) ŭ 7.41 (dd, J = 8.3, 1.4 Hz, 

4H), 7.27 (t, J = 7.7 Hz, 4H), 7.18 (t, J = 7.3 Hz, 2H), 4.22 (s, 

1H), 2.98 (dt, J = 6.7, 1.2 Hz, 1H), 2.60 ï 2.50 (m, 5H), 2.51 ï 

2.42 (m, 4H), 2.34 (dd, J = 16.6, 7.6 Hz, 1H), 1.21 (d, J = 6.6 Hz, 

3H);  13C NMR (125 MHz, CDCl3) ŭ 142.8, 142.7, 128.6, 128.0, 

127.1, 118.9, 76.2, 56.1, 52.1, 48.6, 21.1, 15.8; HRMS (ESI-

TOF) m/z: [M + H]+ Calcd for C21H26N3
+  320.2121, observed 320.2103. 

 

3-(4-((4-Chlorophenyl)(phenyl)methyl)piperazin-1-yl)butanenitrile (3o): Yellow liquid  

(57.9 mg, 82%); 1H NMR (500 MHz, CDCl3) ŭ 7.35 (dd, J = 

7.8, 4.6 Hz, 4H), 7.28 (d, J = 7.5 Hz, 2H), 7.25 ï 7.22 (m, 2H), 

7.21 ï 7.17 (m, 1H), 4.20 (s, 1H), 2.99 (h, J = 6.8 Hz, 1H), 2.54 

(td, J = 15.2, 7.1 Hz, 5H), 2.38 (dd, J = 16.6, 9.1 Hz, 5H), 1.20 

(s, 3H); 13C NMR (125 MHz, CDCl3) ŭ 142.06, 141.24, 

132.61, 131.49, 129.95, 129.18, 128.70, 128.66, 128.64, 

128.43, 127.83, 127.23, 118.76, 77.30, 77.25, 77.04, 76.79, 

75.39, 55.98, 51.91, 48.43, 21.05, 15.60; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for 

C21H25ClN3
+ 354.1732, observed 354.1758. 

 

3-(4-(Furan-2-carbonyl)piperazin-1-yl)butanenitrile (3p): Brown liquid (38.6 mg, 78%); 
1H NMR (500 MHz, CDCl3) ŭ 7.46 (d, J = 2.0 Hz, 1H), 6.98 (d, 

J = 3.4 Hz, 1H), 6.46 (dd, J = 3.5, 1.8 Hz, 1H), 3.80 (s, 4H), 3.05 

(h, J = 6.7 Hz, 1H), 2.58 (t, J = 5.0 Hz, 4H), 2.51 (dd, J = 16.8, 

6.3 Hz, 1H), 2.39 (dd, J = 16.8, 7.0 Hz, 1H), 1.19 (d, J = 6.7 Hz, 

3H); 13C NMR (125 MHz, CDCl 3) ŭ 159.1, 147.8, 143.8, 118.5, 

116.7, 111.4, 56.2, 48.4, 46.8, 21.6, 15.2; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for 

C13H18N3O2
+ 248.1394, observed 248.1394. 

 

 

 

 



3ρσ 
 

 

 

 

 

 

 

 

 

 

3-(4-Benzoylpiperazin-1-yl)butanenitrile (3q): Yellow liquid (40.1 mg, 78%); 1H NMR 

(500 MHz, CDCl3) ŭ 7.39 (ddt, J = 7.2, 5.2, 2.9 Hz, 5H), 3.79 ï 

3.43 (m, 4H), 3.04 (h, J = 6.7 Hz, 1H), 2.60 (s, 2H), 2.49 (td, J = 

14.8, 7.1 Hz, 3H), 2.38 (dd, J = 16.7, 7.0 Hz, 1H), 1.18 (d, J = 6.7 

Hz, 3H); 13C NMR (125 MHz, CDCl3) ŭ 170.4, 135.7, 135.2, 130.2, 129.9, 128.8, 128.6, 

127.2, 118.5, 56.3, 48.9, 48.1, 21.7, 15.2; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for 

C15H20N3O
+ 258.1601, observed 258.1620. 

3-(4-Acetylpiperazin-1-yl)butanenitrile (3r): Yellow liquid (31.6 mg, 81%); 1H NMR 

(500 MHz, CDCl3) ŭ 3.61 ï 3.49 (m, 2H), 3.41 (d, J = 4.3 Hz, 2H), 

3.00 (d, J = 13.3 Hz, 1H), 2.52 ï 2.40 (m, 5H), 2.38 ï 2.31 (m, 1H), 

2.04 ï 1.99 (m, 3H), 1.15 ï 1.09 (m, 3H); 13C NMR (125 MHz, 

CDCl3) ŭ 168.9, 118.4, 56.1, 48.6, 47.9, 46.4, 41.5, 21.5, 21.3, 15.1; HRMS (ESI-TOF) 

m/z: [M + H]+ Calcd for C10H18N3O
+  196.1444, observed 196.1432. 

 

tert-butyl -4-(1-cyanopropan-2-yl)piperazine-1-carboxylate (3s): Yellow liquid (41.5 mg, 

82%); 1H NMR (500 MHz, CDCl3) ŭ 3.38 (dt, J = 6.4, 3.4 Hz, 

4H), 2.98 (qd, J = 6.6, 2.4 Hz, 1H), 2.49 ï 2.41 (m, 5H), 2.33 

(dd, J = 16.8, 7.2 Hz, 1H), 1.41 (d, J = 3.4 Hz, 9H), 1.14 (d, J = 

6.7 Hz, 3H), 13C NMR (125 MHz, CDCl3) ŭ 154.6, 118.6, 79.7, 

56.3, 48.2, 28.4, 21.3, 15.2; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C13H24N3O2
+ 

254.1863, observed 254.1850. 

 

3-(4-(1-Cyanopropan-2-yl)piperazin-1-yl)butanenitrile  (3t): White solid (33 mg, 75%); 

mp: 92-95 ºC; 1H NMR (500 MHz, CDCl3) ŭ 2.98 (h, J = 6.7 

Hz, 2H), 2.53 (qd, J = 15.1, 5.3 Hz, 10H), 2.35 (dd, J = 16.7, 7.4 

Hz, 2H), 1.19 (d, J = 6.7 Hz, 6H); 13C NMR (125 MHz, CDCl3) 

ŭ 118.8, 56.1, 48.4, 21.3, 15.6; HRMS (ESI-Orbitrap) m/z: [M + H]+ Calcd for C12H21N4
+ 

221.1761, observed 221.1763. 



3ρτ 
 

1-Phenyl-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5a): White solid (52.3 mg, 76%); 

mp: 108-110 ºC; 1H NMR (500 MHz, CDCl3) ŭ 7.96 ï 7.91 

(m, 2H), 7.64 ï 7.59 (m, 1H), 7.56 ï 7.52 (m, 2H), 7.26 ï 7.21 

(m, 2H), 6.87 ï 6.82 (m, 3H), 3.47 (dd, J = 14.2, 6.1 Hz, 1H), 

3.37 (h, J = 6.6 Hz, 1H), 3.03 ï 2.95 (m, 3H), 2.87 (ddd, J = 

11.1, 6.6, 3.4 Hz, 2H), 2.51 (qdd, J = 10.5, 6.4, 3.3 Hz, 4H), 1.18 (d, J = 6.8 Hz, 3H); 13C 

NMR (125 MHz, CDCl3) ŭ 151.3, 140.6, 133.6, 129.2, 129.2, 128.1, 120.0, 116.3, 58.9, 

54.7, 49.2, 47.8, 14.9; HRMS (ESI- Orbitrap ) m/z: [M + H]+ Calcd for C19H25N2O2S
+ 

345.1631, observed 345.1621. 

1-(2-Methoxyphenyl)-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5b): Pale yellow 

solid (53.8 mg, 72%); mp: 112-114 ºC; 1H NMR (500 MHz, 

CDCl3) ŭ 7.95 ï 7.92 (m, 2H), 7.65 ï 7.61 (m, 1H), 7.57 ï 7.53 

(m, 2H), 6.99 (td, J = 7.7, 1.6 Hz, 1H), 6.90 (td, J = 7.6, 1.5 

Hz, 1H), 6.83 (ddd, J = 7.9, 4.3, 1.6 Hz, 2H), 3.82 (s, 3H), 3.51 

(dd, J = 14.4, 5.8 Hz, 1H), 3.37 (q, J = 6.5 Hz, 1H), 3.00 (dd, J = 14.2, 6.5 Hz, 1H), 2.92 ï 

2.70 (m, 4H), 2.61 ï 2.49 (m, 4H), 1.21 (d, J = 6.7 Hz, 3H); 13C NMR (125 MHz, CDCl3) 

ŭ 152.3, 141.2, 140.6, 133.6, 129.2, 128.1, 123.1, 121.0, 118.2, 111.1, 77.4, 58.7, 55.4, 54.7, 

50.4, 47.9, 15.3.; HRMS (ESI- Orbitrap ) m/z: [M + H]+ Calcd for C20H27N2O3S
+  375.1737, 

observed 375.1729. 

2-(4-(1-(Phenylsulfonyl)propan-2-yl)piperazin-1-yl)benzonitrile (5c):  White solid (52.4 

mg, 71%); mp: 128-130 ºC; 1H NMR (500 MHz, CDCl3) ŭ 

7.99 ï 7.94 (m, 2H), 7.69 ï 7.63 (m, 1H), 7.61 ï 7.54 (m, 3H), 

7.51 ï 7.45 (m, 1H), 7.02 (t, J = 7.5 Hz, 1H), 6.93 (d, J = 8.3 

Hz, 1H), 3.49 (dd, J = 14.0, 6.1 Hz, 1H), 3.41 (p, J = 6.5 Hz, 

1H), 3.04 (ddt, J = 14.1, 10.3, 4.7 Hz, 3H), 2.94 (ddd, J = 10.9, 

6.4, 2.8 Hz, 2H), 2.60 (qdd, J = 10.4, 6.3, 3.1 Hz, 4H), 1.23 (d, J = 6.7 Hz, 3H); 13C NMR 

(125 MHz, CDCl3) ŭ 155.73, 140.72, 134.44, 133.94, 133.58, 129.28, 128.15, 121.98, 

118.75, 118.52, 106.16, 58.79, 54.70, 51.46, 47.84, 15.19; HRMS (ESI- Orbitrap ) m/z: [M 

+ H]+ Calcd for C20H24N3O2S
+  370.1584, observed 370.1577. 

1-(4-Nitrophenyl) -4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5d): Yellow  solid (52.9 

mg, 68%); mp: 197-199 ºC; 1H NMR (500 MHz, 

CDCl3) ŭ 8.11 ï 8.05 (m, 2H), 7.96 ï 7.90 (m, 2H), 7.64 

ï 7.59 (m, 1H), 7.55 (dd, J = 8.5, 7.0 Hz, 2H), 6.75 ï 6.70 

(m, 2H), 3.41 (ddd, J = 18.4, 15.2, 6.6 Hz, 2H), 3.26 ï 

3.19 (m, 2H), 3.09 (dt, J = 12.0, 4.9 Hz, 2H), 3.01 (dd, J = 13.6, 5.4 Hz, 1H), 2.51 (t, J = 5.2 

Hz, 4H), 1.15 (d, J = 6.6 Hz, 3H); 13C NMR (125 MHz, CDCl3) ŭ 154.8, 140.6, 138.6, 

133.7, 129.3, 128.1, 126.1, 112.7, 59.0, 54.8, 47.4, 47.0, 14.6; HRMS (ESI- Orbitrap ) m/z: 

[M + H]+ Calcd for C19H24N3O4S
+  390.1482, observed 390.1474. 

 



3ρυ 
 

1-(1-(Phenylsulfonyl)propan-2-yl)-4-(4-(trifluoromethyl)phenyl)piperazine ( 5e): White 

solid (57.7 mg, 70%); mp: 145-147 ºC; 1H NMR (500 

MHz, DMSO-d6) ŭ 7.92 (dd, J = 7.4, 1.7 Hz, 2H), 7.66 

(t, J = 7.3 Hz, 1H), 7.60 (dd, J = 8.3, 6.8 Hz, 2H), 7.45 

(d, J = 8.6 Hz, 2H), 6.94 (d, J = 8.7 Hz, 2H), 3.77 (dd, J 

= 14.6, 7.3 Hz, 1H), 3.23 (dd, J = 14.7, 5.4 Hz, 1H), 3.19 ï 3.13 (m, 1H), 2.96 (ddd, J = 10.9, 

6.8, 3.2 Hz, 2H), 2.77 (ddd, J = 11.2, 6.8, 3.1 Hz, 2H), 2.42 (ddd, J = 10.5, 6.9, 3.2 Hz, 2H), 

2.34 (ddd, J = 10.8, 6.9, 3.3 Hz, 2H), 1.00 (d, J = 6.7 Hz, 3H); 13C NMR (125 MHz, DMSO-

d6) ŭ 153.16, 140.77, 133.23, 129.05, 128.92 (q, 
1JC-F = 178.5 Hz)  127.66, 126.10 (q, 3JC-F 

= 3.6 Hz), 117.66 (q, 2JC-F = 31.8 Hz), 114.01, 57.30, 54.54, 46.76, 46.60, 13.29; 19F NMR 

(471 MHz, DMSO-d6) ŭ -61.37; HRMS (ESI- Orbitrap ) m/z: [M + H]+ Calcd for 

C20H24F3N2O2S
+  413.1505, observed 413.1498. 

1-(4-Chlorophenyl)-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5f):  Pale yellow solid 

(55.9 mg, 74%); mp: 115-117 ºC; 1H NMR (500 MHz, 

CDCl3) ŭ 7.95 ï 7.91 (m, 2H), 7.64 ï 7.59 (m, 1H), 7.56 ï 

7.52 (m, 2H), 7.19 ï 7.15 (m, 2H), 6.76 ï 6.72 (m, 2H), 

3.45 (dd, J = 14.2, 6.2 Hz, 1H), 3.37 (h, J = 6.5 Hz, 1H), 

3.00 (dd, J = 14.2, 6.1 Hz, 1H), 2.94 (ddd, J = 10.7, 6.6, 3.5 Hz, 2H), 2.82 (ddd, J = 10.8, 

6.4, 3.4 Hz, 2H), 2.49 (tdd, J = 10.8, 6.6, 3.5 Hz, 4H), 1.17 (d, J = 6.7 Hz, 3H); 13C NMR 

(125 MHz, CDCl3) ŭ 149.95, 140.60, 133.63, 129.26, 129.07, 128.16, 124.80, 117.45, 58.93, 

54.72, 49.17, 47.67, 14.87; HRMS (ESI- Orbitrap ) m/z: [M + H]+ Calcd for 

C19H24ClN2O2S
+ 379.1242, observed 379.1235. 

1-(1-(Phenylsulfonyl)propan-2-yl)-4-(pyridin -4-yl)piperazine (5g):  Pale yellow solid 

(49.7 mg, 72%); mp: 117-119 ºC; 1H NMR (500 MHz, 

CDCl3) ŭ 8.23 (d, J = 5.8 Hz, 2H), 7.92 (dd, J = 7.7, 1.7 Hz, 

2H), 7.64 ï 7.59 (m, 1H), 7.54 (dd, J = 8.4, 7.0 Hz, 2H), 6.59 

ï 6.55 (m, 2H), 3.40 (ddd, J = 25.7, 13.4, 6.5 Hz, 2H), 3.13 

(ddd, J = 12.1, 6.0, 3.9 Hz, 2H), 3.03 ï 2.96 (m, 3H), 2.47 (td, J = 5.1, 2.8 Hz, 4H), 1.14 (d, 

J = 6.6 Hz, 3H); 13C NMR (125 MHz, CDCl3) ŭ 154.94, 150.02, 140.61, 133.68, 129.27, 

128.11, 108.38, 58.96, 54.83, 47.35, 45.85, 14.62; HRMS (ESI- Orbitrap ) m/z: [M + H]+ 

Calcd for C18H24N3O2S
+ 346.1584, observed 346.1575. 

 

 

 

 

 

 



3ρφ 
 

2-(4-(1-(Phenylsulfonyl)propan-2-yl)piperazin-1-yl)pyrimidine (5h): Pale yellow solid 

(49.8 mg, 72%); mp: 125-127 ºC; 1H NMR (500 MHz, 

CDCl3) ŭ 8.26 (d, J = 4.7 Hz, 2H), 7.96 ï 7.91 (m, 2H), 7.65 ï 

7.60 (m, 1H), 7.57 ï 7.52 (m, 2H), 6.45 (t, J = 4.7 Hz, 1H), 

3.60 (ddd, J = 13.0, 6.7, 3.6 Hz, 2H), 3.46 (ddd, J = 16.6, 8.1, 

4.9 Hz, 3H), 3.37 (h, J = 6.6 Hz, 1H), 2.99 (dd, J = 14.2, 6.1 Hz, 1H), 2.39 (qdd, J = 10.7, 

6.5, 3.5 Hz, 4H), 1.14 (d, J = 6.8 Hz, 3H); 13C NMR (125 MHz, CDCl3) ŭ 161.59, 157.84, 

140.70, 133.63, 129.25, 128.15, 109.97, 58.99, 55.00, 47.78, 43.49, 14.71; HRMS (ESI- 

Orbitrap ) m/z: [M + H]+ Calcd for C17H23N4O2S
+  347.1536, observed 347.1530. 

1-(Benzo[d][1,3]dioxol-5-ylmethyl)-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5i):  

White solid (57.1 mg, 71%); mp: 105-107 ºC; 1H NMR 

(500 MHz, CDCl3) ŭ 7.91 ï 7.87 (m, 2H), 7.63 ï 7.58 (m, 

1H), 7.52 (dd, J = 8.4, 7.1 Hz, 2H), 6.76 (d, J = 1.6 Hz, 1H), 

6.72 (d, J = 7.8 Hz, 1H), 6.66 (dd, J = 7.9, 1.7 Hz, 1H), 5.92 

(s, 2H), 3.41 (dd, J = 14.2, 5.7 Hz, 1H), 3.30 (s, 2H), 3.29 

ï 3.24 (m, 1H), 2.94 (dd, J = 14.2, 6.5 Hz, 1H), 2.41 ï 2.02 (m, 8H), 1.13 (d, J = 6.7 Hz, 

3H); 13C NMR (125 MHz, CDCl3) ŭ 147.66, 146.67, 140.54, 133.47, 131.81, 129.18, 

128.09, 122.37, 109.63, 107.92, 100.98, 62.76, 58.70, 54.49, 52.60, 47.59, 15.20; HRMS 

(ESI- Orbitrap ) m/z: [M + H]+ Calcd for C21H27N2O2S
+  403.1686, observed 403.1675. 

1-Benzhydryl-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5j): White solid (65.1 mg, 

75%); mp: 108-110 ºC; 1H NMR (500 MHz, CDCl3) ŭ 7.91 ï 

7.88 (m, 2H), 7.62 ï 7.57 (m, 1H), 7.51 (dd, J = 8.4, 7.1 Hz, 

2H), 7.37 ï 7.32 (m, 4H), 7.27 (d, J = 2.2 Hz, 1H), 7.24 (dd, J 

= 7.9, 2.3 Hz, 3H), 7.19 ï 7.14 (m, 2H), 4.13 (s, 1H), 3.42 (dd, 

J = 14.2, 5.7 Hz, 1H), 3.27 (h, J = 6.6 Hz, 1H), 2.95 (dd, J = 

14.2, 6.7 Hz, 1H), 2.45 ï 2.06 (m, 8H), 1.16 (d, J = 6.7 Hz, 

3H); 13C NMR (125 MHz, CDCl3) ŭ 142.59, 142.57, 140.59, 133.49, 129.19, 128.55, 

128.13, 128.08, 128.07, 127.05, 127.04, 77.41, 77.16, 76.91, 76.09, 58.76, 54.42, 51.59, 

47.91, 15.26; HRMS (ESI- Orbitrap ) m/z: [M + H]+ Calcd for C26H31N2O2S
+ 435.2101, 

observed 435.2098. 

 

 

 

 

 

 

 



3ρχ 
 

1-(Bis(4-fluorophenyl)methyl)-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5k): Pale 

yellow solid (69.6 mg, 74%); mp: 93-96 ºC; 1H NMR (500 

MHz, CDCl3) ŭ 8.04 ï 7.74 (m, 3H), 7.74 ï 7.32 (m, 5H), 6.93 

(d, J = 10.0 Hz, 5H), 4.11 (s, 1H), 3.44 (dd, J = 35.9, 14.5 Hz, 

1H), 3.25 (d, J = 19.1 Hz, 1H), 2.94 (d, J = 12.0 Hz, 1H), 2.56 

ï 2.08 (m, 8H), 1.18 ï 1.05 (m, 3H); 13C NMR (125 MHz, 

CDCl3) ŭ 162.83, 160.88, 140.50, 138.04, 133.46, 129.52, 

129.37, 129.31, 129.16, 128.06, 115.50, 115.34, 74.31, 58.68, 

54.34, 51.39, 47.78, 15.13; 19F NMR (471 MHz, CDCl3) ŭ -

115.65, -115.65; HRMS (ESI- Orbitrap ) m/z: [M + H]+ Calcd for C26H29F2N2O2S
+  

471.1912, observed 471.1901. 

Phenyl(4-(1-(phenylsulfonyl)propan-2-yl)piperazin-1-yl)methanone (5l):  Pale yellow 

solid (61.0 mg, 82%); mp: 87-89 ºC; 1H NMR (500 MHz, 

CDCl3) ŭ 7.91 (d, J = 7.5 Hz, 2H), 7.64 (dd, J = 8.4, 6.5 Hz, 

1H), 7.55 (t, J = 7.6 Hz, 2H), 7.37 (q, J = 6.0 Hz, 3H), 7.32 

(dd, J = 7.7, 2.1 Hz, 2H), 3.57 (s, 1H), 3.41 (dd, J = 14.1, 6.7 

Hz, 1H), 3.34 (dq, J = 13.3, 6.8 Hz, 2H), 3.14 (d, J = 47.1 Hz, 2H), 2.97 (dd, J = 14.1, 5.7 

Hz, 1H), 2.39 (s, 4H), 1.10 (d, J = 6.6 Hz, 3H); 13C NMR (125 MHz, CDCl3) ŭ 170.32, 

140.57, 135.61, 133.66, 129.84, 129.25, 128.56, 128.02, 127.11, 58.84, 54.86, 48.49, 47.36, 

41.88, 14.49; HRMS (ESI- Orbitrap ) m/z: [M + H]+ Calcd for C20H25N2O3S
+  373.1580, 

observed 373.1571.  

Furan-2-yl(4-(1-(phenylsulfonyl)propan-2-yl)piperazin-1-yl)methanone (5m): Pale 

yellow solid (49.2 mg, 68%); mp: 114-116 ºC; 1H NMR (500 

MHz, CDCl3) ŭ 7.94 ï 7.90 (m, 2H), 7.66 ï 7.61 (m, 1H), 7.56 

(dd, J = 8.5, 7.1 Hz, 2H), 7.45 ï 7.42 (m, 1H), 6.94 (d, J = 3.4 

Hz, 1H), 6.45 (dd, J = 3.5, 1.8 Hz, 1H), 3.56 (s, 2H), 3.42 (dd, 

J = 14.0, 6.8 Hz, 2H), 3.39 ï 3.32 (m, 2H), 2.98 (dd, J = 14.0, 5.6 Hz, 1H), 2.39 (dt, J = 6.5, 

2.8 Hz, 4H), 1.11 (d, J = 6.7 Hz, 3H); 13C NMR (125 MHz, CDCl3) ŭ 159.0, 147.9, 143.7, 

140.7, 133.7, 129.3, 128.1, 116.5, 111.4, 58.9, 54.9, 14.5; HRMS (ESI- Orbitrap ) m/z: [M 

+ H]+ Calcd for C18H23N2O4S
+  363.1373, observed 363.1363. 

 

 

 

 

 

 

 



3ρψ 
 

tert-butyl -4-(1-(phenylsulfonyl)propan-2-yl)piperazine-1-carboxylate (5n):  White solid 

(50.8 mg, 69%); mp: 95-98 ºC; 1H NMR (500 MHz, CDCl3) 

ŭ 7.94 ï 7.90 (m, 2H), 7.67 ï 7.62 (m, 1H), 7.55 (t, J = 7.8 

Hz, 2H), 3.40 (dd, J = 14.2, 6.4 Hz, 1H), 3.32 (h, J = 6.6 Hz, 

1H), 3.20 (dt, J = 10.6, 4.9 Hz, 2H), 3.07 (s, 2H), 2.96 (dd, J 

= 14.2, 6.1 Hz, 1H), 2.33 ï 2.23 (m, 4H), 1.42 (s, 9H), 1.11 (d, J = 6.7 Hz, 3H); 13C NMR 

(125 MHz, CDCl3) ŭ 154.68, 140.63, 133.66, 129.25, 128.11, 79.82, 58.94, 54.98, 47.77, 

28.53, 14.70; HRMS (ESI- Orbitrap ) m/z: [M + H]+ Calcd for C18H29N2O4S
+ 369.1843, 

observed 369.1833. 

2-(4-(1-(Phenylsulfonyl)propan-2-yl)piperazin-1-yl)ethan-1-amine (5o): Yellow liquid 

(44.8 mg, 72%); 1H NMR (500 MHz, CDCl3) ŭ 7.84 (d, J = 

7.7 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.49 (t, J = 7.8 Hz, 2H), 

3.21 (dd, J = 14.1, 6.6 Hz, 2H), 3.16 ï 3.10 (m, 1H), 2.96 (d, 

J = 4.7 Hz, 1H), 2.60 (dt, J = 12.0, 6.1 Hz, 1H), 2.52 (dt, J = 

11.5, 6.4 Hz, 1H), 2.31 (dtt, J = 12.9, 8.7, 4.6 Hz, 5H), 1.50 (p, J = 5.7 Hz, 4H), 1.34 (q, J = 

6.1 Hz, 2H), 1.12 ï 1.07 (m, 3H); 13C NMR (125 MHz, CDCl 3) ŭ 139.76, 133.67, 129.25, 

127.76, 77.42, 61.87, 58.10, 54.43, 48.62, 43.34, 25.61, 24.19, 20.79; HRMS (ESI-TOF) 

m/z: [M + H]+ Calcd for C19H25N2O2S
+  312.1740, observed 312.1745. 

1-Cyclohexyl-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5p): White solid (51.8 mg, 

74%); mp: 112-115 ºC; 1H NMR (500 MHz, DMSO-d6) ŭ 

7.88 (dd, J = 7.4, 1.7 Hz, 2H), 7.69 (t, J = 7.4 Hz, 1H), 7.61 

(t, J = 7.6 Hz, 2H), 3.69 (dd, J = 14.7, 7.4 Hz, 1H), 3.13 (d, 

J = 5.3 Hz, 1H), 3.06 (h, J = 6.7 Hz, 1H), 2.10 (dd, J = 96.3, 

25.9 Hz, 8H), 1.68 (d, J = 12.4 Hz, 2H), 1.65 ï 1.51 (m, 3H), 1.18 ï 1.08 (m, 2H), 1.08 ï 

0.97 (m, 3H), 0.96 (d, J = 6.7 Hz, 3H); 13C NMR (125 MHz, DMSO-d6)  ŭ 140.65, 132.94, 

128.88, 127.46, 62.37, 57.08, 54.24, 47.49, 28.03, 25.71, 25.15, 13.11; HRMS (ESI- 

Orbitrap ) m/z: [M + H]+ Calcd for C19H31N2O2S
+  351.2101, observed 351.2094. 

1-(1-(Methylsulfonyl)propan-2-yl)-4-phenylpiperazine (5q): White solid (37.2 mg, 66%); 

mp: 120-123 ºC; 1H NMR (500 MHz, CDCl3) ŭ 7.23 (d, J = 3.6 

Hz, 2H), 6.92 ï 6.87 (m, 2H), 6.87 ï 6.82 (m, 1H), 3.45 (ddp, J = 

10.5, 7.0, 3.3 Hz, 1H), 3.34 ï 3.26 (m, 1H), 3.19 (ddd, J = 10.4, 

7.2, 3.2 Hz, 2H), 3.16 ï 3.08 (m, 2H), 3.05 (d, J = 2.9 Hz, 3H), 2.81 

ï 2.69 (m, 3H), 2.65 (ddd, J = 10.6, 6.9, 3.4 Hz, 2H), 1.14 (dd, J = 7.0, 3.0 Hz, 3H); 13C 

NMR (125 MHz, CDCl3) ŭ 151.23, 129.29, 120.24, 116.34, 58.06, 55.13, 49.61, 48.00, 

43.10, 13.47; HRMS (ESI- Orbitrap ) m/z: [M + H]+ Calcd for C14H23N2O2S
+  283.1475, 

observed 283.1468. 
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3-(4-Phenylpiperazin-1-yl)tetrahydrothiophene 1,1-dioxide (6a): White solid (40.3 mg, 

72%); mp: 160-162 ºC; 1H NMR (500 MHz, CDCl3) ŭ 7.30 ï 7.25 

(m, 2H), 6.95 ï 6.91 (m, 2H), 6.89 (td, J = 7.3, 1.1 Hz, 1H), 3.30 

(ddt, J = 11.0, 8.1, 5.4 Hz, 3H), 3.21 (t, J = 5.0 Hz, 4H), 3.13 ï 3.01 

(m, 2H), 2.73 (dt, J = 10.3, 5.0 Hz, 2H), 2.65 (dt, J = 10.7, 5.0 Hz, 2H), 2.46 (dtt, J = 12.3, 

5.1, 2.9 Hz, 1H), 2.16 (dddd, J = 12.6, 11.1, 9.8, 8.0 Hz, 1H); 13C NMR (125 MHz, CDCl3) 

ŭ 151.03, 129.28, 120.25, 116.32, 61.35, 53.32, 51.68, 50.43, 49.25, 26.63; HRMS (ESI- 

Orbitrap ) m/z: [M + H]+ Calcd for C14H21N2O2S
+ 281.1318, observed 281.1342. 

Methyl -3-(4-phenylpiperazin-1-yl)butanoate (6b): Brown liquid (37.2 mg, 71%); 1H 

NMR (500 MHz, CDCl3) ŭ 7.26 (t, J = 7.1 Hz, 2H), 6.94 ï 6.90 

(m, 2H), 6.87 ï 6.83 (m, 1H), 3.68 (s, 3H), 3.23 (dt, J = 8.1, 6.5 

Hz, 1H), 3.17 (ddd, J = 5.9, 4.1, 1.8 Hz, 4H), 2.69 (tq, J = 10.3, 

5.4 Hz, 4H), 2.64 ï 2.59 (m, 1H), 2.30 (dd, J = 14.4, 8.1 Hz, 1H), 1.10 (d, J = 6.6 Hz, 3H); 
13C NMR (125 MHz, CDCl 3) ŭ 173.15, 151.55, 129.21, 119.83, 116.25, 56.58, 51.72, 49.74, 

48.30, 38.43, 15.10; HRMS (ESI- Orbitrap ) m/z: [M + H]+ Calcd for C15H23N2O2
+ 

263.1754, observed 263.1871. 

3-Morpholinobutanenitrile (6c): White liquid (25.8 mg, 84%); 1H NMR (500 MHz, 

CDCl3) ŭ 3.22 (t, J = 4.7 Hz, 4H), 2.46 (h, J = 6.6 Hz, 1H), 2.12 ï 2.00 

(m, 5H), 1.92 (dd, J = 16.9, 7.4 Hz, 1H), 0.72 (dd, J = 6.9, 1.7 Hz, 3H); 
13C NMR (125 MHz, CDCl3) ŭ 118.4, 66.9, 56.1, 48.7, 21.1, 15.1; 

HRMS (ESI- Orbitrap ) m/z: [M + H]+ Calcd for C8H15N2O
+ 155.1179, observed 155.1180. 

3-Thiomorpholinobutanenitrile ( 6d): White liquid (25.2 mg, 74%); 1H NMR (500 MHz, 

CDCl3) ŭ 2.97 (p, J = 6.8 Hz, 1H), 2.75 (q, J = 5.4 Hz, 4H), 2.62 (t, J = 

5.1 Hz, 4H), 2.47 (dd, J = 16.7, 6.4 Hz, 1H), 2.31 (ddd, J = 16.8, 7.3, 1.6 

Hz, 1H), 1.13 (dd, J = 7.0, 1.6 Hz, 3H); 13C NMR (125 MHz, CDCl3) ŭ 

118.7, 57.7, 50.8, 28.3, 21.1, 15.1; HRMS (ESI- Orbitrap ) m/z: [M + H]+ Calcd for 

C8H15N2S
+ 171.0950, observed 171.0952. 

3-(Piperidin -1-yl)butanenitrile ( 6e): Yellow liquid (22.2 mg, 73%); 1H NMR (500 MHz, 

CDCl3) ŭ 3.01 (h, J = 6.8 Hz, 1H), 2.54 (d, J = 5.4 Hz, 1H), 2.52 ï 2.47 

(m, 2H), 2.43 (dt, J = 10.9, 5.4 Hz, 2H), 2.34 (ddd, J = 16.7, 7.9, 1.6 Hz, 

1H), 1.57 (p, J = 5.7 Hz, 4H), 1.43 (h, J = 5.3 Hz, 2H), 1.20 (dd, J = 6.7, 

1.6 Hz, 3H); 13C NMR (125 MHz, CDCl3) ŭ 119.25, 56.92, 49.58, 26.27, 24.69, 20.70, 

15.60; HRMS (ESI- Orbitrap ) m/z: [M + H]+ Calcd for C9H17N2
+ 153.1386, observed 

153.1388. 
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3-(Adamantan-1-yl)amino)butanenitrile (6f): Yellow liquid (32.7 mg, 75%); 1H NMR 

(500 MHz, CDCl3) ŭ 3.24 (h, J = 6.3 Hz, 1H), 2.68 (s, 1H), 2.37 (dd, J = 

16.5, 5.1 Hz, 1H), 2.32 (dd, J = 16.5, 6.8 Hz, 1H), 2.02 (t, J = 3.5 Hz, 

3H), 1.68 ï 1.49 (m, 11H), 1.20 (d, J = 6.3 Hz, 3H); 13C NMR (125 MHz, 

CDCl3) ŭ 118.7, 51.5, 43.2, 42.8, 36.4, 29.4, 28.6, 23.5; HRMS (ESI- 

Orbitrap ) m/z: [M + H]+ Calcd for C14H23N2
+ 219.1856, observed 

219.1859. 

3-(Cyclohexyl(methyl)amino)butanenitrile (6g): Yellow liquid (28.1 mg, 78%); 1H NMR 

(500 MHz, CDCl3) ŭ 3.25 (h, J = 6.7 Hz, 1H), 2.43 (dd, J = 16.6, 6.3 Hz, 

1H), 2.37 (ddt, J = 10.8, 6.5, 3.4 Hz, 1H), 2.29 (dd, J = 16.6, 7.2 Hz, 1H), 

2.20 (s, 3H), 1.79 ï 1.71 (m, 4H), 1.57 (dqd, J = 10.1, 3.3, 1.7 Hz, 1H), 

1.28 ï 1.16 (m, 4H), 1.15 (d, J = 6.7 Hz, 3H), 1.11 ï 1.02 (m, 1H); 13C 

NMR (125 MHz, CDCl3) ŭ 119.22, 60.94, 51.99, 31.56, 30.82, 30.42, 

26.11, 25.93, 25.90, 23.19, 17.13; HRMS (ESI- Orbitrap ) m/z: [M + H]+ Calcd for 

C11H21N2
+ 181.1699, observed 181.1709. 

3-((2-Hydroxyethyl)amino)butanenitrile ( 6h): Yellow liquid (16.6 mg, 65%); 1H NMR 

(500 MHz, CDCl3) ŭ 3.59 (t, J = 5.2 Hz, 2H), 3.03 ï 2.99 (m, 1H), 2.98 

(s, 2H), 2.70 (tq, J = 12.1, 6.4 Hz, 2H), 2.43 (d, J = 5.7 Hz, 2H), 1.19 

(dd, J = 6.7, 1.6 Hz, 3H); 13C NMR (125 MHz, CDCl3) ŭ 118.0, 60.7, 

49.8, 48.4, 24.7, 20.2; HRMS (ESI- Orbitrap ) m/z: [M + H]+ Calcd for 

C12H17N2
+ 129.1022, observed 129.1024. 

3-(Prop-2-yn-1-ylamino)butanenitrile (6i): Yellow liquid (18.1 mg, 74%); 1H NMR (500 

MHz, CDCl 3) ŭ 3.41 (d, J = 2.4 Hz, 2H), 3.20 (p, J = 6.1 Hz, 1H), 2.42 

(d, J = 5.6 Hz, 2H), 2.21 (q, J = 2.3 Hz, 1H), 1.18 (dd, J = 6.6, 1.6 Hz, 

3H); 13C NMR (125 MHz, CDCl3) ŭ 117.8, 81.2, 72.1, 48.2, 35.5, 24.7, 

20.0; HRMS (ESI- Orbitrap ) m/z: [M + H]+ Calcd for C7H11N2
+ 123.0917, observed 

123.0917. 

3-(Phenethylamino)butanenitrile (6j): Yellow liquid (25.9 mg, 69%); 1H NMR (500 

MHz, CDCl 3) ŭ 7.37 ï 7.32 (m, 2H), 7.29 ï 7.23 (m, 3H), 3.06 (h, J = 

6.1 Hz, 1H), 2.95 ï 2.88 (m, 2H), 2.83 (t, J = 7.0 Hz, 2H), 2.44 (d, J = 

5.7 Hz, 2H), 1.24 (dd, J = 6.6, 1.5 Hz, 3H); 13C NMR (125 MHz, 

CDCl3) ŭ 139.6, 128.7, 128.6, 126.4, 118.1, 77.5, 50.0, 48.4, 36.5, 24.9, 

20.6; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C12H17N2
+ 189.1386, observed 189.1389. 

3-(Diethylamino)butanenitrile (6k): White liquid (21 mg, 75%); 1H NMR (500 MHz, 

CDCl3) ŭ 3.19 (h, J = 6.7 Hz, 1H), 2.49 ï 2.38 (m, 5H), 2.26 (ddd, J = 

16.6, 7.6, 1.5 Hz, 1H), 1.12 (dd, J = 6.9, 1.6 Hz, 3H), 1.01 (td, J = 7.1, 1.5 

Hz, 6H); 13C NMR (125 MHz, CDCl3) ŭ 119.2, 52.3, 52.1, 43.3, 21.7, 

15.6, 14.3; HRMS (ESI-orbitrap) m/z: [M + H]+ Calcd for C8H17N2
+ 141.1386, observed 

141.1387. 
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6. Investigation of Side Reaction Profiles in Diverse Olefin Systems 

6.1 Reaction of 1-Phenylpiperazine (1a) with allyl isocyanate (7b) under optimized 

condition and characterization of urea derivative 

 

To a well-cleaned tube equipped with a stir bar, 1a (32.4 mg, 31.48 ÕL, 0.2 mmol), allyl 

isocyanate 7b (24.9 mg, 26.5 ÕL, 0.3 mmol, 1.5 equiv), and aq. SDS (2% w/w, 1 mL) were 

added. The resultant mixture was stirred at room temperature for 24 h. The reaction mixture 

was diluted with EtOAc (2 x 2 mL) and vortexed the resultant mixture. The supernatant liquid 

containing the product and other organic residue was removed carefully. The recovered organic 

layer was dried over anhyd. Na2SO4 and concentrated under reduced pressure. The crude 

products were adsorbed on silica gel and passed through the column (Rf = 0.5; EtOAc: Hexane 

= 1:5, v/v) to get analytically pure product N-allyl-4-phenylpiperazine-1-carboxamide (8a) 

(41.7 mg, 85%) as pale yellow solid; 1H NMR (500 MHz, CDCl3) ŭ 7.28 (t, J = 7.7 Hz, 2H), 

6.95 ï 6.87 (m, 3H), 5.90 (ddt, J = 16.2, 10.8, 5.7 Hz, 1H), 5.20 (d, J = 17.1 Hz, 1H), 5.12 (d, 

J = 9.9 Hz, 1H), 4.63 (t, J = 5.8 Hz, 1H), 3.89 (t, J = 5.7 Hz, 2H), 3.55 (t, J = 5.2 Hz, 4H), 3.21 

ï 3.16 (m, 4H); 13C NMR (125 MHz, CDCl3) ŭ 157.51, 151.11, 135.59, 129.35, 120.49, 

116.62, 116.05, 49.31, 43.87, 43.57; HRMS (ESI-Orbitrap) m/z: [M + H]+ Calcd for 

C14H19N3NaO
+ 268.1420, observed 268.1419. 
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6.2 Reaction of 1-Phenylpiperazine (1a) with allyl isothiocyanate (7c) under optimized 

condition and characterization of thiourea derivative 

 

To a well-cleaned tube equipped with a stir bar, 1a (32.4 mg, 31.48 ÕL, 0.2 mmol), allyl 

isothiocyanate 7c (29.7 mg, 29.4 ÕL, 0.3 mmol, 1.5 equiv), and aq. SDS (2% w/w, 1 mL) were 

added. The resultant mixture was stirred at room temperature for 24 h. The reaction mixture 

was diluted with EtOAc (2 x 2 mL) and vortexed the resultant mixture. The supernatant liquid 

containing the product and other organic residue was removed carefully. The recovered organic 

layer was dried over anhyd. Na2SO4 and concentrated under reduced pressure. The crude 

products were adsorbed on silica gel and passed through the column (Rf = 0.48; EtOAc: Hexane 

= 1:5, v/v) to get analytically pure product N-allyl-4-phenylpiperazine-1-carbothioamide 

(8b) (42.8 mg, 82%) as white solid; 1H NMR (500 MHz, CDCl3) ŭ 7.28 (t, J = 7.8 Hz, 2H), 

6.92 ï 6.87 (m, 3H), 5.96 (ddt, J = 16.4, 10.2, 5.9 Hz, 1H), 5.61 (t, J = 5.2 Hz, 1H), 5.25 (dd, 

J = 17.3, 1.7 Hz, 1H), 5.20 (d, J = 10.2 Hz, 1H), 4.35 (t, J = 5.6 Hz, 2H), 4.04 ï 3.97 (m, 4H), 

3.32 ï 3.26 (m, 4H); 13C NMR (126 MHz, CDCl3) ŭ 182.18, 150.41, 134.06, 129.40, 120.28, 

117.54, 115.96, 48.82, 48.42, 47.22; HRMS (ESI-Orbitrap) m/z: [M + H]+ Calcd for 

C14H20N3S
+ 262.1372, observed 262.1372. 
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7. Mechanistic insights: 

7.1 D2O labelling test (With allyl nitrile): 

 

 

Figure S2. 1H NMR spectrum of product resulting from 1d and 2a under optimized conditions in the presence 

of SDS in D2O. 
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Figure S3. 2H NMR spectrum of product resulting from 1d and 2a under optimized conditions in the presence 

of SDS in D2O. 

 

 

 

 

 

 

 

 

 

 

 

 

CH3(D) 
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7.2 D2O labelling test (With allyl phenyl sulfone): 

 

 

Figure S4 1H NMR spectrum of product resulting from 1d and 4a under optimized conditions in the presence of 

SDS in D2O. 
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Figure S5. 2H NMR spectrum of product resulting from 1d and 4a under optimized conditions in the presence 

of SDS in D2O. 

 

7.3 PH detemination test: 

The pH of the aqueous solution was measured using a calibrated pH meter equipped with a 

glass electrode. Measurements were performed by immersing the electrode directly into the 

aqueous SDS solution and the reaction mixture at rt, allowing the reading to stabilize before 

recording the pH values. The measured values were pH 6.56 (2% w/w SDS solution), initial 

RM of 11.54, and final RM of 8.71. 

 

 

 

 

 

 

CH3(D) 
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8. Scale up study 

 

 

Representative procedure: To a well-cleaned tube equipped with a stir bar, 1a (1 g, 0.97 mL, 

6.16 mmol), allyl nitrile 2a (0.6207g, 0.77 mL, 9.24 mmol, 1.5 equiv), and aq. SDS (2% w/w, 

5 mL) were added. The resultant mixture was stirred at room temperature for 24 h. The reaction 

mixture was diluted with EtOAc (2 X 10 mL) and vortexed the resultant mixture. The 

supernatant liquid containing the product and other organic residue was removed carefully. The 

recovered organic layer was dried over anhy. Na2SO4 and concentrated under reduced pressure. 

The crude products were adsorbed on silica gel and passed through the column (eluent: 

Hexane/EtOAc) to get analytically pure product 3a (1.14 g, 81%) as white solid. 
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9. Recyclability studies 

To a well-cleaned tube equipped with a stir bar, 1a (32.4 mg, 31.48 ÕL, 0.2 mmol), allyl nitrile 

2a (13.42 mg, 16.77 ÕL, 0.3 mmol, 1.5 equiv), and aq. SDS (2% w/w, 1 mL) were added. The 

resultant mixture was stirred at room temperature for 3 h. The reaction mixture was diluted 

with EtOAc (2 X 1 mL) and vortexed the resultant mixture. The supernatant liquid containing 

the product and other organic residue was removed carefully. The recovered organic layer was 

dried over anhyd. Na2SO4 and concentrated under reduced pressure. The crude products were 

adsorbed on silica gel and passed through the column (eluent: Hexane/EtOAc) to get 

analytically pure product 3a (37 mg, 81%) as white solid. 

 

The strategy outlined above has been carried out to the residual aqueous layer, with the 

exception of adding fresh aqueous SDS (2% w/w) for product formation in the ensuing cycles, 

as shown in the summary below. After 3rd run the yield was drastically reduced. 

 

 

Figure S6. Schemetic representation of recyclability study 

In order to the understand the loss of reactivity, zeta sizer analysis on the particle size 

distribution after the 3rd run was carried out which revealed a dire increase in average particle 

size (2707 nm) as compared to 0th run (66 nm), suggesting destruction of required nano-

micellar composition, and that could be the reason of yield reduction. (See Figure S7) 
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Determination of Average particle size and Particle Distribution Index (PDI) of SDS mic

elles (freshly prepared vs 4th cycle) using the Zeta sizer: 

Sample preparation: About 0.5 mL of freshly prepared aqueous solutions (2% w/w) of SDS 

were pipetted out and diluted one time (1x) with miliQ water in microcentrifuge tube. This wa

s further filtered through Fluoropore Membrane Filter (MF-MilliporeÊ, 0.22 Õm pore size, h

ydrophobic PTFE, 47 mm membrane). The filtrate collected were used for analysis. All the sa

mple measurements were made at 25 Ñ 2 ÁC in triplicate using glass cuvette, and the results w

ere analyzed using Zetasizer 633 nm and angle (173Á). In a similar manner, recovered aqueou

s SDS (after 4th cycle) was analyzed. 

 

Figure S7. (a) Zeta sizer analysis (Particle size distribution) of freshly prepared aq. SDS (2% w/w) 

(b) and aq. SDS (2% w/w) after 4th cycle 

 

 

 

 

  

 

 

 

(a) (b) 
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10. Calculation of Green metrics for the developed protocol 

 

E- factor 

1. Mass of organic waste: (32.4 + 13.42) - (37) = 8.82 

2. Mass of water: 1020 mg 

3. Mass of EtOAc (extraction solvent): 902 mg 

4. Mass of product: 37 mg 

Ἇ ἐἩἫἼἷἺ ἿἱἼἰ ἿἩἼἭἺ
ψȢψςρπςπωπς

σχ
 υςȢρψ 

     

Ἇ ἐἩἫἼἷἺ ἿἱἼἰἷἽἼ ἿἩἼἭἺ
ψȢψς ωπς

σχ
ςτȢφρ 

 

E Factor without extraction solvent (recyclable) was also calculated: 

 

Ἇ ἐἩἫἼἷἺ ἿἱἼἰἷἽἼ ἭὀἼἺἩἫἼἱἷἶ ἻἷἴἾἭἶἼ
ψȢψςρπςπ

σχ
ςχȢψπ 
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8 ρππ 

                                 
ςςωȢρυ

ρφςȢρρ φχȢπτ
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ἋἼἷἵ ἭἮἮἱἫἱἭἶἫὁ
Ϸ ÙÉÅÌÄ ÏÆ ÄÅÓÉÒÅÄ ÐÒÏÄÕÃÔ 8 Ϸ ÁÔÏÍ ÅÃÏÎÏÍÙ

ρππ
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ἠἙἏ
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σχ
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ἑἭἶἭἺἭἴἱὂἭἬ ἠἙἏ
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!ÍÏÕÎÔ ÏÆ ÐÒÏÄÕÃÔ ÍÇ
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11. Biological evaluation of synthesized compounds: 

11.1 Preliminary evaluation of library compounds against fungal species: 
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11.2 Synergistic effect of compounds (3g and 3h) against C. glabrata 
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11.3 Ross assay of synthesized compound (3g and 3h) 

 

 

 

 

 

11.4 IC50 determination 
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3στ 
 

12. ADMET properties of compound 3g and 3h 

Table S5. ADMET profile of 3g and 3h as predicted by QikProp (Schrºdinger) 

Entry Property Range Compound 3g Compound 3h 

1 SASAa 300 to 1000 556.228 533.148 

2 dHBb 0 to 6 0 0 

3 aHBc 2 to 20 4.5 0 

4 QPlog Po/wd -2.0 to 6.5 2.939 2.574 

5 QPlogSe -6.5 to 0.5 -4.022 -2.768 

6 QPlogHERGf Below -5 -5.43 -5.462 

7 QPPCacog <25 poor, >500 great 606.813 540.882S 

8 QPlogBBh -3.0 to 1.2 0.466 0.311 

9 QPPMDCKi <25 poor, >500 great 1405.142 694.596 

11 %Human Oral Absorptionj >80% is high, <25% 

poor 

93.963 90.932 

12 Rule of fivek 0 to 5 0 0 

aSASA: Total solvent accessible surface area in square angstroms; bdonorHB (dHB): Estimated number of H

-bonds that would be donated by the solute to water molecules in an aqueous solution; caccptHB (aHB): Esti

mated number of H- bonds that would be accepted by the solute from water molecules in an aqueous solution; 
ddQPlogPo/w: Predicted octanol/water partition coefficient; eQPlogS: Predicted aqueous solubility, log S (m

ol dm-3) is the concentration of the solute in a saturated solution that is in equilibrium with the crystalline soli

d; fQPlogHERG: Predicted IC50 value for blockage of HERG K+ channels; gQPPCaco: Predicted apparent C

aco-2 cell permeability in nm/sec. Caco-2 cells are a model for the gut-blood barrier; hQPlogBB: Predicted br

ain/blood partition coefficient; iQPPMDCK: Predicted apparent MDCK cell permeability in nm/sec. MDCK 

cells are considered to be a good mimic for the blood-brain barrier; j%Human Oral Absorption: Predicted h

uman oral absorption on 0 to 100% Scale. The prediction is based on quantitative multiple linear regression m

odel.; kRule of Five: Number of violations of Lipinski's rule of five. 

 

 

 

 

 

 

 

 



3συ 
 

13. NMR spectra (1H, 13C, 19F NMR) 

3-(4-Phenylpiperazin-1-yl)butanenitrile (3a); 1H NMR (500 MHz, CDCl3) 

 

3-(4-Phenylpiperazin-1-yl)butanenitrile (3a); 13C NMR (125 MHz, CDCl3) 

 



3σφ 
 

3-(4-(p-Tolyl)piperazin-1-yl)butanenitrile (3b); 1H NMR (500 MHz, CDCl3) 

 

3-(4-(p-Tolyl)piperazin-1-yl)butanenitrile (3b); 13C NMR (125 MHz, CDCl3) 

 



3σχ 
 

3-(4-(3-Methoxyphenyl)piperazin-1-yl)butanenitrile (3c); 1H NMR (500 MHz, CDCl3) 

 

3-(4-(3-Methoxyphenyl)piperazin-1-yl)butanenitrile (3c); 13C NMR (125 MHz, CDCl3) 

 



3σψ 
 

3-(4-(2-Methoxyphenyl)piperazin-1-yl)butanenitrile (3d); 1H NMR (500 MHz, CDCl3) 

 

3-(4-(2-Methoxyphenyl)piperazin-1-yl)butanenitrile (3d); 13C NMR (125 MHz, CDCl3) 

 

 



3σω 
 

2-(4-(1-Cyanopropan-2-yl)piperazin-1-yl)benzonitrile (3e); 1H NMR (500 MHz, CDCl3) 

 

2-(4-(1-Cyanopropan-2-yl)piperazin-1-yl)benzonitrile (3e); 13C NMR (125 MHz, CDCl3) 

 



3τπ 
 

3-(4-(4-Nitrophenyl)piperazin-1-yl)butanenitrile (3f); 1H NMR (500 MHz, CDCl3) 

 

3-(4-(4-Nitrophenyl)piperazin-1-yl)butanenitrile (3f); 13C NMR (125 MHz, CDCl3) 

 



3τρ 
 

3-(4-(4-(Trifluoromethyl)phenyl)piperazin-1-yl)butanenitrile (3g): 1H NMR (500 MHz, 

CDCl3) 

 

3-(4-(4-(Trifluoromethyl)phenyl)piperazin-1-yl)butanenitrile (3g): 13C NMR (125 MHz, 

CDCl3) 

 



3τς 
 

3-(4-(4-(Trifluoromethyl)phenyl)piperazin-1-yl)butanenitrile (3g): 19F NMR (471 MHz, CD

Cl3) 

 

3-(4-(4-Chlorophenyl)piperazin-1-yl)butanenitrile (3h); 1H NMR (500 MHz, CDCl3) 

 



3τσ 
 

3-(4-(4-Chlorophenyl)piperazin-1-yl)butanenitrile (3h); 13C NMR (125 MHz, CDCl3) 

 

3-(4-(Pyridin-2-yl)piperazin-1-yl)butanenitrile (3i); 1H NMR (500 MHz, CDCl3) 

 



3ττ 
 

3-(4-(Pyridin-2-yl)piperazin-1-yl)butanenitrile (3i); 13C NMR (125 MHz, CDCl3) 

 

3-(4-(Pyrimidin-2-yl)piperazin-1-yl)butanenitrile (3j); 1H NMR (500 MHz, CDCl3) 

 

 



3τυ 
 

3-(4-(Pyrimidin-2-yl)piperazin-1-yl)butanenitrile (3j); 13C NMR (125 MHz, CDCl3) 

 

3-(4-(2,4,6-Trimethylbenzyl)piperazin-1-yl)butanenitrile (3k); 1H NMR (500 MHz, CDCl3) 

  

 



3τφ 
 

3-(4-(2,4,6-Trimethylbenzyl)piperazin-1-yl)butanenitrile (3k); 13C NMR (125 MHz, CDCl3) 

  

3-(4-(Benzo[d][1,3]dioxol-5-ylmethyl)piperazin-1-yl)butanenitrile (3l); 1H NMR (500 MHz, 

CDCl3) 

 



3τχ 
 

3-(4-(Benzo[d][1,3]dioxol-5-ylmethyl)piperazin-1-yl)butanenitrile (3l); 13C NMR (125 

MHz, CDCl3) 

 

3-(4-(4-Fluorobenzyl)piperazin-1-yl)butanenitrile (3m); 1H NMR (500 MHz, CDCl3) 

 



3τψ 
 

3-(4-(4-Fluorobenzyl)piperazin-1-yl)butanenitrile (3m); 13C NMR (125 MHz, CDCl3) 

 

3-(4-(4-Fluorobenzyl)piperazin-1-yl)butanenitrile (3m); 19F NMR (471 MHz, CDCl3) 

 



3τω 
 

3-(4-Benzhydrylpiperazin-1-yl)butanenitrile (3n); 1H NMR (500 MHz, CDCl3) 

 

3-(4-Benzhydrylpiperazin-1-yl)butanenitrile (3n); 13C NMR (125 MHz, CDCl3) 

 

 



3υπ 
 

3-(4-((4-Chlorophenyl)(phenyl)methyl)piperazin-1-yl)butanenitrile (3o); 1H NMR (500 

MHz, CDCl3) 

 

3-(4-((4-Chlorophenyl)(phenyl)methyl)piperazin-1-yl)butanenitrile (3o); 13C NMR (125 

MHz, CDCl3) 

 



3υρ 
 

3-(4-(Furan-2-carbonyl)piperazin-1-yl)butanenitrile (3p); 1H NMR (500 MHz, CDCl3) 

 

3-(4-(Furan-2-carbonyl)piperazin-1-yl)butanenitrile (3p); 13C NMR (125 MHz, CDCl3) 

 



3υς 
 

3-(4-Benzoylpiperazin-1-yl)butanenitrile (3q); 1H NMR (500 MHz, CDCl3) 

 
 

3-(4-Benzoylpiperazin-1-yl)butanenitrile (3q);  13C NMR (125 MHz, CDCl3) 

 

 

 



3υσ 
 

3-(4-Acetylpiperazin-1-yl)butanenitrile (3r); 1H NMR (500 MHz, CDCl3) 

 

3-(4-Acetylpiperazin-1-yl)butanenitrile (3r); 13C NMR (125 MHz, CDCl3) 

  



3υτ 
 

tert-butyl-4-(1-cyanopropan-2-yl)piperazine-1-carboxylate (3s); 1H NMR (500 MHz, 

CDCl3) 

 

tert-butyl-4-(1-cyanopropan-2-yl)piperazine-1-carboxylate (3s); 13C NMR (125 MHz, 

CDCl3) 

 



3υυ 
 

3-(4-(1-Cyanopropan-2-yl)piperazin-1-yl)butanenitrile (3t); 1H NMR (500 MHz, CDCl3) 

 

3-(4-(1-Cyanopropan-2-yl)piperazin-1-yl)butanenitrile (3t); 13C NMR (125 MHz, CDCl3) 



3υφ 
 

1-Phenyl-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5a); 1H NMR (500 MHz, CDCl3) 

 

1-Phenyl-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5a); 13C NMR (125 MHz, CDCl3) 

 



3υχ 
 

1-(2-Methoxyphenyl)-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5b); 1H NMR (500 

MHz, CDCl3) 

 

1-(2-Methoxyphenyl)-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5b); 13C NMR (125 

MHz, CDCl3) 

 



3υψ 
 

2-(4-(1-(Phenylsulfonyl)propan-2-yl)piperazin-1-yl)benzonitrile (5c); 1H NMR (500 MHz, 

CDCl3) 

 

2-(4-(1-(Phenylsulfonyl)propan-2-yl)piperazin-1-yl)benzonitrile (5c); 13C NMR (125 MHz, 

CDCl3) 

 



3υω 
 

1-(4-Nitrophenyl)-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5d); 1H NMR (500 MHz, 

CDCl3)  

 

1-(4-Nitrophenyl)-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5d); 13C NMR (125 MHz, 

CDCl3) 

 



3φπ 
 

1-(1-(Phenylsulfonyl)propan-2-yl)-4-(4-(trifluoromethyl)phenyl)piperazine (5e); 1H NMR 

(500 MHz, DMSO-d6) 

 

1-(1-(Phenylsulfonyl)propan-2-yl)-4-(4-(trifluoromethyl)phenyl)piperazine (5e); 13C NMR 

(125 MHz, DMSO-d6) 

 



3φρ 
 

1-(1-(Phenylsulfonyl)propan-2-yl)-4-(4-(trifluoromethyl)phenyl)piperazine (5e); 19F NMR 

(471 MHz, DMSO-d6) 

 

1-(4-Chlorophenyl)-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5f); 1H NMR (500 MHz, 

CDCl3) 

 



3φς 
 

1-(4-Chlorophenyl)-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5f); 13C NMR (125 MHz, 

CDCl3) 

 

1-(1-(Phenylsulfonyl)propan-2-yl)-4-(pyridin-4-yl)piperazine (5g); 1H NMR (500 MHz, 

CDCl3) 

 



3φσ 
 

1-(1-(Phenylsulfonyl)propan-2-yl)-4-(pyridin-4-yl)piperazine (5g); 13C NMR (125 MHz, 

CDCl3) 

 

2-(4-(1-(Phenylsulfonyl)propan-2-yl)piperazin-1-yl)pyrimidine (5h); 1H NMR (500 MHz, 

CDCl3) 

 



3φτ 
 

2-(4-(1-(Phenylsulfonyl)propan-2-yl)piperazin-1-yl)pyrimidine (5h); 13C NMR (125 MHz, 

CDCl3) 

 

1-(Benzo[d][1,3]dioxol-5-ylmethyl)-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5i); 1H 

NMR (500 MHz, CDCl3) 

 



3φυ 
 

1-(Benzo[d][1,3]dioxol-5-ylmethyl)-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5i); 13C 

NMR (125 MHz, CDCl3) 

 

1-Benzhydryl-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5j); 1H NMR (500 MHz, 

CDCl3) 

 



3φφ 
 

1-Benzhydryl-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5j); 13C NMR (125 MHz, 

CDCl3) 

 

1-(Bis(4-fluorophenyl)methyl)-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5k); 1H 

NMR (500 MHz, CDCl3) 

 



3φχ 
 

1-(Bis(4-fluorophenyl)methyl)-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5k); 13C 

NMR (125 MHz, CDCl3) 

 

1-(Bis(4-fluorophenyl)methyl)-4-(1-(phenylsulfonyl)propan-2-yl)piperazine (5k); 19F 

NMR (471 MHz, CDCl3) 

 



3φψ 
 

Phenyl(4-(1-(phenylsulfonyl)propan-2-yl)piperazin-1-yl)methanone (5l); 1H NMR (500 

MHz, CDCl3) 

 

Phenyl(4-(1-(phenylsulfonyl)propan-2-yl)piperazin-1-yl)methanone (5l); 13C NMR (125 

MHz, CDCl3) 

 



3φω 
 

Furan-2-yl(4-(1-(phenylsulfonyl)propan-2-yl)piperazin-1-yl)methanone (5m); 1H NMR 

(500 MHz, CDCl3) 

 

Furan-2-yl(4-(1-(phenylsulfonyl)propan-2-yl)piperazin-1-yl)methanone (5m); 13C NMR 

(125 MHz, CDCl3) 

 






































