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Synthesis of piperazine functional groups 

Two N–heteroalkyl–N′–tosylpiperazines were synthesized according to protocols 

published in the literature (Huang JY, Xu WY, Xie HJ and Li SJ, One-Step 

Cyclization: Synthesis of N–Heteroalkyl–N′–tosylpiperazines. J Org Chem 77: 

7506–7511 (2012)). Subsequently, tosyl group was removed by sulfuric acid (98 v/v%, 

10 mL) with stirring at 120 °C for 24 h under N2 atmosphere. The mixture was cooled 

and adjusted pH to 10 with aq. NaOH. The resulting solution was extracted with 

CHCl3 (10 mL ×3). The combined organic phases were concentrated under reduced 

pressure and the residue was dried under vacuum to give mono-substituted 

piperazines. 
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Scheme S1. Synthetic route of mono-substituted piperazines. Reaction Conditions: (a, b) 
K2CO3, MeCN, reflux under N2 atmosphere, 12 h; (c, d) H2SO4, N2 atmosphere, 120°C, 24 h.
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Compound 1 
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ESI–MS 
082305 #25 RT: 0.69 AV: 1 NL: 4.01E7
T: + c ESI Full ms [ 50.00-1000.00]
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Compound 2 
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ESI–MS 

082304 #21 RT: 0.52 AV: 1 NL: 5.58E8
T: + c ESI Full ms [ 50.00-1000.00]

200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

345.2

346.2

263.2222.2 347.2
342.1231.1 443.3295.2 417.9264.1 330.5298.8240.6219.2 390.3374.1 452.5410.7

 

HRMS 

345.1733

363.3475

373.3212 382.7937

+MS, 0.1min #7

0

2

4

6

4x10
Intens.

320 330 340 350 360 370 380 390 m/z  



 7 

Compound 3a 
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ESI–MS 

082301 #10 RT: 0.24 AV: 1 NL: 2.21E7
T: + c ESI Full ms [ 50.00-1000.00]
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Compound 3b 
 
1H NMR 

 
 
13C NMR 
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ESI–MS 

082302 #24 RT: 0.64 AV: 1 NL: 4.94E8
T: + c ESI Full ms [ 50.00-1000.00]
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