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Piperine (7) 

 
Figure S1. Infrared spectrum (KBr) of piperine. 

 

 
Figure S2. 1H NMR spectrum (400 MHz, CDCl3) of piperine (7). 



 
 

 
Figure S3. 13C NMR spectrum (126 MHz, CDCl3) of compound piperine (7). 

 

 

Potassium piperate (8) 

 
Figure S4. Infrared spectrum (KBr) of potassium piperate. 
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Figure S5. 1H NMR spectrum (400 MHz, CDCl3) of potassium piperate (8).  

 

 
Figure S6. 13C NMR spectrum (100 MHz, D2O) of compound potassium piperate (8). 

 
 
 
 
 
 
 
 
 
 



 
 

 
Benzyl alcohols (10b-10d) 
 
4-Methylbenzyl alcohol (10b) 

 
Figure S7. Infrared spectrum (KBr) of the compound 10b. 

 

 
Figure S8. 1H NMR spectrum (400 MHz, DMSO-d6) of the compound 10b. 
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Figure S9. 13C NMR spectrum (101 MHz, DMSO-d6) of the compound 10b. 

 

 
Figure S10. 13C DEPT 135 NMR spectrum (101 MHz, DMSO-d6) of the compound 10b. 

 
 
 
 
 
 
 
 
 



 
 

4-Bromobenzyl alcohol (10c) 

 
Figure S11. Infrared spectrum (KBr) of the compound 10c. 

 

 
Figure S12. 1H NMR spectrum (500 MHz, CDCl3) of the compound 10c. 

 

400500600700800900100011001200130014001500160017001800190020002200240026002800300032003400360038004000

cm-1

65

70

75

80

85

90

95

%T

3
3

3
7

.4
5

3
2

6
2

.7
8

3
0

4
4

.4
9

2
9

1
8

.1
2

2
8

5
2

.0
6

1
5

9
1

.1
8

1
4

8
4

.9
1

1
4

4
7

.5
7

1
4

0
1

.6
1

1
3

4
4

.1
7

1
2

0
3

.4
4

1
0

6
8

.4
4

1
0

0
5

.2
6

8
2

7
.1

8
7

8
9

.8
4

6
2

6
.1

3

5
0

2
.6

3



 
 

 
Figure S13. 13C NMR spectrum (126 MHz, CDCl3) of the compound 10c. 

 

 
Figure S14. 13C DEPT 135 NMR spectrum (126 MHz, CDCl3) of the compound 10c. 

 

 

 

 

 

 

 

 

 

 



 
 

3-Nitrobenzyl alcohol (10d) 
 

 
Figure S15. Infrared spectrum (KBr) of the compound 10d. 

 

 
Figure S16. 1H NMR spectrum (400 MHz, CDCl3) of compound 10d. 
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Figure S17. 13C NMR spectrum (101 MHz, CDCl3) of the compound 10d. 

 

 
Figure S18. 13C DEPT 135 NMR spectrum (101 MHz, DMSO-d6) of the compound 10d. 

 

 

 

 

 

 

 

 

 

 

 



 
 

Final compounds (12a-12d) 
 
Benzyl piperate (12a) 
 

 
Figure S19. Infrared spectrum (KBr) of compound 12a. 

 
 

 
Figure S20. 1H NMR spectrum (500 MHz, CDCl3) of compound 12a. 

500750100012501500175020002500300035004000

1/cm

10

20

30

40

50

60

70

80

90

100

%T

3
0

3
2

,1
0

2
9

9
3

,5
2

2
9

6
2

,6
6

2
9

0
4

,8
0

1
7

0
5

,0
7

1
6

2
0

,2
1

1
6

0
0

,9
2

1
4

8
9

,0
5

1
4

4
2

,7
5

1
3

8
1

,0
3

1
2

5
3

,7
3

1
1

9
9

,7
2 1
0

3
3

,8
5

9
9

1
,4

1

9
2

1
,9

7 8
5

6
,3

9 8
1

0
,1

0

7
4

8
,3

8

6
9

8
,2

3

6
0

9
,5

1

5
7

4
,7

9

5
2

0
,7

8

4
8

6
,0

6



 
 

 
Figure S21. 13C NMR spectrum (101 MHz, CDCl3) of the compound 12a. 

 

 
Figure S22. HRMS (ESI) spectrum of the compound 12a. 

 

 

 

 

 

 

 



 
 

4-Methylbenzyl piperate (12b) 

 
Figure S23. Infrared spectrum (KBr) of compound 12b. 

 

 

 

 
Figure S24. 1H NMR spectrum (500 MHz, DMSO-d6) of compound 12b. 
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Figure S25. 13C NMR spectrum (125 MHz, DMSO-d6) of compound 12b. 

 

 
Figure S26. HRMS (ESI) spectrum of the compound 12b. 

 
 
 
 
 



 
 

4-Bromobenzyl piperate (12c) 

 
Figure S27. Infrared spectrum (KBr) of compound 12c. 

 

 
Figure S28. 1H NMR spectrum (500 MHz, CDCl3) of compound 12c. 
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Figure S29. 13C NMR spectrum (125 MHz, CDCl3) of the compound 12c. 

 

 
Figure S30. HRMS (ESI) spectrum of the compound 12c. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

3-Nitrobenzyl piperate (12d) 

 
Figure S31. Infrared spectrum (KBr) of compound 12d. 

 

 
Figure S32. 1H NMR spectrum (500 MHz, CDCl3) of compound 12d. 
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Figure S33. 13C NMR spectrum (125 MHz, CDCl3) of the compound 12d. 

 
 

 
Figure S34. HRMS (ESI) spectrum of the compound 12d. 

 
 
 
 
 



 
 

General procedure heterocyclic 
 

Bromoacetophenones (14a-14d) 
 

2-Bromo-1-phenylethanone (14a) 

 
Figure S35. 1H NMR spectrum (400 MHz, CDCl3) of compound 14a. 

 

 
Figure S36. 13C NMR spectrum (101 MHz, CDCl3) of the compound 14a. 

 

 

 

 

 

 

 



 
 

 

2-Bromo-1-(4-methylphenyl)ethanone (14b) 

 
Figure S37. 1H NMR spectrum (400 MHz, CDCl3) of compound 14b. 

 
 

 
Figure S38. 13C NMR spectrum (101 MHz, CDCl3) of the compound 14b. 

 

 

 

 

 

 

 

 



 
 

2-Bromo-1-(4-bromophenyl)ethanone (14c) 
 

 
Figure S39. 1H NMR spectrum (500 MHz, CDCl3) of compound 14c. 

 

 

 
Figure S40. 13C NMR spectrum (126 MHz, CDCl3) of the compound 14c. 

 

 

 

 

 

 

 

 



 
 

2-Bromo-1-(3-nitrophenyl)ethanone (14d) 

 
Figure S41. 1H NMR spectrum (400 MHz, CDCl3) of compound 14d. 

 
 

 
Figure S42. 13C NMR spectrum (101 MHz, CDCl3) of the compound 14d. 

 

 

 

 

 

 

 

 

 



 
 

2-Amino-4-arylthiazoles (15a-15d) 
 

 
Figure S43. Infrared spectrum (KBr) of compound 15a. 

 

 
Figure S44. 1H NMR spectrum (400 MHz, DMSO-d6) of compound 15a. 

 

400500600700800900100011001200130014001500160017001800190020002200240026002800300032003400360038004000

cm-1

55

60

65

70

75

80

85

90

95

100

%T

3
4

3
5

.1
1

3
2

4
8

.4
1

3
1

1
3

.4
2

1
5

9
6

.9
2

1
5

1
3

.6
3

1
4

8
2

.0
4 1

4
3

8
.9

5

1
3

2
9

.8
1

1
3

0
6

.8
3

1
2

8
3

.8
6

1
2

0
0

.5
6

1
0

3
6

.8
5

1
0

1
9

.6
2

9
1

0
.4

8

8
4

4
.4

2

7
7

2
.6

1

7
0

9
.4

2

6
6

0
.6

0

5
5

7
.2

0

4
7

1
.0

3



 
 

 
Figure S45. 13C NMR spectrum (100 MHz, DMSO-d6) of compound 15a. 

 

 

4-(p-Tolyl)thiazol-2-amine (15b) 

 
Figure S46. Infrared spectrum (KBr) of compound 15b. 
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Figure S47. 1H NMR spectrum (400 MHz, DMSO-d6) of compound 15b. 

 

 
Figure S48. 13C NMR spectrum (100 MHz, DMSO-d6) of compound 15b. 

 
 
 
 
 
 
 
 
 
 



 
 

4-(4-Bromophenyl)thiazol-2-amine (15c) 

 
Figure S49. Infrared spectrum (KBr) of compound 15c. 

 

 

 

 
Figure S50. 1H NMR spectrum (500 MHz, DMSO-d6) of compound 15c. 
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Figure S51. 13C NMR spectrum (125 MHz, DMSO-d6) of compound 15c. 

 

4-(3-Nitrophenyl)thiazol-2-amine (15d) 

 
Figure S52. Infrared spectrum (KBr) of compound 15d. 
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Figure S53. 1H NMR spectrum (500 MHz, DMSO-d6) of compound 15d. 

 

 
Figure S54. 13C NMR spectrum (125 MHz, DMSO-d6) of compound 15d. 

 

 

 

 

 

 

 

 

 

 

 



 
 

N-(Arylthiazol-2-yl)-2-chloroacetamides (16a-16d) 
 
2-Chloro-N-(4-phenylthiazol-2-yl)acetamide (16a) 

 
Figure S55. 1H NMR spectrum (400 MHz, DMSO-d6) of compound 16a. 

 

 
Figure S56. 13C NMR spectrum (101 MHz, CDCl3) of the compound 16a. 

 
 
 
 
 
 
 
 



 
 

 

2-Chloro-N-(4-(p-tolyl)thiazol-2-yl)acetamide (16b) 

 
Figure S57. 1H NMR spectrum (400 MHz, DMSO-d6) of compound 16b. 

 
 

 
Figure S58. 13C NMR spectrum (101 MHz, CDCl3) of the compound 16b. 

 

 

 

 

 

 

 

 



 
 

 

N-(4-(4-Bromophenyl)thiazol-2-yl)-2-chloroacetamide (16c) 
 

 
Figure S59. 1H NMR spectrum (500 MHz, DMSO-d6) of compound 16c. 

 

 
Figure S60. 13C NMR spectrum (126 MHz, DMSO-d6) of the compound 16c. 

 

 

 

 

 

 

 

 



 
 

2-Chloro-N-(4-(3-nitrophenyl)thiazol-2-yl)acetamide (16d) 

 
Figure S61. 1H NMR spectrum (400 MHz, DMSO-d6) of compound 16d. 

 

 
Figure S62. 13C NMR spectrum (126 MHz, DMSO-d6) of the compound 16d. 

 

 

 

 

 

 

 

 

 

 



 
 

Final compounds 
 

 

2-oxo-2-((4-Phenylthiazol-2-yl)amino) piperate (17a) 

 
Figure S63. Infrared spectrum (KBr) of compound 17a.  

 

 
Figure S64. 1H NMR spectrum (400 MHz, DMSO-d6) of compound 17a. 
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Figure S65. 13C NMR spectrum (100 MHz, DMSO-d6) of compound 17a. 

 

 
Figure S66. HRMS (ESI) spectrum of the compound 17a. 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

2-oxo-2-((4-(p-Tolyl)thiazol-2-yl)amino)ethyl piperate (17b)  
 

 
Figure S67. Infrared spectrum (KBr) of compound 17b.  

 

 
Figure S68. 1H NMR spectrum (400 MHz, DMSO-d6) of compound 17b. 
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Figure S69. 13C NMR spectrum (100 MHz, DMSO-d6) of compound 17b. 

 

 
Figure S70. HRMS (ESI) spectrum of the compound 17b. 

 

 
 

 

 

 

 

 

 

 

 

 

 



 
 

2-((4-(4-Bromophenyl)thiazol-2-yl)amino)-2-oxoethyl piperate (17c) 
 

 
Figure S71. Infrared spectrum (KBr) of compound 17c.  

 

 
Figure S72. 1H NMR spectrum (500 MHz, DMSO-d6) of compound 17c.  
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Figure S73. 13C NMR spectrum (125 MHz, DMSO-d6) of compound 17c.  

 

 
Figure S74. HRMS (ESI) spectrum of the compound 17c. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

2-((4-(3-Nitrophenyl)thiazol-2-yl)amino)-2-oxoethyl piperate (17d) 

 
Figure S75. Infrared spectrum (KBr) of compound 17d.  

 

 
Figure S76. 1H NMR spectrum (400 MHz, DMSO-d6) of compound 17d.  

 



 
 

 
Figure S77. 13C NMR spectrum (125 MHz, DMSO-d6) of compound 17d.  

 

 

 
Figure S78. HRMS (ESI) spectrum of the compound 17d. 

 


