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1. Detailed optimization of reaction conditions: 

Table S1:  Optimization of the condition of 1,3-diploar cycloaddition of 1a, phenylglyoxal 

monohydrate 2a with 4-methylbenzenesulfonohydrazide 3[a] 

 

Entry Temp./oC Base Sol. 
Time 

(min) 

Yield 

[%][b] 
d.r.[c] 

1 Room 

Temp. 

Cs2CO3 DMSO 20   80 >20:1 

2 Room 

Temp. 

K2CO3 DMSO 20 77 >20:1 

3 Room 

Temp. 

KOH DMSO 20 72 >20:1 

4 Room 

Temp. 

DBU DMSO 20 83 >20:1 

5 Room 

Temp. 

DMAP DMSO 20   45 n.d. 

6 Room 

Temp. 

Et3N DMSO 20 15 n.d. 

7 Room 

Temp. 

DBU EtOH 20 40 n.d. 

  8 Room 

Temp. 

DBU CH3CN 20 70 >20:1 

  9 Room 

Temp. 

DBU THF 20 62 >20:1 

  10 Room 

Temp. 

DBU DCM 20 46 n.d. 

[a] General reaction conditions: 1a (0.5 mmol),  2a (0.5 mmol), 3 (0.5 mmol), solvent (2.5 

mL). n. d.= no detected. [b] Isolated yields. [c] Determined by 1H NMR analysis.  
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Table S2:  Optimization of the reaction condition for the synthesis of 5a
[a] 

 

 

Entry Temp./oC Base Sol. 
Time 

(min) 

Yield 

[%][b] 

1 80 Cs2CO3 DMSO 20   70 

2 80 NaOH DMSO 20 85 

3 80 Na2CO3 DMSO 120 58 

4 80 DBU DMSO 120   62 

5 80 NaOH DMF 20 78 

6 80 NaOH EtOH 20 36 

  7 80 NaOH CH3CN 60 42 

  8 80 NaOH Dioxane 120 38 

  9 80 NaOH Toluene 120 25 

10 60 NaOH DMSO 60 35 

11 100 NaOH DMSO 20 81 

12 110 NaOH DMSO 20 78 

[a] General reaction conditions: 1a (0.5 mmol),  2a (0.5 mmol), 3 (0.5 mmol), solvent (2.5 

mL). [b] Isolated yields.  
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3. Copies of 
1
H NMR, 

13
C NMR and HRMS of 4 and 5 

 

Figure S1. The 1H NMR (600M Hz, CDCl3) of 4a.   

 

Figure S2. The 13C NMR (100M Hz, CDCl3) of 4a. 
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Figure S3. The 1H NMR (600M Hz, CDCl3) of 4b.  

 

Figure S4. The 13C NMR (100M Hz, CDCl3) of 4b. 
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Figure S5. The 1H NMR (400M Hz, CDCl3) of 4c.  

 

Figure S6. The 13C NMR (150M Hz, CDCl3) of 4c. 
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Figure S7. The 1H NMR (600M Hz, CDCl3) of 4d.  

 

Figure S8. The 13C NMR (150M Hz, CDCl3) of 4d. 
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Figure S9. The 1H NMR (600M Hz, CDCl3) of 4e. 

 

Figure S10. The 13C NMR(150M Hz, CDCl3) of 4e. 
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Figure S11. The 1H NMR (600M Hz, CDCl3) of 4f.  

 

Figure S12. The 13C NMR(150M Hz, CDCl3) of 4f. 
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Figure S13. The 1H NMR (600M Hz, CDCl3) of 4g.  

 

Figure S14. The 13C NMR(150M Hz, CDCl3) of 4g. 
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Figure S15. The 1H NMR (400M Hz, CDCl3) of 4h.  

 

Figure S16. The 13C NMR(100M Hz, CDCl3) of 4h. 
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Figure S17. The 1H NMR (400M Hz, CDCl3) of 4i.  

 

Figure S18. The 13C NMR(100M Hz, CDCl3) of 4i. 
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Figure S19. The 1H NMR (600M Hz, CDCl3) of 4j.  

 

Figure S20. The 13C NMR(150M Hz, CDCl3) of 4j. 
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Figure S21. The 1H NMR (600M Hz, CDCl3) of 4k.  

 

Figure S22. The 13C NMR(150M Hz, CDCl3) of 4k. 
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Figure S23. The 1H NMR (600M Hz, CDCl3) of 4l.  

 

Figure S24. The 13C NMR (150M Hz, CDCl3) of 4l. 
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Figure S25. The 1H NMR (600M Hz, CDCl3) of 4m.  

 

Figure S26. The 13C NMR (150M Hz, CDCl3) of 4m. 
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Figure S27. The 1H NMR (400M Hz, CDCl3) of 4n.  

 

Figure S28. The 13C NMR (100M Hz, CDCl3) of 4n. 
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Figure S29. The 1H NMR (400M Hz, CDCl3) of 4o.  

 

Figure S30. The 13C NMR (100M Hz, CDCl3) of 4o. 
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Figure S31. The 1H NMR (400M Hz, CDCl3) of 4p.  

 

Figure S32. The 13C NMR (100M Hz, CDCl3) of 4p. 
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Figure S33. The 1H NMR (600M Hz, CDCl3) of 4q.  

 

Figure S34. The 13C NMR (100M Hz, CDCl3) of 4q. 
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Figure S35. The 1H NMR (400M Hz, CDCl3) of 4r.  

 

Figure S36. The 13C NMR (100M Hz, CDCl3) of 4r. 
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Figure S37. The 1H NMR (400M Hz, CDCl3) of 4s.  

 

Figure S38. The 13C NMR (100M Hz, CDCl3) of 4s. 
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Figure S39. The 1H NMR (600M Hz, CDCl3) of 4t.  

 

Figure S40. The 13C NMR (150M Hz, CDCl3) of 4t. 
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Figure S41. The 1H NMR (600M Hz, DMSO-d6) of 4u.  

 

Figure S42. The 13C NMR (150M Hz, DMSO-d6) of 4u. 

N

CH3

O

NH

NPhOC

O

4u

N

CH3

O

NH

NPhOC

O

4u



 

S25 
 

Copies of 
1
H NMR and

13
C NMR Spectra of 5  

 

Figure S43. The 1H NMR (400M Hz, CDCl3) of 5a.  

 

Figure S44. The 13C NMR (100M Hz, CDCl3) of 5a. 
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Figure S45. The 1H NMR (600M Hz, CDCl3) of 5b.  

 

Figure S46. The 13C NMR (150M Hz, CDCl3) of 5b. 
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Figure S47. The 1H NMR (600M Hz, CDCl3) of 5c.  

 

Figure S48. The 13C NMR (100M Hz, CDCl3) of 5c. 
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Figure S49. The 1H NMR (400M Hz, CDCl3) of 5d.  

 

Figure S50. The 13C NMR (100M Hz, CDCl3) of 5d. 
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Figure S51. The 1H NMR (400M Hz, CDCl3) of 5e.  

 

Figure S52. The 13C NMR (100M Hz, CDCl3) of 5e. 
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Figure S53. The 1H NMR (600M Hz, CDCl3) of 5f.  

 

Figure S54. The 13C NMR (100M Hz, CDCl3) of 5f. 
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Figure S55. The 1H NMR (600M Hz, CDCl3) of 5g. 

 

Figure S56. The 13C NMR (100M Hz, CDCl3) of 5g. 
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Figure S57. The 1H NMR (400M Hz, CDCl3) of 5h.  

 

Figure S58. The 13C NMR (100M Hz, CDCl3) of 5h. 
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Figure S59. The 1H NMR (400M Hz, CDCl3) of 5i.  

 

Figure S60. The 13C NMR (100M Hz, CDCl3) of 5i. 
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Figure S61 The 1H NMR (600M Hz, CDCl3) of 5j.  

 

Figure S62. The 13C NMR (150M Hz, CDCl3) of 5j. 

5j

N

Bn

O

t-BuOOC

O

Cl

5j

N

Bn

O

t-BuOOC

O

Cl



 

S35 
 

 

Figure S63. The 1H NMR (400M Hz, CDCl3) of 5k.  

 

Figure S64. The 13C NMR (100M Hz, CDCl3) of 5k. 
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Figure S65. The 1H NMR (600M Hz, CDCl3) of 5l.  

 

Figure S66. The 13C NMR (150M Hz, CDCl3) of 5l. 
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Figure S67. The 1H NMR (600M Hz, CDCl3) of 5m.  

 

Figure S68. The 13C NMR (150M Hz, CDCl3) of 5m. 
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Figure S69. The 1H NMR (400M Hz, DMSO-d6) of 5n.  

 

Figure S70. The 13C NMR (100M Hz, DMSO-d6) of 5n. 
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Figure S71. The 1H NMR (600M Hz, CDCl3) of 5o.  

 

Figure S72. The 13C NMR (150M Hz, CDCl3) of 5o. 
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Figure S73. The 1H NMR (600M Hz, CDCl3) of 5p.  

 

Figure S74. The 13C NMR (100M Hz, DMSO-d6) of 5p. 
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Figure S75. The 1H NMR (600M Hz, CDCl3) of 5q.  

 

Figure S76. The 13C NMR (150M Hz, CDCl3) of 5q. 
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Figure S77. The 1H NMR (400M Hz, DMSO-d6) of 5r.  

 

Figure S78. The 13C NMR (150M Hz, DMSO-d6) of 5r. 
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HRMS spectra of 4 and 5 

 

Figure S79. The HRMS spectra of 4a. 

 

Figure S80. The HRMS spectra of 4b.  

 

Figure S81. The HRMS spectra of 4c.  
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Figure S82. The HRMS spectra of 4d.  

 

Figure S83. The HRMS spectra of 4e.  

 

 

Figure S84. The HRMS spectra of 4f.  
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Figure S85. The HRMS spectra of 4g.  

 

Figure S86. The HRMS spectra of 4h.  

 

 

Figure S87. The HRMS spectra of 4i.  
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Figure S88. The HRMS spectra of 4j.  

 

 

Figure S89. The HRMS spectra of 4k.  

 

 

Figure S90. The HRMS spectra of 4l.  
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Figure S91. The HRMS spectra of 4m.  

 

 

Figure S92. The HRMS spectra of 4n.  

 

 

Figure S93. The HRMS spectra of 4o.  
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Figure S94. The HRMS spectra of 4p.  

 

 

Figure S95. The HRMS spectra of 4q.  

 

 

Figure S96. The HRMS spectra of 4r.  
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Figure S97. The HRMS spectra of 4s.  

 

 

Figure S98. The HRMS spectra of 4t.  
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Figure S99. The HRMS spectra of 4u.  
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Figure S100. The HRMS spectra of 5a.  

 

Figure S101. The HRMS spectra of 5b.  

 

Figure S102. The HRMS spectra of 5c.  
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Figure S103. The HRMS spectra of 5d.  

 

 

Figure S104. The HRMS spectra of 5e.  

 

Figure S105. The HRMS spectra of 5f.  
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Figure S106. The HRMS spectra of 5g.  

 

 

Figure S107. The HRMS spectra of 5h.  
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Figure S108. The HRMS spectra of 5i.  

 

Figure S109. The HRMS spectra of 5j.  
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Figure S110. The HRMS spectra of 5k.  

 

 

Figure S111. The HRMS spectra of 5l.  

 

Figure S112. The HRMS spectra of 5m.  

 

5k

N

O

t-BuO2C

O

Bn

Br

5l

N

O

t-BuO2C

O

Bn
Br

5m

N

O

t-BuO2C

O

BnBr



 

S56 
 

 

Figure S113. The HRMS spectra of 5n.  

 

Figure S114. The HRMS spectra of 5o.  

 

Figure S115. The HRMS spectra of 5p.  
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Figure S116. The HRMS spectra of 5q.  

 

Figure S117. The HRMS spectra of 5r.  
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5. X-ray crystal structure of 4t and 5p. 

 
Figure S118. ORTEP diagram of the X-ray crystal structure of 4t. Platon plot of 4t (298 k) with 

thermal ellipsoids at the 50% probability level. 

 

Single crystal of compound 4t was obtained from the mixed petroleum ether and ethyl acetate 

(V/V, 5:1). CCDC 1551876 contains the supplementary crystallographic data which can be 

obtained free of charge from The Cambrige Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif. 

Crystal data. C31 H23 N3 O3, M = 485.52, monoclinic, a = 13.431(2) Å, b = 8.930(2) Å, c = 

21.363(4) Å, V = 2462.8(7) Å3.  

 

 

 

 

Figure S119. ORTEP diagram of the X-ray crystal structure of 5p. Platon plot of 5p (298 k) with 

thermal ellipsoids at the 50% probability level. 

 

Single crystal of compound 5p was obtained from the mixed petroleum ether and ethyl acetate 

(V/V, 2:1). CCDC 1551878 contains the supplementary crystallographic data which can be 

obtained free of charge from The Cambrige Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif. 

Crystal data. C21 H19 N O4, M = 349.37, triclinic, a = 8.481(2) Å, b = 8.527(2) Å, c = 13.607(3) Å, 

V = 893.2(4) Å3.  
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