
New Journal of Chemistry 

 

Supporting Information 

 

Atmospheric CO2 Promoted Synthesis of N-Containing Heterocycles 

over B(C6F5)3 Catalyst 

Xiang Gao, Bo Yu, Qingqing Mei, Zhenzhen Yang, Yanfei Zhao, Hongye Zhang, Leiduan Hao, Zhimin Liu* 

 

 

 

Beijing National Laboratory for Molecular Sciences, Key Laboratory of Colloid, Interface and Chemical 

Thermodynamics, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190, China. Fax: 

8610-62562821; E-mail: liuzm@iccas.ac.cn. 

 

 

 

 

 

This file includes: 

1． NMR spectrums of N,N-dimethylformamide (DMF) and B(C6F5)3, Figure S1 

2． GC-MS analysis data, Figure S2 

3． 
1
H and 

13
C NMR spectra of the products, Figure S3-S33 

4.  References 

  

Electronic Supplementary Material (ESI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2016

mailto:liuzm@iccas.ac.cn


1. NMR spectrums of N,N-dimethylformamide (DMF) and B(C6F5)3, Figure S1 
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Figure S1. 
1
H,

 13
C, 

11
B and 

19
F NMR spectrums of N,N-dimethylformamide (DMF) before and after mixing with 

B(C6F5)3, (molar ratio 4:1, 298 K, C6D6 for 
1
H,

 13
C NMR, CDCl3 for 

11
B,

 19
F NMR). 
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2. GC-MS analysis data 

 

1) <<Target>> 

Line#: 1  R. Time:1.242 (Scan#:138)  MassPeaks:23  BasePeak:28.00(587886)  RawMode: single 1.242(138)  

 

Hit#: 7  Entry:42  Library: NIST14.lib  SI:76  Formula:CO2  CAS:124-38-9  Mol Weight:44  RetIndex:0 

 

2) <<Target>> 

Line#: 2  R. Time: 1.325 (Scan#:148)  MassPeaks:21  BasePeak: 58.10(37491)  RawMode: single 1.325(148) 

 

Hit#: 1  Entry: 132  Library: NIST14.lib  SI:92  Formula: C3H9N  CAS: 75-50-3  Mol Weight:59  RetIndex:369 
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3) <<Target>> 

Line#: 3  R. Time: 1.333 (Scan#:149)  MassPeaks:27  BasePeak: 44.05(315851)  RawMode: single 1.333(149)  

 

Hit#: 1  Entry:51  Library: NIST14.lib  SI:96  Formula: C2H7N  CAS: 124-40-3  Mol Weight:45  RetIndex:419 

 

4) <<Target>> 

Line#: 4  R. Time: 3.242 (Scan#:378)  MassPeaks: 106  BasePeak: 91.15(7538539)  RawMode: averaged 3.233-3.250(377-379)  

 

Hit#: 1  Entry: 1268  Library: NIST14s.lib  SI: 95  Formula: C7H8  CAS: 108-88-3  Mol Weight:92  RetIndex:794 

 

5) <<Target>> 

Line#: 5  R. Time: 3.383 (Scan#:395)  MassPeaks: 43  BasePeak: 73.10(6317680)  RawMode: averaged 3.375-3.392(394-396)  

 

Hit#: 1  Entry: 400  Library: NIST14s.lib  SI: 96  Formula: C3H7NO  CAS: 68-12-2  Mol Weight: 73  RetIndex: 557 

 



6) <<Target>> 

Line#: 6  R. Time: 10.942 (Scan#:1302)  MassPeaks: 111  BasePeak: 135.10(3476394)  RawMode: averaged 

10.933-10.950(1301-1303)  

 

Hit#: 1  Entry: 6421  Library: NIST14s.lib  SI: 96  Formula: C7H5NS  CAS: 95-16-9  Mol Weight: 135  RetIndex: 1208 

 

Figure S2. GC-MS spectrum of the reaction solution in toluene. Reaction conditions: 2-aminothiophenol (0.5 

mmol), B(C6F5)3 (5 mol%), Et2SiH2 (2 mmol), DMF (1 mL), CO2 (0.1 MPa), 120 
o
C, 15 h. 

  



3. 
1
H and 

13
C NMR spectra of the products, Figure S3-S33 

 

 

 

 

Figure S3. 
1
H NMR and 

13
C NMR spectra of benzothiazole (1a) 

 

 

 



 

 

 

 

Figure S4. 
1
H NMR and 

13
C NMR spectra of 5-methylbenzothiazole (1b) 

 

 

 



 

 

 

 

Figure S5. 
1
H NMR and 

13
C NMR spectra of 5-methoxybenzothiazole (1c) 

 

 

 



 

 

 

 

Figure S6. 
1
H NMR and 

13
C NMR spectra of 6-methoxybenzothiazole (1d) 

 

 

 



 

 

 

 

Figure S77. 
1
H NMR and 

13
C NMR spectra of 5-ethoxybenzothiazole (1e) 

 

 

 



 

 

 

 

Figure S8. 
1
H NMR and 

13
C NMR spectra of 5-fluorobenzothiazole (1f) 

 

 

 



 

 

 

 

Figure S9. 
1
H NMR and 

13
C NMR spectra of 5-chlorobenzothiazole (1g) 

 

 

 



 

 

 

 

Figure S10. 
1
H NMR and 

13
C NMR spectra of 6-chlorobenzothiazole (1h) 

 

 

 



 

 

 

 

Figure S11. 
1
H NMR and 

13
C NMR spectra of 5-bromobenzothiazole (1i) 

 

 

 

 

 



 

 

 

 

 

Figure S12. 
1
H NMR and 

13
C NMR spectra of 5-nitrobenzothiazole (1j) 

 

 

 

 



 

 

 

 

Figure S13. 
1
H NMR and 

13
C NMR spectra of benzimidazole (2a) 

 

 

 

 



 

 

  

 

Figure S14. 
1
H NMR and 

13
C NMR spectra of 6-methylbenzimidazole (2b) 

 

 

 

 

 



 

 

 

 

Figure S15. 
1
H NMR and 

13
C NMR spectra of 7-methylbenzimidazole (2c) 

 

 

 

 

 



 

 

 

 

Figure S16. 
1
H NMR and 

13
C NMR spectra of 5, 6-dimethylbenzimidazole (2d) 

 

 

 

 

 



 

 

 

 

Figure S17. 
1
H NMR and 

13
C NMR spectra of 6-methoxybenzimidazole (2e) 

 

 

 

 

 



 

 

 

 

Figure S18. 
1
H NMR and 

13
C NMR spectra of 5-fluorobenzimidazole (2f) 

 

 

 

 

 



 

 

 
 

Figure S19. 
1
H NMR and 

13
C NMR spectra of 5-chlorobenzimidazole (2g) 

 

 

 

 



 

 

 

 

Figure S20. 
1
H NMR and 

13
C NMR spectra of 5, 6-dichlorobenzimidazole (2h) 

 

 

 

 

 



 

 

 

 

Figure S21. 
1
H NMR and 

13
C NMR spectra of 5-bromobenzimidazole (2i) 

 

 

 

 

 



 

 

 

 

Figure S22. 
1
H NMR and 

13
C NMR spectra of 5-nitrobenzimidazole (2j) 

 

 

 



 

 

 

 

Figure S23. 
1
H NMR and 

13
C NMR spectra of 5-trifluoromethylbenzimidazole (2k) 

 

 

 

 



 

 

 

 

Figure S24. 
1
H NMR and 

13
C NMR spectra of methyl benzimidazole-5-carboxylate (2l) 

 

 

 

 

 



 

 

 

 

Figure S25. 
1
H NMR and 

13
C NMR spectra of etheyl benzimidazole-5-carboxylate (2m) 

 

 

 

 



 

 

 

 

Figure S26. 
1
H NMR and 

13
C NMR spectra of 5-benzoylbenzimidazole (2n) 

 

 



 

 

 

 

Figure S27. 
1
H NMR and 

13
C NMR spectra of N-methylbenzimidazole (2o) 

 

 

 

 

 



 

 

 

 

Figure S28. 
1
H NMR and 

13
C NMR spectra of N-phenylbenzimidazole (2p) 

 

 



 

 

 

 

Figure S29. 
1
H NMR and 

13
C NMR spectra of 4-azabenzimidazole (2q) 

 

 

 

 

 



 

 

 

 

Figure S30. 
1
H NMR and 

13
C NMR spectra of 5-azabenzimidazole (2r) 

 

 

 

 

 



 

 

 

 

Figure S31. 
1
H NMR and 

13
C NMR spectra of 5-azabenzimidazole (2s) 

 

 

 

 

 



 

 

 

 

Figure S32. 
1
H NMR and 

13
C NMR spectra of quinazolinone benzoxazole (3a) 

 

 

 

 

 



 

 

 

 

Figure S33. 
1
H NMR and 

13
C NMR spectra of benzoxazole (4a) 
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