
1

Electronic Supplementary Material (ESI) for New Journal of Chemistry

Supporting Information

for

New azaheterocyclic aromatic diphosphonates for hybrid materials for fuel cell

applications

Fátima C. Teixeira,*a C. M. Rangela and António P. S. Teixeirab,c

a Laboratório Nacional de Energia e Geologia, I.P.,

Estrada do Paço do Lumiar, 22, 1649-038 Lisboa, Portugal

Fax: + 351 217 162 641, E-mail: fatima.teixeira@lneg.pt; carmen.rangel@lneg.pt

b Centro de Química de Évora & Departamento de Química, Escola de Ciências e

Tecnologia, Universidade de Évora, R. Romão Ramalho, 59, 7000-671 Évora, Portugal

c Centro de Química Estrutural, IST, Universidade Técnica de Lisboa, Av. Rovisco Pais,

1, 1049-001 Lisboa, Portugal

- 1H and 13C NMR spectra for 1-benzyl-4,7-dibromo-1H-benzimidazole 5 and 4,7-

dibromo-1-(tetrahydro-2H-pyran-2-yl)-1H-benzimidazole 6.

- 1H, 13C and 31P NMR spectra for tetraethyl benzo[c][1,2,5]thiadiazole-4,7-

diylbis(phosphonate) 10, tetraethyl (2,3-diamino-1,4-phenylene)bis(phosphonate) 11,

tetraethyl 1H-benzo[d]imidazole-4,7-diylbis(phosphonate) 9 and tetraethyl 1H-

benzo[d][1,2,3]triazole-4,7-diylbis(phosphonate) 12.

- 1H and 31P NMR spectra for tetraethyl 1H-benzo[d]imidazole-4,7-

diylbis(phosphonate) 9 in different solvents and concentrations.
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Figure S1. 1H NMR spectrum (400 MHz, CDCl3) of 1-benzyl-4,7-dibromo-1H-benzimidazole 5.

Figure S2. 13C NMR spectrum (100 MHz, CDCl3) of 1-benzyl-4,7-dibromo-1H-benzimidazole 5.
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Figure S3. 1H NMR spectrum (400 MHz, CDCl3) of 4,7-dibromo-1-(tetrahydro-2H-pyran-2-yl)-1H-

benzimidazole 6.

Figure S4. 13C NMR spectrum (100 MHz, CDCl3) of 4,7-dibromo-1-(tetrahydro-2H-pyran-2-yl)-1H-

benzimidazole 6.
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Figure S5. 1H NMR spectrum (400 MHz, CDCl3) of tetraethyl benzo[c][1,2,5]thiadiazole-4,7-

diylbis(phosphonate) 10.

Figure S6. 13C NMR spectrum (100 MHz, CDCl3) of tetraethyl benzo[c][1,2,5]thiadiazole-4,7-

diylbis(phosphonate) 10.
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Figure S7. 31P NMR spectrum (162 MHz, H3PO4/CDCl3) tetraethyl benzo[c][1,2,5]thiadiazole-4,7-

diylbis(phosphonate) 10.
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Figure S8. 1H NMR spectrum (400 MHz, CDCl3) of tetraethyl (2,3-diamino-1,4-

phenylene)bis(phosphonate) 11.

Figure S9. 13C NMR spectrum (100 MHz, CDCl3) of tetraethyl (2,3-diamino-1,4-

phenylene)bis(phosphonate) 11.
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Figure S10. 31P NMR spectrum (162 MHz, H3PO4/CDCl3) of tetraethyl (2,3-diamino-1,4-

phenylene)bis(phosphonate) 11.
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Figure S11. 1H NMR spectrum (400 MHz, CDCl3) of tetraethyl 1H-benzo[d]imidazole-4,7-

diylbis(phosphonate) 9.

Figure S12. 13C NMR spectrum (100 MHz, CDCl3) of tetraethyl 1H-benzo[d]imidazole-4,7-

diylbis(phosphonate) 9.
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Figure S13. 31P NMR spectrum (162 MHz, H3PO4/CDCl3) of tetraethyl 1H-benzo[d]imidazole-4,7-

diylbis(phosphonate) 9.
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Figure S14. 1H NMR spectrum (400 MHz, acetone-d6) of tetraethyl 1H-benzo[d]imidazole-4,7-

diylbis(phosphonate) 9.

Figure S15. 13C NMR spectrum (100 MHz, acetone-d6) of tetraethyl 1H-benzo[d]imidazole-4,7-

diylbis(phosphonate) 9.
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Figure S16. 31P NMR spectrum (162 MHz, H3PO4/ acetone-d6) of tetraethyl 1H-benzo[d]imidazole-4,7-

diylbis(phosphonate) 9.
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Figure S17. The 1) 1H NMR and 2) 31P NMR spectra of compound 9 in different solvents in 0.01M

solutions: (a) CD2Cl2, (b) CDCl3, (c) acetone-d6, (d) MeOD, (e) DMSO-d6.

Figure S18. The 1) 1H NMR and 2) 31P NMR spectra of compound 9 in CDCl3 for different

concentrations: (a) 0.1 M (after redissolution of the sample), (b) 0.1 M, (c) 0.05 M, (d) 0.01 M.
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Figure S19. The 1) 1H NMR and 2) 31P NMR spectra of compound 9 in acetone-d6 in different

concentrations: (a) 0.01M, (b) 0.1 M.

Figure S20. The 1) 1H NMR and 2) 31P NMR spectra of compound 9 in MeOD in different

concentrations: (a) 0.01M, (b) 0.1 M.
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Figure S21. 1H NMR spectrum (300 MHz, CDCl3) of tetraethyl 1H-benzo[d][1,2,3]triazole-4,7-

diylbis(phosphonate) 12.

Figure S22. 13C NMR spectrum (75 MHz, CDCl3) of tetraethyl 1H-benzo[d][1,2,3]triazole-4,7-

diylbis(phosphonate) 12.
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Figure S23. 31P NMR spectrum (162 MHz, H3PO4/ CDCl3) of tetraethyl 1H-benzo[d][1,2,3]triazole-4,7-

diylbis(phosphonate) 12.

Figure S24. 1H NMR spectrum (400 MHz, acetone-d6) of tetraethyl 1H-benzo[d][1,2,3]triazole-4,7-

diylbis(phosphonate) 12.
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Figure S25. 13C NMR spectrum (100 MHz, acetone-d6) of tetraethyl 1H-benzo[d][1,2,3]triazole-4,7-

diylbis(phosphonate) 12.

Figure S26. 31P NMR spectrum (162 MHz, H3PO4/ acetone-d6) of tetraethyl 1H-

benzo[d][1,2,3]triazole-4,7-diylbis(phosphonate) 12.
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