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Abstract 
Benzotriazole-1-carboxamide is a new efficient reagent for the preparation of mono- and N,N-
disubstituted ureas. The title ureas 3 were obtained from benzotriazole-1-carboxamide with 
primary and secondary aliphatic amines and p-anisidine under mild conditions with simple 
purification in isolated yields of 61–96%. The procedure developed is suitable for solid-phase 
work. 
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Introduction 
 
The urea functionality is a key structural element of many biologically active compounds such as 
enzyme inhibitors1 and peptidomimetics.2 Some compounds containing the urea functionality 
possess neuroprotective activity,3 are tachykinin NK3 selective antagonists,4,5 show significant 
activity as neuropeptide Y1-selective receptor antagonist,6 and have many other applications. 

Recently, there have been extensive investigations into synthetic approaches to solid-
supported ureas for the preparation of libraries of compounds with potential biological 
activities.7 However, no reports of solid-phase work have described the preparation of mono- or 
N,N-disubstituted ureas. 

Preparative routes to urea derivatives have been summarized.8 Mono- or N,N-disubstituted 
ureas have been prepared, (i), by the reaction of unsubstituted urea with alkylamines or their 
hydrochloride salts, with the loss of ammonia or ammonium halide, to yield the expected 
substituted ureas, which in some cases may be contaminated with N,N'-disubstituted 
derivatives;8,9 (ii), by aminolysis of isonitriles10 or cyanamides;11 (iii), by conversion of nitrourea 
into substituted ureas by the action of amines;12 (iv), from the reaction of alkali metal cyanates 
with amines to form ureas;13 and, (v), by reductive alkylation by which substituents may be 
introduced into ureas.8,14 The above-mentioned methods usually provide moderate to good yields 
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of the desired products; however, the toxic reagents and relatively harsh conditions required 
renders them unsuitable, in particular, for solid-phase work. Therefore, practical methods of 
obtaining urea-containing compounds are of great interest in the lead-optimization process of 
drug discovery. We now report on benzotriazole-1-carboxamide as a new convenient reagent for 
the preparation of mono- and N,N-disubstituted ureas. 

 
 

Results and Discussion 
 
The key compound, benzotriazole-1-carboxylic acid amide 2 was prepared by hydrolysis of 1-
cyano-benzotriazole 1 with hydrogen peroxide. The 1-cyanobenzotriazole 1 was prepared by a 
previously published procedure.15 Attempts to hydrolyze 1-cyanobenzotriazole 1 using, (i), 
hydrogen peroxide in DMSO in the presence of a catalytic amount of potassium carbonate,16 or 
(ii), hydrogen peroxide in CH2Cl2 in the presence of a solution of 20% sodium hydroxide with 
tetrabutylammonium sulfate as a phase-transfer catalyst,17 failed. The conditions that were found 
appropriate for the conversion of cyanobenzotriazole 1 into the desired compound 2 are as 
follows: hydrogen peroxide, CH2Cl2, room temperature, and tetrabutylammonium hydrogen 
sulfate as a catalyst (Scheme 1). 

Reaction of compound 2 with an appropriate amine gave the desired mono- or N,N-
disubstituted ureas 3 (Scheme 1, Table 1). Alkyl- and dialkyl amines gave the desired ureas 3b–g 
in 88–96% yield. The reactions were performed at room temperature for 12–16h. Purification of 
the final ureas is simple: the reaction mixture was merely treated with dry potassium carbonate in 
order to remove benzotriazole. The pure ureas were obtained after filtration, evaporation of 
solvent, and recrystallization. Reactions of 2 succeeded with the hindered diisopropylamine, and 
the desired N,N-di-isopropylurea 3g was obtained in 91% yield under the same mild conditions. 

Attempts to prepare arylureas failed, except for 4-methoxyaniline which gave the desired 4-
methoxyphenylurea 3a in 61% yield. Its participation in the reaction is possibly due to the 
presence of a strong electron-donating group, which increases the nucleophilicity of 4-anisidine; 
the preparation of 3a required two moles of compound 2. In this case, equimolar amounts of 
anisidine and benzotriazole-1-carboxylic acid amide 2 were mixed together in dry THF and 
allowed to react under reflux overnight; but only after a second equivalent of 2 had been added 
did the anisidine completely react (TLC control). Addition of a base decomposes the excess of 2 
and removes benzotriazole from the reaction mixture. Pure compound 3a was obtained after 
evaporation of solvent and recrystallization. 
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Scheme 1 
 
Table 1. Preparation of mono- or N,N-disubstituted ureas 3a–g 

Entry R1 R2 Yield, % 
3a MeOC6H4- H- 61 
3b C6H5CH2- H- 93 
3c C6H5CH2CH2- H- 88 
3d C5H11- H- 88 
3e C4H9- C4H9- 94 
3f C6H5CH2- C6H5CH2- 96 
3g (CH3)2CH- (CH3)2CH- 91 

 
We have extended the use of benzotriazole-1-carboxylic acid amide 2 to the solid-phase 

preparation of substituted ureas. Wang’s resin-linked secondary amine 4, prepared according to a 
published procedure,18 was reacted with benzotriazole-1-carboxylic acid amide 2 for 12h. 
Analysis of the residue obtained after the cleavage showed the formation of the urea 5 (Scheme 
2, Figures 1, 2, see Supplemental Materials). Compound 5 was obtained in 63% yield after the 
purification by column chromatography on silica. Longer reaction time (24 h) decreased the 
yield of desired compound 5 to 30%.  
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Scheme 2 
 
 
Conclusions 
 
Mono- and N,N-disubstituted ureas 3a–g were obtained in 61–96% yields from benzotriazole-1-
carboxylic acid amide 2 in the reaction with primary and secondary aliphatic amines and p-
anisidine. The desired ureas 3a–g were obtained under mild conditions with simple purification. 
The procedure developed is suitable for solid-phase work. 
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Experimental Section 
 
General Procedures. Melting points were determined using a Fluka 51 capillary melting point 
apparatus equipped with a digital thermometer. 1H- and 13C- NMR spectra were recorded on a 
Gemini 300 MHz NMR spectrometer (300- and 75 MHz, respectively). Tetrahydrofuran (THF) 
was distilled from sodium/benzophenone under nitrogen immediately before use. Column 
chromatography was conducted with silica gel, grade 230–400 mesh (for compound 5). All other 
reagents were of reagent grade and were used without purification. 

 
1-Cyano-1H-benzotriazole (1). Benzotriazole (5.96 g, 50 mmol) was dissolved in dry THF 
(100 ml) with stirring. Sodium hydride (60% in mineral oil, 2.20 g, 55 mmol) was added to the 
solution at 0–5 °C. The mixture was allowed to react at the same temperature for 30 min. A 
solution of cyanogen bromide (5.82 g, 55 mmol) in dry THF (25 ml) was added rapidly to this 
vigorously stirred solution of sodium benzotriazole, and was allowed to react at ambient 
temperature for an additional 1.5 h. The precipitate obtained was filtered off and washed with 
THF. Evaporation of THF from the filtrate afforded a solid which was sublimed on Kugelrohr 
apparatus (200–250 °C, 0.1mm/Hg) to give the desired product as off-white microcrystals 
(6.45 g, 90%), m.p. 74–76°C (lit. m.p.15 74–76 °C); 1H NMR (CDCl3) δ 7.58–7.68 (m, 1H), 
7.76–7.87 (m, 2H), 8.23 (d, J = 8.4 Hz, 1H); 13C NMR (CDCl3) δ 103.8, 109.6, 121.5, 126.9, 
131.6, 132.7, 143.4. 
1H-Benzotriazole-1-carboxylic acid amide (2). A solution of hydrogen peroxide (30%, 
6.35 ml, 56 mmol) was added in small portions (0.8 mL each hour) over an 8 h period to a stirred 
mixture of 1-cyano-1H-benzotriazole (1.0 g, 7 mmol) and tetrabutylammonium hydrogensulfate 
(3.56 g, 10.5 mmol) in DCM (3 ml) at 0 °C. The reaction mixture was allowed to warm to room 
temperature after addition of each portion. The white solid obtained was filtered off, washed with 
DCM and dried to give pure product as white microcrystals (0.9 g, 79%), m.p. 160–161 °C (lit.19 
m.p. 160–162 °C); 1H NMR (DMSO-d6) δ 7.52 (t, J = 7.7 Hz, 1H), 7.68 (t, J = 7.7 Hz, 1H), 8.17 
(d, J = 8.2 Hz, 1H), 8.18 (d, J = 8.2 Hz, 1H), 8.27 (br. s, 1H), 8.59 (br. s, 1H); 13C NMR (DMSO-
d6) δ 113.8, 119.8, 125.5, 129.9, 131.4, 145.6, 150.0.  
4-Methoxyphenylurea (3a). p-Anisidine (0.25 g, 2.0 mmol) was added to a solution of 1H-
benzotriazole-1-carboxamide 2 (0.32g, 2.0 mmol) in THF (10 mL). The mixture was allowed to 
react under reflux for 24 h. Further 1H-benzotriazole-1-carboxamide 2 (0.32g, 2.0 mmol) was 
added and the reaction mixture heated under reflux for an additional 72h. The reaction’s progress 
was monitored by TLC. Upon completion, the reaction mixture was cooled, dry K2CO3 (2 g) was 
added, and the mixture stirred for 5–6 hours. The reaction mixture was filtered through Celite 
545–silica gel to remove K2CO3, and then concentrated under reduced pressure. The crude 
residue was purified by recrystallization from propan-2-ol to give the desired urea 3a as white 
needles (0.20 g, 61%, m.p. 168–169 °C; lit. m.p.20 170 °C. 1H NMR (DMSO-d6) δ3.69 (s, 3H), 
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5.74 (br. s, 2H), 6.80 (d, J = 8.9 Hz, 2H), 7.28 (d, J = 8.9 Hz, 2H), 8.36 (br. s, 1H); 13C NMR 
(DMSO-d6) δ 55.1, 113.8, 119.5, 133.7, 153.9, 156.2.  
 
General procedure for the preparation of substituted ureas 3b–g 
The appropriate amine (1.0 mmol) was added to a solution of 1H-benzotriazole-1-carboxamide 2 
(0.16 g, 1.0 mmol) in THF (5 mL). The mixture was allowed to react at room temperature for 48 
hours, the reaction being monitored by TLC. Upon completion of the reaction, dry K2CO3 was 
added and the mixture was stirred for 5–6 hours. The reaction mixture was filtered through Celite 
545–silica gel to remove K2CO3, then concentrated under reduced pressure. The crude ureas 
were purified by recrystallization (except 3e) from an appropriate solvent to give the desired 
products 3b–g. Compound 3e was obtained in satisfactory purity without additional purification 
(see Figures 3,4). 
Benzylurea (3b). Colorless needles (2-propanol), m.p. 148–149 °C (lit. m.p.21 148–149 °C); 1H 
NMR (DMSO-d6) δ 4.17 (d, J = 5.9 Hz, 2H), 5.54 (br. s, 2H), 6.41 (br. t, J = 5.9 Hz, 1H), 7.16–
7.38 (m, 5H); 13C NMR (DMSO-d6) δ 42.8, 126.5, 127.0, 128.2, 141.0, 158.7. 
Phenethylurea (3c). White microcrystals (benzene), m.p. 110–111 °C (lit. m.p.22 112 °C); 1H 
NMR (acetone-d6) δ 2.76 (t, J = 7.2 Hz, 2H), 3.25–3.42 (m, 2H), 5.16 (br. s, 2H), 5.74 (br. s, 
1H), 7.12–7.33 (m, 5H); 13C NMR (acetone-d6) δ 37.5, 42.4, 126.9, 129.2, 129.7, 141.0, 159.6.  
n-Pentylurea (3d). Colorless needles (benzene), m.p. 99 °C (lit. m.p.23 99.5 °C); 1H NMR 
(DMSO-d6) δ 0.86 (t, J = 6.4 Hz, 3H), 1.12–1.42 (m, 6H), 2.93 (q, J = 6.4 Hz, 2H), 5.37 (br. s, 
2H), 5.91 (br. s, 1H); 13C NMR (DMSO-d6) δ 14.0, 21.9, 28.7, 29.7, 39.2, 158.8. 
N,N-Di-n-butylurea (3e). Colorless oil;24 1H NMR (CDCl3) δ 0.93 (t, J = 7.3 Hz, 6H), 1.31 
(sextet, J = 7.5 Hz, 4H), 1.46–1.62 (m, 4H), 3.18 (t, J = 7.5 Hz, 4H), 5.00 (br. s, 2H); 13C NMR 
(CDCl3) δ 13.7, 20.0, 30.4, 47.1, 158.7. 
N,N-Dibenzylurea (3f). White needles (2-propanol), m.p. 125–126°C (lit. m.p.21 125 °C); 1H 
NMR (DMSO-d6) δ 4.47 (s, 4H), 4.88 (br. s, 2H), 7.187.39 (m, 10H); 13C NMR (DMSO-d6) δ 
50.2, 127.1, 127.4, 128.7, 137.2, 159.5.  
N,N-Diisopropylurea (3g). Colorless prisms (hexanes), m.p. 105–106 °C (lit. m.p.25 103–
104 °C); 1H NMR (CDCl3) δ 1.25 (d, J = 6.9 Hz, 12H), 3.89 (septet, J = 6.9 Hz, 2H), 4.70 (br. s, 
2H); 13C NMR (CDCl3) δ 21.1, 45.3, 158.0. 
N-(4-Hydroxybenzyl)-N-phenethylurea (5). A resin-bound amine 4 (0.89 mmol/g), prepared 
by a previously published procedure,18 was placed in a solution of 1H-benzotriazole-1-
carboxamide 2 (10 eq, conc. 0.25 mmol/mL) in THF and allowed to react for 12–14 h at room 
temperature. The resin was separated and washed successively several times with THF, CH2Cl2 
and MeOH (5mL of solvent was used for each 100 mg of resin). The resin was dried in vacuum 
during 14 h and cleaved with a 20% solution of TFA in CH2Cl2 for 30 min. The residue obtained 
after the removal of solvents was purified by gradient column chromatography (chloroform to 
chloroform/methanol, 20/1) to give the urea 5 in 63% yield, as white microcrystals, m.p. 177–
178 oC. The 1H NMR in CDCl3 and DMSO-d6 showed a mixture of rotamers (Figures 1 and 2, 
see Supplemental Materials). The composition and purity of 5 were confirmed by combustion 
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analysis. Anal. Calcd for C16H18N2O2: C, 71.09; H, 6.71; N, 10.36. Found: C, 71.09; H, 6.93; N, 
10.59%. 
 
 
References 
 
1. Decicco, C. P.; Seng, J. L.; Kennedy, K. E.; Covington, M. B.; Welch, P. K.; Arner, E. C.; 

Magolda, R. L.; Nelson, D. J. Bioorg. Med. Chem. Lett.  1997, 7, 2331. 
2. Kruijtzer, J. A. W.; Lefeber, D. J.; Liskamp, R. M. J.  Tetrahedron Lett. 1997, 38, 5335. 
3. Di Fabio, R.; Conti, N.; De Magistris, E.; Feriani, A.; Provera, S.; Sabbatini, F. M.; 

Reggiani, A.; Rovatti, L.; Barnaby, R. J. J. Med. Chem. 1999, 42, 3486. 
4. Boden, P.; Eden, J. M.; Hodgson, J.; Horwell, D. C.; Howson, W.; Hughes, J.; McKnight, A. 

T.; Meecham, K.; Pritchard, M. C.; Raphy, J.; Ratcliffe, G. S.; Suman-Chauhan, N.; 
Woodruff, G. N. Bioorg. Med. Chem. Lett. 1994, 4, 1679. 

5. Boden, P.; Eden, J. M.; Hodgson, J.; Horwell, D. C.; Pritchard, M. C.; Raphy, J.; Suman-
Chauhan, N. Bioorg. Med. Chem. Lett. 1995, 5, 1773. 

6. Wieland, H. A.; Engel, W.; Eberlein, W.; Rudolf, K.; Doods, H. N. Br. J. Pharmacol. 1998, 
125, 549. 

7. (a) Nieuwenhuijzen, J. W.; Conti, P. G. M.; Ottenheijm, H. C. J.; Linders, J. T. M. 
Tetrahedron Lett. 1998, 39, 7811. (b) Phoon, C. W.; Sim, M. M. Synlett 2001, 697. (c) 
Huang, K.-T.; Sun, C.-M. Bioorg. Med. Chem. Lett. 2001, 11, 271. (d) Hutchins, S. M.; 
Chapman, K. T. Tetrahedron Lett. 1994, 35, 4055. (e) Xiao, X.-Y; Ngu, K.; Chao, C.; Patel, 
D. V. J. Org. Chem. 1997, 62, 6968. (f) Wang, G. T.; Chen, Y.; Wang, S.; Sciotti, R.; 
Sowin, T. Tetrahedron Lett. 1997, 38, 1895. (g) Raju, B.; Kassir, J. M.; Kogan, T. P. Bioorg. 
Med. Chem. Lett. 1998, 8, 3043. (h) Scialdone, M. A.; Shuey, S. W.; Soper, P.; Hamuro, Y.; 
Burns, D. M. J. Org. Chem. 1998, 63, 4802. (i) Dressman, B. A.; Singh, U.; Kaldor, S. W. 
Tetrahedron Lett. 1998, 39, 3631. (j) Brase, S.; Dahmen, S.; Pfefferkorn, M. J. Comb. 
Chem. 2000, 2, 710. 

8. Hegarty, A. F.; Drennan, L. J. In Comprehensive Organic Functional Group 
Transformations; Gilchrist, T. L., Ed.; Pergamon Press: Oxford, 1995; Vol. 6, p 499. 

9. Cavalieri, L. F.; Blair, V. E.; Brown, G. B. J. Am. Chem. Soc. 1948, 70, 1240. 
10. Sawai, H.; Takizawa, T. Tetrahedron Lett. 1972, 42, 4263. 
11. Schreiber, J.; Witkop, B. J. Am. Chem. Soc. 1964, 86, 2441. 
12. Yoneda, F.; Tanaka, K.; Yamato, H.; Moriyama, K.; Nagamatsu, T. J. Am. Chem. Soc. 1989, 

111, 9199. 
13. Kehm, B. B.; Whitehead, C. W. Org. Synth. 1963, Coll. Vol. IV, 515. 
14. Xu, D.; Ciszewski, L.; Li, T.; Repic, O.; Blacklock, T. J. Tetrahedron Lett. 1998, 39, 1107. 
15. Katritzky, A. R.; Brzezinski, J. Z.; Lam, J. N. Rev. Roum. Chim. 1991, 36, 573. 
16. Katritzky, A. R.; Pilarski, B.; Urogdi, L. Synthesis 1989, 949. 
17. Cacchi, S.; Misiti, D.; La Torre, F. Synthesis 1980, 243. 

ISSN 1551-7012 Page 13 ©ARKAT USA, Inc 



Issue in Honor of Prof. Keiichiro Fukumoto ARKIVOC 2003(viii) 8-14 

18. Katritzky, A. R.; Rogovoy, B. V.; Vvedensky, V.; Kovalenko, K.; Forood, B. J. Comb. 
Chem. 2002, 4, 290. 

19. Katritzky, A. R.; Wu, J.; Wrobel, L.; Rachwal, S.; Steel, P. J. Acta Chem. Scand. 1993, 47, 
167. 

20. Kawashima, E.; Ando, Y.; Takada, T.; Tabei, K. Heterocycles 1987, 26, 181. 
21. Neville, R. G.; McGee, J. J. Can. J. Chem. 1963, 41, 2123. 
22. Ishii, A.; Kotani, T.; Nagaki, Y.; Shibayama, Y.; Toyomaki, Y.; Okukado, N.; Ienaga, K.; 

Okamoto, K. J. Med. Chem. 1996, 39, 1924. 
23. Grout, R. J.; Partridge, M. W. J. Chem. Soc. 1960, 3540. 
24. Lappert, M. F.; Pyszora, H. J. Chem. Soc. 1963, 1744. 
25. Malik, A.; Afza, N.; Siddiqui, S. Z. Naturforsch. B: Chem. Sci. 1982, 37B, 512. 

 

ISSN 1551-7012 Page 14 ©ARKAT USA, Inc 


