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Abstract: 1,5-disubstituted tetrazoles are valuable heterocyclic structures, present in many bioactive 

compounds and drugs. Additionally, organic azides are useful precursors for synthesizing of nitro-

gen-containing heterocycles. Isocyanide-based multicomponent reactions are efficient and versatile 

tools to synthesized heterocycles, in which orthogonal reagents can be included into components to 

increase its synthetic potential. We described a one-pot process to access 1,5-disubstituted tetrazoles 

functionalized with azides under mild conditions, which could be synthetic platforms for further 

post-transformations. 
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1. Introduction 

1,5-disubstituted tetrazoles (1,5-DS-1H-T) are bioisosteres of cis-amide bond which 

have contributed to decrease toxicity, increase potency, improve stability, selectivity, and 

pharmacokinetic properties in structural conformationally restricted peptidomimetics 

[1,2]. Additionally, they have been used as bident ligands, chelating agents, metal-organic 

framework precursors, bioimaging agents, energetic materials such as explosives, propel-

lants and pyrotechnics [3,4]. 

On the other hand, organic azides are energy-rich molecules became valuable build-

ing blocks in organic synthesis for constructing diverse nitrogen-containing heterocycles 

via intra- or intermolecular C-N and N-N bond formation [5]. 

 

Figure 1. Bioactive molecules containing 1,5-DS-1H-T scaffold and azide group. 

Isocyanide based multicomponent reactions have proven to be versatile synthetic 

tools for the synthesis of heterocycles, specifically the Ugi-azide reaction is the best tool 
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to access 1,5-DS-1H-T under mild conditions in which orthogonal reagents, such as 2-az-

idobenzaldehyde, can be included to increase its synthetic potential. 

The Ugi-azide reaction involve and aldehyde or ketone, an amine, an isocyanide and 

replaced the carboxylic acid used in the classical Ugi reaction by hydrazoic acid. In that 

the imine is protonated by hydrazoic acid and the remaining azide anion captures the 

intermediate nitrilium ion, leading to the formation of the final 1,5-DS-T. In the past, Ugi 

was using isolated hydrazoic acid in a benzene stock solution. Nowadays, trimethylsilyl 

azide is often used as safer alternative to azide source, generating hydrazoic acid in situ 

in protic solvents [6]. 

 

Scheme 1. Previous report of synthesis of 1,5-DS-1H-T functionalized with azides. 

In the present work, we developed a one-pot synthesis under mild conditions to ac-

cess functionalized 1,5-DS-1H-T which could be synthetic platforms for further post-trans-

formations. 

2. Results and Discussion 

The synthesis of 1,5-DS-1H-T (11a) was made via Ugi-azide reaction between 2-az-

idobenzaldehyde (7), aniline (8a), trimethylsilylazide (9) and cyclohexyl isocyanide (10a). 

In 2017, Gámez-Montaño reported the solvent-free Ugi-azide reaction [8], however further 

model proposed here wasn’t satisfactory. The reaction in MeOH at room temperature re-

sulted in good yields (Table 1, entries 1–2). 

Table 1. Screening conditions for the synthesis of molecule 11a. 

 

Entry Solvent Temperature Time Yield (%) 
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1 --- r.t. 12 h Traces 

2 MeOH r.t. 8 h 84 

In Scheme 2, a series of 1,5-DS-T (11a–d) is depicted, which was synthesized under 

the optimized conditions. The effect of electronic nature of the amine component was eval-

uated, employing aliphatic and aryl aliphatic isocyanides. Finally, products were obtained 

in good yields (83–87%). 

 

Scheme 2. Synthesis of 1,5-DS-T scope. 

3. Experimental Section 

3.1. General Information, Intrumentation and Chemicals 

1H and 13C NMR spectra were acquired on Bruker Advance III spectrometer (500 

MHz). The solvent used for NMR spectroscopy was deuterated chloroform (CDCl3). 

Chemical shifts (δ) are given in ppm relative to tetramethylsilane (TMS). Coupling con-

stants are reported in Hertz (Hz). Multiplicities of the signals are reported using standard 

abbreviations: singlet (s), doublet (d), triplet (t), quartet (q), and multiplet (m). NMR spec-

tra were analyzed using MestReNova software version 14.2.0-26256. Reaction progress 

was monitored by thin-layer chromatography (TLC) on pre-coated silica gel F254 alumi-

num sheets, and the spots were visualized under UV light at 254 nm. Column chromatog-

raphy was performed using silica gel (230–400 mesh) as stationary phase. Mixtures of hex-

anes and ethyl acetate were used as mobile phase for column chromatography and in TLC 

for reaction progress monitoring and measuring retention factors (Rf). All reagents were 

purchased from Sigma Aldrich and were used without purification. 

3.2. General Procedure 

In a sealed vial, 2-azidobenzaldehyde (7, 1.0 equiv.), amine (8a–b, 1.0 equiv.), trime-

thylsilylazide (9, 1.0 equiv.) and isocyanide (10a–b, 1.0 equiv.) were dissolved in MeOH 

(1.0 M) and stirred at room temperature for 8 h. The solvent was removed, and the crude 

was purified by flash chromatography using silica gel and mixtures of ethyl acetate in 

hexanes as mobile phase and silica gel as stationary phase to afford the corresponding 1,5-

disubstituted tetrazoles (11a–d). 

  



Chem. Proc. 2024, 6, x FOR PEER REVIEW 4 of 5 
 

 

3.3. Spectral Data 

 

N((2-azidophenyl)(1-cyclohexyl-1H-tetrazol-5-yl)methyl)aniline (11a) 

White solid, m.p. 163–165 °C, Rf = 0.58 (30% ethyl acetate in hexanes), 1H (500 MHz, CDCl3, 

25 °C, TMS): δ 7.50 (dd, J = 7.9, 1.5 Hz, 1H), 7.35 (t, J = 7.8 Hz, 1H), 7.22–7.10 (m, 4H), 6.76 

(t, J = 7.4 Hz, 1H), 6.68 (d, J = 7.9 Hz, 2H), 6.14 (d, J = 8.0 Hz, 1H), 5.05 (d, J = 8.0 Hz, 1H), 

4.47–4.39 (m, 1H), 2.10–1.94 (m, 3H), 1.92–1.82 (m, 2H), 1.79–1.72 (m, 1H), 1.58–1.52 (m, 

1H), 1.47–1.37 (m, 1H), 1.34–1.23 (m, 2H); 13C NMR (125 MHz, CDCl3) 154.6, 145.4, 137.2, 

130.2, 129.6, 129.1, 129.0, 126.1, 119.3, 118.2, 114.0, 58.4, 47.1, 33.0, 33.0, 25.6, 24.9. 

 

N((2-azidophenyl)(1-cyclohexyl-1H-tetrazol-5-yl)methyl)-4-methoxyaniline (11b) 

White solid, m.p. 153–155 °C, Rf = 0.50 (30% ethyl acetate in hexanes), 1H (500 MHz, CDCl3, 

25 °C, TMS): δ 7.48 (dd, J = 7.8, 1.5 Hz, 1H), 7.35 (t, J = 7.8 Hz, 1H), 7.18 (d, J = 8.0 Hz, 1H), 

7.14 (t, J = 7.6 Hz, 1H), 6.75 (d, J = 8.9 Hz, 2H), 6.66 (d, J = 8,9 Hz, 2H), 6.05 (d, J = 7.4 Hz, 

1H), 4.72 (d, J = 8.3 Hz, 1H), 4.44–4.35 (m, 1H), 3.71 (s, 3H), 2.08–1.98 (m, 3H), 1.90–1.81 (m, 

2H), 1.78–1.70 (m, 1H), 1.57–1.52 (m, 1H), 1.44–1.34 (m, 1H), 1.32–1.25 (m, 2H); 13C NMR 

(125 MHz, CDCl3) 154.7, 153.5, 139.4, 137.3, 130.2, 129.3, 128.9, 126.1, 118.2, 116.0, 115.1, 

58.3, 55.8, 48.4, 33.0, 33.0, 25.6, 24.9. 

 

N((2-azidophenyl)(1-benzyl-1H-tetrazol-5-yl)methyl)aniline (11c) 

White solid, m.p. 139–141 °C, Rf = 0.50 (30% ethyl acetate in hexanes), 1H (500 MHz, CDCl3, 

25 °C, TMS): δ 7.38 (dd, J = 7.8, 1.5 Hz, 1H), 7.34–7.28 (m, 4H), 7.13–7.07 (m, 6H), 6.75 (t, J 

= 7.3 Hz, 1H), 6.48 (d, J = 7.7 Hz, 2H), 6.03 (d, J = 8.6 Hz, 1H), 5.64 (d, J = 15.4 Hz, 1H), 5.56 

(d, J = 15.4 Hz, 1H), 4.67 (d, J = 8.6 Hz, 1H); 13C NMR (125 MHz, CDCl3) 155.4, 145.3, 137.6, 

133.1, 130.2, 129.5, 129.2, 129.0, 128.8, 128.2, 127.6, 125.8, 119.4, 118.4, 113.9, 51.4, 27.4.  
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N((2-azidophenyl)(1-benzyl-1H-tetrazol-5-yl)methyl)-4-methoxyaniline (11d) 

White solid, m.p. 142–144 °C, Rf = 0.38 (30% ethyl acetate in hexanes), 1H (500 MHz, CDCl3, 

25 °C, TMS): δ 7.39–7.27 (m, 5H), 7.15–7.04 (m, 4H), 6.68 (d, J = 8.9 Hz, 2H), 6.46 (d, J = 8.9 

Hz, 2H), 5.93 (d, J = 7.2 Hz, 1H), 5.62 (d, J = 15.4 Hz, 1H), 5.54 (d, J = 15.4 Hz, 1H), 4.41 (d, 

J = 8.8 Hz, 1H), 3.71 (s, 3H); 13C NMR (125 MHz, CDCl3) 155.5, 153.5, 139.3, 137.6, 133.2, 

130.1, 129.2, 129.0, 128.8, 128.3, 127.6, 125.7, 118.4, 115.9, 115.0, 55.7, 51.3, 48.6. 

4. Conclusions 

The present work contributes a novel green multicomponent one-pot synthesis of a 

series of 1,5-disubstituted-1H-tetrazoles functionalized with azides using mild conditions, 

which were obtained good overall yields (83–87%). 

The complex azides products have application as synthetic platforms to increase the 

synthetic potential of Ugi-azide strategy. 
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