
 

 1 

Diisopropyl Ethylammonium Acetate (DIPEAc): An Efficient and Recyclable 

Catalyst for the Rapid Synthesis of 5-Substituted-1H-Tetrazoles 

 
Manisha R. Bhosle1, Dastgir S. Shaikh1, Lalit D. Khillare1, Amarsinh R. Deshmukh1, 

Ramrao A. Mane1 
 

1Department of Chemistry, Dr. Babasaheb Ambedkar Marathwada University, 

Aurangabad, Maharashtra, India 
 

Corresponding to author: Ramrao A. Mane. E-mail: d.manisha11@gmail.com 
 

Abstract 

A simple and efficient protocol developed for the synthesis of 5-substituted 1H-tetrazole 

derivatives via [2+3] cycloaddition reaction between benzonitriles and sodium azide 

using diisopropyl ethylammonium acetate as a recyclable reaction medium is described. 

The reactions proceed well at 80 ºC and provide the corresponding tetrazoles in good to 

excellent yields (up to 94% yield). Developed method has notable advantages, such as 

simple and mild conditions, easy workup, reusability with consistent catalytic activity 

and safer alternative to hazardous, corrosive conventional lewis acid catalysts. 
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INTRODUCTION 

 Tetrazoles and their derivatives are very important nitrogen containing 

heterocycles which exhibit wide range of applications in the field of organic synthesis, 

coordination chemistry, material science and medicinal chemistry.[1] The tetrazole ring, 

particularly, 5-substituted-1H-tetrazole, known as tetrazolic acid is widely employed in 

medicinal chemistry as a bioisostere for carboxylic acid group.[2] The compounds having 

tetrazole building block in their molecular frame work, possess various biological and 

pharmacological activities, such as antidiabetic,[3] antihypertensive,[4] antifungal,[5] 

antimicrobial,[6] antibacterial,[7] anti-inflammatory,[8] hormonal,[9] anti HIV[10] and 

diuretics.[11] Additionally Several biologically relevant scaffolds incorporating a tetrazole 

moiety have been developed as pharmaceutical agents (Figure 1).[12] In view of such a 

tremendous significance of tetrazoles, there is a great surge in the utility and applications 

of tetrazoles. 

 

 The most direct and convenient route towards the synthesis of 5-substituted-(1H)-

tetrazoles is [2+3] cycloaddition between a nitrile and an azide.[13] Various synthetic 

approaches have been developed for this transformation. Most of them rely on in situ 

generation of highly toxic and explosive hydrazoic acid through activation of the azide by 

expensive and toxic metals, strong Lewis acids or amine salts.[14] Apart from this number 

of reports are available in the literature for this cycloaddition reaction which involves the 

use of cyanuric chloride, CuFe2O4 nanoparticles, CAN supported HY-zeolite, etc.[15] 

Sharpless et al. have reported an efficient and safe procedure for the synthesis of 

tetrazoles using stoichiometric amounts of ZnBr2 in water.[16] However, reported methods 
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have one or more drawbacks such as vigorous reaction conditions, tedious work-up 

procedure, use of expensive reagents, longer reaction times, low yields, etc. Thus, there is 

a need to develop convenient and rapid high-yielding synthetic method to fulfill timely 

supply of library of 5-substituted-(1H)-tetrazoles. 

 

 Organic reactions using sustainable reaction media such as ionic liquids (ILs), 

avoiding the use of volatile organic solvents, have attracted a great deal of attention of 

synthetic organic chemist. ILs are not only easily available, environmentally safe, but 

also excellent catalysts and medium having weakly coordinating ions, i.e. organic cation 

and inorganic/organic anion.[17, 18] ILs having nonvolatility, nonflammability, and are 

endowed with unique properties such as high thermal/chemical stability.[19] ILs act as 

‘neoteric solvents’ for a broad range of chemical and industrial processes. Recently, ILs 

have been found to be useful as green media for numerous organic transformations.[20]  

The ability to dissolve many organic and inorganic substances makes ILs eco-friendly 

reaction media/catalysts.[21] 

 

 Encouraged by the intense ongoing research activity in the field of ILs and in 

pursuit of our continuous interest in the area of green chemistry[22] herein, we report a 

simple, green, and efficient protocol for the synthesis of 5-substituted-(1H)-tetrazoles 

employing diisopropylethylammonium acetate (DIPEAc) as IL (Scheme 1). Literature 

survey reveals that there are no methods reported in the literature for the synthesis of 5-

substituted 1H-tetrazoles using DIPEAc as a catalyst and reaction medium. 
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RESULTS AND DISCUSSION 

Synthesis 

 A series of 5-substituted-(1H)-tetrazoles (3a-p) were synthesized by the reaction 

of substituted benzonitriles and sodium azide in diisopropylethylammonium acetate 

(DIPEAc) at 80 ºC. The required starting precursors, substituted benzonitriles (2a-p) 

were synthesized by reaction of aromatic carbaldehydes with iodine/ammonia in 

MeOH:THF at room temperature.[23] Reaction of phenyl nitrile (2a) and sodium azide 

was considered as a model reaction.  

 

 Initially, to develop better reaction conditions, different green and volatile organic 

solvents such as toluene, acetonitrile and methanol along with various freshly prepared 

ILs[24] were screened at 80 ºC for performing the model reaction (Table 1, entries 1-7) 

and we found that DIPEAc showed excellent catalytic behavior and afford product in 

92% yield within 30 min. (Table 1, entry 7). However, no product formation was 

observed in toluene, acetonitrile and methanol within 30 min (Table 1, entries 1-3).  

 

 In order to optimize the suitable amount of DIPEAc, model reaction was 

conducted using acetonitrile as solvent in the presence of 20, 40, 60, 80 mol% of DIPEAc 

and neat. It was observed that neat DIPEAc yielded 92% of conversion at 80 ºC. It was 

noted that, at 80 ºC in the absence of DIPEAc, condensation could not occur in 

acetonitrile media (Table 1). This confirms DIPEAc plays a role of a medium and as a 

catalyst in this cyclocondensation. Therefore, DIPEAc was chosen as the medium and 

catalyst of choice for further optimization studies.  
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 With the optimized conditions in hand, influence of other experimental 

parameters such as temperature, amount and reusability of catalyst were also optimized. 

The model reaction was performed using DIPEAc as a reaction medium at different 

temperatures (35, 40, 60, 80, 100 ºC). Model reaction in DIPEAc at 80 ºC was found to 

proceed with excellent yield (92%) in 30 min (Table 2). There was no reaction at room 

temperature (35 ºC) within 30 min. As temperature increased from 35 to 100 ºC, the yield 

of the product also increased 74%, 83%, 92%, 93% (Table 2). There was no significant 

change in the product yield when model reaction was carried out above 80 ºC. 

 

 To generalize the scope of the DIPEAc promoted [2+3] cycloaddition reaction of 

variety of structurally divergent benzonitriles were choosen to synthesize 5-substituted 

1H-tetrazoles. All the results are presented in Table 3. Unsubstituted as well as 

benzonitriles with electron donating substituents at both para and meta positions reacted 

well and gave the corresponding products in good to excellent yields (Table 3). Further, 

the reaction was extended to di and tri substituted benzonitriles such as 3,5-

dimethoxybenzonitrile and 3,4,5-trimethoxybenzonitrile respectively, to generate 

tetrazoles in moderate to excellent yields (Table 3, entries 9, 11). Furthermore, the 

reaction was equally effective with benzonitriles having substituted electron-withdrawing 

groups and gave the expected tetrazoles in good yields. 

 

Recycling Of Catalyst  
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 To check reusability of the catalyst, the reaction was performed between 

benzonitrile and sodium azide under the optimized reaction condition. DIPEAc was 

separated from the reaction mixture by the following procedure. After completion of the 

reaction, reaction mixture was cooled to room temperature and to it water and ethyl 

acetate were added. The product (3a) was extracted with ethyl acetate. As the DIPEAc is 

highly water soluble it goes in to the aqueous layer. Evaporation of aqueous layer under 

reduced pressure provided the catalyst (DIPEAc). Catalysts purity was checked by 1H 

NMR for subsequent reactions. Reusability of the DIPEAc was tested for four 

consecutive cycles, but a decrease in the catalytic activity of DIPEAc was observed after 

the third cycle (Figure 2). 

 

Plausible Reaction Mechanism 

On the basis of the experimental results and available literature,[25] possible mechanism 

for the formation of 5-substituted-(1H)-tetrazoles using diisopropylethylammonium 

acetate (DIPEAc) is presented in Scheme 2. Rate of acceleration for the formation of 5-

substituted-(1H)-tetrazoles has been found to be enhanced due to the dual nature of IL, as 

a catalyst and reaction medium. IL might be helping to create a high initial concentration 

of the reactants via solvation. Initially, coordination of nitrogen atom of phenyl nitrile 

with DIPEA forms intermediate A which accelerates the cyclisation by increasing its 

electrophilic character of nitrile carbon. This gets further attacked by the azide 

component and [2+3] cycloaddition takes place readily to form the intermediate B. Then 

acidic work up, afford the final product 5-substituted-(1H)-tetrazole. 
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CONCLUSION 

To summarize, we have demonstrated an exceedingly simple and efficient protocol for 

transforming variety of nitriles into corresponding 1H-tetrazoles using 

diisopropylethylammonium acetate as a green catalyst as well as medium. The developed 

protocol for [2+3] cycloaddition is associated with several advantages such as simple 

procedure, mild reaction conditions, an alternative to hazardous, corrosive, and polluting 

conventional Lewis acid catalysts and solvents. Reusability of DIPEAc with consistent 

activity for at least four cycles is also established, indicating DIPEAc as a greener 

reaction medium. DIPEAc can substitute metal salts and other heterogeneous catalysts, 

and all these consign this method at an advantageous position compared to already 

reported methods for these molecules of commercial value.  

 

EXPERIMENTAL 

General 

All the solvents and reagents were purchased from commercial suppliers Spectrochem 

Pvt. Ltd., Sigma Aldrich and Rankem India Ltd., and were used without further 

purification. The progress of each reaction was monitored by ascending TLC using TLC 

aluminum sheets, pre-coated silica gel F254 (Merck, Germany) and by locating the spots 

using ultraviolet (UV) light as the visualizing agent or iodine vapors. Melting points were 

taken in an open capillary method and are uncorrected. 1H NMR spectra were recorded 

(DMSO) on a Bruker Avance 400 NMR spectrometer. 13C NMR spectra were recorded 

(DMSO) on a Bruker Avance 100 NMR spectrometer. Chemical shifts (δ) are reported in 
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parts per million (ppm) using tetramethylsilane (TMS) as an internal standard. The 

splitting pattern abbreviations are designed as singlet (s); doublet (d); double doublet 

(dd); bs (broad singlet), triplet (t); quartet (q) and multiplet (m).  

 

General Procedure For The Synthesis Of Diisopropylethylammonium Acetate (Dipeac) 

A mixture of glacial acetic acid (0.02 mol) and N-ethyl-N-isopropylpropan-2-amine (0.02 

mol) was stirred at 0-10 ºC for 30 min. to obtain diisopropylethylammonium acetate as a 

viscous liquid [26]. 

 

General Procedure For The Synthesis Of 5-Substituted-(1H)-Tetrazoles (3a-P) 

A mixture of benzonitriles (2a-p) (0.009 mol), sodium azide (0.009 mol) was dissolved in 

DIPEAc (5 ml) and allowed to stirr for 30 min at 80 0C. After completion of the reaction 

(monitored by thin- layer chromatography, TLC), the reaction mixture was cooled to 

room temperature and poured on crushed ice. To it 5N HCl (10 mL) was added and 

stirred vigorously. Otained solid products was filtered and crystallized from ethanol. The 

synthesized compounds were confirmed by melting points, IR, 1H and 13C NMR and 

which are in good agreement with those reported in the literature. [15, 16] 

 

Spectral Data Of Representative Compounds 

5-Phenyl-1H-tetrazole (3a) White solid; mp 215-216°C; IR (KBr): υmax cm-1 3132, 2935, 

1604, 1433, 1272, 748; 1H NMR (400 MHz, DMSO-d6) δ: 7.59-7.71 (m, 5H); 13C NMR 

(100 MHz, DMSO-d6): δ 148.28, 133.06, 131.22, 125.66, 121.50. 
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5-(4-Methylphenyl)-1H-Tetrazole (3b) 

White solid; mp 248-250°C; IR (KBr): υmax cm-1 3138, 3000-2400, 1612, 1571, 1504, 

1458, 1401, 1165, 1085, 679. 1H NMR (400 MHz, DMSO-d6) δ: 2.67 (s, 3H, CH3), 7.75 

(d, 2H, Ar-H), 8.13-8.34 (m, 2H, Ar-H); 13C NMR (100 MHz, DMSO-d6): δ 146.86, 

133.45, 126.03, 125.40, 124.54, 21.56. 

 

SUPPORTING INFORMATION (SI) 

Supplementary data associated with this article can be found in the online version on web 

page. 

 

ACKNOWLEDGMENTS 

The authors are thankful to Professor D. B. Ingle for his invaluable discussions and 

guidance. The authors are also thankful to Central Drug Research Institute (CDRI), 

Lucknow for spectral analysis.  

 

REFERENCES 

[1] (a) Herr, R. J. Bioorg. Med. Chem. 2002, 10, 3379–3393. (b) Truica-Marasescu, 

F.; Wertheimer, M. R. Plasma Process. Polym. 2008, 5, 44–57. (c) Ostrovskaya, V. M.; 

Dyakonova, I. A.; Nikolaeva, T. D. Zh. Vses. Khim. Ova 1985, 30, 585. (d) Brown, M. 

US Patent 3,338, 915, 1967; Chem. Abstr. 1968, 87299. (e) Hiskey, M.; Chavez, D. E.; 

Naud, D. L.; Son, S. F.; Berghout, H. L.; Bome, C. A. Proc. Int. Pyrotech. Semin. 2000, 

27, 3–14. (f) Butler, R. N.; Katritzky, A. R.; Rees, C. W.; Scriven, E. F. V. Eds. 

Comprehensive Heterocyclic Chemistry ; Pergamon: Oxford, UK, 1996, 4. 



 

 10 

[2] Ballatore, C.; Huryn, D. M.; Smith, A. B. Chem Med Chem. 2013, 8, 385–395. 

[3] Momose, Y.; Maekawa, T.; Odaka, H.; Ikeda, H.; Sohda, T. Chem. Pharm. Bull. 

Jpn. 2002, 50, 100–111. 

[4] Ellis, E. P.; West, G. B. Progress in Med. Chem. In: Biomedical Press, 1980, 17, 

151. 

[5] Malik, A. M.; Al-Thabaiti, S. A.; Malik, M. A. Int. J. Mol. Sci. 2012, 13, 10880. 

[6] Narender Rao, S.; Ravisankar, T.; Latha, J.; Sudhakar Babu, K. Der Pharm. 

Chem. 2012, 4, 1093. 

[7] Narasaiah, T.; Subba, D.; Rasheed, S.; Madhava, G.; Srinivasulu, D.; Brahma 

Naidu, P.; Naga Raju, C. Der Pharm. Lett. 2012, 4, 854. 

[8] Bepary, S.; Das, B. K.; Bachar, S. C.; Kundu, J. K.; Shamsur Rouf, A. S.; Datta, 

B. K. J. Pharm. Sci. 2008, 21, 295. 

[9] Li, J.; Chen, S. Y.; Tino, J. A. Bioorg. Med. Chem. Lett. 2008, 18, 5. 

[10] Pais, G. C. G.; Zhang, X.; Marchand, C.; Neamati, N.; Cowansage, K.; 

Svarovskaia, E. S.; Pathak, V. K.; Tang, Y.; Nicklaus, M.; Pommier, Y.; Burke, T. R. J. 

Med. Chem. 2002, 45, 3184–3194. 

[11] Nachman, R. J.; Coast, G. M.; Kaczmarek, K.; Williams, H. J.; Zabrocki, J. Acta 

Biochim. Pol. 2004, 51, 121. 

[12] (a) Duncia, J. V.; Carini, D. J.; Chiu, A. T.; Johnson, A. L.; Price, W. A.; Wong, 

P. C.; Wexler, R. R.; Timmermans, P. B. M. W. M. Med. Res. Rev. 1992, 12, 149-91. (b) 

Smith, R. D.; Duncia, J. V.; Lee, D R. J.; Christ, D.; Chiu, A. T.; Carini, D. J.; Herblin, 

W. F.; Timmermans, P. B. M. W. M.; Wexler, R. R.; Wong, P. C. Methods Neurosci. 

1993, 13, 258-80. (c) Huang, R.-Q.; Bell-Horner, C. L.; Dibas, M. I.; Covey, D. F.; 



 

 11 

Drewe, J. A.; Dillon, G. H. J. Pharmacol. Exp. Ther. 2001, 298, 986-995. (d) Jung, M. 

E.; Lal, H.; Gatch, M. B.Neurosci. Biobehav. Rev. 2002, 26, 429-439. 

[13] (a) Himo, F.; Demko, Z. P.; Noodleman, L.; Sharpless, K. B. J. Am. Chem. Soc. 

2002, 124, 12210-12216.  (b) Nowrouzi, N.; Farahi, S.;  Irajzadeh M. Lett Org. Chem. 

2016, 13(2), 113-119. (c) Iqbal, N.; Hashim, J.; Abid Ali, S.; al-Rashida, M.; Alharthy, R. 

D.; Ahmad, S.; Khan, K. M.; Basha, F. Z.; Tarique Moin, S.; Hameed, A. RSC Adv. 2015, 

5, 95061-95072. (d) Khaghaninejad, S.; Heravi,  M. M.; Hosseinnejad, T.; Oskooie, H. 

A.; Bakavoli, M. Res Chem Intermed. 2016, 42(3), 1593-1610. (e) Aridoss, G.; Laali, K. 

K. Eur. J. Org. Chem. 2011, 31, 6343. (f) Schmidt, B.; Meid, D.; Kieser, D. Tetrahedron, 

2007, 63, 492–496. 

[14] (a) Matthews, D. P.; Green, J. E.; Shuker, A. J. J. Comb. Chem. 2000, 2, 19. (b) 

Kantam, M. L.; Shiva Kumar, K. B.; Sridhar, C. Adv. Synth. Catal. 2005, 347, 1212. (c) 

Demko, Z. P.; Noodleman, L.; Sharplss, K. B. J. Org. Chem. 2001, 66, 7945; (d) Himo, 

F.; Demko, Z. P.; Noodleman, L.; Sharpless, K. B. J. Am. Chem. Soc. 2002, 124, 12210; 

(e) Venkateshwarlu, G.; Premalatha, A.; Rajanna, K. C.; Saiprakash, P. K. Synth. 

Commun. 2009, 39, 4479. 

[15] (a) Sivaguru, P.; Theerthagiri, P.; Lalitha A. Tetrahedron Lett. 2015, 56, 2203–

2206. (b) Nowrouzi, N.; Farahi, S.; Irajzadeh, M. Tetrahedron Lett. 2015, 56, 739–742. 

(c) Sreedhar, B.; Kumar, S. A.; Yada, D. Tetrahedron Lett. 2011, 52, 3565–3569. (d) 

Sivaguru, P.; Bhuvaneswari, K.; Ramkumar, R.; Lalitha, A. Tetrahedron Lett. 2014, 55, 

5683–5686. (e) Khan, K. M.; Fatima, I.; Saad, S. M.; Taha, M.; Voelter, W. Tetrahedron 

Lett. 2016, 57, 523–524. 

[16] Zachary, P.; Demko, Sharpless, K. B. J. Org. Chem. 2001, 66, 7945-7950. 

https://benthamscience.com/journal/render-search-results.php?cx=partner-pub-2685163628273835%3A7983360493&cof=FORID%3A10&ie=UTF-8&q=Najmeh%20Nowrouzi
https://benthamscience.com/journal/render-search-results.php?cx=partner-pub-2685163628273835%3A7983360493&cof=FORID%3A10&ie=UTF-8&q=Soghra%20Farahi
https://benthamscience.com/journal/render-search-results.php?cx=partner-pub-2685163628273835%3A7983360493&cof=FORID%3A10&ie=UTF-8&q=%20Maryam%20Irajzadeh


 

 12 

[17] Adams, D. J.; Dyson, P. J.; Tavener, S. J. Chemistry in Alternative Media; Wiley: 

New York, 2004. 

[18] Wilkes, J. S. Green Chem., 2002, 4, 73–80.  

[19] (a) Fraga-Dubreuil, J.; Bazureau, J. P. Tetrahedron 2003, 59, 6121. (b) Plechkova, 

N. V.; Seddon, K. R. Chem. Soc. Rev. 2008, 37, 123. (c) Deng, Y. Q.; Shi, F.; Beng, J. J.; 

Kun, Q. J. Mol. Catal. A: Chem. 2001, 33, 165. (d) Ganeshpure, P. A.; George, G.; Das, 

J. J. Mol. Catal. A: Chem. 2008, 182, 279. (e) Xu, F.; Chen, H. Y.; Zhang, H. B.; Zhou, 

X. H.; Cheng, G. Z. J. Mol. Catal. A: Chem. 2009, 9, 307. 

[20] (a) Jiang, T.; Gao, H.; Han, B.; Zhao, G.; Chang, Y.; Wu, W.; Gao, L.; Yang, G. 

Tetrahedron Lett. 2004, 45, 2699–2701. (b) Chandran, R.; Kalaipriya, M.; Ramakrishnan, 

U.; Radhakrishnan, S.; Seeram, R. RSC Adv. 2012, 2, 11657. (c) Wilkes, J. S. Green 

Chem., 2002, 4, 73–80.  

[21] Chandran, R.; Kalaipriya, M.; Ramakrishnan, U.; Radhakrishnan, S.; Seeram, R. 

RSC Adv. 2012, 2, 11657. 

[22] (a) Bhosle, M. R.; Khillare, L. D.; Dhumal, S. T.; Mane, R. A. Chinese Chem. 

Lett. 2016, 27, 370–374. (b) Bhosle, M. R.; Mali, J. R.; Mulay, A. A.; Mane, R. A. 

Heteroatom Chem. 2012, 23, 2. (c) Bhosle, M. R.; Khillare, L. D.; Dhumal, S. T.; Mane, 

R. A. Lett Org Chem, 2016, 13, 148-155. 

[23] Zolfigol, M. A.; Hajjami, M.; Ghorbani-Choghamarani, A. Bull. Korean Chem. 

Soc. 2011, 32(12), 4191-4194. 

[24] Anouti, M.; Caravanier, M. C.; Floch, C. L.; Lemordant, D. J. Phys. Chem. B 

2008, 112, 9406. 

http://benthamscience.com/journals/letters-in-organic-chemistry/contents-and-abstracts/
http://benthamscience.com/journals/letters-in-organic-chemistry/volume/13/


 

 13 

[25] Himo, F.; Demko, Z. P.; Noodleman, L.; Sharpless, K. B. J. Am. Chem. Soc. 

2002, 124, 12210-12216. 

[26] (a) Sadeghzadeh, S. M.; Daneshfar, F. J. Mol. Liq. 2014, 199, 440. (b) Rama, V.; 

Kanagaraj, K.; Pitchumani, K. J. Org. Chem. 2011, 76, 9090–9095. (c) Rostamizadeh, S.; 

Ghaieni, H.; Aryan, R.; Amani, A. Chinese Chem. Lett. 2009, 20, 1311–1314. 

 

 

 

  



 

 14 

Table 1: Screening of the solvents for the synthesis of 5-substituted-(1H)-tetrazole (3a) 

Entry Solvent Time 

(min) 

Yield (%)a 

1 Toluene 30  b 

2 Acetonitrile 30 b 

3 Methanol 30 b 

4 Piperidine ammonium acetate 30 69 

5 Pyrrolidine ammonium acetate 30 60 

6 Triethylethylammonium acetate 30 67 

7 Diisopropylethylammonium acetate (DIPEA) 30 92 

8 DIPEA(20, 40, 60, 80, 100 mol 

%)/Acetonitrile 

30 65, 69, 81, 83, 92 

Reaction conditions: 2a (0.009 mol), sodium azide (0.009 mol), in solvent (5 ml), stirred 

at 80 ºC 

aIsolated yields b: No condensation 
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Table 2: Effect of catalyst DIPEAc at varying temperatures 

Temp 35 ºC 40 ºC 60 ºC 80 ºC 100 ºC 

Yield (%) No condensation 85 87 92 93 

Reaction conditions: 2a (0.009 mol), sodium azide (0.009 mol), in DIPEA (5 ml), stirred 

for 30 min. aIsolated yields 
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Table 3: Physical data of 5-substituted-(1H)-tetrazoles (3a-p) 

Entry Substrate Productb Yield (%) 

1 
CN

 
N N

N

H
N

 

3a 92 

2 
CN

 
N N

N

H
N

 

3b 89 

3 
CNH3CO

 
N N

N

H
N

H3CO

 

3c 87 

4 
CNCl

 
N N

N

H
N

Cl

 

3d 90 

5 
CNHO

 
N N

N

H
N

HO

 

3e 94 

6 
CNO2N

 
N N

N

H
N

O2N

 

3f 86 

7 
CN

Cl  N N

N

H
N

Cl  

3g 89 

8 
CN

OH  N N

N

H
N

OH  

3h 81 

9 
CN

NO2  
N N

N

H
N

NO2  

3i 79 
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10 
CN

H3CO

H3CO

 
N N

N

H
N

H3CO

H3CO

 

3j 89 

11 
CNN

 
N N

N

H
N

N

 

3k 90 

12 

CNH3CO

H3CO

H3CO

 

N N

N

H
N

H3CO

H3CO

H3CO  

3l 85 

13 
CNF

 
N N

N

H
N

F

 

3m 81 

14 CN

 N
N

NHN

 

3n 75 

15 O CN

 
O

N
N

NHN

 

3o 79 

16 S CN

 
S

N
N

NHN

 

3p 71 

Reaction conditions: benzonitriles (2a-p) (0.009 mol), sodium azide (0.009 mol), DIPEAc 

(5 ml) stir at 80 ºC. aIsolated yields. b Melting points, 1H & 13C NMR are in good 

agreement with those reported in the literature.[15, 16] 
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Scheme 1: Synthesis of 5-substituted-(1H)-tetrazoles (3a-p) 
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Scheme 2: Plausible mechanism for the synthesis of 5-substituted-(1H)-tetrazoles 
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Figure 1. Examples of relevant pharmacologically active substances 
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Figure 2: Reuse and recovery of DIPEAc and its effect on yield. 

 

 


