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Abstract 

A metal-free iodine/TBHP-mediated oxidative C-N bond formation for the one-pot synthesis of 

N-fused 1,2,4-triazoles and related heterocycles via cyclization has been developed. This reaction which is 

amenable to scale-up affords the corresponding products with good to excellent yields and tolerates a wide 

range of functional groups. 
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Introduction 

1,2,4-Triazole-fused heterocycles are widely found in natural products and drugs with a broad 

spectrum of biological activities, such as antibacterial,
1
 anti-HIV,

2
 anti-inflammatory,

3
 and antiepileptic

 

activities,
4
 (Fig. 1).  

 

Figure 1. Selected biologically active 1,2,4-triazole-fused heterocycles  

 

Various methods for synthesizing 1,2,4-triazole-fused heterocycles have been reported in the literature 

(Scheme 1). Vidavalur and co-workers reported a novel strategy to obtain N-fused 1,2,4-triazoles from 

iodobenzene and 2-hydrazinopyridines using molybdenum hexacarbonyl as a convenient and reliable solid 

source of carbon monoxide (Scheme 1, Method A).
5
 Djuric and co-workers described the one step 

construction of 1,2,4-triazole-fused heterocycles from carboxylic acids and 2-hydrazinopyridine using a 

PS-PPh3 resin combined with microwave heating (Scheme 1, Method B).
6
 Zhang and co-workers reported a 

method to synthesize 1,2,4-triazole-fused heterocycles from N'-(pyridin-2-yl)benzohydrazide by dehydration 

in acetic acid under microwave irradiation at 180 °C.
7
 Roberts and co-workers reported a mild 

N,N'-carbonyldiimidazole (CDI) mediated cyclization reaction for the same transformation.
8
 The oxidative 

cyclization of 2-(2-arylidenehydrazinyl) pyridines represents the most commonly used method for the 

synthesis of 1,2,4-triazole-fused heterocycles (Scheme 1, Method C). The oxidative cyclization of 

2-(2-arylidenehydrazinyl) pyridines utilizing reagents such as hypervalent iodine,
9
 chloramine T,

10
 ceric 

ammonium nitrate,
11

 and RuCl3/potassium peroxomonosulphate
12

 or under mild electrolytic conditions
13

 has 

been reported in the literature. However, there are some disadvantages to these methodologies, such as the 

use of  

Molecular iodine has widely been used in organic chemistry due to the advantages of being 

inexpensive and less toxic.
14

 A number of methodologies using this reagent have been developed for the 

synthesis of heterocycles via carbon-heteroatom and carbon-carbon bond construction.
15
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 efficient I2/TBHP-mediated one-pot protocol for the synthesis of 1,2,4-triazole-fused heterocycles in 

moderate to good yields. 

  

Scheme 1. Synthesis of 1,2,4-triazole-fused heterocycles 

Results and Discussion 

Initially, benzaldehyde (1a) and 2-hydrazinopyridine (2a) were chosen as model substrates for 

optimization of the reaction conditions. 2-Hydrazinopyridine (2a) was prepared in high yield by 

condensation of the corresponding aryl halide with hydrazine. The I2/tert-butyl hydroperoxide (TBHP) 

system has been widely reported in the literature for the construction of C-N bonds.
16

 However, the desired 

product 3a was formed in only 40% yield when the reaction was performed using I2 (0.2 equiv.) as a catalyst 

and TBHP (2 equiv.) as an oxidant in 1,4-dioxane at room temperature for 2 h (Table 1, entry 1). Several 

other catalysts such as KI, tetrabutylammonium iodide (TBAI), N-iodosuccinimide (NIS), CuI and 

PhI(OAc)2 in the presence of TBHP (Table 1, entries 2−6) were tested, but they exhibited lower catalytic 

activities. Screening of the reaction temperature from 40 °C to 100
 
°C indicated that raising the temperature 

to 60 °C increased the yield of 3a to 65 % (Table 1, entry 8), but raising the temperature to 80 °C and 100 °C 

had no further effect on the yield compared with 60 °C (Table 1, entries 9-10). Next, commonly used 

solvents were screened which revealed that using 1,4-dioxane afforded the best yield of 65% (Table 1, 

entries 11-15). To our surprise, when 1.0 equivalents of potassium carbonate (K2CO3) as a base was added to 

the reaction system, the desired product (3a) was obtained in 95% yield (Table 1, entry 18). Thus, the 

optimal reaction conditions were 1a (1 equiv.), 2a (1 equiv.), I2 (0.2 equiv.), TBHP (2 equiv., 70% in water), 

K2CO3 (1 equiv.) in 1,4-dioxane at 60 °C for 1 h (Table 1, entry 18). 

 

Table 1. Optimization of the reaction conditionsa 



  

 

Entry Catalyst 

(equiv.) 

Oxidant 

(equiv.) 

Base 

(equiv.) 

Solvent Temp 

(°C) 

Time (h) Yield
b 

(%) 

1 I2 TBHP — 1,4-dioxane r.t. 2 40 

2 KI TBHP — 1,4-dioxane r.t. 2 25 

3 TBAI TBHP — 1,4-dioxane r.t. 2 Trace 

4 NIS TBHP — 1,4-dioxane r.t. 2 32 

5 CuI TBHP — 1,4-dioxane r.t. 2 20 

6 PhI(OAc)2 TBHP — 1,4-dioxane r.t. 2 Trace 

7 I2 TBHP — 1,4-dioxane 40 2 50 

8 I2 TBHP — 1,4-dioxane 60 2 65 

9 I2 TBHP — 1,4-dioxane 80 2 60 

10 I2 TBHP  — 1,4-dioxane 100 2 58 

11 I2 TBHP — EtOH 60 2 52 

12 I2 TBHP — H2O 60 2 30 

13 I2 TBHP — DMSO 60 2 45 

14 I2 TBHP — DCM reflux 2 42 

15 I2 TBHP — EtOAc 60 2 48 

16
c
 I2 TBHP KI  1,4-dioxane 60 1 75 

17
c
 I2 TBHP KAc 3 1,4-dioxane 60 1 82 

18
c
 I2 TBHP K2CO3 1,4-dioxane 60 1 95 

19
c
 I2 TBHP Na2CO 1,4-dioxane 60 1 88 

aReagents and conditions: 1a (1 mmol), 2a (1 mmol), catalyst (0.2 mmol), oxidant (2 mmol), solvent (10 mL). bIsolated yield. cbase (1.0 equiv.) was added to the 

reaction system. 

With the optimized reaction conditions for C-N bond formation identified, the substrate scope was 

investigated to determine the generality of this method (Scheme 2). A series of substituted benzaldehydes 

with ortho-, meta- or para-substituents were explored and gave the desired 1,2,4-triazole-fused heterocycles 

(3a-m) in 72-95% yield. Compounds 3g, 3i and 3k were also obtained in good yields, which indicated that 

the transformation is not affected by steric hindrance. However, the reaction of nitro-substituted substrates 

3d, 3l and 3m showed an obvious decrease in yield, which indicated that this reaction is affected by 

electronic factors and electron-withdrawing substituents are unfavorable. Moreover, cinnamic aldehyde and 

isobutyraldehyde can be converted into the corresponding 1,2,4-triazole-fused heterocycles in good yields. 

Next, we explored the substrate scope of 2-hydrazinopyridine and its derivatives (Scheme 3). Under the 

optimized reaction conditions, all substrates were converted into the desired 1,2,4-triazole-fused 

heterocycles (3p-v) in 92-97% yield. To our delight, the reaction performed on a 10 g (50 mmol) scale 

afforded 3a in 94% yield, which indicated that the reaction is practical. 

 

Scheme 2. Substrate scope for the synthesis of 1,2,4-triazole-fused heterocyclesa,b 



  

 

 
a Reagents and conditions：1 (1 mmol) , 2 (1 mmol), I2 (0.2 mmol), TBHP (2 mmol, 70% in water), K2CO3 (1 mmol), 1,4-dioxane, 60 °C, 1 h; b Isolated yield.  

 

Scheme 3. Substrate scope for the synthesis of 1,2,4-triazole-fused heterocyclesa,b 

 
a Reagents and conditions：1 (1 mmol), 2 (1 mmol), I2 (0.2 mmol), TBHP (2 mmol, 70% in water), K2CO3 (1 mmol), 1,4-dioxane, 60 °C, 1 h; b Isolated yield. 

 

In order to explore the reaction mechanism, various control experiments were conducted. 

(E)-2-(2-Benzylidenehydrazinyl) pyridine was converted into the corresponding 1,2,4-triazole-fused 

heterocycle in 96% yield under the optimised reaction conditions (Scheme 4). When the reaction was 



  

conducted in the presence of 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) or butylated hydroxytoluene 

(BHT) as radical scavengers, compound 3a was obtained in 93% and 91% yield, respectively, which 

indicated that the reaction did not proceed via a radical mechanism. When the reaction was conducted 

without TBHP, compound 3a was obtained in only 22% yield. No desired product was detected when the 

reaction was performed without I2, which indicated that I2 is necessary to this reaction and TBHP plays a 

supporting role. 

 

Scheme 4. Control experiments 

 

Based on our experimental results and previous investigations,
17

 a plausible mechanism was proposed 

(Scheme 5). First, intermediate A was formed by the condensation reaction between benzaldehyde (1) and 

2-hydrazinopyridine (2), then intermediate B was formed via a base-promoted oxidative iodination of A. 

Second, intermediate B underwent cyclization via nucleophilic substitution to obtain the desired 

intermediate C. Finally, intermediate C was deprotonated by the iodine anion and converted into compound 

3a. During the reaction, the eliminated HI was oxidized to I2 by TBHP and the catalytic cycle was achieved. 

 

Scheme 5. Proposed mechanism for the formation of 2a 

 



  

 
 

Conclusion 

In summary, we have developed an efficient one-pot synthesis of 1,2,4-triazole-fused heterocycles via 

I2/TBHP-mediated oxidative C-N bond formation. This novel reaction works well with a wide range of 

substrates and can be conducted on gram scale.  

 

Acknowledgements 

The work was supported by the Program for Innovative Research Team of the Ministry of Education 

and Program for Liaoning Innovative Research Team in University (IRT1073). 

 

Notes and references  

1 Sadana AK, Mirza Y, Aneja KR, Prakash O. Eur. J. Med.Chem. 2003; 38: 533-536; 

2 Frey G, Volloch SR, Zhang XQ, Schooley RT, Chen B, Harrison SC. Proceedings of the National Academy of Sciences 

of the United States of America. 2006; 103: 13938-13943; 

3 Jerome KD, Rucker PV, Xing L, Shieh HS, Baldus JE, Selness SR, Letavic MA, Braganza JF, McClure KF. Bioorganic 

& Medicinal Chemistry Letters. 2010; 20: 469-473; 

4 Wagle S, Adhikari AV, Kumari NS. European Journal of Medicinal Chemistry. 2009; 44: 1135-1143; 

5 Nakka M, Tadikonda R, Nakka S, Vidavalur S. Advanced Synthesis & Catalysis. 2016; 358: 520-525; 

6 Wang Y, Sarris K, Sauer DR, Djuric SW. Tetrahedron Letters. 2007; 48: 2237-2240; 

7 Reichelt A, Falsey JR, Rzasa RM, Thiel OR, Achmatowicz MM, Larsen RD, Zhang D. Org. Lett. 2010; 12: 792-795; 

8 Baucom KD, Jones SC, Roberts SW. Org. Lett. 2016; 18: 560-563; 

9 (a) Manivel P, Prabakaran K, Banerjee U, Khan FRN, Jeong ED, Chung EH. Rsc Advances. 2015; 5: 3781-3785; 

(b) Padalkar VS, Patil VS, Phatangare KR, Umape PG, Sekar N. Synthetic Communications. 2011; 41: 925-938; 

(c) Kumar D, Sekhar KVGC, Dhillon H, Rao VS, Varma RS. Green Chemistry. 2004; 6: 156-157; 

10 (a) Mal S, Prathap KJ, Smith SC, Umarye JD. Tetrahedron Letters. 2015; 56: 2896-2901; 

(b) Thiel OR, Achmatowicz MM, Reichelt A, Larsen RD. Angew. Chem. Int. Ed. 2010; 49: 8395-8398; 

11 Nakka M, Tadikonda R, Rayavarapu S, Sarakula P, Vidavalur S. Synthesis. 2015; 47: 517-525; 

12 Swamy T, Raviteja P, Srikanth G, Reddy BVS, Ravinder V. Tetrahedron Letters. 2016; 57: 5596-5598; 

13 Ye ZH, Ding MR, Wu YQ, Li Y, Hua WK, Zhang FZ. Green Chemistry. 2018; 20: 1732-1737; 

14 (a) Veisi H. Current Organic Chemistry. 2011; 15: 2438-2468; 

(b) Parvatkar PT, Parameswaran PS, Tilve SG. Chemistry-A European Journal. 2012; 18: 5460-5489; 

15 (a) Yu WQ, Huang G, Zhang YT, Liu HX, Dong LH, Yu XJ, Li YJ, Chang JB. J. Org. Chem. 2013; 78: 10337-10343; 

(b) Zhang XT, Kang JF, Niu PF, Wu J, Yu WQ, Chang JB. J. Org. Chem. 2014; 79: 10170-10178; 

http://xueshu.baidu.com/s?wd=author%3A%28Dalip%20Kumar%29%20Department%20of%20Chemistry%2C%20Birla%20Institute%20of%20Technology%20and%20Science%2CPilani%2CIndia&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Kondapalli%20V.%20G.%20Chandra%20Sekhar%29%20Department%20of%20Chemistry%2C%20Birla%20Institute%20of%20Technology%20and%20Science%2CPilani%2CIndia&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Kondapalli%20V.%20G.%20Chandra%20Sekhar%29%20Department%20of%20Chemistry%2C%20Birla%20Institute%20of%20Technology%20and%20Science%2CPilani%2CIndia&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Vajja%20S.%20Rao%29%20Department%20of%20Chemistry%2C%20Birla%20Institute%20of%20Technology%20and%20Science%2CPilani%2CIndia&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Vajja%20S.%20Rao%29%20Department%20of%20Chemistry%2C%20Birla%20Institute%20of%20Technology%20and%20Science%2CPilani%2CIndia&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Dr.%20Oliver%20R.%20Thiel%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Dr.%20Oliver%20R.%20Thiel%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Dr.%20Andreas%20Reichelt%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Dr.%20Andreas%20Reichelt%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Zenghui%20Ye%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Mingruo%20Ding%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Yanqi%20Wu%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Yong%20Li%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Wenkai%20Hua%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson


  

(c) Niu PF, Kang JF, Tian XH, Song LN, Liu HX, Wu J, Yu WQ, Chang JB. J. Org. Chem. 2015; 80: 1018-1012; 

(d) Lv ZG, Wang BN, Hu ZY, Zhou YM, Yu WQ, Chang JB. J. Org. Chem. 2016; 81: 9924-9930; 

16 (a) Saha M,  Das AR. Tetrahedron Letters. 2018; 59: 2520-2525; 

(b) Senadi GC, Hu WP, Lu TY, Garkhedkar AM, Vandavasi JK, Wang JJ. Org. Lett. 2015; 17: 1521-1524; 

17 (a) Inturi SB, Kalita B, Ahamed AJ. Org. Biomol. Chem. 2016; 14: 11061-11064; 

(b) Zhang XT, Kang JF, Niu PF, Wu J, Yu WQ, Chang JB. J. Org. Chem. 2014; 79: 10170-10178. 

  

http://xueshu.baidu.com/s?wd=author%3A%28Moumita%20Saha%29%20Department%20of%20Chemistry%2C%20University%20of%20Calcutta%2C%20Kolkata%20700009%2C%20India&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Asish%20R.%20Das%29%20Department%20of%20Chemistry%2C%20University%20of%20Calcutta%2C%20Kolkata%20700009%2C%20India&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Inturi%20SB%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Kalita%20B%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28Ahamed%20AJ%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson


  

Highlights 

 

1, One-pot protocol for the synthesis of 1,2,4-triazole-fused heterocycles. 

2, Wide substrate scope, short reaction time and high reaction yields. 

3, The reaction can be conducted on gram scale. 

  



  

 

An iodine/TBHP-mediated one-pot oxidative C-N bond formation for the synthesis of N-fused 1,2,4-triazoles and related 

heterocycles is developed. 

 

 


