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Abstract – A simple and efficient method for the synthesis of tetrahydro- 

1,2,3-triazine derivatives was developed through a one-pot 

ring-opening/ring-closing tandem reaction. By the tandem reaction, various 

previously unreported tetrahydro-1,2,3-triazines were prepared by cyclopropane 

derivatives and NaN3 with 90–97% yields under the catalyst-free conditions. 

Tetrahydro-1,2,3-triazines as an important constituent of pharmaceutical molecules are of interest for the 

modern organic synthesis because of their biological activity.1 To date, the synthetic methods of 

tetrahydro-1,2,3-triazines mainly contain the follows: (1) the cyclization of azide and Grignard reagent;2 

(2) the cyclization of enediynyl azides;3 (3) the multi-step reaction from tetrahydropyrimidin-2(1H)-one.4 

Although these methods have got remarkable results, some disadvantages still exist, such as harsh 

reaction conditions, hardly available substrates, and complex synthetic steps. Therefore, an efficient, 

facile, and general synthetic method of tetrahydro-1,2,3-triazine is needed. 

Tandem reaction not only improves the overall efficiency of synthetic reactions by omitting the step of 

isolating the intermediate, but also reduces environment pollution by consuming less toxic solvents in the 

operation.5 However, a problem of catalyst incompatibility generally exists because a multistep tandem 

reaction usually requires different catalysts in various steps, sometimes even cooperating catalysts with 

antagonistic groups.6 Therefore, to solve this problem, an scientific solution is to explore catalyst-free 

tandem reaction systems except exploiting multifunctional catalysts.7 In other words, developing 

catalyst-free tandem reaction system not only solves the catalyst incompatibility problem but also offers a 

clean approach for organic synthesis. Herein, a simple and efficient strategy for synthesizing 

tetrahydro-1,2,3-triazine compounds was developed (Scheme 1). A series of tetrahydro-1,2,3-triazines 

was efficiently synthesized by cyclopropane derivatives and NaN3 through a ring-opening/ring-closing 
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tandem reaction under the catalyst-free conditions. 
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Scheme 1. One-pot tandem reaction for the synthesis of tetrahydro-1,2,3-triazine derivative 2a 

 

Table 1. Synthesis of tetrahydro-1,2,3-triazine derivative 2a through a one-pot tandem reaction 
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Entrya Solvent Temp. (°C) Time (h) Yieldb (%) 

1 DMF 60 6 62 

2 DMF 80 6 97 

3 MeNO2 80 6 14 

4 EtOH 80 6 trace 

5 DCE 80 6 trace 

6 THF 60 6 0 

7 MeCN 80 6 9 

8 DMSO 80 6 trace 

9 toluene 80 6 0 

10 DMF 80 4 79 

a 1a (1.0 mmol), NaN3 (1.2 mmol), solvent (1 mL). b Isolated yield. 

 

In the preparation methods of tetrahydro-1,2,3-triazines, a favorite strategy is the cyclization of enediynyl 

azides,3 in which azides as starting materials always should be prepared by NaN3 and halogenated 

compounds.8 However, most of organic azides are instable so that they are easy to explode during their 

storage, transportation, and operation.9 Therefore, we designed a tandem reaction to directly synthesize 

tetrahydro-1,2,3-triazine, in which the organic azide as an intermediate need not to be isolated. Since the 

ring-opening reaction of cyclopropanes is easy to occur, we initially chose cyclopropane derivative 1a as 

starting material to react with NaN3 in N,N-dimethylformamide (DMF) at 60 oC for 6 h. To our delight, 

the desired product 2a was obtained in 62% yield (Table 1, entry 1). The reaction temperature rose to 80 

oC, the yield of 2a increased from 62% to 97% accordingly (entry 2). The reaction solvents were then 

screened. The yields of 2a were quite poor (< 15%), whether the reaction was performed in the polar 
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solvents (MeNO2, EtOH, MeCN, and DMSO) or the weak polar solvents (DCE, THF, and toluene) 

(entries 3–9). After optimizing the reaction time (entry 10), the optimal reaction conditions were finally 

determined: 1a (1.0 mmol), NaN3 (1.2 mmol), DMF (1 mL), 80 oC, 6 h (entry 2). 

In order to shed light on the reaction mechanism, some control reactions were performed (Scheme 2). 

Under the optimal conditions, an intermediate with yield of 23% was obtained with the generation of 2f 

(yield of 41%) when cyclopropane derivative 1f reacted with NaN3 at 80 oC for 3 h. After the 

verifications by 1H and 13C NMR spectra, the intermediate structure was confirmed as organic azide I. 

Moreover, the intermediate I was isolated and was then used as substrate directly react at 80 oC for 3 h in 

DMF without adding any catalyst and reactant, only the target product 2f was generated with the isolated 

yield of 93% (The yield of 2f was calculated based on I). These results indicate that the reaction could be 

a one-pot tandem reaction, containing 1) the nucleophilic addition reaction of 1f and NaN3; 2) 

intramolecular condensation of I and proton exchange; 3) tautomerism (Figure 1). 

With the optimized conditions in hand, we then explored the scope of the reaction substrates. As shown in 

Table 2, when the cyclopropane derivatives containing electron-donating groups (–OMe, –Me) at the 
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a The isolated yields were obtained from NaN3 and 1f in DMF at 80 oC for 3 h.
b The isolated yield (basd on I) was obtained directly from I in DMF at 80 oC for 3 h.  

Scheme 2. Control reactions of the tandem reaction 

 

O

N
H

O

N3

O

N
H

O

Na N3

+

DMF

80 oC

1f

N

N
N
H

O

N
H

O

O

N
H

O

NNNI

H

HN

N
N

O

N
H

O

2f  

Figure 1. Proposed reaction mechanism 
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Table 2. Synthesis tetrahydro-1,2,3-triazine derivatives 2a–i 
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a 1a (1.0 mmol), NaN3 (1.2 mmol), DMF (1 mL). b Isolated yield. c The reaction was 

performed on a 10.0 mmol scale. 
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phenyls were used as substrates, the reaction proceeded smoothly. Moreover, high yields of the expected 

products 2b–f were obtained, whether the electron-donating group is at ortho- or para-position of 

acylamino group. In addition, the substrates with electron-withdrawing group (–Cl) also gave the desired 

compound 2g without significantly affecting the reaction yield (entry 7). The starting material 1h 

containing both electron-withdrawing group (–Cl) and electron-donating group (–OMe) was also 

investigated. The yield of product 2h reached up to 91% (entry 8). In particular, 

benzoyloxycarbonyl-substituted cyclopropane substrate 1i participated readily in the tandem reaction, 

producing the corresponding product in high yields (2i). To investigate the general application of the 

synthesis strategy, we increased the model reaction scale to 10 mmol, and the similar yield of 2a was 

generated (Table 2, entry 1). 

In summary, a simple and efficient method for the synthesis of tetrahydro-1,2,3-triazines was developed 

through a ring-opening/ring-closing tandem reaction. Using this method, various tetrahydro-1,2,3-triazine 

derivatives were synthesized with high yields under the catalyst-free conditions. 

EXPERIMENTAL 

The 1H and 13C NMR spectra were recorded on Bruker AV-500 or AV-400 spectrometer. High-resolution 

mass spectra (HRMS) were obtained on Brüker Compass Data Analysis 4.0. All of the chemicals were of 

reagent grade and used as received without further purification. 

Starting Materials. Cyclopropane derivatives 1a–i were synthesized in accordance with the previously 

reported procedure.10 All other chemicals used in this study were commercially available. 

Typical Procedure for the Preparation of Tetrahydro-1,2,3-triazines (2) 

4-Acetyl-N-phenyl-3,4,5,6-tetrahydro-1,2,3-triazine-4-carboxamide (2a). In a typical reaction, NaN3 

(78 mg, 1.2 mmol) was slowly added into a solution of cyclopropane derivative 1a (203 mg, 1.0 mmol) 

and DMF (1 mL). The mixture was stirred about 6 h at 80 oC. After the reaction, the mixture was cooled 

to room temperature and poured into water (3 mL). Afterwards, the mixture was extracted with CH2Cl2 (3 

mL × 3). The combined organic layer was dried over anhydrous Na2SO4 for 10 h. All of the organic 

phases were then concentrated, and isolated with preparative thin-layer chromatography (TLC) (eluting 

solvent: EtOAc/petroleum ether = 1/3 v/v). Then the product 2a was obtained (239 mg, 97%). Colorless 

liquid. 1H NMR (500 MHz, CDCl3, 20 °C, TMS): δ = 8.76 (s, 1H), 7.54–7.52 (m, 2H), 7.33 (t, J = 10.0 

Hz, 2H), 7.15 (t, J = 5.0 Hz, 1H), 5.10 (s, 1H), 3.46–3.43 (m, 2H), 2.55 (s, 3H), 2.50–2.47 (m, 1H), 

2.30–2.27 ppm (m, 1H); 13C NMR (125 MHz, CDCl3, 20 °C): δ = 206.3, 166.6, 136.5, 128.9, 124.9, 

119.6, 83.0, 46.2, 35.9, 24.5 ppm; HRMS (ESI): m/z: calcd for C12H14N4NaO2: 269.1014 [M + Na]+; 

found: 269.1011. 

4-Acetyl-N-(p-tolyl)-3,4,5,6-tetrahydro-1,2,3-triazine-4-carboxamide (2b). Colorless oil. 1H NMR 
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(500 MHz, CDCl3, 20 °C, TMS): δ = 8.68 (s, 1H), 7.41 (d, J = 2.5 Hz, 2H), 7.14 (d, J = 7.5 Hz, 2H), 5.07 

(s, 1H), 3.46–3.43 (m, 2H), 2.55 (s, 3H), 2.50–2.45 (m, 1H), 2.32 (s, 3H), 2.30–2.26 ppm (m, 1H); 13C 

NMR (125 MHz, CDCl3, 20 °C): δ = 206.8, 166.8, 135.0, 134.4, 129.8, 120.1, 83.4, 46.7, 36.3, 25.0, 21.1 

ppm; HRMS (ESI): m/z: calcd for C13H16N4NaO2: 283.1171 [M + Na]+; found: 283.1164. 

4-Acetyl-N-(4-methoxyphenyl)-3,4,5,6-tetrahydro-1,2,3-triazine-4-carboxamide (2c). Colorless liquid. 

1H NMR (500 MHz, CDCl3, 20 °C, TMS): δ = 8.64 (s, 1H), 7.43 (d, J = 10.0 Hz, 2H), 6.87 (d, J = 10.0 

Hz, 2H), 5.06 (s, 1H), 3.79 (s, 3H), 3.46–3.43 (m, 2H), 2.55 (s, 3H), 2.50–2.47 (m, 1H), 2.30–2.27 ppm 

(m, 1H); 13C NMR (125 MHz, CDCl3, 20 °C): δ = 206.5, 166.3, 156.7, 129.7, 121.9, 114.0, 82.9, 55.3, 

46.3, 35.9, 24.5 ppm; HRMS (ESI): m/z: calcd for C13H16N4NaO3: 299.1120 [M + Na]+; found: 299.1112. 

4-Acetyl-N-(o-tolyl)-3,4,5,6-tetrahydro-1,2,3-triazine-4-carboxamide (2d). Colorless oil. 1H NMR 

(500 MHz, CDCl3, 20 °C, TMS): δ = 8.74 (s, 1H), 7.92–7.90 (m, 1H), 7.25–7.18 (m, 2H), 7.11–7.08 (m, 

1H), 5.11 (s, 1H), 3.49–3.46 (m, 2H), 2.56 (s, 3H), 2.52–2.47 (m, 1H), 2.35–2.29 (m, 1H), 2.26 ppm (s, 

3H); 13C NMR (125 MHz, CDCl3, 20 °C): δ = 206.8, 166.8, 134.7, 130.6, 128.6, 126.8, 125.5, 121.7, 83.4, 

46.4, 36.2, 25.8, 17.4 ppm; HRMS (ESI): m/z: calcd for C13H16N4NaO2: 283.1171 [M + Na]+; found: 

283.1165. 

4-Acetyl-N-(2-methoxyphenyl)-3,4,5,6-tetrahydro-1,2,3-triazine-4-carboxamide (2e). Colorless liquid. 

1H NMR (500 MHz, CDCl3, 20 °C, TMS): δ = 9.36 (s, 1H), 8.31–8.29 (m, 1H), 7.08–7.05 (m, 1H), 

6.96–6.93 (m, 1H), 6.88–6.86 (m, 1H), 5.07 (s, 1H), 3.87 (s, 3H), 3.45–3.42 (m, 2H), 2.53 (s, 3H), 

2.50–2.31 (m, 1H), 2.31–2.27 ppm (m, 1H); 13C NMR (125 MHz, CDCl3, 20 °C): δ = 206.5, 166.6, 148.5, 

126.5, 124.7, 120.9, 119.4, 110.1, 83.4, 55.7, 46.5, 36.1, 24.7 ppm; HRMS (ESI): m/z: calcd for 

C13H16N4NaO3: 299.1120 [M + Na]+; found: 299.1117. 

4-Acetyl-N-(2,4-dimethylphenyl)-3,4,5,6-tetrahydro-1,2,3-triazine-4-carboxamide (2f). Colorless 

liquid. 1H NMR (400 MHz, CDCl3, 25 °C, TMS): δ = 8.64 (s, 1H), 7.71 (d, J = 8.00 Hz, 1H), 7.03–7.00 

(m, 2H), 5.09 (s, 1H), 3.48–3.45 (m, 2H), 2.55 (s, 3H), 2.52–2.45 (m, 1H), 2.34–2.27 (m, 4H), 2.20 ppm 

(s, 3H); 13C NMR (100 MHz, CDCl3, 25 °C): δ = 212.3, 166.8, 135.3, 132.1, 131.3, 128.9, 127.3, 122.0, 

83.4, 46.5, 36.2, 24.8, 20.9, 17.4 ppm; HRMS (ESI): m/z: calcd for C14H18N4NaO2: 297.1327 [M + Na]+; 

found: 297.1320. 

4-Acetyl-N-(4-chlorophenyl)-3,4,5,6-tetrahydro-1,2,3-triazine-4-carboxamide (2g). Colorless liquid. 

1H NMR (500 MHz, CDCl3, 20 °C, TMS): δ = 8.79 (s, 1H), 7.51–7.48 (m, 2H), 7.31 (d, J = 8.00 Hz, 2H), 

5.10 (s, 1H), 3.46 (t, J = 6.00 Hz, 2H), 2.55 (s, 3H), 2.52–2.45 (m, 1H), 2.32–2.25 ppm (m, 1H); 13C 

NMR (125 MHz, CDCl3, 20 °C): δ = 206.2, 166.9, 135.3, 130.1, 129.2, 121.0, 83.2, 46.4, 36.0, 24.7 ppm; 

HRMS (ESI): m/z: calcd for C12H13ClN4NaO2: 303.0625 [M + Na]+; found: 303.0627. 

4-Acetyl-N-(5-chloro-2-methoxyphenyl)-3,4,5,6-tetrahydro-1,2,3-triazine-4-carboxamide (2h). 

Colorless liquid. 1H NMR (500 MHz, CDCl3, 20 °C, TMS): δ = 9.37 (s, 1H), 8.39 (s, 1H), 7.05–7.03 (m, 
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1H), 6.80–6.78 (m, 1H), 5.07 (s, 1H), 3.88 (s, 3H), 3.47–3.44 (m, 2H), 2.55 (s, 3H), 2.50–2.45 (m, 1H), 

2.33–2.29 ppm (m, 1H); 13C NMR (125 MHz, CDCl3, 20 °C): δ = 206.4, 167.1, 147.3, 127.6, 126.3, 

124.6, 119.7, 111.1, 83.7, 56.3, 46.6, 36.3, 24.8 ppm; HRMS (ESI): m/z: calcd for C13H15ClN4NaO3: 

333.0730 [M + Na]+; found: 333.0724. 

Benzyl 4-acetyl-3,4,5,6-tetrahydro-1,2,3-triazine-4-carboxylate (2i). Colorless liquid. 1H NMR (400 

MHz, CDCl3, 25 °C, TMS): δ = 7.38–7.32 (m, 5H), 5.13 (s, 2H), 5.07 (s, 1H), 3.94–3.91 (m, 2H), 

3.54–3.51 (m, 2H), 2.35 ppm (s, 3H); 13C NMR (100 MHz, CDCl3, 25 °C): δ = 203.2, 167.3, 136.5, 128.6, 

128.2, 128.1, 91.8, 65.5, 49.5, 30.6, 18.9 ppm; HRMS (ESI): m/z: calcd for C13H15N3NaO3: 284.1011 [M 

+ Na]+; found: 284.1007. 
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