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Abstract: A facile and efficient method for the synthesis of 
N-amino-1,2,3-triazoles has been established by means of the L’Abbé 
rearrangement and a “snap-trapping” strategy, with water as the only 

byproduct. This reaction exhibits prominent advantages including high 
reactivity, brord functional group tolerance, exceptionally clean reaction 
profiles and extremely mild conditions, which endows it with promising 
applications in synthetic and medicinal chemistry. 
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Introduction 

Since 1,2,3-triazole was first reported in 1893, it has exhibited broad 

application prospects and development value in many fields such as 

medicine1-3, pesticides4, materials science5-6 and fine chemical industry7-8 

due to its unique molecular structure and chemical and biological 

properties. The premier work on 1,2,3-triazole synthesis can be dated 

back to 1960s by Huisgen’s 1,3-dipolar cycloaddition of alkynes with 

organic azides9-11. Subsequently, the metal-catalyzed azide alkyne 

cycloaddition from Sharpless, Meldal and Fokin has involved in the 

concept of “click” chemistry and regiospecific assembly polysubstituted 

1,2,3-triazoles12-18. Despite the fact that this click reaction is regarded as a 

versatile strategy for the synthesis of 1-alkyl or aryl-substituted 

1,2,3-triazoles, N-amino-1,2,3-triazoles are not accessible through this 

approach. 
N-amino-1,2,3-triazoles have been studied for their application as 

antibiological agents due to the triazole nucleus is able to bind to a 
variety of enzymes and receptors in different biological systems19-24. 
Moreover, N-amino-1,2,3-triazoles have also been applied as energetic 
materials, assuming a pivotal role in industrial manufacturing and 
national defense infrastructure25-26. Owing to their multifarious and 
prominent properties, extensive efforts have been devoted to the 
development of various methods for the synthesis of 
N-amino-1,2,3-triazoles. The earlier reported method for the synthesis of 

N-amino-1,2,3-triazoles is the oxidation of bishydrazone using lead(Ⅳ) 
acetate or selenium dioxide following acid hydrolysis (Scheme 1A)27-28. 

However, the cytotoxicity of both lead (a heavy metal) and selenium has 

caused environmental pollution problems and limited their potential 

application in life science and pharmaceutical industry. Although the 

conventional MnO2/WO3−mediated strategy on the synthesis of 



N-amino-1,2,3-triazole involved oxidation of glyoxal derived 

dihydrazones has been exploited, considerable disadvantage like the poor 

product selectivity still exists in the process (Scheme 1A)29-30. Recently, 

regitz diazo transfer reaction for the preparation of 

N-amino-1,2,3-triazoles from β-keto esters derived hydrazones has been 

developed (Scheme 1B)31-33. Nonetheless, the harsh reaction conditions 

and narrow substrate scopes hinder extensive application of this method. 

Interestingly, Dimroth rearrangement of 1,2,3-thiadiazolyl-hydrazones 

has been investigated as an elegant and efficient tool for the synthesis of 

N-amino-1,2,3-triazoles, which has focused our attention on this 

transformation (Scheme 1C)23,34. Notably, as a variant of the Dimroth 

rearrangement, the L’abbé rearrangement features an unusual 

amine-swapping transformation, in which the triazole ring undergoes 

opening and reclosure via ring−chain tautomerization, followed by the 

hydrolysis of the newly formed triazole35-36. Representatively, the L’abbé 
rearrangement has been applied to the labeling of complex biomolecules 

from pyridotriazole carbaldehydes (PTACs) with primary alkyl 

amines37-38. Inspired by this work, we envisaged that pyridotriazole 

carbaldehydes (PTACs) could enable labeling of hydrazine derivatives 
access to N-amino-1,2,3-triazoles by a “snap-trapping” process, thereby 
realizing a highly efficient L’abbé rearrangement (Scheme 1D). 



 

Scheme 1. The synthesis of N-amino-1,2,3-triazoles 

Results and Discussion 

The hypothesis was confirmed by an initial examination of PTAC 1a 

labeling of phenylhydrazine 2a in THF at room temperature, and the 
preliminary result was encouraging in that the desired product 3a was 
formed efficiently and isolated in 89% yield (Table 1, entry 1). Further 
optimization of reaction conditions such as solvents and additives, the 
reaction exhibited excellent robustness (Table 1, entries 2−12). For 
instance, treatment of the L’abbé rearrangement in DCM furnished the 
product 3a in 94% yield, thus DCM was identified as the optimal reaction 
medium (Table 1, entry 2). Interestingly, the addition of regular acids, 
bases or Good’s buffer had minimal impact on the reaction efficiency in 



DCM, with 3a afforded in nearly identical isolated yields (Table 1, entries 
9−13). 

Table 1. Optimization of Reaction Conditionsa 

 

entry additive (0.1 eq) solvent yieldb(%) 

1 — THF 89 

2 — DCM 94 

3 — MeCN 88 

4 — toluene 86 

5 — 1,4-dioxane 88 

6 — EtOH 90 

7 — DMF 89 

8 — DMSO 92 

9 AcOH DCM 95 

10 TsOH DCM 96 

11 Et3N DCM 91 

12 DBU DCM 90 

13 MOPS DCM 95 

aReaction conditions: pyridotriazole carbaldehyde 1a (0.5 mmol), phenylhydrazine 2a 

(1.1 equiv, 0.55 mmol) and additive (0.1 equiv, 0.05 mmol) were stirred in 2 mL of 

solvent at room temperature for 30 min. bIsolated yield of 3a based on 1a. THF, 

tetrahydrofuran; DCM, dichloromethane; DMF, N,N-dimethylformamide; DMSO, 

dimethyl sulfoxide; DBU, 1,8-diazabicyclo[5.4.0]undec-7-ene; MOPS, 

3-(N-morpholino)propanesulfonic acid. 

Having established the optimal conditions, we examined the scope 
and generality of this rearrangement reaction with respect to a range of 
hydrazine derivatives. As shown in Scheme 2, a variety of hydrazine 

derivatives were suitable for this rearrangement reaction and the 
corresponding N-amino-1,2,3-triazole derivatives were rendered in 



satisfactory yields. Initially, various aromatic hydrazines participated in 
this rearrangement transformation to deliver structurally diverse 
N-amino-1,2,3-triazoles in good to excellent yields (3a−3f). It is worth 
noting that electronic effects had negligible impact on this transformation 
(3b−3f), whereas steric hindrance exerted a significant influence on the 
reaction outcome (3c). Focus was placed on alkyl hydrazine derivatives, 
which were compatible with this transformation, leading to the targeted 
products with good reactivities (3g−3l). Hydrazine derivatives with 
heterocyclic scaffold were also good candidates for this rearrangement 

reaction, and the corresponding products were obtained in moderate to 
excellent yields (3m−3q). Utilizing this protocol, the installation of 
hydrazide and hydrazinecarboxamide moiety proceeded in good to 
excellent yields (3r−3w). Notably, the disubstituted hydrazide moiety was 
readily incorporated into dual-triazole product 3w in 85% yield. The 
transformation was not limited to hydrazine, hydroxylamine and 
hydrazone were also competent substrates and the corresponding products 
were afforded in excellent yields (3x−3z). Remarkably, the hydrazine 
derivatives derived from drug molecules could also be modified in 
satisfactory yields as exemplified by the drug analogues 3aa−3ac.  

 

 

 

 

 

 

 

 

 

 

 

 



 

Scheme 2. Scope of hydrazine derivatives with PTACa 

 
aReaction conditions: pyridotriazole carbaldehyde 1a (0.5 mmol) and hydrazine 
derivatives 2 (1.1 equiv, 0.55 mmol) were stirred in 2 mL of DCM at room 
temperature for given time. Isolated yields are shown. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



Scheme 3. Scope of hydrazine derivatives with PTACsa 

 
aReaction conditions: PTACs 4 (0.5 mmol), hydrazine derivatives 2 (1.1 equiv, 
0.55 mmol) and AcOH (0.5 mmol, 1 eq) were stirred in 2 mL of DMSO at 60 ℃ for 
12 h. Isolated yields are shown. 

Moving on to the substrate scope with respect to the pyridotriazole 
carbaldehydes (PTACs), both acetic acid and elevated temperature were 
found to be indispensable for promoting the reaction. As shown in 
Scheme 3, starting from pyridotriazolone incorporating the agent 
aminotadalafil (for relieving erectile dysfunction) in dimethyl sulfoxide, 
the target product 5a could be successfully obtained in 78% yield. 
Quinolinotriazolone appended with hydrazine derivatives were also 
compatible with this transformation, leading to the corresponding 
products 5b and 5c in 75% and 52% yield, respectively. Due to the steric 

hindrance of the benzene ring fragment in the molecule, the compound 5c 

exhibited a lower yield in compared with the compounds 5b. 

To prove the practicality of this rearrangement reaction, a gram scale 
synthesis of N-indolyl-1,2,3-triazole 3o was performed under the standard 

conditions. When 1.47 g of pyridotriazole carbaldehyde 1a (10 mmol) 

and 1.45 g of 1H-indol-1-amine 2o (11 mmol) were loaded, 2.48 g of the 

target product 3o was obtained in 95% yield (eq 1). 

 

Based on the basis of previous reports35-38, a plausible reaction 



mechanism for the L’Abbé rearrangement of PTACs is depicted in 

Scheme 4. Initially, iminomethyl pyridotriazole A was fromed through a 

sequence of imine condensation of pyridotriazole carbaldehyde 1a and 

1H-indol-1-amine 2o, with water as the sole byproduct. Density 

functional theory (DFT) calculations reveal that the Na−Nb bond is 

weakened owing to reduced orbital overlap between the diazo moiety (Nb 

= Nc) and the nitrogen atom of the adjacent pyridine ring39. Therefore, 

pyridyl diazoimine B could be generated from A via ring-opening of the 

triazole moiety. Ultimately, intramolecular ring closure of the diazoimine 

B at the newly incorporated imino nitrogen yields the pyridyl triazole 3o.  

Scheme 4. Plausible Reaction Pathways 

 

Conclusions 

In summary, we have successfully developed a straightforward and 
efficient approach for the synthesis of N-amino-1,2,3-triazoles involved 

with L’abbé rearrangement by a “snap-trapping” process. With 

advantages such as high reactivity, wide functional group tolerance, 

exceptionally clean reaction profiles with water as the sole byproduct, 

and extremely mild conditions, it has the potential to be undoubtedly used 

in synthetic and medicinal chemistry. 
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