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Heterocycles are fundamental scaffolds in medicinal chemistry, 
forming the core of over 85% of drugs due to their structural 
versatility and ability to modulate key pharmacological 
properties such as solubility, binding affinity, and metabolic 
stability. The introduction of fluorine atoms into heterocyclic 
frameworks further enhances these attributes, improving 
bioavailability and metabolic resistance, and has become a key 
strategy in drug and agrochemical design.1–4

Among fluorinated heterocycles, fluoropyrazoles are of 
particular interest.5–7 Their value is exemplified by the fungicide 
Penflufen, where incorporation of a 5-fluoropyrazole moiety 
significantly boosted potency and stability.8,9 As a result, the 
5-fluoropyrazole scaffold is now a prominent structural motif in 
both pharmaceutical and agrochemical research.10–13 Beyond 
biological applications, fluoropyrazoles serve as ligands in 
coordination chemistry, enabling the design of metal complexes 
with improved thermal stability, luminescence properties, and 
unique magneto-structural features.14–17 Several synthetic 
approaches to 5-fluoropyrazoles have been reported18 including 
heterocycle assembly from fluorinated precursors,19–23 
nucleophilic substitution (e.g., action of KF on 
5-chloropyrazoles),24,25 and electrophilic fluorination using 
reagents such as NFSI, Selectfluor, and XeF2.26–29 While these 
methods provide access to fluoropyrazole derivatives, there 
remains a need for efficient and selective routes to N-alkyl-5-
fluoropyrazoles.

In this context, perchloryl fluoride (FClO3) is a promising 
electrophilic fluorinating agent.30–32 It acts as a two-centre 
electrophile capable of introducing fluorine at positions with 
mobile hydrogen atoms, typically in the presence of a base. 
Although its fluorination potential has been demonstrated for 
some heterocycles (e.g., thiophenes), its application to pyrazoles 
remains underexplored. Herein, we present an efficient selective 
fluorination of N-alkylpyrazoles at the 5-position using FClO3, 
offering a practical route to these valuable building blocks.

The initial protocol involved treatment of N-methyl- 
pyrazole 1a with BuLi in THF at –78 °C, bubbling excess FClO3 
(1.25 : 1 molar ratio) through the reaction mixture, stirring for 3 h 
under cooling, and allowing the mixture to warm to room 
temperature. However, these attempts yielded the target 
product  2a in low yields. Meantime, raising the reaction 

temperature to –20 °C significantly improved the yield, affording 
5-fluoro-N-methylpyrazole 2a in 64% yield (Scheme 1). We then 
extended this methodology to other N-alkylpyrazoles 1b,c. 
LC‑MS analysis confirmed approximately 80% content of the 
desired fluoropyrazoles 2a–c in the reaction mixtures. After 
distillation, compounds 2a–c were isolated in 60–64% yields. 
The process proved scalable: single batches produced 25–35 g 
of pyrazoles 2a–c.

The structures of compounds 2a–c were unequivocally 
confirmed by 1H, 13C, and 19F NMR spectroscopy. Notably, for 
compounds 2a,b, we successfully measured 15N chemical shifts 
and 15N–19F coupling constants. Interestingly, the introduction 
of a fluorine atom at the 5-position of the pyrazole ring causes 
a significant upfield shift of the 15N resonances compared to 
those of non-fluorinated analogues 1. Specifically, for 2a, the 
15N chemical shifts are –90.84 and –198.57 ppm; for 1a, the 
corresponding shifts are –71.00 and –176.48 ppm. This upfield 
displacement reflects the electronic influence of the fluorine 
substituent on the pyrazole nitrogen environments. Additionally, 
we observed a 3JN–F coupling constant of 11.7 Hz, but only for 
the nitrogen atom at the 2-position. This selective coupling 
provides further evidence of the anisotropic electronic effects 
imposed by the fluorine substituent.

In summary, we elaborated a one-step synthesis of N-alkyl-5-
fluoropyrazoles by direct lithiation/fluorination of pyrazoles 
with FClO3. The procedure is scalable, and tens of grams of 
N-methyl-, N-ethyl-, and N-butyl-5-fluoropyrazoles were 
synthesized in one run. Given the high efficiency, simplicity, 
and low costs of our method, we believe that N-alkyl-5-
fluoropyrazoles will soon find wide application in coordination 
chemistry, agrochemistry and medicinal chemistry as valuable 
building blocks.
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Scheme  1  Reagents and conditions: i, BuLi (1.1 equiv.), THF, –20 °C, then 
FClO3 (1.25 equiv.), 3 h.
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