
Revue Roumaine de Chimie, 2004, 49(12), 989–993 

ELECTROCHEMICAL  PARTIAL  FLUORINATION 

OF  α,β-UNSATURATED  KETONES 

Vasile DINOIUa* and Kazuako KANNOb 

a “C. D. Nenitzescu” Center of Organic Chemistry of the Roumanian Academy,  

Splaiul Independenþei, 202B, Bucharest 060023, Roumania 
b Division of Molecular Chemistry, Graduate School of Engineering, Hokkaido University, 

Sapporo 060-8628, Japan 

Received July 29, 2004 

Anodic fluorination of phenyl stryryl ketone and t-butyl styryl ketone using ammonium fluorides as fluorine source and 

supporting electrolyte in CH2Cl2 as electrolytic solvent, yields expected vicinal difluoroketones, as mixture of erythro and 

threo isomers. The anodic fluorination of phenyl 3,5-di-t-butyl-4-hydroxystyryl ketone yields only two monofluoro 

compounds. A possible reaction mechanism is discussed. 

INTRODUCTION 

Because of the particular properties of fluorine, the introduction of such an element on organic 

substrates induces dramatic consequences on their physical, chemical and biological properties.1,2 In the 

course of the last decades, several investigations for the developing of new fluorination methods for organic 

compounds have been made. Within the whole range of possible synthetic methods, the direct anodic 

fluorination is of interest since fluorine atom(s) can be inserted in one step from amine hydrofluoride. In 

particular, triethylamine tris(hydrofluoride) Et3N·3HF is now considered the most convenient and widely 

used electrolyte and fluorine source. This electrolytic system has good electrical properties, high solubility 

for organic substrates, low toxicity and easy preparation.3 

The electrochemical partial fluorination (ECF) of organic compounds using Et3N·nHF (n = 2–3) as a 

fluorine source and supporting electrolyte has been quickly developed in the last few years.4,5 Recently, a 

new electrolyte, Et3N·5HF, has been found to be electrochemically highly stable and an excellent 

fluorinating agent for the electrochemical fluorination of aldehydes and ketones, in good yields.6 In previous 

papers we described the anodic fluorination of conjugated diene esters using Et3N·5HF, as an optimal 

fluorine source,7 the anodic fluorination of phenylacetic esters8 using as fluorine sources Et3N·nHF (n = 3,5) 

and Et4NF·nHF (n = 1–3), and anodic fluorination of unsaturated carbonylic compounds.9 

Continuing our efforts on the regioselective anodic fluorination of unsaturated compounds, we report 

in this paper the anodic fluorination of some unsaturated ketones (phenyl stryryl ketone, t-butyl styryl ketone 

and phenyl 3,5-di-t-butyl-4-hydroxystyryl ketone) using Et4NF·2HF as supporting electrolyte and fluorine 

source, in CH2Cl2 as electrolytic solvent. The influence of the electrolytic temperature on the anodic 

fluorination was investigated. 

–––––––––––––– 
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RESULTS  AND  DISCUSSION 

First, we investigated the anodic fluorination of α,β-unsaturated ketones 1a,b (Scheme 1); it was found 

that the expected vicinal-difluoroketones, phenyl 1,2-difluoro-2-phenyl-ethyl ketone 2a and t-butyl 

1,2-difluoro-2-phenyl-ethyl ketone 2b were obtained as mixture of erythro and threo isomers. An ECNECN 

(electrochemical-chemical-electrochemical-chemical) mechanism is widely accepted for that type of 

electrochemical partial fluorination reactions,10,11 and most likely the reactions under our study follow the 

same pathway. 
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Scheme 1 

The experimental data are shown in Table 1. It can be observed that higher yields were obtained when 

the anodic fluorination was performed at room temperature (r.t.). 

Table 1 
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Anodic fluorination of α,β-unsaturated ketones 1a,b in Et4NF-2HF as fluorine source and supporting electrolyte, in CH2Cl2 as solvent 
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According with literature data,11 the threo and erythro configurations of difluoro-compounds were 

evidenced by the magnitude of vicinal H-F coupling constants (ca. 23–27 and 6–21 Hz, respectively) in their 
1H- and 19F-NMR spectra. 

An interesting fluorination occurs when phenyl 3,5-di-t-butyl-4-hydroxystyryl ketone 3 (a hindered 

phenol-containing chalcone), synthesized from 3,5-di-t-butyl-4-hydroxybenzaldehyde and acetophenone in 

acidic conditions,12 was anodic fluorinated in the presence of Et4NF-2HF as fluorine source and supporting 

electrolyte and in CH2Cl2 as electrolytic solvent (Scheme 2). To our pleasant surprise, unlike our previous 

finding that fluorination occurs to yield vic-difluoro ketones, in this case NMR spectra show that this 

reaction yields a mixture of two monofluoro derivatives 4 and 5 in ratio 1:1 (yields are 30% for each of 
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them). Compounds 4 and 5 present the C=O stretching bands at 1630–1640 cm–1 and do not have phenolic 

OH stretching bands. We believe that the electron-donating hindered phenolic group changed the reaction 

mechanism of anodic fluorination of this ketone derivative and two monofluoro derivatives were obtained. 
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Scheme 2 

We assume that this unexpected fluorination can be explained by the reaction mechanism shown in 

Scheme 6, in which the one-electron oxidation of chalcone 3 generates aroxyl A, which is a stable free 

radical due to the presence of the bulky tert-butyl groups in ortho-positions. This aroxyl has a resonance 

formula and the hyperfine coupling constants (hfc’s), determined by the EPR spectra, are the highest 

(0.64 mT) on the styryl proton Ha adjacent to the carbonyl group, indicating a higher contribution of 

hyperconjugative limiting structures placing high spin densities on these protons,12 and carbon radical is 

formed. The subsequent oxidation yields the corresponding carbon cation, which exists in the tautomeric 

forms (B) and (C). The nucleophilic attack of fluoride ion on these cations yields the monofluoro derivatives 

4 and 5 in same ratio. 
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Scheme 3 

In summary, we have reported a selective electrochemical fluorination of some α,β-unsaturated 

ketones (phenyl stryryl ketone, t-butyl styryl ketone and phenyl 3,5-di-t-butyl-4-hydroxystyryl ketone) using 

Et3N·2HF as supporting electrolytes and fluorine sources at room temperature. Anodic fluorination of 

phenyl stryryl ketone and t-butyl styryl ketone yields vicinal difluoro ketones, as mixtures of two 

diastereoisomers, erythro and threo. 

The donating electronic effect of hindered phenol group changes the reaction mechanism of the anodic 

fluorination of phenyl 3,5-di-t-butyl-4-hydroxystyryl ketone, and two monofluoro derivatives were obtained. 
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EXPERIMENTAL 

Caution: The electrolytes, Et3N·nHF and Et4NF·nHF, were kind gifts of Morita Chemical Industries Co., Ltd. (Japan) and 

were used without purification. They are toxic and contact with skin causes serious burns. Therefore, it is recommended that rubber 

gloves be used. 

Anodic Fluorination of Unsaturated Ketones. Typical anodic difluorination conditions were as follows:  

Anodic oxidation of 1A (1mmol) and 1B (1mmol), were carried out with an undivided cell with a platinum anode and cathode 

(2 × 2 cm2) in 15 mL fluorine source or in 8 mL fluorine source and 8 mL CH2Cl2 or MeCN. Anodic potentials were determined by 

cyclic voltammetry. The reference electrode was Ag/AgNO3 (0.01 M) in MeCN containing Et4N·BF4 (0.1 M). 

Since positive oxidative potentials were involved, careful handling of the solvent supporting electrolyte system was needed, 

moisture avoided, to ensure polymerization-free electrolysis. 

The electrolytic mixture was diluted with water and extracted three times with CH2Cl2. The organic phase was washed with 

brine and dried over MgSO4. After the removal of MgSO4 by filtration, the products were isolated by column chromatography on 

silica gel and identified by 1H- and 19F-NMR spectra, IR-spectra, MS-spectra and HMRS. Melting points were obtained on a Mel-Temp 

melting point apparatus and are uncorrected. IR spectra were obtained on FT/IR-410 Jasco spectometer. 1H- and 19F-NMR spectra 

were recorded, in CDCl3 as a solvent, on a JEOL Datum (400 MHz) spectrometer. The chemical shifts for 1H-NMR are reported in  

δ ppm downfield from internal TMS, and those for 19F-NMR are given in δ ppm downfield from internal C6F6, δ(CFCl3) of the C6F6 

reference being –162.2 ppm. All reactions with air-sensitive compounds were carried out under a nitrogen atmosphere. Column 

chromatography was conducted with silica gel. GC analyses were performed using a Hitachi G-5000 instrument (flame ionization 

detector, FID) with a 30 m column Neutra Bond. 

Phenyl, 1,2-difluoro-2-phenyl-ethyl ketone 2a: was purified by flash chromatography on silica gel, eluting with 20:1 mixture  

of hexane and ethyl acetate to give a colorless oil. 

2a threo: 1H-NMR: 5.57 (ddd, J = 47.6 Hz, J = 25.4 Hz, J = 3.2 Hz, 1H); 6.02 (ddd, J = 44.9 Hz, J = 23.0 Hz, J = 3.2 Hz, 

1H); 7.36–7.90 (m, 10H). 19F NMR: –192.5 (m, 1F); –199.3 (m, 1F). IR (neat, cm–1) 1698 (νC=O). MS m/z 244 (M+), 105 (Ph-CO)+, 

77 (Ph). HRMS: calcd for C15H10F2O m/e 244.0700, found 244.0692. 

 2a erythro: 1H-NMR: 5.84 (ddd, J = 42.0 Hz, J = 6.3 Hz, J = 2.2 Hz, 1H); 5.98 (ddd, J = 44.2 Hz, J = 18.8 Hz, J = 2.2 Hz, 

1H); 7.36–7.90 (m, 10H). 19F NMR: –186.5 (m, 1F); –196.9 (m, 1F). IR (neat, cm–1) 1698 (νC=O). MS m/z 244 (M+), 105 (Ph-CO)+, 

77 (Ph). HRMS: calcd for C15H10F2O m/e 244.0700, found 244.0692. 

t-Butyl, 1,2-difluoro-2-phenyl-ethyl ketone 2b: was purified by flash chromatography on silica gel, eluting with 20:1 mixture  

of hexane and ethyl acetate to give a colorless oil. 

2b threo: 1H-NMR: 1.44 (s, 9H); 5.14 (ddd, J = 47.3 Hz, J = 27.1 Hz, J = 2.9 Hz, 1H); 5.96 (ddd, J = 44.6 Hz, J = 23.9 Hz, 

J = 2.9 Hz, 1H); 7.36–7.90 (m, 5H). 19F NMR: –194.0 (m, 1F); –200.4 (m, 1F). IR (neat, cm–1) 1698 (νC=O). MS m/z 226 (M+), 

141 (Ph-CHF-CHF)+, 109 (Ph-CHF)+, 77 (Ph)+. HRMS: calcd for C13H16F2O m/e 226.1169, found 226.1167. 

2b erythro: 1H-NMR: 1.43 (s, 9H); 5.37 (ddd, J = 49.2 Hz, J = 10.7 Hz, J = 4.1 Hz, 1H); 5.83 (ddd, J = 43.6 Hz, J = 20.9 Hz, 

J = 4.1 Hz, 1H); 7.36–7.90 (m, 5H). 19F NMR: –187.9 (m, 1F); –198.4 (m, 1F). IR (neat, cm–1) 1698 (νC=O). MS m/z 226 (M+), 

141 (Ph-CHF-CHF)+, 109 (Ph-CHF)+, 77 (Ph)+; HRMS: calcd for C13H16F2O m/e 226.1169, found 226.1167. 

4-(2-fluoro-3-oxo-3-phenylpropylidene)-2,6-di-t-butylcyclohexa-2,5-dien-1-one 4: was purified by flash chromatography 

on silica gel, eluting with 20:1 mixture of hexane and ethyl acetate to give a yellowish-brown oil that crystallizes as yellowish-brown 

crystals (EtOH), mp 145°C. 
1H-NMR (400 MHz, CDCl3): 1.24 (s, 18H); 6.33 (t, J = 15 Hz, 1H); 6.79 (s, 1H); 7.37 (dd, J = 15 Hz, 1H); 7.50 (t, J = 8 Hz); 

7.66 (t, J = 8 Hz, 1H); 8.02 (d, J = 8 Hz, 1H). 19F NMR (400 MHz, CDCl3): 71.6 (s, 1F). IR (neat, cm–1) 1630 (νC=O). HRMS: calcd. 

for C23H27FO2 m/e 354.1995, found 354.1972. 

4-fluoro-2,6-di-t-butyl-4-[(1E)-3-oxo-3-phenylprop-1-enyl]cyclohexa-2,5-dien-1-one 5: was purified by flash chromatography 

on silica gel, eluting with 20:1 mixture of hexane and ethyl acetate to give a yellowish oil that crystallizes as yellow crystals (EtOH), 

mp 137–139°C. 1H-NMR: 1.25 (s, 18H); 6.48 (s, 1H); 6.63 (dd, J = 15.2 Hz, J = 19 Hz, 1H); 7.31 (d, J = 15.2 Hz, 1H); 7.49 (t, 

J = 8 Hz, 1H); 7.58 (t, J = 8 Hz); 7.66 (t, J = 8 Hz, 1H); 7.96 (d, J = 8 Hz, 1H). 19F NMR: 9.2 (s, 1F). IR (neat, cm–1) 1640 (νC=O). 

HRMS: calcd for C23H27FO2 m/e 354.1995, found 354.1962. 
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