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6. C−F Activation

6.1 Introduction

C−F Activation is the (selective) cleavage of a carbon-fluorine bond in an organofluorine compound. This 
can be synthetically attractive as perfluorination is typically facile (e.g. via the Simons process). Selective 
C−F activation provides partially fluorinated molecules that would be challenging to prepare via selective 
fluorination.  

Reviews: a) Uneyama, Chem. Rev. 2009, 109, 2119.b) Braun, Chem. Rev. 2015, 115, 931. c) Magauer, Tetrahedron Lett. 2015, 56, 877.

Problem: C−F Bonds are very strong!

Cleaving a C−F bond is often endothermic

C−F bond cleavage is kinetically unfavourable
if it occurs in the rate determining step

Bond Dissociation Energy (kcal/mol)C−X Bond 

104.3CH3−H

108.3CH3−F

82.9CH3−Cl

69.6CH3−Br

119.5CH2F−F

127.5CHF2−F

130.5CF3−F
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6.2 C(sp2)−F Bond Activation

Fluorine forms stronger bonds to sp3-hybridised carbon atoms than to sp2-hybridised carbon atoms. C(sp2)−F 
activation can therefore be slightly less thermodynamically uphill. Most importantly however, adjacent π-
systems open up mechanistic pathways not available with purely sp3-hybridised C−F bonds. 

Reviews: a) Uneyama, Chem. Rev. 2009, 109, 2119.b) Braun, Chem. Rev. 2015, 115, 931. c) Magauer, Tetrahedron Lett. 2015, 56, 877.
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6.2.1 Aryl C−F Activation

6.2.1.1 Nucleophilic Displacement of Fluoride (SNAr)

In an SNAr reaction, the first step (i.e. the addition of the nucleophile to an electron-deficient arene forming a 
Meisenheimer complex) is rate-determining. There is no C−F bond cleavage in the RDS!

Mechanism:

Reviews: a) Uneyama, Chem. Rev. 2009, 109, 2119.b) Braun, Chem. Rev. 2015, 115, 931. c) Magauer, Tetrahedron Lett. 2015, 56, 877.
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Moreover, the electron-deficient fluorine leaving group activates the arene towards the initial nucleophilic 
attack and directs the site of addition. Fluoroarenes are actually more reactive in SNAr reactions than chloro-, 
bromo- or even iodoarenes despite the much higher bond strength of the C−F bond. 

Example: Selective substitution of an aryl fluoride

Warren, Tetrahedron Lett. 2005, 46, 4683.

SN2 (Aliphatic)SNAr (Aromatic)Reaction

Mechanism

I > Br > Cl > FF > Cl > Br > IReactivity Trend (X)
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Defluorinative nucleophilic substitution has been used for stepwise polymerisation.

Example:

Nagai, Chem. Lett. 1995, 24, 161.
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6.2.1.2 Transition Metal-Catalysed C−F Activation

Oxidative addition into C−F bonds in electron-deficient fluoroarenes is also possible. Three mechanisms are 
thought to be accessible in such processes:

a) Concerted oxidative addition: conventional process observed with other aryl halides
b) SET: Single electron transfer from the metal to the arene followed by mesolysis and radical 

combination
c) SNAr: The low-valent metal plays the role of nucleophile in a classic SNAr

Nickel typically reacts in a concerted fashion. With 
pentafluoropyridine, coordination to nitrogen leads to 

ortho-selectivity.

Other metals generally react via SNAr or SET 
pathways and are selective for the para-position. 

Review: Braun, Chem. Rev. 2015, 115, 931.
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Most-commonly, hydrodefluorination (HDF) reactions are conducted using silanes as the hydride source. 
The driving force of the reaction is the formation of a strong Si−F bond. 

Example: Rhodium-catalysed HDF Reaction of Perfluorobenzenes

Milstein, Science 1994, 265, 359.

The regioselectivity of C−F activation is 
consistent with an SET pathway. 

Single electron transfer from Rh(I) to the
perfluoroarene is followed by mesolysis

and fluoride attack on the rhodium-
bound silicon atom. 

Mechanism:
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Cross-coupling reactions are also possible.

Examples: Nickel-Catalysed Defluorinative Cross-Coupling of Fluoroarenes

a) Tamao, Synlett 2005, 1771. b) Herrmann, Angew. Chem. Int. Ed. 2001, 40, 3387.

Transmetallation of the aryl 
group onto Ni(II) is driven by 

the formation of a strong 
magnesium fluoride salt.
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6.2.2 Vinyl C−F Activation

Gem-Difluoroalkenes are electron-deficient and consequently susceptible to nucleophilic addition followed 
by β-fluoride elimination. Mechanistically, the reaction is analogous to SNAr with arenes. 

a) Sekiya, Green Chem. 2002, 4, 60. b) Kondo, Chem. Commun. 1999, 2397. c) Webster, J. Org. Chem. 1992, 57, 6643.

Examples:
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6.3 C(sp3)−F Bond Activation

Most reactions involve substrates with nearby π-systems which both weaken the C−F bond and open up 
mechanistic pathways where C−F bond cleavage is not rate determining. 

6.3.1 SN2′ Nucleophilic Substitution of Allylic Fluorides

Addition of a nucleophile to an electron-deficient allylic fluoride generates a carbanion which can eliminate a 
β-fluoride affording alkenes.

a) Rock, J. Chem. Soc., Perkin Trans. 1 1996, 1409. b) Rock. Synlett 1995, 659. c) Rock, Tetrahedron Lett. 1995, 36, 5003.
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The β-fluoride elimination pathway can be exploited in other systems involving β-fluoro carbanion 
intermediates.

Examples:

a) Scheuer, J. Am. Chem. Soc. 1949, 71, 3439. b) Uneyama, Chem. Commun. 1999, 1323.
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6.3.2 C(sp3)−F Activation through Hydrogen Bonding Interactions

Paquin and co-workers have conducted nucleophilic substitution reactions of benzylic fluorides where the 
C−F bond is weakened through hydrogen bonding.

a) Paquin, Angew. Chem. Int. Ed. 2014, 53, 13835. Review: b) Paquin, Synthesis 2015, 47, 306.
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6.3.3 C(sp3)−F Activation through Coordination to Lewis Acids

Similarly, C-F bonds can be activated through coordination of the fluorine atom to Lewis acids. Metal or semi-
metallic centres that form exceptionally strong bonds to fluorine such as aluminium and silicon are most 
commonly employed.

Example: ACF-Mediated Defluorinative Friedel-Crafts Reaction with Et3SiH

Braun, Kemnitz, Angew. Chem. Int. Ed. 2013, 52, 5328.

The surface of 
ACF is thought to 

activate the 
silane generating 
a strong silicon 

Lewis acid

ACF: Nanoscopic Aluminium Chlorofluoride
AlClxF3-x (x ≈ 0.05 – 03)
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Example: BSA-Mediated Desymmetrization of β-Fluoroalcohols

Haufe, Shibata, Angew. Chem. Int. Ed. 2016, 55, 9432.

Examples:

Mechanism:

Cinchona
Alkaloid
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6.3.4 C(sp3)−F Activation through Single Electron Transfer

Single electron reduction of C−F bonds is possible using low valent metals. Mesolysis of a fluoride anion 
generates a carbon-centred radical, which under the strongly reducing conditions, accepts a second electron 
to afford the corresponding carbanion. Hydrodefluorination products are typically obtained. 

a) Crabtree, J. Am. Chem. Soc. 1996, 118, 2525. b) Jones, J. Am. Chem. Soc. 2000, 122, 8559. c) Ashby, J. Organomet. Chem. 1971, 29, 339.

Examples:
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Recently Gschwind and König and co-workers combined the concept of SET reduction of C−F bonds and 
Lewis acid activation in a defluorinative radical coupling with trifluorotoluene derivatives. 

Examples:

Gschwind, König, J. Am. Chem. Soc. 2017, 139, 18444.

Examples:
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Mechanism:

Gschwind, König, J. Am. Chem. Soc. 2017, 139, 18444.Light bulb photo: from Unknown Author, licence: CC BY-SA-NC
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Very recently, strategies for the mechanochemical degradation of fluoropolymers were reported by 
Gouverneur and coworkers. 

Gouverneur, Nature 2025, 640, 100-106, 
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6.3.5 Upcycling of Fluoropolymers

• solvent-free ballmilling
• many PFAS
• no CO2 formation with K3PO4

• isolation of MF or direct use of
PTFEmix in nucleophilic
fluorination

Examples:



Later, Shibata and coworkers and Armstrong and coworkers used a similar strategy for the upcycling of 
fluoropolymers. These approaches offer a possible solution towards a more circular fluorine economy.

a) Shibata, Nat. Chem. 2025, 17, 1480-1487, b) Armstrong, JACS 2025, 147, 40895-40899.

204

Shibata

Armstrong

less efficient for other
fluoropolymers, requires

THF as solvent

no isolation of NaF reqired for use in nucleophilic
fluorination, but in situ transformation to R4NF / 

HF mixtures necessary


