Selective C-F bond Functionalization in Multifluoroarenes and
Trifluoromethylarens
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Strategies for the Synthesis of Organofluorine Compounds

B C-F bond formation & C-F bond cleavage
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B Selective C-F bond functionalization in aromatic fluorides
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Selective C-F bond Functionalization of Mutifluoroarenes

B |ntroduction of the alternative approach to partially fluorinated compounds
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Selective C-F Bond Functionalization in Aromatic Fluorides

B Nucleophilic substitution of aromatic fluorides (SyAr)
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Selective C-F Bond Functionalization in Aromatic Fluorides

B Nucleophilic substitution of hexafluorobenzene
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¢ Perfluoro-substitution dramatically lowers the energy of the xt* orbitals,
making the aryl ring more susceptible to nucleophilic attack

¢ After monosubstitution, the second substitution occurs regioselectively
at C-4 carbon, irrespective of the electronic nature of the first substituent.
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Selective C-F Bond Functionalization in Aromatic Fluorides

B One example of nucleophilic substitution of hexafluorobenzene
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B An interesting application: the preparation of anhydrous TBAF
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Selective C-F Bond Functionalization in Aromatic Fluorides

B Nucleophilic substitution of pentafluoropyridine
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Selective C-F Bond Functionalization in Aromatic Fluorides

B Some applications of nucleophilic substitution of pentafluoropyridine
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Selective C-F Bond Functionalization in Aromatic Fluorides

B Nucleophilic substitution of perfluoroheteroaromatic systems
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Selective C-F Bond Functionalization in Aromatic Fluorides

B Defluorinative functionalization via benzynes
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Selective C-F bond functionalization in Aromatic Fluorides

B C-F bond reduction of aromatic fluorides via low-valent metals

F F
F F F N F € Li, Na, Kin liquid ammonia
€ Lithium naphthalene
=
F F F™ N7 TF i

¢ Activated Mg powder

¢ CeClj, LiAIH,
Hexafluorobenzene Pentafluoropyridine o
Eyjz A% 1= -2.81 V Eqjp A= 212V amost no selectivty
BDE c.p)= 145 kcal/mol BDE c.F)= 127 kcal/mol
R
Zn (6.0 eq) Zn (6.0 eq) = H
jf;: aq. NH; i¢[ j@: aq. NHj _
rt, 10 h rt, 10 h F =
F
R = CN, CH,OH > 70% vyield R= NHAC CO5H > 70% vyield

€ Large excess of reductants
€ Limited substrate scope

Amii, H.; Uneyama, K. Chem. Rev. 2009, 109, 2119.
Laev, S. S.; Shteingarts, V. D. Tetrahedron Lett. 1997, 38, 3765.



Photocatalytic C-F reduction and Functionalization in Aromatic Fluorides

B |ntroduction of Weaver group’s work on photocatalytic C-F functionalization

¢ Photocatalysis can make perfluoroaryl radical catalytically and in a
controlled manner in situ.

® The outer sphere nature of the electron transfer might avoid the problematic
catalyst—fluoride intermediates and lead to higher TONSs.
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Photocatalytic C-F reduction and Functionalization in Aromatic Fluorides

B Weaver group’s work: Photocatalytic hydrodefluororination
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Photocatalytic C-F reduction and Functionalization in Aromatic Fluorides

B Weaver group’s work: Photocatalytic Alkylation of Fluoroarenes
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Photocatalytic C-F reduction and Functionalization in Aromatic Fluorides

B Weaver group’s work: Photocatalytic Arylation of Fluoroarenes
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Photocatalytic C-F reduction and Functionalization in Aromatic Fluorides

B Weaver group’s work: Photocatalytic Alkenylation and Energy Transfer
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Photocatalytic C-F reduction and Functionalization in Aromatic Fluorides

B Weaver group’s work: Photocatalytic Alkenylation and Energy Transfer
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B Selective C-F bond functionalization in trifluoromethylarenes
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Selective C-F bond functionalization of Trifluoromethylarenes

B Inroduction of the transformation challenge from ArCF5 to ArCF,R
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Selective C-F bond functionalization of Trifluoromethylarenes

B Yoshida group’s work: Ortho-silylium cation mediated C-F bond cleavage of trifluoromethylarenes
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Photocatalytic C-F bond Functionalization in Trifluoromethylarenes

B Kdnig group’s work: Meriging photocatalysis with Lewis acid Activation
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Chen, K.; Berg, N.; Gschwind, R.; Kénig, B. J. Am. Chem. Soc. 2017, 139, 18444.  b: yield of the didefluorinated product



Photocatalytic C-F bond Functionalization in Trifluoromethylarenes

B Kdnig group’s work: Meriging photocatalysis with Lewis acid Activation
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Photocatalytic C-F bond Functionalization in Trifluoromethylarenes

B Jui group’s work: Photocatalytic defluoroalkylation and hydrodefluorination of trifluoromethylarenes
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Vogt, D. B.; Seath, C. P.; Wang, H.; Jui, N. T. J. Am. Chem. Soc. 2019, 141, 13203.



Photocatalytic C-F bond Functionalization in Trifluoromethylarenes

B Jui group’s work: Photocatalytic defluoroalkylation and hydrodefluorination of trifluoromethylarenes
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SET Mediated Selective Defluoroallylation Trifluoromethylarenes

B Bandar group’s work: Fluoride-Induced direct ArCF5 coupling with allylsilane
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¢ Traping experiment suggests ArCF3-enabled allyl radical formation
¢ No adduct observed in absence of ArCF5, or if PhCF5 used



SET Mediated Selective Defluoroallylation Trifluoromethylarenes

B Bandar group’s work: Fluoride-Induced direct ArCF5 coupling with allylsilane
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¢ Reactivity correlates with ArCF5 reduction potential
¢ No yield decrease in strict absence of light



Summary and QOutlook

B Selective C-F bond functionalization in aromatic fluorides
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