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

C-F bond formation & C-F bond cleavage

Organofluorine Compounds
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Selective C-F bond Activation and Functionalization


	
Content Outline

Selective C-F bond functionalization in aromatic fluorides

Selective C-F bond functionalization in
trifluoromethylarenes
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Defluorinative Functionalization Via Benzynes
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Senaweera, S.; Weaver, J. D. Aldrichimica Acta 2016, 49, 45.

Amii, H.; Uneyama, K. Chem. Rev. 2009, 109, 2119.

H

HDG
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Catalyst

FnR
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Selective C-F bond Activation
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Commercially available

Selective C-F bond Functionalization of Mutifluoroarenes

Introduction of the alternative approach to partially
fluorinated compounds
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-F

SNAr

F > Cl > Br > I

Reactivity Order Comparision

SN2

I > Br > Cl > F

Aromatic Halides Aliphatic Halides

CNX Pyrrole

THF, 65 ◦C

CNN

X Yield

F 100%

Cl 70%Br 10%

Thomas, S.; Collins, C. J.; Singaram, B. J. Org. Chem. 2001, 66,
1999.

Petrov, V. Fluorinated Heterocyclic Compounds, New Jersey,
2009.Amii, H.; Uneyama, K. Chem. Rev. 2009, 109, 2119.

General Reactivity: Effects of Fluorine on Nuclephilic
Substitution

F

F

Very activating

δ+Nu- F

F

Activating

Nu-δ+

F

F
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δ+Nu-

Selective C-F Bond Functionalization in Aromatic Fluorides

Nucleophilic substitution of aromatic fluorides (SNAr)


	
Petrov, V. Fluorinated Heterocyclic Compounds, New Jersey,
2009.Amii, H.; Uneyama, K. Chem. Rev. 2009, 109, 2119.

Regioselectivity Pattern
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F

F

Perfluorobenzene

Selective C-F Bond Functionalization in Aromatic Fluorides

Nucleophilic substitution of hexafluorobenzene

◆ Perfluoro-substitution dramatically lowers the energy of the
π* 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.


	
Selective C-F Bond Functionalization in Aromatic Fluorides

One example of nucleophilic substitution of
hexafluorobenzene
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F 43%(Mes)2PH, n-BuLi
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Ph
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Sasaki, S.; Tanabe, Y.; Yoshifuji, Y. Bull. Chem. Soc. Jpn.
1999, 72, 563.

Sun, H.; DiMagno, S. G. J. Am. Chem. Soc. 2005, 127, 2050.

An interesting application: the preparation of anhydrous
TBAF

Bu4NF (TBAF)Anhydrous
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CN65%

+

PhCH2Br

PhCH2F-35 ◦C, < 5 min

100%


	
F

N

F

F

F

F

Pentafluoropyridine

62

345

SNAr

Nu-F

N

Nu1

Nu3

F

Nu2

Nu2

N

Nu1

Nu3

F

Nu4

Nu3

N

Nu1

Nu4

F

Nu2

Regioselectivity Pattern

Petrov, V. Fluorinated Heterocyclic Compounds, New Jersey,
2009.Amii, H.; Uneyama, K. Chem. Rev. 2009, 109, 2119.

Selective C-F Bond Functionalization in Aromatic Fluorides

Nucleophilic substitution of pentafluoropyridine
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Reactivity

◆ Nucleophilic substitution occurs regioselectively stepwise

◆ First carbon-4, then carbon-2, finally carbon-3.

◆ Three kinds of different nucleophiles can be introduced
stepwise.

most reactiveleast reactive

mediun reactive


	
Petrov, V. Fluorinated Heterocyclic Compounds, New Jersey,
2009.

Selective C-F Bond Functionalization in Aromatic Fluorides

Some applications of nucleophilic substitution of
pentafluoropyridine
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Petrov, V. Fluorinated Heterocyclic Compounds, New Jersey,
2009.

Selective C-F Bond Functionalization in Aromatic Fluorides

Nucleophilic substitution of perfluoroheteroaromatic systems
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Perfluoro-1,3,5-triazine

◆ Favored sites of attack for SNAr occurs at sites that are para
or ortho to the ring nitrogen

Difficult to get mono only (highly activated)


	
Yudin, A. K.; Zheng, J.; Lough, A. Org. Lett. 2000, 2, 41Masson,
E.; Schlosser, M. Eur. J. Org. Chem. 2005, 4401

Selective C-F Bond Functionalization in Aromatic Fluorides

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

Selective C-F bond functionalization in Aromatic Fluorides

C-F bond reduction of aromatic fluorides via low-valent
metals
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Hydrodefluorination almost no selectivity

◆ Large excess of reductants◆ Limited substrate scope
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Photocatalytic C-F reduction and Functionalization in Aromatic
Fluorides

Introduction of Weaver group’s work on photocatalytic C-F
functionalization
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Key radical Intermediate

HR2N

HR2HN

Ir
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N

E1/2 [Ir(III)/(II)]= -2.19 Vfac-Ir(ppy)3

Senaweera, S.; Weaver, J. D. Aldrichimica Acta 2016, 49, 45.

Jimmie Weaver

◆ 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
TONs.


	
Photocatalytic C-F reduction and Functionalization in Aromatic
Fluorides

Weaver group’s work: Photocatalytic hydrodefluororination
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Senaweera, S. M.; Singh, A.; Weaver, J. D. J. Am. Chem. Soc.
2014, 136, 3002.


	
Photocatalytic C-F reduction and Functionalization in Aromatic
Fluorides

Weaver group’s work: Photocatalytic Alkylation of
Fluoroarenes
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Singh, A.; Kubik, J. J.; Weaver, J. D. Chem. Sci. 2015, 6,
7206

Photocatalytic Reductive Alkylation
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Photocatalytic C-F reduction and Functionalization in Aromatic
Fluorides

Weaver group’s work: Photocatalytic Arylation of
Fluoroarenes
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Senaweera, S.; Weaver, J. D. J. Am. Chem. Soc. 2016, 138,
2520.


	
Photocatalytic C-F reduction and Functionalization in Aromatic
Fluorides

Weaver group’s work: Photocatalytic Alkenylation and Energy
Transfer
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Singh, A.; Fennell, C. J.; Weaver, J. D. Chem. Sci. 2016, 7,
6796


	
Photocatalytic C-F reduction and Functionalization in Aromatic
Fluorides

Weaver group’s work: Photocatalytic Alkenylation and Energy
Transfer
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◆ The plot of log(Z:E) as a function of the radius of the
catalyst shows a linear correlation

◆ The plot of Log(Z:E) vs the photocatalyst’s emissive energy
revealed no correlation

Singh, A.; Fennell, C. J.; Weaver, J. D. Chem. Sci. 2016, 7,
6796
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Selective C-F bond functionalization in aromatic fluorides
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Photocatalytic reduction

Selective C-F bond functionalization in
trifluoromethylarenes
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Selective C-F bond functionalization of
Trifluoromethylarenes

Inroduction of the transformation challenge from ArCF3 to
ArCF2R

Amii, H.; Uneyama, K. Chem. Rev. 2009, 109, 2119.
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Yoshida, S.; Shimomori, K.; Kim, Y.; Hosoya, T. Angew. Chem.,
Int. Ed. 2016, 55,10406.

Selective C-F bond functionalization of
Trifluoromethylarenes

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

König group’s work: Meriging photocatalysis with Lewis acid
Activation

Chen, K.; Berg, N.; Gschwind, R.; König, B. J. Am. Chem. Soc.
2017, 139, 18444.
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Photocatalytic C-F bond Functionalization in
Trifluoromethylarenes

König group’s work: Meriging photocatalysis with Lewis acid
Activation

Chen, K.; Berg, N.; Gschwind, R.; König, B. J. Am. Chem. Soc.
2017, 139, 18444.
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Photocatalytic C-F bond Functionalization in
Trifluoromethylarenes

Jui group’s work: Photocatalytic defluoroalkylation and
hydrodefluorination of trifluoromethylarenes
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Wang, H.; Jui, N. T. J. Am. Chem. Soc. 2018, 140, 163.

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
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