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Properties & Importance of Fluorine Containing Compounds
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• Alkanes are relatively inert 
• C–H alkanes have high BDE ~ 90 – 100 kcal/mol.

Perutz, Chem Rev 1996, 96, 3125––3146.
Rayner, JACS 1990, 112, 2530–2536. 

Zhen, JACS 2000, 122, 6783–6784.
Jones, JACS 2001, 123, 7257–7270.

Luo Y–R. Handbook of Bond Dissociation Energies in Organic Compounds. CRC Press, Boca Raton.

Challenges of C–H Alkanes Activation



• C–F bond formation is a challenging:
– due to fluorine’s high electronegativity
– the high hydration energy of fluoride anion

• In nature, haloperoxidase enzymes give rise to thousands of 
organochlorides and organobromides, but no fluoroperoxidase enzyme has 
been identified. 

• Other Challenges Include:
– Lack of solubility of alkali metal fluorides in organic solvents
– Dearth of metal catalysts for selective C–F coupling reactions
– Slow rate of most fluorination methods

Challenges of C–H Fluorination
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Recent Advances in Metal-Catalyzed Radical Mediated C–H 
Fluorination



Manganese Catalyzed Aliphatic C–H Fluorination
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Manganese Catalyzed Aliphatic C–H Fluorination
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Manganese Catalyzed Aliphatic C–H Fluorination



Manganese Catalyzed Aliphatic C–H Fluorination

H OAc

Mn(TMP)Cl (8mol%) 
AgF (3 equiv) TBAF (0.3 equiv)

PhlO (8 equiv) F OAc

PhIPhIO

MnV
O

F
RH

R

MnIV
OH

F

AgF

AgOH

N

N N

N
Mn

F

F

IV

MnIII

F

R

R F

Groves, Science 2012, 337, 1322–1325.



Copper Promoted C–H Bond Fluorination via Radical Chain Propagation

Entry Substrate Product Yield [%] t [h] T [°C]

1 75[c] 3 25

2 40[c] 3 0

3 66[b] 1 81

[a] 10 mol% KI. [b] 1.2 equiv KI. [c] No KI.
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Copper Promoted C–H Bond Fluorination via Radical Chain Propagation

Entry Substrate Product Yield [%] t [h] T [°C]

4 72[a] 2 81
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Copper Promoted C–H Bond Fluorination via Radical Chain Propagation

Entry Substrate Product Yield [%] t [h] T [°C]

7 28[c] 24 25

8 47[b] 3 25

9 56[b] 1.5 81

[a] 10 mol% KI. [b] 1.2 equiv KI. [c] No KI.
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Copper Promoted C–H Bond Fluorination via Radical Chain Propagation
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Iron Catalyzed Benzylic C–H Fluorination
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Decatungstate Anion Catalyzed C–H Fluorination under Photo–irradiation

h! ("=365 nm), NFSI (1.5 equiv)
NaHCO3 (0.1 equiv), TBADT (0.02 equiv)

TBADT = Tetra-n-butylammonium 
decatungstate, C64H144N4O32W10
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(14%)

MeCN, 16 h

Britton, ACIE 2014, 53, 4690–4693.
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Decatungstate Anion Catalyzed C–H Fluorination under Photo–irradiation



Decatungstate Anion Catalyzed C–H Fluorination under Photo–irradiation
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Decatungstate Anion Catalyzed C–H Fluorination under Photo–irradiation

Britton, ACIE 2014, 53, 4690–4693.
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Reaction Conditions:
NSFI (1.5 Equiv)

TBADT (0.02 equiv)
h! ("=365 nm)

NH3Cl

O

OMe

O

H

H

reaction conditions
NaHCO3, MeCN

O

H

H
O

H

H
F

F

(58%, α:β = 4:1) (10%)

+

Fluorination of Amino Acid Derrivatives

reaction conditions
MeCN/H2O

NH3Cl

O

OMe
NH3Cl

O

OMe
F

F

(40%, α:β = 1:1) (19%, α:β = 1:1)

+



Decatungstate Anion Catalyzed C–H Fluorination under Photo–irradiation 
Proposed Mechanism 
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Silver–Catalyzed Oxidative Benzylic C–H Bonds Difluorination of Arenes
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Silver–Catalyzed Benzylic C–H Bonds Difluorination of Arenes Proposed 
Mechanism
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Transition–Metal Free Oxidative Aliphatic C–H Fluorination
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Transition–Metal Free Oxidative Aliphatic C–H Fluorination

Late Stage Fluorination of Complex Molecules

Reaction Conditions:
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Transition–Metal Free Oxidative Aliphatic C–H Fluorination
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Vanadium–Catalyzed Fluorination of C–H Bonds
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KIE Study of Vanadium–Catalyzed Fluorination of Aliphatic C–H Bonds

Kinetic Deuterium Isotope Effect
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Uranyl Nitrate Catalyzed C–H Fluorination Under Visible Light Irradiation
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Silver Catalyzed Fluorination of C–H Bonds Using Unprotected Amino Acids
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Silver Catalyzed Fluorination of C–H Bonds Using Unprotected Amino Acids

Two Mechanistic Scenarios for Ag(I) Oxidation
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Silver Catalyzed Fluorination of C–H Bonds Using Unprotected Amino Acids
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Recent Advances in Non-Metal Catalyzed Radical Mediated 
C–H Fluorination



Metal–Free C–H Fluorination Using N–Oxyl Radical
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Metal–Free C–H Fluorination Using N–Oxyl Radical
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Photocatalyzed Metal–Free Benzylic C–H Fluorination
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Photocatalyzed Metal–Free Benzylic C–H Monofluorination
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Photocatalyzed Metal–Free Bencylic C–H gem–Difluorination
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Photocatalyzed Metal–Free Benzylic C–H Fluorination Proposed Mechanism

Chen, JACS 2013, 135, 17494–17500.
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Photocatalyzed Metal–Free Aliphatic C–H Fluorination
h! (CFL)
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Triethylborane–Initiated Radical C–H Fluorination Proposed Mechanism
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Tetracyanibenzene Catalyzed Fluorination of Aliphatic C–H Bonds
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Hypothesized Mechanism of Tetracyanibenzene Catalyzed Fluorination of 
Aliphatic C–H Bonds
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Tetracyanibenzene Catalyzed Fluorination of Benzylic C–H Bonds
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Summary

• Presented the different systems and associated mechanisms of C–H
Fluorination

• Monofluorination vs. Difluorination
• Compatibility with various functional groups:

– Aldehydes
– Esters
– Tertiary alcohols 
– Halogens
– Amines
– Carboxylic acids 


