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Catalytic Reaction Design

- DMDPS internal standard added

- Key resonances:

- Pyrrole SM
-2-phenyl pyrrole 
- DMDPS

1H NMR Yield Determination

Work
flow

Screening Phenylboronic Acids Active 
oxidant

Fe (III) 
hydroperoxo 
complexes

Fe (IV) oxo 
intermediates
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BnOH
PhSMe

oxidize oxidize

Probable mechanism

Control Experiments

[Fe²⁺L1(Cl)₂], where L1  = Me2Cyclam afforded highest yield

Optimal candidate for further catalytic and mechanistic studies in present study

• Mechanistic studies 
ruled out outer-sphere 
radical pathways

• No high-valent iron 
complexes.

• Do suggest iron(III)-
hydroperoxo species as 
the operative oxidant.

Highest Yield

Palladium or Iron?

Solution

Replace undesirable chemical products 
and processes with cleaner, safer, and 

more sustainable approaches.

Improved 
Catalysts

‘Greener’, versatile earth abundant 
transition metal catalysts

Transform hydrocarbons into usable 
chemicals with oxygen or hydrogen 

peroxide as oxidants. 

Benefits

Lower toxicity and safety 
concerns

Decrease in overall costs, and 
improved efficiency compared 

to current catalytic hydrocarbon 
manipulations. 

Traditional 

coupling

Green 

group’s 

coupling 

scheme

Functional Group 
Compatibility

20-66% Yield
24 Substrates

EWG 
vs 

EDG

Sterics

Substrate Scope

✓ Iron Salts Optimized
✓ Substrate Scope 

Established

✓Mechanism: Inner-sphere Radical 
Pathway, No High Valent Iron

✓DFT: Electrophile Drives Reactivity

C-atom

B-atom

Increasing Yields Fe(IV or V) = O

Reaction Insights

Conclusion

Future studies: Establish Fe(III)–OOH as the operative oxidant under 
catalytic condition through experimental and computed studies 

▪ This DFT work analyzes substrate electronics.
▪ ESP maps, showed that electron-withdrawing substituents 

enhance the boron electrophilicity and promote the proposed 
transmetalation step.

▪ While electron-donating groups stabilize the C−B bond and 
reduce reactivity.

▪ Excellent tolerance for functional groups (halides, esters, and strong electron-deficient substituents)
▪ Results suggests that meta substitution and mild electron-withdrawing effects favor reactivity
▪ Bulky ortho-steric hindrance suppresses coupling

▪ More negative LUMO energies generally corresponded to higher 
yields, consistent with greater electron-accepting ability at boron.

▪  Higher electron affinity also tracked with better reactivity in 4-
substituted substrates.
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No direct correlation of HOMO-LUMO energy gap with product yield
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