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Classic Uses of Boron as a Lewis Acid

2

Reduction

Allylation

Suzuki Cross-Coupling

cis Hydroboration



Why Care about Boryl Radicals?
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Selective Dehalogenation of C-F bonds

Cross-Electrophile Coupling

Radical Borylation of Arenes



Outline
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I. Initial Discovery of Stable Boryl-Radicals, Structural Features, and Early Reaction Rationalization

II. NHC-Borane complexes and Extension into Modern Applications

III. Non-NHC Borane Reactivities and other Modern Advances



Initial Amine and Phosphine Boryl Radical Investigation
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EPR Result Suggested:Roberts Studies 3 bond, 7 electron Boryl Radicals

Tcvkqpcnk|kpi"ҵKfgcnҶ"Tcfkecn"Igqogvt{"Ykvj"Ectdqp"Tcfkecnu

Linus Pauling

1. If X = C,energy minimized when bonding orbitals have the greatest energy (B(sp3))
2. If X < C, energy minimized with more s character to the bonding orbitals (B(sp2))
3. If X > C, energy minimized with more s character to the odd electron orbital (B(sp3))

Some Key MO Interactions:

Filled B(SOMO) with Filled N(ʃ),
Reduced interaction when pyramidal

Filled B(SOMO) with lower energy P(ʃ*),
Better interaction when planar

Filled B(SOMO) with lower energy CN(ʃ*)
Better interaction when planar



Reactivity of Amine and Phosphine Boryl Radicals
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Chem. Soc. Rev., 1999,  28, 25ҭ35

Halogen Atom Abstraction

× Occurs at 173 K readily with substitution on borane
× Higher reactivity, close to 1:1 rate constant between 

tertiary and primary alkyl halide

× Significantly lower reactivity with Cl, even with 
borane substitution

× Higher selectivity for tertiary alkyl halides

Nitrile Reactivity and Polarity Reversal

× Radical addition can occur with unsubstituted boranes × Cp"ҵgngevtqrjknkeҶ"tcfkecn"ku"eqpxgtvgf"vq"ҵpwengqrjknkeҶ"tcfkecn

Addition of Alkyl Radicals into ɸ,ɹ-Unsaturated Esters



Why did Boryl Radicals Receive So Little Attention?
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1. Ligated and non-ligated boranes had much higher BDEs than Sn and Si for radical hydrogen donors

2. Calculations of structures with lower BDEs involved transitory compounds and reaction incompatibility

3. Most work focused on boryl radicals from materials and computational perspectives



Expanding Boryl Radical Chemistry through NHCs
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Calculation of B-H BDEs

UB3LYP/LACVP* level

Curran Applies NHC-Borane to Xanthates

Radical Clock Experiment

ü NHC-Boranes are competent radical 
hydrogen atom donors

ü Tunable ligands may be able to affect 
various reactivities



Evidence to Support a Radical Chain Mechanism
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Isolated Compounds

Representative SOMO for NHC

ü Planar NHC boryl radical observed by EPR
ü Xanthate Reduction determined to be σȢτ ρπ- Ó
× (TMS)3Si-H = σȢω ρπ- Ó
× Bu3Sn-H = ω ρπ- Ó
× Et3Si-H = φȢτ ρπ- Ó



Extend Reactivity to Simple Alkyl and Aryl Halides
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Curran Utilizes Thiol Additives Spin Trapping For Hydrogen Transfer

Suggested Propagation Steps

× Thiol accelerates radical HAT
× This is still however a thermodynamically 

unfavorable process



Wang Utilizes Thiol Catalysis for Borylation/Cyclization
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J. Am. Chem. Soc. 2017, 139, 6050-6053

Alkene Radical Initiated Alkyne Radical Initiated



Borylation/Cyclization Mechanism
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Radical Clock Experiments Proposed Mechanism

J. Am. Chem. Soc. 2017, 139, 6050-6053



α-borylation of unsaturated esters
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Comparing  ɸvs. ɹborylation

Nat. Commun. 2019, 10, 1934
Chem. Sci., 2019, 10, 1434ҭ144

Wang Utilizes a Boryl Radical to promote a C-bound Boron

ü O-Boron enolates occur due to 1,3-boron 
shift and are thermodynamically driven

ü Existing methodology still relies on multi -
step synthesis rather than direct conversion

Oestrichɹ-borylation

C to O-boron isomerization in ɸ-borylation



Defining a Mechanism for Selective α-Borylation
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Limitations of the Method

Nat. Commun. 2019, 10, 1934
Chem. Sci., 2019, 10, 1434ҭ144

DFT Investigation

üɸcpf"ɹ-borylation are differentiated through 
tgxgtukdknkv{"qh"ɹ-addition/elimination



A Hypothesis about Moving from 1,3 to 1,2 borylation
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Xie and Zhu form a Mechanistic Hypothesis

Angew. Chem. Int. Ed. 2018,  57, 3990ҭ3994

Path A

SET reduction of imine with a reductive IrII could 
be followed by radical-radical C-B cross-coupling

Path B

NHC-boryl radical addition occurs then SET 
reduction of the nitrogen -centered radical




