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Introduction of Boryl Radicals

O -
< ) Z B Empty 2p orbital
O. C)\:

"B—O > B B Electron deficient

O’ O d B Lewis acid




Introduction of Boryl Radicals

O O OEQ B Empty 2p orbital
,,’B_O > B B Electron deficient

O/O d B Lewis acid

oW, 0.V
O,’ B O,' B Ligated Boryl Radicals
O O (LBRs)
3 center - 5 electron 4 center - 7 electron
(3c-5e) (4c-7e)
highly electron deficient tunable strics and electronics

unstable isolatable



Development History

Roberts et al. (1980's)

XAT & H donor:
"Bu;P—BH,Ph

TBPB (initiator)

NN 2 cooEt NN\ CO0EL
PhCI, 110°C : 0
"Bu;P—B, "BuzSnH
. . VPh
n — '
Bu;P—BHPh "BuP—BH,Ph | H

2 COOEt : () ()
MBuP—BHIPh  + NN\ e > \/\/\./COOEt :

Roberts, B. P. et al. J. Chem. Soc., Chem. Commun., 1983, 1224 — 1226.
Roberts, B. P. et al. J. Chem. Soc., Perkin Trans., 1988, 2, 1195 — 1200.



Development History

Roberts et al. (1980's)

XAT & H donor:

S~~~ Zcookt

nBu,P—BHPh

"BusP—BHIPh + NG NG

nBu,P—BH,Ph
TBPB (initiator)

- W\/COOEt

PhCI, 110°C 0
"Bu,P—B,
. }/Ph
"BuzP—BH,Ph .
Z " COOEt (V)

> -~~~ COOEt

Radical Addition:

X—B,
‘I
Y 'H

(X=H, CN)

—

Roberts, B. P. et al. J. Chem. Soc., Chem. Commun., 1983, 1224 — 1226.
Roberts, B. P. et al. J. Chem. Soc., Perkin Trans., 1988, 2, 1195 — 1200.
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Development History

Roberts et al. (1980's)

HAT : Polarity-reversal catalysis (PRC)
H

uncatalysed /k/
D) H K\CN
(o)
. Ao _/ ]
NC Y\C
Me Me catalysed by
Me H

Me;N— B‘ .
W H
< / EN—BH3 (cat.)
MeOOC e
e OO0Bu DTBP (initiator)
COOMe Me Me PhH, UV light, 30°C O

COOMe

Roberts, B. P. et al. Chem. Soc. Rev., 1999, 28, 25 — 35.



Development History

Curran and coworkers (2008-2015)

R-X (X = Br, I, CN, -OC(S)SR)

= NHC-BH,X + R

/ radical reduction
( R
Me
/\—/ N: WH ArS-SAr .
‘ B > NHC-BH,_.,(SAr +
N “H radical homolytic substitution (3-n)(SAr), ArS
Me
T
k J\ /\R' |
. - R \/\ —— polymers
(NHC-BH,) . BH,-NHC

Curran, D. P. et al. J. Am. Chem. Soc., 2008, 130, 10082 — 10083.
Lalevee, J. et al. J. Phys. Org. Chem., 2009, 22, 986 — 993.
Nozaki, K. et al. J. Am. Chem. Soc., 2012, 134, 19989 — 19992.



Development History

Curran and coworkers (2008-2015)

R-X (X = Br, I, CN, -OC(S)SR)

= NHC-BH,X + R

/ radical reduction
( R
Me
/\—/ N: WH ArS-SAr .
‘ B » NHC-BH/,_.\(SAr +
N “H radical homolytic substitution (3-n)(SAr), ArS
Me
T
k J\ /\R' |
. - R\/\ —— polymers
(NHC-BH,) _ - BH,-NHC
radical polymerization |

Lalevee et al. </ \:N—B‘\ g N‘\B—F Nozaki et al.
2009 — ~ —N" 2009

Curran, D. P. et al. J. Am. Chem. Soc., 2008, 130, 10082 — 10083.
Lalevee, J. et al. J. Phys. Org. Chem., 2009, 22, 986 — 993.
Nozaki, K. et al. J. Am. Chem. Soc., 2012, 134, 19989 — 19992.



Reactivity

/\X

- Halogen-Atom Transfer

o

o JJ\/X

Spin-center shift C-X Cleavage
/ [ ]
—— “oH
/'\ p-scission NR, Hydrogen-Atom Transfer
J\Ar

Y%

[H]
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Structures and Properties

Spin-density c\in B .

&

BDE(B-H) "

| 0.92,4184

. 0.97,430.8

' 0.95,424.8

Li, P. F. et al. Chem. Eur. J., 2014, 20, 1630 — 1637.

Py vs. NHC
BDE(B-LB):

» NHC > Py > NH;
BDE(B-H):

* ~ spin-density
Stablity:

« Py >NHC > NH,

« Captodative effect

3c-be vs. 4c-7e



Structures and Properties

Spin-density én B .

&

BDE(B-H) "

| 0.92,418.4 |

. 0.97,430.8

' 0.95,424.8 !

+ NH,

. HN—B, O”'?—Nm,
- &P

1.00, 402.3

Tt

0.81, 389.9

st

0.48, 342.1

Li, P. F. et al. Chem. Eur. J., 2014, 20, 1630 — 1637.

Py vs. NHC
BDE(B-LB):

» NHC > Py > NH;
BDE(B-H):

* ~ spin-density
Stablity:

« Py >NHC > NH,

« Captodative effect

3c-be vs. 4c-7e



Structures and Properties

| + NH3 | + Py | + NHC
R NG O O, 0 a0 ey « Pyvs. NHC
Spin-density on B | 'r Hs N-B B —NH; | JB—N7__ > ~B—NHC
BDE%B-H) O O,O O/O
- _(fmol) . 5 5 « BDE(B-LB):
B | + NHC > Py > NH,
0.99, 418.4 1.00, 402.3 0.32, 2780 0.54, 304.2 * BDE(B'H)
C(B; )<g. :’jﬁ-‘:‘- ,#a; « ~ spin-density
— 0.92, 418.4 0.81, 389.9 0.20, 238.4 0.41, 276.2 . Stablity:
5 5 , Py > NHC > NH,
+0.97,430.8 : .28, - 0.05, 203.0 013 245.2
{? %} « Captodative effect
5 . | + 3c-5e vs. 4c-7e
+0.95,424.8 0.48, 342.1 0.25, 263.3 0.36, 271.7

Li, P. F. et al. Chem. Eur. J., 2014, 20, 1630 — 1637. 9



Electrophilicity and Nucleophilicity

wleV . global electrophilicity N: global nucleophilicity 1N/eV
301 °F o=xr2 N =E *yomo — E “nomo (F)
B o of Boryl Radicals B N of Boryl Radicals
o of C,F Radicals for comparison =9
_ _ * Boryl vs. Carbon
ol HC,‘-;,G [l ' N LK
H . « Major: Nucleophilicity
- .
| ‘ « Minor: Electrophilicity
[ X
A Hallllll « Structure
. I
G M : :
Uk ‘ ||[|||||;| [ Hyel o ﬂ P * Spin-density
] ‘ I » Substituent on LB:
0 - -5
0 10 20 30 40 50 70 80 90
. _>
Electrophilicity Nucleophilicity

Li, P. F. etal. J. Org. Chem., 2017, 82, 2898 — 2905.



Electrophilicity and Nucleophilicity

Electrophilicity Nucleophilicity
1 91
Most Electrophilic:
o o
NC CN o OHC CHO NC CN
NC CN H ch)H/CN >_< \/ \\/ F3C CF,
| N_. N | N_. N |
N2 N ~B” N. e N g7 N\./N N_°_N
? '!l ~B” '!l B ?
N A A N
z - | N - | HN” N NH z
| X HN - TNH X \—/ |
NN \:/ NN
1 2 3 4 5 6

Li, P. F. etal. J. Org. Chem., 2017, 82, 2898 — 2905.

Boryl vs. Carbon
Major: Nucleophilicity
Minor: Electrophilicity
« Structure

« Spin-density

Substituent on LB:

11



Electrophilicity and Nucleophilicity

Electrophilicity Nucleophilicity
1 91
Most Electrophilic:

0 NC_  CN 0 OHC_L  CHO nc N o
| N_.« N || N_. N W .
N_*_N “B” N o N 7 P N_e_N

; ! ! 1 7
N = *\ = HN” NH N

| « | HN” NH “ | \__/ |
N \:/ NS
1 2 3 4 5 6
Most Nucleophilic:
HN\é/NH HN\é/NH | r!l |
Lo whe S by o OO
B~ °
HN” NH HN” NH o—8~0 N"«°N B

Li, P. F. etal. J. Org. Chem., 2017, 82, 2898 — 2905.

Boryl vs. Carbon
Major: Nucleophilicity
Minor: Electrophilicity
« Structure

« Spin-density

Substituent on LB:
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Electrophilicity and Nucleophilicity

Electrophilicity Nucleophilicity
1 91
Most Electrophilic:
0 NC_  CN 0 OHC_L  CHO nc N o
| N_. N | N_. N /A |
N ¢ N N o7 N o7 N_« N N « N
\?/ ? N\é/N ? 7 \?/
N N
N -z * z * N
z | - | N XN \ | HN” NH -z |
N \—/ NS
1 2 3 4 5 6
Most Nucleophilic:
HN_. NH HN_« NH | | |
B B N N
Lo whe S by o OO
~B< °
HN” NH HN” NH o—8~0 N"«°N B
86 87 88 89 90 91
Substituent on LB:
</ \N—BHZ o N—( \N—BH2 |:>N / \N—BH2
41 50 70

Li, P. F. etal. J. Org. Chem., 2017, 82, 2898 — 2905.

Boryl vs. Carbon
Major: Nucleophilicity
Minor: Electrophilicity
« Structure

« Spin-density

Substituent on LB:
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Reactivity

e B-rad map

Boryl Radical Reactivity Mapping (React-B-rad maps)

a) Boryl radicals — Reactivity

— React-B-rad map —

//@)\\
A
- ®
o o9

0o 9

DFT Featurization /7 99

pa
~

unsupervised
Machine Learning

Reactivity
Modelling
7e-4c radicals

B 5 clusters, 6 benchmark reactions

+ 2R + HI—R
O"'B* O, ¢——— Radical Addition O"’B . }— Hydrogen/Halogen Atom Transfer = O”'B O
@ R @ 0 o~ HI
AGHg, AGHyar / AGyar
"""""""" Investigation Scope
COOMe Me ‘
S 7 e Me
“NoMe " COOMe ' 'NMe, '~ SCOOMe Mé
la Ib lla ]4] llla b
electron rich electron poor electron rich electron poor alkyl aryl
Radical Addition (RA) Hydrogen Atom Transfer (HAT) Halogen Atom Transfer (XAT)
Ardoiz, I. F. et al. Angew. Chem. Int. Ed., 2025, e202511509. 12



Reactivity

BDEg.y)
(kcal/mol) Cluster Statistics - BDE(B_H)

A

mean:

92.0

-

C1

mean: 72.0

C2 mean: 52.6 mean: 50.5

[]

C3

C4

Cluster

BDE: C1>C2>C3,C4

HAA: C1: high reactivity
(hard to generate)

HAD: C2: high reactivity
(chain reaction)

Reactivity: C1 > C2

(\ril/> Et;N—BH,
N—B~N BDEg.1y:
H H 100.5 kcal/mol

b

*BH,

C3
H
/O N
Py—B\* j [ \>—BMe2
o) N
H
BDE g.y)(calculated):
46.93 kcal/mol
H
/N
Py—B¢ j Py—BMe;
N
H

Py—BH, DMAP—BH, Me;P—BH,
BDE(B_H)(caIcuIated):
61.23 kcal/mol
Me Me Me
||\ \> BH, [ \>_BH2 [ \>—BHCN
N N N
Me Me Me
BDE(B-H):
82.3 kcal/mol
C4
o) NC CN
NC\‘)J\(CN H
| | N.. N
N2
j
| Py N
Py H
BDE(B_H)(CaICU|ated): N /N_
43.81 kcal/mol | )—B- 0
\
N N=—
H
CN

Ardoiz, I. F. et al. Angew. Chem. Int. Ed., 2025, e2025115009.



Reactivity

Cluster Statistics - NBOg

mean:
0.068

C1

mean:

mean:
0.813 0.761
C3 C4
mean:
0.002
Cc2
Cluster

Cluster Statistics - Nucleophilicity

A

mean:
10.29

—
C1

mean:
10.18
mean:
9.56
mean:
|:| i 8.44
C2
C4
Cluster

Et3N_BH2

NBOg: -0.125
N: 10.29

. *BH,
C3
H
/O N
Py—B_ j [ \>—BMe2
o N
H
NBOg: 1.167
N: 9.94
H
/N
Py—B j Py —BMe;
N

-y

Py—BH,

NBOg: 0.396
N: 9.32

Py

NBOg: 0.89

N: 7.55

DMAP—BH, Me;P—BH,
Me Me
/ /
N N
[ \>—BH2 [ N)—BHCN
N N
\ \
Me Me
NBOg: 0.215
N: 10.24
NC CN
B
|
Py
CN
H
N N—
/
[ / B\ o
N N=
H
CN

Ardoiz, I. F. et al. Angew. Chem. Int. Ed., 2025, e2025115009.



Reactivity

4 ) COOMe Me
Me?-
“oMe coome /\NMOZ J\COOMe Mé © é )
la Ib lla b lNla b B RA-electron rich:
electron rich electron poor electron rich electron poor alkyl aryl fast: C1 > C2
\____ Radical Addition (RA)  / Hydrogen Atom Transfer (HAT) Halogen Atom Transfer (XAT) slow: C3, C4

B RA-electron poor:
fast: C1>C2>C3

slow: C4
AG”Ra (la) - electron rich AG”Ra (Ib) - electron poor - /
A (kcal/mol) ey A (kcal/mol)
25.9
mean: mean:
mean: 19.4 21.0
mean: 19.6
17.7
mean: C3 mean: C4
12.1 c2 c4 mean: 11.4 C1 c2  Me
— 6.1 N
c1 1] Et;N—BH, [ \>_|3|.|2
ZoMe c2 €3 2 cooMe N
C1 etc. \ etc.
Me
Cluster Cluster c3 ca
NC CN
0 7\
Py_B\. N\./N
o B

Ardoiz, I. F. et al. Angew. Chem. Int. Ed., 2025, e2025115009. etc. Py ete. 15



Reactivity

4 COOMe ) Me
Me?—
“ome “coome “SNme, J\cooune Mé @

la Ib | F] Ilb Ia b
electron rich electron poor electron rich electron poor alkyl aryl
Radical Addition (RA) \Hydrogen Atom Transfer (HA’Iy Halogen Atom Transfer (XAT)
AG*yat (11a) - electron rich AG*yat (lIb) - electron poor
A mean: A
(kcal/mol) 48.2 —t (kcal/mol) mean: Mean:
44.2 382 442
mean:
31.4 - |:I
C3 mean: c4
mean: [ C4 23.5
19.3 C2 [] C3
— .
mean:  C2 COOMe
C1 5.9 )\
|
H” > NMe, c1 H” cooMe
Cluster Cluster

Ardoiz, I. F. et al. Angew. Chem. Int. Ed., 2025, e2025115009.

B RA-electron rich:
fast: C1>C2
slow: C3, C4

B RA-electron poor:
fast: C1>C2>C3
slow: C4

1\ J
é )

B HAT-electron rich:
slow: C1, C2, C4, C3

B HAT-electron poor:
fast: C1

slow: C2, C3, C4

g
C1 Cc2 }Vle
N
Et;N—BH, [ \>_|3,.|2
N [ ]
etc. \ etc.
Me
C3 c4
NC CN
O
/ ; \<
Py_B ° N_. e« N
\ N7
0 b
etc. Py etc.

16



Reactivity

COOMe
N
“ome CcooMe NMe, COOMe
la Ib lla b
electron rich electron poor electron rich electron poor
Radical Addition (RA) Hydrogen Atom Transfer (HAT)

AG;EXAT ("la) - aIkyI

A (kcal/mol) A (kcal/mol)
mean: Mean:
20 5 24.2
mean:
12.6 C4
mean:
6.0 I mean:

] C2

Cluster

C3 4\ 5.4
T
c1 o+

/ Me A
- J
Illa b
alkyl aryl

\_ Halogen Atom Transfer (XAT) /

AG*yar (llb) - aryl

mean:
mean: 39.0
29.1
mean: D
18.1 C4
|
c2 Cc3 ©/
Cluster

Ardoiz, I. F. et al. Angew. Chem. Int. Ed., 2025, e2025115009.

RA-electron rich:
fast: C1>C2
slow: C3, C4

RA-electron poor:
fast: C1>C2>C3

slow: C4
J

~N
HAT-electron rich:

slow: C1, C2, C4, C3

HAT-electron poor:
fast: C1
slow: C2, C3, C4

XAT-alkyl:
fast: C1 > C2
slow: C3, C4

XAT-aryl:
fast: C1
slow: C2, C3, C4

J

17



Reactivity

“ome coome
la Ib
electron rich electron poor
Radical Addition (RA)
AG*Ra (12) - electron rich
A (kcal/mol) N
25.9

mean:
mean: 19.6
17.7

mean: |:| C3 |:|

12.1 c2 c4
—
C1
/\OMe
Cluster

mean:

A (kcal/mol) 48.2  mean:

44.2
mean: |:|
C3
C4

Cluster

31.4
mean: D
19.3 C2
—
c1
H” O NMe,

COOMe
N
NMe, COOMe
lla b

electron rich electron poor
Hydrogen Atom Transfer (HAT)

AG™Ra (Ib) - electron poor
A (kcal/mol)

mean: mean:
19.4 21.0
mean: c4
mean: 11.4
6.1 I:I

Cluster

AG*yaT (llb) - electron poor

A (kcal/mol) mean: Mmean:
38.2 44.2
]
mean: ca
23.5
] c3
T c2 COOMe
5.9 '
= [
c1 H COOMe .
Cluster

Ardoiz, I. F. et al. Angew. Chem

g A (kcal/mol)

|:| C2 €3 2 cooMe

we

Ia b
alkyl! aryl
Halogen Atom Transfer (XAT)

AG*yar (llla) - alkyl

mean: Mean:
: 24.2
20.5
mean: |:|
12.6 c4
mean:
o O |
c c2
C1
Cluster
AG*yxar (lIb) - aryl
mean:
mean: 39.0
29.1
mean: I:I
18.1 c4

mean: |:| 1
5.4 c2 c3
—
C1

Cluster

. Int. Ed., 2025, €202511500.

~N
RA-electron rich:
fast: C1 > C2
slow: C3, C4
RA-electron poor:
fast: C1>C2>C3
slow: C4
J
)

HAT-electron rich:
slow: C1, C2, C4, C3

HAT-electron poor:
fast: C1
slow: C2, C3, C4

XAT-alkyl:
fast: C1 > C2
slow: C3, C4

XAT-aryl:
fast: C1

slow: C2, C3, C4 )

18



Reactivity

« Reaction Type: XAT > RA » HAT

B High reactivity

Moderate selectivity

B HAA (V)
Chain reaction (x)

B Difficult RA
Difficult XAT

Mild reactivity
Tunable selectivity

HAD (V)
Chain reaction (V)

Commonly used in RA
Easy XAT

AN WV

U
00

B Low reactivity

High stability

B Boryl radical shuttle

B ReactatlB

19
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« Application of Boryl Radicals in Organic Chemistry
« Generation of Boryl Radical
« Hydrogen-Atom Transfer (HAT)
* Radical Addition (RA)

« C-X Cleavage
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Content

« Application of Boryl Radicals in Organic Chemistry

« Generation of Boryl Radical
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Generation of Boryl Radical

RO* R,NT
pC*

BDE(B-H): 100.5 kcal/mol

E. +1.74 V
PCox

-e", -H*

Noel, T. et al. J. Am. Chem. Soc., 2023, 145, 991 — 999.
Leonori, D. et al. J. Am. Chem. Soc., 2024, 146, 24042 — 24052.
Xu, P. F. et al. Org. Lett., 2024, 26, 9282 — 9287.
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Generation of Boryl Radical

[RO . R3N+'] [RO e R;NT

PC*

BDE(B-H): 100.5 kcal/mol

E. +1.74 V E, +0.76 V

PC°x PCeox

-e", -H* -e’, -H*

Noel, T. et al. J. Am. Chem. Soc., 2023, 145, 991 — 999.
Leonori, D. et al. J. Am. Chem. Soc., 2024, 146, 24042 — 24052.
Xu, P. F. et al. Org. Lett., 2024, 26, 9282 — 9287.

22



Generation of Boryl Radical

RO* R,NT RO* R;NT
RS *
pC* R;C* PC*

BDE(B-H): 100.5 kcal/mol

Eop +1.74 V E,: +0.76 V

PC°x PCeox
-e’, -H* -e’, -H*
® Preparation without column chromatography
base
® | ong-term storage
C52C03

® Ajr stable

Noel, T. et al. J. Am. Chem. Soc., 2023, 145, 991 — 999.
Leonori, D. et al. J. Am. Chem. Soc., 2024, 146, 24042 — 24052.
Xu, P. F. et al. Org. Lett., 2024, 26, 9282 — 9287. 22



Generation of Boryl Radical

RO* R,NT RO* R;NT
pC* R;C* PC*

BDE(B-H): 100.5 kcal/mol BDE(B-H): 82.3 kcal/mol

® Preparation without column chromatography

® Long-term storage

® Ajr stable

Noel, T. et al. J. Am. Chem. Soc., 2023, 145, 991 — 999.
Leonori, D. et al. J. Am. Chem. Soc., 2024, 146, 24042 — 24052.
Xu, P. F. et al. Org. Lett., 2024, 26, 9282 — 9287.
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Generation of Boryl Radical

B via homolytic cleavage of the B-B bond in B,(OR),

Li, S. H. et al. Angew. Chem. Int. Ed., 2016, 55, 5985 — 5989.
Xia, J. B. et al. J. Am. Chem. Soc., 2022, 144, 8551 — 8559.
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Generation of Boryl Radical

B via homolytic cleavage of the B-B bond in B,(OR),

B via SET and Aryl Migration from NaBAr,

B Ph Ph 7 i Ph ]

ol SET OB B—ph | -Ph-pPh @\ph
Ph—B—Ph ——— > — ———— LB—B
N PC O +LB O Ph

Li, S. H. et al. Angew. Chem. Int. Ed., 2016, 55, 5985 — 5989.
Xia, J. B. et al. J. Am. Chem. Soc., 2022, 144, 8551 — 8559. 23
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« Hydrogen-Atom Transfer (HAT)
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Hydrogen-Atom Transfer (HAT)

of °

—>» A—H + B

A"+ H—B ——» [ A--H--B
° ; s o i + e =t - e +
A H—B| «<—|A—H B|'«—|A H B| «—|A H B

Roberts, B. P. et al. Chem. Soc. Rev., 1999, 28, 25 — 35.

25



Hydrogen-Atom Transfer (HAT)

of °

—>» A—H + B

A"+ H—B ——» [ A--H--B
° ; s o i + e =t - e +
A H—B| «<—|A—H B|'«—|A H B| «—|A H B

Roberts, B. P. et al. Chem. Soc. Rev., 1999, 28, 25 — 35.



Hydrogen-Atom Transfer (HAT)

of °

A"+ H—B ——» [ A--H--B

'X" H Nuc.
o EN uncatalysed /l\/o
(@)
. Ao
NC Y\CN
Me Me catalysed by
Me H 0
o NC CN
£l H\ 0 » Y\
'B—NMe3 —_— Me3N—B‘, H
fy ‘H .
Hy H Nuc

Roberts, B. P. et al. Chem. Soc. Rev., 1999, 28, 25 — 35.
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H

Hydrogen-Atom Transfer (HAT)

1
1
1
1
PN i OH :
H  Ewe * AR — > )\/\ :
et R EWG fil !
R = alkyl \l/ BH, !
\§ J
1
dual HAT catalysis QB5 !
l
__________________________________________________________________________ -
1
AR '
EWG 1
EWG\/EWG > :
. R EWG I QBzadd-Z
! O.
1
o~ L — O
- H* 1
EWG HAT hv\\\\ HAT : [}j + \O
—_ H EWG
SET R EWG | H
borane photoredox thiol I N OM
catalysis PCET catalysis catalysis | (@) €
: adduct formation
Ar SH , SRl
\ | favored oxidation
Ir"' it : AGoadd = 14, AGoox = ‘03
1
L-BH
3 H l
(QB5)

Ye, J. T. etal. J. Am. Chem. Soc., 2021, 143, 11251 — 11261. 26
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« Application of Boryl Radicals in Organic Chemistry

« Radical Addition (RA)

27



Radical Addition

O"’ B VS.
0

Low-cost
Low-toxicity
Diverse structures
Metal-free

Nucleophilic
(complementary to thio radicals)

Versatile in post-synthetic
modification

Sn

28



Radical Addition — C=N

[B] ~N _Ar hydroboration N’Ar1 inverse hydroboration HN’Ar1
- | + [B]—H >
)\ since 1995 ) until 2018 )\
Ar H Ar Ar [B]
amine o-amino
organoboron
A A Ar___N
(1.0 equiv.) Z Nar
H,0 (10 equiv.) (1.0 equiv.) Ar1\NI_I
HoH Bu-TMG (4.0 equiv.) HoH Cs,CO3 (4.0 equiv.)
PPN - _B_ > _NMe;
Ar NMe; [Ir(dtbppy)ppy,l(PFg) (5 mol%) MesN COOH [Ir(dtbppy)ppy2l(PFg) (5 mol%)  Ar B
DMF (0.1 M), r.t.,, 16 h DMF (0.1 M), r.t.,, 16 h H/ \H
(1.0 equiv.) blue LEDs (2.0 equiv.) blue LEDs (1.0 equiv.)
+ Ar?-Br + Ar?-Br
(2.5 equiv.) (2.5 equiv.)

KOH (3.0 equiv.)
RuPhos (20 mol%)
Pd,(dba); (2.5 mol%)

Ar?
. Ar/\/
toluene-H,0 (4:1, 0.1 M)
100°C, 16 h

Zhu, C. J. et al. Angew. Chem.

Leonori, D. et al. J. Am. Chem.

K,COj3 (3.0 equiv.)
Ar' Pd,(dba); (2.5 mol%)
“NH ;BU3P-HBF4 (20 mol%)

PN

Ar2

toluene-H,0 (19:1, 0.1 M)
80°C, 16 h

Int. Ed., 2018, 57, 3990 — 3994.
Soc., 2024, 146, 24042 — 24052.

Ar
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Radical Addition — C=C

4 )

/
BH,-NHC ¢ -addition: N & f -addition: . c
= - [\> BH, + NP =< = BN
N

inherent selectivity

\
Me (NHC-BH,)

Me
o o N [Ir(dtbp%y)ppyz](PFe) O O  BHyNHC
BnSH, NaH
S -addition: 1J\ JI\/\ , + [ \>—BH3 1J\ /”\ﬁL )
R "N R N CH,CN, rt., 36 W CFL R N R
H a \ H
Me
Me AIBN (20 mol%)
R N CgH19C(CH3),SH (50 mol%) R
or PhSH (20 mol%

a -addition: R2 . _EWG . [\>—BH3 ( d > RZJ\GKEWG

N CH5CN, 80°C, 12 h
R3 \ _ R® BH,-NHC

Key Determinants: B Stability of the Intermediate B Polarity-Matched HAT B Steric Effects

Liu, P. et al. Adv. Synth. Catal., 2020, 362, 2990 — 2996.
Wang, Y. F. et al. Nat. Commun., 2019, 10, 1934 .



Radical Addition — C=C

B Borylation/ Cyclization Cascades

R2 Ar
R' R2
/ > R2 Ar
1 N ~in 2
z n BH,-NHC
Z [ \>—BH3 > XY
initiated N initiated <,
\ (M
from alkenes Me (1.0 equiv.) from alkynes n >Nz 4

conditions: AIBN (20 mol%), CgH1gC(CHz),SH (50 mol%)  (NHC-BH,)

1= - -
MeCN, 80 °C, 2-12 h R" = Ar, COOMe, Z = NTs, C(COOEt),,n=1,2,3

B Radical-catalyzed addition / elimination

H :

& NHC-BH; (20 mol%) :

ri. i X o] ACCN (20 mol%) I
(- - :
a N MeCN, 95 °C :

l | R2 !

R3 —

1 2 5

Wang. Y. F. et al. J. Am. Chem. Soc., 2017, 139, 6050 — 6053.
Wang. Y. F. et al. CCS Chem., 2019, 1, 504.
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Radical Addition - Arene

[B]

| X Functionalization

Orthogonal
site-selectivity

X AN Functionalization AN
= — R -~ R
radical (Minisci) approach '\N/ -~ '\ = [B] '\ =
*[B]

N

(NH4)28208 (20 eqUiV.)

| X 4CzIPN (2 mol%), TFA (10 equiv.) X : ‘ \

+ Me;N—BH >
~ 3 3

N CH5CN-H,0 (1:1) (0.05 M), o/n N B/NMea
(1.0 equiv.) (4.0 equiv.) Blue LEDs Hz 889

Crystalline and stable solid

Leonori. D. et al. Nature, 2021, 595, 677 — 683.
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Radical Addition -

Arene

Me3P_BH3 NHC_BH3

(x) (x)

Me  AG° =-11.0 kcal/mol Me AG? = 4.7 kcal/mol
AG* = 5.4 kcal/mol AGF = 20.1 kcal/mol
| N H | N H | Me;N—BH;
S e | y :
@ ‘B M @ * Me : )
N H” N7 'il H -
I \ !
H Me/ Me H Me Me '
NMe
HB”
| X
Z
N Me

Oxone (8.0 equiv.)
THF-H,SO, (1:3) (0.025 M)
40 °C, air, o/n

OH

X

~
N Me
85%
Oxidation
to phenol

4-OMe-CgH,-l (2.0 equiv.)
Pd,(dppf)Cl, (10 mol%)
Na,CO; (5.0 equiv.)
MeOH (0.05 M), 40 °C, o/n

4-OMe-C¢H,4-NH, (4.0 equiv.)

4 A MS, O, (ballon)
CH,ClI, (0.05 M), 50 °C, o/n

Tol
PMP HN” p
AN X
/
Z
N Me N Me
75% 24%
Suzuki-Miyaura Chan-Lam
cross-couoling amination

Leonori. D. et al. Nature, 2021, 595, 677 — 683.

Cu(OAc) (1.0 equiv.), Et3N (10.0 equiv.)

Cu(OAc) (1.0 equiv.),4 AMS
allyl-OH (solv.)
55 °C, o/n

0/\/

N
~
N Me
92% (81%)
Chan-Lam
etherification
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Radical Addition — C=0

o) CN _ ‘ Q
1) By(pin),, MTBE (o 0%
70°C, 24 h ; i,
’ | \—R ol (pin)B-N_ _+ })—CN (p'“)Bx>
. | + _ 2) 2M Na,CO,, air 20+ . NQCN
N 106 57 -
— It 8.4
107 Tsr -t Top .. 18
CN 00 ¥ ’ - nt2
1) By(pin), MTBE ~ HO_ R 01 t2b 0= dcyano BN
0 90 °C, 24 h pytidine
)J\ + | N > Ar | X -10- (pm)B\N: >CN
2) 2M Na,COs, air “
Ar R p 23,
N Z
o)
Bpin
B,pi + X /4 N \‘0
,Pin, | - NC_CN_B“ .
Z O © .
N
. OBpin o)
_Bpin

|

o
’I'"\
O + NC—@N—Bpin —_— CN
- AN =
o
persistent radical X _NBpin NN

Li. S. H. etal. J. Am. Chem. Soc., 2017, 139, 3904 — 3910.C 34
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Radical Addition — C=0

1
! RO\é,OR
I 0 %
RO  OR ' WR2
7 (R1 B-F i Ar/uw '
+ — / \
R® R |
(15 mol%) !
1
mono-, di-, tri-, mono-, 1,1-di, up to : ,[B]
tetra-substituted 1,2-di, 1,2,3-tri- high atom economy hexasubstitution : O/[B]
with or without AG substituted atall 5 sites ! R' o R2
_________________________________________________________ : o 2 R3
= O
1
o R' _ |
O R1 B-6 (15 mol%) ‘.,xR ! R _IB]
P-9 (25 mol%) Ar 31 Bl 1
Ar)jw + g\ﬁg - R : O {:( ) Ap \ R R2
R R3 anisole, 100 °C, 12 h ! Ar)\\/' R*. R .
R 1 \L_/ R3
1
1
R - | TTTTTTTTTTTTTTo T mTmmmmmommmmmmmmom—omom-mooo-oe
- D | 0
\ | CN o) Z N
X R oReC
@ )@:ﬂ :bL - i 4
N H | v » anisole
! : ° Ph
P-9 boryl radical ! Ph N IR0, 1o
R = CO-(3-pentyl I 1m P-2 10
2 peniyy : (1.0 equiv.) (1.0 equiv.) 30% (33% conv.)

Li. P. F. etal. J. Am. Chem. Soc., 2022, 144, 8870 — 8882. 35



Radical Addition — C=0

. PCVY (Fe ) @y, Cies
3 .L ©e e

H w/ PC: 450 nm light irradiation &
- w/o PC: 390 nm light irradiation X/
(@ = alkyl, CF3, H) XH (PC: photocatalyst) ./\
.B
O @ h\\N \
] ’ ] N\ 'E/N cyclopropanation &
ligated boryl radical ‘o :lstab"ized boid RSBiGR
Ketyl radical iron carbene
/\/R2 N
o (2.0 equiv.) 07 “CF5 (3.0 equiv.)
Fe(TMPP)CI (5.0 mol%) Fe(TMPP)CI (5.0 mol%)
Ir[dF(CF3)ppylo(dtbbpy)PFg (2.0 mol%) 4CzIPN (3.0 mol%)
BUANGOS RN - A
c 2 6-lutidine (1.5 equiv.), B,cat, (2.0 equiv.) a nBusNHSO4 (2.0 equiv.), (o-Tol)sP (2.5 equiv.) ¢ °
DMACc (0.1 M), under Ar, rt, 12 h (0.1 mmol) CH3CN (0.1 M), under Ar, rt, 12 h
450 nm blue LEDs (10 W) 450 nm blue LEDs (10 W)

Guo. L. et al. J. Am. Chem. Soc., 2025, 147, 36781 — 36792.
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Radical Addition — C=0

B-B bond
cleavage

DMAc—Bcat+‘/

DMAc

)\cl) SET,
O_ .
B

*PC

2,6-lutidine

s

o)
@[ BN\
(o) ___

(C)
ligated boryl radical

R2 /\¢O

RZYOBcat

(D)
ketyl radical

Y
O

hv

f (450 nm)

9 OBcat

- N
Fe''—NH,
-—/

(F)

~ ¢
N

N

i
/&
radical

capture N

2 C OBcat

o TN
N Fe'—N  g-elimination iron carbene
P
(G)

Rzﬁz OBcat

N—Fe''—N
—/

(E)

~ ¢

N
CU

carbene
transfer

or R®. _H

X
(X =8, Si, N)

W \ P R2
R1
or

2
%\N \ R%X/\/Rz

Fe

N L4

N
(H)

N

“OBcat

Guo. L. et al. J. Am. Chem. Soc., 2025, 147, 36781 — 36792.
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Radical Addition = CN & NC

. NHC-BH3; (1.4 equiv.)
: [Ir(dtbppy)ppy2]l(PFg) (1 mol%)

! NHC-BH3 (1.2 equiv.) : CN CgH19C(CH3),SH (25 mol%) H

+ NC CN  DpTBP(20mol%) ~ NC H SMemTTER

: : 1 3 t 0 1 3
Me . R"OR?2 BUOM,120°C,16h R'” SRz ¢ RO, R NaOBu (12.5 mol%) RV 2R

: ' MTBE (0.05 M)
R3®=0, N, Ar 390 nm LEDs, r.t., 18 h

/
N : r
[ D BHy  Foee e
N
\

NHC-BH; (1.4 equiv.)

Me . NH on o [MpopeYIPFe) (1 moi%) )
I 0,
(NHC-BH,) 5 ,|\2 _ /|\ activation __ ,|\ CgH19C(CH3),SH (25 mol /o)> /i\
R 2 R? R 2 R® R’ ) R3 NaO'Bu (12.5 mol%) R ) R3
: i R R MTBE (0.05 M) R

390 nm LEDs, r.t.,, 18 h

Curran, D. P. et al. J. Am. Chem. Soc., 2015, 137, 8617 — 8622.
Schuppe, A. W. et al. Angew. Chem. Int. Ed., 2024, 63, €202405779.
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Radical Addition = CN & NC

. NHC-BH3; (1.4 equiv.)
: [Ir(dtbppy)ppy2]l(PFg) (1 mol%)

! NHC-BH; (1.2 equiv.) : CN CgyH19C(CH3),SH (25 mol%) H

+ NC CN  DpTBP(20mol%) ~ NC H SMemTTER

: > ! 1 3 t 0 1 3
Me ) R2 'BuOH, 120°C, 16 h R R2 R R? R NaO'Bu (12.5 mol%) R N2 R

: ' MTBE (0.05 M)
R3®=0, N, Ar 390 nm LEDs, r.t., 18 h

/
N : r
[ D BHy  Foee e
N
\

NHC-BH; (1.4 equiv.)

Me . NH on o [MpopeYIPFe) (1 moi%) )
I 0,
(NHC-BH,) 5 ,|\2 _ /|\ activation __ ,|\ CgH19C(CH3),SH (25 mol /o)> /i\
R 2 R? R 2 R® R’ ) R3 NaO'Bu (12.5 mol%) R ) R3
: i R R MTBE (0.05 M) R

390 nm LEDs, r.t.,, 18 h

NC
O/ N BH2-NHC
[ ]
[-scission
T AG =-31.4 kcal/mol
# = # = .
AG” = 16.0 kcal/mol AG = -2.6 keal/mol AG” = 11.2 kcal/mol \
+ NHC-BH,CN

N.

Z
I
(@)
W e
I
N

f-scission
: AG” = 15.6 kcal/mol

CN
O/ AG = +5.6 kcal/mol

Curran, D. P. et al. J. Am. Chem. Soc., 2015, 137, 8617 — 8622.
Schuppe, A. W. et al. Angew. Chem. Int. Ed., 2024, 63, €202405779.
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Radical Addition = CN & NC

/NM93 Ar
@ _CN :+ HO,C-B, + %A’ —.—> .\/\Cg

\'H

H
alkyl nitrile CGT mediator radical acceptor C(sp®)-C(sp?)

coupling product

I
[ | bstit t: X 5 'N €3
o substituent : R
y-B-NMe;  ——> @, » + NC 8.,

H

Ar
amine-ligated
boryl radical

Yasukawa, N. et al. Org. Lett., 2025, 27, 7236 — 7241,
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Radical Addition = CN & NC

/NM93 Ar
@ _CN :+ HO,C-B, + EAF —.—» .\/E
i-IH

alkyl nitrile CGT mediator radical acceptor C(sp®)-C(sp?)
coupling product

I
[ | bstit t: X 5 'N €3
o substituent : R
y-B-NMe;  ——> @, » + NC 8.,

H

Ar
amine-ligated
boryl radical

F\/CN rﬁ 4 N@ :!; F\@

+ S F ' 3 — F _ :Jl _— +
8] ey )

[B]< TS-1 B 1S-2 NC—[B]
@® ——— radical addition ———— @ @ ——— p-fragmentation ————@
AG NC NMe; |

(kcal/mol) TSHAT ==H= “B\\

TS-1_F F H" o
+13.3 = , :
R s i 7 Rkt TS-2_F
2b+AF +7.8
-3.0 -2.6
0.0 TS-1_A i 6.4
TS-2_A
% Me -8.1
N V_H .
H ve;N Bi;“ El [N‘)—%H 196 . S FE/CN -22.8
Me C+3

F
Yasukawa, N. et al. Org. Lett., 2025, 27, 7236 — 7241.



Radical Addition = CN & NC

Ar, Ar
1 N
Ir-1 (1 mol%) H B‘N+H
+ R*CN + NaBAr, - > R2 /
H,0 (2.0 equiv.), EtOAc .
2 blue LED, 35 °C, 48-72 h R R
a _ _
Ph.-_Ph Me
B- spin  Ph___Ph
Nt delocalization 5 CO,Bn
N——Me > Il »> N
L
+ Me MeJ l
. 2= Int1 —
Ph/B\Ph Ph, Ph
Ir(11)
Ph—Ph "l B"OZC IN
Me
Int2
photoredox
catalysis
+H*
s Ph Ph
(|||) BnO,C
Ph—B=Ph IH . ,NH
| Me

Ye, J. T. et al. J. Am. Chem. Soc., 2025, 147,

25397 — 25406.
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Spin-center shift

n BDE (C-F) | Y T~ [B] [B]
0 ; o . o~ o~
Bh )I\ 3 119.5 keal/mol DMAP-BH, -y NaH,PO,
N7 NCHgnFn 2 1086kealimol | P~y F —> Ph A LA — ses = Ph N\ F
: H (= [B]) H -HFeNaH,PO,
1 106.3 kcal/mol F F F F -
DMAP-BH; (1.5 equiv.) DMAP-BH; (3.0 equiv.)
TBHN (20 mol%) TBHN (20 mol%)
0 PhSH (20 mol%) 1 PhSH (20 mol%) 0
R F NaH,PO4¢12H,0 (1.2 equiv.) R, F Na,HPO,¢12H,0 (2.4 equiv.) R F
Y - Y > Y
s CH,CN, 60 °C, 0.5-18 h A" 1,4-dioxane, 60 °C, 0.5-18 h AN
Method A Y =NR, O; R" = (Heb)Ar, Alk Method B
DMAP-BH; (3.0-4.0 equiv.) DMAP-BH; (2.0-4.0 equiv.)
R DTBP (1.5 equiv.) DTBP (1.0-1.5 equiv.)
_ PhSH (20 mol%) | PhSH (20 mol%)
(3.0-4.0 equiv.) | NaH,PO4e12H,0 (3.0-4.0 equiv.) (2.0-4.0 equiv.) | NaH,PO,e12H,0 (1.2 equiv.)
CH4CN, 120 °C. 12 h CH4CN, 120 °C. 17 h
Y Method D Y Method C 0
o o R1
R! R3 R1 > Ty
Y Y F
Method D
H F F F R3

Wang. Y. F. et al. Science, 2021, 371, 1232 — 1240.
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Spin-center shift

, n AG* : n SOMO/LUMO gap
R4 [B] . : \
0| 3 7.9 kcal/mol : | 3 4.03 eV
Ph )'\ : N7 414 eV
N CH3.n)Fn 2 9.2 kcal/mol ' | 2 14 e
1 11.1 kcal/mol : * BH, 1 445 eV
1 Kealmo . SOMO-4.25eV e
B o ®! ¥ |
E 0
Ph\N )\’< o X
! F - SN R! J\/OR2 -
. R
: : : H oo’ I
[} '
bemtie | o
HO_\|;~~ I/ : step-1: XAT R2 =Ac, Ms X = OH or NHMs
; O : step-2: SCS
| HO _ : step-3: SCS

AG*=9.6, AG=-5.2

Wang. Y. F. et al. Science, 2021, 371, 1232 — 1240.
Wang. Y. F. et al. J. Am. Chem. Soc., 2022, 144, 15275 — 15285.
Wang. Y. F. et al. Angew. Chem. Int. Ed., 2022, e202201329.
Wang. Y. F. et al. Angew. Chem. Int. Ed., 2025, 64, e202506771. 43



Halogen-Atom Transfer (XAT)

Sn i TMS TMS
O’"B VS. TMS—SIi—H TMS—SIi—OH
TMS TMS

0

Low-cost High-cost
High MW

|
Low-toxicity N
B Low atom economy
|
|

Metal-free Limited structures

N
N
B Diverse structures
N
N

Compatible with metals Sterically sensitive

Me;N-BH," ~ EtSi® > (TMS);Si® ~ BugSn® ~ BusGe' > NHC-BH,® > oo Spngt, > - ANy Ve

Q

+
Y+ X—R ——» [Y--Xx--R|"" — Y-X + R
enthalpic effects polar effects

R-X BDE Y-X BDE R e stability Y e nucleophilic character R electrophilicity
Leonori, D. et al. Chem. Rev., 2022, 122, 2292 — 2352. 44



Halogen-Atom Transfer (XAT)

B NHC-BH
3 EWG NHC-BH; (1.2 equiv.) EWG
Mes-AcrClO,4 (5 mol%)
Ak=| + | > |
CH3CN/H,0 (9:1), r.t., 3-12 h
EWG 456 nm 40 W Kessil lamp ~ Alk™ EWG
B NaBPh, NaBPh, (2.0 equiv.)
4CzIPN (5 mol%)
R
R=X + A —> Ar” N\
_ DMF (0.1 M), H,0 (5.0 equiv.)
(X=Br1 rt, 16 h
390 nm/ 456 nm LEDs
W Me;N-BH R
CsN=EHs MesN-BH; (1.5 equiv.)
X AQ (10 mol%), K3PO, (2.0 equiv.)
J\ + R—Ts > | |
R1 R2 EtOAc (01 M),
_ rt. or55°C, 16 h
(X=Br1 390 nm LEDs R'” “R?

Noel, T. et al. J. Am. Chem. Soc., 2023, 145, 991 — 999.

Sharma. K. et al. Chem. Sci., 2024, 15, 8813 — 8819.

Leonori. D. et al. Chem. Sci., 2024, 15, 19113 — 19118.

Me;N-BH; (1.5 equiv.)

B with [Ni] Ni(dtbbpy)Br, (5 mol%) 1
Br (3,5-bisCF 3C4H53),CO (20 mol%) R
AN X K4PO, (2.0 equiv.)
| + J\ > AN R2
Y & R1” DR2 EtOAc (0.2 M), r.t., 16 h |
urple LEDs Y.
(Y=C,N) (X=Br,1) Purp =

Me;N-BH; (1.5 equiv.)
Cul (5 mol%)

B with [Cu] X dtbbpy (6 mol%) A
A TMP (1.0 equiv.) r
r—B(OH), + J\ - J\
R1 R2 cumylO,TMS (3.0 equiv.) R1 R2
X = Br, ) EtOAc (0.1 M), rt., 16 h
B aryl
Br ~ Me;N-BH; (1.5 equiv.)
. 0 X (o) 27 N quinuclidine (40 mol%)
R'-— h : ] 4CzIPN (4 mol%)
Ay Xy . . >
| R2 pyridine (1.0 equiv.)
_ P CH3;CN/H,0 (12:1), r.t., 16-24 h
(Y =NR, 0) blue LEDs

Leonori. D. et al. Nat. Synth., 2024, 3, 1221 — 1230.
Liu. P. J. et al. ACS Catal., 2025, 15, 1294 — 1304. 45



Halogen-Atom Transfer (XAT)

B activated C-CI

1 Me;N-BH; (1.5 equiv.) CF,H
R (o)
%\R3 ) ClmCF,H 4CzIPN (6 mol%) - R s
R2 PhSSPh (10 mol%)
Freon-22 BUCN (0.1 M), r.t., 48 h R?

(balloon) 40 W 465 nm LEDs

Wu, J. et al. J. Am. Chem. Soc., 2022, 144, 14288 — 14296.
Chen, X. Y. etal.J. Am. Chem. Soc., 2024, 146, 26574 — 26584.
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Halogen-Atom Transfer (XAT)

B activated C-CI

1 Me;N-BH; (1.5 equiv.) CF,H
R 4CzIPN (6 mol%
%\R?* +  Cl==CF,H ( ) > R R3
L8 PhSSPh (10 mol%)
Freon-22 BUCN (0.1 M), r.t., 48 h R?
(balloon) 40 W 465 nm LEDs

NHN A1 (20 mol%), PTH (10 mol%)

: N/ |
. Et;N-BH; (2.0 equiv.) R \® N
R KsPO, (3.0 equiv.) R’ : N
+ Cl==R y ' N e
'BUCN/H,0 (12.5:1) : \ I s

BH,-NEt,

blue LEDs, 60 °C, 48 h R?
ue LELS NHN A1 PTH
B radical replacement . W generation of LBR
‘ ]
oo o gfe -> CI eecocee ! h /
o . (N | . . N ® v N -« hv | s -
- o ‘. ; NS N e PTH — PTH* — PTH
Et3N BH2 o XAT Et3N-BH2 °. ' @H‘ © ref. 20 @h{ (the PTH can be excited
+ coes % o W alkyl o | | in the presence of K;POy)
alkyl—Cl \ alkyl l PTH™ HAT .
y I y I ' KiPO, ————m KiPO," ——— H,B—NEt;
Et;N-BH, !

Wu, J. et al. J. Am. Chem. Soc., 2022, 144, 14288 — 14296.
Chen, X. Y. etal.J. Am. Chem. Soc., 2024, 146, 26574 — 26584.
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Halogen-Atom Transfer (XAT)

U activation of alkyl chlorides (detected via 1" B-NMR)

BHZ-NEt3 (EPR active) l@
-+ |
B | N
SET ¢|° () K3POy4 ‘ | 3 ! 2

radical SET le | R

PTH G replacement ! '

alkyl—Cl * : :

PTH* y PTH : 2Ts1 CI"“K3P04

N HzB—N Et, (EPR active
+0. 30 v N\ () I
N\‘ h SET (the PTH can be excited i
Y BH,-NEt, in the presence of K3POy) :
+2.05 V |
{J generation of alkyl radical i
2 4 . K@ alkyle (1) !
BHz'NEt3 K PO BHz'K3PO4 i @/O\ @ (trapped) :
i i "™ — € 5 H,B P—O — i :
alkyl alkyl | K® ®
() alky! K® H,B—K5PO, |
Chen, X. Y. etal. J. Am. Chem. Soc., 2024, 146, 26574 — 26584.
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Halogen-Atom Transfer (XAT)

F Benzophenone (20 mol%) H
NHC-BH; (1.0 equiv.)

F F 8 examples
F DMSO (0.1 M), r.t., 17 h F 32%-86%
390 nm LEDs (40 W)

(2.0 equiv.)

/B-F-C: 173°
Charge: —0.10 (F)

0.51 (B) - O The transition state of FAT (TS) —
F H
F F F H F.H H H
Ph Ph Ph Ph Ph Ph Ph Ph
12% 9% o

Lee, H. G. etal. J. Am. Chem. Soc., 2024, 146, 22874 — 22880. 48



Halogen-Atom Transfer (XAT)

( )
) H
e
6033 (?cg\,, CyH
[ J o
e o" \H
H) x) F)
Q C A
LB—B””H LB—B“IIH LB—B{,H
H H H
\_ _J
H X=Cl, Br, | F
HAT XAT cEFT
' 1.66 169,
GH 128.9
~4162.6°7 133 —y
) ) -
S G
&)
TS-BR3-H-CH,F TS-BR3-F-CH;
AG?* = 34.7 kcal/mol AG?* =39.2 kcal/mol

Xue, X. S. et al. Angew. Chem. Int. Ed., 2025, 64, e202415715.
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Halogen-Atom Transfer (XAT)

‘> T e
o
3

LB—.BQ,H LB—'BQ,H
H H
H X = Cl, Br, |

TS-BR3-H-CH,F
AG?* = 34.7 kcal/mol

Xue, X. S. et al. Angew. Chem. Int.

TS-BR3-F-CH;
AG?* =39.2 kcal/mol

B cEFTvs. HAT

]
: N
' & _./H + —o/H \\+ —',H A —e . H A —-/H
' MesN—B? MezP—BZ [,C-B\ / +N—B{ MezN—@N—B\
: H H o e H = H
: BR1 BR2 BR3 BR4 BR5
;
. CH,F activation
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b 480 e R:=094
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: ® )
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Ed., 2025, 64, e202415715.
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Halogen-Atom Transfer (XAT)

p
Gon o
[ ] [ ]
[ ] @
") )
o o
LB—B.,, LB—B.,, LB
\'H \'H
H H
\_
H X=CIl, Br, |

TS-BR3-H-CH,F
AG?* = 34.7 kcal/mol

F-CH3
NMe,
Ph AG” = 13.1 kcal/mol
N
N=— °
I BF2 ccoe
Ph” {
. H=CH,F
NMGZ ..oooo-ooooooouoo

AG* = 22.4 kcal/mol

TS-BR3-F-CH;
AG?* =39.2 kcal/mol

T— N-CBA'-BF; + CH;*
AG = -50.2 kcal/mol

N-CBA'-BF,H + CH,F*
AG = +6.0 kcal/mol

B cEFTvs. HAT

/
N+
+ _‘/H + _',H W _./H \ —O/H N —-/H
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Xue, X. S. et al. Angew. Chem. Int. Ed., 2025, 64, e202415715.
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C-O Cleavage

B benzyl alcohols
y Ir[dF(CF3)ppyl(dtbbpy)(PFy)

(3-7.5 mol%)
NaBPh, (2.0-4.0 equiv.)

OH quinuclidine (1.0 equiv.) COOMe
)\ + Cco, >
Ar R DMF (0.25 M), blue LEDs, 40 h A, R
(1 atm) then 2N HCI; TMSCHN,
OH
H )\ |I=h
° DMF )\ e Ar R °
B — 07 "N~ ~ HO” “Ph
Ph Ph o | | )\
B Me
Ph” “Ph Ar R
AG = -50.2 kcal/mol AG = +15.5 kcal/mol
Ph
_B : [-scission . OH
HO” “Ph e &
)\ AG” = 2.6 kcal/mol r Ph”  “Ph
Ar R AG = -50.8 kcal/mol

Ni(hfacac), (10 mol%)
Ciypy (10 mol%)
4CzIPN (1.5 mol%)
NaBPh, (4.0 equiv.)

B 1° 2°alcohols
Ph3N (50 mol%)
Na,CO5 (50 mol%)
5A MS (150 mg)

Br
()
DCE, blue LEDs, 4 h

%\%\L‘-CZIPN LNi'Br
U L aBr
4-CzIPN \/ \Ni”l‘

N

OH

Xia, J. B. et al. J. Am. Chem. Soc., 2022, 144, 8551 — 8559.

Chen, Y. G. et al. Angew. Chem. Int. Ed., 2025, e20148.

Photoredox )
\ Cycle & Ar
o )\ Nickel
PhaN. G catalytic cycle
-+
Ph,B~ ( \4_CZIPN LNi®
4 \@ I
R wBr
(R PN A“B'&Lw“
Ar
Ph—Ph OH
. o e +C§<Ph - Ph,BOH Y
PhyB’ Ph” B\Ph HO~ ¢ 0



C-N Cleavage

( H4B-SMe, (1.0 equiv.), THF, 1h, r.t h
then bathophen (1.2 mol%)
NR, Cu(CH5CN),4(PFg) (10 mol%) Ph
+ Ar—B(OH), > J\
(2.0 equiv.) cumlezTMS (3.0 equiv.)
EtOAc, r.t., 16 h
\_ J
Me Me
BH; | coordination N7
3 N BH,4
Me then [Cu(I)],_ [ox]
nucleophile
~BH; Mew [Ag]
R,N :
)\ nucleophile
N o
Me” \n/ I
o BH,
rivastigmine then [Cu(l)], [ox]
B 19 2°& 3°amine N\N
HAT amines as starting points HS-—</ |'!l
for molecular diversification N~
/
Ph
BH
-2 BH
R2N [S-scission . T 2
)\ > AN O N_
R R

\

\"\CN

Nu

Me

IO

\p-ToI

~Boc

Leonori. D. et al. Nature, 2025, 595, 10.1038/s41586-025-09725-1.
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Outlook

| X | X XH
X
N &
X z .
X X [B] [B]

o Halogen-Atom Transfer

Radical Addition

. H
N
o) X ~_- Bl )\/[B]

C-X Cleavage

/\OH

. B-scission “NEWe
N Ar NR, Hydrogen-Atom Transfer
)\Ar

B Most widely used:

T SO TSR
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Outlook

o O : o) :
‘15 D) E NCW)H/CN B Low spin-density on B E
OIO : Nl |N B Low reactivity !
E ~B” B Different reactivity ? :
3 center - 5 electron : Fl’y Electronhilic LER :
(3c-5e) : ectrophilic :
E LN
HAT (PRC) 5 ¢ |
vs. : unactivated : H  seiectivity
: AF Cc-X ; J\
XAT, RA llllll E E EWG | B B B BN B |
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