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Amines are among the most common functional groups in biologically active
molecules and pharmaceuticals' >, yet they are almost universally treated as synthetic
R end points®. Here we report a strategy that repositions native primary, secondary and
f’w%a%z%iﬁr’»}zﬁgf ! - | Check for updates tertiary amines as handles for cross-coupling. The platformrelies onin situ activation

through borane coordination and exploits a copper catalytic redox system that
generates amine-ligated boryl radicals, which undergo -scission across the C(sp®)-N
bondtorelease alkyl radicals. These intermediates engage in copper-catalysed cross-
couplings with abroad range of C-based, N-based, O-based and S-based nucleophiles.
The method tolerates diverse amine classes, enables modular functionalization and
supports late-stage diversification of complex drug scaffolds. Also, amides canbe
incorporated into the manifold through reductive funnelling. This work establishes
ageneral approach to deaminative C-N bond functionalization and introduces a
distinct approach for making and modifying drug-like molecules.
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Why Starting From Amines?

Me F
F
K(\ Me O NH, O
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- \N
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antidiabetic
HO HO NH,
NH2
HO dopamine
neurotransmitter
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e
s/ F,
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antidepressant

Vasudevan, A. J. Med. Chem. 2021, 17115-17122.
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Amine As A Start For Functionalization

H R
N ® N-H bond deprotonation ,!l 9

Ve - > - j__.
V4

amine as nitrogen source

Lee, S. Chem. Commun. 2025, 6997-7008.



Amine As A Start For Functionalization

H R
R . C(sp®)-N bond cleavage O N-H bond deprotonation ,!l 9
W_* - s N :,' o > e K
deaminative transformation | - |
amine as carbon source amine as nitrogen source

Lee, S. Chem. Commun. 2025, 6997-7008.



Amine As A Start For Functionalization

H R
R_ C(sp®)-N bond cleavage N-H bond deprotonation ,!l §

N * ‘ / N y" ‘.0’ » / W”‘ﬂ
- - - I
deaminative transformation | g

amine as nitrogen source

amine as carbon source

Two electron pathways

via dealkylation of ammonium species via oxidative addition
ar” N7 BrCN, A ~nCN y /
_ Ar/\ Br + ‘ -, \/\ N [M] N
l ‘ no — M-
C. .o ‘ | \.
- 1 . © or ~ "/
@/CN Br \/
Ar/\ N— | m-allyl complex
i l ] new bond formation ~*
Hageman, H. A. J. Org. Chem. 1949, 605-637 Huang, H. Chem. Soc. Rev. 2016, 1257-1272

Lee, S. Chem. Commun. 2025, 6997-7008.



Amine As A Start For Functionalization

R
R . C(sp®)-N bond cleavage O N-H bond deprotonation ,!l 9

N 4 N / 4
i — ~ ey - Yo
deaminative transformation

amine as carbon source amine as nitrogen source

Single electron pathways

| ® C(sp3)-N bond cleavage y. new bond fomation o .~“

/ ““ » A ‘0

carbon-centered
radical

10

Lee, S. Chem. Commun. 2025, 6997-7008.



Radical Approaches Towards C-N Bond Cleavage

Ph

Ph
H NH, o  50-89% yield | A §F4
DU | ~ BF, - @
D
0

Ph N Ph
Ph

Ph /k

Katritzky, A. R. J. Chemn. Soc., Perkin Trans. 11979, 418-425; Watson, M. P. J. Am. Chem. Soc. 2017, 5313-5316.
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Radical Approaches Towards C-N Bond Cleavage

NHz 50-89% yield NS H Ar
N BF, @)/ N——— M
@/ (OH),

Katritzky, A. R. J. Chemn. Soc., Perkin Trans. 11979, 418-425; Watson, M. P. J. Am. Chem. Soc. 2017, 5313-5316.
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Radical Approaches Towards C-N Bond Cleavage

NHz 50-89% yield NS H Ar
N BF, @/ 4 M
@/ Ar—B(OH)

TpLNi'-X

il
LNil-Y N ser Ar
S LNiT-XY LNI'"—X
L = BPhen
Y =X, Ar
Y
Ph
V LNi'-ArX

>
Ph N Ph

Jz

Katritzky, A. R. J. Chemn. Soc., Perkin Trans. 11979, 418-425; Watson, M. P. J. Am. Chem. Soc. 2017, 5313-5316.
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Radical Approaches Towards C-N Bond Cleavage

H NHz 50-89% yield ﬁ H Ar
BF
N BF @A * >
/
PN
TpLNi'-X

LNi'-Y
C(sp?) C(sp) C(spd) \ SET Ar

)\ '\ LNiXY LNI'"—X
L = BPhen

Y =X Ar
Watson Gryko Lautens, Y
(Ni cat.) (photoredox) Glorius, Ph
_ — \. LNi'-ArX

Glorius (photoredox)
(photoredox) |& |

Limitations: ehindered substrates eatom economy Ph N Ph

P

Katritzky, A. R. J. Chemn. Soc., Perkin Trans. 11979, 418-425; Watson, M. P. J. Am. Chem. Soc. 2017, 5313-5316; Paixao, M. W. Chern. Commun. 2020, 503-514.
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Radical Approaches Towards C-N Bond Cleavage

o OMe

i )Jt©\
MeO OMe

3 mol% [Ir] catalyst

20 mol% TMG
+ Z EWG >
NH, DCE, 427 nm LEDs EWG

Rovis, T. J. Am. Chem. Soc. 2020, 18310-18316.
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Radical Approaches Towards C-N Bond Cleavage

2
e
e
(o] OMe Ty /
™~
H ET/PT
ﬂ hv \
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3 mol% [Ir] catalyst

20 mol% TMG
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NH, DCE, 427 nm LEDs EWG

Rovis, T. J. Am. Chem. Soc. 2020, 18310-18316.
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Radical Approaches Towards C-N Bond Cleavage

L
r

0.5 mol% [Ir] catalyst
:>k Br 10 mol% Ni(TMHD),
N OMe 20 mol% nBuyNCI
+ RN AN
| —R 1.0 eq. K,HPO, | —R
% DMSO, 456 nm LEDs =

Rovis, T. J. Am. Chem. Soc. 2020, 18310-18316; Rovis, T. J Am. Chem. Soc. 2021, 19294-19299.
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Leonori’'s Strategy

R Y@ R Y-@
NR; N-functionalization R ‘\N é HAT/SET R \\N é B-scission /-\.
y ' y
\
N=Y

/
R

Leonori, D. Nature 2025, 913-920.



Leonori’'s Strategy

NR R Y@ R Y°G)
)\2. N-functionalization R~ N @ HAT/SET R ‘\N é B-scission /-\‘
' ' '
)\‘ )\‘ R \
\
N=Y
/
R
° ° H L °
H (i\CHz H\ NH \ ajo H BHz H\ CH,
© G 5 A
<1 K =K <1 K
Ph Me Ph Me Ph Me Ph Me Ph Me

AG’=6.5kcal/mol  AG°=25.7 kcal/mol  not occuring AG’=-44.2 kcal/mol  AG’= 0.6 kcal/mol

Level of theory: wB97X-D3/def2-TZVP//wB97X-D3/def2-SVP

Leonori, D. Nature 2025, 913-920.



Leonori’'s Strategy

NR R Y@ R Y-@
)\2‘ N-functionalization R\\N(/B HAT/SET R\\Né B-scission /-\.
' ' '
)\. )\‘ R \
\
N=Y
/
R
° ° H o 0@ (]
HH\ g:CHZ HH\ /NH \\ /o HH\ g/\ HZ H\ /CHZ
o) -\ &N N AN\ ®N N H—C N
K K N P K
Ph Me Ph Me Ph Me Ph Me Ph Me

AG’=6.5kcal/mol  AG°=25.7 kcal/mol  not occuring AG’=-44.2 kcal/mol ~ AG’= 0.6 kcal/mol

Level of theory: wB97X-D3/def2-TZVP//wB97X-D3/def2-SVP

Leonori, D. Nature 2025, 913-920.



History of B-N Containing Compounds

Manners, |. Chemical Reviews 2010, 4023-4078.

H M
H\‘T@

B:+F

F oM

first B-N bond
containg compound

Gay-Lussac, J. L.

Mem. Phys. Chim. Soc.

D’Arcueil 1809, 2, 211.
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History of B-N Containing Compounds

Manners, |. Chemical Reviews 2010, 4023-4078.

H M
H\‘T@
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first B-N bond
containg compound

Gay-Lussac, J. L.

Mem. Phys. Chim. Soc.

D’Arcueil 1809, 2, 211.

':,/\ \‘H
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H® M H
Me H
\ /
MellllN—BllllH
/ \
Me H

Schlesinger, H. I. J. Am. Chem. Soc. 1937, 59, 780.
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History of B-N Containing Compounds

\ 4
H"}N—B("'H vs H»-C—C:-H
/0 /N

Manners, |. Chemical Reviews 2010, 4023-4078; Haaland, A. Angew. Chem., Int. £d. 1989, 992-1007.
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History of B-N Containing Compounds

7 Nt
H'---N—B\-"'H vs H"--/C—C\--"H
H H H H
Thermal fragmentation : NH3 + BH; ‘CHs +'CH; or CHs +CHs

Manners, |. Chemical Reviews 2010, 4023-4078; Haaland, A. Angew. Chem., Int. £d. 1989, 992-1007.
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History of B-N Containing Compounds

" H H
\ 4
H»-N—B-H
/ \
H H
Thermal fragmentation :NH3 + BH3
Central bond dissociation H 27.2 kcal/mol

Manners, |. Chemical Reviews 2010, 4023-4078; Haaland, A. Angew. Chem., Int. £d. 1989, 992-1007.

VS

[ ] L[] e
CHs +'CH; or CHs +CHs

90.1 kcal/mol
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History of B-N Containing Compounds

" H H

\ 4
H»-N—B-H
/ \
H H
Thermal fragmentation :NH3 + BH3
Central bond dissociation H 27.2 kcal/mol

Pauling electronegativity

Physical state

Manners, |. Chemical Reviews 2010, 4023-4078; Haaland, A. Angew. Chem., Int. £d. 1989, 992-1007.

VS

H H
\ /
H""C_C""H
/ \
H H

[ ] L[] e
CHs +'CH; or CHs +CHs

90.1 kcal/mol
C(2.5); H(2.2)

ethane gas cylinders
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History of B-N Containing Compounds

j & 5+/H5 N 7
5" HuN—B-H & vs Hue G —ComH
/ H H
5+H H 5
Thermal fragmentation : NH3 + BH; ‘CHs +'CH; or CHs +CHs
Central bond dissociation H 27.2 kcal/mol 90.1 kcal/mol
Pauling electronegativity N (3.0); H (2.2); B (2.0) C(2.5);H(2.2)

Physical state

ammonia-borane crystals ethane gas cylinders

Manners, |. Chemical Reviews 2010, 4023-4078; Haaland, A. Angew. Chem., Int. Ed. 1989, 992-1007.
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General Reactivity of Amine-Borane Complexes

Generation of amine-boryl radicals

hv .
t-BuO—0t-Bu —> t-BuO

t-BuO + R;N-BH; ——> BuOH + R3N—-BH,

Roberts, B. P. J Chemn. Soc. Perkin Trans. I/ 1985, 1723-1733.
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General Reactivity of Amine-Borane Complexes

Self-reaction
2 Et;N~BH, —» Et;N~BH,—BH, <~ NEt;

al low temperature (190 K) Generation of amine-boryl radicals

hv .
t-BuO—0t-Bu —> t-BuO

t-BuO + R;N-BH; ——> BuOH + R3N—-BH,

Roberts, B. P. J Chemn. Soc. Perkin Trans. I/ 1985, 1723-1733.
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General Reactivity of Amine-Borane Complexes

Self-reaction Reaction with halogens

R;N—BH, + R'Br ——» R;N~BH,Br + R’*

2 Et;N—BH, —» Et;N—BH,—BH,~NEt;
® Oe
Transition state: R3;N-BH, - Br-R’

al low temperature (190 K) Generation of amine-boryl radicals t

® © o
hv . R3N—=-BH, " Br-R’
t-BuO—0t-Bu —> t-BuO

t-BuO + R;N-BH; ——> BuOH + R3N—-BH,

Roberts, B. P. J Chemn. Soc. Perkin Trans. I/ 1985, 1723-1733.
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General Reactivity of Amine-Borane Complexes

Self-reaction Reaction with halogens

R;N—BH, + R'Br ——» R;N~BH,Br + R’*

2 Et;N~BH, —» Et;N~BH,—BH, <~ NEt; .
(©) °
Transition state: R3N-—BH, - Br-R’

al low temperature (190 K) Generation of amine-boryl radicals t

® © o
hv . R3N—=-BH, " Br-R’
t-BuO—0t-Bu —> t-BuO

B-Scission t-BuO + R3N-BH; ———> ¢BuOH + R3N—BH,
Amine-boryl radical generated Temperature (K) Radicals detected
i-ProNEt > BH, 200 K i-Pr*
t-BuNMe,~ BH, 200 K t-Bu®
t-BuCMe2->(.IH2 up to ca. 298 K no trace of t-Bu°®
HZC\ “\‘R Hzé iR
Cyclic amine boryl-radical: | _N \ . —_— | N._©
[H2Cl, BH, [H,Cl,” ® BH,

Roberts, B. P. J Chemn. Soc. Perkin Trans. I/ 1985, 1723-1733.
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General Reactivity of Amine-Borane Complexes

Hypothesis: amine-boryl B-scission it's more exothermic than the C-C case, that is why it is faster.

Roberts, B. P. J Chemn. Soc., Perkin Trans. I/ 1985, 1723-1733; Walton, J. C. J. Chem. Soc., Perkin Trans // 1981, 970-974.
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General Reactivity of Amine-Borane Complexes

Hypothesis: amine-boryl B-scission it's more exothermic than the C-C case, that is why it is faster.

Let’s calculate that! Example reaction: Me3X—9H2 —» Me + Me;X=YH,
Calculate how much more exothermic this reaction is when you have X=N; Y=B compared to X=Y=C

What you know:
® ©
1. enthalpy of HoN=BH, + H, ——> H3N—=BH; is + 18.7 kJ/mol

2. entalphy of atomization AH®(Me*) is 1223 kJ/mol
3. entalphy of atomization AH®(H,) is 436 kJ/mol

4. bond energy terms from the literature: E(C-H) 414, E(B-H) 389, E(N-H) 391,
E(C-C) 348, E(C-N) 303, and E(C=C) 604 kJ/mol

Roberts, B. P. J Chemn. Soc., Perkin Trans. I/ 1985, 1723-1733; Walton, J. C. J. Chem. Soc., Perkin Trans // 1981, 970-974.
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General Reactivity of Amine-Borane Complexes

The enthalpies of atomization may be expressed as sums of bond energy terms E and, assuming
that the same values of E(C-H), E(C-X), and E(Y-H) apply all species, you can derive:

MesX—YH, — » Me' + Me,X=YH,
A B

AHE ., = Z(AHSQM — AHfppr) = AH?(A) — AHY (B) — AH® (Me")

|AH? (A) — AHO(B)] =

Bond Species A Species B
C-H 9 6 3 more in SM
X-C 3 2 1 more in SM
Y-H 2 2 Terms cancel out
X-Y one single one double Different terms

34

Roberts, B. P. J Chemn. Soc., Perkin Trans. I/ 1985, 1723-1733; Walton, J. C. J. Chem. Soc., Perkin Trans // 1981, 970-974.



General Reactivity of Amine-Borane Complexes

The enthalpies of atomization may be expressed as sums of bond energy terms E and, assuming
that the same values of E(C-H), E(C-X), and E(Y-H) apply all species, you can derive:

MesX—YH, — » Me' + Me,X=YH,
A B

AHE ., = Z(AHSQM — AHfppr) = AH?(A) — AHY (B) — AH® (Me")

|AH?(A) — AH9(B)| =3E(C—H)+E(C-X)—-[EX=Y)—E(X —Y)]

Bond Species A Species B
C-H 9 6 3 more in SM
X-C 3 2 1 more in SM
Y-H 2 2 Terms cancel out
X-Y one single one double Different terms

AHY ., =3E(C—-H)+E(C—-X)—[EX=Y)—EX-Y)]—AH?Me)

Roberts, B. P. J Chemn. Soc., Perkin Trans. I/ 1985, 1723-1733; Walton, J. C. J. Chem. Soc., Perkin Trans // 1981, 970-974.



General Reactivity of Amine-Borane Complexes

MesX—YH, — » Me' + Me,X=YH,
A B

AHS.. =3E(C—H)+E(C—-X)—-[EX=Y)—EX-Y)] —AH?(Me")

So, when X=Y=C:
E(C-H) 414, E(C-C) 348, and E(C=C) 604 kJ/mol; AH®(Me") is 1223 kJ/mol

AHY . =3E(C—H)+E(C—-C)—[E(C=C)—E(C—C)]—AH’(Me")

= [(3%414) + 348 — (604 — 348) — 1223] k]/mol = +111 kJ/mol

Roberts, B. P. J Chemn. Soc., Perkin Trans. I/ 1985, 1723-1733; Walton, J. C. J. Chem. Soc., Perkin Trans // 1981, 970-974.
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General Reactivity of Amine-Borane Complexes

MesX—YH, — » Me' + Me,X=YH,
A B

AHY ., =3E(C—-H)+E(C—-X)—[EX=Y)—EX-Y)]—AH?Me)
So, when X=Y=C:
E(C-H) 414, E(C-C) 348, and E(C=C) 604 kJ/mol; AH®(Me") is 1223 ki/mol
AHY . =3E(C—H)+E(C—-C)—[E(C=C)—E(C—C)]—AH’(Me")
= [(3x414) + 348 — (604 — 348) — 1223] k]/mol = +111 kJ/mol
For X=N; Y=B, some of the energy terms are missing, so you derive them from:

® ©
H2N:BH2 + H2 B H3N"BH3

C D
AHY., = +18.7 k]/mol = AH®(C) — AHY (D) — AH? (H,)

Roberts, B. P. J Chemn. Soc., Perkin Trans. I/ 1985, 1723-1733; Walton, J. C. J. Chem. Soc., Perkin Trans // 1981, 970-974.
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General Reactivity of Amine-Borane Complexes

® ©
H2N:BH2 + H2 e H3N"BH3

C D
AHY., = +18.7Kk]/mol = AH®(C) — AH? (D) + AH® (H,)

|AH® (C) — AH? (D)] =

Bond Species C Species D

N-H 2 3 1 less in SM
N-B one double one single Different terms
B-H 2 3 1 less in SM

Roberts, B. P. J Chemn. Soc., Perkin Trans. I/ 1985, 1723-1733; Walton, J. C. J. Chem. Soc., Perkin Trans // 1981, 970-974.
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General Reactivity of Amine-Borane Complexes

® ©
H2N:BH2 + H2 e H3N"BH3

C D
AHY., = +18.7Kk]/mol = AH®(C) — AH? (D) + AH® (H,)

|AH® (C) — AH®(D)]| = —E(N —H) — [E(N—B) —E(N =B)] — E(B — H)

Bond Species C Species D

N-H 2 3 1 less in SM
N-B one double one single Different terms
B-H 2 3 1 less in SM

Roberts, B. P. J Chemn. Soc., Perkin Trans. I/ 1985, 1723-1733; Walton, J. C. J. Chem. Soc., Perkin Trans // 1981, 970-974.



General Reactivity of Amine-Borane Complexes

® ©
H2N:BH2 + H2 e H3N"BH3

C D
AHY., = +18.7Kk]/mol = AH®(C) — AH? (D) + AH® (H,)

|AH® (C) — AH®(D)]| = —E(N —H) — [E(N—B) —E(N =B)] — E(B — H)

Bond Species C Species D

N-H 2 3 1 less in SM
N-B one double one single Different terms
B-H 2 3 1 less in SM

[E(N=B)—E(N—-B)]=AHS,, —AHY(H,) + E(N—-H) + E(B —H)

E(N-H) 391, E(B-H) 389, and AH®(H,) is 436 kJ/mol

= (18.7 — 436 + 391 + 389) kJ/mol = 363 kJ/mol

40

Roberts, B. P. J Chemn. Soc., Perkin Trans. I/ 1985, 1723-1733; Walton, J. C. J. Chem. Soc., Perkin Trans // 1981, 970-974.



General Reactivity of Amine-Borane Complexes

[E(N = B) — E(N — B)]= 363 k] /mol
Now for X=N; Y=B in the previous reaction:

MesX—YH, — » Me' + Me,X=YH,
A B

AH?.. =3E(C—H)+E(C—-N)—-[E(N=B)—E(N—B)]—-AH?(Me")
= [(3x414) + 303 — 363 — 1223] kJ/mol = —41 kJ/mol

Roberts, B. P. J Chemn. Soc., Perkin Trans. I/ 1985, 1723-1733; Walton, J. C. J. Chem. Soc., Perkin Trans // 1981, 970-974.
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General Reactivity of Amine-Borane Complexes

[E(N = B) — E(N — B)]= 363 k] /mol
Now for X=N; Y=B in the previous reaction:

MesX—YH, — » Me' + Me,X=YH,
A B

AH?.. =3E(C—H)+E(C—-N)—-[E(N=B)—E(N—B)]—-AH?(Me")
= [(3x414) + 303 — 363 — 1223] kJ/mol = —41 kJ/mol

So, for X=Y=C it was AHZ,,, = +111 k]J/mol while for X=N; Y=B AH?,,, = —41 kJ/mol, so the difference is

152 kJ /mol

Roberts, B. P. J Chemn. Soc., Perkin Trans. I/ 1985, 1723-1733; Walton, J. C. J. Chem. Soc., Perkin Trans // 1981, 970-974.
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General Reactivity of Amine-Borane Complexes

Self-reaction Reaction with halogens

R;N—BH, + R'Br ——» R;N~BH,Br + R’*

2 Et;N~BH, —» Et;N~BH,—BH, <~ NEt; .
(©) °
Transition state: R3N-—BH, - Br-R’

al low temperature (190 K) Generation of amine-boryl radicals t

® © o
hv . R3N—=-BH, " Br-R’
t-BuO—0t-Bu —> t-BuO

B-Scission t-BuO + R3N-BH; ———> ¢BuOH + R3N—BH,
Amine-boryl radical generated Temperature (K) Radicals detected
i-ProNEt > BH, 200 K i-Pr*
t-BuNMe,~ BH, 200 K t-Bu®
t-BuCMe2->(.IH2 up to ca. 298 K no trace of t-Bu°®
HZC\ “\‘R Hzé iR
Cyclic amine boryl-radical: | _N \ . —_— | N._©
[H2Cl, BH, [H,Cl,” ® BH,

Roberts, B. P. J Chemn. Soc., Perkin Trans. I/ 1985, 1723-1733.
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General Reactivity of Amine-Borane Complexes

Reaction with halogens

Rs;N—BH, + R'Br ——» Rs;N-BH,Br + R’*

® O
Transition state: R3;N-BH, - Br-R’

¢

® © o
R3N > BHZ - Br-R’

Roberts, B. P. J Chemn. Soc., Perkin Trans. I/ 1985, 1723-1733.
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Amine-Boryl Radicals as XAT Reagents

[E"] E

@ > )\. [E*]= Ar-Br
X
XAT . /
—_— /\.

Leonori, D. Nature Synthesis 2024, 1221-1230.
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Amine-Boryl Radicals as XAT Reagents

[E+

N| )\. [E*]= Ar-Br
X /

[NU]
- )\. [Nu-]= Ar-B(OH),

hydridic H-atom nuclephilic o-radical

Me;N % Me NK7
Me3N 3 \ Me3N 6— 3

+
"B—H —> B—H .OR 5 B 5 __ {5 B—X +
H/‘ H/I:I \_/ H B -H--OR /k. B -X o) H/;I /\’

H
Polarized HAT TS Polarized XAT TS

Leonori, D. Nature Synthesis 2024, 1221-1230.
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Amine-Boryl Radicals in Cross-Electrophile Coupling

H hv Ar [N"l_Br’—&
Boc Ar— [I:ll'"] 4{

5 mol% [Ni]
20 mol% BP

Br Br

/©/ r 2 eq. KsPO,
+
—_—
N

MeO,C 1.5 eq. L-BHj3

EtOAc, 21°C,
T 30mLED  come

Leonori, D. Nature Synthesis 2024, 1221-1230.
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Amine-Boryl Radicals in Cross-Electrophile Coupling

?oc
N

5 mol% [Ni] Ar
Br 20 mol% BP

Br
/©/ ’j 2 eq. KsPO, o
+ M
MeO,C N 1.5 eq. L-BH, [Ni']—Br

Boc hy Ar Ar
EtOAc, 21°C, ﬂ
1.0 eq 1.5€d. 590 m LED Co,Me My, BP \ / Ar—[Ni'] <
[
Entry L-BH; 1(%) 2 (%) = Br
)o\.

1 MesN-BH; 84 13
2 NHC-BH; 27 15 OH / \
[ ] _ -"
3 PhsP-BH; 75 15 Ar B Ar )\ [Ni°] Ar—INI]
~ Ar Br

Ar
4 H3N-BH; - 51 HAT — KR >—h/
/ l ArBr

CF —

-Bu N 3 Me3N BH3 .

| F,C O 4 Me;N—BH, /-\.

N

/
= |N Boc/ \ )I(
2

B X re¢ O Me;N—BH,

(dtbbpy)NiBr,

o
Z
|
x

BP CF;

Leonori, D. Nature Synthesis 2024, 1221-1230.
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Amine-Boryl Radicals in Cross Coupling with Nucleophiles

Me;N—BH;3; cumyIOH

5 mol% Cul \

gr 6 mol% dtbbpy ?oc Me;N— BH,
/ 1eq. TMP N cumyIO X
Ph—B(OH), + | | - “ ArB(OH), )\.
N— Cu
/ 1.5 eq. M3N-BH3 cumlezTMS [ ]
Boc 3.0 eq. cumylO,TMS Ph
1.0 eq 1.5 eq. EtOAc, 21°C \SET

Me3N BHz

[Cu'] Ar—[Cu'l]
Me Me
cumylO,TMS: o)
i PhXO/ ~SiMe; /\.
)Ar\. Ar—[Cu"]

49
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General Reactivity of Amine-Borane Complexes

Self-reaction Reaction with halogens

R;N—BH, + R'Br ——» R;N~BH,Br + R’*

2 Et;N~BH, —» Et;N~BH,—BH, <~ NEt; .
(©) °
Transition state: R3N-—BH, - Br-R’

al low temperature (190 K) Generation of amine-boryl radicals t

® © o
hv . R3N—=-BH, " Br-R’
t-BuO—0t-Bu —> t-BuO

B-Scission t-BuO + R3N-BH; ———> ¢BuOH + R3N—BH,
Amine-boryl radical generated Temperature (K) Radicals detected
i-ProNEt > BH, 200 K i-Pr*
t-BuNMe,~ BH, 200 K t-Bu®
t-BuCMe2->(.IH2 up to ca. 298 K no trace of t-Bu°®
HZC\ “\‘R Hzé iR
Cyclic amine boryl-radical: | _N \ . —_— | N._©
[H2Cl, BH, [H,Cl,” ® BH,

Roberts, B. P. J Chemn. Soc., Perkin Trans. I/ 1985, 1723-1733.
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General Reactivity of Amine-Borane Complexes

B-Scission
Amine-boryl radical generated Temperature (K) Radicals detected
i-ProNEt = BH, 200 K i-Pr®
t-BuNMe,~ BH, 200 K t-Bu®
t-BuCMe2->éH2 up to ca. 298 K no trace of t-Bu®
HZC\ “\\R Hzé I?
Cyclic amine boryl-radical: | _N \ . — | N._©
[H.C], BH, [H,Cl,~ © BH,
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Leonori’'s Strategy

NR R Y@ R Y-@
)\2‘ N-functionalization R\\N(/B HAT/SET R\\Né B-scission /-\.
' ' '
)\. )\‘ R \
\
N=Y
/
R
° ° H o 0@ (]
HH\ g:CHZ HH\ /NH \\ /o HH\ g/\ HZ H\ /CHZ
o) -\ &N N AN\ ®N N H—C N
K K N P K
Ph Me Ph Me Ph Me Ph Me Ph Me

AG’=6.5kcal/mol  AG°=25.7 kcal/mol  not occuring AG’=-44.2 kcal/mol ~ AG’= 0.6 kcal/mol

Level of theory: wB97X-D3/def2-TZVP//wB97X-D3/def2-SVP

Leonori, D. Nature 2025, 913-920.



Deaminative Cross-Coupling Proposed Mechanism

R © BHj;
R ‘N ~BH3 coordination

R )\,
cumylO,TMS )\.
Nu—[Cul] / > HAT — . cumylOH
N \

SET cumylO
Nu- T/

[Cul] Nu-[Cu']

Ar )\o
)\. R/N?R

Leonori, D. Nature 2025, 913-920.
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Leonori, D. Nature 2025, 913-920.

General Procedure

1.0 eq. H3B-SMe,
THF, 21°C, 1h then
1 mol% [Cu(MeCN),]PFg

NR; o B(OH) 1.2 mol% BPhen P R
+ | —R >
= 3.0 eq. cumylO,SiMe;

EtOAc, 21°C, 16h

An oven-dried microwave vial equipped with a stirring bar was charged with the amine (1.0 equiv.),
capped with a Supelco aluminium crimp seal with septum (PTFE/butyl), evacuated and refilled with Ar
(x 3). Dry THF (0.1 M) was added, followed by H;B—SMe: (1.0 equiv.). The mixture was stirred for 1
h at r.t. The volatiles were evaporated, and the vial was charged with [Cu(CH3CN)4]PFs (1 mol%), L8
(1.2 mol%) and the boronic acid (2.0 equiv.). The vial was capped with a Supelco aluminium crimp
seal with septum (PTFE/butyl), evacuated and refilled with Ar (x 3). Dry and degassed EtOAc (0.1 M)
was added. The mixture was stirred for 5 min and then cumylO,SiMes (3.0 equiv.) was slowly added.
The reaction was stirred for 16 h at r.t. The volatiles were evaporated, and the crude was purified by

flash column chromatography on silica gel to give the desired product.
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Oxidation of Cu(l) to Cu(ll) by cumylO,SiMe,

\ (€] BH 3
RN~ coordination
®

)\.‘—)\.

cumylO,TMS
cumylOH

Nu_[cull \ / >HAT —_— y!

cumylO®

SET \
Nu- T/
R (‘-,\BH

R \\
[Cu'] Nu—[Cu'] N,\>
Nu—-[Cu'l] /\. B-sc

(€]
ar e — (em
)\. R/NC:)R

)

absorbance (a.u

0,30

= [Cu(CH,CN),]PF,

= [Cu(CH,CN),]PF + cumylO,SiMe,
0,25 -+ — [Cu(CH,CN),JPF4 + PhB(OH),

— [Cu(CH,CN),JPF, + cumylO,SiMe, + PhB(OH),
0,20 -
0,15 -
0,10 -
0,05 -
0,00 -

1 ' | ' 1 ' 1 ’ | 1 ' 1 ' 1 ' | ' 1 ' 1

300 350 400 450 500 550 600 650 700 750 800 850 900
wavelength (nm)

Peroxide can oxidize Cu(l) to Cu(ll)

Leonori, D. Nature 2025, 913-920.
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Amine Poisoning Experiment

S2 (see table)
2.0 eq. Ph-B(OH),
1.2 mol% bathophen Ph
N—BHs . N
1.0 mol% [Cu(MeCN),]PFg
> Me
Me 3.0 eq. cumylO,TMS, Me

EtOAc, 21°C, 16h MeO

MeO s1 Cl s2

Entry S2 (eq.) prdt (%) S1 recovered (%) S2 recovered (%) mass balance (%)

1 0 80 12 - 92
2 0.1 65 30 - 95
3 0.25 51 39 - 90
4 0.5 32 59 - 91
5 1.0 16 77 - 93

As S2 increases, recovered S1 is rising and the reaction stalls

Leonori, D. Nature 2025, 913-920.



S2 (see table)
2.0 eq. Ph-B(OH),
1.2 mol% bathophen

ON/ BH;

Amine Poisoning Experiment

1.0 mol% [Cu(MeCN)4]PFg

Me 3.0 eq. cumylO,TMS,
EtOAc, 21°C, 16h

’

MeO

MeO s1 Cl s2
Entry S2 (eq.) prdt (%) S1 recovered (%) S2 recovered (%) mass balance (%)

1 0 80 12 - 92

2 0.1 65 30 - 95

3 0.25 51 39 - 90

4 0.5 32 59 - 91

5 1.0 16 77 - 93

As S2 increases, recovered S1 is rising and the reaction stalls

Leonori, D. Nature 2025, 913-920.

absorbance (a.u.)

— [Cu(CH,4CN),]PFq

— bathophen

— 82

— [Cu(CH,CN),]JPFg + bathophen
[Cu(CH;CN),]PFg + S2

— bathophen + S2

N
1
|

— [Cu(CH4CN),JPF; + bathophen + S2

-
1

0 - —

L) 1 5 | L ] L || = ] N || ) ] L || e | . |
350 400 450 500 550 600 650 700 750 800 850
wavelength (nm)

Amine DOES interact with copper-ligand complex

900
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Reaction Optimization

Q)
_BH
N 3

1 mol% [Cu(l)IL

+ B(OH), 1.0 eq. base
Me >
3.0 eq. oxidant
MeO solvent (0.1M), 21°C, 16h Ph Me

80% yield
red = < 10% yield black = 10 - 50 % vyield blue = 51 - best % yield green = best

solvents Cu sources ligands bases oxidant
DuE cucl oL pyridine  LIOH-H,0
DMSO guglr B H? 2K,6F-,I(t;t|d|ne LiOtBu cumylO,SiEts
PhH EtOAc U~ [Cu(MeCN),IPFs L4 L8 304 LiOMe  hone cumylO,Si(iPr);  cumylO,SiMe,
MeCN CuTC L5 L12 KZCO3 LiF CUmy'OZSitBUth
PICF, CuOTf e L13 KOAc Na,CO;
acotors CuOAc 7 L4 KF Cs,CO;

Leonori, D. Nature 2025, 913-920.



Me
MeO
NMe, Ph
Ph) Ph
28%

Leonori, D. Nature 2025, 913-920.

Ph

f—NH,

§—NHMe

§—NMe2

S

Ph

NH

PN

Me

50%

62%

56%

Substrate Scope

Amine scope

oxels

80%

VW

70%

SV

49%

R/\)\Me

Ph Z N >
Me
// Me
MeO Ph

Ph
R/\)\Me

R
Ph
iPr

35%
36%

Ph

N
EWG

Ph
/\ Me
Ph

45%

Ph
Ph \)\
EW

40-45%

G
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PO §—NH2
Me §—NHMe
MeO §—NMe2
NMe Ph
) 2 ) Ph”” “NH
Ph Ph )\

Ph Me

28%

Substrate Scope

Amine scope

50% O O [oj
62% T r|4 rll

VW

56% 80% 70% 49%

R/\)\Me

Boronic acids scope

R
Ph
iPr

35%
36%

Ph Z >
N
Me
L // Me
MeO Ph

Ph

EWG

gela ol sllsoalla sullo ol o

56% 50%

56% 41%

Leonori, D. Nature 2025, 913-920.

73% 54% 53%

44%

50% 43% 41% 59% 57%

58%

/ A A /-

Ph

/\Me

45%

Ph

Ph

Ph \)\
EWG

40-45%



Substrate Scope: Other Nucleophiles

nucleophile pool

EtZn TMS—CN TMS—N;

Ph————[Cu(l)] TMS—NCS

N N HN [ > Nu
N N BHj3 then
H > Me
o [Cu(h)), [ox],
nucleophile MeO

Leonori, D. Nature 2025, 913-920.
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Substrate Scope: Other Nucleophiles

nucleophile pool
TMS—CN TMS—Nj3;
Ph————[Cu(l)]

Et.Zn
TMS—NCS

cl o)
-
/
N
o H 0
(PhS),

HO—N
AgSCF;

(o)

Cr-

2

Leonori, D. Nature 2025, 913-920.

H*, H,O
_COZH -€
90% I
50%
N BHj3 then
Me [Cu(N)], [ox],
nucleophile
MeO
61%
:
~CF,4

Ph
Et
/ /
27% N,
36% /
38%
NCS
/
41%
Nu
N. Cl
/7 S~
Me 58% —N
MeO
41%
“NPhth
58%
67%
789 O0—NPhth
\
S—Ph

\ N
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Substrate Scope Expansion

Limitations: alcohols, amides and carbamates

Leonori, D. Nature 2025, 913-920; Alexanian, E. J. Angew. Chem. Int. Ed. 2024, 63, €202404879; Ogura, H. Tetrahedron Letters 1990, 265-266.
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Substrate Scope Expansion

Limitations: alcohols, amides and carbamates

Solution: conversion of amine into a versatile intermediate

SO,Ph

N
O /  cHo

_Boc
N
Me
. 0\/@
tBu

Me
Me
N—N
C-C bond formation .\ /“\ ,N C-0O bond formation
I b
Ph
C-N bond formation =~ N-phenyltetrazole jyjia-Kocienski olefination
thioether
o)
/ \ \
N/N N\ |
Me Me
HO Me
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Leonori, D. Nature 2025, 913-920; Alexanian, E. J. Angew. Chem. Int. Ed. 2024, 63, €202404879; Ogura, H. Tetrahedron Letters 1990, 265-266.



Substrate Scope Expansion

Ph
HN—<
/ (o) OtBu

nucleophile pool 7N
73% (o]
0 N
)]\ —0 70% : p-Tol
7/
Ph NH, [O / \//S\\O
0 0 Nooe O 98% °
\¥/
S : Nu
p-ToI/ \NH2 ):‘ N [Ag], nucleophile
HO l M
o OTMS M " ° 61% @ °
)J\ /& € BH, then D
Cu(l)], [ox],
Ph” “OH Ph [ (2[ ] N\B
Hs —( o 85% >
?Fs n-N o
DAST = / 83%
Me N Me Ph 619 él'\
66%
\ o
F Ph
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Leonori, D. Nature 2025, 913-920; Alexanian, E. J. Angew. Chem. Int. Ed. 2024, 63, €202404879; Ogura, H. Tetrahedron Letters 1990, 265-266.



Leonori, D. Nature 2025, 913-920.

Substrate Scope: Application To Drugs

NMGZ

a3
Me/\[(l/

rivastigmine (Novartis)
Alzheimer’s and
Parkinson’s disease

Cl
CN N _<
I Ph 7 W
/ _
63% .
51% O—NPhth
34% /
44%
BHj3 then Nu /S\Ph
[Cu(h), [ox], Me 68%
nucleophile
Me
/CF3
[Ag], nucleophile /N\n/o 58% —S
l Me
o
BHj3 then
[Cu()], [ox],
N< N
Hs— I
—~N
)
Ph 75%
52%
Wi
HN~g_—o

\
p-Tol
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Larisa P. Pop
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