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1. BRNAH

Sitagliptin

AFRTINRLERR

(A
N/)\NHQ

LY2811376a

BACE1H] 3]

Diflunisal

MKHA

ASLANOO03

DHODH#D &5

Weaver, J. D. et, al. Accounts of Chemical Research 2016, 49, 2273-2283.
Chatani, N. et, al. ACS Catalysis 2021, 11, 12915-12930

Cl

Cl

Teflubenzuron

R R

OH

Emtricitabine

huREEY

; P
N o] F
Me™ > N~ HN™ CF,
Z>N-N
>
F \N)%N
Cevipabulin
REHMEEMY

N-BI Sk

IMP-1088

NMT1 . NMT2 H&iF

CsH1s




1. BRNAH

1. KAFEF SEOLE&RAAL:

||F+u OR uF-u
X reagent _ F
Cat.
X R F R

For F~, X =1, OTf, IAr. For F*, X = B(X)3, SnR3, SIR,

H ||F+|| F
reagent _
R Cat. R

H R = directing group F

Weaver, J. D. et, al. Accounts of Chemical Research 2016, 49, 2273-2283.

Chatani, N. et, al. ACS Catalysis 2021, 11, 12915-12930

2+ FIFH 2 805 itk AT I o B Be 46 %

Nu~
F
N [M]
I:nl_/
hv, SET

o O
65 80

BDE (kcal/mol)

96

-F
Nu/R
X
Nu” Fn:_
7

Radical addition /

o

113

Nu/R = H, C, Bpin

o
126
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2.1. TESREZS5KHRRMN

Kumada, 1973:

F

© + i-PrMgCl

5 mol% NiCl,(dmpe)

10 % [Rh(COD),]BF,

Murai, 1998:
F (e}
F
CH,4
F F
F

M. Kumada. et, al. J. Organomet. Chem., 1973, 50, C12-C14.

10 equiv Me3SiSiMes, toluene

S. Murai. et, al. Chem. Lett., 1998, 157-158.
T. Takahashi. et, al. Organometallics, 2006, 25, 2045-2048.

7% 52%
F O
F
CH,
F SiMe,
F

Takahashi, 2006 :

F
F F
+
F F
F
F
F F
+
F F
Me

PhCH,CH,MgCl

1.5 equiv

3.0 equiv

PhCH,CH,MgCl

1.5 equiv

5 mol% TaClg

THF-DME, 24 h

5 mol% TaCls

THF-DME, 24 h

Me._ _Ph
F F
F F
F
75% 0%
14% 57%
Me_ _Ph
F F
F F
Me
73%



2.1. TEERSERIBBERMN

Perutz, 1997:
Peruts, 2004:

F F Fo N F
F F F F | _
X
CeFe . CsFsN | Pd(PCys3), F F
F F Ni(COD),, excess PEt; N~ F CngfPld*PCy?,
Et,P-Ni-PEt, Et,P-Ni—PEt, F
| | F N F 30%
F F s
48% 49%
F7N
F
Perutz, 1999: . . F
| A Pt(PCys). Fuo N F
NP r F i F | =
Et;P-Ni-PEt h F F
Ni-
Torm N E FCy,P-Pt-PCys
) Cy
Me3SiOTf 83%
° Air Me 70%
F F
F F F F Braun, 2006:
AN X
N MesZn Nl _
=
F F F lN\ F
Et;P-Ni—PEt Et;P-Ni—PEt
’ £ ’ ’ Me ’ E N F Me,FSiSiFMe, F7ONF
87% €0 F F | / SiFMe
i ° Fe N _F z
PhLi [ NN S 56%
N
F 7 F F - FN F
F | e F COMe * P"Pr3*P|d*P"Pr3 Ph,SiH H
N A Pd(P/Prs), F F S F
H ~
Et3P*l\llI*PEt3 E N E
Ph

14%

R. Perutz. et, al. Organometallics, 1997, 16, 4920-4928.

T. Braun R. Perutz. et, al. Organometallics, 1999, 18, 1710-1716.

R. Perutz. et, al. Organometallics, 2004, 23, 6140-6149. 8
T. Braun. et, al. Dalton Trans, 2006, 5118-5123.



2.1. TEERSERIBBRRMN

Nelles, 2010 :

Knochel, 2006 :

ArCu(CN)MgCI (6 GQUiV) F PdO(PPh3)4 NOz
e} Co(acac), (15 mol%) (0] F F
4-fluorostyrene (20 mol%) Ph F £ (4-n) PPhy
F F BuyNI (1 equiv) Ar Ar 00.®
g ~ F F
DME/THF/DMPU (3/2/1) N F Pd°(PPhs),
F F rt, 30min F F O F F
F F
Love, 2010 :
| | (Ph P)gd F
3 Se
SN Spp 10 mol%, PICL(DMSO), S Ph ! L F
1.2 equiv. Me,Zn PhF 0.9
F F 60 °C, CD5CN, 12 h F Me (PhsP)Pd F TN F
95% @O ® 0] F
O F
Nelles, 2010 : . 0
1.1 equiv.  Ph—B
NO, o) NO, FOF
F F 1.2 equiv KF/Alumina F Ph _(PhsP)Pd E
. . 5 mol% Pd(PPhs), OR 00 ®
DMF, 150 °C, 15min, F F B N F
F MW. F Ph” " “OR O F
80%

Knochel, P. et, al. Org. Lett. 2006, 8, 725— 728.
Love, J. A. et, al. Journal of Fluorine Chemistry 2010, 131, 1237-1240. 9
Nelles, G. et, al. J. Org. Chem. 2010, 75, 5860-5866.



2.1. TESREZS5KHRRMN

: B(OH
Lu, 2012: 03 (OH), 10 mol% Pd(MeCN),Cl,
X N X 10 mol% DPPF
Fol * RT : g
_ _ 0.5 equiv Cs,CO;4
DEE, 130 °C

COzMe

COzMe

82% 56% 44% No Reaction

10

Lu, L. et, al. J. Org. Chem. 2012, 77, 1798—1804.



2.1. TESREZS5KHRRMN

Zhang, 2022:

Ru3(CO)15 (5 mol%)

K,CO3 (1.0 equiv)
PhMe, 140 °C
then H*

86% 70%

68%

74% 72%

Zhang, J. et, al. ACS Catalysis 2022, 12, 14337-14346

_Ph
N
j@ﬁ“
F
_Ph
N
j@ﬁ“
F
_Ph
N
H
F
F
_Ph
H N

RU3(CO)12 (5 mol%)

+  Ph-Bnep
BA (1.0 equiv)

PhMe, 90 °C
then H*

Ar'-Bnep (1.0 equiv)

Ru3(CO)4p (5 mol%)  Ru3(CO)sz (5

Ar?-Bnep (1.0 equiv)

mol%)

BA (1.0 equiv)

K,CO3 (1.0 equiv)

PhMe, 90 °C PhMe, 140 °C
then H* then H*
+  PhBnep Ru3(CO)42 (5 mol%)
BA (1.0 equiv)
PhMe, 90 °C
then H*

Ar'-Bnep (1.0 equiv)  Ar>-Bnep (1.0

Ru3(CO)1, (5 mol%)

Ru3(CO)45 (5 mol%)

equiv)

BA (1.0 equiv)
PhMe, 90 °C
then H*

PhMe, 140
then H*

K2003 (1 .0 equiv)

°C

38%

BA= Benzylideneacetone
Ar? = 4-MeO-CgH,4



2.1. TESREZS5KHRRMN

Zhang, 2015:

(1) KOAc (2.0 equiv)
toluene, 80 °C, 1 h

(2) ArF,, (0.5 equiv)

Bpin-Bpin + [Rh(cod),]BF,4

[Rh(cod),]BF 4 (5 mol%) 1.0 equiv 2.0 equiv

+ Bpin-Bpin
KOACc (2.0 equiv)
toluene, 80 °C, 12 h

(1) KOACc (2.0 equiv)
toluene, 80 °C, 1 h

(2) ArF,, (0.5 equiv)

Bpin-Bpin + [Rh(cod),]BF,4

1.0 equiv 0.025 equiv

[Rh(cod),]BF, (5 mol%)

+ Bpin-Bpin
KOACc (2.0 equiv)

Ph
| dg-toluene, 80 °C, 12 h
F Sy
1.0 equiv 2.0 equiv
F Bpin Bpin
F
R1
. R'=Me,78%
88% R'=Br, 84%

D
+ 1andlor2 +

detected by  detected by

ﬁz 23% GC-MS 2
H., | .Bpin D NMR

Rh
Bpin( \H
RhY (5 mol%)

KOACc (2.0 equiv)
cyclohexane, 80 °C, 12 h

Bpin

MeO

74% 63% 60%

+ Bpin-Bpin

m

a: 45% yield of C-Hbond borylated product was formed.

1.0 equiv 2.0 equiv

1: Bpin:_<j/ i} ©/\Bpin
/
12

Zhang, X. et, al. Angew.Chem. 2015, 127, 9203-9206



2.1. TESREZS5KHRRMN

Zhang, 2015:

Bpin-Bpin

[Rh'L,JBF4 ;—v

Zhang, X. et, al. Angew.Chem. 2015, 127, 9203-9206

Bpin—Rh"L,(H)(Bpin),BF,

1 /

/

E / DG

>4 -
Fo "
= F D

Bpin-F

RhVL,(H)(Bpin),BF
[(H)RhVL,(Bpin);]BF, | Ln(H)(Bpin);BF,

Cc

Bpin-Bpin

[Rh''L,(Bpin),]BF, > [(H)Rh"'L,(Bpin)]BF, DG

Ph-CH; ©ﬁ5pin B

and/or

. N
Bpln,—/

A

13



2.1. TESREZS5KHRRMN

Radius, 2008: F i
) , i Nl
Prylm—Ni—ImPr, PrZF'm N '”;Pr?
F F
F F i i 75%
60% CFs °
F
F F F
F F
F F
F F
F CFs3 '|:

F . .
) | . F "Prolm—Ni—Im'Pr,
"Prolm—Ni—Im'Pr, = F
F F
< (IPrzlm)le— —NI(ImIPr2)2

55%

trans-[Ni(Prolm)y(F)(d-(CFCFy)]  trans-[NitProlm)y(F)(3-(CF)CyF,)] trans-[NitPryIm), (F) (2-(CF3)CF4)]

AE = 0.0 kJ/mol AE = 2.1 kJ/mol AE = 33.6 kJ/mol

e SiMey F

! F F ! Pryim—Ni—ImPr, \?&1/‘ ';a'(/‘ Y
: ’Przlm—l\lli—lm’Prz ’Przlm—rxlli—lm’Przg F F

: Ft i F. i Fo

: + : F F

L F ; SiMes

65% 61% cis-[NiCPrlm)yF) (4-(CE)CeFa)]  cis-[NiCPr,lm)oF) (3-(CE)CE,)]  cis-[NilPrylm)y(E)(2- (CE3)CsFy)]
_________________ 815 AE = 42.2 kJ/mol AE = 43.9 kJ/mol AE = 64.0 kJ/mol
14

Radius, U. et. al. J. Am. Chem. Soc 2008, 130, 9304-9317.



2.1. TESREZS5KHRRMN

Radius, 2016:

F
!Mes
Ni—F
F Bpln E IMes
IMes:
XN [Ni(IMes),] (10 mol%) A N
| > | N
X B,pin, (1.0 eq.), mesitylene X -
Fn NMe,F (0.5 eq.)/CsF (1.0 eq.) Fn
e NiL, ArF-F
F Bpin . F o i F i | Arf-Bpin |
F F : _ :
: F Bpin :
79% 93% : 99% 5
! 10 : 1 : L
[TTTTTTTTTTmmmmmmsmssessossssosoooooooooes ! L . ||- ArF-l\:li—F
' F i ! 1 -
: F , Bpin ArF-Ni—Bpin =———= Ni_ L
: i _Bpin ©/F i F II_ +L Arf Bpin
©F Bpin F :
1 I + . -
! 77% i M™[Bpin,F]
L 0:1:10 !
M*[F,Bpin] Bapin;
CsF/NMe,F

15
Radius, U. et. al. J. Am. Chem. Soc. 2016, 138, 5250-5253.



2.1. TESREZS5KHRRMN

Zhang, 2020 :
CU(C8H1502)2 (5 mol%)
/A _dppbz (6 mol%) 7N\ F O Cu(CgH1505), (5 mol%)
DR+ - AN F dppbz (6 mol%)
—|— DMMS (1.5 equiv) -|— R + NEt, -~
E THF, 30 °C, 30 h ; Ph DMMS (1.5 equiv)
N " F F additive (X equiv)
O+_NEt, F THF, 30 °C, 30 h
F Ph
addtive (X equiv) yield (1, %) addtive (X equiv) yield (1, %)
F
'BUOH (1.2) 5% (1); 17% (2) naphthalene (1.2) 97%
(trifluoromethyl)benzene (1.2) 92% 1,1-diphenylethylene (1.2) 94%
OMe
58% F F
CU(CgH1502)2 (5 mol%)
/©/\ L F CH, F R dppbz (6 mol%)
Ph DMMS (1.5 equiv)
F F F F THF, 30°C,30h
F F
R: Ph 4%, 80%
- 82%
75% p: m = 95:5 93% 98% R: -C(ONEt trace
16

Q. Zhang, et. al. Angew. Chem. Int. Ed. 2020, 59, 23056.



2.1. TESREZS5KHRRMN

Zhang, 2020 :
100
copper catalyst: 5 mol%

80

__ 60
E
&

40

@ b ®
B ’ ®
20
0 &
0 5 ligand (mol%) 10 15

plot of the initial rate versus the ratio of ligand/copper catalyst

Q. Zhang, et. al. Angew. Chem. Int. Ed. 2020, 59, 23056.

Proposed mechanism :

Cu(OR),
RSiH
O Ar
LCuH

RSiH

LCuF CuL
R

r

17



2.1. TESREZS5KHRRMN

Xie, 2025 :

Cl

7 F X
Fn—\ | + | /_R

Ni(cod), (10 mol%)
Ligand (12 mol%)
R

Lithium salt additives
Zn, 390 nm, 30 °C
4-12 h

Fn

O@
I\ /
_I/

0
78%

Fe_N._F

|\
Z

HO
o
53%

53%

OMe
F F
E S
MezN
(0]

53%

(@]
F5;C O

71%

82%
(C1/C2/C3 = 94/2/4)

-n

M

Xie, J. et. al. Nat Chem 2025. s41557-025-01962-1.

[Ni)/[Nil,
(o}
I

1.0 $5=:.. ElpnEEEnEEEEEE NS EEEEEEEEEEEnEEE

® 0.4 mM Ni®+40 mM CFH (1)

0.4 mM Ni° + 20 mM ArCl (2)
A 0.4mM Ni®+20 mM ArCI (2) + 0.4 mM Lil
@ 0.4mM Ni®+40 mM C,FH (1) + 0.4 mM Lil

0.’ *o.

——

0 | T | | T
0] 20 40 60 80 100 120
Time (s)
F o HF E F
By x Bu X
| . F F | F
N, Fao-F | Nifcod), | Lil (0.5 equiv) 2t
N e———— 2+ — Ni F
| SN THF,24h ~E dtbbpy THF, 30 min N4 E}
F E T F
= 4
4 Bu
Bu F HF F
<1% (30 min) 27% (30 min)
14% (24 h)

18



2. 1. TEEESERBRARRMN

Xie, 2025 :

Lil
CeFsH + Ar-Cl  +  (dtbbpy)Ni'—| ———— (dtbbpy)Ni'"ArCI  + Ar-Ar V)
hv N N

/

F
=
F F F Fom |
|\F\©/\ R FFR F HON
N
F F =Ny, N F
Ni *
/s F

Disproportionation

i
=
d8-THF h = e " Nk
hv x~~ F LNi® Ni'(dtbbpy)(CeFnHs.n)2 NN
F Ni!
\ ~
not observed not observed Foim !
=
Ni(cod), (10 mol%) ”ilzn 172
- . dtbbpy (12 mol%) ! Zn
IYIe LiCl (2.0 equiv) N
MgCl, (0.5 equiv \
N + F 9Ck | q ) Ni'-Cl Synergistic activation
Me o) Zn (2.0 equiv) N "Ilfv
o) - d8-THF, 30 °C LN
N
LEDs F
© \/Fn \ Lix " =
60% (isolate yield), D-inc: < 1% | 7 N N !
A = ANHI Cl
I Ni
R—l/ R,_\ | | X .
Ve D H O D [ _ Cl ' R-
. .
Me”
0O F F
20%, D-inc: < 1% 1%, D-inc: < 1% 2%, D-inc: < 1%
19

Xie, J. et. al. Nat Chem 2025. s41557-025-01962-1.



2.1. TESREZS5KHRRMN

Xie, 2025 :

B THF
THE / = 1 selectivity — === C3 selectivity
AG Li.
(kcal mol™") ’ F
1

0.0 N, '
Ni(dtbbpy)(cod) C N

*
%

-
P

’ A
. '@F5H-Lil-(THF)2
s A

cod CeFsH (Lil)5(THF), ~
cod
THF
THF !
THF—H— THF
~
\|._.--Li\/
A} A
\ A
’ N F F Ny, 1 F
—_—T THF\L,/THF C >Nz C Nz E Ll F
INT-4b 7N - -
A
F
H F F
, /@’ INT4a  H 'INT-a  F
[} . . H
TINT-4b F

Binuclear Lil

20

Xie, J. et. al. Nat Chem 2025. s41557-025-01962-1.
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2.2+ AL H i SR

, 2014 :
Weaver Weaver, 2015 :

g Fo— + Alkene -  F
L H MeCN (0.1 M) L~ BN~ MeCN (0.1 M), 45 °C -1
F7ONTF 45 °C, Ar, blue light N~ F At Blue LED'S Alkyl

CN

hy Fe_N._F

| - (S F F F F
Ir
=

F F

. H)\ F F F F
I H
H H

)\ J\ 79% 64% 76%
ArF,, N

H Fe N F CO,Me Fe N _F
| = F F OH | =
Ir'v F F F F
)\+-J\ H OH F H
Me
N Fy
Me

F H R | R
F F )\ J\ | 0.2 mol% F = DIPEA (1.2 equiv)
b ¥ N [(PPY); (92 mol’k) N = fac-Ir(ppy)s (0.25 mol%) N
|
Pz

M

0
F. N_ _F F_ N_ _F
-F- = | H)\ | N
> —_—
N - _
FONTOF acton F F 53% 67% 729%
H rr>20:1 rr>20:1 rr~1:1
Weaver, J. D. et. al. J. Am. Chem. Soc. 2014, 136, 3002-3005. 22

Weaver, J. D. et. al. Chem. Sci. 2015, 6, 7206—7212.



2.2+ AL H i SR

Weaver, 2015 :

Photocatalytic Photocatalytic
SNAr , _Reductive Alkylation 1o HDF
ArfF, ————> Arf,4R ArF,,R'R ArF,3R'R?H
CO,Et CO,Et
CO,Et CO,Et
Fo _N._F N s NS
| S 1, DIPEA | A 3,fac-Ir(ppy)s (0.25 mol%) - | P fac-Ir(ppy)s (0.25 mol%) | P
E NN then 2 NN DIPEA, MeCN F DIPEA, MeCN F F
I 97% o Blue LED's ) Blue LED's 0]
61% 93% 55%
EtO,C._ _NH EtO,C._ _NH
EtO,C.__NH 2N N overall yield
CFs
CFs F F CFs
F H
1, DIPEA - - 4 fac-Ir(ppy)s (0-25 mol%) _ Ir(ppy)3 (0.25 mol%)
E F tng;/z o DIPEA, MeCN F F DIPEA, MeCN S F F
L o Blue LOED‘s o Blue LED's o)
EtO,C._NH 53% 79%
EtO,C.__NH EtO,C._NH 399
overall yield
o)
) e o
MeO,C  CO,Me
o)
2 3 4

Weaver, J. D. et. al. Chem. Sci. 2015, 6, 7206—7212.

23



2.2+ AL H i SR

Weaver, 2016 :

R R
Rll
XN Ir(ppy); 0.25 mol% AN "
| / - R
Fn * / Fr1i
= R =

DIPEA (0.75-3.0 equiv)
0 °C, MeCN (0.1M)

R'
Fe_N__F
NS g N
=
F N F E NP F F
NN tBU N iPr NN
HO
85%, Z:E = 24:1 74%, Z:E > 25:1 61%, Z:E = 25:1
CO,Me CF, CF3
F F F F F N
. . Me
" fF " " NHAc O
X _Bu
HO™ " 0oH

86%, Z:E = 24:1

63%, Z:E > 25:1

51%, Z:E > 25:1

Weaver, J. D. et. al. Chem. Sci. 2016, 7, 6796-6802

Aan_1—\>

R
A

Aan_»]_\\MR

A

HAT

ArFrMN

R

blue light

Energy
@r
PC’ >

Electron
transfer

24



2.2+ AL B s8R R

Weaver, 2016 :

R R
fac-Ir(ppy)s (0.25 mol%)
F—'\ .o ’ DIPEA (1.2-6.0 equiv) X
"~ renes KHCO; (1.2 equiv) Foamu_
Ar, Blue LED's Arene
0 °C, MeCN (0.1M)
OMe (0] OMe
HyC~ N A O
MeO OMe MeO F _ F MeO OMe
NG F Fa s F - F F
| | F7ONTF
F” °N” °F F” °N” °F F F
CF;
70% 52% 50% 54%
CO,Et CO,Et CkozEt
F kNH NH
F
1, DIPEA ) 3.fac-Ir(ppy)3 (0.25 mol%) fac-Ir(ppy)s (0.25 mol%) .
F F then 2 F F DIPEA, MeCN DIPEA, MeCN
COLEt 97% Blue LED's Blue LED's
2 F F 61% 83%, rr = 6:3:1 H
CO,Et
COEt MeO Me >
43%
overall yield
OMe
(0]
0]
><:> NH3Cl__CO,Et
0 MeO OMe
(0]
1 2 3

Weaver, J. D. et. al. J. Am. Chem. Soc. 2016, 138, 2520-2523.

25



2.2+ AL B s8R R

Wu, 2022 :

PDI (1 mol%), nitroxyl radical (0.5 mol%)
K2COj3 (1 equiv), Et4yNPFg (2.3 equiv)

MeCN (6.5 ml) GF—.Fy
1 mA, 9 h, blie LED, RT

GF—:F; + H

CN CO,Me

MeO oM
MeO OMe MeO OMe © €

® C A
F F F F

OM
OMe OMe ©
73% 71% 55%
CN CN
C ”
| N
F F F F FONA N
'Pr. 'Pr Me | X Me N‘N
_N &lil/
'Pr Me
50% 43% 66%

Wu, L. Z. et. al. J. Am. Chem. Soc. 2022, 144, 17261-17268.

B8,
B,
B,
&,

standard conditions

2 equiv
9 10-dihydroanthracene

standard conditions

2 equiv, BHT

ol
O

H

OMe

e
e

standard conditions

t=05h
1.0h

standard conditions

t=05h
1.0h

t=05h
t=1.0h

O F Bu
F F 0
MeO OMe 7
O NC F Bu Me
detected by GC-MS

kH/kD =1.33
ke/kp = 1.33

26



2. 2+ AL H B SRR

Wu, 2022 :

Path A : Path B and C :

cathode E} anode cathode E}

PDI PDI
E -TEMPO*F" -TEMPO*F’

A F A il F

F7 N F " path X\

G Op O Path B Op

OMe
hv NC F NG F hv NC F NG F

Path C \

MeO OMe -F

+e” +e”

PDI’ MeO OMe PDI MeO OMe
i P@e | Pe
J@[F ® J@E
= e .
OM oM
NC F NC Fo g NC F NC oo
-e” -e”
PDI PDI
-H
|\éeo OMe I\|4eO OMe
O + O ;N< MeO OMe
-~ ' L
@ ® °
oM
NC FONIe NC F © O
NC

Wu, L. Z. et. al. J. Am. Chem. Soc. 2022, 144, 17261-17268.



2.2+ AL B s8R R

Wu, 2022 :

(c) -
A kcal/mol TS5

TEMPO™

Mechanism A
Mechanism B
Mechanism C

28

Wu, L. Z. et. al. J. Am. Chem. Soc. 2022, 144, 17261-17268.



2.2+ AL H i SR

Nakamura, 2025:

F H H Ir(I11) (1 mol%) gf
. N . g7 t-Bu-TMG (2.4 equiv) . N NMe;
o « .
" MesN” COLH DMF-H,0, r.t. "z
blue LEDs
EH, Foon, FH,
F B. F B. F B.
NMe; NMej NMeg
F F F F
F F F
92% 78% 46%
p:o=2.9:1 p:o=2:1

KOH (7.5 equiv)

Pd,dbaz (2.5 mol%)
t-BuzP-HBF, (10 mol%) :
toluene-H,0 (0.1 M; 4/1)  Fn

80°C,72h

\_/

56%

S. Nakamura, et. al. Angew. Chem. Int. Ed.. 2025, e202514741.

SHAF
F H M
+ PN
F MesN COQH
1.2 equiv
F H M
+ N
F Me3N COQH
1.2 equiv
F H M
+ PN
F Me3N COZH

1.2 equiv

radical-radical coupling

Ir(dtbbpy)(ppy)2PFg (1.0 mol%)
tBu-TMG (2.4 equiv)
H,0 (50 equiv)
1,3,5-trimethoybenzene (6.0 equiv)

DMF (0.05 M)
r.t., blue LEDs, 3 h

Ir(dtbbpy)(ppy).PFg (1.0 mol%)
tBu-TMG (2.4 equiv)
H,0 (50 equiv)
2-norbomene (6.0 equiv)

DMF (0.05 M)
r.t., blue LEDs, 3 h

Ir(dtbbpy)(ppy)2PFg (1.0 mol%)
tBu-TMG (2.4 equiv)
H,0 (50 equiv)
TEMPO (1.5 equiv)

DMF (0.05 M)
r.t., blue LEDs, 3 h

F F
F F
F F OMe
+
F BH, F O
F
F NMes; MeO OMe
62% not obtained
F F
F F F F
+
F BH, F
F NMe, F
55% B not obtained N
i MesN .|
F F 4-Bo
+ N
F E|’>H2 AL/\IL
F NMes
27% detected by LC-MS
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2.2+ AL B s8R R

Nakamura, 2025: Me3N_
BH, h2
hv F -F XY "NMej
PC - = Fn—./
Ha
/B\
Me3N COZH
n'"/ _-\‘.
e P
MesN MesN—B,,
BH, \"'H
H> o~ ©LF RRC H
Beo . - Py PC o
MesN~  "CO, /—{\‘?EBT /
SuAr
MesN—B, "/ -
}-IH PC PC
F F
AN l_/""\\/ X
Fn@/ \ﬁ.SET! > Fn@/
= ay =
disfavored
MesN—B., /\F Me-N—B F\ F
\'H = 3 X
N NN
SHAr radical-radical coupling

30
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3. BE5RHE

M\\
Fo / DG
with DG _ N
S Fam
=
TM catalysed Cross-coupling
R-FG
FG =B, Mg, Zn...
MF
i N
= without DG Fn_: v
= R
P
n |l _ F _I\
n |l
=
hv _ Radical addition

alkene,alkyne...
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3. BE5RHE

SEIUTC 3 ) B PR 7R o

R'X

R'X

without DG

R'X

WIEmAR B SRERZ M S
F
- RX
Fn—|
=

WS A E R R R0 T

R
2 RX X RX
F —— - I
n I = -F- Fn'1 ' = -F-
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3. RE5RE

Thanks for your listening



4. Supporting Information

(a) Ni(dhpe)

So e
A 0

5

£

=

=< . -85.8

= \ -105.0

S~
~
-~
S~
-

n?-arene

A}
\
A}
A}
\
A}

-187.0
e CSFB

oxidative
addition
product

H,
H H
AN F F
M+
o’ 3 F
H, ‘ F
H, H,
P F P H
./ N/
/M H /M F
P F P F
H, F H, F
g F F
AE/ kJ mol!
-155 (M = Ni) -58 (M = Ni)
-150 (M = Pt) 100 (M = PY)
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4. Supporting Information

R_F
LN
F F N<F F F
NDF FQF N_DF MesP—Ni”
F.F F.. F+F
MesP—Ni—PM MesP—Ni' MezP—Ni—PM PMes
e3P—Ni—PMe; e3P—Ni ez —NI—Fes
’ OA-TS(2)
0.0 : PMe; 0.0 06
\ 33 Y ; \
I‘\ ] ) ‘.t l: I‘\
\ ) Y 23, \
\ ! — '
: TC2N )
"ﬂl : Fo F | F i xF
Tcaca F<=N \ FRUN
\ F :
'. |\|“ \ MesP—Ni—F
F g ]
) /N \ -37.9
F .N_\ F H M93P PM63  —
F|F \ FeNsF
/Ni\ ; FNAF
MesP PMes " MesP—Ni—F

48.3
—

PMQa
cisF(4)

PME3
cisF(2)
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4. Supporting Information

i >
AL

trans-[Ni(Pr,Im)y(F) (3,5-CoFoly)]  cis-[Ni(PrIm),yF)(3,5-CoFoly)]  trans-[Ni(Pr,Im),(H)(2,4,6-CgFoHy)]
AE = 0.0 kJ/mol AE =28.8 kJ/mol AE = 86.4 kJ/mol

E [kJ/mol]

F transition state:

+125.0 11;7
0.00
F +114.1 F

n*-Intermediate:

F

63 124 f
+12. 6.9 0.00
e
+6.9 213 | 12.59
+63 37

0.0 Li




4. Supporting Information

Lil

CgFsH + ArCl  +  (dtbbpy)Ni'—| ——= (dtbbpy)NI"ArCl  + Ar-Ar
hv
1 4 5 6 7
In situ generated F NMR =-58.5ppm  —58.1 ppm
Ar-Cl
Ar-Ar o & CgFH
A
4
(dtbbpy)Ni"ArClI
]
T T T T T T T T T
-20 -40 -60 -80 -100 -120 -140 -160 -180  -200

Chemical shift (ppm)

Ni(cod); (10 mol%)
dtbbpy (12 mol%)

" cl F LiCI (2.0 equiv)
Ve MgCl, (0.5 equiv)
N + F
Me” .
5 0 Zn (2.0 equiv)
F

d8-THF, 30 °C
1.0 equiv 2.0 equiv LEDs O s6

D H D
e i
N
Me”
o} F F
20%, D-inc: < 1% 1%, D-inc: < 1% 2%, D-inc: < 1%

38
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Supporting Information

a Singlet Triplet
AG
33.9
(kcal mol™T) 1Ts-1a F
— H
.i" ‘\ C N F
‘s -
\l,)‘ ”|I: ’ t '! “ N-—NI...
',Ni-- ’ N E
F ) 23.2 F
b Fl ., ;. 3TS-1a .. F
S SRR P ¥ A>
'TS-1a ;S \ INT-1a .
P
" . S \
:"‘ ;F‘ R ‘\
A
\\ CNJ' Ni= ‘\
; F .
K H \
349 b 3TS-1a : e e
3|NT_1b r;, INT-1a
r
FF
— ( N rre /FH N I
1INT-1b F F N F -
-39.2 My,
( NS I_J'| F C F
INT-2b
| 3INT-1b | 1INT-2a TINT-2b 3INT-2b —47 1
| | C3 site selectivity (without Lil)
1,66
TS-1a
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Supporting Information

(a) 40000 1.0 (b) 20000 1.0
35000: F 409 18000 - F
1 F F Hos 16000 - Fooldos
30000 - o
E | 107 & E 14000 - Q
= i = 2
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2 ] H04 3 & 8000 {os 8
& 15000 ’ ‘g._ E } ’ 6'
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10000
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90004 Jo.1 2000 -
0 T | . T 0.0 0 ] ) ; 0.0
150 200 250 300 350 400 00 200 300 400 500 600 700 800 900
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(c) (d)
1800 5
1600 Ho.08 25001 o008
E 1400 N 7 N 2
S ) 2 E 20001 M 8
S 1200 o {oos & = o] Joos T
= £ 6-
2 1000 @ = 1500 P
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4. Supporting Information

(a) 10000 0.5 (b) 3500 0.10
F. o+ F 3000 A
8000 - © 104 >f_;j< J0.08
E % ‘E‘ 2500 - - N %
= CN % = o =
[=} _ N o [=} - ]
S 6000 0.3 g % 2000+ 0.06 g
= @ = @
= 3 § it 343.76 nm 3
= 4000 402 3 = T Jo04 2
o 5 & 5
1000 4
2000 401 4 0.02
o ‘ ‘
0 .II 1 | ; - '0.0 0 ! “ | | ; ; . ; | T 0.00
200 400 600 0 200 400 600 800 1000 1200 1400
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(c) 14000 0.5

12000 +

:

6 G
£ 4 CN s 7 o
-} g
& 6000 2
= 1 102 &
i) g
4000 - 5
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2000 -
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4. Supporting Information

(a) (b)
0.8- —osp)
950 s (17)
o . o
o — 19005 (1" o
“0.4- '
0.0
300 400 500 600
Wavelength (nm)

0.12

0.08 -

0.04

0.00

1.—
950 s——1°-0.3 eq TEMPO"
1"-0.4 eq TEMPO'

—1

19005 4+_p3eq TEMPO'

——1""-0.4 eq TEMPO'

300

400 500
Wavelength (nm)

600
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