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1. Introduction

Traditional Cross-Coupling: Two-Electron Transmetalation

X/Pd , - R 1+ *high activation energy
Arc-B(OH), | erate-limiting step of most
. JON Suzuki cross-coupling
Pd0 rate-limiting | __ ¢ _‘B“OR srequires stoichiometric base
step 37 "OR | high temperature
N stransmetalation rate:
1 -
Ar\Pd' X=B(OH), | R R Jd Csp>Csp2>Csp3
Ar2”

- SET R,|
/“< hy R>_BF3 __e_> r*D H
t;Ni'.'; ::;Nio Ir g
*low activation energy
ereactivity dictated by
Ar/8 Cross-Coupling SET Photoredox measurable redox potentials
Cycle Cycle *[Ir] srequires no base or heat
r \ *SET rate:
L‘Ni”"R L;Ni'-x _ Csp3 > Csp2 > Csp
L= X - (i1 SET ~ _~
\{' Ar” BFJK
A R Ar

Tellis, J. C.: Primer, D. N.; Molander, G. A. Science 2014, 345, 433.
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2.1. Generate radicals through C-B bond cleavage

2 mol% [Ir(dFCF3ppy)2(bpy)IPFe

N 3 mol% Ni(NOD),
R1_©/\BF3K . Br | \_R2 3 mol% dtbbpy N RS i \_R2
= P 2 =

3.5 equiv 2,6-lutidine

1.2 equiv 95:5 acetone/MeOH
26 W CFL, 24 h
L F F -
[Ir(dFCF3ppy)2(bpy)IPFe
Me 2 mol% [Ir(dFCF3ppy).(bpy)]PFe

M
3 mol% Ni(NOD), e

X o) 0
BF;K  Br CO,Me 3 mol% L . COzMe \): />_<\ ]
+ Ph N N—»_-Ph
\©/ 3.5 equiv 2,6-lutidine -

95:5 THF/MeOH L

racemic Blue LED, 24 h .
1.2 equiv 52% yield

50% ee

Tellis, J. C.; Primer, D. N.; Molander, G. A. Science 2014, 345, 433.
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2.1. Generate radicals through C-B bond cleavage

2 mol% [Ir(dFCF3ppy).(bpy)IPFg

3 mol% Ni(NOD),
XY” CBFK  Br

0,
R1_I P N | \—R2 3 mol% dtbbpy - R1—: X | \_R2
% 3.5 equiv 2,6-lutidine Z =
1.2 equiv 95:5 acetone/MeOH
26 W CFL, 24 h
R-X
/§.< hy
L<y:IR L<
L/N|”X L/NI Ir f
Ar/g Cross-Coupling SET Photoredox
Cycle \ Cycle *I1r]
L‘Nl”' R L‘ l-X _
) [Ir]

SET

\_(V Ar”  BF5K
Ar/g

Tellis, J. C.; Primer, D. N.; Molander, G. A. Science 2014, 345, 433.



2.1. Generate radicals through C-B bond cleavage

AG 298 k

A

Photo‘r;b

Catalytic Cycle [y

Gutierrez, O.; Tellis, J. C.; Primer, D. N.; Molander, G. A.; Kozlowski, M. C. J. Am. Chem. Soc. 2015, 137, 4896.
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2.1. Generate radicals through C-B bond cleavage

Me 2 mol% [Ir(dFCF3ppy)2(bpy)IPFe Me

3 mol% Ni(NOD), =
BFsK  Br CO,Me 3 mol% L CO,Me o 0
. - O O ﬁ <
3.5 equiv 2,6-lutidine Ph N N—,_-Ph

95:5 THF/MeOH

racemic Blue LED, 24 h _ L
1.2 equiv 52% yield
50% ee
Ar—X
Leyy.
L<pjillAr >Ni© hv
L/NI‘X Ph%f L/ Ir ‘—\/N
I"Ni'—\ SET
o S T “[r]
Ph JAr—X / (ir SET _ _~
L [ Ar Ph”™ “BF3K
Nl Lapnpile
L X V L/NI X Ph/8
I:’h/\Ar

Gutierrez, O.; Tellis, J. C.; Primer, D. N.; Molander, G. A.; Kozlowski, M. C. J. Am. Chem. Soc. 2015, 137, 4896.
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2.1. Generate radicals through C-B bond cleavage

Py P
e
(@)
Py Py
/_:
z Z
\»/
m
e l@
A
Py Pyl
O
zZ-0
/=
z Z
*
Py} Py
%—<III
(@]
O
r
>

5 mol% Ni(COD),
+ KF3B—\ 6 mol% L

Ar 2 mol% 4CzIPN
dioxane, 24 h
34 W blue LEDs

85%
o\)g/o 95% ee 4CzIPN
0

28!
0P g7 0
Y
Q‘I
O] 9]
N
2 T

\)
OZ?
S -
)

Stache, E. E.; Rovis, T.; Doyle, A. G. Angew. Chem. Int. Ed. 2017, 56, 3679.
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2.1. Generate radicals through C-B bond cleavage

(a) NiOIIIIIII cycle

Stache, E. E.; Rovis, T.; Doyle, A. G. Angew. Chem. Int. Ed. 2017, 56, 3679.
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2.1. Generate radicals through C-B bond cleavage

(S,S)-PhBox (L1):

2.5
2.0+

1.5

Abs

1.0+

nickel + ligand + anhydride

05 | "I\gand

0.0

T T
200 400 600
Wavelength (nm)

The initial mixture of Ni + L and Anhydride shows
no indication of oxidative addition, by color
change or the development of changes in the
visible region. However, after the addition of more
anhydride and longer stir time, a slight change in
color and change in spectrum were observed.
These data suggest that oxidative addition, under
stoichiometric conditions, is slow.

80C

1.5+

nitligand+anhydride

1.0+

Abs

0.5

0.0

T T T T T 1
300 400 500 600 700 800
Wavelength (nm)

Anhydride was used stoichiometrically and in excess (20
equiv). A stir time of 10 minutes was used for mixing Ni +
L and Anhydride according to the general procedure. With
an excess of anhydride, mimicking reaction conditions,
oxidative addition is observed after only 10 min.

Stache, E. E.; Rovis, T.; Doyle, A. G. Angew. Chem. Int. Ed. 2017, 56, 3679.
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2.1. Generate radicals through C-B bond cleavage

(S)-tBuPyrOx:

0.7 \/

0.6

Ni+ligand+anhydride

Abs

T T T T I 1
300 400 500 600 700 800
Wavelength (nm)

A significant change,consistent with the color
change and probable oxidative addition, is observed
in the spectrum, developing features in the 350-500
nm range. These data suggest that oxidative addition
Is occurring (within 10 min) under these catalyst
conditions.

(S)-6-Me-tBuPyrOx (L4):

0.06
figand ﬂ 0.04-|
< | T e
1.5 0.02 B
0.00- B S
-0.02
.0 ni+ligand-+anhdyri T T T : -
%) 1.0 200 300 400 500 600 700
g Wavelength (nm)
T T 1
200 400 600 800

Wavelength (nm)

A small but significant change, consistent with the color
change and probable oxidative addition, is observed in the
spectrum, developing a feature at 500 nm. These data suggest
that oxidative addition is occurring (within 10 min) under
these catalyst conditions.

Stache, E. E.; Rovis, T.; Doyle, A. G. Angew. Chem. Int. Ed. 2017, 56, 3679.
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2.1. Generate radicals through C-B bond cleavage

(a) Nio/m cycle

n_rL
(@)

Py Py
I
@)

Stache, E. E.; Rovis, T.; Doyle, A. G. Angew. Chem. Int. Ed. 2017, 56, 3679.
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2.1. Generate radicals through C-B bond cleavage

Epimerization investigation

e x mol% Ni(COD), H
z F.B 1.2x mol% L = COxH
3 '
Il ° 7 "M 4CZIPN x mol%
g dioxane, 24 h H Ar
@) 34 W blue LEDs O
trans-2
Nickel 4CzIPN Yield!e! el ee transl!
Entry z . d.r bl ee cis
(mol%) (mol%) [%] [%] [%]
1 2.5 2 91 99:1 79 nd
2 5 2 72 24:1 87 nd
3 10 2 62 3.8:1 90 83
4 15 2 56 1.4:1 81 88
5 15 4 78 2.1:1 90 85
6 15 1 49 1:1.2 86 82

[a] Yield determined by "HNMR on 0.1 mmol scale using benzoic acid as a standard. [b] d.r.
determined by HPLC on the acid on a chiral stationary phase. [c] ee of cis-2 determined by
HPLC on the methyl ester on a chiral stationary phase. [d] ee of trans-2 determined by
HPLC on the acid on a chiral stationary phase. [e] Performed on 0.25 mmol scale using
benzoic acid as a standard.

Stache, E. E.; Rovis, T.; Doyle, A. G. Angew. Chem. Int. Ed. 2017, 56, 3679.
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2.1. Generate radicals through C-B bond cleavage

(a) Nio/m cycle

Stache, E. E.; Rovis, T.; Doyle, A. G. Angew. Chem. Int. Ed. 2017, 56, 3679.
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2.2. Generate radicals through C-C bond cleavage

Enantioselective Nickle-Catalyzed Cross-Coupling

O 0
R! chiral Ni catalyst R Fu, 2005
R—=ZnBr + NBnPh ' NBnPh
) X enantioconvergent R
alkylzinc alkyl halide cross-coupling

entatioenriched

Photoredox-Nickle Decarboxylative Arylation

o {
QY + Ar—X photoredox catalyst N Ar D0y|e 1 MaCIi”an, 2014

| OH > |
Boc NiCly*glyme, dtbpy Boc
amino acid aryl halide visible light

S

)-benzylic amine

Asymmetric Decarboxylative C¢,3-C5,, Cross-Coupling

0]
R N X N X
OH | [Ir(dFCF 3ppy),(dtbbpy)]PFg
NHBoc Br” N\F » R Z
amino acid aryl halide [ CN ) NHBoc
@] 0]
z \J entatioenriched _
NH N—/ benzylic amine Fu + Maclillan, 2016
A A
" oanic, TV

\chiral Ni catalyst )

Zuo, Z.; Cong, H.; Li, W,; Choi, J.; Fu, G. C.; MacMillan, D. W. C. J. Am. Chem. Soc. 2016, 138, 1832.
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2.2. Generate radicals through C-C bond cleavage

Enantioselective Nickle-Catalyzed Cross-Coupling

O O
R chiral Ni catalyst R
R-=ZnBr + NBnPh > NBnPh Fu, 2005
i X enantioconvergent R
alkylzinc alkyl halide cross-coupling

entatioenriched

Q 10 mol% NiCI-DME Q
Et 13 mol% (R)-(i-Pr)-Pybox  Et
\)LNBnPh * Hex—7ZnBr 6 (R)-(FPr)-Pybox NBnPh
Br DMI/THF, 0°C Hex
racemic 1.3 equiv 90%
( | R ) 95% ee
o NN O
Y
N N
i-PF i-Pr

(R)-(i-Pr)-Pybox

Fischer, C.; Fu, G. C. J. Am. Chem. Soc. 2005, 127, 4594.
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2.2. Generate radicals through C-C bond cleavage

Photoredox-Nickle Decarboxylative Arylation

@)
photoredox catalyst O\
% + Ar—X - N Ar

| OH |

Boc NiCl,*glyme, dtbpy Boc
amino acid aryl halide visible light
(+)-benzylic amine
Catalyst Combination B CF "1PFe
t-Bu
, ’l‘
= NI \CI
Ni,
N N( Cl
t-Bu =
1 mol% [Ir(dFCF3ppy),(dtbbpy)]PFg
O XX 10 mol% NiCl,*DME, 15 mol% dtbbpy
N + | R -
Boc OH Z Cs,CO;
Boc-Pro-OH aryl halide DMF, 26 W CFL ligh, 23 °C
X =1 X =Br X =ClI
N\

N N N \
1 ] I
Boc Me Boc AC Boc JF

78% 86% 64%

Doyle , Maclillan, 2014

Zuo, Z.; Ahneman, D. T.; Chu, L.; Terrett, J. A.; Doyle, A. G.; MacMillan, D. W. C. Science 2014, 345, 437.
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2.2. Generate radicals through C-C bond cleavage

Asymmetric Decarboxylative C,3-C5,, Cross-Coupling

. e CN N
0 | X OO
Nx R = |
R | [Ir(dFCF3ppy)2(dtbbpy)IPFg
OH NH N
NHB - > NHBoc A A
oc , chiral Ni catalyst " anNic, TV
amino acid aryl halide entatioenriched
benzylic amine _chiral Ni catalyst )
0] X
R Nx  [MdFCFappy)y(dtbbpy)IPFs o J|
OH + | _ :
NHBoc Br NHBoc
. . enantioenriched
amino acid ( CN ) benzylic amine

Y
®
Ar Ar

+ NiCl,

/\  chiral Ni catalyst |
R NHBoc

R \/4 Ar—Ni'L" > \r_,,, *
5F’ Ar—=NiTL,

NHBoc X

Zuo, Z.; Cong, H.; Li, W.; Choi, J.; Fu, G. C.; MacMillan, D. W. C. J. Am. Chem. Soc. 2016, 138, 1832.
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2.2. Generate radicals through C-C bond cleavage

Asymmetric Decarboxylative Cg,3-C¢,, Cross-Coupling

( CN )
CN| O~ O
o) cn  r(dFCF3ppy)y(dtbbpy)]PFe \
chiral Ni catalyst NH N
: Me <
R OH + 7
Br A onic, AT
NHPG Cs,CO3, blue LED Me NHBoc e

DME/toluene, r.t. _chiral Ni catalyst )

1.5 equiv
CN CN CN CN
Me Me Me Bno
W O
Me NHBoc Me NHCbz NHBoc NHBoc
1 2 3 4
84%, 84% ee

71%, 92% ee 45%, 88% ee 84%, 90% ee

CN CN CN CN
H
MeO MeO N Cl
e e Cbz” \/H?’\(@/ \X\}z\(©/

2

(0] NHBoc (e} NHBoc NHBoc NHBoc
5 6 7 8

74%, 85% ee 71%, 85% ee

80%, 82% ee 84%, 82% ee

l CN l CN 'l .CN CN
NHBoc NHBoc N NHBoc \ S NHBoc
BocO /
9 10 Me 11 1

2

67%, 90% ee 76%, 85% ee 51%, 84% ee 72%, 91% ee

Zuo, Z.; Cong, H.; Li, W.; Choi, J.; Fu, G. C.; MacMillan, D. W. C. J. Am. Chem. Soc. 2016, 138, 1832.
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2.2. Generate radicals through C-C bond cleavage

Asymmetric Decarboxylative Cg3-C5,, Cross-Coupling

O CN [Ir(dFCF3ppy).(dtbbpy)]PFg
MGMOH .\ /©/ - Me
Br (" A

CN

Me NHBoc CN Me NHBoc
1.5 equiv 7 \ ° 1%
NH  N—/ 92% ee
Ar + NiCl, Ar
\chiral Ni catalyst )

CSch3, blue LED
DME/toluene, r.t.

Zuo, Z.; Cong, H.; Li, W,; Choi, J.; Fu, G. C.; MacMillan, D. W. C. J. Am. Chem. Soc. 2016, 138, 1832.

N 4 mol% 4CzIPN ( CN )
0, i .
@ cn 10 mol% NiBrpDME @ o\'g\(o
15 mol% L N |
3 Br 1.5 equiv Cs,CO4 $ Al Ar

acetone, blue LED
23°C,15h 80%
54% ee - J

1.5 equiv

Pezzetta, C.; Bonifazi, D.; Davidson, R. W. M. Org. Lett. 2019, 21, 8957.

23



2.2. Generate radicals through C-C bond cleavage

N 4 mol% 4CzIPN ( CN
@ cn 10 mol% NiBryDME @ o\,)\ro
N 15 mol% L N \\7
$ Br 1.5 equiv Cs,CO5 > AL Ar

1, 1,

1.5 equiv acetone, blue LED Ar = 4-(tBu)CeH,
23°C,15h 80%
’ L
54% ee \- J
4 mol% 4CzIPN N
\ S 10 mol% NiBry*DME \
CN N
N 15 mol% L e
Me )—COOH - \ CN
O Me Br 1.5 equiv Cs,CO3 O Me
1.5 equiv acetone, blue LED
23°C,15h 50%
84% ee
N
N \
\ N H X
N —> Me—q\ >\ \
Me )—COOH ———> A, 5 N
O Me “Ni—Ar Me —Ar
NIUR S
« N Br O Me

Hypothetical chelation of the alkyl radical to Ni thanks to a directing group on the Heterocyclic moiety

Pezzetta, C.; Bonifazi, D.; Davidson, R. W. M. Org. Lett. 2019, 21, 8957.
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2.3. Generate radicals through C-H bond cleavage

MeN"SH « Me-
+ O photoredox catalyst /©
© NiCl,*DME, dtbpy @
visible light
dimethylaniline aryl halide

direct C-H, C-X cross-coupling

Zuo, Z.; Ahneman, D. T.; Chu, L.; Terrett, J. A.; Doyle, A. G.; MacMillan, D. W. C. Science 2014, 345, 437.

1 mol% [Ir(dFCF3ppy).(dtbbpy)]PFg

| 10 mol% NiCl,sDME
& 30 mol% L N
N H + - |
Me

L 3.0 equiv KOH Ph
DMF, 26 W CFL 88%
rt., 24 h

Ahneman, D. T.; Doyle, A. G. Chem. Sci. 2016, 7, 7002.
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2.3. Generate radicals through C-H bond cleavage

1 mol% [Ir(dFCF3ppy),(dtbbpy)]PFg

| 10 mol% NiCl,*DME
& 30 mol% L N
N H + > ! Me
Me

L 3.0 equiv KOH Ph
DMF, 26 W CFL 88%
r.t., 24 h
t-Bu
t-Bu t-Bu Me  Me

I\~ O
( N

—N \ // {
Bn Bn
dtbbpy, 0 yield terpy', 0 yield Bn-Box, 0 yield

i)

® L
~ ~
T L a4ty R
N N =N N= R = H BiOx, 88 % vyield
R = Bn Bn-BiOx, 54 % yield

PyBox, 0 yield bpp, 10 % yield R = i-Pr i-Pr-BiOx, 0 yield

1 mol% [Ir(dFCF3ppy),(dtbbpy)]PFg
10 mol% NiCl,sDME

& l N o o
30 mol% L
N H + \©\ . > Fl>h Me ): />—<\ ]'
Ith Me 3.0 equiv KOH N . N~

B
DMF, 26 W CFL 55% n
rt., 24 h 30% ee

Bn

Ahneman, D. T.; Doyle, A. G. Chem. Sci. 2016, 7, 7002.
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2.3. Generate radicals through C-H bond cleavage

1 mol% [Ir(dFCF3ppy),(dtbbpy)]PFg

& | 10 mol% NiCl,>DME O\Q\
30 mol% L N 0 O
Me 3.0 equiv KOH N N—"*/

B B
DMF, 26 W CFL 55% n L n
rt., 24 h 30% ee

Proposed mechanism

as

—

hv
L<yill-Ar L~ I
L/NI x L/ Nl /
Q Cross-Coupling SET Ph%tor?dox "
! Cycle ycle r
Ph /\
L\N| -X

l Ar\{ _H+ '}l H

Ahneman, D. T.; Doyle, A. G. Chem. Sci. 2016, 7, 7002.
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2.3. Generate radicals through C-H bond cleavage

sp3 C-H precursor Ni catalyst / Ligand
& sp3 C-H arylation
N .
~ >\\\R ketone catalysis ﬂ,ﬁ‘ <
"hm H "‘1‘1‘

Qe L
o= ~ -\\X
(8) Niw
k. 1~V x

‘ . : : sp3 C-H alkylation
triplet ketone light nickle catalysis

O

N
catalysis s R
organic bromide \,R'
G
R2
10 mol% Ni(acac), e ™
F 10 mol% L F ON
[ \H . /©/ 10mol% PG O~
O H Br 1.0 equiv Na,CO3 S/NH NJ
32 W CFL, r.t., 60 h F
43 % Ph L Ph
54 % ee N -

0O
MeO PC CF3

Shen, Y.; Gu, Y.; Martin, R. J. Am. Chem. Soc. 2018, 140, 12200.
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2.3. Generate radicals through C-H bond cleavage

Triplet photoexcited Diaryl ketones

Q Q intersystem
@ — - @ crossing_ o g
D, C W <
light

single excited
state

Triplet ketones as HAT and SET catalysts

o

.O"\‘ ‘Jm’\\R
z Q@ X
.

HAT
o // C-C bond

%__&“.&’ formation
© . g

N
. ¥ SET O >
. + base

electron

acceptor Shen, Y.: Gu, Y.; Martin, R. J. Am. Chem. Soc. 2018, 140, 12200.
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2.3. Generate radicals through C-H bond cleavage

Proposed Pathways for sp3 C.H Cleavage

PO
o~
X ONA
L/
g H + HAT
& “ SET or ET cT ) &
g—& -« [Br] € ——» [acac’] —————— g—&
R HAT acac N R

bromine ~ R

radical >‘\‘
H

L\Ni”-Ar \111’1

L~ SBr

o7
& O
g—&R ’JJJ:\R NA’>J:\\R SR ¥
+ 2%/ "H W H >+
7

N
H,O 8 HAT ET & s-bond A
% metatheses r

Shen, Y.; Gu, Y.; Martin, R. J. Am. Chem. Soc. 2018, 140, 12200.
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2.3. Generate radicals through C-H bond cleavage

Ruling Out the Intermediacy of Br Radicals

BDE mismatch

H
- 0
. - o

71.3 Kcal/mol 85 Keal/mol 87.5 Kcal/mol 98.6 Kcal/mol

o) H
D G-
Ni/L1 & A1 X Ni/L1 & A1
~~— —_—
Me02C R =CF, F3C

X = Br, 98% R=COMe R
X =1 47% X = Br, 71%
X =1, 29%

Shen, Y.; Gu, Y.; Martin, R. J. Am. Chem. Soc. 2018, 140, 12200.
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2.3. Generate radicals through C-H bond cleavage

Assessing Intramolecular c-Bond Metathesis

MeOzC@BF
10 mol% Ni(acac), Me
DMMe 10 mol% L1 S
5 = Me\“ o COzMe

Me 10 mol% A1 i
cisftrans (1:1) ;.zovt\elqgll;/LfoCO3 43%

- bond metathesis open-shell intermediates

Vs
\

Me L1—Ni-Br

O
~1'z
T @
<
D

Me

Shen, Y.; Gu, Y.; Martin, R. J. Am. Chem. Soc. 2018, 140, 12200.
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2.3. Generate radicals through C-H bond cleavage

Stoichiometric experiments with Ni-1

I Me
N,
Lr o //\N\ . Br

with A1, 71%

without A1, 0%
under UVA (365 nm), 0%

10 mol% Ni-1
10 mol% A1 R
> (0]
R = CO,Me, 35%
R = CFa, 6%

1 mol% Ni-1

10 mol% A1
0 mol% - Meozc—©—4j
o

Na(acac) (X mol%)
X=0,7%

X =20, <1%

Shen, Y.; Gu, Y.; Martin, R. J. Am. Chem. Soc. 2018, 140, 12200.
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2.3. Generate radicals through C-H bond cleavage

Me CF3
9
f N
I o)
=N_ Br .
\N./ o Dioxane (0.001 M) =N_ -
A > Ni-Br  HO—}
7 "N ) ’
| Q Q EPR Light Sourse (¢ {\l
S S &
M o oM CF3
eN|-1 ° Me OMe
Al Ni(l) specie A1-ketyl radical g
g value: 2.20 value: 2.00

EPR experiments with Ni-1

--- Ni-1 + A1 Irradiation (0 min)
--- Ni-1 + A1 Irradiation (30 min)
g value 2.20: g value 2.00

Ni(l) species A1- ketyl radical
g value: 2.20 g value: 2.00

7 '
/ /!
/7 ’

¥ ¥

Shen, Y.; Gu, Y.; Martin, R. J. Am. Chem. Soc. 2018, 140, 12200.
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2.3. Generate radicals through C-H bond cleavage

Mechanistic Hypothesis

& 5
H\ HAT, @
Q- \
5 =
)

L, Ni(1)Br
. \\\
0—4
vis& 0 R
light X
Ar)j\Arz Ni(lll)L,Br
L,Ni(0)
8‘:&’
Br L g
‘_ ;Ni\\Br R
g

Shen, Y.; Gu, Y.; Martin, R. J. Am. Chem. Soc. 2018, 140, 12200.
36



2.3. Generate radicals through C-H bond cleavage

10 mol% Ni(acac), s

F 10 mol% L F eN
[ \oH . /©/ 10 mol% PG o\%\ﬁo
O H Br 1.0 equiv Na,CO3 §/NH N\_)
32 W CFL, r.t.,, 60 h -
43% Ph . Ph
54 % ee N o

’i‘
MeO PC CF3

Shen, Y.; Gu, Y.; Martin, R. J. Am. Chem. Soc. 2018, 140, 12200.

37



2.3. Generate radicals through C-H bond cleavage

1 mol% [Ir(dFCF3ppy),(dtbbpy)]PFg
10 mol% NiCl,DME

| 0 @) O
L
QH . \©\ 30 mol% N ):N/> <\le
| H 7
Ph Me 3.0 equiv KOH |l3h Me Bn

DMF, 26 W CFL
rt., 24 h

55%
30% ee

Derek T. Ahneman, Abigail G. Doyle Chem. Sci. 2016, 7, 7002.

10 mol% Ni(acac), F CN 0
F 10 mol% L
oH L /©/ 10mol% PC__ O~ °
O H 1.0 equiv Na,CO o] §/NH N
Br qu 2L03 A
32 W CFL, rt., 60 h 43 % PH L pr (M€ PC CFs

54 % ee

Shen, Y.; Gu, Y.; Martin, R. J. Am. Chem. Soc. 2018, 140, 12200.

2.2 mol% [Ir(dFCF3ppy),(dtbbpy)IPFg Ar Ar

Br 20 mol% NiCl,sDME, 30 mol% L pp, N N
o~ L=
MeO-C 25 mol% DMBP, 2.0 equiv K,HPO, CO,Me |j-Pr N N™ " pr
eY2 dioxane, 8 W blue LED

‘L. 24 h 62% L Ar = m-tBuCgHy,
89% ee

Cheng, X.; Lu, H.; Lu, Z. Nature Commun. 2019,10, 3549.
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2.3. Generate radicals through C-H bond cleavage

2.2 mol% [Ir(dFCF3ppy),(dtbbpy)]PFg

B
~ /©/ " 20 mol% NiCl,*DME, 30 mol% L
Ph + > Ph
M602C

25 mol% DMBP, 2.0 equiv K;HPO,
dioxane, 8 W blue LED

3

CO,Me

r.t., 24 h
Entry L yield (%) ee
Y. Y
1 LS1 79 38 ): / N\ j
i-Pr N N™ " pr
2 LS2 33 25 LS1Y=0
LS2 Y = NiPr
3 L1a 44 85 Tol Tol
N N
4 L1b 62 72 £ — j
1N N~ /g1
5 Lic 35 84 L1aR' = jPr
1_
6 L1d 44 85 L1bR = sBu
L1c R'=Cy
7 L1e 44 90 Ar Ar
N N
gb L1e 62 89 J: 27— ]
ipr? N NTpy
o° L1e 62 85 L1d Ar = m-iPrCgH,

L1e Ar = m-tBuCgH,

@General reaction conditions: 1a (1.0 mL), 2a (0.2 mmol), Ir(dFCF3ppy),(dtbbpy)Cl (2.2 mol%),
NiCl,*DME (20 mol%), L (20 mol%), DMBP (25 mol%), and K,HPO, (2.0 equiv.) in dioxane (3 mL)
under the irradiation of 8W blue LEDs for 24 h. Yields determined by 1H-NMR using TMSPh as an
internal standard. Enantiometric ratio (ee) determined by chiral HPLC. °Run for 34 h. ‘Using 1a

(0.8 mmol) for 96 h Cheng, X.; Lu, H.; Lu, Z. Nature Commun. 2019,10, 3549.
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2.3. Generate radicals through C-H bond cleavage

2.2 mol% [Ir(dFCF3ppy),(dtbbpy)]PFg

R Br 20 mol% NiCl,*DME, 30 mol% L
+
25 mol% DMBP, 2.0 equiv K;HPO,4

dioxane, 8 W blue LED

]

W

C,.. 0., oo, oQ, OTC

F
58%, 90% ee 61%, 90% ee 84%, 91% ee 45%, 89% ee

71%, 87% ee

SA® SASH o
o SA® SA®
50%, 86% ee 82%, 91% ee 87%, 88% ee 67%, 89% ee 63%, 90% ee
i : 5 : Q 3
i i CN COzMe ‘/'\‘/swle O : O O : O OH
59%, 80% ee 59%, 87% ee 34%, 91% ee 66%, 85% ee 46%, 90% ee
: NHBoc : : : i
J O SAS®
S N
73%, 80% ee 48%, 91% ee 66%, 88% ee 56%, 88% ee 72%, 89% ee s
AP “”‘*Nb SRS
Z
o N Me N MeO OMe
50%, 89% ee 79%, 70% ee

68%, 92% ce 61%, 87% ce OMe

23%, 85% ee

Cheng, X.; Lu, H.; Lu, Z. Nature Commun. 2019,10, 3549.
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2.3. Generate radicals through C-H bond cleavage

Radical-clock experiments

m /©/ Br  Standard conditions
* >
MeO MeO,C

0.8 mmol 0.2 mmol

N Radical ring-opening /O/\/\
‘ -
’ MeO

MeO
Bulky group

Bromine radical trapping experiments

Me
= Br
Z Standard conditions Br CO,Me Br CO,M
+ > e
MeO,C o )ﬁ SN
Me Ph

0.2 mmol 0.2 mmol

via Br Br 24% yield of four isomers

Cheng, X.; Lu, H.; Lu, Z. Nature Commun. 2019,10, 3549.
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2.3. Generate radicals through C-H bond cleavage

Halide additive studies

X
©/\ /©/ Standard conditions
¥ MeO,C

0.2 mmol 0.2 mmol

:

CO,Me

X=Cl, 0% yield

X= Br, 62% yield

X=1, 0% vyield

X= ClI, with 1.0 equiv. of KBr, 58% yield

0.4 mmol B' Standard conditions + ’
"pp * >
MeO,C KIE = ky/kp = 2.47 D, &
oy o seae
COzMe

Cheng, X.; Lu, H.; Lu, Z. Nature Commun. 2019,10, 3549.
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2.3. Generate radicals through C-H bond cleavage

Br
PPN+ /©/
M602C

Ar’Br

2.2 mol% [Ir(dFCF3ppy),(dtbbpy)]PFg
20 mol% NiCl,*DME, 30 mol% L
r
25 mol% DMBP, 2.0 equiv K,HPO,4
dioxane, 8 W blue LED

Ph/\©\
COzMe

rt, 24 h
62%
89% ee
S [\ _
ﬁs\ AN /N\ :
AN, N, < I\ i AN
N AN N

'/,,I/

|||
hv i1 base I
" omep HBr
base
o %ﬁ

AN N a2
Ni”
XN/
ArN N
r \_y

Cheng, X.; Lu, H.; Lu, Z. Nature Commun. 2019,10, 3549.

i-Pr

Ar Ar
N N
i / \ ]l
N N ipy

L Ar= m-tBuC6H4
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3. Summary

2
R \ R2
R" "BFi;K R1J
4
R 0 sible [ R* Chiral nickle
Visible light ! ! . .
R3 - > » Enantioentiched products
OH R®
X
AN
R5 R5 R7+ y
R® Aryl halide
or
0
X
R8T 0
4
@]
anhydrides

Chanllenges and chances

1. Different reaction substrates (now the reaction substrates limited in aryl halides and anhydrides )
2. Complex structure latestage functionallization (for medicines and natural products)
3. Limited construction C-C BOND (still many chemical bond should be explore, C-N, C-O, C-S, C-P et.al)

4. C-H/C-H bond radical coupling
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Thanks for your attention!



