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» General Mechanisms of Photocatalysis

-

A

EnT

PC™

Oxidative Quenching

Cycle

pPC**

PC”

PC

N\

» Typical photoredox catalysts

D™ (

Ao_

>
(L

| ciHO;

Acridinium dye
E°x(Acr*/Acr) ~ +1.88V

EosinY

E°(PEY*/EY") ~ +0.83V
E%eq(CEY*EY?Y) ~ -1.11V

o
Cl CN
Cl CN
o
DDQ

E°,(*DDQ*DDQ™) ~ +3.1V

Sy
5

4-CZTPN
E°(PC*/PC™) ~ +1.4v
Eoreq'PC*/PC™) ~ -1V

[Ru(bpy);]**
E,(Ru(ll)*/Ru(l)) ~ +0.77V
E°eq(Ru(ll)*/Ru(lll)) ~ -0.83V

fac-[Ir(ppy);]
ECo(Ir(H)*/Ir(11)) ~ +0.31V
ECoq(Ir(I)*/IF(IV)) ~ -1.73V

0
iPr

0
iPr

PHDI
E°, 4(PC*PC™) ~ 2.2v

e

N,N-Diaryi-dihydrophenazines
E°,4(PC*PC™) ~ 1.7V

[1]. V. Gevorgyan, et. al. Chem. Rev. 2022, 122, 1543-1625. [2]. B. K&nig, et. al. Angew. Chem. Int. Ed. 2018, 57, 10034-10072.

[3]. M. Fagnoni, et. al. Chem. Rev. 2016, 116, 9850-9913. [4]. O. Reiser, et. al. Angew. Chem. Int. Ed. 2021, 60, 21100-21115.
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» Visible-light-induced homolysis (VLIH) in photoredox catalysis.

Ve

L\Mn-z
L X

N e

MR Oxidative addition

to substrate

ligand transfer l
exchange
L X VLIH

pan—
/ \ — /NL\ —
L. X L L
\Mn1

single-electron
oxidation

L \

I transmetalation

L\Mn/X
L X

L<

L/

M™-X + Z°

O. Reiser, et. al. Angew. Chem. Int. Ed. 2021, 60, 21100—21115.
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Feg A X R, ARAILS TS L_| X

L ™ L '-\FL/X
N | >z

L

T I_\Cu/x

"
\ L y,

L Bond formation

\M"/X VLIH Lo
~  — M™-X + 7' s—) @—@
Nz 1

z =alkyl, halogen, Azide, carbonyi......

Y. Surendranath, et al. Science, 2020, 369, 786-796.
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> Direct C(sp®)—H Cross Coupling Enabled by photoredox and nickel dual catalysis.

€ Interfacing chlorine radical C(sp®)—H bond activation

Cl,
or ) (C|° HCI
HAT
NCS —

€ Chlorine radical generation via photolysis of high-valent
nickel chloride complexes.

2015 Nocera

Cl
@\ c Q LMCT Q :@
o | — o
I""NIIII“‘\ I"Ni|<
x” Ny x” X

2016 Doyle Ir[dF (CF3)ppylo(dtbbpy)PFs (2 mol%)

Ni(cod), (10 mol%), dtbbpy (15 mol%)
K,CO3 (2.0 equiv.)

c' H__OR Blue LEDs _
oMYy -
18

solvent

@ -

O] MeO
| = o (0] OMe
P
N Ac Ac
48% 93% 78% 91%

Ir[dF(CF3)ppylo(dtbbpy)PFg (2 mol%)
Ni(cod), (10 mol%), dtbbpy (15 mol%)
K,CO3 (2.0 equiv.), PhH

- Y -
Ac R

R'
@R
Ac

3.0 equiv.
Ac
Ac Ac
1% 60% 41%

[1]. D. G. Nocera, et. al. J. Am. Chem. Soc. 2015, 137, 6472—6475.[2]. A. G. Doyle, et. al. J. Am. Chem. Soc. 2016, 138, 12719-12722.
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)L’le_FN I1E'f*b$’]§£c C%E € Doyle Proposed catalytic cycle.

¢ NIrBSHCIRIREE S E R IANISSRE IR Nicods, (10 mat) tobpy (10 mot)
K,CO3 (2.0 equiv.)

Klr“'* state (*E;;, = 1.21 V vs. SCE in MeCN) ) - }

solvent

Ir'" species (E,;,=—1.37 V vs. SCE in MeCN)
Ni' species (E;,=—1.17 V vs. SCE in MeCN)

\Ni“ species (E,;,= 0.85 V vs. SCE in MeCN) )

& Ni"'"SREARET USRI \Y" Q\\\é;Qié
tBu |\ ] *

Blue LEDs, 30 min

III .78 °C

tBu

tBu

| AN
dark, 30 min
N|”' -78 °C
63%

A. G. Doyle, et. al. J. Am. Chem. Soc. 2016, 138, 12719-12722.

tBu
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> Direct C(sp®)—H Cross Coupling Enabled by photoredox and nickel dual catalysis.

2016 Molander

®

solvent

(0)
O\Q\CN O (0}
CO,Me Ac

89%

Ir[dFCF3ppylo(bpy)PFg (2 mol%)
Ni(NO3),96H,0 (5 mol%), dtbbpy (5 mol%)

DMBP (25 mol%), K,HPO, (2.0 equiv.)

CFLs

75%

64%

€ Reactions of Ni(ll) Oxidative Addition Complexes.

tBu

X
| _N, wBr THF
“Nill > o
Z |N Me’
tBu X Me
entry photocatalyst light source result
1 Ir[dFCF3ppylo(bpy)PFg 26 W CFL formed
2 none 26 W CFL n.r.
3 none UV light formed

G. A. Molander, et. al. J. Am. Chem. Soc. 2016, 138, 12715-12718.

€ Molander Proposed catalytic cycle.

tBu N

| Br
@ O
0 “Ni®
7

tBu

o / \
[ "
~ NI/,,I tBu AN (0] lI I:
l"'NiI | ,' \
/ or = N/l,, i \\\\Br
=z IN ;,""u'
+
o " O
Br
L tBu X ]
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» Direct C(sp®)—H Cross Coupling Enabled by Triplet Excited Ketones and Nickel Catalysts.

2018 Martin

Ni(acac), (10 mol%)
A (10 mol%), L (10 mol%)
Na,CO; (1.0 equiv.)

Br+ Q CFL

solvent

\

, o
i Kol ‘ A '! ~OMe

;Me - o Me
L

Q\@\ o
CN co,Me O oy O
NH,

80% 98% 68%

68%

Ni(acac), (10 mol%)
A (10 mol%), L (10 mol%)
CF3;CO3Na (1.0 equiv.)

ROUBr + [ > crt >

O
solvent
Et\N/Et
NC
o
(0) O O
86% 70% 63%

R. Martin, et. al. J. Am. Chem. Soc. 2018, 140, 12200—12209.

(I

(o)

tBu tBu
/ N\
-
(o]
gb

3

' F
R !
OHC\©\

80%

71.3 Kca/mol 85 Kca/mol 87.5 Kca/mol 98.6 Kca/mol
Me
N THF
| N, \Br CFL
”I"'Ni"\\‘ — > o
CF
_ N/ 3
I
X CF; with A, 71%
Me without, 0%

Br {
L H
MeO,C Me o Me

under UVA (365 nm), 0%

Ni(acac), (10 mol%)
A (10 mol%), L (10 mol%)
Na,CO3 (1.0 equiv.) Me

C02Me

cis/trans 1:1 43%
single diastereoisomer

Me
Ni—) Me

L—r\fi—Br Me™ Nog~
Ar

Me
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» Direct C(sp®)—H Cross Coupling Enabled by Triplet Excited Ketones and Nickel Catalysts.

R. Martin, et. al. J. Am. Chem. Soc. 2018, 140, 12200—12209.

€ Martin Proposed catalytic cycle.

@@&

tBu
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> Representative triplet energy transfer and single electron transfer mechanisms for the C—H arylation of THF.

2016 Doyle
Ir[dF(CF3)ppyl2(dtbbpy)PFg (2 mol%)
Ni(cod), (10 mol%), dtbbpy (10 mol%)
K,CO3 (2.0 equiv.)

C' . Q Blue LEDs -~

solvent

L,Ni¢

(e}
BeHCI

2016 Molander

Ir[dFCF3ppylo(bpy)PFg (2 mol%)
Ni(NO3),06H,0 (5 mol%), dtbbpy (5 mol%)

Br DMBP (25 mol%),K,HPO, (2.0 equiv.)
‘/ ( \ CFLs

solvent

é?
\z_
\Z

tBu

tBu tBu
D ®
/N/,,II'” . “\\\\ (o] /N’II, ‘\\\BI'
/'N|II “Nill
7 U 7 ©
™ |
tBu tBu X
En Ir
HBr *
tBu | N
/N ,,,,, ‘\\\BI'
LOTNT
/NI »
& Q)
O
tBu X

13

[1]. A. G. Doyle, et. al. J. Am. Chem. Soc. 2024, 146, 15331-15344. [2]. G. A. Molander, et. al. J. Am. Chem. Soc. 2016, 138, 12715—-12718.
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A\l

1 297 m
......... dtbbpy
,,,,,,, Ni(dtbbpy)Cl,
Ni(dtbbpy)(Ar)CI
s
tBu 5
X 2
2Ny, WX 2 475 nm
u,Ni|| -8
N
P \‘ g /
[=]
tBu X -
X=CI/Br/l
0

300 400 600 700
Wavele lh nm)

€ Comparison of component a sorptlon spectra.

1t
: ——— Ni(dtbbpy)(Ar)CI
------- Ni(dtbbpy)(Ar)Br
--------- Ni(dtbbpy)(Ar)!
s
=
2
L0
<
3
N
©
E
2 \
NP
0 ——

300 400 500 600 700
Wav leng
€ Absorption spectra for ary 1'halide complexes.

200 200 400 500 600 700 000

Wavelength (nm)

€ TD-DFT computed absorption spectrum.

40
35 — 2¢Fs
___ oH

3.0 2
J— 20Me

440 460 480 500 520

&&T‘@

A ssf ' ' | 1B >
30 6 — 1ome ~20
— — 1!—Bu |
IE o5 5 e g
S 4 1 . 15
lé 20 3 1Ph =
> 15} ‘ R =10
— 440 460 480 500 520 540 X x
x S
< 10 N -

Z N
5 -
) 0
0 A N N
300 400 500 600 700

Wavelength (nm)

300
Wavelength nm)

€ UV-Vis absorption spectra in THF of (A) the bipyridine series

[1]. A. G. Doyle, et. al. J. Am. Chem. Soc. 2018, 140, 3035—-3039. [2]. A. G. Doyle, et. al. J. Am. Chem. Soc. 2020, 142, 5800—5810.

14
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» Subpicosecond TA difference spectra.

610 nm
370 nm
A 05 psay C os
o.0fo . m |
s 0ID "W—m—- 34
< —20ps | @ @ | '
2 -05 — DEps = —z2ps = / —-20ps
, —07ps x _o.5}h —24ps X -0.5 —_Hes
< 0.8 ps < 2808 et —— 100 ps
<] <] AP <1
—-1.0} 1.0 ps ] 41ps 1.0ns
1.2 pe u 5.1 ps 2.0ns
1.4 ps -1-0' 7.1 ps 1 -1D 3.0ns
1.5} - 1ips ] —_— 0 ——50ns
1y = 0.6 ps —22ps Ta=5.5ps _14$ =4.1ns —7.0ns
350 400 450 500 550 600 &50 YOO 350 400 450 500 550 00 50 70O 350 400 450 500 550 600 650 70O
Wavelength {nm) Wavelength {nm) Wavelength (nm)
D o5} o ' 1 E pal” -
0.0
o L]
5-05f 5
9 X
<< L <
5 -1.0 =
o # -5 ESA1 (390 nm)
-1.5¢ i | —06F oo =5~ ESA1 (390 nm)
. J -2~ ESAZ (610 nm) .
; =4~ (5B (490 nm)
== G5B {dQCI nm) -ﬂ B
-2.0 1 i
-2 0 2 4 6 & 10 12 0 1000 2000 3000 4000 5000 6000 7000

Time (ps) Time (ps)
€ (A)0.6-2.2ps, (B)2.2-14 ps, (C) 14—7000 ps. (D) between —2 and 13 ps, (E) between 13 and 7300 ps.

[1]. A. G. Doyle, et. al. J. Am. Chem. Soc. 2018, 140, 3035—-3039. [2]. A. G. Doyle, et. al. J. Am. Chem. Soc. 2020, 142, 5800—5810.
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tBu | N u | N {Bu A Me
2N, Ar—X ~Na,, ‘\\\\X Me Ir Bu
“NO— L ——— /”'Ni" | X
=z N/ Z> N EnT ZNo,, X
) ) > “Nill
tBu tBu 7~ D

Z N
|
tBu X Me
tBu | N
=Ny, ‘\\\‘X
Nl int-Cl/Br
Z N/
|
By Me

Ir[dF(CF3)ppyl,(dtbbpy)PFg (2 mol%)
Ni(cod), (10 mol%), dtbbpy (15 mol%)

X K3PO, (2.0 equiv.), THF
Me Blue LEDs o
. o
X =Cl, 73% (72 h) Me
X=Cl/Br X =Br, 57% (1 h)
- AB e S
int-Cl/BraJggaiE ERElA
Ir[dF(CF3)ppylo(dtbbpy)PFg (2 mol%)
int-CI/Br (10 mol%)
X K3POy (2.0 equiv.), THF
Me Blue LEDs o
o
X = Cl, 82% (72 h) Me
X=Cl/Br X =Br, 79% (1 h)

> Proposed role and competency of int-CI/Br in catalysis.

A. G. Doyle, et. al. J. Am. Chem. Soc. 2024, 146, 1533115344,

[o-Tol(THF) (8)] (mM)

[o-Tol(THF) (8)] (mM)

8 ’ T 20
7o | Me 5 Me o /./ -7 118
B ’ POl AT
6 B | //
g -14
//
5 * 10-Br 10-Cl P 412 —
| 8 g
4 | e 10 ©
! P o
i -~ i~
3 = P - - 8
()
® e 16
2 gl | -1 -1
| - Kops (10-Br) =5.1 £ 0.1 x 107" mM min 4
1 7‘ 7 Kops (10-Cl) = 3.8 £ 0.1 x 102 mM min~' »
[
0" - Il Il Il 1 L L 0
0 30 60 90 120 150 180
time (min)
‘ 20 0.6 \ :
-&-100%Power| | || linear fit
| |—@— 75% Power ® reaction rate .
—8—50% Power 0.5}
—8—25% Power 115 .
T04r bl
-~ £
X E
110 © E 0.3
o :
> 5 -
wWO.2} '
15
o
0.1
: — 0 0.08 : : :
5 10 15 0 25 50 75 100
time (min) LED power (%)
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> HIELIGIGUE

tBu N

[x
X=Cl,16%

N, \\\X
i
=z N/
|

A Me

tBu X = Br, 21%
jor
(10 equiv.) B

Bu FoC BUIX

’ |

Ir[dF(CF3)ppyl,(dtbbpy)PFg (2 mol%)
K3POy4 (20 equiv.), THF
Blue LEDs, 30 min

| N, wBr w/o base and dtbbpy N, ‘\\\Br Br
il CeDs “Nil N
o D blue LEDs P
| > |
Bu X Me By X CF3
A B
h
tBu | N v tBu | N
N, _‘\\\BI’ /_\ > N"'l, N ligand exchange
) < -
= N/ D \/ z lN/ Z > Br
| M
tBu X Me Bu X e
dark
A=} =
HEpREEEREIBRIBIE.

A. G. Doyle, et. al. J. Am. Chem. Soc. 2024, 146, 1533115344,

Yield (%)
Photocatalyst Time A B
1 (10 mol%) 5 min 95 100
none 5 min 43 46
none 20 min 84 87
none, dark 20 min 8 9
I A (authentic) ‘q
_ I
" 0 min hv I
i ) S
5 min hv |
___JHL.. N ‘\\_J:II'L._
20 min hv N
L L
B (authentic) |"'\
)'n' S
98 96 94 92 90 88 86 84 8.2

ppm

17
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ENRRMBZRIST:

Ir[dF (CF 3)ppylo(dtbbpy)PFg (2 mol%)
int-Br (10 mol%)
Br K3PO, (2.0 equiv.), THF Me

Me blue LEDs - o

0 min hv

o)

34% vield after 20 min J

"

20 min hv

77% int-Br remaining after 20min

-116

AJHENIRERERRHIRRM B LR E RN, EEECHSXENSEEE

A. G. Doyle, et. al. J. Am. Chem. Soc. 2024, 146, 1533115344,

e
-122 -124

-126

—
-128

18
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tBu .
Bu XN [TPBA]SbClg (1.0 equiv.) | N Blue LEDs, 10 min, -78 °C
| N «Cl K3PO, (20 equiv.) _Nu, ® N\\CI then TFA-d Me Me Me
7 I"”"'.Niu“° THF, -196 °C to -78 °C ;Ni'" -78°C to 25 °C Cl H/D
37 10 7 X
tBu A Me _tBu X Me _ A B
Oxidant light A B C
yes no 89 2 (n.d.) 0
yes yes 1 73 (3% D) 6
no no 2 92 (80% D) O
no yes 1 92 (82% D) O
=
HEPREBFRR FEETBRIMDTE,

A. G. Doyle, et. al. J. Am. Chem. Soc. 2024, 146, 1533115344,
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Ir[dF(CF3)ppylo(dtbbpy)PFg (2 mol%)

Ir[dF(CF3)ppylo(dtbbpy)PFg (2 mol%)
(dtbbpybpy)NiBr, (10 mol%)

Ni' (10 mol%) Br K3PO4 (20 equiv.), THF Me
Br KsPO, (2.0 equiv.), THF Me blue LEDs . o
Me blue LEDs - o .
A
F tBu I N
Br
time A B /N,,,%' ™
Oxidant entry Ir LED time yield Ni
e gV
(dtbbpy)Ni(o-Tol)Br 1 yes 427 nm 1 79 PN I e E
20 min 18% 4.4%
2 no 427 nm 16 6 B
3 no 370 nm 16 33 15
(dtbbpybpy)NiBr, 4 yes 427 nm 1 76 0 min hv
5 no 427 nm 24 0
6 no 370 nm 24 26 |
; i}
(dtbbpybpy)NiCl, 7 yes 427 nm 72 19
(TMEDA)Ni(o-Tol)Br 8 yes 427 nm 5 33 20 min hv
| B
TMEDA: SNy NN L lull
I — | A
-114 S116  -118 120 -122 -124 126 -128

A. G. Doyle, et. al. J. Am. Chem. Soc. 2024, 146, 1533115344,
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ILCT (Intraligand Charge Transfer) [GF&r=-

60000 -

czbpy e TD-DFT
—_—UV-Vis | 1,0
—.; 50000 ~ Ni(Czbpy)Cl, :-+++- TD-DFT
N o . —UV-Vis | 0.8
X =, 40000 4 ¢ | 3
| s 06
Q -V,
Z N\Ni/CI £ 30000-
(o]
/N &)
Cl .
Z IN S 20000 e
N 2
N 4 10000 -0.2
Q O 0 T T f 0,0
250 350 400 450 500

Wavelength [nm]

= NIMIE

R
ADB Nicabpyie,. L s
Ph” N . J
, Ph”” N
bo "t.DMAC |
i 440 nm @)
-
.ﬂ.. 4
>
2 |
C
g |
=
——no light
3310 33]20 33I30 33I40 33150

- RGBT R LS RIEASAREH T ILCTEE

B. Pieber, et. al. Angew. Chem. Int. Ed. 2022, 61, €202211433.

B field [G]
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€ Doyle Proposed catalytic cycle.

Ir[dF(CF3)ppylo(dtbbpy)PFg (2 mol%)
Ni(cod), (10 mol%), dtbbpy (10 mol%)

K,CO3 (2.0 equiv.)
Br
'@ _ N C\o Blue LEDs - a o

A. G. Doyle, et. al. J. Am. Chem. Soc. 2024, 146, 15331-15344.

solvent

A .
B N//, \‘\Br
“rgill”
NIII, , o < NI\
“Ni N/ Br
N/ @ Ir hv
EnT
Ir*
N " \‘\Br
-
7 B

Nll, \\‘Br
Nl
<N/
hv
\ NI/,I N
< ""'Ni°—I<AB\
— ! > N/ G Br

o o

Nu, ‘\\Br
< o it
N/ .
%
(0]

22
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» Direct C(sp®)—H Cross Coupling Enabled by photoredox and nickel dual catalysis.

2017 Doyle

Ir[dF(CF3)ppylo(dtbbpy)PFg (1 mol%)
NiCl,eglyme (10 mol%), dtbbpy (15 mol%)

then 1M HCI in acetone

K3PQOy4 (2.0 equiv.), blue LEDs

@ L

solvent

(o}

(¥)-chlormezanone

fenofibrate
89% 81%
(o}
Eto—{
CHO N
CHO
Cbz OBn
N
H
(o]
DL-4-chorophenylalanine loratadine
65% 76%

[1]. A. G. Doyle, et. al. Angew. Chem. 2017, 129, 7297 —7300. [2]. A. G.
[3]. B. Kdnig, et. al. Adv. Synth. Catal. 2020, 362, 2367— 2372.

CHO Me © OHC CHO
o._,0
N” o CHO
YO e QO
N Me Me o N o
Me
(o]

Me! Me

procymidone
51%

Me

diazepam
73%

Doyle, et. al. J. Am. Chem. Soc. 2018, 140, 14059—-14063.

2018 Doyle
Ir[dF(CF3)ppylo(dtbbpy)PFg (0.5 mol%)
Ni(cod), (4.0 mol%), dtbbpy (5.2 mol%)
o H R K>COj3 (2.0 equiv.), Na,WO,4e4H,0 (1.0 equiv.) o
)J\ . \r PhH, Blue LEDs _ R
R” ~clI R' = R
R"
3.0 equiv.

D QD oy
Ny oL
(0] [e]

48% 55% 60% 48%
2020 Kénig
4-CzIPN (2 mol%)
Ni(acac), (5 mol%), dtbbpy (5 mol%)
Na,CO3 (2.0 equiv.), NaBr (20 mol%) R’
H OR"
R/\BrICI . Y Blue LEDs > R)\OR
R'
solvent
© \/\/\/(> \/\/\/(> ©
©/\/\/E> o 5 OH 5 D/\/\/(>
(o]
82% 68% 1% 35%

23
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» Enantioselective via photoredox and nickel dual catalysis.

2019 Lu

Ir(dFCF3ppy),(dtbbpy)Cl (2.2 mol%)

' tBuQ QtBu
NiCl,eDME (20 mol%), L (20 mol%) R L

. = N N
DMBP (25 mol%), K,HPO4 (2.0 equiv.) : j
/) <\
iPr “iPr

dioxane, Blue LEDs o

l 2 I OMe

MeO I ! OMe
OMe

N1L protein antagonists
23%, 92.5:7.5 er

=/\Ph
‘g ‘E ~CO,Me

42%, 93.5:6.5 er

&t
MeO” ‘! ‘ ~Cco,Me F~ ‘! ‘: ~co,Me ‘! ‘ ‘ ~co,Me COZMe

66%, 89:11 er

0

61%, 95:5 er 42%,94.5:5.5 er

56 %, 86:14 er 36%, 90.5:9.5 er

Et Ph Ph
~ Ph ~ B
G §
tBu CO,Me

CO,Me

45%, 90:10 er

CO,Me

38%, 90:10 er 42%, 94.5:5.5 er 43%, 92:8 er 37%, 90:10 er

[1]. Z. Lu, et. al. Nat Commun. 2019, 10, 3549-3556. [2]. Z. Lu, et. al. ACS Catal. 2021, 11, 11059—-11065.

2021 Lu

tBu tBu
Ir(dFCF3ppy),(dtbbpy)Cl (2.0 mol%) o L
NiCl,eDME (10 mol%), L (20 mol%)

K,HPO, (2.0 equiv.) - ;
R B ; A g2
NG dioxane, Blue LEDs - ; N N

Ph
~A e

R tBu

tBu tBu

68%, 88% ee 73%, 91% ee

69%, 90% ee
12:1 Z/E

45%, 90% ee
>20:1 Z/E

>20:1 Z/E >20:1 Z/E
A Ph
Ar R \/\Ph
slow fast
= R

/?\) 7"
Ar Z

Ph\)

€ Stilbene as the Triplet-Energy-Transfer inhibitor.

24

tBu



A G FNHEHERC-CE

» Enantioselective via photoredox and nickel dual catalysis.

2022 Huo

Ir[dF (CF3)ppyl,(dtbbpy)PFg (1 mol%)

NiClyeglyme (10 mol%), L (16 mol%)
NazPOy (3.0 equiv.), Blue LEDs

QP

Cl iPrOAc
.

Ph

T7%, 92% ee 68%, 91% ee

Y
ZG

Jegel

o, OMe Z S.,, F
|
CO,Me Bz CO,Me

65%, 92% ee 79%, 93% ee

2023 Kong

NiCledme (10 mol%)
A (20 mol%), L (15 mol%)
Na,COj (2. 0 equiv.)

DR

solvent

(o)
CO,Et

80%, 90% ee 60%, 93% ee

[1]. H. Huo, et. al. J. Am. Chem.

390 nm [ 5 '
\©\/:\th
[o]
o o o
Y CO,Me CHO

92%, 92% ee 67%, 90% ee

2024 Wang

KHCOj3 (1.5 equiv.)
iPrOAc, Blue LEDs

Ir[dF(CF3)ppyl,(dtbbpy)PFg (2.0 mol%)
NiCl,eDME (10 mol%), L (12 mol%)

5y o

‘1) o9l

59%, 92% ee 53%, 90% ee

Soc. 2022, 144, 8797—-8806. [2]. W. Kong, et. al. J. Am. Chem. Soc. 2023, 145, 5231-5241. [3]P. Wang, et. al. ACS Catal. 2024, 14, 13860—13866

ges}

QQ

Beas)

OCF,

A0
0

49%, 88% ee

O

51%, 94% ee
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*
" . n-1 *+
M(d )_t_ . g\/M—L |
L(n/r) + M-L cleavage
LMCT excited-state ¢
’ ligand-to-metal
charge transfer ., o"O\MH s
(LMCT) l e
dical
L(n/x) -ﬂ- O/ raictilty
ground-state

Photophysics and photochemistry of LMCT states.

F. Julia. et. al. ChemCatChem. 2022, 14, e202200916.

net photochemical process: M-L homolysis

eyl
o’

M’ high-valent metal center
(Cu?*, Ni**, Fe*, Co®*, Ti**...)

L : o oroc+rdonor
(halogen, O,CR, OR, N3, alkyl...)

Overall chemical process via photoinduced LMCT homolysis.
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B

/

cl’
CuW/ LMCT
\ Cu ll — N
VILC
R.
Cu'—L
|||
~-Z LMCT R
"' —)
L
\ o
I

O. Reiser, et. al. Angew. Chem. Int. Ed. 2021, 60, 21100-21115.

o)
LFe!"

n \O/U\R j\

/ \ R0
o 1" LmcT
1]l
L Fe" LnﬁENQ5JLR e S
\\\\\\\\ ‘/////// cl
L,Fe"
4 \
cl 2
cl ' Cl LMCT

,/""i,,Ti“i\ CI.
o / ~ci —
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» Copper(ll)-Catalyzed Asymmetric Photoredox Reactions:

DL
Cu(BF4),#H,0 (10 mol%) :
o0 e L (11 mol%) °\\s,,0 ; Q O
S 3 CHCl3, Blue LEDs \ : o o
N + > NH '
y < > T 1
\ ' N N 4
€Oo,Me MeOC R B Bn

MeO,C MeO,C MeO,C

96%, 89% ee 98%, 87% ee

CF
O\\S/,O 3 Q /, B /,
‘NH Q\
o o -
MeO,C MeO,C MeO,C

96%, 93% ee 95%, 89% ee

CO. Me
\\s ,,0 2 CO,Me Q //
Q Q
N m

EtO,C MeO,C MeO,C

98%, 89% ee 86%, 82% ee

L. Gong, et. al. J. Am. Chem. Soc. 2018, 140, 15850—15858.

o) F o Br
S Y’ Y 1%
\ \ \
NH NH NH
"y "y "y iy

99%, 89% ee

97%, 94% ee

95%, 80% ee

CO,Me

MeO,C

95%, 93% ee

\
s//
\
NH
oy

MeO,C F

96%, 90% ee

F

Fs

MeOZC

98%, 86% ee

N BFsK  CcHcl,, Blue LEDs
- O +MeO,C >
Z N

Cu(BF4),¢H,0 (10 mol%)

NBoc L (11 mol%)

L Bn_ Bn

\
2
R °7><(°
wol {
N N

77%, 96% ee 84%, 98% ee 80%, 96% ee 88%, 96% ee

CO,Me CO,Me CO,Me CO,Me

73‘%, 96% ee

76%, 96% ee 69%, 96% ee 75%, 96% ee
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KF;B
o 2
s\
CO,Et
CO,Me
KF3B
N
s\
CO,Et
CO,Me
KF;B
o 2
S\
CO,Et
CO,Me
KF3B
o 2
S\
CO,Et
CO,Me

Cu(BF)¢H,0 (50 mol%)
L (55 mol%)
CHCl3, Blue LEDs
—_

under air

Cu(BF)¢H,0 (50 mol%)
L (55 mol%)
CHCl3, Blue LEDs
_

TEMPO (2.5 equiv.)

Cu(BF4)2H50 (50 mol%)
L (55 mol%)
CHClI3, Blue LEDs
—_—

CO,Et

SO,Ph

Cu(BF4),H,0 (50 mol%)
L (55 mol%)
CHCl3, Blue LEDs

L. Gong, et. al. J. Am. Chem. Soc. 2018, 140, 15850—15858.

2.5 equiv.

=P S B LMCTH S C-Cig

Q.0 e
'S /4
\
NH "
"
MeO,C CO,Me
0% 52%
CO,Me
O—N
o o
\
\s/,
\
NH "
"
MeO,C CO,Me
0% 62%
CO,Me
CO,Et
QP Et0,C
S|
\
NH
hy
MeO,C + +
€O,Me CO,Me O
CO,Me
31% 44% 5%
o-n
MeO,C

HRMS (ESI, m/z): calod for
C15H21NO3, (M): 262.1443, found: 262.1446.

Intensity(a.u.)

300000 -
200000 -
100000 -
0-
-100000 4
-200000 -

-300000

3450

3480

HIG

1
3510

1
3540
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HRMS (ESI, m/z) calcd for
C62H67CUN204 (M'X)+: 966.4397
found: 966.4395

Blue LEDs | LMCT

KFB CU(BF,),oH,0 (50 mol%)

L (55 mol%)
CHCI3, Blue LEDs MeO,C O
4 ()—coe

CO,Me blue LEDs:24% yield
blue LEDs (no L7): 0% yield
in the dark: 0% yield.

€ Evidence for Light-Induced Oxidization of Alkyl Trifluoroborate by Cu.

L. Gong, et. al. J. Am. Chem. Soc. 2018, 140, 15850—15858.

o

BF;K

R1
|
N Ar
h
Led” T R0
L,Cu' TN A
n O R
™
1
$ L.C I} ?1
II/N\ Ar n-u Na _Ar
L,Cu
LCu" TN R I
n (o} R

€ AProposed Reaction Mechanism
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» Cu-Catalyzed Asymmetric C(sp®)—H Alkylation

Cu(OTf), (10 mol%)
0, L (11 mol%)
_DMF, Blue LEDs__

Sl (I;l

QHN
OtBu

nBu

83%, 93% ee 80%, 91% ee 79%,

o) o
QHN
OtBu OtBu
N
Boc

83%, 93% ee

QHN

81%, 97% ee

o 0 CcoM
QHN QHN /\J\
NHtBu N
H
from Gly-L
82%,94% ee rom Gly-teu

84%, 9:1 dr

Z. Xu, et. al. J. Am. Chem. Soc. 2021, 143, 12777—-12783.

OtBu !

OtBu OtBu
TBSO

93% ee

o
HN
; OtBu

87%, 99% ee

O

(0] (o]
T
Bn

Bn

OtBu

75%, 91% ee

QHN
OtBu

77%, 93% ee

QHN

o
from Dehydrocholic Acid

85%,

15.7:1 dr

Cu(OTf), (10 mol%)
L (11 mol%)

QHN
OtBu

=z
75%, 94% ee

DMF, Blue LEDs
_

QHN

78%, 98% ee

e
99
OO a7
SO

“CuPFg
PAr,

(a.u.)

Absorbance

©

350

400

UV-Vis absorption

2

5

(S)-XyIBINAP
copper complex A

copper complex B

450 500 550 600

Wavelength (nm)

650
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€ A Proposed Reaction Mechanism 0 L (11 mol%) o
(o]
0 DMF, Blue LEDs_ QHN\l)k

QHN\)J\ + )J\,N
OtBu R™ O

OtBu
R '

Stern-Volmer plot | \N_,Cu':-l_
5 = N -CO:Bu
Y / ;<H
4
y=0.4585x +1
3 R?=0.9367 \<COZtBu
= H H
_=
2 N
y=0.3559x +1 N
! R?=0.9683 \<°°2’B“
H H
0
\COztBu

0 2 4 6 8
quencher (2) concentration (10~ M) COztBu
@ copper complex A ¢ copper complex B

Z. Xu, et. al. J. Am. Chem. Soc. 2021, 143, 12777—-12783.
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Co-cat (5 mol%) EWG

Zn, NH,CI, MeCN

EWG 1\/]\ Blue LEDs R!
R = —_—
e e .
EWG
O o
O\ CN
S
ED/ CF; 0.Ph sozph\/\g \©
CO,Me S0,

64%), 40:60 dr 44%, 40:60 dr

92%, 45:55 dr 71%, 35:65 dr

78%, 50:50 dr [Nj

D. Gryko, et. al. J. Am. Chem. Soc. 2020, 142, 5355-5361.

Co-cat (5 mol%)
Ni(DME)CI, (20 mol%) EWG
dtbbpy (40 mol%), Zn, NH,4CI
EWG !

. \© acetone, Blue LEDs

SO,Ph SO,Ph SO,Ph SO,Ph

T™MS

54%, 60:40 dr 75%, 75:25 dr 49%, 55:45 dr 66%), 60:40 dr

SO,Ph

MeO SO,Ph
° P
O=
| o 3 o
N Me Pr,N
(o]
(o]
Cl

66%), 65:35 dr 55%, 70:30 dr
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D: 57%
Co (5 mol%) °

SO,Ph Zn, ND4CI, MeCN
Blue LEDs

D

|j/SOZPh
Co (5 mol%)

PhSD (5.0 equiv.) p D: 72%

SO,Ph Zn, ND4CI, MeCN r,SOZPh
D

Blue LEDs
D: 45%

Co (5 mol%)
TEMPO (3.0 equiv.) SO,Ph

SO,Ph Zn, ND4CI, MeCN ,SO,Ph J:r

IZr Blue LEDs N—g
—_— ~

trace detected by MS and NMR

SO,Ph
SO,Ph TEMPO (3.0 equiv.) Er
Jj MeCN, Blue LEDs N
> o)
COIII

53%, > 20:1 dr

D. Gryko, et. al. J. Am. Chem. Soc. 2020, 142, 5355-5361.

EWG

€ A Proposed Reaction Mechanism

co' com

EWG

co" / Er
H
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