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Cu(l) Complexes as Standalone Photocatalysts




Visible-light Photoredox Catalysis
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Copper Complexes May be a Good Choice

10° r+r r + r r r 1 ~ r°r  1° *© r° * 1
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Reiser, O. et al. Chem. Sci. 2023, 14, 4449-4462.



Pioneer of Photocatalysis with Copper Complex

\l/

'

454 nm
Co(lll) » Cu(dmp),” + Co(ll)

+

Cu(dmp),*

Co(lll) was in K[cis-Co(IDA),]-1.5H,0

David R. McMillin

‘has a rather low-lying metal-to-ligand

Cu(dmp),* charge transfer excited state and could be

expected to participate in some interesting

" - photoredox chemistry ”

McMillin, D.R. et al. Inorg. Chem. 1977, 16, 943-945.



Hibernation

- 1® e
Q
i Br
itad- 530
+ e>_<C|ted state RiBr + R nm o J\/R1
lifetime <270 ns Cu(dap),Cl (0.3-1 mol%)  R?
DCM, rt.
25 years _
1987 2012 "renaissance”
1977 “the first application of a photoactivatable copper complex inorganic synthesis”
\l/

\a/ 02N
390 nm
. - WHY ?
r Cu(dmp),Cl (1.5 mol%)
NO,

NEt; (1.8 equiv.)
DCM, r.t., 25 h

Sauvage, J. -P. et al. J. Chem. Soc., Chem. Commun. 1987, 546-548.
Reiser, O. et al. Chem. —Eur. J., 2012, 18, 7336-7340. °



General Photophysical Scheme of
Tetracoordinated Copper(l) Complexes o
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Strategy 1: Bulky Substituents

Aem = 730 nm Aem = 690 Nnm Aem = 599 Nnm Aem = 631 nm
Tem = 90 NS Tem = 400 ns Tem = 1900 ns Tem = 2800 ns

HETPHEN strategy

pd
N\ 7/ \ 7/




Strategy 2: Heteroleptic

For example:

low steric
demanding

large bite
angle

good o donor
good 1T acceptor
bulky steric

stability issues

faster upon irradiation

2 I
—~————




Three and Two-Coordinate Copper(l) Complexes

Three
Crystal field splitting of the d orbitals of relevant

geometries for copper(l) complexes : :',,@ C:';@_@

z? cabene ligand

Xy x2-y? X = Cl, Br, |
Xy Xz yz

B These complexes are also prone to

pseudo-Jahn-Teller distortion.

Xz yz gt .2

Two

Xz yz
Xy x2_y2

cabene ligand

Linear Trigonal planar Tetrahedral :

" gonarp eHane ® > 90% of two-coordinate complexes
bear at least 1 carbene ligand

B These complexes avoids the pseudo-
Jahn-Teller distortion

Evano, G. et al. Chem. Rev. 2022, 122, 16365-16609. 10



C-H Bond Formation

[Cu(bcp)(DPEphos)]PFg
(5-10 mol%)
('Pr),NEt (10 equiv.)

R—X > R—H O
\l/
=017 (420 nm) PPh, PPh,
y
MeCN, r.t., 16 h DPEphos
: : from Ar-Br
from Ar-l : from Ar-Cl :
) R I i
' R = Ph, 93% 3 H H : R = CO,Me, 55-64%
R = CH,OTBS, 82% (/t@’ ; /@’ : H R =COMe, 95%
R = OBn, 85% N | MeOC | R = CHO, 63%
R R = CO;Me, 90% Ac | 2 , B R = OMe, 10%
R = BPin, 92% R = NHAc, 99% 75% 5 15% |

R = OTBS, 60%
E..q (Phl) =-1.91V vs SCE E..q (Cu(0)) =-1.64 V vs SCE |:> Cu()/Cu(D)*/Cu(0) reductive quenching cycle

Evano, G. et al. Org. Lett. 2017, 19, 3576-3579. o



Radical Rebound
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The Mechanistic Paradigm of Cu(l) Photocatalysts for
Cross-coupling

1 rebound
L reductive .
ligand ___

ligand ) ( elimination exchange Nu
exchange ligand — \ _ ;

©
4 % \ R + X
XFL R SET _,,#’
SET \|I,
/ '.' radlcal
ligand transfer rebound
mechanism mechanism
\ \ j R/
transfer
) ~ _ ( R—Nu @ 4/,(
L
1 R
R

L
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C(sp3)-N(sp3) Cross-coupling

P(Pr),

Cu(Cbzdiphos™™") (1 mol%) NH

O CuBr (9 mol%) i
+ H J]\ ‘BuOLi (3.0 equiv) P(Pr),
N O'Bu > Jj\
H,c” Br ] N O'Bu ‘Bu
H

3 ~[” DME,r.t., 24 h Cbzdiphos™”

1

HsC CH,
CuCN (10 mol%)
dmp (5 mol%)
Xantphos (15 mol%)
0
e

.Q. DCM, 5-10°C, 24 h PPh, PPh,

Xantphos

Peters, J. C.;: Fu, G. C. et al. J. Am. Chem. Soc. 2017, 139, 18101-18106.
Hu, X. et al. Angew. Chem., Int. Ed. 2018, 57, 13624—-13628.



Enantioselective Synthesis of Chiral Secondary Amides

@)
= o Catalytic Cu'/ P /N* )_l\ ‘
CsOPh-H,O HN R MeO PATr, A£1 Ar’
P hv (blue LED) /_<

alkyl alkyl’ HoN R /'\ . MeO PAr;
alkyl alkyl ‘ MeHN NHMe

Racemic
1.2 equiv. Good yield
Good e.e. p N
Selected example
I )i )i i
HN)K@> HN” R HN” 4-CF,-Ph M
OEt R OEt HN™ “4-CF;-Ph
EtO.! EtO. ! N
P/\/'\ Et P/\/LEt \,{\/‘\R Rls/\/'\Rz
I 1 S0
O O o0

o)
3-OMe, 81%, 89% e.e. R =CHyPh, 75%,91% e.e. R =(CH;),Ph, 67%, 95% e.e. R'=Me,N, R?= Me, 85%, 89% e.e.
-C

F3, 95%, 93% e.e. R = furan-3-yl, 76%, 90% e.e. R = (CH,),0Ac, 72%, 95% e.e. R' = By, R = Et, 72%. 97% e.e.

R
R=4
R = 3,4-F, 91%, 92% e.e. R = (CH,)4Cl, 70%, 92% e.e.

Peters, J. C.;: Fu, G. C. et. al Nature 2021, 596, 250-256.



Activation of
the C-Br bond

D G
R—Br
R L 2
P *
\Cu'—OPh \
/
P
c /
Br—R
y
hv
P N
. N
( /Cu'—OPh C /Cu"X2
P X = Br, OPh or amidate N
B E

Br
OEt Br
P Et N
8 E
65 (0] 66
2.3V 2.4V

t C

Reduction potential: -2.8 V
Lifetime: 4.6 ps

X =0Ph: 1.3V (calc.)
X=Br:1.2V (calc)

w)

Enantioselective
C-N bond formation

P\ N\
R~ Il —
C /Cu (OPh)X C /Cu X
P N

Enantioselective Synthesis of Chiral Secondary Amides

Mechanism

R —amidate

N
AN
C /Cu"X(amidate)
N

F

Amidate ™

I\l\
—
C /Cu X
N

G
cucu!

X =0Ph: -0.6 V (calc.)
X = amidate: -0.6 V (calc.)



In situ-generated Cu(l)-Substrate Complexes

- A 0—@
\ substrate
binding
/ Cu(l)-substrate complexes
~

/.

Cross

couplin
pling \._@‘//

0

0

\

S
- R———cCuL Cu(SPh), Cu(OPh)," @ - otc.
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In situ-generated Cu(l)-Substrate Complexes

Cul (10 mol%)

|
SH ‘BuONa (1.0 equiv)
+
e
.9'. (100 W Hg lamp)

MeCN, 0°C,5h

Selected example

&0 e

73% 71%
S S
N
MeO Z
81% 74%

Fu, G. C.; Peters, J. C. et al. J. Am. Chem. Soc. 2013, 135, 9548-9552.

S [Cu(SPh),] Ph{ss“;Cu——/S’Ph
/
> + /Cg/‘"“sfcu
STV T ou—

- / —~Cu—S
ases [Cu,(SPh),] Ph ph’S l|3h ;:’h
Mechanism
X ©
[L,Cu(Nu)]
NL® \hv
[L,CuX] [LnCu(Nu)]*
electron
NU—R k trany‘ R—X
[L,Cu(Nu)]® X©
+R-

18



In situ-generated Cu(l)-Substrate Complexes

A  Fu and Peters, 2012

I
R3P\ Q 13 W CFL
,Cu'—N +
R;P CH,CN, rt, 10 h

R = m-tol 77%

B Wu, 2017

Cu(OTH), co g’(; o
é/& (5 mol%) 2
COzEt air, blue LEDs
Me MeCN, 94% \©\
dr 2.3:1 OMe

@ Lalic, 2018 |

CuCl (10 mol%) —
COOMe © ‘Bu TERL’Y (20 n:oI"/ COOMe =
+ 3" 0) "Cu-acetylide"
% I Br K,CO; (3.0 equw) for R = Ph,

blue LED 83%
CH;CN/MeOH (3:1)

UV-light-absorbing
Cu(l)-nucleophile species

CulL

E,oq = —2.048 V vs SCE

19



Before Rebound
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C(sp2)-C(sp3) Cross Coupling

CF,
dtbbpy (10 mol%)
Na,CO3 (2.0 equiv) Ph
MeOH (2.0 equiv)
 O=N + ph” X\ + Ph—B(OH -
o Ph™ "X (OH), NP e e NN
@]

~[)~ DMF, r.t., 24 h
I

2 equiv 1 equiv 2 equiv
Mechanism N'OR1 N
I SET /4 || L
Il
R'=p- CF3CGH4CO LCu™ LC“ hB(OH) WHY ?
i, 3a . . . i
s B Radical rebounding is reversible?
‘ 1a 162 ®\/\CN
path a path b 1a-A
LCu"Ph Ar/\J B Alkene coordination on copper?
2a

mph cullL /\ rMCN

Ar = 2- naphthyl
1a-C

Xiao, W. et al. Angew. Chem. Int. Ed. 2018, 57, 15505-15509. 21



Bifunctionalization of Olefins

X—R

ATRA Reaction

ATRA reagent

Br

82%

initiation
y Xe + o R1
A
l. ..........................
[Cu(dap),]CI (0.3 - 1.0 mol%) X
X_R2 y o J\/RZ
R1
I 530 nm
CBrs Br COOEt Br
Ph
COOEt
NHBoc NHBoc O
75% 98%

/\Rz> Q\/w _&» J\/R1

ATRA product

OMe

[Cu(dap),]CI

Reiser, O. et al. Chem. —Eur. J., 2012, 18, 7336—-7340.



Copper Makes the Difference

e of

[Ru(bpy)s]Cl; '|D|' R
outer-sphere

mechanism CFs
R \\//O
N S —_—— SET —
o c1”  CF,
SO,CI
[Cu(dap),]Cl R
r
inner-sphere
mechanism CF;
The binding of SO,CI- to copper appears to be weak
standard CF3
Z condition
’
CHj,
MeO SO,CI MeO
MeO

O O
\// -S0O,
S —_—
- Cl
via:
[ SR
Nl:._Cu”/
] N7
—
R
standard
condition
v
MeO

Reiser, O. et al. Angew. Chem., Int. Ed. 2015, 54, 6999-7002.

Cr

CF;

H,C ClI

23



Copper Makes the Difference

CHl,

97%

OMe

CHI,
MeS

43%

[Cu(dap),]Cl

/?ebound or ligand transfer\
I
CHI
R)\/ 2

|—CHl,
MeOH, r.t., 3 h
Radical chain or photoredox
Ru(ll) or Ir(lll) or
organic dyes or AIBN
' F |
I
F Me CHI,
=z NJ\/'
CHI, CHl, X
F F NS CHI,
Cl F 82%
70% 87% 61% d.r. =83:17
OMe back electron OMe
> CHI transfer + MeOH
> R/\/ 2 3 R/\/CH|2 . CHI,
I
\_s  ¢H, [CuTl ,
R = strong EDG [Cul rebound

57%

Reiser, O. et al. ACS Catal., 2020, 10, 9899-9906.



Three-component Copper Photo-ATRA reactions

R
RS I—R¢
R =Ry

+ TMSCN

+ TMSCN

Wang, R. et al. Chem. Commun., 2017, 53, 12317-12320.

Cu(l) source
’ J\/RZ
R']

ligand L

M,

Cu(OAc), (10.0 mol%) ﬂ'

o

DIPEA (4.0 equiv), MeCN, N», 2 h
hv (A = 254 nm)

Cul (10.0 mol%) a2
chiral ligand (12.0 mol%) !
BDMA (1.5 equiv), H,0 (2.0 equiv),
MeCN, Ar, 4 h
hv (A =390 - 410 nm)

o

-§-N3 -§-CN

N
R/.\/Rf

1@

Xu, Z. et al. ACS Catal., 2019, 9, 4470-4476.

-§-30F3 -§-F

25



Recall

I ~Bu
N — g
R———Cu(MeCN), R————Cul, <N
> —> L=
Bu
highly reductive less effective highly reductive
E.q=-2.05Vvs. SCE in MeCN E,.q =-0.89 V vs. SCE in DMF E.q=-2.82Vvs. SCE in DMF
R5
2 '
N-OR Cul (10.0 mol%) <@~
| 2 dtbbpy (20.0 mol%) ﬂ' | ‘
R + + =R° - R3
K,>CO3 (3.0 equiv), DMF, rt, 10 h, R R4

AW hv (A = 455 nm)
NC

E,.q=- 2.18 V vs. SCE in DMF

Xiao, W.-J. et al. Org. Lett., 2019, 21, 4359-4364.
26



Three-component Copper Photo-ATRA reactions

N,

Cul (10.0 mol%) *
‘ 2,6-bis(2-pyridyl)pyridine (20.0 mol%) I ‘
R + I—R?2+ =—R® - .
KoCOj3 (3.0 equiv), MeCN, rt, 24 h R R
hv (A = 455 nm)

Rfﬂ

/ \

Zhang, D. et al. J. Org. Chem., 2020, 85, 3213-3223.

—>=

A/

7\

Ny, R3
Cul (10.0 mol%) ﬂ N
X H

chrial ligand (20.0 mol%) l‘! 0

RN + R?*+ =—R® > s \\(N

K3POj4 (3.0 equiv), MeCN, rt, 24 h R1£\/ R?
hv (A = 455 nm)

Zhang, D. et al. Org. Lett., 2020, 22, 1490-1494.



Cu(ll) Complexes as Standalone Photocatalysts

28



Contrast

Excited Cu(l) complex

@

B outer-sphere B bimolecular quenching

B Need long-lived excited state

B34

d orbital " orbital

metal MLCT ligand

Excited Cu(ll) complex

light-induced
homolysis
(LIH)

+

B inner-sphere @O

B pre-coordination

X

d orbital
metal

&/

=

T orbital

ligand
T g

29



Contrast

hv
LMCT
@ er, . =0
radical capture
0

LMCT OH
o ,—HAT——

O
LMCT
0
[cI I} radical capt + ) Fe
u radical capture —
[Cul _co, @ — Ol
solvent cage
(0]
Photoredox OH
— HAT —»
i o fast
0_ L ]
+ PC* — SET > ° .
outer-sphere . AN 5S¢ >
» g -
‘- ---back electron transfer - PC - CO,
slow

PC 30



Questions

LMCT

rad/cal capture

W Which metal—(ligand)-substrate complexes can undergo light-

induced homolysis reactions?
B Onwhat time scale does the homolysis reaction occur?
B How efficient is the homolysis process?

B How to make transformations catalytic?

energy

>0

A LMCT excited-state

ground state [M" ]-L

M”>7]

d(M-L)

31



Answers

LMCT
rad/cal capture

B Onwhat time scale does the homolysis reaction occur?

1 470 nm

——

ultrafast
\ process

32



Answers

hv

LMCT
—

X
radical capture

B How efficient is the homolysis process?

HAT

radical
— addition —»

gas

extrusion

ring
opening

33



Answers

hv
LMCT

A .

X
radical capture

B How to make transformations catalytic?

34



CuCl,-mediated Activation of Aliphatic Compound

R3 CuCl, (20 mol%) R3
R2 LiCl (0.5 equiv) 1 R*
' R EWG
J + A EWG >
R! R e
RS .101. (390 nm) R2 RS
MeCN, N,, 36 h

Selected example:

CO,Me CO,H
: \/COZEt ©/ /\COZE’[ N2 N2

92% 69% 96% 83%
CO,'Pr

CH 2

Ph.__~_-CO2Et I 50PN N _coyr

\“ HaC N _~_CO2E! N7

5 hi -

0
94% 59% 77% 72%

Rovis, T. et al. J. Am. Chem. Soc., 2021, 143, 2729— 2735.



CuCl,-mediated Activation of Aliphatic Compound

o Ts
" [(ZU((;IZT)]Z](?I orlo/) \ H\N/Ts CuCl (5 mol%) \H
u(aa mo
Z N p)Cl, () o = 3 + /\R NP v
R— | + TMSN, R— | ~[~ (blue LED) R
X (green LED) X 0]
" MeCN, air, 3 h

MeCN, air, 12 h

H. .-l
NS ol [oi-Cu
NS hv | LIH
7NN _o* g T
e O—OQ - ) i : CuCl +
N3
N
R_i | R—/ | 3
A
Ts,  +Il | carbocupration | _Ts
pdt N—CuCl SEESSSSG SeSEREs 108N
02 N/TS |
Cu(dap),]Cl r Cu(dap)ClI [ ; ;
[Cu(dap),] [Cu(dap)Cl,] o Ph Sl +l  radical
e CuCl ‘—/< CuCl 'rebound !
Ph ZPh

Reiser, O. et al. Angew. Chem., Int. Ed., 2018, 57, 8288—-8292.

Verma, A. K. et al. J. Org. Chem., 2022, 87, 6263-6272. ”



Enantioselective Alkylation of Imines

O Cu(BF,), (10 mol%)
W\_O * 0
S/ BF3K L (11 moIA))
\
N + < y
/ e
Ar )~ (blue LED)
M
CO,Et

CHCI3, -20 °C, 12 h

X AN X
No X H,0 No o R BFK Na, o
Lu —— “Cu - N,CU\/R
N™ >x  -HX N" SoH  -KBF;OH
cu'-L a crystal structure HRMS (ESI, m/z) calcd for
NAN =L = BOX of the dimer 062H67CUN204 (M-X)+: 966.4397
found: 966.4395 (L = L7)
LMCT
P blue LEDs homolysis
R” BFs;K
direct intermolecular SET No . |
1V - ( Lu—X
N

E,oq(Cu'"/Cu") =~ +0.81V, E ,(2a""/2a) = +1.34 V

4R

alkyl radical trapPed and
consumption of Cu' observed

R R
0 0 0
W20 l |
N N N
NH
L A Ph Ph

R = (4-adamantyl)benzyl
L*

O
|0
\N L*
/ \Cu”'
/ -~ L*
—
EtO O

Cu(ll) also plays a role of Lewis acid.

Gong, L. etal. J. Am. Chem. Soc., 2018, 140, 15850-15858. 37



Decarbonlative Functionalization of Carboxylic Acid

e
COOH cu'lL, COOo-Cu'lL, X FG
R’ R2 R R2 functionalization R R2
+
?
cu'L, » Cu'll,
oxidation
Goals
Y >
B Value-added building blocks S v, ' B Achieve catalytic turnover
¥ L — ¢ (

O

B Find good radicalophiles

v

B Find suitable oxidants

38



Decarbonlative Oxygenation of Carboxylic Acid

Cu(OAc), (10 mol%) via

COOH dmp (10 mol%) 0 O
J\ : J]\ . 0, o)
\l/ —
R “R2 =~ (367 nm) R" °R? R17OR? J\
” R1 R2
MeCN, 30 °C, O,, 24 h
*
Oi-Cu" O Cuy" O-Cu'
hv LIH - CO;
R—</ —» | R—{ — R—</ | —>—> Re + CU'

OCu" On-Cy" Oe Cu!

T rebinding |

unproductive pathway

Reiser, O. et al. Chem. Commun. 2022, 58, 4456—-4459.

= Cuy(1a),(MeCN), (3) Cu(dmp)(1a); (4)
paddle-wheel coordination Y5 monodendate coordination
w/o dmp w/ dmp

39



Decarbonlative Borylation of Carboxylic Acid

COOH
/
R |
X
Z
| - COH
75
Z
1.5 equiv.
CO,H
| T ?
R
S
1 equiv.

Cu(OTf), (20 mol%)
B,pin, (3.0 equiv.)
NFSI (3.0 equiv.)

NaF (1.0 equiv.) Me & B Me

. : _ Me mc - ZaMe
LiCIO, (10equiv) _~_Bpin PhO,S. S0P I ‘BB I =
s/ R—— | | Me™: 0 II:O —Me
=~ (365 nm) \\Z F Me i+ e

H

MeCN, 35°C, 4 h NFSI

[O] (combination of BoPin, + NaF + LiClOy)

Br double-decarboxylative
cross-coupling

NS
<Cu! Br |
" #

- Z
: . . concentrate, combine = |
(previous work, ref. 35) no purifications S 7
necessary R =
_ then ' Pd o
A~ | X BPin '
Cu e R~ heteroselective protocol
@ o =

enabled by Cu—LMCT

this work

MacMillan, D. W. C. et al. J. Am. Chem. Soc., 2022, 144, 8296—8305. 40



Decarbonlative Halogenation of Carboxylic Acid

CO,H
\ 2

| ~
F,c” N7 al

0.1 mmol

>10 examples with all four halogenations

W

[Cu(MeCN),]BF4
NFTPT, ( x
MeCN (conc.)

O @ 06

O

O

M
Me
Br

O
e

N—Br
/N\<

O

Y

~ ~
F,c” N7 al Fie” NT el

56% yield?
@ 20 mol%
Ox 1 equiv.
NIS
(1 equiv.)

conc. 0.1M,4h

ZnCl,

©

70% yield

20 mol%

1 equiv.

DBDMH
(0.75 equiv.)

0.1M,4h

Cl
_

~
F,c” N7 al

~
FC° °NT el

62% vyield? 51% vyield?
100 mol% 300 mol%
1.5 equiv. 2 equiv.

ZnC'Z
(1 equiv.)
0.1M,12h 0.05M, 24 h

MacMillan, D. W. C. et al. J. Am.

Chem. Soc., 2022, 144, 6163-6172.

41



N-chlorosucciminide vs. ZnCl, as Chlorination Reagent

NFTPT (1 equiv.)

F
CO,H cl H
/©/ @ [Cu(MeCN)4]BF, (20 mol%) /@’ /@’ o T(g/
F ] X F /@ 0
F

365 nm LEDs
MeCN (0.1 M), rt, 12 h

0.1 mmol 1 equiv. A: 15% vyield 18% vyield 24% vyield
B: 52% vyield 13% vyield 0% yield
0
g atom transfer Cu-mediated
N—ClI @ e coupling
o) % C aryl radical [ L,— Iulll Ph }
as versatile X
/ intermediate \'
X =1, Br X=CI|F
B

o T T

42



Decarbonlative Flurination of Carboxylic Acid

TBAF (‘BuOH), (2.5 equiv)

Cu(OTH), ( )
COOH Cu(MeCN),BF, ( ) F
R = | | g 4 |
'\\Z \,'D'.’ (purple LED) '\\Z
MeCN, 35 °C, 6 h
Mechanism '@'LMCT

CO,Cu(ll) @ CO5' HAT __ g

i cu(ll), F~
\ > + Cu(l) solvent
L slow process v
= Cu(llNF ] .
' cu(ll), F
B -
/ @ pathway a
Cu(l) {

N Cu(IF / Cu(l), F oxidecar
Cu(l) pathway b -bonxylation
Cu(ll)

Ritter, T. et al. J. Am. Chem. Soc., 2021, 143, 5349-5354.

ArCOOH
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Decarbonlative Functionalization of Carboxylic Acid

Ritter et al. 2021 Yoon et al. 2021

1) Cu(OTf), (2.5 equiv)

Cu(OTf), (2.5 equiv
CuTC (1.5 equiv) (OT1); (2.5 equiv)

'PrCN (5.5 equiv)

% _
~[1~ (purple LED) OH O NazPO, (3.0 equiv)
R— + cross-coulping ———»
| & OH
droxulati 2) LiOH (aq.), THF/MeOH e R NP R
yaroxyaton 40 °C, 6 - 24 h ~[1~ (427 nm LED)
| ’ 1
DCM, r.t.,, 24 h
_ selected example:
= | COOLi o
K - A
X o
N Et
‘ H
| Cu(OTf), (2.5 equiv) Br
. . o
sulfoximination LiOMe (1.0 equiv) " 46% 94%
DTBP (2.0 equiv) N
| - z N OMe o, ,0
_ 7/ N\ \ /
M R | 2 O N7
()~ (purple LED) S R NT
1 z A H
MeCN, 35°C, 18 h Boc
MeO OMe OMe
. 0, )
Ritter et al. 2022 93% 73%

Ritter, T. et al. Angew. Chem., Int. Ed., 2021, 60, 24012-24017.

_ _ Yoon, T. P. et al. Nat. Chem., 2022, 14, 94-99.
Ritter, T. et al. Chem. Sci., 2022, 13, 13611-13616.
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Summary

well defined or
in situ formed

R
R—X SET —> ~3 o

key intermediate
F O
. LMCT ®O  alkyl 0 Q)I\R
+ CDO Cl
radical capture O &
Qo-{ R™ o
©OR
Q Ar
N o)
reoxidation ’ QO
oxidant: O,, NFSI, NFTPT 0 Alkyl
Br @ "
.

various transformations
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