HREGIENE CS) AU RIAXTFR
C(sp3)-CiR{BEA S ML

X L Cu“Nu N
Cul/L* , u
R R 2 R R
R2 R R2

LHRA: FFIEID
5S52: AR Bi%
20224E10508H




V,'é [
A3 A47] g
B fO '

> FHRHAIAIIFRC (sp?)-CHRIBER AL
v SRS 2 B RES SHIBERR M
v FONREEY)5 | XBEBESSHIBEIR N

> eS| RBEHRESSHIARIIFRC(sp?)-CHBER R ML

RESRE




A6 A\47]
B 5O

v 1

> RS EY)S

PGSR

{35

v GRS a5

I&E

AE

o

> FERIARIATIFRC(sp?)-CHEIBER R AL

B2 SHUBERR AL

ES 5B

E 5 SHARIIFRC(sp3)-CHE(BEL,

2N



g/ BEN
L2 BENIHIECS) M UREARIIFRC(sp?)-CIBER S M A M R -
HEE*Z : Nu-Nu i&rﬁ :

1 Nu-[M™ "L 1
R Ny * + 1 R , Nu-ML* 1
M"/L*, et 1 R . Ni/Fe/Co R,
Rz;,x %’ RRS > Rs NU X + [Nu] T» + — Y Nu
R? 3R2 R2 R2 R1TR2 R2
l[M] i [Nu] = R-[B], R-[Mg], R-[Si], R-[Zn], R-[Zr], etc.
R’ 1 R R
3 2
R}[M X > \ Rs Ry < Rs
R R2 R2 R
O S &% ERRMN B EiRFIZ AT EERF
0O Z&EBBEL B —fEIE_R(EER)=MUREE

O (=EEBEFRES, XIS REIEH R



46 E3
5 =118

EEBERNT, HEECTIRIER:

Cu"  Ccu™ cu" cu'
Redox: R-LG \\ / » R+ LG@ or R \ / > RO
FG Cu! FG
_ : + Cu'
Radical trap: R1J\R2 ~ R1TOR2 oyl R1J\R2 — > R1J\R2
CU” Cu”
o A% A%
O O | O O . O O R
Lewis acid: O)kN)v\R- v, O)LNMR' R . O)LNMR'
- \J \_J

a) X.-Y. Liu, et al, Acc. Chem. Res. 2020, 53, 170; b) X.-Y. Liu, et al, ACS Catal. 2021, 11, 7978; c) X.-Y. Liu et al., J. Am. Chem. Soc. 2022,
doi.org/10.1021/jacs.2c06718



E/ it = A 47

TRHEALIENE CR) UK AIIFRC (sp®)-CIEEA R M E ImEIHb A -

culL* Nu-Cu''L* R'
Ry——X + [Nu] —4= + — R33Ny
2 R1/I\R2 R2
R3

Hbdk: HREIERIBRIFERTIE:

O EEHEEES, XJBuEERERH B (FRYES | XBEHE, (BHRNHT
O Z &% [ HiERR B RSECIARIGRETREN, (BHRNOATT

0 Z&EEBBESFEZIFIR BB
O SAHECHIRNRRIERSES, MELARiE )

a) X.-Y. Liu, et al, Acc. Chem. Res. 2020, 53, 170—181; b) X.-Y. Liu, et al, ACS Catal. 2021, 11, 7978—7986; c) X.-Y. Liu et al., J. Am. Chem. Soc. 2022,
doi.org/10.1021/jacs.2c06718
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v IEHIE

LIS

> R EH5

RESREE

v GRS a5

I&E

AE

o

> JHEHAIAIIFRC(sp3)-CHEBER R ML

ES 5B

25BN

H 2 SHRITFRC(sp?)-CHEBE,

2N



@/ﬁm%ﬁmﬂa\ﬁ [z}
JRAIE RS EISEA

Ir(ppy)s (0.5 Mol%)
o. CuBr (1 mol%)
Ar NPhth (1R, 2S)-L1 (1.2 mol%)> Ar
O TMSCN (1.1 eq.)

1 DMF/p-xylene (4:6)
Ar, blue LED, 24 h

CN

20r3

S el e -

CN CN

/

Bpin S

2k, 38%, 94% ee

CN ©
CN CN
Ph O
S
F o

3b, 85%
3a, 92%, 92% ee (dr=1:1, 86% ee/86% ee)

2x, 67%, 88% ee

2y, 71%, 90% ee

3e, 79%, 88% ee

Z. Lin, G. Liu, etal., J. Am. Chem. Soc. 2017, 139, 15632.

S SHUBERSIN —sorwiscna:

=1201==k

a) scale-up reaction (0.27 mol scale)

Ir(ppy)s (0.13 mol%)
o. CuBr (0.26 mol%)
NPhth (1R, 2S)-L1 (0.26 mol%) CN

0O TMSCN (1.35eq.)
DMF/toluene (1:1)

1d Ar, blue LED, rt., 4.5 d 2d
34.3 g, 95% yield
_____________________________________________________ 88%ee . __.
b) One-pot reactions
1) DMAP (5 mol%)
Q DCC (1.0 eq.)
OH DCM, 0 °C )\
ArJ\H/ HO-N > A7 TCN
o) + 2) standard condition
c
3a 3b 3e
94% yiled 85% yield 52% yield
91% ee dr 1:1, 86%/86% ee 89% ee
¢) drug molecules synthesis COOH
NH,HCI
' R' ref,
R Ranney Ni (10 mol%)
Boc,0 (2.0eq.) N NHBoc
7N CN > R—: \
R~ H2 (20 bar) Z ref. N 4N
% dioxane, r.t., 24 h cl
R =H, R'= CH,CO,Et, 90% ee 92% yield, 89% ee
R =m-CIl, R'= Me, 91% ee

85% vyield, 91% ee 8



U5 | R BEBHESSHIBER

MY srvscneis:

BEAOIR RZHLEE
Ar%{o NPhth + TMSCN M’ /L

O\NPhth stand. cond. O/N 5
0 TEMPO (2.0 eq.) 1
Bu Bu enantlo enriched
37% vyield
b) 2
L*Cu'CN
O. stand. cond. S CN , _
NPhth > CN Lprh X" PC y int.1
o) 0 /4 »
O \/ 49% yield 12% yield 1 PC* y
(o) !
o ee SET L*Cu'(CN)
c) ) ) PC* A
0. CN L*Cu''CN
(S) NPhth Stal.‘ld. Cond.> OO Ar;k
~ 0 ligand ~o int.1
O TMSCN

with (1R, 2S)-L1, (R)-11, 84% yield, 87% ee
with (1S, 2R)-L1, (S)-11, 85% vyield, -88% ee

Z. Lin, G. Liu, etal., J. Am. Chem. Soc. 2017, 139, 15632.



@/ SRR | &

ORI :

Cu(CH3CNy,)4BF, (2.5 mol%)
4G L1 (3 mol%), Ph-PTZ (5 mol%)

Ph—— > —
ey TMSCN (20eq.), 01 Min THF "N — 4
(0]
30°C, 24 h, 2 x 5w purple LEDs 137g
(LG = 3,5(CF3),-Bz0O) 81% vyield, 95% ee
Ph o
CF

seol |

S CF;
Recoverd Ph-PTZ: Recoverd acid:

91% yield 85% yield

L.-Q. Lu, Y. Lan, W.-J. Xiao et al., J. Am. Chem. Soc. 2019, 141, 6167.

S SHYBEX

FSER

MY srvscneis:

a)
w04 NN ¢ (15.2R)-L1
m [ |
[ ] * 8
80 (1R, 25)-L1 u . .
aae QROL i ) e
g | R-3a: 88% yield, 922’6 et g G\lgﬁo
O 60 = ® N N\)””
2 "
> *
40 J . (1S, 2R)-L1
| S-3a: 84% yield, 91% ee
] z CN
20 4 * standard conditions
= LG (1S, 2R)-L1 Z
Ph™ (S)1a or (1R, 2S)-L1 Ph™ chiral 3a
0 T T T T T T T T T T T |
0 1 2 3 4 5 ]

Time (h)

10



@/ SR

IS &

=2 5SHBER

ab |- AbE/J+
o] BERY I AT AJ8eAY3L
c)
LG radical cyanide
eneration i
R%< g > R_— Q generation > CN-+ TMSLG
R .7 N R TMSCN
' |
* + - .
Ph-PTZ Ph-PTZ R — \9
photocatalysis " o~ R
cycle reduction L*Cu'(CN),
{ L*Cu'(CN),
Ph-PTZ N SET
Ph P‘RQCESS “loxidation ~Cu catalysis
I R .
N cycle
@SD L*Cu'(CN)2 ] B
‘} L*Cu'CN ‘/(
CN- R

L.-Q. Lu, Y. Lan, W.-J. Xiao et al., J. Am. Chem. Soc. 2019, 141, 6167.

iﬁ‘\l ——FITMSCNAY{BELR
Ryl E




@/ SALEARIE | & B LS SHO(EEL

Cu(CH3CN),BF, (2.5 mol%)

A _<OAC L1 (3 mol%), Ph-PTZ (2 mol%) _
T TMSCN B\ p-xylene (2:3, 0.1 M)

2 x 3w purple LEDs, r.t., 24 h

P HlSENG

Ar—
R
22 examples
up to 93% vyield
up to 92% ee

MY srvscneis:

a) Radical clock experiment

CU(CH3CN4)4BF4 (25 mOl%)
L1 (3 mol%), Ph-PTZ (2 mol%) .~ N

+ TMSCN
Ph DMF/p-xylene (2:3, 0.1 M) N P
2 x 3w purple LEDs, r.t., 24 h Ph

CN
Ph N

Detected by GC-MS

b) Quantum yield determination

OAc Cu(CH3CN,)4BF4 (2.5 mol%) CN
+ TMSCN L1 (3 mol%), Ph-PTZ (2 mol%) '
DMF/p-xylene (2:3, 0.1 M)
Br 400 nm light, r.t., 2.5 h Br
Quantum yield: 0.36 3k, 1% vyield

Y. Cheng, L.-Q. Lu, W.-J. Xiao et al., Chin. J. Chem. 2020, 38, 1671.

c) Light/dark experiment

yield/ %

= yield of 3k
80 J.—
. 'l
60
..-'
40
- [
20 !
.-"Light Dark | Light | Dark | Light | Dark | Light | Dark
0 0.5 1.0 5 2.0 25 3.0 3.5 4.0
time/ h

12
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Bl

——1

ILJ\ %J

v SCHITES
v RS E

Y5

> fESEYI5 I A&E

AE

o

> JHEHAIAIIFRC(sp3)-CHEBER R ML

ESSHHBER ML

B2 SHUBER N

12=)

===

H 2 SHRITFRC(sp?)-CHEBE,

2N

13



@/ HAMEEEYS | KB RS SANBBRR omwens
AR RMNEIFN

CuI (10 mol%)
(12 mol%)

\Hk /H CszCO3 (20eq) \/ \H\
PhCF, rt.

blue LED (24 w)

R yield of 4 yield of 4' yield of 4"

0
—§N 21% 30% 12% EEREEEEEE 7 :
+ OMe !
Y | N 5
0 : 5
Q. oL
_E'N O 30% trace trace N :
! O !
0 | |
] ' L2, Ar = 3,5-Bu,CgHy |

-§'N 37% tracs trace
O

X.-Y. Liu et al., Angew. Chem. Int. Ed. 2020, 59, 16926.



B s eI KBRS SHBRRAL oo
[RYIER B EIE R AR AL :

Cul (10 mol%)

o

O L2 (12 mol%) R3
1
R\HJ\O/NNaphth N /H Cs,CO3 (3.5 eq. ) RH/
R? rs~ PhCFsrt, 3d
blue LED R?

60 examples
up to 81% yield
up to 99% ee

One-pot synthesis

______________________

0 1) DCC, DMAP
o
COOH . HON OO DCM, 0 Crt
2) stand. cond.
O 61%, 97% ee

H, R? = Et

1 5 55%, 90% ee
R —’Bu, R4 = Me

Large-scale sythesis

0 _ Ph
Ph _NNaphth H Ph/
\Hko p . / stand. cond. - :
Et Ph Et
189 1.5 eq. 58%, 98% ee

X.-Y. Liu et al., Angew. Chem. Int. Ed. 2020, 59, 16926.



@/ﬁmnm%a\ﬁ 5

P mhlISEEG -

a) TEMPO inhibiting experiment

o y _Fh
Ph _NNaphth = tand. cond Ph/ Ph
\Hko . Ph/ stand. cond. : . Z
Et TEMPO (1.0 eq.) Et y
1.5 eq. Ph
0 30%

b) Radical clock experiment

O H P Ph
Ph
Ph _NNaphth 4 stand. cond. . Ph/ _
O + Ph/ : + Phw
1.5 eq. A
53%, 87% ee 10%

c) Reaction with stoichiomeric copper acetylide and ligand effect
o) Ph

Cu L2 (12 mol% or 0 mol%) /
Ph _NNaphth Ph
\HJ\O ap + Ph/ =

CSQCO3 (35 eq)

Et PhCF5, rt., 3d Et
1.5 eq. blue LED without L2, 10%
with L2, 55%, 92% ee

X.-Y. Liu et al., Angew. Chem. Int. Ed. 2020, 59, 16926.

S5INBESN.  ssememes

N .
ERY sz M ATLIE :
cu
base
¢L2 -
Ph —
Rl/ L2Cu!
R2
L2Cu''——Ph
o+ L2Cu!
R1OR2
0
R’ _NNaphth
S
0 R?
N1
4 [ch;u Ph]
+ CO,

Ph

hv

16



@/ﬁﬁﬂ%ﬂam%?ﬂﬁ =[azh:

S SHHBER M -

____________________

Ar Cul (10 mol%) 5 O O N
Br— L3 (15 mol%) ! !
R ‘BuOLi (3 eq.) i N A N '

. “—=Fey | Yo\, M Jmol o\
SN DCE, -10 °C, 48 h Y RN N
FG— D blue LED | N
Y 30 examples 7\ L
Y=0,S up to 80% yield | ' l

1 -

0.8

06 -

gy

04

0.2 A

. r-amr e

330 380 410 440 470 300

G. Zhang et al., Angew. Chem. Int. Ed. 2021, 60, 2130.

up to 99% ee

____________________________

UV-visible spectra of substrates and complexes in DCE

— |

=——tBuOLi

Cul (2.0 eq.)
L3 (2.0 eq.)

=——tBuCLi+Ligand

===t BuOLi+Benzoxazole

ses

DCE, rt., 2 h
then CD30D (20 eq.)

Benzoxarole
. C L4+ Be nzoxazole

—|jgEnd

t .
BuOLi (2.0 eq.) -

— ML S YIHIHBER

91”’

e

photoactive complex:

N
@ S—H/D
o

88% D incorporation

Cul+Ligand Cul 10 mOI%)
L3 (15 mol%)
s Ligand+tBUOLI
\> 'BuOLi (3.0 eq.)
e "+ L igand 4+ tBuOL i+ Benzoxazole DCE rt 24 h

Wavelength(nm)

e

90%

17
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L1

BEAY S AL :

=

Cul
N Ar ¢L, base N
©: \>.< | S—Li
o LCu 0]
transmetallation

{@i(l}_(:“l] L|
{@%ﬂﬂ el

electron
transfer Ar
N
(L e i
o +
LiBr

Ar” N

G. Zhang et al., Angew. Chem. Int. Ed. 2021, 60, 2130.

=2 SHWBER N -

— ML S YIHIHBER

18
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-
HRNA R

> FERIARIARIFRC(sp?)-CHEIBER I AL
v SRS 2 B RES SHIBERR M
v RS SIS A B BEES SHUBEAR M

> eS| RBEHRESSHIARIIFRC(sp?)-CHBER R ML

RESREE




________________________

@/ eSS | & B HES SRUBERR N —imsswanmims

. | 7 |
R e N CuBH,(PPhg),/L*6 f Y Y—culL*6 . | OMe
0" NY” H,0""BuOLi b7 sy -N RY O .
Y—Br 4+ | J\\> - . e YT, N !
R2 “..s~7  DMA/DCM, 10 °C . i ,,;J\Z> <R2 ! :
| RVCR? YN NH PAn
Y=C,N:Z=0,S >40 examples . N .~ o I
N 1A o6 up to 85% yield 1 | 5
XN L1 ZAY H - up to 95% ee tL 6, Ar=9-Phen_ 7" _. '
*I?_EU 5&:"_1& I:I] ﬁUEI\J&)\_\LdﬂJ- =+ .
3) PMP,
Br N-N TEMPO (2.5 eq.) >:N\
)\ + )|\ \>7H standard conditions _ O __N | N._
Ph” “Et 0 g : 0
PMP r.t. : )\
Ph” Et Ph” Et
0% 28%
PMP
b) >:N Ph
Br N/N \ N
+ | \>7H standard conditions O__N + N T
Ph X /Lo > = >\,o
5 PMP rt. : oh
Ph Ph/\@/\ PMP
3
Ph
12% 10%
_N _N Et
c
) Br N| \>—H standard conditions N| \>_<
+ Ph 0 ~ Ph 0
Ph)\Et \«L rt \«L Ph
69%, dr 1:1

X.-Y. Liu et al., Angew. Chem. Int. Ed. 2021, 60, 380.



R2 ‘BuOLi (4-6 eq.)
+ H,0 (2-3 eq.)

’
@ DMSO/DCM (2:1) Y R?
BR; Ar, -5 ~-10°C R" "R? >50 examples ¢ O

up to 80% yield ! '

R = aryl, heteroaryl, alkynyl up to 97% ee | L

155305

Ph
a)
COMe Y\{
standard
Br o MeOC 6%
Ph condition
Ph + )\+ —_—
Ph Ph
B(mac) COMe

52%, 92% ee

b)
Br Ph standard
)\ + B condition )\
Ph (Mac)  “Tempo (1.0eq)

Ph HRMS detected

Z.-L. Li, X.-Y. Liu et al., J. Am. Chem. Soc. 2020, 142, 19652.

Ph

N e e e e e e e e e e e e e e e e — o

SHHUBEAS N — st

@/%n,mfr@awi' -;-7;5_\

o Cul (10 mol%) ' OMe /ZJ
0, 1
>—X L'(12 mol%) : N
: |

c)
Br Ph standard Ph
condition
+ B(mac)
F’h)\ 21 h
Ph
0% ee °h 36%, 94% ee
d)
Ph
Br standard h Ph
condition
Ph/k + B(mac)
21h
Ph Ph
(S) 81% ee
e)
Ph ‘BuOLi (4-6 eq.)
Br H,O (2-3eq.) Ph
)\ + B(mac) >
Ph DMSO/DCM (2:1)
Ph Ar, -5 °C,21h Ph

(S)81% ee 0% vyield

Ph

Br
+ Ph)\

0% ee

Br
Ph/'\

33%, 94% ee (S) 74% ee

Br
Ph)\

(S)77% ee

21
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BERY Sz N AL :

LL]

Z.-L. Li, X.-Y. Liu et al., J. Am. Chem. Soc. 2020, 142, 19652.



%l__Ln EY15 | R ERESSRIBEAR N — mmessmoms

kfr\
MZIK')FE Ph\/\ e Cul (5 mol%) Et
Br B + X Ph
L (7.5 mol% Ph
)\ 6 ( o) > ph)\/\Ph
'BuOLi (2.0 eq.), H,0 (1.0 eq.)
DMF, I’.t., AI’, 2 d 6 6!

S

MeHN NHMe
6, trace

6. 3% 31% oo 6,57%, 16% ee 6, 57%, 91% ee -20°C, 4 d: -20°C, 4 d: -20°C, 4 d:
6 77";,/0 0 6', 15% 6', 26% 6, 77%, 95% ee 6, 55%, -14% ee 6, 51%, -96% ee
’ 6', 8% ' 10% 6', 34%

Y NHONT [ NHNT
N/OZHS N/OZHS

7 74 74 74
OMe /Zj OMe /Zj OMe /ZJ OMe /ZJ
N N N N
| N NH PPh, | N NH PAr, | N NH PAr, | N I\IJH
N N N N 0=S
Z 0 = 0 Z o Z p

= i
6, 13%, 32% ee Ar = 3,5-BusCeHs Ar = 2,6-Me,CgHs 6, 4%, 50% ee
6' 62% 6, 29%, 43% ee 6, 28%, 46% ee
6'. 35% 6'.32%

72 72
@e OMe
N N steric effec

O O

L7 hemilabile ligand

Z.-L. Li, X.-Y. Liuetal., J. Am. Chem. Soc. 2022, 144, 6442.

23



R e | KBEBRESSANBES M - awsmoes

IR SLLG :

a) Radical trap experiment

Br
Ph -0 Et Et
: . =
Et . Cl) TEMPO (2.0 eq )> Ph + O/N
stand. cond.

Ph Ph Ph
____________________________________________________________ 0% .2 .
b) Radical clock experiment Ph

Br Ph.-~_.0 Ph™ X
)\M + \/\Eﬁ stand. cond.
N >
Ph O Ph
______________________ 2V
c) Effect of nucleophile on reaction initiation
Et
)B\r stand. cond. Ph Br
Ph O Et - Ph +
Et Ph Et
_______________________________________________________ 0% ___________hoconversion _ .
d) Enantiopurity of recovered alkyl bromdie
Br stand. cond Me Br
" A B(mp) . oond- +
PMP
Ph)\Me PhMPMP Ph)\Me
0% ee 21%, 82% ee 0% ee
67% ee 22%, 82% ee 67% ee

Z.-L. Li, X.-Y. Liuetal., J. Am. Chem. Soc. 2022, 144, 6442.



%IEIZ

BERY M AT1IE
R%RL;/A B(OR),

=xZIE1V.53

II.I.

S HEZSSHYBER

Cul (5 mol%)

L7 (7.5mol%) _ R* R

DMF, -20 °C, Ar, 4 d

R' = aryl, heteroaryl, alkynyl

'BuOLi

L
Cu'Xx —>LcCu'X
base

LCu'OBu 3

LiX

BUOLi (2.0 eq)  R!I"NF

H,O (1.0 eq.)

R4
>80 examples,

up to 98% yield
>99% ee

T

4
R ‘BUOL|
H,O

N st
BEAYCUFR B RIS IER:

O
OMe N
e \\S*F”O

R3 -
" > H favored re-TS
‘BuOB(mp) cull R4
R* inhibited at N ki
low t t
; ow temperature OMa N \\
r S_,;__,f )
- Ao (e
R1/\R2 R R H N H:..
= ‘Y cu
N = f /\-—N/ xl %
4 b
TAC“”'- I H Ph
"~ BuOLi R3 <y
WAB (mp) R4 B X B

R* inhibited by N,N,N-ligand

Z.-L. Li, X.-Y. Liuetal., J. Am. Chem. Soc. 2022, 144, 6442.

disfavored si-TS

25
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=2Z5HBER

Bl imist

Ph

By

+
Ph——

Cul (10.0 mol%)
L (15.0 mol%)

Cs,CO5 (2.0 eq.) /‘\
MeCN, r.t.

RZ N —— Fsissrizaian:

e

E ‘ o\P_N/ MeO PAr,
. 0" '\ MeO PAr,
\\\ PPh2 OO O

5 trace, 5' 22% 5 trace, 5' trace

L2, Ar = 3,5-'Bu,CgH3
5 90%, 94% ee J

Ar = 3,5-'Bu-4-OMe-CgH,
5 trace, 5' trace

L3
5 81%, 50% ee

0] (@)
N N\) I/>
@)
Ph
PPh,
5 trace, 5' 52% 5 trace, 5' 32%
| NH PPh,
N
Z 0
L4

X.-Y. Liu et al., Nat. Chem. 2019, 11 , 1158.

26



X.-Y. Liuetal.,

TR EY5 | /<REHRE

S SHYBEX

CuTc (5.0 mol%)
L2 (7.5 mol%)

Cs,CO5 (3.0 eq.)
: R?
Et,0, r.t. /

RZ N —— Fsissrizaian:

> 120 examples
up to 99% ee

Et Me
= _ - Ac
oz //\@

88%, 97% ee

96%, 96% ee

_CN

Me Me
N B Ac - Ac
L U
TsN -
H Et

81%, 95% ee

68%, 95% ee, dr > 20:1

(:)3
- Ac
/\©

77%, 95% ee

Me
L

71%, 93% ee

49%, 95% ee, dr > 20:1

Nat. Chem. 2019, 11, 1158.

27



1 hlSER B AT RERY S M ATLEE !

R EYIE | KB RBES S EEL S N ——rsmietms

TEMPO (1.2 eq.)

a) Ph b) CuTc (5.0 mol%) Ph
j Et,0, rit. Ph L3 (7.5 mol%) N
Ph———Cu + Br Et ’ 4 Et Ph———H + Br Et CSQCO3 (30 eq)» \O Et
Ph Et,O, rt.
with L3: 82%, 88% ee ~10%
without L3: no reaction
c) d)
4-Cyanophenylacetylene Ph
CuTc (5.0 mol%) CuTc (5.0 mol%)
Ph L3 (7.5 mol%) Ph j L4 (7.5 mol%) = TEt E
__ ) . Cs,CO5 (3.0 eq.
Ph———H + Br)\ﬁ/\ C$2C05 (3.0 eq )> Ph Br Et 52005 (3.0 €q.) . *+  Br Et
* Et;0, rit. Z Et,0,rt, 2h
Ph NC
76% 0% ee 35%, 72% ee 0% ee
75% ee 31%, 72% ee 75% ee
e)
X
L RZJ\R?’ .
|[R=—c| = = R'-=—cul » R-=—cu'lL *+ Rz g3
n 1 —
R'-——H \
HCO3
I
CO3_ + R1 H Cu'L

X.-Y. Liu et al., Nat. Chem. 2019, 11 , 1158.

28



eSS & E

S SHYBEX

4

FoiRZ2R.

Ph———H + BF\HJ\N/R
B

0] Cul (10 mol%)
L5 (10 mol%)

KsPO, (2.0 eq.)
n MeCN, r.t.

RZ N —— Fsissrizaian:

Ph (@)

\ru\ .R
N
Bn

O

i}g

TS
P

R =Ph
67%, 13% ee

(G2 H 70

SN

Ph Ph

R =Ph
60%, 40% ee

0
\\(N N \/J N
Ph Ph

R =Ph R = Ph R = Ph
55%, 3% ee

86%, 13% ee

o o (RO

5 et e

& ki ()
75\ L5/:\

80%, 76% ee
R = Mes, -10 °C

\ 84%,94%eej
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G. Zhang et al., Angew. Chem. Int. Ed. 2020, 59, 13998.
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KsPOy4 (Y eq.) N~ T R |
Ar 3 o | x=1,y=0, 0% !
MeCN, -10°C AT ix=1,y=1,67%, 95% ee
b) TEMPO (x mol%)
O Cul (10 mol%) Ph o i taee T .
— Br Bn L5 (10 mol%) N x = race !
Ph—=— . > A e . :
* %'T‘ KsPO, (2.0 eq.) ,TrB” X=0,72%, 95% ee
Ar MeCN, -10 °C Ar
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c) Cul (10 mol%)
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MeCN, -10 °C
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MeOzCCeH4
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| K3PO4 (20 eq)
MeCN, -10 °C

0% ee with (S,S)-L5 (10 mol%) 41%, 95% ee 55%, 2% ee
Ar = 2.4,6-trimethyi phenyl 0% ee with (R,R)-L5 (10 mol%) 48%, -91% ee 50%, 3% ee
99% ee with (S,S)-L5 (10 mol%) 65%, 95% ee 30%, 20% ee
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MeCN, -10 °C, or r.t.
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O R L ¢base — r
R’ M a
N LCu'
Ar R?
LCu'——R
o LCu'——R
R2 path b
/N\
= Ar
O
Br\HJ\ _R’
N
path a LCu'—=——R R? Ar
+
0 .
Y\RZ
1N<
R Ar

G. Zhang et al., Angew. Chem. Int. Ed. 2020, 59, 13998.
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Et. ph Cu(OTf), (10 mol%), L (15 mol%) Et, _Ph
PhHN N / »  PhHN
Cl Ph Cs,CO5 (3.0 eq.), PhCF3, rit., 36 h R
o) o) Ph

Iy % 72 . o /A
%f Qdr 0dr ol ol 0o

Me2N MezN MezN MezN MezN
| =
65%, 41% ee 62%, -51% ee 74%, 55% ee 66%, 42% ee 81%, 61% ee R = Ph, 83%, 72% ee
R =1-Np, 80%, 78% ee
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R
@)
O 7\
/ \ Bn _
@ e g
R N
Me>N
Me,N Me,N 2 RZ,N
R = Ph, 76%, 82% ee R = 4-'BuPh, 84%, 85% ee 21%, 17% ee R', R? = 4-BuPh, (CoHa), 21%, 37% ee
R', RZ = 4-BuPh, Bn, 12%, 0% ee

R =1-Np, 72%, 85% ee
\R = 4-'BuPh, 80%, 86% eeJ

Q.-S. Gu, X. Hong, X.-Y. Liu et al., Nat. Chem. 2022, 14 , 949.
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up to 90% vyield
up to 92% ee

RZ N —— Fsissrizaian:

R=H, R = 5-CF,
R = 3,5-Me,Ph, R' = 5-CF5

' R
R’ 2 R! 2 ! o)
Ar1HN\”)<élr . _ Cu(OTN, (10 mol%), L (15 mol%) ArWN& NN
S R? Cs,CO;3 (3.0 eq.) 5 N 2 )T =N HN><_>
MTBE/cyclohexane,10 °C, 80 h + R R
61 examples | R =4-Buph Me2N
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up to 94% ee
R |
R1 R1 ' (@) !
Ar1HN\[€<gf . = _ CulOAc), (10 mol%), L (15 mol%) Ar1HNw)M\i | /_\ |
5 R? Cs,C03 (3.0 €q) 5 Sgeig N HN’OE
PhCF3,10 °C, 80 h 9 examples Me,N
up to 67% yield . R =9-(10-phenylanthryl) !
upto92% ee = TTTTTTTTTTTTTToToTTomoomTooeod
: % |
. OMe /ZJ 5
I N I
0 R® 5
RLN&Br . CuTe (10 mol%), L (15 mol%) | Vi NN
Rz R Cs,C03 (3.0 €q.) RN e - NF Ny
Et,0,10 °C, 80 h | , | R
17 examples ! R 2

Q.-S. Gu, X. Hong, X.-Y. Liu et al., Nat. Chem. 2022, 14 , 949.

. R=H, R'=1-isoquinolinyl
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---------------------------------------------------------------------------------------------- | 100 -80 -B0 -40 20 § 20 40 60 B0 100
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0O ’ 0 Ph ! f,x" a0
E2 i 110 o, : =100 -
with C1: 75%, 89% ee |
_________________________________________________________________ with Cu(OTf),/L: 50%, 88% ee__ __
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O H Et. pn /Cu Cs,C0; (3.0 eq.) E 100 - +E.e. of 11 Yieldof11  +Ee.of E2
%C' " Ph PhCFy rt. 5 . 4a .
o) S Ph I 80
with L: 20%, 88% ee £ 6o
without L: 0% -
d : 2 a0
) Me , Cu(OThH,/L Me via  Me A
I~ RUR Cz Cs,COj5 (3.0 eq.) N N. O -
N\[(<X + / 0O \f E 20 |
Froz Prers 1 AN |
R2 R RZR |
' 0 - T L = & - ,
X= Cl R1 Et, R2 = Ph 90 OC, 30% ! 0 o 4 g 8 10 12 14 16
X =Br, R'=Ph = Me Cz:9-carbazolyl 50 °C, 45% : Time (h)

Q.-S. Gu, X. Hong, X.-Y. Liu et al., Nat. Chem. 2022, 14 , 949.
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up to 99% yield
up to 98% ee

R4 5 7
CuOAc (7.5 mol%) ,  OMe
N L (7.5 mol%) (- | N
R, 1 Cs,C05 (20eq) | R'op
X 2 1,4-dioxane, r.t. R R® & ] N NH PAr,
>70 examples N A 0
|

SCISIRFREC NI B HRAVEC R -
iﬂ”’t Hz _HEN:‘L_ .
N LA A~ N

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

0 48 48 47 48 45 44 A3 42 41 A0 3.9 38 3.7 3.6 35 3.4 23 2.2 3.1 3.0 2.9 2.8 27 2.6 2.5 24

"H NMR Studies of the L2 Cul Complex. Red: "H NMR of L2. Blue: "H NMR of L2 Cu'.

X.-Y. Liuetal., J. Am. Chem. Soc. 2020, 142, 9501.
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180 1 —— CuBr 180 + CuBr+L2+Base
100 +
120 +
3 7 ‘43 50
@ start
Eol & £ 207
=] o
-100 + 90 T
-150 } : } -160 + + : {
0.2 0.4 0.6 0.8 -0.6 -0.4 -0.2 0 02
potential (V vs. Fc/Fc+) potential (V vs. Fc/Fc+)
CuBr: +0.6 V L2 CuBr: -0.1V

Cyclic voltammograms of CuBr (red) and the L2 CuBr complex (blue).
Conditions: 10 mM in CH3CN with 0.1 M BuyNPFg as electrolyte and a 100 mV/s
scan rate using a glassy carbon working electrode and a Pt counter electrode.
Potentials were calibrated with Fc as an internal standard.

LIRS MNARFEEHRINE:

Independent synthesis‘
Reaction component

—-_’Mv\/\/\/—_

2400 2600 2800 8000 3200 3400 3600 3800
X-band EPR spectrum (9.26 GHz, 100 K). Black: a mixture of Cu(OAc),,

L2, and 4-Cyanophenylacetylene. Red: a reaction component of the
standard model carboalkynylation reaction. 35
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outer- sphere radical substitution
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high yield, high ee, high dr
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