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1.1 Bre /S HIC(sp3)-HE Fefb — —BEFEAL
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5% NiBr,-glyme

O 7% (R, S)-L
o) 0
Et\_)'l\ 1.5 equiv DMDC, 1.0 equiv NH,CI
OH . Et Et
H Et 1% PC, 1.0 equiv Na;HPO, NHB
blue LEDs z
NHBz i-PrOAc, 15 °C, 22 h a-amino ketone

: via: O O
3.0 equiv
e XL,




1.1 Bre/; FHIC(sp3)-HE fetb ——Et 4L

a) Bioactive agents containing a-amino ketone motifs

7 O
n-Pr
Me
N N
m—ﬂﬂc ( 7 Me m
S
Prasugrel Pyrovalerone Methcathinone

b) Classic strategies for asymmetric synthesis of a-amino ketones

o 04. chiral car
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R"J'I\/R Efectmph:hc

susceplible to specific a-amination
mixed enolate electrophiles C-N bond formation
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preformed highly relied on
acyl surrogates  aromalic amine C-N bond formation



1.1 Bre/; FHIC(sp3)-HE fetb ——Et 4L

A putative catalytic cycle:
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1.1 Bre /S HIC(sp3)-HE Fefb — —BEFEAL

5 5% NiBr,-glyme
7% (R, S)-L o
Et\)L 1.5 equiv DMDC, 1.0 equiv NH,4CI
OH - Et Et
H Et 1% PC, 1.0 equiv NagHPO4 N
blue LEDs NHBz
NHBz i-PrOAc, 15°C, 22 h a-amino ketone
. via: O O
3.0 equiv
Et
e X,
"standard conditions”
entry  variation from the "standard conditions" vyield (%)? ee (%)?

1 none 90 92
2 no NiBrs-glyme 0 -

3 no (S, R)-L 0 -
- no PC, or no light 0 -

5 no NH,CI 77 92
6 under air in a capped vial 77 92

7 25 °C, instead of 15 °C 89 91
8 Boc,0O, instead of DMDC 20 86
9 EA, instead of i-PrOAc 75 87
10 dioxane, instead of i-PrOAc 72 90
11 L1, instead of (R, S)-L 89 -13
12 L2, instead of (R, S)-L 79 -23

PC = IrfdF(CF3)ppy]:(dtbbpy)PFg DMDC = Dimethyl dicarbonate.



1.1 Bre /- S H]C(sp3)-HE Bt

——Bi AL

5% MiBrs-glyme
7% (R, S)-L
fL H\rm2 1.5 equiv DMDC, 1.0 equiv NH4CI ,ﬁ\/Rz
- 1
R' “OH NHBz 1% PC, 1.0 equiv Na,HPO, RT3
0.5 mmol 3.0 equiv blue LEDs NHEB2
i-PrOAc, 15 °C, 22 h a-amino ketone

carboxylic acid a-amino C(sp®)-H

MeO Et C

0 NHBz
12
78% yield, 92% ee

0 @)
{J/u\/\)‘\/\/a
\ NHBz
16
76% vyield, 96% ee 7

15

63% yield, 91% ee

i
L
m
|

22
82% yield, 95% ee °

Scope of carboxylic acid

o] 0
I\/\/\)'l\/\/Et Er\/\/\)j\/\,Et

NHBz

NHBz
14

13
72% yield, 89% ee 72% yield, 92% ee
O

Et

N Ph

77% yield, 95% ge ®

Scope of N-alkyl amide

0 0
e A _me et I _Et
NHBz

24

23
88% yield, 92% ee  B0% vyield, 91% e

=
I
m
e}

17

0
et _JL_ i-Bu
NHBz

235
92% yield, 90% ee



1.1 Bre /1 S HIC(sp3)-HE BEfb ——
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5% MiBrs-glyme

7% (R, S)-L o
JC'L H. R? 1.5 equiv DMDC, 1.0 equiv NH4CI ’u\/RZ
1 - R1
R' "OH NHBz 1% PC, 1.0 equiv Na,HPO, H
0.5 mmol 3.0 equiv blue LEDs NHEB2
carboxylic acid  g-amino C(sp®)-H i-PrOAc, 15°C, 22 h a-amino ketone
Late-stage functionalization

from Artesunate

42 (R, S)-L: 76% yield, 5:95 dr
[43, (S, R)-L: 76% vyield, 94:6 dr]

from Lithocholic acid

5 CH;
0 39, (R, S)-L: 50% vyield, 5:95 dr o HBz
n-Bu [40, (S, R)-L: 60% yield, 95:5 dr]
H n-Bu
ez = o EIHEZ
from Stearic acid 0 n-Bu
of i H from Isoxepac .
38, 73% vield, 89% ee © : w
o NHEBz n-Bu 41, 44% yield, 92% ee ? TESO
Cl
“NHB
z 0 o

from L-Menthol from Dehydrocholic acid
44 (R, S)-L: 54% vyield, 3:97 dr*® 46, (R, S)-L: 55% Yield, 95:5 dr?
[45, (S, R)-L: 60% yield, 96:4 dr] ® [47, (S, R)-L: 56% Yield, 5:95 dr] ©

Ph

from Oxaprozin
48, 55% yield, 92% ee

0 8
Ph \M;’” . NH
N NHBz >< m
Me0,C” N0 o

n-Pr

from Bezafibrate
49, 70% yield, 85% ee



1.1 Bre /S HIC(sp3)-HE Fefb — —BEFEAL

a) a-Amino radical trapping experiment c) Ni precatalyst control experiments
0

CO,Me et AL~ _Et Q
O ,)\/snzPh - Et\)j\ variation of nickel 0]
Et\)L plus . = OH
OH (1 equiv) NHEz = Ef Et

10% NiBry glym > 2, 0% (GC) H\(‘\/ Et  otherwise identical as :
H Et y 2 MeO,C . iti " NHEz
\l/\/ 13% (R, S-L e0; \W\/Et NHBz standard conditions
NHBz otherwise identical as NHBz
"standard conditions” 55 219, yield, racemic entry conditions yield (%)? ee (%)°
b) Kinetic isotope effect experiments
0 1 NiBrs-glyme (stand. cond.) 80 92
A en AL i 2 Ni(cod) 0 i
K‘\/\’ Et OH Et\)lv/\/ Et 2
NHEZ - ¥ 'NHEz 3 as entry 2, but plus 1.5 equiv NaBr 3 86
X = HorD “standard conditions” 2/ 2-d 4 Ni{acac), 8 nd
parallel reactions: ky / kp = 3.1 5 asentry 4, but plus 1.5 equiv NaBr 73 89

competition reactions: ky / kp = 4.3

! !

KIEEYKTF2, I—RERZE=ERN, FEF BN REFEBEHE:
C-HEMBYER R ELBEEETGE MacMillan, 2016,JACS
Murakami, 2020, JACS
Murakami, 2020, ACIE
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1.2 Bre /1 S HIC(sp3)-HE BEfb ——
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nature =

COMMUNICATIONS

ARTICLE

OPEN

| M) Check for updates

Asymmetric benzylic C(sp3)—H acylation via dual
nickel and photoredox catalysis

Leitao Huan"2, Xiaomin Shu® "2, Weisai Zu', De Zh-:mg1 & Haohua Huo® 1™

0 10% NiBry-glyme

/\)L 13% (S)-L
Ph OH

1% PC, 1.5 equiv DMDC
H

1.0 equiv NH,4CI
g
Ph

1.5 equiv Na,HPO,
3.0 equiv

40 W 427 nm Kessil lamp
i-PrOAc, 10 °C, 25 h

"standard conditions”

O
Me
- Ph 0 0
T

11



1.2 Bre/ )5 HC(sp3)-HE BEfL ——BE E AL

10% NiBrs-glyme
13% (S)-L

8]
Ph/\')LDH

1% PC, 1.5 equiv DMDC Ph e
i 1.0 equiv NH4CI
/@/LME 1.5 equiv NagHF:"D_,
40 W 427 nm Kessil lamp
Bh i-PrOAc, 10 °C, 25 h .
3.0 equiv "standard conditions” Ph

Entry Variation from standard conditions Yield (%) ee (%)
1 None 85 94
2 25°C, instead of 10°C 83 S0
3 Ni(acac),, instead of NiBro-glyme 6 -
4 as entry 3, but plus 1.5 equiv NaBr 62 88
5 Boc,0, instead of DMDC 14 93
6 DMBP, instead of PC 0 -
7 No NH4Cl 54 93
8 No Ni, or no PC, or no light 0 -
9

C1-C4, instead of (acid+DMDC + NH,CI)

as shown below

0
Ph/\)LCI

C1
30% yield, 74% ee

O o]

Cc2
76% yield, 95% ee

0 0
Ph/\)L b
C3o0

16% yield, 92% ee
(L)
Ph/\)l\s ‘N
C4
4% vyield, ee nd

12



1.2 Bre /) S HIC(sp3)-HE Betb —— L &4k

a. Gram-scale synthesis (20.0 mmol scale)

. g

Me
8 .
5.35 g product ~ TBSO' 9.13 g product
75% vyield, 92% ee 70% yield, 5:95 dr

b. Parallel synthesis of drug analogues (>100 mg pdt in all cases)

on 62 (R = Ne)
m Ph o  88%yield, 94% ee
63 (R = n-Pr)
F OH F R 89% yield, 92% ee
Me
(S)-Flurbiprofen Me 64 (R = CH,CH,Ph)

79% yield, 92% ee

13



1.2 Bre /S HIC(sp3)-HE BEfb ——Bk AL

10% NiBr,-glyme, 13% L2 -
tpr 1% PC, 1.5 equiv KHCO;
- PhO -

0 40 W 427 nm Kessil lamp Pr
. EtOAc, —30 °C

PhO Cl 72, 82% vyield, 98% ee

J\UJ\/@ J'\/@

73 74 75
89% yield, 91% ee 73% yield, 82% ee  59% vyield, 83% ee @

Fig. 6 Rational expansion for the synthesis of ax-aryl esters. All data
represent the average of two experiments. Unless otherwise noted,
reactions were conducted on a 0.5 mmol scale under stated conditions. 2In

place of the stated conditions, the reaction was conducted at —40°C with
5.0 equiv ethylbenzene.

14



1.3 Bre 4/ §HIC(sp3)-HE Betb ——1FH H AL

MCatalysis

pubs.acs.org/acscatalysis

Stereodivergent Synthesis of Both Z- and E-Alkenes by
Photoinduced, Ni-Catalyzed Enantioselective C(sp®)—H Alkenylation

Jitao Xu, Zhilong Li, Yumin Xu, Xiaomin Shu, and Haohua Huo*

Cite This: ACS Catal. 2021, 11, 13567-13574 Read Online

Switchable Stereodivergent C(sp®)-H Alkenylation

» counteranion-controlled

ZIE selectivit
y {,I\—IF @—b
H H

3 RE% Br
Z-selectivity

.@ a .
« direct enantioselective . Ni w—»

C(sp~)—H functionalization E-selectivity
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1.3 Bre 4/ §HIC(sp3)-HE Betb ——1FH H AL

H H 10% NiBr,-glyme
\Me 13% (S, R)-L Fh o o
1% Ir[dF(CF;)ppyls(dtbbpy)PFg Me I l‘)"n
Ph _ - L ! N N
3.0 equiv 2.0 equiv K5;CO4 ~ _Ph “,
_\\_Br  427nmblueLEDs (40 W) 1
Ph EtOAc, 15 °C Z-selectivity: with [IF]PFg S RIL
1.0 equiv "standard conditions" E-selectivity: with [Ir]CI (S, R)-
entry variation from standard conditions  yield (%)? Z/E? ee (%)P
1 none 79 84:16 96
2 25 °C, instead of 15 °C 72 84:16 94 O O
Phis | \ Ph
3 under air in a capped vial 69 84:16 96 N N
4 1.0 equiv H,O added 77 83:17 95 Pﬁr Ph
(R =il 1
5 1.0 equiv of alkyl benzene 58 84:16 96
6 1% [Ir]Cl, instead of 1% [Ir]PFg 41 26:74 94
7 0.25% [Ir]Cl, dioxane as solvent 67 15:85 94 0 o
8 asentry7,25°C, 1.5 eq K;CO;4 62 7:93 94 , ,J
. N N
9 (R, S)-L1, instead of (S, R)-L 58 69:31 -19 o =
Ph
10 (S)-L2, instead of (S, R)-L 47 60:40 58 (S)-L2
11 No Ni, or no Ir, or no light 0 - -

16



1.3 Bre /5 HIC(sp3)-HE &t

—— A

Z-selectivity 10% NiBry-glyme
13% (R, S)-L
HH N Br 1% MO (CFyppyl;(dibbpy)PFs alkyl
|
@ alkyl @ 2.0 equiv K;C04 @
427 nm blue LEDs (40 W)
EtOAc, 15 °C, 24 h (R. S)-L

3.0 equiv 1.0 equiv

Scope of vinyl bromide

fe

Me
2, 72% yield
96% ee, 95:5 ZIE

:ﬂe

4,72% yield ©F3
91% ee, 96:4 ZIE

1, 73% vyield
96% ee, 84:16 ZIE

3, 61% yield
96% ee, 95:5 ZIE

Me

Ph
C "
Me Me
G @ Me

T

Dvh‘le

13, 81% yield
94% ee, 87:13 Z/E

14, 68% yield
96% ee, 83:17 ZIE

Scope of alkyl benzene

MeO,C
X C 90
Me
[5a (R = 4-MeQ), 75% yield
F F

95% ee, 99:1 ZIE
15b (R = 2-MeO), 69% yield
92% ee, 81:19 ZIE

18, 80% yleld 19, 77% yield © 20, 78% yield F
95% ee, 92:8 Z/E 95% ee, 92:8 ZIE 91% ee, 97:3 ZIE

Ph
Me
Me
F F @ Me
=
Flurbiprofen F
analog

33, 78% yield
97% ee, 973 ZIE

16, 76% yield
87% ee, 8317 ZIE

17, 79% yield
96% ee, 86:14 ZIE

MeO,C Me

tbuprofen
analog receptor analog

34, 73% yield 35, 69% vyield
96% ee, 95:5 ZIE 96% ee, 84:16 Z/IE

17



1.3 Bre /) S 1IC(sp3)-HE Betb —— 15 F4k

E-selectivity 10% NiBr,-glyme
13% (R, S)-L
. 0.25% Ir[dF(CF3)ppyl,(dtbbpy)Cl m,{, | 9
alkyl X y el N N
1.5 equiv K;CO4 S
R = Ar, alkyl 427 nm blue LEDs (40 W) (R, SIL
3.0 or 4.0 equiv 1.0 equiv Dioxane, 25 °C, 9-12 h '
Ph MeO =h Ph
N Me
M M M M M
(-] e Me e Br a F e
™ ™ ™ x X
X
36, 62% yield PN 37, 65% yield PN 38,64% yield p, 39, 74% yield PP 40, 37% yield Ph 41, 34% yield PP
95% ee, 93:7 EIZ 90% ee, 92:8 EIZ 93% ee, 93.7 E/Z 90% ee, 89:11 EIZ 92% ee, 97:3 E/Z 94% ee, 95:5 EIZ

Ph o Me Me
SO )
Me Ph — —
i 1 1 (D (2
b ; L a
42, 66% yield 43, 58% yield 44, 48% vield 45, 52% yield 46, 50% yield  OMe 47, 46% yield CO.Me
96% ee, 94:6 E/Z  95% ee, 96:4 £/Z 87% ee, 90:10 E/1Z 93% ee, 83:17 £/12 OMe 940, g 89:11 E£/Z 93% ee, 89:11 E/Z
Me Me Me MeO
Ph O Ph 4@_{‘-‘1\_\ MeO
— — Ph e Me
O CO;Me =
OBz Ohe ™S
48, 69% yield 49 9 50% vield 50,7 49% yield 51,7 45% vield 52,9 75% yield
94% ee, 8911 E/Z 98% ee, B3:7 EIZ 98% ee, 91:9 E/IZ 97% ee, E-isomeronly 97% ee, E-isomer only

Figure 4. Enantio- and E-selective alkenylation of benzylic C(sp’)—H bonds with vinyl bromides. All data represent the average of two experiments
run on a 0.2 mmol scale under standard conditions for the E-alkene synthesis (for 36—48: 4.0 equiv of alkylarenes employed; for 49—52: 3.0 equiv
of alkylarenes employed). All yields are of purified products, and all Z/E values were determined through GC or 'H NMR analysis of the crude
products. “In place of the standard conditions, 1% [Ir]PF., EA/dioxane (1:1), and —10 °C were used.

18



1.3 Bre /) S 1IC(sp3)-HE Betb —— 15 F4k

B. A formal enantioselective benzylic C-H alkylation
one-pot

H H sequence
o alkenylation @
@ alkyl XX -Br o—O0o—> alkyl
reduction

R
Pd/C, H,

Ph Ph
(e Lo e e
® ® o

53 54 55
77% yield, 96% ee 76% yield, 94% ee 71% vyield, 93% ee
Me
MeO,C Me
Me
CO;Me
Me 56 Ph 57

75% yield, 90% ee 69% yield, 94% ee

19



1.3 Bre 4/ §HIC(sp3)-HE Betb ——1FH H AL

conditions pp conditions
as in Figure 3 as in Figure 3 /ﬁ
Ph™ X
Phﬁ/Br - Me - (2)
(E) 81% yield 82% yield Br
96% ee (2) 1 x._.Ph 94% ee (2)
97% ee (E) (Z) 96% ee (E)
ZIE = 84:16 ZIE = 84:16
Ph
1% [IfPFgorfijcl PN
Me - M
427 nm blue LEDs ©
AN dioxane, 25 °C, 2 h “_ _Ph
Ph conditions as in Figure 4
ZIE = 3:97 (IPFg: ZIE = 85:15

[IFICI: ZIE = 4:96

® 7/EiEFMARHERMAINIMERIERERN
o JLESHE-ZRIHIERIRE

[Ir]PF6*: ET =60.1 kcal/mol

E—Z: ET =~ 55-60 kcal/mol

20



1.3 Bre 4/ §HIC(sp3)-HE Betb ——1FH H AL

Proposed mechanism

iy EnT Ar.__alkyl
Ay -y \I:/
E’ Ar

\\""“w.. |_ 3
'::_ L" Ni'-Br Ar)\alkyl
'
L | bBr /W HBr
Br. L Ir(ll) HAT
‘“@4} X~ Br
CL..,, & )/{ SET
* Ni - '
B e o | i
R X Br Ir(I11)*
ey Ar’g\alkyl

hv

21



1.4 Br o/ FHIC(sp3)-HE 8Etb —— ki FE:AL

nature catalysis

Article https://doi.org/10.1038/s41929-024-01192-7

Enantioselective alkylation of x-amino
C(sp’)-Hbonds via photoredox and
nickel catalysis

Received: 7 November 2023 Jian Li"%, Buging Cheng'?, Xiaomin Shu', Zhen Xu', Chengyang Li' &
Haohua Huo ®'

Accepted: 12 June 2024

I hv
- )\ 0 _ ) -— )
L + . I."' . “if
* H FIJJ\DPhth ‘R

Hz Chermo-, regio- Ez
and enantioselective process

Acyclic and cyclic - ) R = various aliphatic groups
C-H bonds [in situ] or [isolated] (Me, CD,, Et, etc.)

22



1.4 Br ¢/ S HIC(sp3)-HE BE

—— AL

Br-
-
f }\ ==
L =
N~ H HAT Law%
Bz f‘\
+ _ Ir
0 \./
I SET
R™ TOPhth - R: -
Photoredox catalysis
HBr ,( '
H N"' !
Base L Bz
- Br= Insitu
Br formed

Ir(li™
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1.4 Br ¢/ S HIC(sp3)-HE BE

—— AL

10% NiBra*glyme R R
H ] 15% L1 B
2% Ir[dFCF dibbpy)PF, B O o
)\/ " 5 S f{dFCF3ppy].(dtbbpy)PFs R Ph \')kr Ph
BzHN + R™ “OPhth BzHN F |
1.5 equiv. NaHCO, Ph™ N\ _N N Ph
Acyclic a-amino ) o MeOAc, =5 °C, 24 h 3
C_H bonds [isolated] or [in situ] 427-nm blue LEDs (40 W) Ph Ph
R =various aliphatic groups L1 {R'=R?=35-Me,Bn)
4.0 equiv. 1.0 equiv. (Me, CD, Et, etc.) L2 [R'=Me, R®= 3,5-Me,Bn)
(Trideutero)methylation
H D D D
il oL 0 N oL o0
: Me " _Me : : Me ;
BzHNT 7 BzHNT Bz M BHNT T N BzHNT 7 “Me
1 2 3 4 5

627 yield, 92% e.e.

ME\/\)-”’/WME

78% yield, 87% e.e.

Me “rea
Me

as
57% yield, 90% e.e.
[in situ]: 51% yield, 90% e.e.

50% yield, 90% e.e.

50% yield, 91% e.e.

Other small aliphatic groups

o
NHBz

MNHBz
ME\/\)'”:,/“‘VGG?ME ME\/\)'”:/\VN

26
62% yield, 90% e.e.

27
59% yield, 90% e.e.

59% yield, 91% e.e.
[in situ]: 63% yield, 90% e.e.

28
76% yield, 88% e.e.

Dialkyl carbinamines with two minimally differentiated substituents

MHEz

g et

ent-35
61% yield, 89% e.e.

[in situ): 75% yield, 90°% e.e.

MHEBEz
Me \)
v Me

36
63% yield, B8% e.e.

NHEz
Me \/\-)-.
T ™

ar
T7% yield, 91% e.e.

61% yield, 91% e.e.

50% yield, 87% e.e®

MNHBz
- Cl
cl /\) "JN

38
51% yield, 84% a.e.



1.4 Br ¢/ S HIC(sp3)-HE BE

—— AL

)\ o
.- I

Elz + R”™ TOPhth
@gfﬁina;”c;;” fin situ] or [isolated]
4.0 equiv. 1.0 equiv.
D D
N D N D
L D < D
o
N\
39 40

60% yield, 91% e.e. 547 yield, 89% e.e.

10% NiBryglyme
15% L1
1% IffdFCFappyle(dibbpy)PFe

1.5 equiv. NaHC Oy
EtOAc/MeCN, 10°C, 24 h
427-nm blue LEDs (40 W)

Deuteromethylation and alkylation

H“ 42
38% yield, B4% e.e.

Medicinally relevant molecules

From dehydrocholic acid
64, (R)-L1: 44% yield, 96:4 d.r.
[65, (S)-L1: 50% yield, 7:93 d.r.]

From lithocholic acid
66, (A)-L1: 71% yield, 6:94 d.r.
[67, (S)-L1: 73% yield, 94:6 d.r.]

R = various aliphatic groups

54% yield, 92% e.e.
[in =situ]: 53% yield, 89% e.e.

R

Ph Ph
L1 (R! = R2 = 3,5-Me,Bn)

(s

N
|
Bz
43, R="Pr 73% yield, 85% e.e.
[in situ]: 73% yield, 88% e.e.
44, R ="CyH 5 1% yield, 92% e.e.
[in situ]: 59% yield, 89% e.e.
45, R = Bu 71% yield, 89% e.e.

8] ey

From fructopyranose "TD' ;M Me
68, (A)-L1: 43% yield, 6:94 d.r. ®
[69, (S)-L1: 41% yield, 95:5d.r]

25



1.4 Br o/ FHIC(sp3)-HE Betb —— ke &AL

0 0
OH o HCl/dioxane;
then K,CO4,
74
N i PdIC, H, H
! 5
DCC, NHPI, 74; Bz 2 92% yield
then [NiJL1, I[|r], hv 84% ok, 90% 0.0, >20:1 d.r. )
In situ
) =
—_—
a LIHMDS RCM
o olefination L2 Grubbs cat. G
] 76
E0~"F (~)-indolizidine 201
Et0 [Culthv o AcOH
i J\/\ Ho/P10, NaBH, Previously 8 linear steps
Preformed resolution HO = « Muttiple olefinations
+ Kinetic resolution
0
ME/\L%\GH 77 O\/\H/\ CpoZrHCI
| DCC, NHPI, 77; Bz o 88% yield
i 89% e.e.
B then [”'}'"‘}’ ). 73% yield, 89% e.e.
n s
[in situ] — M o Me
——i H
, 79
O‘ LiAlH, PCC PdIC, Hy {R)-norbgugaine
N7 YCOH
H Previously 5 linear ste,
ChbzCl A 2

i e
BrehP” 7 “Me  (preformed)

"Buli

+ 6 steps total
= 3 redox manipulations

26



——Fe AL
M

Ph” TCF,
2.0 equiv. added

- I F
Bz
] “

= 25% yield

1.4 Br ¢/ S HIC(sp3)-HE BE

a Alkyl radical trapping under catalytic alkylation conditions

O

Z

H
0}
Ph
\"/\/\)l\o Phth
O

=+
83

ap

Based on
optimized conditions

TEMPO

M Ph
M 0
|
Bz 46

Mot observed

Ph
1.0 equiv. added 0 Me M
M N 0
Ph)ll\/\/\cf é
Z
85 Me  Me a6
31% yield Mot observed
b Alkyl radical formation under Ni-free conditions using NaBr as halide sources
( \ Ph r \
Ir (!) E o Ir (!)
O\H J\ ~/ & M Ph /& Ph H
rlhl + Ph CF5 - I'il F OPhth -
Bz 1.5 equiv. NaBr Bz 8 0 o3 1.5 equiv. NaBr o a6
, 1.5 equiv. (TMS),SiH ,
78% yield 607 yield
3.0 equiv. 1.0 equiv. Without NaBr: not abserved Without NaBr: not observed

c The importance of bromide in the reaction performance

O\ a Varied nickel precusors
H + EO \/\)I\ >
N :C OPhth

M
Based on |
optimized conditions B

|
Bz z

MiBrasglyme:
MiClz*glyme, or Mi(acac)s, or Ni{cod)s:
MiCl*glyme + NaBr (1.5 equiv.):

50

71% yield, 80% e.e.
not observed
56% yield, 88% e.e.
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1.4 Br o/ FHIC(sp3)-HE Betb —— ke &AL

The reactivity of independently synthesized nickel complexes

R R O\ H
N Phth
Ph. O O, _ph Bz
></I '|\~Z< Varied nickel catalysts N

Ph N M Ph + - !lz
Pr'f i Bh o Optimized conditions 55
L Phth \/\)I\O Phth 10%catalyst A:  51% yield, 89% e.e.
10% catalyst A": 65% yield, 92% e.e.
A (EPR) 10% catalyst B: 56% yield, 88% e.e.
R R 10% NiBrysglyme, 15% L1: 58% yield, 92% e.e.

R R
o 0
Ph Ph O ]
|='|-|><,,JI l' Ph o I | o Based on Phth
) N\ /I".I O\ Ph N N Ph optimized conditions O\/\/
Ph H F AN / - M

o
=,
=
-
=

/ i PR Ni Ph .
B Br Bz g Bz
A’ (X-ray) 8.0 equi _/_/ 56
0 equiv. Phth B ,
R R {Ft = G,E'MEEBI’I] 38% YIE”, 88% e.e.

o C’T;)Aﬁo o O\H
Ph><,, Ph N
NN \2< 1 Phth Ph
Ph Ni Ph 20% catalyst B M
A -
_/_/ o ' 7 Based on ';‘ N ':I ©
Phth 3 Ph - . Bz 87
\“/v\)L OPhth optimized conditions 55 46
(R = 3,5-MezBn)

8% yield, 91% e.e. 549% yield, 93% e.e.
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2.1 Cle /5 IC(sp3)-HE Beth —— 75 &4k

JAC'S

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

pubs.acs.org/JACS

Modular Access to Chiral a-(Hetero)aryl Amines via Ni/Photoredox-
Catalyzed Enantioselective Cross-Coupling

Xiaomin Shu,'T De Zhnngf Yanmei Lin, Xiao Qin, and Haohua Huo*

Cite This: .. Am. Chem. Soc. 2022, 144, 8797-8806 E Read Online
Q\H Ar—Cl 4®€9—> { N 5..,“
Bz Bz
Taming photoeliminated CI-
for asymmetric catalysis

e/"hv L HD - g\NBz

il—c| 1] -
\J Elz — HCI NiT=Ar

BDE (H-CI) = 103 kcal/mol
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2.1 Cle /-5 H]C(sp3)-HE BE

N
Bz

entry

=R - = T T

—_
ol = |

W——T5 FEAL

10 mole NiCl.-glyme
16 mol% (S)-L10

{ \. ‘3'\@ 1 mol% IddF{GF;}pw]z{dtbbpy}PFﬂ
C

3.0 equiv Na;PO,
427 nm Blue LEDs (40 W)
PrOAc, 20°C, 24 h
"standard conditions”

Fa

variation from standard conditions

none

under air in a capped vial

5 mol % NiCl,-glyme, 8 mol % L10
EtOAc, instead of i-PrOAc

3 equiv of C—=H nucleophile
K,PO,, instead of Na,PO,
Na,CO,, instead of Na,PO,
lutidine, instead of Na,PO,
quinuclidine, instead of Na,PO,
ArBr, instead of ArCl

no Ni, L10, Ir, base, or light

0@

yield (%)

s0
68
79
76
70
76
73
17
19
75

0

L1D
80% vield, 91% ee

ee (%)°
91
89
86
92
90
91
88
77
87
80
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2.1 Cle /3 HIC(sp3)-HE fetb ——F5 FE:Ak

10 mol% MiCl,-glyme
16 mol% (S)-L10
I ')\ cl 1 mol% IfdF(CF4)ppylz(dibbpy)PFs ,'")
L H + @ - o L iy
N 3.0 equiv NagPO, N
R 427 nm Blue LEDs (40 W) R
3.0 or 4.0 equiv 1.0 equiv -PrOAc, 20 °C, 24 h

aryl chlorides

D D Q Q Ac Q OMe Q FooL ), COMe
N 7] N T N "y N gy N gy N g EZ
Bz CF4 Bz CMN Bz AC Bz Bz CO,Me Bz CO;Me
TC'D‘;ME
TE% yield, 92% ee TT% yield, 94% ee 69% yield, 91% ee 68% yield, 91% ee 65% yield, 92% ee T9% yield, 93% ee TT% yield, 95% ee
heteroaryl chlorides
\ O
=0
Ph OMe COsMe N N—
L ',‘-..,, = { h,‘-,,” = { . C\i 2 { L,,‘@ t 'ﬁ..,,(‘*l\l { 3.,,, = O O
M N N M M N M~
Bz LN Bz LN Bz P~Ne B\ NOCFs Bz | N’)"-cnma Bz Me
o
87% yield, 91% ee 81% yield, 88% ee 58% }'IE|C|, 94% ee 64% yield, 92% ee 34% yield, 92% ee 60% vield, 95% ee 33% yleld, 93% ee

cyclic and acyclic C-H nucleophiles

Lo Po. Qo 9 e,
Ar 8] Flt A '"r Ar ] AG Ez @
Ao

34, Ar=2-MeOFh, 88% yield, 93% ee w Ac 43, Ar = Ph

35, Ar = 3-MeOFPh, 72% yield, 90% ee 38, R = Boc, 58% yield, B6% ee b 57% yield, 90% ee

36, Ar = 4-MeOFh, 84% yield, 89% ee 39, R = Chz, 61% yield, 71% ee a1 42 44 Ar = 2-MeOPh 45

37, Ar = 4-CF3Ph, 52% yield, 89% ee 40, R = PhOCO, 674% yield, 81% ee B85% yield, BE% ee 87% yield, 85% ee ©  65% yield, 92% ee  48% yield, 94% ee

B, N @ 61% yield, 95% ee 64% yield, 95% ee
Bz A _ _
. @ 51, R = n-Pr 54, X = Ac
R A 56% yield, 97% ee @ 78% yield, 93% ea ¢

oo B < ara, R = Ao > 52,R = i-By : 55, X = OPh

67% yield, 94% ee 81% yield, 87% ee with L10: 83% yield, 70% ee © A d
46b, R=CF; 47b R=CF; with L6: 82% yield, 82% ee © 35% yueld, BT% e © R NHBz 63% yleld, 97% ee 9 Me NHBz 55% yield, 95% ee



2.1 Cle/ 5 HIC(sp3)-HE Befb ——F5 EH AL

N "
H CF

95% vyield, 92% ee

rar
CF
I\F“h 3

87% yield, 93% ee

N "
Bz Ac

3 (93% ee)

i

Quﬂ@\
H CF
2
97% yield, 90% ee
N~ o
- TCL
yn=1,34 /; 73 “Fa

87% vyield, 88% ee
O
J\ CFj

0~ "Ph

Ph 76
88% vyield, 91% ee

B9% yield, 93% ee

AG
standard /Q’Q O\

conditions

54% yleld 98:2 dr

a > ().,
C¢ Ph = | ©\GF3
7\}3?1
@‘CF:«

(a) Cp2ZrHCI, THF; (b)
BH3-SMe2, THF,
reflux; (c) Tf20, TTBP,
CH3MgBr, DCM, -78
to 40 ° C; (d) Tf20,
DTBMP, lithium
phenylacetylide,
DCM, -78 ° C.
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2.1 Cle /5 IC(sp3)-HE Beth —— 75 &4k

A. The evidence for the intermediacy of a-amino radicals

S
NT T HT:::]R
Bz GFE

1.0 equiv

1.0 equiv

Ph. _CF,

(1.0 equiv)

based on
standard conditions

QL
-

(0 equiv)

based on
standard conditions

N Ph

Bz 78

51% vyield, racemic

N Ph

Bz 78
48% yield, racemic

1

25% yield
47% ee
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2.1 Cle /5 IC(sp3)-HE Beth —— 75 &4k

B. The importance of chloride in the reaction

variation based on
standard conditions

h"' N "'JF"
Bz
Ac

Bz
entry Ni source Ar-X results
1 Ni(acac); Ar-Cl 0% vyield
2 Ni(COD), Ar-Cl 25% yield, 82% ee
3 NiBrs-glyme Ar-Cl 23% vyield, 80% ee
4 NiBr;-glyme Ar-Br 13% yield, 75% ee
5 NiCl,-glyme Ar-Cl 57% yield, 90% ee
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2.1 Cle /5 IC(sp3)-HE Beth —— 75 &4k

C. Stoichiometric experiment with pregenerated Ni(ll) aryl chloride complex

3.0 equiv K3PO,

OAG 10 mol% Ir[dF(CF;)ppyl.(dtbbpy)PFg
L, Ni" + Z 5

Bz

Int-1 (Ln = L10)
1.0 equiv 20.0 equiv

h" ‘l;
427 nm Blue LEDs (40 W) N~ AT
-PrOAc, 20 °C, 24 h

Bz
3, Ar = 4-AcPh
12% yield, 63% ee

D. Luminescence quenching experiments and cyclic voltammogram studies

ik * I Tl?’\'l('l:{.-\'l-
® chiral ligand (L.10)
®  N-Bz pyrrolidine
5k
4r (]
- - ol
0.00 0.25 0.50 0.75 1.00)

[quencher] (mM)

~——LuNiCl5 (A)

s Jrira] ligamd (1L 10

0.4 0.8 1.2 1.6
E IV vs SCE
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2.1 Clef S HIC(sp3)-HE

e ——T7 A

E. Proposed mechanism

Ir(lll)* hv

(P~

amCl | "
LNl ol <—> Ir(11) ani'iih‘;' N
A E
cl SET
/L,’ R-H { B BzN
\ N I WCl
L,Ni'-ClI cl —HAT = Bz LnNi'ﬂ:C
F LN, LN
Cl Hel  ~Cl 2 1r(1lN)
reductive
elimination

BzN )
( }”"AF L Nilll"“cl

C

/

N
>SQT 2 1r(Il)

plol

oxidative
addition

LnNi"(N}

EE En “‘.ﬁ.r *—ﬁ,‘ D Bz

Ar-Cl
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nature communications

Article https://doi.org/10.1038/s41467-023-35800-0

Site- and enantioselective cross-coupling of
saturated N-heterocycles with carboxylic
acids by cooperative Ni/photoredox catalysis

Received: 29 October 2022 Xiaomin Shu®'2, De Zhong'?, Qian Huang', Leitao Huan' & Haohua Huo ®'

Accepted: 2 January 2023

CO;Me
O\?F keal/mol O N (!) [ M. (\/
N A

N \

o}

H—Cl Et cozme

+ DMDC (activator)

H
Cl
103 kecal/mol l 87 kcal/mol Y

R 0
Oy 0 w.l
J\ Ni ( " @
j\ X R N"’J}I N
in situ-activated
07 A carboxylic acid 09'-(”
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2.2 Cle /-5 H]C(sp3)-HE BE

——BEA

-
# )\
".‘\ H

10 mol%s NiClz-glyme
13 mol% (5, A)-L1
1 mol% Ir[dF(CF3)ppyl=(dibbpy)PFg

N ,J'J\ 1.5 equiv DMDC, 1.5 equiv E.E-Iutidins__
A o™ c. :
g g benzene, 20 °C, 24 h
) ) 427 nm blue LEDs (40 W)
3.0 equiv 1.0 equiv
intramolecular selectivity
L) T(\/m*""’ i COMe O CO:Me
( . "I,l(\J ! hll\/\/
0 a 0
0 ; :
C Et Et
n-Bu
Ja, 63% yield 4, 68% yield 5. 60% yield

95% ee, 28:1 r.r.

96% ee, = 20:1 r.r. a4% ege, >20:1 rr. @

O L~ ()~
o ,(\/
CL)A O oD o
., o 8]
N\ /L ll'O Q o H Q
Bz COaMa N H
= 0
8, 44% yield 9, 3% yield 10, 65% yield 11, 53% yield 12, 51% vyield
84% ee, 16:1 .1, B89% e, = 2001 r.r. 94% ee, 171 1.1, 89% ee, 15:1 rr. © 93% ee, 19:1 r.r. 2
intermolecular selectivity
i E (\-/coanﬂe n-PrWnp[ © @/\/ BzHNM EzoM Fho/‘*-\.f
N \O additive
Bz remaining: 81% 87% B7% 99% 93% 90%
13 o
Q a
win additive: f-J'L. o Br Cl Br
73% yield, 97% ee H N Ohle ( j @l ©/ -
with an additive:; © it o
. additive

70-83% yleld, 94-96%ee |\ haining: 90% 90% 93% 82% 100% 9% 92%

6, 85% yield
91% ee, = 20:1 r.r.

7, 46% yield
80% ee, = 20:1 r.r.
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2.2 Cle /5 IC(sp3)-HE Betb ——FL 4k

a. The importance of chloride for the reactions

)I\/\ standard CO:Me
HO CO:Me conditions O
- e
: M
Q\H as in Table 1, entry 1 Bz IIE:;
Bz 13
entry  variation results
1 MNiCl;-glyme (none) 73% vyield, 97% ee
2 NiBrz-glyme 8% yield, 98% ee
3 MNi({COD)2 2% yield, ee: ND
4 Ni{COD)z, 1.5 equiv of LiCl added 6% yield, ee: ND
5 MNi(acac)s 28% yield, 89% ee
6 Ni(acac)s, 1.5 equiv of LICl added  64% yield, 95% ee
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2.2 Cle41 R HIC(sp3)-HE et ——BE AL

b. The intermediacy of «-amino radicals

0 hased on COzMe
J\/\ standard conditions CFa
HO COzMe - i
! + N Ph
CF; N \ N

13, 32% vield 75, 48% yield
97% ee 0% ee

O\ )\ (1.0 equiv) Bz o
N H Ph
Bz

c. Stoichiometric experiments with pregenerated Ni(ll) acyl chloride species
0
)J\ 10 mol%a [Ir(I11))PFg
; Ph 1.5 equiv 2,6-lutidine Ph
LN L) q ~ r@
Cl 427 nm Blue LEDs 5

Ez Bz
1.0 equiv benzene, 20 °C, 24 h 36
la(L,=L2) 15.0 equiv 22% yield, 69% ee
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2.2 Cle /5 IC(sp3)-HE Betb ——FL 4k

d. Cyclic voltammogram studies and luminescence quenching experimenis

[+ LINiCI,
[ @ I.-]':.:I

[ - pr.""‘fioi‘ﬂm

— LINICL,
— L1

0.4 0.8 1.2 1.6 0.0 0.5 1.0 1.5 2.0 1.5
E!YvsSCE [quencher| (mM)

E: Ep/20x = +1.02 V vs SCE in CH3CN
E1/2[Ir(111*/11)] = +1.21 V vs SCE in CH3CN
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2.2 Cle /-5 H]C(sp3)-HE BE

W——Bi AL

:>,#’

( N .l',. N i D
"M |||_(j G YL M
Ml -l M g H"E| Bz

HCI

catalytically generated

chlorine radicals

“ClI
LyNi'GCl, ‘\\ /(

" N/ A LMCT

SET _ /I hy

N
LMi"Clg

I Eg EI'
F I
NEre td |
R DCDEME.‘ Tl ol
‘\“"--.._..-r"""}
T DMDC o \“;—“”'/
L

=

~MeOH

OH

in situ-activated
carboxylic acids
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