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A) Approaches toward Diarylation of Alkenes

Ar[M] Ar[M]
| (Ref2) ] | (Ref3) |
-Ar[M] -
ArX] I
(Ref 4-5)

B) Seminal Examples of Enantioselective Diarylation of Alkenes
- Pd-Catalyzed Enantioselective Diarylation of Alkenes (Sigman, Ref 9)

Ar
chiral Pd-catalyst H
AN+ AINGBFy + APBOH), ————————— A AT
-20°C 75-80% ee

25-33% yield
- Cu-Catalyzed Enantioselective Diarylation of Alkenes (Brown, Ref 11)

, N R
! "BuLi ! : =N
X "Prol;:!i;ini BPin chiral Cu-catalyst @ Ar
Tascl Ard, 120°C v
Y 1 -78°C | Y X
/\FI{T/ /Y 78-96% ee

41-77% yield
C) This work: Ni-catalyzed Enantioselective Reductive Diarylation of Alkenes

1
XQ_R! B
N R ArX
@ >/ [ e x| —X L [ a)
Z 7= reductant 7=

AR &

R1
Ni(0)

Ar
L*

Scheme 6. Proposed Reaction Mechanism
Ai(I1)Br (D)
ArBr 1L

Zn(i) *C::\Ni(o)
Zn N
7

|(II)L*

[ znQ
Co [ @
v i) | Zn
\ N|Br2
MNKM)L'
R? \\ palhway N R? Ni(I)L*
/Ar\ 3 Ni(lL* E \ - Qf
7= A" ANI(INB S fwo
rl |( )Br R' A
ArBr
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Table 1. Optimization of the Reaction Conditions” 13 40 L9 - 40 26 77
14 40 L10 - 26 38 0
o) Ni(COD); (10 mol%) 15 40 LIl 2 47 21
Me — - (20mol%) Q_Q Q_/E 16 0 o« (0) <2 63 91
NJW/ PhBr (2a), BPiny, Zn a7 40 LIl K (o.s) zz 68 97 |
Br Me K3POy4, DMA/THF (2/1) y
1a TC) 18 40 L11  KI(0.5) 0 0 -
3“ 4“ 19¢ 40 LIl KI(0S) 0 0 -
additive  yield of 4aa yield of 3aa eeof 3aa 20 40 - KI (0.5) 0 0 -
entry T (°C) ligand  (equiv) (%)° (%) (%)° 21" 40  L11  KI(0.5) <2 28 97
R R N Me_ Me
14 100 L1 - <2 83 - — { o o 0N
7\ O AN e
2 25 L1 - 50 0 - — 7 S"‘ VD yﬁj N
3 00 12 - 20 52 44 L1:R=COMe  PH n '(’s“ oon (LF;;' 1 PPz
-Ph-I , S)-Ph-Box e
4 80 12 - 13 ) 45 o pemERr <&
- ST L8:R=
S 60 L2 - 24 46 52 <\:“>_<\Nj"’R ti’;zzru @NJ.,,R LQ:EJ,;? (S,8,)-Pr-Phosferrox (L11)
6 40 L2 - 38 36 62 (S-RPYOX L& R-Bn (S)-PRF-’Sﬁox L10: R=Bu
7 40 L3 - 16 57 16
8 40 L4 _ 36 20 41 “Reactions were carried out with 1 (0.1 mmol), 2a (0.4 mmol),
9 40 Ls _ 19 s1 28 Ni(COD), (10 mol %), ligand (20 mol %), Zn dust (0.2 mmol),
Pin,B, (0.2 mmol), K1P04 (0.2 mmol) in 2 mL solvent for 96 h,
10 40 L6 - 28 12 0 unless noted otherwise. “Isolated yields. “Determined by HPLC
11 40 L7 - 27 8 6 analysis with a chiral column. “In DMA, 12 h. “In NMP. ‘No

40 L8 - 18 S nd. Ni(COD),. ¥No Zn’. “No B,Pin,. B,Pin, = bis(pinacolato)diboron. 6

—
)
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Scheme 2. Substrate Scope of Aryl Bromides 2

R o Ni(COD), (10 mol%)L11 (20 mol%) R,

Me
Me B,Pin, (2 equiv)/Zn (2 equiv) " SAr
N + ArBr -
B e K3PO, (2 equiv), KI (0.5 equiv) )

1a(R=H) 2 NMP, 40 °C Me

3aa, R =H (68% y, 97% ee)

Br  3ab, R=Me (67%y, 94% ee)
3ac, R = OMe (60% y, 90% ee)*
3ad, R = OEt (52% y, 91% ee)?
3ae, R = N(Me), (63%y, 95% e€) 3ah (60% y, 91% ee)®  3ai (61%y, 98% ee)

R 3af,R=F (50%y, 90% ee)®
3ag, R = CN (30%y, 95% ee)®

ot oy S

3aj (63% y, 90% ee)® 3ak (50% y, 95% ee) 3al (65% y, 97% ee)

1b (R = Me)
Me MeQ
Gsr MeO Br

MeO

(R)-3al

O Oy O 0

k /\
3am (60% y, 90% ee)® 3an (60% y, 99% ee) 3bo (40%y, 95% ee) 3ap (61%y, 99% ee)

- — Br f‘\/ ’

3bq (50% y, 95% ee) 3ar (50%y, 95% ee) 3bs (60% y, 95% ee) 3bt (44% y, > 20:1 dr)
2DMA/THF = 2/1

Scheme 3. Substrate Scope of Alkenes 1

=1
)HT + ArBr

Ni(CODY), (10 mol%)/L11 (20 mol%)
B,Pin, (2 equiv)/Zn (2 equiv) ( l_ﬁ

K3POy (2 equiv), K (0.5 equiv)

NMP, 40 °C
3
Me, Me Me Me
& 1 Ph Ph
N0 N " N0
Me Me e Me
3ba (81% y, 96% ee) 3ca (53% y, 96% ee) 3da (45% y, 94% ee)
R Me Me Me
= ” "Ph Ph
N O N ¢} N (e}
Me Me Me
3ea (40% y, 94% ee) 3fa (51% y, 96% ee) 3ga (61% y, 97% ee)
Me: Brl n (};? a3
Dgey OO
=
NO N Me N0 Me
Me Me Me
3ha (51%y, 94% ee) 3ib (62% y, 97% ee) 3jb (53%y, 98% ee)
Me OMe

M

Me
3kb (51% Y, 96% ee)

N

Me OMe
OMe B O
° OMe
OMe N
Me OMe Bn OMe

31i (60% y, 97% ee) 3mi (62% y, 98% ee) 7
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Scheme S. Mechanistic Study

o
Q\N J\WME + phgnp Teblet enty 1 Q‘f Q_L (eq. 1)

Br Me .
1a
3aa (o%) 4aa (82%)
1a +  PhBr Ni(COD)/L1 3aa (21%) + 4aa(18%) (eq.2)
K3PO,, DMA, 100 °C
TDAE (3 equiv)
1a + PhBPin Table 1, entry 1 3aa(0%) + 4aa(60%) (eq.3)
1
‘Bu Bu ~/BY
/ \ / N o
Ni(COD), (L13) 1a Q—L\ i (eq. 4)
THF, rt rt, 2 hours
Bu
6 (70%, pink solid)
Zn, B,Pin,, K4PO,
6 + PhBr AL ] 3aa (35%) + 4aa (34%) (eq.5)

DMA, 100°C

Me Me Me
Ni(COD),/L13
1a o+ Br (CODs O (eq.6)
Zn, B,Ping, KsPO, NSO
o b
DMA, 100 °C e
. 3au (60%)
Bu _ /B with L11: 30% y, 95% ee
& 4 Ni(COD)/L13
1a o+ — N / d 3au (20%) + 4aa(23%) (eq.7)
L, B,Piny, K3POy4
Ar” ' Spr DMA, 100 °C
- o
7 (Ar = 2-tolyl) e
6 4 DMA . ,
100°C 3au (25%) + 4aa (30%) + (eq. 8)
Me g (10%)
Scheme 4. Synthetic Conversion of Enantioenriched
Oxindoles
B we
( \—fph LiAIH, (3 equiv) Q—Q% NBS (1.2 equiv) @—i\%
THF, reflux O MeCN, 0°Crt N O
Me Me
5aa (92 %, 91% ee) (R)-3aa, 91% ee 3na (94 %, 90% ee)



w7 N RELEE FRMARAC(sp*)-HRE SR

., The Yong Research Group
P Syt T oy

ZERBEHS AXMFL

LRI S — BB RS R R

@ How to cite: Angew. Chem. Int. Ed. 2021, 60, 14068 -14075

. y Y German Edition: doi.org/10.1002/ange.202102769
Nickel-Catalyzed Asymmetric Reductive Carbo-Carboxylation of
Alkenes with CO,

Xiao-Wang Chen, Jun-Ping Yue, Kuai Wang, Yong-Yuan Gui, Ya-Nan Niu, Jie Liu, Chuan-
Kun Ran, Wangqing Kong,* Wen-Jun Zhou, and Da-Gang Yu*

Dedicated to Professor Peter Kiindig and Professor Gerhard Erker on the occasion of their 75th birthdays
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with €O,
R? INi] (10 mol%) R?
o
N 5 (608 L (20 mol%) (Martin)
f — R! (1 atm) Mn (2.2 equiv) Coz HOLC
X=Cl, Br ¢
R [Ni] (10 mol%) )
v ; (2]
B,)\/ @ + co, L (20 mol%) . | (Martin)
MnCr (1.25 equiv)
= = (1 atm) gy COM
Y=CSi
; [Pd] (10 mol%)
Y$
+ co, - L0mol%) /"). cop  (sato)
v (1 atm) Et,Zn (2.0 equiv) Y 2
Y=0,N
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B) Ni d ic reducti ] boxylation of alkenes with CO, (This work)
CO, (1 atm) )
X5 Ni] (5 mol%) O~
JK/ L* (15 mol% @ '
N Zn (2.0 equiv) N
R' R? R1
Y=0, NMe
R SO yield up to 98% (-)-Debromoflustramine B
o
ee up to >99.8% (+)-Coixspirolactam
M mild conditions W broad scope  (-)-Phy (-)-Phy
B high selectivities W total sy is of bioactive natural p
Challenges: CO,H
- Ip Yy
Ssdiiciarcar ; Nk‘/
[ |} carl R1 R2

| enantioselective control

ipso-carboxylation 6-endo CVC|l23tl0n

10
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CO,H

Vil
5-exo

cyclo-carboxylation

1/2Zn

Grs

VI\

@ N co2 1/2Zn(ll)
N _HClag
\
i

CONI(L

112Zn
1/2 Zn(Il) / Nl(I)L

SN N £
O_/ 'V -

Zn, CO,

N|(0)L N o
N|(II)><L I x
6-endo
cyclo-carboxylation

NI(II)XL

Path/ )H/
N|(II)>(L
112 Zn
Path A

COQH

112 Zn(ll)

ipso-carboxylation

11
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a
R‘
d
N EWG

"Activated alkene

b

o}

Ar—Ni

c "\ Unactivated alkene

+

Ar/Het-B(OH),

R‘
N|(OAc)2 WOl R

R!
Ni-catalyst =\ R-M Z "R \ Ar
— X Ni X
(M =B, SiorZn) EWG
Ar- B(OH)2

EWG

L*NiX
o R? Ar- N|L'
o R? X CF3CH,0H
) ? N, B
Ni-catalyst Ar (o} R
> 1
OH Ar! R‘
ONiL*
E
7~ 9 R? o /
\NI/ t@\(mlﬂet - / Z A
..... R2
R! ¢ \ \
OH O,

. Challenges:

Q Enantioselective Heck cyclization

Q Low electrophilicity of alkenes compare to ketones '

Q Regioselective arylnickelation of alkynes

Nat. Commun. 2020, 11, 1882-1890.
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BMUR NS AT E=IF[5.2.1.015] =R

Ni(OAc)2"H20 (10 mol%)

m tE%

L1: (S)-Ph-Phox  L3: (S,S,)-Ph-Phosferrox
L2: (5)-Bu-Phox L4: (S,S,)-Pr-Phosferrox

Entry Ligand Solvent Yield of Yield of ee of
4aa (%)b 3aa (%)P 3aa (%)°

1 L1 MeCN 60 Trace -

2 L1 MeOH 54 Trace -

3 L1 DMF 12 Trace -

4 L1 Toluene 5 Trace -

5 L1 TFE 12 33 7

6 L2 TFE Trace 41 65

7 L3 TFE 12 42 76

8 L4 TFE 9 46 75

9 L5 TFE 24 26 60

10 L6 TFE 20 Trace -

n L7 TFE Trace 12 25

12 L8 TFE Trace Trace -

13 L9 TFE 37 Trace -
(14 Lo TFE <1 77 98 ]

TFE 2,2,2-Trifluoroethanol.

2Reaction condition: 1a (0.1mmol), 2a (2 equiv), Ni(OAc),.4H,0 (0.1 equiv), ligand (0.12
equiv), TFE (1mL) at 100 °C for 48 h.

byields of isolated products.

“Determined by HPLC on a chiral stationary phase.

13
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Ni(OAc)"*H0 (10 mol %) ¢} R?

0, R2 (R,R,S,S)-DuanPhos (L10) (12 mol %)
+ Ar/Het-B(OH),
A o
° - TFE, 100 °C
1 2
Q@ (Hetero)aryl boronic acid scope OMe

Ph-B(OH)y: 7%y, 98% ee
Ph-BPin:  77%y, 96% ee

Ph-BFgK: 72%y, 96% ee

(PhBO)g:

3aj, 68% y, 98% ee

70%y, 96% ee |

3ak, 79% y, 99% ee

3ab, 63%y, 98% ee

OH
3ac, 45%y, 98% ee

3ad, 78% y, 98% ee 3ae, 64%y, 99% ee

3ag, 79% Y, 99% ee 3ah, 69%y, 99% ee 3ai, 80% y, 98% ee
H O, Q,

3al, 60% y, 98% ee 3am, 62% y, 97% ee 3an, 74%y, 99% ee 1 4
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b Enynone scope (Ar = 4-MeSO,CeHe)

M ye Yo, Yoo
ve o Ar o N :
o _ - - -
® o
OH OH OH
OH
oN oM o

3bi, 61% y, 99% ee

fEERE N FREMRENC(sp)-HBRE &R

ZE

B RME S AT E=IF[5.2.1.015] =R

3ci, 57%y, 99% ee 3di, 61% Yy, 97% ee 3ei, 57%y, 99% ee

e Ar Me Me Me A
o. . o : _Ar o. Ar o. o r
OH OH OH OH

OH d
3gi, 88% y, 98% ee 3hi, 79% y, 92% ee 3ii, 58% y, 98% ee 3ji, 68% y, 98% ee 3K, 81%y, 98% ee
Me @ MeO_ MeO_o
O&C 9 A o Nl o "
OH &_ﬁm Me Me
OH . OH OH

3li, 58% y, 95% ce

3mi, 55% y, 96% ee

3ni, 70% y, 98% ee 3o0i, 50% y, 99% ee

C Acyclic substrate s0,Me|| @ Atlenynone substrate poeMe
30 Me | Ni(OAc)z**H,0 (10 mol %) Me o wo NIOAGH,0 (10 mol %)
: - ; o
i Ve L10 (12 mol %) Me, —. dppe (12 mol %) ° —
e L=—Me N Me - Me
e 4#MeSOCeHiBIOH () OH 4-MeSO,CqHy-B(OH), (2i)
[ ; TFE, 100 °C "0 o TFE, 100 °C H
» 3pi, 51% y, 99% ee 1q 3qi, 35% 1 5



7 e BIELIEE

-l?'. The Yang Research Group 1,E% 127 g E‘ﬁg E w—qq;x\jﬁ-{ﬁ{‘b

Precise SyrthesisLob of Terug Universty

FREMRENC(sp)-HBRE &R

B R RS KT RIS R ESIR(5.2.1.015] 2848

a
—=—ph Ni(OACc)2™H20 (10 mol %) ~Ph
Ts—N Me + PhB(OH), L10 (12 mol %) Ts—N
\—§ acetone (5 equiv) Me
TFE, 100 °C Mé OH
12 13, not observed
d
Me SO,Me
SOzMe
N
OH Me Me
Ni(OAc),"™*H,0 (10 mol %) 3ti, 37% y, 90% ce
L10 (12 mol %) ! ’ 5 N\ e
Me | 4-MeS0,CeH,-B(OH) (2i) * Me
TFE, 100 °C o Me
Il 7 15, 26%y, 0% ee
/ Me SO;Me
Me

14, 25%y, 98% ee

o)
QNi“Br(uppe) (16) Me
Me Ph
\ N
A o
NaOAc, TFE, 100 °C OH Ve
3aa, 28% yield

SO,Me SO.Me

Ni(OAc)z"*H20 (1 equiv)
T Tew0c + MeOS Q O SOMe
TFE, 100 °C
B(OH)2 65% o
2 —_ - s .
TR EBR()EFEIENI0)
Me
0=
BN o
IPr=Ni_ > (10 mol%) e
M 0¥
© 17 Me _Ph
A
0 “Me PhB(OH); (2a) o e
TFE, 100 °C ‘
) 3aa, 15% yield

THEBRSENI (1)

16
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--Annulation reaction with alkynes to indenones

R!

d” I
+

X =1, Br R [Pa) 2

. R [Rh] Lo
" ||| Route b
R=H, NRy R?
--Annulation of o-halobenzaldehydes with alkynes to indenols (Yamamoto, Cheng et al.)

o0
X

X=Br |

[Pd], [Co], or [Ni]

RT
<
o well developed

‘ [O] and [Ha] l J

O
one-pot
1
Q Occasionally observed as a by-product R
R?

Q The reaction mechanism is unclear.

BIEAER

ZERBEHS AXMFL

BT S S I R B R L & BB R

(a) Synthetic strategy towards indanones

FREMRENC(sp)-HBRE &R

(b) Ru- or Ir-catalyzed redox-triggered C-H functionalization of alcohols (Krische)

OH [M]=Ruorlr OH
R ARe R' H
R2
[M]
[M-H]
2 o ho Mo
H™R! R? H™ R
prerequisite: T

(1) rare noble metal catalysts: based on Ru, Ir mostly
:l (2) active n-unsaturated reactants (1,3-dienes, 1,3-enynes or allenes)

Angew. Chem. Int. Ed. 2021, 60, 5273-5278.
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(c) This work: Diastereoselective annulation using hydrogen autotransfer strategy

Br
&L
, ©
-
RI-—=—R?
2

Ni(OAC),-4H,0 (10 mol%) o
dppe (20 mol%) . R
Zn (3 equiv) @

NMP/HFIP, 100 °C R?
R2 = v fe

NiBr,DME (10 mol%)

dppe (20 mol%) @ R® Me

Zn (3 equiv) -1
dioxane, 100 °C o0~ = N,

R3

et I 6
N
Ts

18
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Ni(OAC),"4H,0 (10 mol%) o OH
dppe (20 mol%) (\)\/‘2 o0 Ph ) ‘ )
Ph Nrv||='/§g\:j((;‘:11u ;V:oo °c Ph + “ B B¢ (igh/G) '::3?92 ((;g :ZI‘V/:)) 4 D (32%)
2 . 3aa _______________ daa OQ Zn (3 equiv) Ph ©

\ D (60%
reaction time yield (%) of 3aa yield (%) of 4aa | Ph NMP, 100 °C ph D (60%)
4aa-{D] 3aa (93%)

ZERBEHS AXMFL

12 h 69 21

HO D (99%)

o
! 36h 90 0 : D (20%)
T ' Q Ph
Ph
OH Ni(OAC),4H,0 (10 mol%) o oh NiBr; (10 mol%) o D (39%)
dppe (20 mol% dppe (20 mol%)
Ph S @Ph © 4aaldl oo 3aa (28%) ®
Zn (3 equiv) oh o Zn (3 equiv) o]
Ph NMP/HFIP (3:1), 100 °C NMP, 100 °C %
4aa 3aa (62%) ' PMP ' D (40%)
PMP
OH 0

3

PMP pmp D (16%)
O on Zn (3 equiv) 7l @/Ph © 5ba 3ba (30%)
‘A‘Ph NMP/HFIP (3:1), 100 °C bh ° o SE;: o
aa 3aa (0%) PMP PCys @/PMP
OH NiBr, (10 mol%) o T o

o
dppe (20 mol%) D (87%) PMP dppe, NMP, 100 °C PMP
O’ PMP —_— Sba 3ba (37%) 41%

Zn (3 equiv), D,O (5 equiv) o
PMP NMP, 100 °C pvp D (13%) 1 9
4ba 3ba (75%)
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CHO
R o 2" C[
>J.. Ni©L* 2 Br
4 0 LaNiX, \
> H
2

. @0 Design Plan:
Jit"L :
R! Ni"'Ln q i
@:\><Ni'”ln i 5
|‘] CHO ! Me
5 f @[ ﬁ RT + NitLH :
Br

D O
J & !
R? q CHO 1Genyne _______________________ | splromdanone
Nith.H R
R‘ ' Hon ©:Niwm y 1 6ARIBHIH T AHSETRA,
4 3 ’/,,“
{ rl\ s ,,,
5 R
R‘ i '/ A
H opitiLn LanW TR N MR Rk AT R At
C “\ —
R! B R?

20
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a) Alkene difunctionalization by exo-selective cyclization/cross-couplings b) Ligand-controlled regiodivergent alkene difunctionalization reaction
— F._F
R R R |
5-exo » X " <
Qe Q™ O G S ’
X M v Yoo o
©E }/R metal catalyst ively yclizati N exo-selective
Y [Pd], [Cu] or [Ni] J— CF R!
H H R i 3 reductant ligand B — E

6-endo |~ " ’ ‘ R2 2

‘ = Y” ~0o R

Y
/ M2 unexplolted '7"77777777”””””"””W””””””W””"””rHiﬁ’!qf’”s’e’l’ef{we

! M Catalyst-controlled B Mild conditions |

R ~-R \ H

@(j/ ©\/j/ a W Excellent regioselectivity W Broad substrate scope 5

Y Yoo T e

Challenges
; M 6-endo-Cyclization is Kineti i over 5 yli
M Various side r i pr ion or B-H elimi

J. Am. Chem. Soc. 2021, 143, 10282-10291.
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yield of ee of yield of

imizati i iti @ ent igand additive
Table 1. Optimization of the Reaction Conditions try  ligan N
e ’ F 1 - - 0 - 0
- 2 L1 - 49 . <2
Ligand (20 mol%) N0 3 L2 - 20 - 6
J\H/Me . NiBr,(DME) (10 mol%) Ve, 4 13 i 4 . s
b Mn® (3 equiv) Me 5 L4 . 25 - <2
Ar=2- nsphlhyl additive e
DMSO, T (°C) )6 6 L1 MgCly 83 - <2
N So
R 7 Ls MgCl <2 - 26
,,,,, 4 ' 8 L6 MgCl 9 - 3s
K R R R B ~N
| — : 9 L7 MgCls 5 . 32
: 7 ) (S VI = W4 10 L8 MgCl 2 77
| ® =NON= N N~ R ! sLh < )
i LI:R=Bu L3:R=H L6:R=CN : 11 L8 - <2 - 25
| L2:R=COzMe L& R=pPh L7T:R=COMe | .
| — o Lo:ReCOM | 124 L9 - 10 36 nd
()], e R'{H . ; .
: w0 o VAR W | 13 L10 - 48 58 nd
e, T \\) \ ) R ):°/> {\O j | 14¢ L11 E 53 82 nd
; (S) 19:R = Bu NN/ (S-L13:R! = H, R2=Ph N N~y )
; ( SR pr (R}L14: R‘ =H, R’ =2'Bu u (S.516 ! 15¢ L12 - trace - trace
: (s.81L12 R)-L15: R = CF;, R? =By ,SH :
i (S)'-“ R=Cy 77 () ____________ A 6 L13 38 s nd
“Reaction conditions: 1 (0.1 mmol), 2 (0.2 mmol), NiBr,(DME) 174 L14 E 41 79 nd
(0.01 mmol), ligand (0.02 mmol), Mn® powder (0.3 mmol) in DMSO 18¢ L1s ) 24 87 nd
(2 mL) in sealed tube at 60 °C for 48 h. Isolated yield. “Determined 108 L16
E trace - trace

by HPLC analysis with a chiral column. 95 °C. “Ni(acac), (10 mol Nl
al,

%), Nal (0.1 mmol), B,Pin, (0.1 mmol), Et;N (0.05 mmol) in DMF. 200 L1§ Babing 62 91 <2 22
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L15 (20 mol%)
Ni(acac), (10 mol%)

Mn® (3 equiv), Nal (1 equiv)

DMF, 25 °C

5,55%, 91% ee

7 (R = OBn), 40%, 89% ee
8 (R = CN), 64%, 90% ee
9 (R = CO,Et), 57%, 95% ee

10 (R = COMe), 81%, 96% ee

11 (R = CONMey), 51%, 95% ee®
12 (R = SO,Me), 48%, 95% ee

15, 47%, 90% ee 16, 33%, 92% ee®

B,Pin, (1 equiv), EtsN (0.5 equiv)

Trifluoromethy! alkenes

13, 64%,

97% ee®

14, 65%, 97% ee

17, 59%, d.r. > 20/1
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21 (R = Me), 62%, 94% ee®
22 (R = OMe), 66%, 94% ee
23 (R = Cl), 51%, 95% ee
24 (R = Ph), 49%, 93% ee

18 (R = Me), 48%, 95% ee®
19 (R = OMe), 53%, 96% ee
20 (R =F), 52%, 91% ee®
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N0 Mn®, Nal N Mn®, K3PO, N o
FKU DMF, 40 °C R! DMF/THF(1/1), 60 °C R!
Selective Cyclization/Coupling

R

N
U

77, 65%, 92% ee

Me 70 (R = H), 78%, 92% ee
m\ACOOME 71 (R = Me), 68%, 93% ee
o 72 (R = OMe), 65%, 91% ee

Me 73 (R = CF3), 71%, 93% ee Me

Me R =
= 78 (R = n-hexyl), 63%, 90% ee
I COOMe coOMe COOMe
_ 79 (R = Bn), 75%, 93% ee N O
N= N0 o] )
; N
Me Me

74 (R = Me), 72%, 91% ee

R’Q—i\/\COOMe 75 (R = OMe), 83%, 88% ee
0

’;‘ 76 (R = Cl), 62%, 90% ee

REETFIRR RS

80 (R = CH,0Me), 64%, 89% ee Bn
81,67%, 91% ee

chowe
N"So

95,77%

Me 88 (R = H), 92% Me
89 (R = Me), 84%

COOMe
/@I\/
90 (R=F), 79% R N Yo

Me 91 (R = CF3), 69% Me
Me
Me R ~_coome e _coome co0Bu
coome
2 N So N So N So
NToN o Me Bn Me
Me

96 (R = Pr), 77% 98, 67%
97 (R = Ph), 65% 2 5

- ive Cyclizati i ob

92 (R = Me), 82%
93 (R = OMe), 78%
) 94 (R = CI), 75%

99, 84%
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Me Ar L8
NiBr,(DME)
o + ﬂ/ + PhBr ——————— >
_Me Fy Mn®, MgCl,
PH Ar = 2-naphthyl DMSO, 60 °C
13 2

Ni(COD), (1 equiv)

Ph
me

Ar F
¥ '
Me @
)
114 (0%)

113 and 2 are recovered.

F2RENCRREIFRSREE Szt 71

SR EAFEENCRIEZE L

L s 2 (E (L RO ED A IS A RIS AR B A [RIE IS TR B RE B R R

. p (80%)
NiBr,(DME) (10 mol%) Mo
L8 (20 mol%)
4 * (e)
Mn, MgCl,, DMSO, 60 °C N~~0
Me

D,0 (10 equiv)

1+ 2> Co,Me

Br
o ligand (1 equiv)
Me  + 2 3
N withoutMn®
Me MgCl,, DMSO, 60 °C
1
E L1
L8

QM—ei\ with or without Mn®
2
N MgCl,, DMSO, 60 °C
Me

NiBr,(DME) (10 mol%)
L1 (20 mol%)
Mn, MgCl,, DMSO, 60 °C
D,0 (10 equiv)
24%

0%

116 (21%)

<o% 1+ Z>Co,Me
25% |
3 (©
trace Me
b
D (70%) NSo
Me r Me
(Ey118
o ©
)
Me

14% 17 (67%)

NiBr,(DME) (10 mol%) Me D (99%)
L1 (20 mol%)
coMe ()
Mn, Nal, DMF, rt S0
D,0 (10 equi
,0 (10 equiv) b
70-D (30%)
NiBry(DME) (10 mol%) Me
A
L8 (20 mol%) mcozm o
9
Mn, K,PO,, NXp D(80%)
DMF/THF, 60 °C Ve ‘
D,0 (10 equiv) 86D (6%) S RAERIAYR IR
MeF\_F

Me
Nas
N OO
NiBr,(DME) Ve

(10 mol%) 119, 69% (2/1 d.r.)

2 — (h
SULIeE, EBEA

0
Mn?, MgCl, MeMe F
Lot
o Oy
o =L

DMSO, 60 °C
7 F
120, 37% (> 20/1 d.r.)
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ZERBEHS AXMFL

exo-cyclization/coupling X endo-cyclization/coupling
product 12 Mn° 1/2 M 1/2 Mn(D 1/2 Mn® product
L LN.<°> LN|(°) | B-F elimination
B-F elimination LNi'X L8Ni'X or protonation
or protonation NihL
Y% .

W) FG
i '(\ ‘ PN i @ Ao NiLs
R R | 1/2Mn°j i N'—?: i
@ 50 ! ‘ ] | R
0 . . :
o Ni'L : #R‘ 1/2 Mn®™ i Y. R :<
Y : ! : ., FG
L2 ,<|>|_ ! o : o R
R (bidentate ligand) Yﬁ(i ;  (tridentate ligand) "" L8
G X
LU y w / E
Al I
¢~ =0
c
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Switchable 1,2-Rearrangement Enables Expedient Synthesis of
Structurally Diverse Fluorine-Containing Scaffolds
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.
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N Rt R1 "

! R 3 .
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M1

CF3
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2 Ligand B NiL
7-endo X\N \O
R|
M3

ZERBEHS AXMFL

SRR BT BN - CEET MR I RTRIERMES1.4- BB L
ak2- m#ﬁméniﬂ

c) Ni: tunable cycli

ion and 1,4-acyl transfer (This work)

o
4
(e
X<N’N'L

m2 R'

b

LNiQ |
r’é’

R

selective N-C cleavage ‘/q

W Ligand-controlled B Selective amide N-C

bond cleavage

B Tunable cyclization B Diverse

important

Angew. Chem. Int Ed. 2022, 61, e202201574.
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ZEHRELS AWK L
PPN 51 R BN - CRRBT U RO TSR S 1,4- BTS2
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o =z Pasirtisd M
wfl o M
ol

oSN,
DMF/THF = 1/1
1a ®R= A-CN CoHe)

entry [Ni] ligand additive yield of 5aa [%]"! yield of 6aa [%]"!
1 NiBr,-dme L1 - 60 26
2 NiBr,-dme L2 - 57 24
3 NiBr,dme L3 - 43 32
4 NiBr;dme L4 - <2 Al
5 NiBr;dme L5 - 8 60
6 Ni(acac), n - 53 18
7 Ni(OTf), n - 43 30
8 Ni(OAc), L - 46 32
9 Ni(acac), n - 68 17
104 Ni(acac), L KI 57 12
1 Ni(acac), L1 ZnBr, 12 37
124 Ni(acac), L MnBr, 78 <2
13 - L1 MnBr, 0 0
141 Ni(acac), L1 MnBr, 0 0

[a] 1a (0.1 mmol), 2a (0.2 mmol), nickel catalyst (0.01 mmol), ligand (0.02 mmol), Mn® powder (0.3 mmol), additive (0.2mmol), 4A MS
(molecular sieves) (20 mg), DMF/THF =1/1 (0.05 M) at 60°C for 48 hours. [b] Isolated yield. [c] DMF/THF=1/1 (0.025 M). [d] 40°C. [e] Without 31
Mn°.
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o X < S
Ar Mn, MnBr,

Ar = 4-CN-CgHy DMF/THF, 80 °C
1 2a 4AMS

Tempo (2 equiv)
: BHT (2 equiv)

i(acac), (10 mol%) o
OH Me
Me L1 (20 mol%) (9]
4> + + (b)
Mn, MnBr, N, Me NHR %
o R

DMF/THF, 80 °C o J R

; = Pr) 9f, 29% 3f,0% 4f,30%
! 1af (R = Me) 9af, 87% 3af, 0% 4af, 0%
A F
Ni(acac), (10 mol%)
i CFs L1 (20 mol%)
" :( - - (c)
N, Me Ar Mn, MnBry
o R 2a DMF/THF, 80 °C, 4 AMS
| of (R="°Pr) 5fa, 32%
| 9af (R = Me) 5afa, 0% :

Me

NHBu

+

+

Ni(acac), (10 mol%)

:<CF: L1 (20 mol%)

Ar Mn, MnBr,
DMF/THF, 80 °C
. 4AMS

Ni(acac); (10 mol%)

:<CF3 L1 (20 mol%)
W Mn, MnBr,
DMF/THF, 80 °C
2a 4AMS

Ni(COD); (1 equiv)
L1 (1 equiv)
Mn, MnBry

DMF/THF, 80 °C

4AMS

Ni(COD), (1 equiv)

Terpyridine (1 equiv)
2a

DMF/THF, 60 °C
4AMS

5ea, 19%
(70% of 3e recovered)

5fa, 16%
(64% of 4f recovered)

+of
15%
A F
Me )=
F
o
=] N
O Me
6aa, 45%

(e)

)

(9)
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> ,/OPD(OE‘)Z chiral nickel catalyst R RIM o=
- . +
N R2B(OH), R? Nogs "
Ts 42~99% ee 5

Z-stereochemistry of the alkene moiety is essential.

Z/E-isomer mixture

(b) Synthesis of 2-pyrrolidones via defluorinative cyclization of 1,6-enynes (This work)

CF,R
>

chiral nickel catalyst

RS5-B(OH),

RS , o
R =
. F
X7oN

R2
E/Z>20/1

90~99% ee

— Ty
- 2
Me\/'\n/NHz
o
Seletracetam

Challenges:
Com

Sit

ity of alkyne

i Enantioselectivity

Angew. Chem. lnt Ed. 2022, 61, €202212664. 3/

Chemoselectivity (addition to triple bond or double bond)

(red and blue circles denote sites)

E/Z selectivity (reversible £/Z isomerization of alkenylnickel species)
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(S,5,)-Pr-Phosferrox (12 mol %)

Py
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o™y F
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H N
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| Fe
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@ z 3 (S,8,)-Pr-Phosferrox
Ph Ph OMe OCF; F
M s
NN
o~ F "
. H H
T Me—N o F Me™\\ 1w F Me™\\ 1. F Me—Y\, '\fF
o o # o L7 F
Ph-B(OH);: 78% y, 98% ee N N o7y oy
Ts Ts Ts Ts

Ph-B(OH);: 69% y, -98% ee®
(PhBO);:  75% y, 97% ee

3af, 45% y, 98% ee
o,

3ak, 70%y, 93% ee

3ab, 66% y, 98% ee

F

3ag, 69% y, 98% ee

NMe,

H
Mo\ oy F

o~ F
\
Ts

3al, 67% y, 98% ee

3ac, 45% y, 98% ee
CFy

H
Me™N\\ 1oy F
07N F
Ts
3ah, 61% y, 99% ee

S0;,Me

\/F

3am, 62%y, 99% ee

3ad, 67%y, 96% ee

cN
E H
M=\ Y.ox F
07N
s

3ai, 61% y, 96% ee

n

Me.

H
Me%\ z \I/F
o~y F
N
Ts

3an, 73% y, 98% ee
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o

3a0, 41% y, 99% ee
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07N CF3 Fe PN 80°C oy
Ts <= Ts
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Scheme 6. Mechanistic studies.
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E/Z isomerization

c G'

Eilld

38



14 - BELEIR e b = , .
 tmsherigne EEZEN POy of i M @ EEAC(sp’)-HREEE

ESEILAT1, 6-HSRED 1, 7-HtRAORIBAE I MR R AL/ BRBR AL R B AL

How to cite: Angew. Chem. Int. Ed. 2025, 64, 202413892

Asymmetric Catalysis doi.org/10.1002/anie.202413892
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NiBra+DME (10 mol%) .
C5H11 Ligand (12 mol%) Me Q N
" X CsHyy" AL >=O
o /27& HBPin (4.0 equiv) NS e HN  H
H
. T Me™ g0 Nal (1.0 equiv) (SN CeH ">:—§/‘N/Ts Me
N dioxane/THF = 4/1, 40 °C s kI \—§
1a 2a 3aa 4aa
o i Tl Tol
— 5 p o o ' i
F30{>—<\ 7 N TN \\O) ): <, N/>—<\N]
N N""g, PPhy u N~/ [ N™"ipr N N—

L1, 46% yield, 15% ee
Me, Me
0. O,
T
N N/
'Pr “ipr

L6, 30% yield, 73% ee

Ph Ph

L11, 30% yield, 81% ee

L2, 32% yield, 4% ee

0

N N

Pr Pr

L7, 33% yield, 76% ee

L12, 19% yield, 6% ee

L3, 16% yield, 4% ee

o) O,
)
NN/

pf “Ipr
L8, 28% yield, 70% ee

o. ; o)
Ph T
:}/N N\z

L13, 24% yield, 78% ee

L4, 76% yield, 62% ee

L9, 36% yield, 79% ee

NOR
G
Bn En

L14, 32% yield, 79% ee

'Pr 'Pr

L5, 42% yield, 50% ee

L10, 24% yield, 76% ee

o o,
1 R
6?Nm€5

L15, 44% yield, 83% ee
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Table 1: Optimization of the reaction conditions."!

o
CsHin NiBrz*DME (10 mol%)

]
I sme J\r;ro L15 (12 mol%) o™ "‘\N)Lme
. H
T o Nal (1.0 equiv) o
hydrogen source T

solvent, 40 °C i
1a 2a 3aa
entry hydrogen  solvent yield (%) ee (%)¢
source
1 HBPin dioxane/THF (4/1) 44 83
2 HBPin THF 34 55
3 HBPin MeCN 10 0
4 HBPin dioxane 4 83
5 HBPin DCE 40 70
6 HBPin toluene/dioxane (4/1) 45 86
7 HB(dan)  toluene/dioxane (4/1) 54 90
8 (EtO),SiH  toluene/dioxane (4/1) 17 89
9 Et,SiH toluene/dioxane (4/1)  trace -
10 Ph,SiH, toluene/dioxane (4/1) 15 -
n NaBH, toluene/dioxane (4/1)  trace -
129 HB(dan)  toluene/dioxane (4/1) 53 97
1399 HB(dan)  toluene/dioxane (4/1) 68 95

[a] Reactions were carried out with Ta (0.1 mmol), 2a (0.4 mmol),

NiBr,(DME) (10 mol%), L15 (12 mol%), Nal (0.1 mmol), hydrogen

source (0.4 mmol) in 1 mL solvent at 40°C, unless noted otherwise.

[b] Isolated yield. [c] Determined by HPLC analysis with a chiral

column. [d] K,PO, (1.5equiv) was added. [e] Ni(ClO,),-6H,0

(15 mol%) was used instead of NiBr,(DME). HBDan (Dan=13- 42
hthal, - HRPin* ninacolh
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Lot 30 G SR(E(LAG T, 6-EREN, 7 - IE R AR BRI R [RIR b/ B REAL R B AL
Lo e Byt O [, e S

toluene/dioxane (4/1), 40 °C \ T s R
‘ s ESEZ
‘ﬂ 2 3 13 2a 14,16% y HEEAER, M
o o o TEH T RIES
- 4
H o H H q oMe H oy OMe FRACHIKIaIEE
CsHun"\ M Cartn" M5 Cartr Mg o Me standard conditions e
Ny N SNy 15 b o
H H H OMe Me  * (b)
07N 0™ 0™y N (77% recovered)
h h h T
3ap, 57% y, 97% ee 3aq, 47% y, 96% ee 3ar, 80%y, 92% ee 15 2a
i 2 2 CoHy” Ni(CIO£);6H,0 (15 mol%) . s
Hoo H F H cl H B s D ° JELRitiigR
o Me e H e H v Isome e L15 (18 mol%) ol § B kSR
SN Sy CsHn "\ Lo, SELTR N N }o Ph,SiD, (4.0 equiv, 99% D) SN N “Me : ol
H N N o N ———————— H © w1 1R
0™y oy oy oo o O Nal (1.0 equiv) 0y
Ts ! h KsPO4(1.5 equiv) T
1a 2a toluene/dioxane (4:1), 40°C  3aa-D1, 16%y, > 99% D
3as, 57% y, 93% ee 3at, 71% y, 92% ee 3au, 64% y, 94% ee
4 o Me, HBdan (2.0 equiv) N=PPh,
H o H 0 H 773% +  PPhy @ ————————— Me—( ()
CsHyy " Me e Me N.y”=0 toluene/dioxane (4:1), 40 °C o
s\ D coHun M5
N o] SN
H N 2a .
o
N 0™y A
! \ | Ni(CIOs)6H,0 (15 mol%) 87%y

H wio nickel % i 4 3

3av, 60% y, 95% ee 3aw, 83% y, 95% ee
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Scheme 9. Proposed mechanism. 44
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¢) Ligand-controlled stereodivergent construction of 1,3-nonadjacent stereocenters

Ming-Phos
Bro 9 (S, §)-and (R, R)-3
R? (o}
N%T RS R
R YN
1 : j rd R
+ > N~
o reductant R" 3
R3 RS 1,3-nonadjacent stereocenters
N° Ph-Phox
B R (R, S)-and (S, R)-3
(£)-2 ; o o i
primary (1°)-secondary (2°) coupling
Challenges:

W competitive ipso-alkylation

B self-dimerization

M radical ition/cy

ipso-alkylation

u i ive and diast I control
[o}
R R
O F‘«
R3

N-R* N

Br R
primary (1°)-primary (1°) coupling
self-dimerization radical addition/cyclizatior

FREMRENC(sp)-HBRE &R

QS
<]
BrzR \N N5 R__FG o

L1 (20 mol%)
NiBr,(DME)(10 mol%)

.
Br [¢]
o Zn, THF, 30 °C N
N)HrMe Me

Me
1a

dimer

2a (R = Me, FG = CONMePh) 3aa (65%) + 4aa (trace) + dimer (15%)

20 (R = Me, FG = CO,Ph) 3ao (frace) + 4ao (trace) + dimer (55%)

2p (R = PhCH,CH,, FG = CF3) 3ap (trace) + 4ap (trace) + dimer (45%)

2q (R=PhCH,CH,, FG=CN)  3aq (trace) + 4aq (45%) + dimer (10%)

Figure 1. Effect of activated secondary alkyl electrophiles.
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Scheme 3. Substrate Scope for the Synthesis of (R,R)-3“

Br - Ni(COD), (10 mol%) R O
o R MingPhos (L9) (20 mol%) NS
R? + R5” TH\Ra N Bu
N Zn° (3 equiv)
R! 0 MgCl, (1 equiv), Lil (1 equiv) PPhy
1 ®)-2 THF, 30 °C 5 L9 (R =Ph)

i @ i /©/F i /©\

M M

(U AN NN Me

Me ! Me ! Me. D
2 Me Me Me
o o 0
y X y
Me Me Me

(R, R)-3aa, 63% yield
>20:1 dr, 95:5 er

Me
Me)\Me
’}‘ )
Me

(R, R)-3af, 51% yield
> 20:1 dr, 95:5 er®

(R, R)y-3ab, 40% yield
>20:1 dr, 96:4 er

(R, R)-3ag, 61% yield
>20:1 dr, 94.5:5.5 er

(R, R)-3ac, 53% yield
> 20:1 dr, 96:4 er®

|
Me

(R, R)-3ah, 60% yield
>20:1dr, 91:9 er

(R, R)y-3ad, 44% yield
>20:1 dr, 92.5:7.5 er

(R, R)-3ai, 69% yield
> 20:1dr, 92:8 er

(R, R)-3ae, 50% yield
>20:1 dr, 96:4 er®

[e}
Me -~
Me N Ph
Ph
'\“ 0
Bn

(R, R)-3ij, 56% yield
>20:1dr, 97:3 er
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a) Substrate scope

Br R Br Ni(PPh3)4 (5 mol%) R R?
e« N Ph-Phox (10 mol%) 5
N " " R @ PPh,

Zn (3 equiv)

R! THF, 20 °C NR1 L5:R'=H,R2=Ph
,,,,,,,,,,,,,,,,,,,,,, L - M
] o) o] o o]
Mo J\N,Ph e L ve_ L Pn me. L P me._L e
% Me Me, Ve Me Me, Bn \//\ Me 3 Ph FCMQ—E Me
o]
NM N0 ,\ll (] f:l (0] N O
|
© Me Me Me l\llle
(R, S)y-3aa, 60% yield, 3:1d.r. (R, Sy3ae, 54% yield, 29:1 dr. (R, S}3ag, 60% yield, 3:1 d.r. (R, S)-3ah, 50% yield, 3:1 d.r. (R, Sy-3ca, 50% yield, 3.2 d.r.
(46% yield, 96:4 er) (40% vyield, 96.5:3.5 er)? (45% vyield, 98:2 er)? (38% yield, 95.5:4.5 er)? (38% yield, 96.5:3.5 er)?

®Values in parentheses represent the isolated yield and enantiomeric ratio (er) of the major diastereomer.
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b) Stereodivergent synthesis of all four sterecisomers of 3aa

(R, R)-3aa, 63% yield
>20:1 dr, 95:5 er

[0}
me_ L _Ph
Me, N
N o
Me

(S, S)-3aa, 62% yield
> 20:1 dr, 6.5:93.5 er

Ph

o)
g
N
CLE™
PPh,

(R, SsFMingPhos
Ni(COD), (10 mol%)

o
:>"Ph
o
PPh,

(R)-Ph-Phox (10 mol%)
Ni(PPhg), (5 mol%)

zn° (3 equiv)
MgCl, (1 equiv), Lil (1 equiv)
THF, 30 °C

Ni(COD), (10 mol%)
(S, RgFMingPhos

2a

Zn° (3 equiv)
THF, 20 °C

Ni(PPhg), (5 mol%)
(S)-Ph-Phox (10 mol%)

o]
Me _,\\”\ -Ph
Me ’}l
B Me
'\,‘ 0
Me

(R, S)-3aa, 46% vyield, 96:4 er

(major diastereomer)

zn° (3 equiv)
MgCl; (1 equiv), Lil (1 equiv)
THF, 30 °C

Zn° (3 equiv)
THF, 20 °C

Me
(S, R)-3aa, 48% yield, 5.5:94.5 er
(major diastereomer)
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Scheme 6. Mechanistic Studies e
Me. -Ph
Mingphos (L9) (20 mol%) 7@
; o Me- Me Ph O
o, Mo B NICOD) (10 moi%) o Vwd N e a
i 2Zn (3 equiv) o._Me N Vg,
Me + prN Me * H u
N MgCl, (1 equiv) o Me.,
Vo o , ! N N Yo PPh,
Lil (1 equiv) b N
Tempo (2 equiv) '
1a ()2 THE. 30.°C 3aa, trace 9,20% Mingphos (L9)
o Me
Me. -Ph Ph-N
Ni(COD); (10 mol%) Ve o f
o Mingphos (L9) (20 mol%) Me 0 Me:
Zn (3 equiv)
PRy SN Me v (w)2a Bey + o Me Brg,
A MgCly (1 equiv) ° o
° Lil (1 equiv) rd Me—N N Me
THF ° Ph b
10 3aa, 9% yield, 3:1dr 11, 54% yield, 2:1 dr Me
c 12
- Mingphos (L9) (20 mol%)
Q Ni(COD), (10 mol%)
Me  + "PrznBr
N MgCl (1 equiv)
Me THF, 30°C
1a
d
B Me Ph-Phox (L5) (10 mol%)
v
: "
(:[ o * Me)\r(N\Ph Ni(PPha), (5 mol%)
o TDAE (3 equiv) °
THF, 20°C e
()2 3aa, 18% yield

NiBr,(DME) @

FREMRENC(sp)-HBRE &R

Ph

THF, 30°C Ni-p,
Ph Br
nickel complex 12

S

CCDC: 2240402
Me.,
N-Ph
Me.
0
2 nickel complex 12 (10 mol%) Me
Mew)LN_Ph -
) Zn (3 equiv), MgCl, (1 equiv) °
Br Me Lil (1 equiv), THF, 30°C N
) ' Me
()-2a 3aa, 45% yield
95.5:4.5 er, > 20:1 dr
bpy (20 mol%) " o
" le. _Me
B e N.(c;m)2 (10 mol%) - N Me e
N n (3 equiv) -~
N +
P Lil (1 equiv) o N0
THF, 30°C \
g Me Me
(+)-2a 3aa 14
| MgCl, 12% yield, > 20:1 dr 72% yield |
| wio 10% yield, 1.3:1 dr 66% yield | 5 O
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RS
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X
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/ o
=0 Ni'L N
F R' R?
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N
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N
:
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C(sp?)-H

b

{ J

—_—
N

|
Boc

n=0,1,223,4

(i) s-BuLi, TMEDA, —78 °C

(ii) Znl,, ~78 °C to 1t

FG = H or BPin

X=NPg, OorC

2 Chiral nickel catalyst

c =)
KT)\ 'BUOOBU =
CH T AR — ~
4 1—\’/\

o HAT = J( NiFL S
G Bl
e, . o e, - o

Chiral molecules

d
OH
HO\)\/ R
1,2-Diol
MMe
(R)-Bgugaine
o OH

(-)-1-Hydroxypyrrolizidine

) o
n H H
— D92 o
X
N
FG

(-)-Perhydro-8-indolizinol

FRMREENKC(sp)-HRERE

OH

/\/l\/R
HO

1,3-Diol

6

(-)-Tashiromine

Bl
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Bl

NiBr,'DME (15 mol%),

/\/\/\N

L8 (20 mol%), O
+ (MeO),SiH (3.0 equiv.) W N
| DCP (6.0 equiv.), Zn (2.0 equiv.), N
KHCO3, EA, 0°C 1
Bz
g 3
HAT oxidant Chiral ligands (o) 0.
M
Me_  Me [o) 0, 0. [ />_<\ 0. e ° O,
o X 7\ Bu N N Bu
o N < Y
Me” e N N""ppy p” N N™rpp t
s . Ph Ph
DCP (R =Ph) L1 L2 o z
DTBP (R = Me) L3 La
B
o Me_ Me Me_ Me .
FiC B o%ro Ph oj)Q(o Ph Me Me
) gt | \J""P" Ph></l | pn Ph O O _ph  Ph O O _Ph
F N N N N 1 | 1 |
P : Ph O Ph  Ph WM Ph
s Ph Ph Ph Ph & &
a s 03 Ph 09 Ph PR o Ph
Entry Variants Yield (%)* e.e.(%)°
1 None 69 (61) 97
2 NFSl instead of DCP Trace ND
3 4 instead of DCP Trace ND
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4 DTBP instead of DCP 53 97
5 BPO instead of DCP Trace ND
6 L1 Trace ND
7 L2 Trace ND
8 L3 Trace ND
¢] L4 Trace ND
10 L5 Trace ND
n L6 37 87
12 L7 58 95
13 PMHS instead of (MeO),SiH 54 97
14 DEMS instead of (MeO),SiH 40 97
15 In the dark 68 97
16 Without Zn 40 97
17 Without nickel or silane or DCP Trace ND

Reaction conditions: 2 (0.1mmol, 1.0equiv.), pyrrolidine 1(0.5 mmol), NiBr,-DME (15mol%), L8 (20 mol%), DCP (6.0equiv.), (MeO),SiH (3.0equiv.), Zn (2.0 equiv.), KHCO; (1.0 equiv.), EA (50 pl),
0°C. “Determined by gas chromatography using n-dodecane as the internal standard. The value in parentheses corresponds to the yield of the isolated product after column chromatography.
Determined by HPLC using a chiral stationary phase. Bz, benzoyl; EA, ethyl acetate; ND, not detected.
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a x: bO ) (MEO)ESN{\W Table 3, conditions B Q%\Me

TEMPO (1.0 equiv.)
3

() + 2 ——————— 3+ My
Table 3, conditions B 0/ [ o
97,ND

o
95 16% yield
[
D D

D _Table 3, conditions 8 _
o Ao K\E 53

D
-D

_Table 3, condtons 8 % /“
o

o° O b

KIE 3.0

f Me
e EIOAC, 25 °C R
DTBP (6.0 equiv.) Me o, Ve
KsPOj (1.0 equiv.)
—_— LBNiBr, (10 mol%) Trace
THF N7 O L8Ni(COD) (10 mol%) Trace
Ve Zn (2.0 equiv.) Trace
100, 26% LBNiBr; (10 moi%), Zn (2.0 equiv.) 20%
MmN O ARG O
Table 1, entry 1 © L Me N Table 1, entry 1
_ — > 3,40% 9% ee.
: ! 1
Without DCP
Isomeric mixture of alkene 2, 72%

101, 25%
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h

ROOR

DTBP or DCP

[Si]-H + base

1
>_,——» RO—Ni'L*

F{O—lili"L“
OR

N
'\ Zn(0Bu:

RO—Ni'L*

o
‘o

c

v

RO— N|M
L
G

Secondary-primary coupling

"
versus RO— l;ll"'\'/\/o
L H

Me
Secondary-secondary coupling

PinB__~

RO—! N|" H

"
RO—Ni"L* H

PinB
J

BPin

Eilld
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Three-Component Alkene Difunctionalization by Direct and Selective
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A. The state of the art of three-comp 1t radical dicarb tionalization of alk B. Di ization of alkenes via direct activation of C(sp®)-H bonds (This work)
2_ 2
- Gk Radical-based dicarbofunctionalization G 2 i 2
] 1 GP=X hv' ( Ni G
G'=X G 3 \
~e G'=H + G \/k.
30/2911° /\. selectivity?
g . efficiency?
' G'=X (Radical Precursor) : - Y
! .
' €] ' o and easy-t p y
!
. 2 NHz Pra R2 " R2 O ! O The most abundant hydrocarbons as feedstock
1
' R’+l R’ 4_5[((;3';2 R"—Jr—BFaK 5(0 oCs | O Tertiary (3°), secondary (2°) and primary (1°) radicals (G")
! 3 3
h R* R R ) ! o P . imp X
'
! Nevado Molander Overman and Chu | 0
!
| Limintations: :
1
! O G'-X require pre-activation and multi-step synthesis H Hon Hoon
1 N RS
: Q G'are restricted to perfluoroalkyl and tertiary (3°) alkyl groups : 9, o} \[NJ Q Is) \E ,]
' et . N
I\ O Stoichiometric metal reductants or expensive photocatalysts are required N Me C| 0™ te ¢l
- Sclareolide Lead compound piragliatin
(against filovirus infectious) {glucokinase activator) (Treatment of type 2 diadetes)
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x )
' - 1
: i
I G=H G i
E N \/'\EWG:
: :

;

312°1° Z Ewe
S ol O A S S S S S i S S e i e
G=H
A EWG .
= ¢ ————= S~ ene
HAT — b : : :
Undesired side reactions:
Whg0s2]* [WigO32)" H (1) Arylation of aliphatic C-H bonds
4 e G=Ar
L (W0 NP (2) Giese addition
v SET B EWG G enG
- ) D
[W1gOs2] ‘ LnNi(0) (3) Heck reaction
W03 2H* SET b LN
c ~— :
(4) Dehalogenation
) ArH
LnNi()X Ni{l)Ln
G G

EWG
Hir E

G\)\EW(:_\ /I\r /
Ni(lllBr ABr

G\)F\EWG 60
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Entry Ni(L)Br, Solvent Yield of 4 Yield of 5 Yield of 6

(%)[b] (%)[b] (%)[h]
1 L1 MeCN 23 30 32
Table 1: Optimization of the reaction conditions. 2 L MeCN 20 30 36
- 3 L3 MeCN 35 15 27
O~ )en 4 L4 MeCN 22 18 54
H Pn—@—ﬁ' Ni(L)Br (10 mol%) 5 5 L5 MeCN  no reaction
© . B TBADT (2 mol%) N 6 L6 MeCN  no reaction
L K3POy, solvent OMe O\/\'(OME 7 L7 MeCN  no reaction
1 Z ~COOMe 10 W LEDS (390 nm) o 8 L3 acetone 57 13 17
3 4 s O 9 L3 DCM no reaction
& Sl R R o, © 1?“1 t: Ec]\:ti(:e ,6\‘60 et 6 13
/306[|3§OO[’%,%)\‘(8”‘N ) C =) \ [N/>_<‘NJ 124 13 acetone 71 <2 3
IR | N 5 Le 1394 13 acetone 63 n 5
R=H (L1) N 1460 13 acetone 61 12 7
R = OMe (L2) N l N N 159 . acetone no reaction
R=Bu (L3) LN N 1698 L3 acetone no reaction
R = COzMe (L4) L7 1760 13 acetone no reaction

[a] Reactions conditions: 1 (2 mmol), 2 (0.2 mmol), 3 (0.6 mmol),
Ni(L)Br, (10 mol %), TBADT (2 mol %), K;PO, (0.4 mmol) in solvent
(2 mL) at 30°C under irradiation of LEDs (10 W, 390 nm) for 18 hours.
[b] Yields of isolated products. [c] Acetone (1 mL). [d] Acetone (0.5 mL).
[e] 1.5E of alkene 3 were used. [f] 5 Equivalents of cyclohexane were
used. [g] Without TBADT. [h] Without light.
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B B I R IS S R C- HER A = M R S EE

Nil
/Q B K3POy, acetone
FiC e Cy

=N, 7 QH
TBADT (2 mol%)
.

2 CoMe 10 W LEDs (390 nm) CO,Me
67 (1 equiv.) 11, 0%
b
CF3
H ZCoMe 4-CF 4CgH4Ni(bpy)Br, 67 (10 mol%)

© - TBADT (2 mol%)
K3PQOy, acetone cy
FacOBf 10 W LEDs (390 nm) CO,Me

11, 43%

Scheme 6. Mechanistic study.
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FRnREHLC(sp’)-HBE &R

AL R A, 2-—EER1, 3- — B ROIS LT 2

¢ OH

”°\/k
H

enantioselective

MEG
60.7 million tons/year |

HO, OH '
W :

|

]

PDO
1.0 million tons/year

Advantages:

®  Abundant C(sp®)-H feedstocks (MEG and PDO)

one-pot

@  Atom and step economy

® Rapid access to high value-added chiral diols

C(sp?)-H functionalization

OH
R

1-aryl-1,2-diols

HOWOH
Ar

1-aryl-1,3-diols

Challenges:

diastereoselective

C(sp®)-H functionalization

P ERESETEEPLEPERES . HO OH
E acetonide-protection | %
: AN : A A
' N\ '

— @@
i — i HOWOH
i Ar?==X i H =
H ] A2 Ar'
!‘ acetonide-deprotection !
"""""""""""" 1,n-diols

one-pot

® Regioselectivity, enantioselectivity and diastereoselectivity

® Competitive O-arylation of alcohols with aryl bromides

® Optically pure 1,n-syn-diols synthesis
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B=H2

B EF S R F,2

—_—ap

il

— — e N

= »,
E2#01,3-TEERIRIRIL 5 &
TBADT (5 mol%)
NiBr,*DME (10 mol%) Mex"”e
Me Me

acetonide ><, 1 - L6 (15 mol%) [

HO_~_OH 0" , gl Y )
—_— > g 2 . e '/\
protection K/ku S~z K3PO4 (1.5 equiv) [ L
50O acetone/PhCF3 = 1/1 A
4a 2 10 W LEDS, 25 °C 5
Aryl Bromides
Me._ Me Me__Me Me.__Me Me __Me Me.__Me
= SN ¢ TS . I =
- TR T CcL T
I CF3 CO,Et cl S0,Me
o
5aa, 62%, 91% ee 5ac, 42%, 95% ee 5ad, 40%, 91% ee 5af, 63%,
Me><Me Me Me Mo, Me

, 84% ee 5ag, 68%, 92% ee

CCDC: 2335067
e Me

Me
o><
©3 (1 (;f" T 108 w — L,
5au, 46%, 89% ee 5av, 47%, 91% ee 5aac, 51%, 97% ee 5aad, 76%, > 20/1 d.r. 6a

7aa, 10%, 33% ee
1.6/1rr.
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Me
Me.
o
o

0L

Bu Bu

N/ W7

N N
dtbbpy L7 (15 mol%)
NiBry:dme (10 mol%)

TBADT (2 mol%)
0. Me K;3PO, (1.2 equiv), MeCN
10 W LEDs, 25°C

IR S R FEE,2- ZEEH1, 3- TR i

vicinal stereocenters

Me  Me
[} °
MeO,S o

3ca, 90% ee 29 9a, 83%, d.r. > 20/1
B 1,3-nonadjacent stereocenters
M Br
Mot L (15 mol%)
oo
NiBrydme (10 mol%)
H TBADT (2 mol%)
"G O, Me K3PO4 (1 equiv), acetone/PhCF3 = 1/1
10 W LEDs, 25°C
5aa, 90% ee 29
L7
without ligand
terpyridine
L6 trace
ent-L6 55%, d.r. = 2011
L4 67%, d.r. = 15/1

65



7 . BIELER
FEEN | sEmReSRINERFRK

FiR R ENC(sp’)-HIBE &EE

. The Yang Research Graup

Precise SyrthesisLob of Terug Universty

EIFEIR S R FME, 2- ZEEF01, 3- T EERIIE L 5 %

E=8o

Me_ Me
- L7 HO, R
Fomer >
Me><Me NiBr,(DME) (10 mol%), ligand (15 mol%) )_/ & ou
OH OH o FG G}
5 070 TBADT (2 mol%) 1,2-syn-diols
n HJ\@,‘)""R K3PO, (1.2 equiv), MeCN, 25 °C L Me><Me oH oH
10 W LEDs (390 nm; o” "o . .
n=0,1 ¢ ) — |\) > " R
FG" “R .
1,3-syn-diols

1,2-diols bearing vicinal stereocenters?

9b (R = Ac), 88% yield, d.r. > 20/1

Me~L_
9c (R = CN), 83% yield, d.r. > 20/1 ]
9d (R = CO,E), 80% yield, d.r. > 20/1 N
9e (R = SO,Me), 80% yield, d.r. >20/1 ¢ —
9f (R = OMe), 70% yield, d.r. > 20/1
9g (R = NHAG), 63% yield, d.r. > 20/1
9h (R = OPiv), 66% yield, d.r. > 20/1

Ph

CCDC: 2236741

9i, 66% yield, d.r. >20/1  9j, 77% yield, d.r. >20/1 9K, 53% yield, d.r. > 20/1

Me com Me Me Me
0, o 2Me o] 0, —
Mew Mewo Me+ CF,
s
/ Oy \ o N&Kph Oy \_/
c|/ Cl/ cl ]

91, 57% yield, d.r. > 20/1

9m, 61% yield, d.r. > 20/1

9n, 51% yield, d.r. > 20/1

90, 43% yield, d.r. > 20/1

9p, 85% yield, d.r. > 20/1
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RIS A R 1,2- RN, 3- SRS AU IR T

Bu Bu '
o\) 1c Me : M
Me H TBADT (2 mol%) ©
o : Me
( 7 A

: M
TBADT (2 mol%) J : Me7/:o 11 (10 mol%) d
b e ' —_—
K3POy, acetone : 0\) K3PO,, acetone \)\©\
10 W LEDs, 25 °C : 10 W LEDs, 25 °C SO,Me

FRnREHLC(sp’)-HBE &R

Ac :
3ca, 33% : 1c 3cg, 45%
D
2a
: standard conditions
A°@B’ 2a : (Fig. 4A)
Me E
KePOs O s B .
—_— :
o : B Me
acetone, 25 °C N S0 ot D. -
k: "
Bu Zn° (3 equiv) ,',,e : o 4 ‘}\,I
13,37% 3ck-D c’/ |\o 9ck-D, 49%, > 20/1 d.r.
[

favorable TS

67



7

., The Yong Research Group
P Syt T oy

fEERE N

BEAEER
ZERBANS AHRFL

AL R A, 2-—EER1, 3- — B ROIS LT 2

E Me7£|e
o\/j’

F‘;h standard conditions
cae _ Few
+
" 2
e
KIE=2.2
L
i D 99%
Ph
3cae-D2
E standard conditions
dcae (Fig. 4A)
or I
3cae-D2 2a
KIE=1.1

Me
o

)

9ac, 56%

740

or
o

Ac

9ac-D, 25%

Ac

G
0.0002 4
0.0000 - i— — —
- - 084V (NINi")
-0.0002 4 ATV (W60, TWes0sl*)
o
S -0.0004 —— blank
o
S —— NiBra(dme)
000064 — LeNiBr:
— LG
—— TeADT
-0.0008
— 201 V (NEINTY)
00010 264V (W0 TTW:0121%)
T T T T T T T
3.0 2.5 2.0 -1.5 1.0 -0.5 0.0
Potential/V

FRnREHLC(sp’)-HBE &R




<7 - BT e b e = b
fEEE N ZELEkS A ERIR fsiif'bﬂﬁﬂ’.c(sp )—Hﬂiaanlﬂﬂi

., The Yong Research Group
P Syt T oy

AL R A, 2-—EER1, 3- — B ROIS LT 2

1c h

~—_ HAT [Wi1oOgalSH*

[W100z2l H*
B c
\ B
M Ar—Ni(l)L6Br
)

SET [e) Me |
W10zl SE]] \A MG7LO

Ni(Il)L6Br
A \ /\ J O\)\
ArBr Ni(l)L6Br
[W360gl*2H" / E

L6Ni(l)Br
H G Me
M
rd . o c
Light [W10032] Ve o\)\
Ni(Il)L6Br
w3 b
O\) U\s F
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JAIC'S

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

pubs.acs.org/JACS

FRnREHLC(sp’)-HBE &R

Enantioselective C(sp®)—H Functionalization of Oxacycles via Photo-
HAT/Nickel Dual Catalysis

Sheng Xu, Yuanyuan Ping, Wei Li, Haoyun Guo, Yinyan Su, Ziyang Li, Minyan Wang,*
and Wangging Kong*

Cite This: J. Am. Chem. Soc. 2023, 145, 5231-5241 I: I Read Online
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C(sp®)-HEEREEH

(a) The advantages and challenges of ic C(sp%)-H functi ization
H FG
C(sp®)-H Chiral molecules
Advantages: Challenges: [_)‘

® Abundant hydrocarbon feedstocks ® High bond-dissociation energy

® Atom and step economy @ Site-selectivity

® Rapid synthesis of valuable chiral L]

y i

(b) Enantiofacial differentiation of heterocycles

Directing group or structural handle
for enantiodifferentiation

A

Enantiodifferentiation is
notoriously difficult to control!

(c) ic C-H arylation of THF (Martin)

O,

yﬁ*y

— 0.

[rel 37] 43% yield, 54% ee
(d) Working Hypothesis: C(sp®)-H i ization of
K4
R@“H v FeX @@4’ O‘FG

Dehydrogenation

and enanti

B High

B Modular access to high value-added chiral oxacycles
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— C(sp®)-HEEREEH

L1 (15 mol%) ES o Q :
F/\\ o B NiClydme (10 mol%) e j :
o ~H ot R T o SR N O :
e PC1 (20 mol%) . CF; !
Na,CO3 (2 equiv) 3 PPhz MeO :
-5 °C, 390 nm LEDs (10 W) L L ;
Aryl Bromides
O@ ~ 5 Q\© . Q\©\
(0] (0] p O
COEt L ( CHO © CN © SO,Me
o Me 02N
3, 75%, 90% ee 4,60%, 93% ee 5,92%, 92% ee 6, 67%, 90% ee 7, 83%, 92% ee 8, 72%, 92% ee
O\Q O\Q O\©\ “ Oﬁ O\@
[¢] o @) o] @) [¢]
CF3 F Cl (—)\@vc\e F
9, 69%, 90% ee 10, 67%, 88% ee 11, 64%, 90% ee 12, 67%, 89% ee 13, 69%, 88% ee 14, 65%, 91% ee

Heteroaryl Bromides

15, 61%, 88% ee 16, 63%, 91% ee 17, 76%, 91% ee 18, 75%, 92% ee 19, 66%, 88% ee

—_— fal

B Be

Eifi4
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F3C,
Ni(cod), Br. ,PPhs Ot
PPh;3 (2.2 equiv) Ni L1 N j
+ —_— = Php . N _
o toluene, rt, 1.5 h toluene, rt, 1.5 h ph/f"”'r\I]i o
69 70, 70% 71,79% 3
b d
complex 71 (1 equiv) = 400 °
]\ PC1 (20 mol%) g 80 y =0.9018x - 0.2561
( ) or [ ) o) v R?=0.9983 .
(o] (o] Na,COj3 (2 equiv) CF3 b 6o .
47 -5°C, 390 nm, 10 W 9 nd. g 40
20 .
c grofer

-75 -50 250 25 50 75 100
- complex 71 (10 mol%) o ®" 20

[¢] L1 (10 mol%), PC1 (20 mol%) 7 Catalyst e.e (%)

+ o o

Na,CO3 (2 equiv) CFs3 -60
Br—@‘ﬁ -5°C, 390 nm, 10 W -80
P 9, 40%, 93% e.e. 466
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L1 Q’<j @ PC1 (20 mol%) Phgpl N| @
Ph—PNi-C

NiCly(dme)
THF, 25°C, 2 h NayCOj (2 equiv) o
Ph & -5°C, 390 nm, THF
72, 80% 73, 62%
f lox 73 9 NiClyDME (10 mol%)
complex . .
P PC1 (50 mol%) THF-dg : THF (1:1) Pl.g1(1250mol‘;/:/)
+ ) o + (20 mol%) 5 + 32
NaCO; (2 equiv) Ac Na,COj (2 equiv)
Br-Q—Ac EA, 390 nm, 10 W Br‘QAc -5°C, 390 nm, 10 W
5, 25%, 80% e.e. 84% (2:1 ratio)
31 31
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(=T PPN 4oy i SN ;511 ) 4, C (s p°)-HEL ETBE I
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Direct and Enantioselective Acylation of Diverse C(sp>)—H Bonds
with Aldehydes

Zhijun Zhou,” Fen Hu,” Xinjing Lin, Yuanyuan Ping,* and Wangging Kong™
Cite This: J. Am. Chem. Soc. 2026, 148, 7113-7123 I: I Read Online
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a. Prevalence of a-aryl, a-amino, and a-oxy ketone moieties in bioactive natural products and pharmaceuticals

Peniciriols A

Yo ol oloo-

Pentedrone Cathinone

b. Known strategies for photocatalytic enantioselective C(sp®)-H acylation using active acylating agents

C. Cross

R” “oH

l activation

A

°\/A o
g
O
HO'

Prasugrel Kurasoin A

L4

N )

e

)

C(sp®)-H acylation

acid anhydrides, acid chlorides, acid fluorides...

-

C(sp®)-H

coupling of

Chiral ketones

with aldehydes
Montgomery (ref. 38 and 46)
NiXo/Zn/DTBP
L —
W R
Murakami (ref. 36)

racemic products

FRMREENXC(sp®)-HRERE

Eifi4
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5. B B8 52 ThC(sp3) - HIBRYEIERT kIR 1B B AL R R

d. Design plan and challenges for the enantioselective C(sp’)-H acylation with aldehydes by combining peroxide photosensitization and nickel catalysis

heat (> 90 °C) .
DTBP ——— Bu0

vs

o8P .

'BuO

i
0°C~25°C
art
N ‘BuOH Bu0
Challenges: @  Balancing the generation rates of different radicals ) radical
@  Suffering from various side reactions Q jﬁ\
fBuO’ R
homo-coupling esterification (ref. 54) C(sp®)-H methylation (ref. 44)

€. This work: Enantioselective acylation of diverse C(sp*)-H bonds with aldehydes

Ir[dF(CF3)ppyl2(dtbbpy)PFe (1 mol%)
9
S NiBr2(DMEYL* (10 mol%) q
E-H + HYHLLR
DTBP, PrOAc, blue LEDs (1.0 W), 0~25 °C R

B Abundant hydrocarbon and aldehyde feedstocks B Bypass substrate activation

B High atom and step economy M Modular access to high value-added chiral ketones 7 7
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H O Ir[dF (CF3)ppyla(ditbbpy)PFg (1 mol%) Ph 5
/©)\ NiBro(DME) (10 mol%)/L4 (15 mol%) \Q)W O
Me
+ H N N
o W Q
o
1 2

DTBP (3.0 equiv.), PrOAc, 0°C Me

425 nm LEDs (1.0 W) O
3
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a b
Ir[dF(CF3)ppylodtbbpy]PFg (1 mol%) ' NiBra(DME) (10 mol%)/L4 (15 mol%)
- no reaction DTBP (3.0 equiv.), ProAc, 0°C
'PrOAc, 25 °C (in dark), 24 h 3 (5%, 84% e.e.)
Zn (3.0 equiv)
Ph o
Ve ° Vo 425 nm LEDs (1.0 W)
£ < pcp  + e 2 —]
Me%_o Me iPrOAc, 25 °C, 24 h ph™ Me
PH
82% 8% INdF (CF3)ppyla(dtbbpy)PF (1 mol%)
pcp
o NiBra(DME) (10 mol%)/L4 (15 mol%)
Ir[dF (CF3)ppylodtbbpylPFe (1 mol%) 3 (50%, 8% e.e.)
pcp * )J\ 425 nm LEDs (15 W), PrOAc, 0°C
425 nm LEDs (1.0 W) Ph™ "Me
ProAc, 25°C, 24 h 53% 40%
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/©/\Me
Ph
1
d
H H
o
Ph
1
e
H H
/@XMe
Ph
1

Ph

o] H. Me
standard conditions Ph
or b
= o
KIE=0.9 Ph
95-D 32
H. Me D. Me
[} standard conditions Ph Ph
o, +
Ph H KIE=23 o o
Ph Ph’
95 32 32-D
H. Me D. Me
o standard conditions Ph Ph
M :
Ph H KIE = 1.9 o o
Ph Ph
95 32 32-D

68% (32/32-D =1.9/1)
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v

Ph Ph
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e
\AHLP"

NHBz

72, 16%, 66% ee
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j’\ O [Ni] (10 mol%), L (12 mol%) X °
+ —_—
ArSR X Cs,CO; (2 equiv), DTBP se U
N 2C0;3 (2 equiv), Ar” N7 R
Solvent
o
X
Ar’s‘NJ\R + base NilL j)\
H ASSNT R
S2
L
-Ni" "
o\\ ;s/Ar ?\\-\Nl L
R)— N R/kN”s"“r
0 0. |G
—_— . X
DTBP RO X
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