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Alternative Strategy for Formal Remote C(sp3)-H functionalization

@ Traditional C(sp3)-H functionalization

Limitations:
€ Polar directing group required
H N . FG 4 install/remove directing group
R)\/ DG QI!I/ R)\/ DG € functionalization at nearby

€ High temperature

@ Alternative approach: C=C as a traceless directing group for remote C(sp?3)-H functionalization?

easily accessible traceless directing group

well-developed A\ R?
2 = S s e (T . - RO
R1”!\Q/\M/\/ R ipso- n [/' @ "

n
functionalization of

3).
C(sp”)-H bond remote C(sp®)-H bond

Selected reviews of remote functionalization:

Marek, 1. Nat Chem. 2016, 8, 209. Martin, R. & Marek, I. ACS Cent. Sci. 2018, 4, 153.
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Alternative Strategy for Formal Remote C(sp3)-H functionalization

@ Traditional C(sp3)-H functionalization

H ~ FG
R)\/ DG IM—> R)\/ DG

Limitations:

€ Polar directing group required
€ install/remove directing group
€ functionalization at nearby

€ High temperature

@ Alternative approach: C=C as a traceless directing group for remote C(sp?3)-H functionalization?

easily accessible traceless directing group

functionalization of

3.
C(sp7)-H bond remote C(sp®)-H bond

Selected reviews of remote functionalization:

precious metal
limitedcross-coupling chemistyy

@ NiH chemistry is underexploited

Marek, 1. Nat Chem. 2016, 8, 209. Martin, R. & Marek, I. ACS Cent. Sci. 2018, 4, 153.



Alternative Strategy for Formal Remote C(sp3)-H functionalization

@ Traditional C(sp3)-H functionalization

Limitations:
€ Polar directing group required
H 2N . FG 4 install/remove directing group
R)\/ DG QI!I/ R)\/ DG € functionalization at nearby

€ High temperature

@ Alternative approach: C=C as a traceless directing group for remote C(sp?)-H functionalization?

easily accessible traceless directing group Highlights
\ \ € avoid organometallic reagents
R1Q’§)/\M/\/ R? @ R1D’\°/\(V)/YR2 € diverse functionalization
/ PN | ) | I /A > /
e : € regio- & enantioselective

H FG
[ functionalization of @ regioconvergent/regiodivergent

3
C(sp”)-H bond remote C(sp®)-H bond ¢ mild conditions

Zhu, S. Acc. Chem. Res. 2022, 55, 3519.



NiH-Catalyzed Regiodivergent Remote Hydroarylation of Olefins

€ Switchable regioselectivity: ligand controlled

5 mol% NiCl,/L1
PMHS, CsF, THF
RWR @ I (Het)Ar
— %Mn)\Ar

fast 7\ _ _
chain-w@ ) N N % benzylic C-H arylation

internal alkene
(isomeric mixture)

Me Me

selecb 5 mol% NiBr,/L2

cross-couplin
Ping (Et0)sSiH, KF, DMF

A @ = R (Hevar
aryl halide — 0]
/ \ j terminal C-H arylation
\ N N ry
Me

J. Am. Chem. Soc. 2017, 139, 1061.



Remote Hydroarylation: Proposed Catalytic Cycle

+ (Het)Arl _— =
S R,SiH "
alkene aryl iodide remote arylation
LNi" (cat.)

l/ R,SiH
A0 N

0., A
R3SiH, base Vigg+ Mf’f’y X
NiH species m@M

Ar(Het . regeneration insertion
FeD iy ™ A
Ar n
reductive p-hydride
elimination elimination
Ar(Het | ;X
( )"NNimL H\Ni"L
Ar s
Ar a o Sa
oxdative migratory
addition insertion
(Het)Arl X

Ni'lL “NillL

Ar)\e/\/ Af\@n)\/\

n
" transmelallation  chain-walking /
LNi'H Ar)\f’n/\/



DFT

€ Thermodynamics: ligand effect in chain-walking process

N H‘—l #
( SN G
N7 f
F
Bdmpd
i TS-1A-bpy AG~0
A f—y (0.4 keal/mol)
destabilized by L alkyl-Ni"
. INTAA destabilized by L
(N\. I,H &G << [] ¥
N“ F  (-7.1 kcal/mol

INT-S1 .
AG<<0 (N%NiJ\I
(-8.6 kcal/mol) \N~ g

INT-1A-bpy
Bdmpd
INT-S1-bpy
5 e \_/ \_/ S e
— (N N N g N7 mpd-}—a\o
Me Me

Conclusion: L could increase the chain-walking reactivity

Chem. 2021, 7, 3173.



Remote Hydroarylation of Alkenes: "PrBr/Mn as Hydride Source

€ Migratory reductive cross-coupling of alkyl bromides with aryl bromides

H
Br
Ar %%

alkyl bromide

key intermediates: - --

& Martin's work

Br
R ™A
alkyl bromide

— cat. Ni'/L, Mn (Het)Ar — —
+ et r > /k&/'\/ﬂ
V/, \Y
Ar \ /" \_¢
aryl bromide migratory arylation L
$ $
Ni°L “"'*N]I'L Er\h.“H
- 0 | ===== - |
Ar . AN
n
J. Am. Chem. Soc. 2017, 139, 13929.
Ph Ph
+ €O, NiH j— R NcogH == ==
s N\ / N\
cat. Ni'JL, Mn carboxylic acid N N
migratory carboxylation "Hex L "Hex

Martin, R. et al. Nature 2017, 139, 13929.
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Remote Hydroarylation of Alkenes: "PrBr/Mn as Hydride Source

€ Migratory reductive cross-coupling of alkyl bromides with aryl bromides

H cat. Ni'/L, Mn (Het)Ar — —
Br + (Het)Ar-Br -
m)\ef AR Ar)\ﬂn/\/ﬂ \ 7\
N N
alkyl bromide aryl bromide migratory arylation L

& Alternative approach: provides hydride source in the present of Mn®

5 mol% Ni(ClOy), 6H,0

H Y — 6 mol% L i (Het)Ar
e I -
N)\(-’"/%"H 2.5 equiv "PrBr Ar)\l-),/\/ﬂ
Mn, DMA, 25 ° .
alkene aryl bromide b remote hydroarylation

Role of "PrEx: provides hydride source in the present of Mn°®

Br
H i
e
Ni"L P
LNi® il S5 Br
PRy —id /’\‘\/N“-Br - o Y

A N shuttle A S
J. Am. Chem. Soc. 2017, 139, 13929.



(Het)Ar 3 1/2Mn© 1/2MnBr 1 :
_mjgratory ccuplmg_ LNi'Br_ reduction LNi0 alkyl bromide
Vil I

_Br reductive oxidative
Ar(Het)~ ||| elimination addition
Ni ||
It I PR N
‘IJ’ZMHU
oxidative reduction
addition Nickel
(Het) Ar Br Ni H 1/2MnBr,
aryl brom|de )
Ni!
A ~_H v M~ A
migratory [Fhydride
fast insertion elimination fast  (a) Role of n-PrBr: poviding extra NiH in the present of Mn? Me”
| 0 P Ni.
H PN ik i /\\/“\ v
Ph hydrometallation Ph = Ph =4
“"-\._"-x..‘_\____________-://# (b) Ligand-controlled arylation reactivity: benzylnickel(l) >> other alkyl nickel(l)
fast Ni' Nil

Ni
Ph/l\/\Me TR RL_A_R?

IFRERIZ I MINIHFRY 5



Diverse remote hydroarylation
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1.1, MRERImEIC(sp? )-HiREMN

Table 1: Variation of reaction parameters.

5 mol% NiBr,

popr” X MPT 4 pp S o m_OI% L —  p-0ct” > "Ph
2.5 equiv (EtO)3SiH
) 1a 2a 2.5 equiv KF 3a ;
internal alkene alkyl iodide remote hydroalkylation
(1.0 equiv) (1.5 equiv) DMF (0.5 M), 25 °C, 24 h (terminal selectivity)
Entry  Variation from the standard conditions  Yield [%]®
1 - 91 (82) 82:1
2 NiCl, instead of NiBr, 79 29:1
3 (EtO),MeSiH instead of (EtO),SiH 82 231
4 PMHS instead of (EtO);SiH 10 8:1
5 CsF instead of KF 0 -
6 THF instead of DMF trace -
7 L2 instead of L1 13 1:2
8 L3 instead of L1 0 -
9ld 1-bromo-3-phenylpropane instead of 2a 82 32:1
101 1-chloro-3-phenylpropane instead of 2a 0 —~
7N\ P mEasy synthesis 7 N\ Oj 72\ \_/
— N~ W White solid =N N =N N
Me L1 W Air-stable L2 Me L3 Me

Angew. Chem. Int. Ed. 2018, 57, 4058.

FBUS yo~ BN EtO,C. o~ Bn
6 011

3f 70% vyield, 66:1 rr 31 43% yield, >99:1 rr

1,1-disubstituted alkene

e

Me

Me
t-Bu M Bn

3tR = i-Pr, 56% yield, >99:1 r M€O
3uR =1t-Bu, 68% yield, >99:1 11 3v/ 87% yield, 9:1 dr, >95:5rr

2¢ alkyl iodides
n-Oct—CN—Boc
4x 64% yield, 52:1 rr

14



' Kl
R0 NAikyl ,
R43SiH
LNil ffgfnd LNiF
exchange Vil

reductive NiH species R4SIiF

elimination regeneration

R~ St i
On Nt Vi | LNi'H Ro_ o~ v~
Alkyl 7 “0a H
1
oxidative addition hydrometalation fast
Nickel
Alkyl—l H H
R .
~ 00 NIV I R e’
Bhydride Nit
fast chain walking elimination fast
H
H H IV . e
migratory NIl
R \)\r(l\ o Me insertion R W ‘/\()ﬂe
= ‘-‘_"—-——_—-—"“-‘/
Ni n-2 ~————dissociation/reassociation
| fast of NiH from the olefin

Ni(l) hydride species disengages during the chain walking process:
H H

NiL Nil
RaN07TH + RTEIN(gME === Razfgoy + R Me

15



ke SRECHI TR R B S L

10 moI%.NiBrg-C‘]HQO, '!2 mol% L1 0]
Ph. Br 0 _CO.H 3 equiv Zn, 1.0 equiv MgCl, _ Ph \])k(),Ph
0 2 2.0 equiv Boc,0, 1.5 equiv Nal Py 2
1a (2.0 equiv)  2a (1.0 equiv) DMA (0.2 M), 30°C, 24 h _ 3a
remote sp3 C—H acylation via migratory reductive coupling alkyl bromide  carboxylic acid migratory acylation
Br Entry Deviation from standard conditions Yield of 3a (%)@ rr?
r 1 none 84 (70) >99:1 Me _~
alkyl alkyl bromide o 2 NiBr,, instead of NiBry"3H,0 67 >99:1 b |
I - % )]\ 3 Nil,, instead of NiBr,3H,O 58 >99:1 N
. alkyl”” “OH 4c  Ni(cod), instead of NiBry3H,0 ~ 3A63(53)  97:3 L1 NN
n+1 migratory On 2 5¢ bpy, i d of L1 A 67 A
~Onz . . py, instead o 3A 6 >99: |
ketone acylation R carboxylic acid 6 Mn, instead of Zn 30 ~99-1 - =
alkene 7 THF, instead of DMA 14 >99:1
; i fo Nal 4 1
V feedstock reactants v mild/broad scope V regioconvergent 8 _ _w 0_ @ 3 >99
9d alkyl iodide, instead of 1a 61 >99:11  ph__ J]\ ph
10¢ alkyl chloride, instead of 1a none - ()
11 w/o MgCl, 3 ND SA
ipso-acylation
12 w/o Boc,0 trace ND

NalfWERRFERERIFUAREEEEBATGENMLY)  SRERIIEECABY LT R SEBAFYIER

ACS Catal. 2019, 9, 32533259 16



1.3, BERSEER. RERIVARIZXBEX

5 mol% NiBr,/L

— O
R‘MH + Alkyl—X —— NiH — " n Akl Q_QNJ
(E10),SiH, KF, DMF L

unrefined alkyl halide migratory hydroalkylation
olefin mixtures (no migration) (terminal selective)

Angew. Chem. Int. Ed. 2021, 60, 4060—4064

cat. Ni'/L

H Br
S Y I
Arw + \R NiH —

PMHS, N32003 Ar -
glyme, 25 °C _
unrefined alkene bromoalkyne remote hydroalkynylation

Nat. Commun. 2021, 12, 3792.
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10 mol% cat 5 0 o
2.5 equiv HSIi(OEt) Ar S
AT B : LK
6

2.0 equiv CsF N‘Ni"N
7 (1.3 equiv) DMM('}"EC(2154 2-21 M) 8 & 9 (enantioenriched) Br' TBr
styrene alkenyl bromide J asymmetric hydroalkenylation catalyst 5
. _ PMP /
Fe Ph%PMP
: 0] AN
—
8j 80% yield, 88% ee 8k 52% vyield, 87% ee
5 mol% Nil,y-xH,0, 6 mol% (S)-L* Ar CF, .

\
(o]

2.5 equiv (MeQ),SiH —
A X R + Br———~R' > — N
2.5 equiv K3PO4 H,0 |\>
N

2.0 equiv Nal R Pyrox

4 2 (1.5 equiv) 0 5 2
styrene bromoalkyne PhCF3 (0.20 M), 0°C, 12 h hydroalkynylation (S)-L* Bu
TIPS unsuccessful substrates TIPS
pup F oh.  F  from
Br——"Bu (E)-4y
4z (1:2 E/2)
! X
2l ~ B
from 4w (3:1 E/2) L 5y X = O, B1% yield, 88% ce
5w 89% yield, 94% ee Br———Ph 5z X = CH,, 62% yield, 94% ee

18



1.4, IFREEEERINmmsp3 C-HiRt AL

cat. Ni'/L
H NH(Het)Ar

W + (Het)Ar-NO, NiH — W

ad o Ar
_ DMMS _
unrefined nitroarene DMPU/DMA arylamine
olefin mixtures precusor of aniline (regioconvergent)
ffo
Ar(Het)—N

key intermediate:
nitrosoarene

19 Me NHTol
""" NHTol F)\ et
Ph
Me 3h 2-Furan, 63% vield, >99:1 rr Me Estrone derivative
3q 53% yield, 93:7 rr 3i 3-Thiophene, 72% yield, >99:1 rr 3x 65% vield, 1:1 dr. 955 rr

Chem 2018, 4, 1645 19



NHTol

)\/\3
Ph

remote

a

Me

hydroamination

NiH

HO

Ph

Tol
~ N -~
VI
-Pr

hydroxylamine

0

‘y

Tol—N V
nitrosoarene

NiH

ToINO,

2a nitroarene

LNil, (cat.)
R,SiH 1a
R,Sil

(R3Si),0

alkene

LNiH
I

RySiH

NiH species hydrometallation

regeneration Ni
. - H
LNiOSiR, VI Il Ph
H
Nickel B-hydride
. fast
elimination
H
Ni Ni
v I \
Ph )\/\/ H , Ph NN H
migratory
W

fast

20



A Control experiments of nitroarene

10 mol % Nil,, 11 mol % L1

5 6.0 equiv Me(MeO),SiH
6.0 equiv Me(MeO),SiH ;

DMPU/DMA (1:1, 0.5 M)

PhNO, PhNH, PhNO, no reaction
DMPU/DMA (1:1,0.5M) 1l conversion ! 50°C, 12 hr
25°C, 5 min
B Control experiment of arylamine
standard NHPh
Tol AR Me + PhNH ——#—— (arylamine fully recovered)
conditions Tol -Pr
(2.0 equiv) (not observed)
1c' 3c'
C Control experiments with potential intermediates
potential intermediate standard NEPR
Tol T of nitrobenzene o
(2.0 equiv) conditions Tol +Pr
1d' B 3d'
Piemis! PhNO § PhNH 7 N& _Ph
i i AN 2 5 Ph™ "N~
intermediate Ph OH Ph/N+\ i .Ph
(1.0 equiv) (1.0 equiv) (1.0 equiv)  (0.50 equiv) (0.50 equiv)
GC yield of 3d' trace trace 0 trace 7% yield, >99:1 r
GC yield of 3d"T 229 yield, 79:21rr  trace 0 4% 5% yield, >99:1 rr

TThese intermediates were added slowly at 25°C over 1 hr, then the reaction mixture was stirred at
50°C for another 1 hr.

D Monitoring the reaction progress

10 mol % Nil,, 11 mol % L1 HO_ _Tol
PN 6.0 equiv Me(MeO),SiH N ,
Ph X *+ 2 ¥ Tol—N’
DMPU/DMA (1:1, 0.5 M) Ph )\ Pr Tol—N
1a (2.0 equiv) 0°C 10 min, then 25°C 2 min 15 22% yield, >95:5r 16 8% yield
standard HO N Tol NHTol

conditions

PR Ty ¢+ 28— ¥ )\
25°C, 5 min Ph APr Ph m-Pr

1a (2.0 equiv) 15 29% vyield, >95:5 rr 3a 9% yield, >99:1 rr

HO. _Tol 10 mol % Nily, 11 mol % L1

N 6.0 equiv Me(MeO),SiH NHTol
Ph A ~pr  DMPUDMA (1:1,05M)  Ph” “npr
15 50°C, 2 min 3a 95% yield

IEFT TR EESRI&REZ™Y)

21



. &IEAYsp3C-HIEB IR AL

5 mol % NiCl, NBn
6 mol % SPhos 2
B2 ol U > T
_____________ 2.5 equiv (MeO);SiH PMP PC |
~Isomerization DMA (0.8 M), 25 °C, 24 h 3a R R2 y2 2N L
alkene 1a (2a used) Benzylic C—H amination SN
. 1 | P
BnaN—-X R' = R2 = OMe, R® = H (SPhos)
2a X = OBz 5 mol% NiBr,-diglyme, 6 mol% L1 R1= R2 R =Pr (XPhos)
23' X = P—N Et206H4COQ 3.0 equiv 2-methylpyr|d|ne PMP/\/\./&NB H1 = O'Pl’ R3 (RUPhOS)
hydroxylamine ester 2.5 equiv (Me0)4SiH . n2 R' = R% = NMe,, R® = H (CPhos)
DMA (0.2 M), 35°C, 24 h ) a 1= 2_R3=
( (2a' )used) terminal C—H amination i OMG i L

22



H H
A

A

Ar 0n k'/ Ar/‘%"/\()n/
Phosphine Ar/\()/\/
3 ligand A 1or1’

Benzylic amine

Chain-walking via
p-hydride eimination
/migratory insertion

Ni'L
OBz A )\ 0> i Hydrometallation
2 | r n
R1 N ~ RE
Amination Oxidative
reagent addition phosphine ligand A
benzylic selectivity
anN ‘N-lll/OBZ
\Y ! NiH species
)\ A~ regeneration
Ar™ ~(On
Reductive
elimination
NR'R? 3
Benzylic amine é
Ar On

Alkene or alkyloromide ~ Amination reagent

Ar” 2N
unactivated alkene
(orisomeric mixtures)

LNi'H

LNiOBz

o A
Ni'H——
R! N‘R’L‘ Ar ()n{’;‘mﬂf{2
Bipyridine
2 ligand B

4
Linear amine

Chain-walking via
p-hydride elimination
/migratory insertion

\

A > (n 2 NilLg

OBz
AN R1|{,\R22
Alkene 1 o
Oxidative Amination
aadition reagent

Bipyridine ligand B
terminal-selectivity

R5SIOBz
.NBn,
A (e N v

OBz

R3SiH
Reductive

elimination
H 4
Linear amine
Ar ();%NR1R2
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1.6, IEEARSREZ ISR BT S RER R

cat. Ni'/L

) P I T " o SR YN (QREE—RFIEBEEM
Ar r
e HO,C  NH; e R =il - N - ~
HBpin, LisPO 7 3 =]
unrefined (feedstock Nu-H) Tf'”:fDi'stF’U‘1 chemo- & regioselective = ﬁb (;ZD Mﬂi\ B, @?*DH&)
olefin mixtures selective coupling of thiol =3 o migratory hydrothiolation ??E—F Eﬁ%ﬂ’\] 1 %—”?—J‘i'ﬁi:%’fi
L) " l
: ' / 2 _ N N
w g i & : (DESMIRZ ARG TS
¥ Y L

. __ _— MRIERE, BIE TR
] HO -ary alkyl —SBpin Nt
Ao o Tperem - e | B BokrEsREE

NH;
key intermediate

--------------------------------------------------------------------------------- BRATE;

Selected examples: CO,Et

oo jon o~ Y . () B FREE(E BRI,
AN 7 e s EmTIZaeTHERS

89% yield, >95:5 rr 92% yield, >99:1 rr 66% yield, >95:5rr  70% yield, 1:1 dr, >99:1 rr :riﬁﬁ{—%iit}‘lzu
o

Nat. Commun. 2019, 10, 1752. 24



a Potential intermediates: disulfide

PhM +

Standard

conditions

BnS-SBn

1a (2.0 equiv.) 2A (0.5 equiv.)

b Disulfide reaction progress monitored by in situ "*F NMR

SBn

F'h)\"Pr

3a 90% yield, >99:1 r.r.

C Standard reaction progress monitored by in situ '*F NMR

p-F-CcH
Standard 8 ~g
Ph” Ry 4+ (p-F-CgHy S) — )\
conditions
Ph Pr
1a (2.0 equiv.) 2P (0.5 equiv.) 4p 86% yield, =99:1 r.r.
|
0h e Stacked '°F NMR (376 MHz, CD4CN) spectra
F—.f;':j"f'::—s_ =\
h \/ Disuide & 4"
=\ _~__SBpin ~ SH
S— J—F = S
. " _{"Pr product 'y ¢ F"[v"']/ERS-Bpinl F"'f'---'JthiO'\i
7h
12h
oA
18h
A
24h

-1145 -115.0 -11565 -116.0 -1165 -117.0 -117.5 -118.0 -118,5 -119.0

1 (ppm)

Chemical shifts of the four labelled peaks (5: —114.9, -116.0, -116.8, and —118.9 ppm)

SH F-C¢gH
Standard Prelang
g N — +  H
conditions .
F Ph Pr Detected
1a (2.0 equiv.) 2p 4p 83% vyield, >99:1 r.r. by GC
oh |
Stacked '®F NMR (376 MHz, CD,CN) spectra I
= . el
1h |
.
/N ~__SBpin SH
5h \_/ | r /ll/-\r
Ph_ﬁpr product'\ / ,:/E;--- (RS-Bpin)  F7 thiol\ -".
9h .
J.L. _.JIL._
12h
- SBn
/\/I\ . BnS—Bpin Standard condnlons:
Ph 1.2 equiv. HBpin
’ : Ph npr
1a (2.0 equiv.) 2A’ (1.0 equiv.) 3a
Entry Deviation from above conditions GC yield of 3a (%) r.r.
1 None 95 >99:1
2 (MeO),MeSiH, instead of HBpin 40 >99:1
3 1.0 equiv. HBpin 95 >99:1
4 1a: 2A'=1:1 84 >99:1
5 1la:2A' =112 88 >99:1
6 1a:2A" =1.2:1 93 >99:1

Fig. 7 Optimized reaction conditions using RS-Bpin as the thiolation

reagent. 0.20 mmol Scale, average of two

experiments

GCHRTBEMERBNZIRER N PEH, 2R
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a Variation of solvent (only change THF)

Ph” "X + BnsH

1a

wlo THF Q /Q
(only CH;CN) Bu’ By Me Me

5% GC yield 6% GC yield Trace 65% GC yield 90% GCyield  77% GC yield
61:39 r.r. 48:51 r.r. 96:4 r.r. >99:1 r.r. 955 r.r.

Standard conditions SBn Standard

>99:1rr.

b Relationship between the yield and the amount of THF

ether : CHgCN (2:1,0.33 M) Ph ,,Pr 82% GC yield

Entry Equiv. of THF GC yield r.r. Entry  Equiv. of THF GC yield r.r.
1 0 5% 61:39 6 3.0 68% 96:4
2 0.3 26% 84:16 7 6.0 72% 96:4
3 0.5 43% 91:9 8 12.0 75% 97:3
4 1.0 54% 93:7 9 18.0 78% 98:2
5 1.5 61% 94:6 10 24.0 82% >99:1
Cc Consumption of ether
Standard conditions SBn
ph” "X + BnSH - : > )\
2,5-di-Me-THF (1.5 equiv.) Ph npr
1a 2a CHaCN (0.33 M) 3a
Entry Time Consumption of ether GC yield of 3a r.r.
1 3h Trace Trace -
2 6h ~1% ~1% 51:49
3 12 h 14% 14% 74:26
4 24 h 60% 34% 86:14
5 48 h 100% 52% 91:9

d Deuterated THF-dg

1a Standard conditions )\./2\ D Deuterium detected
+ - A 2
(or 1.2 equiv. HBpin) Ph 3 \1 by MS and "H NMR
BnSH 2a THF-dg used

3a-D 72% yield, >99:1 r.r.

(orBnSBpin 2A")
(or 69% yield, >99:1 r.r.)

8 NMR tracing experiments of the standard reaction

Stacked ''B NMR (128 MHz, CD3CN) spectra

24h

i2h

HBpin

BnS—Bpin RO-Bpin Bpin”© Bpin
7h '/ ? \ /
A \ v

1h

36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18

1 (ppm)
Chemical shifts of the four labelled peaks (8: 33.6, 28.1, 22.3, and 21.2 ppm)

Fig. 8 Role of solvent tetrahydrofuran (THF). a Variation of solvent (only change THF). b Relationship between the yield and the amount of THF.
¢ Consumption of ether. d Deuterated THF-dg. @ Reaction progress monitored by in situ Boron-11 NMR ("B NMR) (128 MHz, CD5CN) of the standard

reaction

DERNIDSERTEISRE, FEVEMINIDLNIZ

SREISIKTHF-dB
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LNil, (cat.)

HBpin .
o) Boi 1a Unactivated alkene
Boin~ “Bpin “PPIN (or isomeric mixtures)
p p Ph R H
LNi()H o Pho /]\
HBpin , o o7 0z
gg—; ﬁgﬁ;ﬁi Hydrometallation™ NiL  .+° Untdesi;gd
rotonation
2 LNiOBpin VI Il Bh H P
Isomeric \fS/ SBn
mixture p-hydide H e N Ph_
. . elimination BpinO , 02
Chainwalking \()2/\ B-hydride | fast Undesired
B-oxy elimination elimination isomer
H
Nickel 1
BoinO LNi,
pin \/\/\NiL Vi n ph/\‘/’}‘/\/H
Migratory
insertion 4/ fast
v v NG
Excess LNiBpin  Cross-coupling Ph/l\/\/H
(as ( 0) >_<
solvent) Regio-determining 0
BnS—Bpi a
SBn g, nS-5pin BnSH thiol
/]\/\/H 2A i
Ph Ho HBpin
Remote
hydrothiolation
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Asymmetric remote
hydroarylation
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Mok 5 o RICER AR R In A IR R

0 0
R + RL JJ\(?/EH R R
WH rr NIH - I?I ne2
R? R4 0 R2 R3
unrefined racemic (Sprarens regio- & enantioconvergent
olefin mixtures 2° alkyl halides i N
. Me” N7 lj><Ph A
Br-Ni'H + chain-walking N—/ o : rngctfye
' . . elimination
* 0] p‘F-CGH,Q :
R (£) Br
P]J o] ?r
2 3 "
F!\*/\(-‘Jﬂ/\wi"—lar """" N il RL‘N NS » R
L regio- & enantioconvergent I
RZ R}
Similarwork:
H R’ R *
Nature 2018, 563, 379. : .
JACS 2022, 144, 1130. JACS 2020, 142, 5870. JACS 2020, 142, 214.

Angew. Chem. Int. Ed. 2019, 58, 1754-1758 29



O/\/ + Alkyl—I —— NiH —
alkene alkyl iodide PyrOx, BiOx, Box
1 syn-hydrometallation
LNiH | enantio-determining step
Y
NifL® Alkyl— X
= el e e o
s g oxidative addition
Selected examples:
Alkyl Alkyl
. . : -
Bpin” " NN

Nat. Chem. 2021, 13, 270.

Nat. Commun. 2021, 12, 1313.

J. Am. Chem. Soc. 2021, 143, 1959.

Nat. Commun. 2021, 12, 2771.

Alkyl
enantioenriched

A

reductive ,
elimination |
‘
X
|

Alkyl—NiL*

Angew. Chem. Int. Ed.
2021, 60, 1599.
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2.2, o, B-AIEHERZAIAIFRGTEI

Design: regio-reversed hydrometallation of electron-deficient alkenes (CuH vs NiH)

/H\)OK Sl o Nun W
: ~ Cu()H 54 Ni()H S
alkyl™ WO, S alkyl/vj\ regio-reversed akyl™
Cu' ceP ™ o- (this work) H
a-selective  ©F B-selective
CuH: NiH:

electronic effect over coordination effect  coordination effect over electronic effect

This work: regio-reversed asymmetric hydroalkylation of a,B-unsaturated amides
akkyl O

0]
O/YLN»F“ + akyl—l  —{NiH— O/(}%LN,F{‘
H
R? (S)-PyrOx R?

a,B-unsaturated amide alkyl iodide 3-chiral amide

iy | Syn-hydronickellation A
L"NiH v (enantio-determining step) RE:
L*Ni---O a|ky|\h“_’m_/_lo
| 1 alkyl—] NI
-R : I 1
ONTT e - NP
,H rl-{g OA ",H ,2
B-selective R.
L enantioenriched w/0 homolysis

ACS Catal. 2021, 11, 8766—8773

OMe
| AN
Ph
"
Ph PyrOx N 3
(S)-L1 'Bu

31



c) Isotopic labelling experiment
7 mol% Ni(NO3), - 6H,0

. . - - ) n
b) Tranlsjfr(:rmatlons of B-chiral amides o o) , 10.5 mol% L1 He)?( O
~ . ~ n J—
. ()_3 0O BHj3 - SMe; ()_3 /\\\)LNHPh Hex—l 25 equiv DBpin /%.LNHPh
" NHPh THF, reflux -~ NHPh 2.5 equiv KF (w/o D) H "D (0.88 D)
3s 95% ee 5 82% yield, 96% ee ; DMA (0.2 M) . % Vi %
y-chiral amine 1a (1.2 equiv) 2a 10 °C. 48 h 3a-D 91% yield, 95% ee
) Ph‘()3 0 TEA. reflux Ph~03 0 B syn-hydronickellation is proposed to be the enantio-determining step
ii. - R Nl
NHPMB /\)LNH,Z also supported by Ph. ' LiNi---0O
4s 93% ee 6 88% yield, 93% ee MHex @] ()_3 (@] ; /%\
B-chiral 1° amide - : | <~ “NHPh
y />-,)J\NHPh />.,)LNHPh | ‘H
1) Tf,0, pyridine Ph. 0 H H ,
CH,Cl,, —40 °C 0 ! .
CCDC 2053890 . proposed via
o 2) EtOH 7 85% viord. 9sE s, see Table 3, 4k see Table 3, 4| }  amide-directed
s O B::Eiral ’ester" 81% vield, >20:1 dr, 86% ee 91% yield, >20:1 dr, 84% ee syn-hydronickellation
jii = —
/\)J\NHBn 1) ghoélz":?gﬂ(g”e Ph 0. O d) Poor results of a,B-unsaturated carbonyl substrates with a weak directing group
2Ylz, = 13 R . o mmm e , fmmmmm e on
4r 94% ee 2) EtMgBr, —78 °C /'\)kEt "Hex 1O ester| ”Fﬁf_\/ﬁ :(dEtﬁng : "Hex 1O amide !
8 90% yield, 93% e Y~ l ~_ Haldehyde | s, ! :
B-chiral ketone B~ __OEt | R : _._NHPh,
aw 12% yield, 68% ee 4x R = Ph, trace 3a 90% yield, 98% ee
B:y:a = 12:2.5:1 4y R = H, trace single isomer

NiHFEN X IR RE LS B
B SRERRIERER



2.3. N-BAEIERRAIAIRSE

ii This work: NiH-catalysed enantioselective hydroarylation of N-acyl enamines

o 0 Ar(Het)
R Het)Ar-| iH “_ _R
RJ'I\ N e s + (Het) @ R)L NS
H H
N-acyl enamine aryl iodide L* enantioenriched

N-acyl benzylamine

. A ‘Bu ‘Bu
L*Ni'H + syn-hydrometallation reductive elimination ©/
B O----NiL* Ar Ar N

i N N
major || . I |
: R O----NilL*— O----Ni'lL*— E —
H/J\ N/\-/ I | N | A I Pre Nf \N "B
H = (Het)Ar-| J\ )\/ R )\ AR ~
+ H ------------- * R N R N ﬂpr L1 ﬂPr
O----NiL+  OXidative addition H H
minor )|\ ] \ fast homo}l::&s /
' r
R N)\r -
H O----Ni'L*—|
H . .
in situ generated R N N R
alkylnickel H _

Nat. Commun. 2021, 12, 638, 33



2.4, JEERREM R E R S/NEIEa- REZHIIISTEL

C. Concept: NiH catalysis enables enantio- and diastereaselective hydroalkylation

Linking stereocenters together

FG
R’ N
e RE S ——NiH— R\/k_<R;
) o Sk
| | R [SiH R?
internal olefin (x)-alkyl halide C(sp?)*~C(sp?)* coupling
i A
gl €nantioselective diastereoselective |
X(L*)Ni H hydronickellation reductive elimination :
[ \l 1 ! 1+
A recent elegant example from Hu and coworkers (ref 9a) FG iRz FG R )
O ’ Bpll’] R R3 ..\R
A Bein 4 Br U R\/T\/QO \/L'?“"L* “radical addition A e
RES X o~ 90 :X X X
/E />—<\ j ~ (enantioenriched) (Ni'-bis(alkyl)intermediate)
Mes L W Mes N . . . . -~
D. Demo: asym. hydroalkylation to access B-aminoamides w vicinal stereocenters
0] : T
Hu. X. Et al. Nat. Catal.. 2022, 5, 1180. T o 3 NiK) RPN O
RZ "NH  * r\H‘LNR‘@RS — 0_.Ph g
1 v R 405
R R? W j NR‘R
(Z)-enamide/ (+)-a-Br-amide N N~ "“pp R®
enecarbamate /Katritzky salt B-aminoamide

[linking stereocenters together: 1 ligand, 2 vicinal stereocenters, 3-D structure]
[divergent synthesis of high-value S-amino amides] [excellent rr, dr & ee]

Angew. Chem. Int. Ed. 2023, 62, €202311094 34



PivHN O

PivHN 0] "
i PivHN 0
NHpn  PVHN O m iv Eﬁ
NHPh =
Br Et Et
Br

68% vyield 61% yield 73% yield 68% yield

96:4 dr, 99% ee 98:2 dr, 99% ee 96:4 dr, 98% ee 98:2 dr, 98% ee
0
PivHN o) PivHN 0 PwHN O
o Br 0 0 Ph)LNH o)
Q/ NHPh o NHPh
- Et Et Et [ NHPh

73% yield 66% yield 76% yield 70% yield

>20:1 dr, 93% ee 06:4 dr, 97% ee >20:1 dr, 96% ee >20:1 dr, 93% ee
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0 Ni(NO3),-6H50 (10 mol%) PivNH O

SERRMIERRRIRIUMERET, TR
R X EE R R IR, S5
o REFRRAIA R R.

PivHN O PivHN O

Demo: NHPh

Et Bn
6a 69% yield

NHPh

NHR*

6b 75% yield

MEFv BF\HL L1 (15 mol%) /k]/l
NHPh Et NHPh
\/ DEMS (2.5 equiv) ¢
= KF (2.5 equiv) '
(Z)1a (+)-2a (1.5 equiv) DMA/Et,0 (3:7,0.2 M) 3a
cis-enamide a-bromoamide -5°C,36h B-aminoamide
Entry  Variation Yield [%]@  prlb] dricl  ee [%]
1 None 75 (73) 99:1 98:2 97
15 (E)-1a used 20 61:39 928 98
18 a-chloroamide (2a-Cl) used trace - - -
A. From a-aminoamides to S-aminoamides
0]
0 Ph \ PhO NiBr,-diglyme (10 mol%) I
2,LL . U L1 (15 mol%), DEMS (2.5 equiv) R2 "NH O
NH =
21 » . W)L_NHR“ KF (2.5 equiv), ‘BuOH (1 equiv) R
Ph R3 BF, NMP/2-MeTHF (2:13, 0.13 M) R3
211 5 (2.0 equiv) S A 6
(0.2 mmol)  a-amino acid derivative e e B-aminoamide

(Katritzky salt)

97:3 dr, 98% ee 97:3 dr, 99% ee
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L*Ni" precatalyst ‘Bu

R,SiF 'VR?’S'H HNAO

'y XNi'H \) (2)1a
ligand L*
R S_E(_-)’xchange regeneration of syn-
3KF| NiH species hydronickelation
enantio- Bu
determining step  HN /<
O
L*Ni"XBr \)‘Ni"u
o) H X
Br enantioenriched
\HJ\NHPh Q
Et
Hk NHPh radical addition
(#)-2a Et
/<"Bu
HN
\,0
L*Ni'-X LeNitx O
_ reductive H H
PivHN O W Et NHPh
Et NHPh enantioconvergent alkylation
Bt 3a as diastereo-determining step

A. Deuterium-labeling experiment

NHPiv 0] . PivHN O
BnW/ . Br\[)L Std conditions Bn yk‘/l
NHPh 7 NHPh
D Et H D Et
(Z2)1cD (+)-2a (w/o D) (93% D) 4c-D

(0.2 mmol) (1.5 equiv) 47% yield, 97:3 dr, 98% ee

(0] variation from PivHN (0]

NHPiv . Br Std conditions
\/ NHPh Ph,SiD, (2 equiv) JdH NHPh

(2)>1a ()-2b KF(2equivjused oo by woD)  3b-D
(0.2 mmol) (1.5 equiv) 38% yield, 95:5 dr, 98% ee
(similar result: DBpin used)
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2.5, OIEEFRIAXITRC(sp? )-HEEL

Table 1: Variation of reaction parameters.
| 5 mol% NiCl,-glyme

NG 6 mol% L* EMP
2.0 equiv DMMS Ph "
MeO :
2.0 equiv KF
1a 2a (1.5 equiv) solvent (0.20 M) 3a enantioenriched
vinylarene aryl iodide rt, 24 h 1,1-diarylalkane

Entry Conditions Ligand Solvent Yield [96]F  ee [%6]"

1 as shown L1 DMPU 9 3
2 as shown L2 DMPU 18 16
3 as shown L3 DMPU 33 64
4 as shown L4 DMPU 6 52
5 as shown L5 DMPU 27 —66
6 as shown L6 DMPU 18 80
7 as shown L7 DMPU 54 89
8 as shown L8 DMPU 50 93
9 as shown L8 DMPU/PhCF, (1:2) &5 94
10 asshown L8 DMPU/PhCF; (1:2) 98 (89) 94
119 cis-styrene L8 DMPU/PhCF; (1:2) 95 (85) 94
12 4-Br-anisole L8 DMPU/PhCF, (1:2) 10 94
139 NiCl,6H,0 L8 DMPU/PhCF, (1:2) 83 94
14 CsF L8 DMPU/PhCF, (1:2) 28 92
15 as shown L8 PhCF, <5

Angew. Chem. Int. Ed. 2020, 59, 21530 -21534

o o Ph, o o_Ph
[Hl L1: R =Ph; L2: R = Bu /EH]’
R N NT YR L3:R=Bn;L4&: R="Pr MeO N 1 N~ ,_-OMe
Ar Ar

o o NGON
nprj\\‘_,[N/: C\N jYJPr ”Pr\\\\c'E N/> : <\N :I\,"Pr e

"Pr L6 npr "Pr npr  L8:Ar=3-Bu-CgHy
OH
NHZ NMBZ
NN
L
Ph” > Et Ph” > Et Ph” > Et

3c 51% yield, 92% ee  3d[°1 69% yield, 92% ee  3s!9 72% yield, 88% ee

PMP

PMP : PG PMP
= NS s
Ph/\/\R Ph gn Ph/\/COZMe
from (E/Z)-1t or (E)-1u from (E)-1v or (E)-1w
4t R = Bn, 69% yield, 97% ee 4v PG = Boc, 73% yield, 97% ee from (E)-1x

4u R = OBn, 60% vyield, 87% ee 4w PG = Ac, 78% yield, 97% ee  4xP! 45% yield, 95% ee
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2.6. FIEFERINEH

AN + % Y o3 Ar
R;N—0OBz N—O :
) BiOx hydroamination
alkenes N-coupling partners

Angew. Chem. Int. Ed. 2021, 60, 23584.
€ Previous work: hydroamination of alkenes

u ' e '
: R : R%ﬂ\/

(R)-DTBM-Segphos hydroamination racemic hydroamination

Buchwald, S. L. J. Am. Chem. Soc. 2013, 135, 13746. Baran, P. S. Science 2015, 3438, 886.
Miura & Hirano, Angew. Chem. Int. Ed. 2013, 52, 10830.
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N"'—NO; R 0 0 . | R/
AN + \( \ﬁ NiH — Ar

R;N—OBz N—O

: (Si-H] hydroamination
olefin N-coupling partners

0 0
¥ ‘
/> <\ j
N N
hydronickellation BiOx reductive

T

A

"

- ] [
L*NiH enantio-determining step ' elimination

[}
[ R AN a0 i

: Ar-N=0 R,;N—OBz \\-‘/ 7’
NilL* = .
)'\/ ......................... N-O L* Ni"'=(N]
Ar

Ar

3-IN-1: v hydroarylamination + hydroalkylamination « hydroamidation
diverse aminating reagents accomodated
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Ar/\\,/ +
alkenes
Arylamines
HN
PMP—(
Et (0]

64% yield, 92% ee

Alkylamines

NBHE
Et

73% yield, 87% ee

Ar—NO, 0

R;N—OBz N=—0O

N-coupling partners

52% yield, 90% ee

NBH;

Ph CO.Me
70% yield, 90% ee

—— NiH —

BiOx

NHTol
N= Et

63% yield, 80% ee

87% vyield, 91% ee

X

hydroamination

NHBz
Et

Br
67% yield, 88% ee

HN

PR

PMP” Et OMe
70% yield, 89% ee
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2.7. SH&KRIRL

~0
. N .
A BRI - /L >=0 NiH -
Bn Bn
alkenyl boronate amidating reagent >—<\-Bn
HN |, OH
_ : hydronickellation amino alcohol
L*NiH !
' enantio-determining step
\
Bpin metal-nitrenoid Bpin o C—N bond

transfer Lo JL formation
|L. nnnnnnnnnn E e i -
Ni

Ni""'=N R reductive
elimination

Nat. Commun. 2022, 13, 5630.

enantioenriched
a-aminoboronic acid

*

H-OH

A o L*NiH
[Si}H |

NI'L' J
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2.8, IERESFEMINZNERHE =R

Table 1: Variation of reaction parameters.
5 mol% Ni(OTf),

PN BOH2 6 moi% L1 PMP

+ > . —
Ph M /©/ 2.0 equiv MeOH ph/l\/\. L1 (~3:1 cis:trans) /\\ 72\

e0 . : /
_ 1.5 equiv KsPO, _ L2 (cis) HN NH L4 \ N ON=
1a 2a (2.0 equiv) Tol (0.25 M) 3a (remote arylation) H,N NH, L3 (trans) \ ; L5
alkene arylboronic acid 80°C,24h 1,1-diarylalkane

Entry  Variation from standard conditions  Yield [%]®  rr®

1 none 99 (84) >99:1

2 Ni(cod), instead of Ni(OTf), 91 >99:1

3 L2 instead of L1 99 >99:1

- ~ /=:

4 L3 instead of L1 7 89:11 BEE{E AR

5 L4 instead of L1 57 >99:1

6 P'Bu, or L5 instead of L1 NR -

7 no MeOH 8 >99:1 PMP

8 EtOH instead of MeOH 83 >99:] PMB& PMP)[

9 THF instead of Tol 76 >99:1 Ph Ph™ "Pent
10 MeOH as solvent NR - EO "

; . 2Vie

1 CsF instead of K;PO, 77 >99:1 4c’ 69% yield 4d" 99% yield 4" 79% yield
12 1.5 equiv 2a 78 >99:1

13 70°C 85 >99:1

Angew.Chem. Int. Ed. 2020, 59,9186-9191 43



Ar 3 LNi" precatalyst
ArB(OH), /O\

1,1-diarylalkane ROH

L: diamine ligand

LNi©
reductive I oxidative
Ni''Ar elimination addition
Al _
Ph VIl I LI\I.I| OR
H H
Ar—B(OH),

B-hydride elimination : .
/migratory insertion ransmetalation

H ROB(OH),
@ ill
Ph/\H\ v m LNi'-Ar

2

Ni'Ar _
Ph” "X
hydrometallation hydrometallation 1a
Ar 3 _ Ni''Ar
~Nill B-hydride H
Ph” "N elimination  Ph
- —=
'} e — i H IV
m ArNi'H induced chainwalking B Regioselective & regioconvergent
® Mild & wide scope B Efficient 1,1-diarylalkane synthesis
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Ligand Relay
Catalysis
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Ligand Relay Catalysis

€ Challenge in NiH-catalyzed enantioselective remote hydrofunctionaliztion

H FG

o () W N

n [ n
electrophilic L* poor regiocontrol

NN Banes coupling partner or enantiocontrol

Hard to design a single chiral L* to efficiently promote both chain-walking & asymmetric coupling

€ Ligand relay catalysis: A solution to simplify the ligand design

ligand-relay (La/Lg)
LAM LBM catatytic activation dynamic ligand
S —TLaM™1 “exchange [ o) —» P
single metal w/ multiple ligands
step A step B
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Ligand Relay Catalysis

€ Challenge in NiH-catalyzed enantioselective remote hydrofunctionaliztion

H w FG
Ao i () o N’ XX
n [ n
electrophilic L* poor regiocontrol

unrefined alkenes coupling partner or enantiocontrol

Hard to design a single chiral L* to efficiently promote both chain-walking & asymmetric coupling

€ Ligand relay catalysis: A solution to simplify the ligand design

chain-walking

H

=y FG
s t”i_L' BNV

unrefined coupling . ' regioconvergent
remote alkenes partner asymmeric coupling éhantioselective
Requirement: Advantages:
B orthogonal and complementary | simplify ligand design
| easily undergo ligand exchange w/ Ni ® enhance whole efficiency
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. BIERITEANIRE RN (WECATEEXL)

H Ar(Het)
)\ +  (HetAr-Br —— NiL )} NiL* — /'\
B 07 N 07
relay (L/. ") catalysis chlral a-aryl alkylboronate

(versatile intermediate)

Chem 2021, 7, 3171-3188. 48



CO,Me

e . CO,Me .
! o) : 4 mol % NI(NO3)2'6H20
! BT X 3 mol % L, 8 mol % (S)-L*
| o +
| ! 2.5 equiv DEMS
i ! 2 equiv KF, 1 equiv Lil
------------ ' Br i
DMA (0.2 M), rt, 20 hr ~ Bdmpd Pr
Bdmpd 2a (2.0 equiv) 3a
alkene aryl bromide a-aryl alkylboronate
entry deviation from standard conditions yield of 3a (%) r ee (%)

1 none 77 (70) >99:1 93 Ph

2 NiBr,-dme instead of Ni(NO,),*6H,0 67 >90:1 89 chain-walking AN W 7\ \_/ 7

3 wio L 10 48:52 93 ligand library =N N =N N —

42 wio (S)-L* 31 96:4 0 e L e L1

(S)-L* reduced to 4 mol% 74 >09:1 93

5
L* reduced to 1 mol% 2)b 1 1 Bu) <Bu B
6 (S)-L* reduced to 1 mol% 63 (52) >99: 9 (S-L* Bu L2 F3C \ / \
7 L1 instead of L 70 >99:1 91 N
8
9

asymmetric coupling HoN OH

L2 instead of L 23 >99:1 28 ligand library Bu 0O 0O
L*1 instead of (S)-L* 36 >99:1 10 B L' /E
10 L*2 instead of (S)-L* 49 94:6 75 HN O S "
11 L*3 instead of (5)-L* 36 >99:1 34
12 PMHS instead of DEMS 64 >99:1 89
13 w/o KF (base) 0 - -
14 w/o Lil (additive) 60 >99:1 93
15 THF instead of DMA 22 >99:1 83
16 Arl instead of ArBr 72 >99:1 92

17 Bpin instead of Bdmpd 78 (71) >09:1 20




e i i CO;Me
: O‘BM
L S -
i ; Br
Bdmpd
alkene aryl bromide

COMe
4 mol % Ni(NO3),6H,0
3 mol % L, 8 mol % L*

-

2.5 equiv DEMS
2 equiv KF, 1 equiv Lil

DMA (0.2M), rt, 20 h Bdmpd

Two are better than one a-aryl alkylboronate

entry deviation from standard conditions yield (%) 1 ee (%)
1 none 77 (70) >99:1 93
2 w/o L 10 48:52 93
3 L* reduced to 1 mol% 63 (52) >99:1 91
LNi L*Ni chain-walking 19 / asymmetric coupling - "
' ligand library =N ligand library Bu
-~ L - HN | o OH
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5 mol % NI(N03)2'6H20

7 mol % (S)-L*

Ar(Het)

B xR +  (Heb)Ar-Br
5 6 (2.0 equiv)
Ar Ar Ar
_Ph
Bdmpd "Pent Bdmpd "Hept Bdmpd 04
7a 74% yield, 93% ee o . o .
from (2)-5a 7b 76% yield, 92% ee 7c 53% yield, 92% ee
72% vyield, 93% ee
Ar Ar Ts Ar
[
_NPhth * _N * ..CO,Me
Bdmpd ~ (), Bdmpd~ ()5 >  Bdmpd”~ ()

79 68% vield, 91% ee

Ar
Bpin "Pent

7m 80% vyield, 89% ee

ZRMNETLAY FRRIGEMEREEAN S, (NFRFIEREET IR

7h? 64% vyield, 92% ee

Ar
Bpin Hept

7n 74% yield, 88% ee

7i% 65% yield, 92% ee

Ar 'Il's
_N
J\ 05 >

702 69% vyield, 87% ee

Bpin

2.5 equiv DEMS

2.0 equiv KF, 0.5 equiv KI

[B]
7or8

DMA (0.20 m
a used

A scope of alkenyl boronates (

Ar

PN

_C
Bdmpd (04

7d 64% vield, 91% ee

Ar

c
Bdmpd /‘\/ y

7i 67% yield 92% ee

;

Bpin "Pent

7p 81% yield, 90% ee

Ar

/!\ _0OBn

Bdmpd” (3

7e 67% vyield, 90% ee

Ar

/'\/‘Bu
Bdmpd

7k 40% vyield, 86% ee

SOzN Pr2

¥

from probenemd
792 72% vield, 91% ee

Ar

_OTBS
Bdmpd ()5

7f 68% vyield, 91% ee

AT gt dr

Bmpd "Pent
71 71% yield, 92% ee

@

()4

from dlhydroeugenol
7r8 75% yield, 91% ee
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Ar(Het)

[B]/‘“\()H/%ﬁo +  (HetAr-Br  ——{ NiL J{ NiL* }— [B]/k{)/_\./o

alkene aryl bromide [Si-H] high rr & ee
1 2 3
LNi'  (cat.)
R,SiH
R3SiX, L Y e (}M
'{M.jgy+£ ;?f}:" 1

R;SiH, base, L . - I
NiH species  pygrometaliation NillL
L “Ni'Br regeneration j\‘/o
/t ’ Vi e o,
B 0

" stereospecific [B-hydride elimination
high rr & ee reductive elimination Amigratory insertion fast

w/rapid dissociation/
reassociation of NiH

Ar““N.“,L" Br ; AF\N-mL" Br . Relay Catalysis NiflL
il «  unfavor iy avor
Y/ + Vi (L1) I /E\ A
(B] On (B] On
, Se.fecwe. . ligand exchange -
oxidative addition
Ar—Br
2 NilL® v v Nl L
(B] ()Mansmefaﬂaﬁm [B] Un/.\'/o
LNi"H 1 LNi'H I
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ort
[

y ;’ ]

F7-

I

chain-walking l

(N\N,F
]
N "R

INT-2A
-7.2

. PhBr
"

ligand

ligand
exchange 0 F
(N
N R
INT-2B
-13.0
. PhBr
v

exchange /O _F Ni(ll) :  Ni()
—_— < CNi_ .
‘N H !
INT-1B
1.0
. 1b
wo 1F
Bdmpd

ligand
O exchange
kk _Ni-H —_—
N
INT-1C
6.9
' 1b
' ¥
/O« H\—|
NIl -
N ~
ligand
.0 exchange
« CNi-R
\\N
INT-2C
-5.7
lPhBr




i major
.-" minor
» \
By | ¥
/
H
o’
TS-2C-S TS-2C-R
8.4 6.6
Ph l
+
/'\Et Et —| Et
O .. o.
» ,Ni\I:\Bdmpd — ,Nif'\Bdmpd
\N" I "Ph N1 “Ph
Br Br
INT-4C TS-3C-R INT-3C-R

-70.3 -64.1 -17.7 -23.1




PhBr

transmetallation INT-2D
INT-2B ¢ ligand exchange
0.0 (see main text) 0.4

N
F (N__.Nl—R

N A py
i .Ph
( NiC Br. +
§ R O} >Ph
Ts-2D ,,leR
23.9
TS-2C-5
21.4
M
N
:.'-“--. .
Ni-R ]
INT-2C-S \

(S)-L*
Et

Bdmpd |

7.6

INT-2C
T5-54-5

7.3
N
N N
INT-S4
-3.4 TS-S4-R
-0.4
— _.Ph R- _| i
L (O~ R INT-3C.S
| Br \N~ ler—’h 52
Br
INT-3C-R
-10.1
(] ,R
1 NI
N~ | "Ph
Br

R-Ph
\‘ INT-4C
N 511
~Ni-Br
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Pablo Mauledn

~

(\,het
RI—R2 Bpin
1 a2
@CU'O’BU .- LR
Bopin Lhe>7x @CUIX\I
2PIN2 -

Lp = Phosphine
@Cu' Bpin Lp ) @Cu”x Bpin
r
: — ( 4GCUD—> Lheg>' + : — (
R!' R2 Ly - R' R2

Ly = Phenanthroline I

Reversible Radical mechanism

ligand exchange

Polar mechanism
+ 1°, 2° alkyl substitution

+ Broad scope, excellent
functional group tolerance

+/ High stereocontrol
+ Easily tunable

SRS S BRITIIR A AT IRFER
HRHEACHY Rt S N SRR AN E R

Zhu
¢ MLRC (L/L*): Asymmetric remote hydroarylation to access chiral 1,1-diarylalkanes
H Ar
)\ + (HetArX —— INi [L*Ni,—> )\
O\/\() Ar' O\o/\() Ar'
n n
X=1Br [Si-H] enantioenriched
unrefined alkenes aryl halide 1,1-diarylalkane
I A
NiH " promoted Multiligand-Relay Catalysis (L/L*) reductive E
i\ chain-walking MLRC elimination !
T 3 s
Ni Nil L* promoted Nl
O A S O T o
n n ]
exchange coupling On  Ar

regioconvergent

alkylmetal reagent
enantioconvergent

generated in situ

Nat. Commun. 2022, 13, 2471.




5 mol% NiCl,-glyme

/©/ 1 mol% L, 6 mol% (R,R)-L*
SN . »>

2.0 equiv KF
1a 2a (2.0 equiv) DMPU:Tol (1:4, 0.20 M)
remote olefin aryl iodide t, 24 h
entry deviation from standard conditions yield of 3a (%)*
1 none 90 (84)
2 w/o L 52
3 w/o (R,R)-L* 4
4 w/o (R,R)-L*, 6 mol% L used 77
5 0.4 mol% L, 6 mol% (R,R)-L* 86
6 3 mol% L, 3 mol% L* 77
7 L1 instead of L 76
8 L1* instead of L* 91
9 L2* instead of L* 70
10 L3* instead of L* 46
11 Nil, instead NiCl,-glyme 80
12 PMHS instead DMMS 70
13 K3PO4-H,0 instead KF 79
14 DMPU only 42
15 toluene only <5
16 ArBr instead Arl 74

2.0 equiv DMMS

rrt
99:1
68:32
99:1
97:3
>00:1
97:3
99:1
96:4
94:6
99:1
98:2
99:1
96:4

99:1

PMP

ph NN

3a asymmetric
remote arylation

eet

95
95

96
78
94
k|
80
55
94
95
93
92

95

chain-walking ligand asymmetric arylation ligand
L2*

L*: Ar = 3-Bu-CgH,4 [ />—<\ j\/
L1*: Ar = Ph "Pr
?r Ar \\

B TEEARINAEEEKE0.4BE/R%ITEE
KR/ L FRBE (%% 85).

(BB I35 T E B R AR 5 EECIR TR
BEH- N IRIEEERIEERFE(EE6)
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Ph ””@N/—\O
\_/ \_/

3t
61% vyield, 97:3 rr, 95% ee
47% vyield, 97:3 rr, 95% ee*

PMP
Ph/\/k

4n 41% yield, >99:1 rr, 94% ee

OMe

Ph N

3a
84% vyield, 99:1 rr, 95% ee
67% yield, >99:1 r, 95% ee*

OAc

Ph N

3b
90% vyield, 99:1 rr, 90% ee
74% yield, 99:1 rr, 90% ee”

NMe

Ph” NN

3rt
60% vyield, 98:2 rr, 95% ee

PMP
N

4m 38% yield, 96:4 rr, 96% ee
(57% vyield, 99:1 rr, 93% ee)”

IENNE T E BRI T
XTI R B

PMP

Ph

4u R = Me, 80% yield, >99:1 1, 95% ee
4v R = "Pent, 58% yield, >99:1 rr, 95% ee

E/ZHB RIS BRI R

estrone derivative

4tT+ 82% yield, >99:1 rr, >20:1 dr

\
h ;/ \
A\ /I"-../
/ N AN
o ~ k \.,\ /‘ 7‘\
= & I / X
i~ |
\/--: . ]..._ /7‘
N
i X-Ray of 4t
\ CCDC 2122000
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a Regioconvergent, enantioselective, and bench-top set up experiment

PR 08 5 mol% NiCly-glyme
S Me 2 mol% L, 6 mol% L* PMP
ph/\()s/\p" + PMP-| > P
2.0 equiv DMMS Ph nQct
Pho_ - Me 2.0 equiv KF
04 2a DMPU:Tol (1:4, 0.20 M) 4m 52% yield
(2.0 equiv) t,24 h 97:31r,93% ee

1:1:1 (1.5 mmol scale)

b Application of multiligand-relay catalysis (MLRC) in 1,3-arylboration reaction
5 mol% NiCl,-glyme

1 mol% (+)-L2, 6 mol% L* PMP
P& + PMP-Br — - :
2.0 equiv (Bpin), Ph/\'/\OH
1.5 equiv LiOMe
5a 6a (2.0 equiv) dioxane (0.20 M), rt, 24 h 7a
alkene aryl bromide then NaBO3-H,0 1,3-arylboration
Entry Variation from standard conditions Yield (%)* rrt ee (%)*
1 none 65 (61) 95:5 95
2 6 mol% L* only 44 48:52 95
3 6 mol% (R)- or (S)-L2 only 54 95:5 <3
4 (R)- or (S)-L2 instead of (+)-L2 66 95:5 95

*Yields determined by GC using n-dodecane as the
internal standard, the yield in parentheses is the isolated
yield. trr determined by GC and GC-MS analysis.
*Enantioselectivities determined by chiral HPLC analysis.

— 0]
el
<:§jh>_(N Bu
(*)-L2

SRS EMEC BT LAN TSR E 8L

selected examples

SMe HHBES OMe CO,Me
Me0\©/0rvie
Ph N"N0H P N NoH Ph” N""N0H P N NoH

7b 50% yield
96:4 rr, 96% ee

/

7¢ 41% yield
95:5 11, 94% ee

7d 55% vyield
92:8 1, 96% ee

Ph ".”@_N/—\O
i \ 7

: HO
Ph N NoH

7f 66% yield
95:5r, 95% ee

7e 53% yield
90:10 rr, 94% ee

W

NBoc (@]

S
J U

PR N 0H

7h 44% yield
92:8 11, 94% ee

79 47% yield
91:91r,93% ee

ﬁB) This work: Ni-catalyzed asymmetric alkynylboration of vinylarenes

Features: M regio- & enantiocontrol W mild & reliable W valuable synthons

ACS Catal. 2023, 13, 3841-3846

\_

R—=—Br R
— alkynylbromide _ ‘ versatile
Ar + (Bp-'i-n)z Ni |-| synthons —
vinylarene bis(pinacolato)diboron alkynylboration , _~ _Bpin

~

J
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ph NF

| .R ! -H
NIl - >Ni
- oTa hain-walkin ~Cl
, & 9 Ar = ; OMe
e, MY
_Ni—=H
o LH
L oNIiL, transmetallation Ph o Ph
" N NN a
Wt NON= [ " R=§_<
. Arl . ¢ JAr e~ N N e
SNi-R  --=- [ SNiC R "
| R Me Me
INT1-a TS1-a
0.0 204
“ ligand exchange
N Ar
INT1-S . TS1-8 ( NI
-~ ~
6.7 18.0 N !
| INT4
N A -9.1
( SNi-R «(N‘Ni" r
N N” "R
INT1-R Arl TS1-R (N\ — D
* N.—I .—
5.3 > 16.2 N7 - :-.;’N' :
INT3
-54.5
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3.3, BRI CERNATIFR IR RER

Two are better than one

chain-walking
N A 0

R_O

l.Or + LNi' L*Ni \/\HI
alkene or alkyl halide carboxylic acid acylation*  a-chiral ketone

' L promoted e o
LNiH :INEH%eneration/ in sty Boc,0 reductive |
j chain-walking ~actvation - elimination !

NiL NiL* H)J\

/OBoc

\/\HA ki e T O Q _B_(_)C_: - R Ni IIIL*
n CAr ligand nio Ar - asymmetric
exchange acylation \/’\‘(*)n/kAr
alkylnickel olefin-derived L*promoted  regioconvergent
generated in situ nucleophile enantioconvergent

Advantageous Properties

(1) abundant feedstocks: unrefined alkene (or alkyl halide) and carboxylic acid
(2) use of two simple ligands instead of designing a complex one
(3) enhanced catalytic efficiency, excellent levels of regio- & enantiocontrol

J. Am. Chem. Soc. 2022, 144, 21448—-21456

14 mol% NiCl,-dme
N ph E/71a 8 mol% L1, 14 mol% L1*

styrene 3 equiv Mn, 3.5 equiv "PrBr _ Bn o
+ - .
2.0 equiv Boc,0, 1.0 equiv MgCl,
Ph \/\002H 2a 1.5 equiv Nal 3a Ph

carboxylic acid 1,4-d|oxazgloD(l:Vl Iz(j’:hz’ 0.13 M) chiral a-aryl ketone

ligand for
NiH generation/
hydronickellation
/chain-walking Et

ligand for
asymmetric acylation
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A) Prior work: transition-metal catalyzed carboboration of alkenes

\ , (Cu Pd'or‘Cu Ni ’
\ ’ \

=+ R-'E-/T + (Bpin)

" @.@.

alkene aryl/ivinyl/allyl Nakao, Brown, Song, Yin aryl-, alkenyl-,
electrophile Zhang, Koh, Liao, etc. allylboration

\ B . @ \

/=~ + R—=—Br + (Bpin), > Bpin
R Fu & Xiao .
R(i)
alkene alkynylbromide alkynylboration
B) This work: Ni-catalyzed asymmetric alkynylboration of vinylarenes
R—=—Br i
- N alkynyl?-romlde |‘| versatile .

Ar (Bpin), - synthons —
vinylarene bis(pinacolato)diboron alkynylboration , _~ _Bpin

Features: M regio- & enantiocontrol B mild & reliable B valuable synthons

ACS Catal. 2023, 13, 3841-3846 62



NiBro'DME (5 mol%), L1 (6 mol%) TIPS TIPS
_ MeOLi (3.0 equiv.), KI (2.0 equiv.) ‘ [O] ‘
P + (Bpin), + TIPS Br . Il 2a Il 4a
DME/MTBE (4:1, 0.4 M) B ; B

1 (3 equiv.) 2a (2 equiv.) 30 °C, 24 h ph~ - Bpin ph~~-CH
Entry Variation from standard conditions Yield (%)? ee (%)°
1 None 82 (79) 93
2 NiCl,-DME used 70 93
3 Ni(BF4)>-6H20 used 70 96
4 L2 instead of L1 21 68
5 L3 instead of L1 19 50
6 14 instead of L1 47 67
7 L5 instead of L1 23 77
8 KF instead of MeOLi 3 nd
9 w/o KI 37 79
10 DME only 85 87
11 MTBE only 13 nd
12 t-BuOH as solvent 69 84
13 at 10 °C 37 926

2315017 0
R
Y{ = (_ [ >_< l =
[f}_ 1 7 \ N
Q/gﬁ' L4 Ar = 3-Bu- CGH4 L5 fBu
X-ray of 4a
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NiBr,:DME (5 mol%), L1 (6 mol%)

, MeOLi (3.0 equiv.), KI (2.0 equiv.) ‘ [0] |
A + (Bpinp + R—=Br H 3 |_| 4
DME/MTBE (4:1, 0.4 M) _ Bpi ‘_ _OH
1 (3 equiv.) 2 (2 equiv.) 30°C,24h Ar- > PN Arm >
'I"IPS 'i'IPS TIPS TIPS 'i'IPS 'i'IPS
o0

(3a 46% yield, 96% ee)
4a 79% yield, 93% ee

TIPS

M902C\©/\/OH

4gP 70% yield, 91% ee
'|FES
ph "
4mP 67% vyield, 92% ee

/@/‘\/OH
Ph

4h® 55% yield, 95% ee
TIPS

MeOWOH

4hP 69% yield, 93% ee
'i'BS
ph 0N
4n® 65% yield, 84% ee

©/MOH

4¢ 70% vyield, 98% ee
TIPS

I I
eO TBSO

4i® 74% vyield, 94% ee
TBDPS
ph~~-OH

40 79% vyield, 96% ee

@A’

db 67% yield, 87% ee
TIPS

4j 69% yield, 91% ee
'i'r
ph~-OH
4pP 61% yield, 92% ee

C|\©/’\,OH

4e 78%yield, 94% ee
TIPS

:| OH
SO

4k 69% yield, 93% ee

/©/’\,0H
Br

4f 66% yield, 87% ee
TIPS

/@/\/OH
Bu

41 79% yield, 93% ee

unsuccessful substrates

"Bu—=—==~8r

Ph—=—=~r
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A. Representative bioactive chiral a-(hetero)aryl-substituted amines

k-opoid receptor antagonist
(S)-CERC-501

% o H
VR U
| O-N

R
(+)-Harmicine R

LOXO-101, Larotrectinib

R N

Me, (S)-Nicotine
H, (S)-Nornicotine

ABT-418

B. Two known hydrofunctionalization strategies for their synthesis

Het)Ar/\/O styrene
2.
(Het)Ar™

(
| +

N-O
!
hydroamination R,N—OBz R o/gO

enantioenriched L N-coupling partners
a-(hetero)aryl amines —
and their derivatives INiH: > N +  (Het)Ar—X

hydroarylation ~ N-acyl enamine aryl halide

Q: Could unactivated remote alkenes be used?

e vs

(activated functionalized alkenes)
asym. hydrofunctionalization

FGW

(unactivated alkenes)
asym. remote hydrofunctionalization

Tropomyosin receptor kinase inhibitor

,‘_\
// S__N
| \N/ ClsC ﬁ CCl;

SIB-1508Y

Cl
Selective KVV1.5 blocker
BMS394136

CDKS8 inhibitor
MSC2530818

(S)-Macrostomine

C. This work: ligand relay catalysis enables asymmetric remote hydroarylation

Two (L/L*) are better than one (L*)

= chain-walking f‘&n‘
M ( N7 (HebAr

+ (Het)Ar—Br — | Ni' L*Ni
R/go RAO

Dysideathiazole Sensipar

unrefined alkene aryl bromide arylation*  chiral a-aryl amine
I8
., Lpromoted . - « reductive
NiH I' chain-walking Ligand Relay Catalysis (LIL") elimination :
— I
CNTSNL e SN TEUABT G OSNi-ar
/& ligand /§ asymmetric /J% L*
R X0 exchange R g arylation R 0
alkylnickel olefin-derived - Promoted reqio_ & enantio- 65
generated in situ nucleophile convergent



BzHN’I\/\ N

co,Me  Ni(NO3)3-6H>0 (5 mol%)
(0.5 mol%), L1* (6 mol%)
H (MeO),MeSiH (3 equiv)

Na,CO5 (2 equiv)
Nal (0.5 equiv)

Br Tol:NMP (3:1,0.2M)  BzHN

1a 2a 25°C,24h
Entry Variation Yield [%]! rrlel
1 none 73 (72) 97:3
2 w/o L1 0 -
3 w/o L1* 0 -
4 L1 reduced to 0.3 mol% 69 92:8
3] L2 instead of L1 12 >09:1
6 L2* instead of L1* 13 >99:1
7 NiBry-DME used 69 >99:1
8 (EtO),MeSiH used 69 97:3
9 K;COj; instead of Na,CO5; 70 >99:1
10 w/o Nal 14 60:40
11 Tol only 0 -
12 NMP only 19 >99:1
13 Arl instead of ArBr 59 946

Z gy "Pr
chain-walking ligand

Ty
Pr

(=T

L2*

asymmetric arylation ligand

CO,Me

3a

ee [%](c

92

96
89
-36
86
92
60
95

87
92

0 O
5=,

Pr

CO,Me

O

Ay

H

3s 50% yield
>99:1 11, 92% ee

CO,Me

O

Ph)J\N
H Et

3t 51% yield
>99:1 1T, 91% ee
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- NI(NO3),-6H50 (10 mol%)

[ 5 (1 mol%), L3* (12 mol%) &

N~ TH + (Het)Ar—Br (Het)Ar
! (MeO),MeSiH (3 equiv) !

Ct;z 515 _ K5>CO3 (2 equiv), Nal (2 equiv) Cbz 6
_ (1.5equiv) * £t 0:DMF (9:1, 0.2 M) .
3-pyrroline  aryl bromide 25°C 24 h a-aryl pyrrolidine

[_)ﬂ —

N

| I | P,

Cbz COzMe Cbz Cl Cbz —~N_CFs

6al®l 67% yield 6bl:c1 79% yield 6¢c 79% yield
>99:1 11, 90% ee >99:1 rr, 88% ee >99:1 rr, 88% ee

. - —
N© N N-
Z Z N
Cbz —~N_ Cl : F ' 7

6dl°l 75% yield
>99:1 11, 92% ee

[_)\C(OMe
—

N \

N

]

Cbz 2

6g 80% vyield
>99:1 rr, 90% ee

;Z
=

6fl°1 89% vyield
>99:1 rr, 88% ee

”Pr\\\\«[ N/ \N j\/"Pr
Ar=

npr 3—PBU-CSH4 npr

6e 89% yield
>99:1 1, 91% ee

6hl°181% vyield
>99:1 rr, 89% ee L3*

MUIRT SRR, BERT ISR
EATARIN -2 2R ERERRIPHIZRINIE I IR

A. Competition experiment: remote alkene vs ipso- alkene

MeO,C ardard CO,Me
A standar
BzHN conditions
(1:1) + —
BZHN" X"
Br BzHN BzHN
(2 equiv) 2a 3a 22% GC yield 3u 46% GC yield

B. Practical synthesis of (S)-nicotine and a CDKS8 inhibitor
1) LiAIH,4 (5 equiv)

= THF, reflux, 6 h %
N \
I Y
by N7 Cl 2) H,, Pd/C, MeOH

NaOH (4 equiv), rt, 4 h
6d 92% ee 7 (S)-nicotine

68% yield, 92% ee

1) BBr3 (1 M in CH,Cl,)
DCM, rt, 5 h

Q@
N L CI
Chz Cl 2)EDCI (2 equiv), HOBt (1 equiv) ©O = IN
X
NH
=N

NMM (3 equiv), DMF, rt
6b 88% ee

overnight
N/ | N COyH
‘N 8 MSC2530818

2
H N (1.2 equiv) 65% yield, 88% ee
Competition experiment and synthetic application.



1,4 Ni-HiE®

Selective Functionalization of Remote C—H Bonds via 1,n-Ni/H Shift

® W oy
FG-X O/L\(“)n/l\o
alkylr lickel

H FG 1 2Ni/H shift
O)\(')n/'\O along sp® chain
migr. sp® C—H functionalization

[diverse functionalization]

Ni H @

vinvl/arvir

H FG
1,4-Ni/H shift ¢ :

along sp? chain
W

migr. sp? C—H functionalization

[chemo-, regio- & stereocontrol]
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A. Migratory cross-coupling: an alternative strategy for C—H functionalization

Ni | NI H Ni| ENFRE S sCITiE C(sp2
_ N H : : BRI R IEIRC(sp)
y ° M :«M;: ° | HIB TSR >

H
H 1,2-Ni/H shift 1,4-Ni/H shift § C. This work: alkenyl sp? C—H functionalization via aryl-to-vinyl 1,4-Ni/H shift
- along sp® chain along sp? chain (s

. = @
B.D 2C-Hf I 1,4-N /red I \
. Design: s —H functionalization via 1,4-Ni migration/reductive couplin
: gn: sp g D_ g @ |socyanate H C(O)NHR2
@ R1 - R = .—s e.g. amidation
.‘ ‘, r/ \ Nl"Br
¢ R? reversible i BrH alkyI—Br
H Ni -Ni ' Ni
4 1,4-Ni/H shift ! ) aryl bromide 1,4-Ni/H translocation ﬁLyn?I/Eg
. alkenylnickel Il aW'”'Cke' - L: 1,4-nickel/hydride shift ligand R = alkyl, aryl & alkynyl
+ olefinic C-H arene C-H _ _ . . ,
RZ2=H ; functionalization functionalization RZ2#H [aryl-to-vinyl 1,4-Ni/H shift] [diverse functionalization] [general, mild & reliable]
Uﬂkf?OW” two examples [migr. sp? C—H functionalization]  [excellent chemo-, regio- & E/Z-selectivity]
R1
@ \ selectively trapped by @ N\
coupling partners R? B N <
FG H MR BN A ZS B E KR
ThIS work Prior work
H amidation B carboxylation (Martin)

W alkylation, arylation, alkynylation B alkylation (collaborated w/ Martin) ACS Catal. 2023. 13. 3841-3846 69



E Nil>-xH>0 (5 mol%) H F
O O L1 (10 mol%) O O
+ BUNCO Mn (2.0 equiv) X

7 N/ \ B B B B
| N e N N N N
| MgBr; (3.0 equiv) 0
Br Kl (0.5 equiv) 4A MS L1: R = OMe L4: R = OMe L6 L7
" 1a 2a  NMP (0'13?\/” 35°C,24h  NHBu 3a L2:R=H L5:R=H
| ’ ’ L3: R = Bu
Entry Variation Yield [%]] rrlb) E/Zlel
1 none 89 (84) 96:4 96:4
2 L2 instead of L1 66 92:8 98:2
3 L3 instead of L1 77 90:10 98:2
4 L4 instead of L1 83 98:2 98:2
5 L5 instead of L1 71 90:10 94:6
6 L6 or L7 instead of L1 trace - -
7 Ni(COD), used 84 95:5 937 | Ph
8 NiCl,-DME used 87 95:5 93:7 9) | 0] e |
9 Zn instead of Mn 75 84:16 98:2
NHBu NHBu NHCy
10 w/o MgBr, 67 90:10 94:6 3751 79% vield 3s 70% yield
. . . r o yie (] 0/ i
11 Mgl, instead of MgBr, 76 98:2 90:10 94:6 1T, 937 Z/E 04:6 Ir, 94:6 Z/E 3t 76& yield
12 wio K 86 96:4 96:4 90:10 rr
13 wio 4A MS 92 96:4 95:5
14 DMA instead of NMP 81 93:7 95:5
15 0 °C instead of 35 °C 48 56:44 98:2
16 50 °C instead of 35 °C 78 98:2 02:8
17 5 mmol-scale (80) 97:3 96:4



A. Aryl-to-vinyl 1,4-Ni migration/alkylation

Br NiCl,-6H20 (5 mol%)
L1 (10 mol%) R
- B. Aryl-to-vinyl 1,4-Ni migration/arylation
Mn (2.0 equiv) e | &1
OMe 4A MS (40 mg) NiBry-3H,0 (5 mol%) O Ph
1 (1 .0 equiv) 4 (2.0 equiv) Dioxane/NMP (1:1, 0.10 M) 5 L1 (10 mol%)
aryl bromide  alkyl bromide 50°C, 36 h alkenyl alkylation Ph + |
Mn (2.0 equiv)
Nal (1.0 equiv)
MeO,C

Br
R! E0ahe NMP (0.20 M),
@ A\ “alkyl 1e (1.0 equiv) 6a (2.0 equiv) 40°C,24 h 7 72% yield, 96:4 rr
o \ MeO aryl bromide aryl chloride alkenyl arylation

H Nillg, radical
additon  MV-NIBr 52719 yield 5e 74% yield oT
98:21r, 94:6 E/Z 96:4 rr NiCl,-DME (5 mol%) Ph
C. Aryl-to-vinyl 1,4-Ni migration/alkynylation Ph L1 (10 mol%) |
. +

NlBr2'3H20 (5 mOIO/O) Mn (20 eqUiV)
L1 (10 mol%) Ph Br A

Ph + TIPS—=—B CO,Me 4A MS (40 mg)

r | 2 NMP (0.20 M), MeO,C
Mn (2.0 equiv) _ , (020 M), 22
Br DMA/Tol (1:1, 0.10 M) Z 1e (1.0 equiv)  6b (2.0 equiv) rt, 24 h 7 75% yield, 95:5 rr
60 °C. 36 h TIPS aryl bromide aryl triflate alkenyl arylation

1e (1.0 equiv) 8 (2.0 equiv) 9 69% yield, 99:1 rr - » .
aryl bromide alkynyl bromide alkenyl a[kynylaﬂon
\ Mn \ Ar-X \
- S
Mn @ \ alkynyl of @ N\ H Ni'Br H Ni' oxidative Ar-Nill-x
A addition

H Nl”Br H Ni omdatwe alkynyl-Ni"-Br
addition
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A. Isotope-labelling experiments

Std
Bh as Table 2 Ph
+ fB N
UNCO 5 5 (4.0 equiv) o. -
Br added 0% D
1e 2a NHBu
(1.0 equiv) (2.0 equiv) 3e 85% yield, 98:2 rr
D >95% D
Std
Ph as Table 2 Ph
‘ + IBuNCO - 5 |
BrD b kulkp = 1.20:1 D >95% D
1e-d, 2a NHBu
(1.0 equiv) (2.0 equiv) 3e-d, 68% yield, 92:8 rr

Std
Ph ph as Table 2
+
B | BUNCO
Br DD (20 equw)

H*Bu NHfBu
1e 1e-d, 3e-d,
(1.0 equiv) (1.0 equiv) kakn = 1.13:1
1e/1e-d, = 1:1
H intramolecular 1,4-Ni/H shift

| 1,4-Ni/H shift might not be involved in the rate-limiting step

M AFRENRS RN A MR Z [BJAFEH - DASHR

3el3e-d;=1.13:1

B. Stoichiometric studies

Ni(COD); (1.0 equiv)
L1 (1.0 equiv)

Ph
Ph + m@yuNco no Mn - |
MgBr; (3.0 equiv) o) H
Br Kl (0.5 equiv), 4A MS t
1e 2a NMP (0.13 M) NHBuU
(1.0 equiv) (2.0 equiv) 35°C,24h 3e 77% yield, 90:10 rr

W 1,4-Ni/H shift may be triggered by in sifu generated arylnickel(ll) species

C. Effects of a-substituent and S-substituent

Std
as Table 2
H + |
B fBUNCO ’ 3u3u-= o
r f . =
1u (20equiv) BUAN" "0 2753 NHBUY
w/o a-substituent 3u’ (ipso-) 3u (migr.)
50% yield 15% yield, 1:1 E/Z
Std
Ph Ph
as Table 2 Ph |
+ (0]
fBuNCO | 3vi3v= {
Me (2 0 BQUIV) tBUHN (0] 86:14 rr NH'Bu
3v' (ipso-) 3v (migr.)
w/ B'S”bs“t“e”t 71% vyield 12% yield

W g-substituent: may promote 1,4-Ni/H shift
W 3-substituent: decreases the ratio of alkenyl functionalization product
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4.2. 1,4-NiHiE%:

7 =R USRS R RN/ SRR EREM

LNiX,

Mn
kanXE @Br
_ MnX, 1
MeO,C ’ NiCly-glyme (5 mol%) Ph oxidative L

. L1 (10 mol%) H addition
Mo—— P Mn (3.0 equiv) MeO,C L,NiBr,

= Nal (2.0 equiv)

2a

i
Vil @NLB,
-0 equi OMe
4A MS, DMA (0.20 M), rt 4a
R R \\\
L1:R=OM
7\ \_/ L2:R=H ° /_I\\I /N_\ 7 N/ N\ Cj_g m.fgratory\(
=N N L3:R=1Bu =N N=

Me Me
Me L4

insertion
il Vil
L,Ni'Br Q R2 N
sp’-sp® _R? N T R2
\ | reductive H'Ni H
1 elimination L
2 R 1,4-Ni mfgray ] 1§
/' R2 1
S R
spe-sp’ m R2
4 A

H
Vi RJ\,O N v
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Thanks for watching!



