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Introduction

Development of Regiodivergent Cross-Electrophile Couplings

c). Ni-Catalyzed Regiodivergent Cross-Eletrophile Coupling (This work)
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+ Predictable Regioselectivities ¢ Regiodivergent Alkyl-Alkyl Coupling
4 Access to Diverse Saturated Architectures
+ Selective Migration on One Alkyl Bromides over Two Migratory Alkyl Bromides




Introduction

a) Metal-Catalyzed Cross-Electrophile Coupling at ipso-Carbon

1 R' By Bu
| X X , Nil,*xH,O, dtbpy, o-(Ph,P),Cg¢H, | X Ph,P.
+ R'—X - —
f py, Mn, DMPU, 60-80 °C A 7\ ./ and j@
R R SN N Ph,P
up to 88% yield dtbpy O-(thP)2C6H4
R2
R2 NiCly(glyme), L, DMF "
> o
1J\ Nal (for X = Br, I), Mn, 60-80°C R ,H/
R X ) f
R
1 2 — ;
R, R“ = alkyl, aryl, vinyl, or H up to 98% yield

X =1, Br, Cl, OAc, OC(O)CF4

Everson, D. A.; Weix, D. J. J. Am. Chem. Soc. 2010, 132, 920
Prinsell, M. R.; Weix, D. J. Chem. Commun. 2010, 46, 5743
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Introduction

a) Metal-Catalyzed Cross-Electrophile Coupling at ipso-Carbon

Ni°L, O—X
1/2 M”X2
) oxidative
1 I, MO reduction addition
X—Ni'lL,,
X=Ni'L,,
1/2 MO
reductive reduction
elilmination
Q-0
? oxidative ?I 17, MIX,
Q—X

Everson, D. A.; Weix, D. J. J. Am. Chem. Soc. 2010, 132, 920
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Introduction

b) Metal-Catalyzed Migratory Site-Selective Cross-Electrophile Coupling

. Ar(Het) 7/ \ T
Ni(ClO,4),*6H,0, L
A ThSe™R + (Het)Ar—Br 2 _ /Ny
Br "PrBr, DMA, Mn, 25°C  Ar” )~ R NN
Me Me
up to 81% yield, >99:1 rr L

Ph/\/\/Br
alkyl bromide

'/, MnBr, L”—’ Ph/\/\/Ni\Br

oxidative 1 0
1 addition /2Mn
/2 Mn )
reduction reduction 1
Ar (Het /> MnBr,

LNi'Br

Ph
migratory coupling reductive /\)\/Ni'
elilmination Ph

Br
(Het)Arw_ /III S-hydride

elimination

ox1dat/ve . N
addition hydrometallation Ph AN CH

(Het)Ar—Br Nif migratory Nil/ast
aryl bromide )\/\/Hinserﬁon /\)\/H
Ph Ph
~——
fast

Chen, F.; Zhu, S. J. Am. Chem. Soc. 2017, 139, 13929
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Introduction

b) Metal-Catalyzed Migratory Site-Selective Cross-EIectrophiIe Coupling

H
Ar'MBr + Ar—=pr_ Nily, Bathocuprome )\H/\r
" i "Bu,NBr, DMA, Zn, it

up to 95% yield, >99 1 Me Bathocuprome

Ni'L
¢Zn° Ph—Br

Ni°L

Ph—l}li”L

Peng, L.; Yin, G. ACS Catal. 2018, 8, 310
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Introduction

b) Metal-Catalyzed Migratory Site-Selective Cross-Electrophile Coupling

0 Boc,0, NiCl,+glyme, L, MgBr.
Ar/\(“)n/\Br + )I\ 2 2 2
R oH (+) Fe—Nifoam (-), DMA, rt Ar

n=0,1 up to 83% yield

0]

)]\ + Boc,O
R OH

.0 .
NIFL  oyigative  RC(O)NI''XL

cathodic addition
reduction cathodic
reduction

Ni'L
\,Z_/ pr >N O)

NIOL ,B-hydrlde
elimination

reductive

elimination
R(O)C-Ni' (|3(O)R
, Ni'—H

Ph hydrometallation /\

\—_/Ph
Jiao, K.-J.; Mei, T.-S. Org. Chem. Front. 2021, 8, 6603
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c). Ni-Catalyzed Regiodivergent Cross-Eletrophile Coupling (This work)

X1 Hb .......................... :

O =Akyl |
R + Q—X8 Q@ = Carbonyl |
/ He Ha \

+ Predictable Regioselectivities ¢ Regiodivergent Alkyl-Alkyl Coupling
4 Access to Diverse Saturated Architectures
+ Selective Migration on One Alkyl Bromides over Two Migratory Alkyl Bromides
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Optimization of the Reaction Conditions

Ph Ph
B 0 Ni] (10 mol% e
w v pr B L2 nEoII!’/o(), ano(s_c; equiv) 0 M NHPh 0
Me NHPh Solvent 01 M), 24h NHPR or or e NHPR
1a 2a 3a h 4a Sa
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" Al oA cl
Bu /Bu 7\ __ ;:2 = | N
/ \ \_ Me . \N / Me O I \ 0) / \ CN \N N§ o | P o
= ¥ / N N =N  N= — N 7N |
L1 L2 Ar rac-L3 Ar? L4 L5 AT
Ar' = 9-anthryl
Ar? = 1-naphthyl
Entry [Ni] L Solvent Yield (3a)/r.r. (3a) Yield (4a)/r.r. (4a)  Yield (5a)/r.r. (5a)
1 NiCl,-6H,0 L1 Acetone 11%/1:5 56%/5:1 n.d.
2 NiCl,-6H,0 L1 THF 9%/1:3 26%/3:1 n.d.
3 NiCl,-6H,0 L1 DMA 35%/3:1 11%/1:3 n.d.
4 NiCl,-6H,0 L1 MeOH 14%/1:5 63%/5:1 n.d.
5 NiCl,-6H,0 L1 MeOH/TFE (2/1) 5%/1:17 82%/10:1 3%/<1:20
6 NiCl,-6H,0 L2 MeOH/TFE (2/1) n.d. 71%/>20:1 n.d.
7 NiCl,-6H,0 L2 MeOH/TFE (1/1) n.d. 83%/>20:1 n.d.

r.r. = Ratio of Regioisomers. r.r. refers to the ratio of the major regioisomer to all other regioisomers. Yield and r.r. were
determined by GC analysis based on crude mixture of the reaction using n-dodecane as internal standard.

12



Optimization of the Reaction Conditions

Ph Ph
B 0 Ni] (10 mol% e
w v pr B L2 nEoII!’/o(), ano(s_c; equiv) 0 M NHPh 0
Me NHPh Solvent 01 M), 24h NHPR or or e NHPR
1a 2a 3a Ph 4a 5a
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" Al At cl
Bu Bu 7\ __ = | N
— M M O O, X
7 N ) ew ) R ¢ N:<N\> {t’v N l\‘1§ o N
N \ =N N= | |
L1 L2 Ar? rac-L3 Ar? L4 L5 AT
Ar' = 9-anthryl
Ar? = 1-naphthyl
Entry [Ni] L Solvent Yield (3a)/r.r. (3a) Yield (4a)/r.r. (4a) Yield (5a)/r.r. (5a)
8 NiBr,-dme L3 Acetone n.d. n.d. 93%/>20:1
9 NiBr,-dme L3 DMA n.d. n.d. 71%/>20:1
10 NiBr,-dme L3 THF n.d. n.d. 77%/>20:1
11 NiBr,-dme L3 MeOH n.d. n.d. 94%/>20:1
12 NiBr,-dme L1 NMP 38%/5:1 n.d. 7%/1:5
13 NiBr,-dme L4 NMP 28%/3:1 11%/1:3 n.d.
14 NiBr,-dme L5 NMP 66%/>20:1 n.d. n.d.
15 NiBr,-dme L5 DMA 77%>20:1 n.d. n.d.
16 NiBr,-dme L6 DMA 83%/>20:1 n.d. n.d.




Scope For Migratory Alkyl Halides

R2
1 2a

Br Q [Ni] (10 mol%)
R)\/\/”\N,w + Ph/\/Br L (12 mol%), Mn (3. o equw
o
! Solvent (0.1 M), rt, 24 h or 2 or

OMe NMe CF
Br o Br o) Br o) 2 Br o)
Me N Me N Me N Me N
H

1a 1b 1c 1d
3al’l: 72% vield; >20:1 r.r. 3bll: 71% yield; >20:1 r.r, 3cll: 62% yield; >20:1 r.r. 3d®l: 66% yield; >20:1 r.r.
4all: 71% vield; 20:1 r.r. 4bll: 70% yield; >20:1 r.r. 4Aclcl: 55% vyield: >20:1 r.r. 4dl°: 57% yield; 8:1 r.r.
5al’l: 70% yield; >20:1 r.r. 5bl9: 71% yield; >20:1 r.r. 5cl): 56% yield: >20:1 r.r. 5dl9: 78% yield; >20:1 r.r.
Br 0 /©/C| Br 0 Br 0O O Br 0O
Me)\/\/l'LN Me)\/\/I‘kN Me)\/\/U\ITl O Me)\/\/u\N
| | ;
|L| H  Me H
1e 1f 1 1h
3ell: 57% yield; >20:1 r.r. 3f°l: 83% vyield; >20:1 r.r. 39"l 66% yield; >20:1 r.r. 3hl: 74% yield; >20:1 r.r.
4el?l: 51% vield; 14:1 rr. 4fl°: 51% yield; >20:1 r.r. 4g'°!: 50% yield; >20:1 r.r. 4hleel: 68% yield: 8:1 rr.
5el!l: 45% yield; >20:1 r.r. 59 50% yield; >20:1 r.r. 599 52% yield; >20:1 r.r. 5hl9: 64% yield; >20:1 r.r.
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Scope For Migratory Alkyl Halides

Ph (@] Ph
R Br L (12 mol%), Mn (3.0 equiv
R N~ + Ph/\/ ( 0) ( q )= - or F|a2 or R
éz Solvent (0.1 M), rt, 24 h R Nig R N
| I
1 2a 3 R2 Ph 5 R2
Br 0O Br @] Br (o] Br @]
Me r?l/ Me |\|1’ Me r}l’ Me |}|’ e
Me Bn H H
1i 1j 1k 11

3ill: 71% vield:; >20:1 r.r.
4il?l: 56% yield; 18:1 r.r.
5ildl: 70% vield; 14:1 r.r.

1m
3mPl: 69% yield; >20:1 r.r.
4ml®l: 57% vield; 15:1 r.r.
s5ml: 65% yield; >20:1 r.r.

3jll: 65% yield: >20:1 r.r.
4j°l: 5% vyield; 8:1 rr.
519 74% yield; >20:1 r.r.

OMe
S Ses
”Pr)\/\)J\N

I
H

1n
3n®: 69% yield; >20:1 r.r.
4nlsT: 66% yield; >20:1 r.r.
5nl9: 61% yield; >20:1 rr,

3kl 67% yield; >20:1 ror.
4Kl 50% vyield; 17:1 r.r.
5kl 529 yield; >20:1 rr.

OMe
S Pes
"Hep)\/\/”\N

|
H
10
30 62% vyield; >20:1 r.r.
40l°7: 44% yield; >20:1 r.r.
50 5% vyield: >20:1 r.r.

31l 67% yield; >20:1 r.r.
41l 549 yield: 18:1 r.r.
5119: 58% yield; >20:1 r.r.

Conditions A for 3[°!:
NiBry*dme/L6 in DMA

Conditions B for 4[°l:
NiCl,*6H,0/L2 in MeOH/TFE = 1/1
Conditions C for 5/
NiBry*dme/L3 in MeOH
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Scope For Non-Migrated Alkyl Halides

Br 0 [Ni] (10 mol%) 0 Alkyl O
: .
y )\/\/”\N,PMP + Br—Alkyl L (12 mol%), Mn (3.0 equiv) y /k/\)-I\N,PMP Me NP y VP
e N Solvent (0.1 M), rt, 24 h € N or or Me N
Alkyl
1b 2 3 5
Br—Et BT_C5H13 /_<:> Br/\/\/\/N/b
Br
2b 2c 2d 2e

3pl®l- 69% yield; >20-1 rr.
4plel- 78% yield: 13:1 r.r. (X-ray)
5pldel: 82% yield; >20:1 r.r. (X-ray)

Br\/\/\/\
OH
2f

3tlPl: 70% vield: >20:1 r.r.[dl
4tlel: 56% vyield: >20:1 r.rld!
5tldel: 74% yield; >20:1 r.r.19l

3ql°l: 64% yield: >20:1 rr.
4qleel: 67% vield: >20:1 rr.
5q(%el: 68% yield; 20:1 r.r.

O
Br/\/\/\/ ~Ph
2g

3ull: 61% yield: >20:1 r.r.[9l
4ulcl: 5% yield: >20:1 r.r.lel
5ulf: 68% yield; >20:1 r.r.ld

3rll- 589% yield: >20:1 rr.
4rll: 2% yield: 16:1 rr.
5rldl: 54% yield; >20:1 r.r.

I\lﬂe
N
Br/\/\/\/ \Ph
2h
3vll: 66% vyield; >20:1 r.r.ldl

4vlel: 50% vield:; >20:1 r.r.ldl
5vId4fl: 56% yield; >20:1 r.r.ldl

3sltl- 63% vyield: >20:1 r.rld
4slcl- 60% yield: >20:1 r.r.ld
55141 62% vyield; >20:1 r.r.l9l

0 Bu
Br/\/\/\/ \n/
0
2i
3wl 66% vield: >20:1 r.r.[dl
4wl 69% vield: >20:1 r.rld!
5wt 68% yield: >20:1 r.r.19l
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Scope For Non-Migrated Alkyl Halides

Br o]

)\/\/”\ _PMP + Br—Alkyl L (12 mol%), Mn (3.0 equiv)
Me N

Solvent (0.1 M), it, 24 h  Me

H
1b 2

[Ni] (10 mol%)

Alkyl

PMP
N~ orME

Alkyl

Alkyl O
_PMP

or Me ~PMP

I=

Br\/\/\n/o

o]
2j

3xMl: 73% yield; >20:1 r.r.[9); 1:1 d.r.[d
4xIe: 66% vyield; >20:1 r.r9: 1:1 d.r@
5x[971: 70% yield: >20:1 r.r.1l: 5:1 d.r[dl

¢

2n

3abl®!: n.d.
4abl®!: nd.
5abldel n d.

3yl 44% yield; >20:1 r.r.19)
ayll: 54% yield; >20:1 r.r9!
5yld.f1: 58% yield: 20:1 r.r.[9l

Conditions C for 3[!:
NiBro+«dme/L6 in DMA
Conditions A for 4[cl:

NiCl,*6H,0/L2 in MeOH/TFE = 1/1

Conditions B for 59!
NiBry*dme/L3 in MeOH

O

2|

3zl 54% vyield; >20:1 r.r.

4z[°&N: 50% yield; 3:1 r.r.

5z148l: 35% yield; >20:1 r.r.

O

2m

3aal’l: 51% yield; >20:1 rr.
daal®®l: 58% yield; 7:1 rr.
5aal®efl: 54% vyield; >20:1 r.r.
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Regiodivergent Alkyl-Alkyl Coupling

o
Me
NHPh
Condition C . alkyl  3ac
70% vyield, >20:1 r.r.
o
e} - Me
Me . Br N | Gondition A NP
NHPh e - alkyl
Br 128 ; 4ac
1o 23 34% yield, >20:1 r.r.
alkyl O
ConditionB e
> NHPh
bac

60% vyield, >20:1 r.r.
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Mechanistic Investigation

a. Radical Clock Reactions

/JBr\/\/C”)\ |> /Br NilL 0] (/\ O
Arl - , /\)J\ Arr
Me ”/ ¥ Standard Conditions I\/Ie/\’ /\)’I\N/Ar Me/\/ ﬁ/
H

Ar' = 4-MeOCgH,
1b

3ad, 4ad, or 5ad 3ad', 4ad’, or 5ad’

Condition A: y-alkylation (4ad'), 43% conversion, <5% yield
Condition B: p-alkylation (6ad'), 55% conversion, 24% yield
Condition C: s-alkylation (3ad'), 63% conversion, 33% yield

b. Intermolecular Cross-Over Reactions

/JBr\/\/?L I g oo T R I
Ar + ”Bu\/\)]\ Ar > /\)J\ Ar'
Me ﬁ/ ”/ Standard Conditions Me” X ”/
= 4- 2 — A
Ar=4 “:EOCGW Arc =4 §t02006H4 3b, 4b, or 5b
a Condition A: 4b (28% yield)
Condition B: 5b (45% yield)
Condition C: 3b (9% vyield)

c. Ni-Catalyzed Regiodivergent Reductive Alkyl-Alkyl Couplings with 5-Bromoketone

Br Q NilL R 0
+ Br—R - )\/\/IJ\
MG/K/\)J\Me Standard Conditions e Me Me Me

1q 8a R 8b

Condition A (R = PhO(CH5)g): 8b (55% yield, 4:1r.r.) /\)\)J\
Me Me

Condition B (R = PhEt): 8¢ (62% yield, >20:1 r.r.)
Condition C (R = PhEt): 8a (56% vyield, >20:1 r.r.) 8c
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Proposed Mechanism

Ni"Xg Br O

*Mn, L Me/l\/\)J\R

b~ X—NiL

'q
e 4 Mn
Alkyl Alkyl
. —nNil! H
M R )\/\)'L
Me R Me R © i Me R

S e i 3
/ O !/ ' :
fRr—N;ll § E
S S . Ve = P Br—Ni'L o Alkyl Q Mn i o
Br *Alkyl )\/\/U\ :
i Me R

Alkyl—Br )\ .
/\ o ; ; Alkyl O
| 5 5 H o) L Me R
/\)NI\L/?]\ e R 5
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Proposed Mechanism

Ni'"X,

iMn, L Me)\/\/”\R Me)\/\/U\R
X—NilL 3
3
4‘(’ Mn cl
Alkyl N
—Nill
Br_NiIIIL o) X—Ni"L (@] |
)\/\/U\ )\/\/U\ o N/ °
Me R Me R \\)
N

Alkyl—Br
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Proposed Mechanism

Ni'",

lan, L

Br @]

Me)\/\/U\R Me

) \/(\
Mn

4
O
Me/\I/\)LR
Br—Ni'L
Alkyl

L\/

X—Ni'lL 0 Me /

Ni'L

Alkyl—Br

/

Me R
Ni'L
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Proposed Mechanism

Alkyl O
é“%
Me R \
5 ]
1 Alkyl
Art Ar |.”|y
Br—Ni"L O
o ] | © Me R
o
N N /
2 2
Ar rac-L3 Ar /
Br Ayl
: [
i Me Ni'L O
R
\
Alkyl—Br
NilL O
Me R
»
\_i

Br

Me)\/\/U\R

\

Ni'lL e}

o

Mn

Ni'L

EJ
(N /I
Py

Me

N

Me/\l/\)\R

NilL
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Summary

+ Predictable Regioselectivities + Regiodivergent Alkyl-Alkyl Coupling
+ Access to Diverse Saturated Architectures
+ Selective Migration on One Alkyl Bromides over Two Migratory Alkyl Bromides
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The First Paragraph

Writing Strategies

The Importance of Metal-Catalyzed
C-C Cross-Coupling

The Progress and Challenge of
Metal-Catalyzed C-C Cross-Coupling

The Introduction of This Work

1. Metal-catalyzed carbon-carbon cross-
coupling reactions have evolved into one of the
major technologies for C-C bond-forming event. (
EEM)

2. Over the past decades, reductive cross-
coupling between two carbon electrophiles has
become an attractive alternative for C-C bond-
forming... However, control site-selectivity over
similar secondary alkyl-Ni intermediates along
the alkyl chain to realize divergent
regioselectivity remains a formidable challenge. (
R B HkEK)

3. Herein, we reported a ligand-controlled

regiodivergent cross-electrophile coupling at
specific sites... (4B A3C T{E)
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The Last Paragraph

Writing Strategies

The Summary of This Work

The Features of This Work

1. In summary, a ligand-controlled Ni-catalyzed
regiodivergent cross-electrophile couplings with two
distinct alkyl bromides in a predictable manner have
been developed. Diverse site-selectivities have been
realized using alkyl bromides by judicious choice of
ligand and conditions to tune the migration of alkyl
nickel species and alkyl-alkyl coupling. (2.45)

2. The reaction features exclusive control the
migration over non-migration between two migratory
alkyl bormides as well as reativity differentiation
between several similar alkyl-Ni species to afford B-, y-,
O0-alkylated amides from identical starting materials,
offering a straightforward and unified means to building
diverse saturated architectures from easily available

and cost-effective alkyl halides. (/T35 &)
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Representative Examples

1. The reaction undergoes site-selective isomerization on one alkyl
bromides in a controlled manner, providing switchable access to diverse
alkylated structures at different sites of alkyl bromides. T. (F§—#H8] LIz
AN EHAIEENEE/ASE.....)

2. This reaction offers a catalytic platform to diverse saturated
architectures by alkyl-alkyl bond-formation from identical starting materials.
(RHET—MMENLE......)

3. The reaction features exclusive control the migration over non-
migration... offering a straightforward and unified means to building diverse

saturated architectures from easily available and cost-effective alkyl
halides. (feft— " E#EME—HIFEL......)
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