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Cross-Coupling Reactions
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Abstract As a powerful tool for skeletal editing technology, transition-metal-catalyzed migratory cross-coupling enables the
selective functionalization of distal C—H bonds through the synergistic combination of dynamic 1,n-M/H shift and selective
cross-coupling utilizing readily accessible chemicals, thereby simplifying the synthesis route and improving synthesis effi-
ciency. In the past decade, significant progress has been made in Ni-catalyzed migratory cross-coupling, including develop-
ments in modes of 1,n-Ni/H shift, diverse functionalization, and strategies to control the regio- and stereochemistry. The recent
advancements in nickel-catalyzed migratory cross-coupling transformations are summarized, broadly categorized into two
types: (1) migratory hydrofunctionalization and difunctionalization of olefins via iterative 1,2-Ni/H shift for the selective func-
tionalization of remote C(sp>)—H bonds, and (2) migratory cross-coupling via through-space 1,4-Ni/H shift for the selective
functionalization of remote C(sp?)—H bonds.

Keywords nickel catalysis; migratory cross-coupling; chain-walking; 1,4-Ni/H shift; alkene; ligand relay catalysis
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HEJ# (Scheme 1, B)B-51,
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(Scheme 1, B).
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(A) Ni-catalyzed jpso cross-coupling reactions

(i) Traditional redox-neutral coupling

(i) Recently emerged reductive coupling

R'-M + X-R? —\Ni— RI-R? <—(Ni — X-R? + R™-X

(Fu et al.)

(Weix, Gong, & Reisman et al.)

Limitations: U pre-activated coupling partners U ipso-coupling

(B) Ni-catalyzed migratory C—H functionalization

: 4D
E&n + rox —(N— & &ro

reactive inert coupling

site site partner
Ni [Ni]k H
FG—-X n
[olefin] + [NiH]
H FG iterative
)\ﬂn/k 1,2-Ni/H shift

diverse products
(regio- & enantio-)

remote C-H
functionalization

1,n-Ni/H " /selective
shift coupling

w3 FG-X
H RG
through-space § §
1,4-Ni/H shift
w9
polysubstituted

arenes/olefins

B 1 BT R R

Scheme 1 Ni-catalyzed migratory cross-coupling reactions
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NiCl, (5 mol%)

L1 (6 mol%) Ar(Het) N N
A )\9/\.# + (Het)Ar | N N
r n PMHS (2.5 equiv.)  Ar n h
21 22 CsF (2.0 equiv.) 2-3

THF (0.2 mollL), r.t., 14 h m [olefin] + [NiH] = [organometallics]

Selected examples

PM
Ph

Ph
71% yield, >99:1 rr

57% vyield, >95:5 rr

54% yield, 95:5 rr

82% vyield, >99:1 rr

PMP
e
S

Ph
62% vyield, 94:6 rr 85% yield, 99:1 rr
n
PMP Ph/\f"‘ﬂ\/ Pent
/Ln (1:1:1) PR X
Ph Oct
ph g

regioconvergent

Thermodynamics: ligand effect in chain-walking process

TS-1A-bpy

INT-1A-bpy

Proposed mechanism

[Si]-X

TS-1A-L1

| m
[ST-H, base% LNi'H + LNi"H KX\ "
NiH species m'grw‘/

AG =0 (0.4 kcal/mol)

(N\Niuj\/R

-8.6 kcal/mol \N” " F

INT-S1-bpy

LNi" (cat.)

[Sil-H 24
Ar n

)\:it\/ LNi'l regeneration |nsert|orAr -
reductive F-hydride
eI|m|nat|on elimination X
r(Het)<
NIII . H:N/i”L
Ar)\en/\/ RV
oxdative migratory
(Het)Ar—I addition insertion
- X
electrophile N| L SNillL
2-2 Ar

n

LNI”H’%e;allzt:ﬁ_n chain- Walklng'/
I

LNi'H Ar

)\9/‘\/

B2 BEEAE R IE H S 7 AL
Scheme 2 NiH-Catalyzed reductive migratory hydroarylation of alkenes
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Proposed mechanism

B 07

NiBr,-diglyme (5 mol%) r(Het)

)\Q/\-“ L1 (6 mol%)
(Het)Ar—I )\9/'\/
(EtO)3SiH (2 equiv.)

3-2 KF (2 equiv.), KI (0.5 equiv.)
DMA/MeCN (V:V =30:1), 30 °C

Selected examples

Bpin

Bplrgé/\ Bpl% Bpin Bpin

64% vyield, 96:4 rr  60% yield, 97:3 r  55% vyield, 96:4 rr  55% vyield, 96:4 rr

%\ /
Bpin Bpin Bpln CEt Bdmpd)\/‘\

63% yield, 98:2 rr  80% yield, 97:3 rr  51% yield, 95:5 rr  66% vyield, 96:4 rr

BR 3 TREITREUE K o- 77 F e R R
Scheme 3 Migratory hydroarylation to access a-aryl alkylboronates

B4 ITRARFRETTHE A BT a-77 2 b Ll R e

)\9/\4‘ (3 mol%), L3 (8 mol%) Ar(Het)
[B] A + (Het)Ar—Br - Nil L*Ni
DEMS (2.5 equiv.) [B] N
KF (2 equiv.), Lil (1 equiv.)
4-2 DMA (0.2 mol/L), .t., 20 h 43
Ni' (cat.) H Bu  JBu 7N\ /"
VI [Si—H )\Wﬁ )—é’Bu _ N\
SiI-x L (BI” “tn H,N . OH NN
| " L3 "Bu "Bu
Ni'H + LNi"H . .
[Si]—H, base, NiH \ asymmetric arylation
- I
Lol regeneration hydrometallation Ni Selected examples
[B] " CFs3 oTf
reductive
elimination chain-walking
Ar\kl:"'/Brfavor Ligand Relay Nill Bpin~ {7 Bdmpd
Catalysis )\9/\/ 68% yield 53% yield
/ke,,/\/ [B] n >99:1 rr, 90% ee >99:1 rr, 93% ee
selective ligand L* CO,Me COyMe
oxidative addition exchange
Ni'L* NillL*
_ E/Zg
[B]7 "0 7 lransmetalation ig) My Bdmpd” 07 Bdmpd
56% yield 72% yield
Ni'H Ni'H >99:1 17, 92% ee >99:1r, 93% ee

Scheme 4 Asymmetric migratory hydroarylation to access chiral a-aryl alkylboronates
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Ar)\é%n/\‘“ NiCl,-glyme (5 mol%)

5-1 (1 mol%), L5 (6 mol%)

*+ DMMS (2 equiv.), KF (2 equiv.) Ar n
(HeAr-I pmMPU/Tol (V:V = 1:4, 0.2 moliL)
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4 \
=N N=
Me Me

Selected examples

Ar(Het)

Ar Ar

L5 | :
Nil L*N N>—<N
ifL* i) [ 27—
”Pr\\\v‘ N Nj\/"Pr
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r= 3-tBUCSH4

asymmetric arylation

CHO OMe OTf
SN PMP
[ f
Ph/\/\ Ph/\/\. Ph/\/\' Bpin/©/\/

71% yield 76% yield 68% yield 43% yield
97:3 1, 90% ee 97:3rr, 90% ee 97:3 rr, 94% ee  97:3 rr, 92% ee
PMP PMP

= PMP o PMP
@/\93/\ Ph/\ee/‘\. Ph/\/\/ Ph/\/l\
S (PMP-Br used)
52% yield 57% yield 80% yield 41% yield
98:2 11, 94% ee 99:1 rr, 93% ee >99:1rr,95% ee  >99:1 rr, 94% ee

BX S5 ITRARRETT R AT 1,1- =55 b

Scheme 5 Asymmetric migratory hydroarylation to access chi-

ral 1,1-diarylalkanes
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o
. (MeO);SiH (2.5 equiv) R™ 'N n
(HehAr—| K,COs (2 equiv.) H
6-2 DMA. rt., 24 h 6-3

Selected examples

Ph PMP Ph Ph
AcHN)\/\- BzHNJ\/\/‘ / N
61% yield, >99:1 rr  61% yield, >99:1 rr —N e N=

S
%/\
BzHN

50% vyield, 97:3 rr

B 6 ZfE SRR KIT R ET7 AL A B a-75 2 T
Scheme 6 Migratory hydroarylation of alkenyl amides to access
o-aryl-substituted aliphatic amines
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(Scheme 7, B).
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BEEIRERIZE T, SEIL T SR A 55 BRI
B A T5 3 (Scheme 8, B). H:At "PrBr fE4i# 4L 71 Ni(0)
AR R IER R, S R RIS R A p-H
TH B, A RSB AR SRS INE Y, 5NN
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SN ABAFE R, iR B USR] "PrBr 05
BAL =), WO R A8 AR S B A BT Ak 2 1k
BRI

2020 4, BB EDAEE AR R T T b i 4k
YIRS EEIN R I E R AR I (Scheme 9, A). SNFFIALEE AT
Refe 4 it T e AR TR e, S IE A B R b AR ik
PRI 75 BN R % < & /38 R bR A5 2 B AR ISR R Ar
75 HEAL =), 2024 4F, TR ERARZH IR IE T R A B
TEREIE, SEMEAMNINKL, & B-H M, EE R
AR A R, EEREAY IR N ITIE S 5
WM, 19 2 0 b R8P R AR PR (1T #8 e, s
13 2 5 IS E I N LA S eI 8 A, kB
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(Scheme 9, B).

(A) Asymmetric migratory hydroarylation to access acyclic a-aryl-substituted amines

O H

Ni(NO3),-6H,0 (5 mol%) 0
(0.5 mol%), L8 (6 mol%)

Ar(Het)

RJ\NJ\(%/\“N + (Het)Ar—Br

(MeO),MeSiH (3 equiv.) R ” n

H Na,CO3 (2 equiv.), Nal (0.5 equiv.) 7:3

71 7-2

Tol/NMP (V:V =3:1,0.2 mol/L), 25 °C, 24 h

Selected examples
CO,Me

Ar 3- ‘BuCGH4

asymmetric arylation

CO,Me CO,Me

4
Z _Et
BzHN BzHN AcHN BzHN

72% yield
97:3 rr, 92% ee

64% yield
>99:1 rr, 94% ee

>99:1 rr, 92% ee

51% yield

50% vyield
>99:1 rr, 91% ee

(B) Asymmetric migratory hydroarylation to access a-aryl-substituted N-heterocycles

Ni(NO3),6H,0 (10 mol%)
(1 mol%), L5 (12 mol%)

i j “H + (Het)Ar-Br

N

<—B\(Het)Ar

(MeO),MeSiH (3 equiv.) N

|
Cbz K,COj3 (2 equiv.), Nal (2 equiv.) Cbz

7-4 7-5

Selected examples

Et,O/DMF (V:V =9:1,0.2 mol/L), 25 °C, 24 h 7-6

O\Q\ %\ one
~ ~

N N N
V7 N

Cbz CO,Me Cbz ~N_ © Cbz 7

67% yield
>99:1 rr, 90% ee

B 7

75% yield
>99:1 rr, 92% ee

80% yield
>99:1 rr, 90% ee

IR AN RETT A G LT o- 7 51

Scheme 7 Asymmetric migratory hydroarylation to access chiral a-aryl-substituted amines
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(A) Migratory cross-electrophile coupling of alkyl halides with aryl halides

H Ni(ClO,),-6H,0 (5 mol%)

Br L1 (6 mol%) Ar(Het)
)\e/\/\/ +  (Het)Ar—Br
Ar n "PrBr (0.5 equiv.), Mn (2 equiv.) Ar n
8-1 8-2 DMA (0.2 moliL), 25 °C, 24 h 8-3

Proposed mechanism

Ar
)\9/\/ H

0
migratory coupling 1/2 Mn 172 MnBrz Br
LNi'Br reductlon alkyl bromide
reductive oxidative
/Br elimination addition
/\9/\er”|_
oxidative B-hydride
addition elimination
Ar—Br
aryl bromld Br
H. 7
Ni'lL
R™ 07
migratory
1/2 MnBr, reduction insertion
Br< .
112Mn°" LNi'Br /\Ji
R)\ﬁn/\/ chain-walking R n

\ /
Selected examples

Bpin

2. 2.

Ph Ph 11 dr
69% yield, 21:1 i 72% yield, 65:1 rr 1% yield, 14:1 r 35% yield, 17:1 rr

(B) Migratory hydroarylation of olefins using "PrBr as mild hydride source

Ni(ClO,4),-6H,0 (5 mol%)

H L1 (6 mol%) Ar(Het)
)\ﬁ/\ﬁ + (Het)Ar—Br /I\e/\/
Ar n "PrBr/Mn (2.5 equiv.) Ar n
8-4 8-5 DMA (0.2 mollL), 25°C, 24 h 8-6

Role of "PrBr: hydride source

Br
B
NIOL L H\N(”Lr RW H H\NI/IIL
"prBr ——> Nil = "Nl =——— N
A~ PR NiH shutle R~ 07

Selected examples

PMP PMP [
% L BN
Ph)\/\'/ Ph o) PMP l}l PMP

Ph
81% yield, >99:1 rr 59% yield, >99:1 rr 50% yield, >99:1 rr  76% vyield, 51:1 rr

B 8 i etk s A W o e v (A R LR PR 78 0 AL
Scheme 8 Migratory arylation using alkyl halide as olefin precursor and hydride source
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(A) Yin & Lan, 2020 Selected examples
Nil,/BC (10 mol%)
X 2 A
/\Q/J\ v ArBo, _ ElsSH @5 mol%) )Lﬁ/\
r— 2
Arm R TBAB (1 equiv.) Ar n R CO,Me CN
LiOH (2.5 equiv.) Ph
91 9-2  DMA (0.125 mol/L), 35 °C 9-3
s
Ni'—X Ni'—X Nil—Ar Ph Ph™ 05 PR Ph™ ™S
78% yield 52% yield 77% yield 90% yield
Ar n R Ar n R Ar n R 291 1r 14:1yr,- >20:1 mr >20:1 mr
(B) Wang & Cao, 2023
7N NiCl,'6H,0 (10 mol%) ..
ol R L (15 mol%) SN A
- + Ar—B(OH),

"PrBr (2 equiv.)

9-4 9-2

K3POy4 (2 equiv.)

LA R

9-5
THF, 90 °C, 24 h
H—Ni'lL RE

|

Br Br " o t

,\I, Ho ’\I“”L NI----Nl —Br ---Ni'—Ar
R . R R
n
Selected examples
= dpph or BISBI

wg

CP%
PPh; 56% yield, >99:1 rr

(alkenyl ketimine)

&

60% yield, >99:1 rr

N SN
L = dppf or Xantphos

68% vyield, >99:1 rr

58% yield, >99:1 rr

68% yield, >99:1 rr 71% yield, >99:1 1r

X9 HMIEJR P TR AT 2l

Scheme 9 Migratory hydroarylation under redox-neutral conditions

2020 4F, ARG RIE T AR L9 f2 i
AR A0 2 5 O BRI 1 A e S MRS RS A O 2
1k 2 B (Scheme 10). S 87 LA FF 5 A0 55 34 18R 43 73 7 A
SRS, AR Ar-Ni(ID-H, Z8id id NG
AT IR PR R RS B T — RAE M Z R
L1-Z5 ke, WA R AL N B, MR
RIS 55 SR S BT IR N AR R, SR 5 SR A Ak
FRAE R AR A R (A, B S 5 0 SRR R AR A A R R
N RIS A I A, IR A e - 3
e BREE RAERK p-H JEBRAEBEA SRS
RS T R B AR e SRR R, BRI SR PR
BRI H bR BN, TR TEER.

1.1.2 E#& a0

i FH 2 FEAL I e S AR IR, B AU L I B G
)R e AT DA L) C(sp®)—C(sp”) i, 71k
P s BRI A b, e TR, T DA —
PR S MR BEYE, B AR RS, 2
H ol T8 B ae B F 4k th ot 78 de 22 B T T — A
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Iy 3. BREMAL G R GT ) A X AR E b F A 7] DUAYH
@ P e AR ARt &, o o e U5 — A e B A A e
BB 77— A T o, AT L@ AR S Rt 475
R BOE BT AR NE AR — @& F . T
A B ot AR R R JR 28 TR 1 22 1 FR T A4
1.1.2.1  Z A AR F

2018 4, BT AT 5 EA 10 7 A, A4
AR 2 UST DL o 255 o Ak P o AR, SEB T AR A M
A ARV R T R At AL I M (Scheme 11). %R
N7 AT B 6- ML I —WE iR L10 NI AS A, LR
TP F A B VRS B I B A b S =), o
KU (14 NG sz A4 28 D K Ay, B8 S [X ik o 43¢ 1A 2 AR Y86 A 2
I I8 IO A LA A T A %u&w@%ﬁ%%&%m&
SRR EIREY). (88 B, 2R B2 RS
T ARTE M & BT A i o7 75 AR 000,

B )5, Martin PR Mo B [ 1R S, R a-
ARIMEVE o B e oA AR, Ja e A R AT A% v 7 e 2
ISR T RV R e R AL B35 = )(Scheme 12,
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A). 2022 4, Martin BAZHUCILL o B GUAR e VR AE
FEEALIAF, L10 JyRCAA, e AL AT B i or e ik
b, GHCT — RIS P)(Scheme 12, B).

2018 IS, /MR E T F TR IR L12
TF R, EARE T (—25 C)RINLH T ik S5HiE a-

R'" R2

Ni(OTH),

TRARHHE JHZ (1) I AN PR A HE A SO, AL S 16 DX 3R
X BRGE $EPE AT B T — R A i r AN BR b B AL
(Scheme 13). MRBHLERRT DA H, SR 0T iz £ 14

Yo P PR N WO BRI B BRI k. SRS P TA
e 77 Ml R I J S A A TR P P X IO ST AR U — A B Ak,

(5 mol%), L9 (6 mol% )

R® + Ar—[B]
4

Ar n
Tol (0
101

Proposed mechanism

10-2
LNi" precatalyst

MeOH (2 equiv.), K3POy4 (1.5 equiv.)
.25 mol/L), 80 °C, 24 h

XF:)Y
10-3

Selected examples

2
R —
Ar A f Ar—Ar , ROH H2N NH2 Ph .10 Ph .
R LNi L9: diamine ligand 68% vyield 68% yield, 2:1 dr
reductive M PMP P PMP
elimination addition r
Al R R I A /l\/l\
R3 LNi™-OR Ph Ph
Ar n 1 H Ar—B(OH), 56% yield, 2:1dr  45% yield
B-hydride elimination/ transmetalation PMP PMP
migratory insertion ROB(OH)
2 2
1 NilArR3 Nio/Ni" |
R" Ni"ArR LNi-Ar N
Ar 1 R* H o
i R2 R'" R? 83% yield 98% yield
) R3
r_mgrat_ory migratory Ar n
Inserllon insertion o /l/\;(‘ PMP>[
1 3 1 3 n
)R\eir\:wﬂi - R2R Ph BMP Ph™ "Pent
R* Ar g R4 >20:1 dr
-1 elimination - Lo 48% yield, 95:5 1 79% yield
_

B 10 SHEJE PR PRI A

75 A

Scheme 10 Migratory hydroarylation under redox-neutral conditions
RWH + alkyl—I NiBr; (5 mol%), L10 (6 mol%) R\/\Walkyl
n (EtO)3SiH (2.5 equiv.)
1141 11-2 KF (2.5 equiv.) 11-3

: DMF
HNI''X v hydronickellation

(0.5moal/lL), 25 °C, 24 h A
reductive elimination !

LNi'"X alkyl—I alkyl
sgsssssssszzsm R N|”X ,,,,,,,,,,,,,,,, 1l
N X
R H chain-walking \/\9’ radical addltlon \/\ﬁ‘)' I
least steric
Selected examples
E10,C g Ao~ P MeO gl P PR By NHBoc
8 3 5 2 3 2
43% vyield, >99:1 rr 63% vyield, 90:1 rr 67% vyield, 41:1 rr
Et
Ph MCO Me M
Et 3 2 2

30% vyield, >95:5 rr

O
7 N\
ase
L10

B 1
Scheme 11 Migratory hydroalkylation

X=Br, 71

X = OTf, 79% yield, 26:1 rr

i (oL
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50% yield, 15:1 rr

X Ac
nPr\E/\ﬁ/\ﬁ/@ "PrMD
3 2 3 2

% vyield, 66:1 rr
64% yield, >99:1 rr

K A A R TE A% A e AL

of internal olefins with terminal regioselectivity
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R SR

BIHEFE
(A) Martin, 2018 Nil, (10 mol%) . o
. ! Bpin L11 (12 mol%) . Boin /N« 1
5" * oo Dems (1.5 equiv.) \/\ﬁn)\R‘ =N |_11N iPr
- g Na,CO3; (1.0 equiv.) ~
12-1 122 DMA (0.33 mol/L), r.t., 24 h 123
Selected examples ‘Bu
Bpin Bpin "Bu Bpln Bpin
LN
"CeH13 "CeH13 ”C6H13 "CgHq3
66% vyield, 44:1 rr 62% vyield, 28:1 rr 64% vyield, 24:1 rr 56% vyield, 20:1 rr
(B) Martin, 2022 . N”2 (10 m°|%) r
1 L10 (15 mol%
RWH + Rz\/‘\ ( " RL/\@)\/RQ
Br (EtO);SiH (2.5 equiv.) g
1241 12-4 KF (2.5 equiv.), KI (1.2 equiv.) 12-5
DMSO (0.5 mol/L), 40 °C, 24 h
Selected examples
BocN o Me 5
Me GH’LO 7
BzO 4 TBSO \ X F
F X =0, 51% yield, >19:1 rr
74% yield, >19:1 rr 67% yield, >19.1 r X =S8, 51% yield, >19:1 rr
BIRX 12 NIRRT a- A 5T BRI fe 8 1 1) /% Sl b J Ak
Scheme 12 Migratory hydroalkylation of internal olefins with a-heteroatom substituted alkyl halides
3 2
0 R A\
RWH , Br (%) \R Nilo-xH;0 (10 mol%), L12 (15 mol%) NR | _ o pn
n R3 ) DEMS (2.5 equiv.), KF (2.5 equiv.) o N | Ph
R DCE/DMPU (V:V = 3:1, 0.13 mol/L) e N—/
-25°C, 24 h R CeHap-F
1341 13-2 13-3
i Selected examples
Proposed mechanism LNl (cat.) IFE)t o o
[Si]-F [SI] H ,,PrE (or 2) N EO.C E/Z oh
ligand ” Mf Spn 28 "-HLN/
exchange BrN| H !
[Si]-H, KF . © ) EtPh
0 NiH species mlgratory L*Nl”Br 84% vyield, 97% ee 59% vyield, 98% ee
Br (%) R'  L*Ni'Br, regeneration insertion Et £ Et  Bn
v G e
3 o 0 3 Ph
R R Ahydride o
halogen atom elimination 4% y|e|d 97% ee 89% yield, 85% ee

abstraction

R® R? i B PMP HL Ph Et r\‘j
l *Ni! 3 1 (W ‘. - ~
NR! L*NiBr R\g)LN/R R/\&‘WH \92/\/ ’\“ M
\ Et Ph Et 0
(o)

stereospecific

reductive R? migratory 52% vyield, 98% ee 33% yield, 96% ee

insertion

elimination /
| NN B Et Ph
R Nill R alkyl L*Ni'"Br SN~ Standard conditions N
s N radical addition RWH NN 1.5 equiv. 13_—’2 "Oct Ph
R Re chain-walking,” ! NI~ regio- & enantio- o)
) . convergent  91% yield, 97% ee
enantio-determining L = 10 mmol (1:1:1:1)
step RMN' Br petroleum-derived feedstocks

B 13 1RSI o-IRARBEIE (130 AL B 1 IR A AR e 54k
Scheme 13 Asymmetric migratory hydroalkylation of olefins and racemic a-bromo amides with terminal regioselectivity
DA 57 £8) DX SR AT 0 k126 % 1 45 380 = B DB - T VE BRI RLAK IR ESe AL
By, P R 7R R & O ANME. TR, 2022 4F, R UIREAIMER o-ZIERR VAL IE AT
Fu PRl fﬂ“glﬂiiﬁ I A S A e R A T AR AW BERAGRTR, R T OUTE MR T A 13 S T
(BLHE 2 o-TRARTR /R AN =20 a-T5AK-B- P Tk M) 1) AR5 A A e R A i AN FR e 24K (Scheme 14).
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Ph
Ph—\ Nil, (10 mol%), L13 (15 mol%) NHPh : Selected examples
RWH + ®N 7% n o
n PEFA' DEMS (3 equiv.), KF (3 equiv.) o RW
#NHPh NMP/2-MeTHF (V:V = 1:4, 0.2 mol/L) <~ “NHPh
J -10°C, 36 h R :
14-1 14-2 14-3

: R = OBn, 56% yield, 94:6 er
'Pr R = OBz, 39% yield, 94:6 er
R = NPhth, 53% yield, 94.6 er
0 (e}
| |
N N

PR 13 Ph “iPr

Pr.

iPr

BRI 14 a-ZIRBEIGILNE S ATV e R IE R AR IR e 2L

Scheme 14 Asymmetric migratory hydroalkylation using a-amino acids derived pyridinium salts as alkylation reagents
1122 ZHMHHEZ SEHL T IRAM R 3-REE IR IS B S SN, &
Ll i A R 5 BRI ORIPE BON 3 R 2R 1, 2019 T — BRIV Z R N-a-Ke A0 P Z L% (Scheme
, WIE IR ROME AT e A IE R LA PyrOx-L14, 15, A). N-BRIREEHEPIE —EREE EASE T N-o-ki bR

(A) Hu, 2019, racemic Selected examples

— 1 NilyxH,0(10 mol%) ;

L) R L14 (15 mol%) [—}\(R
N ¥ I/Br)\RZ (EtO),MeSiH (2 equiv.) N R2 N 0 N NB
PG PG Cbz Cbz

oc
KF (2 equiv.)
1541 15-2 DMA, rt., 36 h 15-3 41% yield 56% yield
H
o)
7 N\ [ <
\ NNl N N
=N N7 g, 5 Ni Cbz
L14 )=0 , cbz
R 50% vyield 53% yield

(B) Rong, 2023, asym. Selected examples

NiBry'DME (10 mol%), L15 (12 mol%) [\ { 3.0,
N +  Alkyl—X N~ Alkyl N \\
/g (MeO),MeSiH (3 equiv.), CsF (3 equiv.) /& /& Ph
DME (0.05 mol/lL),0°Ctort,24h R o Ph™ O

15-4 15-5 ) 82% yield, 90% ee
3,5-(OMe),CHs CgHs-3,5-OMe), 136

Phi- </ Ph N L
B \2‘ ’Bu/go Fh

56% yield, 86% ee
(C) Zhu, 2023, asym.

PG PG p-CF3C6H p- CF3C6H4
1 . 1
NiBr, (10 mol%), L16 (12 mol%
N + Alkyll 2 ( o) ( 0) . N Alkyl . &; C(
Q) (EtO)3SiH (3 equiv.), KF (2.5 equiv.)
n S
Ph L16

DMF (0.2 moliL), r.t., 12 h )n

Ph
15-7 15-8 PG = carbamate or acyl 15-9

Selected examples

I?z ?z NBoc
CJ/\HECOQEt m m

71% yleld 88% ce  66% yield, 87% ee 69% yield, 91% ee 75% yield, 90% ee
\ .
B Piv Boc Cbz
Y4 S | [ [
l{l N Ph N OTBDPS N "Pr
Cyvees 5T Ot (O
47% vyield, 86% ee 60% yield, 91% ee 62% vyield, 92% ee 73% yield, 95% ee

B 15 N-JHE TR AR R A 2L
Scheme 15 Asymmetric migratory hydroalkylation of N-heterocyclic alkenes
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BIKE

HHIEAAR, TS N-a-beddth AR 5. K N-Z238 I i
ZFRAL S N-BEES ORI 10 3 2R 145 A, 2023 4F, %1
SRR 2 20 B T AR BOX-L15 SEHL T 1% SN AN
WREEAL, BT — RHIFMH N-a-FidE DY S (Sche-
me 15, B).

2023 4, gD MRIRAIZHP2UE H F 1 FL Ak BOX-L16,
SEPL T AR S I S T B I R B I R A 0 PR S b
FAl(Scheme 15, C). LA N-ZRIFH 7 F 4 S HLR
GRS R e loe BRI IEOR T A
PRSI T N-o- 5t 3 BRI R 7S JC B A R 1
ROk, T 22 b AR PR R A R OB R i
PRV e 25 PR ] BE A T LI B N

2022 4F, {858 AR IE TR R R A )
95 DX R B R R e SR S . DAIZE R I i BUA R PR I
BRI IR NEYD, b AR ke AR, SR AT e
Bk BOX-L17, it B a5 BRI 3R18 N-a-B p-fiki
FAbF=¥)(Scheme 16). SIS RAHIS TR R, 125
RAIR N E T (10 C), IEBEEIN L p-hidk i b
[EARFES) ) 2 I AR SE S ik B S, & hit)s
THER AR -1 I B A e A =P (16-3). 1T 7E =)
BF(100 °C), FRUSCAE AT A ) 2 BB A e 11 e IR e
SRR AR, SR JEHHIRGEIE B B3, B REBRAE R a-f7
PRSI =1 (16-4).

R4, @745 1R R 2 AR e R R 2 250 03 Sl ik

T I A TR A% ORI RS S B R PR X 3 %?

NiBr,-diglyme (10 mol%)

VR AT, DA S T (2D 519 400 £ FH v £ ) o
B AR, 5/ Bn-BOX Aifk L18 713 5] N-p-
Rrig £tk et =4, M Ph-Box Acik L19 NIw] 15
Bl N-o-PriE FMEREFEALT™Y) (Scheme 17, A). FAB IR
RIS P RUBE PRI AR L20 WU W] 15 31 N-B-frik £
PEREEAL =4, WA FHAED RS L4 193] N-o-Hrik %
P e 34k P2 ) (Scheme 17, B).

2023 4, fH58 AN E AT A RO LL I F A R 0
R 122 Ny FPERCAA, etk s A e e B AR,
S TR AT AR RE I o-RLIE MRS

FEIT AR St A (Scheme 18).

2023 4F, Martin PREHECT LG R AR B fe N
THFmIE, L22 NITBEE, Dbkl mmtie £5 %0
Bl i), JE I W s b B s D S B T R AL A R
TR A b He b, FEBE I T ) B 1K B-0or 18 48 1 e B AL
(Scheme 19).

2023 4, SR/ AR R A P8E I R R ) SR A A )
BN IEIT AR RSt 5L 0% (DYKAT), PAVHJE 1)
Pg BRSO S5k, e E STl 1 4 )
SAFRE BT 1,2- BRI e Ja 7= 4 1 2o 3
%, RN EA LR ) DX SR Bk #44: (Scheme 20). 17E
WIE ) R e S BRI E R R, RERAR R K AT
o th, BIMTFE 1,2- M0 B8 e M A S iR e
B AR B AR A, B E SLAR T — PRI SR
BRAS 2 A it 1,2- —BURI B lE = 4.

L17 (15 mol%), (EtO);SiH (3.0 equiv.)

K3PO4-H,0 (3.0 equiv.)
DMA (0.167 mol/L), T, 12 h

PivHN" 07

+ Alkyl-l
16-1 16-2

Selected examples

L t *
.0, Bu
il
{XNI 6\\r ]
NH
n

dynamic B-product (10 °C)

L
XNi'-Q
{95 \>"Bu
n N

H

81% vyield, 9.5:1 rr

thermodynamic a-product (100 °C)

p-BuCgH, ;@ p-BuCgH,

\/{NHPIV \/([NHPN

81% yield, 12:1 rr

PIVHN ; or  PivHN
" P
16-3 (10 °C, B-selectivity) 16-4 (100 °C, a-selectivity)
dynamic product thermodynamic product

0-2-Np

(/{NHPN

80% yield, 11:1 rr

0-2-Np

| /\/l\/( /\/L/r a/l\)/
NHPiv NHPiv NHPiv

90% yield, >20:1 rr

94% vyield, >20:1 rr 90% vyield, >20:1 rr

B 16 i B2 0 X0 U D B A e Ak

Scheme 16 Temperature regulated regiodivergent migratory hydroalkylation of alkenes
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(A) Shu, 2022

Alkyl cat. Ni'X,/L18 ~ NHBz cat. Ni'X,/L19 Alkyl
BAHN W + Alkyl-I/Br
z - (MeO);SiH n (MeO);SiH BzHN™ M7
17-3 171 17-2 17-4 (a-selectivity)
(B-selectivity)

"Hex _ "Hex
Phiw)%\e “Ph
PR Ph
L19
Selected examples
Bn "Hex Bn :l\ﬁ/l ”Hexj\/
BZHN\;l\/I BZHN\l BzHN 2 BzHN
65% vyield, 12:1 r 78% yield, 6:1 rr 80% yield, >20:1 rr 71% yield, >16:1
B-selective product (L18) a-selective product (L19)

(B) Wang, 2022

Alkyl cat. Ni'X,/L20  NHBz . NiX /L4 A'kﬂ\ﬁ/[/
+ AkyHl ————
BzHN - (Et0),SiH W (EtO)sSiH BzHN n

17-3 1741 17-2 17-4

(B-selectivity) (a-selectivity)
O (0]
N N—/
Ph  L20  Pnh

Selected examples

"Pr npr Pr "Pr
BziN L _~  AcHN L _~ BN AN
76% yield, 12:1 rr 91% vyield, 96:4 rr 87% yield, >99:1 r  83% yield, 93:7 rr

B-selective product (L20) a-selective product (L4)

B 17 B2 ) DO B I T R S e R Al
Scheme 17 Ligand-controlled regiodivergent migratory hydroalkylation of alkenes

. H NiBr,-diglyme (10 mol%) \ Alkvl
/I\@)\ PG + Alkvl—X (S,S)-L21 (15 mol%) P AL PG
RS - + yl— RN -
v 0 (MeO),SiH (3 equiv.) ‘,/\%/\0
18-1 182 DMA/BUOH (V:V=1:1,0.13molll) ' 183

KF (3 equiv.), 21 °C, 12 h

Selected examples
]\/\ 2 Np I\/\ Y(> Lﬁ/\ 2 -Np I\/\ 2—Np
OCy CeH4-4 Bu OBn “CgH,u-4-Bu

78% yield, 91% ee 66% yield, 92% ee 50% yield, 90% ee 80% yield, 92% ee

B 18 LS A R ST B A xR A 4k
Scheme 18 Ether-directed asymmetric migratory hydroalkylation
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BT FREHR

Nil, (5 mol%) N
L22 (10 mol%
/ (10 mol%) o » 0
BF4 (EtO)3SiH (2 equiv.) _ N
Na,HPO, (2 equiv)  Alkyl” o Y% N
AIkyI e 155

DMA, 40 °C }
191 19-3
Selected examples
Boc Boc Boc Eoc
N N N
Me.- Me. Me. Me.
h< N e N e N ,}l [}]

M M Me Me Me
73% yield 48% vyield 56% yield 55% vyield 70% yield

B 19 [EAME S R BZT A b Ei

Scheme 19 Native amide-directed deaminative migratory hydroalkylation

Nily (10 mol%), L17 (12 mol%) Proposed mechanism
R FG (EtO),MeSiH (2.5 equw
- Alix KF (2.5 equiv.) AIkyI L*Ni" precatalyst MeO~ O MeO. O
y DMA (0.2 mol/L), r.t., 12 h [Sil-F [Si]-H L*Ni'"H
n _ R
(X=Br, 1) Kl
' INi"H N N’
()-20-1 20-2 20-3 "
ISk L (R) ()
Selected examples KF regeneration  hydronickellation

of NiH species  /chain-walking o= OMe

CO,Me CO,Bn COyMe LNl IS |||_*
@/\/Ph COQEt ~_Ph

75% yield, 96% ee  51% yield, 94% ee  70% yield, 95% ee rapid & reversible
DYKAT chain-walking
~o Ph
CO,Me Cone i Me npr. COMe VO O
y Ph L*Ni'—I
Ph I radical Nl”|
addition
66% yield, 96% ee  60% yleld 90% ee  60% yield, 91% ee MEO~O reductive H.
elimination slow § L*Ni'H
OMe Ph MeO__o ;
CO,Me COZ ) | CO,Me
_OTBDPS OMe 2o N Q/
high rr, dr & ee L~ Ph
thermodynamically
69% yield, >99% ee 46% yield, 88% ee disfavored

B 20 MR EFIE B A TRE ST
Scheme 20 Dynamic kinetic asymmetric migratory hydroalkylation of racemic cycloalkenes

2024 4F, Bk R PR Y 5] NIHERE | ) ot = TR AL 1) DX 380 22 A 12 30 IR e 5 A A% K (Scheme
S5 R P g S R A I R T ) 2, BB IRC 448 (PhPMes) 22). PR s R 8 I 3 A I R A RN e B 2% A T
RIS, BREITR LR T T U A ) 48 E I TLoEh DASE IR X 32 22 A PR R B 1 e k. MAA [ 1 Joe 22 pi £
Fe BB R AR S R e A 2, 15 3 ALk FEE T KRR &, JEALTE R SR TR i s AL RS
FAL P )(Scheme 21). N-H1 C- Z B 12 B 1T LIAE MR Fd AR, A8 G AR L23 BT DUE B HLTE 7S JO IR R ) P
R, RS I o e e FE P 9 D T A . BB i 5 &, RN - Ak B e AL
1.1.2.3 & mAudn vk h i 2 AT 4k B 1577 22-3. 8 FHEC A 124 ] UG PR L E Tk

TEL BRI Mn B0 R, MR AR e SRR Blfigiidt B 2, 19 BUMINLAY p-O#E 4k bt
PERTHAAAR, 2023 4F, AFHRIRRAHCOSCIL T b ph AR 224,
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NiBr,-DME (10 mol%)
PhPMe, (20 mol%)

DEMS (4 equiv.), KF (5 equiv.)

e e,
+ Alkyl—I
Acetone/DMF (V:V=3:1), rt, 12 h

211 21-2 21-3

Selected examples

QLCL Gt G

R = Ph, 89% yield
R = OH, 43% yield, 6:1 rr 71% yield 66% yield
B 21 BREE R DT 1 T 1) B KL 78 e SR AL

Scheme 21 NiH-Catalyzed azaarene-directed migratory hydroalkylation

NiCl,6H,0 (10 mol%) o _
5,5'-diMe-Bpy (L23, 12 mol%) Y N/R1 7\ »
Mn (3 equiv.), r.t. Alkyl I2 =N N
u o MeOH/TFE (V:V = 1:1, 0.1 mol/L) dynamic. ' 155
R N~ N+ Alkyl-Br — 22-3 (y-selectivity) 5,5'-diMe-Bpy
FI<2 Alkyl O
221 22.2 NiBry-DME (10 mol%), L24 (12 mol%) R B N,R1
Mn (3 equiv.), MeOH (0.1 mol/L), r.t. éz

thermodynamic
22-4 (B-selectivity)

Ar2 L24 \{»Arz

Ar! = 9-anthryl
Ar? = 1-naphthyl

Selected examples

o) o)
14
| ! ;
Ph H Ph Bn NN NRTR2

71% vyield, 20:1 rr 65% yield, 8:1 rr L23
Ph o Ph o R
-0
/»:::L\/ﬂ\ _Ph /»:::L\/ﬂ\ _Ph NN,
’}l ’?‘ R \R2
B
70% yield, >20:1 rr 74% yield, >20:1 rr L24

B 22 PO fAds e o (A i) DX 3802 R 5 L A2 SUABTER

Scheme 22 Ligand-controlled regiodivergent migratory cross-clectrophiles coupling of two alkyl halides

1.1.3 T4 a4
IR TH A 757 FEA RS AL AR b, e 5@ IR AL

me 23, B).
1.1.4 A A kA

REVIEW

PRI AS UM A0 S B B BBk, RO TG iR R SR
AR, L RIGEA Y, #EH C=C Wi, ¥f
A RELE D TE Sk R HEAT AE B AL I AR

2021 4, FEANSTIREAL A D AR URE B 5 E i
T8 7R R s A A 1R RS S A
J¥(Scheme 23, A), BhisyieR A0S ) DXk £ 5k 45
TR EAL Y. BT, AR 1 P R e i A
(HBpin) {E IR, REMA AT H Fr KIE#2 U0 2610
SIS, R I 7 b A e W ik — 2 S b A B i Y 0 A
. SRIFE TR BTE— P 0 & 1 I Je IR ) v el 15z
FETIR e B R e, T A S 17 s P9 S R 1 (S che-
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5 FIREREEEA R SR, R IR A A
S N7 M S ARTE T OS2 3 B . AR ) NiH 47
ol 0 23 338 56 P R Al N A s e T A A B s k7 e
=90, 2021 5, /DRI P2 18 TSI
$2 5B IRA IR T R SR TR SO, DA = FE AR
Y DX 3k B PR SRAS T A R ) R A7 o B4k 7= ) (Scheme
24, A). 2023 4F, THIFBIZHPIET 1,100 AR )
TR (dpp D) BB BC ARSI T AR TE A IR R IE R A b L,
PLAR S AR 75 10 77 A R a- B PR 6k P9 22 % (Scheme
24, B).
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(A) Gong & Zhu, 2021
NiBry:L1 (12 mol%)

H
HBpin (1.5 equiv.
Apnr + Lo on 15 squh)
r n Br LiOMe (1.5 equiv.), 12 h Ar
DMA (0.075 mol/L), —10 °C
23-1 232

Selected examples

Bpin
\CPMP Ph\C/©/ \C/O/

87% vyield, 99:1 rr 82% yield, 95:5 rr 70% vyield, 95:5 rr

MP-.
|G ON
MP

75% vield, 95:5 r  67% yield, >99:1 rr
(B) Zhang, 2020

Xx-OPh

86% vyield, 98:2 rr 60% vyield, 92:8 rr

NiBr,-L1 (5 mol%), (EtO);SiH (2 equiv.)
R 2 3
Bpin” P N+ Tfo)\/o
LiOMe (1.5 equiv.) Boi
DMA/CH4CN (V:V = 30:1, 0.13 moliL) —P"
234 23-5 25°C, 24 h
Selected examples
Bpin Bpin Bpin
E/Z
66% yield 45% yield 52% vyield

BIK 23 Mk S5h0 56 im0 AT A2 SR 24k

6% yield, 96:4 rr

X Ph
\C/\/ 86% yield, 98:

Pz
R
n
23-3
fructose 04/
derivative o)

11dr

n

23-6

Scheme 23 Migratory hydroalkenylation of alkenes with alkenyl electrophiles

(A) Wang & Zhu, 2021

H
Ar)\@n/\ﬁ + B——=R

241

Nilo-xH,O (5 mol%), L6 (6 mol%)
PMHS (5 equiv.)

Nal (10 mol%), Na,COj3; (2 equiv.)
glyme (0.2 mol/L), 25 °C, 16 h

/ TIPS

75% vyield, >99:1 rr

TIPS
Ph._”~
E/Z

71% yield, >99:1 rr

24-2

FaC TIPS
=

92% yield, >99:1 rr

_ Tr
Ph\(

40% vyield, >99:1 rr

Selected examples

/ TIPS

82% yield, >99:1 rr

TBDPS

PMP._>~"

95% vyield, >99:1 rr

R
J\ﬁj R
Ar n

24-3

Tfo TIPS
=
eO

96% vyield, >99:1 rr

TIPS
\CVOTBS

45% yield, >99:1 rr

(B) Wang, 2023 TIPS
Jl\ NiBry:DME (10 mol%) ‘ ‘
dppf (12 mol%
NMRQ + TIPS——pr ppf ( o)
H R (MeO)3SiH (2.5 equiv.)
K3POy4 (2 equiv.)
24-4 24-5 DMA, 40 °C, 24 h 24 6
Selected examples TIPS
TIPS ‘ ‘ TIPS TIPS
4-BrCgH
f ot I BN
z 07N
BzHN "pr H AcHN

56% yield, 95:5 rr 75% vyield, 96:4 rr 86% vyield, 96:4 rr

B 24 MRS HEREYIERB AL
Scheme 24
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83% yield, >99:1 rr

Migratory hydroalkynylation of alkenes with alkynyl bromides
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1.1.5  EABLAMIZIRIK B

& AR o — REZEM AN E RS, 4
W r Bt R AT DU LA 1 2 I A B I A 1 A )
TEEHRA, T LU S e 2 AR MRS, [ i
TRIG R AR S MBS RS BAK, JFHAE
AHLE R AT AN 2 Bl Z R S L &4, IR
Jeetm A v A 1 — i e 5 O T R BB . 2020
&, ROMBBARPARGE 7RISR RS =
S 3 UM e 11 T % it 9805 SCA K i) 25 118 — JU )
I¥T77i%(Scheme 25, A). ZMikesE LA 7R B#E N, O
ZRIETIE, UL R AR BN AL 8 N, O AR
(K a-hLfE — AR AL =Y. TR 2L B AL B
e BRI LA = S R SRR S AR IR 3R, OF

LI BIG ) - R B IR M AR 4.
(A) Zhu, 2020
Nil, (10 mol%) CF,
}\ L1 (12 mol%) N
)\W AT (EO)sSH (2.5 equiv.)
Li,CO5 (20 mol%) R ¥
2541 252 DMA (0.4 moliL), 50°C,24h  25-3

Selected examples
W migrated to benzylic posmon

Ph CF2
(K/K(j/ NN &PMP

57% yield, >99:1 rr 76% vyield, 26:1 rr 65% yield, >99:1 rr

&Aﬁ

84% vyield, >99:1 rr

W migrated to a~carbon adjacent to a heteroatom

N PMP

Boc
89% yield, 18:1 rr

PMP
76% yield, 20:1 rr

(B) Wang & Li, 2023
NiBr,:DME (15 mol%) CF»

/\ L6 (15 mol%) R
)\ﬂ/\"d (MeO)3SiH (2 equiv.)
NaF (2.5 equiv.)  [N] n

25-5 DME (0.2 mol/L)
70°C,18h

25-6

Selected examples

CF Q
BzHN /j\/k
> BzHN 2-Np PivHN 2-Np

78% yield, >99:1 rr 65% yield, 98:2 rr  83% yield, 98:2 rr

O CF
Ph% Q : ?Fz
N 2-Np Bn
Ph H BzHN

68% yield, >99:1 rr 36% yield, >99:1 r

B 25 SR L IR RIT R 1t 958 SRR
Scheme 25 NiH-catalyzed migratory defluorinative cross-
coupling of olefin

2023 F, FHEMELZIRBAPISIERETHESA

Chin. J. Org. Chem. 2025, 45, 1871~1904
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PR A P S A I 6 fi = ) P s 2 L5 7 i/ e R A ) =3
FRILE R B S R T B R B, 138 7L R
a-IEFEVEFZ ) (Scheme 25, B).

1.1.6 iT# AZEENATEABRENR B

1.1.6.1 EA#% AL

2017 4F, Martin PRAZHBYRGE 1 Ak AR =S
T AR (CO) MRS R AL, AT T S|
JE R #1426 M AR R (Scheme 26). 76 NIt FEH, AT LA
MBRAN F et R, TSl ik Ak S R AN T R R 2 Ak
GV REANRE, TS 2R RAE R RIR GG
i pe AL AT YR TR, BEJS A CO, AL AT
T VA — A3 JE AR FLAN ) 25 v B DB ARG 7 AR R

Nil, (2.5 mol%)
Br

L25 (4.4 mol%)
R/l\(‘?n/\H + CO, —»M 3 : R/\en/\COZH

(100 kPa) _ Mn (3 equiv.)

26-1 26.2  DMF (0.3~ 1 mollL) 26-3
: 25°C,20h carboxylic acid
Ph Ph
7 A\
BT S

"Hex L25 "Hex

Selected examples

C O, T (Oyees
CO,H CO,H CO,H

81% yield 58% vyield 82% yield 50% yield

B 26 G RBITBILR Clsp’)—H FIRIL
Scheme 26 Ni-catalyzed migratory carboxylation of discrete
alkyl halides at remote C(sp*)—H sites

2024 £E, B HAMRAGS IR HRE TR ML)
e 35 A I 1 5 = A Tk 1R AT B8 A 0 R R R AL e B
(Scheme 27). TEIFIIZAET, 2 NA -1 12 1 XU
W& W Ik (Sa-BOX) AL A&, SEHIL T I k2 Sl 5 — A0k i)
LR RALAK IR IEAL, LG 7 (0 DX SR e ade 45
BT a-TERIR. VEE P TSI IR 1 SR ) SR
KW, HEETELEPARE-RA% SV
REFE. PTRERSONALEE AN R : Ll Mn 3B R AR RRE N
B, RN R A AN AR R R R R A A M AR
JEM A e AR A4 RS, T PERC A ) e b )
PRTEAT B-HIH BR AT A 48 N I BEAT B A 5 A3 3 F 1%
Ber Ak, AL COL 1l AR 105 A2 BT 18 1)
o-Ji HERIR ).
1.1.6.2 T ABLAR

KVE =& B ER R 7] LB RN Boc,O JHALTE
RS AR AR, 7E3L 2019 FARET R I AL
S SIBOREERE |, 2022 4F, ARADAMRIRBEAH BT — i
WE A4 7 SR SIC I T AR A PR I A 38 TR AN o R T A
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B, DA e 2 AL S ) DX 3/ e PR A 2 T — & R LA 24 g S L R AL SR R £, S B 5e AR

FNFE o- 5 HFRNEY). RNETIHA M B, 58
— i B H IR L 1 S A I s S B et m e A e IR A
MIBEATE, WG R ARCA e, 280055 — b BeF PENEm:
WA A (2 1E P A 0 PRIBE SRR AL, XM C %45 77 A D SR

H
Ar)\en/\“

NiCl, (15 mol%), L26 (15 mol%)

MeOH (4 equiv.), Mn (3 equiv.) Ar/\ﬂn/\f

BTN a-F7 HEBSAL S .
S5 N2 AT BAM B AR H A, R A 7 R IR s g,
Mn ARE IR SR, SEHLGE SRR ) I 38 JE AN X R

it 31k (Scheme 28).
CgHga-p-Ph
S

CO,H p-PthH

271 (101 kPa) DMF (0.1 mL), r.t. 272 H s
PR
Proposed mechanism LNl Selected examples
CO,H COH
B H COZ -
Ar/w N /©/\/\
reduction ©/\ﬁ/\ MS
COzNi'L Mn H HoN'L 46% yield, 95:5 er 65% yield, 95:5 er 58% yield, 96:4 er
) CO H CO,H
oo+ H 2 2
Ar)\en/‘\{ NI+ 0 o /@/\/ COH
insertion B-hydride elimination\ @O
\
NiL LNi"H H 2
' : LN|”\ 69% yield, 95:5 er  73% vyield, 96:4 er 74% yield, 97:3 er
/\9/\( M \@/\/ /\{ COZH Coz
reduction migratory insertion \(_7/©/\/ ©/\/\/
NifL Ar H 70% yield, 937 er 48% yield, 96:4 er
. H - ) m
AT Y e

R 27 BAELKERS COx

KIER AR IR B IR T S

Scheme 27 Ni-catalyzed asymmetric migratory hydrocarboxylation of alkenes with CO2

H NiBr'DME (16 mol%), L2 (8 mol%) O Alkyl ligand relay catalysis (LRC)
(R.R)-PhBOX (14 mol%)
/ke)\ + Alkyl-COH
Ar 2 Mn (3 equiv), Mgl, (60 mol%) Ar/\en/\ 7NN\
28-1 28-2 Tol/DMA (V:V =5:1, 0.17 mol/L) 28-3 _ -
‘ Boc,0 (3.5 equiv.), =5 °C, 24 h N N
L promoted R o "By L2 "Bu
LNi® N|H generation/ in situ - Boc,0 reductive
 chain-walking activation\\\ elimination
it i ?9
LN _UN' Akyl” “OBoc_ BocO. il Ayl </
Ar 1 Ilgand Ar asym. acylation - h: h
"™ exchange ™ promoted AN (R,R)-PhBOX
Selected examples o
F O gn X"Bn m
- : o o \/A
TfO Ph ph "
74% yield 78% yield 80% yield 74% yield
95:5 11, 94% ee 95:5 rr, 90% ee 96:4 rr, 94% ee >99:1 11, 92% ee
(0]
O ~an e O N ojcﬁ\w
PMP™ " PR G PR TN Ph
72% yield 78% yield 61% yield 65% vyield

96:4 rr, 92% ee 97:3 1, 93% ee

>99:1 11, 91% ee 97:3 11, 93% ee

B 28 Fo A oAb SRS (et 1) pe A el e 5 e i PR IR A PRI A% 38 S AN X ARt AL

Scheme 28 Ligand relay catalysis enabled asymmetric reductive
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migratory acylation of alkyl halides with alkyl carboxylic acids
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S AR AT DA 8 H A, RHRR T R R I R, A
"PrBr/Mn A AER, AT LASEIUAR K I R IE A% 58 S A6
W%jhm%%(sweme 29).

1.1.7 T4 [ AERA R S

2019 4F, AR/ PSR IE T AR AL 16 R
51l f i #2 S0 B4 < B (Scheme  30). 1% B PAFE
MRS (LT7) A B B4R, HBpin AEIR, BELEEA AL

RS A SRAZ PR R A Bt A SRR, I S S A A
5 FL I 0 Pk £ 12X 77 (R S-Bppin) FAF B (143 % b ik 4 v (1]
BN, AR ST (0 IX I 3 145 21 R 51342 A B AL
Y. fEstidRE, DUURIE R Y T f AR R A
A, MHERAL I I EE, 1R, WML 55 AN 52 500
SCAP R I FR) B AR BBV w T DA A 2 A E AR AL
R T ) a-fiL.

Chin. J. Org. Chem. 2025, 45, 1871~1904

NiBr,-diglyme (14 mol%)
H (6 mol%), (R,R)-PhBOX (16 mol%)

A W Mn (3 equiv.), "PrBr (3.5 equiv.) O Alkyl
+ _ =
d " Alkyl-COH Boc,0 (2 equiv.), MgCl, (1 equiv.) :
1,4-dioxane/DMI (V:V = 3:2, 0.13 mol/L) A"/\en/\‘/
29-1 29-2 Nal (1.5 equiv.), =5 °C, 24 h 29-3
O
ligand relay catalysis \
(LRC)
ﬁ
(R.R)- PhBOX
Selected examples
(o)
o B o o™~ °
Br - /@/) OHC -
F \©/> Bpin \©/>
64% yield 54% yield 69% yield 54% yield
>99:1 rr, 90% ee >99:1 11, 91% ee >99:1 rr, 91% ee >99:1 rr, 83% ee
O\/\
X B
% en 9% en O 5082 2
- : oo o : N/\/\
Ph/\e‘)e/.\' Ph/\/\/ Ph/\/‘\ _
45% yield 51% yield 59% vyield 61% yield

>99:1 rr, 91% ee >99:1 rr, 91% ee >99:1 rr, 91% ee 97:3 1r, 72% ee

B 29 FC i o AL SIS (L3t MR 5 e B R IR AT A2 48 SR AN G AR AU A

Scheme 29 Ligand relay catalysis enabled asymmetric reductive migratory hydroacylation of alkenes with alkyl carboxylic acids

Nil, (10 mol%), L6 (12 mol%)
H HBpin (3.5 equiv.) SR

g0 ReH A
Ar n Ar n

LisPOy4 (2 equiv.), 50 °C, 48 h

30-1 30-2 THF/DMPU (V:V =2:1, 0.33 mol/L) 30-3
: 1 o4
LNiH | chain-walking | LNi reductive ) iy
; ;HBpln elimination
. i SR
Ni _ selective BPIn i
)\9/ + [ RS=Bpin | ---c-eremmoiiies -
Ar n+2 oxidative addition Ar)\en/\/

Selected examples

ot g

o )\/\ )\A P

88% yield, >99:1 rr  92% yield, >99:1 rr  89% yield, >95:5 rr 66% vyield, >95:5 rr
CO,Et
s 2

SBu
oo, NHBOC )</« NN )\/\

70% yield, >99:1 rr 73% yield, >99.1 r 90% yield, >99:1 rr 65% yield, >99:1 rr

B 30 SMAEIE R S I IR AL S B
Scheme 30 Ni-catalyzed migratory hydrothiolation of olefins with thiols

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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1.1.8 E#H AR

2018 4F, /D ARIR AL PO LS I 5 i 2 5 R N TR
KL, SEEL T IR EUAL I £ 05 L= P (Scheme 31). HLER
SERGR A, FH A A 5 BRI i I 6 A= R H ] A I i
75 I A AR R R

2020 4F, RADMRIREAME I CuH 1h2EHE UL

o AR IR B F R E TR AR R, il s
Be A, ] 2- 3R UL -2 6'- — FH AR L A L (SPhos)
BeAARSEIL T IER R Ak Bt Ak, (FH L1 s23
7w 35 B 13 B A AL (Scheme  32). TEERE L2
b SERBCAARRR TR I E) NN XSUSECERSS, 1% TARE B
YR DL C A& SPhos AH A& —Ffr vy 2% ) 1 A% AR IDE Ak

H Nil, (10 mol%), L1 (11 mol%) NHAr'(Het)
)\9/\“ +  (Het)ArNO,
Ar n DMMS (6 equiv.) Ar n
311 312 DMPU/[BMA (V:_V= 1:1, 0.5 mol/L) 31_3
‘ ‘ 25°C 10 min, 50 °C 12 h
LNiH | chain-walking LNiH reduction scission Of
; g ; N-O bond | LNiH
NiL 0 selective HO\N,Ar'(Het)
+ L A >
Het)Ar'—N i
Ar)\ﬁn/‘\'/ (Het) coupling Ar)\(*)n/\/
alkylnickel nitrosoarene hydroxylamine

Selected examples

Ph 5

F
NHTol NHTol N
NHTol NHToI OTBS HNT N
)\9/-\Z/Et
Ph

3
OMe ph)\/\-

68% yield, 95:5 rr  74% yield, >95:5 i 53% yield, 93:7 rr 72% yield, >99:1 rr 64% vield, >99:1 1 73% yield, >99:1 rr

HN/(>[Z/> HN/©\AC /©
)\/\. )\/\ Ph)\/\

61% vyield, >99:1 rr  64% yield, >99:1 rr

X' X = Br, 66% yield, >99:1 rr
X = OTf, 68% vyield, >99:1 rr
X = Bpin, 68% yield, 97:3 rr

X = NHAc, 56% yield, >99:1 rr 67% yield
X = OH, 52% yield, >99:1 rr >99:1 rr

B 31 AR S I T R T R S R

Scheme 31 Ni-catalyzed migratory hydroamination of olefins with nitroarenes

(A) Migratory hydroamination with benzylic regioselectivity
NiCl,

(5 mol%)

R H R? SPhos (6 mol%) R NR'R2

DMA (0.8 moliL), 25 °C, 24 h

+ I
Ar)kﬂn/\"“ BzO/N\R1 (MeO)3SiH (2.5 equiv.) Ar)ken/v O
MeO OMe

3241 32-2

Selected examples

Bn.
NBn; NBn, TBSO

catalyst system A

PCY2
CO,Et NBn O

32-3

Ph)\%\z/ Et Jone NN @)\ﬁs/\ SPhos

Ph

59% yield, >99:1 rr 75% yield, 97:3rr 70% yield, 96:4 rr 85% yield, 99:1 rr
(B) Migratory hydroamination with terminal regioselectivity
R NiBr,-diglyme (5 mol%) R
6 mol%), 2-Me-Py (3 equiv. \
R gt o+ N O mort) v o) R Noge
n X R? (MeO)3SiH (2.5 equiv)
X = p-Et,NCgH,CO,  DMA (0.2 mollL), 35 °C, 24 h 32-6
32-4 32-5

Selected examples

(0]
npr_ £~ NBn "CosHar LA, NB ()\(?/\Z/\’
\/’\% 2 23 47\/\% ny o i NBn,

80% vyield, 95:5 rr 69% yield, >95
Bn

S5rr 60% vyield, 95:5 rr

Bn z
[ ! ‘
Pr. S N PMP-, ~E Pr. £ NVU
\/\ﬁﬁ "Bu WNBnZ r\/\% x
65% yield, 94:6 rr 54% vyield, 93:7 rr 70% vyield, 95:5 rr
B 32 i e XIS pe T B A A

Scheme 32 Ligand-enabled regiodivergent migratory hydroamination
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187 F S5 ALL 1) BB IC A, 2021 4, Hong 18 2H 41 S 3
T HA U T ) 5 e 5 (4] P 0 6 JEG 40 1 X el ik 38 ko
B E b, it S o R R R B Ak, SRR T
FHISE R p-F Bt (1) 45 i (Scheme 33).

2021 4, A7k R A4 421 D) I e I A o R
AR, SEE T BT T ) ) R AE p-C(sp®)—H ik
PRk e B4k 2 B (Scheme 34). [ Bl i B4 1E A
SEBRAS I LG AR P B A, S SRR RS 2 1) -
AV FR 7 5 3k B AL

2023 4F, FHREAWERIE 1R R0 S TR
Tk Jiz 5 1) 2k [ 1 0 4 DX 3k % M O A A I A IR B
(Scheme 35, A). SEIGEE AR, T HIECMREALA Lo
B, RS S8 I T e VR AR (A4 R AR S 2 R R P
1k, K1 N-o-RreBEVER) 1,1- R =4, 2418
BRI e AL R L1 B, OB S 7S o R Al
AR SRR B, SRIF N-B-LLIE BV 1,2-—&3)
F12EFE). S IOR L, A A 128 B
AT DL RAAR S () DX 3RO 0T B i e SE I p-ide #E T FE A
X FRENZAY [V (Scheme 35, B).

2023 4, 5K AN R KR RS TR 5%
PN B AL I 2 5 oA T AT i B AT B AR AR

Pk 1k ;2 B (Scheme 36). LLIERENZL MBI, [N A]#E
UGN R : VR AP 2h AORT B el 258 A A () 0 T S it
(‘Bul)3 24T Bl F Pl 2, 25 A0 A9 B U 5L B B 2R R
BT, BERAEIUR TR R RS RL B R 5k
i, BT 5 H R EEER O NN, B St p-H HEER
RN T W, B 505 RS R A )R o 3
B PIBEATERLRE, Wi 2R p-H HERAE N, AR
3 Ra 5 11 UG B AR () P (A a4 5 e el 3
Wl e B Bk B MR R, 8 R PR A A IR R
N,O-4E K=

1.2 Bt ERBINGRIREERZK

ﬁmAWMA%% FKEBWANLA B R, B
HREHIRE AT Z R AT R AL, *ﬁﬂ%#ﬁﬁ
%.wﬁ~%%&ﬂ%*?ﬁfﬁA£%ﬁm$m
Fiﬁ%%ﬂﬁ%ﬁﬁ%ﬁA,Eﬁ%%ﬂﬁﬁ%ﬁﬁ
PEPERIBAS BT R AR, AU FH 547 Joi 1) =t R IEG
Bl XoB-BXa, W1 Bopiny SF B AR, 72 A AR Fhoxt
W SR I NSRS BN, S5 SR 2 R B A IE RS A
MR R Ln-XUE e =Y. XK
G RE AL ETTRAE T — R 1A RS, FIRIT

R'NR?

(@] R1 /P.,
M/\@/\/U\ | NiCl,-glyme (10 mol%), L27 (30 mol%) Ar | Ar
" N I " B2o"“rR2  DEMS (3 equiv.), Cs,CO3 (2 equi " o
N quiv.), Cs,CO3 (2 equiv.) AQ Ar = 4-MeOCgH,
THF/DMA (V:V = 9:1, 0.2 mol/L) L27
(AQ) 40°C, 18 h 0
331 33-2 33-3

Selected examples

/\r\)k /Lr\)k /Av«r\)k /\r\)k /\r\)k

) )

78% yield 66% yield

) O o

OO0
R1S/\/\WR2 + T )—RA
R® O-N

34-1 34-2

Selected examples

87% yield 86% yield

50% yield 73% yield 48% yield
B 33 ARt Ezit
Scheme 33 y-Selective migratory hydroamination
O
Ni(CIO4),-6H,0 (10 mol%) Py
L7 (12 mol%) R'S HN™ "R*
HBpin (2 equiv.) K/'\gn/\(RZ
THF (0.1 moliL), rt.,, 3 h R
34-3
i
NHBz NHBz NHBz
44% yield
B 34 kT R AL
Scheme 34 Thioether-directed migratory hydroamidation
© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn/ 1891
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(A) Regiodivergent - or selective migratory hydroamination

3
JOJ\ R R3 Method A: o—selectivity R\N/R4O
\ NiBry-DME (10 mol%), L6 (11 mol%
R! ﬁ/\ﬂn/\" +  N-0Bz 2DME( 2 °) RZ\/-\@)\NJ\R1
R4 (EtO)3SiH (2 equiv.), MeOLi (2 equiv.) n H
35-1 35-2 ‘BuOH, r.t., 18 h 35-3
Selected examples
BzHN N/\ BzHN/(N\/\ BzHN/El;;z
o} o
85% vyield, 97:3 rr 87% vyield, 96:4 rr 82% yield, 96:4 rr
j)]\ R3 Method B: B-selectivity R4 RS
R2 N NiBry'DME (10 mol%), L1 (11 mol%) N
RN ST 4 o8 : - - N__R
H R4/ Me(EtO),SiH (2 equiv.), MeOLi (2 equiv.) -1 hid
2
35-1 35-2 'BuOH, rt., 18 h R 354 O
Selected examples NBn,
"Pent
anN anN £ o)
J—/ NH
BzHN BzHN
(0}
91% vyield, 99:1 rr  85% yield, 99:1 rr 82% vyield, 96:4 rr
(B) Enantioselective /selective migratory hydroamination
o i NiBr,-DME (15 mol%) R4 _R3
J\ R? N L28 (16 mol%), PMe3 (10 mol%) A H
1 + N-OBz ~__N_ _R!
R HW R‘{ (EtO)3SiH (2 equiv.), MeOLi (2 equiv.) -1 \n/
t R2 o]
3541 35.2 BuOH, r.t., 18 h 35.5

Selected examples

R R
BzHN BzHN Bn cl
?NBnZ ’zN o 0
(- y | \J
F N N/
28 |

52% yield 55% vyield
91:9 rr, 93% ee 86:14 rr, 92% ee R = 3,5-Me,CgHs

B 35 BCAFRmLL S 17 0 X8 FEPEIE R S AT R AR FR Ut

Scheme 35 Ligand-controlled regiodivergent migratory hydroamination and enantioselective migratory hydroamination

o s (rmay oomoy "
mol%), Zn mol
1J\N)\9/\¢R2 + Bul + NuH ( o). 20 { ) 1JJ\N)\®/\/R2
RRg W , KsPO, (Bequiv.), 4AMs R N Th
36-1 20equiv. 362 THF (0.1 mollL), 50 °C, 24 h 36-3
4+ NuH reductive ! . Nil
Ni v - elimination {
BuN;'" Ni''H alkene 36-1 O!\l_l:l.‘Nilll

A L = ]

. . i i L R?
NuH* >' + HB Nu chain-walking Rt H A

Selected examples PhNH 4_@
NuH = BZHN)\@n/‘\ Ph’\ﬂl—i\j@

N
R R4 n=1,88% vyield
N BzHNJ\/\

N n=2,72%yield BzHN
n =3, 42% yield 80% yield 73% yield

9 s Y
NuH = BzHN)\ﬁn/\ BnO 0 =

RSOH n=1,77% yield
n=2,43%yield BzHN BzHN
n =3, 23% yield 48% yield 77% yield

BK 36 BRAEALHIIR IR 5 RS A AN ) BRI R U/t

Scheme 36 Ni-catalyzed migratory hydroamination and hydroetherification of alkenes with unactivated amines and alcohols
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=v=0

AL RO FEE, & LT =T LA 1,1-XUE Re
Hib 1,3-XE e HIL L& 1Ln-0UE B (n>3).
THZ RGN E B FIF SR BT I 41,
1.2.1 A5 A
1.2.1.1 B A

2019 4F, [ PR AR LS R AROE T R 1AL 1 i
Wi % 1,n-M175 846 (m>2) (Scheme 37, A). %)M L
4% NiBr,* DME N#-J%, C-6 B PyrOx-129 HNif
FomCAR, 7RSI Bopiny f1 LiOMe fF7E5614 T,
JRAT A BRI Bpin-Ni(I1)-Br X sk 48 A\ A B
FHR e B8R, J5 2l b R T 2, et R A
FEANWAT R E AR, HoA s R B K IS H bR

(A) Ni-catalyzed migratory 1,n-arylboration of terminal alkenes

PR P PR

FEUCEERE |, 2022 4, SR/ MRAN G 55 5L A 4H OV ik
Wi A 322 70 S (AL A IR R AR 129 FAS o AR A8 B A A4
L5)iE— 2B T Ni(ID)-Bpin #0551 K& 1 il A5t
R % 340 (Scheme 37, B).
1212 RRARE

2020 4, B E BN VR B2 HOHRAE TR Ak o i BUAR
Ui f R IIIE RS 1,1- A X RO 95 4k [ i (Scheme 38). 1%
SN AT 1,2- T REECAA 130 NECAE, LiOMe MR, 15
FFME L1005 B, (A ERE N, P N
WA B 2, 43R 515 BIFa 58 BT oA e S48 )
s, RS AR E) 1,1- 00U =4,

i NBGDUE St A,
mol7o .
Ar)\(‘?n/\ + Ar-Br . : : Ar)\en/\,Bpm N |
Bopin, (1.5 equiv.) 373 N
371 372 LiOMe (1.5 equiv.) - L29 4
1,4-dioxane, 50 °C Bu
Proposed mechanism LNi" (cat.) H Selected examples
- - Bopin
Bpin-OMe, LiB 2PIN2
pin-OMe '(A: . Ar)\ﬂn/\ CF3 F O
. . , Ny,
Bpiny, LIOMf/ ’@,o,;; /{gp& Me
NiH _ r_‘nigrat'ory XNi'lL
Ar *NilRy regeneration insertion .
- L*NiBr Bpin
Ar/'\f?n/\/ Bpin Ar n Ph Bpin  Ph Bpin
. 75% yield, 10:1 r 60% yield, 15:1 rr
reductive Shydride °y oy
elimination elimination
Ph
Ar\him/Br Migratory b X
)\Q/\,B . 1,n-arylboration A SNi'lL Ph
in r S )
Ar n P \Qn/\\“‘ABpln Bpin PMP)\(‘){\Bpin
selective migratory 24% yield, 1:1 dr 21% yield, 15:1 rr
oxidative addition insertion t
ABE =i XNI'L
Bpi Bpin
Ar n plr1¢:hain-walkingAr n P
S~ —

LNi"Bpin LNi'Bpin

(B) Application of ligand relay catalysis in asymmetric migratory 1,3-arylboration

H

NiCl,-glyme (5 mol%)
.29 (1 mol%), L5 (6 mol%)

Ar)\/ *

374

(Het)Ar-Br

37-2 dioxane (0.2 mol/L),

then NaBO3-H20

Selected examples

Ar(Het)
LNi( L*Ni)
(Bpin), (2 equiv.), LiOMe (1.5 equiv.) Ar/K/\OH

t,24h
P 374

SMe 7 NBoc (0]
s
(O O~
Ph >""0oH Ph > ""oH Ph "0k
50% yield 66% yield 44% yield

96:4 rr, 96% ee 95:5 11, 95% ee

92:8 1, 94% ee

BK 37 BAEACHS RIS 10057 30 S8

Scheme 37 Ni-catalyzed migratory 1,n-arylboration of terminal alkenes
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BIKE

R SR

NiBry-DME (5 mol%)

L30 (5 mol%
Aky” 4 A (5 mol%)
Bopin, (1.5 equiv.)
38-1 382 LiOMe (1.5 equiv.)

Selected examples
Bpin
Cy pi

89% yield, 90% ee 58% yield, 88% ee

1,4-dioxane, 30 ~ 50 °C

Bpin Bpln
O 90 O ’

60% yield, 92% ee

Me

|
Bpi NH
Alkyl/\f pin O/ \Ni,CI
Al o L
' ‘NA C

38-3 | Ni
Ve L3ONICL

Bpin

60% yield, 96% ee

B 38 BRAEAL IS R AT RS AR 1,1-80 57 F Ak S i

Scheme 38 Ni-catalyzed migratory asymmetric 1,1-arylboration of terminal alkenes

TEIEA |, 2023 4F, [IE EPEREAETISEE THC
5 AERS 1,3-0 55 F446 S (Scheme 39, A). 2024 4E, i
ATl 35S T 1L 4- SR IR 1,3-00 05 A0 e B
(Scheme 39, B).

(A) Migratory 1,3-arylboration of cyclohexenes

NiCl,-DME (5 mol%)
@ +  Ar-Br

Bopin, (2 equiv.)
391 39-2

LiOMe (3 equiv.)
NMP, 50 °C

Bpin U
Selected examples

OCF3;
Bpin Bme/@

51% yield 32% yield

46% yield

(B) Migratory 1,3-arylboration of 1,4-cyclohexadienes

NiBr,-DME (5 mol%)
BpinO/Ar

L31 (5 mol%)

+ Ar-Br

(Bpin), (1.5 equiv.)

39-4 39.5 LiOMe (1.5 equiv.) 39-6

NMP, 50 °C
Ph Ph

/~NH HN—,
1-Np L31 1-Np

Selected examples

CO,Et
Ad
Bpin Bpin Bpin

82% yield, >20:1 dr  71% yield, >20:1 dr 56% vyield, 5:1 dr

B39 AN OB 1,4-30 C IR IR 1,3-0105 54k
Scheme 39 Ni-catalyzed migratory 1,3-arylboration of cyclo-
hexenes and 1,4-cyclohexadienes
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122 EAax ik
1.22.1 sHt4z

2019 4, [ [ AL 4H SR T TR AR Ak e SR AR
Ui A R AT A% 1,1-0-R 24k ) i (Scheme 40). 1% FiRK
B 132, DIARREGHE T EONEEAL T, fl& 1,1-
S Y A /B VI W O 7~ A Y W g A e g X
fa8h, &PEREREIRRE I - b B b A, iE
PEAENIEALAS R 1, 1-XUUR =4

NiBr,-L32 (5 mol%)

B,pin, (1.5 equiv. Bpin
PO T T A Gl K DRy VY
o LiOMe (2 equiv.) "
X =Cl, Br i o, r
40-1 402 1,4-dioxane, 30°C 40-3

Selected examples

; HO
Bpin )
Br/\/\Br Ph)</\r Bpin
n

PMB
87% yield 49% vyield, 1:1 dr
Bpin 0
N N
o I )
/& _~N—Nj—OH

PMP” 0 Br B g
87% yield NiBrz'L32

B 40 BAEALRSmIREITAS 1, 1-00 N 2R SN
Scheme 40 Ni-catalyzed migratory 1,1-benzylboration of ter-
minal alkenes

FEMCEEA |, 2023 4, [ EPERAAH SRS |8
A Jor 5 AR it I J PRI RS S R AR 1, 1- 00 o B Ak B
(Scheme 41). 1%z R A FPERCAA L33 7T LLSLIL R 51 F
PERE R EE R A& . 1% TAE—NE B A H
T AT OB (A WO R PR v D B, A G S50 45
SN AT RERIALER QR SR AR B A R A Bl Bl
N, F NSt JE 19 B R e B — 0 R AR B-E I BR R
BENLERAAEN, 15 BIPR AR R a- (7 e L4
AR, HREIE B LA B = ik, Hd—A
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=v=0

RS SR B, 55— M BRURA S A = AN AR TR A o 2R 1)
ZUAL B o- 17 5 R A0 ANl 75 TR 1)
W TR B B M R R A A R, SEBT
KBS ) [ %, ISR I — L AR 2 ee {EIT H bR
FEH.

2022 4F, Y B R OMRE 1 LAAS A A7 AR
N FE IR b oM R, R R SR A e AR i
B LIS B, ART 1,200, 1,3- L
14- e FE BRI IR Ut =) (Scheme 42). R BV EA
75 (1 o Bk 438 1k RN R Y . e B, R
R 2 DR SR A 0 928 ) i 2 S o sl 1 LA A R Ao By 3

NiBr,-DME (5 mol%)

L33 (10 mol%)

AkyITY  + alkyl” : :
411 41-2 Baoping (4 equiv.)

LiOMe (4 equiv.)

DMA/NMP (V:V = 3:2), 60 °C

Selected examples
Bpin 0\ Bpin
"Hex - S

62% yield, >20:1 rr, 94% ee 44% yield, 8:1 rr, 91% ee

Proposed mechanism

78% yield, >20:1 rr, 94% ee

@(Bpin), 7E25[0] F R T R — 0 ke b i 2 1 L Ak
PEPE, MR 25— 1= 4.

2022 4, [ AL IR TR R A 2R Y S A
FAMIER 1,3-85 4k [ M. (Scheme 43). %/ v F| FH
PyrOx-L29 NITFRLAR, ¥ INELE &5 (CoPe) ¥ i
B, AT DA R R 1 s B (R B A = 2R
1222 kM2

2021 4E, B EENR S RIE T I E R TR
1,3-Wl ke R4k [ i (Scheme 44). 1 MU A L34, &
FIFLIG 7S TUE I LK S e R A M 5 mT 5 — 2R
TR A S b B o H ARG AT RN, R X R EE

CN
~Bpin Ph Ph
Nm”i\ Ph 0,\\3%%
alkyl qS/N HN—/
413 Ph 133 Ph

(0] Bpin
Bpin P "0 - PMP

TMS/\/\/\/Ph Ph

53%yield, >20:1 rr, 1:1 dr, 94%/95% ee

LNi" (cat.)

Bpin-OMe, LiBr l/nging AIkyI/\

Bopin,, LiOMe
NiH

alkyl”

reductive
elimination

*NJil
L*Ni'Br alkyl/\g

AIkyI/TBpm .
reductive
alkyl elimination
Alkyl” > BRI

XN

alkyl

radical
recombination

AIkyI/\8/Bpm

XNi'lL*

alkyl

radical
addition

\/ L*Ni'IBPin \
migratory XNilL*

L*Ni''Br "egeneration insertion

.
Alkyl pin

S-hydride
elimination

X
H.
\,NlIIIB* .

Alkyl”” =PI

migratory
insertion

alkyl/\g
radical
addition Boi
Alkyl pin

XNilllL*

alkyl

B 41 RAELRImIERITR AR 1,1-0 el & 5

Scheme 41 Ni-catalyzed asymmetric migratory 1,1-alkylboration of terminal alkenes
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BIKE

Ni(acac), (5 mol%)
L29 (5 mol%
szmz (2 equiv.)

\Bpg/\ kBpm;
Bpin
g\u-z

R2 s

Bpin Ni
Rg

LiOMe (3 equiv.)
NMP/1,4-dioxane (V:V = 9:1)
35°C,12h

4241 42-2

migratory
insertion

Q; o
|

21% vyield, >99:1 cis/trans

Selected examples

Bpin
Bu
EtO
(0]

FsC Br
63% yield, 99:1 cis/trans 53% vyield, >99:1 trans/cis

Bpin BocN
BocN
:\< ;< }F EtO

66% yield, 98:2 cis/trans

B 42 BRI IR e IR 1,1-0l R 340 S

Scheme 42 Ni-catalyzed migratory 1,1-benzylboration of substituted methylenecyclohexanes

Bpin

57% yield, 99:1 cis/trans

Nil, (5 mol%), L29 (5 mol%)
CoPc (8 mol%)

A
r Bpin
Bopin, (1.5 equiv.), LiOMe (3 equiv.) Ar

1,4-dioxane, 30 °C
43-1 43-2 43-3

AN 4 a g

Selected examples

Ar Bpin AT = Ph, 60% yield, 12:1
j\/l Ar = 4-FCgHy, 52% vyield, 8:1 rr PMP
Ph

r = 4-MeOCgHy, 41% yield, 29:1 rr 49% yield, 37:1 rr

Bn Bpin

B 43 AL TS 13- B S
Scheme 43 Ni-catalyzed migratory 1,3-benzylboration of terminal alkenes
X G B AR BT AR 1,3-F0 beF Ak =PI (Scheme M=)
44, A). JEAREAN TEER IR A B B 4 5T O B, I AL B B R 4

FALF=Y), BSR4 e R % i
TH—EMRAIEH. RN dr B8RRI FEH
13 B e SEER I Rl A A S B I AR R S R A
NI I AR b B, i e A 2 1 U RSB E
¥, BB 13- e S8 k. 5 TP XUk
Befk L35 BFAHR 1) F G TR A I ) T LAtk —
A b G BEVE AT 2 H FR = 4, (HAH L7 JC R R
W TCAEAE % %A N 3E4T )M (Scheme 44, B). [N 45
WM G 3, ZPENAER )RR RIMRIE T a-hi kit
BRPFAR S SR e A, B AT IR PR 1S B AH
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NiCL,*DME W] DA B 42 W O R AT R 1,3-0 ) 2k
1k [ Bi(Scheme 45, A). 2024 4, AATTHOUE T 1,2- % AF
NECR, BB T L4 HHIER 1,307 %
1k, 5 M (Scheme 45, B).
1.2.3 A A

2022 4, BAE BN SR IE T AR AL ke SR BT
Ui AW FE BT RS 1, 1-0 45 34k S N (Scheme  46).
Z R LB 25 SRR T AR 1,1-00 05 2428
L, PLFMER 1,2- 8% L30 AR, mxdmig st s
FER ) 1,1-0007 340 7= ).
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(A) Racemic version

NiCl,:DME (5 mol%) Bpin BnHN.,,
L/j s L34 (5 mol%) Q
+ —Br
X )n Y B,pin, (1.5 equiv.) BnHN
_ LiOMe (1.5 equiv.) X" TAlkyl L34
(X =0or NR) o 44-3
44-1n=0,1 44-2 NMP, 50 °C
Selected examples Bpin
Ph N—Boc
LA~ M N
O (0] Cbz
85% yield, 16:1 dr 44% vyield, >20:1 dr 41% yield, >20:1 dr
(B) Asymmetric version
NiCl,-DME (5 mol%) Bpin
= L35 (5 mol%), B,pin;, (1.5 equiv.)
) +  Alkyl-Br
o KI (0.6 equiv.), LIOMe (1.5 equiv.) Alkyl O
(X =0 orNR) 1,4-dioxane, 50 °C 446
44-4n=0,1 44-5 L35
Selected examples MeO o
Bpin
Bpin wph Bpin .
O (6] (6]
67% yield 65% yield 18% yield
>20:1dr, 94% ee >17:1 dr, 95% ee >20:1 dr, 93% ee

B 44 BAERIPRIRITRS 13- ket
Scheme 44 Ni-catalyzed migratory 1,3-alkylboration of endocyclic olefins

(A) Migratory 1,3-alkylboration of cyclohexenes

NiCl,-DME (5 mol%), B,pin, (2 equiv.)
+  Alkyl-Br
LiOMe (3 equiv.) Bpin Alkyl

451 45-2 NMP, 50 °C 453
Selected examples Ph
Q\/\ . CO,Bu
Bpin Bpin NHCbz from Bpin
Bpin Oxaprozin Et
80% yield (after oxidation), 1.4:1 dr 78% yield, p:i = 8:1 41% vyield (after oxidation) 51% yield, 1:1 dr

(B) Migratory 1,3-alkylboration of 1,4-cyclohexadienes

NiBr,-DME (5 mol%), L31 (5 mol%)
+ Alkyl-Br
Bopin, (1.5 equiv.), LiOMe (1.5 equiv.) Bpin Alkyl

454 45-5 NMF, 50 °C

Selected examples

/‘\r)/‘/\) ‘ OO Oﬁ
. CN
Bpin 2 Bpin > O Bpin 3

71% yield, 11:1 dr 80% vyield, 11:1 dr 63% vyield, >20:1 dr
Cl
Jol sUs e
CO,Me
69% yield, >20:1 dr 63% yield, >17:1 dr R = Cy or Bu, 0%

B 45 SO L4 IRNITER 13-kl

Scheme 45 Ni-catalyzed migratory 1,3-alkylboration of cyclohexenes and 1,4-cyclohexadienes
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AL
1 2 R?
PN R R=Nil, (5 mol%), L30 (5 mol%) 1

Ayl _ R\Z\R3
Br’ R3 B,pin, (1.5 equiv.) R

LiOMe (1.5 equiv.) ARYINeABpin
46-1 46-2 THF, 30 °C, 36 h 46-3

Selected examples
= o )\ BOCI\O\/\
x\/\/\/\Bpin J‘15(\/\Bp|n Bpin

X =Br, 67% yield, 89% ee
X = OH, 55% yield, 84% ee

Bpin

65% yield, 92% ee

O

B 46 HAEAL IS IR T A8 A0 AR

Np

66% yield, 95% ee

82% vyield, 91% ee

51% yleld, 85% ee

SiMe;
ONp =

44% yield, 86% ee

@

11 A0 S

Scheme 46 Ni-catalyzed migratory asymmetric 1,1-alkenylboration of terminal alkenes

2024 4F, Y1 EPURRR A BNRE 1m0y B R
TEA SRR TR Ln-I@HEAL SR (Scheme 47). %)%
REF A FAE 1,2- 2 L31 VR B ARERIC A&, SEEl 1R
ALk R HAL, ERMI R TARBIER 1 n-tia 2
W= (n=m+~3), BEIGRERDEER G, H- iR
RS, BERURIAE 1,4- SN T AT DL £ b

AMTFEITRE Y, H ee HILH 49%.
H NiBr,-DME (5 mol%) R2
L31 (5 mol%) R’
Ar " +Alkenyl-Br —— Z “R3
Bopin, (1.5 equiv.) Bpin
_ LiOMe (1.5 equiv.) Ar
471, m=0,1,2 ) N
47-2 1,4-dioxane, 30 °C 47-3
Selected examples
_ m =0, 62% yield, 66:1 rr
. m =1, 55% yield, >20:1 rr
Ph N BPN m =2, 15% yield, >20:1 1
Bu Ph
1 a
(P g
1-Np Bpin 1-Np Bpin 1-Np Bpin

55% yield, >20:1 rr 60% yield, >20:1 rr  66% yield, >20:1 rr

BR 47 BRI 1 -SRI SN
Scheme 47 Ni-catalyzed migratory 1,n-alkenylboration of ter-
minal alkenes

1.2.4 EAMbk AL

2020 4F, B E EDR A SSHRGE T AR AL b SR AR
Uil R IERS 1,1k [ B (Scheme 48). 1% W F)
F A 2R R BRI A E A 1129 AT L36 i $% it v ) &
5=y IR T BRI T AR R R A L29 fF
NECARES (Scheme 48, A), FHMNFIER 1,1-MkIE10 %
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(A) Migratory 1,1-alkynylboration

R
Br Ni(ClO4),-6H,0 (5 mol%) ‘ ‘
L29 (5 mol%)
Akyl” 4 | : :
Bopin, (1.5 equiv.) )
LiOMe (2 equiv.) Bpin
1,4-dioxane, 30 °C Alkyl
481 48-2 48-3
Selected examples
TIPS Cy TIPS
SN G
OH
54% yield 47% yield 66% yield

(B) Migratory 1,1- dialkynylation

Nil, (5 mol%) Alkyl
‘ ‘ L36 (5 mol%)
Alk I g
Y B,pin, (2.5 equiv.) = A
R LiOMe (2.5 equiv.) R R
481 482 NMP, 30 °C 48-4

Selected examples

\/\/\I/TIPS TIPS

62% yield TIPS 45% yield T|ps

TIPS
‘ ‘ L36

40% yield T|ps

B 48 BELMEIERITR 11T 1,1- X0k

S
Scheme 48 Ni-catalyzed migratory 1,1-alkynylboration and
1,1-dialkynylation of terminal alkenes

MNATRT TR 1,1-00 7557 364k e N 2R, £33 1,1-A%k
FALFEY) 48-4. fEFECAR L36 1 AR (Scheme 48,

Chin. J. Org. Chem. 2025, 45, 1871~1904
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REVIEW

B), 30 1,1-BH AL =] LAt — D f R IR 48-2
IR, 73 2IARNL 1,1-BURFEAb =) 48-5.
1.2.5 AL

2023 4, Martin U820 SOHROE T8 A0 e S B
WM LRGN, T mia — R A B
N HME R o-FEFETN R AT AE W) (Scheme 49). 5 i [l /i
JRIE AL LioMe 1R8I BT ASIH, IX B &
RS 1 - R A PR T A R, TIE 7 I sl 2 {6
T AR 45 55 (1 s S P Ak 137

[F]4E, Brown VRIS HRIE T IEIE LA IR 1,1-
W e Bl ) B2, [FRE T % a- R BN B fiT 2B W
(Scheme 50, A). %N FACE, EHLL NiCL*DME
HEALFR, DA A B PR I B — T 0 A 9 e I P
PR (TR A ‘BuLi/Bpiny 42 3G 4 ‘BuBpin #Fh), SN
ity I JEG A7 L AR FH T AP R MR 1, 1- AR U
JE. TR, 5 R _EEAR I H 5 T e A B A
/NP PR R B = e 2w B R RIS, A2 BRASOR B3R L N 7 2
FIRF2 3R TF. A EIR Martin 158040 508 5 9 s L1
Ni-Bpin H [EJ A& B B4 NG AN ), 1 38 4 DU AR ) ol
R N AT R 2B HAAFIIN]-OBz 12 5 S
FEYE ‘BuBpin ¥R Ni-Bpin FP AR FEAS B 236 A
Wiz, A5 BnoNOBz [ 3 %, BnaN-Ni(IT)-Bpin
HREAFI-OBz H 2, AR BnoN-Ni(I1)-Bpin H1[H] {4
TR ANGER, MG %P RS T g-H WEMIE%

NG RN a7 BT, FRIEFEPE S 3k —1~+OBz
B EH A A U R I8 R T B A B B bR . 1% AR
1, Brown 1ARZH IS [F]I S2H T AL FR O M K0T
¥ 1 3-RGEEAL OB, DAPR 5 () X IR A 6 i PR 143
2| 13- &4k = #)(Scheme 50, B).

2 ZEHY 1,4-NilH ST @5

21 HEEFE 1,4-NiH %

BT — 3 e 7 ik i+ 2 A ) B e R 20T
IEARHIESE 1,2-Ni/H Rt SSL LT R ARER. B 1 etk
B, M2/ 07 AR T DUl 2 R 1,4-NIVH 32 #es2 B
ITHAEEE. T Pd. Rh. Ir S5 @A 1,4-803
1,5-M/H =5 [EE R ARG S N 7S 80R , T &)@
FANIT R I AR 82>, 2006 4F, SJohnson 1 R ZH 584K
T8 T ZR e e R A4 R DRV C AR A 1 A B, JE i
1,4-Ni/H 22 3 FESEEUAR IR C—H B85 b A BRAH B 1
P HEAR YR 5 W) (Scheme 51). ERAR R AE S 56 vh 4 412 30 A
MEF) Ni—H Fafk, (B2t 580 704t T B ig 3t
fit.

2020 4, Martin BRARZHRIE T 1,4-Ni/H 524 1 fi
fhit#2, MR NiBry-diglyme A4RJR, 138 Ay B (1)
TR, CO NREEMNF], MnCr HIEJFEH], Bt
FERTF IR 1,4 RS SEIL T izt 75 241 C(sp?)—H $R
FA B, IR BTG S R TR AT AE V) (Scheme
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NiCl,-DME (15 mol%) FI<1
R L37 (45 mol%) +N—R2
Akyl” N+ Alkyl
Y )k N R2  Bopiny (1.7 equiv.) Y /\I3r|:|:|
i . 3
49-1 492 LiO'Bu (1.5 equiv.) 493
‘ MTBE, 20 °C
! migratory then KHF,/HOAc 4
[Ni]—Bpin ! insertion [N]—OBz éZan
Ni L37 L37 Ni
(N1 o R N . AIkyl/\r[ 1
)\/Bpln ) Ni"X ) :
Alkyl Shydride _~.~Bpin migratory Bpin
elimination Alkyl™ =7 insertion
Selected examples
Ph
X = CHj, 34% yield )\@
H. X X = CFy, 60% yield ﬁN i (.
N Xx=0,68%yield
_ X =8, 36% yield
BF3 X = NBoc, 55% yield = 3 BF3
51% yield 45% yield
Me
Ho fo H @O H N'Ph
PivNH N Me,N N,
BF3 o) BF3 BF3
64% yield 58% yield 30% yield, 1:1 dr

BK 49 BAEAH SR EITAE 1,1 IR S8

Scheme 49 Ni-catalyzed migratory 1,1-aminoboration of terminal alkenes
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(A) Migratory 1,1-aminoboration of terminal alkenes

. - NiClIZ-DtME (10 mol%) R Bn R COR
] [Bopiny-'BulLi] (3 equiv.) ’{l l{l
/& + N 3 R2 “R3 -, R2 ~R3
R2 BzO MgBr,-Et,0 (1 equiv.) Boi Boi
50-1 502 THF/DMA (V\V=51),0°Ctort.  50.3 " pin
*
| R OBz
v d ZJ\ 1,2-NiH g1
o R N[ it
" shi
[Ni]-Bpin --=-=-<"> [N|] Bpin --*=----» R1_}\/Bpm ————————— Rzl\r[NI]
[NJ]-OBz N] R? Bpin
Selected examples
Bpin---ﬁ)\ Bpin---ﬁ)\ Bpin---j)\
BocN Bn Bn MeO,C Bn
58% (90%) yield 58% (85%) yield 44% (74%) yield
>20:1 rr >20:1 rr, 1.5:1 dr >20:1 rr, 5:1 dr
o Bpln----O Bpln----O Bpin----O
\
x P~
Cy
20% (62%) yield 22% (46%) yield 62% (75%) yield
>20:1 rr, 1.4:1 dr >201 r >20:1 rr
(B) Migratory 1,3-aminoboration of cyclic alkenes
NiCl,-DME (10 mol%) Bn
@ Bn [B,pin,-BuLi] (3 equiv.) Bpin N.
+ N R
R™ OBz MgBr,-Et,0 (1 equiv.) U
THF/DMA (V:V=5:1),0°Ctor.t.
50-4 50-5 ( )o*Ctor 50-6
Selected examples
I?n Bn ?n
Bpi N. Bpi N. Bpi N<
mn\T:::I’ Bn mn‘T:::I' Me mn‘T:::}’ Cy
60% yield 30% yield 45% yield
>20:1 rr, >20:1 dr >20:1 rr, >20:1 dr >20:1 rr, >20:1 dr
$n $n NBn2
Bpi N Bpi N<
pin w P'”\O/ PMB
Cy Bpin
73% yield 52% yield 28% yield
>20:1 rr, >20:1 dr >20:1 rr, >20:1 dr >20:1 rr, >20:1 dr
BR 50 SALKERITIR 1,1-5 13-4 SR
Scheme 50 Ni-catalyzed migratory 1,1- and 1,3-aminoboration of alkenes
Et3P
4PEt3
EtsP F Na/Hg
EtsP PEt3),NiB
3 s F (PEt3)oNiBry Et, P,Nl
‘- 51-2 PEt;
| +(PEts),Ni )
v
R F
(PEt3),Ni T
- i
,,,,,,,,,, G EtsP. F
_Ni
EtsP

Etapu.-Ni-/---Ni-\-"'PEtg
Et;P PEt;
B s1 BB PR R R ik

Scheme 51 Ni-catalyzed isomerization of an aryne complex
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NiBry-diglyme (10 mol%)

L38 (20 mol%)
CO, (0.1 MPa)
MnCr (1.25 equiv.) COZ
DMF 02moI/L 15°C

52-2
mlgratory _ 1 CcO,
insertion | / : carboxylation

1 4 NI/H Al
( i N|”L shift H NiTL
Selected examples Me Me

R = 3-SMe-CgHy, 57% yield, 290:10 rr g
R = 3-Bpin-CgH,, 61% yield, = 90:10 rr
R = 4-OMe-CgH,4, 82% vyield, = 90:10 rr
‘ R = 3-CI-CgHg, 77% vyield, = 90:10 rr ‘
COzH R =3-Th, 71% yield, 76:26 rr
R = Cy, 79% yield, = 90:10 r ~ CH2CP™ 'H
64% yield, = 90:10 rr

i i i ; Et % ;
CO CO CO,H
2 2 h 2

81% vyield, =2 90:10 rr

CO,H

40% yleld, 290:10 rr 56% yleld, 290:10 rr

BK 52 IHEEFIFHE 14-8Y 25 R Ik COo RIS BLIZ L 7
I C(sp?)—H AL

Scheme 52 Catalytic alkenyl-to-aryl 1,4-Ni/H shift followed by
carboxylationcross-coupling with CO2 enabled aryl C(sp?)—H
carboxylation

52). ML b, AEE R HRAREIRAUE T R NEH 1,4
Ni/H 22, T S0 hdd N FE. TR 2 25 H i
T W AR A O B N B R (AR 38 T DATE T 4 R
W JRFMIE LR R AT B A s RIS B H AR =4,
BITE 1 4-880E 8 A A mdd A\ i 2 &R 8L
Py DN )l W d

2021 4E, 4/DAKFN Martin 5520 & YRR IE T 45
TR 1,445 232 0 530 57 VR A0 () T AL AR AR A U
ek S M (Scheme 53). 1% NSRBI T J5 3R . HLE AN
P IR I 2 A R AR, S X IOEBEEA Z/E Rk
AR T — RN Z B TT IR, AEFH 2[RI 2R S0 A2 il
HE R Z/E F TSGR T 1% N 1) 1, 4-8E A i R
e Tl kb, It BRI Z/E R R AT DLGE A
HAAR ATREFLERGN R : SRR, J5 AR Ak S
W 22 O B4l A3 B A R ik, 23
1) 1,448/ 25 i FA5 30 05 BLE a4k, 1% rp R AR 2
T EIE B 3 AT IR SR B AR U RE A =4,

FEMEERE B, 2023 4, Martin EEARZHOME AR ES
A N2O VRN AE B B Ae 2 o A0, did B AL 1,4-
AR RSB T 55 B IR SR AL I B AL AR A
FACN, CAREFI E/Z F077 S48 3R B 0 8y 2577 4
(Scheme 54). RRFiH2HEAILEAZE N,O S 5{HEk
) — > Sl

R1

NiCl,-glyme (5 mol%) MeO OMe
Br L39 (10 mol%) xR —
G e S, e G T
R OBr Mn (3 equiv.) R _ I
H Nal (2 equiv.), 4A MS N N
53-1 53-2 53-3  DMA (0.2 mol/L), r.t., 24 h 53-4 L39
Proposed mechanism LNi"X, Selected examples

KM” Br

MnXy MnXz

Mn LNi® \ H
oxidative

" addition i
LNi"Br,
PN
%H migratory
R insertion
R2 I
LNi'Br N
sp’-sp? _R?
reductive

\ 1 elimination
GLr Y
TG
2_and
Sp“—s H
p*—sp )h\i”l'Br R2
L H
R Ni'-Br

B3R 53 EHEDFTHE 1 4-5/A T Bl fE

Me Me
Ac . Ph X Ph
F OMe TfO 3 OMe
46% yield 50% yield

98:2 E/Z,98:2 1T 95:5 E/Z,99:1 rr

R2

M
\ Me npr
X xJPr
S
MeO,C 3 OMe MeO,C 3 OMe
R1 - N
LN|”Br
1,4-Ni mlgrat%

59% yield
>99:1 E/Z, >99:1 rr

83% yield
98:2E/Z,919 rr

Ph
- Ph

OMe
44% yield
95:5 E/Z, 94:6 rr

SEIL 7 BRA ) SR AL/ A AL XUE g 4k

Scheme 53 Catalytic alkenyl-to-aryl 1,4-Ni/H shift enabled ipso/ortho difunctionalization of aryl bromides
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NiBr,-diglyme (10 mol%)

Br L40 (20 mol%) ~R?
+ R-=—R? + N,0 @
H Mn (3 equiv.), Nal (2 equiv.) OH

(202 kPa)  DMA (0.2 mollL), 50 °C, 48 h

54-1 54-2 54-3
Selected examples
Me Me Me Me
mph mph /d\/Ph /@\/Ph
NC OH MeO,C OH cl OH BPin OH
72% yield 74% vyield 62% vyield 37% yield
6:1 E/Z, >20:1 r 71 E/Z 141 r 171 E/Z, 111 rr 16:1 E/Z, >20:1 rr
Me Me CO,Me Me B
x_Ph = xPh . Ph N g
|
SnBuj OH N OH F3C OH F4C OH
52% yield 43% yield 65% vyield 59% vyield
151 E/Z, 51 >20:1 E/Z, 31 rr 71 E/Z, >20:1 rr >20:1 E/Z,6:1 rr

BRK 54 IHEEFID7HE 1,4-8 25 it 1
Scheme 54 Catalytic alkenyl-to-aryl 1,4-Ni/H shift enabled ipso/ortho alkenylation-hydroxylation of aryl bromides

2.2 FEI|BE 1,4-NiHIEH%

R’ , . - R
SR AROLBEIT e 2 IE ) T 6 40 55 4 e ) e R

Mn (3 equiv.), Nal (1 equiv.)

{2 0 1A SUE R R TSR, A EIE | H | DwmEev=te e A

VAT B [5G R 0 5 3 o ] 4 e 1 PP e fu *

LA-BYSUT R I A SIS, SRJG PR E R SO0 24 imigratory [ Y= ) Jedudie |
|nsert|on _N N ehmmatlon

Hh )R 2UH R IE R AR B 07 /B RE R 4. 2023 4,

BTz A, Bk RS JE IR 02 (Scheme  55)F1k
b VRIS Scheme 56) ) I L1 T 55 4 3147 32 { ﬁ et @ § ]
LABUT R G RE, AT H % 2 IR R, Bk R/ NILH e NI Scion i

R AR BLOT SRR S 46 BRORHO, A1 4 S AR
JRJE AR A I R, AEIE R BCAR IR T R ASE L AT I

FsC o)
0 1 A RS BB T s LS P AP o . -
SEGUIRY, SO PRI HECREREID. B oo J weo. £ J weooo ]

IR RS I S DA F5 S AR e B A 31— R = B R 765% yid 4% yold 67% yiold
R /D MR 2R 03D, 75 SR ON R Y, 7R R A 2% A 9:1 17, 6:1 Z/E 31 17, 20:1 Z/E >20:1 17, >20:1 Z/E
T, EA IR B AN DS SR I T S B 1,4-

P — B TMS A\
LA A, B R S RN . 1 0 Lo
W IR I A AT AR B, ) o Me0sC

Z Py he FIHUR K = B #2(Scheme 56).
3 IL,\—-I:| EE%

U LR, 2 LR I TS G AR 2 - o .
DI A -SRI RS, £ & Bl | Me0,C |
BB T~ FIDIR, DAMERLR, & S R
/mﬂlaﬁﬁﬁ?, SEHL TR APk i 1 A R P L S B 22:1 rr,o1y0:1 Z/E 5201 17 Ye1zE  16:1m 104 ZE

Aedlftl. SRS T —RAIEERE: (ODIFRTZ .
. B 55 M) 75 B B 1 4B RS o Ak S B
ﬁ PERRITA B, TR B MR FRRIESE 1,2-NVH ITH Scheme 55 Migratory vinyl alkylation of aryl iodides via aryl-

(chain-walking) & fE 2|25 [8] /) 1,4-Ni/H T8, QH KT to-alkenyl 1,4-Ni/H shift

Selected examples

74% yield 63% yield
18:1 rr, 17:1 Z/E 9:1rr, 1311 ZE
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R! Nily-xH,0 (5 mol%)
0,
@ (- R o0 L39 (10 mol%)
N Mn (2 equiv.), 4A MS (40 mg)
Br H MgBr; (3 equiv.), KI (0.5 equiv.)
56-1 56-2  NMP (0.13 mol/L), 35 °C, 24 h

Selected examples

F
Ph
o

NHBu

75% yield
94:6 rr, 98:2 Z/E

a0

o
NHBu

88% yield
95:5 rr, 95:5 E/Z

-

MeO |
3
I{
NHBu 71% yield
70% yield 98:2 11, 94:6 E/Z

94:6 rr, 94:6 ZE (migratory alkylation)

y | OEt
N
o
|
MeO,C

72% yield, 96:4 rr
(migratory arylation)

H R
o

MeO OMe
56-3
r

7 N
L39
P
o

NHBu

79% yield
94:6 rr, 93:7 Z/E

Ph
|
Z

TIPS

NHBu

69% yield
96:4 rr, 93:7 E/Z

69% vyield, 99:1 rr
(migratory alkynylation)

B 56 J7EFIMEL 14-8 ST 0 B A R 2 RS 12

Scheme 56

O EEVEIE RO, I TH i A BB R e 1) I I A
REEFRIC VT R RE 42, AR s 1iERETE: (3)
TFR T 25N 5 uti, SEal T aEre wRell ik
MIZFEVE; ()T R T RO AL SRS, fafl 1 5ANC
RIS D) RE, iR E S AR, 15 T RN
B IERNE. B ANZO SRS T — R
BERE, HATRIIRE — R, B ()RR
X IR . AT I RS AR 5 SEEL N 58
SE (R B0 R a2 9 A1 AP IR o7 FEL AL/ PR B AR ) A 1)
BN FEVEAREL, MRS TR, T AR
SE BB A FE AR IR, (B, Tk #E SE LR
ViR AT AL R BRI ATI IR 2 12 U — KBk, AT
MR, RGBT, 8 5 1A% 0 R g,
AT B S TAN (7] S5 L AR AR A5 A0 8 K 37 P s 7 o ik
WFAERIX 3. ()N 53 75 (e ke AN 5 4 SR HH A
HIZEBABR. 8 7R SOER BT AR YR, H AT
A K 22 Ja) PR T e e ik i B0 5 26 o /A PR 45 TR
AR BT D6/ H0L 55 S0 37 2% AF 1R AR B AT 37 A SRS (it — 2
TFAC, AR LA 5 45 1) e 8 R} H A SEBILAH 5% e
. GYFALRIEZ TR . Tl Ak ke £ S B3R
MBEA A, F 77 R A RIS, HITH M
WRAMESERAL Y e SEAN IS T B S &, M5
TR AR IBE S BE R R — 5 2 B T RS 20 AL 25 AN T E 23
T kA A .
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