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Development of Nickel-Catalyzed Cross-Coupling of Alcohol
Derivatives to Construct Carbon-Carbon Bonds
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Abstract Transition metal-catalyzed cross-coupling reactions for building carbon-carbon bonds have received extensive
attention due to their high efficiency and selectivity. In recent years, electrophiles which containing C(sp®)—O bonds have
been used to replace organic halides in cross-coupling reactions for the construction of C(sp*)—C bonds, due to their ad-
vantages of commercial availability or facile synthesis, high reaction selectivity, and environmental friendliness. Among those
reported highly efficient catalysts, nickel catalysts have been gradually applied to such reactions and achieved remarkable ad-
vances due to their earth-abundant, cheap, unique catalytic activities and selectivity. Because of the small radius of the nickel
atom, C(sp*)—Ni can inhibit and/or manipulate 8-H elimination reactions, which reduces the formation of by-products. Nickel
has several variable valence states and can flexibly participate in redox-neutral coupling reactions and reductive cross-coupling
reactions. The latest research progress in nickel-catalyzed coupling reactions employing alcohol derivatives as electrophiles is
reviewed. It is separated into four sections including nickel-catalyzed cross-coupling reactions involving methanol or primary
alcohol derivatives, nickel-catalyzed cross-coupling reactions involving secondary alcohol derivatives, nickel-catalyzed
cross-coupling reactions involving acetal and N,O-acetal derivatives, and nickel-catalyzed cross-coupling reactions involving
tertiary alcohol derivatives.

Keywords Ni catalyst; alcohol derivatives; cross-coupling reactions; stereospecific synthesis; asymmetric catalysis
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Scheme 5 Nickel-catalyzed coupling of allyl alcohol derivatives with simple alkenes and mechanism
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Scheme 8 Nickel-catalyzed asymmetric coupling of cyclic sulfates with organomagnesium reagents and mechanism
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1.2.2  HAWES KA 1E A 10k 2K 35 3K )

2012 4F, 2SR R T —Fi T b
eI TR FE AL TR A A 7 v, LA S R A S [ 1)
I TR 2 JES )R 1 e IS B A 8 A A g R L (1) s A 2
=9, ZIR AT RERIHLEE A M Ni® Ak ik
FIBRIR G P s 15 2975 75 2E-Ni' 05 22, Zn f 8 LTIk
JRAS B TN NI 0 Ah 23, Bl e S e s /e R =R
Fidk 5 IR MG N 5. bk E LR
NG o A A e A A e - NG P S b 24, dR e IE R
THERBURBE =, B — 8 Nil, # Zn IBJR 153
FA Ni°, 3NN — MG (Scheme 16).
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Scheme 15 Dual nickel-photoredox catalyzed cross-coupling of alkyl halides and mechanism

Ni(cod), (10 mol%)

L* (15 mol%) R
R 0CO,Me X NT _—
/\RZ/\ S C ° Cul or MgCl, R? NTs
X =1orBr Zn, DMA
R .
R2 NTs R /\j\ocozl\ne
Ni© R
Zn
R2
R2 R1
R! \Zl\\
™ Ni'
Ni||| 22
24 Zn
NTs
Me N
NTs
R? X =1, 65% yield

X =Br, 82% yield

A O
N|“ 23 Ph NTs
8 NTs X =1,49% yield

X@NTS X = Br, 85% yield

B 16 SRAEMME PIBEAT A4 5 e 3 o ) 1A AR B S 2 B AL 2

Scheme 16 Nickel-catalyzed coupling of allyl alcohol derivatives with alkyl halides and mechanism
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T2 T 5 AV A e AR o 8 PR 3 i A A B e 7, 3
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HHHZ 5 1% B (Scheme 18).
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19).
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HEE R RAFRISCR. X PG BTV RT DAL T 2 445 W)
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MNATREYE K H B3 FE(Scheme 20). Jarvo B2 PO
SEPLT SR RIS AN 05 2 A 1A 5 RS SRR R OB,
H R B 20, Ref8 DL = 94% i #1921 — 05 B
FERAT .

2019 4F, FRA SR PIHIE T A AL & R
BEAT A5 0 A A R S5 A SRR IR L, g AT 6
AT — RN 05 EE . Y VLB SR
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R1J§/\COZH Mn RJﬁ/\OAC o R
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! CoH =TT
oo &g
Me N=—
H Me

T77% yield, I:b = 99:1

Me
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E 72% yield, /b = 298

i 60% yield, :b = 1.99|
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eyl

B 17 SRR AEHIEN RS CO2 IR LIE R AL S B

Scheme 17 Nickel-catalyzed ligand-controlled differential reductive carboxylation of allyl esters with CO2

R
RI™X"oco,Me + 3
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62% yield
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Me, Me

Me Me Me
@\/\)< MOBZ
= Me

Me
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Scheme 18 Nickel-catalyzed reductive coupling of allylic carbonates with tertiary alkyl halides
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(1) EtN(i-Pr),, dtbbpy, Zn, DMA,
Co(Pc) then Ms,0, 60 min, r.t.

AMTOH  + XA . : A" AR
X =Br, | (2) NiBr,*3H,0, r.t., overnight
N, e .
12zl < /'Nio X—Ar? ; 5
N ; Ph@ phm :
1/2 Zn® ; OMe !
' X =Br, 80%yield X =Br, 55% yield !
L X =1, 73% yield X=1,70% yield !
N, X N, X !
< Nl < “Nil ! Ph 5
N/ N/ A2 ;
27 25 ; E
. X=Br, 88%yield X=Br, 73% y|e|d !
L X=1,78%yield  X=1,66%yield .
CH,Ar!
. Co(Pc) Ms,O
N, | X 1 PRI 17
AT AR < il Ar'CH, = = Ar'” "OMs = Ar'" "OH
7 AR
26

B 19 H/Co(Po) i LB 77 3 b A it I AR IR S S8 K LB
Scheme 19 Nickel/Co(Pc)-catalyzed reductive coupling of benzyl alcohols with aryl halides and mechanism

NiBr, (10 mol%)

J\”/OMe . R1 P(4-CF3CgH4)3 (30 mol%) @
‘/\ R2 Mn (4 equiv.)

DMSO/DMF (V:V = 1:1, 0.4 mol/L)

o 5?

%

62% yield 61% yield 60% yield
CO,Me Y CO,Me @/\/\/COQMe
@/\/\/ g
MeO S T
66% yield 64% vyield 45% yield

B 20 BRAEAL IR R SRR 5 e SRR AL R SR AR IR S

Scheme 20 Nickel-catalyzed reductive coupling of benzyl oxalates with alkyl bromides

HLE W, BEREATIEEER R AR B, X JAU(Scheme 21).
T LA ide J5 A8 AR I S M SR 17— ol 1) e B2 e 47) 2021 4, @A EREAPSRIE | 4N S 05

1 Ni(acac), (10 mol%) MeQ OMe
L (15 mol%) \ — —
= Zn, MgBr,, DMA, 40 ° Lo N . N
CHO s o

Q
o
)
=
(0]

93% yield 83% yield 93% yield 92% yield
MeO,C’ ‘ ‘ "CN MeO ‘ ‘ CN Ph” ‘ ‘ "CN F~ ‘ ‘ “CN
95% vyield 94% yield 96% yield 95% yield

B 21 B ST R Rl 5 7 SR R AR BB S

Scheme 21 Nickel-catalyzed reductive coupling of benzyl chloroformates with aryl iodides
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B AE N B 5, B+ BB T L HT 5t (Scheme
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HHE 29, 5 LNi"-Ar NARFEE 30, KEiE
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oJﬁ(OMe 0 NMn NIt A2 x Nill
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— OMe
NH
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B 22 AR 5 55 B s o SRR I S R
Scheme 22 Nickel-catalyzed reductive coupling of benzyl alcohols with aryl electrophiles
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Scheme 23
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32, HJEIEJETH RIS B — R A 33, 33 38 it

AN TN —MEM(Scheme 24). #ilT, Rahaim 8 4HIPLE
= B RELE(TMSCL AE NI IR, [FIFEREES DL &=
99% AL 26 SEIIX — S V.

2018 4F, P4 IR IHRIE T8 Lewis FR B A
AT I TR 5 % 258 e A A A A8 SRR B IROBE . 1% I
N 2 2 e e, BRI By KRG, REREATER
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). WD SR B, 2R N AT ReAs T 05 B4R
i E) A 34, SRIGTE Lewis BRANE EFIAFAE 261 T 506
P R4 B3 JF AR B P (Scheme 25).

2017 4F, Martin SRR H ST R T 8L AT V)3 S BE

NiCly(Me4Phen)«2H,0 (1.8 mol%)

17N

Mn, TiCly(lutidine), 2,6-lutidine

OH + X-Ar?
X=Br, |

Ar

1/2 Mn"!
1/2 Mr/

CH2Ar
,” Ar'CH, =<—Ar’

/ ‘Ar

\
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THF (2.0 mL), 70 °C, 20 h
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[ ,
o =——Ar"”" oH  Ukaiji

EI = 24 ﬁmammmm@%TWEﬁ%i%%ﬁﬁﬁ%&&&ﬂ@
Scheme 24 Nickel/TiCla(lutidine)-catalyzed reductive coupling of benzyl alcohols with aryl halides and mechanism

Ni(dppp)Cl, (10 mol%)

Br -
1 X X
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=
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/@M /\/ N' Mn"
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Scheme 25 Dual nickel and Lewis acid catalyzed reductive coupling of allylic alcohols with aryl halides and mechanism
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Scheme 26 Switchable site reductive carboxylation of allylic alcohols with CO2
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Scheme 27 Seminal nickel-catalyzed coupling of allylic alcohol derivatives with organomagnesium reagents
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Scheme 28 Nickel-catalyzed coupling of allyl ether derivatives
with organomagnesium reagents
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Scheme 29 Stereospecific nickel-catalyzed coupling of benzyl
ethers with methyl magnesium reagents
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Scheme 30 Stereospecific nickel-catalyzed coupling of benzyl
ethers with organomagnesium reagents
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Scheme 31 Traceless directing group for stereospecific nickel-catalyzed cross-coupling reactions
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Scheme 32 Stereospecific nickel-catalyzed coupling of substituted tetrahydropyrans with organomagnesium reagents and mechanism
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B 33 SR PR A AT NI R S R LR 1 R I S

Scheme 33  Stereospecific nickel-catalyzed coupling of secondary benzylic esters with ZnMe:

T3 AR P B BT I e R R 45 BT R T R
(Scheme 34).

(0} Ni(acac), (10 mol%)

Xantphos (20 mol%) Me O
o] + ZnMe, )\/\)]\
H PhMe, r.t. Ar OH
Ar

up to 89% vyield
up to 97% ee, > 99% es

90% ~ 97% ee

Ni(acac), (10 mol%)
Xantphos (20 mol%)

B ——————

ZnMe,

(0]
(a) (COCl),
OH — >~
SERRa ey
X

76% yield, 98% ee, > 99% es CO5H

Me (0]

H/ :
MeO CO,H

Anti-dyslipidemia agent
57% yield

B 34 ST PERBRAE L A IS — H IR SN

Scheme 34 Stereospecific nickel-catalyzed coupling of lactones
with ZnMe»

[F]4F, Fu BRAEZH O O K T 8RR A F I iR Bk o
AR5 05 AR I TRV R AKX FR Negishi 28 A%
RSN, YO e o e B M A 3 1,1- 5 B e e
KATHEI(up to 98% yield, 95% ee). TE N H & Je K
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FRSIR SR (R 0 2, AR5 B 5 75 280k, Lil fif
PEER AL FRE AT BB B4, N &R ISR T
— RYVE R, B0 75 FEALY | WEW; R N-Boc-M5| k2.
FI %712 6 % S IILCS) - i AR D 25 i 1 v 00 % R
G, ER Zoloft WIHEEHTMR. MIEEWFFTRH, FEM
AT BB I IS PE) Pl (Scheme 35).

2017 4F, T B U RS T AR AL I T B AT
A5 5 B AR R B S B 1 2 SR B L. (E)-
3-IRFE 20 1-BE RN -5 2T -2-0- 1 -l 5 5 FE Bl 2k
FALBE ) I L RE 25 H 2R VE 28 U B2 9, 1- 2R el
1- LB HI(E)-3- 4 5L 5 -2-0- -85 5 55 Bl d R &k
B S LU 153 3- 05 B/ BRI (E)-(T - 1-0 28 R 24k
BN, %N N TR I NN AL R, [
WA, BEREE B TR AL R e B R A
(Scheme 36).

2.1.3  APEEAT AN 5 A ALK A 69 1B IR

AR e SR AN, BA X SRK
FooE, BRAEAEAETI0E, B Re TN 52 P8 4 S840 A,
F AN 2 5 W& B AL R BARR T2
M. Horb, B NN S BT A S X
IR NAE N B SR A I A 2 —, 1B N A AL 22K
BIF 58 R0 S R A RO —.

WANGARE R THEE RGN, 5T WG
SRR BRI JFORL A R [ A 2R S8 PR o ) I I i P e
w1, 2 T 5 PP AR R T A2 BT ER P 4. BT
I, FEAE Y RIFIMER R MR T AN ER AR
W, RS T RIEERE. 2011 4E, Doyle HERZHOE ik
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i MeO\,J: )__Q::r _OMe

OH (1) MsCl, NEt;

+  Ar?znl )\
AR (2) NIBrp>DME (9 mol%) A"
racemic L* (13 mol%)
Lil, CHoCly/THF

OOO

75% yield, 94% ee 79% yield, 91% ee

OO
. <
9

88% yield, 88% ee 93% yield, 94% ee

NBoc

’10 - @
MeO MeO MeO

83% vyield, 94% ee 92% yield, 93% ee 77% yield, 93% ee

Q_Q_

MeO
66% yield, 94% ee

B 35 SRAEANE IR RIS 57 BEAE B A R 1B S

Scheme 35 Nickel-catalyzed asymmetric coupling of racemic benzylic alcohols with aryl zinc reagents

RO Al oH R’

or +  R2zZnCl /\/k 2
= P Ar R
Ar

OMe

Ni(OTf), (10 mol%)
dppe (10 mol%)

MeZnCl
toluene/n-Bu,O (V:V = 3:1)

N S X
SRRV,
Me,N NMe,

99% yield 86% yield 83% yield
Me
N X Ph
U, oY 0 @W
_N
M
© NMe,
77% yield 94% yield 86% yield

B 36 BRAEAM TS5 LB G I AR S

Scheme 36 Nickel-catalyzed coupling of allyl alcohols with organozinc reagents

IE 7B 2-95 HI R LIt 5 07 SR (K T34 1,2- A R

o VAR HEAT P [F) S A I B A S AR 0 15

773N HEN AL R B SR R R R AL
RS &8 A A3 T bt 39, BEJG T3 B-H B, £
FOHTE AR BB AR T kb A 40, SR 5505 B0
TR & Jm Ak, I8 JF I BRI 2=, R B R 1
71191 (Scheme 37).

2013 4F, Jarvo PRI R | — 2 B2 IR R IR
KT IR e 5 55 2 A0 2% 7 0 I 1) ST AR — PSS
BB B, SR T — RADEFEain) =5 PR RS
Y. d ECAR IR R, SR DL 4R 1 AT 38 55 LR TR
F E TR R TR . DL =3 A D
RIS 2T PEORRE =5 10 DL IR R RO BCAR IR 453 21
FUEBIEE =Y. P S296 M DFT iH5 R0, Skl
E T BA A TE SR E S B LAk IR B, Hop— A
SN2 BEBULIERS I R I AR O R AR, i —
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BILRFF. PRI ERIRAS Z 1A 3 X AAE TR - - e
%ﬁﬁi%m]ﬂ?fﬂgﬁ%\MMmﬁﬁﬂmﬂﬁ
8T R B, FEA IS AR 2% 4 15 2 FPE R A =
¥J(Scheme 38).

5 —FE, FUERR A R 2R AT AR AR 2 5
7%, MbAhx e GOk B R E R, 5T, X
LG P A O B R 5] I T AR T — RS XA
IRAIJEA. 2000 4F Uemura 5@ 2H 07 g IR E T #R-AEIL
PRI A QIR 5 05 BEAIR AN AR AR I S 2, BA R
T (ST 2 A0 R S5 PR X Bk R R AR 2 B AR =), JLPAE
— I 1 Deng VR CSI[RIFEF] FHAR AL FRIGE2E T 1,3-2
AR I TR -5 Jo I R 5 ) 58 AR IR S B, SR 1)
FEAEXS AR FRUEW AT TT ), B R BEIRTF 13%HH] ee
. R T T REAT AR IR SLAR & — P A A
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Ni(cod), (10 mol%)

OMe
L (20 mol% Ar? O
+  Ar’B(OH), ( ) Ar1/\/ MeO PC
K3PO,, Toluene/H,0 OH e Y2

i i
up to 88% yield Pr O Pr
LT
Pr
Ni'-Ar?
NIII /\/
Y (O
Ko B(OH),

\ Ar?B(OH),
” Ar1/\\
Y Ni'!
0 40 O

Y = H, Ar?B(OH),

ArZB (OH),
MeO MeO OH
77% yield 88% yield 57% yield

B 37 RIS A LI R I S S LR

Scheme 37 Nickel-catalyzed coupling of epoxides with organoboron reagents and mechanism

Jarvo's work

2
Ar
| o ke H B
f \ concerted cyclic 2-Naphthyl Ph
j‘\ o 2 Naphthyl up to 90% yield
oo ArB(OR), Retention up to 94% ee, 99% es
2-Naphthyl /L Ph SIMes
82% ~ 98% ee Ni(cod),
SIMes Q
back-side 2- Naphthyl Ph
x 2 Na hthyl
Sn2-type phiny up to 98% yield
Inversion up to 97% ee, 99% es
Watson's work
OPiv Ni(cod), (5 mol%) Ar
/'\ + (ArBO)3 T ——— PN
2-Naphthyl Me NaOMe, PhMe  2-Naphthyl Me
up to 99% vyield

up to 98% ee, 98% es

I 38 St — b0 LA A S T S LA 90 R

Scheme 38 Stereospecific nickel-catalyzed coupling of benzylic carbamates with organoboron reagents
HH T4 7= 4 1) de 5 8491 /& Kobayashi TR @ZH 91 IE (1) A4 & SR IR R TR R 1) Suzuki-Miyaura 38 X AR
BRAE AL B 2 X T4 P 2k IR ISR A ML AR T — TR NL 2SN LR SR R R IR AR AL, 38— - p A
N (Scheme 39). WP AT, SECLARE. N T RER Rk, %
b5 Watson UREEZHUTOTT AR T IR S A T SR A X NHFIFIARHERRY) 41 (05— D mfgfk 42 1E M5
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Enatioselective (Uemura's work)
OAc Ni(acac), (10 mol%) Ar
L* (20 mol%)
+  ArB(OH), *
Lo DIBAL-H, KOH, THF, reflux | |
o up to 83% yield
g(\N iy 53% ee
Fe PPh,
> L*
Enatioselective (Deng's work)
NiCl, (5 mol%)
OCO,Et B(OMe) - + Chiraphos (5 mol%)
+ [Ph—== e L——
ph/\)\/'\"e [ 1 THF
Ph
Z
Ph X Me

67% yield, 13% ee

Enantiospecific (Kobayashi's work)

CO,Me CO,Me

NilL
+  A-[B] —
A

R = NEt, [B] = BOH), up to > 20:1 dr

R = OAc, [B] = B(OMe)Li, efc.

B 39 UGN AR PIREAT A= 5 A LI R R AR e
Scheme 39 Several cases of nickel-catalyzed coupling of allyl
alcohol derivatives with organoboron reagents

Bl FESRESRAT T BEAT SN RE M 15 1) 55 AR HE A [FL R 14
). ERERE R, SRRV, X RN
S T P 44 A 22 JER 0 R 0 AU Pl PS8 M ARG ) A 771
FIE R BEAT I, SR, 2RO R PR PEAE T H g X
IR RS IR LRI ) (Scheme 40).

Ni(cod), (2 mol%)
BnPPh, (5 mol%) Me
—_—_—

NaOMe, MeCN  Ar! ”\/\Ar

Me
CN

83% vyield, 93% ee, 97% es
Me

MeO Cl

83% yield, 76% ee, 94% es

+ (Ar?BO),
Ar' /\)\OPIV

0% 98% ee
Me

SAA’

88% yield, 95% ee, 99% es

OPiv + (PhBO), Standard condition o Me
Ph” " Me Ph Ph
42 81% vield, 83% ee, 86% es
96% ee
B 40 ST — I DAL R R A TR s -5 A L 1)

fARIBR S L
Scheme 40 Stereospecific nickel-catalyzed coupling of allylic
pivalates with organoboron reagents

BT A O SR, Watson B
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AT TF T — 20 v A6r. — BOUAR P08 G 2 I T 1 i
¥, LA NiClye Z - — H EE(DME) R 2,2'- X0 ( — 23 il 3
FRJL)-1,1-BRPR (BISBI) AL A R, SGl 7 H 505 5
WA SR B — e AR B, 19 28 i Ttk
OSCARTEE =), SR REH TR, RS
FE 1) JEPI(Scheme 41).

NiCl,*DME (2 mol%) P
BISBI (2 mol%) R Ar

Rzy\/ﬂAH

R' OPiv
R27 N

+ (Ar’BO),
Ar' NaOMe, MeCN

96% ~ 99% ee
O PPh,
O PPh,

BISBI

OMe

' R

87% vyield, 93% ee, 93% es

C-om
Me, o
S N
s Bu
Me

79% yield, 89% ee, 91% es 91% yield, 86% ee, 88% es

Me
QOMe Me Q
Me, OMe
Me
CN

68% yield, 95% ee, 97% es 90% yield, 82% ee, 84% es

B 41 ARG —PEROBE AL ET RIS I R Y Suzuki (B
TR

Scheme 41 Stereospecific nickel-catalyzed Suzuki coupling of
allylic pivalates to deliver quaternary stereocenters

22 MEITEYMSENRCIFNTRBER K
221 BEEASME AR IR WX A

2016 4, Jarvo MEZHBOMRIE T AR IERERATAEDM
Oy T NIE RN, — RV E B 7E ) B 45 1
TNEB AT B2, Bk iE 90% M. 2019 &, ZEA!
SR 2R TR R 25 4 TR SEBIL TR AR b R i 2 [ 5
M) o-FRFEIRIENA W5 05 H AL 38 S A8 AR R,
32— R5] a-75 HEBEFIEA =), VI AR, 1%
RNAEAS B IR JE R 264 N B A AU C—O
WS e 3 B R BRI RE 0, AR RE OV AT, [H]
TR /N BTTE A e B S5 T SE3 T & R R IR AT AR
V)5 O TP I R A8 SRR BE, DA & SR 7 1)
W 2645 21 — 05 FE e BT AP (Scheme 42).

87% yield, 94% ee, 96% es

N
as
Me
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J ' k
arvo's worl OPiv Br

L (15 mol%)

NiBry*DME (10 mol%) Ar | Ph Ph
Zn, DMA A A W

up to 90% yield ' L
Gong's work
X
0 o) i Nil, (10 mol%) O g | H
o, | o~ N
RVHW/O\WJKOMe e L (15 mol%) : X N D
R2 O = Zn, MgCl,, DMA R2 LN
R' = OR or Alkyl X=Br, | up to 90% yield
R2 O | NiClDME (10 mol%) R? MeQ OMe
L \ L (15 mol%) N _ : — —
N .
R 0" O Rl Zn,MgBr,, DMA  R'-— R \ 7N g
P> % = A | N N
up to 86% yield L

B 42 LI EREATE Y S AL s A AR I S R

Scheme 42 Several cases of nickel-catalyzed coupling of ester derivatives with organic halides

2020 4F, figFRE R IROE 1T WS T R
TR I T O A () 45 TR 2 Bk R T 5 2 0 2 = i HR il
B T 1) S AR R RS I SR AR I e R, e I SR R il g
aE E ekl 2 W 14- AT, HAAERM
A, RPN A AE SO AR I S AR B v DU B A
HIE SRS RN F AT R, NEEE
PEAE T — FEI AL AR R B HT KW (Scheme 43).

2016 4, MacMillan U4 e VR B B /5K /6 52
LT R E Y S 5 B A BB R B E
LIt R, A B S ) £ R R P R R Nt
SEBRE N R RS 5 O, 3K — (I Rl T S F - 2 ] e 5
FHOC 2N o 26 B AR AN 18— SR A 75 B
A R BRI, B Je e A AR SR AL ER = A0
(196 I AT Tet™ o i A ) s S AL PR RO 25+ e,
I J 5o B TR e R R R AT B AR, e RS AL

HE, DABCO AT NF
DMSO, blue LEDs

FE S B A Tel, BRI I RS A o B A A
Ir(ppy)2(dtbbpy)PFg
A Ni(OAc),*4H,0
/b 2,2"-bipyridine OBoc

Z-selectivity

+

BRGEEE E R 43, TEEMEIIEA T, ZMEDF 44
X 5 5 AL B AN G B AR 45, SRS AR
Brdek AR 43 153 MR 46, BEJE R AR IR R
AR HARFEYI A — I B F 47, 47 & A S AR
AT Tet I R AR R AN AR 44, 58 AL IR (Scheme
44).

5O )R AR R IE 7 AL I & RIS AL &
1) 75 JE AR 55 465 PR AT A 00 R AS T R 28 AR Bk e I
HAE B E, 2RSS E/Z HAT e
TP PE A B P 2w I TR S AR ZE A S AR 0 1
Bl A R R ISAT AR, B RS 98% kT ik
PEVE. TEZIE R S B A, AT DA JeE G A FH T AR B A B4
B A, MWAE R B B A §E B 52 A
WG G, FEZ AT SCERIG AR R L, 2R T — A
B IR R L0 TR S5 40 s B2 L3 (Scheme 45). WZE
M Ni0 R, B 2 58 e i 55 SR itk 47 S A T R,

Ru(bpy)s(PFe)2
OTf  Ni(OAC)4H,0
A 2,2%bipyridine  Ar” TN
oo HE, DABCO L
DMSO, blue LEDs
E-selectivity

80% vyield, Z/E = 94:6

71% yield, Z/E = 93:7 E

86% vyield, E/Z > 99:1 78% yield, E/Z = 98:2

69% yield, Z/E = 92:8

70% yield, Z/E = 85:15 5

Indometacin derivative
71% yield, E/Z = 94:6

B 43 AR AR TR S B R AR A7 J = 80 HF R R T ) K S o

Scheme 43 Nickel-catalyzed coupling of allylic carbonates with vinyl triflates
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N Br
R-—
=
0 NiBr,+dtbbpy (5 mol%) Z
~. . . 0, —
‘:/OH Oralyl chioride ~ ~._O W)LOH IdFpPYlo(dtobpy)PFs (1mol%) |~ R
| i e ' ! THP/DMSO (V:V = 5:1) :
N ficat s L J
. o purification e (6] CsHCO;, 70 °C ——_
34 W blue LEDs up to 95% yield

e /© Alk
b :'"A\: N—Illi”'—Ar ' 8
IrII L\ "j \\ h L /,;
N 43
(o] Reductant 46
;*"A“‘/O%OH (dtbbpy)Ni'L,,

47

SET SET

o~ I
- \ Ir

1 III
\_/ (dtbbpy)Ni°L,,
43 OX|dant 44 Br
34 W blue LEDs ©/

B 44 BOCEMIE AT HEAL FOREAT A4 5 55 BRI A BB S 82 S AL

Scheme 44 Nickel/photoredox-catalyzed coupling of alcohol derivatives with aryl bromides and mechanism

OBoc
R Me N|X2(10 20 mol%)
or (15 ~ 20 mol%)
O>\\ Zn, DMA or DMF
O
Ar
W
/ §
Ni' W
i Ni'l 48
Me ~R Zn
54
or %\\/R
Me Ar " Ni'ﬂ Me |
< = OBoc Ni
OH
52
55 or N A 49 o
Me
= ,\(glll% 4/ OBoc Ow
or
N .
53 50 51 A

BRI 45 SRR & ARG AR I 57 SE ML) 55 0 PO AT 220 (A BBk S v S L

Scheme 45 Nickel-catalyzed coupling of aryl iodide-tethered unactivated alkenes with allyl alcohol derivatives and mechanism
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FrA3 ) Nit Ff 48 $AAT G B EH 1 NI AE A2
MEEG LT, FE Zn A SR RS2 & T
PIRBHER R A 49, 405 A ZERIREE 50 NJEYIRS, @
T EAL IR Bt iE ik 52, I8 R RS B 2t 5
BB 54, [RIREREH — MR Ni', #% Zn 18 )5
RENE NO. EIRRIKERIGTNEE 51 25 KM,
7 B2 A I A S R AN P IR FE 15 B R4 53,
T RV REIE I R BR AN Zn 38 SR FE 45 21 H AR =4 55.
222 BERRACESWE A AR X

2014 4F, Weix HLEZHUHRIE 7ML 2-kE 538
A5 77 HRA ) R B MR B, T AR g
INEAA, DX BRI A S B R AR R A R BT i
BIPRS00 Bh A TR, JE et AR e i)
AT IR 2 St IR LE AL B /N B A B BR 15 315K i il
T E S Y. 4R ECN B bR, B TiY B
S B A g5 R R R MEAL BRI A B3R, 15
B P IR B SCEE ). (B IR IS, 1,2- ZHUR
WEAAE RS OL SRR, #1515 2 DL 208 E R ER
THEL =4 (Scheme 46).

E2Z R TAFRIERE B, 2015 4 Weix R AZHI 19 7k
I T NiCla(bpy)FlFH kX — A A AL FUE B
T e A AN 5 55 FEIRA D ISR MR N,
o e i B P AT B I 5K -B-T5 B IR BERE (up to 95% ee).
R Be R BV SR, S o 7 U RS e IR
KRN, Gt —RFFEGISEL, FEH T AT REm LT
IANLEE, 12 B 1) B 0 B2 P ¥ e A S8 AL A %o Aol ik 3%

Nilo*xH,0 (10 mol%)
2,2'-bipyridine (10 mol%)
Pyridine (20 mol%)

Nal, Zn
Br Et;N-HCI, DMPU
/& + Rwi\ —
Me L~ NiCl,»gylme (10 mol%)
Cp,TiCl; (14 mol%)

PEHOIE 1 p-EK S B 56, BEJS, 1% H HH3E X 5 SRR
(DAL AAR B =M 57, & BRAR 2 B b5~
Y, R R AL F)(Scheme 47).

2020 4F, Doyle PR SIFHE . SRAFHOLELIL
AR 2R, SEEL T IR 5 95 BB 58 X
IR L. = FhAS [F I A G 2R LR A
FRARIA A A0 R i g 7 bt S T S8 A #S e DA b 4 2
R4 R WS 3 AR vy ) DX e 438 AR A8 SRR B R, 1K
— NN T RIS, AN AR AL R R
BN [F SRR AR i S B (BRI, RS
I EZ 5 RN, et ik 35 1 A9 31 SCRE R ™
W, R ReWile B A2 5 NI, RE8 1% £ HY
133 ELEEAR . MUEEBTE R, R OImH Al
JERADIN, G BRI IAT B R A0 B2 2K B H & e
A, NI AR R SCRE P2 4. AR, X1 R i A 7 Jot Je B4 4
1, B 2 A I I B A, B i E e 1 R 1
S BIMPBER E 2, 1S 2] B4 729 (Scheme 48).

3 SBENRETEYSSHBIKK R

Tl ) AL T HAT RIS R 1 7 5 AR SR )
h, H O R T A A R
Wi 2 (K A7 A R I B 2 5 20 1 Ak 22 ks, il
Thorpe-Ingold R, SAHR M — RN, 24— ML
2 E A S A RIS T R T — i T 2
0, eSO PR SR R ML) EE AR, BRI A
TE2RED D TRIE . [ARE Y a2 TG

OH
- \fR
Me

up to 99% vyield

Mn

2,2"-bipyridine (10 mol%)[ v |
H -
Me’

EtzN-HCI, DMPU

up to 70% yield

PSS Jen

87% yield 83% yield
Me ?’ C4Hg
70% yield 54% yield

@Q

61% vyield ( trans

0,
79% yield 86:14 (trans:cis)
OMe
CeHi3 ;
Me
41% yield 63% yield

B 46 SRAELIR AL AP TT BTSN

Scheme 46 Nickel-catalyzed ring-opening coupling of epoxides
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[Ti] (10 mol%)
NiCly+gylme (10 mol%)

N 2,2'-bipyridine (10 mol%)
Rﬁ/ Mn (2.0 equiv.)
EtsN-HCI (1.0 equiv.), DMPU

=
5
QX

OMe

89% yield, 87% ee

85% yield, 86% ee

HO,, HO,,, o><,\,|e HO,,,
(j/o g Me Cr@

93% yield, 80% ee 82% yield, 91% ee 72% yield, 86% ee
HO,,, HO,,, HO,,,
° Cr@
NC TfO
80% vyield, 94% ee 91% vyield, 94% ee 64% vyield, 78% ee

X
[Ti 'V]o“'Eg_\Br
57 \N

B 47 RAENIA ST S 57 R A FRIT FEIR S R S LR

Scheme 47 Nickel-catalyzed asymmetric ring-opening coupling of epoxides with aryl bromides and mechanism

| NiBrysDME (10 mol%), LX (20 mol%)
4CzIPN (5 mol%), Cp,TiCl (25 mol%)

L5

NEt;, DMF, r.t. OJXO
34 W blue LEDs

(0]

Ar/<,
Styrene oxides

with L5

Q:o

Cyclic epoxides
with L6

0]

Alkyl/<I

Aliphatic epoxides
with L7

[Ti(IV)]

|
o\/8\Ar

Radical intermediate

Q;O[Ti(w)]

CQ?U%
2. 2.

Radical intermediate

OH
Alkyl

Radical intermediate

88% yield 39% yield 43% yield
~OH X
. WOH - 1OH
BPin
CO,Me
OMe
94% vyield 66% yield 68% vyield
Me
M
C1oHai NHBoc
85% yield F 48% yield

BIR 48 BEROGEULIE JE AL T AL IR AL S 5 0 R A ) AR BBK S o
Scheme 48 Ni/Ti/Photoredox-catalyzed coupling of epoxides with aryl bromides
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JCHEF P O, o] DU om H g v AR AR
PETOL SR, BT BUGE 3 A7 B A OR. 5: 3 2 5 g R Bk
SN R HE— B DR R & A B 7 1 EOR Pk, B s
I B e Rz e RS AL T S SRR, IRk, i
BRI REEAT AR 2 5 858 AR RN R 55 I 2= ik
O R R B T I3 .

2020 4F, Rousseaux iRREA B R T4 KA
FERT A 5 05 BRI I 22 SR IC R B, DA &5 34 7
PICRAS B — R0 5 =k O IR FERAT AR, 1%/
YHIE AN [F) A v P S S B s AL, 453
ANEFRE=Y). X — RN, PR SR P R

FHL T BRSO, TE R TR (2e) S5 AF R SRS T IR A,
MAE H B &) 25 M T 3R I = Ju 3 =4, Bl 5 1E
X—TAEMARS R, SIS 1 8 K3 B D xt F 2R
FR AR (2¢) IR A e 5 75 SEINER 1A FF IR AR I S B, e v 3K
13 89%IH i B (Scheme 49).

2019 4, FERIR R SR IE T B AL AU i
% g 5 w6 P 04 0 DA % O ik i A 40 1 58 SO IR e
(Scheme 50). HLERWFFLR M, fEERMEAFAEET Zn
MgCl, FERSAEHEIRYI C(sp®)—0 4 1 Ui 22 M 1T 75 3 e
H 2, S i e sl O 2 ke 3K, 15 2
Hbrr=4. MgCly Ak ig A8 InFRI7E 120 72 e pe i v 4L

ArZnX ArZnX ' )SJ\
_ RN ! Ar cat. Ni R cat. Ni R _Ph
RS PR P<oLe D> LLe=% N
' ' Bz
2e L — [ —— 1e
Reactivity Reactivity
Q OMe Ph
OMe > O > O D{j\
OMe O OMe
OMe

96% yield 77% yield 53% yield 96% yield

Q Q > g Me O
> > N >

® >l e

OTBS O S
60% yield 74% yield 32% yield 36% yield
><R . ArB(OH) NiCly(PPhgz), (10 mol%) Ar
OTs 2 °
K3PO4, PhMe, 110 °C R
up to 89% yield

BX 49 A ARERTAEN S 5B RN

Scheme 49 Nickel-catalyzed coupling reaction involving cyclopropanol derivatives

R! 1
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) O'Bu
R
r21< 5 Y
R® O-MgCl,

0
SRty
BzO .
z 0~ >Co,Pr
Me Me
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Scheme 50
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Zn HMUREATAE B SR — e BRI, [ ASE H A
FH B - Hh ] 4.

FEFEZE O R & 5T, 2016 4F Watson PR
HISITF R T B R A B R BRI R S
77 WL 1) SLAK L — PR BB S L, e T — RS
A ZE R T L. RN, B EURL RS S
AR R A B DU HAR =4, DR N AE S Sk A7 S8 A i &
fd ey, TEEM n-fiP3E-Ni ik, BR o3t
BE R BUACHE, 40 28 B e R e T iz b B0 E
(Scheme 51).

HiT Watson PREEZABYISLIL [N LA S S
) Suzuki-Miyaura ZMHEA0 SR, DL B4 B A2 R
WERIRERAT A R ERL, eSS AN R ik £ A
BT —AERFEF O, ZEE KR TERER
MR R R IR £h E R ZE R BRI 3R, AT LA fi R
75 3 M0k A SB[ B (Scheme 52). B Jim % /)N 4L 1350 F]
NG BT, A7 B 2K 20 AR SE B 1 A5
FRWR BT A5 55 HE R i S AR — YA AR
S, e T A PR B A T O i 0
FHAWI(Scheme 53).

Via N OA2°
Ni R
OAc o NiCl»DME (5 mol%) Ar G
/' ,Rz + A—E ><Me CyJohnPhos (5 mol%) /' 2 R!
2-Np o—/ Me NaOMe, 2-Me-THF 2-Np
88% ~ 99% ee
OMe O”\
O
2-Np~1'Me E Me
= 2-Np~ | 'Me 2-Np~1"'Me 2Ne" g 2-Np~1'Me
95% yield Et Et 950/ ield Et
0 93% yield 57% yield oY 86% yield
95% ee . o 94% ee o
99% es 96% ee 92% ee 08% es 92% ee
>99% es 97% es 97% es
OMe OMe OMe
~Me
) ~Me Ph «Me
2-Np " OSiMeytBu  2.Np 2-Np” “ppy
89% yield 92% vyield 70% vyield 73% vyield 62% yield
99% ee 94% ee 87% ee 94% ee 91% ee
99% es > 99% es 99% es 98% es >99% es

B 51 AL — PRI Z R RIR 5 7 FE R ) A 10 e i

Scheme 51 Stereospecific nickel-catalyzed coupling of tertiary benzylic acetates with aryl boron reagents

Me, i . 0,
JEt . RQ/\/Bpin Ni(acac),*xH,0 (10 mol%) Me>it/\
Ar” oR! LiOt-Bu, 2-Me-THF Ar Ph
72% ~ 99% ee
R'=Ac or Piv
Me Et Me Et Me, Et

0

89% yield, 96% ee, > 99% es

98% yield, 96% ee, > 99% es

78% yield, 96% ee, 99% es

Me, \Et Me \Et

0 - OMe

79% yield, 95% ee, > 99% es

66% yield, 72% ee, > 99% es 89% yield, 90% ee, 99% es

BRI 52 ik — PRI BRAEAL BUR IR IR EE 5 9 S A ) A A 0Bk B

Scheme 52  Stereospecific nickel-catalyzed coupling of tertiary benzylic carboxylates with alkenyl boron reagents
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BPin OAc)2 4H,0 (10 mol%)
R L (30 mol%)
OP|V ‘ _— LiOt-Bu, s-BuOH, CyH

88% ~ 99% ee

: MeO
X € ~ OMe
] A

eEt

o

77% yield, 96% ee, > 99% es

Me  Et
T™S

83% yield, 96% ee, > 99% es

eEt
seane
SShare

93% yield, 92% ee, > 99% es

Me  Et
SR

73% yield, 95% ee, 99% es

54% yield, 95% ee, > 99% es
Me Et

O \

73% yield, 96% ee, > 99% es

B 53 LR — PR BUR SRR 28 15 57 JE 0 ) A A IBC S I

Scheme 53  Stereospecific nickel-catalyzed coupling of tertiary benzylic carboxylates with aryl boron reagents

TR SR A AR IR B BE % Rt A1 Jie 1 B3 rmpMie
A1 e X R B L A O B AR, AT B 1 ik
— RIS 12 PR AN 2. I LR RIS I SR AL A
T Tiedoe 2 2 AR 2 5 1 PRV SR A S ARAB IR B R
P TFE O A SRS 2 1 BRI AR FE. 3 0L
T, FH TR I AS AR AR I S B Rt 5 2% AR PR
TR AT AU ST A4 T D B A BRI A 4 i e
FER R, 1AL BB F R 2 5 A AR
WK S AR SRtk T4 rho Lo DA 4R DB, 2018 4F, Fu PR
RISV 2R 1 AR AN KR P A A8 K s 2 ) 3R P 2 ik 14 )t
FLAE. JLF SRR, 5k BRI ikiE 18

AL AUREAT A o s, AT T O rA
XPFRABIDE SN, M) FH AR XU A 22 fhe Ak 1 R PR A 48 g g
] 5 4 LR 1) AN KT AR TT PR AR DI Tk S L. M Tie i)
WP TR A5 o i o PRV RO AR, AR A v e i
PP B BT B A FRORSLAR O 1) T 1 O P 2R AL
A W(up to 98% yield, up to 95% ee). =M A FE 43 ]
DA R A o FYE DY SR B 48, — B il B =4
T O R -R I - A I R S . 2 S B T R
A4 PR AU 85 5 T 71 180 0 g a2 428 M 2 A K S5 L AT 411
TH BEFA A ) TRV SR A A 1 57 L5245 (Scheme 54).

o NiBreglyme (10 mol%) OH O
A L* (20 mol%) 7 R MeO PPh
A 2 CaH, (100 mol%) E i 2
R o + R~ 2 X '
Lo~ BOM2 ~"MecN,30°C,24n R o MO O PPns
\ N |
7 \ '
BOM BOM :
L*
OH
/ __Ph
0
N
BOM

OM
94% yield, 95% ee

89% vyield, 92% ee

EBOM BOM

77% yield, 92% ee 89% yield, 94% ee

B 54 SRAEMCARINIA NG| WA 55 )i 22 B0 PR 140 AN K AR BB e I

Scheme 54 Nickel-catalyzed asymmetric coupling of spiro-epoxyoxindoles with alkenylboronic acids
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/NS G R R S5 DL KO OC R ST AR AR
SEEG, B TR S A D s R o AR RS E IR B R
SErp AR B TR LB, T ST IR i B 1
il B SR R IR IR S| W AT OB, 49 BB SR SR
M A 58, B AESTHE . BEE TR S E
BefreA TS T HF R Ak 59, RN AT+
m— . IR S AR R AT e R AL A3 B T (A 60.
I I SR T BR AR BT BB, BN A PR A,
BENT —MEATEIS. 5 —Ma] Ge 2 Sk AT 7 & 8 1k,
SR R A AN (Scheme 55).

Cl E/ _Ph o
- Ni"L*
(s o
N N
BOM BOM
HO),BO Ph
(HO), . L
¢ Nt’j a 0
= L* .
N
BOM
58
N| n+2) L*
59 BOM

B 55 SRR RRIG S S R AT g ALEE
Scheme 55 Possible mechanism of nickel-catalyzed asymme-
tric alkenylation

4 SRENZGEREF NO-GFERITEMESE5RBEE
KR

1998 4 Hoveyda R @ZHSHRIE T — I8 AL AN
FNEIR GG W 5 A WL A FRAB I R B, 7ERRME %
PETRARER S, DA SRR R 1) 6o 3 495 1 3R A5 I 7
Y. A NESMZ, AETFYEBEC RG] a0 PPhs (NN RERS
PE P WOk B (Scheme 56).

MeO OMe
+ EtMgBr

NiCl,(PPhs), (5 mol%) o

(S,S)-Chiraphos (5 mol%)
THF, 22 °C
Et

90% yield, 85% ee

Bz 56 B IIRGiE S5 A LR A A B S L
Scheme 56 Nickel-catalyzed coupling of cyclic acetals with
organomagnesium reagents

2017 4F, Doyle WRIEHBITFEI LB T —28 3,5-
B8 KRB 1) 05 e e e e Ak, SERRCAL S 2L 1R
ﬁﬁ?%ﬁ@’%mi% 5 B 158 ABER SN, 153

—RIVRBERA G, BFAHRA . RTE Tz,
%Hﬁ%@%%{% 1%, FEWE I R iz /N s
I8 A B ) 2 [ A R 0 5T DA [ R Gt 20 #r,
FE T AR, R WA R IR B A B A A P, X
— WL 0] RLAE 5 o R A o 45 3k 4T A R 42 1 (Scheme
57).

HFH 8 5 R A8 S50 1 20 & v] DM i e e L 1% o
FAEE I3, RN 1 3E— 0 Kt 28 SRR S
A A IE FEL 2015 47, Doyle BRRZHOF] A Ni/Zn/TMSCI
&, WO TR AL B A R 5 7 2 s A ) 45
WK, SEHL T BR-BREE IO, 1R R 05 R AL

& %)(Scheme 58).
2
OR gr Ni(cod), (15 mol%) OR : TRIP
N L (30 mol%) :
OR + i PCyp,
@ B\/B\A,z PhMe, 70 °C @ @ !
‘ ' L TRIP

82% y|e|d 26% y|e|d

91 % yield 56% yleld

o co, oA, “

67% yleld 68% yield

54% yield 60% yield

BRI 57 SRR R IR 5 A WU BT A B 8

Scheme 57 Nickel-catalyzed coupling of benzylic acetals with organoboron reagents
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or? | NiCl,*DME (10 mol%) OR?
)\ . \[|’ bpp (12 mol%) R sy
R1” OR2 |+  Zn, TMSCI, DMA p
P OMe |
OR _TMscl OR2
L, N|“ Ar OR2
5 91% yield
OMe
T
R, Ar
1/2 Zn'. , ; 60% yield
OR OMe :
I ______ Z%‘I/e_v'_e_'ei______.'
B3 58 HRMELAEEE S 05 UL MBI R B K LR
Scheme 58 Nickel-catalyzed coupling of acetals with aryl io-

dides and mechanism

2019 4F, IR ZH ORI A Nifbipyridine-Zn-
TMSCI bR R {2t C—O0 1 C—F B3R, LB T 46
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1337 #)(Scheme 59).
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5% =13k 90% (1 ee {E(Scheme 60).
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2133 H A5 =4 (Scheme 61).
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Scheme 59 Nickel-catalyzed coupling of acetals with a-trifluoromethyl alkenes and mechanism
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Scheme 60 Nickel-catalyzed coupling of quinolines derivatives with organoboron reagents

O OPiv NiBr; or NiCl,(Py), (10 mol%)
OEt . dtBBPy (5 mol%), Zn
Ph™ N I MgCl,, TBAI, dioxane  ph OEt
(¢]
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X
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Scheme 61 Nickel-catalyzed coupling of a-pivaloyloxy glycine with organic halides
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