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Recent Advance in Ni-Catalyzed Reductive Cross-Coupling to
Construct C(sp®)—C(sp?) and C(sp?)—C(sp>) Bonds

Li, Yaqiong Fan, Yuhang Jia, Qianfa™
(College of Chemistry and Chemical Engineering, Yangtze Normal University, Chongqing 408100)

Abstract The cross-coupling of two electrophiles has emerged as an important and attractive method for carbon-carbon bond
formation. This synthetic protocol avoids preparation of organometallic nucleophilic reagents and exhibits excellent functional
group tolerance. Recently, breakthrough progress has been developed to the cross-electrophile coupling of C(sp?)—X/C(sp*)—
X. The recent progress in the research of Ni-catalyzed electrophilic coupling for the construction of C(sp?)—C(sp”) and

C(sp*)—C(sp’) is reviewed.

Keywords cross-coupling reaction; reductive coupling; electrophiles; Ni catalysis
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&R A & T BB . BT, @
ok 1 il P A T g 43 K 5 3 o kA B = G R R TR
B SN ), AR A7) DU T 25 o ke 5 S AR A A Ak
H(Scheme 1)) 2015 4, Weix i f41 UK H Pd/Ni X4
JEMEAAA R, I NiERATS R 1, Pd 54 =56 il
R 2, A DA i 8 1 15 30 38 SUAB I )(Scheme 2).
Ni/Pd 73 Ak BT Ar'—Br/Ar*—OTE EA0 N S E R
Ar'—Ni"(bpy)—Br (3) (bpy=L;, K 1)55 Ar’—Pd"—
OTf (4). U [alfA 4 ke, A5 B ST EEL
Bk 3 IEREKIES 4 SR HER Ar—
Pd"—Ar' (5), [543 I B R 15 B 28 AR EE =4
Ar'—Ar?. TfO—Ni"—Br (6)i@iT Zn ¥} i J5 & Hdk A\ i
HEIR(Scheme 3). B THLH [AIfA 4 AHELER A {4 3 B
fasE, MARPRIENSEMLGEEE L, Kt 3 Huk
Hiy 5 AR EAR B 4 <R Ac e, 3 T IRERUR, S HS
il 45 Js B R ATL 2t K BRAR, AT 7 AR 05 e i H
SRk MRS LERRA. TIRE. MRS
FEHASZRE, AP E LIZ 7 VR AT IR B
Hayashi 1997

ph  PdCly(dppp), (5 mol%) oTf PACl(PPhs), (5 mol%)  r¢

PhMgBr (1.2 equiv.) PhMgBr (1.2 equiv.)
LiBr (1.0 equiv.) LiBr (1.0 equiv.)

Br Br Ph

Catalyst Ligand Relative rate of oxidative addtion

Pd PPh3 Br > OTf
Pd dppp OTf > Br
Ni bpy Br > OTf

BR 1 Ar—X/OTf kB E AL Ak

Scheme 1 Selective oxidative addition of aryl halides and tri-
flates

@@

1 equw 1 eqUW

: o8 y°

_

\ 94%, 61%
(ONQ

61%

Bpin o
59% 60%, 75%°

a Vinyl bromide (2 equiv.). © Aryl bromide (3 equiv.).

B2 U7k 07 3 = g Y R AR I ) A Bk
Scheme 2 Cross coupling of aryl halides with ary] triflates

NiBr,(diglyme) (5 mol%), L4 (5 mol%)
PdCl, (5 mol%), dppp (5 mol%)

KF (1 equiv.), Zn (2 equiv.)
DMF, 40 °C

\S

64%, 85%"

Chin. J. Org. Chem. 2019, 39, 350~362

© 2019 Chinese Chemical Society & SIOC, CAS

—N  NH
1 1
S i R RON7 Gv-r?
[ _N LeR=4Me 7 X Ny R2=H, CH,, By, Ph
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Figure 1 Structures of ligands

reduction by Zn
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1 (N] concentration
Ar—Br Ar'—[Ni—B TfO—[Ni]—Br
1 selective OA r'—[Ni]—Br 6
into Ar'Br 3
selective OA higher
into Ar2OTf concentration
AR—oTf MOAC T, | 2 o1 A
AP — [Pd]—OTF Ar2—[Pd]—Ar
) Pl ?—[Pd]—0 .

T 4
lRE

Ar?—Ar!
7

B3 ATRERT S MR

Scheme 3 Proposed mechanism

1.2 Vinyl—X 5 Vinyl—OTf {88

2018 4, Weix ERARZH BLIKE Ni/Pd X4 Ja 1 A4
FNH TR 12 5 0 5 = U B R R AR B, )%
ZHARH 1,3- )% (Scheme 4). & 248 MEAL TG
FeAR, W] AR e B B AR IBC 5 52 AR LE i, $ v
A AR PR . B 2 5 PR SR R RE AT 15
W, s &, AR ey . 2RI EELy . 2H-
AR S5 ARG 5 e i = 9 PP AR I S B, S S A
JEADIEA 1) B RelA i Boe 1%%)‘3 R . HRH . BRTS
FEE DL HREAZ 0, i 4-1R-1,2-“EZE 5T
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O = %6 FH SRR IS AR IDC S B, FH T BRER V3R K 70 Sl 7
B 4-i-12-—EZEE 1,2- A%, H - HIIREYTE R
T F Al B AR IR R, A A B I B &
Vinyl-Zn" H AR A BB, AN R Ving-Ni' o jE] 44
Vinyl-Ni" 1 {8445 Zn 1 F 7 % Vinyl-Zn" Hf A1 A 2 )5
SR A A 4 B AT itk AT C—C 1HEE, Zn fEX S B AL
I Z Hp Bk B - fR st — DA
(Ls)NIBr; (2.5 mol%)
(dppp)PACl, (2.5 mol%)

Zn (2 equiv.), DMF, r.t.
3~6h

e+ o AN

cross-seletivity > 15:1

.I&

89% 87% 78% 79%

3 o

57% 5% 64%

B 4 pa AU 5 I 3 = g Y SR AR T F) AP BEC
Scheme 4 Cross-electrophile coupling of vinyl bromides with
vinyl triflates

1.3 Ar—X 5 Vinyl—X {85
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R AEAER), SR T LB T AT R s A
AR B sz HNY. 2016 4E, Gong MRAHAUMRIE T4
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1 R
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Ni(cod),
A dtbbp L4

Ni(cod)y/Ly LT, MR E B-BK CIAEER, R
ARG SIARIE BN, (ZE)- < RIG R RIRA YA 32 2
AR E BUPEW)(Scheme 5). {RAATT IR ST 1B S 51E
SR R B N i = i i = e VS R 9
AR BRI 75 J5 5 H R PR B it - R 1 e AR R 2 T
DA i (SR AT BB I = 4. s ARG IR0 07 8 35 %
W FL - SIS AR KT RAR, A A H - U AR 5 4 T
MECLHEAT IS, 245K Ar—Br, WM KF, fit e 7R )
RS R LSRR A UGS B-IRK LI AR LT He
AT AR L. e BUAR 1R 200t g 5 AR D 12
BBk, SN RN LiClAE A ngR).
Gong L X 1% 05 I R AR I s M T —
REFHLEE (Scheme 6, Path A/B), 5% Ni’ % xifL7%
'kéﬁfc i A M B AT A RS Ar—Ni'—X (10) 5k
Vinyl—Ni'"—X (8), BERIREEER B 5 Ar—Ni' (1),
Vinyl—Ni' (9), F 3% 5 A0 I 5 s AR 05 & S A n
AR IAE Ar—Ni"—Vinyl (12), ok R R EI#5 5]
B, ARPEE 12 R FRE(DFT) 15 A path A #H1T
N RE 22N path B B, (H BRSNS, 5523
FRIASFIBI) N7 2 S R S0 T 0 s o B
i T LA path B 3T, )& B S B 6E 22 5 1(82.0
kJ/mol), K IAE XARICAH LL M 5 E A 2 kAR X (]
A Ar—Ni"—X (10){IWF TSI I, 75254 f) B o A
RIFREEGRAGIRAAET, ik 10 HR 5 5 )5 &7
B, 77721 EH B ARE =AMk LA B

2 C(sp’)—X 5 C(sp’)—X 185t
2.1 Ar—X 5 Alkyl—X 18E%
1T PA/NT X4 Ja8 A 70 S8 AR T 5 PR JES 40 a2k 436 4tk

X=Br, |

Zn (2 equiv.)
R =aryl, alkyl MgCl, (150 mol%)

o

E selective for strenyl-Br

THF,0~20°C

/‘/\:‘ /‘/\/‘
90% MeO,C 82% NC 70%

~N
O 70°/ a

CO,Me
849%2 86% 75%

@ KF (1 equiv.) was used.

B 5 skt s fUR IR Ik

Scheme 5 Cross coupling of aryl halides with vinyl bromides
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Path A Br zn
R R\/\N_H/ 4>R\/\N| Ar—X N
\/\B ! barrierless rate determining step
8 L 59.4 kJ/mol (Ar = Ph)
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Scheme 6 Proposed mechanism
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BESFAEFE. BT, MFRERA 442507 2
BRI (L) SIBRRC AR 1,2-00 2R BRI, 7= 2R B (41
. R Ly FEAE R SR, 8 SARB R
TR FHAC A 1,2- % 2R BRI, 05 4 B B (R B
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IR AR Rk R BT, H1 KEM KA kEE -H
THBR R =4, T A e AT A p-H TR, R
73 A B R T S A BT SR B 2 (BoeNH,  CbzNH) A
SZRCUA, AR/ s AR IR RE R AR B, HR i ER X /X, AT
PLA Br/l (Scheme 7).
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Scheme 7 Cross coupling of aryl halides with alkyl halides
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B C(sp)—Ni"—X (13) KB, ETLIBJEFITEN T,
13 A SRR IE SR R AE BB, #1955 5
77 B (Scheme 8). JHIL(R)-4-IRI TR LH8. A
PP R VR T ) A BB I R 43 ) A B AR e 5 B HE P
YI(Eqs. 1, 2), BULHEWTEMEAL R s fUke ke L e ZEHL
AT RN, FLEdE 1 ER 3 R R G 82 N 4 ) ik
AR AT, Bt 15 BRI E b, TS
13 TEFAE AR 14, 55 I8 R bR 13 21058 SUB B9 15,
Jei # Ak S HE N AL IE IR,

LNiXy
C(sp?)—X + C(sp®)—X ————> C(sp?)—C(sp?)
Mn
Mnll
(LND Clsp?)—X
Mn°
LNl”/ it~ X
C(sp®) C(sp?)
C(sp®)—
LN| v
NI“IL
Clsp?)— ( p) 140(5”)
E= 8 RGBS AR AR S ATLEE

Scheme 8 Proposed mechanism for the cross-coupling of aryl
halides with alkyl halides
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eI Gn 2- Sk e S A] DLEESRA A 26 AF Rt AT 1B, &
UL 4,7- 2831, 10-FERMR(Lo) TEBCAR! ). BRIEREIE |
FENB IR R A B AR AN, e s N ZRBRAnn uE B DR R Ak
(Lo, L) W AEAR I 1 5 FH T B0 Ak 3 TR A BB e ez,
B ARSE AR T 25 1) A BH B 25 ) R A vt i B B-H 9
bR B, 785 w407 AR B AR b Aa /A AR )& B 5
AP 2015 4E, Gong IHEZHPOMRIE T M kUi 5
Ar—X fHIE, @I = F L e (DMAP)(E L RE )
PLETEHLER MgCl,, mTHUSARGF IR, IS nAfEIx A
SN R L BB, B IS0 R RLAR A R
A, ATE TR EHRARMIAER, J5 3 0T Re s 2 IE I
B Lya, Lys MBI N FISEMR AT/, &5 U I
RS A % 76 JL(Scheme 9). 75 P& A5 Wy HE - 35 Gl /g
Fe. FREBEREL . SEUF A ARSI BN
F—f L DMAP FEASING, 32224 plibe i 45 1 R e 1
ey, B D, 5 a2 n 0 B R R AR
Fe AR T H R R IR TS K2, L DMAP AR N

Ni(acac), (10 mol%)
L42 or L3 (0 ~ 30 mol%) R2

M LLEAT BB SR, #5 LAEREAR B DMAP IR B 4
f, (BTSSR LR FR (1 72 1 5 FEHEP= 9 LA B S BRI
o it H I A AR 55 R M LLIEAT IR R B, DMAP/IE
WE T 52 R ¥ A (1) 5 18 R 72 40 e A A TR 52 e AL ) R
AN, 2R EEH TR a,0-— F IR =R
ot P 3 R AR IBC, T A7 L B K 140 0 s AR s ) e DA e
N, HAEEAEREHE.

o FL R AR 1 o A K e N 38 R A O =
Mn. Zn & J@E 57, DMERE Ni' #oviEtkr N
I B ARUEEAEIE R HEAT. BRIk Ah, RA L2
J7iEPVEEE YA TR WE IR SRR R B AESEL Ni i
TR B R ABEE. 2016 4F, MacMillan 5 8 2 SCif
PP JERIE T AT e AT, i o RJR
Ni" & Ni°, F s AR 95 Ak k. MacM illan 15 7540 58
To SEBEHEM G A A0 S A IR A7 B R E R, S LA
M H HEAR(TMS)SiH $h H, FZREE e 1 H 2 )k
(TMS);Si. £ R—X 5 Ar—X FRFE T, =(=F &t
FoyhE AR SR B M T S ek C—X BRI, R
B VR 1) be B R 2 o ()44 5 (TMS);SiBr, & 22 B 7
25 Scheme 8 2{LL. M ASIN(TMS);SiH B 4% Si—H ik
FUTCF=4 A I ERCR B A, 38— D I0AIE T be s B e 2R )
eSS Si—H #A KB Bt S S tE T, BT
FEMBRAT R, s RIS AR BENE . BARR),
T A IR (V- IR e/t M S R 6 s N, AR A AR 2L (1)
A7 I BE LR AT TSGR 1S 20 724, R AR 1005 B i
WHES S5 RN, EEAZRm. H/A RO A
HREAR 4 3 2 5 R (Scheme 10).

Br R2 -
R14\ N DMAP or pyridine i N + R1—: )
| R'— R
& Br MgCl, (150 mol%) F 7
Zn (2 equiv.), DMA retention isomerization
25°C,12h
0
]
74% (> 50:1)° 81% (> 50:1)? 95% (3:1) 77% (8:1)° COMe
73% (44:1)P 76% (20:1)° 93% 31? 77% (5:1)°

Bn

70% (14:1)°
68% (9:1)°

@* .

79% (14:1)°
77% (10:1)°

14, 30 mol%. ?ligand 0 mol%. ¢ Ly3 30 mol%.

B9 U075 R AU ke o Bk
Scheme 9  Cross coupling of aryl halides with tertiary alkyl halides
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e NiClyeL4 (0.5 mol%), 16 (1 mol%)
~® TTMSS, Na,CO3 or LiOH

Z =~ Br blue LED, 6 h

o 50 PR

82% 94%

MeO,C MeO,C MeO,C

80%

81% 86%

NBoc NCbz
MeOzC

92% 52%

B 10 Db s 782 5 s AUk A B
Scheme 10 Photoredox-enabled cross coupling of aryl halides with alkyl halides

Lei PRAIZHPER A ROEHALTIA Ir(ppy)a(dtbbpy)-
PF,, Hidt [ LML AT fE 4t Ni® 5 R—X o 8l
MR T BRI 54k, RN
MgCl, SR 4,4'- —BUT FEBCIEIE (Ly), H = F XM
RKHE, & MgCl, P= 5 2R B, ASInAC A S A R &
PV A BU(Eq. 3).

Br Ni(acac), (10 mol%) alkyl
Ir(ppy)»(dtbbpy)PFg (1 mol%)

=
MgCla (1.0 equiv.), Ly (10 mol%) [/ |
R Et;N, DMF, blue LED, r.t. S

~ ) +alkyl—Br 3)

HuRe A et | LR e S kAR DT Bt
ﬁl_ﬁﬁﬁf. B, fEefET] 16 5 NiClyeglyme F[H]
YEFF, Boc 147 1) a- 5 R 1T AR IE ke ik 1 PR,
W, A R 1 AR DT R AR R S E H S R R A
BIR(Eq. 4)5) 25K N-$23540 2% — W EE IV i (NHP) g,
£ (dtbbpy)NiBr, LT, TGRS e, Hart
FRTE b EE SR AT IR N, N R R, R
TR 16 45 B e I AS 32 52 (Bq. 5)%. BEER s 75 e AL
TEL B ST AR AR B AL B S, RS
A H RS R N B, AT DA e
B2 5JR 0 FARBE R . EZ MR, A EEHTAE
HREEIOR 5 AR5 R AR, At i R Y AR 5 42
IR, A5 IR T 3 1 AR DY R T 5 O (Eq.
6)24], L BREE A Hi AL WIS R AT EL 5 AU% . NHP
BRI, (HTREAE E AR R 2 A1, REE I K
BEMREL KRR E 2, HERRRE S e
TR Es 23 A1, DR bl B FL AT AR I JEAB Bk e B B
TN TR .
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NiCly+glyme (10 mol%)

16 (1 mol%)
4 (15 mol%) 052003

N © DMF, 26 W CFL blue light

23°C

NiBrysL4 (7 mol%)
Zn (2 equw) =
>/—R DMA Gy ®
rt,5~12h A
R =

NiBrysLg (6 mol%) . )
Ir[dFppylo(dtbbpy)PFg {

{ | oxalyl chloride (T) o (1 mol%) ®)
1" no purification I dioxane or THP/DMSO = |
OH V=5

oM (V:V=51) %

CsHCO3,4 h, 70°C R

75 REAEZ) o7 1 R I ARAE, AEDTFR B g N
AT DA AL S P AR e . T8 SR AR B T v T DAAE
PR B RINGEAE, SRT R RIRE I 7735 51 N 4 4k DA
L, FEHT AR RS SR R R K
MeZnI®¥. 2017 4, Gong A5 ZH 2°PHi idh 5% FH X FY 6 Tk
P& F R, RCDNSEEL T 07 BR ) H R4k (Scheme 11). JRBAH
IRUFI B BRI 52V, TNERER . Mtk . ML S A S B
AR AR, AR S Y AR B 1 14T )
R, ZIRGT I IR AR oA o AR 2R R
HIR &, ARSI I AP AN F R, 2 AR B E 1T LR
M Ar—OTs 1EREALIEY), RN FMSHTEA A
7], Nifi A6 LA dppf 5 PPhs ERCAA, SO 75 MK &)
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ISINFUVFIR R, SarEAatt, PRt ide. Hi T
Wy AL RIR =R 25905 T T i2 4778, H Ar—OH fR
KA Ar—O0Ts F#AT/EELR M, Fitt Ar—OTs
TEARIBR SN R IR AN NEE. 5 R e ANIEIR It
FH ORI IR Joe ik MR R e A0 iR, Pl DB e XL 4 8 e
&, WIMNE AT R—OTs, 3Gtk k7548, &
SIS e A1),

X TRHE L O B, R R ), BT
H I 07 IRTE kR, IR D S8 &8I )E A%
N e A TE R B R BRI, N RIEER S AR5 R
BEATEALI R . Ar—Ni"—X, 7] LA F A WL J5 571
DY (— e 3k ) 2,08 (TD AE) 28 il 1 436 3 4 4 %o 5 6K £ R
TR TG (OMs)>™ ., KRR EREG(OPiv) 20145 55 I (1) 1A 3
AT DU i i AR 5 6 5 0 TR SR I TR T 1) 3 AR I ok sz

W X X standard method
R —.He/t + MeOTs

X = OTs standard method:
NiCly+glyme (10 mol%), dppf (20 mol%)

X = Br standard method:
Nily (5 mol%), Ly (7 mol%)

PP ST 2 S B R D 1 28 o A 6 £ R A
—HURAZ Pk, 2018 4E, Shu ifREHPVRE T Ni 5
Lewis MLMALHIMALIAR, SZBL T 5 RARY 59561
o H AR T I 1 A8 OB B I . o, L E )
ZrClL{EA Lewis BRI H 7G40 MaG B ITER . OB HA
TRGF I X SR B RS AR B, AR EBEN E 1Y
WAL=, T B i B 55 IR R AR 4T b
HHTIEJEAREE, 7538 L Rseiz i R L. mEiRdt,
B M| A2 S (Scheme 12). #543h RE AR 4
TR RN 2- T M- V- 1= P50 -3 - e B Jg A I [X
SR B AN ST AR IR R ME R 22, 45 i R M £ A
HIIE RS F= ), T LS8 ) S 5 45 A 4R I 0 Jik - o Ik
B JFARER T 2.

Me
AP
R'Het
/

Zn (2 equiv.), MgCl, (150 mol%) Zn (6 equiv.), LiCl (6 equiv.)

TBAI (100 mol%), DMA, r.t.

o
MeO,C

X =Br90%
X = OTf 73%°

"eg

X =Br92%
X=OTf 40%

X = Br 86%”°
X = OTf 85%7

TBAI (150 mol%), DMA, 40 °C

qu /@,Me
CO,Me Bpin

X =Br93%
X=0Tf70%

M
Ssg
M Me
g Jfl ®
iPr” >N MeO,C™ XX MeO,C Me Me

H

X =Br 86% X=Br78%

X = Br 80%° X = Br 95%°

@ PPhj3 (20 mol%) instead of dppf, MgCl, (150 mol%) instead of LiCl.
b'Nil, (10 mol%), L, (15 mol%); ¢ Nil, (20 mol%), L, (30 mol%), MeOTs (5 equiv.).

B 11 Ar—X/OTs 55 Me—OTs %
Scheme 11 Cross coupling of aryl halides/tosylates with methyl tosylate

NiClo(dppp) (10 mol%)

L, (20 mol%)

RIS . HO \jR ZrCl, (10 mol%) O g
N Mn (3 equiv.) —
DMA, 20 ~ 35 °C
= /
T O o
F o)
88% 84% 90% 79% 61%

OH
90% 58%

- C/@\/\ /@/\)\
m MeOsz €02 MeO,C

63% 66%

BRI 12 s 07 5 44 A A ek
Scheme 12  Cross coupling of aryl halides with allylic alcohols
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TR 5 I TR 38 ] 58 R AR AR, AR Ar—
Ni"—Br 5 Ally—Ni"—X, Jyf e R4 b e A0 56 7
&,W%ﬁﬁ%%%ﬁﬁﬂNi%ﬁ%m&ﬁﬁﬁﬁT
Xof LU 7E. SEatal SR 7R 1% R NAK R, @¢HN1
(S I B A6 77 ) S 5 A PRI I T8 B s R AR T
%?ﬁ%ENﬁﬁmimAﬁN#ﬂn¢m%,ZEﬁ
50 I RE R B4 B H AR ). it — B Ar—
Ni'(bpy)—Br A AT fE a4k, {E& i@t Ar—Br
55 (bpy)Ni’(cod) & I il 73 3 T Z A4k & 4. Witk
Ar—Ni"(bpy)—Br 5 HT 44 1475 (bpy)Ni’(cod) 43l 1L
Ar—Br 5 RIS, R IR 70 ) A R
FE T E#E, #—SU Ar—Ni"(bpy)—Br R 1l %
SR SREER E R, 17 SPEERE R, 738551 Mn
AR RAFERR, TR EFIN AR, #0178
JE 18 AR %WFW% SR NN H R
IS AT REREAT, 100 BA 945 TR B AN DU P 38 B Pl 2 e
A BEAT O, T/ Ar—Ni' % Lewis FRIE LIS 14 A
S AN, TR R 1A 19 3 J5 T bR A5 2066 74 2k -5
FAREL =P (Scheme 13).

N Ni”\(L)

R Br
P
R Xy B reduction
o 17
Nil(L)

(LNi® rICS
.~ 18 LA

reduction /%/\/OH
PN
R@M ~ [. N /8
! LA
/\/OH

P N Nl'Q(L)

product R X

%
19

B 13 05 e 5 0 PO I Ik S AL 3
Scheme 13 Proposed mechanism for the cross-coupling of aryl
halides with allylic alcohols

2.2 Ar—X 5 Alkyl—X EHHBE%

BT, )REE S RAE p-H EER, A E
SRR =), T8I ) s 2, T LATS E B — )
EABEE Y. 2017 4F, Zhu iR A POMRE T4
Ni(ClO,),/6,6'- — F BE BRI e (L) AL R, AR5 18 5
A8 AT LAAS B FHE AR, TR I F A 7 B2 1 Y
AREEXF S A AR KI5, SR BEIE e (L) Bk 4,4'-—F
SR IR e (L) 15 2 IE 5 AR B9, LEHE; UL 6,6-—
FA L B M e LA (L) TR G AR A3 B B HE = 4. &8 1-
RAKEN H ik, aTimlieR, 1-RA R H SIS K
PRI, W 7 JE AL 7 B R 1R 05 B R
RARPNL, W EEEREE. mRs. 25 DR
S RE AT S N FE AR R B2 B, AP/ s AR e AT B
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R EHR B ) (Scheme 14).

Ni(CIO,),*6H,0 (5 mol%)

L7 (6 mol%) (Het)Ar

n-PrBr (0.5 equiv.) Ar)\MAR

n

A RAR + Ar(Het—Br
Br

Mn (2 equiv.)
DMA (0.2 moliL), 25 °C, 24 h Migratory
coupling
HN?
E[kph PMP
81% 80% 75%

7%
terminal(primary) alkyl bromides

Bpin

Meozc\? ; ;\j MeO,C
Ph n pr
85% Pr 589" %/

internal(secondary) aIkyI bromldes

B 14 AU s AR DT e ) S HE R
Scheme 14 Remote migratory cross coupling of aryl bromides
with alkyl bromides

BE 10 S S TR A e AR ) 5 A A A I B A N
2mzIMnﬂEﬁNuﬂ%iﬁHﬁ%%&%ﬁzlﬁ
Ni'—H, ZJ& Ni'—H 5¥#EH kgt 2 dd NS g-H
RN, XA E B R, R&BRINTEEA N
Wk 22, P45 AR5 R BB (Scheme 15). BRI
JEVEIRYD, (AR &I 1Rk, HAgS RIS
AR B A R EHE =Y, B MR R A 7 d
X - A B E AL IR A & p-H E B E R Ni'—H A ]
R, ZIE )% B IC v SUEEAL B Wi AR RS e v, @ it ALEE
SCIGAE R, IR SRR ISR RS I MR e TS kAR &
AR, 7B )RS BRI LR, M i ST
B MARREHET. H4bh, lIRK SRS S R NS #|
(R HE = 5 e IR LI AR, o mT DAHEIING i
B FE e T 5 kA 07 R Ak, #5565 KR
FFRREACINE, WA =W b S R A N ZE 0. 250
YRl o AEEIRI B AL TE H, SRR 226, &
ERE A . TR AR - A R R 5 Ni'—H ]
PRS2 IR AR S 5 E T 4% A L RS, B AT AR
0] Js2 I8 A 22 v [) B A7 A0 5 B R 5 R R AL s AR e 08 5
ARSI, TS X R =4 e A 2
2.3 Alkenyl—X 5 Alkyl—X {B8%

g AR e A B AG TR TT 5 e A b e AT 3 T 1k
PR B RE AR AR Y, R BL NiLy(bpy) fE At AL,
77 ik e A AR e A0 e T e 5 TR A e R AT 1 B8R
SR R AR RAE RS, 5 Nal A ke e e
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(Het)Ar

H
Ph)\/\/ 1/2 Mn®

migratory coupling

1/2 MnBr,

Ph/\/\/Br

0
Ar _Br LN BI'reducnon LNi
SNl reductive

)\/\/H elimination Ph/\/\/NiuiBr
Ph

20
23
1/2 Mn°
Ar(Het)—Br | oxidative addtion reduction
1/2 MnBry
migratory
fast |nsert|on fast B-hydride
elimination
Ni'—H

fast Ph "%
hydrometallatlon

B 15 FHHEIT R ML

Schemel5 Proposed mechanism of migratory cross-coupling
PR AR AR AR S8, 5 T ol ke — SR il
), AR R—I AT HUSREF YR, 2K 406573 b
FIa . SIBRIEAZ LI, TR, o 5 HER
SE4+ [NV (Scheme  16). [N R I H AR 47 () SEARIE BV
IR I3 (Z)-TRAR JE A S AR IR S S 5 2 A i D B E R
PR, AT RESE T SONIR AR rh RRAR J R m B AR ]
TRRAET S,

NilyL4 (2.5 mol%)
Nal (50 mol%)

/\Bf + ARYEB TSCI (20 mol%) /\Alkyl
Mn (2 equiv.)
DMPU, r.t.
CO,Et

CO,Et

80% (93% Z) 74% (99% 2)

45% (90% Z) 79% (95% Z)

Boc
87% (>99% Z) 70%

alkyl |od|de was used

B 16 s fUF S s AUk ke i A Ik
Scheme 16 Cross coupling of vinyl halides with alkyl halides
(E)-IRARIG IR RN L Z BN, B TR S
R A T R S NP, AT DA S AR AR 1 T
JH B B e AR S MR SEBL(E) - IR A e 55 i ARUE e O3 iR
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BRI, B4, Gong URAZHTLLAERE AR B HEAERE 3 (1 XU
WA, RN RIHRIFHISLAR L — 1, ZIE BRI
W IR 5> ARG R Z/E MBI =0, S B v 44
%TAﬁiﬁi%% IR RIS AE N, AT
BEARIF IS 5 S, A s ARbE e S N ZE (B, 7). B
ﬁﬁ%%,%@mﬂﬁ%%%%mWﬁwmﬁmﬁ%ﬁ,
3 AR A A T e 2 ) H 2 1 e AR R AR,
7 [FIREA WG B SLAR T — M, ZIE R U s AU e S
NEETAORKE. AU — B ERIE o fEAFAE N O S5 5%
JE 7R TR e 2k ) 2 ALK, 5 35 fE (R Bk S e
eI _E T AR GF e RV IR ek I 5k 1) ) 4
bl s AR S5 B, 0T BLRh s Ae A 5 o AR s A 1B
R R IR IE(Bq. 8), PIAHJVEARSS & AT LAS S se Bl —
FIMA e 5 0 ik 1 1B

RS Ni(cod), (5 mol%) 3 5
il R3 MgCl, (1 equiv.) R R
Z —
H\ ¥ Br : q @
Zn (2 equiv.) R
R'" R2 R -
pyridine (1 equiv.) 1
DMA, 25 °C R _
2° alkyl-vinyl couplings
good E retention
R5 0
>—s< ]@) Ru(bpy)s(PFg)2 (2 mol%)
NiCly*dme (5 mol%)
NHEt, L, (5 mol%), DMF, hy
R® RS
RE Y—R? ®

R1
19, 2° alkyl-vinyl couplings
good E retention

24 BEULEYS Akyl—X 1BE

Pk 1 5 i AC ke R AE NiCly(dme)/4,4'- — 4T FE BRI,
G (L) P A0 T AR 4700 SR 06 s 7 A2 B (Eq. 9). H
T AR e 2% 2 AT R B o S R SR, %
BL, SRt 1 5 e A R e PR A 5 A B T v T A DA Sz
. #KH Me—OTs 1EHEALIRG, Ni(acac), /T,
P 5,5 FABEBRIEIE (Lo) PERC A, W] LArR 250 3245 3 F
R (Eq. 10)12,

o NiCly(dme) (5 mol%) o
)J\ L4 (5.5 mol%)
+ R'—I )J\ 9
R™ ¢ Mn (3 equiv.) R™ R ®
DMA, 0 °C
o Ni(acac), (15 mol%)
J\ M ot Le (15 mol%)
+ Me—OTs (10)
R™ CI MgCl, @ equiv) R Me
Zn (3 equiv.)

TBAI (50 mol%)
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e g AE VG R, RS S R AE BRI, AR
e B AR e R BRATAE Y, Wk, 2-m e A
e VR RR IF D14 W 7E ORI R POIN BRI, 0 R IR
TERRITF(Boc),0 AL N, Jotb BRI b (a4, 5 xR
ot e HEAT I8 R AR IBE 2 S A B (Scheme  17)P0) 1A] e B
RN MgCl, 7T LI Ni' (e 5l 2. 7641
Scheme 17a T, VABEMERE (L) AECAE, JEWBER RS M
AR IGE R AR I A B, T i I PR IR 0 2 R R 2 P R T
T CLEAT AR R R BE. A IRARE R TE % A5 A T o xfk DA
ATARER, AR s Ly BER AR LD 4,7-—
5-1,10-3E 2 Wk (Lo) 15 T f4 J0) v] HUAS AR B AW 2. A i
RIEAEAZARIE N FAGETE R, T I BugNLAEZR 7).
SN JIRRS s AR5 A AR e AR I R BB, B
Ni’ %} RC(0)—OBoc % LIk, -k RCO)—Ni"—
OBoc WA, JEaad i 5 Ar—Ni"—X 5 xiAUke e 18
e FANAAY S G i BURE K AW ¥ ST NI =R Oy 1)
AR, T Ar—Ni'"—X #1bk ArC(0)—Ni"—X,
T 5 s At A Bt B A RS

R! R? o Ni(acac), (10 mol%) , R
ligand L or Ly or Lg R 0
o L L, el
Zn (300 mol%), MgCl, R3 R

(Boc),0, solvent

th Ph/%/\':h Tsm

83°/a o/.a
0% 90%"
’Bu
BzO
90%" 93% 92%°
e
TsN o NBoc
50%° 93%¢4

atert-RBr (0.3 mmol, 100 mol%), acid (170 mol%), Ni(acac), (10 mol%),
Ly (12 mol%), 'ProNEt (85 mol%), Boc,O (200 mol%), MgCl, (100 mol%),
Zn (300 mol%), DMSO/DME (V:V = 2:8). PRI (0.15 mmol, 100 mol%), acid
(150 mol%), Ni(acac), (10 mol%), Lg (12 mol%), Boc,O (200 mol%), MgCl,
(150 mol%), Zn (300 mol%), CH3CN/THF (V:V = 4:6). ® same as b except
RBr, Lg, DMF/THF (V:V = 2:3). 9 BugNI (50 mol%)

BR 17 RIS s kel i Ik
Scheme 17 Cross coupling of alkyl acids with alkyl halides

i I AR R 5 T R A 5 ) 3 A BB T DA )
FHRILTEDY. Blin, BURK R S ST IREREEAR LT,
UG E (L)« FERS IR (L) B 2-(— SR IEEIE (L) FRE
&, #RE MR EF RIS BR IR B, R A miACke e Yo g
MR GF IR AT IR IEA SR, FEZFAF R, RE 1-
S S AT AN AT DL SRR AR BRI ). 4K
TR o/ B e A AR 225 1R T B T %
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RIS, P AU AR 128 JFU R B SN R DA B 2
[EARBEAT, TR KRS T2 5 OB S 245 3 SMH lig
K17 #)(Scheme 18).

CICO,'Pr (2 equiv.)
R Ni(cod), (10 mol%) R
4& Lys (10 mol%) ,MO
' —X ' )
N { Zn (3 equiv.), TBAI (50 mol%)  *«__ 4 O'Pr
R! DMA/THF (V:V = 7:3), 25 °C R!

X = activated Br, CI

0._OPr
BOCN<>_< )\/\/k( /\/\j/\/\/\
o'Pr

75% 80% 70%
COO'Pr
!
P
<<—COO’Pr _>_COO '

75%

benzyl chloride 37% 78%

was used (R)-iodo precursor

BR 18 SRR 5 s fUkeke i AR

Scheme 18 Cross coupling of chloroformates with alkyl halides

25 C(sp’)—X 5 C(sp?—X Fxt#rBEL

IR ZAAETHD D P, RIMamss
AN S R 3 A BBk e 7 o) 2% Ve AL & 0 AR LA Pk
PE. 2015 4F, Reisman ¥ERZHPHRIE T o- FACHE 5L
FIR 5l JE AR A1) 45 TE R a- 24 3R BUR 1 /S (Scheme
19). 3L 5 3% — 2 51 0 00IE e IR (BOX) 5 ik M nae mpf
(PhOX) At £, & ¥l NiCly(dme) f 1k &, 7F B &
DMMB-PhOX (Lis)TEH T, KN AT DS AR 47 1) i 3
Sk B, 25 HIEIRF Zn A8 Mn, WCERF ee EH AT
KRR, MR o-RARHE, W5 25 2 kA7 i 25
I BREER SN, — R C)A B BRIV A3 J5 e
A LAEAT IR SR ABER SN, C(2) T8 B L Y JEE 4 s WA A
AT, AT RS CHUR I AR 24 A AT TR Lewis BME
MARIF RN W FIRY o-EAUNE, R A%
BERHIEEMR, A7 BN JE T LLEAR A7 e 5 56t
Mo, A7 BRI R CR AR B AR, 126340 5 A IE
X I o- ARG G IR AP 1 B RE TN 32 1, e Sk mide
HEA MR RREE . Bedt S SR RN AN SZ 52

2017 4E, flfiTiR A S 808 Bk RS B A A A
RANHF AR o-ft 5 U SR SR AR SR,
SR I A BUAS o bn 7= 4. 3 ok 07 0 SO0 P s i .
(BOX), KIIEIN BOX e HUAREE (1A < 5 mT LEL
PRI IR, XUk R S TIE 95% (Bq. 11). 4
K RAR AR AR IR, R At w5 M s AT %
fi%, TR R RN 3 A RS S B R R
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NiCly(dme) (10 mol%) CN

DMMB-PhOX L5 (20 mol%) H
R1

Mn (3 equiv.)
TMSCI (40 mol%)
dioxane, r.t.

CN CN eN N
N N, Ph SN ph NN
Ph/\/\(j\ Ph/\/\(j\ /\/\CI\ /\/\(\Q_@Br
— — NS ==
N" >l N~ Br N" "OMe N

82% yleld, 88% ee 68% yleld, 88% ee? 71% yield, 92% ee? 72% yleld, 87% ee

CN CN CN CN
Ph/\/m )\/\”\/ﬁij : | X cl NS

72% yield, 92% ee? 65% yield, 89% ee?

45% yield, 93% ee 78% yield, 79% ee

4NaBF, (1 equiv.) was added

BR19  o-FAE SHAIRIFAIE 5

Scheme 19 Representative scope of cross coupling of a-chloronitriles with heteroaryl iodides

CQBURIBACEIE A 55 UL L AR TS 2 AR REAR fF b
BEAT IR SN, ket LA 2 AR, W a-G-AA
)RR, FALES SRR, S A SR

| NiBry(diglyme) (10 mol%)  Arw_ R’
AFYC' 4-Heptyl-BiOX (L4g, 20 mol%) an
+
R @ Mn (3 equiv.), TMSCI (75 mol%) @

dioxane, r.t., 18 h

WL 5 BRI F AL S AR E A R M. &
(1A B — 3 e 0 7 2 o AR R 5 05 2 4 e AR 1 1
FR SR Sz B T4 3 3 3 Ji AP Bk 7 9 A1 i v X I R
AR a-77 IR EAL &Y. B, RAGERS
o-BE LR E &L, 7E NiCly(dme)fiEfL R, LA A Hidt
BUAR I mEme i/ LA, AT LB AR 47 I e 5 4055 it
3% 2 1 (Scheme 20)'¢) [ N #v N = 90 . FR(TFA) 8k =
AL GUREBE(TMSCL), BESRER MRS N7 ] DUVE 6 4 & 1
i, WCR MRS, AN Nal [ s ek, arfeg
Nal JIE 7 Mn 5 Ni Z A BT R 503 I S AR H 42
HBEBE L MR T . OSSR R, A
MIREFR L, Wy R BN RE RE S A SZ 5o m. [ e ENLEE T
IREE Gy AT AR BLEY) . o-(4- 100 58 R SRR R
A AG ] TR ). p-Je R B R S AR fi A
AIEARG R AR R AT I SR AR IEG, 1 BRI A R &
HHME CLEAT IS Z B Je R e DA T Je B, H U
SDREFN, RAVMRRKIERE] E B=Y). %8
JEAB AR R, AINEL TS 4G (CoPe)VEILMEAL T, W H T
TRARIEIE S o = SR AR TR S A N S R s D A% TG ) %
W N RERE(Eq. 12)H19,

N-F2FE AR — WLV i (NHP) B £E A Bk S S b 32
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NiCly(dme) (10 mol%) R!
bis(oxazoline) (L4g, 11 mol%) H

Ar. Cl :
ROX"Ar

\ * ,
R Mn (3 equiv.), Nal (50 mol%)
Br DMA, 0°C

R3

Oha®
MeO

R® = Et 80% yield, 97% ee
R3 = 2-hydrocyethyl 81% yield,
96% ee

HO \-

82% yield, 92% ee 56% yield, 94% ee

O

77% yield, 94% ee

Rz{j/v\@
|
=

R2 = 4-Bpin 59% vyield, 94% ee
R2=4-OH 86% vyield, 93% ee

B 20 oI R 5 R IR SR IE SR AR IR
Scheme 20 Cross coupling of vinyl bromides with benzyl chlo-
rides

NiClysLyg (10 mol%) SiRs

R
Cl SiR CoPc (5 mol% :
S\ ' \( 3 .( b) Ny (12)
Ar Mn (3 equiv.), NMP, 5°C
Br > 90% ee

FVE sp® BcdR, I NHP f5 A7 DA & S0 4738 S Bk
S UL R TE S A A DL A BN RRE B LT
tln o-FEIEER, WA, LT B
N, 75K NHP B8 AT DA RIS R o- 48 205
AL EYI(Eq. 13). NHP fig 5 546809 HIE sp’ B 1)
XA A EANTE, HE— B KA R IE A8
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R A 7 FH Vi
NiBry+L4g (10 mol%)
o} TDAD (1.5 equiv.) R!
2 Nal (0.5 equiv.) H
%\ * PHNJ\/R : RTN"R2 (13)
B R TMSBr (1 equiv.), DMA
K

-7°C,16h >90% ee

Ni SEEMEA S PR A R IE W AN TR RS
ok o7 110348 AR R (B 141, it e b 32 4 ek 1 [ 4
HORHE, DA HREEY 2,6- VA e B AR, SRR
AR WAL FEE, T BRI N2 Ly, AT DA SR
52 o,0- —HURHIEE, XFBUEFENE SR ATE 94%. B4
PR IRR P b 0 BOAQ 2, WS RIS I 36 12t 2 KO
ix.

NiCly(dme) (10 mol%)

O 1
R (R/R)-diphenyl-BOX L7 (20 mol%) O, R

+ (14)
R™ "CL7CI™Ar Mn (3 equiv.), DMBA (75 mol%) R “Ar

3AMS, 20 °C

3 &g

BUEAL TS, 25 sl Ak R AR I S N 458 T —
FERIRIE, JHI C(sp®)—C(sp’)Fll C(sp”)—C(sp’) HtH
T AR EENFRL ST, B AR, N
A, BEI NS B A, AT AR G C(sp®)—
X K C(sp*)—OTf EFMEH AL IR, AR R s ke
HREME sp’ IR S 510 EAREE. Wik 51 ANRERRIR A ELAA,
WREMEAL C(sph)—X 5 C(sp®)—X mrhf e £tk sy 8
C(sp®)—C(sp”) . JL4% 3% fL 1) 0 0 B BBk L 4 B A5
TKEMERE, (BP0 E A7 — PR,
T R ARGEE A SR AR B S5 I P B R . ROSE PRI B B %
PR INFR VE A frdt— DR, 7EARk, in] DL
— DR FR 55 10 25 FE R R D e AN S S5 A 5 i A B e B
IR FE. BrhBi R IR Rk R & 8 18 R 2
— AN AR R (1) B AT,
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