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Introduction

Cl NiCl,(dppe)
Et—MgBr > ©/\
Et,O

reflux, 20 h

Tamao, K.; Sumitani, K.; Kumada, M. J. Am. Chem. Soc. 1972, 94, 4374
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BERN

Catalist
R'-X R-M > R'—R

 Kumada reaction (1972)%:
M = MgX and Pd or Ni catalysis

* Sonogashira reaction (1973):

M = [Cu] and R = alkynyl, Pd catalysis, base
* Negeshireaction (1977):

M = ZnX, Pd catalysis
» Stille reaction(1977):

M = SnX,, Pd catalysis

e Suzukireaction (1979):
M = BY,, Pd catalysis, base



Introduction p—

* Cross-coupling : Nobel Price 2010
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Introduction
R1 /\/ x
Reductive Oxidative
elimination addition
v X2
B-Hydride
w \elimination
XM'Y RZM'Y,,, RN + HXMM2)

Transmetalation

Rudolph, A.; Lautens, M. Angew. Chem. Int. Ed. 2009, 48, 2656
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Suzuki Cross-Coupling
Br
o Ph
©: BH Pd(PPhg), (1 mol%)
0O n-Bu NaOEt
n-Bu—— - = > MBu A,
. Benzene
70°C el efiux, 2 h 80%

Miyaura, N.; Yamada, K.; Suzuki, A. Tetrahedron Lett. 1972, 36, 3437

Pd(OAc), (4 mol%)
PCy; (8 mol%)

9-BBN K3PO4°H50 (1.2 equiv.) n-Dodec
n-Dodec—Br >

r.t, 24h

Lou, S.; Fu, G. C. Org. Syn. 2010, 87, 299
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Suzuki Cross-Coupling

6% NiBrydyglyme 3
Cl 8% 1 R j\ Ph Ph

- “SR3 > \
FUJ\R2 9-BBN _ R KOt-Bu (1.2 equiv) R1” R2 MeHN NHMe
1.8 equiv. -BUOH (2.0 equiv) 1
4 A molec. sieves
i‘Przo

(j/\/\ Ph O/\/\ Ph Q/\/\ Ph

80% CbzN 70% o 71%

Q/\/\ OTIPS /\j/\/\/\ Ph CO,Me
64% Ph 74%

81%
O O

o

Lu, Z.; Fu, G. C. Angew. Chem. Int. Ed. 2010, 49, 6676
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Suzuki Cross-Coupling

10% NiBry+dyglyme 3
. e L [Q O
_N > I
Bn \H/O\)\Rz RJ\/O\H/

racemic

(" N\

9-BBN~ “R3

_ KOt-Bu (1.4 equiv) N\Bn 4
2.0 equiv. n-Hexanol (1.8 equiv) o) MeHN "NHMe
4 A molec. sieves 1
i-Pr,0 ‘ ’
0 O
B Bn. J\
n. II\IJ\O/Y\/\Q ll\l O
Ph . Ph 54%
80% 98% ee
94% ee
Bn J(J)\ O/\\O
\ll\l O/\K\/\X
Ph 66%
96% ee

Owston, N. A.; Fu, G. C. J. Am. Chem. Soc. 2010, 132, 11908.
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Suzuki Cross-Coupling

10% NiBry*dyglyme 5
$: = |G O
N - I
_N 9-BBN” “R3 jv
Ar J\RZ 1.8 equi KOt-Bu (1.2 equiv) R Noar
i -© equiv. i-BUOH (2.0 equiv) >
racemic L
4 A molec. sieves MeHN 1 NHMe
i-Pr,0O L )

OMe

Ph\NW Ph\N
| A

84%
° 82%
88 /O ee 720/0 ee

OMe ™\
T2 Qrpo,
92%

Lu, Z.; Wilsily, A.; Fu, G. C. J. Am. Chem. Soc. 2011, 133, 8154.
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Suzuki Cross-Coupling

n
\/ \( M—R'
transmetalation

(turnover-limiting step?)

/
L,Ni"—R L,Ni'—R’
\
X

R1
/
LﬂNi"\
R X R—X

Lu, Z.; Wilsily, A.; Fu, G. C. J. Am. Chem. Soc. 2011, 133, 8154.
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Suzuki Cross-Coupling

7N\
N N =L1 R''R?=alkyl X=Cl, Br, |

R'-R? N N R?-9-BBN

AR VAR NVaRY

. N )
R1 NI X .' ; R2 Nu X R"+ | N| R 4 Nn

‘ X

\ N N / x\ N N / \\ N N /
E R%9-BBN X~ N' 5 R%-9-8BN _ N

R X : :
Catalytic cycle A Catalytic cycle B Catalytic cycle C
Ni'-Ni""' transmetallation first Ni'-Ni" oxidative addition first Ni%=Ni"

Li, Z.; Jiang, Y.-Y.; Fu, Y. Chem. Eur. J. 2012, 18, 4345
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Negeshi Cross-Coupling

10 mol% NiCl,-diglyme
13 mol % Ligand
NC._R! 20 mol% TMEDA NC. _R! o) o)
hd R-ZnR - b / \j
Br THF R N  N—
-78°C i-Pr “i-Pr
i C
N
NC\(O N \ @) M/
bh NG / Ph
0 94%
92750/ e Ph 95% 78% ee
85% ee

NC NC NC NC .

g g
NNE
OMe
99% 81% 59% 92%
93% 0ee 94% ee 86% ee 92% ee OMe

Choi, J.; Fu, G. C. J. Am. Chem. Soc. 2012, 134, 9102.
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Negeshi Cross-Coupling

MeO

™
\/Fﬂ 10 mol% NiCl,(PCys)s
13 mol % Ligand

O. ; 0
O 20 mol% TMEDA
O'\%\\l/ Ar=2nl - N\Uw e
/@:O 1.5 equiv. DME{B I-])FC(1 1) /ir @
OMe L )

TMS

3 Ty

o—/
93% ee 81% 65%
86% ee 84% ee

Oelke, A. J.; Sun, J.; Fu, G. C. J. Am. Chem. Soc. 2012, 134, 2966.



Negeshi Cross-Coupling
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UNIVERSITAT

10 mol% NiCly(PCys)
T™S \PLYs)e 1y o)
\R1 Ph—27nl 13 mol % Ligand _ \/Fﬂ /N ,\\IJ
1.5 equiv. DME/THF (1:1) :
LG 10 °C Ph
TMS
TMS TMS N S
\/H'BU \‘/n'BU \/H'BU
Br Cl OYO
OMe
sgg% 8% 9%
o ee 90% ee 60% ee
TMS S TMS S TMS S T™MS
\(n-Bu \(n-Bu \/n-Bu \/n-Bu
0.0 0.__0O 0.0 ')
oNle”
Cr Ion X C
MeO MeO OMe MeO OMe
33% 53% 56% 83%
85% ee 88% ee 89% ee 90% ee

Oelke, A. J.; Sun, J.; Fu, G. C. J. Am. Chem. Soc. 2012, 134, 2966.
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Negeshi Cross-Coupling

10 mol% NiBr2-glyme [
13 mol % Ligand |
Br ) Csl (1.2 equiv) )n = @)
PN " g - § \j
Ar” "R DCM/dioxane p N
Znl -30 °C Ar/\R B
-Bu)
F
Ms
I
91% 48% 74%
96% ee 87% ee 91% ee
MeO
O
540/0 520/0
95% ee 84% ee

Binder, J. T.; Cordier, C. J.; Fu, G. C. J. Am. Chem. Soc. 2012, 134, 17003.
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Negeshi Cross-Coupling

L*Ni'—X
R—R' IZn—R
reductive transmetalation

elimination
/R Me
NESH e G LN—
Br A Me B Me
oxidative additio\n< R.= ITPr or n-Pr
R'-Br L* =ligand 1

Binder, J. T.; Cordier, C. J.; Fu, G. C. J. Am. Chem. Soc. 2012, 134, 17003.
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Kumada-Corriu-Tamao Cross-Coupling i

NMe,
1 ) Nlckamine (9 mol%) R2
R1-X R=-MgCl > 1 ~Ni-
-20 °C, 30 min
NMe,
- m O/\/\
X= BI‘ 87% X =1, 78% X=1,76% X=1,0%

X =Cl, 4%

Vechorkin, O.; Csok, Z.; Scopelliti, R.; Hu, X. Chem. Eur. J. 2009, 15, 3889.
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Kumada-Corriu-Tamao Cross-Coupling i

Nlckamine (3 mol%) NMe2
TMEDA (34 mol%) Ar
R1-X Ar—MgQI THE > R1 N- N| Cl
(1.2 equiv.) rt, 1h
NMe2
NC Et,N Cl O
0 - [
= % X=1,84% = Y% =
X =1, 80% X = Br, 76% X =1, 0%
O
HO //\/© /U\/\/©
7Y N EtO
X = Br, 76% %
(2.4 equiv of PhMgCl) X=1,62% X=1,75%
(60 mol% of O-TMEDA) (60 mol% of O-TMEDA)

Vechorkin, O.; Proust, V.; Hu, X. J. Am. Chem. Soc. 2009, 131, 9756.
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Kumada-Corriu-Tamao Cross-Coupling i

Nickamine (5 mol%) II\IM92

3 equiv. O-TMEDA R2 _
R-X  BrMg———R? > = N-Ni-ClI

THF R |
rt., 6 h NM92

= -Bu o ———TMS
Et,N ﬂ
© X =1, 69 O x=Br,78%

~ =D

X =Br, 83%

Vechorkin, O.;Godinat, A..; Scopelliti, R., Hu, X. Angew. Chem. Int. Ed. 2011, 50, 11777.
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Kumada-Corriu-Tamao Cross-Coupling i

[(MeN,N)Ni(alkyl)(alkynyl),]

alkyl—X
alkynyl— Nig/x/ o \/

[(MeN,N)Ni(alkyl)(alkynyl)(X)] [(M®N,N)Ni(alkynyl),]
8 \ 9
alkyl—alkynyl
— alkyl—X
\ + alkynyl—MgX /
+alkyl—X — alkynyl—MgX
potential - potential
pathway 1 [("*NoN)Ni—alkynyl] pathway 2
7
| alkynyl—MgX

[(MeN,N)Ni—CI]
1

Vechorkin, O.;Godinat, A..; Scopelliti, R., Hu, X. Angew. Chem. Int. Ed. 2011, 50, 11777.
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Sonogashira Cross-Coupling

,Pd(PP
IO_ Br + HC=C—R? —2olPhCul - Ny c=cg?
R —

1.5eq ENinTHE, R'A=
1 25 °C, 1~16 h, Y:87-99% 13

R!=4-CHO, 4-COMe, 2-CO,Me
R* = Me;Si, "Bu, Ph

Sonogashira, K. J. Organomet. Chem. 2002, 653, 46



Sonogashira Cross-Coupling

Ph4P
3 >Pd" - 4
~
P‘l;P Cl R'C- CU
C=CR HX-amine
Cycle B

CuX

i
R'C=CH

Pl o 'u/C-CR' i
Pd
- C=CR'
S 6

R'C=CCw»CR'

(Pd”) =Pd’(PPh;), or [Pd"(PPh;), XT

RC=CR' ;. oxidative addition, 11: transmetalation,

i, reductive elimination

Sonogashira, K. J. Organomet. Chem. 2002, 653, 46
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Sonogashira Cross-Coupling

Nlckamine (5 mol%) NMe2
Cul (3 mol%) R2

R1-X H———R? > yZ N- N| Cl
Cs,CO3 R1/
dioxane NM
100 °C, 16 h | ez)
n-octyl n-CgHy3 4<—/1
— Cl
X=1,83%
X =1,84%
0
Eto@%”'cesms <: > \ n-CgHy3
O O e n'C6H13
X = Br, 73%
i ; X = Br, 69%
with Nal (20 mol% X = Br, 76% B _ : .
( ) with Nal (20 mol%) " with Nal (20 mol%)

Vechorkin, O.; Barmaz, D.; Proust, V.; Hu, X. J. Am. Chem. Soc. 2009, 131, 12078
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Sonogashira Cross-Coupling

Nickamine (5 mol%)
Cul (3 mol%) NMe:
TBAI (24mol%) R2
RI-CI H—R2 - = N-Ni-Cl
082003 (1 4 equiv.) R1
dioxane NMe,
140 °C, 16 h ]

n-octyl—=——n-CgH43 EtO \< — ™S
O

89% 62%

C
0%6\14% n-C6H13

73%

Vechorkin, O.; Barmaz, D.; Proust, V.; Hu, X. J. Am. Chem. Soc. 2009, 131, 12078
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Heck-Type Cross-Coupling

Ni(PPhg)4 (x mol%)

R dppp (y mol%)
R v KoPO, (2 equiv.)
Ar/& Br)\[( toluene
O T, 16h
/@/\)\”/OET /@/\)\"/OEt
O
MeO © F
77% 49%
with: Ni(PPh3), (5 mol%) with: Ni(PPhs) 4 (5 mol%)
dppb (6 mol%) dppb (6 mol%)
60 °C 60 °C

/
ZT

FCL

89%

\

with: Ni(PPh3)4 (10 mol%)
dppb (12 mol%)
100 °C

Liu, C.; Tang,S.; Yuan, J.; Zheng, L.; Meng. L.; Lei,A. Angew. Chem. Int. Ed. 2012, 51, 3638.
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Heck-Type Cross-Coupling

—

Y

A/ A

Liu, C.; Tang,S.; Yuan, J.; Zheng, L.; Meng. L.; Lei,A. Angew. Chem. Int. Ed. 2012, 51, 3638.



Cross-Coupling of
Aryl-Halide with Alkyl-Halide

NiIQ'XHQO (11 mOIO/o)
4,4'-di-t-butyl-2,2'-bipyridine (5 mol%)
0-(PhsP),CgH,4 (5 mol%)

MnO (2 equiv.)

X1 X2 - _R
Ar” R = Ar
DMPU
60 °C, 36 h
0 J CgH47
Orom ToCrene (LT
e} N
Aé
X1= Br, X2 =| 1= 2 _
82% X'= 5203( =! X1=Br, X2 = |
° 77%
_Boc OEt
o _
X1=|,X2=BI’ X1=|, X2 = Br X1=I,X2=Br
850/0 770/0 (T - 80 OC) 770/0

(T =80°C, t =236 h)
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Everson, D. A.; Shrestha, R.; Weix, D. J. J. Am. Chem. Soc. 2010, 132, 920
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Cross-Coupling of
Alkyl-Halides with Allylic Acetates ™

NiCly(dme) (5 mol%)
L (5 mol%)
Mn0 (2 equiv.)
AT Nopc gAY _
THF/DMA (3:1)
40 °C, 18 h

A CsHy4 S CeHy,

90% 79%

WCSHH X CSH11
MeO™ > 79% MeO 66%

Anka-Lufford, L. L..; Prinsell, M. R.; Weix, D. J. J. Org. Chem.. 2012, 77, 9989



Cross-Coupling of |
Alkyl-Halides with Allylic Acetates ™

X~ AcO™ (L1)NP

/ N
2e—

Anka-Lufford, L. L..; Prinsell, M. R.; Weix, D. J. J. Org. Chem.. 2012, 77, 9989



Conclusion p—

-
* Cross-Coupling Cg 3-Cq 5!
— Pd : f-H elimination
— Ni : more or less easy

e 2 distinctives methods :
— Pd : retention of configuration
— Ni : non retention



