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Nickel-Catalyzed Suzuki Coupling Reactions of Aryl Chlorides with
Arylboronic Acids

Hirokazu YANO

We have developed a technique for Suzuki coupling reactions of aryl chlorides with arylboronic acids using
Nickel-catalysts. Screening of the catalyst candidates showed that a ternary catalyst NiCl,-TMEDA-PPh, was
efficient in the reactions. The best result was achieved when the reaction was carried out in dioxane at reflux

temperature in the presence of NiCl,(TMEDA)-PPh, and K,CO,. This Ni-catalyst gave asymmetric biaryls from

both aryl chlorides and arylboronic acids in good to excellent yields, regardless of their substituents being

electron-withdrawing or electron-donating. The catalyst, which in inexpensive and easy to handle, can be used for

aryl chlorides that would require costly and atypical ligands for Palladium catalysts, which in turn is

advantageous because its metallic residue from the reaction products is easy to eliminate.
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for the Suzuki Coupling of Aryl Chlorides
and Arylboronic acids
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Table 1 NiCl,-TMEDA-PPh; Catalyst for the Suzuki Coupling
of 1a and 2a

Entry NiX, Ligand-1 Ligand-2  Yield [%]?®
1 NiCl, TMEDA none 2
2 NiCl, TMEDA PPh; 77
3 NiCl, none PPh3 0
4 Ni(cod),® TMEDA none 7
5 Ni(cod),® TMEDA PPhs 87
6 Ni(cod),® none PPhs 18
7 NiCly(PPhz), TMEDA none 52
8  NiCly(PPhs), TMEDA PPh; 69
9 NiCly(PPhz), none PPhs 0

#Reaction conditions : 1a (3 mmol), 2a (3.6 mmol), 2.5 mol% NiX,,
7.5 mol% TMEDA, 7.5mol% PPh;, K,CO; (9 mmol),
dry THF(10 mL), reflux, 12hr

°The yield of 3a based on 1a was determined by GC analysis
using n-Dodecane as an internal standard.

°Ni(cod), : Bis(1,5-cyclooctadienyl)nickel
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Table 2 Optimization of Bidentate Amine Ligand
on the Suzuki Coupling of 1a and 2a
Catalyzed by NiCl,-Amine-PPh3

Entry Amine Additive Yield [%]? P
! MeoN"NMe, PPhs 0
2 none 0
3 /\ PPhs 88
4 Me,N NMe, none 6
5 PPh, 0

Et,N  NE,
6 2 2 none 0
7 PPh; 0
8 Pho,N  NPhy none 0
9 PPh; 77
10 MeZN/\/\NM62 none 0
11 NMe PPh3 0
ANNE2
12 Me,N none 0

@Reaction conditions : 1a (3 mmol), 2a (3.6 mmol),
5 mol% NiCl,, 5 mol% Amine, 15 mol% PPhj,
K,CO;3 (9 mmol), dry THF (10 mL), reflux, 12hr

®The yield of 3a based on 1a was determined by GC analysis
using n-Dodecane as an internal standard.
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Table 3 Effect of Phosphine Additives on the Suzuki Coupling
of 1a and 2a Catalyzed by NiCl,(tmeda)-Phosphine

Entry Phosphine? [mol%] Phosphine / Ni Yield [%]® °

1 PPh, 0 0 4
2 PPh, 2.5 0.5 36
3 PPh, 5 1 56
4 PPh, 10 2 77
5 PPh, 15 3 85
6 PPh, 20 4 77
7 P(t-Bu)s 15 1 0
8 PCys 15 1 38
9 P(o-Tol)y 15 1 2
10 DPPE 15 1 0
11 DPPP 15 1 0
12 DPPF 15 1 56

@ DPPE : 1,2-Bis(diphenylphosphino)ethane,
DPPP : 1,2-Bis(diphenylphosphino)propane,
DPPF : 1,2-Bis(diphenylphosphino)ferrocene
°Reaction conditions : 1a (3 mmol), 2a (3.6 mmol),
5 mol% NiCl,(tmeda), Phosphine, K,CO; (9 mmol),
dry THF (10 mL), reflux, 12hr
°The yield of 3a based on 1a was determined by GC analysis using
n-Dodecane as an internal standard.
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Table 4 Effect of Solvent on the Suzuki Coupling
of 1a and 2a Catalyzed by NiCl,(tmeda)-PPh3

Entry Solvent®  Temp.[’C]  Yield [%]>°
1 THF reflux 85
2 Dioxane 80 65
3 Dioxane reflux 93
4 CPME 80 80
5 Toluene 80 69
6 DME 80 0
7 DMF 80 0
8 NMP 80 0
9 1-BuOH 80 0

2 CPME : Cyclopentylmethylether,
DME : 1,2-Dimethoxyethane,
DMF : N, N-Dimethylformamide,
NMP : N-Methylpyrrolidone

b Reaction conditions : 1a (3 mmol), 2a (3.6 mmol),
5 mol% NiCl,(tmeda), 15 mol% PPh3, K,CO; (9 mmol),
Solvent (10 mL), 12hr

°The yield of 3a based on 1a was determined by GC analysis
using n-Dodecane as an internal standard.
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Table 5 Effect of Base on the Suzuki Coupling
of 1a and 2a Catalyzed by NiCl,(tmeda)-PPh3

Entry Base Yield [%]?:®

1 NaHCO, 10
2 Na,CO;, 22
3 K,CO3 85
4 KsPOy4 81
5 Cs,CO4 0
6 NaOH 18
7 NaOBu-t

@ Reaction conditions : 1a (3 mmol), 2a (3.6 mmol),
5 mol% NiCl,(tmeda), 15 mol% PPh;, Base (9 mmol),
dry THF (10 mL), reflux, 12hr

°The yield of 3a based on 1a was determined by GC analysis
using n-Dodecane as an internal standard.
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Table 6 Optimization of the NiCl,(tmeda)-PPh; Catalytic System
for the Suzuki Coupling of 1a and 2a

NiCl,(tmeda)
ry —————— Solvent [mL /3 mmol-1a] Base Yield [%]*°

[mol%]
1 5 THF 10 K,CO4 85
2 25 THF 10 KoCO3 81
3 1 THF 10 KoCO3 60
4 0.5 THF 10 KoCO3 6
5 1 Dioxane 10 K,CO3 93
6 1 Dioxane 5 K,CO3 95
7 1 Dioxane 5 K3POy4 88
8 0.5 Dioxane 5 KoCO3 72

@ Reaction conditions : 1a (3 mmol), 2a (3.6 mmol), NiCl,(tmeda) /PPh;=1/3,
K,CO; (9 mmol), Solvent (dry), reflux, 12hr

°The yield of 3a based on 1a was determined by GC analysis using n-Dodecane
as an internal standard.

Table 7 Nickel-Catalyzed Suzuki Coupling of 1a and 2a FT7) AR VO MIIZT bR Y HILR
- AN N S M4 N
Entry Ni-Cat. [mol%] Solvent  Yield [%]?° .—}I/%%‘:ﬁ? BHBICBRUBIRE L A ST L 525
-, ZOWA . VARREEICIA . 7 Lkiz
1 NCL(PPhy),/PPh,  5/15  THF 0 . ?%“ LI ‘m? b7 Xi)m‘
3 NiCl(dppp)/PPhy  5/15 THF 68 12K BB &2 CREL S I, ETTRIIEE A &
4 NiCly(dppe)/PPh;  5/15 THF 65 KolzlzbeEIo6hN3% (Entry15),
5 NiCly(dppe) / PPh3 1/3 Dioxane 91
6 NiCly(tmeda) / PPhg 5/15 THF 85
7 NiCly(tmeda) / PPh; 1/3 Dioxane 95 Table 8 NiCl,(tmeda)-PPhs-Catalyzed Suzuki Coupling of

= Reaction conditions : 1a (3 mmol), 2a (3.6 mmol), NiClsL,/PPh,=1/3, Aryl Chiorides 1 with Arylboronic Acids 2

K,COj; (9 mmol), dry THF(10 mL) or Dioxane (5 mL), reflux, 12hr

bThle yield of 3a based on l1a was determined by GC analysis R! R2 1 mol% NiCl,(tmeda) R R2
using n-Dodecane as an internal standard. - 3 mol% PPhs -
\ /¢! *+ (HO:B @ 3equiv. K,CO5 \_7
[ ] %E = §"' Dioxane
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L e " - @Reaction conditions : 1 (3 mmol), 2 (3.6 mmol), 1 mol% NiCl,(tmeda),

AR KD B VARBEHOEE LM ZIEHLEELD 3 mol% PPh, , K,CO, (9 mmol), dry Dioxane (5 mL), reflux, 12hr
;h % °The yield of 3 based on 1 was determined by GC analysis

using n-Dodecane or Cyclododecane as an internal standard.
¢ 5 mol% NiCl,(tmeda), 15 mol% PPh;, K;PO, (9 mmol)
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