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Scheme 1 Synthesis and application of tetrapodal phosphine ligands
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Table 1 Effect of bases on Heck reaction of 4-nitrochlorobenzene with styrene

[Pd(C,H,) Cl],/L4

Cl1 i
Jo e
O,N Base, DMA, 120 °C, 20 h

/(j/\/l’h
O,N

2

Entry Base S/C Yield /%
1 NaOAc 1000 0
2 NaHCO, 1000 5
3 Na, CO, 1000 49
4 K,CO, 1000 6
5 K,PO, 1000 0
6 NaOH 1000 0
7 KOH 1000 0
8 NaO:-Bu 1000 24
9 Et,N 1000 18
10 DIPEA 1000 23
11 pyridine 1000 0

a. Reaction conditions; 4-nitrochlorobenzene (0.5 mmol) , styrene (1 mmol) ,

[Pd(C,H,)Cl],/L4 = 1: 2, base (1 mmol),

DMA (3 mL), 120 °C, under argon, E-isomer was obtained selectively in all cases (>95%), GC yields.

DR 2 A r =) A e W O R VA %1 i T
HHL FIIERLLF 2. éﬁﬁ{#ﬁﬁﬁm@% 1,4-

EONER, AR E R, B SE K Rz R A & 30
h, WA TCEEIE T (3£ 2, entries 1- -4); T FH =k
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Table 2 Effect of solvents and additives on the Heck reaction
/©/c1 . [Pd(C,H,)Cl],/L4 /@/\/Ph
O,N Na, COs, Solvent O.N
Entry Solvent TBAB /mmol Temperature /°C Time /h Yield /%
1 ethanol 0 70 30 0
2 i-propanol 0 70 30 0
3 1,4-dioxane 0 90 30 0
4 toluene 0 90 30 0
5 DMA 0 120 20 49
6 toluene 0.25 90 30 11
7 1,4-dioxane 0.25 90 30 39
8 DMA 0.25 120 20 81
9 DMF 0.25 120 20 85
10 DMF : DMA = 2:1 0.25 120 20 72
11 DMF : DMA =1:2 0.25 120 20 89
12 DMF : DMA = 1:1 0.25 120 20 92
13 DMF : DMA = 1:1 0.25 120 6 56
14 DMF : DMA = 1:1 0.5 120 6 77
15 DMF : DMA = 1:1 0.75 120 6 67
16 DMF : DMA = 1:1 1 120 6 46

a. Reaction conditions; 4-nitrochlorobenzene (0.5 mmol) ,

styrene (1 mmol), [Pd(C,H;)Cl],/L4 = 1:2, S/C =1000, Na,

CO,('1 mmol) , solvent (3 mL), under argon, E-isomer was obtained selectively in all cases (>95%), GC yields.
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Table 3 Heck reactions of styrene withpara-substituted aryl halides
X L4
X [Pd(C;Hs) Cl]./ X _Ph
i, t X /\P ) . _I/ﬁ/\/
= [
Y Base, TBAB N 7
X = Br, Cl DMF : DMA=1:1, 120°C
Y=C,N
Entry Aryl halides Base S/C Time /h Yield /%"
1 ©/Br K,PO, 1000 6 82 (75)
NaOAc 10000 24 67
5 /©/Br K,PO, 1000 3 94 (82)
F,C NaOAc 10000 20 88
3 /@/Br NaHCO, 1000 20 100 (89)
O,N NaOAc 10000 24 82
A /@/Br K,PO, 1000 3 100 (91)
NC NaOAc 10000 20 99
s O/‘” K, PO, 1000 3 100 (86)
MeOC Na, CO, 10000 20 90
; OBF K, PO, 1000 3 100 (66)
OHC NaOAc 10000 20 87
, /©/Br K,PO, 1000 6 88 (78)
Me Na,CO, 10000 24 65
. OBr K, PO, 1000 6 84 (81)
MeO Na, CO, 10000 24 61
Cl
9 O/ Na,CO, 1000 20 92 (84)

O;N

a. Reaction conditions; aryl halides (0.5 mmol) , styrene (1 mmol), [ Pd(C;H;)Cl],/L4 = 1: 2, base (1 mmol), TBAB (0.
5 mmol) , DMF : DMA = 1: 1 (3 mL), under argon, 120 °C, E-isomer was obtained selectively in all cases (>95%) ; b.

GC yields. Isolated yields were shown in parentheses.

AL R 2 0.005% (BE/R A 40 1) IF, 3K
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AR e e A 12

4kt , #E—H 5 TR R 25 [ 457 B X
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AR P EBEPEAINT 22 (3R 4, entries 1-2) 5

AR AW L BT, SEA S B[R] 4 e 1 2
AR (R 4, entry 3). 2428 & it 15
W1-OMe I, d1 3 8] o7 B I B 20 0 e 58, i A
HRNE I X BRI (3R 3, entry 8 os
F4, entry 4). JLHAAHF —FRAZ, MK R X
TR -V ML e AT 3-TRMEMR L R I TR
AT, SN RELL 68% A1 84% I 43 BS WL A5 5]
FHIL ARSI =) (2 4, entries 6-7) , XU HUIED]
AR RN B RE A AR A 1Y 25 2L 1.
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Table 4 Heck reactions of styrene with ortho- or meta- aryl halides
Entry Aryl halides Base S/C Time /h Yield /%"
1 MeOC Br K, PO, 1000 3 95 (59)
:: NaOAc 10000 20 88
5 OHC\©/Br K,PO, 1000 3 90 (62)
NaOAc 10000 20 89
CHO
3 @ K,PO, 1000 6 86
Br
A MCO\OBF K;PO, 1000 6 90 (85)
Na,CO, 10000 24 85
Br
5 Me Me K,PO, 1000 20 95 (89)
- Br
6 | K, PO, 1000 24 90 (68)
N
SN Br
7 _ K,CO, 1000 6 100 (84)
N

a. Reaction conditions: aryl halides (0.5 mmol) , styrene (1 mmol), [Pd(C;H;)Cl],/L4 = 1: 2, base (1 mmol), TBAB (0.5
mmol) , DMF : DMA = 1: 1 (3 mL), under argon, 120 °C, E-isomer was obtained selectively in all cases (>95%); b. GC

yields. Isolated yields were shown in parentheses.
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Palladium-Tetraphosphine Catalyzed Heck Coupling Reaction

HUANG Jin, WANG Wei "~
( Chemical Synthesis and Pollution Control Key Laboratory of Sichuan Province,
Province Institute of Applied Chemistry, College of Chemistry and Chemical Engineering ,
China West Normal University, Nanchong 637002, China)

Abstract; The catalytic performance of tetraphosphine based on binaphthyldiamine as backbone, N,N,N',N'-tet-
ra-[ ( diphenylphosphino ) methyl ]-1,1’-binaphthalene-2,2’-diamine, combined with palladium for the Heck reac-
tions of styrene and aryl halides was investigated. This system could catalyze a variety of aryl halide substrates with
a wide range of functional groups as well as heteroaryl halides. The yield of 99% was obtained with activated 4-bro-
mobenzonitrile even the molar ratio of substrate to catalyst up to 10 000.

Key words: Heck reaction; palladium; tetraphosphine ligand



