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Bruker AVATAR360 80°C 3h
Nicolet AA-6601F
3 x 10 mL 80°C
12 h
PVC-DETA 1.12 g.
PVC-DETA N 11.59% .
4- 98 % PVC-DETA 1.0 ¢ 0.1¢ 30 mL
2 4- 4- 9% 4- 60°C 72 h.
100°C 6 h
N- 2 NMP g
TBAB PVC-DETA-Pd 1.04 ¢.
1.2 PVC-DETA-Pd Pd 2.64% .
1.0 ¢ 10 mL 1
~CH;—CH—CH,—CH—~ e CHy—CH—CH,— CH~—
k ! %k k
~ cHcn~ DR, \H T|\1H2 _PdCl, N 111H2
Acetone |
Cl NCHz—CH—CHZ—(leN ~—CH,—CH—CH,—CH-—~—
iy N
R Pd R
T|\1H2 a’ \T|\1H2
R =(CH,),—NH—(CH,),
' Scheme 1 Synthetic route of PVC-DETA-Pd
1.3 Heck 1:1.44. 1
PVC-DETA-Pd  N,,
50 mL PVC-DETA-Pd 399.3 400.6 PVC-DETA
0.02 g 1.5 mmol 2.25 mmol N N
3.0 mmol 0.8¢ N Pd
01l
30 mL Table 1 Binding energy of Pd PdCl, PVC-DETA and PVC-DETA-Pd
3 mol/L v
Binding energy Binding energy
IR 'H-NMR Samle of N, of Pl
Pd 335.4
2 PdCL, 338.3
PVC-DETA 398.6  400.1
2.1 PVC-DETA-Pd PVC-DETA-Pd  399.3  400.6 335.4 3375
2.1.1 PVC-DETA-Pd  XPS X * Al relative to C, =284.8 eV
- 2.1.2 PVC-DETA-Pd Heck
1
Pd PdCl, PVC-DETA PVC-DETA-Pd X )
-PVC-DETA-Pd Pdss5 1 PVC-DETA-Pd TG
335.4 337.5 DTA PVC-
XPS DETA-Pd 250C
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11 PVC-DETA-Pd
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' 1 TG and DTA curves of PVC-DETA-Pd at heating rate of 10
K/min
2.2 PVC-DETA-Pd
Heck
100°C
PVC-DETA-Pd
2. TBAB
90°C
100°C 89% . PVC-
DETA-Pd 110°C 120°C
>99% .
130°C
Heck 130 ~
150°C ? 170°C *
Jeffery * Cals
TBAB Heck
TBAB
TBAB
PVC-
DETA-Pd DMF NMP
PVC-DETA-Pd
TBAB
TBAB .
2.3 PVC-DETA-Pd
Heck
Heck

Table 2 Effect of reaction temperature on catalytic activity of PVC-
DETA-Pd

Temperature C 90 100 110 120 130
Yield % 48 89 99 99 93

Reactions were carried out with 0.02 g of PVC-DETA-Pd 1.5 mmol of
bromobenzene 2.25 mmol of styrene 3.0 mmol of tributylamine 0.8 g of
TBAB in nitrogen atmosphere for 8 h Isolated yield was based on the

bromobenzene .

PVC-DETA-Pd
3. Na, CO;
NaAc 37 %
54%
99%
Heck .
PVC-DETA-Pd
12%

Table 3  Effect of tie-acid agent on catalytic activity of PVC-DETA-Pd

EuN BusN  Na,CO;  NaAc —
Yield % 81 99 37 54 12

Tie-acid agent

Reactions were carried out with 0.02 g of PVC-DETA-Pd 1.5 mmol of
bromobenzene 2.25 mmol of styrene 3.0 mmol of tie-acid agent 0.8 g of
TBAB in nitrogen atmosphere at 110°C for 8 h Isolated yield was based

on the bromobenzene .

2.4 PVC-DETA-Pd
Heck
2:11.5:1 1:1 1:1.5
1:2 1 1.5 mmol 110°C
TBAB PVC-DETA-Pd
1 2-
4

Table 4  Effect of material ratio on catalytic activity of PVC-DETA-Pd

Ratio 2:1 1.5:1 1:1 1:1.5 1:2
Yield % 97 99 98 9 9

Reactions were carried out with 0.02 g of PVC-DETA-Pd 3.0 mmol of
tributylamine 0.8 g of TBAB in nitrogen atmosphere at 110°C for 8 h

Material ratio is the molar ratio of bromobenzene to styrene.
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Table 5 Heck reactions of aryl bromides or chlorides catalyzed by PVC-DETA-Pd
Entry Aryl halide Alkene Product Yield(%)
S Y -
Ph
2 oN— Vb __Ph on— Y 98
3 H3C@Br —Ph mc@f Fh 86
NO, NO,
4 OZN@BI __Ph ON Ofph 83
HO,C HO,C b
P
5 OBt — Ph @f 89
/—Ph
6 B @—B __Ph f©f 5
T T 1 Ph—7 7
N S N
9 e __COMH @fCOzH 6
10 @—Cl —Ph @f Ph 74
1 oNn— H-a ___Ph oN— Y/~ Ph 80
Reactions were carried out with 0.02 g of PVC-DETA-Pd 1.5 mmol of aryl halide 2.25 mmol of alkene 3.0 mmol of
tributylamine 0.8 g of TBAB at 110°C in nitrogen atmosphere for 8 h Isolated yield was based on the aryl halide When
1 4-dibromobenzene was used 4.5 mmol of styrene was added.
2.5 PVC-DETA-Pd 74%
TBAB 80% .
PVC-DETA-Pd 67 %
Heck
5. .
Table 6 Reusability of PVC-DETA-Pd
12
Recycling Temperature Time Yield
times C h %
6
% 1 110 8 99
2 110 10 99
3 110 11 89
80% Luis 4 120 11 78
5 120 11 74
N- ] Heck
130°C 12 h Reactions were carried out with 0.02 g PVC-DETA-Pd 1.5 mmol of
bromobenzene 2.25 mmol of styrene 3.0 mmol of tributylamine 0.8 g of
TBAB in nitrogen atmosphere Isolated yield was based on the
5 PVC-DETA-Pd

110C

8 h

bromobenzene .

2.6 PVC-DETA-Pd
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30 mL 10 3
min
PVC-
5 6. DETA-Pd
) 110°C
99 % . Heck
5 74 %
PVC-DETA-Pd
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CATALYTIC PERFORMANCE OF PVC-DIETHYLENETRIAMINE DTEA -Pd
FOR HECK REACTIONS

ZHANG Lei' > CUI Yuanchen' > XU Rui' LIU Guanghui'

U College of Chemistry and Chemical Engineering Henan University ~Kaifeng 475001
2 Institute of Natural Polymers and Medicine Chemistry ~Henan University ~Kaifeng 475001

Abstract  Polyvinyl chloride-diethylenetriamine supported palladium complex PVC-DETA-Pd  was synthesized
from polyvinyl chloride via a simple method and the production cost of the complex was low. PVC-DETA-Pd has
good thermal stability so it can satisfy the high temperature condition of the Heck reaction. XPS analysis shows that
two different chemical states of palladium Pd’ and Pd** are existed in PVC-DETA-Pd. The molar ratio of Pd’ to
Pd** is 1:1.44. PVC-DETA-Pd is an efficient catalyst for Heck arylations of aryl bromides or chlorides which
are cheaper substrates than aryl iodides. The yield of the Heck reaction of bromobeneze and styrene catalyzed by
PVC-DETA-Pd was up to 99% in nitrogen atmosphere at 110°C and tetrabutylammonium bromide TBAB as
solvent . The reaction of bromobeneze with styrene was catalyzed efficiently by PVC-DETA-Pd in presence of several
kinds of acid-binding agents such as EzN  Bu;N Na,CO; and NaAc. The best result was obtained when
tributylamine was chosen as the acid-binding agent. The Heck reactions of substituted aryl bromides with vinyl
compounds can also be catalyzed efficiently on proper conditions the yields of the products were more than 70% .
Chlorobenzene reacts with styrene to give the moderate yield of 78 % . By substituting the chlorobenzene with 4-nitro
chlorobenzene the yield of the product was increased to 80% . Furthermore the good reusability of PVC-DETA-Pd
was also found for Heck reaction. The yield of the stilbene was 74% even if PVC-DETA-Pd was reused five cycles
for the model reaction of bromobenzene and styrene.

Keywords Polyvinyl Chloride Diethylenetriamine Palladium Aryl halide Heck reaction
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