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Tab. 1 The oligomerization of a-pinene by various catalysts*

Catalysts Solvent Conv.(%) Polymer yield(%) Isomers(%)
CF;SO,H toluene 96.4 73.4 23,0
CF,SO;H n-hexane 0 — —
CF,COOH toluene 0 — : —

BF, - OEt, toluene 95.5 76.0 19.5
AlCl], toluene 87.0 86.5 0.5
TiCl, toluene 61.0 48.5 12.5
AIC1,/CF,SO;H toluene 97.0(20min) 86.3 10.7
AlCl1,/CFsCOOH toluene 99.5 99.0 .5
BF, - OEt,/CF,COOH toluene 99.5 96.0 9.5

* Polymn. conditions: [cat], = 0.15mol + 17'; [M], = 3.0mol - 1"!; Polymn. time = 2h, at 60°C
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Fig. 1 Isomer trace(GC) of a-pinene
under the polymerization condition
Peak: 1. Solvent; 2. Isomer A(con-
tent%: 1.93); 3. Inter, standard; 4. a-
Pinene (2.60); 5. Isomer B(2.20); 6.
B-Pinene(0.66); 7. Isomer C(5.89)
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Fig. 2 Polymerization time-polymer yield
curves of a-pinene by various catalystsca-
talysts: O AICl;, A CF,SO;H, e BF,-

OEt,, © TiCl,
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Fig. 3 The comparision of compound cata- Fig. 4 The effect of temperature on the
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Tab. 2 The components of polymerization products by various catalysts*

Product’s components(%)

Catalysts Dimer Trimer >Tetramer Polymer yield(%)
CF,;SO;H 85.2 12.8 2.0 73.4
BF, - OE¢, 73.0 20.7 6.3 76.0
AlCl, 66.5 20.0 13.5 86.5
TiCl, 78.5 16.8 4.7 48.5
Et,Al1C1 43,2 12.5 44.3 26.0

* Polymn. conditions: as for Tab. 1
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Tab. 3 The components of polymerization products by compound
catalysts and Lewis acids*

Product’s components(%)

Catalysts Dimer Trimer >Tetramer Polymer yield(%)
AlCl, 68.1 22.0 9.9 91.0
AlC1;/CF;COOH 83.4 15.6 1.0 99.5
BF; - OE¢, 72.8 22.7 4.5 78.5
BF; - OEt,/CF;COOH 82.0 16.0 2.0 95.0

* Polymn. conditions: [cat], = 0.10mol - 17!, {M], = 2.0mol - 17}, # = 2h, at 60°C in (CH,Cl),
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Tab. 4 The effect of temperature on the component of polymerization product*

Prod
Temp.(°C) Solvent roduct’s components (%)

Dimer Trimer >Tetramer
0 toluene 72.1 15.4 12.5
30 toluene 69.4 23.1 7.5
60 toluene 66.5 20.0 13.5
80 toluene 70.0 22.8 7.2
0 (CH,CD), 55.0 22.1 22.9
30 (CH,C1), 60.3 18.4 21.3
60 (CH,C1), 68.1 22.0 9.9

* Polymn. conditions: cat.AlCl;, the others as for Tab. 1

Tab. 5 The effect of temperature on the component of polymerization products*

Product’s components(%)

Temp. (°C) Catalysts Solvents Dimer Trimer STetramer

0 BF; - OEt, n-C,H, 56.0 30.5 13.5

20 BF; « OEt, n-C,H,, 57.1 29.8 13.1
40 BF,; + OEt, n-C,H,, 67.4 23.0 9.6

60 BF;+ OEt, n-C,H, 75.0 18.6 6.4

0 BF; - OEt,/:-BuCl (CH,C1), 73.8 17.6 8.6

20 BF; - OE¢,/¢-BuCl (CH,C1), 73.7 22.2 4.1

40 BF; - OEt,/t-BuCl (CH,C1), 65.1 27.1 7.8

60 BF; - OEt,/:-BuCl (CH,C1), 73.2 16.8 10.0

* Polymn. conditions: as for Tab, 1
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Tab. 6 The effect of initial @-pinene concentration on the component of the products*

(m[o?d-]nl"‘) Catalysts Solvents Dimetr:zmduu”;r:::?onen;(gzzumcr
1.05 BF, - OEt, n-C,H,, 61.6 28.1 10.3
2.10 BF, - OEt, n-C,H,, 63.6 27.0 9.4
3.15 BF, - OEt, n-C,H,, 57.3 31.5 11.7
5.25 BF, - OEt, n-C,H,, 63.0 26.7 10.3
1.05 AlCl1;/CF;COOH toluene 71.4 23.5 5.1
2.10 AlCl1;/CF,COOH toluene 75.3 17.8 6.9
3.15 AlC1;/CF;,COOH toluene 75.0 18.4 6.6
5.25 AlC1;/CF,COOH toluene 69.9 20.1 10.0

* Polymn. conditions: as for Tab. 1
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Tab. 7 The effect of solvent polarity on the component of the products*

Solvent (CH,C1),/CCl
(vol. ratios)

Product’s components(%)
Polymer yield(%) Dimer Trimer >Tetramer

4+ Catalysts 'I‘(eogxg

1/0 AlCl, 30 98.0 58.9 23.2 17.9
1/3 AICI, 30 65.4 60.9 23.4 15.7
1/6 AlCI, 30 23.2 63.4 24.1 12.5
1/9 AlCI, 30 30.4 61.8 27.4 11.8
0/1 AlCI, 30 0 - = —
1/0 BF, - OEt, 0 82.0 72.9 21.7 5.4
1/1 BF, - OEt, 0 54.3 64.5 24.1 11.4
1/2 BF, - OEt, 0 47.5 67.7 23.1 10.2
1/3 BF, - OEt, 0 47.2 71.5 19.6 8.9
0/1 BF, - OEt, 0 60.4 64.2 25.6 10.2

* Polymn. conditions: as for Tab. 1
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STUDIES ON SELECTIVE DIMERIZATION AND
OLIGOMERIZATION OF «-PINENE
I. ACTION OF VARIOUS CATALYSTS AND THE COMPONENT
OF POLYMERIZATION PRODUCTS

DENG Yunxiang, WANG Yuping, WANG Lichang, MA Qingyun
(Deparsmene of Chemistry, Zhongshan University, Guangzhou 510275)

Higashimura T
(Faculty of Engineering, Kyoto University, Japan)

Abstract The oligomerization of a-pinene initiated by protonic acids, Lewis acids
and compound catalysts of protonic acids/Lewis acids under lvarious conditions were
discussed in terms of polymerization kinetics, isomerization and product’s components.
The results show that these three types of catalysts with active species proton (H*)
produced mainly dimer, trimer and tetramer. The compound catalysts of protonic
acids/Lewis acids are more active than either one, and the isomerization of a-pinene
decreased significantly. It is discovered that a dimer could be synthesized selective-
ly by the compound catalysts with isomerization ratio only 0.5%. Polymer yield
and dimer content 99.5% and 83.4% respectively were obtained by the AICl;/CF,CO-
OH.

Key words c-pinene polymerization, Selective dimerization of e-Pinene, Oligome-
rization of c-pinene





