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INTRODUCTION


In recent years, there has been an increasing interest in polynorbornene and photoresist polymer. The former is important because it is one of the fundamental materials for the synthesis of low-galvanic polymers, while the latter is a useful material in the semiconductor industry. Cyclic olefin copolymer(COC) is another important material because its property can easily be varied and the availability of COC ranges from elastomers to High Performance Engineering Plastics including high transparent resins and photochemical polymers. Conventionally, COCs are prepared by copolymerization of cyclic monomers such as norbornene with olefinic comonomers, light alkenes or styrene [1].

In line with the growing interest for the polynorbornene, photoresist polymer, and COC, the synthesis of norbornene has drawn attention because norbornene is one of the most important precursor for these materials. Although it has been generally known that norbornene can be prepared by Diels-Alder reaction, there is little information available for the detailed reaction procedure [2].


In this regard, we have aimed here to investigate the norbornene synthesis via Diels-Alder reaction under various reaction conditions and thereby to optimize the reaction conditions.

EXPERIMENTAL

Preparation of cyclopentadiene (CPD) 


Norbornene synthesis is carried out via Diels-Alder reaction of CPD as a diene with ethylene as a dienophile. Because unstable CPD exists as DCPD at ambient temperature, the pyrolysis of DCPD is prerequisite to use CPD as a reactant.


Pyrolysis of DCPD was carried out in a 100-ml three-neck round bottom flask equipped  with a funnel to drop DCPD and a condenser. 20ml of DCPD was dropped to heated silicon oil(190°C) and then the pyrolyzed materials were quenched by liquid nitrogen trap. The resulting mixtures obtained from the former pyrolysis step were evaporated at 50°C to prepare pure CPD. The corresponding CPD was stored in a deep-freezer at -70°C before use.

Thermal Reaction

The Diels-Alder reaction of CPD and ethylene was carried out in a semi-batch autoclave. 0.044mol of CPD, 0.022mol of cyclohexane(internal standard), and solvent(34ml) were added to the reactor and the reaction mixture heated to the desired temperature. After the reactor was pressurized with ethylene, the reaction was started. Samples were taken out periodically during the course of reaction and analyzed by GC on HP-1 column with an FID detector. The products were confirmed by comparison with authentic samples and using the method of GC-mass analysis. 

We also performed the reaction with DCPD because an in-situ pyrolysis of DCPD is possible at the high temperature. This means that the cumbersome pyrolysis step can be avoided.
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Scheme 1

RESULTS AND DISCUSSION

Table 1 summarizes the results of reactions with CPD and DCPD under various reaction conditions. At low temperature(<160°C), the reaction with CPD was faster than that with DCPD because the rate of DCPD pyrolysis was slower at the low temperature. At higher temperature (>180°C), however, the reaction with DCPD became as fast as that with CPD. This indicates that the increase of temperature accelerates the pyrolysis of DCPD. Moreover, CPD produced by the in-situ pyrolysis may be easily reacted with ethylene. This leads to the increase in the reaction rate. On the other hand, the condition of high pressure resulted in the suppression of pyrolysis due to the Le Chätlier principle. This leads to the decrease in the overall reaction rate.
	Temp 

(°C)
	Pressure

(psi)
	CPD conv.

(%)
	DCPD conv.

(%)
	NBN sel.

at CPD(%)
	NBN sel.

at DCPD(%)

	160
	500
	72
	38
	100
	100

	180
	500
	89
	91
	98
	94

	200
	500
	91
	98
	96
	95

	180
	1000
	95
	85
	97
	96


Table 1  Comparison of the reaction performances under various reaction conditions 
Temperature effect


From the viewpoint of the reaction rate, it is natural that raising the reaction temperature may give rise to the enhancement of the reaction rate in the thermal reaction. As shown in Fig. 1, the high temperature accelerated the reaction rate. However, it was revealed that norbornene selectivity decreased as the reaction temperature increased. On the other hand, at the low temperature the selectivity increased at the expense of the decrease in the reaction rate.
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The result of GC-mass analysis indicates that the reduced selectivity at a higher temperature was caused by the copolymerization of norbornene with CPD. In this regard, 180°C is thought to be the optimal temperature. 

Pressure effect

Fig. 2 represents the effect of pressure on the reaction performance. When the reaction was carried out with CPD, it is clear that the increase of pressure is favorable to accelerate the reaction because the high pressure may increase the solubility of ethylene. 

This leads to the enhancement of the reaction rate. On the other hand, in the case of DCPD, a reduced reaction rate was observed. This suggests that although the high pressure may increase the ethylene solubility, the pyrolysis of DCPD becomes more difficult with the increase of the pressure. Therefore, the high pressure may decrease the overall reaction rate. Concerning the selectivity, it seems that the pressure has little effect on the norbornene selectivity. Regardless of the pressure, similar selectivities were obtained. 

Solvent effect


It has been reported that chlorine solvent may suppress the copolymerization and thus increase norbornene selectivity [3]. Under the present reaction condition, however, the use of methyl chloroform resulted in the increase of by-product formation because chlorine solvent exercised influence on the reaction in the course of solvent cracking(see Fig. 3). Compared to the case of methyl chloroform, the participation of solvent was not observed in the reaction with toluene which is stable under our reaction condition. This results in the increase of norbornene selectivity.
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Fig. 3. Effect of solvent on the reaction performance
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Fig. 1. Effect of temperature on the reaction performance.








Fig. 2. Effect of pressure on the reaction performance
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