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2-Vinylcyclopropane 1,1-dicarboxylates are interesting monomers because they demonstrate less polymerization shrinkage than other vinyl monomers. In contrast to other ring-opening low shrinking monomers, such as spiro orthocarbonates or cyclic ketene acetals, the 2-vinylcyclopropane 1,1-dicarboxylates are stable in the presence of humidity, acidic and basic impurities, and inorganic fillers. In addition, they show a higher tendency to undergo radical copolymerization with other vinyl monomers. However, in comparison with methacrylates, 2-vinylcyclopropane 1,1-dicarboxylates are less reactive in the radical copolymerization, which restricts their practical application. The reactivity of the vinylcyclopropanes in the radical polymerization depends on their structure and can therefore be influenced by the kind and number of substituents or the introduction of bicyclic units.

The radical homopolymerizations of bicyclic acrylates were carried out with 2,2'-azobis-isobutyronitrile (AIBN) as initiator in chlorobenzene at 65°C. The highest polymer yields were obtained in the polymerizations of 2a and 2d or 3b, i.e. of monomers with an annelated 5- or 6-membered ring. In the case of 2d and 3b, both the polymer yields (99 and 98%, respectively) and the glass transition temperatures (TG) of 90 and 93°C were significantly higher than those observed for the polymer from 1,1-diethoxy-carbonyl 2-vinylcyclopropane (DECVCP), which was used as a benchmark for the monomer reactivities in the radical polymerizations of all the vinylcyclopropane derivatives in this study. The bicyclic monomers 2a and 3b also demonstrated drastically improved reactivities in the radical copolymerization with methyl methacrylate in comparison with DECVCP. 
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The copolymerizations of 1a, 2a, 2d and 3b were carried out with methyl methacrylate (MMA) as comonomer with the same conditions as for homopolymerizations. The molar composition of all copolymers show similar values near 1. The highest polymer yield was obtained with 2d (72.8%). The TG of 87°C and the molecular weight of 67'700 also demonstrate the outstanding polymerization behaviour of 2d.

Furthermore in the composite formulation 2d demonstrate the good properties, high mechanical values as well as a high TG and fast polymerization which is confirmed by the short setting time. The difunctional derivative 4 as well as 2d show very good values compared to 1,10-decanediol dimethacrylate (D3MA), which was used as a benchmark for the composite formulations.

These results demonstrate that bicyclo[3.1.0]hex-1-yl acrylic esters are excellent comonomers for methacrylic composites.
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