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ABSTRACT 

Donor-Acceptor tetramethylenes have been studied by 

polymerizations. 1,4-Zwitterionic intermediates are 

indicated when reactive tetramethylenes initiate homo-

polymerization. Alternatively, 1,4-diradical intermediates 

initiate copolymerization. This basis for studying inter

mediates has led to an empirical table for predicting the 

zwitterionic and diradical nature of addition and polymer

ization reactions of tetramethylenes. 

Here we attempted to extend this work to trimethyl-

enes by studying the thermal ring opening of ethyl chrysan-

themate, ethyl l-cyano-2-(4-methoxyphenyl)-cyclopropane-

carboxylate, ethyl l-cyano-2-(2-methoxyphenyl)-cyclopro-

panecarboxylate, and diethyl l,3-dicyano-2,4-di(2-methoxy-

phenyl)-cyclobutanedicarboxylate. These compounds were 

found to be thermally stable to 150°C and did not initiate 

polymerization in styrene, methyl methacrylate, a series of 

high boiling acrylates, and dimethyl fumarate. 

Free radicals were trapped in dimethyl fumarate to 

give oligomers at temperatures above 110°C. Even though the 

compounds studied did not initiate polymerization at 

decomposition temperatures of 175°-200°C, dimethyl fumarate 

may prove useful in these studies in the future. 

viii 



CHAPTER 1 

INTRODUCTION 

Bond forming addition and polymerization of electron 

rich and electron defficient olefins have been studied by 

Hall 1. The proposed intermediates in 2+2 cycloadditions of 
/ 

such olefins are tetramethylenes that may be either diradi-

cal or zwitterionic in nature. By selecting an olefin with 

strong electron acceptors and a second olefin with electron 

donor substituents the tetramethylene intermediate will be 

of zwitterionic type and initiate homopolymerization when 

trapped by the appropriate monomer. Alternatively, the 

choice of similar electron demand by the substituents or 

radical stabilizing groups on the olefins will favor a 

diradical type of intermediate. This intermediate will 

initiate radical copolymerization or terpolymerization. 

Thus, the polymer criterion can be used to identify the 

intermediates of the reaction, Figure 1. The polymer 

produced by the initiating species provides a diagnostic 

tool on a macroscopic scale. 

We know this method works for tetramethylenes and we 

would like to extend the theory to trimethylenes. 

1 
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Figure 1. Trapping by Initiation of Polymerization 

note: D = electron donating group 
A = electron accepting group 
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It seems reasonable that reactive centers, whether generated 

by 2+2 cycloaddition or cyclobutane ring opening should have 

similar characteristics regardless of the number of inter

posed methylene groups. Initiation of polymerization 

might occur as well from ring opening of a cyclopropane to a 

trimethylene as in the above tetramethylene case. Cyclo-

propanes have a nuclear geometry suggesting strained 60° 

bond angles. However, looking at the electron density of 

these bonds one finds that the bonds are significantly 

distorted off of the nuclear axis and are actually 101° bond 

angles 2. Calculations by Benson and O'Neal 3 and Doering ^ 

indicate that there should be a ring opened intermediate 

stabilized by approximately 4-10 Kcal/mole relative to the 

kinetically measured enthalpy of ring opening at 64 Kcal/ 

mole. There should be a stable intermediate when a cyclo

propane ring opens and not just a zero energy barrier to 

ring closure Figure 2. Of course it is assumed that there 

will be a bond rotation associated with the ring opening or 

a transition from a singlet to a triplet state to reach this 

energy minimum on the reaction coordinate. Recent evidence 

by Baldwin and Black ® eliminates the possibility that the 

cyclopropane might not open at all and rearrange by the 

Smith ^ mechanism involving a square planar carbon. 

Pyrolysis and thermal reactions of relatively 

unsubstituted cyclopropanes tend to occur at temperatures of 



H 

!\ 

Reaction Coordinate 

AH 2-•H_ 1 + •H1 = 64 Kcal/rnole 

~H_ 1 = 4-10 Kcal/rnole 

4 

r 

Figure 2. Possible Reaction Coordinate for the Isomerization 
of cyclopropane. 

from: Benson and O'Neal, J. Phys. Chern., (1968), 
11:.., 1866-1877. 
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350° C or higher which is clearly out of the range of 

most common polymerization reactions. Methods of stabi

lizing radical intermediates with captodative substitution 

has been reported by Viehe et al.^. Such effects may assist 

in designing low temperature radicals capable of initiation 

polymerization. The most directly encouraging work was done 

by Cram et al. By measuring the loss in optical 

activity of selected cyclopropanes rates of epimerization 

and racemization at reasonable temperatures in a range of 

solvents were determined. Substituents on the cyclopropanes 

determined the reaction kinetics which in some cases were 

dependent on solvent polarity and in others were not 

dependent on solvent polarity. They reasoned that the 

solvent dependence was due to a zwitterionic intermediate 

and that the proposed diradical intermediate had no solvent 

preference. In Table iH the rates of epimerization at 

each center (ka and kb) were measured as well as the total 

isomerization (ki). The ratios of these values in various 

polar and nonpolar solvents were reported in support of the 

theory that cyclopropane !L rearranged by a diradical 

mechanism and the cyclopropane 2 rearranged via a zwitter

ionic type of intermediate. This is reasonable based on the 

polar electron demand placed on the C^-C2 bond of 2. 



Table I. Solvent Effects on Rates of Isomerization. 

2 '3 
a >»CO^CH 

Ratio 1 2 

kiDMF/k-jCgHg 0.5 @ 175° 32000 @ 126° 

kiCH3OH/kiC6H6 0.8 0 184° 

kbCH3OH/kbC6H6 0.8 @ 184° 

kaCH3OH/kaC6H6 0.8 @ 184° 

kbDMF/kbC6H6 7000 @ 126° 

kaDMF/kaC6H6 36000 @ 126° 

kaC6H6/kbC6H6 0.08 @ 184° 5 @ 184° 

kaCH3OH/kbCH3OH 0.08 @ 184° 

kaDMF/kbDMF 27 e 126° 

note: kb and ka are rates of epimerization about carbon 
a and b respectively, k^ is the total rate of isomer-
ization. Data from Cram et al. JACS, (1973), 9ji, 4237-
4244. 
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This work does not attempt to resolve the cyclopro-

panes into their optical isomers, but rather to apply the 

polymer criterion to donor-acceptor substituted trimethyl-

enes formed by ring opening of selected cyclopropanes. If 

ring opened intermediates can be trapped by initiating 

polymerization, the polymer produced should be a homopolymer 

in the case of a zwitterionic intermediate and a copolymer 

in the case of a diradical intermediate. Thus, a macro

scopic proof of the intermediate could be obtained and 

trapping by polymerization would be applied to the tri-

methylene system. 



CHAPTER 2 

RESULTS 

The general reaction procedure involved sealing 

tubes containing the potential initiator (2-5 mole %) and 

bulk monomer. The tubes were degassed by freeze thaw cycles 

and intermittently flushed with dry nitrogen before sealing 

under vacuum. They were immersed in a thermally controlled 

oil bath for a specified period of time. After heating the 

tubes were opened and the contents examined by common 

spectroscopic or chromatographic methods for the presence of 

unreacted cyclopropane, monomer, oligomers, and polymers. 

Synthesis of Initiators 

Ethyl Chrysanthemate 

Ethyl chrysanthemate was supplied by Aldrich and 

used after vacuum distillation by Kugelrohr. When no 

polymerizations were observed (Table II) it was decided 

that a more polar bond was needed to labilize the cyclo

propane. Adding an ester group to ethyl chrysanthemate (2) 

might assist in polarizing the bond. 

8 
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1-{Carboethoxy)-Ethyl Chrysanthemate 

Using a method described for a similar cyclopropane 

by Ahn and Hall12, ethyl chrysanthemate was treated with 

lithium diisopropyl amide at 0°C in tetrahydorfuran under 

argon to remove the a hydrogen. Upon addition of ethyl 

chloroformate the diester 4 formed in 62% yield after 

workup. 

1) LDA/THF 

CH 

CH 

3 4 

Cyclopropane A was heated to 160° C for 48 hours to deter

mine its thermal stability. No specific changes were 

observed by 60 MHz *H NMR. Accordingly, we proceeded with 

the synthesis of 6 ,  Figure 3, as a potentially more reactive 

cyclopropane. 

Ethyl-1-Cyano(4-Methoxyphenyl)-
Cyclopropane Carboxylate 

The starting olefin 5. was prepared by a Knoevenagel 

dehydration of p-anisaldehyde and ethyl cyanoacetate as 

described by Zabicky17 in refluxing ethanol with morpholine 

catalyst. The methylene transfer step involved treatment of 

the olefin 5 with dimethyloxosulfonium methylid in dimethyl 
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C02C2H5 Benzene ^ 
Piperidine/cat. R 
reflux 1.5-3h 
Dean Stark 

C°2C2H5 

NAH + (CH3>3^ 
DMSO 

_N 
I 2 

10°C 
Slow 
addn. 

(CH3)2 

DMSO 
25°2h 

C02C2H5 

45°lh 
(55%) 

cyclopropane _6: R = R,= H 

cyclopropane l_m. R = H R'= OCH. 

Figure 3. Synthesis of Ethyl-l-Cyano-(Methoxyphenyl)-
Cyclopropane Carboxylates 6 and 7. 
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sulfoxide to give the cyclopropane in 55% yield after vacuum 

distillation. The product 6 is a colorless cloudy oil which 

turns yellow , red or brown depending on the exposure to air 

and heat. 

Ethyl-1-Cyano(2-Methoxyphenyl)-
Cyclopropane Carboxylate 

Cyclopropane 6 is an oil. To insure high purity we 

preferred a crystalline initiator. Using the same method as 

above we prepared the ortho derivative 7 of cyclopropane <5. 

By starting with o-anisaldehyde instead of p-anisaldehyde 

the product cyclopropane turned out to be a crystalline 

material (m.p. 55.8°-56.8°C). 

Diethyl-1,3-Dicyano-2,4-Di(2-Methoxyphenyl)-
Cyclobutane Dicarboxylate 

In order to tie in work done with a tetramethylene 

substituted with a p-methoxyphenyl donor group and cyano 

ester acceptor groups (see figure 1), we prepared cyclo

butane 8,. The reaction is a solid state photodimerization 

which proceeds well by stirring a slury of the finely 

powdered starting material in water (a nonsolvent) irradi

ated by UV light. We achieved 68% yield using this method. 

The authors Patai and Rappoport13 reported quantitative 

yields after 72 hours of exposure to direct sunlight. The 

starting material has a strong UV absorption coefficient 

which inhibits the reaction at the center of large crystals 
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and may account for some unreacted starting material. Work 

by Schmidt-^ Indicated that the solid state 2+2 photo-

dimerization requires a very specific crystal packing with 

the parallel double bonds of the olefin aligned such that 

their bond centers are between 0.35 and 0.42 nm apart. 

254 nm hv 

CH 
CN H20 slury 

9h 

9 E = C02C2H5 8 

Fortunately the crystals of olefin ,9 met this criterion. 

Monomers 

Styrene 

The first runs were made with ethyl chrysanthemate 

(2 mole %) in styrene at 60°C and 70°C. Although styrene 

has some propensity to thermally polymerize on its own, the 

results typically showed little difference between the 

blanks and the runs with ethyl chrysanthemate, Table II. 

Commonly the blanks contained 3% polymer after 18 hours, the 

tubes containing ethyl chrysanthemate contained 5-7% 

polymer, and the standards with known initiators such as 

2,2'-azobisisobutyronitrile (AIBN) contained 95+% polymer. 
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Methyl Methacrylate 

The results in methyl methacrylate with ethyl 

chrysanthemate were similar to those in styrene except that 

the blanks and tubes with 2 mole % ethyl chrysanthemate 

typically contained 6% and 7% polymer respectively, after 18 

hours at 70° C. The standards with AIBN typically contained 

85+% polymer. 

These first two monomers were not polymerized by the 

ethyl chrysanthemate. The next step was to run at higher 

temperatures using monomers that would not thermally 

polymerize. Vinyl-2-ethylhexanoate was run at 120°C for 

15 hours but the ethyl chrysanthemate did not initiate 

polymerization. Similarly, 2-ethylhexyl acrylate and 

n-hexyl acrylate run at 180°C for 15 hours were not polymer

ized by the ethyl chrysanthemate. This led to the synthesis 

of potentially more reactive cyclopropanes (6 & 7) and the 

use of higher boiling monomers. 

High Boiling Acrylates 

A run of 6 (2 mole %) in benzyl acrylate at 120°C 

for 4 hours appeared to produce polymer, but later runs of 

just benzyl acrylate blanks also produced polymer. HPLC of 

the monomer did not reveal impurities and the reaction was 

determined to be caused by insufficient degassing of the 

sample. Subsequent runs in n-hexyl acrylate and benzyl 

acrylate did not produce polymer by the cyclopropane 6, at 
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temperatures of 150°C for 10 hours. Subsequent tests with 

cyclopropane 1_ in these monomers and cyclol aery late and 

cyclohexyl acrylate did not show initiation by the cyclo

propane. There were also gel problems with these polymers 

which made their handling and purification difficult. The 

solution to these problems is discussed in the Polymer 

section of the results under Solution Polymerization. 

Vinyl Acetate 

In search of a more reactive monomer compatible with 

the cyclopropane system we investigated vinyl acetate. 

Polymerization of sealed tubes of vinyl acetate (bp 72.3°C) 

at 120°C proved hazardous. We were only able to use about 

50% of the tubes prepared for this work as the others 

exploded when immersed in the oil bath. In surviving 

sealed tubes the cyclopropane 6 and 7 did not initiate 

polymerization of vinyl acetate after 8 hours at 120°C. 

Using 3/8'' O.D. thick wall tubing with 1/8" I.D. allowed 

some work with vinyl acetate if the sealed end was annealed 

carefully. Vinyl acetate expands upon freezing and the 

degassing freeze thaw cycles had to be done carefully to 

avoid cracking the tubes. High temperature work with vinyl 

acetate should however, be done with the proper high 

pressure apparatus. In parallel with the cyclopropanes the 
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cyclobutane £ was run in vinyl acetate at 120°C for 20 

hours. This also was stable and the vinyl acetate did not 

polymerize. 

Dimethyl Fumarate 

Dimethyl fumarate posses many characteristics which 

make it ideal in testing for thermal radical initiators. It 

is a powder (mp 103o-104oC) and easily purified by recrys-

tallization. It requires no inhibitors for storage except 

protection from light. Upon heating, dimethyl fumarate in 

an oxygen free environment appears to be stable even at 

200°C for 4 days. Benzoyl peroxide did polymerize the 

dimethyl fumarate to produce low molecular weight oligomers 

at 120°C. 

The crystalline cyclopropane 7 was run in dimethyl 

fumarate. Both starting materials being powders simplified 

the degassing and oxygen purging of the vacuum system before 

sealing the tubes. Several runs of increasing temperature 

were run up to 175°C for seven days. The dimethyl fumarate 

proved stable and unreacted even in the presence of the 

cyclopropane which decomposed at 175°C. The cyclobutane ,8 

did not initiate polymerization either. At 200°C for 4 days 

some decomposed cyclobutane was produced in sealed tubes 

containing 1:1, dimethyl fumarate: cyclobutane, but this 

also occurred in tubes containing the cyclobutane only. 

Identifiable small molecules were not recovered. 
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Polymers 

Polystyrene 

Polystyrene was dissolved in methylene chloride and 

precipitated in methanol as a standard purification pro

cedure. The 60 MHz NMR of the small amounts of polymer 

from styrene reacted with ethyl chrysanthemate showed a 

spectra of the polystyrene as did the IR. No peaks charac

teristic of ethyl chrysanthemate were recognizable. 

Poly (Methyl Methacrylate) 

Poly (methyl methacrylate) could be dissolved in 

acetone and precipitated in methanol. As with polystyrene, 

the IR and -^H NMR showed no evidence of the cyclopropane in 

the polymer. If the cyclopropane had initiated polymer

ization fragments of the cyclopropane should be attached to 

the polymer and identifiable in the spectra. It should be 

easiest to detect these fragments in the spectra of low 

molecular weight oligomers and polymers. 

Poly (Vinyl Acetate) 

Poly (vinyl acetate) could be dissolved in tetra-

hydrofuran and precipitated into cold methanol or diethyl 

ether. Both methanol and diethyl ether will dissolve the 

monomer and separate it from the polymer. Unfortunately the 

boiling point of 72.7°C for vinyl acetate limited work with 
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this monomer as we were not set up to run high pressure 

reactions. This led us back to the high boiling acrylate 

monomers. 

High Boiling Acrylates 

The high boiling acrylates 2-ethylhexyl acrylate, 

n-hexyl acrylate, benzyl acrylate and cyclohexyl acrylate 

all polymerized in bulk either by oxygen in the system or by 

the standard radical initiators were crosslinked gels. The 

polymerized acrylates were transparent rubbers which did 

not dissolve in normal solvents, although they would swell 

several times their size (see Table III). Filtering and 

other mechanical manipulations were complicated by the fact 

that the high boiling acrylate polymers have the tacticity 

of 3M's famous "post it notes". 

Solution Polymerization 

To solve the gel problem we ran a solution polymer

ization of cyclohexyl acrylate in 50% toluene (weight/-

weight). Benzoyl peroxide (1 mole %) was used as an 

initiator and after 1 hour, at 112°C we demonstrated 

that the gel effect in these high boiling acrylates could be 

controlled. The polymer produced by this method was 

uncrosslinked and soluble in normal solvents and easily 

precipitated for purification. Mesitylene (b.p.162-164°C) 

for example, could be used as a solvent even at relatively 
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high temperatures. Possible complications might be the 

activity of the benzyl protons or the dilution effect 

favoring the formation of small molecules over the formation 

of the polymers desired in these trapping systems. 

Poly (Dimethyl Fumarate) 

To separate polymer from monomer, the monomer was 

sublimed out of the polymer at 56°C under vacuum (0.03 mm Hg 

or less). The polymer was then dissolved in chloroform and 

precipitated into dry ice cooled pentane. Size exclusion 

chromatography (SEC) showed the polymers to be low molecular 

weight oligomers. Detection of end groups in ^-H NMR was 

easier due to the low molecular weight. The phenyl protons 

from the benzoyl peroxide initiator were clearly visible in 

the 60 MHz ^H NMR. The cyclopropanes and the cyclobutane, 

however did not initiate polymerization of this monomer (see 

Table III). 
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Table II. Ethyl Chrysantheinate Tested for Thermal Initiation 
in Bulk Monomers. 

Monomer Temp. Initiator Polvmer vieId 

Styrene 70° blank 2.9% 
70° EC 3-4% 
70° AIBN 95+ % 

Methyl methacrylate -j
 

o
 

o
 

blank 6.0% 

70° EC 7.7% 
70° AIBN 85+ % 

Vinyl 2-ethylhexanoate 120° blank 0 % 
120° EC 0 % 
120° AIBN 99 % 

2-Ethylhexyl acrylate 180° blank 0 % 
180° EC 0 % 
180° AIBN 99 % 

n-Hexyl acrylate 180° blank 0 % 
180° EC 0 % 
180° AIBN 99 % 

note: EC = ethylchrysanthemate, AIBN = 2,2 '-Azobisisobutyro-
nitrile, for styrene and methylmethacrylate EC was 5 mole %, 
others EC was 2.5 mole %, All AIBN runs 1.5 mole % or less, 
where 99% listed the polymer was a solid rubber, all runs 
for 18 hours in degassed tubes 03mmHg. 
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Table III . Summary of High Temperature Polymerization Run; 

Monomer Time Temp.°C Initiator Polvmer Yield 

n-Hexyl-
Acrylate 4h. 120° blank trace 

4h. 120° 6 2.5% trace 
4h. 120° BZ 99% 
lOh. 150° blank none 
lOh. 150° 6 none 
lOh. 150° 1 none 

Benzyl-
Acrylate lOh. 120° blank trace 

lOh. 120° 6 5.7% trace 
lOh. 120° Bz 1% 99% 
lOh. 150° blank none 
lOh. 150° Bz 2% 99% 
lOh. 150° 6 none 
lOh. 150° 7 5% none 

Cyclohexyl-
Acrylate lh. 120° Bz 5% 99% 

lh. 120° 6 trace 
Cyclol-
Acrylate lh. 120° Bz 5% 80%, insol. glass 

lh. 120° 6 none 
Vinyl-
Acetate 50 sec 120° Bz 1% xxxx 

8h. 120° blank 0 % 
50 sec 120° 6 4.6% xxxx 
8h. 120° 6 1.8% 0 % 
28h. 120° blank trace 
28h. 120° 7 2% 0% 
28h. 120° 8 2% 0% 

Dimethyl-
Fumarate 12h. 118° Bz 2% 40% oligomers 

3 days 150° 7 50% none 
3 days 150° 8 5% none 
7 days 175° 7 50% none, 7 dec. 
7 days 175° 8 50% none 
7 days 200° 8 50% none, 8. 4% dec. 

note: Bz = benzoyl peroxide, , xxxx = tube exploded or was 
dstroyed by the explosion. Where 99% is listed the polymer 
produced in bulk is crosslinked and insoluble. 



CHAPTER 3 

DISCUSSION" 

The cyclopropanes and cyclobutane examined in this 

study have not initiated the polymerization of the vinyl and 

acrylate monomers under thermal conditions. In the case of 

dimethyl fumarate the cyclopropanes resisted polymerization 

or addition to the monomer even during decomposition. The 

1,2 substitution of dimethyl fumarate may have played a 

steric role in this lack of reactivity. The electron poor 

nature of the monomers in general may have also played a 

role. 

In the future it may be possible to design a 

reactive cyclopropane containing a good leaving group such 

as triflate, which will open to a zwitterion and displace 

the triflate from the anionic end of the trimethylene 

leaving a cation Figure 4. Cationic polymerizations in 

general are subject to chain transfer and other terminating 

reactions even at moderate temperatures. It may prove 

difficult to prepare a thermally labile cyclopropane to meet 

the demands of such a polymerization system. 
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Figure 4. A Reaction Path for a Cyclopropane with a Triflate 
Leaving Group. 
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Conclusions 

The cyclopropanes studied proved to be too thermally 

stable to initiate polymerization in the monomers studied. 

Epimerizations and racemizations may occur at reasonable 

temperatures but the reactive centers in the trimethylenes 

produced are either to close or short lived to be effective 

polymerization initiators. Synthesis of cyclopropanes with 

good leaving groups may yield reactive cyclopropanes. 

Although not polymerized by the cyclopropanes, 

dimethyl fumarate may be used for the study of radicals 

using the polymer criterion. Specifically, thermally 

generated radicals, could be studied because this monomer 

shows no tendency to thermally polymerize, steric effects 

limit the polymerization to low molecular weight oligomers 

in which the initiator fragments are detectable by -1-H NMR 

and IR. 



CHAPTER 4 

EXPERIMENTAL 

All melting and boiling points are uncorrected. 

Capillary melting points were determined using a "Mel-Temp" 

melting point apparatus. Infrared spectra were obtained on 

a Perkin-Elmer 983 Infrared Spectrophotometer. •'•H NMR was 

run on a Varian EM 360L using CDCI3 as solvent with TMS 

internal standard. HPLC's were run on a Beckman system 

with an IBM Silica column and UV detector. SEC's were run 

on IBM GPC Type A, styragel columns with a sp8200 U.V. 

detector. Elemental analysis was performed by Mic Anal 

of Tucson Arizona. 

The General Experiment 

In the case of liquid monomer and cyclopropane the 

cyclopropane was weighed into the polymerization tube before 

attachment to the vacuum manifold. Monomer was transferred 

directly in the manifold using vacuum techniques and liquid 

nitrogen trap at the polymerization tube. Tubes were 

prepared in sets of three to allow for comparison of a 

standard initiator and blank tube to the experimental 

initiation by the cyclopropane. Degassing was done by 

freeze-thaw technique. 
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This was repeated until little or no bubbles were observed 

upon thawing. Once degassed the contents of the tubes were 

frozen again and the tubes sealed off under vacuum with a 

methane/oxygen torch. After a period of time in the 

thermally controlled bath the tubes were opened and the 

contents analyzed for polymer, starting materials, and any 

decomposed or reacted materials. In the case of the 

powdered dimethyl fumarate monomer with cyclopropane 7, and 

with cyclobutane 8 the tubes were alternately flushed with 

dry nitrogen and evacuated (.03-.01 mmHg). 

Ethyl Chrysanthemate 

Ethyl chrysanthemate was supplied by Pflatz & Bauer 

Inc. and distilled prior to use. fw 196.29, b.p. 112°/10mm. 

1-(Carboethoxy)-Ethyl Chrysanthemate 

The diester was prepared from ethyl chrysanthemate 

by the method described for a similar cyclopropane by Hall 

and Ahn. Lithium diisopropyl amide was used as 

supplied by Aldrich. THF was dried by refluxing over sodium 

metal with benzophenone as an indicator. Nitrogen was dried 

by passing through a 2cm x 35cm column of CaSC>4 and KOH. 

Ethyl-l-Cyano(4-Methoxyphenyl)-
Cyclopropane Carboxylate 

Preparation of the olefin starting material (Figure 

3) followed the Knoevenagel method described by Zabicky.-^ 
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The methylene transfer reaction followed the method describ

ed by Cram et al.9 for a similar cyclopropane. The DMSO 

solvent was dried by distilling from CaH. Trimethyl-

sulfoxonium iodide was supplied by Aldrich and recrystal-

lized from water and dried in a vacuum oven. Sodium hydride 

was washed with ligroin £30-60) and dried under nitrogen 

directly before use. Yields of 55% were obtained when the 

vacuum was better than 0.1 mmHg in the final distillation. 

iH NMR: 61.27 (3H,t), 62.03 (2H,d), 63.07 (lH,t), 

63.74 (3H,s), 64.23 (2H,q), 67.0 (4H, m). I.R.: 2243 cm"1 

(CN), 1730 cm"1 (C O), 1611 cm"1 (C C). Analysis: Calc.: 

%C 68.56,%H 6.16,%N 5.71. Found: %C 68.10,%H 6.16, %N 5.41. 

Ethyl-1-Cyano(2-Methoxyphenyl)-
Cyclopropane Carboxylate 

Cyclopropane 7 was prepared as 6 except that the 

o-methoxyanisaldehyde was used in the Knoevenagel. A 

Knoevenagel run according to Schuster et al.15 gave similar 

yields near 80%. The colorless crystalline product was 

recrystallized from diethyl ether, mp 55.8°-56.8°C, subl. 

^•H NMR: 61.36 (3H,t), 62.00-2.16 (2H,m), 63.16 

(lH,t), 63.87 (3H,s), 64.26-4.39 (2Hfm), 66.91-6.98 (2H,t), 

67.08-7.12 (lH,d), 67.29-7.36 (lH,t). IR: 2244 cm"1 (CN), 

1729 cm"1 (C O), 1603 cm"1 and 1583 cm"1 (C C), 766 cm"1 

(C O). Analysis: Calc.: %C 67.52, %H 5.67, %N 6.06. Found: 

%C 68.72, %H 6.09, %N 5.82. 
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Diethyl-1,3-Dicyano-2,4-Di(2-Methoxyphenyl)-
Cyclobutane Dicarboxylate 

The cyclobutane ji is prepared from j) by solid state 

photodimerization. We used a finely divided powder of jJ 

stirred in water (nonsolvent) in a quartz tube inside a 

"Rayonet"(Southern New England Ultraviolet Co. Hamden 

Conn.) photoreactor equipped with 254nm lamps. The reaction 

can be followed by NMR. After 9 hours the powder is 

filtered and spread thinly on clay bisque and heated to 

90-100°C for 12 hours. Starting material mp 75°C adsorbs 

into the plate and the product mp 160°C remains at the 

surface where it is recovered and recrystallized from 

ethanol in 68% yield. Patai and Rappoport13 report 

quantitative yields using direct sunlight. 

XH NMR: 60.82 (6H,t), 63.84 (6H,s), 64.04 (4H,q), 

65.26 (2H,s), 66.90 (lH,d), 67.00 (lH,t), 67.34 (lH,t), 

67.47 (lH,d). Analysis: Calc.: %C 67.52, %H 5.67, %N 6.06. 

Found : %C 66.88, %H 5.45, %N 5.98. 

Styrene and Methyl Methacrylate 

These monomers were purified by vacuum distillation 

from CaH2« HPLC of each on a silica column in CH2CI2 con

firmed purity. For more stringent methods of purifying 

methyl methacrylate see McGrath, Long and Allen. 
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Polystyrene was dissolved in methylene chloride and precip

itated in methanol. Poly(methyl methacrylate) was dissolved 

in acetone before precipitation. 

High Boiling Acrylates 

Cyclohexyl acrylate (bp 183°-184°C), cyclol acrylate 

(bp 103°-105°C), benzyl acryalte (bp 110®/18mmHg), and 

n-hexyl acrylate (bp 190°C) were obtained from Polysciences 

Inc. As described for general acrylate purification in 

Perrin, Perrin, and Armareyo,-^ these acrylates were washed 

several times with 5% NaOH followed by drying over MgS04 and 

vacuum distillation. . Each was distilled twice and checked 

by HPLC (1:1 n-hexane:CHCl3) on a silica column for purity. 

The acrylate was then distilled a third time directly into 

the polymerization tube on the vacuum manifold. As men

tioned in the results, bulk polymerizations of these 

acrylates- results in gel formation. Solution polymer

izations can control the crosslinking and provide soluble 

polymers by the use of 50% (w/w) of toluene or mesitylene. 

Vinyl-2-Ethyl Hexanoate 

This monomer was supplied by aldrich and used after 

distillation. 
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Vinyl Acetate 

Inhibitors such as hydroguinone were removed by 

drying over CaCl2 and fractionally distilling under nitroge-

n. Refluxing briefly (less than 15 sec) with benzoyl 

peroxide and immediate addition of an excess of 3-tert-

butyl-4-hydroxy-5methylphenyl sulfide followed by distil

lation of the monomer removes the last traces of inhibitor. 

The high boiling sulfide stays behind. Vinyl acetate 

(b.p. 72.7°C) can be hazardous in sealed and heated glass 

tubes. 

Dimethyl Fumarate 

Dimethyl Fumarate (mp 103°-104°C) is purified easily 

by recrystallization from ethanol or sublimation. 
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