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5 is only significant (>0.01) at pH >5 under our conditions ([Br-] 
= 0.1 M). 
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Tris- and tetrakis(carbometh0xy)ethylenes reacted with p-(dimethy1amino)styrene to form cyclobutane cy- 
cloadducts. The reaction proceeded faster in polar solvents than in nonpolar solvents. This evidence supports 
a zwitterion intermediate in the cycloaddition reaction, but an intermediate could not be trapped with methanol, 
acetonitrile, or phenyl isocyanate. The cycloaddition reaction was not influenced by UV irradiation, radical 
inhibitors, or the one-electron oxidant ferric nitrate. These results are evidence against a possible cation-radical 
intermediate. Free-radical-initiated copolymerization occurred between tris- but not tetrakis(carb0xymeth- 
0xy)ethylene and p-(dimethy1amino)styrene to yield approximately alternating copolymers. These data are 
completely analogous to those obtained with other electron-rich styrenes and electrophilic trisubstituted ethylenes. 

Both cycloaddition and polymerization reactions of 
electron-rich olefins with electron-poor olefins have been 
widely studied. Tetracyanoethylene has been known for 
a long time to react with olefins with a strongly electron- 
donating substituent, such as vinyl ethers, vinyl sulfides, 
vinylamines, and styrenes with electron-donating sub- 
stituents in the para position.14 Huisgen has extensively 
studied the reaction of tetracyanoethylene with vinyl 
 ether^."^ In this laboratory, the reaction of electron-de- 
ficient trisubstituted olefins such as tricyanoethylene with 
electron-rich olefins such as enamines and vinyl ethers has 
been studied.'O These cyclobutane derivatives are mostly 
believed to arise from initial formation of a 1,4-zwitterion 
intermediate. 

Regarding the polymerization reactions, neither tri- nor 
tetrasubstituted electrophilic ethylenes have been homo- 
polymerized. Using free-radical initiations, the tri- but not 
the tetrasubstituted ethylenes smoothly copolymerize with 
electron-rich ethylenes to form 1:l alternating co- 
po1ymers.l' 

Recently, the highly electron-rich olefin N-vinylcarbazole 
was found to add to electrophilic ethylenes by a cation- 
radical route.12 Accordingly, it was of interest to examine 
the still more electron-rich olefin p-(dimethylamino)- 
styrene in cycloaddition and copolymerization reactions. 
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Results and Discussion 
Intermediates. p(Dimethy1amino)styrene was pre- 

pared from the Grignard reaction of p(dimethy1amino)- 
benzaldehyde and methyl iodide, followed by dehydration 
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Evidence for  Zwitterion Mechanism. If cyclo- 
addition proceeds via a zwitterion mechanism, the reaction 
should proceed fastest in the most polar solvent. Ac- 
cordingly, the reaction of p-(dimethy1amino)styrene with 
tris(carbometh0xy)ethylene was investigated in different 
solvents. The reactions were followed by NMR spec- 
troscopy during 2 days. The rates were based on the ap- 
pearance of two new peaks at  6 3.20 and 3.25 due to one 
of the carbomethoxy groups in the cyclobutane adduct. 
The signal of this methyl group is shifted to higher field 
due to the ring current of the phenyl group; two peaks 
appear because of the cis and trans isomers. The following 
sequence was obtained 2-propanol, methanol > aceto- 
nitrile N nitromethane > acetone > chloroform > benzene. 
[When methanol was used as a solvent, a side reaction 
occurred. When methanol and tris(carbometh0xy)ethylene 
were mixed and allowed to react for 12 h, the addition 
product was obtained: 

Me O O C  CGGMe M e O C C  

W C C O M e  t M e 3 H  - H e : : : :  

L l e O  

This reaction, though, proceeded slower than the cyclo- 
addition. With 2-propanol, this reaction did not occur.] 

Although the solvent dependence of rate supported a 
zwitterionic intermediate, we were unable to trap the latter. 

Huisgeng was able to trap the zwitterionic intermediate 
in the addition of tetracyanoethylene to propenyl ethers 
with ethanol to obtain the open-chain acetal. Trapping 
could also be done with acetonitrile or benzalaniline. When 
tris(carbomethoxy)ethylene was reacted with p-(di- 
methy1amino)styrene in methanol or in the presence of 
phenyl isocyanate, only cyclobutane was obtained and 
trapping of the l,.l-zwitterion was not observed. Similarly, 
refluxing tetrakis(carbometh0xy)ethylene with p-(di- 
methy1amino)styrene in methanol for 16 h gave only cy- 
clobutane adduct. 

Evidence against the Radical-Cation Mechanism. 
As mentioned, one purpose for doing the study was to 
determine whether or not initial formation of a radical 
cation played any role in the reaction. Hall and Glogow- 
ski12 suggested that N-vinylcarbazole formed radical cat- 
ions which reacted with electron-deficient olefins to give 
l-butene in inert solvents and cyclobutane in donor sol- 
vents. In the present system, the product formed was 
independent of the solvent and consisted only of cyclo- 
butane. 

The cycloaddition reaction was run, with acetonitrile as 
solvent, in a Vycor tube in a photochemical reactor in 
254-nm ultraviolet light. A blank was run at  the same 
temperature as the photochemical reactor (45 "C) in the 
absence of light. The NMR spectrum of the run in UV 
light and the blank showed no detectable differences. The 
reaction of p-(dimethy1amino)styrene with tris(carb0- 
methoxy)ethylene was also run in the presence of the 
radical scavengers 3-tert-butyl-4-hydroxy-5-methylphenyl 
sulfide and di-tert-butyl nitroxide. Neither of these com- 
pounds had any effect on the formation of cyclobutane. 
These experiments indicate that the cycloaddition does 
not proceed via a cation-radical mechanism. 

Asanumo et d.14 studied the photochemical dimerization 
of p-(dimethy1amino)styrene alone and proposed that the 
dimer arose from a radical cation. In polar solvents, they 
obtained the trans isomer and in nonpolar solvents, the 
cis isomer. In om laboratory, the dimerization was carried 
out in acetonitrile in the presence of the electron acceptor 
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of the resulting carbinol by flash di~ti1lation.l~ The 
electrophilic ethylenes were available from earlier inves- 
tigations.lOJ1 

Reaction Products. The reaction of p-(dimethyl- 
amino)styrene with tris(carbomethoxy)ethylene" was in- 
vestigated in different solvents. For example, 1 equiv of 
tris(carbomethoxy)ethylene reacted with 1 equiv of p -  
(dimethy1amino)styrene at  room temperature in aceto- 
nitrile to give l-[p-(dimethylamino)phenyl]-2,2,3-tris- 
(carbomethoxy)cyclobutane in 90% yield (Scheme I). The 
cyclobutane adduct was unstable. Attempts to purify the 
cyclobutane by vacuum distillation [150 "C (2 mmHg)] 
resulted in recovery of p-(dimethy1amino)styrene and 
tris(carbomethoxy)ethylene (Scheme 11). 

Several attempts were made to isomerize the cyclo- 
butane derivative to the thermodynamically more stable 
l-butene.1° The cyclobutane was heated to 150 "C for 4 
h in dimethyl-d, sulfoxide (Me2SO-d6), but no l-butene 
was formed (no vinyl protons were observed in the NMR 
spectrum) (Scheme 111). 
Tetrakis(carbomethoxy)ethylene was less reactive than 

tris(carbomethoxy)ethylene but gave cyclobutane in 59% 
yield after 16 h of reflux in acetonitrile (Scheme IV). 

The reactivity of other (carbometh0xy)ethylenes was 
tested by mixing 1 equiv of methyl acrylate, dimethyl 
fumarate, and dimethyl maleate each with 1 equiv of p -  
(dimethy1amino)styrene in refluxing acetonitrile. After 
several days the solvent was removed and the products 
were examined. The NMR spectra indicated that only 
starting materials were present. 
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obtained from a Perkin-Elmer 337 spectrophotometer. Chemical 
analyses were performed by Chemalytics, Inc., and by the 
University Analytical Center of the University of Arizona in 
Tucson. 
p-(Dimethy1amino)styrene. Methyl iodide (60 g, 0.21 mol) 

in 500 mL of dry diethyl ether was added to 10 g (0.412 mol) of 
dry magnesium. After 1 h, 50 g (0.17 mol) of p-(dimethyl- 
amino)benzaldehyde in 400 mL of dry ether was added during 
3 h. The obtained product was decomposed with a saturated 
ammonium chloride solution to which 5 mL of concentrated 
hydrochloric acid had been added. The carbinol was extracted 
and the solution dried over magnesium sulfate. The carbinol was 
dehydrated by flash distillation at 150 "C under vacuum. The 
water was removed by extraction and the product was dried and 
redistilled: bp 71-73 "C (0.1 mmHg) [lit.13 77-78 "C (2 mmHg)]; 
yield 15 g (60%). 

Electrophilic Olefins. These were prepared by literature 
procedures.lOJ1 

1-[ p -(Dimet hylamino)phenyl]-2,2,3-tris(carbometh- 
oxy)cyclobutane. p-(Dimethylamin0)styrene (0.42 g, 2.85 "01) 
was reacted with 0.58 g (2.85 mmol) of tris(carbometh0xy)ethylene 
in about 25 mL of acetonitrile. After overnight refluxing, the 
solvent was removed under reduced pressure to give the product 
as a yellow viscous oil in 30% yield (0.9 g): NMR (CDC13) 6 2.50 
(m, 2 H), 2.80 (s, 6 H), 3.20 (s, 3 H), 3.25 ( 8 ,  3 H), 3.62 (s, 3 H), 
3.63 (s, 3 H), 3.80 (s, 3 H), 4.30 (m, 1 H), 6.8 (dd, 5 Hz, 4 H); IR 
(KBr) 2960 (CH str), 1730 (C=O) cm-'. The elemental analysis 
could not be performed on the cyclobutane due to its instability. 
The product was converted to the ammonium salt, which was 
prepared by adding excess methyl iodide to the cyclobutane oil. 
The mixture was stirred for 1 h and a white precipitate formed 
during this time. The excess methyl iodide was removed under 
reduced pressure and the salt was washed with a small amount 
of diethyl ether. The yield was 100%: NMR (DzO) 6 3.2-3.8 (m), 
3.55 (s), 4.5 (s), 7.6 (m); IR (KBr) 3450 (br), 3020 (CH), 2960 (CH), 
1725 (C=O). Anal. Calcd: C, 46.45; H, 5.33; N, 2.85. Found: 
C, 46.66; H, 5.52; N, 3.12. 

Attempts To Trap  the Zwitterionic Intermediate. When 
0.42 g (2.85 mmol) of p-(dimethy1amino)styrene was reacted with 
0.58 g (2.85 mmol) of tris(carbomethoxy)ethylene in 25 mL of 
methanol as solvent at room temperature or in 25 mL of phenyl 
isocyanate at 120 "C,  only cyclobutane was obtained and no 
trapping of the l,4-zwitterion was observed (determined by 
analysis of the end product by NMR spectroscopy). 

Cycloaddition in the Presence of Radical Scavengers. 
p-(Dimethy1amino)styrene (0.21 g, 1.42 mmol) and 0.29 g (1.42 
mmol) of tris(carbomethoxy)ethylene were mixed in 1 mL of 
acetonitrile. In one run, 0.1 g of 3-tert-butyl-4-hydroxy-5- 
methylphenyl sulfide was added, and in a second reaction 0.1 g 
of di-tert-butyl nitroxide was used as a radical scavenger. The 
reaction mixtures were stirred overnight at room temperature. 
The NMR spectrum of the obtained cyclobutane was identical 
with the spectrum of a blank run in the same conditions. 

Dimerization of p-(Dimethy1amino)styrene. p-(Di- 
methy1amino)styrene (0.5 g, 3.4 mmol) was dissolved in 25 mL 
of methanol, and 0.1 g of Fe(N03)3 was added. A white precipitate 
formed almost immediately. The reaction was stirred at room 

temperature for 1.5 h. The precipitate was filtered. trans-1,2- 
Bis[p-(dimethylamino)phenyl]cyclobutane was obtained as a white 
solid (0.4 g) in 81% yield. The product was recrystallized from 
ether: NMR (CDC13) 6 2.2 (m, 4 H), 2.9 (8 ,  12 H), 3.6 (m, 2 H), 
6.9 (dd, J = 45 Hz, 8 H). The elemental analysis again was 
performed on the ammonium salt prepared by adding excess 
methyl iodide to the dimer. Analysis for 

NMQ+ I- gL1- 
Calcd: C, 45.69; H, 5.58; N, 4.84. Found: C, 45.35; H, 5.44; N, 
5.00. 

1-[ p-(Dimethylamino)phenyl]-2,2,3,3-tetrakis(carbo- 
methoxy)cyclobutane. A reaction mixture consisting of 0.64 
g (2.46 mmol) of tetrakis(carbomethoxy)ethylene and 0.36 g (2.46 
mmol) of p(dimethy1amino)styrene was refluxed for 16 h in 15 
mL of acetonitrile. The solvent was removed under reduced 
pressure and a dark yellow oil was obtained. 

The sample was dissolved in a minimum amount of ether and 
chloroform. After standing in the freezer overnight (16 h at -20 
"C), the cyclobutane was obtained in 59% yield: mp 141 "C; NMR 

( 8 ,  3 H), 3.82 (s, 6 H), 4.4 (dd, J = 4.5 Hz, 1 H), 6.90 (dd, J = 5 
Hz, 4 H); IR (Kl3r) 2970 (CH str), 1750 (C=O) cm-'. Anal. Calcd 
C, 58.96; H, 6.19; N, 3.44. Found: C, 58.88; H, 6.35; N, 3.64. 

Copolymerizations of p-(Dimethy1amino)styrene with 
(Carbomethoxy)ethylenes. The two monomers were dissolved 
in 1 mL of benzene in the quantities indicated in Table I. The 
mixture was placed in a high-pressure tube which was capped and 
degassed. The reaction mixture was heated to 70 i 1 "C during 
16 h. The polymer was precipitated in excess methanol, filtered, 
dried, and weighed. The inherent viscosity was measured in 
chloroform at 30 f 0.1 "C. 

The yield of cyclobutane adduct is determined by NMR of the 
filtrate after evaporation of the solvents. 
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