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ABSTRACT

'The reaction of N-vinylcarbazole with tetracyano- 
ethylene (ethylene tetracarbonitrile), 2-cyanofumarate, 
(dimethyl 2-cyanoethylene-1 3 2-dicarboxylate)3 dimethyl 2- 
cyanoethylene-1 5l-dicarboxylates tricarbomethoxyethylene 
(trimethyl ethylene -1 ,1 ,2-tricarboxylate), and tetracarbo- 
methoxyethylene (tetramethyl ethylene-1 ,1 ,2,2-tetracarboxy- 
late) , yielded, along with polymers, cyclobutane and open
chain adducts. Further, the reaction with tetracyanoethylene 
yielded a methoxy adduct and a butadiene, and the reaction 
with 2-cyanofumarate yielded a cyclohexane in addition to 
the cyclobutane adducts. The reactions were found to be 
dependent upon solvent and the presence of oxygen1 or other 
oxidants. If oxygen is present; the reaction of trl- 
carbomethoxyethylene with N-vinylcarbazole yielded the 
cyclobutane as the predominant product in every solvent 
except carbon tetrachloride. In the absence of oxygen the 
non-polar solvents, benzene, toluene, etc., yielded the 
open-chain adduct whereas the polar-donar solvents still 
yielded the cyclobutane adduct. It was found that additives 
such as silver salts, mercury metal, diphenylpicrylhydrazyl, 
copper and silver oxides, and ferric nitrate were able to



act in a manner analogous to oxygen when added to degassed, 
non-polar solvent solutions of the reagents. Three possible 
mechanisms have been proposed. The main feature incorporated 
in each is the formation of a butane cation—radical. The 
formation of the butane cation-radical can be caused by 
electron abstraction from the previously proposed zwitterion 
intermediate by oxygen or an additive, or it can be pro
duced from an interaction of the oxygen or additive on the 
caged ion-radical pair to produce a free cation-radical of 
N-vinyl-carbazole which can then react with another 
electron deficient olefin to produce a butane cation—radical. 
The general applicability of these mechanisms is discussed.



INTRODUCTION

The chemical reactions of electron-rich olefins with 
electron-poor olefins include cycloaddition to form cyclo- 
butane or cyclohexane derivatives, alkylation to form linear 
adducts3 olefin metathesis, oxidation-reduction, cationic 
and/or anionic homopolymerization or alternating copoly
merization. These reactions may be brought about spontane
ously (i.e.3 thermally)3 through irradiation with ultra
violet light3 or by means oD free radical initiators. The 
initial interaction between the electron-rich and electron- 
poor olefins results in the formation of a highly colored 
charge-transfer complex. The further intermediates which 
have been postulated and/or observed in these reactions have 
included caged ion radicals 5 solvated cationic and anionic 
radicalsj and zwitterions.

The factors which affect the course of the reaction 
between electron-rich and electron-poor olefins include 
solvent3 temperature, light, additives, and structure of the 
olefins.. Recent investigations in this laboratory have 
resulted in the spontaneous production of cyclobutane adduct 
and olefin methathesis products (Hall and Ykman 1975) and 
in the free radical initiated copolymerization of electron- 
rich to electron-poor olefins (Hall and Daly 1975)•



2
This paper reports the results of a more extensive 

investigation of those parameters which affect the cyclo- 
addition reaction of the classic electron-rich N-vinyl- 
carbazole with tetra- and trisubstituted electron-deficient 
olefins.

\



EXPERIMENTAL

Ultraviolet spectra were obtained using a Gary 14
Spectrophotometer. Infrared spectra were obtained using a
Perkin-Elmer grating infrared spectrometer model 337. NMR
spectra were obtained on a Varian T60 spectrometer. Chemical

ISshifts are reported on the r scale. The C nuclear mag
netic resonance spectra were obtained using a Bruker WH-90 
spectrometer. Tetramethylsilane was used as the reference. 
Melting points were determined in open glass capillary tubes 
and are uncorrected.

Solvents and Reagents 
Benzene and toluene were fractionally distilled at 

atmospheric pressure from and stored over metallic sodium. 
Chlorobenzene was fractionally distilled at reduced pressure 
from and stored over metallic sodium. Dichloromethane,
1}2-dichloroethane, carbon tetrachloride, and chloroform 
were fractionally distilled from soda lime and/or potassium 
hydroxide and stored over anhydrous potassium carbonate.• 
Pyridine was distilled and stored over potassium hydroxide. 
p-Dioxane was treated with, basic alumina having a Brockmann 
activity grade of 1, and was fractionally distilled. This 
was stored over molecular sieves and where indicated was

3



run through a column of basic alumina Just prior to use. 
Anhydrous ethyl ether was used as obtained from Mailinekrodt 
(0.05$ water). Acetonitrile and anisole, obtained from 
Mallinckrodt as analytical reagentss diphenyl ether from 
J . T. Baker (Baker grade), and anhydrous ethyl acetate from 
Mathe.son, Coleman and Bell (MCB) were used without further 
purification. Nitromethane and 1,2-dimethoxyethane from 
MCB, acetone from Baker, tetrahydropyran from Aldrich and 
nitrobenzene, dimethylformamide, dimethyl sulfoxide and 
2,2-^dimethoxypropane from Eastman Kodak were placed over 
molecular sieves and used without further purification. 
Tetrahydrofuran from Eastman Kodak was distilled from calcium 
hydride and placed over molecular sieves. Where indicated, 
tetrahydrofuran and tetrahydropyran were passed through a 
column of basic alumina (with a Brockmann activity of 1) 
just prior to use.

N-Vinylcarbazole was obtained from Pfaltz and Bauer, 
and from Polyscience. It was recrystallized from methanol 
(in the dark) and stored in a brown bottle. Tetracyano- 
ethylene (i.e., ethylene tetracarbonitrile) was sublimed 
at 80°C (at atmospheric pressure) and stored under nitrogen, 
m.p. 196-197°C. Tetracarbomethoxyethylene (i.e., tetra- 
methyl ethylenetetracarboxylate), tricarbomethoxyethylene 
(i.e., trimethyl ethylenetricarboxylate), cyanofumarate 
(i.e., dimethyl 1-cyano-l,2-ethylenedicarboxylate),



5
dimethyl 2-cyano-l,1-ethylenedicarboxylate, dichlorodicyano- 
ethylene (i.e., 2,2-dichloroethylene dicarbonitrile),
chlorodicyanoethylene (i.e., 2-chloroethylene dicarbonitrile),

/

were synthesized via the method reported by Hall and Daly 
(1975) or by Hall and Ykman(1975) • N-Phenylmaleimide was 
sublimed under vacuum and stored under nitrogen. Tetra- 
chloroethylene, maleic anhydride, acrylic acid, fumaronitrile 
and dimethyl maleate were commercially available and were • 
used as received.

General Procedure 
The procedure followed was dependent upon the re

activity of the electron deficient olefin. Reactions with 
tetracyanoethylene and cyanofumarate, being very reactive 
olefins, were carried out at room temperature in four dram 
vials equipped with a small magnetic stirrer. Reactions 
with tricarbomethoxyethylene, tetracarbomethoxy ethylene 
and most of the other electron deficient olefins were 
carried out at elevated temperatures in sealed Pyrex tubes.
c Those reactions which were degassed were made up as
follows: A Pyrex tube containing the reagents was attached 
to a manifold via a rubber tube. The solution was frozen 
in liquid nitrogen and placed under vacuum. After closing 
the stopcock on the manifold the solvent was thawed and re
frozen. Vacuum was reapplied. The solution was re-thawed and 
nitrogen was placed in the manifold and tube. The



solution was shaken briskly. This was then subjected to 
two more freeze-thaw cycles. The solution was re-frozen 
and the tube sealed without breaking vacuum. A vacuum of
0.01 mm of Hg was obtained and held for five minutes during 
each cycle.

The workup of the reactions involved selective pre
cipitation and extraction of the products3 recrystallization
and/or vacuum distillation if possible and identification by

1 11elemental analysis, conventional H and nuclear magnetic 
resonance spectra, ultraviolet and visible spectroscopy, 
infrared spectroscopy, mass spectral analysis, and compari
son with authentic samples whenever possible. The reproduc
ibility of the experiments was always checked and in most 
cases 100% material balance of starting material to products 
was achieved.

The efficiency of the workup procedure was proved by 
analyzing a known mixture as follows: A solution was made up 
containing 0.0353 g of tricarbomethoxyethylene, 0.0671 g 
of N-vinylearbazole, 0.0431 g of polyvinylcarbazole, 0.011 g 
of copolymer, and 0.384 g of the cyclobutane adduct of 
N-vinylcarbazole and tricarbomethoxyethylene in 3 ml of 
chloroform. This was then poured into 12 ml of methanol, 
filtered onto a weighted piece of filter paper, dried in 
the air for 24 hours, weighted, extracted with four 4 ml 
portions of acetone, dried and re-weighted. The initial
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methanol precipitate weighted 0.0566 g. The acetone 
Insoluble polymer weighted 0.0445 g . The methanol soluble 
portion weighted 0.1379 g . Based on the NMR spectrum 6l% of 
the carbazole absorptions in the methanol soluble portion 
corresponded to N-vinylcarbazole, the.remainder being 
attributed to the cyclobutane carbazole absorptions. Using 
this value 55% of the ester absorption was attributed to the 
cyclobutane and 45% was attributed to tricarbomethoxy^ 
ethylene. In the starting mixture the N-vinylcarbazole 
constituted 63.6% of the carbazole absorptions in the NMR 
and the cyclobutane constituted 52.1% of the ester absorption. 
A 99% material balance was obtained.

The Reactions between N-Vinylcarbazole 
and Tetracyanoethylene

The reaction between 0.128 g (1 mmol) of tetra
cyanoethylene and 0.193 g (1 mmol) of N-vinylcarbazole 
was carried out in 3 ml of each of the following 23 solvents. 
The reaction was carried out at room temperature and no 
provision was made to omit oxygen. These samples.were 
stirred with a spatula and/or with a magnetic stir bar.
Within 10 minutes the color of the complex disappeared, 
indicating complete reaction. NMR was then taken on the 
reaction mixture and if needed a small.amount of sample was 
evaporated to dryness and dissolved in deuterioacetone and 
acetonitrile in order to determine the product distribution.



The presence of polymer was detected by the occurrence of 
a precipitate when the reaction mixture was added-to methanol.

Isolation of 2,2,3,3,-Tetracyano-l- 
carbazol-9-ylcyclobutane

The reaction between tetracyanoethylene and 'N-vinyl- 
carbazole in benzene has been carried out by Bawn, Ledwith 
and Sambhi (1971) and was repeated here with essentially the 
same results„ A solution containing 0.38 g (2 mmol) of N- 
vinylcarbazole in 10 ml of benzene and 0.28 (2 mmol) ofy
tetracyanoethylene in 15 ml of benzene were mixed at room 
temperature. The mixture immediately turned dark purple 
upon mixing. The reaction mixture was warmed to 30°C. It 
slowly turned green and as precipitate formation occurred 
the solution turned yellow. The solution was filtered after 
one hour and the solids washed with benzene to yield a sub
stance which decomposed at 131°C and melted at 136°C 
(lit m.p. 130-131°C). By I.R. this cyclobutane absorbed

“I
in the region from 1210 to 1230 cm” analogous to the vinyl- 
carbazole dimer absorption of 1210-1230 cm-"*". The NMRs 
in CDClg and CH^CN mixture, shows aromatic peaks at 1.95 
(m,2H) and 2.50 (m,6H), absorption for the hydrogen alpha 
to carbazole 3.75 (t 31H), and two quartets at 5.25 and 
6.20, each representing one hydrogen. The solution was pale• 
purple before and after the NMR was taken. When the NMR 
was attempted in CDClg and DMSO-dg the sample visibly



9
decomposed before an NMR could be taken. Analysis, calcu
lated for _C20Hi;lN5 : C., 74.77; H, 3.41; N s 21.81. Found:
C 3 74.78; H s 3-42; N3 21.85.

Isolation of 3,4,4-tricyano- 
l-carbazol-9-ylbutadiene-l,2

This was prepared by the method reported by Bawn 
et al. (1971) using 0 .128 g (1 mmol) of tetracyanoethylene 
and 0.193 g (1 mmol) of N-vinylcarbazole in 3 ml of methanol 
at- 30°C. The solution turned dark purple and upon standing 
at 30°C the solution turned yellow and then pale red. Upon, 
slow evaporation of the solvent deep red crystals fell out 
of solution, m.p. 263-264°C (lit m.p. 271-272). Analysis, 
calculated for : C, 77 .55; H, 3.40; N, 19.05. Found:
C, 77.25; H, 3.67; N, 18.68.

Isolation of l^methoxy-3,3,4,4-tetracyanp- 
1-carbazol-9-ylbutane .

A solution consisting of 0.128 g (1 mmol) of tetra
cyanoethylene and 0.193 g (1 mmol) of N-vinylcarbazole was 
warmed to 30°C. When the solution turned yellow it was 
cooled to room temperature and the solvent was evaporated 
with a stream of dry air. The pale pink solid melted at 
.161-163°C with obvious decomposition to a deeper red sub
stance. I.R. shows the presence of a strong peak at 2900 
cm-^ which is characteristic of the -C( ON)hydrogen  
stretching vibration (Shirota et al. 1972). NMR, (CDClg)
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Aromatic absorptions 1.92 (m32H) 3 2.50 (m36H)j Hydrogen alpha 
to carbazole 3.88 (q3lH); Tertiary Hydrogen 4.9 (s3lH); 
Methoxy absorption 6.6 (s33H); 6.2 to 7.4 (m32H). Analysis, 
calculated for ■ •Cg^H^NO^: C, 71.59; H 3 3.70; N 3 19.94.
Found: C3 71.23; H, 4.27; N 3 19.66.

Attempted Synthesis of 3,3,4,4-tetracyano- 
l-carbaz'ol-9-ylbutene-l

The reaction between tetracyanoethylene and N- 
vinylcarbazole was carried out in a vessel consisting of 
two tubes attached via a Y-tube. An NMR tube was sealed 
onto one of the two tubes. The tetracyanoethylene and 
N-vinylcarbazole were carefully and separately placed into 
the. vessel. Care was taken not to mix the reagents prior to 
degassing. The solvent was distilled under vacuum into each 
side and the system degassed. The reagents' were mixed in 
the dark and some of the material was poured into the NMR 
tube. The NMR tube was sealed off. Much precipitate was 
formed. By NMR the only product appeared to be the cyclo- 
butane.

The Reactions between N-Vlnylcarbazole 
and Tetracarbomethoxyethylene '

The reaction between 0.264 g (1 mmol) of tetra
carbomethoxy ethylene and 0.193 g (1 mmol) of N-vinylcarba- 
zole was carried out in 3 ml each of the solvents listed in 
the table. The reagents were dissolved in 1.5 ml each and



mixed together in a pyrex tube. The additives (0.004 g of 
t-butylhydroquinone, diphenylpicrylhydrazyl3 pyridine, or 
triethylamine) were added to the N-vinylcarbazole prior to 
mixing with the tetracarbomethoxy ethylene. Where indicated 
the ether solvents were passed through a short column of 
basic alumina Just before use. All the tubes were sealed 
and heated to 155°C. The runs in nitromethane detonated at 
this temperature and were not further investigated. Those 
samples made up in ethyl acetate, dichloroethane, acetoni- 
trile, tetrahydrofuran and acetone were made up several 
times but nearly, always exploded due to the pressure in
volved at the elevated temperature. After 16 hours the 
samples were cooled, and broken open. Nuclear magnetic 
resonance spectra were run on the crude reaction mixture 
in order to detect the possibility of further reactlon(s) 
occurring during the workup. The formation of, polyvinyl- 
carbazole was detected by the presence of a precipitate when 
the reaction mixture was added to methanol. Any solution . in 
which polymer was detected was added to 10 ml of methanol.
The polymer filtered onto weighted filter paper, dried, 
weighted, leached with four 4 ml portions of acetone, dried 
and re-weighted. The methanol soluble portion was evaporated 
to dryness, dissolved in CDClg and an NMR was taken to de
termine the products and presence of starting material. The 
results reported in the table are based on the carbazole 
absorption.
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Isolation of Tetramethyl l-Carbazol-9- 
ylcyelobutane-2 2,3,3-tetracarboxylate

A solution containing 0.54 g (1.2 mmol) of tetra- 
carbomethoxyethylene and 0.40 g (1.2 mmol) of N-vinylcarba- 
zole In 10 ml of benzene was placed in a Pyrex tube and 
sealed under an air atmosphere. This was heated to 155°C 
for 16 hours. The solvent was evaporated and the residue 
extracted with a hexane:cyclohexane:benzene mixture (6 :2 :1). 
Upon evaporation a solid was obtained which could be re
cry stall 1 zed from a carbon tetrachloride-pentane mixture, 
m.p. 172.8-173.40C. Yield 0.76 g (8l%). NMRs (CDCl^), 
aromatic absorptions, 2.05 (m,2H) and 2.74 (m>6H); hydrogen 
alpha to carbazole, 3.89 ( t. 1H ); hydrogens beta to carbazole, 
5.56 (qslH) and 7.18 (q,lH); ester absorptions3 6.08, 6.12, 
6 .22, 7.03, (four singlets, 12H). Analysis, calculated 
for C2l}H23N08 : C, 63.53; H,; 5.12; N, 3.09. Found: 0, 63.38; 
H, 5.-36; N, 3.00.

Isolation of Tetramethyl l-Carbazol-9-ylbut- 
l-ene-3,3,4,4-tetracarboxylate

To a solution containing 0.193 g (1 mmol) of vinyl- 
carbazole in 1.5 ml of chlorobenzene was added to 0,264 g 
(1 mmol) of tetracarbomethoxyethylene in 1.5 ml of chloro- 
benzene. This was placed in a pyrex tube and degassed and 
sealed. The sample was then heated to 155°0 for 16 hours.
The tube was broken open and the solvent evaporated. The 
residue was extracted with pentane and evaporated to yield



a solid which could be recrystallized from a pentane-carbon 
tetrachloride mixture3 m.p. 96-98°C. NMR5 (CDCl^)3 
aromatic absorptionss 1.78 (m ,2H) and 2. 57 (m.)6H) hydrogen 
alpha to carbazole, 3.38 (d, J»8Hz,1H) hydrogen beta to 
carbazole, 5.18 (s,lH) ester absorptions 6.20 (several 
singlets, 12H). Analysis, calculated for C24H23^°8: ^ 3 63.53 
H, 5.12; N, 3.09. ' Found; C, 63.-42; H, 5.08; N, 2.97.

The Reactions between N-Yinylcarbazole 
and Tricarbomethoxyethylene

The reaction between 0.202 g (1 mmol) of tricarbo
methoxy ethylene and 0.193 g (1 mmol) of N-vinylcarbazole in 
3 ml of solvent was carried out at 110°C in sealed Pyrex 
tubes. The workup included NMR on the reaction solvent, 
precipitate with methanol, filter, dry and weight, wash 
with acetone, re-dry and re-*weight. The weight of the 
acetone insoluble precipitate was taken as a measure of the 
amount of polyvinylcarbazole which formed. The weight 
difference between the precipitate in acetone and the pre
cipitate in methanol was taken as a measure of the amount 
of copolymer formed. The table lists the percent of each 
component formed based on initial vinylcarbazole present.
The percent of cyclobutane formed is based on the amount of 
N-vinylcarbazole which has reacted to give polymer and ad
justed for that amount of the remainder which has not reacted 
as determined by NMR. The acetone was evaporated in each



case. The solids were dissolved in deuterochloroform. If 
ester groups were not detected and broad aliphatic absorp
tions existed in the NMR spectra the weight was added to 
the insoluble polymeric weight to get the total amount of 
polyvinylcarbazole formed. The inhibitor used in this 
series was t-butylhydroquinone (0.004 g).

Other Additives
To a solution containing 1 mmol of N-vinylcarbazole 

and 1 mmol o f •tricarbomethoxyethylene in 3 ml of benzene 
was added a small amount (0.007 to 0.02 g) of additive..
The samples were degassed, sealed and heated to 110°C.
The product distribution was determined by NMR. The polymer 
reported was precipitated with methanol, filtered, dried 
and weighted. A degassed control sample, where no additive 
was present, was run for each sample. Where material

Vbalance in the table does not total 100% the remainder was 
found to be recovered N-vinylcarbazole. In those cases where 
no value is reported for the polymer, the percentages of 
cyclobutane adduct and open chain adduct reflect the ratio 
observed by NMR and do not represent yields. Samples run 
with carbon dioxide and nitrogen atmospheres were degassed 
by the standard procedures and the COg or Ng was added at 
atmospheric pressure just prior to sealing. Care had to be 
taken with the carbon dioxide sample in order to insure
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that solid CO^ was not present in the sample when the tube 
was sealed.

Isolation of Trimethyl l-carbazol-9- 
ylcyclobutane-23 2,3-tricarboxylate

A solution containing 0.202 g (1 mmol) of tricarbo- 
methoxyethylene and 0.193 g (1 mmol) of N-vinylcarbazole 
in 5 ml of benzene was sealed in a Pyrex tube in the pre^ 
sence of air at atmospheric pressure. This was then heated 
to 110°C for 16 hours. The solvent was evaporated and ex
tracted with hexane-pentane (1 :1) mixture, which was 
evaporated to yield a thick, clear, colorless oil. This was 
extracted with hexane and the hexane was evaporated. NMR, 
(CDClg), aromatic absorptions, 2.05 (m,2H) and 2.70 (m ,6H ); 
hydrogen alpha to carbazole, 3.86 (t,lH); cyclo- 
butane hydrogens 5.65 (q,lH) and 5.72 - 7.50 (m,2H); 
ester absorptions, 6.24 (several singlets, 6H) and 7.14 
(ss3H)| Shoulder at 7.15 (indicates presence of cis-trans 
isomer in sample). I.R. Spectra exhibits ester absorption 
at 1740 cm-"*", carbazole absorption from 700-800 cm-^ and a 
broad cyclobutane absorption from 1200 to 1230 cm-"*".
Analysis, calculated for C22H2 1 ^ 6 " ^3 66.83; H, 5.32; N, 3.54. 
Found: C, 66.87; H, 5.70; N, 3.48. NMR, (acetone-dg) :
Ester methyl carbon absorb at .1180 Hz; the carbazole 
CH carbons absorb occur at 2510, 2710, and 2840 Hz; the 
quaternary carbazole carbons absorb at 2790 and 3170 Hz;
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the ester carbonyl carbons absorb at 2780 and 2870 Hz; the 
cyclobutane carbons absorb at 2940, 1420, 890, and 590 Hz 
being, respectively, the carbons in the 1 , 2, 3> and 4 
positions as indicated by the splitting in the off resonance 
spectra. Tetramethylsilane was used as the reference.

Isolation of Trimethyl l-carbazol-9-ylbut-
l-ene-3,4,4-tricanboxylate' ~

A solution containing 0.193 g of N-vinylcarbazole 
(1 mmol) and 0.202 g of tricarbomethoxyethylene (1 mmol) in 
3 ml of benzene was degassed and sealed. This was then 
heated to 110oC for 16 hours. The solvent was evaporated. 
The residue was distilled using a Kugelrohr distillation 
apparatus. The clear distillate was sent for analysis. 
Calculated for  ̂22^21^6: C, 66.83; H, 5.32; N, 3.54. Found 
C, 67.20; H, 5 .52; N, 3.62 . NMR, (cpcig), aromatic absorption 
at.1.98 (m,2H) and 2.58 (m,6H), hydrogen alpha to carbazole 
at 3.68 (d,J=8Hz, 1/2H) and 3.85 (d,J=8Hz,i/2H), a single 
strong peak at 5.76 (1H), several ester singlets at 6.24 
and the remaining absorptions from the butane hydrogens 

• appear as many baseline absorptions from 5.4 to 7.2. The 
NMR revealed the ester methyl carbon absorptions at 

1190 Hz. The carbazole CH carbons absorb at 2510, 2720,
2730, 2860, and 2890 Hz, and the quaternary carbons in 
carbazole absorb at 2800 and 3150 Hz. The ester carbonyl 
carbons absorb at 3870 and 3780 Hz. The butene carbons
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absorb at 2900, 2560, 1240, and 1080 Hz, each of the latter

(

absorptions being split into doublets in the off resonance 
spectra. The deuterioacetone used as solvent absorb at 
4820 and 670 Hz. Tetramethylsilane was used as the 
reference.

Preparation of the 1:1 Copolymer of 
Vinylcarbazole and Tricarbomethoxy- ■ 
ethylene

A solution containing 2.02 g of tricarbomethoxy- 
ethylene and 1.93 g of N-vinylcarbazole (10 mmol of each) in 
10 ml of chloroform was irradiated for 24 hours at room 
temperature. Ethyl ether was added and a polymeric material 
precipitated. This was extracted three times with 50 ml 
portions of ether to leave a material which analyzed as a 
1:1 copolymer. Calculated for (-'22H2 1 ^ 6 : 66.83; H, 5.31;
N, 3.54. Pound; C, 65-93; H, 5.32; N, 3.55. The ether " 
soluble portion contained the cyclobutane adduct•and a 
trace of unreacted starting material.

The Reactions between N-Vinylcarbazole 
and Dimethyl Cyanofumarate

The reaction between 0.17 g (1 mmol) of cyanofumarate
and 0.193 g (1 mmol) of N-vinylcarbazole in 3 ml each of
13 solvents was carried out at room temperature in the
presence of air, in four dram vials equipped with a magnetic
stirring bar. The reaction was complete within 16 hours.
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The workup procedure was identical to that reported for the 
N-vinylcarbazole-triearbomethoxyethylene reaction.

Isolation of Dimethyl 2-cyano-l-carbazol- 
9-ylcyclobutane-2,3-dicarboxylate

The reaction between 0.17 g (1 mmol) of dimethyl
cyanofumarate and 0.19 g (1 mmol) of N-vinyloarbazole was
carried out in 3 ml of benzene at room temperature (28°C)
.in the presence of air. After 16 hours the solvent was
evaporated and the residue was extracted with cyclohexane.
The cyclohexane was evaporated and the procedure repeated.
NMRj (CDClg): aromatic hydrogens■at 1.98 (m,2H) and 2.65
(m36h ); hydrogen alpha to carbazole5 4.42 (t,lH); ester
absorptions, 6.25 (s ,6H); other cyclobutane ring hydrogens,
7.05 (s,lH), 5*4 to 8.2 (m,2H). The sample could not be
satisfactorily purified for analysis. Calculated for
C21Hl8N2°4: Cj 6 9 E > 4.97; N, 7.73. Found: C, 70.94;
H, 4.98; N, 6 .89. I.R. showed no ON absorptions.

Isolation of Dimethyl 4-cyano-l-carbazol- 
9-ylbut-l-ene-3,4-dicarboxylate ' •

The reaction between 0.17 g (1 mmol) of dimethyl
cyanofumarate and 0.19 g (1 mmol) of N-vinylcarbazole was
carried, out in 3 ml of toluene, at room temperature in the
presence of air. After 16 hours the solvent was evaporated
and the residue chromatographed. The last half of the major
zone was found to be enriched with the desired product.
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This was re-chromatographed several times on silica gel using 
hexane-pentane (1:1) to elute. NMRS (CDClg) indicated the 
characteristic feature of the open chain adduct to be four 
small peaks located at 3.82 (d, J = 8 H zs %H) and 4.04 
(d, J = 8HZ, %H)„ Even after four chromatographings the 
chain adduct was contaminated with 10 to 20% cyclobutane.
I.R. showed ON absorptions at 2220 cm ^ (moderate intensity)..

Isolation,of Dimethyl 6-cyano-l,3-di(carbazol-9-yl) 
cyclohexane-5,6-dicarboxylate '

A solution containing 0.17 g (1 mmol) of dimethyl 
cyanofumarate and 0,19 g (1 mmol) of N-vinylcarbazole in 
3 ml of dichloromethane was allowed to react at room temper
ature for 16 hours. The solvent was evaporated and thin 
layered on silica gel. A substance not corresponding to 
starting materials or 1:1 adduct was washed off. NMR? 
(CDCl^): 1.82 (t,6H)• 2.7 (m,l4H); 6.18 (s,6H); 6.5-8.7 
(m34H). The hydrogen alpha to earbazole exhibited a broad 
absorption in the region 3.2 to 4.3. Analysis: calculate 
for C35H29N3O4 : C3 75.68; H s 5.23. Found: C3 75.36;
H 3 5.19.

The Reaction between N-Vinylcarbazole 
and 2-Cyanoethylene-1,1-dicarboxylate

The reaction between N-vinylcarbazole and 2-cyano- 
131-dicarbomethoxyethylene was carried out in benzene. The 
reaction was only a third as fast as the cyanofumarate
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reaction. The polymer which formed (6%) was precipitated in 
methanol,, filtered off, and the methanol evaporated. This 
was then dissolved in chloroform. Solids precipitated, were 
filtered off, and were recrystallized from chloroform, m.p, 
l6l-l63°C, Analysis,, calculated for : C, 69.61 j
H, 4.97; N-, 7.73. Pound: C, 70.99; H, 5-24;. N,; 7.82. When
the sample was subsequently disolved in carbon tetrachloride 
carbazole was found to be present, being insoluble in carbon 
tetrachloride. Analysis calculated for 8.4% carbazole 
present: C, 70.99'.;.-H, 5.04;, N, 7.79.

The Reaction between N-Vinylcarbazole 
and N-Phenylmaleimide '

Solutions containing 1 mmole of both N-vinylcarbazole 
and N-phenylmaleimide were made up in 12 solvents and sealed 
in Pyrex tubes in the presence of oxygen. These were then 
heated to 80°, 110° and 155°C for 16 hours each. After each 
heating period the flasks were broken open, NMR taken to 
check for reaction to have occured, and re-sealed. Polymer 
was detected by the presence of a precipitate when the re
action mixture was. poured into methanol.

The Reaction between N-Vinylcarbazole 
and Other Electron Deficient Olefins

The cycloaddition of N-vinylcarbazole to each of seven 
electron deficient olefins (i.e.,, tetrachloroethylene, maleic 
anhydride, acrylic acid, fumaronitrile, dichlorocyanoethylene,
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2-chloro-l,1-dlcyanoethylene, and dimethyl maleate) was at
tempted In four solvents: ethyl acetate, benzene, dichloro- 
methane and acetonltrlle. One mmol quantities of reagents 
were dissolved In 3 ml of solvent and sealed In Pyrex tubes. 
The temperature was raised from room temperature to 80°, 110° 
or 155°C if reaction did not occur at the lower temperatures. 
The workup procedure was identical to that of the reaction 
between tricarbomethoxyethylene and N-vinylcarbazole.

The Cationic Polymerization of 
N-Vinylcarbazole with Benzoic Acid

The polymerization of a solution containing 0.1 g 
(0.5 mmol) of N-vinylcarbazole in 1.5 ml each of 22 solvents 
was initiated with 0.012 g (0.5 mmol) of benzoic acid. The 
solution was heated at 80°C for 16 hours. This was then pre
cipitated with ethyl ether, filtered, dried and weighted, 
and the percent conversion to polymer was recorded. The 
reactions containing p-dioxane, dimethoxyethane and tetra^ 
hydropyran as solvent were repeated, except that just prior 
to making up the samples the solvent was passed through a 
column of basic alumina having a Brockmann activity of 1.

The polymerization of 1 mmol of N-vinylcarbazole in 
3 ml of each of 19 solvents was carried out at room tempera
ture using 0.01 mmol of methanesulfonic acid as the initiator. 
These were then treated with 15 ml of methanol, the polymer
ic precipitate was filtered, dried and weighted, and the 
percent conversion was recorded.



The Isolation of Poly N-Vinylcarbazole
A sample of poiyvinylcarbazole was made by treating 

a solution containing 0.4 g of N-vinylcarbazole (2.1 mmol) 
in 4 ml of dichloromethane with 0.012 g of"benzoic acid 
(IQ”5 m) and warming the solution to 40°C for 12 hours. This 
was precipitated with 20 ml of methanol, filtered, and 
leached with acetone. After drying at room temperature for 
24 hours the sample was sent for analysis. Calculated for 
c12HllN: 0,87.05; H,5.7Q; N,7.25. Found: .0,86.77; H,5.85; 
N,7.25.

The Preparation of Trans-l,2--Di(carbazol-9-*yl)
cyclobutane

A modified method reported by McKinley, Crawford and
' • ■ i ■ ■

Wang (1966) was used. To a solution containing 2 g of N-
vinylcarbazole in 88 ml of anhydrous methanol was added 0.2
g of Fe(NOg)g.gHgO. A deep yellow color formed and within 30
minutes a precipitate formed which was immediately filtered
to yield 0.76 g of dimer, m.p.l89-191°C (lit.m.p.l89-193°C).
Recrystallization from hexane:benzene (20:1) yielded 0.48 g,
m.p.l93-19^0C. Analysis calculated for C28H22^2" 0,87.01;
H , 5.7 4; N , 7 • 2 5. Found: 0 ,87,27; H, 5 • 92; N,7 19 • NMR(CDClg),
aromatic hydrogens, 1 .98 'and 2.69 (m,l8H); alpha hydrogens,
3.77 (5,2H); beta hydrogens, 7.25 (m,4h ). (For assignments
see Ellinger 1965a.) I.R. revealed the cyclobutane deforma-

—  1tion at 1210 and 1230 cm and the carbazole absorptions in 
the region between 700 and 800 cm-"*".



RESULTS

The products obtained from the reaction of N-vinyl- 
carbazole with electron deficient olefins (Scheme 1) general
ly consisted of homopoly-N-vinylcarbazole, copolymer,eyelo- 
butane (I), and open-chain olefin (II). In one isolated 
case, a cyclohexane adduct (IIIB) was formed and in another 
a diene (IVa) was formed as well as a methoxy adduct (Va).

Scheme 1
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The cyclobutane adducts Ic and Id, and the open 

chain adducts Tic and lid were found to be stable when they 
were resubjected to the reaction conditions.

Polymer Formation
The production of polymers in these reactions was an 

annoying but predictable side reaction. Homopoly N-vinyl- 
carbazole was seen to form via two mechanisms, the choice of 
which was solvent-dependent. In dichloromethane, 1,2-di- 
chloroethane, nitromethane and chlorobenzene the polymer 
was produced cationically since polymerization in these sol
vents could be quenched with pyridine and triethylamine. The 
ability of solvents to support cationic polymerization was 
further confirmed using benzoic acid and methanesulfonic acid 
as initiators (Table 1). Polymer was formed in nitromethane 
and in dichloromethane and dichloroethane in both cases.
The weak acid, benzoic acid, did not cause polymerization in 
the remainder of the solvents whereas all but the ether 
solvents supported polymerization with the stronger acid.

In p-dioxane, tetrahydrofuran, tetrahydropyran and 
similar solvents which have low dielectric constant and in 
which peroxides were present or were capable of forming under 
the reaction conditions used, free radical polymerization was 
observed. Polymerization in these solvents was easily 
quenched through the use of t-butyIhydroquinone.



Table -1. Cationic Polymerization of N-Vinylcarbazole.

Initiated by 
Benzoic Acid- . Percent

Nitroraethane 67% Tetrahydro furan 03
1,2-Dichloroethane 19% Acetone 03

, Dichlorotnethane 18% Dimethoxypropane " O f
p-Dioxane (0) Dimethyl sulfoxide 0%
Acetonitrile 0% Dimethylformamide 03
Chloroform 0% Pyridine 03
Ethyl acetate 0% Chlorobenzene 03
Ethyl ether 0% Anisole 03
Toluene 0% Diphenyl ether 03
Benzene 0% Carbon tetrachloride 03

Solvent Yield

Initiated by Initiated by
rtethanesulfonic Acid Methanesulfonic Acid

Nitromethane 933 Benzene 903
Dimet ho xyethane 03 Tetrahydrofuran 223
Dichloro ethane 983 Acetone 503
Dichlorometbane 983 Dimet ho xypropane 03
p-Dioxane 03 Dimethylsulfoxide -
Tetrahydropyran 03 Dimethylformamide -
Acetonitrile 563 Pyridine *»
Chloroform 473 Chlorobenzene 1005
Ethyl acetate 403 Anisole 835
Ethyl ether 893 Diphenyl ether —
Toluene 1003 Carbon tetrachloride 505

aCationic polymerization of 0,3 m vinylcarbazole with 
O'.01 m in initiator, 80oC, 4 dram vials, air present,
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A comparison of degassed to non-degassed reactions shows that 
the presence of oxygen has an inhibitory effect on the 
polymerization reaction.

Copolymer was not observed to form between N-vinyl- 
carbazole and the tetrasubstituted olefins. In the case Of 
the trisubstituted olefins copolymerization did occur and 
was found to proceed via a free radical mechanism, being 
quenched by t-butylhydroquinone.

The production of polymer in these reactions is 
therefore straightforward and in agreement with the litera
ture (Barrales-Reinda, Brown and Pepper 1969; Bawn et al. 
1971; Tada, Shirota and Mikawa 1973a, 1973b; Hall and Daly 
1975, and the references therein).

Formation of Cyclobutane and 
Open-Chain Adduct

Our attention can therefore be rightfully focused on 
the effects of experimental parameters on the production of 
cyclobutane and open-chain adduct. To maximize the yields 
of these products the reagents were always mixed in equal 
molar quantities and the reactions were always carried out 
at the lowest possible temperature. The parameters we 
studied were the effect of electron-deficient olefin struc
ture, solvent, and presence or absence of various additive, 
in particular, oxygen.
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The electron deficient olefins have arranged them

selves in the following descending order of reactivity: 
tetracyanoethylene > cyanofumarate > dimethyl 2-cyanoethylene- 
1jl^di-carboxylate > tricarbomethoxyethylene > tetracarbo- 
methoxyethylene. The remainder of the olefins studied were. 
either too unreactive or because of polymer formation no 
isolable or identifiable cyclobutane adduct formed.
This descending order is in general agreement with the 
order of decreasing reactivity for the electron deficient 
olefins as established by Hall and Ykman (1975)• The tem
perature at which the reaction was carried out was de
termined by the reactivity of the electron deficient olefin, 
decreasing reactivity requiring a.higher temperature needed 
for cycloaddition to occur. However, as a consequence of 
the higher temperature more polymer usually formed. The 
reactions were found not to be affected by light except to 
the extent light causes free-radical polymerization to occur. 
The reactions have been found to be sensitive to solvent 
and additives and there is an interrelating dependence of 
the products on which additives and which solvents are used. 
Two basic classes of solvents have been observed, those which 
will promote formation of cyclobutane both in the presence 
and absence of oxygen or additives and those in which 
cyclobutane can form in the presence but not in the absence 
of oxygen or additives. The only solvent which has been
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found not to fall into one of these two classes is. carbon 
tetrachloride. Except for the very reactive tetracyano- 
ethylene and cyanofumarate,. no cyclobutane was observed in 
the carbon tetrachloride reactions.

The Reaction of N-Vinylcarbazole 
with Tetracyanoethylene

The reactions which were carried out in benzene and 
dic.hlororaethane yielded results which were in good agree
ment with those reported by Bawn et al. (1971)s i.e., a 
homogeneous reaction in benzene yielding a precipitate 
consisting of a 60% yield of cyclobutane adduct; a hetero
geneous reaction in dichloromethane yielding nearly a 100% 
yield of cyclobutane. When the reaction was carried out in 
methanol, and the resulting mixture not heated to reflux, 
the initial major product formed was a methanol adduct.
This adduct had not been reported by Bawn et al. (1971).

When the reaction in benzene was repeated, degassed, 
taking adequate care to insure the reagents were not mixed 
prior to degassing (i.e., via a Y-tube— see Experimental) 
and that the reagents were not exposed to light during or 
after the mixing step, the observed product was still the. 
cyclobutane adduct. Light and oxygen, therefore, do not 
appear to have an effect on the course of the reaction. In 
all cases the reaction was quantitative within 15 minutes at 
room temperature.
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Charge Transfer Complex Formation with Solvent 

and with N-Vinylcarbazole
Charge transfer complexes have been reported to 

occur between tetracyanoethylene and various solvents 
(Merrifield and Phillips 1958). The solvents used and the 
measured wavelengths of maximum absorption and.the relative 
extinction coefficients (X max and e, respectively) for 
the transition corresponding to the charge-transfer band 
are tabulated in Table 2. It should be noted that these 
are relative extinction coefficients3 based on total weight 
of tetracyanoethylene and are not absolute, values as re
ported by Merrifield and Phillips (1958). Dimethylforma- 
mide and dimethyl sulfoxide formed a deep red, or reddish 
yellow, solution with tetracyanoethylene. The remainder of 
the solvents exhibited a yellowish hue, or were completely 
colorless.

Upon mixing the tetracyanoethylene solutions with 
N-vinylcarbazole solutions in pyridine, dimethylformamide 
and dimethylsulfoxide a bright red colored solution formed 
either immediately, as in the pyridine solution, or within a 
minute or two. The remainder of the solutions exhibited the 
characteristic purple color attributed to the charge-transfer ■ 
complex between tetracyanoethylene and N-vinylcarbazole 
(Bawn et al. 1971). The charge-transfer complex color in 
the latter reaction solvents changed from a deep purple to
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Table 2. Charge-Transfer Absorption of the Tetra-

cyanoethylene-solvent Charge-Transfer Band.

Solvent Solvent--TCNE
Complex

max 3 c
bNitromethane

Ethylacetate 288 14
Dimethoxyethane 289 58
Tetrahydrofuran 313 58
Tetrahydropyran 328, 86
p-Dioxane 355 25Chlorobenzene 379 64
Benzene 380 29
Acetonitrile 410 10
Pyridine 415 . 96
Dimethylformamide 420 27
Acetone 461 38
Toluene 478 52
Dimethyl sulfoxide 480 9
Diphenyl ether 490 . 11
Anisole 499 24 ,
Dimethoxypropane insoluble0
Ethyl ether insoluble
Carbon tetrachloride insoluble
Chloroform insoluble
Dichloromethane insoluble
Dichloroethane insoluble

^Relative extinction coefficients were measured. 
This data does not therefore correlate with absolute - 
extinction coefficients measured by Merrifield and Phillips 
(1958).

kObvious decomposition before measurement was 
made. -

c.Wavelength reported in nanometers.

^Because of solubility problems measurements 
were not made on these solvents.



a yellow as the reaction proceeded. In Methanol the solu- :: 
tlon changed from deep purple to a bright red color. Both 
the yellow color In the polar solventss and the bright red 
color in methanol were attributed to the presence of the 
butadiene IVa (Bawn et al. 1971)• The reactions carried out 
in. chlorinated solvents and in ethyl ether were heterogene
ous. in nature and.the reaction mixtures were initially a 
bright blue. The difference in intensity of the initial 
color formed in the chlorinated solvents as compared to the 
non-chlorinated solvents can be attributed to the insolu-. 
bility of tetracyanoethylene in the chlorinated solvents.
At no time was a purple color observed in those reactions 
using pyridine, dimethyl sulfoxide and dimethylformamide as 
solvent. As reaction occurred in these solvents the 
intensity of the red color increased, indicating the buta
diene IVa was being formed.

Nature of the Products
The products which have been observed in these reac

tions have been isolated and characterized as 2,2,3,3- 
tetracyano-l-carbazol-9-ylcyclobutane (la); 3,4,4-tricyano- 
l-carbazol-9-ylbutadiene-l,3 (IVa); and 3,3,4,4-tetracyano-l 
methoxy-l-carbazol-9-ylbutane (Va). The cyclobutane adduct 
was isolated quantitatively from those solvents in which the 
tetracyanoethylene showed low solubility. It was isolated 
in 40 to 60% yields from nitromethane, acetonitrile, benzene
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toluene, and dichlorobenzene by filtration of the precipitate 
which formed in these reactions. In the remainder of the 
solvents, with the exception of pyridine., dimethyl sulfoxide, 
and dimethylformamide, the cyclobutane adduct was determined 
to be present by NMR spectroscopy. In all cases where the 
purple charge transfer complex occurs the cyclobutane is the 
only product initially observed. No effort was made to iso
late the cyclobutane adduct from all of the solvents as it 
was found to be labile, and has been reported to decompose 
to tetracyanoethylene, and/or to a butadiene (IVa) (Bawn 
et al. 1971).

It was of incidental interest that when the cyclo
butane was isolated and purified and placed back into the 
various solvents its stability was roughly correlated to 
the relative extinction coefficient of the solvent- 
tetracyanoethylene UV-visible absorption band: the larger 
the relative extinction coefficient observed, the more 
stable was the cyclobutane adduct.

The butadiene was isolated as a major product from 
the reaction of tetracyanoethylene with N-vinylcarbazole in 
methanol even though a spectroscopic examination using 
nuclear magnetic resonance techniques indicated that the 
cyclobutane was formed initially. The other isolated 
product from this reaction was a methoxy adduct (Va). Those 
reactions carried out in pyridine, dimethylsulfoxide and
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dimethylformamide are believed to produce the butadiene 
since the absorption in the visible spectra were analogous 
to that obtained from butadiene synthesized and isolated 
from methanol.

A CIDNP Effect
/ The CIDNP effect is characterized by the occurrence

of an increase in an NMR absorption peak or to the occur
rence of a negative peak in the NMR spectra. This effect is 
observed when the product is formed in an excited state and 
can be attributed to the formation of a radical species 
immediately prior to the formation of product (Scheme 2).

Scheme 2

NC CN
CN

(la)
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Therefore when tetracyanoethylene was added to N-vinylcarba- 
zole in deuterioacetone the spectra were run as soon, and 
as fast as possible (ca 2 min) between the region 1.0 and 
6.0. The reaction between tetracyanoethylene and N-vinyl- 
carbazole did not proceed to completion as determined by the 
presence of N-vinylcarbazole absorptions "at 5.20. However, 
during the first ten minutes the intensity of the NMR 
absorption corresponding to the hydrogen in the alpha posi
tion, located at 3.5, was as much as 10% greater than that 
observed for the same peak 15 minutes later, even though 
there was as much as 50% more, product at the end of the 
reaction period. A similar increase of 5 to 7% was noted 
for the intensity of the aromatic absorptions.

•The Reactions between N-Vinylcarbazole 
and Dimethyl Cyanofumarate

A quantitative reaction was obtained between N-vinyl
carbazole and dimethyl cyanofumarate within sixteen hours at 
room temperature. These reactions were run in the presence 
of air.

Gharge-Transfer Complex Formation
Upon mixing the colorless solutions of N-vinylcarba

zole and dimethyl cyanofumarate a deep yellow color formed.
As the reaction proceeded the color faded until a colorless 
solution resulted. ■ The color can be attributed to a charge- 
transfer complex formed between N-vinylcarbazole and dimethyl 
cyanofumarate. -



Nature, of the Products
The major products were the cyclobutane, 2-cyano-l- 

carbazol-9-ylcyclobutane-2,3-dicarboxylate (lb), and the 
open-chain adduct (4-cyano-l-carbazol-9-ylbut-l-ene-3,4- 
dicarboxylate (lib). In some of the solvents, i.e., chloro- , 
form and dichloromethahe, a cyclohexane adduct, 6-cyano-l,3- 
di-(carbazoyl-9-yl)cyclohexane-5,6-dicarboxylate (Illb), 
could be isolated.

The product distributions for the reactions between 
N-vinylcarbazole and dimethyl cyanofumarate are given in 
Table 3. With the exception of carbon tetrachloride, the 
cyclobutane to open-chain ratio increases roughly as the sol
vent polarity increases. Benzene, chlorobenzene and toluene 
.exhibited a tendency to produce more open-chain adduct than 
the other solvents. The chlorinated solvents, which have 
given similar results to the benzene solvents in other 
reactions, differed in the reactions between N-vinylcarbazole 
and dimethyl cyanofumarate by their tendency to produce 
cyclohexane adduct,
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Table 3. The Reaction between N-Vinylcarbazole and 

Dimethyl- Cyanofumarate.

Solvent lb lib PVK Copolymer and . 
cyclohexane adduct

Carbon tetrachloride 905 105 0 0
Toluene 40g . 60S 0 * 0
Benzene 70S 295 0 IS
Chlorobenzene 505 505 0 0
Dichloromethane 82S 85 13 93
Ethyl ether 80S H CÔ <1 0 0
Tetrahydrofuran 905 10% 0 0
Tetrahydrbpyran 90S 8% 0 23
Acetonitrile 905 . 9% • 0 13
Ethyl acetate 905 93 0 13
Acetone 885 93 0 33

aThe reaction between 0.3M N-vinylcarbazole and 0.3M 
dimethyl cyanofumarate was carried out in vials, at room 
temperature, in the presence of air, 16 hrs,

Copolymer and cyclohexene adduct was separated 
from the 1:1 adducts as a mixture. The major portion of the 
value reported in the table represents cyclohexane adduct.

The. Reaction Between N-Vlnylcarbazole 
and Tricarbomethoxyethylene

This reaction was carried out at a T10°C temperature. 
A dramatic oxygen effect was observed for this reaction 
resulting in a Go-HoGo system. This feature coupled with the 
potential synthetic utility of cyclobutanes made from the 
trlester-olefin made this reaction the reaction of choice to 
study in detail.
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Charge-Transfer Complex Formation

A yellow color was produced when colorless solutions 
of N’-vinylcarbazole and tricarbomethoxyethylene were mixed at 
room temperature, This color remained indefinitely so long as 
the solutions were not heated. Upon completion of reaction 
to form the cyclobutane adduct the solutions were colorless. 
This color is best attributed to the formation of a charge- 
transfer complex.

Nature of the Product .
The major products from this reaction were the cyclo

butane , trimethyl-l-carbazol-9-ylcyclobutane-2,2,3-tricarboxy- 
late (Ic); and the open—chain adduct3 trimethyl 1-carbazol- 
9-ylbut-l-ene-3?4,4-tricarboxylate (lie). The product 
distribution for the reactions' between N-vinylcarbazole and 
tricarbomethoxyethylene in a variety of solvents both with 
and without additives are given in Table 4,

Carbon tetrachloride As.Solvent, The only product 
observed in reactions using carbon tetrachloride as solvent 
was the open-chain adduct lie, This may be due to. the fact 
that both the triester and N-vinylcarbazole are relatively 
insoluble in cold carbon tetrachloride and the reagents were 
not in solution when the tubes were placed in the oven to 
warm to 110°C, The reagents did disolve when the solvent was 
warmed to 55°C,
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Table 4. Solvent Effects on the CB/OC Ratio as a 

Function of Additives.

Additive: None
Solvent Ic lie PVK Copolymer

Carbon tetrachloride 0 90% CM on

Toluene 0 100% 0 0
Benzene 0 97% 0 0
Chlorobenzehe 0 89% H% 2%
Dichlofoethane^ 41% 11%
Dichloromethane 0 71% 23% 6%

p-Dioxane 99% 0 0 0
Ethyl Ether 98% 0 0 . 0 ,

Tetrahydrofuran 98% 0 0 0
Acetonitrile 85% 0 10% 5%Acetone 85% 0 0 0
Ethyl. Acetate 85% 0 0 0

Additive: Air
Solvent Ic lie PVK Copolymer

Carbon tetrachloride! 0 79% 12% 9%
Toluene 60% 0 1% 9%Benzene 73% 0 1% 1%
Chlorobenzene 10.0% 0 0 0
Diphenyl ether 100% 0 0 0
Anisole 100% 0 0 0
Dichloromethane 69% 0 20% 11%
Die hi o r o et han e 68% 0 29% 9%
p-Dioxane. 17% 0 72% 10%
Ethyl ether 4% 0 70% 16%
Tetrahydrofuran 30% 0 11% 13%

39
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Table 4 .t—•Continued.

Additive: Air (Cent,)

Solvent Ic lie PVK Copolymer
Nitromethane 10% 0 79% 10%Acetonitrile 49% 0 7% 10%Acetone 100% 0 0 0
Ethyl Acetate 60% 0 0 0

Additive: t-But y1hy droquinone
Solvent Ic lie PVK ' 'Copolymer

Carbon tetrachloride 0 82% oo 10%
Toluene 0 99% 1% 0
Benzene 0 100% 0 0Chlorobenzene 0 93% 3% 3%
Dichlorobenzene 0 72% 24% 4%Dichloroethane8- - - 40% 13%
p-Dioxane 100% 0 0 0Ethyl Ether 4% 0 91% 5%Tetrahydrofuran 62% 0 4% 5%
Acetone 100% 0 0 0
Ethyl Acetate 53% 0 41% 6% •

Additive : Pyridine
Solvent Ic lie PVK Copolymer

Carbon tetrachloride 0 100% 0 0
Benzene • 56% 16% 0 0Chlorobenzene 22% 65% 0 0
Dichloroethane 0 94% 4% 2%
Nitromethane 80% 0 27%Acetonitrile 49% 0 3% 0
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Table 4 .— Continued.

Additive: Trl(n-butyl)tin Hydride
Solvent Ic lie PVK Copolymer

Benzene ss% 0 0 0
Chlorobenzene 88% 0 0 0
Dichloroethane 2% 0 94% 2%
Dichloromethane 66% 3% 4% 2%
p-Dioxane 16% 0 0 74%
Nitromethane 12% 65% 7% 8%
Acetonitrile 92% 0 6% 2%

Reaction carried out with 0,3M reagents and in 
scaled tubes, heated to 110°C for 16 hours. If oxygen is 
not cited in Table subtitle the reactions were run degassed. 
No unreacted N-vinylcarbazole was observed,
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Reactions with No Additives (Degassed). The reactions 

carried out with twelve solvents show that the solvents can 
be divided into two major categories3 those which yield 
cyclobutane, i.e., p-dioxane3 ethyl acetate, tetrahydrofuran, 
acetonitrile, acetone, and ethyl acetate; and those which 
yield the open-chain adduct, i.e., benzene, toluene, chloro- 
benzene,- dichloroethane, dichloromethane, and carbon tetra
chloride.

Reactions with Air Present, In the reactions carried 
out in the presence of air all of the solvents, except carbon . 
tetrachloride, yielded only cyclobutane Ic as the adduct 
which formed.

• • Reactions with t-Butylhydroquinone Present* The
reactions carried out. in the presence of t—butyl hydroquinone 
were identical to the reactions carried out in the absence 
of any additive with the exception that those solvents which 
yielded cyclobutane yielded slightly less of it, whereas those 
solvents which yielded open-chain adduct yielded slightly 
more of the latter.

Reactions With Air and• .t-Butylhydroquinone Present. 
The reactions in the presence of both additives were similar 
in nature to the reactions run in the absence of any additives 
in that two classes of solvents were apparent, i.e.,those , 
which gave cyclobutane and those which gave open-chain adduct.

' Reactions with Other Additives Present, Reactions 
were carried out in the presence of tributyltin hydride and
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pyridine. The pyridine quenched the polymer3 but its effect 
on the product distribution was anomalous. The tributyltin 
hydride had the ability to Cause cyclobutane formation.

Reactions with Special Additives Present
In a preliminary hypothesis it was believed that oxy

gen can act as an electron transfer agent. This led to the 
belief that a substance could be found which could be placed 
into the’ degassed reactions .and act similarly as. an electron- 
transfer agent to cause the production of cyclobutane in those
solvents where only open-chain adduct were observed to occur.
The solvent chosen for this series was benzene. It did not 
exhibit any great tendency to encourage polymerization, and 
the reactions were easy to work up.

In order to verify that it was the presence of oxygen
which was crucial to the formation of cyclobutane in benzene 
solutions the reaction was repeated as follows; The samples 
were degassed using the standard procedure and then one 
sample was made up containing nitrogen at one atmosphere 
pressure, and another sample was made up containing carbon 
dioxide at one atmosphere pressure. These were heated to 
110° for 16 hours and worked up using standard techniques.
In both cases the Only product was the open-chain adduct,

A variety of compounds was therefore tested to de
termine if they Could be used to produce the cyclobutane in



degassed benzene solutions. The results are reported in 
Table 5, It was found that the presence of the very electron 
deficient 7,7>83 8-tetracyanoquinodimethane 3 diphenylpicryl- 
hydrazylj and some silver salts would cause the formation of 
cyclobutane under these conditions. In the presence of 
mercury. Wood's alloy. Iridium, copper powder, and silver and 
copper oxide, the cyclobutane was the major, and in some cases 
the only, product. For every compound tested in this series 
a control reaction containing only N-vinylcarbazole and tri- 
carbomethoxyethylene was made up during the same degassing 
procedure. As expected every control yielded only the open- 
chain adduct.

Spectra Assignments
Assignments Of the NMR absorptions of 1,2-trans- 

dicarbazol-9-ylcyclobutane (If), the dimer of N-vinylcarba
zole, has been made by Ellinger (1965a). A comparison of the 
absorptions of the dimer with the cyclobutane adducts ob
tained revealed similar features (see Table 6). The absorp
tions for the hydrogen §lpha to carbazole in all cases 
appeared in the olefinic region of the NMR,. i.e., between 
3.0 and 4.5. All of the cyclobutane adducts exhibited a 
triplet absorption for the alpha hydrogen having a 1 :2:1 
ratio.. The open-chain adducts exhibited four small peaks 
in nearly a 1 :1 :1:1 pattern which were shifted wonfield
from the corresponding position Of the cyclobutane adduct

13absorptions. A . C nuclear magnetic resonance



Table 5o Other Additives,

Additive (0.01M) 1c H e Poly
no additive .0 100$ 0Nitrogen 0 100$ 0
Carbon dioxide 0 100$ 0
2,5-dimethylbenzoquinone 0 95$ 5$2,5-dichlorobenzoquinone 0 ■ 100$. 0tetrachlorobenzoquinpne 0 100$ 0Selenium 0 • 100$ _
Zinc dust 0 100$
Sodium Nitrate 0 68$ 32%Potassium Metaperiodate 0 60$ 40%Cesium chloride 0 10$ —

Silver fluoride 0 6$ .94%Silver hexafluorantimonate 
Silver hexafluoroohosohate . 0

sample gelled 
0 71%TCNQb 4$ 96$ 0

Q.l gm TCHQ 0 6$ 91%Pyridine 58$ 16$ 0
Silver nitrate 33$ 8$ 58%DPPHC 6.0$ 14$ 10%
Mercury (trace) 56% 26$ 8%
0.05 gm mercury 95$ 5$ 0
0.2 gm. mercury 95$ 5$ 0
Silver triflate 2$ 0 60%
Silver carbonate 23$ 0 77%Ferric. Nitrate 27$ 0 73%(n-butyl)qSnH 
Wood* s Alloy

69$ 0 0
100$ 0

Iridium6 100$ 0 .
Copper powder6 100$ 0 -
Copper oxide6 100$ . 0 -
Silver oxide6 100$ 0
Silver cyanide6 100$ 0 ->•

The reaction between Q.3M vinyl car ba zo 1 e and 0.3'M 
tricarbomethoxyethylene in benzene, sealed in degassed 
tubes, 110 C, 16 hours. Arranged in increasing order of 
the ratio of Ic/IIc which was produced. The reactions using 
the last six additives were not worked up to obtain polymer 
yields.

^7,7,8,8-tetracyanoquinodlmethane.

cdiphenylpicrylhydrazyl.

^503 bismuth, 25% lead, 12.5$ tin, 12.5$ cadmium.

ePolymer not measured— only ratio of DC/Oc produced 
is given, not yields.
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Table 6 . Spectral Assignments

I II

Ri r2 on r 4
a) CN CN CN CN
b) CN CO.>CH3 co2ch3 H

c) co2ch3 C02CH3 co2ch3 H

d) co2ch3 . CO.?CH3 C02CH3 co2ch3

e) co2ch3 CO.>CH3 CN H

f) CZ H H H
(carbazole)

NMR and IR Data
NMR,, alpha hydrogen--IR NMR, Alpha hydrogen
la) 3.75, (t ,1H )— 1210-123Ocm 
lb) 4.42 (t ,1H) 1
Ic) 3.86 (t,1H)— 1200-123Ocm i
Id) 3-89 (t ,1H) ,
If) 3.77 (m,2H)— 1210-1230cm i

-1 I la) —
lib) 3.82(d,J=8Hz,l/2H);

4.04(d,J=8Hz,l/2H) 
lie) 3.68(d,J=8Hz,l/2H);

3.85(d,J=8Hz,1/2H) 
lid) 3.38(d,J=8Hz,1H) 
Ilf) —
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Table 6.— Continued.

~^CNMR (Off-Resonance Splitting.)

Ic) ci ' C2 Co C4

Ic) 2940 Hz(d) 1420 Hz(s) 890 Hz(d) 590 Hz(q)

lie) C1 C2 C3 C4
2900 Hz(d) 2560 Hz(d) 1240 Hz(d) 1080 Hz(d)



resonance and off—resonance spectra confirmed the above 
assignments,

A comparison of the infrared absorptions of the cy- 
clobutane Ic with those of revealed .both had absorption 
in the region from 1200 to 1230 cm-^ which were similar in 
nature, (For IR assignment see Crellin and Ledwith, 1975.) 
The open-chain adduct lie did not exhibit this characteristic 
absorption.

The Reaction of N-Vinylcarbazole 
with Tetraoarbomethoxyethylene

The tetracarbomethoxyethylene was' the least reactive
of the olefins tested. The reactions were carried out at
155°0 for 16 hours. At this temperature many of the solvents
were capable of exploding the pyrex tubes used to carry out
the reactions.

Charge-Transfer Complex Formation
When N-vinyicarbazole and tetracarbomethoxyethylene 

were mixed together in a solvent a pale yellow color immedi
ately developed. This can be attributed to formation of a 
Charge-transfer complex formed between the two compounds.
If the solution was not heated, color remained indefinitely.

Nature of the Products
The major products formed in the reaction between 

N-vinylcarbazole and tetracarbomethoxyethylene were the 
cyclobutane adduct Id (tetramethyl l-carbazol-9-ylcyclobutane
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2?23313-tetracarboxylate) and the open-chain a'dduct lid 
(tetramethyl l-carbazol-9-ylcyclobut-l-ene-3 $3 3434-tetra- 
carboxylate). Once formed the cyclobutane and open-chairi 
adduct were found to be stable under the reactions used.

The reactions carried out in the presence of air and 
no other additives yielded only cyclobutane adduct Id, (and 
polymer) analogous to the reactions of the triester in the 
presence of only air. The product distribution is reported 
in Table 7• The degassed reactions Showed analogous results 
to those obtained from the presence of air and t-butyl- 
hydroquinone with the exception that more polymer was formed.

It is evident that despite the presence of additives 
or oxygen the cyclobutane was the preferred product in ethyl 
acetate, methanol, t-butanol, and acetonitrile. Benzene 
showed an oxygen effect and additive effect with diphenylpi- 
crylhydrazyl analogous to the triester case. In degassed 
reactions the only product formed in the absence of addi
tives was open-chain adduct lid; in degassed reactions in the 
presence of diphenylpicrylhydrazyl a major portion of the 
total product mixture was the cyclobutane Id. In p-dioxane 
the major product was always the open-chain adduct, whereas 
tetrahydrofuran nearly always produced equal amounts of both 
products. The remainder of the solvents showed too large an 
additive effect to observe a general trend. It was found in 
nearly every case that by degassing the sample the final .



Table 7• The Reaction between Tetracarbomethoxyethylene and N-Vinylcanbazole.

t-butylhydpoquinone air + butylhydroquinone
Cyclo- Open- Cyclo- Open-

Solvent butane chain PVK Solvent butane chain PVK
Benzene 0 92% 0 Benzene 05% 6% H%

192-dichldroefchane 3% 90% 192~dichloroethane - - -
Tetrahydrofuran 35% 30% 0 Te t rahydrofuran 25% *3% 0
p-Dldxane 12% 63% 0 p-Dioxane 20% 42% 0
Tetrahydropyran 0 96% 0 Tetrahydropyran 55% 0% 0
Acetone 17% 60% 0 Acefconitrile 39% 0

Acetone 31% m 0
Ethyl Acetate 56% 9% 0

pyridine
Benzene 31% 39% 0 air 4 pyridine
Chlorobenzene 5%. 60% 0

Benzene 30% 0
p-Didxane 11% 68% 0 Chlorobenzene - - -

Te t rahydropyran 3'l% 22% 4%
p-Dioxane 28% 62% 0

Acetonitrile 30% 20% 0 Tetrahydropyran 30% 3% 2%

Ethyl Acetate 44% 25% 0 Acetonitrile 72% 0 0
Acetone 54% 6% 0
Ethyl Acetate 76% 6% 0



Table 7. —  Continued.

fcriethylamine diphenylpicrylhydrazyl
Cyclo- , Open- Cyclo- Open-Solvent butane chain PVK Solvent butane chain PVK

Benzene 0 12% 0 Benzene Ii0% 3 H 0Te t rahyd.ro furan 25% . 30% 0
p-Dioxane. 20% 11Q% 0 Te t rahydropyran 36% 39% 0Ethyl Acetate 312 28% 0- Acetonitrile *13% 0 0

Acetone 36% 392 0

Reagents were at 0.3M, tubes were sealed, heated at 155°G for 16 hours. 
If oxygen is not cited as being present, samples were degassed. Balance of 
material not reported was N-vinyIcarbazole.
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reaction mixture was richer in open-chain adduct, Benzene 
showed the most dramatic oxygen effect.

The Reaction Between N-Vinylcarbazol and 
Other Electron Deficient Olefins

Exploratory reactions between N-vinylcarbazole and 
nine electron deficient olefins were carried out in benzene. 
The reactions were repeated at progressively higher temper
atures until a temperature of 155°C was obtained or until 
cycloadduct or polymer formation occurred. In those cases 
where no cyclobutane was observed, ethyl acetate, dichloro- 
methane and toluene were subsequently used as the solvent 
and the reactions were repeated in attempts to favor 
cyclobutane formation.

Charge-Transfer Complex Formation ; -
The formation of color was observed when solutions 

of N-vinylcarbazole was mixed with 2-cyano-l,1-diearbo- 
methoxyethylene (deep yellow), maleic anhydride (bright 
yellow), and 2,2-dichloro-l,1-dicyanoethylene (deep yellow). 
There was no color formed when tetrachloroethylene, acrylic 
acid, methyl acrylate, 2-chloro-l,1-dicarbomethoxyethylene 
or fumaronitrile were mixed with N-vinylcarbazole. A 
solution of N-phenylmaleimide was yellow in color and when 
mixed with N-vinylcarbazole no change, in color was observed. 
The production of color, or the lack of it, appeared to be 
independent of solvent.



Cyclobutane Formation
Reaction to form cyclobutane was observed to occur 

in the reaction of only two of the nine electron deficient 
olefins with N-vlnylcarbazole when the reactions were carried 
out in benzene. The adduct was isolated from the reaction 
of 2-cyano-l,1-dicarbomethoxyethylene with N-vinylcarbazole 
as the 3-cyano-l-carbazol-9-ylcyclobutane-232-dicarboxylate 
(le). There was NMR evidence for a small amount of cyclo
butane formation from the reaction of N-vinylcarbazole with 
N-phenylmaleimide when the reaction was carried out in 
benzene and ethyl acetate, However, no adduct could be 
isolated. This reaction was repeated using eleven solvents 
in all. There was no evidence for the production of cyclo
butane or open-chain adduct in any of.the remaining solvents. 
The only reaction which was observed to occur between 
N-vinylcarbazole and the seven other electron deficient 
olefins was polymer formation.



CONCLUSIONS

The following facts have been established;
1) The reactions of electron deficient olefins with 

N-vinylcarbazole .are not photo-sensitive .or photo-catalyzed.
2) The reactivity of the electron deficient olefins 5 

in decreasing reactivity, are: Tetracyanoethylene > cyano- 
fumarate > 2-cyanoethylene-l,1-dicarboxylate > tricarbo- 
methoxyethylene > tetracarbomethoxyethylene.

3) The tetracyanoethylene initially forms cyclobutane 
in most solvents and probably occurs with the formation
of a radical intermediate,

4) The formation of the cyclobutane is solvent 
dependent, needing a polar, donor solvent or a non-polar 
solvent containing an additive.

5)• The presence of a one electron oxidizing agent or 
oxygen is necessary for the production of cyclobutane in 
non-polar solvents.
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DISCUSSION

As stated in the Introduction, the reaction of electron- 
rich, olefins with electron-poor olefins can produce homo- 
and copolymers, or cycloadducts and linear adducts as well 
as undergoing oxidation-reduction reactions and olefin 
metathesis. This report deals with the results of the most 
extensive studies to date of the parameters which can affect 
the distribution of the products from reactions between 
electron-deficient olefins with electron-rich olefins, in 
particular the electron-rich vinylamine N-vinylcarbazole,
In the Appendices is an extension of an exploratory nature 
of this study to other vinylamines.

In view of the fact that polymer was an inevitable 
product in these reactions a general description of its 
format ion and references to its general nature will be dis 
cussed first. This will lead into a discussion of the major 
topic, the distribution of open-chain (or linear) and cyclo-. 
butane adducts.

Polymers
N-Vinylcarbazole can act as a reactive vinyl monomer 

which, has been found to homopolymerize both, via a cationic ,
' 54
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and via a free radical mechanism (Shine 1947; Gandini and • 
Plesch 1966; Davidgo 1959; Ellinger 1964, 1965b) and to 
copolymerize with electron-deficient, olefins via a free 
radical mechanism (Hall and Daly 1975). Predictable sol
vent effects were reported depending upon the nature of the 
polymerization, i.e., cationic polymerization is favored in 
polar non-basic solvents such as dichloromethane, dichloro- 
ethane, and nitromethane (Tada et al. 1973a, 1973b; Yamamoto 
et al. 1973) and free radical polymerization is favored by 
solvents of low dielectric constants ex. tetrahydrofuran 
and p-dioxane (Barrales-Reinda et al. 1969).

Homopolymer
In the reaction of small amounts of electron- 

deficient tetracyanoethylene with N-vinylcarbazole, cationic 
homopoly-N-vinylcarbazole was reported but no copolymer was 
observed (Barrales-Rienda et al. 1969, Bawn et al. 1971, 
Nakamura et al. 1970). The reactions of equivalent amounts 
of the electron-deficient olefins and N-vinylcarbazole 
which are reported here were still found to produce cationic 
homopolymer of N-vinylcarbazole in the expected solvents, 
i.e., dichloromethane, dichloroethane, and nitromethane. As 
the reactivity of the electron-deficient olefin decreased 
the rate of production of cyciobutane decreased. In order 
to keep the reaction times to a reasonable period the tem
perature was increased. The combination of reduced rate of
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formation of cyclobutane and increased temperature resulted 
in more homopolymer being formed in the reactions with less 
•reactive olefins..

It was reported by Bawn et al. (1971) and by Naka
mura et al. (1970) that oxygen has an inhibitory effect on 
the cationic homopolymerization reaction when initiated by 
electron-deficient organic compounds. A glance at the tables 
reported in the results will show that this slight inhibitory 
effect was observed in these reactions. This effect is not 
well understood'.

Copolymer
The ability of tri- and tetrasubstituted ethylenes 

to copolymerize with a variety of. electron-rich monomers 
was investigated by Hail and Daly (1975). It was established 
that, while trisubstituted olefins readily undergo copoly
merizations, the tetrasubstituted olefins do not. In 
agreement with this result it was observed in this study that 
copolymer occurred between the trisubstituted olefins and 
vinylcarbazole, however not between the tetrasubstituted 
olefins and N-vinylcarbazole, The amount of copolymer formed 
in these reactions increased with a decrease in reactivity, 
again probably due to the increased reaction temperatures 
needed to carry out the cycloaddition.

The ability of N-vinylcarbazole to form a cation radl^ 
cal(Vl) which can cause polymerization via either cationic



57
or free radical mechanism was shown by Ellinger (1968), 
Scott, Miller and Labes (1963), and Scott, Konen and Labes 
(1964)— see Scheme 3•

This was further investigated by Barrales-Rienda 
et al. (1969)3 who concluded that both reaction mechanisms 
can be operating in the same reaction medium.

A Model System: Trans-1,2-Dicarbazylcyclobutane
The N-vinylcarbazole cation radical (VI) mentioned 

above as being capable of initiating polymerization has 
been implicated as the key intermediate in the cyclodi- 
merization of N-vinylcarbazole to yield trans-1,2-dicarbazyl- 
cyclobutane. Almost any technique resulting in its formation 
can produce the dimer (Crellin and Ledwith, 1975). For 
example, as first reported by Ellinger (1964) the cyclodimer 
can form from irradiation of a methanolic solution of 
N-vinylcarbazole containing a small amount of chloranil; the 
cyclodimer was reported as the product from an electrolytic 
process carried out in the presence of mercuric chloride

Scheme 3

+ Acceptor
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A novel chain reaction has been proposed by Ledwith 

and Crellin (Crellin, Lambert, and Ledwith 1970; Ledwith 
1972; Crellin and Ledwith 1975)— Scheme 4). This type of 
mechanism has been applied successfully to the cyclodimeriza- 
tion of other aromatic N-vinylamines by Bell et al. (1970) 
and by Carrothers, Crellin and Ledwith (1969).

Scheme 4
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This type of chain reaction mechanism was recently utilized 
to explain the results of the dimerization of phenyl vinyl 
ethers (Evans 197*0 and of the dimerization of indene and 
Of 1,1-dimethylindene (Farid and Shealer 1973a).

The photochemical cyclodimerization has been reported 
to occur efficiently upon irridation of sensitizers only in 
the presence of oxygen (Crellin and Ledwith 1975)« Upon 
direct irradiation of N-vinylcarbazole in a solution contain
ing no sensitizor5 the dimer is still formed if oxygen is 
present, however this is a much less efficient process and a 
biphotonic mechanism was reported"(Taniguchi, Nishina and 
Matage 1973; Shirota et al. 1973; Yamamoto et al. 1973)• This 
biphotonic mechanism implies a triplet mechanism such as that 
suggested by Bawn, Ledwith and Shin-lin (1965)— Scheme 5).
The presence of triplet sensitizers in the reactions of di- 
methylmaleic anhydride with indene or 1,1-dimethylindene re
sulted in the formation of mixed cyclobutane adducts (Farid 
and Shealer 1973b; Metzner, Partale and Krauch 1967) whereas 
as already mentioned, in the absence of triplet sensitizers 
only dimerization of the indene occurred (Farid and Shealer 
1973a).

A third mechanism, based on the work, of McKinley 
et al. (1966) and Wang (1964), and elaborated upon by 
Ledwith (1976) in a private communication has been proposed 
for the dimerization of N-vinylcarbazole (Scheme 6).
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Scheme 5
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Reactions with Electron-Deficient Olefins

A variety of electron deficient olefins have been
allowed to react with electron-rich olefins to produce cyclo- 
butane adducts (Cook 1969; Bawn et al. 1971; Seebach 1971; 
Nishida, Moritani and Teraj i 1973; Effenberger and Gerlach 
1974; Hall and Ykman 1975)• It has been postulated in these 
reactions that a zwitterion (VII) is formed in the rate- 
determining step (Scheme 7).

Scheme 7

D
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D D
VIII IX X

D = electron rich group 
E = electron deficient group



■The evidence in favor of the formation of the zwit- 
terion,. obtained by Huisgen and collaborators (Huisgen and 
Steiner 1973a, 1973b, 1973c; Steiner and Huisgen 1973a,
1973b; Huisgen, Schug and Steiner 1974) was a large solvent 
effect on the rate constant and loss of stereochemistry in . 
polar solvents where the zwitterion was proposed to be long- 
lived. Further evidence, i.e., pressure effects upon the 
reaction, was obtained by Fleishmann and Kelm (1973). As 
shown in Scheme 5, the formation of the thermodynamically 
stable chain adduct (VIII) via a 3 hydrogen migration, the 
alcohol adduct of the zwitterion (IX), and the cyclohexane 
derivative (X) is dependent upon the formation of the 
zwitterion intermediate VII. Therefore, as expected, it has 
been reported that polar solvents favor the formation of 
the zwitterion side products (Hall and Ykman 1975)•

In the present study with the exception of the CIDNP 
effect, it was found that there was ample agreement of the 
reactions of tetracyanoethyiene with N-vinylcarbazole with 
the simple zwitterion mechanism as proposed by Bawn et al. 
(1971), Scheme 7• Especially in view of the fact that it is 
reported that a methanol adduct has been isolated which is 
the only zwitterion-dependent product reported to date for 
this reaction, with the exception of the cyclobutane itself. 
(See below for discussion of the CIDNP effect in this reac
tion. ) To the extent to which they were studied, reactions of
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dimethyl cyanofumarate were in agreement with the zwitterionic 
mechanism. However5 when reactions with the more sterically 
hindered tricarbomethoxyethylene 9 and the tetracarbomethoxy- 
ethylene were carried outs Observations were made which are 
inconsistent with, the zwitterion mechanism, It was found that 
under degassed conditions the polar donor solvents3 which by 
the zwitterion mechanism should favor the formation of open- 
chain adduct 3 favor the formation of the cyclobutane, Non
polar solvents, which according to the zwitterion mechanism 
should favor the formation of cyclobutane, favor the formation 
of open-chain adduct. Also observed is the fact that one 
electron oxidizing agents can cause cyclobutane formation in 
the non-polar solvents under conditions where only open-chain 
adduct is formed in the absence of the additive, an effect 
which is unaccounted for by the zwitterion mechanism.

Proposed Mechanisms
In order to explain these observations three mechanisms 

are proposed (Schemes 8-10),
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Scheme 8
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In the first mechanism (Scheme 8) the main features

are;
1) Formation of a caged ion-radical pair (XI)«
2) Interaction of an additive with, the ion radical 

pair to tie up the anion radical and free the cation radical 
(XII) and or solvation by polar solvents to separate the ion 
radicals.

3) Reaction of the cation radical (XII) in a radical 
manner with a second electron deficient Olefin to form a 
butane cation-radical (XIV). The cation radical can now 
undergo internal addition to the imine double bond to form 
cyclobutane cation-radical (XV).

4) Propagation of the reaction by the cation-radical 
(XIV) abstracting an electron from another electron-rich olefin.

5) Termination of the reaction by electron transfer 
from the additive^anion radical (XIII) to the olefin cation- 
radical XII or the cyclobutane cation-radical XV.

The mechanism proposed in Scheme 8 adequately de
scribes data which have been accumulated. The role of polar 
solvent is to separate the ion-radical pair (XI) before its 
collapse to zwitterion VII. The donor nature of the solvent 
could be necessary to help stabilize the cation-radical XII 
once separated from the presence of the anion-radical XIII,
The role of the additive is to either stabilize the anion- 
radical by a molecular association analogous to the tetra- 
eyanoethylxene-oxygen anion radical (Bawn et al., 1971)> or
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to abstract an electron from the anion-radical. Production 
of a butane cation-radical XIV is a necessary feature in this 
mechanism. The production of open-chain adduct in the non
polar solvents is due to the solvent's inability to separate 
the caged ion-radical pair XI. As a result the ion-radical 
pair can react in a radical manner to produce the zwitterion 
intermediate VII followed by a hydrogen migration. The lack 
of solvating ability of carbon tetrachloride dramatizes the 
importance of solvation in this reaction; only open-chain 
adduct is formed in this solvent regardless of the presence 
of additives.

A second mechanism is proposed in Scheme 9. The 
features of this mechanism are:

1) the formation of a caged radical-ion,fair (XI),
2) collapse of the caged radical-ion pair to form a 

zwitterion (VII).
3) abstraction of an electron from the zwitterion to 

form a cation-radical (XIV).
4) collapse of the cat ion-radical to form a cyclo- 

butane cation radical XV. •
5) abstraction of an electron from additive anion- 

radical to form the desired cyclobutane adduct,
This mechanism differs from the previous mechanism in that 
caged ion-radical pair XI collapses to the traditional 
zwitterion VII before interaction Of the additive to produce 
the butane cation-radical XIV.
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The experimental observations are" adequately explained 

via this mechanism. The role of the solvent is to aid in the 
formation and solvation of the traditional zwitterion (VII), 
and to help separate the additive anion-radical from butane 
cation-radical (XIV), Additive which-can be a one electron 
oxidizing agent or another electron deficient olefin molecule 
is necessary to facilitate formation of cation-radical (XIV).
If the solvent is not. of sufficient polarity to separate the 
charged ends of the zwitterion, preferably a polar donor 
solvent, the additive will not be able to react with the 
negative end. Further, if the solvent is not of sufficient 
polarity, the additive-anion-radical will not be sufficiently 
removed to prevent a rapid equilibrium with the eventual 
formation of the thermodynamically more stable open-chain ■ 
ad duct.

A third possible mechanism is shown in Scheme 10,
The basic features of the mechanism are:

1) formation of charge transfer complex and caged 
ion-radical pair (XI).

2) the caged ion-pair collapses to form the 
zwitterion intermediate (XII). -

3) abstraction of an electron by another electron 
poor olefin molecule to form the cation-radical (XIV).

4) reaction of solvent or additive to free the 
cation-radical (XIV).
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5) donation of an electron to cation-radical from 

an electron transfer agent to form the diradical XVI.
6) ring closure via a diradical mechanism.
Again the scheme explains the experimental results as 

described earlier. The only additional feature is possible 
interaction of solvent and additive to donate an electron to 
the cation-radical XIV to form a diradical XVI. Such a me
chanism is implicated in the dimerization of N-vinylcarbazole 
by direct irradiation as was mentioned earlier (Scheme 5) and 
is not unlike the butane diradical proposed in Scheme 6.

The di-anion-radical intermediate XI is included in 
the last two schemes as a plausible route to the zwitterion. 
The presence of Charge-transfer complex in the reaction path 
is likewise speculative and very controversial.

It is not possible at the present time to determine 
which of the mechanisms is operating in the reactions of N- 
vinylcarbazole with electron-deficient olefins. The general 
applicability of these mechanisms to the reactions of N-vinyl- 
carbazole with electron-deficient olefins can be appreciated 
by a re-examination of the N-vihylcarbazole-tetracyano^ 
ethylene reaction.

In the reactions of tetracyanoethylene with 
N-vinylcarbazole the tetracyanoethylene-oxygen radical anion 
has been observed, and was present in the reactions until 
completion (Dawn etal. 1971). It was proposed by Dawn et al.
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that this anion-radical is formed in a secondary reaction and 
is not directly in the reaction pathway. It is now proposed 
that formation of the electron-deficient olefin-oxygen com- . 
plex anion-radical is an integral part of cycloaddition re
actions. It would seem logical that if the zwitterion is 
formed, the anion portion could readily lose an electron to 
any electron-deficient olefin remaining in the reaction mix- 
ture. The polar solvent and additives could aid in the forma
tion and stabilization of the resulting olefin-anion-radical. 
The lack of an observed oxygen effect in reaction of tetracy- 
anoethylene with N-vinylcarbazole may result from (1) the 
very high reactivity of the tetracyanoethylene which pre
cludes the need for oxygen, or (2) a trace of oxygen still 
remains which is capable of carrying on the reaction. The 
ability of small amounts of oxygen to affect the dimerization 
reaction of N-vinylcarbazole is a well-established fact 
(Shirota- et al. 1970; Carruthers et al. 1969).

Further direct evidence in support of formation of 
a cation radical being formed in the N-vinylcarbazole-tetra- 
cyanoethylene reaction is the observation of a CIDNP effect 
as reported in the Results Section.

The role of oxygen and additives could have been 
explained simply as an electron-transfer agent (Tabata- 1975) . 
Their absence, would preclude the formation of cyclobutane 
except in those solvents where the solvent can substitute as 
an electron-transfer agent. It may be significant therefore



that even though a general trend, to cyclobutane In more 
polar solvents was observed no direct correlation of the 
solvent's ability to produce cyclobutane could be made with, 
various polarity parameters (Appendix A, Table-8). The.donor 
and acceptor ability of the solvents were correlated by 
Kagiya, Sumida and Inoue (1968) to their ability to shift 
the CD and the CO vibrational band in the infrared spectra. 
Based on their' results, the data in Table 4 suggests that a 
donor-non-donor classification is appropriate. A transition 
from the solvent's ability to produce cyclobutane to inability 
to produce cyclobutane in the absence of additives occurs be
tween Kagiya's values of 27 to 39. Solvents with of 39 
arid greater were always capable of producing cyclobutane in 
the reaction of N-vinylcarbazole with tricarbomethoxyethylene 
where solvents with a value of 27 and below were not cap
able of producing cyclobutane unless an additive was present. 
The only exception.to this rule was nitromethane; impurities 
may have been present in the solvent (see. Experimental). A 
similar donor-non-donor solvent effect was mentioned by 
Shirota et al. (1970) who reported that in the direct irradi
ation of N-vinyl-carbazole the trans-dimer was produced in 
the presence of oxygen in such donor solvents as acetone, 
ethyl methyl ketone, and methanol; not in benzene.



In view of the complexities of the reaction, it is 
not possible to determine which mechanism is correct. Such 
a determination is dependent upon future kinetic studies.
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REPORTED LITERATURE VALUES OF SOLVENT CONSTANTS
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Table 8. Reported Literature Values of Solvent Constants.

Dielectric Index of
constanta refraction Ze E & T30 emax Vd Va

Nitromethane 37*) 1.38l8b 74 46.3 4740 6 4.8Acetonitrile - 1.342 71-3 46.0 5410 49 1.9Dimethylsulfbxide
36U

1.476 70.4 45.0 5240 141 8.2Dimethylformaide 1.427 68.5 43.8 5860 107Acetone 20.7 1.357 65.7 42.2 6?40 64.Nitrobenzene 34.8 1.550 42.0 6l40 21 9.0Dichloromethane 9,08 64.2 41.1 8460 -12Pyridine — 64.0 40.0 8870 168Chloroform 4.8 1.444 63.2 39.1 8250 -17Dimethoxyethane - - 62.1 38.2 10600 71 -1.5Ethyl acetate 6.02 1.37 . - 38.1 8480 39Ohiorobenzene 5.708 1.525 — 37.5 8110 -2 0.9Tet rahydpofuran - 1.404 - 37,4 9200 90 0,2Anisole - 37.2 11500 26 1.4;p-Dioxane 2.204 1.420 36.0 12300 77 0,2Diphenylether — 35.3 12200Benzene 2.284 1.498 - 34.1 0.0 0.0Toluene 2.483 1.494 - 33.7 2 -0,9Carbon tetrachloride 2.238 1,459 -21 -0,8Ethylether 4.335 1.352 - 78 -3.4Dimethoxypropane - - - r-
Tet rahydropyran •*» — - - = 93 -5.9Di c hi o ro e t hane 10b 1.449 2Methanol 32.63 1.326 ' ' - ' - -

^Handbook of Chemistry and Physics (1973-1974).

bDuerans (1971)• 

cKosower (1958)• 

dDlmroth et al. (1963). 

eKaglya et al. (1968).



APPENDIX B

THE REACTION OF N ,N-DIMETHYLYINYLAMINE AND 
N-VINYLMORPHOLINE WITH TRICARBOMETHOXY-

ETHYLENE

Introduction
The data reported in this section was gathered prior 

to that reported in the main section of this dissertation.
At the time this work was carried out it was naively felt 
that the choice of solvent was immaterial since.the solvent 
was expected to have no effect except to stabilize the 
zwitterion. There was some justification for this assumption. 
When Hall and Ykman (1975) and Brannock et al. (19-64) carried 
out their cycloaddition reactions there was no mention of 
carefully choosing the solvents. In fact, many of the reac
tions were carried out neat. As a result, dichloromethane 
was chosen as the solvent for these reactions because N,N~ 
dimethylvinylamine was relatively stable in this solvent at 
room temperature and when the tricarbonmethoxyethylene was 
added the reaction was rapid. Also, low temperatures could 
be achieved using dichloromethane as the solvent (m.p.-95•1°C). 
Oxygen was excluded from the reactions carried out here in 
order to prevent the decomposition of the very reactive vinyl 
amines. Based on the main text, this condition, coupled with 
dichloromethane as the solvent unfortunately precluded
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the formation of the desired cyclobutane and favored polymer 
formation.

Many variations of temperature and concentration were 
made in order to form the cyclobutane adduct. Low tempera
ture NMR was utilized in an effort to determine if cyclo
butane was formed and if so, what the conditions were under 
which cyclobutane formation would occur. Upon alkylation of. 
the products formed from the reaction of N,N-dlmethyIviny1- 
amine with tricarbomethoxyethylene, only cyclohexane adducts 
were obtained.

Experimental and Results
Dichloromethane was purified by distillation from 

potassium hydroxide and stored over potassium carbonate 
(anhydrous). Tricarbomethoxyethylene (i.e., trimethyl 
ethylenetricarboxylate) was synthesized via the method of 
Hall and Daly (1975). Nuclear magnetic resonance spectra 
were routinely taken on a Varian T-60 spectrometer. The low 
temperature NMR work was carried out using a Varian HA-100 
spectrometer. Chemical shifts are reported on the t scale. 
Infrared spectra were obtained using a Perkin Elmer Spectro
photometer. Melting points are uncorrected and were taken 
in capillary tubes. All ground glass joints were lubricated 
using Lubriseal or Lubriseal High Vac Formula.
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The Synthesis of N,N-Dimethyl-N-vinylamlne 
and N-Vinylmorpholine

Synthesis of 3-Chloroethylmorpholine. Commercially 
available g-Chloroethylmorpholine9 hydrochloride (lOOg) was 
placed in an Erlenmeyer flask and treated with an excess of 
50% sodium hydroxide in water and then extracted with three 
75 ml portions of ethyl ether. The ether was rotary evapor
ated off and the g-chloroethylmorpholine was distilled to 
yield 70g3 88% yield, of desired product, bp 45° (0.15mm Hg).

Synthesis of N-Vinylmorpholine via Potassium t- 
Butoxide. Potassium metal (3•0g,0.077m) was placed in a 500 
ml three neck round bottom flask containing 150 ml of 
t-butanol and was mechanically stirred overnight under a 
positive pressure of nitrogen. The excess t-butanol was then 
distilled at 42°C (100mm Hg) and white potassium t-butoxide 
was heated to 100°C at 1mm pressure for 1 hour. The contents 
were cooled to 0°C and the vacuum broken with nitrogen. The 
flask was fitted with a Vigreux column and freshly distilled 
3-chloroethylmorpholine (40ml,0.32m) was added. The reaction 
mixture was then placed under 55mm pressure and heated on an 
oil bath at 9-0°C. Vigorous bubbling occurred, the white mass 
of potassium t-butoxide broke up, and t-butanol distilled at 
a temperature of 33°C. After cessation of t-butanol formation 
(2 hours) the pressure was reduced and N-vinylmorpholine be
gan to distill over at 49°C (35mm Hg). Oil bath temperature



was at 90.Q and the pot temperature was at 940C„ The pressure 
was gradually reduced to 5 mm Hg and total fraction of 7.1 g 
(84% yield by NMR) was collected between a temperature range 
of 42 - 53°C ( 5mm). When temperature at the head began to 
drop the pressure was lowered to 4 mm and a small amount of 
t-butyl ether adduct was collected. Redistilled3 the first . 
cut gave 3.8 g of 90% pure N-vinylmorpholine. NMR, (neat),
4.2 (q,lH); 6.38 (d,2H); 6.62 (t,4H); 7.5 (t,4H), Variations 
of temperature and pressure and the use of solvents in this 
procedure gave poorer yields. In attempting to repeat, the 
synthesis of N-vinylmorpholine several features of the 
experimental conditions appear unchangeable. The reaction 
vessel must be well purged with nitrogen because N-vinyl
morpholine. is extremely unstable in the presence of oxygen at .

'1slightly elevated temperatures. The reaction must also be 
carried out under reduced pressure in order to remove the 
t-butyl alcohol formed during the reaction and prevent the 
formation of the t-butyl ether, (t-Bu-O-CH CH N 2^ 2"'0) . A

d ■ 2 sch2ch2-/
large reflux column must be present in order to effect a good 
separation. Finally, the most critical condition is that a 
pressure of 60mm t 10 mm of Hg be maintained and a temperature 
of: 90 tol00°C be maintained. Reducing the pressure to 45 mm 
of Hg with a decrease in temperature results in the boiling 
points of the chlordethylmorpholine, vinylmorpholine and - 
t-butanol becoming too similar to successfully distill off
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t'--butanol, without unreasonable loss of the chloro compound. 
Increasing the pressure to 90 mm with an Increase In tempera
ture to 115°C caused formation of the t-butyl ether ' 
adduct.

Synthesis of N-yinylmorphollne via. Sodium Hydride. 
Sodium hydride (19.6 g of a 50% oil dispersion, 0,.408.m) was 
placed in a round bottom flask and washed with pentane to. 
remove the oil (three 50 ml portions). A. solution of 60,g 
N-g-chloroethylmorpholine (0.408m in 200. ml of N-methyl-2- 
pyrrolidinenone was then added under nitrogen, The flask was 
subsequently equipped with a mechanical stirrer and the con— . 
tents were heated with a steam bath and hydrogen evolution 
was measured with a Met Test’ . meter. . After 9.1 liters of 
hydrogen evolved (theory 9.15) the contents were cooled* a 
Vigreux column and distillation apparatus was arranged under 
nitrogen. The pressure was then reduced to about 15 mm Hg 
at 100°C and a distillate of 40 ml of 85% pure product was 
obtained: NMR, (CDCl^), 4.1 (q,lH); 6.23 (d,lH) ;6~.45(m,6H)
7.35 (t,4H). When the reaction was repeated and pushed to . 
100% completion as measured by hydrogen evolution, decompo?' 
sition rapidly occurred and yields were drastically reduced.

Synthesis of N,N-Dimethylvinylamlne. N,N,N(,N(-
Tetramethylethylenediamine (63 g, 0,549 m)was heated to 120°C 
under nitrogen in a 200 ml three neck .round bottom flask 
equipped with a mechanical stirrer, a Vigreux column, and a
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distillation head. (All the joints were lubricated with 
Lubriseal, or Lubriseal High Vac Formula, as the desired pro
duct was found to rapidly decompose in the presence of traces 
of silicone grease. All equipment used was washed for 24 hrs 
in a fresh alcoholic KOH bath,) To this was added dropwise 
25 g of 90% n-butyl lithium in hydrocarbon. Distillate was 
collected with a Dry lee-alcohol chilled receiver and con
denser. When addition was complete, the distillate contained 
40% vinylamine in butane (by NMR). The flask was removed and 
vacuum was applied (50 mm). The second distillate contained 
50% vinylamine. These two cuts were combined and redistilled 
using a low temperature distillation apparatus to give butane 
(bp 20°, 60 mm), an intermediate cut of 10 ml, and a final 
fraction collected at —7° at 57 mm. A total of 25 ml of 96% 
vinylamine was obtained. Yield 90% based on n-butyl lithium. 
NMR, (neat), 3-96 (q,lH); 6.39(s,lH); 6.49(d,lH); 7.5Ks,6H). 
Minor impurities were seen at 7.92, 8,64 and 8.95.

Low Temperature NMR Studies on .the Reaction of Tri- 
carbomethoxyethylene' with N,N^Dimethylvinylamine

Low Temperature NMR. Studies. Low temperature NMR ex-
1 - ’ ’ periments were carried out using a Varian HA-100 Nuclear

1. Difficulty in interpreting these results arose 
from the lack of uniform integrations. Integrations of known 
samples of TOME which give ratios of 1H:9H at room tempera
ture give only fractional integration heights at low tern- . 
perature. At present it is not known whether this is due 
to dimerization at low temperatures or to mechanical diffi-. 
culty. NMR on every vinylic compound used showed this char
acteristic feature.
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Magnetic Spectrometer equipped with a liquid nitrogen 
chilled-low temperature probe.

The Addition of Tricarbomethoxyethylene.(TCME) to
N,N-Dimethylvinylamine (PMVA). In a typical experiment the
known quantity of TCME (0.2 g) was placed in an NMR tube and
0.5 g of deuterated chloroform was added. This was chilled
in a Dry. Ice-acetone bath and then placed in the probe which,

• owas previously equilibrated to a temperature of -50 C. NMR on 
TCME at -50°C: 3.03. (s,lH); 6.12 (s,3H); 6.T6 (s53H); 6,22 
(s,3H). A similar spectrum on DMVA gave 3.96 (q5l?2H); 6.39 
(SjlH)j 6.49 (d31H ); 7.50 (S36H) and a variety of Smaller 
peaks in the baseline, perhaps due to dimerization. When the 
tube containing the DMVA was removed from the. probe,.it was 
immediately placed in a Dry Ice-acetone bath so that nearly 
the full length of the tube was cooled. A portion (.0. 05. 
equivalents based on the weight of. the DMVA present) of 
TCME was syringed slowly into the tube and allowed to flow 
down the sides so that it was chilled before mixing with the 
vinylamine. This was then removed and shaken briefly using 
a Matheson Scientific Super Mixer (Cat. #60100-05). The 
sample was recooled to. -78°C and then placed in the probe 
and the NMR rerun. The absorption at 3.96 of DMVA was 
slightly decreased. Absorption at 3.03 of TCME was non
existent. When the procedure was repeated using a second 
0605 equivalents of TCME the absorption at 3.96 of DMVA 
was proportionally decreased.. The absorption at .6.39 and
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and 6.,49. .of. DMYA, were, obscured by. absorption at 6,12, 6,16, 
and 6,22 of. TOME.,. Any- increase above .0,5 equivalents of TOME 
resulted in the linear appearance of the 3.Q3. peak of TCME 
and the complete disappearance of the 3,96 peak of DMVA.

The Addition of 1,2-Dicyano^.l-carbomethoxyethylene 
(DCNC) fo N-Yinylcarbazole (VC). N-Vinylcarbazole exhibits 
a multiplet at 1,90 to 2.90 (8H) and a quartet at 4.76 (1H), 
This was treated with DCNC. An unexpected feature of the NMR 
at low. temperature occurred upon the addition of Q,v4.5(-:e.|uiv- 
alents of DCNC. Two broad peaks appeared at 3.45 and 5,92 
which sharpened to well resolved peaks when the concentration 
is increased to 1,0 equivalents of DCNC butsshifted to slightly 
higher field. I.e. 3,53 and 5,95, These are shifted to. even 
higher field when allowed to remain at -78°C for three hours,
i.e. 3,58 and 5.98, The solution also changes color from a 
dark brown to a deep yellow. The absorption of the quartet . 
at 4.76 has not appeared to decrease in intensity.

The Addition of Tricarbomethoxyethylene (TCME) to.
.VinyImorpholine. A solution of 0.12 g of vinyImorpholine (VM) 
in 0.2 00 of CDClg was placed in an NMR tube to which 0.,5 ml 
of TMS was added. At -50oC the vinylic absorption at 4,0 was 
a multiplet which looked like two superimposed quartets. Two 
superimposed doublets, occurred at 6,0.7. (.2H.) and a semi abroad 
band occurred at 9.17' (4H) -and 8.10 .(.4H). As TOME (0,05. 
equivalents) was added the vinylic absorption at 4 .0 began to



disappear. At .0,15 equivalents the' vinylic absorption at .4,0 
was almost .completely gone and a small peak at 3,04 appeared. 
Above this concentration absorption at 3,04 increased linearly 
with concentration and no absorption was observed at 4,0.. At 
0.05 equivalents.of TCME the peaks at 6.07 had been reduced 

■ and blends in with the broader peak at 7,17. A new very broad 
peak appears at about 8.22, As the concentration of TCME is 
increased above 0.15 the peak at 8.22 increased in size but 
does not sharpen and the peak at 8.1 had degenerated to a ,
small shoulder.

The Addition of N-Vinylmorpholine (VM) to Tri- 
carbomethoxyethylene (TCME). This data was collected as 
described above using cyclohexane as an internal standard to ; 
compensate for dilution and to obtain quantative correlations. 
The values reported in the table are measured peak heights..
The cyclohexane absorbs at 4.32.

Table 9 - Low Temperature NMR: N-Vinylmorpholine Added to 
Tricarbomethoxyethylene.—  Relative peak heights
" are reported.

Equivalent of 
Added VM 3.04 4.32 . 4.0 .

0 . 6 42 0
.32 3 40 0
.54 1,5 38 ■ 0
.86 1 36 0

1.22 2.5 40 , 0
1,47 0 20 . 0
1.97 0 . 12 . 2,5
2.47 decomposition of sample was apparent. . . •. .
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The Addition o.f 1, 2^D'icyano-1 -c arbomethoxyethy 1 ene

(.DCHC) to N,N-Dimethylvihyra'mine (DWA.). When 0.1 g of DCNC 
was added to DMVA at -78°C a precipitate formed which slowly 
turned to an oil.;'' NMR on the liquid phase showed no absorp
tion of 3.96 at the. DMVA.

Addition of N,N-Dimethylvinylamine (.DMVA) to Tri- 
carbomethoxyethylene (TOME), A solution of 0.12 g of TCME in 
0.2 cc of CDCl^ was chilled to -78°C and to this was added 
0.01 cc at a time of a 45% solution of DMVA inpentane/hexane 
mixture. An internal standard of cyclohexene was used to 
correct for dilution ( 4.32), Representative data is shown;

Table 10. Dow Temperature NMR: Dimethylvinylamine Added 
to Tricarbomethoxyethylene. •—  Relative peak 
heights are reported. ■

Equivalent of 
Added DMVA

Absorption at ' 3.04 at . 4,32 . at . 3,96
0 4 23 0 .

.15 4,8 22. . 0 .

.35 3 20 0
,80 2 12 , 0

1,5 : 1,6 11 0 .
2,3 4 0 .
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Reaction's of Dimethylisobuten-yI'aiiiine'
- The Reaction of Dimethy11sobuteny1amine with Di

methyl Maieate, A sample of dimethylisobutenylamine was 
placed in an excess of dimethyl maleate at room tamperature 
in dichloromethane and left for 8 days, The yellow color 
developed after one half hour did not fade« The HMR on the 
reaction mixture revealed that no dimethyl maleate remained at 
this point and only what could be the cyclobutane adduct and 
dimethyl fumar'ate remained. . When a small portion (ca 0.5 g) 
of the reaction mixture was placed in an excess (2.0 g) of 
dimethyl maleate it was found that the ratio of dimethyl 
maleate to fumarate was 4,0 by NMR integration of olefinic 
hydrogens. After 8 hours the ratio of dimethyl maleate to 
fumarate was 3.83; after 24 hours 2,33; and after 72 hours 
was 1.78. The initial amount of dimethylisobutenylamine in 
this system was calculated to be ho more than 0.1 g. This 
result would indicate that in dichloromethane the reaction 
between dimethy 1 isobuteny 1 amine and dimethyl maleate is ■’re
versible in such a fashion as to allow rotation about "the 
C-G bond of the dimethyl maleate.

Synthesis of Trimethyl 3,5-dl-(trimethylammonlo)- 
4,4,6,6-tetramethylcyclohexane-1,2,2-tricarboxylate di- 
(hexafluorophosphate). A solution containing 1,01 g of tri-. 
carbomethoxyethylene was mixed with 0,495 g of isohutenyl- 
amine.- After-reacting for 6 hrs l,.l g of dimethoxycarbenium 

hexafluorophosphate was added. The reaction mixture



turned brown. No precipitate formed overnight. Methanol was 
added and allowed to stand overnight. A small amount of 
crystals precipitated, 0.36 g3 m.p. 175-176.50C. Analysis, 
calculated for C22^42^2^i2^2®6: 37*08; H, 5*62. Found:
C, 37*16; H, 5*46.

Synthesis of Trimethyl 3-Trimethylammonio-4,4- 
dlmethyloyclobutane-1,2,2-tricarboxylate trlfluoromethane- 
s.ulfonate. The reaction which was previously carried out by
Hall and Ykman (1975) was repeated here with identical result

• Trimethyl 2,2-dlmethyl-3,4,4-tricarboxybutyraldehyde. 
A solution containing 0.99 g (0.01m) of N,N-dimethylisobuten- 
ylamine in 10 ml of ethyl ether was added to a solution 
containing 2.02 g of tricarbomethoxyethylene: A yellow color
formed. After reacting at room temperature for 16 hours 
BF^zOEtg was added. A precipitated formed immediately. This 
was split into three portions. The first was treated with 
water, extracted with ether, dried and evaporated. IR shows 
aldehyde CH. stretching at 2725 cm"-̂ - and 2850 cm-^ (both weak) 
0=0, 1750 cm"! (at least three peaks). Analysis, calculate 
for C12H a0: ' C,-■52.56; H, 6.57. Found: C, 52.67; H,’ 6 .32.
NMR, (CDClg), 1.05 (s,lH); 6.25 (s,10H); 8.85 (s,3H); 8.90
(s,3H). Mass spectrum showed a large 275 m/e peak.

The. second sample was treated with D^O. By mass 
spectral analysis the sample was monodeuterated giving a ■. 
peak at m/e 2f6.
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The third portion was heated for one hour. Deuterium 

oxide was added and the sample was extracted with ether, 
dried, evaporated and sent for mass spectral analysis. The 
results were comparable to the previous sample. No evidence
for a trideuterated product was obtained.

' . - . ■ (.
Alkylation and Protonation Reactions

Methylation of Triethylammonium p-Toluenesulfonate 
with Methyl Triflate.

1) To- a solution containing 1 g of triethylammonium . 
p-toluenesulfonate in chloroform was added 0.96 g of methyl 
triflate. Using NMR, the alkylation was observed to occur at 
room temperature within 10 minutes to give a new peak at 6.20.' 
After 15 minutes ether was added. No precipitate formed. The 
solvent was evaporated and the residue was extracted with 
ether to leave behind HNEt^T OSQgOF^" (0.7 g) and the ether •- 
layer contained 0.6 g of methyl, p-toluenesulfonate.

2) To a solution containing 1 g of HNEtg OSOgCFg
was added an excess of methyl triflate. No reaction occurred.

3). To a solution containing 1 g of HNEtg"*" tiSQnCF~ de-2 3
chloromethane was added one equivalent of methyltriflate and 
an excess of potassium carbonate. This was allowed to react 
overnight. Ether was added and a fluffy precipitate occurred. 
This was filtered, extracted with dichloromethane and 
evaporated to yield a trace of the EtgNCHg+ salt and a lot
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of KOSOgCF . When acetonitrile was added to the precipitate 3
the acetonitrile turned a deep yellow. Dichloro-methane was 
added again and a precipitate again occurred yielding a trace 
of the methyltriethylammonium salt. The total yield of 
methylated amine was less than 1%.

Alkylation with Diazomethane.
1) A solution containing 1 g of p-toluenesulfonic 

acid to which had slowly been added an excess of CHgNg at
0°C was allowed to react overnight at room temperature. . Upon 
evaporation methyl p-toluenesulfonate was obtained. Yield 9 Q %.

2) To 1 g of triethylammonium triflate in dichloro- 
methane was added an excess of diazomethane in ether. 
Evaporation yielded methyltriethylammonium triflate in 92% 
yield.

3) A solution containing 2.02 g of tricarbomethoxy- 
ethylene and 1.0 g of N 3N-dimethylisobutenylamine was allowed 
to react. for 24 hours at room temperature. This was divided 
into two fractions.

a) To one half of the cyclobutane adduct formed 
above was added one equivalent of methane- 
sulfonic acid. This was allowed to react 
for 1/2 hour to yield the protonated 
cyclobutane. Without isolation, the solvent 
was evaporated and extracted with ether to 
remove any unreacted starting materials.



Upon evaporation of the ether the aldehyde
- *

was obtained. An NMR on the residue show
ed it to be dimethylammonium triflate.

b) To the other half of the cyclobutane
adduct was added one equivalent of tri- 
fluoromethanesulfonic acid. After six hours 
an excess of diazomethane was slowly added.. 
Allowed to react for five hours in the dark. 
Evaporation and extraction with ether left 
a white solid which analyzed as the tri
me thy 1 ammonium cyclobutane. Analysis, 
calculated for 'C^Hg^NFgSO : C, 41.32;
H, 5.64; N, 3.01. Found: C, 40.91;
H, 5,71; N, 3.02. The NMR was in agreement 
with the known compound.

The Reaction of N,N-Dimethylvinylamine with Tricarbo- 
methoxyethylene.

' Reaction of N,N-Dimethylvinylamine with Tricarbo- 
methylene: Variation of Parameters. The reaction between:.
dimethylvinylamine and tricarbomethoxyethylene was carried 
out at several temperatures and in several solvents. In all
cases the vinylamine was added slowly to the triester. When

Jthe addition was completed, an alkylating or protonating 
reagent was added. The results are summarized in Table 11.



Table 11. Reaction of N ,N-Dimethylviny1 Amine with Tricarbomethoxyethylene.

Total Amount Temperature of Time for Temperature of
of Solvent Cycloaddition Cycloadditipn Alkylation

Alky- 
(Ratio of lating 
VA:TCME)a Agent Produet(s)

2 2Solvent:CH^Cl^
10 ml
15 ml 
15 ml 
15 ml 
15 ml 
15 ml
30 ml

100 ml 
100 ml

50 ml

-78 to RT
-78-78
-60 to 
-60 to -45

-50-78 to -55
-90
-90 
-90

-90
Solvent: Ethyl Ether

5 ml 
100 ml

125 ml

-78
-78 to -20

-78

2 hrs y
15 min 
5 min
1 hr
2 hrs 
2 hrs
1 hr
2 hrs
2—2—1/2 hrs

2 hrs

5 min 
4 hrs

1 hr

-78
-78
-78
-70
-70
-70
-90
-90-90

-90

-78
-78

-78 to RT

(1:1)
(1:1)(1:1)(1:1)(1:1)(1:1)
(1:4)
(1:4)
(1:4)

(1:4)

(1:1)(1:1)
(1:)

MT
MT
MT

pTSA
MT
MM
MSA
MT
PSA

MT

MT
MT

MT

2:1 monosalt; 
mp 116-117° 2:1 
2:1
2:1 disalt 
2:1
2:1 and 
maybeI:1 

2 :1 (?)
cyclobutane

2:1
1:1 cyclo
butane 
protonated 2:1

2:1
1:1 open chain; mp 
91.5 - 93.5° 2:1

vo
TV)



Table 11.— Continued.

Total Amount Temperature of 
of Solvent Cycloaddition

Time for 
. Cycloaddition .

Temperature of 
Alkylation

(Ratio of 
VA:TCME)a

Alkyl
ating
Agent Product(s)

Solvent: Dimethyl Ether
30 ml -78 1 hr -78 (1:1) MSA 2:1

Solvent: CH^Cl^- + Hexane (10 ml:5 ml)

-78 45 min -78 (1:1) TEOBF/, 2:1 .. 
disalt

Solvent: Toluene and Ether (250 ml.;80 ml)

-78 2 hrs -20 (1:1) TEOBFj (?)

Solvent: Ethyl acetate (50 ml)

-78 1 hr -78 (1:1) MT (?) 1:1 
+ open 
chain

aDimethylvinylamine was added to tricarbonmefchoxyefchylene in all cases.
MT = methyl triflate j " pT3A *  p^toluene sulfonic acid
MM % mimic methyl TEOBFj, =» triethyloxonlumtetrafluorohorate
FSA = fluorosulfonic acid YA a N sNr-dimethyIvinyl amihe

TCME “ Tricapbomethojoyethylene

voUJ
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In each run a solution containing 0.71 g (1 mmol) of 

N ,N-dimethylvinylamine was placed in 5 ml of solvent 
and chilled to the desired temperature. This was then added 
to 2.02 g (1 mmol) of tricarbomethoxethylene which was pre
viously dissolved in the solvent and chilled to the desired 
temperature. The total volumn, temperature, and alkylating 
agent are indicated, in Table 11. The alkylating agents 
were dissolved in an equal amount of the same solvent used to 
carry out the reactions and were chilled to the desired 
temperature before addition to the reaction mixture. In all 
eases a 5% excess of alkylating or protonating agent was used.

1-N,N,N-Trimethylammonium-trans-l-butene-3,4,4- 
tricarboxylate. A solution containing 2.84 g (4 mmol) of 
tricarbomethoxyethylene was added 1.0 g (0.0l4m) of dimethyl 
vinylamine in 20 ml of ethyl ether. This was allowed to 
react at -78°C for two hours and then placed in the freezer 
at -20°C for 18 hours. The reaction mixture was then cooled 
back down to -78°C and methyl triflate was added at -78°G in 
10 ml of ether. After 15 minutes the contents were warmed 
to about -20°C at which point the solids dissolved and a 
tarry precipitate formed. The solvent was decanted while 
still at -20°C and allowed to warm. A further precipitate 
formed. This precipitate was dissolved in hot ethyl acetate 
and cooled. Pentane was added which precipitated an oil.
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Upon standing and warming, a white precipitate reformed and 
this was recrystalized from hot ethyl acetate to which pen- 
tane was added; m.p. 91.5 - 93.5°C. Analysis, Calculated 
for Cli|H2lNP3SOg : C, 38.6; H, 4.8; N, 3.2. Found: C, 38.41
H, 4.91; N, 3.20. Yield 1.3 g. NMR, (DMSOd6), 3,42 (q,lH); 
5.80-6.60 (m,3H); 6.25 (s,9H); 6.60 (s,9H). .

Trimethyl 3-Trimethylammonlo-5-dlmethylaminocyclo- 
hexane-1,2,2-tricarboxylate Hexafluorophosphate. A solution 
consisting of 2.02 g of tricarbomethoxyethylene in 10 ml of 
dichioromethane was chilled to -90°C using a liquid nitrogen- 
dichloromethane bath. To this was added dropwise 1 g of 
dimethylvinylamine which was also chilled to -90°C.. This 
was kept at -90°C for four hours. ' Solid dimethoxycarbenium 
hexafluorophosphate (4.48 g) was added at -90°C. After four 
more hours the reaction was allowed to warm slowly to room 
temperature. After two days solids precipitated out and were 
filtered off to yield 2.30 g. This was dissolved in water 
at 10°C. Sodium bicarbonate was added and the solution was 
extracted with dichloromethane. The dichloromethane layer 
was dried with potassium carbonate and evaporated to yield
I.04 g of mono quaternized cyclohexane adduct i.e., tri
methyl 3-trimethylammonio-5-dimethylaminocyolohexane-l,2,2^ 
tricarboxylate hexafluorophosphate. Analysis, Calculate for 
C17H.30N2F6PO6 : C, 40.92; H, 6.20; N, 5.56. Found: C, 40.92
H, 6.28; N,.5.04;
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Trimethyl 3-Trimethylammonio-5-dimethylammonio- 

cyclohexane-1,2,2-tricarboxylate di-hexafluorophosphate. A 
solution of 1,42 g of N ,N-dimethy1vinylamine (20 mmol) in 
10 ml of pentane was slowly added at -90°C to a solution of
4.04 g of tricarbomethoxyethylenes also at -90°C . The 
addition was carried out over a period of two hours and was 
done under a nitrogen atmosphere. This was allowed to react 
at -90°C for two hours. Dimethoxycarbenium hexafluorophos- 
phate (8,8 g, 54 mmol) was chilled to -90°C and added to 
the reaction mixture and allowed to react for two additional 
hours at -90°C. This was then warmed to room temperature 
(28°C) and allowed to react overnight. The solids were 
filtered, washed with methanol and filtered again. Recrys- 
talized from an ethyl acetate-acetonitrile mixture; yield 
2„46g (28%), m.p. 173-175°C. Analysis, calculate for 
Ci7H32N2F1.2P206: C, 31*38; H, 4.92; N, 4.31; P', 9.53.
Pound: C, 31.66; H, 5.00; N, 4.42; P, 9.55.

Trimethyl 3,5Di-(trimethylammonic)cyclohexane-1,2,2- 
tricarboxylate Di-hexafluorophosphate. The filtrates from 
the previous reaction were combined with the methanol wash. 
This was then placed on a column consisting of activated 
carbon, cellulose powder, and celite and eluted with ethyl 
acetate, The first material to come off the column was 
recrystallized from ethyl acetate to yield 0,64 g of a white 
solid which would not redissolve in ethyl acetate.
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m.p. , 244-245°C, Analysis, calculated for C]_8H34^2F12'P2°6 :
C, 32,53; H 9 5.12; N, 4.22. Found: C, 32.63; H, 5.07;
N, 4.38. ' .

Trimet hy 1 3 -E t hy 1 dime t hy 1 ammonio - 5-dime t hy lampion io - 
cyclohexane-1,2 a 2-trica.rboxylate Di(tetrafluoroborate) . A 
solution consisting of 1 g (14 mmol) of dimethylvinylamine 
in 5 ml of dichloromethane was chilled to -90°C and slowly 
added to 2.84 g (14 mmol) of tricarbomethoxyethylene5 also 
chilled to -90°C, To this was added 2.66 g (15 mmol) of 
triethyloxonium tetrafluoroborate. This was allowed to react 
at -78°C for 18 hours and then slowly warmed to room temper
ature. A" yellow precipitate formed. This was placed in 
ethyl acetate and heated, 10% by volumn of chlorobenzene was 
added and then just enough acetonitrile to dissolve the 
sample. Upon cooling needles precipitated, decanted solvent, 
and Washed two times.with chlorobenzene; m.p., 190-191°Q.
Analysis, calculate for Ci8^34N2B2F806 : 39.41; H, 6.20;
N, 5.11, Found; C, 39.44; H, 6.12; N, 5.05.

Trimethyl Butyraldehyde-3,4,4-tricarboxylate. A 
sample of 75% dimethyl vinyl amine containing some trimethy1- 
amine and tetramethylethylene diamine was rapidly added to
2.02 g of tricarbomethylethylene in dichloromethane at -70°C. 
Potassium carbonate was present during the addition. The . 
yellow color disappeared within 15 minutes. Methyl triflate 
(2 fold excess) was added and the mixture was allowed to



warm to room temperature-and was stirred for 24 hours. Water 
was added and the mixture was stirred for another 24 hours. 
The layers were then separated and the dichloromethane was 
dried with potassium carbonate. Rotary evaporation yielded
1.55 g of a crude orange colored liquid. Using gas-liquid 
chromatographic techniques this was chromatographed on a
3% SE-30 column at 220°C to yield a solid product•. infrared: 
CEO, 2850 cm-'1"; G = 0,1750 cm-"1’ (at least 3 peaks) . Analy- . 
sis, calculated for C-^qH-^NO^: C, 48.78; H, 5«69. Pound:
C, 48.31; H, 5.36. NMR (CDClg)3 6.15 (s,3H), 6.2 (s,6H),
6.55 (sjlH).

The Reaction of N-Vlnylmorpholine with 
Tricarbomethoxyethylene

General Reaction Procedure. The N-vinylmprpholine 
(1.13 g 5 10 mmol) was placed in 2 ml of solvent3 and was 
chilled to -78°C. This was then added to a solution of 
tricarbomethoxyethylene (2.02 g, 10 mmol) which was also at 
-78°C. The addition time varied from 5 to 15 minutes. The 
sample was allowed to react at -780C until the yellow complex 
color had disappeared.. The alkylating agent was then added 
in 5 ml of solvent, usually at -78°C. .The only isolable 
product has been the N ,N-dimethyImorpholine salt. The 
results are reported in Table 12.
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Table 12. Reaction of N-Vlnylmorphollne with 

Trlcarbomethoxyethylene.

Order of Addi- Alky- 
Amount of tion (Ratio lating 

Solvent Solvent VT:IV) Agent • Product0

Ethyl Ether 30 cc 1(1 :1) MT (-40°C) DMMT + tarsEthyl Ether 5 cc 2(1 :1) CHql TarEthyl Ether 5 cc 2(1 :1) MT TarEthyl Acetate 5- cc 2(1:1) CH3I
MT

White pptEthyl Acetate 5 cc 2(1:1) TarCHoCN 
CH 3 CN .5 cc 2(1:1) CH3I

MT
Tar

(1:1)
5 cc 2(1 :1) TarCH2CI2 + Ether 5 cc 2(1 :1) • CH3I Tar + yellowoilCHpClp + Ether (1:1) 5 CO 2(1 :1) MT Tar

ch2ci| 5 cc 2(1:1) OH 31 Uncharacter
ized saltsch2ci2 5 cc 2(1:1) MT it

ch2ci| 12 cc 1(1:1) MT (-60°) DMMT18 cc 2(1:1) CH3I Uncharacter
ized salts 
and tarCHoClo

ch2ci 20
20

cc.
cc 2(1:1)2(1 :2) CHqOSOpCH^

0H°0S02CH^ DMMT
ch:ci|Toluene 35 cc 2(1 :1) DMMT

35 cc ' 2(1:1) MT • DMMT

Order of additive: 1) tricarbomethylethoxyethylene
added to vinylamine; 2) vinylamine added to tricarbomethoxy- 
ethylene.

bMT = Methyl triflate.

CDMMT = dimethyl morpholine salt (triflate or 
methyl sulfate).
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Miscellaneous Reactions

Dimethyl N-Ethylmorpholine-B,g-dlcarboxylate. One 
mole quantatles of morpholine, formaldehyde and dimethyl 
malonate were placed in 500 ml of water containing 1.5 moles 
of HC1. This was allowed to mix at room temperature (28°C) 
for 24 hours. After neutralization with potassium carbonate 
it was extracted with ethyl ether. The ether extract was 
dried with more potassium carbonate and evaporated. The 
residue was dissolved in ethyl ether and one mole of bOron 
trifluoride ethyl etherate was added to yield a precipitate. 
Filtered off under nitrogen, decomposed at 102°C, melted at 
110-ll8oC . Analysis, calculated for C-̂ qH^N-^O^BF^ :
C, 40.17; H, 5.73; N, 4.68. . Found: C, 3.9.93; H-, 5.67;
N, 4.46.

The Reaction of Tricarbomethoxyethylene with Methanol. 
The reaction of tricarbomethoxyethylene with methanol was 
found to proceed at a very rapid rate at room temperature.
At 0.4 M solution of tricarbomethoxyethylene in methanol 
has a half life of about ten hours as determined by the 
decrease in the olefinic proton absorption in the NMR com
pared to the methanol peak. No correction was taken for 
the decrease in the methanol absorption resulting from its 
consumption. It was noted that the more dilute the
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trlcarbomethoxyethylene, the faster the reaction proceeded.

Time 0 5 min 5.5 hrs. 2 5 hrs 48 hrs
% TCME left 100% 98% 77% 20% 6%

Discussion
The cycloaddition of N,N-dlmethyllsobutenylamlne 

(and other enamlnes) to methyl acrylate (and other mono- 
substltuted electron poor olefins) Is well documented to 
give cyclobutane adducts (XVII) which can be quaternlzed 
and via base elimination yields cyclobutenes (Brannock et al., 
1964; Stork et al. 1964)— Scheme 11. Work has recently been

Scheme 11
E R

/ R
+ // E

NR2 NR
XVII

NR

E

->

done in which the orientation of the cycloadduct has been 
reversed through the use of trisubstituted electron poor 
olefins to yield cycloadducts such as XVIII. These cyclo- 
adducts would have synthetic utility in that quaternization 
and bast elimination would yield the bicyclobutane (XIX)—  
see Scheme 12 (Hall and Ykman 1975).
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Scheme 12
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R = CH3 J

XIX

This straightforward synthesis of cyclobutanes is 
plagued by a variety of side reactions: Metathesis can 
result to give two new olefins (Hall and Ykman 1975; see 
Scheme 13).

Scheme 13

NC CN
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Linear adduct formation can occur, presumably via the 
zwitterion intermediate (Stork et al. 1964, Brannock et al. 
1964, Hall and Ykman 1975)— see Scheme 14.

Scheme 14

<=
E E NR

H E

E

CH
COoCH NR2

Cyclohexane adducts XXI + XXII can form from the 
interaction of zwitterion with another electron-deficient 
or electron-rich olefin (Brannock et al. 1964, Hall and Ykman 
1975)— see Scheme 15.

NC R R N Scheme 15
mpCN CN NC CH NC CN
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And, the formation of polymer can occur (Scheme 16). The 
formation of any of these products results in the formation 
of a more thermodynamically stable product.than the cyclo- 
butane.

solvent resulted from the observation that N-vinylmorpholine 
slowly decomposed at -78°C and at room temperature it de
composed rapidly. It was noted that in dichloromethane the 
N-vinylmorpholine was relatively stable and could remain 
at room temperature for several hours. N,N-dimethy1vinyl- 
amine showed a similar effect. The initial criteria for 
the determination of whether cyclobutane had formed was the 
simultaneous disappearance of the vinylic absorptions of 
tricarbomethoxyethylene and of N-vinylmorpholine and the 
lack of appearance of new vinylic absorptions for the open- 
chain adduct II. From the low temperature NMR studies it 
was determined that the order of addition of the vinylamine

Scheme 16
H

E = CO^CH

The initial choice of dichloromethane as the reaction
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to the triester was of crucial importance. If the triester 
was added slowly to the vinylamine, the vinylamine polymer
ized to yield an unstable polymer.' If more triester was 
added the triester would react with the polymer. The tri- . . 
ester was consumed until a ratio of two vinylamine to one 
triester was reached. Presumably the cyclohexane adduct was 
the product at that point. The addition of more triester. • 
resulted in no further reaction. When the vinylamine was . 
added to the triester, reaction occurred on a one-to-one 
basis until an equivalent amount of triester was present.
The product at this point was either the zwitterion, or 
the cyclobutane. Addition of more vinylamine resulted in 
its consumption until a ratio of two vinylamine to one 
triester was obtained. Presumably the cyclohexane was again 
present in the reaction mixture. Additional vinylamine 
did not further react.

After having established the importance of the order 
of addition on the reaction, several reactions were carried 
out -at progressively lower temperatures. Even at -90°C 
the reaction between N,N-dimethylvinylamine and tricarbo- 
methoxyethylene was rapid enough to observe a disappearance 
within 10 minutes of the charge-transfer complex color which 
initially forms upon mixing dimethylvinylamine with tricarbo- 
methoxyethylene.

Because the cyclobutane, if formed, would be thermo
dynamically unstable, no attempt was made to isolate it
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directly. Instead alkylating agents were added to the 
reaction mixtures, usually at low temperatures. In an effort 
to obtain the more stable alkalated salt. The quaternizatlon 
had been attempted using methyl trlflate, dlmethylsulfate, 
methyl fluorosulfonate, triethyloxonium tetrafluoroborate, 
dimethoxycarbenium hexafluorophosphate, methyl Iodide, and 
methanesulfonic acid-diazomethane. In every case the only 
products isolated were cyclohexane derivatives.

In light of the work presented in the main text, this 
result is not suprising. These reactions were all carried 
out under nitrogen, and oxygen was rigorously excluded.
They were carried out in dichloromethane, a solvent which 
falls into the non-polar, non-donor class of solvents and 
which yielded only open-chain adducts and polymers in the 
reactions of N-vinylcarbazole with tricarbomethoxyethylene 
when the reactions are carried out in the absence of air.
All of the products which are capable of forming in the 
reactions of N,N-dimethylvinylamine with tricarbomethoxy- 
ethylene have been observed with the exception of the 
cyclobutane adduct.

The extremes to which these reactions were taken 
in an effort to obtain a cyclobutane adduct can only under
score the importance of oxygen and solvent in the cyclo- 
addition reactions.
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