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ABSTRACT

A series of tri- and tetrasubstituted ethylenes were dissolved 

in aromatic media and the Tr-complexes thereby formed were examined 

spectroscopically9 with the intent of determining the electron with

drawing effects of the various substituents on the ir-system of the 

substituted ethylenes. An even larger group of tri- and tetrasub-r 

stituted ethylenes was examined by cyclic voltarametry9 and again the 

electron withdrawing effects of the various substituents were examined.

Homopolymerizations and copolymerizations were attempted on 

tetracyanoethylene«, dimethyl dicyanofumarate 9 diethyl dicyanofumarate9 

tetracarbomethoxyethylene 9 and tetracarboethoxyethylene. All poly

merization attempts failed with the exception of the copolymerizations 

of dimethyl dicyanofumarate and diethyl dicyanofumarate. With the 

exception of the very special case in which the tetrasubstituted 

ethylene contains at least three small fluoro substituents9 these are 

the first successful polymerizations of tetrasubstituted ethylenes. The 

copolymers are considered to be be 1:1.

An attempt was made to relate the electron withdrawing effects 

of cyano and carboalkoxy substituents with the formation of these 

new copolymers.



CHAPTER 1

INTRODUCTION

Current interest in electron-rich and electron-poor olefins 

continues among both organic and polymer chemistso Topics include 

charge-transfer comp1exation9 alternating copolymers, and cycloaddition 

(Hall and Ykman 1977; Hall and Daly 1975; Hall and Ykman 1975; Huisgen 

and Steiner 1973a; 1973b; 1973c; 1973d; 1973e; and Huisgen, Schug 

and Steiner 1974).

Among the electron-withdrawing groups, cyano has received great 

attention, especially in tetracyanoethylene (TCNE) and tetracyano- 

quinodimethane (TCNQ; Ciganek, Linn, Webster 1970, p„ 481; Hall and 

Ykman 1975; Ferraris, Cowan, Walatka, and Perlstein 1973; Iwatsuki and 

Itoh 1979)o Indeed, the cyano group is among one of the most withdraw

ing of the common functional groups (Hirsch 197 4, p» 110).

NC\ _ / N NC^    / CN

/“A f
' C N  NCNC CN NC CN

TCNE TCNQ

Dr. Daniel Bellus (1977) pointed out that the acid chloride 

function is also one of the most electron withdrawing of the common 

functional groups, perhaps outranking the cyano group in this respect.

1



This assertion is supported by the fact that, according to Sauer, 

Wiest, and Mielart (1962, 1964), the relative reactivities for ^2+^4 

Diels-Alder reactions are:

C0C1 CN

TCNE » f »
C10C NC

For ^2+^4 cycloaddithons with furan, according to Bellus (1977) , the

order of reactivity for the compounds shown below is:

C0C1/

\

VCN

»
\

]0C1 CN

In an attempt to confirm Bellus * hypothesis, it was decided to synthe

size tetrachlorocarbonylethylene and compare the electron withdrawing 

effect of the acid chloride group in this compound, with the electron 

withdrawing effect of the cyano group in TCNE.

C10C C0C1

CIO 0C1

Tetrachlorocarbonylethylene
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To broaden this study5 other tri- and tetrasubstituted ethylenes 

that were either available or synthesized as a part of this work were 

also tested* This allowed us to rate the relative electron withdrawing 

effects of several vinyl substituents. This was done using ultraviolet 

and visible spectroscopy and cyclic voltammetry.

Finally, polymerization and copolymerization studies were done 

on a series of related tetrasubstituted ethylenes from the aforementioned 

group after the work of Miller (1979) and Rasoul (1979) indicated that 

certain tetrasubstituted ethylenes copolymerize.



CHAPTER 2

BACKGROUND

Sources of Electrophilic Olefins 

Most of the materials were available from our on-going research 

effort (Hall and Daly 19759 Hall and Ykman 1975, Ykman and Hall 1975, 

Hall and Ykman 1976, Hall and Ykman 1977, Bentley 1979, Hall and 

Nogues 1980) . In connection with other work carried out in this 

laboratory, 1-chloro-l92,2,-tricyanoethylene was synthesized by the 

method of Dickinson, Wiley, and McKusick (1960), tetracarboethoxy- 

ethylene was made,by the method of Corson and Benson (1943), 1,1- 

dichloro-2,2-dicyanoethylene was synthesized by the method of Josey, 

Dickinson, Dewhirst, and McKusick (1967), and 1,1-dicarbomethoxy-2- 

chloroethylene was produced by the process of Rappoport and Topol 

(1970)o

Dimethyl dicyanofumarate and its ethyl homolog (Ireland,

Jones, Pizey, and Johnson 1976), tetrachlorocarbonylethylene and its 

two immediate precursors, ethylenetetracarboxylic acid, and the di

potassium salt of the latter (Malachowski and Jerzmanoska 

Sienkiewiczowa 1935), and tetracarbomethoxyethylene (Hallcher and 

Baizer 1977) were specifically synthesized for this work, Malachowski 

and Jerzmanoska Sienkiewiczowa (1935) reported that tetrachloro

carbonylethylene was contaminated with 1-chloro-l,2,2-trichloro- 

carbonylethylene.
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C10C COC1

v _ y

CIOC Cl

1-chloro-l92 92-trichlorocarbonylethylene

Aldrich 99% maleic anhydride and Aldrich 99% bromomaleic an

hydride were used without further purification. Aldrich 70% chloro- 

maleic anhydride (azeotrope with maleic anhydride) was used without 

further purification. After two purifyiB-g sublimations? Aldrich 98%

TCNE was used.

Charge-Transfer Complexing Ability as Measured 
by Ultraviolet and Visible Spectroscopy

One of the characteristics of TCNE is the formation of intensely 

colored solutions when dissolved in aromatic solvents. These colored 

solutions are attributed to the formation of ^-complexes between TCNE 

and the aromatic solvent. Compounds containing several electron with

drawing groups which form such complexes9 such as TCNE9 are referred 

to as 7r-acids. The complexes are characterized by an intense electronic 

absorption in the visible or near ultraviolet. On the basis of spectro

scopic studies9 the equilibrium constant for the complex may be 

\ determined by the method of Merrifield and Phillips (1958). Assuming 

that the equilibrium constant is directly proportional to the combined 

electron withdrawing effect of all the substituents of the double bond of 

the TT-acidj one can often compare the relative electron withdrawing 

effects of various substituents. It is also known9 as shown by Melby



(1970)9 that for a given w-base, complexed with a series of tt-acids* 

the larger the equilibrium constant of the complex9 the higher the wave

length of the absorbanceo

One problem with this analysis is that the extinction coeffici

ents for the complexes formed are unknown<, Indeed, if they are too low, 

the absorbance of the complex could be masked by the background signal 

of the spectrophotometero Theoretical considerations have shown that 

the extinction coefficient should be directly proportional to the wave

length of the absorbance (Briegleb 1961), Experimentally this has not 

always been the case (Rose 1967)« However, on the basis of evidence 

given by Briegleb (1961), the extinction coefficient for the charge- 

transfer complexes of w-acids with widely varying structures seem to 

vary by less than a factor of four when the same ir-base is used. Hence, 

although one cannot guarantee that absorbances of interest will not go 

undetected because of a low extinction coefficient, the latter possi

bility need not cause too much concerns,

Because of our belief that the acid chloride function may be 

better at withdrawing electrons than the cyano group, TCNE and tetra- 

chlorocarbonylethylene were spectroscopically examined with the intent 

of determining their equilibrium constants with n-bases. This would 

allow the determination of the relative electron withdrawing effects 

of the latter two functional groups. Because many other electron 

deficient polysubstituted ethylenes were available, their Tr-complex 

absorbances were measured in the . same basic media.
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Cyclic Voltaimnetry

The original purpose of our cyclic voltaimnetry studies was to 

determine the electron affinity of the tested substituted ethylenes and 

to relate the latter quantity to the electron withdrawing effect of the 

various substituents upon the carbon^carbon double bond.

In cyclic voltaimnetry a compound is dissolved in an electrolyte 

solution in an electrochemical cell and a triangular wave is applied to 

the cell. In the case of this work, the voltage was varied linearly 

from 0.0 v to -0.2 v, reversed and varied linearly from -2.0 v to 0.3 v 9 

and then reversed and varied linearly back to 0.0 v.

As the voltage was decreased from 0.0 v 9 many of the test com

pounds began accepting electrons. This transfer of electrons is by 

definition a current. As the voltage was further decreased the rate of 

this reaction increased and hence the current increased. This increase 

in current continued until the concentration of reductant in the immed

iate vicinity of the electrode became depleted, at which point the 

current began to decline (the solution in the electrochemical cell was 

not agitated). This yields a current-voltage curve with the shape shown 

in Fig. 1. As the potential is further reduced, other peaks may arise.

Once -2.0 v was reached, the potential was reversed. This 

makes it possible to examine the oxidation of the material in the 

immediate vicinity of the electrode. For a reversible electron trans

fer, a curve is obtained that looks like Fig. 2.

The inverted peak in Fig. 2 corresponds to the reverse of the 

process that brought about the noninverted peak. Note that the two
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Fig. 1

Fig. 2

Typical Peak Polarogram.

Ep is the peak potential, ip is the peak current. 
Figure is taken from Adams (.1969, p. 125),

-3Cyclic Voltammogram for 10 M Fe(III) in 1 M 
Hydrochloric Acid, 5 M Calcium Chloride, Carbon 
Paste Electrode, Sweep Rate 2v/min.

Figure is taken from Adams (1969, p. 145).



peaks do not occur at the same potential» The inverted peak is called 

the anodic peak, the noninverted peak is called the cathodic peak.

For a reversible system, this potential separation is given by the 

following equation (Sawyer and Roberts 1974, p. 341)i

(E ) - (E ) = 0°-057 at 25° Cp a  p c n

The anodic peak potential is given by (E ) , the cathodic by (E ) ,p a  p c
n stands for the number of electrons involved in the electron transfer. . 

This provides a. quick method for determining reversibility and n.

If the condition of reversibility prevails, the thermodynamic 

E° value may be obtained, E0, the constant found in the Nernst equation, 

is variously known as the "standard potential," "electrode potential," 

or the "reduction potential" (Cotton and Wilkinson 1972). The E° value 

can be used to estimate the electron affinity (Foster 1969, p. 51) and 

hence the relative electron withdrawing effects of the various sub

stituents can be obtained.

Unfortunately, using the criterion outlined above it was found 

that none of the voltammograms obtained in this work are the result of 

a reaction that involves a reversible electron transfer and nothing 

else. For every compound examined, the electron transfer is followed 

by a chemical reaction. This latter reaction will cause the current 

peak of a reduction to be shifted in the anodic (more positive) 

direction. The size of the shift from the potential at which it would 

occur if no follow-up reaction occurred is determined by the extent of
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the follow-up reaction (Wilson 19809 Zuman 1967)» Although this shift 

is rarely more than 0,2 v (Wilson 1980), E° cannot be determined and 

we were forced to base our determinations on the peak potential.

In basing our assessments of relative electron withdrawing 

effect upon peak potentials, several things should be kept in mind» 

Because the extent of these follow-up reactions is dependent upon the 

electroactive function or functions within the molecule, the best 

comparisons of peak potentials are made between compounds containing the 

same electroactive function or functions,. If the different electro

active groups are chemically similar, such as Cl, Br, and I, comparisons 

of their peak potentials give relationships that are often quite 

reasonable (Zuman 1967), If two compounds give voltammograms of differ

ent shapes, it can generally be assumed that the reductive events 

(acceptance of one or more electrons and any follow-up reactions) occur 

by different mechanisms. In the latter case, relationships derived 

from comparison of the two peak potentials are rather crude in nature.

If, however, two compounds are structurally similar and their cyclic 

vo11ammo grams have closely matching shapes, for the purpose of this 

analysis it will be assumed that the two corresponding reductive events 

proceed by similar pathways, and that the comparisons derived there

from are more reliable (Zuman 1967), Both crude and "more reliable" 

comparisons will be made. However, these two different types of evalu

ations will be well distinguished.

It would be best if our evaluations of electron withdrawing 

effect were based upon E°, a thermodynamic constant, rather than upon
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the peak potential, which can vary with scan rate (the scan rate often 

affects the extent of the follow-up reaction thereby causing the 

peak potential to shift)0 However * because E° cannot be obtained from 

our data, the peak potential is really the only quantity upon which our 

analysis can be based (Wilson 1980)» If, on the other hand, one pro

ceeds according to the guidelines outlined in the preceding paragraph, 

and bears in mind that the anodic shifts are rarely larger than 0,2 v* 

fairly good correlations of electron withdrawing effects can be obtained.

Exploratory Homopolymerizations 
and Copolymerizations

Attempts were made by Hall and Daly (1975) to copolymerize 

tetracarbomethoxyethylene with p-methoxystyrene, styrene, p-chloro- 

styrene, or vinyl acetate. All attempts failed. It was felt that too 

much steric hindrance was the cause of the failures. Indeed, this latter 

assertion is backed up by the fact that when this project began, the 

only tetrasubstituted monomers which had been successfully 1,2 polymer

ized were tetrafluoroethylene (Plunkett 1941) and 1-chloro-l,2,2- 

trifluoroethylene (Marvel 1980), The fluoro substituent is not much 

more sterically hindering than a proton.

In spite of this relatively poor record for the 1,2 poly

merization of tetrasubstituted ethylenes, because some tetrasubstituted 

ethylanes, which were considered to be more electron deficient than 

tetracarbomethoxyethylene had been synthesized, we-attempted to 

homopolymerize and copolymerize them. The compounds were dimethyl 

dicyanofumarate and its diethyl ester homolog. These were considered



more electron deficient than tetracarbomethoxyethylene because of their 

cyano functions. The comonomer was p-methoxystyrene in all attempted 

copolymerizations. In order to make the study complete9 attempted 

homopolymerizations and copolymerizations were also attempted on tetra

carbomethoxyethylene 9 tetracarboethoxyethylene and TCN-E, which are 

structurally related to the two dialkyl dicyanofumarates»



CHAPTER 3

RESULTS

Synthesis of Tetraehlorocarbonylethylene 

Attempts to synthesize the title compound were made by heating 

ethylenetetracarboxylic acid with phosphorus pentachloride in phosphorus 

oxychloride by the method of Malachowski and Jerzmanoska Sienkiewiczowa 

(1935). The latter authors (1935, p. 30) reported that in every such

HOOC COOH C10C C0C1
^  + 4PC1 -— I3 \ = (  + 4HC1

/  \  - 5 85.5° /  \  + 4P0C1
HOOC COOH C10C C0C1

synthesis the title compound was accompanied by l-chloro-1,2,2-

trichlorocarbonylethylene<, Purification of our liquid product by three

successive spinning band distillations gave a faint yellow liquid, bp

65-70° (0.1 torr). The ^H NMR spectrum was appropriately empty. The 
13C NMR spectrum gave four (rather than one) carbonyl peaks, at 165.3 

ppm, 164.9 ppm, 157.5 ppm, and 157.1 ppm. The mass spectrum gave major 

peaks at 185 m/e, 187 m/e and 157 m/e, 159 m/e, 161 m/e, that could 

not be ascribed to bond cleavage in the title compound. The elemental 

analysis for the product was never in the acceptable range for 

CgCl^O^ (see p. 56). Treating a portion of the product with excess 

methanol gave a liquid, or a solution, but did not yield tetra- 

carbomethoxyethylene, which is a solid. An NMR spectrum of the mixture

13
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in d^-benzene gave an unresolved multiplet at 6 3.36. A series of NMR 

spectra were then taken on the aforementioned residue at an offset of 

203 Hz downfield from tetramethylsilane and at a sweep width of 50 Hz.

The cogent data are listed below. The NMR spectra are shown on 

pp. 70-74.

nmr (#1049 aforementioned residue, d,-benzene): 217.0 Hz, 14 mm;
215.7 Hz, 28 mm; 214.7 Hz, 18 mi; 213.1 Hz, 14 mm.

nmr (#105, aforementioned residue (different sample), d,-benzene): 
215.4 Hz, 14 im; 214.0 Hz, 26 mm* 212.9 Hz, 15 mm; 211.1 Hz,
13 mm.

nmr (#108, sample #104 deliberately spiked with 1,1,2-
tricarbomethoxy-2-chloroethylene): 220.9 Hz, 7 mm;
219.7 Hz, 30 mm; 218.7 Hz, 21.5 mm; 216.8 Hz, 23 mm.

nmr (#107, sample #105 deliberately spiked with tetracarbo-
methoxyethylene): 215.4 Hz, 6 mm; 214.0 Hz, 31 mm; 212.9 Hz,
6.5 mm; 211.1 Hz, 6.5 mm..

nmr (#120, deliberate mixture of 1,1,2-tricarbomethoxy- 
2-chloroethylene and tetracarbomethoxyethylene, d 
benzene): 216.1 Hz, 47 mm; 215.0 Hz, 6 mm; 213.2 Hz, 6 mm.

As shall be further elucidated in the discussion, it is believed 

that the product mixture of the above compound contains approximately 

14% of the title compound, 57% of 1-chloro-l,2,2-trichlorocarbonyl- 

ethylene, and 29% of 1,l-dichloro-2,2-dichlorocarbonylethylene and or 

one of its isomers.

With the exception of the spectrum (#120) obtained by mixing 

tetracarbomethoxyethylene and 1-chloro-l,2,2-tricarbomethoxyethylene, 

all of the above spectra contained a poorly resolved peak or series of 

peaks between 215.7 Hz and 214.7 Hz (in spectrum #104). Integration 

seems to indicate that this absorbance is caused by a relatively 

insignificant amount of material.



Spectroscopy
Tetracyanoethylene 9 tetracarbomethoxyethylene9 tetracarbo-

ethoxyethylene9 a mixture of tetrachlorocarbonylethylene, l-chloro-1,2,2-

trichlorocarbonylethylene 9 and 19l-dichloro-29 2-dichlorocarbonylethylene

and/or one of its isomers and l-chloro-292-dicyanoethylene were

evaluated by the first spectroscopic method (see p. 61). In the case

of TCNE9 data obtained were identical to those reported earlier by

Merrifield and Phillips (1958)„ For tetracarbomethoxyethylene

and its ethyl homolog9 no absorptions were observed in scans that ran 
°

from 3000-5000 A.

The mixture of tetrachlorocarbonylethylene and its aforementioned
O

side products gave peaks between 2800 and 2900 A»and between 

2800 and 2900 A 9 when mixed. with benzene and o-xylene9 respect

ively, that could not be attributed to unassociated reactants. When 

mixed with benzene and o-xylene9 respectively, l-chloro-2,2-dicyano-
o o

ethylene gave peaks between 2700 and 2800 A, and between 2800 and 2900 A, 

that could not be attributed to reactants.

Switching to the second method (see p. 62), the following com

pounds were evaluated: Tricarbornethoxyethylene, 1,1,2-tricarbomethoxy-

2-chloroethylene, 1-bromo-1,2,2-tricarbomethoxyethylene, 1,1-dicarbo- 

methoxy-2-cyanoethylene, l,l-dicarbomethoxy-2-chloroethylene, dimethyl 

cyanofumarate, 1,l-dichloro-2,2-dicyanoethylene, tetracarbomethoxy

ethylene, tetracarboethoxyethylene, 1-chloro-l,2,2-tricyanoethylene,

57% l-chloro-l,2,2-trichlorocarbonylethylene mixed with tetra

chlorocarbonylethylene (14%), and 1,l-dichloro-2,2-dichlorocarbon- 

ylethylene and/or one of its isomers (29%), and tetracyanoethylene.



With the exception of TONE and 1-chloro-l 9 2 9 2-tricyanoethylene s, which
o o

gave peaks at 3850 A and 3530 A in 0.076 mole fraction benzene in 

dichloromethane and pure o-xylene* respectively9 all of the tested 

compounds gave peaks well into the ultraviolet, if at all.

Hexamethylbenzene, a strong ir-base, was dissolved in dichloro

methane and the latter solution used as the w-base medium with the tt- 

acids listed above. If any peaks occurred they seemed to have been 

obscured by hexamethylbenzene absorbances. In each case a spectrum was
o

obtained that gave a slight hump around 3000 A and gave a null reading
o

starting at about 2800 A. The null reading is probably due to the fact
o

hexamethylbenzene absorbs strongly at 2700 A and hexamethylbenzene was, 

by necessity, present in both sample and reference cells. This latter 

experiment was repeated on a different instrument with identical 

results.

In summary then, with the exception of TONE and 1-chloro- 

1,2,2-tricyanoethylene, none of the above n-acids gave absorbances above
o

3060 A (57% l-chloro-l,2^2-trichlorocarbonylethylene in pure o-xylene) 

when dissolved in TT-base solution.

Cyclic Voltammetry 
The results of the cyclic voltammetry study are presented 

in Table 1 with the compounds in order from highest peak potential 
(least negative) to lowest peak potential.



Table 1. Cyclic Voltammetry Study of Various Tri- and Tetrasubstituted Ethylenes at a 
Scan Rate of 0.1 v per second3.

Compound
First Cathodic Second Is the Initial Does
Peak Potential Cathodic Reductive Event Oxida-

Peak Merely a Reversible tion
Potential Electron Transfer? Occur?

First Anodic Second Anodic 
Peak Potential Peak Potential

NC CN

"G n c Z X n  /CN

CB
CN

NC CO Me

IV"
NC V n 
NC CO Et

W  2

CN
0

c

/ ~ \

~0.20v

-0 .44v

~0.64v

-0e 65v

-0.66v

-0»74v 

-0o 74v

-1 .06v

-0 ,93v

-l.lOv

-lo20v

-lo37v

-l»37v

No

No

No

No

No

No

No

Yes

Yes

Yes

No

Yes

No

No

- 0 o93v

-0o78v

-0  o 7 6v

-0o78v

-0 .09v

—0o22v

-0.45v

-0o 35v

Me^OC H



Table 1» Continued.

First Cathodic Second 
Compound Peak Potential Cathodic

Peak
Potential

Mixture of
ClOC C0C1 -0.80v -lol8v

\ //“AClOC C0C1,
CIOC^ ^OCl

:oci,
and/or 

one of its 
isomers

As above //2 -0,68v -l„50v

As above //3 -0,74v -l«66v

-0.89v -lo25v

~0 e 94v ~ —1,28v0
0 =

cT\

Is the Initial Does First Anodic Second Anodic
Reductive Event Oxida- Peak Potential Peak Potential
Merely a Reversible tion 
Electron Transfer? Occur?

No No ——» «■*«=>

No No ——  — —=

No No *** —

No No —— ammo

No No ——

H00



Table 1. Continued,

Compound
First Cathodic Second
Peak Potential Cathodic

Peak
Potential

HOOĈ  ĈOQH

H00( ■00H

\ = c

/“ \
BC H

-0.95v

-0.97v

-1.12v=o

-1.70

-1.15v

-l.AOv

n . .
As above //2 -l.lOv -l,30v

Me201

Me20i

r\
w 2

CM

-IclQv

-1,IDv

~l,30v

-loAOv

Is the Initial Does First Anodic Second Anodic
Reductive Event Oxida- Peak Potential Peak Potential
Merely a Reversible tion
Electron Transfer? Occur?

N

No Yes -0.20v

No No —  __

No No —  __

No No —  —

No No

No No — » —

H
VO



Table 1. Continued»

Compound
First Cathotiic Second Is the Initial Does
Peak Potential Cathodic Reductive Event Oxida-

Pcak Merely a Reversible tion
Potential Electron Transfer? Occur?

First Anodic Second Anodic 
Peak Potential Peak Potential

Et2oi\ _ / o 2Et
/ 1\ Et2OC C02Et -1.30v — 1e 8 OV " No No

Me2oô_

Cl X o 2Me 

He20(̂ __

bO c02 e

c\

-1.35v

-I.40v

-lo42v ~l,52v

No

No

No

No

Yes

No

OoOOv

-le47v No No

As above //2 -1.50v No No

Me2OĈ

Me2o/ ĈÔ Me
-1.68v No No

KDO



Table 1. Continued»
First Cathodic Second Is the Initial Does First Anodic Second Anodic

Compound Peak Potential Cathodic Reductive Event Oxida- Peak Potential Peak Potential
Peak Merely a Reversible tion
Potential Electron Transfer? Occur?

Me°2C\ yo^g
/ \  below -2 oOOv
Br H

Cl CO ̂
\__/ below -2oOOv
/ \
H CO^fe

Mi=20C^ below -2.OOv

/ ~ \H C02Me

A 0.1 M AgNO, reference electrode was used. The Indicating electrode was 1.15 cm2 
of platinum flag electrode (Sawyer and Roberts 1974, p „ 37), The medium consisted 
of 0.1 M sodium perchlorate in acetonitrile.
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Exploratory Homopolymerizations 
and Copolymerizations

Homopolymerizations

Dimethyl dicyanofumarate and its diethyl ester homolog5 tetra- 

earbomethoxyethylene and its tetraethyl ester homolog, and TCNE did 

not homopolymerize under the conditions used in this work (see pp. 66- 

67). TCNE and dimethyl dicyanofumarate gave black tarry decomposition 

products.

Copolymerizations

The copolymerizations were run (see pp. 66-68) by degassing, 

dissolving the reaction mixture in dichloromethane and adding methanol to 

precipitate polymer. The precipitates were filtered and dried. The 

precipitates were then examined by NMR and sometimes IR spectroscopy.

The filtrates were then evaporated and examined by NMR spectroscopy.

A deep blue color was observed when TCNE was mixed with p- 

methoxystyrene. TCNE yielded no polymer, however. Indeed, all that 

was obtained was black tarry material whose structure could not be 

determined.

Tetracarbomethoxyethylene and its tetraethyl ester homolog 

yielded poly-p-methoxystyrene as revealed by comparing their NMR 

spectra with an NMR spectrum of poly-p-methoxystyrene. NMR spectra of 

their filtrates revealed the presence of starting material only.

Upon’mixing dimethyl dicyanofumarate with p-methoxystyrene, 

a deep orange color was observed. Heating with iniatiator gave a
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yellow solid, This solid gave an NMR spectrum whose data is presented

below (see NMR spectrum #131, p. 75)•

nmr (#131, CDC1 ): 6 6.87 (broad), 15 mm; 6 3.77 (broad) and
6 3.32 (broad), 34 mm (both peaks; 8 1.45

(broad)).

The last peak could not be integrated because of interference from tetra- 

methylsilane band s.

The solid gave an IR spectrum that contained all of the peaks 

of dimethyl dicyanofumarate and p-methoxystyrene. However, as expected 

with a polymer, many of the peaks were broadened. Also, in dimethyl 

dicyanofumarate the carbonyl peak occurred at 1743 cm In the obtained 

polymer the peak occurred at 1751 cm-1- This latter shift to higher 

energy is to be expected with loss of unsaturation a,3 to the carbonyl 

function.

The filtrate obtained in isolating the above polymer was 

evaporated. An NMR spectrum taken on the residue (see p. 78) gave 

the following data:

nmr (#132, CDC1 ): 8 7.10 (m), 13.5 mm; 8 4.53 (m), 3 mm;
8 3.84 (m), 28 mm; 8 3.43 (m), 7 mm;
8 2.88, 6 mm.

As shall be elucidated in the discussion, much of the above 

spectrum is believed to be due to a cycloadduct.

When diethyl dicyanofumarate was mixed w i t h  p-methoxystyrene 

a deep red color was obtained. H eating with initiator gave an orangish.
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glassy9 chunk of material containing bubbles« Precipitation with meth

anol yielded 0.14 g (38%) of a flaky5 white solid. The solid gave an 

NMR spectrum with the data as listed below (see NMR spectrum #1239 

p. 76).

nmr (#1239 CDC1 )i 6 6.73 (broad), 37 mm; 6 4.30 (broad),
6 3.43 (broad) and 6 2.62 (broad), 95 mm 
(all three bands); 6 1.27 , 80 mm.

The solid gave an IR spectrum that contained all of the peaks

of dimethyl dicyanofumarate and p-methoxystyrene. However, as one can

expect with a polymer, many of the peaks were broadened.

The carbonyl band for the polymer shows a carbonyl stretch at

1742 cm \  whereas the IR spectrum of diethyl dicyanofumarate shows a
-1carbonyl stretch at 1728 cm . Again, the latter shift to higher energy 

is exactly what is to be expected with a loss of unsaturation a,*6.to 

the carbonyl function.

The filtrate obtained in isolating the above polymer was 

evaporated. An NMR spectrum taken on the residue (see p. 77) gave the 

following data:

nmr (#124, CDC1«): 6 7.12 (m), 30 mm; 6 5.37 (m) , 4 mm;
6 4.30 (m) , 24 mm; 6 3.83 (s), 23 mm;
6 3.48 - 2.10 (broad, in), 19 mm; 6 1.36 (m),
35 mm.

As shall be elucidated in the discussion, much of the above 

spectrum is thought to be due to a cycloadduct.



CHAPTER 4

DISCUSSION

Synthesis of Tetrachlorocarbonylethylene 

The synthesis 9 which was carried out according to the method 

of Malachowski and Jerzmanoska Sienkiewiczowa (1935)9 seemed to give 

a mixture of products. Indeed the latter authors (1935, p. 30) 

reported that every synthesis of the title compound was accompanied by 

the synthesis of 1-chloro-l9 2 9 2-trichlorocarbonylethylene9 which is 

shown below:

Cl C0C1wA A
C10C C0C1

13The fact mentioned on p. 13 that a C NMR spectrum of the product 

mixture gave four rather than one carbonyl peak immediately implies 

that the reaction mixture could contain 1-chloro-l9 2 9 2~trichloro

carbonylethylene , Additional evidence that the product obtained is

a mixture comes from the mass spectrum. The base peak occurs at 187 m/ee

The base peak is part of a three chlorine isotope pattern (McLafferty 

1967) that also gives peaks at 185 m/e and 189 m/e. This latter

isotope pattern cannot be explained as the result of a simple

fragmentation of tetrachlorocarbonylethylene anion radical. The 

latter peaks are perhaps best explained by the fragment shown directly 

below.
25 '
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C0C1

Cl COC1

Another isotope pattern (three chlorines) is formed by peaks at 157 

m/e, 159 m/e, and 161 m/e. Again this latter series cannot be explained 

by a simple fragmentation of the title compound. It is perhaps best 

explained by the following fragment and/or one of its isomers. The 

fragment below or one of its isomers ig perhaps

Cl C0C1

Cl

derived from 1,l-dichloro-2,2-dichlorocarbonylethylene (or one of its 

isomers):

Cl C0C1 Cl C0C1 C10C C0C1W W W  / \ /~\ W \
61 coci cloc XC1 Cl Cl

A relatively insignificant three-chlorine isotopic pattern is 

formed by peaks at 129 m/e, 131 m/e, and 133 m/e. This could indicate 

the formation of small amounts of the fragment;

€1

Cl Cl
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The fragment above could be derived from 1919 2-trichloro-2-chloro- 

carbonylethyleneo

Further evidence for the presence of 1-chloro-l«, 2 9 2-trichloro- 

carbonylethylene and l9l--dichloro~29 2-dichlorocarbonylethylene and/or 

one of its isomers comes from treatment of a portion of the reaction 

mixture with excess methanol» As reported on p. 14, when NMR spectra 

were taken of the methanolysis product mixture at an offset of 203 Hz 

and at a sweep width of 50 Hz, peaks were obtained at 217 Hz, 215.7 Hz, 

214o7 Hz, and 213.1 Hz (see the NMR spectrum on p. 70)o Deliberately 

spiking the product mixture with 1,1,2-tricarbomethoxy-2-chloroethylene 

caused all but the peak farthest downfield to increase in size by equal 

increments as judged by integration (see the NMR spectra on pp. 70,

73). Deliberately spiking the product mixture with tetracarbomethoxy- 

ethylene caused the peak with the second largest chemical shift to 

increase in size (see NMR spectra pp. 71, 72). A mixture of 1,1,2- 

tricarbomethoxy-2-chloroethylene and tetracarbomethoxyethylene gave an 

NMR spectrum identical to that found in the methanolysis mixture, 

with the exception that the peak farthest downfield is missing (see 

pp. 70, 74). As shown by mass spectral analysis, the peak farthest 

downfield may be due to the methanolysis product or products of

1,l-dichloro-2 2̂-dichlorocarbonylethylene and/or one of its isomers.

Now that each NMR peak can be tentatively assigned to a specific 

compound, from the integration of the NMR spectrum on p. 71, it 

was determined that the product mixture contained approximately 

57% 1-chloro-l,2,2-trichlorocarbonylethylene, 29%
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19l-dichloro-2 9 2-dichlorocarbonylethylene and/or one of its isomers9 

and 14% tetrachlorocarbonylethylene.

Spectroscopy

As shown in the data on p. 16, the only compounds of all of

those which were spectroscopically tested that absorbed well into the

visible were TCNE and 1-chloro-l,2,2-tricyanoethyleneo The latter
°compound absorbed at 3530 A whereas a mixture containing 57% 1-chloro-

o
1,2,2-trichlorocarbonylethylene showed an absorbance maximum at 3060 A 

that could not be attributed to unreacted starting material» Because 

of the relationship set forth by Melby (1970), which states that for a 

given 7r-base complexed with a series of ir-acids, the larger the 

equilibrium constant of the complex, the higher the wavelength of the 

absorbance, it is reasonable to assume that the vinyl acid chloride 

function is less electron withdrawing than vinyl cyano function. It 

is further reasonable to assume that the vinyl C0oMe, CO Et, Cl, and 

Br groups have a much weaker electron withdrawing effect on the a double 

bond than the cyano group. This is of course provided that the 

extinction coefficient for the ^-complexes of the test compounds are 

of the same order of magnitude as for TCNE.

Cyclic Voltammetry 

The initial purpose of this thesis was to measure and compare 

the electron withdrawing effects of vinyl cyano and vinyl acid chloride 

functions. As discussed earlier (p. 27), the mixture obtained from 

synthesis of tetrachlorocarbonylethylene contained approximately 14%
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of the latter compound9 57% 1-chloro-l92 9 2~trichlorocarbonylethylene 

and 29% l9l-dichloro--292-dichlorocarbonylethylene and/or one of its 

isomers. This fact combined with significant structural differences 

between the acid chloride and the cyano makes any comparison based on 

cyclic voltammeter of the "crude" variety (see p. 10). As shown in the 

data on p. 18, the aforementioned mixture gives an average peak poten

tial of -0.74 v. Because the mixture contains nearly 60% of 1-chloro-

1,2,2-trichlorocarbonylethylene, perhaps the best comparison is made 

with 1-chloro-l,2,2-tricyanoethylene. The latter compound gave a peak 

potential of -0.65 v implying, with a lot of uncertainty, that the 

cyano group is somewhat more electron withdrawing than the acid 

chloride function.

One of the most interesting compound groupings tested involves 

TONE, 1-chloro-l,2,2-tricyanoethylene, 1,1-dichloro-2,2-dicyanoehtylene, 

and l-chloro-2,2-dicyanoethylene, which have peak potentials for an
i

initial reductive event at -0.2 v, -0.65 v, -1.42 v, and 1.47 v, 

respectively. The fact that the peak potential becomes more negative 

as Cl is substituted for CN implies that the vinyl cyano group stabilizes 

the anion radical that forms more than the vinyl chloro group. Although 

the shape of the voltammogram for TCNE is much different from those 

of the other three compounds under consideration, the above comparison 

is legitimate. This is because the peak potential separation between 

TCNE and 1-chloro-l,2,2-tricyanoethylene is 0J45 v and anodic shifts 

brought about by the follow-up chemical reactions are rarely greater 

than 0.2 v (Wilson 1980).
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The three chloro substituted compounds in this group yield volt- 

ammograms of approximately the same shape, where no oxidations are 

observed. Other studies (Miller and Riekena 1969, Fry and Mitnick 

1969) have shown that vinyl halogens, when reduced at an electrode, will 

cleave according to the following mechanism:

/ ©
• If the above reaction leads to chemical species that cannot be oxidized 

between -2.0 v and 0.3 v, then perhaps this explains the lack of 

oxidative peaks in the chloro compounds examined in this work.

A comparison of the peak potentials of 1,l-dichloro-2,2- 

dicyanoethylene and l-chloro-2,2-dicyanoethylene is interesting. In 

view of the fact that their peak potentials for the initial reductive 

event differ by only 0.05 v, it is reasonable to assume that for the 

reductions under consideration, hydrogen stabilizes the anion radical 

about as well as the chloro substituent.

TONE, diethyl dicyanofumarate, and tetracarboethoxyethylene 

have peak potentials for an initial reductive event at -0.20 v, -0.55 v, 

and -1.30 v, respectively. TONE, dimethyl dicyanofumarate, and tetra- 

carbomethoxyethylene yield peak potentials for an initial reductive 

event at -0.20 v, -0.64 v, and -1.68 v (see pp. 17-20).
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Because of the width of the reductive peak for tetracarbomethoxy- 

ethylene, it has been suggested that the reduction involves, two electrons 

rather than one (Wilson 1980)» Dimethyl dicyanofumaratecand its diethyl 

homolog have peak potentials for an initial reductive event that differ 

by only 0.02 v. If one examines the voltammetry data on pp. 17-18 for 

the vo1tammograms of the mixture containing tetrachlorocarbonylethylene 

and its side products and the two vo1tammo grams of maleic anhydride9 

one will note that the latter difference is well within the range of 

experimental uncertainty. This small difference, combined with the 

fact that the two dialkoxy dicyanofumarates have voltammograms of 

similar shapes, implies that the vinyl carbomethoxy and vinyl carbo- 

ethoxy groups have approximately equal electron withdrawing effects. It 

is therefore reasonable to estimate the peak potential for the initial 

reductive event involving tetracarbomethoxyethylene at -1.30 v in 

analogy to its ethyl homolog.

The initial peak potential for the various compounds becomes 

more negative as carboalkoxy groups are substituted for cyano groups.

The three classes of compounds under discussion, that is, TONE, the 

dialkoxy dicyanofumarates and the tetracarboalkoxyethylenes, have volt

ammograms of widely varying shape. However, once again because the 

difference in peak potential between TCNE and the dialkyl dicyanofumar

ates and between the latter compounds and the tetracarboalkoxyethylenes 

is greater than 0.2 v, it is reasonable to say that the vinyl ester 

group does not stabilize the anion radical as well as the vinyl 

cyano group.
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An analogy similar to some that were given above is obtained by 

comparing tetracyanoquinodimethane (TCNQ) and tetracarbomethoxy- 

quinodimethane (TMEQ) . Although these two compounds yield volt ammo grams 

of different shape, because they yield peak potentials of -0.44 v and

TCNQ TMEQ

-0.89 v, respectively, it is reasonable to assume that the vinyl cyano 

group stabilizes the anion radical better than the vinyl carbornethoxy 

group.

The comparison of the ester and cyano functions can be extended 

by comparing 1-bromo-l,2,2-tricarbomethoxyethylene, 1,1,2-tricarbo- 

methoxy-2-chloroethylene, and 1-chloro-l,2,2-tricyanoethylene. These 

compounds show peak potentials for an initial reductive event at -1.40 V, 

-1.35 v, and -0.65 v, respectively. The vo11ammo grams of these compounds 

have widely varying shapes. It can be said, however, that further proof 

is provided that the vinyl cyano group stabilizes the anion radical 

better than the vinyl ester function. Because 1-bromo-l,2,2-tricarbo

methoxyethylene and its 1-chloro analog have differences in peak _ 

potential that lie within the limits of experimental uncertainty, and 

because the shapes of their respective voltammograms differ radically, 

no meaningful comparison can be made of the effects of the bromo and



chloro functions upon the anion radical formed in the reactions under 

considerationo

at -1.47 v and l-chloro-2 9 2-dicarbornethoxyethylene does not reduce 

between 0.3 v and -2.0 v is more evidence that the vinyl cyano function 

stabilizes the anion radical better than the vinyl carbomethoxy 

function.

both show reductive peaks for an initial reductive event at -1.1 v 

and tricar borne thoxyethylene does not , - ,

reduce within the scan limits of our experimental procedure. This is 

consistent with previous comparisons of cyano and carbomethoxy sub

stituents.

Dimethyl cyanofumarate and 19l-dicarbomethoxy-2-cyanoethylene 

give peaks of practically identical shape that show inflexions for an 

initial reductive event at -1.1 v* This might lead one to believe that 

the relative positioning of the substituents about the double bond 

has little effect upon the compound* s ability to accept an electron.

A comparison of the voltammogram of TCNE with the voltammogram 

of tetracyanoquinodimethane (TCNQ) is quite interesting. TCNE has a

The fact that l-chloro-2,2-dicyanoethylene has a peak potential

Dimethyl cyanofumarate and 1,l-dicarbomethoxy-2-cyanoethylene

H CÔ .e

Dimethyl 
cyanofumarate

1,1-Dicarbo-
methoxy-2-cyanoethylene



peak potential for an initial reductive event at -0.2 v. TCNQ on the 

other hand shows a peak potential for an initial reduction at -0.44 v.

Why does TONE accept an electron at a much less negative poten

tial than TCNQ? The above result tells us that the LUMO for TCNE is
!

much lower than for TCNQ. One should bear in mind, however, that LUMO 

for ethylene is much higher than for 1,4-dimethylenecyclohexadiene0 

Evidently, because the electron withdrawing effect

1,4-Dimethylene
cyclohexadiene

of the cyano groups in TCNQ is spread over a n-system containing four 

carbon-carbon double bonds, their effect on stabilizing the LUMO is 

reduced relative to the effect of the cyano groups in TCNE.

The vo11ammograms of ethylenetetracarboxylic acid, the mixture 

obtained in the synthesis of tetrachlorocarbonylethylene, tetra- 

carbomethoxylethylene, and tetracarboethoxyethylene all have different 

shapes. They yield peak potentials for an initial reductive event at 

-0.95 v, -0.74 v (average), -1.30 v (estimate), and -1.30 v respectively. 

Because one of the initial peak potentials for the mixture obtained in

the synthesis of tetrachlorocarbonylethylene occurred at -0.80 v onlyy ■
a "crude comparison" (see p. 10) can be made between the mixture and 

ethylenetetracarboxylic acid. The above data do seem to imply that 

the vinyl acid function stabilizes the anion radical, better than the 

vinyl carbomethoxy or viLnyl carboethoxy functions and not as well as 

the acid chloride function.
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One of the most interesting series that was investigated was 

carbomethoxymaleic anhydride, chloromaleic anhydride, bromomaleic 

anhydride, and maleic anhydride. These compounds reduced at -0.74 v, 

-0.94 v, -0.97 v, and -1.11 v (average), respectively. Interestingly, 

the last three compounds gave voltammograms that were practically 

identical in shape. From this one can infer that the reductive event 

for the latter three compounds quite probably proceeds by the same 

mechanism. It is doubtful that the reaction mechanism proceeds via 

cleavage yielding a free radical and a hydride ion or a halide ion as 

discussed above (p. 30) f,or 1-chloro-l,2,2-tficyanoethylene and its 

related compounds. For maleic anhydride to undergo such a reaction path

way, the leaving group would have to be hydride ion, which is very 

unstable. Hence, the follow-up chemical reaction probably involves the 

anhydride group. Because of the lack of electroreductions carried out 

on anhydrides (Baizer 1973, Peover 1962, Sioda and Koski 1967), it is 

best not to speculate on the nature.of this reaction.

The peak potential values tell us that the chloro and bromo 

substituents stabilize the anion radical nearly equally, with the chloro 

substituent probably stabilizing the radical slightly better. This is 

in agreement with the findings discussed above for 1,1,2-tricarbomethoxy- 

2-chloroethylene and 1-bromo-l,2,2-tricarbornethoxyethylene. Because 

the shape of the vo1tammogram for carbomethoxymaleic anhydride differs 

from that obtained for the other three compounds, only a rough comparison 

can be made. The peals potential seems to' imply that the carbomethoxy 

substituent stabilizes the anion radical better than any of the other
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three substituents5 the halo substituents rank next9 and the hydrogen 

substituent ranks last»

The fact that carbomethoxymaleic anhydride shows a peak 

potential at -0.74 v and tricarbomethoxyethylene does not reduce between 

0.3 v and -0.2 v tells us that the anhydride group stabilizes the anion 

radical better than the vinyl chloro function.

In our discussion of dimethyl cyanofumarate and 1,1-dicarbo- 

methoxy-2-cyanofumarate9 the conclusion was reached that the relative 

positioning of the various substituents about ithe carbon-carbon double 

bond does not have much effect upon the peak potential. Using the 

latter result, we can compare chloromaleic anhydride and l-chloro-2,2- 

cyanoethylene.

Cl H
Chloromaleic l-chloro-2,2-
anhydride cyanoethylene

Judging from the respective peak potentials of -0.94 v and -1.47 v one

can say that a vinyl anhydride ring does more to stabilize an olefinic

radical than two cyano groups.

This crude and indirect analysis can be extended to a comparison

of dimethyl dicyanofumarate and its diethyl homolog with 1,1-dichloro-

2,2^dicyanoethylene. Because the latter three compounds have peak

potentials for an initial reductive event at -0.64 v, -0.66 v, and -1.42

v, respectively, we can infer that the vinyl ester function does more
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to stabilize the anion radical than the vinyl chloro function.

From the above discussion and the table on pp, 17-21 one can say 

that in terms of stabilizing an olefin to reduction, the effects of the 

various substituents follow this series:

Homopolymerizations

The lack of formation of any homopolymer in attempted homo- 

polymerizations of TCNE, diethyl dicyanofumarate and its dimethyl ester 

homolog, and tetracarbarbomethoxyethylene and its tetraethyl ester 

homolog is certainly in line with the past history of attempted polymer

izations of tetrasubstituted ethylenes. as outlined on p, 11. It is 

believed (Hall 1977) that this is because the chain lengthening steps 

would simply involve too much steric hinderance.

Copolymerizations

The fact, as outlined on p, 22, that attempted copolymerizations 

of tetracarbomethoxyethylene and tetracarboethoxyethylene yielded only 

poly-p-methoxystyrene is in line with past experience (Hall and Daly

> CN > C0C1 > COOH > CO Me ~ C02Et > 

Cl ~ Br > H

Exploratory Homopolymerizations 
and Copolymerizations

1975),
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Also 9 numerous attempts have failed to form a tetracyano- 

ethylene polymer with a carbon backbone; however9 it will form a 

four-membered ring cycloadduCt with the vinyl group of p-methoxystyrene 

(Ciganek et ale 1970, pp* 453, 474). Indeed, in our study no co

polymer was founde In the non-polymeric fraction of the worked up 

reaction mixture a large quantity of black tar was obtained whose 

structures could not be determined»

The copolymerizations of dimethyl dicyanofumarate and diethyl 

dicyanofumarate are the first recorded polymerizations of tetrasub- 

stituted ethylenes, except for the very special cases involving tetra- 

fluoroethylene and l-chloro-l,2,2-trifluoroethylene (Plunkett 1941, and 

Marvel 1980). In the latter two cases, it is felt that polymerization 

is possible because the fluoro substituent is not much more sterically 

hindering than a proton.

The primary sources of evidence for the formation of these 

polymers were their IR and NMR spectra. As mentioned on pp. 23-24, the 

carbonyl bands of the polymeric materials were broadened, as is expected 

with polymers. Furthermore, the locations of the carbonyl bands of 

the polymeric materials were shifted to higher energies relative to 

their corresponding monomers. This is exactly what one would expect 

if polymerization occurred in 1,2 fashion across the carbon-carbon 

double bond of the ester comonomer, converting an a,6 unsaturated 

carbonyl function to a saturated carbonyl function (Dyer 1965) .
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Pertinent NMR data already listed in the Results section will 

be repeated for convenience. The p-methoxystyrene-dimethyldicyano- 

fumarate copolymer gave the NMR data that follows (see NMR spectrum 

#131, p. 75).

nmr (#131, CDC1 ): 6 6.87 (broad), 15 mm; <3 3.77 (broad) and
6 3.32 (broad), 34 mm (both peaks); 6 1.45 

(broad).

The last peak could not be integrated because of interference from 

tetramethylsilane side band.

The broad band centered at 6 6.87 is in the proper position for 

the absorbance of the aromatic protons derived from p-methoxystyrene.

In poly-p-methoxystyrene, the aromatic protons are in a band centered 

at 6 6.80 (Abdelkader 1980). The bands at 6 3.77 and 3.32 are in the 

proper locations for the absorbance of the protons in the methoxy and 

methyl ester functions, respectively. The absorbance that has a maximum 

around 6 1.45 but seems to be part of,a very broad band located between 

6 3.0 and 1.0, is probably due to the methine and methylene protons

that are derived from p-methoxystyrene. If this polymer contains a 1:1 

ratio of the reactants, then the integration of the peak at 6 6.87 should 

be indicative of four protons and the joint integration of the peaks 

at 6 3.77 and 3.32 should be indicative of nine protons. The peak 

at 6 6.87 integrated at fifteen mm or 3*75 mm per proton. The latter 

two" peaksL Integrated at-. 34 ,mm or 3.78 mm per proton. This indicates 

very close to a 1:1 ratio.
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A  similar analysis of the N M R  spectrum of the p-methoxystyrene- 

diethyl dicyanofumarate copolymer is expected to veri f y  that the 

spectrum has all the proper bands and approaches 1:1 stoichiometry.

It is well known (Elory 1971) that the free radical of neutral 

electron-rich monomers will preferentially attack an electron-deficient 

comonomero Similarly9 the free radical of an electron-deficient monomer 

will preferentially attack an electron-rich comonomer. These facts, 

combined with the 1:1 composition of the copolymers and the inability 

of dimethyl dicyanofumarate and diethyl dicyanofumarate to homopolymerize, 

suggest that the copolymers are highly alternating.

Why do dimethyl dicyanofumarate and its diethyl ester homolog 

polymerize, whereas tetracarbomethoxyethylene and its tetraethyl ester 

do not? One obvious reason is that because the cyano group stabilizes 

the anion radical better than the carbornethoxy or carboethoxy group 

(see p. 37), the dialkyl dicyanofumarates are more likely to undergo 

free radical addition by the p-methoxystyrene free radicalo Another 

reason is that the cyano function is stationary relative to the 

7r-system, whereas the alkyl group of the esters is not.

As mentioned in the Results (pp. 23, 24), it was felt that 

both dimethyl dicyanofumarate and diethyl dicyanofumarate formed 

cycloadducts with p-methoxystyrene. The proposed structure of the 

dimethyl dicyanofumarate-p-methoxystyrene cycloadduct is believed to 

be as shown below. .



The N M R  data will be repeated here for convenience- (see N M R  spectrum 

#1329 p. 78),

nmr (#1329 CDC1 ): 6 7,10 (m)9 13,5 mm; 6 4,53 (m) 3 mm;
6 3.84 (m)9 28 mm; 6 3.43 (m)9 7 mm;
6 2.88 (m) 9 6 mm.

The group centered at 6 4.53 w h i c h  consists of what appears to

be a broadly split triplet is indicative of the methine proton in a

cyclobutane structure of the type shown above (Abdelkader 1980). The 

aromatic protons show an absorbance in the multiplet centered at 6 7.10. 

For a 4:1 ratio between the aromatic protons and the m e t hine p r o t o n 9 the 

former p eak should integrate at twelve m m  rather than 13.5 mm. H o w 

ever 9 dichloromethane was used to dissolve the reaction mixture and 

d e u t e r o c h l o r o f o r m 9 wh i c h  contains a small amount of non-deuterated 

chloroform^ was used as the N M R  solvent. Trace amounts of the latter 

non-deuterated materials would tend to m a k e  the integration slightly 

higher than expected. The multiplet centered at 6 3.84 is interesting. 

The multiplet consists of a group of spikes of m e d i u m  height and one 

extremely large spike. One should note that cycloadduct could consist 

of the following four racemates A-D (one enantiomer only is drawn for 

each r a c e m a t e ) .
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Hencethe series of spikes of medium height may well be due to ester 

carbomethoxy protons in various configurations. The one long spike is 

probably due to the methoxy group attached to the aromatic nucleus. The 

band centered at 6 3.43 consists primarily of two spikes. One of the 

spikes (at 6 3.40) has a chemical shift identical to that of methanol  ̂

in CDClg. The other is probably due to the ester CHg group in structure 

B. The latter group will be magnetically shielded by the aromatic 

ring. Structures A and D, which would involve a loss of configuration 

during cycloaddition, are not considered too likely. The latter two 

bands together integrate at 35 mm. For a 9:1 ratio with the methine 

peak, only 27 mm are necessary. However, 3.5 mm can be attributed to 

methanol. Also, the starting diester will yield a peak in the region 

centered at 6 3.84. Again the integration is reasonable. The multiplet 

centered at 6 2.88 is probably due to the methylene protons. It 

integrated at 6 mm, giving a 2:1 ratio with the methine proton.

The proposed structure for the diethyl dicyanofumarate-p- 

methoxystyrene cycloadduct is shown below.
0CHo

OEt
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The NMR data will be repeated here for convenience (see p. 77).

rnnr (#1249 CDC1 ) i 8 7.12 (m) 5 30 mm; 8 5.37 (m) 4 mm;
8 4.30 (m)9 24 ram; 8 3.83 (s)9 23 ram;
8 3.48-2o10 (broad, m), 19 mm; 8 1.36 (m),
35 ram.

The multiplet at 8 5.37 which again appears to be a broadly 

spaced triplet is indicative of the methine proton in the structure 

shown above. Note that it is 6 0.85 upfield from the methine proton of

the cyclobutane ring discussed as a possible structure of the dimethyl

dicyanofumarate-p-methoxystyrene cycloadduct. This is strong evidence 

in favor of the ether linkage. Using an analysis similar to that used 

on the NMR spectrum of the dime thy dicyanofumarate-p-methoxy styrene 

cycloadduct leads one to believe that the six-membered ring cyclo

adduct almost certainly was synthesized. However, in every case, the 

ratio of peak integration for the various peaks to the peak integration 

of the methine proton is too high. Perhaps two cycloadducts formed. In 

addition to the structure proposed, a cyclobutane structure similar to 

that proposed for the dimethyl dicyanofumarate-p-methoxystyrene cyclo

adduct is possible. The absorbance of the methine proton for that 

structure would probably be buried in the multiplet centered at 6 4.30.

Why the dimethyl dicyanofumarate structure formed a four 

membered ring and its diethyl ester homolog did not is open to 

speculation. In the latter case, the polymerization mixture was 

heated to less than one minute as compared to approximately fifteen 

minutes in the former case.
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It has been proposed (Hall and Abdelkader, in press) that 

when electron-rich and electron-deficient olefins form charge transfer 

complexes5 the latter complex is often in equilibrium with a tetra- 

methylene intermediate as shown below. Note that groups on the acceptor 

which stabilize negative charge will favor the zwitterionic form.

D
V yD y

©
A7V
A A A  A

Since it has been shown that the cyano group is better able to 

stabilize an anion than the carboethoxy or carbomethoxy groups, the 

zwitterionic form is favored with TCNE relative to diethyl dicyano- 

fumarate and its dimethyl ester homolog. Note that the diradical 

form can copolymerize whereas the zwitterion cannot. Hence, the 

polymerization is more likely with the two dialkyl dicyanofumarates 

than with TCNE.



45

These assertions are backed up by the colors that were observed 

when TCNE and two dialkyl dicyanofumarates came in contact with p- 

methoxystyrene. TCNE gave a deep blue, diethyl dicyanofumarate gave a 

dark red, and dimethyl dicyanofumarate gave a deep orage. This means 

that the associated charge-transfer complexes are absorbing orange9 

blue-green9 and blue9 respectively. The wavelengths associated with 

the latter colors are 6100-5900 A 9 5350-4550,A9. and 5000-4500 A? respect

ively (Lippincott9 Meek9 Verhoek 1974). The greater the charge separa

tion,, the stronger the charge-transfer complex. Furthermore9 the 

stronger the charge-transfer complex, the longer the wavelength of the 

absorbance (Melby 1970). Hence, TCNE forms a charge-transfer complex 

with the most zwitterionic character, diethyl dicyanofumarate ranks 

second and dimethyl dicyanofumarate forms the charge-transfer complex 

with the least zwit terionic character.

The fact that the diethyl dicyanofumarate forms a stronger 

charge-transfer complex than dimethyl dicyanofumarate is curious. Be

cause of steric effects it was felt that the opposite would have been 

true. This problem needs further investigation.

Conculusions and Suggestions for Further Work 

The spectroscopic data on p. 16 provide fairly reasonable evi

dence that the acid chloride group is less electron withdrawing than the 

cyano group. The cyclic voltammetry data obtained for the acid chloride 

function was extremely circumstantial, but again seemed to indicate 

that the acid chloride group does not stabilize the anion radical as 

well as the cyano group. These two questions will be conclusively
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answered if and when pure tetrachlorocarbonylethylene is obtained and 

cyclic, voltanmietry experiments are performed that yield E° values.

Tricyanoethylene is known to be an extremely reactive comonomer 

(Hall and Daly 1975)« However 9 because our electrochemical investiga

tion indicated that an anhydride ring stabilizes the anion radical 

better than two cyano groups«, cyano maleic anhydride should be an even 

more reactive comonomer. The synthesis and polymerization of the 

latter compound should be attempted.

Cyanomaleic anhydride

It was suggested on p. 40 that a possible reason for the 

successful polymerization of dimethyl dicyanofumarate and its diethyl 

ester homolog is the fact that the cyano substituent is stationary 

relative to the ^ -system, whereas the alkyl substituent is not9 thus it 

would therefore seem reasonable to -attempt the copolymerization of a 

series of 1,2-dicyano tetrasubstituted ethylenes.

As indicated in earlier discussion, TONE does not polymerize. 

The total electron withdrawing effect of its substituents is so great,
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cycloaddition predominates to the point where no polymerization occurs.

A very reasonable approach to the future selection of tetrasubstituted 

ethylenes for copolymerization would involve trying compounds whose 

peak potential is less (more negative) than TCNE’s and greater than 

tetracarbomethoxyethylene’s.

Indeed, by broadening the scope of our cyclic voltammetry studies 

and scanning at several sweep rates it may be possible to determine the 

E° for the reduction process (Sawyer and Roberts 1974, p. 339). Once 

E° values are known,a relative measure of the free energy of removal or 

addition of a valence electron is possible. The latter values can be 

correlated with molecular orbital calculations (Sawyer and Roberts 

1974, p. 384). The heterogeneous rate constant for the electron transfer 

(Adams 1969, p. 147) and the diffusion coefficient for the species 

involved may also be determined in this fashion (Sawyer and Roberts 1974, 

p. 338). If the reversible electron transfer is followed by a reversible 

chemical reaction, it is also possible, using this technique, to deter

mine the forward and reverse rate constants for the reaction. If the 

follow-up chemical reaction is irreversible, its rate constant may also 

be determined using the aforementioned technique (Sawyer and Roberts 

1974, p. 386).

Our spectroscopic studies and electrochemical studies can also 

be interrelated. The variation of the energy of the charge-transfer 

band with the electron affinity of the acceptor . (see p. 6 ) needs 

further study (Foster 1969, pp. 50-51). The electron affinity may be 

related to the E° value. Hence, by broadening the scope of our



electrochemical studies, the theoretical background of our spectro

scopic research can be strengthened.



CHAPTER 5

EXPERIMENTAL

Instrumental

The infrared spectra were taken on a Perkin-Elmer 337 grating

spectrophotometer, or on a Perkin-Elmer 398 Spectrophotometer, using

either a KBr pellet, or silver chloride cells (capillary path length)-

Melting and boiling points are uncorrected. Melting behavior was

observed in an open capillary tube using a Thomas-Hoover melting point

apparatus. All NMR spectra were taken on a Varian T60 spectrometer.

Unless otherwise stated the sweep width was 500 Hz, Tetramethylsilane
13was used as an internal standard. The C NMR spectra were taken on a

Bruker Instruments WH-90 Fourier transform NMR spectrometer at a
1frequency of 22,63 MHz in the H broadband decoupled mode. Spectra

were recorded on solutions in chloroform-d, the latter compound serving 
2as the internal H lock. The determinations were run using 4K data 

points over a 6000 Hz spectral range with quadrature detection. The 

chemical shifts were assigned relative to internal tetramethylsilane. 

Cyclic volt ammo gr ams were taken on the apparatus described by Swanson 

(1979), with the exception that output from the PAR potentiostat was 

fed into a Hewlett-Packard (Moseley Division) model 7001A Autograf 

X-Y recorder, rather than into a computer. Ultraviolet and visible 

spectra were taken on an Applied Physics model Cary 14 recording ultra

violet, visible, infrared spectrophotometer,

49



Synthesis

Synthesis of Dimethyl Bromomalonate

The synthesis was carried out by a variation of the method of 

Palmer and McWherter (1941)„ Fifty-four ml of bromine (1.06 mol) was 

placed into a separatory funnel and dried with an equivalent volume of 

concentrated sulfuric acid. The dried bromine was placed into a side 

armed dropping funnel and added dropwise to the reaction mixture con

sisting of 132.17 g (1 mol) of dimethyl malonate in 150 ml of carbon 

tetrachloride. The apparatus consisted of a 1000 ml, 3-neck flask 

fitted with a mechanical stirrer, a dropping funnel and a reflux con

denser fitted with an adapter. The adapter was fitted with rubber tubing 

that ran to a water trap for collecting evolved hydrogen bromide gas. A 

visible light was under this reaction flask. After about 2 min of 

stirring under illumination, the reaction mixture quickly changed from a 

red color to a lemonade yellow. As bromine was added, the reaction mix

ture gradually became orange,. When no more material would flow from the 

dropping funnel, the funnel was rinsed with 20 ml of carbon tetrachloride 

and the latter contents added to the reaction mixture. The light was 

removed 10 min after addition was complete and replaced with an oil bath. 

The reaction mixture was refluxed gently until evolution of hydrogen 

bromide ceased. The reaction mixture was washed six times with 50 ml 

portions of 5% sodium bicarbonate. The organic phase was simple dis

tilled at atmospheric pressure to remove carbon tetrachloride. The 

vacuum of a water aspirator was applied and three fractions were taken.
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The middle fraction boiling from 129° (43 torr) - 139° (41 torr) was 

considered product, A clear colorless liquid (154,76 g9 80% when 

corrected for maximum possible impurities) was recovered. The product 

had a minimum purity of 83.24% based on NMR integration.

nmr (neat): 6 5,04 (s, 1H); 6 4.20 (s5 6H); 6 4.30 (s, dimethyl
dibromomalonate impurity)

ir (neat): C-H (CH„), 2970 cm-1, s; C-H (CHBr), 2870 cm-1,
m; C=09 1775 cm“ -̂5 s; C-Br9 570 cm”^9 s.

Tetracarbomethoxyethylene

Dimethyl bromomalonate (226.30 g9 1.093 ml)9 synthesized as 

described above was placed in a 300 ml3 3-neck, r.b. flask, that was 

fitted with a mechanical stirrer. The two side necks,were stoppered, 

but were occasionally opened during the course of the reaction to replace 

material that splattered to the top of the reaction vessel. Potassium 

carbonate (188.83 g, 1.37 ml) was added and followed by 550 ml of 

dimethy1formamide. The reaction was run at room temperature. Nine hr 

and 15 min later the reaction mixture was a banana creme yellow. The 

reaction mixture was allowed to stir for an additional 15 hr and 30 min 

and then vacuum filtered to remove potassium carbonate and potassium 

bromide. The dimethylformamide was then removed under the vacuum of 

a mechanical pump on a rotary evaporator. The residue was stirred with 

ether to remove residual dimethylformamide and decanted. The crude 

product, was recrystallized from ether/ethyl acetate, had mp 119-120°. 

Partial evaporation of the mother liquor yielded further batches of pure
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material in the same melting point range. Short9 beautiful needlelike 

crystals were obtained (85,7 g, 60%), The above procedure was a 

variation of the method of Hallcher and Baizer (1977); lit mp, 120°- 

120,5°,

nmr (d^-acetone): 6 3,83 (s),
-1

ir(KBr) = C-H9 2935 cm , sh9 m: "0=0 1695 cm ,s.

anal, calcd, for 46,15; H, 4,65; N, 0,00,

Found: C5 45,95; H 5 4,95; N 9 0,00,

Dipotassium Salt of Ethylenetetracarboxylic Acid

Potassium hydroxide (100 g, 1,96 mol) was dissolved in 160 ml of 

distilled water in a 500 ml, r,b, flask left open to the air with stir

ring, Tetracarbomethoxyethylene (82,23 g9 0,316 mol) was added grad

ually over a period of 20 min.. The solid in the flask became so thick 

that the stirrer would not move. The mixture was hand shaken for 20 min9 

filtered and washed with cold methanol and cold ether. The crystals 

were air dried. The crude product was dissolved in 200 ml of water 

and gravity filtered to remove insoluble material. Glacial acetic 

acid (160 ml) was added and the mixture was scratched and stirred to 

precipitate solid. The solid was filtered through a Buchner funnel and 

washed with ethyl alcohol and ether. White powder (78,17 g9 88%) was 

obtained which elemental analysis indicated was impure. The material 

did not melt below 280°C. This reaction was carried out by the method 

of Malachowski and Jerzmanoska Sienkiewiczowa (1935).
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nmr (d^-dimethylsulfoxide): Nothing. This could indicate the
following compound,

0 o

- C ' k ‘ 1

■ fj 3 0
which would undergo rapid exchange»

-1 -1ir (KBr) : 0-H, 3400 cm , w; 3250 cni_ 5 sh9 w;
C=0, 1578 cm” 5 s; 1325 cm 9 m,

anal, calcd. for C H 0 K : C9 25.71; 0.78; K9 27.9.o 2 o Z
found: C9 22.97; H s 0.71; K 9 27.9.

This was pure enough to convert to the free tetraacid. The 

latter compound gave an acceptable elemental analysis.

Ethylenetetracarboxylic Acid

This synthesis was carried out according to the method of 

Malachowski and Jerzmanoska Sienkiewiczowa (1935) . The dipotassium salt 

of ethylenetetracarboxylic acid (80.36 g9 0.287 ml) was immersed in 270 

ml of benzene in a 3-neck9 1000 ml9 r.b. flask. The center neck was 

fitted with a 2-hole rubber stopper and two glass tubes for the intake

and outlet of gas. The intake tube was connected using rubber tubing

to a trap9 which was connected to a source of dry hydrogen chloride.

The outlet tube was connected using rubber tubing to a drying tube9

which was in turn connected to a bubbler that was followed by a scrubber. 

Hydrogen chloride gas, was added gradually for 8 hr and 15 min with 

stirring. The reaction mixture was then allowed to stir for 15 hr and 

15 min. Dry benzene (270 ml) was added and the reaction mixture was
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stirred for 3 hr and 30 min. The reaction mixture was filtered9 washed 

with benzene and extracted several times with ether» A total of 1200 ml 

of ether was used. The solution was evaporated down to the point where 

solid just appeared and product was precipated with 280 ml of carbon 

tetrachloride. A white powdery material (42.13 g9 72%) was obtained 

(d 174-179°; lit d 184°).

nmr (d^-dimethylsulfoxide): 6 13.28 (s).

ir (KBr): 0-H9 2785 cm \  s, br; C=0, 1570 cm s.

anal, calcd. for C^H^Og: C5 35.31; H 9 1.98.

foundi C9 35.67; H 9 1.99.

Synthesis of Tetrachlorocarbonylethylene

Finely powedered ethylenetetracarboxylic acid (19.61 g9 0.096 

mol) was added to a 1000 ml9 r.b. flask fitted with an 18-inch cooling 

jacket9 which was in turn fitted with a drying tube. The reaction was 

heated with an oil bath and stirred magnetically. The latter reagent 

was covered with 160.16 g (0.769 mol) of phosphorus pentachloride and 

the mixture was then layered with 150 ml of phosphorus oxychloride. The

system was heated at reflux for 24 hr and 11 min. The bath temperature

was 85.5°. The product mixture was cooled and filtered in a dry bag to 

remove phosphorus pentachloride. Using the vacuum of a water aspirator 

with a drying tube in the line9 the phosphorus oxychloride was removed. 

Attempts to distill the product under the vacuum of a mechanical pump 

were hindered by a yellow solid (probably phosphorus pentachloride) 

subliming down the line. The residue was again filtered in a dry bag.



55

The filtrate was subjected to three successive spinning band dis

tillations. A faint yellow liquid (3.12g, 11.7%) was obtained, bp 

65-70° (0.1 torr). The above synthesis was adapted from a synthesis 

by Malachowski and Jerzmanoska Sienkiewiczowa (1935).

nmr (CCl^): empty

"*"̂C NMR (CDC1 ): 165.3 ppm, C=0; 164.9 ppm, 0=0;
156.5 ppm, 0=0; 157.1 ppm, 0=0 ,
103.7 ppm, 0=0.

13The presence of four different 0=0 bonds in the 0 NMR could indicate 

the product is contaminated with 1-chloro-l,2,2-trichlorocarbonylethylene.

-1ir (neat, prepared under dry N_):. 0=0, 1856-1738 cm , s, br;
0=0, 16g7 cm , s;_C-01,
770 cm_^, s, 728 m \  s,
679 cm , m, 645 cm , m.

The series of bands in the carbonyl region could indicate several

different carbonyl functions. The series of bands in the 0-01 region .

could indicate the presence of

01 0001\_y/ \ or01 0001

some of the latter’s isomers in the reaction mixture. Malachowski 

and Jerzmanoska Sienkiewiczowa (1935) reported 1-chloro-l,2,2-trichloro

carbonylethylene in all of their preparations of tetrachlorocarbonyl- 

ethylene.

0100 0001 W
C10C// \i
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Mass spec. (70 eV): M-Cl, 241 m/e, 243 m/1, 245 m/6; 

Cl COC1

M - C 0 andy ^ - Cl,

C10C C0C1

213 m/e, 215 m/e, 217 m/e;

Cl
J , 185 m/e, 187 m/e, 189 m/e/ \C10C C0C1

Cl C0C1
\ /(base peak); \==i (or isomers) - c— — Q/ \ | 

c i  coei I .
ci

157 m/e, 159 m/e, 161 m/e.

In all cases the proper isotope pattern for three chlorines was 

observed (McLafferty 1967). The mass spectrum strongly implies that

1-chloro-l,2,2-trichlorocarbonylethylene was present in the reaction 

mixture as well as 1,l-dichloro-2,2-dichlorocarbonylethylene and/or one 

of its .isipmers.

anal, calcd. for C^Cl^O^: C, 25.93; H, 0.00; Cl, 51.03; P, 0.00.

anal, calcd. for C^Cl^O^: C, 24.03; H, 0.00; Cl, 56.76; P, 0.00.

anal, calcd. for C^Cl^Og: C, 21.64, H, 0.00; Cl, 63.93; P, 0.00.

found: C, 23.4; H, 0.06; Cl, 58.00; P, 0.06.

The elemental analysis indicates that the mixture is not pure.

2
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The product (0.60 g) was t r e a t e d 9 while stirring in a dry n i t r o 

gen a t m o s p h e r e 5 wi t h  approximately 25 m l  of chilled methanol. After 2 

hr and 30 min of s t i r r i n g 9 the methanol was evaporated under water 

aspirator pressure to yield a ye l l o w  liquid and some wh i t e  solid. 

Volatile material was pumped off at a pressure of 0.5 torr, but a liquid 

was still present.

nmr (d^-benzene): Unresolved multiplet centered at 6 3.36 e

A series of NMR spectra were then taken on the aforementioned 

residue at an offset of 203 Hz downfield from tetramethylsilane and at 

a sweep width of 50 Hz. The cogent data is listed below:

nmr (#104, d,-benzene): 217 Hz, 14 mm; 215.7 Hz, 28 mm; y
214.7 Hz, 18 mm; 213.1 Hz, 14 mm.

nmr (#105, same residue as above
(different sample), d . - b e n z e n e ) : 215.4 Hz, 14 mm;

214.0 Hz, 26 mm;
212.9 Hz, 15 mm;
211.1 Hz, 13 mm.

nmr (#108, spectrum #104 deliberately spiked w i t h  1,1,2-
tricarbomethoxy-2-chloroethylene): 280.9 Hz, 7 mm; 219.7 Hz,

30 mm; 218.7 Hz, 21.5 mm;
216.8 Hz, 23 mm.

It should be noted that spiking w i t h  the latter compound 

caused each of three peaks that we r e  farthest upfield to increase in 

integration value by an equal amount. No increase was noted in the 

p e a k  farthest downfield.
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nmr (#107 9 spectrum #105 deliberately spiked with tetracarbo- 
methoxyethylene)s 215.4 Hz, 6 mm; 214.0 Hz, 31 mm;

212.9 Hz, 6.5 mm; 211.1 Hz, 6.5 mm.

Spiking with tetracarbomethoxyethylene enhances the signal with 

the second to largest chemical shift.

nmr (#120, deliberate mixture of 1,1,2-tricarbomethoxy-
2-chloroethylene and tetracarbomethoxyethylene, d^ benzene):

216.1 Hz, 47 mm; 215.0 Hz, 6 mm; 213.2 Hz,
6 mm.

When the two aforementioned esters are deliberately mixed, the 

farthest downfield peak is missing. Hence, one other derivative is 

present. Mass spectral evidence seems to indicate that this is 1,1- 

dichloro-2,2-dichlorocarbonylethylene and/or one of its 

isomers.

Diethyl Dicyanofumarate

This compound was synthesized by the method of Naik (1921).

Ethyl cyanoacetate (80.02 g, 0.71 mol) was placed in a 500 ml r.b. flask, 

fitted with a reflux condenser, that was in turn fitted with an adapter. 

The latter adapter was connected by latex tubing to a scrubber. This 

was followed by 100.9 g (0.75 mol) of sulfur monochloride (S^Cl^). The 

reaction vessel was heated in an oil bath and stirred magnetically; the 

bath temp was 80°C- when the reactants were mixed. The reactants were 

heated for 14 hr and 14 min. During the first 2 hr and 40 min, gas 

evolution was observed. The reaction mixture was extracted with a 

large quantity of ether. The ether was evaporated on a steam bath.
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The residue was extracted with carbon tetrachloride to remove sulfur.

The residue was then recrystallized from 100% ethanol. Obtained was 

8.84 g of light yellow, needlelike crystals, m.p. 115.5-121.5°; lit 

117-118°o The filtrate from the recrystallization was evaporated until 

solid just appeared, filtered and washed with carbon tetrachloride.

Again, light yellow needlelike crystals (2.61 g) were obtained, m.p. 

115.4-116.3°.

Because the bulk of the material obtained was impure, the two 

fractions were combined, dissolved in hot 100% ethanol and hot filtered.

A few drops of liquid mercury were added to the filtrate and the filtrate 

was stirred to remove sulfur. The mixture was filtered, the ethanol 

removed on a rotary evaporator, and the residue recrystallized from 100% 

ethanol, with the aid of Norite. Beautiful long, white needlelike 

crystals were obtained showing no trace of yellow coloration, m.p. 116.5- 

117.2°. After the initial recrystallization, the solvent was evaporated 

to the point where solid just appeared and cooled to yield another 

batch of crystals that match in appearance the earlier fraction, m.p.

116.2-117°. The total yield was 3.58 g (2%).

nmr (CD^CN): 6 4.43 (q, 2H); 8 1.37 (t, 3H).

ir (KBr): C-H, 2980 s; CeN, 2220 cm-1, w;
0=0, 1725 cm , s; C-H (CH ), 1470 cm , s;
C-H (CH3), 1450 cm"1, s; C-H (CH^), 1365 cm"1,'s.

anal, calcd. for ^io®10^2^4: 54.05; H, 454; N, 12.61.
found: C, 53.9; H, 4.3; N, 12.3. '
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The carbonyl stretch is a bit low for a vinyl ester (Dyer 1965); 

however, perhaps the shift to low energy is caused by the resonance 

forms shown below: 

Eto--

Dimethyl Dicyanofumarate 

Thionyl chloride (43.39 g, 0.3647) freshly distilled from a mix-

ture of itself and triphenyl phosphite was added to a 200 ml 3-neck 

flask whose center neck was fitted with a 16 3/4 inch reflux condenser 

that was in turn fitted with an adapter. The latter adapter was con-

nected via tubing to a bubbler, which was connected to a scrubber. The 

apparatus was heated with a stirring hotplate and an oil bath. One of 

the other necks held a side arm dropping funnel. The other was plugged 

with a ground glass stopper. Tetrahydrofuran (20 ml) was added to the 

reaction flask. Dropwise addition of methyl cyanoacetate was begun. 

After the addition of methyl cyanoacetate was complete, the reaction 

mixture was refluxed for 17 hrs and 32 min, at which time solid was 

obseryed. The solid was filtered and washed with tetrahydrofuran and 

absolute methanol. The methanol wash came out slightly yellow, 

indicating that sulfur was perhaps removed. A slightly yellow 

powder was obtained (18.62 g, 88%), m.p. 178-179°; lit (not recorded). 
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The product was dissolved in methanol9 hot filtered, and a few 

drops of mercury added to the filtrate. The mixture was stirred to 

remove sulfur. The mixture was then filtered, the methanol removed by 

rotary evaporation, and the residue recrystallized using absolute 

methanol and Norite. A beautiful white crystalline powder was obtained, 

m.p. 174.2-175.7°. This synthesis was carried out according to the 

general method of Ireland et al. (1976).

nmr (CD^CN): & 3.97 (s).
-1 -1ir (KBr): C-H, 2950 cm , m; C=0, 1740 cm , s;

C-H, 1440 cm-1, s; C-H, 1380 cm-1, sh.

Again the C=0 stretch is a bit low, but this may be due to 

resonance as discussed directly above with this compound's ethyl homolog.

Spectroscopy

Materials

Benzene, o-xylene, and dichloromethane were purified by distilla

tion using a spinning band column. Aldrich 98% TCNE was purified by two 

repeated sublimations at 0.01 torr and 50°. Aldrich (99+%) hexa- 

methylbenzene was used without further purification. The tt-acids were 

obtained as described on pp. 4-5.

Typical Spectroscopic Methods

Two different methods have been used to obtain the spectroscopic 

data. The first method,used to study TCNE, tetrachlorocarbonylethylene,
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1-chloro-l5 2 92-trichlorocarbonylethylene 5 19l-dichloro-292-dichloro- 

carbonylethylene and/or one of its isomers5 tetracarbomethoxyethylenej 

1-chloro-2 92-dicyanoethylene s and tetracarboethoxyethylene 9 proceeded 

as follows»

Solutions of the 7r-acid at concentrations of 0.1 M and 0.01 M 

were prepared using dichloromethane as the solvent. Two sets of w-base 

solutions 9 containing three solutions each) were prepared that were 

mixtures of either benzene and o-xylene in dichloromethane) respectively. 

The reciprocal mole fraction of the aromatic base within each set of 

solutions varied in a somewhat continuous fashion* For each Tr-acid) a 

0.25 ml sample of the 0.1 M Tr-acid was placed in each of six 25 ml 

voltumetric flasks. Each of the six volumetric flasks was then filled 

to the mark with a different ir-base solution. The latter procedure was 

repeated for the 0.01 M n-acid solutions) except that only two volu

metric flasks (25 ml) had acid solution added. One of the latter flasks 

was filled with pure benzene) the other with pure o-xylene. Scans were
o

run in the ultraviolet range from 3500-2000 A, and in the visible range
O

from 6500-3000 A. The ir-base medium was used in the reference cell.

The second method9 used to study TCNE9 the mixture of tetra- 

chlorocarbonylethylene and its two side products, tetracarbomethoxy- 

ethylene, tetracarboethoxyethylene, tricarbomethoxyethylene, 1,1,2- 

tricarbomethoxy-2-chloroethylene, 1-bromo-1,2,2-tricarbomethoxyethylene, 

1,l-dicarbomethoxy-2-cyanoethylene, 1,1-dicarbomethoxy-2-chloroethylene, 

dimethyl cyanofumarate, 1,l-dichloro-2,2-dicyanoe^hylene, and
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l - c h l o r o - l 92 3 2 - tricyan o e t h y l e n e s was similar to the above except that 

rather than doing measurements for each Tr-acid w ith a series of Tr-base 

media, only one or two measurements were taken using only one or two 

basic media, respectively® In addition to o-xylene and benzene media, 

hexamethylbenzene in dichloroemthane was also used as the n-base solution®

Cyclic Voltammetry

Materials

Burdick and Jackson spectroquality acetonitrile was used without 

further purification® Anhydrous 95% sodium perchlorate was purified by 

recrystallization from'hot 100% ethanol and dried in a vacuum oven under 

the vacuum of a mechanical pump at 200°C» The compounds which were 

examined by cyclic voltammetry were obtained as described on pp® 4-5 ®

Glassware

The cell that was used is shown in Fig. 3® The central chamber 

had a volume of 100 cc. In addition to the neck ($ 24/40) shown in the 

diagram, the central chamber had two other necks (9> 10/18). The large 

neck was fitted with a $24/40 to $14/20 glass adapter, which,when fitted 

with a Teflon thermometer adapter, held a platinum flag electrode® The 

smaller necks in the central chamber were used to add the test com

pound following the recording of the background voltammogram® The 

counter and reference electrodes were held in the side arms. The latter 

chamber had volumes of roughly 10 cc. They were connected to the 

central chamber by fine glass frits that were 1 cm in diameter. The
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d

Fig. 3. The Electrochemical Cell.

(a) Reference electrode; (b) indicating (working) 
electrode; (c) counter electrode; (d) Teflon adapters; 
(e) glass stopper; (f) fine glass frits; (g) platinum 
flag electrodes. Taken from Swanson (1979); used by 
permission.
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glassware was cleaned after each use by rinsing with water and then AR 

grade acetone. The glassware was then dried for at least two hr at 

110-120° (Swanson 1979),

Electrodes

Reference Electrodes, The reference electrode was a spiral

shaped 14-16 ga silver wire in 0,1 M silver nitrate in acetonitrile

(Swanson 1979),

Working Electrodes, Platinum flag electrodes were made

according to the method of Sawyer and Roberts (1974, p, 37), They had
2an area of 1,16 cm and were cleaned in the same fashion as the glass

ware, The electrodes were heated to incandescence over a Bunsen burner 

before use (Swanson 1979).
2Counter Electrode. A 3 cm platinum electrode was used in all 

of the experiments. It was folded in half to a dihedral angle of 

approximately 90° to allow placement into the counter electrode side 

arm. It was cleaned as described above for the working electrode and 

also flamed to incandescence before use (Swanson 1979),

Typical Cyclic Voltammogram

Approximately 0.6 g of anhydrous sodium perchlorate was trans

ferred to a 50 ml volumetric flask, which was diluted to the mark with 

acetonitrile. The side arms of the cell were filled. The remaining 

35 ml was placed in the central chamber. The electrodes were fitted 

with Teflon thermometer adapters and immersed in the cell. The 

electrical leads were connected to the electrodes and the potentiostat
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output was applied across the working9 counter^ and reference electrodes.

The solution was stirred and the background voltammogram was taken

after stirring was discontinued. The test compound9 which was weighed
-3 -.4so that its concentration would lie between 1 x 10 M and 5 x 10 M, 

was added and the solution was stirred. The current curve was recorded 

after the stirring was discontinued (Swanson 1979)„

Polymerizations

Materials

Dimethyl and diethyl d i c y a n p f u m a r a t e 9 synthesized as described on

pp. 60-61 and pp. 58-609 respectively9 were used after purifications were

performed as described on the aforementioned pages to remove sulfur.

Tetracarbomethoxyethylene and its ethyl ester homolog we r e  obtained as

mentioned on pp. 51-539 and p. 49 respectively. Aldrich 98% TONE was

purified by two repeated sublimations at 0.01 torr and 50°. Matheson9

Coleman9 and Bell azobisisobutyronitrile (AIBN) was used after a re
crystallization from methanol. Aldrich reagent grade benzoyl peroxide

was used without further purification. Pfaltz and Bauer tert-butyl

peroxide was also used without further purification.

p-Methoxystyrene was dried over calcium hydride and distilled over

calcium hydride.

Typical Homopolymerization

Monomer (100-200 mg) was weighed out in a sealable ampule.

The appropriate initiator (1-2 mg) was then added. AIBN was used with
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tetracarboethoxyetrhylene9 benzoyl peroxide with tetracarbornethoxy- 

ethylene and diethyl dicyanofumarate and tert-butyl. peroxide with 

dimethyl dicyanofumarate and TCNE. The ampule was placed in a dry 

ice/acetone bath and evacuated under the vacuum of a mechanical pump 

for three 3-5 min periods. Between the first and second and second 

and third periods, argon was added. After the third period, the ampule 

was sealed over a Bunsen burner and immersed in the appropriate oil bath 

at an incline. Immersing the ampule and placing it at an incline was 

necessary to keep the reaction mixture from subliming and in one place. 

The bath used for the tetracarboethoxyethylene had a temperature of 

approximately 60°, and the bath temperature used for tetracarbomethoxy- 

ethylene and diethyl dicyanofumarate approximately 120°. Dimethyl 

dicyanofumarate and TCNE had bath temperatures of approximately 175° 

and 200°, respectively. The sample was heated overnight and allowed 

to cool. The seal was broken and the contents were dissolved in a 

minimum of reagent grade dichloromethane or reagent grade acetone, 

whichever was found to dissolve the monomer better. The latter solution 

was dumped into approximately 50 ml of reagent grade methanol. No 

precipitates were obtained. The solution was then rotary evaporated 

under the vacuum of a water aspirator. The residue was dried in a 

vacuum oven, under the vacuum of a mechanical pump at 40°. Infrared 

spectra and melting point and mixed melting point (with the original 

monomer) experiments were then performed on the dried residue.
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Typical Copolymerization

The monomer and p-methoxystyrene were weighed out, in equimolar 

ratios9 in a side arm tube sealed with a high vacuum stopcock. Approxi

mately 100-200 mg of p-methoxystyrene was used. The appropriate 

initiator (as listed above for Typical Homopolymerization) was added 

(1-2 mg). The sample was then cooled in dry ice/acetone, evacuated to 

at least 3.5 torr, sealed, allowed to thaw, cooled again in dry ice/ace

tone, and evacuated to at least 3.5 torr. Argon was then added and 

the sample was again evacuated to at least 3.5 torr. Argon was added 

again and the sample was sealed and immersed in the appropriate oil bath 

(see above under Typical Homopolymerization). The mixture was heated 

overnight or until it congealed and allowed to cool. The contents were 

dissolved in a minimum of reagent grade dichloromethane. The latter 

solution was then dumped into approximately 50 ml of reagent grade meth

anol. If a precipitate was obtained it was filtered and dried in a 

vacuum oven under the vacuum of a mechanical pump at 40°. NMR and 

sometimes IR experiments were run on the material. The filtrate was 

evaporated on a rotary evaporator under the vacuum of a water aspirator. 

The residue was dried in a vacuum oven as described immediately above 

and an NMR spectrum of the material was taken. Ofttimes the residue 

was a syrup. In the latter case CDCl^ was added to the evacuation 

flask and an NMR spectrum was taken of the mixture.



APPENDIX A

A SELECTED SERIES OF NMR SPECTRA

These NMR spectra were taken on a Varian Model T-60 

spectrometer at 60 MHz.
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Fig. Al. NMR spectrum #104; taken of the products from the methanolysis of the product 
mixture obtained in the synthesis of tetrachlorocarbonylethylene. The peaks 
at the lower right were obtained at sweep offset 0 Hz, spectrum amplitude 1, 
integration amplitude 7, sweep width 500 Hz, and rf power level 0.1. The peaks 
at the upper left were obtained at sweep offset 203 Hz, spectrum amplitude 4, 
integration amplitude 7, sweep width 50 Hz, and rf power level 0.03. The 
solvent was d,-benzene.
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Fig. A2. NMR spectrum #105; taken of the products from the methanolysis of the product
mixture obtained in the synthesis of tetrachlorocarbonylethylene. The peaks
at the lower right were obtained at sweep offset 0 Hz, spectrum amplitude 1,
integration amplitude 7, sweep width 500 Hz, and rf power level 0.1. The peaks
at the upper left were obtained at sweep offset 203 Hz, spectrum amplitude 4,
integration amplitude 7, sweep width 50 Hz, and rf power level 0.03. The
solvent was d -benzene, o



Fig. A3. NMR spectrum #107; taken on the NMR sample that gave spectrum #105 spiked with
tetracarbomethoxyethylene. The spectrum was obtained at sweep offset 203 Hz,
spectrum amplitude 2, integration amplitude 6.8, sweep width 50 Hz, and rf
power level 0.03. The solvent was d -benzene.6

to
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Fig. AA. NMR spectrum #108; taken on the NMR sample that gave spectrum #104 spiked with
1,1,2-tricarbomethoxy-2-chloroethylene. The peaks at the lower right were
obtained at sweep offset 0, spectrum amplitude 2, integration amplitude 1,
sweep width 500 Hz, and rf power level 0.1. The peaks at the upper left were
obtained at sweep offset 203 Hz, spectrum amplitude 4, integration amplitude
6.8, sweep width 50 Hz, and rf power level 0.03. The solvent was d -benzene.6

w



Fig. A5. NMR spectrum #120; taken of a mixture of tetracarbomethoxyethylene and 1,1,2-
tricarbornethoxy-2-chloroethylene. The peaks at the lower right were obtained at
sweep offset 0 Hz, spectrum amplitude 0.8, integration amplitude 8.8, sweep width
500 Hz, and rf power level 0.1. At the upper left there are actually two sets
of peaks. The inner set was obtained at a spectrum amplitude of 0.8, the outer
at 1.6. Both sets of peaks at the upper left were obtained at sweep offset 203 Hz,
integration amplitude 8.8, sweep width 50 Hz, and rf power level 0.03. The solvent
was d -benzene.6
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Fig. A6. NMR spectrum #131; taken of the dimethyl dicyanofumarate-p-methoxystyrene copolymer.
The spectrum was obtained at sweep offset 0 Hz, spectrum amplitude 25, integration 
amplitude 50, sweep width 500 Hz, and rf power level 0.1. The solvent was 
chloroform-d.

In
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Fig. A7. NMR spectrum #123; taken of the diethyl dicyanofumarate-p-methoxystyrene copolymer.
The spectrum was obtained at sweep offset 0 Hz, spectrum amplitude 40, integration 
amplitude 50, sweep width 500 Hz, and rf power level 0.1. The solvent was 
chloroform-d.
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Fig. A8. NtiR spectrum #124; taken of the filtrate obtained in isolating the diethyl 
dicyanofumarate-p-methoxystyrene copolymer by filtration. The spectrum was 
obtained at a sweep offset of 0 Hz, a spectrum amplitude of 5, an integration 
amplitude of 0.4, a sweep width of 500 Hz, and an rf power level of 0.1. The 
solvent was chloroform-d.
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Fig. A9. NMR spectrum #132; taken of the filtrate obtained in isolating the dimethyl 
dicyanofumarate-p-methoxystyrene copolymer by filtration. The spectrum was 
obtained at a sweep offset of 0 Hz, a spectrum amplitude of 2, an integration 
amplitude of 4, a sweep width of 500 Hz, and an rf power level of 0.1. The 
solvent was chloroform-d.
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