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ABSTRACT 

The spontaneous polymerization behavior of an 

acceptor substituted quinodimethane was investigated. 

High molecular weight homopolymers of 7,8,

di(ethoxycarbonyl)-7,8-dicyanoquinodimethane (DEDCQ) or 

copolymers of DEDCQ-styrene (st) and DEDCQ-p

methoxystyrene (p-MeOSt) were formed spontaneously in 

chloroform containing acetic acid. All polymerizations 

occurred by a radical mechanism. High molecular weight 

polymers formed at low conversion. Radical homopoly

merization of DEDCQ was promoted by ambient light or heat. 

DEDCQ-p-MeOSt copolymerizations yielded alternating 

copolymers, which formed rapidly relative to the DEDCQ 

homopolymers and copolymers (rich in styrene). All of 

these polymerizations are thought to begin with a bond 

forming mechanism and propagate by polyaddition. 

A new acceptor group substituted quinodimethane was 

synthesized, characterized and copolymerized with electron 

donating monomers. oxidation of the dianion of Ct, Ct ,

dicyano-Ct,Ct'-diphenyl-p-xylene yielded 45% 7,8-dicyano-

7,8-diphenylquinodimethane. In solution this compound 

exists in both the trans and cis forms but forms a sharply 

10 



mel ting crystalline solid. It was resistant to homo

polymerization but did form low molecular weight copoly

mers with electron rich aromatic monomers. 
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CHAPTER 1 

INTRODUCTION 

The maturing nature of polymer science is evidenced by 

the directions in which recent polymer research has been 

focused. In the past the main concern was to produce new 

materials as rapidly as possible. Now emphasis is being 

placed on fully understanding the chemistry of existing 

polymers and their polymerizations. The motivation for 

this type of study comes partly from the realization that 

the continued development of newer "high tech" materials 

is dependent on a complete understanding of the chemistry 

at work in existing systems. occasionally the 

reexamination of a polymerization system itself calls for 

the synthesis of new materials. Recent efforts to 

investigate principles of organic chemistry by studying 

polymer systems also reflect the maturity and expanding 

importance of the latter. 

Work done to date on quinodimethanes is an example of 

emphasis being placed on the development of new materials. 

Recently the potential of quinodimethane polymers as 

photoresist,l and non-linear optical materials2 

has been evaluated. 

In addition to qualifying as advanced materials, 

quinodimethanes may be used to examine principles of 

12 



organic chemistry, more specifically olefin chemistry. 

Quinodimethane monomers may be thought of as "aromatic 

olefin monomers". That is, both quinodimethane and olefin 

polymerizations occur by cleavage of a carbon-carbon pi 

bonds and formation of carbon-carbon sigma bonds. 

Quinodimethanes are "aromatic" olefins in the sense that 

their polymerization 

well as bond formation. 

" / c=c 
/ " 

resul ts in ring aromatization as 

+~-o-~ b-t: I - I n 

If the aromatization factor is taken into account, 

theories concerning olefin chemistry or specific olefins 

may be tested on quinodimethanes. 

p-Quinodimethane was isolated and characterized 

in 1947. 3 The extreme reactivity of this compound is not 

13 



surprising given the high temperatures required for its 

formation. Even at low temperatures p-QDM polymerizes 

spontaneously in the condensed phase. Poly-p-

quinodimethane was isolated as an insoluble, crystalline 

solid. In one experiment the molecular weight was 

determined to be greater than 2 x 105 • 4 

CHrO-CH, 
~oo C,-78 C 

CH,=<:)=CH, 

rr0-r' /.00 c, -79 C 
CH,-Q-CHz 

In contrast, most acceptor group substituted 

quinodimethanes are stable, allowing them to be isolated 

and controllably homopolymerized and copolymerized. 5 

A>=C)=<A 

A A 

Exocyclic Sucstituted Exocyclic and Ring Substituted 

The latest group of acceptor substituted 

quinodimethanes are those heterosubstituted at each of the 

exocyclic positions. 6,7,8 

14 



Heterosubstituted 7,8,7,8 Ouinodimethanes 

These 7,8,7,8 substituted quinodimethanes provide 

a means of introducing highly functionalized chiral 

centers into polymer backbones. These chiral centers in 

turn increase the solubility of the quinodimet~ane and the 

resulting homo- and copolymers. Polymerizations of two 

7,8,7,8 substituted quinodimethanes have been 

investigated. 

observed. 7 ,8 

In both cases unusual reactivities were 

Due to the incomplete understanding of the 

chemistry of 7,8,7,8 quinodimethanes, their potential use 

as high technology materials and the potential they hold 

for the examination of olefin theories, we chose to 

further investigate the synthesis and polymerization of 

these compounds. 

15 



CHAPTER 2 

SPONTANEOUS POLYMERIZATIONS OF 

DI(ETHOXYCARBONYL)DICYANOQUINODIMETHANE 

BACKGROUND 

Polymerization Behavior of 7,8 Acceptor Group Substituted 

Quinodimethanes 

The identity of the acceptor group in homosubstituted 

quinodimethanes greatly affects the polymerizability of 

the compound. 

EtOOC>=o=< COOEt 

EtOOC COOEt 

1. 

MeOOC~COOMe 

MeOOC COOMe 

.! 

Tetracyanoquinodimethane (TCNQ) ~ and tetraethoxysulfonyl

quinodimethane (TESQ) ~ do not homopolymerize. 9,10 

Tetraethoxycarbonylquinodimethane (TECQ) ~ is difficult to 

16 



homopolymerizell 

homopolymerizes 

while its methyl ester analog (TMCQ) ± 

spontaneously at room temperature. 12 

spontaneous copolymerizations 

quinodimethanes 

between these acceptor 

substituted and olefins have been 

extensively investigated. 11,12,13,14 The spontaneous 

copolymerization behavior of the homosubsti tuted quino-

dimethanes with donor monomers is summarized below. When 

the difference in electron density is large, spontaneous 

homopolymerization of donor monomer results. Intermediate 

differences in electron density lead to copolymerizations 

and small differences do not give 

polymerizations. 

~CN 

NC~CN 
.! 

Et02S>=o=<S02Et 

Eto,S S02Et 

.a . 
Et:>=<:>=< COOEt 

EtOOC COOEt 

1 

MeooCv~,_lOOMe : 

MeOOC~cooMe ~ 
i 

/r----7 

\0 
R= Et, n-Bu, i-Bu 

spontaneous 

Sponta!"!f>,",'.Is 
vinyl Ether 

Polymerization 

spontaneous 

Copolymerization 

spontaneous 
Copolymerization 

No Spontaneous 

Polymerization 
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Bond Forming Initiation 

Hall has proposed that spontaneous polymerizations 

between electron-rich and electron-poor olefins are 

inititiated by a tetramethylene species which is the 

resul t of bond' formation. 15 

A 

~l-J ~ t-4 I ~ 

) 

I (+l I ~ f-P 
0 0 0 0 

A=CN 0= NR, a 

a ==, d a 

~: 
d 

~ a - ( I I ) a 

I -I- ii 

d 

a=COOR d=~OCH3 

The tetramethylene may be written as a zwitterion or a 

diradical. The form in which it actually exists is 

considered to be a resonance hybrid of the two. WhEm the 

difference in monomer electron density is large (when 

there are strongly electron accepting group(s) at one 

tetramethylene terminus and strongly electron donating 

18 



group(s) at the other) the tetramethy1ene is highly 

zwi tterionic in character. The spontaneous homopolymer-

izations which occur in such systems may be attributed to 

cationic homopolymerization initiated by the donor 

terminus or anionic polymerization beginning at the 

acceptor terminus. In cases where the donor and acceptor 

groups are not as strong, the tetramethylene is expected 

to be highly diradical in character. The spontaneous 

copolymerizations observed between olefin monomers are 

attributed to initiation by one or both of these termini. 

The spontaneous copolymerization of dimethyl cyanofumarate 

and p-MeOSt was recently studied in exhaustive detail. 16 

Kinetic studies and trapping experiments strongly 

supported bond formation resulting in a diradical 

tetramethylene as the initiation step. 

CH

A 
YH, 

~ 
---.lOCH, 

+ CH,O~CN. ---~) 
8 

1 

COPOLYllEI< 

19 



It should be noted that there are two possible modes of 

propagation following diradical formation: chain growth in 

which monomer adds to the radical center and radical 

coupling in which diradical species consisting of two or 

more monomers combine: 

I I ··'-c--c· 
I I 

+ 

I I 
.P-C--C· + 

I I 

" / /C=C"" 

I I 
'i:---C-P ' 
I I 

I I +c--ct I I n 

In either case radical coupling or monomer addition does 

not result in termination. Bond formation initiation 

theory has been supported by a large amount of 

experimental evidence and more recently by theoretical 

calculations. 17 

7,8,7,8 Acceptor Group Substituted Quinodimethanes 

In 1982 groups at the university of Arizona and Mie 

University in Japan reported the synthesis of two new 

quinodimethanes: Di(methoxycarbonyl)dicyanoquinodimethane 

and its ethyl ester analog 5a and 5b. 6 ,7 

20 



NCXCOOR 

X 
ROOC eN 

a R= Me 
b R= Et 
:£ R= Bu 

Di(alkoxycarbonyl)dicyanoquinodimethanes 

This was the first example of an exocyclic hetero-

substi tuted or 7,8,7,8-substituted quinodimethane. In 

terms of structure and electron accepting ability the 

di(alkoxycarbonyl)dicyanoquinodimethanes (DACDCQs) are 

intermediate between TCNQ and the tetraester-

quinodimethanes. As shown by initial studies, the 

polymerizability of the DADCQs was very different from any 

of the homosubstituted quinodimethanes. DADCQ compounds 

homopolymerize with great facility. Homopolymerization can 

be acheived simply by dissolution of monomer in common 

solvents. All attempts to copolymerize DADCQ with donor 

monmers led to only DADCQ homopolymer. 

Through the work of Iwatsuki et al., it has become 

clear that these facile polymerizations occur via an 

anionic mechanism. Iwatsuki correlated the ability of a 

solvent to polymerize DADCQs with the basicity of the 

solvent. Weakly basic solvents such as dimethyl sulfoxide 

and methanol initiate rapid polymerization of DADCQ, while 

neutral solvents such as toluene and chloroform do not act 

21 



as initiators. Although slow polymerization of DADCQs 

occurs in these solvents, it may be attributed to the 

presence of nucleophilic impurities. Further evidence for 

an anionic mechanism was the finding that when the butyl 

ester DADCQ quinodimethane 5c was combined with styrene 

(st) and p-methoxystyrene (p-MeOSt) and radical initiator, 

in acidified solution, copolymerizations resulted. This 

result showed that DADCQ homopolymerizations could be 

effectively inhibited by the addition of acid. Iwatsuki 

reported that under acidic conditions, with radical 

initiator, DADCQ copolymerized alternatingly with p-MeOSt 

and randomly with st. 

While homopolymerizations resulting from dissolution 

in common solvents might appear to be spontaneous they are 

not, because they require the participation of a 

nucleophilic initiator. 

Our Perspective 

Our interest in quinodimethanes and the spontaneous 

reactions of electron rich and electron poor monomers led 

us to investigate two questions. 

22 
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1) Do DADCQs exhibit true spontaneous 

homopolymerization behavior (analogous to p-

quinodimethane) in acid inhibited media? In spontaneous 

copolymerization studies, monomers ·of considerably 

different electron densities were employed resulting in 

tetramethylenes stabilized by push-pull stabilization. 

Obviously there is no difference in electron density 

between monomers in spontaneous homopolymerizations. 

However with quinodimethanes we felt that we had likely 

candidates to exhibit bond formation due to the 

reactivity of the quinodimethane nucleus. 

2) In light of the spontaneous copolymerizations 

between the olefinic analogs of DADCQ and donor olefins, 

especially those of the recent p-MeOSt and dimethyl 

cyanofumarate study, we felt that spontaneous 

copolymerizations between DADCQs and donor monomers should 

also occur. Polymerization would in this case be 

initiated by a "phenylene tetramethylene": 

"/j=L1 
; I/c~ I' 

·c-c 
I I 



The results of this study have a two-fold purpose; 

to further elucidate the reactivity of 7,8,7,8 acceptor 

substituted quinodimethanes; to extend bond formation 

theory to a new type of monomer. 

System Selection 

We chose di (ethoxycarbonyl) dicyanoquinodimethane 

(DEDCQ) as the monomer for our studies since it exhibits 

sUfficient solubility and may be prepared from readily 

available reagents. 

exhibit spontaneous 

duplicate Iwatsuki's 

with a small amount 

In order to determine whether DADCQs 

homopolymerizability, we chose to 

use of chloroform medium acidified 

of acetic acid. Chloroform and 

acetic acid were also deemed suitable for investigations 

on spontaneous copolymerization behavior. Strongly 

donating monomers which we would predict would form 

zwitterionic tetramethylenes with DEDCQ react with acetic 

acid. As a result our candidates for donor monomers were 

limited to 

where we 

the weaker donors (styrene, 

predict the formation 

tetramethylenes. 

p-MeO-styrene) " 

of diradical 

24 



RESULTS AND DISCUSSION 

Monomer synthesis 

DEDCQ was synthesized following procedures developed by 

cramer8 and Iwatsuki. 7 

Synthesis of Di(ethoxycarbonyl)dicyanoquinodimethane 

CICH,-Q-CH,CI 

o 
II 

EtOC>=<.:>=<CN 

NC COEt 
II o 

NaCN 
-------'~ 
Hp,EtOH, THF NCCH:-o-CH:CN 

o 1 II 
EtOCOEt 

N 
Glyme 

aH 

H H 
I~I 

Nc-, ___ u-i-CN 

EtOC CaEt 
II .§. II 
o 0 

The nucleophilic displacement of chloride by cyanide ion, 

as described by Sandman and Garito18 , gave high yields of 

p-xylene dinitrile after extended reaction times (two 

days) . The condensation reaction, originally reported by 

DeJongh19 and employed by Cramer and Iwatsuki, between 

25 



the dianion of p-xylene dinitrile and diethyl carbonate 

proved to be rather problematic. 

large quantities of DEDCQ for 

In order to synthesize 

extensive study this 

reaction was typically run on a 10-15 gram scale. After an 

induction period, the reaction is very exothermic and even 

with external cooling, on a large scale, 

exothermicity borders on being uncontrollable. 

this 

This 

problem was solved by following a procedure later adopted 

by Iwatsuki l in which the sodium hydride is introduced 

into the reaction flask and covered by glyme. A small 

fraction of the reactants is dissolved in glyme and 

added. After the reaction has become exothermic the 

balance of the reactants is slowly added as a glyme 

solution. The second problem encountered was in the 

purification of the bis(ethoxycarbonyl)-p-xylylene

dicyanide £. Iwatsuki7 and DeJongh19 both reported that 

the product could be recrystallized from methanol; 

however, our attempts to perform this recrystallization 

were unsuccessful. It should be noted that £ is made up 

of three stereo isomers (d,l and meso) due to the chirality 

at the 7,8 positions. Purification was achieved by 

cooling of a saturated room temperature ether-hexane 

solution of £ to o· C. Under these conditions £ 

precipitates from solution in sufficient purity. The 

26 



oxidation of § to 5a DEDCQ proceeded as reported by Cramer 

and Iwatsuki and gave similar yields to those reported 

when run on larger scale. 

spontaneous Polymerizations of Di (ethoxycarbonyl) dicyano

quinodimethane 

Relatively slow spontaneous polymerizations of 

DEDCQ were observed under some of the conditions 

investigated. The conditions and polymerizations are 

described in Table 1. 

Mechanism 

Even under the most rigorous conditions used (room 

temperature, exposure to ambient light) the 

polymerizations were much slower than those occurring in 

the absence of acetic acid. This result suggested that 

acetic acid was effectively inhibiting anionic DEDCQ 

polymerization over the rather long polymerization times. 

Direct evidence that the polymerizations were proceeding 

by a radical mechanism is presented in line 6, as addition 

of the radical trap tetramethylpiperidinyl-N-oxyl free 

radical inhibited polymerization. 

27 



a) 

Table 1 

SPONT1.NEOUS POLYMERIZATIONS OF DECQ IN DARK AND i\MBIENT LIGHT a 

REACTIONS UNDER DARK CONDITIONS c 

In 4 mL 

Run 
no. 

1 

2 

3 

4 

5 

6 

7 

CHC13 

DECQ 
mg 

125 

112 

117 

~emp. 
C 

25 

25 

REACTION IN 

115 25 

120 25 

69.0b 25 

117 30 

containing 80 JJ..L 

Time 
hr. 

43 

25 . 

45 

Yield 
'l; 

13 

(FLUORESCENT) AMBIENT 

24 15 

45 55 

72 

24 20 

CH3COOH 

1. 4 . 

LIGHT 

1.5 

1.5 

3.4 

b) In 3 mL CHCL3 containing 60 ~L CH3COOH and 20 mg tetramethylpiperidinyl 
oxide 

28 



Initiation 

The spontaneous polymerizability of DEDCQ was found to 

be dependent on rather small changes in polymerization 

temperature. While polymerizations proceeded at room 

temperature (23-25° C) they did not occur at 4° C. 

Furthermore exposure to ambient light accelerated 

homopolymerization at room temperature. 

These results indicate that the formation of the 

initiating species has an energy requirement which is 

satisfied by room temperatures or ambient fluorescent 

light. Attempts were made to determine the identity of 

the initiating species by trapping it with TEMPO. These 

experiments yielded a complex mixture of low molecular 

weight products from which discrete species could not be 

separated. 

There are essentially two possible initiating 

species: a dimer diradical resulting from bond formation 

and DEDCQ in its monomer diradical form. 

o 0 
II g 

EtOC r rOEt CN 

.?-o-C-C-o-~. 
CN Etot ~ . 60ft 

8 8 

o 
fOE! eN 

.c-O-i· 
~ COEt 

8 

· 29 



The thermodynamics of bond formation between 

quinodimethane molecules is quite favorable. In addition 

to the energy gained by sigma bond formation, there is 

also the accompanying aromatization of two rings. Both of 

the resulting radical centers are multiply substituted 

with stabilizing groups. An ESR spectrum of a powder 

sample of DEDCQ gave a signal which may be taken as 

evidence of the formation of a radical species. This 

signal could be attributed to quinodimethane monomer in 

its diradical form or a dimer diradical. Spectroscopic 

evidence favors the latter. ESR studies of several 

quinodimethanes have revealed no measureable diradical 

content. 20,21 In one case an ESR signal originally 

attributed to the quinodimethanes in diradical form was 

later shown to be caused by a dimer. 22 

Propagation 

Just as there are two possible initiating species 

there are also two possible modes of propagation: chain 

addition and radical coupling: 

~OEt eN 

p-c-o-1· 
b. &OEt Chain Growth 

30 



fOEI 01 p-c-o-i· 
~ ~OEI 

~ 
EIOC r Coupling 

.~-o-c-P ) 
CN EIO~ 

& 

The radical coupling mechanism 

+t~r+: ~\.::T~ln 

is analogous to 

polycondensation propagation; therefore, the behavior of 

molecular weight with conversion is indicative of which 

mechanism is operating. As seen in Table 1, lines 4 and 5, 

the molecular weights of the homopolymer at 15% and 50% 

are identical by gel permeation chromatography. From this 

fact it may be concluded that propagation is occurring by 

chain addition which predicts that high molecular weight 

polymer is produced at low conversion whereas 

polycondensation polymerizations show an increase in 

molecular weight with conversion. It is not surprising 

that coupling between two tertiary centers would be a 

slower process than chain addition of monomer which 

results in ring aromatization. 

Termination 

Two modes of termination, chain transfer to 

initiator and monomer, commonly found in radical 
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polymerizations, are not present in quinodimethane 

radical polymerizations initiated by a diradical. The 

high molecular weight of the obtained hompolymers is 

evidence of a high rate of propagation relative to 

termination. We do believe, however, that termination 

occurs as the molecular weight of the chains reaches about 

1.5 x 106 relative to polystyrene standards. The 

alternative to identifying a termination step is to imply 

that these are living radical polymerizations, which have 

only been reported at very low temperatures. 23 The 

process responsible for termination at this molecular 

weight is most likely chain transfer to solvent 

(chloroform). Chloroform has rather high chain transfer 

constants (Cs ), 

polymerizations 

respectively. 24 

acetic acid 

3.4 and 150: as measured in the radical 

of styrene and vinyl acetate 

The other possibility is transfer to the 

stabilizer. This process is probably 

insignificant however, since acetic acid has lower Cs 

values compared to chloroform (2.0 styrene, 1.1 vinyl 

acetate) and is present in low concentration relative to 

chloroform. To reach a MW of 1.5 x 10 6 , the highly 

stabilized radical undergoes about 60,000 monomer 

additions before transfer to chloroform occurs. Line 7 of 

Table 1 shows that a modest increase in polymerization 

temperature results in significantly higher molecular 
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weight polymer. An interpetation of this result is that 

diffusion of monomer to the growing polymer end is 

accelerated by higher temperatures while termination 

remains relatively constant. At any rate, radical 

polymerization at elevated temperature yielded polymer of 

a molecular weight rivaling that found in the anionic 

polymerizations of DEDCQ. 

Molecular Weight Reproducibility 

The reproducibility of the reported molecular 

weights was found to be dependent on strict observance of 

the protocol for monomer handling outlined in the 

Experimental section. The homopolymerization data in 

Table 1, and copolymerization data to follow, summarize 

individual experiment results, obtained after 

implementation of the following experimental procedure. 

The salient idea is that under ambient conditions DEDCQ 

must be rapidly freed of solvent and then quickly 

introduced into the polymerization system. Failure to 

follow the outlined procedures results in lower molecular 

weight polymers, 2-3 x 105 vs. polystyrene standards. 

While the molecular weight of these polymers may still be 

considered high, this factor of five reduction has a 
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significant effect on the physical properties of the DEDCQ 

homopolymers. As observed in DBDCQ by Iwa tsuki, the 

solution viscosity of p-DEDCQ increases very rapidly in 

this range. Molecular weight also has a great effect on 

the solubility of the polymer which becomes important when 

working up polymerizations. The only solvents which 

solvate DEDCQ are nucleophilic and therefore cause it to 

polymerize anionically. This was probably the reason that 

Iwatsuki chose to work with DBDCQ which is soluble in 

hexane/isopropyl ether. We found that 150 mL of a 1:1 

mixture of methanol and acetic acid solvated unreacted 

monomer, prevented DEDCQ polymerization, and effectively 

precipitated high molecular weight DEDCQ. Lower molecular 

weight DEDCQ is not precipitated by this system and 

therefore gives the impression that no polymerization 

occurred. We know of no way to effectively separate low 

molecular weight poly-DEDCQ from DEDCQ. 

There remains the question of why polymerizations 

using DEDCQ which has been exposed to solvent and air for 

prolonged periods result in lower molecular weight 

polymers. Given the radical nature of the 

polymerizations, species capable of terminating growing 

radicals must be formed under ambient conditions. 
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spontaneous Copolymerizations of Di(ethoxycarbonyl)-

dicyanoquinodimethane with styrene and p-Meost 

The results 

DEDCQ with styrene 

Initiation 

of spontaneous copolymerization 

are given in Table 2. 

of 

DEDCQ spontaneously copolymerized with st under 

all the conditions employed. The rates of these 

copolymerizations varied greatly with polymerization 

conditions. DEDCQ-st copolymerizations proceeded very 

slowly at 4° C. Conversion after almost two days was only 

11% (Table 2). Faster polymerizations were observed at 

room temperature in the dark, These polymerizations were 

significantly faster than spontaneous DEDCQ 

homopolymerizations under identical conditions. Exposure 

to ambient light increased the rate of spontaneous DEDCQ

st copolymerization at room temperature. 

The above results show that DEDCQ is more reactive 

toward spontaneous copolymerization with styrene than 

toward spontaneous homopolymerization. This is evidence 

that styrene plays a role in initiating copolymerization. 
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\0 
M 

Run 
no. 

1 

2 

3 

4 

5 

6 

Table 2 

SPOtrl'ANROUS (CO)POLYKRRIZATIONS OF DECQ MID ST IH DAIUt AND AMBIENT LIGHT a 
b 

DECQ st DECQ 'temp. Time Yield N\ copoly Hn x 106 l'{ inh d1/q mq mg in feed C hr. \ DECQ 
\ \ 

REACTIONS UNDER DARK CONDITIONS c 

117 47.3 47 4 28 7 8.11 69 1.1 

116 47.4 28 4 44 11 8.00 65 1.5 

117 41.7 50 25 21 20 8.38 14 1.6 2.69 
115 41.4 49 25 42 30 8.53 78 1.2 2.10 

REACTION IN (FLUORESCENT) AMBIENT LIGHT 

112 42.7 48 25 30 30 8.20 71 1.4 2.14 

112 44.1 47 25 45 38 8.46 76 1.3 2.19 

a) In .. mL CHCll containing 80~L CH~COO~ 
b) 0.2-0.4 , ch oro form solutions @ 4.5 C 
c) polymerization ampule was wrapped in aluminum foil prior to addition of DEDCQ 



This result consistent with bond forming initiation as the 

dimer diradical formed between two DEDCQ molecules lack·s 

the push-pull stabilization present in the DEDCQ-St 

phenylene tetramethylene. 

The results of spontaneous copolymerizations with 

p-MeoSt are presented in Table 3. spontaneous 

polymerizations of DEDCQ-MeOSt proceeded markedly faster 

than DEDCQ-st copolymerizations. This is again 

consistent with initiation by bond formation as increasing 

the strength of the donor increases the push-pull· 

stabilization 

C~H ~I 
:,.. 

CH, 

COH 
~I 
:,.. 

... 

of the tetramethylene: pH, 
o ~ ~ h 
:1 EIOC (:N • 

Et~ J=\~CN I 0-" I,......CH,--cH 

rc?\J\ru . ~- - E~ 

As with st, the rate of DEDCQ-p-MeOSt copolymerization 

increases with temperature. Unlike DEDCQ-St 

copolymerizations, DEDCQ-p-MeOSt copolymerizations are not 

accelerated by exposure to ambient light. The reactivity 

of the quinodimethane nucleus is manifest when one 
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00 
M 

Run 
no. 

1 

2 

3 

4 

5 

6 

7 

Table 3 

SPONTANEOUS (CO)POLYHERIZATIONS OF DECO AND p-MeOST IN D~ AND AMBIENT LIGHT a 

p-MeOSt DECO 'temp. Time Yield N% copoly Mn x 106 b 
DECO 'Ttinh dl/g 
mg mg in feed C hr. % DECO 

\ % 

REACTIONS UNDER DARK CONDITIONS c 

117 55.5 49 4 7 12 6.05 45 1.3 

120 57.1 49 4 10 IB 6.20 47 1.3 1.97 

125 5B.5 49 4 17 2B 6.1B 47 1.2 2.16 

121 56.5 49 4 2B 42 6.14 46 1.2 2.23 

117 56.5 47 25 5 20 6.29 4B 1.3 

116 54.B 49 25 7 25 6.21 47 1.3 

118 53.5 50 25 9 33 6.31 48 1.2 2.19 



m 
M 

Run 
no. 

8 

9 

10 

Table 3 (cont. ) 

DEDCQ p-MeOSt DEDCQ Temp. Time Yield N% copoly 
mg mg in feed C hr. % DEDCQ 

% % 

REACTION IN (FLUORESCENT) AMBIENT LIGHT 

115 55.7 48 25 5 17 

116 55.1 49 25 7 35 

113 50.7 50 25 16 42 

a) In 4 mL CHC13 containing 80~L CH3COOH 
bl 0.2-0.4 \ chloroform solutions @ 24.5·C 

6.53 51 

6.51 51 

6.51 51 

Mn x 106 inh dl/gb 

1.2 

1.2 2.24 

1.2 1.95 

c) polymerization ampule was wrapped in aluminum foil prior to addition of DEDCQ 



compares the rate of DEDCQ-p-MeOSt copolymerization and 

the rate of dimethyl dicyanofumarate (DDCF) -p-MeOSt 

copolymerizations. Bulk copolymerizations of DDCF and p

MeOSt at 130° C gave a 40% yield after three hours. 25 

Spontaneous solution polymerizations between DDCF and p

MeOSt did not occur in acetonitrile at 70° C after a 

period of hours. Heating a solution of DEDCQ-p-MeOSt to 

70° C resulted in complete consumption of DEDCQ (as 

indicated by a colorless polymerization mixture) within 

less than 30 min. 

Both the DEDCQ-St and DEDCQ-p-MeOSt copolymers 

formed at room temperature are richer in DEDCQ than those 

formed at 4° C. The p-MeOSt copolymers formed during 

exposure to ambient light at room tempera-ture are richer 

in DEDCQ than those formed in the dark. comparing these 

resul ts with the homopolymerization results in Table 1 

shows that, as conditions become more favorable to DEDCQ 

polymerization, the DEDCQ-donor copolymers become richer 

in DEDCQ. This result supports the dimeric nature of the 

initiation species in the spontaneous homopolymerizations 

of DEDCQ. At 4 ° C in the dark (conditions under which 

DEDCQ does not homopolymerize), the sole initiation 

species is the push-pull stabilized donor-acceptor 
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phenylene tetramethylene and copolymers relatively rich 

in donor are formed by subsequent addition of monomer. At 

room temperature in the dark and to a greater extent 

under ambient light, DEDCQ dimers are being formed in 

addition to the donor-acceptor species. The DEDCQ dimers 

subsequently initiate copolymerization and to a small 

extent, are incorporated into the growing chain. 

causes the chains to be slightly richer in DEDCQ. 

This 

If the 

initiating species were a DEDCQ monomer in diradical form, 

it could also initiate polymerization and be incorporated 

into the polymer. but this would not lead to DEDCQ 

enrichment. Fairly large quantities of DEDCQ dimer may 

exist under ambient conditions but due to the dominance of 

the 

have 

chain 

the 

propagation mechanism over 

observed small effect 

compositions. 

Propagation 

radical 

on the 

coupling, 

copolymer 

While the results support initiation by bond 

formation analogous to the p-Meost-dicyanofumarate case, 

propagation by radical combination, found in that case, 

does not occur in this system. Spontaneous 

copolymerizations produced high molecular weight polymer 
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at low conversion and the molecular weight did not 

increase during the course of polymerization; therefore, 

ese copolymerizations, like the DEDCQ homopolymer

izations, propagate by chain addition. While radical 

coupling between a (p-MeO)st chain end radical and a DEDCQ 

chain end radical (which occurs in the fumarate system) is 

more favorable sterically than DEDCQ coupling, it is 

likely that at any instant in time the growing chains are 

terminated by the more stable DEDCQ end so the former 

process does not have a chance to occur. 

Termination 

As with the homopolymerizations, the only likely 

mode of termination is chain transfer to solvent. The fact 

that the copolymerizations and the DEDCQ 

homopolymerizations all give polymers of about the same 

molecular weight supports the assertion that addition of 

DEDCQ monomer to styrene radical, end group is very fast 

so that at any instant in time the growing copolymers are 

terminated by a DEDCQ radical giving a rate of termination 

identical to the DEDCQ polymerizations. As a result 

whether the polymerization is a homopolymerization or a 

copolymerization, termination occurs by chain transfer 
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from a DEDCQ terminated chain to chloroform. 

Further Copolymer Characterization 

Just as the chirality of p-DEDCQ cause the polymer 

to be soluble in common solvents, the additional stereo 

irregularity also instills greater solubility in the 

copolymers. As a result relatively concentrated solutions 

may be prepared for NMR analysis. The nearly alternating 

nature of the DEDCQ-p-MeOSt copolymers, as established by 

nitrogen analysis, 

Figures 1 and 2 

is supported by 13 C NMR spectroscopy. 

show the broad band decoupled 13 c 

resonances of the DEDCQ methyl ester and nitrile carbon 

atoms in the spectrum of a DEDCQ-p-MeOSt copolymer as 

compared with the spectrum of poly-DEDCQ. Except for the 

line broadening of the nitrile resonance caused by the 

attached nitrogen atom, the DEDCQ homopolymer resonances 

are fairly sharp despite the chirality in the DEDCQ 

backbone. In contrast the copolymer resonances are very 

broad. This 

composition 

significant 

frequencies. 

is evidence of a highly alternating chain 

as DEDCQ 13 c resonances do not show 

absorptions at their homopolymeric 
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CHAPTER 3 

SYNTHESIS AND POLYMERIZABILITY OF 

7,8-DI(CYANO)-7,8-DIPHENYLQUINODIMETHANE 

BACKGROUND 

The synthesis and polymerizability of 

diphenyl- and tetraphenylquinodimethane was described by 

Thiele and Balhorn in 1904. 26 7,8-diphenylquinodimethane 

was much more stable than p-quinodimethane but still 

underwent spontaneous polymerization at room temperature. 

Tetraphenylquinodi methane was completely stable to 

polymerization. This was attributed to the extreme steric 

congestion about the exocyclic positions: 

</J ,~ 

) tQ-1. 
\ I c-c+ 
\\ /I 1 1 'n 

H H 

R.T. 

</J </J 

) +O-t I. 
\ h -c-

1 1 
'" f]J 
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The reason for the early interest in 

quinodimethanes was to-determine whether they existed in 

the quinoid or diradical form. 

The next phenyl-substituted quinodimethane was 

synthesized by Green in 1985. 8 

7,8-Di(methoxycarbonyl)-7,8-diphenylquinodimethane (DMDPQ) 

was isolated as a mixture of cis and trans isomers. 

The non-polymerizability of DMDPQ resembled that of tetra-

phenylquinodimethane. DMDPQ was totally inert to both 

anionic and free radical homopolymerization and 

copolymerization. Furthermore when a radically 

polymerizable monomer such as p-MeOSt was stirred in the 

presence of radical initiator and DMDPQ, it also failed to 

polymerize. The only reaction which was observed to occur 

at the 7 and 8 positions was the addition of methanol 

across the system when the quinodimethane was treated with 
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an excess of sodium methoxide. As with the case of 

tetraphenylquinodimethane the inert nature of DMDPQ was 

attributed to steric crowding around the reactive 7,8 

positions. 

While there is no reason to doubt that the size of 

the sUbstituents at the 7 and 8 positions inhibits the 

polymerizability of DMDPQ, steric reasons are not 

necesarily the only cause. Given the reactivity of the 

DADCQ series discussed in Chapter 2, the failure of 

tetracyano- quinodimethane (TCNQ) to homopolymerize cannot 

be attributed to steric effects. 

The reason that TCNQ does not homopolymerize, and 

DMDCQ does not form any type of polymer, may be due to 

electronic factors that weaken the C-C bond formed by 

their respective polymerizations. 

Braun in Germany 27-29 and otsu 30-32 in Japan 

have demonstrated the weak nature of the bond between 

diphenyl substituted carbon atoms. In parallel studies 

these workers were able to polymerize acrylic monomers by 

heating them in the presence of compounds (which they 

refer to as iniferters) such as: 
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¢ I/> 
I I ¢-c-c-¢ 
\ I 
eN CN 

1 

At elevated temperatures I 

¢ rp 

I I ¢-c-c-¢ 
I I 
o 0 
¢ ¢ 

2 

the bond between these centers 

cleaves resulting in two identical radical species If a 

radically polymerizable monomer is present it may 

propagate following reaction with one of the radical 

fragments. The propagating radical then combines with 

another radical fragment of the iniferter. 

'" I 
tP-C' 

L-
o 

'" 

r1J tP 

I I 
tP-C-C-tP 

I I 
~ g 

CH, 

==9 
c=o 
I 
OCH, 

rp 
, . CH, CH 

I I ' 
tP-C-fCH,-c -t-CH,-c. 

I I n I 
o C=O C=O 
tP I I 

OCH, OCH, 

tIJ 
I 

Ill-C' 
I 
o 
<I> 

) 

tP 

tP 

I 
2 tP-C • 

I o 
tP 

I 
CH, CH, 
I I 

tP-C -fCH -C -t-CH,-c. 
I ' I n I 
o C=O C=O 
tP I I 

OCH, OCH, 

i ?H, rH, i 
------:~ tIJ-C -fCH, -C +CH,-C-C-¢l 

I I n I I 
o c=o C=O 0 
~ I I i/J 

OCH, OCH, 

It was further found that at 90° C diphenyl end 

groups cleaved from the acrylic oligomer leaving a radical 

end which could undergo futher polymerization. 
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CH, CH 
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<1> CH, CH, tI>, 
I I I 

tI>-C --fCHz-f -3;;-cHz-Cf'-' -T-tI> 
,. c=o 6=0 CN 
CN I I 

OCH, OCH, 

o 
----~ 

The end group of the oligomer formed by iniferter 2 and 

methyl methacrylate is similar to the repeat unit in the 

theoretical DMDPQ polymer. Considering the substi tuents 

present, the C-C bond formed by the theoretical 

polymerization of DMDPQ would be weaker than the bond 

binding the iniferter end group. Therefore electronic 

destabilization of the linking bond in theoretical p-DMDPQ 

may be (with or without a steric contribution) the reason 

that DMDPQ does not homopolymerize. 

Our Approach 

In order to determine the relative importance of 

the steric and electronic factors in the inactivity of 

DMDPQ we chose to synthesize 7,8-dicyano-7,8-

diphenylquinodimethane (DCDPQ): 
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The repeat unit in the theoretical DCDPQ homopolymer 

contains the same bond as tetraphenylsuccinodinitrile 

therefore contains a weak bond weaker than the 

corresponding bond in DMDPQ. 

CN CN </J CN 

1-0-
11-0- 1 +c , / c-c 'I '\ c 1: . 1 "/J I 1 - 1 n 

r/) t/J CN </J 

The nitrile group is quite small, so the size requirement 

of the polymerization of DCDPQ is not greatly different 

from that of diphenylquinodimethane. As a result 

successful homopolymerization and/or copolymerization of 

DCDPQ would identify the steric factor as the reason that 

DMDPQ does not polymerize. Conversely if DCDPQ proves to 

be as inert as DMDCQ, electronic factors would be 
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identified as the reason that both monomers do not 

polymerize. The results of polymerizations of DCDPQ at 

reduced temperatures will be used to predict the results 

of low temperature polymerizations of DMDPQ which were not 

investigated. Finally, synthesis of DCDPQ is the next 

logical step in the study of asymmetrical 7,8,7,8 

substituted quinodimethanes. 
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RESULTS AND DISCUSSION 

synthesis 

The synthetic strategy employed was closely related 

to that used in the synthesis of DMDPQ (Fig 3).8 The 

first step was a Friedel-Crafts alkylation of benzene with 

a,a'-diphenyl-p-xylene. Green reported that the yield of 

this reaction using FeCl3 was 61% and the crude product 

required distillation at high temperature. By employing 

TiCl4 under identical reaction conditions, an 85% yield 

was achieved without the need for distillation. The 

following functional group conversion strategy was decided 

on after attempts to prepare the dinitrile by a 

sUbstitution reaction between the corresponding dichloride 

and cyanide ion were unsuccesful. The dicarboxylation was 

run following Green I s procedure except that a slightly 

larger excess of base was used and the diacid product was 

purified and characterized. The diacid was then converted 

to the corresponding diamide via the acid chloride by 

refluxing the diacid in an excess of thionyl chloride and 

adding the acid chloride to concentrated ammonium 

hydroxide. Dehydration of the diamide was also achieved 

by reflux in thionyl chloride and subsequent purification 
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Synthesis of Di(phenyl)dicyanoquinodimethane 
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of the product by column chromatography As in the case of 

Q,Q'-diethoxycarbonyl-Q,Q'-dicyanoquinodimethane, 

beginning with the diacid, these compounds are present in 

isomer ic forms: meso and racemic (dl). As a result 

attempts at purification of these compounds by 

recrystallization were unsuccessful. 

Oxidation of the dinitrile to DCDPQ was achieved 

using the procedure outlined by Hall and Bentley. 12 

Addition of a THF solution of the dinitrile to NaH results 

in instant dianion formation as evidenced by a dark red 

reaction mixture. Subsequent oxidation with I2 gave the 

desired quinodimethane and some small oligomers I mostly 

dimer and trimer, as evidenced by a GPC chromatogram of 

the reaction mixture. Removal of these more soluble 

higher molecular weight fractions was accomplished by 

recrystallization from hot acetonitrile. The amount of 

monomer in the crude product could be increased by heating 

the sample to about 150 0 C. 

DCDPQ Characterization 

The solution 250 MHz IH spectrum of DCDPQ is shown 

in Figure 4. As with DMDPQ both the cis and trans 
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Figure 4 56 

a = 7.13 5 

b ~ 7.42-7.55 5 

c = 7.24,7.25 7.42,7.43 dd 

d 7.38,7.39 7.42,7.4-3 dd 

250 M Hz NMR 

Q 

8 7 ppm 



forms are present. The peak assignments were made by 

comparison with DMDPQ and tetracyanoquinodimethane. The 

quinoid protons of the latter lie at 7.5 ppm, and it may 

be assumed that the resonance of Hb is obscured by the 

large aromatic resonance. considering the NMR results, 

which demonstrate the presence of both the cis and the 

trans forms, it is surprising that DCDPQ forms sharply 

melting (207-8 0 C) needle-like crystals upon cooling the 

acetonitrile recrystallization solution. Close 

observation of the recrystallizing product reveals that 

only needle-like crystals are formed. DMDPQ, which also 

exists in cis and trans forms by NMR, does not form well 

defined crystals and exhibits a broad melting point (145-

156 0 C). This apparent paradox has two possible 

explanations. DCDPQ may be able to isomerize in solution 

at room temperature (possibly through a diradical 

intermediate) and subsequently crystallize as the cis or 

trans form exclusively. Alternatively, 

the cis and trans forms may allow 

isomorphous solid. In both cis and 

quinoid protons closest to the 

the geometries of 

them to form an 

trans DMDPQ the 

exocyclic phenyl 

sUbstituents are significantly shielded. This was taken as 

evidence that the phenyl sUbstituents are twisted out of 

the plane of the main pi system which places the 
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neighboring quinoid protons in a position to be shielded 

by the aromatic ring current. The fact that no protons in 

DCDPQ are significantly shielded indicates that the phenyl 

rings in DCDPQ are relatively coplanar with the quinoid pi 

system. The resulting flat geometry may result in an 

isomorphous material. 

I.R. Characterization 

Further evidence for the planarity of the molecule 

is seen in the LR .. spectrum (Fig. 5). The normally weak 

nitrile stretch absorption is as intense as any peak in 

the spectrum. Both this intensity and the low frequency 

of absorption (2200) cm-1 indicate that the nitrile groups 

are in resonance with the entire molecule. 

Electronic Characterization 

The first reduction potential of DCDPQ was found to 

be -0.63V vs. a silver/silver chloride reference electrode 

in acetonitrile. As expected, this is less than TCNQ (-

0.23) and greater than DMDPQ (-0.85) with its less 

strongly electron accepting ester substituent. The cyclic 

voltammogram for DCDPQ also shows a second reduction peak 
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at -1.1 V which is taken as evidence of dianion formation. 

Corresponding oxidatipn curves indicate that these 

processes are reversible. 

Further Characterization 

DCDPQ is an orange solid which forms yellow or 

orange solutions depending on concentration.DPDCQ is very 

soluble in halogenated solvents (25 mg/ 1 mL CHC13), but 

less soluble in THF and toluene (25mg/ 5 mL) . 

Polymerizability of DCDPQ 

The polymerizability of DCDPQ is summarized in 

Table 4. 

Homopolymerizability of DCDPQ 

The formation of oligomers during the oxidation of 

a,a'-dicyano-a,a'-diphenylxylene to DCDPQ was taken as an 

early indication that DCDPQ would homopolymerize. The 

first attempt was run at 60° C in the presence of AIBN 

radical initiator. As the temperature was not much below 

that where tetraphenylsuccinodinitrile acts as an 

iniferter, the chances of a successful homopolymerization 

60 



Table 4 

Polymerizations of DCDPQ a 

Comomomer 

Styrene 

p-MeOSt 

p-Aminostyrene 

p-Aminostyrene 

Conditions 

AIBN, 60· C 
CHC13 

BuLi, -78· C 
toluene 

BuLi, -78· C 
THF 

AIBN, 60· C 
CHC13 

" 

60· C 
CHCL3 

1 

15 

Trace 

~DCDPQ 
in Copolymer 

Not 
Determined 

5Sd 

a) 120 mg DCDPQ, equimolar amounts of comonomer, 1 mL CHC13 
5 mg AIBN, 24 hr. 

b) As compared to polystyrene standards 
c) Molar yield based on total monomer feed 
d) Calculated using N analysis (6.96 %) 
e) Approximate value obtained from NMR integration 
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were not considered great. 

recovered quantitatively. 

GPC analysis of 

As expected DCDPQ was 

an attempted anionic 

homopolymerization of DCDPQ in toluene using BuLi as 

initiator at -78 0 C showed that DCDPQ was oligomerized (to 

dimer and trimer) to the extent of 1%. Using THF as the 

solvent increased the amount of oligomerization to 15% but 

did not increase the size of the oligomers. These results 

demonstrate that p-DCDPQ is sterically accessible. The 

very low DP of the homopolymers may be due to competing 

depolymerization. The fact that a mixture of DCDPQ monomer 

and oligomers may be enriched in DCDPQ monomer by heating 

shows that depolymerization occurs in the solid state. 

Depolymerization of quinodimethane homopolymers has been 

previously observed. By heating poly-TMCQ.1 at reduced 

pressure, TMCQ could be recovered in appreciable yield. 12 

Furthermore, Iwatsuki noted that poly-DBDCQ 5c regenerated 

small amounts of monomer upon standing in the presence of 

light. 1 

In view of the homopolymerization results in Table 

4, it is clear that these depolymerization processes are 

dominant in the case of DCDPQ. Examining the known 
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quinodimethanes the homopolymerizability of DCDPQ is 

comparable to that of sterically crowded 

tetraethoxycarbonylquinodimethane ~ 11 

Free Radical Initiated copolymerizations of DCDPQ 

The radical initiated copolymerizability of DCDPQ 

was dependent on the identity of the donor monomer. DCDPQ 

did not copolymerize with isobutyl vinyl ether but formed 

a good yield of copolymer with p-aminostyrene (p-NH2st). 

Examination of these results and the intermediate yields 

obtained with styrene and p-MeOSt point out features in 

the comonomer needed for successful copolymerization with 

DCDPQ. Only the monomers which can stabilize the 

with an aromatic system growing radical via resonance 

copolymerized. This result may be interpeted in light of 

acetate system. 24 Vinyl the classical styrene-vinyl 

acetate may be homopolymerized radically. However, when a 

small amount of styrene is included in the system it 

quickly adds to the growing chains and further propagation 

is effectively inhibited. Subsequent styrene 

polymerization does not occur since it is present in 

small quantity. Further vinyl acetate polymerization is 
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inhibited because vinyl acetate is unreactive toward the 

stabilized styryl radical. Analogously, AIBN may initiate 

the polymerization of isobutyl vinyl ether but once a 

DCDPQ monomer adds to the growing radical it is highly 

stabilized and .does not propagate since DCDPQ does not 

homopolymerize at elevated temperatures, and isobutyl 

vinyl ether is unreactive to the stabilized radical: 

"X, 
CH,-CH ~ 

I 

-l 
When the comonomer is qlso able to stabilize radicals it 

is adds to the DCDPQ terminated radical chain and 

propagation occurs. The results also show that for the 

formation of a significant yield of copolymer, the 

aromatic sUbstituent must bear an electron donating 

substituent. This observation is consistent with radical 

copolymerization theory which predicts that large 

differences in comonomer polarity favor copolymerization. 

stabilization of a polar transition state in the 

propagation step or formation of 1:1 charge transfer 

complexes whose addition to the growing radical is facile 
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compared to simple monomer, are the reasons given for this 

behavior. Low temperature polymerizations using photo-

generated radicals and anions as initiators are 

potential techniques for expanding the scope and degree of 

the copolymerizations reported. 

spontaneous Polymerization of DCDPQ with p-Arninostyrene 

In view of the results described in Chapter 2 we 

predicted that DCDPQ would polymerize spontaneously with a 

strongly donating monomer. As with DEDCQ bond formation is 

favored by aromatization. spontaneous copolymer formation 

would indicate that the phenylene tetramethyl is diradical 

in nature. Homopolymerization of a polymerizable donor 

monomer would be evidence for a zwitterionic intermediate: 

¢J ¢J 

I FLL 
NC-I~-~~ 

+ ) 

C~-¢' 

NH, 

To test this hypothesis the copolymerization of DCDPQ 

p-NH2st was repeated in the absence of initiator. 

precipitation it was found that polymer 

with 

Upon 
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had formed, the NMR of which was identical to that of the 

product of the initiated polymerization. The yield of the 

spontaneous polymerization was about one third that of the 

initiated polymerization. This result may be taken as 

early evidence of the formation of the above intermediate. 

The facts that this polymerization is slower than the 

spontaneous polymerizations of DEDCQ and does not require 

acetic acid may allow for more successful trapping 

experiments than those which were attempted on the DEDCQ

styrene systems. 

Copolymer Characterization 

The 250 MHz 1H NMR spectra of the p-MeOSt and p-NH2st 

copolymers are shown in Figure 6. As with the DEDCQ 

copolymers described in Chapter 2, the stereochemistry 

present in the copolymer backbone further broadens the 

already broad polymer resonances. 

of the aromatic region with the 

By comparing the area 

area of the backbone 

proton region one may estimate the copolymer compositions. 

This comparison indicates that the copolymers have close 

to a 1:1 composition. The small upfield resonances may 

be attributed to the backbone protons of neighboring donor 

atoms. with one exception the elemental composition of 
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the monomers is too similar for determination of copolymer 

compos i tion by analys is. The exception is the nitrogen 

analysis of the DCDPQ-p-MeOSt copolymer. The value 

obtained puts the composition of that copolymer at 55% 

DCDPQ. 

The molecular weights of the copolymers were 

uniformly low. Assuming a 1: 1 composition, the DP of 

these polymerizations was about 10. The copolymers were 

isolated as soluble, off white powders due to the 

difficulty of removing trace quantities of DCDPQ monomer. 

Upon heating, p-DCDPQ-p-MeOSt and p-DCDPQ-p-NH2St 

copolymers darken at 180 0 and 200 0 and melt at 220 0 and 

240 0 C respectivly. Depolymerization upon melting is 

evidenced as both copolymers form a dark orange melt 

indicating the regeneration of DCDPQ monomer. 

Conclusions Regarding DMDPQ 

In light of these results it may be concluded that 

steric hindrance does prevent DMDPQ from polymerizing and 

prevents the copolymerization of normally reactive 

monomers. Although DCDPQ only homopolymerized to 

a small degree, it showed a higher degree of reactivity 
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than DMDPQ as evidenced by its tendency to oligomerize 

and its copolymerizability with aromatic electron donor 

monomers. Whether DMDPQ would (co) polymerize in the 

absence of the steric factor is impossible to tell; 

however, given the iniferter data it should be at least as 

polymerizable as DCDPQ and may polymerize at low 

temperature. 
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CHAPTER 4 

CONCLUSIONS AND FUTURE DIRECTIONS 

As stated in the introduction, a thorough 

understanding of a compound or class of compounds is a 

prerequisite to their efficient application to end uses. 

To that end this work has attempted to explore and explain 

the polymerization behavior of a class of quinodimethane 

monomers. This was done by comparing the chemistry of the 

subject compounds to that of more common olefin monomers, 

and also to the chemistry of other small molecules. 

Potential 

include their 

solubility and 

applications of polyquinodimethanes 

use as photoresists. Due to their 

film forming ability quinodimethane 

polymers exhibit the necessary processibilty. The 

susceptibility of quinodimethane polymerizations and 

depolymerizations to irradiation has been touched on in 

this work and that of Iwatsuki. 1 A more systematic study 

of the photochemistry of quinodimethanes is needed before 

compounds suitable for application may be selected or 

synthesized. 
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As was pointed out, theories currently applied to 

related classes of compounds may be tested on 

quinodimethanes. The initial application of bond forming 

initiation to quinodimethane polymerizations invites 

further study. Specifically, the successful trapping of 

the proposed phenylene tetramethylene and dimer diradical 

reaction intermediates (which will probably require the 

systematic variation trial of trapping conditions and 

agents) is needed to unambigously establish the existence 

of these species. 

Through the continuation of these types of studies 

it is possible that quinodimethane monomers and their 

polymers may become an important class of materials. 

71 



EXPERIMENTAL 

Instrumentation 

IH NMR spectra were recorded on varian EM-360 and Bruker 

WM-250 spectrometers at 60 and 250 MHz respectivly. 

Infrared spectra were recorded on a Perkin Elmer 983 

infrared spectrophotometer. UV spectra were recorded on 

an IBM 9420 UV-VIS spectrophotometer. EPR spectra were 

obtained using a Varian E-3 spectrometer. Size exclusion 

chromatography was run in chloroform using a Spectra 

Physics UV detector. The high molecular weight polymers 

were analyzed with a Shodex A-805 GPC column which gave a 

linear calibration curve over the range MW=2 x 105 - 2 x 

10 6 with polystyrene standards. Du Pont Zorbax PSM-300S, 

PSM-60S and IBM 10 um pore columns were used to determine 

the molecular weights of the lower molecular weight 

polymers by comparison to a polystyrene standard curve 

which was linear in that region. Cyclic voltammetry was 

run on a BAS CV-IB cyclic voltammograph using acetonitrile 

as solvent and tetrabutylammonium tetrafluoroborate as 

supporting electrolyte at a scan speed of 250 mV/second. 

viscosity values were obtained using a Ubbelhohde 
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viscometer. Melting points were determined on a Hoover 

capillary melting point apparatus. Elemental analyses 

were performed by Desert Analytics, Tucson, Az. 

a,a'-p-Xylene Dicyanide 

20g. (0.11 mole) p-xylene dichloride (Aldrich) was 

dissolved/suspended in a mixture of 17 mL water, 35 mL 

ethanol, and 40 mL THF. 15g. (0.31 mole) sodium cyanide 

was added and the mixture stirred for 48 hr. The THF was 

removed on a rotary evaporator and 200 mL each of water 

and dichloromethane were added. The organic layer was 

dried over anhydrous magnesium sulfate and the 

dichloromethane removed. After drying the product weighed 

17g. (95% yield). M.P.=96-97° C IH NMR signals @ 7.4 

(S,4H), 3.6 (s,4H) ppm. I.R. (KBr) 2250 (CN) cm-1 . 

a,a'-Bis(ethoxycarbonyl)-a,a'-dicyano-p-xylene 

12.7 g. (0.320 mol) 60% sodium hydride (Aldrich) was 

covered with 100 mL dimethoxyethane in a three neck flask 

under a N2 sweep. The mixture was mechanically stirred as 

a small portion of a solution of 10.0 g. (0.06 mol.) p

xylene dicyanide and 30 mL (0.25 mol) diethyl carbonate in 
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150 mL glyme was added. The reaction mixture was then 

heated with a heat gun until the reaction began to 

exotherm. The remainder of the p-xylene dicyanide, 

diethyl carbonate mixture was then added so as to maintain 

a controlled reaction. The mixture was stirred at room 

temperature for 12 hr. after which time the glyme was 

removed and the residue quenched with 200 mL 10% acetic 

acid. Extraction with 250 mL chloroform yielded a brown 

oil upon removal of the chloroform. 

obtained by dissolution of this oil 

Solid product was 

in 500 mL diethyl 

ether followed by addition of hexanes until the solution 

became cloudy. Cooling to 0 0 C gave 13.0 g, a,a'

diethoxycarbonyl-a,a,- dicyano-p-xylene (6B%),M.P.=63-65° 

C, IH NMR (CDC13) signals @ 7.5 (s, 4H), 4.B (s, 2H), 4.3 

(q, 4H), 1.3 (t, 6H) ppm I.R. (KBr): ~250 (CN), 1750 (CO) 

cm- I . 

7, B-Di(ethoxycarbonyl)-7,B-dicyanoquinodimethane 

2.0 g (6.7 mmol) ~-a'-Bis(ethoxycarbonyl)-a,a'-dicyano-p

xylene was dissolved in 15 mL dry acetonitrile in a 50 mL 

flask fitted with a magnetic stirrer. The flask was cooled 

to O°C and put under a N2 sweep. 2.0 g. (12.2 mole) N-

bromosuccinimide was was dissolved in 15 mL acetonitrile 
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and added to the flask after it was also cooled to 0 0 C. 

After mixing for 5 minutes 1.6 mL (20 mmol) pyridine was 

added. After an additional 5 minutes the reaction mixture 

was filtered and the filtrate washed with cold diethyl 

ether. Recrystallization was achieved by dissolving the 

crude product in chloroform containing a few drops of 

acetic acid at room temperature and followed by cooling to 

-40 0 C. Filtration of the recrystallization solution 

yielded 0.72 g. di (ethoxycarbonyl) dicyanoquinodimethane 

(36 %), M.P. (decomposition) =170 0 C, NMR signals @ 8.65 

(D, IH), 8.50 (D, IH), 7.60 (D, IH), 7.45 (D, IH), 4.32 

(q, 4H), 1.25 (t, 6H) LR. (KBr): 2225 (CN), 1720 (CO) 

cm-1 . 

spontaneous DEDCQ Polymerizations 

Polymerization Materials 

Freshly recrystallized DEDCQ was crushed to a fine powder 

during continued application of vacuum to facilitate rapid 

removal of solvent. Monomer was protected from heat 

during subsequent handling and was always 

immediately upon preparation. p-MeOSt and st were 

used 
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purchased from Aldrich Chemical Company and purified by 

conventional methods. CHCl3 was freed of ethanol 

preservative by washing with H2S04, H20, 10% NaOH, and 

again with H2o. It was dried over CaH2 and distilled. 

Reagent grade acetic acid was used as received. 

Polymerization Procedure 

Prior to isolation of DEDCQ, 4 mL of CHCl3 was distilled 

directly into a flamed ampule equipped with a stir bar. 

Acetic acid, 80 J.LL, was added. DEDCQ was added, with 

stirring to aid dissolution, followed by donor monomer for 

copolymerizations. The polymerization mixture was 

immediately frozen then degassed by the freeze thaw 

method, sealed, and stirred under the desired conditions. 

Isolation of polymeric products was achieved by 

precipitating the reaction mixture into 150 mL of 

vigorously stirred acetic acid-methanol (a 1:1 by volume 

mixture completely removed unreacted DEDCQ) . The 

precipitated polymer was concentrated by centrifuge and 

then filtered. Further purification was achieved by 

redissolving the polymeric product in CH2Cl2, 

reprecipitation in a small volume of CH30H, filtration and 

drying to constant weight. 

76 



~,~'-Diphenyl-p-xylene 

30.0g (0.17 mole) 7,8-diphenyl-p-xylene was dissolved in 

1200 mL benzene and the mixture cooled to 8° C. A slow N2 

sweep was applied and the mixture was mechanically stirred 

as 1.8 mL Ticl4 was added every 30 minutes for 2.5 hours. 

stirring was continued for 10 hours at 10° C after which 

time the mixture was allowed to warm to room temperature. 

50 mL of methanol was added and the reaction mixture was 

washed with H20 and the solvent removed. 

Recrystallization from hexanes yielded 36g. (0.14 mole) 

82% ~,~'-diphenyl-p-xylene, M.P=85° C, NMR and l.R. 

consistent with authentic sample. 

~,~'-Dicarboxy-~,~'-diphenyl-p-xylene 

14g. (0.05 mol) 7, 8-diphenyl-p-xylene was combined with 

16.8g. (0.15 mole) potassium tert-butoxide in 300 mL 

pentane in alL flask. The mixture was mechanically 

stirred and a nitrogen sweep applied. The flask was cooled 

in an ice bath and 60 mL, 2.5 M, (0.15 mole) n

butyllithium was added. After stirring for three hours 

the pentane was largely removed with a filter stick and an 

equal volume added and removed. 500 mL THF was then added 
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and after a short period of stirring the mix.ture was 

poured over an excess of freshly crushed dry ice. The 

excess dry ice was allowed to sublime and then the mixture 

was acidified with a 10% acetic acid solution. The THF 

layer was separated and extracted with H20. The original 

H20 layer was extracted with diethyl ether. After drying 

with MgS04 the ether layers were evaporated until 100 mL 

product/THF remained. 100 mL of hexanes were added with 

stirring and the solution cooled to -40 C overnight. 

Filtration followed by drying yielded 13.6g product (0.04 

mole), 7S% yield M.P.=253-25So, 1H NMR (CD3S0CD3) peaks 

@ 5.00 (s, IH), 7.25-7.30 (m, 7H) ppm loR (KBr) (dimer) 

3100-2500 (OH) , 1705 (C=O) cm-1 , Anal. Calc. for 

C22HlS04 C 76.2, H 5.20, ° lS.5 

lS.7. 

Found C 76.2, H 5.31, ° 

a,a'-Diamido-a,a'-diphenyl-p-xylene 

To 2.5 g. (7.2 mmole) a,a'-dicarboxy-a,a'-diphenyl-p

xylene in a 100 mL round bottom flask was added 20 mL 

thionyl chloride. The flask was equipped with a condenser 

and the mixture refl uxed until it became homogeneous. 

After refluxing for an additional 0.5 hour, the excess 

thionyl chloride was slowly distilled. The residue was 
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then added by syringe to a 100 mL of vigorously stirred 

concentrated ammonium hydroxide. Filtration yielded an 

off white solid which could be decolorized by Soxhlet 

extraction with benzene. Yield=2.0 g. (80%) M.P.=258-264, 

lH NMR (CD3S0CD3) peaks @ 7.7 (s, lH), 7.3-7.2 (m, 7H), 

7.1 (s,lH), 4.9 (s, 2H) ppm LR. (KBR) 3380,3180 (N

H), 1644 (C=O) , Anal. Calc. for C22H20N2 C 76.8, H 5.82, 

N 8.14 Found C 76.3, H 5.73, N 7.95. 

a,a'-Dicyano-a,a'-diphenyl-p-xylene 

1.5 g. (4.4 mmole) of the above product was combined with 

10 mL thionyl chloride in a dry 50 mL round bottom flask. 

The mixture was refluxed for 12 hr. after which time the 

excess thionyl chloride was distilled off. The flask was 

allowed to cool and then 150 mL distilled water is added. 

The aqueous suspension was then extracted with an equal 

volume of CH2Cl2 and the organic layer is dried and 

evaporated. The residue was triturated with a small amount 

of THF which was then decanted. The remaining sample was 

dissolved in CH2Cl2 and passed through a short column of 

silica gel using CH2Cl2 as eluent. Removal of the CH2Cl2 

and drying of the product yielded 0.65 g.(48%), M.P.= 

193-197° C, lH NMR peaks (CDCI3) @ 7.3 (s, 7H), 5.1 (s, 
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2H), LR. (KBr) 31.90,3160,3140 C-H arom., 2905 C-H 

aliph., 2240 C N, Anal. Calc. for C22H16N2 C 85.7 H 5.19 

N 9.08 Found C 84.9 H 5.19 N 8.85. 

7, 8-Dicyano-7,8-diphenylquinodimethane 

0.45 g. (15 mmole) NaH 80% oil dispersion was washed twice 

with pentane while under N2 in a 300 mL flask. 1.75 g. (5.7 

mmole) a,a'-dicyano-a,a'-diphenyl-p-xylene was dissolved 

in 100 mL dry THF and the solution added to the flask. 

The mixture was stirred for 5 hours after which time it 

was cooled to 0° C and a solution of 1.4 g (5.5 mmole) I2 

in 30 mL THF was added. The reaction mixture was then 

poured into 150 mL distilled H20 containing 2.3 g. NaHS03 

and KI. The THF layer was separated, extracted with H20 

and combined with a diethyl ether extract of the aqueous 

phase. The ether solutions were dried over anhydrous 

MgS04 and evaporated to leave an orange solid. 

Recrystallization from boiling acetonitrile yielded 0.21 

g. (45%) pure quinodimethane, M.P.=207-8° C, IH NMR 

(CD2C12) peaks @ 7.55-7.45 (m, IlH), 7.42-7.38 (dd, IH), 

7.28-7.24 (dd, IH), 7.13 (s, 7.13), LR. (KBr) 2200 

(C N) cm -1, U . V. ( CH 3 CN) max= 419 nm € = 60 , 000 , 

Anal. Calc. for C22H14N2 C 86.3, H 4.57, N 9.15 Found: C 
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85.8 H 4.50 N 9.23. 

Attempted Anionic Homopolymerization of DCDPQ 

100 mg. of DPDCQ was added to an oven and flame dried test 

tube equipped with a stir bar which was then sealed with a 

serum stopper and flushed with N2 for 15 minutes. 5.0 mL 

of THF was then distilled from Na and added to the tube. 

The tube was cooled to -7S 0 C under an N2 sweep. Three 

drops of 2.5 M BuLi was added by syringe and the 

polymerization mixture was allowed to stir for several 

hours before it was quenched with a small amount of 

methanol. 

analysis. 

An aliquot was then removed for immediate GPC 

Initiated Copolymerizations of DPDCQ 

Approximately 125 mg. of DPDCQ and 5 mg. of azobis

butryonitrile (AIBN) radical initiator were added to a 

flame dried polymerization vessel. 1.0 mL of CHC13 was 

added by means of a syringe followed by addition of an 

equimolar amount of donor monomer. The polymerization 

mixture was degassed three times by the freeze thaw method 
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and then placed in a bath thermostated to 65° C. After 

one day the tube was opened and the polymer precipitated 

into diethyl ether. After filtration the precipitate was 

repeatedly washed with diethyl ether until almost 

colorless. Further purification was achieved by repeating 

the precipitation and washing procedures. The copolymers 

were then dried by heating in the presence of P205 at 

reduced pressure. 

spontaneous Copolymerization of DCDPQ with p-Aminostyrene 

The procedure used was identical to that for the initiated 

copolymerizations except that no initiator was added. 
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