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ABSTRACT 

Tetracyanoethylene and tetracyanoquinod imethan were reacted with 

various N , N-dimethyl-a ,w -alkyldiamines to produce TCNE and TCNQ diamino 

and monoamino derivat ive s .  NMR and ir spectra of the monoamino deriva

t ives , 1 - ( N , N-d imethyl-a,w -alkyldiamino ) - 1 , 2 , 2-t ricyanoethylenes and 

7 - ( N , N-dimethyl-a ,w -alkyld iamino ) - 7 , 8 , 8-tricyanoquinod imethan s ,  indicated 

that these compounds exhibited st rong nitrogen-hyd rogen-nit rogen intra

mol ecular hydrogen bonding . This phenomenon was corroborated by molecular 

weight and preliminary x-ray analyses . 

The 1 , 1-bis (N , N-dimethyl-a ,w-alkyldiamino )-2 , 2-d icyanoethylene and 

7 , 7-bis ( N , N-dimethy l-a ,w-alkyld iamino) - 8 , 8-dicyanoqu inodimethan der ivatives 

were polymerized with a , w-alkyldibromides containing two to six methylene 

groups to produce the corresponding ionene po lymer s .  Viscos ity measure

ments o f  the polymers indicated that the TCNE copolymers were generally 

of higher molecular weight than the correspond ing TCNQ copolymers . 

The two polymer series were treated with lithium tet racyanoquinod i

methanide to produce semiconduc ting po lymers . Electrical measurement s  

indicated that these materials had conduc t ivit ies on the order o f  10-7 

ohm-1 cm- 1 • Treatment o f  the polymers with neutral TCNQ resul ted in 

increased conductivities ranging f rom two to five orders of magnitude . 



INTRODUCTION 

The ability of mat ter to conduct an electrical current has been 

investigated for many decades . The electrical conductivity of 

different substances varies significantly with their composition.  

Therefore , materials are generally classified into one o f  three 

categories : metallic conductor , semiconductor or insulator (Figure 1). 

Metallic conductors , s uch as copper and silve r ,  have cond uctivities 

1 

equal to  or greater than 1 02 ohm- 1 cm- 1 . Substances having conductivities 

ranging from 1 02 to 1 0- 1 0 ohm- 1 cm- 1 are referred to as semiconductors 

and include graphit e ,  germanium and silicon . Nonconducting materials , 

such as nylon , sulfur and silicone glass , are insulators and have 

conductivities less than 1 o- 1 0 ohm- 1  cm- 1 . 

Although organic materials are not generally capab le of conduct ing 

an electrical current , a number have been developed as semiconductors 

and a few have been prepared which approach metallic conductivity . 

Organic semiconductors have received particular interes t since 1 94 1 ,  

when i t  was first apparent that the trans fer of n electrons from 

molecule to molecule might play an important role in the fundamental 

processes of  b iological systems. 1•2 Subsequent invest igations into 

the electronic conduction mechanism have so far failed to produce a 

comprehensive theory of organic conduction . However ,  two possible 

transport mechanisms have emerged , the band model and the hopping model . 

In the band model , which is often applied to metallic conduction , there 
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are two distinct bands , conduction and valence bands , which are 

separated by an energy gap . When an e lectron is excited into the 

conduction band from the valence band , a hole or posi t ive site is 

left in the latter . The electron in the conduct ion band and the hole 

in the valence band both act as charge carriers wi th h igh mobi lity as 

they move freely within each respective band . In the hopping model , 

the charge carriers are local ized on the molecules themselves . In 

order for the electrons to pass from one molecule to the next , they 

must overcome an intermolecular barrier which severely lowers their 

mobility .  Mos t  organic molecules are  appreciab ly separated and are 

held together only by van der Waa ls forces which results in poor 

electronic coupling .  Therefore , electron trans fer between organic 

molecules is  generally poor . It  has been estab lished from these two 

models that the conduc t ivity a is dependent upon the concentration o f  

charge carriers n ,  their charge e ,  and mobi l i ty � (equation 1). 

a = ne� 

Presen t ly ,  mos t reliab le conduc t ivity data have been obtained f rom 

s ingle crystals .  However ,  many organic substance s ,  especially polymers ,  

are amorphous materials .  Consequent ly ,  conduc t ivity measurements are 

almost totally dependent upon powder techniques . The conduct ivity of a 

material in the form of a compressed powder can be ob tained by measuring 

its res istance R ( in ohms ) and using equation 2 ;  

a = t/RA 

where A is the contact area ( in cm2 ) o f  the electrode and t is  the 

thickness ( in em) of the pellet . The conductivity , which is the 

3 

(1) 

(2) 



reciprocal of  resistivity p, is reported in units of ohm- 1 cm- 1 or 

mho cm- 1 • The conductivity of a semiconductor increases with a rise 

in temperature accord ing to equation 3,  where E is  the energy of 
A 

activation , k the Boltzmann constant , T the absolute temperature ,  

4 

(3) 

and cr a constant . The increase in conductivity may be  attributed 
0 

to an increase in charge carrier mob il ity , an increase in the concentration 

of charge carriers , or both . The semiconductor behavior is opposite that 

of a metallic conductor , whose conductivity decreases wi th a rise in 

temperature . 

Measurements  of the Seebeck and Hall effects have been used to 

elucidate the conduction mechanism of organic materials . The Seebeck 

effect is a thermoelectric  effect measured by a coefficient whose  

resultant s ign is the same as  the sign of the maj ority carrie r .  In 

simple cases , the Hall effect indicates the magnitude of the mobility of 

the maj ority carrier and whether the mode of conduction is electronic or 

ionic . The Hall mobility for most organic materials is usually low and 

has b een measured only in a few cases . 

Specific monomeric as well as polymeric organic materials have been 

investigated for their potential as e lectrical conductors . 3•4 The 

polymeric systems are of particular interest since macromolecules of high 

conductivity (low resis t ivity) can be expected to possess useful mechanical 

and thermal p roperties , such as high tensile strength , variable rigidity 

and high softening temperature , which are lacking in the usually micro-

crystalline or amorphous monomeric materials . The polymeric semicon-

ductors could be used as conduct ive surfaces for electroplating 



nonconductors, for printed circuit board s, f or conversion of solar energy 

into electrical energy, and as photocond ucting f ilms f or copying. The 

expected plastic properties of high molecular weight polymeric semi

cond uctors would allow them to be f abricated into semicond ucting f ilms, 

filaments and mold ed articles. 

There are several methods by which polymers with low electrical 

resistance can be prepared. For example, cond ucting materi&ls have been 

obtained by doping noncond ucting polymers with cond ucting fillers, such 

as a metal powder or special types of carbon black.5 The noncond uctive 

poly mer functions as a matrix to hold the conducting f iller together. 

These evenly d ispersed particles render the polymer conductive when a 

sufficient number of them have been incorporated and when there ex ists 

a high d egree of contact between them. Usually a high concentration of 

filler is required in order to achieve low resistivity. Although these 

materials are electrical cond uctors, they also have some resistance which 

prod uces heat d uring the passage of an electrical current. The heat 

causes the poly mer to expand, and upon ex pansion the cond ucting particles 

move apart, d ecreasing the degree of contact and the conductivity of the 

material until f ailure occurs. 

Another type of conducting polymer has been made by pyrolyzing 

monomeric or poly meric organic substances to produce carbonaceous 

materials.6 Poly mers of this type are ref erred to as pyropolymers and 

are presumed to have a high degree of conj ugated unsaturation. The 

electrical properties of pyropolymers are subj ect to the cond itions of 

their preparation; f or example, pyrolyzed polyacrylonitriles have 

cond uctivities ranging f rom 8 x lo-2 to 10-10 ohm-1 cm-1, d epending 

on the py roly sis temperature.7•8 This kind of material usually has the 

5 



disadvantage of being nonf abricable; i. e., it is insoluble or non

sof tening. Further, since pyrolysis is a decomposition process, the 

products are of variable composition and intractable. 

The most promising mode f or producing conducting polymers is 

probably by direct synthesis. Since conduction in organic materials 

seems to be dependent on the presence of delocalized electrons to serve 

as charge carriers, it would be ex pected to be innate in polymers which 

have a high degree of conj ugated unsaturation in the chain. 9•10 This 

type of polymer synthesis has met with limited success, producing 

materials which f all predominantly in the insulator-semiconductor region 

(Table 1). The low conductivity of these highly unsaturated polymers 

might be explained by the f act that they can undergo reactions such as 

proton or hydride shif ts and Diels-Alder which lead to an interruption of 

the conj ugation. These breaks in conj ugation, which may take the f orm 

of crosslinking, cyclization and isolated double bonds, lower the 

conductivity of the system. Another approach to the synthesis of 

conducting polymers has been to incorporate donor-acceptor complexes 

into the polymer chain. This can be accomplished by linking donors to 

a macromolecular backbone and reacting the resulting polymer with 

suitable acceptors,12-15 as has been done with the donors 10-methyl

phenothiazine and 4-(methylthio)anisole. Polystyrene and polyvinyl

naphthalene have also been treated with acceptors, tetracyanoethylene 

and chloranil, to produce polymer complex es.16 The above complex es 

have conductivities ranging f rom 3.3 x 10-8 to 5 . 5  x lo-15 ohm-1 cm-1, 

which places them in the categories of insulators and semiconductors. 

Investigations into the conductivity of org anic polymers have 

produced many semiconducting materials. A wealth of inf ormation has 

6 



Table 1 
The Conductivities o f  Conjugated Polymers11 

Conjugated Polymer a ohm-1 cm-1 Room Temperature 

Polyacetylene 

crystalline 

amorphous 

Polyphenylacetylenes 

Poly-ynes 

Pyropolymers 

Polyphthalocyanines 

10-s to 10-8 

10-9 to 10-12 

lo-Is to 10-16 

10-15 

0.95 to 10-8 

2.5 x 10-2 to 10-9 

...... 



been accumulated, but its complete interpretation has not been realized. 

Therefore, the conduction mechanism f or such materials remains uncertain. 

The relationship between charge carrier mobility and macromolecular 

structure has yet to be determined. Nevertheless, the theoretical 

possibility of a polymeric superconductor has been proposed.l?,l8 It 

has been suggested that a long unsaturated polyene chain which has highly 

polarizable dye molecules attached at regular intervals could act as a 

superconductor. The charge would resonate between the dye molecules 

as it moves down the polyene chain. A polymer such as the one described 

8 

has not yet been synthesized, but an organic charge-transf er complex19 has 

been made20 which exhibits conductivity similar to metals at low temper-

atures. 21 The complex is synthesized by mixing solutions of tetrathio-

fulvalene and 7,7,8 ,8 -tetracyanoquinodimethan. 

The synthesis of 7,7,8 ,8 -tetracyanoquinodimethan22 (TCNQ ) in the 

early sixties expanded the f ield of organic semiconductors. TCNQ , which 

forms stable charge-transf er complexes23•24 with intermediate to high 

resistivities (103 to 1012 ohm em), can also readily accept one electron 

to form a stable anion radical (TCNQ ").24 Representative resonance 

structures f or TCNQ " are shown in Figure 2. The ability to f orm the 

stable anion radical has made possible the synthesis of highly conducting 

TCNQ salts, an important contribution to the area of electronic conduc-

tivity by purely organic materials. 

TCNQ has been found to f orm two types of salt-like derivatives, each 

involving a complete electron transf er to TCNQ . The f irst are simple 

salts represented by �n(TCNQ ") , in which M may be an organic or metal 
n 

cation. These salts are characterized by intermediate to high resis-

tivities25 (104 to 1012 ohm em). 
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Although some of these salts have been synthesized by mix ing a 

solution of TCNQ with a solution of the d onor, which results in the 

precipitation of the d esired moiety, many have been conveniently 

prepared using lithium tetracyanoquinod imethanid e24 (LiTCNQ ). Lithium 

tetracyanoquinod imethanid e has been prepared by the reaction of 

lithium iod id e with TCNQ to yield the TCNQ ', which f orms an ion pair 

with the lithium cation. 24 LiTCNQ , upon reaction with organic compound s 

containing quaternary nitrogen atoms, f orms d ark-colored paramagnetic 

electrically cond ucting salts (Figure 3). Salts similar to tetraethyl-

ammonium tetracyanoquinod imethanid e may be synthesized f rom the large 

number of ammonium, phosphonium and arsonium compound s. 24•26 , 27 The 

cond uctivities of these compound s are on the ord er of 10-6 ohm-1 cm-1. 

H owever, the cond uctivity can be increased by the ad d ition of the non-

paramagnetic neutral tetracyanoquinod imethan (TCNQ 0). The complexes 

f ormed in this manner are represented by R+(TCNQ ') (TCNQ 0) , where R+ 
X y 

represents an organic molecule containing an ammonium, phosphonium or 

arsonium cation; x and y are the number of paramagnetic and neutral 

TCNQ molecules, respectively. The cond uctivities of these TCNQ 0
-TCNQ ' 

complex es approach 1 ohm-1 cm-1. The N-methylquinolinium TCNQ salts 

are an ex ample of this phenomenon (Table 2). 

Polymeric analogs of the TCNQ salts have also been prepared. 28 

This has been accomplished by synthesizing polymers of known structure 

f rom which polymeric cations can be created . Polymeric amines are one 

possibility since they could then be quaternized using an alkyl halid e 

or sulf ate. Treatment of the quaternized polymer with LiTCNQ prod uces 

the polymeric TCNQ salt (Figure 4). Lupinski and coworkers28 prepared 

this type of polymer using 4-vinylpyrid ine, 2-vinylpyrid ine, 4-d imethyl-

1 0  
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Table 2 

The Conductivitie s of the Simple and Comple x 
TCNQ Salts of N-Me thylquinoline 24 

T C NQ-:-

CH� 

0. 3 

12 
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F igure 4: Formation of  a Polymeric Tetracyanoquinodimethanide Salt 
from Poly-4-dimethylaminostyrene . -
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aminostyrene and N-vinylimid azole. A signif icant increase in the 

cond uctivity was observed with ad d ition of TCNQ 0 (Table 3 ). 

Ionene polymers, another class of quaternary ammonium polymers 

1 4  

which can be converted to cond ucting TCNQ salts, have been reported 29-32 

by Rembaum. The polymers are synthesized by utilizing the Menschutkin 

reaction, 33 which is a well-known process f or the f ormation of quaternary 

ammonium salts f rom tertiary amines. Ex amples of the reaction involved 

in the formation of polymeric ionenes are shown in Figure 5 .  The 

solution properties34 as well as the kinetics35 f or the f ormation of 

aliphatic ionene polymers have been stud ied . 

Electrically cond ucting polymers have been prepared f rom the 

aliphatic ionenes by their reaction with LiTCNQ in the presence and in 

the absence of TCNQ 0• Representative monomeric units of the ionene 

polymers have also been synthesized (Figure 6 )  and treated with LiTCNQ 

and LiTCNQ with TCNQ 0• The cond uctivity of these polymeric and monomeric 

TCNQ " salts increased with the ad d ition of TCNQ 0 (Tables 4 and 5 ). 

The electrical cond uctivities of the above compound s are attributed 

to the TCNQ molecules. This has been substantiated by the f act that 

the highly conj ugated cyanine d yes d o  not yield TCNQ salts with higher 

cond uctivities than the aliphatic ammonium salts. 36 X -ray techniques 

were used to d etermine that the TCNQ molecule f orms stacked columns.27 •37 

The d irection of highest cond uctivity was perpend icular to the plane of 

the molecule.37 The mod e of cond uction is consid ered to be electronic. 

This has been corroborated by temperature and pressure d epend ence38 

stud ies as well as by ex periments in which a current was passed f or 

prolonged period s without change in conductivity or observable polarization 

effects.28 The cond uctivity of the simple salts was generally 



Table 3 

Conductivities of the Polyquaternary Ammonium TCNQ Salts Produced by Lupinski and Coworkers2B 

Monomer Molecular 
Weight 

4-Vinylpyridine 122,000 

2-Vinylpyridine 2,2 X 106 

2, 2 X 106 

2.2 X 106 

4-Dimethylaminostyrene 730,000 

Styrene-1-vinylpyridine 730,000 

N-Vinylimidazole 730,000 

Quaternizing 
Agent 

C H I 
4 9 

(CH ) SO 3 2 4 
CH I 

3 
CH I 3 
CH I 

3 
C H I 

4 9 

CH I 
3 

a 
300°k 

ohm-1 cm-1 
Mole % 

Quaternized TCNQ' only with 15% 
TCNQ0 by wt. 

87 <10-10 3.2 x 10-s 

100 5 x 10-1o l. Q X 10-4 

60 10-10 2.0 X 10-6 

15 10-1o 3,6 X 10-!j 

75 10-10 2.1 X 10-3 

80 10-1o 1.1 X 10-3 

100 10-10 9.5 X 10-3 

-
Vl 
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Figure 6 :  Synthesis of Model Monomeric Units of Aliphatic Ionenes.27 
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Table 4 

Conductivities of TCNQ Salts of the Ionene Polymers27 

Number of CH Groups 
2 

X - y 

3 - 4 

6 - 3 
6 - 5 

6 - 6 
6 - 8 
6 - 10 

6 - 16 

Cond uctivity a ohm-1 cm-1 
One Unit Segment To: 

Two TCNQ · Two TCNQ · , Two TCNQ0 

3. 6 X 10-5 6.7 X 10� 

l.l X 10-6 2.9 X 10-1+ 

6. 7 X 10-9 l. 3 X 10-2 

3. 1 X 10-9 l. 3 X 10-a 

l. 4 X 10-a 7. 1 X lO-a 

3. 3 X 10-7 1.4 X lO-s 

1.0 X 10-7 2. 1 X 10-3 

Table 5 

Conductivities of TCNQ Salts o f  the Ionene Mod el Compounds27 

Number of CH Groups 
2 

2 
3 
4 
5 

6 
8 

10 

16 

Cond uctivity a ohm-1 cm-1 

Two TCNQ· Two TCNQ", Two TCNQ0 

5. 3 X 10-4 1.1 X 10-2 

7. 7 X 10-6 2.4 X 10-3 

3.2 X 10-8 1.5 X 10-3 

2.5 X 10-7 8.3 X 10-3 

2 X lO-u 1.0 X 10-2 

2. 7 X 10-8 1.4 X 10-1 

2.8 X lO-s 2.4 X lO-G 

7. 1 X 10-10 6. 7 X 10-3 

18 



substantially lower than that of the complex salts. With the simple 

salts, in order f or an electron to move along the stack, Coulombic 

f orces have to be overcome to f orm the dianion. When TCNQ0 is added, 

as in the complex salts, the formation of the dianion is not necessary 

(Figure 7); thus, a higher conductivity was obtained.40 

19 
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RESEARCH AIM 

The purpose of this project is to d evelop a new polymer sy stem 

capable of improved electrical cond uctivity . It is known that ionene 

poly mers which have been treated with TCNQ have y ield ed some of the 

better semicond ucting poly mers reported . Further, the cond uctivities 

of these macromolecules have been enhanced by treatment with neutral 

TCNQ. It is, theref ore, conceivable that if the neutral TCNQ moiety 

or one with similar properties was introd uced into the backbone 

of a polymer chain and then TCNQ" introd uced between these neutral 

TCNQ entities, a superior cond uctor could be obtained . Since ionene 

poly mers present an easy method of introd ucing the TCNQ", the initial 

problem involves preparing either a d ihalo-TCNQ or d iamino-TCNQ 

monomer which can be copoly merized with the appropriate comonomer to 

f orm the correspond ing ionene poly mer. This would then result in an 

ionene poly mer with the neutral TCNQ moiety f ix ed along the chain. 

Introd uction of the TCNQ" at the quaternized positions would prod uce 

a poly mer which contained repeating units of TCNQ"/TCNQ0/TCNQ". 

Many d erivatives41-43 of TCNQ have been prepared since it was 

f irst sy nthesized by Acker and H erther.22 For ex ample, by reacting 

2 1  

two moles of a primary or second ary amine with one mole of TCNQ+l, 42 (!), 

two geminal cy ano groups are replaced by amines. It has been established 



that structure �. rather than the cis (l) or trans (�) isomer, is the 

product.4 1  Upon the base hydrolysis f ollowed by acidif ication of 

7,7-diamino-8, 8-dicyanoquinodimethan (2), homoterephthalic acid (�) 
was obtained. H omoterephthalic acid could easily arise f rom 5 but 

COOH 

I) NaOH 
2) HCI 

22 



not f rom either the cis or the trans isomers. Furthermore, acid 

hy d rolysis of � with hy d rochloric acid gives p-toluamid ine-a-carboxy lic 

acid hy d rochlorid e (l). The transient carbanion (�) would obviously 

5 

achieve max imum d elocalization by two ad jacent nitrile groups, as would 

be the case if attack by the two amine molecules occurred at the same 

carbon atom. 

The TCNQ bisamino d erivatives could be visualized as monomers in 

the sy nthesis of new poly meric ionenes. If these derivatives af f ect 

23 
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the cond uction process in a manner similar to T CNQ 0, then the neutral 

species would , essentially , alread y have been incorporated into the 

ionene polymer. It would also have the ad d ed ad vantage of being located 

at specif ic and regular intervals along the poly mer chain. 

Another good electron acceptor, tetracy anoethy lene (T CNE) (1), f orms 

n-complexes��.�S which have been reported to have semicond uctor properties.� 6 

T CNE can accept an electron to f orm an anion rad ical (T CNE7). T heref ore, 

if d erivatives of T CNE, which inherited all or part of these character-

istics, could be prepared and incorporated into a polymer chain, this 

poly mer would also be ex pected to have enhanced electrical properties. 

Bisamino d erivatives of T CNE, which are analogous to the correspond ing 

T CNQ d erivatives, can be prepared �8•�9 and then incorporated into an 

ionene-ty pe poly mer. 
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The objectives of this work are: (1) to synthesize a series of 

bisamino TCNE and TCNQ d erivatives which would serve as appropriate 

monomers in an ionene polymerization; (2) to polymerize these bisamino 

TCNE and TCNQ monomers with various a, w-alkyld ibromides to form ionene 

polymers; ( 3 ) to treat the ionene polymers with LiTCNQ; and ( 4 )  to 

d eterm ine the cond uctivity of the ionene polymers which have been treated 

with LiTCNQ. 



2 6  

RESULTS AND DISCUSSIO N  

Synthesis of TCNE Derivatives and Related Compounds 

The b is ( d imethylamine) derivative of TCN E ,  1 , 1-bis ( d imethylamino ) -

2 , 2-dicyanoethylene (l! ) ,  was synt hes ized acco rding t o  the method reported 

by Middleton and Engelhart . 4 8 In this procedure , dicyanoketene 

ethylene acetal (lQ) was prepared f rom TCNE (� ) which was then reacted 

with d imethylamine to obtain 1 , 1 -b is (dimethylamino) - 2 , 2-dicyano-

ethylene (!_!) . 

I I 0" /0 (eH3)2N" /N(e�2 
I I HN(eH3)2 II 

Ne/ ""-eN Ne/ ""-eN 10 II 

The NMR spec trum o f  1 , 1 -bis (d imethylamino ) - 2 , 2-dicyanoe thy lene (l! ) 

showed a singlet at 8 2 .97 for the four methyl groups. The position o f  

the peak was approximately 40 H z  downfield f rom the average position o f  

tert iary amines . This large downfield shi ft indicated that these protons 

were being strongly deshielded by the rest of the molecule . The nitrile 

groups , which are strongly e lectron-withdrawing , are in conj ugation with 

the lone pairs of electrons on the dimethylamine nit rogens and so can 

delocalize these nonbonded electrons as shown by the resonance forms below. 



-N 
� C'\_/CN 

<E(---)o)o I /"" (C�2N + N(C�2 
It was f urther observed that quaternization of these d imethy lamine 

nitrogens with hy d rochloric acid or methy l iod id e was not possible. 

It was conclud ed that the nitrile groups were, in f act, d elocalizing 

the amine electrons to such an ex tent that the basic and nucleophilic 

27 

characteristics of the amine groups were not apparent and , f urther, gave 

rise to the NMR d eshield ing observed . 

The inability of the amino groups of 1, 1-bis(d imethy lamino)-2, 2-

d icy anoethy lene to be quaternized mad e this compound unsuitable to f orm 

ionene poly mers d irectly . It was apparent that the conjugation between 

the nitrogen to be quaternized and the nitrile g roups would have to be 

interrupted . It was, theref ore, consid ered that, if an aliphatic group 

was placed between the nitrogen and the electron-withd rawing nitrile 

group, the conjugation would be broken and , thus, the nitrogen could be 

quaternized . Consequently , N, N-d imethy l-a, w-alky ld iamines such as N, N-

d imethyl-1, 2-ethaned iamine, N, N-d imethy l-1, 3-propaned iamine and N, N-

d imethy l-1, 4-butaned iamine were consid ered to be suitable amines f or 

the preparation of TCNE d erivatives which could f orm ionene poly mers 

through the Menschutkin reaction. The primary amine moiety would serve 

as the f unctional group that would participate in the d isplacement to 

f orm the TCNE bisamino d erivative. Due to the fact that this joining 



amine would be in conjugation with the nitrile groups, it could not be 

quaternized and, theref ore, would be unable to participate in the later 

polymerization process. The tertiary amine groups which could not be 

involved in the displacement reaction would serve as the f unctional 

groups through which the polymerization process could proceed. 

Due to the poor yield ex perienced with dicyanoketene ethylene 

acetal (<SO percent) and the even poorer yield of 1,1-bis(dimethyl-

amino)-2, 2-dicyanoethylene (<30 percent from the acetal), it was 

decided that an alternative method f or synthesizing TCNE amino deri-

vatives would be attempted. TCNE has been reported to react readily 

with primary or secondary aliphatic amines to give 1-amino-1,2,2-

tricyanoethylene derivatives49 •50 which then reacted with another 

amine molecule to give l , l -diamino-2 , 2-d i cyanoethy 1enes . 4 9 

NC" /CN 

II R,RzNH 

Nc/'-cN 

R1R2N'\. /CN 
I I RJRzNH 

NC/'-CN 

28 
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In the reaction of  the above N ,N-dimethyl-a ,w-alkyldiamines with 

TCNE to form the 1 , 1 -b is (N ,N-dimethyl-a,w-alkyldiamino) - 2 , 2-dicyano

ethylene compounds (Figure 8 ), it was found that opt imum yields were 

obtained when an excess of the d iamine was added , under a nitrogen 

atmosphere and with stirrin g ,  to a mixture of TCNE and tetrahydrofuran 

in a manner such that the temperature of the react ion did not rise above 

-60°C during the addition . The react ion was then allowed to warm to  

room temperatu re overnight and the product  iso lated (Table 6 ). The 

1 , 1 -b is (N , N-dimethyl- 1 , 1 -ethanediamino ) - 2 , 2-dicyanoethylene ( 1 3a)  

and 1 , 1 -b is (N ,N-dimethyl- 1 , 3-propanediamino ) - 2 , 2-dicyanoethylene ( 1 3b )  

were isolated in good yield as c rys talline materials . The 1 , 1-b is

(N ,N-dimethyl- 1 , 4-butanediamino) - 2 , 2-d icyanoethylene ( 1 3c )  was obtained 

as an o il. All attempts to crystallize this latter compound were 

unsuccessful . Therefore , it was not used in any polymerizat ion studies . 

Monosubst ituted amine derivatives , 1 - (N ,N-dimethyl-a�-alkyl

diamino ) - 1 , 2 , 2-d icyanoethylenes , were also synthesized by reacting a 

1 : 1  molar ratio o f  TCNE to diamine (Figure 8 ,  Table 6 ). These com

pounds were readily converted to the corresponding 1 , 1-b is (N , N-dimethyl

a ,w-alkyldiamino ) - 2 , 2-dicyanoe thylene by react ing them with additional 

diamine . However ,  if the preferred product was the 1 , 1-b is (N ,N-dimethyl

a ,w-alkyldiamino) - 2 , 2-dicyanoethylene , then the 1- (N ,N-dimethyl-a�

alkyldiamino ) - 1 , 2 , 2-tricyanoethylene intermediate was not isolated . 

It was fu rther observed that when N,N-dimethyl - 1,3-propanediamine 

and N ,N-dimethy l- 1 , 4-bu tane were reac ted with TCNE in a 4 : 1  molar 

rat io and the products isolated before the re�c t ion t emperature reached 

- 2 5°C ,  the products were 1- ( N , N-dimethy l- 1 , 3-propaned iamino ) - 1,2 , 2-

tricyanoethylene ( 1 2b )  and 1 - (N,N-d imethyl - 1 , 4-butaned iamino) - 1 , 2 ,2-
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Table 6 

N , N-Dimethyl-a ,w-alkyldiamine Derivatives o f  TCNE 

Elemental Analysis 
Compound MP % Calculated Found 

(oC)  Yield c H N c H 

1 , 1-Bis (N , N-dimethyl-1 , 2-ethanediamino) - 1 10- 1 1 1  9 2 . 4  5 7 . 5 7 8 . 86 33 . 5 7 5 7 . 39 8 .  7 7  
2 , 2-dicyanoethylene ( 1 3a )  

1 , 1-Bis ) N ,N-dimethyl-1 , 3-propanediamino) - 1 06- 1 0 7  9 1 . 6  60 . 40 9 . 4 1  30 . 1 9 60 . 32 9 . 38 
2 , 2-dicyanoethylene ( 1 3b )  

1 , 1-Bis(N , N-dimethy1-1 , 4-butaned iamino ) - Iso lated as an Oil 
2 , 2-dicyanoethylene ( 1 3c )  

1- (N ,N-Dimethy l- 1 , 2-ethanediamino ) - 1 , 2 , 2- 1 9 1 - 1 9 3  9 1 . 9  57 . 1 3 5 . 86 3 7 . 0 1  5 7 . 00 5 . 86 
tricyanoethylene ( 1 2a)  dec . 

1-(N ,N-Dimethyl- 1 , 3-propaned iamino ) - 1 9 7- 1 9 9  7 1 . 5  59 . 1 0 6 . 44 34 . 46 59 . 09 6 . 44 
1 , 2 , 2-tricyanoethylene ( 1 2b)  dec . 

1 - (N ,N-Dimethyl-1 , 4-butanediamino ) - 1 , 2 , 2- 1 6 2  9 2 . 9  60 . 8 1  6 . 96 32 . 23 60 . 90 7 . 00 
tricyanoethylene ( 1 2c )  dec . 

N 

33 . 80 

30 . 32 

37 . 2 1  

34 . 3 1 

3 1 . 99 

w ,_. 



tricyanoethy l ene ( 1 2c ) , respectively . In the case o f  N , N-dimethyl-

1 , 2-ethanediamine , an intermediate was isolated which upon s tanding 

at room t emperature formed 1 , 1 -b is (N ,N-dimethyl- 1 , 2-ethanediamino) -

2 , 2-dicyanoethylene , as determined b y  NMR spectra . This intermediate 

was observed to be  s table at -70°C and was maintained for more than a 

month without any apparent change . The evolution o f  the intermediate 

to 1 , 1-bis (N ,N-dimethy l- 1 , 2-ethanediamino ) -2 , 2-dicyanoethylene can 

be followed using NMR spectroscopy (Figure 9 ) . However , determination 

of i ts structure and investigat ion of i ts mechanistic  role in the 

formation of  1 , 1-b is (N ,N-dimethy l- 1 , 2-e thanediamino ) - 2 , 2-dicyano

ethylene were not pursued . 
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In order t o  synthesize model compounds o f  the ensuing ionene 

polymers of 1 , 1 -b is (N ,N-dimethyl-1 , 2-ethanediamino) - 2 , 2-dicyanoethylene 

( 1 3a)  and 1 , 1 -b is (N ,N-dimethyl-1 , 3-propanediamino ) - 2 , 2-d icyanoethylene 

( 1 3b ) , these compounds were reacted with methyl iodide to produce 

diiodide salts ( Figure 10 , Tab le 7 ) , which are hygroscopic . The salts 

were treated with LiTCNQ by add ing a solution of LiTCNQ to a solut ion of  

the 1 , 1 -bis (w -trimethylammoniumalkylamino) - 2 , 2-d icyanoethylene diiodide . 

The product ,  1 , 1-bis (w-trimethylammoniumalkylamino ) - 2 , 2-dicyanoethylene 

di (tetracyanoquinodimethanide ) , which precipitated from the solution, 

represented a model monomeric unit of  an ionene polymer . These com

pounds were only slight ly solub l e  in organic solvents and water. 

Spectral Characteristics o f  the TCNE Derivatives 

The NMR spectrum of 1 , 1 -bis (N ,N-dimethyl- 1 , 3-propanediamino) -

2 , 2-dicyanoethylene ( 1 3b )  (Figure 1 1 )  has a singlet a t  8 2 . 1 6 for the 

methyl groups of the t ertiary nitrogens . The methylene groups adj acent 
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Figure 9 :  The Evolut ion o f  the Intermed iate to  Form 1 , 1-Bis ( N , N-d ime thyl-
1 , 2-ethaned iamino ) - 2 , 2-d icyanoethyl ene Fo l l owed by NMR : 
Spect rum A ,  Time 0 ;  Spec t rum B ,  Time 0 .5 Hours ; Spect rum C ,  
Time 1 . 2  Hours ; Spec t rum D ,  Time 1 1 . 3  Hou rs . 
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Figure 9 (Cont inued ) 
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Table 7 

Preparat ion o f  Iodide and Tetracyanoquinodimethanide Salts o f  
1 , 1-Bis (N ,N-dimethyl-a ,w -alkyldiamino) -2 , 2-dicyanoethylene 

Elemental Analysis 
Compound % Calculated Found 

Yield c H N I c H N 

l , l -Bis ( 2-trimethylammoniumethyl-
amino ) -2 , 2-dicyanoethylene 96 . 6  3 1 . 48 5 . 28 1 5 . 73  4 7 . 5 1  3 1 . 54 5 . 39 1 5 . 39 
diiodide ( 1 4a)  

1 , 1 -Bis ( 3-trimethylammoniumpropyl-
amino ) - 2 , 2-dicyanoethylene 96 . 5  34 . 1 8  5 .  7 3  1 4 . 95 45 . 4 1 3 3 . 88 5 . 74 1 4 . 90 
diiodide ( 1 4b )  

l , l-Bis ( 3-trimethylammoniumethyl-
amino ) -2 , 2-dicyanoethylene di ( tetra- 3 8 . 8 66 . 26 5 . 2 7 28 . 4 7 66 . 1 4  5 . 1 9  2 8 . 23  
cyanoquinodimethanide) ( 1 5a) 

1 , 1-Bis ( 3-trimethylammoniumpropyl-
amino ) -2 , 2-dicyanoethylene di ( tetra- 40 . 1  6 7 . 02 5 . 62 2 7 . 36 66 . 94 5 . 66 2 7 . 1 8 
cyanoquinodimethanide )  ( 1 5b ) 

a 
ND = Not Determine d .  

I 

a 
ND 

a 
ND 

"' 
0\ 
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Figure l l : NMR Spe ctrum o f  l , l-Bis ( N , N-dimethy l- 1 , 3-propaned iamino ) -2 , 2-dicyanoethylene ( l 3b) 
in Deuterated Aceton i t ri l e .  
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to the tertiary nitrogen atoms appeared j ust downfield from this singlet 

at o 2 . 38 .  The methylene groups attached t o  the secondary nitrogen atoms 

came at o 3. 35 as a quartet due to coupling with the amine and methylene 

protons . The down field position o f  this quartet has been attributed to 

the loss o f  electron density by the secondary nitrogen atoms because the 

lone p airs o f  electrons are conj ugated with the electron-withdrawing 

nitrile groups. The methylene groups which are adj acent to two other 

methylene groups appeared as a multiplet at o 1. 6 4. The protons o f  the 

secondary amines appeared as a broad singlet at o 7 . 83. This downfield 

position was again at tributed to the deshielding effect of the nitrogen 

atoms . The NMR spectra o f  1 , 1-bis (N , N-dimethyl- 1 , 2-ethanediamino) -

2 , 2-dicyanoethylene ( 1 3a )  and 1 , 1 -b is (N ,N-dimethyl- 1 , 4-butanediamino) -

2 , 2-dicyanoethylene ( 1 3c )  were similar t o  ( 1 3b )  (Table 8).  

Upon quaternization o f  the ter tiary amines , there was a general 

downfield shift  of all the absorptions in the spectrum from the 

positions o f  the unquaternized compound . The absorptions most affected 

were those o f  moieties bonded directly to the quaternized nitrogen. The 

NMR spectrum of 1 , 1-bis ( 3-trimethylammoniumpropylamino ) - 2 , 2-dicyano

ethylene diiodide ( 1 4b )  is shown as Figure 1 2 .  The methyl groups o f  

the quaternary amine appeared as a singlet a t  o 3. 1 6. The two methylene 

groups b onded to the secondary nitrogen atoms , as well as the two 

adj acent to the quaternary nitrogen atoms , app eared as a quartet at 

o 3. 4 3 .  The methylene groups which were bonded to two methylene groups 

appeared as a multiplet at o 2. 08. The NMR spectrum o f  1 , 1 -b is ( 2-tri

methylammoniumethylamino) - 2 , 2-dicyanoethylene diiodide ( 1 4a)  was very 

similar to the one j ust discussed (Table 8).  



Table 8 
NMR Spectral Absorptions o f  

1 , 1 -Bis (N ,N-dimethyl-a ,w-alkyldiamino ) - 2 , 2-dicyanoe thylene , 
1 , 1-Bis w -trimethylammoniumalkylamino ) - 2 , 2-d icyanoethylene Diiodide , 

and 1 - ( N , N-Dimethyl-a ,w-alkyldiamino ) - 1 , 2 , 2-tr icyanoethylene Compounds 

Interna l  
Compound Solvent Standard NMR Spectra o 

1 , 1-Bis (N ,N-dimethy l- 1 , 2-ethanediamino ) -
2 , 2-dicyanoethylene 

( 1 3a) 

1 , 1-Bis ( 2-trimethylammoniumethylamino ) -
2 , 2-dicyanoethylene diiodide 

( 14a)  

1- (N ,N-Dimethy l- 1 , 2-ethanediamino ) - 1 , 2 , 2-
tricyanoethy lene 

( 1 2a) 

1 , 1-Bis (N , N-dimethyl- 1 , 2-propanediamino) -
2 , 2-dicyanoethylene 

( 1 3b )  

1 , 1-Bis ( 3-trimethylammoniumpropylamino ) -
2 , 2-dicyanoethylene diiodide 

( 1 4b )  

1 - (N ,N-Dimethy l- 1 , 3-propanediamino ) - 1 , 2 , 2-
tricyanoethylene 

( 1 2b)  

CD CH 
3 

D 0 2 

CD CN 
3 

CD CN 
3 

D 0 
2 

CD CN 
3 

TMS 

DSS 

TMS 

TMS 

DSS 

TMS 

2 . 26 ( s , 1 2H ) , 2 . 42 (t , 4H) , 3 . 33 
(broad unresolved t , 4H) , 7 . 70 
(broad s ,  2H)  

3 . 2 3 ( s , 18H) , 3 .  75 (broad 
unresolved m , 8H)  

2 . 70 (s , 6H ) , 3 . 1 2 (t , 2H) , 3 . 72 
( t , 2H)  

1 . 64 (m , 4H) , 2 . 1 6 (s , 1 2H) , 2 . 38 
(t , 4H) , 3 . 35 (q , 4H ) , 7 . 83 
(broad s , 2H)  

2 . 0 8 (m , 4H) , 3 . 1 6 ( s , 1 8H ) , 3 . 43 
(q ,  8HO 

1 . 9 1 (m , 2H) , 2 . 1 6 (s , 6H) , 3 . 28 
( t , 2H) , 3 .  7 7 (t , 2H) , 8 . 33 
(broad s ,  lH )  

w 
'D 



Compound 

1 , 1-Bis ( N , N-dimethy l- 1 , 4-butanediamino ) -
2 , 2-d icyanoethylene 

( 1 3c )  

1- (N , N-Dimethy l- 1 , 4-butanediamino ) - 1 , 2 , 2-
tricyanoethylene 

( 1 2 c )  

Table 8 
(Continued )  

Solvent 

CD CN 
3 

CD CN 
3 

Internal 
Standard 

TMS 

TMS 

NMR Spectra cS 

1 . 5 3(m , 8H ) , 2 . 20(s , 1 2H ) , 2 . 30 
( t , 4H ) , 3 . 28(m , 4H )  

1 . 80(m, 4H) , 2 . 7 6(s , 6H) , 2 . 96 
(unresolved t , 2H ) , 3 . 33 
(unresolved t , 2H ) , 6 . 48 
(broad s ,  1 H )  

� 
0 
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Figure 1 2 : NMR Spect rum of l , l-Bis ( 3-trime thylammon iumpropy lamino ) -2 , 2-d icyanoethylene 
Diiodide ( 1 4b )  in Deuterium Oxide . 
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The NMR spec trum of  1 - ( N , N-dimethy l-1 , 3-propaned iamino ) - 1 , 2 , 2-

tricyanoethylene ( 1 2b )  ( Figure 1 3 )  exhib i t ed a mu l t i p l et at o 1 . 9 1  for 

the methylene groups which we re bonded to two ot her methy l ene groups .  

The -N (CH 3 ) 2 p eaks appeared a s  a s inglet at o 2 . 70 .  The downf ield sh i f t 

f rom the expected pos i t ion of  o 2 . 1 6 ,  which was obta ined for the methy l 

4 2  

groups in compound 1 3b ,  has been a t t r ibuted t o  nit rogen-hydrogen-ni trogen 

' / 
( _... N -- H ·  • · N:::: ) int ramo l ecu lar hyd rogen bond ing , which is d iscussed 

in another s e c t ion . The me thy lene group bonded to the tert iary ni trogen 

appeared as a t r ip l e t  at o 3 . 28 .  The absorpt ion of the me thy l ene 

adj acent to the secondary amine a lso came as a triplet  at o 3 . 7 7 .  The 

pro ton of the secondary amine was a broad s inglet at  6 8 . 33 ,  ind icat ing 

cons iderable  deshiel d ing . The spectra of 1 - ( N , N-dimethyl- 1 , 2-ethane-

d iamino ) - 1 , 2 , 2- tricyanoe thy lene ( 1 2a )  and 1 - ( N , N-d ime thyl-1 , 4-butane-

diamino ) - 1 , 2 , 2-tr icyanoethy lene ( 1 2c )  were s imi lar to  that of 1 2b 

(Tab l e  8 ) . 

The ir spectrum o f  1 , 1-bis ( N , N-d ime thyl- 1 , 2-ethaned iamino ) -2 , 2-

dicyanoethy l ene ( 1 3a )  showed the absorpt ion charac teristic  of  a conj ugat ed 

nitrile  group ( 2 1 6 5  and 2 1 95 cm- 1 ) (Figure 1 4 ) . A medium absorpt ion of  

16 10  cm- 1 and a st rong absorpt ion at  1 5 70 cm- 1  were a t t r ibu t ed to  the 

conj ugated C-C doub le bond and the C-N doub le bond wh ich arise from 

resonance forms . In mos t  of the o ther ir spec tra , these same peaks 

H H H +H H+ H 
RN". /

NR RN"'-.f'
NR RN

�/
NR 

II �c -�> I �( -�> I 
Nc�"'-cN c�"'-cN c�"cN 

-N� -N� 
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F igure 1 3 :  NMR Spectrum of  1 - ( N , N-Dime thyl- 1 , 3-propaned iamino ) - 1 , 2 , 2-tr icyanoethylene 
in Deuterated Acetonitrile . 
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Figure 1 4 : Infrared Spectrum of 1 , 1 -B is (N , N-dimethy l - 1 , 2-e thaned iamino ) -2 , 2-dicyanoethyl ene ( 1 2b)  
as a KBr pellet,  

---

.,_ 
.,_ 



appeared as a s ingle strong broad absorp t ion . The N-H showed a strong 

absorpt ion at 3270  cm- 1 (Figure 1 4 )  for 1 3a ,  but this peak was no t as 

well defined in the spectra of other compounds in this series . There 

also appeared absorptions be tween 3000 cm- 1 and 2750- 1 which were 

attributed to the methylene and methyl groups .  The other 1 , 1 -bis (N , N

d imethyl-a ,w-alkyld iamino ) -2 , 2-d icyanoethylenes , as well as the 1 , 1 -b is

(w-trimethylammoniumalkylamino ) -2 , 2-dicyanoe thylene and 1 - ( N , N-dimethyl

a ,w-alkyldiamino ) - 1 , 2 , 2-tricyanoethylene compounds ,  gave spectra similar 

to that of  1 3a (Table 9). 
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The ir spectra of 1 , 1 -bis ( 3-t rimethylammon iumpropylamino) -2 , 2-dicyano

ethylene d i ( tetracyanoquinodimethanide) ( 1 5b) and 1 , 1-bis ( 2-trimethyl

ammoniumethylamino ) - 2 , 2-d icyanoethylene d i ( t etracyanoquinodimethanide)  

( 1 5a )  were similar to the spectra of  the other TCNE derivat ives (Table 9). 

They exhibited strong charac teris t ic absorp t ions at 2 1 80 and 1 580 cm- 1 . 

Synthes is of  TCNQ Derivat ives and Related Compounds 

A procedure s imilar to that of Acker and Bloms trom was employed to 

synthesize 7 , 7-bis (d imethylamino) -8 , 8-dicyanoethylene4 2 (�) .  Excess 

d imethylamine was added to a solution of  TCNQ in tet rahydrofuran at 

room temperature . After stand ing at room temperature for a couple of  

days , the volume of  the solut ion was reduced on a rotary evaporator and 

the product i solated . 

Quaternization o f  the amino group s of � with hydrochloric acid 

and methyl iodide was unsuccess ful , as was the TCNE analog , 1 , 1-bis

(N , N-dimethylamino ) -2 , 2-dicyanoethylene (!}_) . I t  was ant icipated that the 

nonbonded elect rons on the two tert iary amines were delocal ized by the 

nitrile groups and , thu s ,  the ir basic and nucleophilic  characteristics were 



Table  9 

Infrared Spectral Absorpt ions of  
1 , 1-Bis ( N , N-dimethyl-a ,w-alkyldiamino) - 2 , 2-d icyanoethylene , 

1 , 1-Bis (w-trimethylammoniumalkylamino) - 2 , 2-d icyanoethylene Diiodide and 
1 - ( N , N-Dimethyl-a ,w-alkyldiamino ) - 1 , 2 , 2-tr icyanoethylene Compounds 

1 , 1 -B is ( N , N-dimethyl-1 , 2-ethanediamino ) - 2 , 2-dicyanoe thylene ( 1 3a ) : 

3 270 (s ) , 3 1 00 (w) , 2955 (m) , 2 9 3 0 (m) , 2850 (m) , 2 8 1 0 (m) , 2 7 60 (m) , 
2 1 95 (s ) , 2 1 65 (s ) , 1 6 1 0 (m) , 1 5 7 0 ( s ) , 1 460 (m) , 1 4 2 5 (m) , 1 385 (m) , 
1 340 (m) , 1 330 (m) , 1 253 (m) , 1 205 (w) ,  1 1 76 (m) , 1 1 62 (w) , l lOO (w) , 
l OSO (m) , 1 0 35 (m) , 9 7 3 (w) , 9 50 (w) , 7 80 (m) . 
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1 , 1-Bis ( 2-trimethylammoniumethylamino) -2 , 2-d icy anoethylene d i iodide ( 1 4a) : 

3460 (m,  broad ) , 3 240 (m , broad) , 3 1 00 (m) , 3030 (m) , 2 9 2 0 (m) , 2205 ( s )  
2 1 8 5 ( s ) , 1 5 7 0 ( s ,  b road) , 1 480 ( s ) , 1 445 (m) , 1 4 30 (w) , 1 4 l 5 ( s ) , 
1 396 (w) , 1 360 (m) , 1 35 2 (m) , 1 33 6 (m) , 1 283 (w) , 1 268 (w) , 1 235 (w) , 
1 1 90 (w) , 1 1 50 (w) , 1095 (w) , 1078 (w) , 1038 (w) , 1 0 1 0 (w) , 980 (w) , 
960 (w) , 942 (w) , 900 (w) , 885 (w) , 875 (w) , 7 50 (w) , 695 (w) , 6 7 3 (w) . 

1 - ( N , N-Dimethyl-1 , 2-ethanediamino ) - 1 , 2 , 2-tricyanoethylene ( 1 2a) : 

3095 ( s ) , 2920 (m) , 2 880 (m) , 2855 (m) , 2200 ( s ) , 2 1 70 ( s ) , 1 5 65 ( s ,  broad) , 
1480 (m) , 1 4 70 (m) , 1 445 (m) , 1 4 30 (w) , 1 4 1 8 (w) , 1 3 75 ( s ) , 1 3 35 ( s ) , 
1 295 (m) , 1 2 58 (m) , 1 1 72 (m) ,  1065 (m) , 1020 (w) , 990 (w) , 9 76 (w) , 
965 (m) , 920 (m) , 7 30 (w) , 695 (m) , 6 7 6 (m) , S S S ( s ) , S lS (m) , SOO (w) . 

1 , 1 -Bis (N , N-dimet hy l - 1 , 3-propaned iamino) - 2 , 2-dicyanoethylene ( 1 3b) : 

3 100 ( s ,  broad shoulder) , 2950 ( s ) , 2860 ( s ) , 2825 ( s ) , 2 7 75 ( s ) , 
2 1 90 ( s) , 2 1 65 ( s ) , l S SO ( s ,  broad ) , 1 4 50 ( s ) , 1 4 1 0 ( s ) , 1 340 (m) , 
l32 0 (m) , 1 295 (m) , 1 2 70 (m) , 1 2 50 (m) , 1 200(w) , ll68 (m) , 1 1 2 3 (w) , 
1 1 l l (w) , 1 10 0 (w) , 1 086 (w) , 1 07 3 (m) , ll60 (m) , ll 4 5 (m) , llOS (m) , 
9 3 8 (m) ,  905 (w) , 878 (m) , 7 7 8 (m) , 730 (m) , 690 (m) , 600 (w) , S SO (w) . 

l , l-Bis ( 3-trimethy lammoniumpropylamino) - 2 , 2-dicyanoethyl ene diiodide ( 1 4b) : 

3460 ( s) , 3370 ( s ) , 3250 ( s ) , 3 1 4 0 (m) , 3020 (m) , 2960 (m) , 2 1 9 5 (s ) , 
2 1 65 ( s ) , 1 6 20 ( s ) , 1 5 4 5 ( s ) , 1 4 7 0 ( s) , 1 3 68 ( s ) , 1 340 (m) , 1 3 1 5 (w) , 
1 305 (w) , 1 265 (m) , 1 250 (w) , 1 2 1 0 (w) , l l 9 5 (w) , ll 60 (w) , l l 42 (w) , 
1090 (w) , 1063 (w) , 1053 (w) , 1030 (m) , 956 ( s ) , 9 1 8 (m) , 900 (m) , 
8 7 6 (m) , 7 7 6 (m) , 7 5 6 (m) , 690 (m) , 585 (m) , SSO (m) , 522 (m) . 



Tabl e  9 
(Cont inued) 

1 - ( N , N-Dimethyl- 1 , 3-propaned iamino ) - 1 , 2 , 2-tricyanoethylene ( 1 2b ) : 

3460 (w) , 3040 (w) , 2960 (w) , 290S (m) , 2845 (m) , 26SO (m , broad ) , 
2480 (m , broad ) , 2 1 90 ( s ) , 2 1 60 (s ) , 1 5 8S ( s ,  broad ) , 1 4 6 7 ( s ) , 1 4 1 S (m) , 
1 380 (m) , 1 33 S ( s ) , 1 2 9 0 (m) , 1 2 7 S (m) , 1 238 (m) , 1 1 SO (w) , 1070 (m) , 
10SO (m) , 1 0 1 0 (m) , 98S (w) , 9 7 S (w) , 942 (m) , 9 1 2 (m) , 848 (m) , 7 7 3 (m) , 
7 2 6 (m) , 7 1 0 (w) , 6 7 3 (m) , 548 ( s ) , 52S (m) , 499 (m) , 3 1 8 (m) . 

1 - ( N , N-Dimethy l- 1 , 4-butaned iamino ) - 1 , 2 , 2-tricyanoe thylene ( 1 2c ) : 

3440 (vw) ,  3030 (w) , 3000 (w) , 29SO (m) , 293S (m) , 2860 (m) , 2400 (m , 
broad ) , 2 1 9 5 ( s ) , 2 1 60 ( s ) , 1 5 7 0 ( s ,  broad ) , 1 4 80 (m) , 1 435 (m) , 
1 380 (m) , 1 3 60 (m) , 1 3SO (m) , 1 340 ( s ) , 1 3 1 S (w) , 1 2 7 8 (w) , 1 26 3 (m) , 
1 2 S S (m) , 1 2 3 5 (m) , 1 2 1 8 (m) , 1 1 7 8 (w) , 1 1 4 8 (w) , 1098 (w) , 1080 (m) , 
1 0 1 0 (m) , 9 7 5 (m) , 9SS (m) , 9 3 7 (m) , 903 (w) , 808 (m) , 74 2 (m) , 702 (m) , 
670 (m) , SSO (s ) , 5 2 2 (m) , 503 (w) , 488 (w) , 4 7 0 (m) , 320 (m) . 

1 , 1 -Bis ( 2-t rimethylammoniumethy lamino ) - 2 , 2-d icyanoethy1ene di ( tetra
cyanoquinod imethan) ( 1 Sa ) : 

3430 ( w ,  b road ) , 2 200 ( s ) , 2 1 70 (m ,  shoulder ) ,  2 1 SO (w ,  shoulde r ) , 
1 58S (m) , 1 520 (m) , 1 4 80 (w) , 1 3 68 (m) , 1 3S S (m) , 1 2 2 0 (w) , 1 1 8S (m) , 
988 (w) , 8 2 2 (w) . 

1 , 1 -Bis ( 3- tr ime thylammoniumpropy l amino ) - 2 , 2-d icyanoethylene d i ( tetra
cyanoquinod ime than) ( l Sb ) : 

3440 ( s ,  broad ) , 2 200 ( s ) , 2 1 8S ( s ) , 2 1 6 S ( s ) , 1 58 0 ( s ) , 1 5 1 0 ( s ) , 
1 480 (w) , 1 368 (s ) , 1 3SO (s ) , 1 2 2 2 (w) , 1 082 ( s ) , 107 5 (m) , 9 88 (w) , 
825 (s ) , 8 1 0 (w) , 7 20 (m) , 6 1 7 (w) , SSO (w) , 520 (w) , 480 (m) . 

4 7  
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inhibi t ed .  The loss of elect ron density about the tert iary nitrogens 

was fur ther conf irmed by the posit ion of the methy l peak in the NMR 

spectrum .  The -N ( CH 3 ) 2 peak was observed at o 3 . 1 0 ,  which was cons ider-

ably downf ield f rom the expected posit ion of o 2 . 2 5 for an N-methyl 

group of a tert iary amine . 5 1  Therefore , the following representat ive 

resonance s t ruc t ure s ,  which ind icate deloca l izat ion of the nonbonded 

e lectron pairs of the nit rogens , were cons idered to be making a large 

contr ibution toward the e l ect ronic  dist ribut ion of the compound . 

In order to e f fect  quat ern ization o f  the tertiary amines , it was 

again necessary to isolate them f rom conj ugat ion with the nitrile  group s .  

Therefore , N , N-d imethyl-a,w-alkyldiamines , such a s  N , N-dimethyl-1 , 2-

ethaned iamine , N , N-d ime thyl- 1 , 3-propanediamine and N , N-dimethy l- 1 , 4-

butaned iamin e ,  were considered for  making TCNQ deriva tives which could 

form ionene polymers through the Menschutkin reaction . The procedure 

used to synthes i ze the deriva t ives , 7 , 7-bis ( N , N-d ime thyl-a ,w-a lky l-

d iamino ) - 8 , 8-dicyanoquinod imethans , was s imi l ar to that  used by Acke r 

and B loms trom4 2  to synthesize 7 , 7-bis ( d ime thy lamino ) - 8 , 8-dicyanoquino-

dime than (�) .  The 7 , 7-bis ( N , N-d ime thyl- 1 , 2-ethaned iamino ) -8 , 8-
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dicyanoquinodimethan ( 1 8a)  and 7 , 7-bis ( N , N-dimethyl- 1 , 3-propaned iamino ) -

8 , 8-d icyanoquinodimethan ( 1 8b)  were prepared and isola t ed i n  good yields 

as crysta l l ine sol ids ( F igure 1 5 ,  Tab le  10 ) . The 7 , 7-b i s ( N , N-d imethyl-

1 , 4-butaned iamino ) -8 , 8-dicyanoquinod imethan ( 1 8c)  was obtained as an o i l . 

Al l attemp ts to c rystal lize this  latter  compound were unsuccessf ul . 

Consequent l y , it was not used in any polymerizat ion s t ud ies . 

I t  was not ed that when TCNQ and the N , N-dime thy l-a ,w-a l kyld iamine 

were reacted in a 1 : 1  mo lar rat io , the monosubs t i tuted 7 - (N , N-d imethyl 

a ,w-alkyldiamino ) - 7 , 8 , 8- t r icyanoqu inod imethan der iva t ives were obta ined 

(Figure 1 5 ) . Th is was in ac cord with resu l t s  pub l ished by Herther  and 

coworkers for  other TCNQ-amino derivat ives . 4 1 The 7- (N , N-dime thyl-a ,w

alkyldiamino ) - 7 , 8 , 8-tri cyanoqu inod imethans were isolated with h igh yields 

as dark-colored solids (Tab l e  10 ) . The NMR spe c t ra of these compounds 

showed dramatic  down f i e l d  shi f t s  for  the a lky l port ions of the mo lecules . 

This phenomenon is discussed in a later  sec t ion .  

In order to synthesize  model  monomer ic un i t s  of the  ensu ing ionene 

po lymers of 7 , 7-bis ( N , N-d ime thyl-1 , 2-ethaned iamino ) -8 , 8-d icyanoquinod ime than 

( 1 8a)  and 7 , 7-bis (N , N-d imethyl- 1 , 3-propanediamino ) -8 , 8-dicyanoquinod i

me than ( 1 8b ) , these compounds were reac ted with methy l  iod ide . The 

react ion of 7 , 7-bis (N , N-d imethy l - 1 , 3-p ropaned iamino ) -8 , 8-d icyanoquino

d imethan ( 1 8b ) with excess methyl iodide in absolute ethano l for 24 hours 

yiel ded 7 , 7-b i s ( 3- t r imethy lammoniumpropy lamino ) -8 , 8-di cyanoq uinodimethan 

di iodide ( 20b) ( Figure 1 6 ) . When 7 , 7-bis ( N , N-d imethyl- 1 , 2-e thaned iamino ) -

8 , 8-dicyanoquinodimethan ( 1 8a)  was reacted with me thyl iod ide in abso lute 

ethano l for 24 hours , the product isolated was de termined by NMR to be 

almost total ly s tart ing ma teria l .  The react ion wa s repeated in exc ess 

methyl iodide for two weeks and the produc t isolated was a mixt ure of 



NC, /
CN 

I I  
0 + 

I I 
NC/ "CN 

EXCESS 
H2N(CH2)nN(CH3)2 

H2N(CH2) nN(C�2 

H H 

H NC N(C�N(CH�2 "-.. / I I 
0 I I 

NC/'cN 

1 7a n = 2 
b n =  3 

£. n • 4 

(C�)2N(CH2)nN N(C�)n N(CH3)2 
"-.. / 

H2N(CH2)n N(C�)2 

I I  
0 

I I 
NC / ".CN 

18a n = 2 
b n = 3 
c n = 4 

Figure 15 : The React ions o f  N , N-Dimethy l-a ,w-alkyldiamine with TCNQ . 

V1 
0 



Tab le 10  

N ,N-Dimethyl-a ,w-alkyldiamine Derivat ive s  o f  TCNQ 

Elemental Analysis 
Compound MP % Calculated Found 

(oC)  Y ie ld c H N c H N 

7- ( N , N-Dimethy l- 1 , 2-ethaned iamino ) - 1 1 8 7 7 . 7 6 7 . 90 5 . 70 26 . 40 6 4 . 30 6 . 29 2 3 . 32 
7 , 8 , 8-tri cyanoquinodimethan dec . 

( 1 7a)  

7- (N , N-Dime thyl- 1 , 3-propaned iamino ) - 1 8 1 - 1 82 9 1 . 2  68 . 80 6 . 1 3  25 . 0 7 68 . 58 5 . 90 24 . 95 
7 , 8 , 8-tricyanoquinod imethan dec . 

( 1 7b )  

7- ( N , N-Dimethyl- 1 , 4-butaned iamino) - 183- 1 85 95 . 7  6 9 . 60 6 . 5 3 2 3 . 8 7 69 . 20 6 . 29 23 . 32 
7 , 8 , 8-tricyanoquinodimethan dec . 

( 1 7 c )  

7 , 7-Bis ( N , N-d imethyl- 1 , 2-e thane- 253-254 92 . 2  66 . 2 3 8 . 03 25 . 7 4 66 . 20 8 . 1 5  25 . 7 1 
diamino ) - 8 , 8-dicyanoquinodime than dec . 

( 1 8a) 

7 , 7-Bis ( N , N-dimethy l- 1 , 3-propane- 1 5 7 - 1 5 9  66 . 5  6 7 . 76 8 . 5 3  2 3 . 7 1  6 7 . 58 8 . 59 2 3 . 6 1  
diamino ) - 8 , 8-dicyanoquinod imethan 

( 1 8b) 

7 , 7-Bis ( N , N-dimethy 1- 1 , 4-butane- Iso lated as an Oil  
diamino ) - 8 , 8-dicyanoquinodimethan 

( 1 8c)  

V1 ...... 
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the starting material and the desired produc t , 7 , 7-bis (2-trimethyl-

ammoniumpropylamino ) -8 , 8-dicyanoquinodimethan d i iodide ( 20a) , The 

react ion t ime was extended to approximately one month and the produc t 

isolated was 7 , 7 -bis ( 2-trime thy lammoniumethyl amino ) - 8 , 8-d icyanoquino-

d imethan d i iodide - methyl iodide comp lex ( 1 9a ) . When 7 , 7-bis (N ,N-

dimethyl- 1 , 3-propanediamino ) -8 , 8-d icyanoquinod imethan ( 1 8b )  was react ed 

with excess methyl iodide for two months , the 7 , 7 -bis ( J- t r imethylammonium-

p ropylamino) -8 , 8-d icyanoquinod imethan diiodide - methyl iodide compl ex 

( 1 9b )  was isolated  (Figure 1 6 ) . The reac t ion of  excess methyl iodide 

with 7 , 7-bis (dimethylamino ) -8 , 8-dicyanoqu inodimethan (�) produced a 

s imilar methyl iodide complex .  The methyl iod ide complexes were 

charac terized using NMR, ir and uv spe c t roscopy . 

c� 

A model TCNQ 7-TCNQ monomer wa s obt ained by t reat ing  7 , 7-bis ( 3-

t r ime thylammoniump ropylamino ) -8 , 8-di cyanoqu inodimethan d iiodide with 

LiTCNQ . The p roduct ,  7 , 7-bis ( J-trime thy l ammoniumpropyl amino ) -8 , 8-

dicyanoquinod ime than d i ( t e t racyanoquinodime thanide) ( �� ) . prec ip it ated 

from the solut ion as it  formed . I t  was f o u n d  t o  be on ly s l i ght ly 

soluble in water  and polar organic solven t s .  
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Spectral Charac teristics of  the TCNQ De rivat ives 

The NMR spect rum of 7 , 7-b is ( N , N-dimethyl-1 , 3-propaned iamino) -

8 , 8-d icyanoquinod imethan ( 1 8b) has a singlet a t  o 2 . 2 3 for the methyl 

groups of  the tert iary nit rogens ( F igure 1 7 ) . The me thyl ene groups 

adj acent to the tertiary nit rogen atoms appeared as a triplet at o 2 . 4 3 .  

A mul t iplet a t  o 1 . 70 represented the methylene groups wh ich were bonded 

to two other methylenes . The methylene groups at tached to the secondary 

nitrogen atom appeared as an unresolved abso rpt ion at o 3 . 4 1 .  The broad-

ening of this absorpt ion was a t t r ibuted to part ial averaging of  the sp in-

spin coup ling to ni trogen by quad rupo l e  relaxat ion . 52 The four r ing 

prot ons appeared as an AB quartet  at o 7 . 1 0 .  The NMR spectra o f  7 , 7-b is-

( N , N-dimethy l- 1 , 2-ethaned iamino ) - 8 , 8-d icyanoquinod ime than ( 1 8a)  and 7 , 7-

bis ( N , N-dimethyl- 1 , 4-butanediamino ) - 8 , 8-dicyanoquinod imethan ( 1 8c )  were 

s imilar to the spect rum of 1 8b (Tab l e  1 1 ) . 

The NMR spe c t rum o f  7- ( N , N-d imethyl- 1 , 3-p ropaned iamino ) - 7 , 8 , 8-

tricyanoquinod imethan ( 1 7b )  exhibited a multiplet at o 2 . 1 0 for  the 

methylene group whi ch was adj acent to the two other methylene groups 

( Figure 1 8 ) . A singlet appeared at o 2 . 86 which represents the me thyl 

groups . The down field posit ion of the methyl absorpt ion has been attributed 

/ 
to nitrogen-hydrogen-n it rogen ( :;N H · · · N� ) intramolecula r hydrogen 

bonding which is discussed late r .  The me thylene which was adj acent to  

the  tertiary nit rogen appeared as  a t r iplet  at o 3 . 2 8 .  A t r iplet at  

o 3 . 8 7 represents the methylene group bonded to the  seconda ry nit rogen 

atom .  The ring p rotons appeared as  an AB quartet at o 7 . 2 7 .  The 

NMR spectra of 7 - ( N , N-d ime thyl - 1 , 2-et haned iamino ) - 7 , 8 , 8- t r icyanoqu ino-

dimethan ( 1 7a)  and 7- (N , N-d imethy l- 1 , 4-buta ned iamino ) - 7 , 8 , 8-tricyano-

quinodimethan (lZ£) we re s imi l a r  to that of 7- ( N , N-d ime thy l- 1 , 3-propane-
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Tab le 1 1  

NMR Spect ra l  Absorpt ions o f  
7- ( N , N-Dimethyl-a ,w-alkyldiamino) - 7 , 8 , 8-tricyanoquinod imet hans, 

7 , 7-Bis ( N , N-dimethyl-a ,w-alkyldiamino) - 8 , 8-dicyanoquinodimethans , 
7 , 7-B is (w-trimethylammoniumalkylamino ) - 8 , 8-dicyanoquinodimethan Di iodide - Methy l  Iodide Complexes 

Internal 
Compound Solvent Standard NMR Spectra 6 

7- ( N , N-Dimethyl- 1 , 2-ethanediamino ) -
7 , 8 , 8-tr icyanoquinod imethan 

( 1 7a) 

7 , 7-Bis ( N , N-dimethyl- 1 , 2-ethane
diamino ) - 8 , 8-d icyanoquinodi-
methan ( 1 8a) 

7 , 7-Bis ( 2-trimethylammoniumethyl
amino ) -8 , 8-dicyanoquinodimethan 
diiodide - methyl iodide complex 

( 1 9a) 

7- ( N , N-Dimethyl- 1 , 3-propanediamino) -
7 , 8 , 8-tricyanoquinodimethan 

( 1 7b )  

7 , 7-Bis ( N , N-dimethyl- 1 , 3-propane
diamino ) - 8 , 8-dicyanoquinodi-
methan ( 1 8b )  

(CD 3 )
2

SO 

( CD 3) 2SO 

D 0 2 

(CD
3

)
2

SO 

CD 3CN 

TMS 

TMS 

DSS 

TMS 

TMS 

2 . 90 ( s , 6H) , 3 . 5 2 ( t , 2H) , 
4 . 10 (t , 2H) , 6 . 90 (d , 2H) , 
7 . 67 (d , 2H) 
2 . 1 0 (s , 1 2H) , 2 . 35 (t , 4H) , 
3 . 40 ( t , 4H) , 6 . 86 (d , 2H) , 
7 . 30 (d , 2H) 

2 . 30 ( s , 3H) , 3 . 23 (d , 1 8H) , 
3 . 9 7 (m , 8H) , 8 . 00 ( s , 4H) 

2 . 1 0 (m , 2H) , 2 . 86 ( s , 6H) , 
3 . 28 ( t , 2H) , 3 . 8 7 ( t , 2H) , 
6 . 88 (d , 2H) , 7 . 6 5 (d , 2H)  

1 . 7 0 (m , 4H) , 2 . 23 ( s , 1 2H) , 
2 . 43 ( t , 4H) , 3 . 4 1 (unresolved 
t , 4H) , 6 . 9 7 (d , 2H) , 7 . 26 (d , 2H) 
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Tab le 1 1  
( Cont inued)  

Internal 
Compound Solvent Standard NMR Spectra o 

7 , 7-Bis ( 3-trimethylammoniumpropyl
amino ) -8 , 8-dicyanoquinodimethan 
diiodide ( 20)  

7 , 7-Bis ( 3-trimethy lammoniumpropyl
amino ) -8 , 8-dicyanoquinodimethan 
diiod ide - methyl iodide compl ex 

( 1 9b)  

7- (N , N-Dimethy l- 1 , 4-but anediamino ) -
7 , 8 , 8-tr icyanoquinod imethan 

( 1 7 c )  

7 , 7-Bis ( N , N-dimethyl- 1 , 4-butane
diamino ) - 8 , 8-dicyanoquinodi-
methan ( 1 8c )  

7 , 7- (Bis (dimethylamino ) -8 , 8-
dicyanoquinodimethan 

(�) 

7 , 7-Bis (dimethylamino ) -8 , 8-
dicyanoqu inod imethan - methyl 
iodide complex ( 1 6a) 

D20 

CD 3CN 

(CD 3)
2

SO 

CD 3CN 

(CD 3) 2 so 

CD 3CN 

DSS 

TMS 

TMS 

TMS 

TMS 

TMS 

2 . 30 (m , 2H) , 3 . 20 ( s , 1 8H) , 
3 . 58 (m , 8H) , 6 . 98 (d , 2H) , 
7 . 45 (d , 2H) 

2 . 2 3 ( s , 3H) , 2 . 30(m, 4H) , 
3 . 2 3 ( d , l 8H) , 3 . 7 l (m , 8H) , 
7 . 9 7 ( s , 4H) 

1 . 7 S (m , 4H) , 2 , 8 0 ( s , 6H) , 
2 . 63 (t , 2H) , 3 . 83 ( t , 2H) , 
6 . 90 (d , 2H) , 7 . 63 (d , 2H) 

1 . 6 l (m , 8H) , 2 . 2 S (m , 1 6H) , 
3 . 3 l ( t , 4H) , 6 . SO (broad s ,  
2H) , 6 . 9 7 (d , 2H) , 7 . 2 7 (d , 2H) 

3 . 1 0 ( s , l 2H) , 6 . 90 (d , 2H) , 
7 . 1 3 ( d , 2H) 

2 . 23 ( s , 3H) , 3 . 20 (s , l 2H) , 
7 . 93 (s , 4H) 
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diamino ) -7 , 8 , 8- t ricyanoquinod ime than ( 1 7b )  (Table 1 1 ) .  

The quaternizat ion o f  the tertiary nit rogens of  7 , 7-bis (N , N-dimethyl-

1 , 3-propanediamino) - 8 , 8-d icyanoqu inod imethan ( 1 8b)  with methyl iodide 

formed 7 , 7-bis ( 3-trimethylammoniumpropylamino ) - 8 , 8-d icyanoquinodimethan 

diiod ide ( 20b ) . The NMR spect rum showed a la rge downfield shi ft for 

those groups bonded to the quate rnary nit rogens . The NMR spect rum of  

20b  showed a singlet at o 3 . 20 for  the methyl groups bonded to the 

quaternary nit rogen atoms (Figure 1 9 ,  Table 1 1 ) . The methylenes bonded 

to the qua ternary nit rogen as we ll as the methylene groups attached to 

the secondary nit rogen appea red as broad absorpt ions at o 3 . 58 .  The 

methylene groups adj acent to two other methylene groups appeared as an 

unreso lved mul t iplet at o 2 . 30 .  The r ing p ro t ons appea red as an AB 

quartet  at o 7 . 26 .  

Treatment o f  7 , 7-bis ( N , N-dimethy l-a ,w-alkyld iamino ) - 8 , 8-dicyano

quinodimethans with excess methyl iodide produced unique methyl iodide 

complexes . The NMR spect rum of 7 , 7-bis ( 3-trimethylammon iumpropylamino) -

8 , 8-dicyanoquinodime than di iod ide - methyl iodide comp lex ( 1 9b ) had a 

singlet at o 2 . 2 3 a t t r ibuted to the methy l group of the comp lexed methy l 

iodide (Figure 20) . The me thyl groups  of the quaterna ry nit rogens 

appeared as a doub let at o 3 . 23 .  The methylene groups attached to the 

quat ernary nitrogens appeared as a t r iplet at o 3 . 2 3  which part ially 

falls under the peaks for the me thyl  groups . The methylene groups which 

were adj acent to two methylene groups appeared as a mul tiplet at o 2 . 20 .  

Two signi ficant changes in the spect rum o f  the ring protons were observed . 

First , they were shifted approximat ely 80 Hz down f i e ld from the parent 

compound ( 1 8b ) , from o 7 . 1 0 to o 7 . 9 7 .  Furthe r ,  the absorpt ion peak 

appeared as a singlet ins tead of an AB quartet . The other two methyl 
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iodide comp l exes , 7 , 7-bis (dimethylamino ) -8 , 8-d icyanoquinodimethan -

methyl iodide complex ( 1 6a) and 7 , 7-bis ( 2-trimethylammoniumethy lamino ) -

8 , 8-dicyanoquinodimethan - methyl iodide compl ex ( 1 9a) , exhibited 

spectra s imilar to that of  the methy l  iod ide complex ( 1 9b) discussed 

above (Table 1 1 ) . 

The i r  spectra of  the 7- ( N , N-d imethy l-a ,w-alkyldiamino ) -7 , 8 , 8-

t ricyanoquinodimethans , 7 , 7-bis (N , N-dimethyl-a,w-alkyldiamino ) -8 , 8-

dicyanoquinod imethans , and the 7 , 7-bis (w-trimethylammoniumalkylamino) -

8 , 8-d icyanoquinodimethan di iodides are a l l  simi lar (Tab l e  1 2) . For 

example , the ir  spectrum of  7 , 7-bis (N , N-dimethyl- 1 , 3-propanediamino ) -

62  

8 , 8-dicyanoquinodimethan ( 1 8b )  exhibited peaks at 2 1 7 5 cm- 1 and 2 1 40 cm- 1 , 

characteristic  of  conj ugated nitriles (Figure 2 1 ) . The absorptions 

at 1 630 cm- 1 (shoulder ) ,  1 600 cm- 1 and 1 5 7 5  cm- 1  (shoulder )  were 

attributed to t he conj ugated C-C double bonds and the C-N double bond 

which arises f rom resonance forms . Abso rpt ions between 3200 and 3000 cm- 1  

were a t t r ibuted to the four aromat ic protons o f  the ring. The peaks 

be tween 3000 cm- 1 and 2 7 50 cm- 1 represent the methyl ene and methyl 

groups . The N-H showed a s trong absorpt ion at 3225  cm- 1 , but this 



Table  1 2  

Infrared Spectral Absorpt ions o f  
7 - ( N ,N-Dimethyl-a ,w-alkyldiamino ) - 7 , 8 , 8-tricyanoquinodimethans , 
7 , 7-Bis (N , N-dimethyl-a,w-alkyldiamino ) -8 , 8-d icyanoquinod imethans 

and Related Compounds 

7- ( N , N-Dimethyl- 1 , 2-ethanediamino ) - 7 , 8 , 8-t ricyanoqu inodimethan ( 1 7a) : 

3060 (w) , 3030 (w) , 2920 (w) , 2850 (w) , 2 1 80 ( s ) , 2 1 30 ( s ) , 1 600 (s ) , 
1 5 80 ( s ) , 1 5 10 (m) , 1 330 (m) , 1 285 (m) , 1 1 85 ( s ) , 835 (w) , 695 (m) . 

7 , 7-Bis ( N , N-dimethy l- 1 , 2-ethaned iamino ) -8 , 8-dicyanoquinod imethan ( 1 8a) : 

3 2 25 ( s ) , 3 1 1 0 (m) , 3060 (m) , 2970 (m) , 2940 ( s ) , 2860 (m) , 2825 (m) , 
2 7 65 ( s ) , 2 1 7 5 ( s ) , 2 1 40 ( s ) , 1 6 30 ( s ) , 1590 ( s ) , 1 56 0 ( s ) , 1 500 ( s ) , 
1 4 50 (m) , 1 4 1 5 (m) , 1 360 ( s ) , 1 2 70 ( s ) , 1 245 (s ) , 1 2 2 5 (m) , 1 1 9 5 ( s ) , 
1 1 78 (s ) , 1 1 50 (m) , 1 1 35 ( s ) , 833 ( s ) . 

7 , 7-Bis ( 2- t r ime thylammoniumethylamino) -8 , 8-dicyanoquinodimethan 
d i iodide - methyl iodide complex ( 1 9a) : 

3430 ( s ,  broad ) , 3020 ( s ) , 2920 ( s ) , 2 1 7 5 (w) , 2 1 30 (w) , 1 640 ( s ,  broad) , 
1 4 80 ( s ) , 1 4 5 5 (m) , 1 4 20 (w) , 1 3 30 (w) , 1 280 (w) , 1 2 1 5 (w) , 1 1 78 (w) , 
l l OO (w) , 1 0 20 (w) , 970 (w) , 945 (w) , 922 (w) , 84 0 (w) , 750 (w) , 695 (m) . 

7- (N , N-Dimethyl- 1 , 3-propanediamino ) - 7 , 8 , 8-tr icyanoquinodimethan ( 1 7b ) : 

3035 (w) , 2 1 70 (s ) , 2 1 30 ( s ) , 1 605 (m) , 1 5 80 ( s ) , 1 5 0 7 (m) , 1 3 30 (m) , 
1 3 1 2 (m) , 1 308 (m) , 1 290 (m) , 1 1 85 (m) , 1 1 7 9 (m) , 840 (m) . 

7 , 7-Bis (N , N-dimethyl- 1 , 3-propaned iamino ) -8 , 8-dicyanoquinodimethan ( 1 8b ) : 

3235 ( s ) , 3 1 20 (m) , 3050 (m) , 2950 ( s ) , 2860 (m) , 2820 (s ) , 2 790 (s ) , 
2 7 7 5 ( s ) , 2 1 8 0 ( s ) , 2 1 4 0 ( s ) , 1 640 ( s ,  shoulder ) ,  1 600 ( s ) , 1 5 1 0 ( s ) , 
1 460 (m) , 1 32 5 ( s ) , 1 2 90 (m) , 1 2 60 (m) , 1 228 (m) , 1 1 9 5 (m) , 1 1 70 (m) , 
1 1 1 3 (w) , l l OO (w) , 1 08 0 (w) , 1026 (w) , 1 005 (w) , 995 (w) , 970 (w) , 
935 (w) , 900 (w) , 880 (w) , 840 (s ) , 7 55 (w) , 742 (w) . 

7 , 7-Bis ( 3- t rimethylammoniumpropylamino ) -8 , 8-dicyanoquinod ime than 
diiodide (lQ) : 
3445 (s , broad) , 3 1 90 ( s ,  broad ) ,  3 1 0 0 (m) , 3040 (m) , 2960 (m) , 
2 1 7 5 ( s ) , 2 1 30 ( s ) , 1 625 (s ) , 1 600 ( s ) , 1565 ( s ) , 1 50 5 ( s ) , 1 4 7 7 ( s ) , 
1 37 5 (m) , 1 355 (w) , 1 32 0 ( s ) , 1 2 65 (w) , l 2 30 (w) , l 2 08 (w) , l l 9 3 (m) , 
1 1 75 (m) , 1 1 50 (w) , 1 060 (w) , 958 (w) , 940 (w) , 9 1 5 (w) , 880 (w) , 835 (m) , 
7 7 2 (w) . 

6 3  



Table 1 2  
( Cont inued)  

7 , 7-Bis ( 3-trimethylammoniumpropylamino) -8 , 8-d icyanoquinod imethan 
diiodide - methyl iodide complex ( 1 9b) : 

64 

344 2 ( s ,  broad ) , 30 1 S (m) , 2888 (w) , 2823 (w) , 1 64 3 ( s ) , 1 5 1 0 (w) , 1 4 7 7 (m) , 
1 4 1 1 (w) , 1 3 6 3 (w) , 1 2 6S (w) , 1 2 1 0 (w) , 1 1 7 S (w) , 1 098 (w) , 1062 (w) , 
1 0 1 S (w) , 9 5 6 (w) , 9 1 S (w) , 892 (w) , 8 74 (w) , 839 (w) , 744 (w) , S03 (w) . 

7 , 7-Bis ( 3-trime thylammoniumpropylamino ) -8 , 8-dicyanoquinod imethan 
d i ( te tracyanoquinod imethanide)  (ll) : 
3440 (m,  broad ) , 3 260 (m,  broad) , 3060 (w) , 3040 (w) , 2960 (w) , 2 20S ( s ) , 
2 1 8 S ( s ) , 2 1 7 0 ( shoulder) , 2 1 3S ( s ) , 1 6 30 ( s ) , 1 600 (s ) , 1 58 0 ( s ) , 
1 5 1 0 ( s ) , 1 490 (m,  shoulder) , 1 4 80 (m) , 1 368 ( s ) , 1 3 3 S ( s ) , 1 26S (w) , 
1 2 2 2 (w) , l l 80 ( s ) , 1 1 7 S (m ,  shoulder) , 988 (m) , 824 ( s ) , 7 20 (m) . 

7- (N , N-Dimethyl- 1 , 4-butanediamino ) - 7 , 8 , 8-tricyanoquinodimethan ( 1 8c) : 

3440 ( w ,  broad) , 304 S (m) , 29SO (m) , 2 740 (w , broad) , 2 1 7 8 ( s ) , 2 1 4 0 ( s ) , 
1 602 ( s ) , 1 580 ( s ) , 1 54S (m) , 1 5 1 0 ( s ) , 1 483 (m) , 1 4 70 (m) , 1 4 4 7 (w) , 
1 4 30 (m) , 1 380 (m) , 1 32 S ( s ) , 1 30S (s ) , 1 28 0 ( s ) , 1 2 53 (m) , 1 2 30 (w) , 
1 1 90 ( s ) , 1087 (w) , 1 0S S (w) , 1 004 (w) , 948 (w) , 84 3 (m) , 82S (w) , 
7 3 l (w) , 6 6 7 (w) , S70 (w) , SOO (w) . 

7 , 7- (Dimethylamino ) - 8 , 8-d icyanoqu inodimethan (�) : 

33SO ( s ,  broad) , 296S (w) , 294S (m) , 2 1 7 S ( s ) , 2 1 4 S ( s ) , 1 590 (s ) , 
1 5 30 (m) , l 4 90 ( s ) , 1 460 (m) , 1 44S (m) , l 4 2 0 ( s ) , 1 4 0S (s ) , l 390 (s ) , 
1 32 S ( s ) , 1 290 ( s ) , 1 2 2 0 (m) , 1 207 (m) , 1 1 7 8 ( s ) , 1 1 3 5 (m) , l l OO (w) , 
1 080 (m) , l l 62 (m) , l l S S (m) , 990 (m) , 9 1 7 (m) , 890 (m) , 840 (m) , 828 (m) . 

7 , 7- ( Dimethylamino) -8 , 8-d icyanoquinodimethan - me thyl iodide complex ( 1 6a) : 

3450 (m) , 3 380 (w) , 3040 (w) , 2980 (w) , 2960 (w) , 2260(w) , 224S (w) , 
1 620 ( s ) , 1 5 30 (m) , 1 SOO (m) , 1 4 70 (m) , 1 400 ( s ) , 1 290 (m) , 1 2 1 0 (m) , 
l l 7 8 (m) , l l SS (w) , l l 2 2 (w) , l l OO (m) , 1 068 (w) , 1 058 (w) , 1 0 1 6 (m) , 
986 (w) , 9 7 2 (w) , 890 (m) , 8SO (m) , 833 (m) . 
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Figure 2 1 : Inf rared Spectrum of  7 , 7-Bis ( N , N-d imethy l- 1 , 3-propanediamino) -8 , 8-dicyanoquinodimethan ( 1 8b )  
a s  a KBr Pellet . 
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peak was not as wel l  def ined in spect ra of the other compounds in this 

s eries . 

The me thyl iodide complexes ( 1 6a , 1 9a and 1 9b )  exhibited ir spectra 

which were s imilar to the spectrum of the quaternized precursor , 1 8b ,  

with the except ion o f  the nitrile absorpt ions (Table 1 2 ) . Although the 

nitrile absorpt ions appeared as a doublet between 2 200 and 2 1 00 cm- 1 , 

66  

the intens i ty was very weak in comparison to the nitrile absorpt ions of  

1 8b .  The spectrum of  7 , 7-bis ( 2-trimethylammoniumethylamino) - 8 , 8-dicyano

quinodimethan di iodide - methyl iod ide complex ( 1 9a) showed a weak nitrile 

absorpt ion as a doublet ( 2 1 7 5 cm- 1  and 2 1 30 cm- 1 ) (Figure 2 2 ) . 

The ir spectrum for 7 , 7-bis ( 3-trimethylammoniumpropylamino) -8 , 8-

d icyanoquinodimethan d i ( te t racyanoquinodimethanide)  (�) was like the 

ir spectrum of 1 8b ,  exhibit ing strong absorpt ions for the nitrile groups 

between 2 2 00 and 2 1 00 cm- 1 (Table 1 2 ) . Strong absorpt ions between 1 650 

and 1 550 cm- 1  reflect a high degree of rr- rr conj ugat ion in this compound . 

The uv spectra of the methy l iodide complexes ( 1 6a ,  1 9a and 1 9b )  

differed substan t ially from the uv spectra o f  their precursors .  The 

comparison of the spectra of 7 , 7-bis (N , N-dime thyl- 1 , 3-propane ) -8 , 8-

d icyanoquinodime than ( 1 8b ) , 7 , 7-bis ( 3-t r imethylammoniumpropylamino ) -

8 , 8-dicyanoquinod imethan diiodide ( 20b) and 7 , 7-b is ( 3-trimethylammonium

propyl amino ) - 8 , 8-d icyanoquinod imethan diiodide - methyl iodide complex 

( 1 9b)  showed that 1 8b and 20b have absorpt ions that appeared at 366 nm 

( £  = 2 4 , 4 70)  and 3 7 4  nm ( £  = 18 , 990) , respect ively . This peak was 

absent in the uv spect rum of 1 9b . Fur ther,  in the spectrum of 1 8b ,  a 

shoulder appeared at 2 10 nm ( £  = 2 2 , 820) which was not observed in the 

spectra for 20b and 19b (Figure 23 ) . 
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Intramolecular Nitrogen-Hydrogen-N!� rogen �drogen Bonding of the 
1 - (N,N-Dimethyl-a,w-alkyldiamino) - 1 ,2,2- tricyanoethylene and 
7 - (N,N-Dimet hyl-a,w-alkyldiamino) - 7,8,8-t r icyanoquinodimethan Compounds 

The -N ( CH 3 ) 2 peak in the NMR spectrum of 1 - (N , N-d imethyl-a ,w-

alkyldiamino ) - 1 , 2 , 2-tricyanoethylene was observed approximately 6 0 . 50 

downfield from the normal position of 6 2 . 2 5 reported for a methyl 

group a ttached to a tert iary nit rogen atom . 5 1  For examp l e ,  the -N ( CH3 ) 2 

peak for 1 - (N ,N-dimethyl- 1 , 3-propaned iamino ) - 1 , 2 , 2-tricyanoethylene ( 1 2b )  

was observed at 6 2 . 70 ,  which is 6 0 . 65  downfield from t he posi t ion 

for t he -N ( CH 3 ) 2 peak (6 2 . 1 5 )  of the start ing material , N , N-dimethyl-

1 , 3-propanediamine . Since the observed down f ield chemical shi f t  of 1 2b 

is c lose to t he normal posit ion of a quatern ized N-methyl group , which 

is 6 2 . 95 ,  it appears that the -N (CH 3) 2 amine may be involved in a 

:::::N -- H• • • N� hydrogen bonding situation which would impart quat..._ 

ernary character t o  this moiety and cause this unique shif t .  Similar 

NMR shifts have been reported by Hine and L i  for a lkyl tert iary diamines 
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which exhibi ted intramo lecular nitrogen-hydrogen-nitrogen hydrogen bonding 

involving a hydrogen from a quaternary nitrogen with a tertiary nitrogen . 5 3  

The -N ( CH 3) 2 group o f  1 - (N , N-dimethy l- 1 , 3-propaned iamino ) - 1 , 2 , 2-

tricyanoet hy lene ( 1 2b )  was quaternized with hydrochloric acid t o  form 

1 - (N , N-dimethyl- 1 , 3-propanediamino ) - 1 , 2 , 2-tr icyanoethylene-N-hydrochloride 

( 2 2b ) . The NMR absorp tion of the quaternized -N ( CH 3) 2 protons appeared 

further downf ield at 6 2 . 85 which is 15 Hz downfield f rom the original 

-N ( CH 3 ) 2 pos ition f or compound 1 2b .  This additional downfie ld shift  for 

t he N-methyl groups of the hydrochloride salt ( 2 2b) ind icates that the 

tert iary amine of 1 2b may not have been completely in the quaternized form .  

Further , i t  was observed that the methy lene groups bonded t o  the secondary 

nitrogen and the tertiary nitrogen of 1 2b appeared at 6 3 . 7 7  and 6 3 o 28, 



respective ly ,  which are both downfield f rom the posit ions of the corres-

ponding methylene groups of  the hydrochloride salt (22b)  (Table  1 3) . 

These downf ield shifts o f  the methylene groups of 1 2b were attributed 

to diamagnetic  anisotropy ef fects due to the mult iple bonds o f  the 

remainder of the molecule , indicating that the geomet ry of  compound 

1 2b must d i ffer  substantially f rom that of 2 2 b .  

The nitrogen-hydrogen-nitrogen hydrogen bonding was further corrob-

orated by the ir  spect rum of  1 - (N , N-dimethyl-1 , 2-ethaned iamino ) - 1 , 2 , 2-

tricyanoethy l ene  ( 1 2a ) . The N-H stretching was shifted to a longer wave-

length ( 3090 cm- 1 ) for 1 2a in comparison the absorpt ion at 3270  cm- 1  for 
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t he N-H stretching of  1 , 1 -b i s ( N , N-dimethyl- 1 , 2-ethanediamino ) - 2 , 2-dicyano-

ethylene ( 1 3a)  indicat ing strong hydrogen bonding for 1 2 a .  The N-H stretch-

ing f requencies f or 1 2 b  and 1 2c were not as conclus ive because the N-H 

s t retch for these compounds was apparently absorbed at the same f requency 

as the C-H s t retch.  However ,  the ir spec t ra of 1 2 b  and 1 2 c  exhib ited 

+ 
absorptions in the 2 700-2250  cm- 1  reg ion , ind icat ing R3NH charac ter . S4 

The chemical ionization mass spec trum of compound 1 2b indicated 

that i t  has a mass of 203 ( theoretical mol wt 203 . 2 ) . The molecular 

weight determinat ion by a thermoelectric measu rement in acetonitrile 

indicated a molecular weight of  1 99 .  This  data suggest that the compound 

apparently exis t s  in a monomer ic form which would necess itate an intra-

mo lecular interact ion . Fur ther , if intramolecular hydrogen bonding 

were to exist , the molecule would have to assume a cyclic conformat ion 

approximately 8 . 5  A in length.  On the other hand , if compound 1 2b 

were intermo l ecularly hydrogen bonded , it wou ld be expected to exist 
. 

as a l inear molecule approximately 1 2  A in length . Preliminary X-ray 

data was obta ined which was in agreement with the cyclic conformat ion 



Table 1 3  

NMR Chemical Shi fts of  1 , 1-Bis ( N , N-dimethy l- 1 , 3-propanediamino) -2 , 2-dicyanoethylene , 
1 - ( N , N-Dimethyl- 1 , 3-propanediamino ) - 1 , 2 , 2-tricyanoethylene and 

1 - (N ,N-Dimethyl- 1 , 3-propanediamino ) - 1 , 2 , 2-tricyanoethylene-N-hydrochloride 

Compound 

H NC NCH2CH2CH2N (CH3 ) 2  ,_ .,.. 
-....... N� NCH2CH2CH2N (CH3 ) 2  H 

H NC NCH2CH2CH2N (CH3 )2 '-/ 
,.-, NC CN 

H NC NCH2CH2CH2N (CH3 ) 2HC1 ,_/ 
NC'-'cN 

NH 

7 . 8 7  

8 . 3 3 

8 . 00 

Chemical Shifts  � CH2 CH2 CH2 

3 . 35 l o 65 2 . 40 

3. 7 7  1 . 92 3 . 2 8 

3 . 6 7 2 . 20 3 . 1 3  

N (CH 3 ) 2 

2 . 1 6 

2 . 70 

2 . 85 

...... 



and an intramolecular arrangement .  

NC
" 

CN 
_/ 

NC/ - "N-(CH ) � 1 2 n 
H· ·  · · · . .  N(CH ) 3 2 

n = 2 , 3 ,4  

The observed pos i t ion of  the NMR absorp t ion for the -N ( CH ) peak 3 2 

7 2  

of  the d isubstitu ted derivativ e ,  1 , 1 -bis (N , N-dimethyl- 1 , 3-propanediamino) -

2 , 2-dicyanoethylene ( 1 3b ) , was o 2 . 1 6  (Table 1 3 ) . This posit ion was 

about the same as that of the - N ( C H 3 ) 2 group ( o  2 . 1 5 )  of the starting 

material , N , N-d imethyl- l , 3-propanediamine , and ind icated that the amine 

groups of 1 3b were not exhibit ing quaternary character as observed with 

the monosubs t i t uted TCNE derivative ( 1 2b) . Compound 1 3b has two n itrile 

groups which are delocalizing the nonbonded electron pairs of two 

nitrogen atoms . The delocal izat ion o f  the nonbonded electrons of 1 3b 

would not ,  therefore , be expec ted to be as extensive as in the case of 

compound 12b since 1 2b has only one nonbonded pair of  e lec t rons delocal ized 

by three elect ron-withdrawing nitrile groups . The greater delocal izat ion 

of the nonbonded elec t rons of compound 1 2b would result in the decrease of  

the  electron density of  the  N-H bond , thus making this  amine hydrogen more 

suscep tible to a hydrogen bonding interac t ion than the corresponding amine 

hydrogens of compound 1 3b .  



The TCNQ analogs , 7 - ( N , N-dimethyl-1 , 2-ethanediamino) -7 , 8 , 8-tricyano

quinodimethan ( 1 7 a ) , 7 - (N , N-dimethyl- 1 , 3-propaned iamino ) - 7 , 8 , 8-tr icyano-

7 3  

quinodimethan ( 1 7b)  and 7 - ( N , N-dimethyl- 1 , 4-butanediamino) -7 , 8 , 8-tricyano-

quinodimethan ( 1 7c ) , also exhibited a down f ield chemical shift of approx-

imately 6 0 . 50 from that expected for a tertia ry N-methyl  group . For 

exampl e ,  the NMR spect rum of compound 1 7b exhibited the -N (CH3 ) peak -- 2 

at  6 2 . 86 ,  whi ch is  6 0 . 6 1  downf ield from t he position o f  the -N ( CH ) 3 2 

peak of  the s tart ing material , N ,N-d ime thyl-1 , 3-propaned iamine . Conse-

quently , it was concluded by the same argument that these compounds 

were intramolecularly nitrogen-hydrogen-nitrogen hydrogen bonded as wel l .  

The ir spectra,  however ,  were not a s  corroborat ive a s  the ir spectra o f  

the TCNE analogs . 

Synthes is and Characterization of the TCNE and TCNQ Polymers 

The bisamino TCNE derivat ives , 1 , 1-bis (N , N-dimethyl- 1 , 2-ethane-

d iamino ) - 2 , 2-dicyanoet hylene ( 1 3a)  and 1 , 1 -bis (N , N-d imethyl-1 , 3-propane-

d iamino ) -2 , 2-dicyanoethylene ( 1 3b) , and the bisamino TCNQ derivat ive s ,  

7 , 7-bis (N , N-dimethy l- 1 , 2-ethanediamino) - 8 , 8-dicyanoquinodimethan ( 1 8a)  

and 7 , 7-bis (N , N- d imethyl- 1 , 3-propanediamino) - 8 , 8-dicyanoquinodimethan 

( 1 8b ) , were copolymerized with a ,w-alkyld ibromides to produce ionene 

polymers ( Figure 2 4 ) . The polymer i zat ion solut ions were prepared in 

N , N-dimethylformamide (DMF) so that the monomers we re in a 1 : 1  molar 

ratio and const i tuted 50 percent of the so lut ion by weight (Tables 1 4 ,  

1 5 ,  1 6  and 1 7 ) . The polymer izat ions of 1 3a ,  1 3b and 1 8b were carried out 

at room temperature for seven days . Due to the inso lubility of 1 8a at 

room temperature , i t  was necessary to po lymer ize it for seven days at an 

e levated temperature ( S0°C) . The polymers were isolated and d ried at 1 10°C 
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Table 1 4  

Polymerizat ion of 1 , 1-Bis (N , N-dimethyl- 1 , 2-ethanediamino) -2 , 2-dicyanoethylene ( 1 3a) 
at  Room Temperature for Seven Days 

---

TCNQ Elemental Ana ly s is 
Dibromide DiBr Derivat ive DMF % Calculated Found 

mmol mmol g Y ield c H N Br c H N 

Br ( CH 2 ) 2Br 1 5 . 0  1 5 . 0  6 . 5406 62 . 59 38 . 37  5 . 98 1 9 . 1 8  36 . 4 7 36 . 7 8 5 . 96 1 8 . 27  

Br ( CH 2 ) 3Br 20 . 0  20 . 0  9 . 0394 93 . 62 39 . 84 6 . 24 1 8 . 58 3 5 . 34  3 8 . 63 6 . 28 1 7 . 98 

Br ( CH 2 ) 4 Br 20 . 0  20 . 0  9 . 2548 9 4 . 86 4 1 . 2 2 6 . 48 1 8 . 02 34 . 28 40 . 2 1 6 . 87 1 7 . 74 

Br ( CH 2 ) 5B r  1 5 . 0  1 5 . 0  7 . 2345 98 . 73 4 2 . 5 1  6 . 7 1  1 7 . 50 3 3 . 2 7  40 . 53 6 . 70 1 6 . 55 

B r ( CH 2 ) 6Br 1 5 . 0  1 5 . 0  7 . 4 1 34  9 7 . 37 4 3 . 7 4  6 . 9 3 1 7 . 00 32 . 33 4 2 . 49 6 . 9 1 1 6 . 49 

a ND = Not Determined " 

Br 

ND
a 

ND
a 

a 
ND 

ND
a 

NDa 

...., 
Vl 



Table 1 5  

Polymerizat ion o f  1 , 1-Bis (N , N-dimethyl- 1 , 3-propanediamino) - 2 , 2-dicyanoe thylene ( 1 3b )  

TCNQ 
Dibromide DiBr Derivative 

mmo l mmol 

Br (CH2 ) 2 Br 1 2 . 5  1 2 . 5  

Br (CH2 ) 3Br 1 0 . 0  1 0 . 0  

Br ( CH2 )
4

Br 1 2 . 5  1 2 . 5  

Br ( CH2 ) 5Br 1 2 . 5  1 2 . 5  

Br (CH2 ) 6Br 1 2 . 5  1 2 . 5  

a ND = Not Determined . 

at Room Temperature for Seven Days 
---

Elemental Analysis 
DMF % Calcula ted Found 

g Yield c H N Br c H N 

5 . 8 1 82 7 2 , 1 6 4 1 . 7 2 6 . 4 3  1 7 . 87 3 3 . 98 3 4 . 88 5 . 5 7 1 4 . 4 3  

4 . 8030 9 7 . 02 42 . 5 1  6 . 7 2 1 7 , 50 33 . 2 7 40 . 4 7  6 . 66 1 6 . 06 

6 . 1 82 8  89 . 88 4 3 . 74 6 . 93 1 7 . 00 32 . 33 42 . 43 6 . 96 1 6 . 35 

6 . 3 2 3 1  9 8 . 84 44 . 89 7 . 1 4 1 6 . 53 3 1 . 44 4 3 . 1 1  7 . 1 5 1 5 . 8 1  

6 . 5 35 5  97 . 37 4 5 . 99 7 . 3 3 1 6 . 09 30 . 59 43 . 98 7 . 22 1 5 . 3 1  

Br 

NDa 

ND
a 

ND
a 

ND
a 

NDa 

" 
"' 



Table 1 6  

Polymerizat ion of 7 , 7-Bis (N , N-dimethyl- 1 , 2-ethanediamino) -R , 8-dicyanoquinodimethan ( 1 8a)  
at  50°C for  Seven Days 

---

TCNQ Elemental  Analysis 
Dibromide DiBr Derivat ive DMF % Calculated Found 

mmo l mmol g Yield c H N Br c H N 

Br (CH2 ) 2Br 1 0 . 0  10 . 0  5 . 1 55 2  60 . 1 9 46 . 7 1 5 . 88 1 6 . 34 3 1 . 07 54 . 02 6 . 85 20. 2 1  

B r ( CH2 ) 3Br 1 0 . 0  1 0 . 0  5 . 2802 9 1 . 44 4 7 . 7 4 6 . 1 0 1 5 . 9 1  30 . 25 44 . 68 6 . 1 3  1 4 . 6 9 

Br ( CH2\ Br 10 . 0  1 0 . 0  5 . 5 2 2 3  9 1 . 1 3 48 . 7 2 6 . 32 1 5 . 49 29 . 4 7 4 6 . 6 3  6 . 29 1 4 . 7 3  

Br ( CH2 ) 5Br 1 0 . 0  1 0 . 0  5 . 5346  9 1 . 38 49 . 65 6 . 52 1 5 . 1 1  2 8 . 7 2  4 7 . 70 6 . 5 7  1 4 . 06 

B r ( CH2 )
6

Br 10 . 0  10 . 0  5 . 7 038  94 . 04 5 0 . 54 6 . 7 1  1 4 . 7 3 2 8 . 02 4 8 . 48 6 . 62 1 4 . 06 

a ND = No t Determined . 

Br 

NDa 

ND
a 

ND
a 

ND
a 

ND
a 

.... 
.... 



Table 17  
Po lymerizat ion o f  7 , 7-Bis (N , N-dimethyl-1 , 3-propanediamino ) - 8 , 8-dicyanoquinodimethan ( 1 8b)  

at Room Temperature for Seven Days 

TCNQ Elemental Ana lysis 
Dibromide DiBr Derivat ive DMF % Calcula ted Found 

mmol mmol g Yield c H N Br c H N 

Br (CH2 ) 2Br 1 5 . 0  1 5 , 0  8 . 1 349 72 . 9 3  48 . 7 2 6 . 3 2 1 5 . 49 29 . 4 7 45 . 76 6 . 1 9 1 3 . 92 

Br ( CH2 ) 3Br 1 5 . 0  1 5 . 0  8 . 3459  94 . 20 49 . 65 6 . 52 1 5 .  1 1  28 . 7 2 4 7 , 20 6 . 5 2 1 4 . 05 

Br ( CH2 \ Br 1 5 . 0  1 5 . 0  8 . 5 1 6 1  94 . 5 3 50 . 54 6 . 7 1 1 4 . 7 3 2 8 . 02 4 6 . 25  6 . 49 1 3 . 26 

B r ( CH2 )
5
Br 1 5 . 0  1 5 . 0  8 . 7220  9 6 . 2 5  5 1 . 38 6 . 90 1 4 . 38 2 7 . 34 4 7 . 00 6 . 69 1 3 . 00 

Br (CH2 ) 6Br 1 5 . 0  1 5 . 0  8 . 9587 95 . 43 52 . 1 8 7 . 08 1 4 . 04 2 6 . 70 48 . 80 6 . 86 1 2 . 9 7 

a 
ND = Not Dete rmined ,  

Br  

ND
a 

ND
a 

ND
a 

a ND 

a ND 

" 
00 



for several days . All the ionene polymers prepared were 

The ir spectra of the polymers were similar and their absorptions 

are reported in Table 1 8 .  For examp l e ,  the i r  spectrum o f  7 , 7-bis (N , N

d imethyl-1 , 3-prop anediamino) -8 , 8-dicyanoquinodimethan- 1 , 4-dibromobutane 

copolymer (TCNQ 3-4) exhibited the characteristic doublet for the nitrile 

groups between 2200 and 2 1 00 cm- 1 (Figure 25 ) . Absorpt ions appeared 

near 1 600 cm- 1 which were attributed to the conjugated C-C double bond s .  

The broad absorption at  3400 cm- 1 was attributed t o  moisture absorbed by 

the polymer d ue to its hygros cop ic nature . The ir spectrum of 1 , 1 -bis

( N , N-dimethyl- 1 , 3-prop anediamino ) - 2 , 2-dicyanoethylene-1 , 5-dibromopentane 

copolymer (TCNE 3-5)  also exhibited the nitrile absorptions between 

2200 and 2 100 cm- 1 • The broad water absorpt ion appeared at 3400 cm- 1 
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as wel l  as the absorption at  1 570 cm- 1  for the C-C doub le bonds (Figure 26 ) . 

The NMR spectra of the polymer s  were similar and exhibited broad 

absorpt ions .  I n  general , the quaternary N-methy l  groups appeared as 

a singlet  between o 3 . 00 and o 3 . 20 .  The methylene groups adj acent to 

other methyl groups showed up as a broad unresolved absorption between 

o 1 . 5  and o 2 . 5 .  The methylene groups bonded to the secondary and 

quaternary nitrogen atoms were observed between o 3 . 2  and o 4 . 0 . The 

polymer synthesized from TCNQ derivat ives showed the characterist ic AB 

quartet  at approximately o 7 . 3 .  The TCNQ po lymers also exhibited another 

p eak downfield from the quartet at about o 7 . 9  which was interpreted as 

r ep resenting t he N-H protons . The NMR spect ra of TCNE 3-4 and TCNQ 3-5 

represent typical polymer spec t ra (Figures 27  and 28 ) . 

Viscosity measurements of d ilute po lymer solutions are commonly used 

to charac terize polymers.  The intrinsic viscosity [n) of a polymer 

increases with molecu lar weight and , thu s ,  affords a measure of molecular 



Table 1 8  

Infrared Absorpt ions o f  Ionene Polymers 

1 , 1-Bi s ( N , N-dimethyl- 1 , 2-ethanediamino) - 1 , 2-dicyanoethylene-1 , 2-dibromo
ethane copolymer (TCNE 2-2) : 

3420 ( s ,  broad) ,  3250 (m) , 302 S (m) , 2975 (m) , 2890 (w) , 2 700 (m , broad ) ,  
2 2 1 0 (s ) , 2 1 8 0 ( s ) , 1 57 0 ( s ) , 1 500 (s ) , 1460 ( s ) , 1 4 2 5 (m) , 1 28S (m) , 
1 1 6 5 (w) , 1 080 (w) , 1020 (m) , 960 (m) , 922 (m) . 

1 , 1-Bis ( N , N-dimethyl- 1 , 2-ethanediamino ) - 1 , 2-dicyanoethylene- 1 , 3-dibromo
propane copolymer (TCNE 2-3) : 

3400 ( s , broad ) , 3200 (m) , 3000 (m) , 2950 (m) , 2875 (w) , 2 200 ( s ) , 
2 1 7 5 ( s ) , 1 5 70 ( s) , 1475 ( s ) , 1 425 (m) , 1 3 7 5 (m) , 1 340 (m) , 1 2 8 S (m) , 
1 240 (w) , 1050(w,  broad) , 920 (w ,  broad) . 

1 , 1-Bis ( N , N-dimethy l- 1 , 2-ethaned iamino ) - 1 , 2-dicyanoethylene- 1 , 4-dibromo
butane copolymer (TCNE 2-4 ) : 

80 

3400 (s , broad ) , 3 2 2 S ( s ) , 3000 (m) , 2950 (m) , 2875 (w) , 2200 (s ) , 2 1 75 (s ) , 
1 5 7 0 ( s ) , 1 4 7S (m) , 1 3 7 S (m) , 1 34 0 (m) , 1 2 7 5 (w) , 908 (w) . 

1 , 1-Bis (N , N-dimethyl-1 , 2-ethanediamino ) - 1 , 2-d icyanoethylene-1 , 5-dibromo
pentane copolymer (TCNE 2-5) : 

3400 ( s ,  broad) , 3 2 2 5 ( s ) , 3025 (m) , 3950 (m) , 2925 (m) , 2850 (m) , 
2 2 00 (s ) , 2 1 7 S ( s ) , 1 5 70 ( s ) , 1 4 7 5 ( s ) , 1 380 (m) , 1 345 (m) , 1 2 7 5 (w) , 695 (m) . 

1 , 1-Bis (N , N-dimethy l- 1 , 2-ethanediamino) - 1 , 2-d icyanoethylene- 1 , 6-dibromo
hexane copolymer (TCNE 2-6 ) : 

3400 ( s ,  broad) , 3200 (s ) , 3 1 00 (m) , 3000 (m) , 2945 (m) , 2 860 (m) , 
2200( s ) , 2 1 7S ( s ) , 1 5 7 0 ( s ) , 1 4 7 5 (m) , 1 380(m) , 1 34S (m) , 1 2 80 (m) . 

1 , 1 -Bis (N , N-dimet hyl-1 , 3-propanediamino ) - 1 , 2-dicyanoethylene- 1 , 2-
dibromoethane copolymer (TCNE 3-2 ) : 

3400 ( s ,  broad ) , 3225 ( s ) , 3 1 2 5 (m) , 3010 (m) , 2960 (m) , 2825 (w) , 
2 7 2 S (w) , 2 200 ( s ) , 2 1 7S ( s ) , 1 5 7 5 ( s ) , 1 4 7 5 (m) , 1 3 50 (m) , 1 250 (m) . 

1 , 1-Bis ( N , N-dimethy l- 1 , 3-propanediamino )- 1 , 2-dicyanoethylene-1 , 3-
dib�omop ropane copolymer (TCNE 3-3) : 

3400 ( s ,  broad ) , 322 5 (s ) , 3030 (m) , 3000 (m) , 2960 (m) , 2875 (w) , 
2 200 (s ) , 2 1 7 5 ( s ) , 1 5 7 5 ( s ) , 1 4 7 5 (m) , 1 360 (m) , 1 250 (m) o 



Tab le 1 8  
(Cont inued) 

1 , 1 -Bis (N , N-dimethyl-1 , 3-propanediamino ) - 1 , 2-dicyanoethylene- 1 , 4-
dibromobutane copolymer (TCNE 3-4 ) : 

3400 ( s , broad) , 3 2 2 5 ( s ) , 3 1 2 5 (m) , 3 0 1 5 (m) , 2950 (m) , 2 200 (s ) , 
2 1 75 ( s ) , 1 5 7 5 ( s ) , 1 4 75 ( s ) , 1 300(m) , 1 360 (m) , 1 250 (m) , 

1 , 1-Bis (N ,N-dimethyl-1 , 3-propanediamino ) - 1 , 2-d icyanoethylene- 1 , 5-
d ibromopentane copolymer (TCNE 3-5) : 

3400 ( s ,  broad ) , 3 22 5 ( s) , 3 1 2 5 (m) , 3025 (m) , 3000 (m) , 2950 (m) , 
2 8 7 5 (m) , 2 2 00 ( s ) , 2 1 75 ( s ) , 1 5 7 5 ( s ) , 1 4 7 5 ( s ) , 1 380 (m) , 1 350 (m) , 
1 2 4 5 (m) . 

1 , 1-Bis (N, N-dimethyl- 1 , 3-propaned iamino) - 1 , 2-dicyanoethylene-1 , 6-
dibromohexane copo lymer (TCNE 3-6 ) : 

3425 ( s ,  broad ) , 3 2 2 5 ( s ) , 3050 (m) , 30 1 0 (m) , 2960 (m) , 2875 (m) , 
2 2 1 0 ( s ) , 2 1 80 ( s ) , 1 58 0 ( s ) , 1 4 7 5 ( s ) , 1 440(m) , 1 400 (m) , 1 360 (m) , 
1 25 0 (m) . 

7 , 7-Bis (N , N-dimethyl-1 , 2-ethanediamino ) -8 , 8-dicyanoquinodimethan- 1 , 2-
dibromoethane copolymer (TCNQ 2-2 ) : 

3400 ( s ,  broad ) , 3 2 2 5 ( s ) , 3060 (m) , 3030 (m) , 3000 (m) , 2960 (m) , 
2940(m) , 2850 (m) , 2825 (m) , 2 7 7 5 (m) , 2 1 7 0 (s ) , 2 1 30 (s ) , 1 6 2 5 ( s ) , 
1 580 ( s ) , 1 4 9 0 ( s ) , 1 45 5 ( s ) , 1 42 5 (m) , 1 360 (m) , 1 32 5 ( s ) , 1 2 7 5 (m) , 
1 250 (m) , 1 230 (m) , 1 1 9 7 (m) , 1 1 80 (m) , 1095 (w) , 1 038 (m) , 1 0 1 0 (w) , 
835 (m) , 500 (m) . 

7 , 7-Bis ( N , N-dimethyl-1 , 2-ethanediamino) -8 , 8-dicyanoquinodimethan- 1 , 3-
dibromopropane copolymer (TCNQ 2-3) : 

3400 ( s ,  broad ) , 3040 (m) , 3000 (m) , 295 5 (m) , 2875 (m) , 2 1 7 5 ( s ) , 
2 1 30 ( s ) , 1 6 2 5 ( s ) , 1 59 0 ( s ) , 1495 (s ) , 1 4 7 5 (s ) , 1 360 (w) , 1 320 (s ) , 
1 1 90 (m) , 840 (m) . 

7 , 7-Bis ( N , N-dimethyl- 1 , 2-ethanediamino ) -8 , 8-dicyanoquinodimethan- 1 , 4-
dibromobutane copo lymer (TCNQ 2-4) : 

3400 ( s ,  broad) , 3040 (m) , 3000 (m) , 2950(m) , 2880 (m) , 282S (m) , 2675  
(m, broad) , 2 1 7 S (s ) , 2 1 30 (s ) , 1 62S (s ) , 1 590 (s ) , 1 4 9 S (s ) ,  1 4 70 (m) , 
1 360 (m) , 1 3 1 5 ( s ) , 1 275 (m) , 1 2 2S (w) , 1 185 (m ,  broad) , 840 (m) . 

8 1  



Table 1 8  
(Cont inued)  

7 , 7-Bis ( N , N-dimethy l- 1 , 2-ethanediamino ) -8 , 8-dicyanoquinod ime than-1 , 5-
dibromopentane copolymer (TCNQ 2-5 ) : 

3400 ( s ,  b road ) , 3025 (m) , 3000 (m) , 2950 (m) , 2875 (m) , 2830 (m) , 
2680 (m , broad ) , 2 1 75 ( s ) , 2 1 30 ( s ) , 1 6 25 ( s ) , 1 59 0 ( s ) , 1 500 ( s ) , 
1 4 75 ( s ) , 1 37 0 (m) , 1 325 (s ) , 1 2 7 5 (m) , 1 22S (w) , 1 1 90 (m) , 1 1 70 (m) , 
8 3 7 (m) , 

7 , 7-Bis (N ,N-dimethyl- 1 , 2-ethanediamino ) - 8 , 8-dicyanoquinod imethan-1 , 6 -
dibromohexane copolymer (TCNQ 2-6) : 

3400 ( s ,  broad ) , 3060 (m) , 3030 (m) , 3000 (m) , 2940 (m) , 2875 (m) , 
2675 (m ,  broad ) , 2 1 6 S ( s ) , 2 1 2S ( s ) , 1 590 ( s ) , 1 490 ( s ) , 1 4 7 0 (m) , 
1 360 (m) , 1 320 ( s ) , 1 2 7S (m) , 1 2 2 S (w) , 1 1 8 S (m) , 840 (m) . 

7 , 7-Bis ( N , N-dimethyl- 1 , 3-propanediamino) -8 , 8-d icyanoquinodimethan-1 , 2-
dibromoethane copo lymer (TCNQ 3-2) : 

3420 ( s , broad ) , 303S (m) , 3000 (m) , 2960 (m) , 28 7S (m) , 2070 (s ) , 
2030 (s ) , 1 6 30 (s ) , 1 59 0 ( s ) , 1 SOO (m) , 1 4 7 5 (m) , 1 320 (m) . 

7 , 7-Bis (N ,N-dimethyl- 1 , 3-propanediamino) -8 , 8-dicyanoquinodimethan- 1 , 3-
dibromopropane copolymer (TCNQ 3-3) : 

3400 ( s ,  broad ) , 3030 (m) , 3010 (m) , 29SO (m) , 2875 (m) , 2 1 70 (s ) , 
2 1 20 ( s) , 1 6 2 S ( s ) , 1 5 90 ( s ) , 1 SOO ( s ) , 1 4 7 S (m) , 1 3 7 0 (m) , 1 3 1 5 (s ) , 
1 2SO (w) , 1 2 2 5 (w) , 1 1 9 0 (m) , 1 1 70 (m) , 838 (m) . 

7 , 7-Bis (N ,N-dimethyl-1 , 3-propaned iamino ) - 8 , 8-dicyanoquinodimethan- 1 , 4-
dibromobutane copolymer (TCNQ 3-4 ) : 

3400 ( s ,  broad ) , 303S (w) , 3000 (w) , 29SO (w) , 2 1 7 S ( s ) , 2 1 30 ( s ) , 
1 6 2 5 ( s ) , 1 590 ( s ) , 1 500 (m) , 1 4 2 S (m) , 1 3 7 5 (w) , 1 320 ( s ) , 1 1 90 (m) , 
1 1 70 (m) , 8 3 5 (m) . 

7 , 7-Bis (N , N-dimethyl- 1 , 3-propanediamino ) -8 , 8-d icyanoquinodimethan- 1 , 5-
dibromopentane copolymer (TCNQ 3-5) : 

3400 ( s ,  broad) , 3270 ( s ,  broad) , 3020 (s ) , 2940 ( s ) , 287 S ( s ) , 2 1 70 ( s ) , 
2 1 2 5 ( s ) , 1 6 2 S ( s ) , 1590 ( s ) , l SOO(s ) , 1 47S (s ) , 1 3 7 S (m) , l 320 ( s ) , 
1 2 S O (m) , 1 2 2 5 (m) , 1 1 8 7 ( s ) , 1 1 7 0 (m) , 83S (m) . 
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Table 1 8  

( Cont inued) 

7 , 7-Bis ( N , N-dimethy l- 1 , 3-propanediamino ) -8 , 8-dicyanoquinodimethan- 1 , 6-
dibromohexane copolymer (TCNQ 3-6) : 

3400 ( s ,  broad ) , 3 200 (m, b road) , 3040 (m) , 3000 (m) , 2940(m) , 2870 (m) , 
2 1 7 0 ( s ) , 2 1 20 ( s ) , 1 6 2 S ( s ) , 1 590 (s ) , 1 SOO (m) , 1 4 7 5 (m) , 1 37S (w) , 
1 32 0 (s ) , 1 250 (w) , 1 22 5 (w) , 1 1 90 (m) , 1 1 70 (m) , 838 (m) . 
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Figure 26 : Infrared Spectrum of  TCNE 3-5 as a KBr Pelle t .  
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weight . Viscosity measures can be used to indicate  the relat ive molecular 

weight s of  a series of  l inear polymer homologs . Howeve r ,  an absolute 

value for the molecular weight of  a polymer canno t be derived from solution 

viscosity measuremen t s .  

Polyelectrolytes usual ly undergo abnormal expansion in dilute 

solutions , which comp l icates the viscosity dat ao  The expansion of the 

polyelect ro lyte may be minimized , thus simp l i fying the viscosity dat a ,  

b y  t h e  addit ion of a low molecular weight salt . 34 , 3 5 , 5 5 , 56 There are 

two explanat ions for the viscos ity of an ionized polyelectrolyte to 

decrease wit h  the addition of a salt . Firs t ,  in very dilut e ,  salt-f ree 

solut ions , as the polyelectrolyte ionizes , the counter ions dif fuse into 

the solution leaving pos itive sites on the polymer backbone . In the 

case o f  the polycat ionic ionenes , the�e count erions are anions . As 

the anions move farther from the positive sites , the e lectrostatic 

repuls ion between the pos i t ive charges increases and the polymer expands 

to a greater than no rmal vo lume to achieve maximum charge separat ion . 

The increase in the molecular volume of the polymer causes the visco sity 

to increase .  The addit ion of  a salt to the solution reduces the ionizat ion 

of the polycat ion and increases the shielding ef fect of the anions 

( counterions ) on the charged groups . The mutual repulsion between 

adj acent charged sites on the macromolecule is reduced allowing contrac tion 

of the polyme r chain and a decrease in viscos ity . Electrostat ic forces 

p lay the dominant role in polymer expansion only in extremely dilute 

solut ions . 

At high concentrat ions of polymer , the ionic atmosphere surrounding 

t he polymer becomes so thin that the maj ority of the counterions rem�in 

�ithin the molecular coi l .  When the concentrat ion of the counterions 



89 

inside the coil  becomes greater than that in solution , solvent molecules 

enter the coil  caus ing the macromolecule to expand . Thus , osmo t ic forces 

are respons ible for polymer expans ion at high polymer concentrat ions . The 

addit ion of a salt to the solution increases the ionic strength , caus ing 

the so lvent molecules to migrate out of the polymer coil and al lowing it 

to cont ract .  

At int ermediate polymer concentrat ions , both osmo t ic and e lectrostat ic 

forces contr ibu te to the polymer expansion . 56 The expansion of the polymer 

mus t  be minimized in order to obtain coherent viscosity dat a .  Viscosity 

data o f  polyelectrolytes are , therefore , obtained from solut ions in which 

the polyelectrolytes do not ionize or form solut ions in which the salt 

concentrat ion is suf f iciently high to prevent po lymer expans ion . The 

latter approach was employed in the study of  the TCNE and TCNQ polymers .  

The e f fect o f  the concentrat ion of KBr on the reduced viscosity of  

the  TCNE 3-3 , TCNE 2-6  and TCNQ 3-6  polymers is i l lus trated in  Figures 

29 , 30  and 3 1 ,  respect ively.  The reduced viscos ity of the polymer is 

plotted versus the concentrat ion of  KBr .  The sharp drop in the reduced 

viscosity of TCNE 3-3 as compared to TCNE 2-6 or TCNQ 3-6 is an indication 

that the former has a higher molecular weigh t .  At 0 . 20 M KBr or greater 

concent rat ion , the reduced viscosities of  TCNE 3-3 and TCNE 2-6 underwent 

relatively little  change indicating a dec rease in significant polymer 

contraction. For the TCNQ 3-6 po lymer , it was determined that a salt 

concentrat ion above 0 . 10  M produced no s ignificant change in the reduced 

viscos ity . The so lubility of TCNE 3- 3 and TCNQ 3-6 in aqueous KBr 

solutions decreased sharply when the salt concentrat ion was greater than 

0 . 2 5  M and 0 . 1 7  M ,  respect ively , thus making it impossib le to obtain 

viscosity data at higher salt concentrations . 

The viscosity s tudy o f  TCNE 3- 3 in N , N-dimethylformamide (DMF) was 
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attempted in order to obtain a solvent system which wo•.1 ld permit the 

solub i lity  of the polymers at higher salt concentrations , thereby allowing 

a more comp lete generation o f  the horizontal port ion of the plot of relative 

viscosity versus salt concentration. Two salt s ,  l ithi um bromide and ammon

ium bromide , were used because of  the ir high solub ility in DMF and the 

fact that the anion , Br- , is  the same as the counterion of the polymers . 

The graph o f  the relat ive v iscosity of  TCNE 3-3 versus l ith ium bromide 

concent ration is i llustrated in Figure 3 2 .  A similar plot was obtained 

when ammonium bromide was the sal t .  The sharp increase i n  the relat ive 

viscosity as the lithium bromide concent rat ion increased f rom 0 . 2  M to 

0 . 9  M is not unders tood at this time . I t  may be related to the fact 

that the elut ion t imes of  the LiBr-DMF solut ion increased f rom 1 02 seconds 

for  0 . 05 M LiBr to 2 0 1  seconds for 0 . 90 M LiBr . Due to this p eculiar 

behavior in these DMF salt solu t ion s ,  further studies of these polymers 

in such solutions were not pursued . 

The intrinsic viscosit ies [n] o f  the TCNE and TCNQ ionene polymers 

were determined in aqueous KBr solut ions (Table 1 9 ) . Representat ive 

graphs f rom which intrinsi c  viscosit ies were determined appear in 

Figure 3 3 .  The TCNE 3-5 polymer had the highest intrins ic viscosity , 

indicat ing that i t  was o f  higher molecular we ight than the o ther polymers . 

The int r ins ic viscosities ind icated that generally lo�er molecular weight 

polymers were obtained when 7 , 7-bis (N , N-dimethyl- 1 , 2-ethanediamino ) -8 , 8-

dicyanoquinodimethan ( 1 8a ) or 1 , 2-dibromoethane was used as one of the 

monomers  in a polymerizat ion . I t  was assumed that the former resulted in 

lower molecular weight material because of its  insolubility in the solvent 

media which necess itated that the polymeri zat ions be conducted at an 

e levated temperatur e .  I t  has previously been reported that the increase 
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Tab le 1 9  

Int rinsic Viscosit ies of  TCNQ and TCNE Ionene Polymers 

Polymer M KBr (nl d l /g 

TCNE 2-2 0 . 2 5 0 . 0092  

TCNE 2-3 0 . 2 5 0 . 0267  

TCNE 2-4 0 . 2 5  0 . 0534 

TCNE 2-5 0 . 25 0 . 06 5 3  

TCNE 2-6 0 . 2 5  0 . 0394 

TCNE 3-2 0 . 2 5 -0 . 00 1 0  

TCNE 3-3 0 . 25 0 . 0679 

TCNE 3-4 0 . 2 5  0 . 03 4 1  

TCNE 3-5 0 . 25 0 . 1 32 0  

TCNE 3-6 0 . 2 5 0 . 08 1 4  

TCNQ 2-2  Insol uble  in Aqueous KBr 

TCNQ 2-3 0 . 1 5  0 . 0066 

TCNQ 2-4 0 . 1 5  0 . 0029 

TCNQ 2-5 0 . 1 5  0 . 0 1 69 

TCNQ 2-6 0 . 1 5  0 . 0094 

TCNQ 3-2 0 . 1 5  0 . 0 1 3 1  

TCNQ 3-3 0 . 0 7 0 . 0 1 4 7  

TCNQ 3-4 0 . 1 5  0 . 0063  

TCNQ 3-5 0 . 1 5  0 . 0200 

TCNQ 3-6 0 . 1 5  0 . 0 1 7 5 



-
� 
=6 -

(.) ' 

0 .1 0  

� 0 .0 5  
F 

0.00 
0.0 

-
a-

+
_ + __ + __ + __ + _ 

- + -

-1> -

1> 
__ 1> ___ 1> __ 1> __ 1>_ 

0.5 

POLY M E R  

1 .0 

CONCEN T RATION 

-
-

1 .5  

(g/JOO mt) 
2.0 

Figure 33 : The Reduced Viscosities of  TCNE 3-6 ( 0 ) ,  TCNE 2-5 ( e ) , TCNQ 3-6 ( + )  and TCNQ 2-4 ( � )  
as a Funct ion o f  Polymer Concen trat ion in an Aqueous KBr Solut ion . "' 

"' 



in polymerizat ion temperature apparently produces a lower mo lecular 

weight ionene polyme r . 3 2 The fact that the use of  1 , 2-dibromoethane 

results  in low mo lecular weight ionene po lymers has previously been 

reported. 3 5 

Conduct ivit ies 

The 1 , 1 -bis ( N , N-dimethy l- 1 , 3-propaned iamino )-2 , 2-dicyanoethylene 

and 7 , 7-bis ( N , N-dimethy l-1 , 3-propaned iamino) -8 , 8-dicyanoquinodimethan 

9 7  

polymers we re t reated wi th LiTCNQ in order t o  produce conduc t ing materials . 

The following polymers we re reacted in a 1 : 2 mo lar rat io o f  repeating poly-

me r unit to LiTCNQ (Tables 20 and 2 1 ) : TCNE 3-3 ,  TCNE 3-4 , TCNE 3-5 , 

TCNE 3-6 , TCNQ 3- 3 ,  TCNQ 3-4 , TCNQ 3-5 and TCNQ 3-6 . In each case , a 

hot solut ion o f  LiTCNQ was added to a hot po lymer solut ion in DMF-methanol 

and the product precipitated as a dark-b lue sol id . In addit ion ,  the TCNE 

0 
3-5 and TCNQ 3-6 polymers were treated with LiTCNQ and TCNQ in a ratio 

of  repeat ing polyme r unit to LiTCNQ to TCNQ of 1 : 2 : 1  and 1 : 2 : 2 .  The 

dop ing of these latter two polymers was accomp lished in order to determine 

the e f fect of TCNQ0 on the conductivity of the po lymers . 

The resis t ivi t ies of the model compounds , 1 , 1 -bis ( 2-trimethylammonium-

ethylamino ) - 2 , 2-dicyanoethylene d i ( tetracyanoquinod imethanide) ( 1 5a )  and 

1 , 1-bis ( 3-trime thylammoniumpropylamino ) - 2 , 2-dicyanoethylene d i ( tetracyano-

quinodime thanide)  ( 1 5b) , were measured . The resist ivit ies p of these com-

pounds were 5 . 5  x 1 06 and 6 . 6  x 1 0 5 ohm em, respect ively . Thu s ,  their 

conduc t iviti es ( 1 / p )  we re 1 . 8  x 1 0-7 and 1 . 5 x 1 0-6 ohm- 1 cm- 1 , respec t ive ly . 

The ionene model compounds prepared by Rembaum et al , 2 7 wh ich had six,  eight 

and ten methylene groups separat ing the tert iary amines , when treated with 

LiTCNQ , had resis t ivit ies of  5 . 0  x 1 0 1 0 , 3 . 7  x 1 0 7 and 3 . 6  x 1 07 ohm em , 



Table 20 

TCNE Po lymers Doped with TCNQ" 

mmol
a 

Elemental Analysis 
Po lymer mmol % Calculated 

Polymer LiTCNQ Y ield c H N c 

TCNE 3-3 2 . 08 4 . 1 6 44 o 8  6 7 . 56  5 o  53 • 26 . 9 1 62 . 28 

TCNE 3-4 2 . 02 4 . 05 65 . 5  6 7 . 9 1  5 . 70 26 o 39 62 . 8 3  

TCNE 3-5 1 . 96  3 . 9 3 6 3 . 4  68 . 2 3  5 o 86 25 . 9 1  6 3 . 2 2  

TCNE 3-6 1 .  9 1  3 . 83 4 8 . 7 68 . 55 6 . 0 1  2 5 . 44 63 . 69 

a 
Based on repeating uni t .  

Found 
H 

5 . 58 

5 . 67 

6 . 24 

6 . 0 1  

N 

2 4 . 4 3  

2 4 . 10  

2 3 . 82 

2 3 . 1 8  

\D 
00 



Table 2 1  

TCNQ Polymers Doped with TCNQ ' 

nnnol a 
Elemental Ana lysis 

Polymer nnno1  % Calculated 
Po lymer LiTCNQ Y ield c H N c 

TCNQ 3-3 1 . 80 3 . 59 4 5 . 3  7 0 . 1 3  5 . 5 1 24 . 36  62 . 6 4 

TCNQ 3-4 l. 75 3 . 5 1  2 3 . 8  7 0 . 40 5 . 66 2 3 . 94 62 . 34 

TCNQ 3-5 1 .  7 1  3 . 4 2 4 0 . 3 70 . 65 5 . 8 1 2 3 . 54 6 2 . 8 1  

TCNQ 3-6 1 .  67 3 . 34 4 7 , 0  7 0 . 90 5 . 95 2 3 . 1 5 63 . 23 

a 
Based on repeat ing unit . 

Found 
H 

5 . 65 

5 . 7 2 

5 . 95 

6 .  2 1  

N 

2 0 . 6 3  

1 9 . 88 

1 9 . 82 

1 8 . 70 

\0 
\0 



respectively . These ionene model compounds had approximately the same 

distances between the tert iary amine groups as compound s 1 5a and 1 5 b ,  

yet both 1 5a and 1 5b had lower resistivit ies . Thus , it  appears that 

the e lectron-accep ting TCNE mo iety of  compounds 15a and 1 5b effectively 

increased the conduct ivit ies of  these two compounds . However , the 

res istivit ies of the ionene model compounds with six , eight and ten 

methylene groups separat ing the tert iary amines and wh ich had been 

t reated with both LiTCNQ and TCNQ0 were 1 . 0 x 10 2 , 7 . 0  and 4 . 1 x 1 0 5 

ohm em , respectively . These values are substantial ly lower than the 

res is t ivities of  compounds 15a  and 1 5b ,  indicat ing that the ab i lity of  

the  TCNE mo iety to lower e lectrical resistance is not as  great as  that 

of neutral TCNQ . 

100 

The res istivity of the model compound , 7 , 7-bis ( 3-trimethylammonium

propylamino ) -8 , 8-dicyanoquinodimethan d i ( tetracyanoquinod imethanide) 

Cll) , was determined to be 1 . 2  x 10 7 ohm em. The ionene model compounds 

prepared by Rembaum et a1 , 2 7 which had e i ght and ten methylene groups 

separat ing the tert iary nitrogens and therefore had approximately the 

same distances between the tertiary amine groups as compound ll, had 

res istivit ies o f  3 . 7  x 1 0 7 and 3 . 6  x 10 7 ohm em , respectively . S ince 

the resistivity of  compound 2 1  was not s ignif icant ly lower than the 

resis tivities of  the ionene model compounds , it appears that the TCNQ 

moiety had l i t t l e  effect upon the conduct ion process . 

The res istivit ies of the LiTCNQ- treated TCNE and TCNQ polymers 

are reported in Table 2 2 .  The TCNE polymers had lower res istivities 

than the TCNQ polymers , indicat ing that the TCNE mo iety had a greater 

e f fect  on the conduct ion process than did the TCNQ moiety . In general , 

these polymers had higher resis t ivit ies than the correspond ing TCNE model 



1 0 1  

Tab le 2 2  

Res is t ivit ies and Conduc t ivities of  the Po lymers Treated with L iTCNQ 

Resist ivity p Conduct ivity a 
Polymer ohm em ohm- 1  cm- 1  

TCNE 3-3  9 . 79 X 1 06 1 . 02 X 1 0-7  

TCNE 3-4 4 . 07 X 1 06 2 . 46 X 10-7 

TCNE 3-5 1 .  1 1  X 1 06 9 . 0 1 X 1 0-7 

TCNE 3-6 2 . 1 6  X 1 0 7 4 . 6 3 X 1 0-8 

TCNQ 3-3 8 . 1 6  X 1 0 7 1 .  2 3  X 1 0-8 

TCNQ 3-4 2 . 94 X 1 0 8 3 . 40 X 10-9 

TCNQ 3-5 9 . 1 3 X 1 06 1 . 1 0 X 1 0-7 

TCNQ 3-6 1 . 30 X 1 09 7 . 69 X 1 0- 1 0  



compound 1 5b or the TCNQ model  compound ll· The higher resis t ivities 

1 02 

of  the polymers could be an ind icat ion that poo rer s tacking of  the TCNQ 

moiet ies occurred in the polymers than in the corresponding model com

pounds . Another explanat ion for the poorer conductivit ies o f  the polymers 

could be that , during trea tment with LiTCNQ , exchange of  the TCNQ� for Br

of  the polymer might not have been comp leted before the polymer precip

itated from the solut ion . Analysis of  the TCNE 3-5 and TCNQ 3-6 polymers 

for bromide seemed to conf irm this possib ility s ince these polymers con

tained 4 . 64 and 5 . 1 8 percent bromide , respectively .  Incomplete exchange 

could have resu l ted in a poor arrangement of the TCNQ mo ieties , thereby 

increas ing the res is tivity . 

The TCNE 3-5 and TCNQ 3-6 po lymers were treated with LiTCNQ and 

TCNQ0 (Table 2 3 ) . The res istivity of the TCNQ 3-6 polymer was lowered 

f ive orders of magnitude with the addit ion of one TCNQ0 for every repeat ing 

unit , while the resis tivity of  the TCNE 3- 5 po lymer was lowered two orders 

of magnitude . Addit ion of a second TCNQ0 moiety for every repeat ing unit 

fur ther lowered the resistivities of  these polymers . Therefore , the TCNQ0 

moiety appears to have enhanced the conductivit ies of  these polymers , as 

has been observed with other ionene polyme rs . 2 7 

An increase in the conductivity of  the polymers when the ratio of  

repeat ing unit  to  TCNQ � to TCNQ0 was 1 : 2 : 1 was expected because the 

polymer des ign permitted the insert ion of TCNQ0 between adj acent TCNQ� 

(Figure 34) . The separat ion of  the TCNQ " by TCNQ0 wou ld diminish 

Coulombic forces which would have been created dur ing elec trical conduc

t ion in the polymer by the forma tion of the TCNQ dianion in the absence 

of TCNQ0 (Figure 7 ) . The add ition o f  a second TCNQ0 per repeat ing unit 

of the polymer resulted in a further increase in conduct ivity . It is 



Po lymer 

TCNE 3-5 

TCNQ 3-6 

Tab le 2 3  

Resistivities o f  the Polymers Treated with LiTCNQ and TCNQ0 

One Repeat ing Unit to Two TCNQ " 
To One TCNQ0 

Resistivity p 
ohm em 

8 , 7 4  X 1 04 

1 .  45 X 104 

One Repeat ing Unit to  Two TCNQ" 
To Two TCNQ0 

Res ist ivity p 
ohm em 

1 . 24 X 1 0 3 

6 , 08 X 1 02 

-
0 
w 
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postulated that the second TCNQ0 displaced the TCNE or TCNQ mo iet ies o f  

the polymer from t h e  TCNQ0-TCNQ" conduct ing stacks ( Figure 3 5 ) . A s  has 

been indicated previous ly , the TCNQ0 possesses better conduct ing propert ies 

than either the TCNE or TCNQ moiet ies of  the pol ymer backbone . Therefore , 

the conduc t ivit ies of the po lymers woul d  be enhanced if the TCNE or TCNQ 

moiet ies were displaced from the conduct ing stacks by TCNQ0 • 
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EXPERIMENTAL 

General 

All starting materials were used as obtained f rom commercial sources . 

Unless otherwise indicated , reagent-grade solvents were used in mos t 

react ions withou t f urther purif ica tion . 

High resolut ion pro ton NMR spectra were recorded on a Varian Model 

T-60 spect romete r .  The spec t ra were obtained f rom solut ions i n  one of  

the  f o llowing deuterated solvents with tetramethylsilane (TMS ) as  an 

internal s t andard : CD 3COCD3 , CD 3CN , ( CD 3 ) 2 SO , CD 30D or CDC1 3 • Deuterium 

oxide ( D20 )  was used with sod ium 2 , 2-dimethyl- 2-s ilapentane-5-sulfonate 

(DSS)  as the internal standard . 

Inf rared spectra were recorded on a Perkin-Elmer Model 3 3 7  or Model 

2 8 3  infrared spectropho tometer . Samples were run as KBr pellets.  

Ult ravio let spect ra were recorded on a uv-visible Perkin-Elmer Model  

202  or uv-nir Beckmann Acta MVI I  spec trophotometer us ing Fisher spectral

grade me thano l .  

Me lt ing points were determined on a Thomas-Hoover me lt ing point 

appa;a us and are uncorrected . The carbon ; hydrogen and nit rogen 

elemental analyses were performed by A. H . Robins Company , Richmond , 

Virginia ; Galbraith Laboratories , Inc . , Knoxville , Tennessee ; or 

Chemalyt ics , Inc . , Tempe , Arizona . The chemical ionizat ion mass 

spectra were run by Dr . J .  1� . Russell at the University  of Virginia , 

Char lot tesville , Virginia . The determinat ion of  mo lecular weights 



by thermoelectric measurements was performed by Schwarzkopf Micro-

analyt ical Laboratory , Woods ide , New York. The electr ic al conduct ivity 

measurements were performed by Dr . A.  Rembaum at the Jet Propu l s ion 

Laboratory , Cal i fornia I ns t i tute of  Technology , Pasadena , Cali fornia . 

Synthesis of  1 , 1 ,2,2-tetracyanoethylene and Related Compounds 

Dibromomalononitrile - Potass ium Bromide Compl ex 

The procedure used is that of R .  A .  Carboni , 5 7 A mixture o f  

potassium bromide ( 7 5 . 0  g ,  0 . 63 mo l ) , malononitrile ( 1 00 . 0  g ,  1 . 5 1 mol )  

and water ( 900 ml )  was p laced in a two-lite r ,  three-necked f lask equipped 

with a 250 ml pressure-equaliz ing dropp ing f unnel ,  a the rmometer and a 

mechanical s tirrer . The mixture was cooled to 5- 1 0° in an ice bath . 

Bromine ( 1 60 ml , �490 g )  was added over a two-hour period to the mixt ure 

via the dropping funnel .  The temperature was maintained between 5 - 1 0° . 

A yellow precipitate f ormed . The mixture was stirred for f ive hours 

while the t emperature was held between 5- 1 0° . The yellow product was 

collected by f iltrat ion and dried over phosphorous pentoxide in a vacuum 

desiccator under reduced pressure obtained with a water asp irator . The 

yield was 3 55 . 4  g ( 9 2 . 6%) . 

1 , 1 , 2 , 2-Tetracyanoethy lene (TCNE)  (2) 
The procedure used for the synthesis of  TCNE was similar to that 

developed by R. A .  Carboni . 5 7 Dibromomalononitrile - potass ium bromide 

a 
complex ( 2 54 . 0  g ,  0 . 2 5 mol )  and dry benzene ( 1 . 0 1 )  were placed in a 

two-liter,  three-necked f lask equipped with a condenser ,  a mechanical 

stirrer , and a thermometer .  The mixture was heated on  an  oil  bath  (95° ) .  

a The benzene was dried either by storing it over sodium r ibbon or 
by azeotrop ing off the water.  

1 08 
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When the temperature o f  the mixture was above 7 0° , copper powder ( 1 00 . 0  g)  

was added . The mixture was heated at reflux and st irred for 12  hours . 

The hot l iquid was filtered and most o f  the heavy solid was retained in 

the f lask. Add i tional benzene ( 300 ml ) was added to the res idue . The 

mixture was heated at ref lux with st irring for one-hal f  hour and then 

filtered . The residue was then washed with two port ions of ho t benzen e .  

The benzene frac tions were comb ined and reduced to approximately 350 ml . 

The solution was refrigerated (0°) overnight during which time a precip-

itate formed . The mixture was fil tered and the recovered crystals were 

dried in a vacuum desiccator . The beige-colored crys tals weighed 3 7 . 79 g 

( 5 8 . 9%) . The produc t was purified first by recrystallizat ion from dry 

chlorobenzene and then sub l ima tion
b 

through ac tivated charcoal . ( Sat is-

factory results were also obtained simply by subl iming the c rude produc t 

through act ivated charcoal . )  The sublimed product was whi t e ,  mp 1 96 . 5-

1 9 7 . 5° (sealed capillary tube) . (Lit . 5 7 mp 1 9 9-200° . )  

Dicyanoketene Ethylene Acetal (lQ) 

The following procedure is that o f  w .  J .  Middleton and V .  A .  

Engelhardt . 4 8  A mixture o f  TCNE (6 . 40 g ,  50 mmo l ) , ethylene glycol 

( 1 20 ml ) and urea ( 1 . 00 g)  was heated on a steam bath unt il  solution 

was comp lete . The solution was then poured into cold water ( 500 ml ) .  

The precipitate was col l ected by filtrat ion , 6 . 1 4  g ( 90 . 3%) . The 

product was recrystallized from alcohol-water to yield 3 . 1 7  g of white 

crys tals , mp 1 1 5- 1 1 7° . (Lit . 4 8  1 1 3- 1 1 4° . )  

b The TCNE ( 5 . 00 g)  was p laced in a vial and covered with activated 
charcoal ( 3 . 00 g)  8- 1 2  mesh . A piece of porous filter paper was wired 
in place over the opening and the vial was p laced in the sub l imator 
which was heated on an oil  bath at 1 70- 1 75° under a pressure o f  approx
imat e ly 5 torr . The recovery was 82-86%.  



1 , 1-Bis ( dimethylamino ) - 2 , 2-dicyanoethylene (ll) 
The t it le compound was synthesized accord ing to the procedure o f  

W.  J .  Middleton and V .  A .  Engelhardt . 4 8 Dicyanoketene ethylene acetal 

( 1 . 78 g,  5 . 7 3 mmol ) was d issolved in dimethylamine (approximately 30 ml) . 

The d imethylamine was allowed to evaporate overnight and the residue 

was dissolved in a minimum amount of  hot water . The hot solution was 

treated with act ivated charcoal and fi ltered . The fi ltrate was allowed 

to cool and a precip itate was formed . The precipitate was collected 

and rec rysta llized from water to yield 0 . 52  g ( 2 5 . 8%) o f  wh ite crysta l s , 

mp 1 33- 1 35° . (Lit . 4 8 mp 1 29- 1 3 0° . )  

1 , 1-Bis (N ,N-dimethyl- 1 , 2-ethanediamino)-2 , 2-dicyanoethylene ( 1 3a) 

Under an atmosphere of  d ry nitrogen , TCNE ( 2 . 00 g,  1 5 . 6  mmo l )  

was d issolved i n  tetrahydro furan ( 40 . 0  ml , purged with nitrogen) i n  a 

100 ml , three-necked f lask equipped with a 50 ml pressure-equalizing 

dropping funne l ,  magnet ic stirring apparatus and a thermometer ( - 1 00 to  

50°) .  The solut ion was cooled to below -65° in  a dry ice - isopropano l 

bath . Some o f  the TCNE prec ipitated out at this temperature . An N ,N

d imethyl- 1 , 2-ethanediamine ( 4 . 2 5  g of  9 5% diamine solut ion , 4 5 . 8  mmo l )  -

tet rahydro furan ( 1 0 . 0  ml) solut ion was added to the stirring mixture by 

means of the d ropping funnel at such a rate as to maintain the solution 

temperature be low -65° . The dry ice bath was allowed to degenerate 

overnight so that the solut ion temperature rose to room temperature . 

The so lut ion was then slowly added to 1 50 ml of a 1 : 1  mixture o f  light 

petroleum ether - ether that had been coo led to approximately -60° and 

was be ing rap id ly stirred . A precip itate formed which was col lected by 

fil tration " The product , 3 . 6 1  g ( 92 . 4% ) , was dissolved in hot 95% 

ethanol and treated with Norite A and f il tered . A 1 : 1  mixture of light 

1 1 0 



petroleum ether - ether was added to the warm solut ion unt il i t  became 

cloudy . This mixture was allowed to come to room t emperature and 

remain for several hours . The solution was then placed in the f reezer 

1 1 1  

(-20°) for  two days . A precipitate formed and was collected by f il tration.  

0 
The recrys tall ized product was straw-colored , 2 . 5 7 g ,  mp 1 0 7- 1 1 0  • The 

material was further purif ied by sub l imat ion
a

, mp 109- 1 1 0 . 5° , or by 

mul t iple recrystalliza t ion f rom me thanol and ether to yield whit e  crystals , 

0 
mp 1 1 0- l l l  ; NMR (CD 3CN) : o 2 . 26 ( s ,  1 2H) , 2 . 42 ( t ,  4H) , 3 . 33 (broad m ,  

4H) , 7 . 70 (broad s ,  2H) ; i r  (KBr pellet ) :  2 1 6 5 ,  2 1 9 5  cm- 1 (d , CN) ; uv 

A 2 6 1  nm ( �  1 7 , 800) . 

Anal . 

Found : 

max 

Calcd for C
1 2H2 2N

6 : C ,  5 7 . 5 7 ;  H ,  8 . 86 ;  N ,  33 . 57 .  

C ,  57 . 39 ;  H ,  8 . 77 ;  N ,  3 3 . 80 .  

l , l-Bis ( N , N-dimethyl- 1 , 3-propanediamino) - 2 , 2-dicyanoethylene ( 1 3b )  

Under an atmosphere o f  dry nitrogen , TCNE ( 2 . 00 g ,  1 5 . 6  mmol )  was 

d issolved in tetrahydrofuran (40 . 0  ml , purged with nitrogen) , as previously 

described , and cooled below -65° . The TCNE p recipitat ed at this t emper-

ature . An N , N-dimethyl- 1 , 3-propanediamine ( 5 . 00 g of 99% d iamine , 48 . 9  

mmol )  - tetrahydrofuran ( 10 . 0  ml)  solution was added by means o f  a d ropp ing 

f unnel to the s tirring TCNE mixture at such a rate that the solut ion 

temperature d id not rise above -65° . The dry ice bath was allowed to  

degenerate overnight so that the solution temperature gradually rose 

to room temperature . The solution was then added to a rapidly st irred 

1 : 1  mixture of  petroleum ether - ether at  dry ice and acetone temper-

ature . A p recipitate formed and was col lected by f il t rat ion . The 

a Sub limat ion was accomp l ished at a pressure of  less than 10- 3  

torr and a t emperature o f  1 20- 1 25° . A 2 . 50 g samp le required 1 1  days 
to comp lete the sub l imat ion. The yield was 2 . 40 g ( 96 . 0% ) . 



product ,  3 . 98 g ( 9 1 . 6% ) , was d issolved in ho t isopropanol and t reated 

with Norite  A. The hot solu t ion was f i l tered and a 1 : 1  mixture o f  

pet roleum ether - ether was added t o  the warm f iltrate until i t  became 

c loudy . The solution was then placed in the f reezer (-20°) overnigh t .  

The off-white crystals were recovered and dried , 3 . 1 5 g ,  mp 95- 1 00° . The 

material was further purified by subliming , mp 1 04- 1 05 . 5° , or by mul t iple 

recrystallizations from methanol and ether to yield white  crystals , 

mp 1 06- 1 07° ; NMR (CD 3CN) : 6 1 . 6 5 (m , 4H) , 2 . 1 6  ( s ,  1 2H) , 2 . 40 ( t ,  4H) , 

3 . 35 ( q , 4H) , 7 . 83 (broad s ,  2H) ; ir (KBr pel let ) : 2 1 70 ,  2 1 90 cm- 1 

( d ,  CN ) ; uv ( CH 30H) : A 24 9 . 5  ( E  1 7 , 300) . 
max 

Ana l .  

Found : 

Calcd for C 1 4
H2 6N6 : C ,  6 0 . 4 0 ;  H ,  9 . 4 1 ; N ,  30 . 1 9 .  

C ,  60. 3 2 ;  H ,  9 . 38 ;  N ,  30 . 32 .  

1 , 1-Bis (N , N-dimethyl- 1 , 4-butanediamino ) - 2 , 2-dicyanoethylene ( 1 3 c )  

Under an atmosphere of  d r y  n itrogen , TCNE ( 2 . 00 g ,  1 5 . 6  mmol )  was 

d issolved in tet rahydro furan ( 30 ml , purged with nitrogen) , as p reviously 

described , and cooled below -60° . The TCNE prec ipitated at this  temper-

atur e .  The N , N-dimethyl- 1 , 4-butaned iamine was added via a pressure-

equalizing dropp ing funnel to the st irred TCNE mixture at such a rate 

that the so lut ion temperature did not rise above -60° . The solut ion 

was st irred overnight and the temperature gradually rose to room temp-

erature. Add i tion of ether to the solut ion ( in an attemp t to precipitate 

the product )  resulted in oiling . The solvent was removed on a rotary 

evaporator , leaving a brown oil . All at temp ts to crystall ize the 

product were f ruit less . NMR analysis indicated that the oil contained 

some of  the desired product ; NMR (CD 3CN) : 6 1 . 5 3  (m,  8H) , 2 . 20 ( s ,  1 2H) , 

2 . 33 ( t , 4H) , 3 . 28 (m, 4H) , 3 . 36 ( s ,  impurity) . 
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1- ( N , N-Dimethyl- 1 , 2-ethanediamino ) - 1 , 2 , 2-tricyanoethylene ( 1 2a)  

TCNE ( 2 . 00 g ,  1 5 . 6  mmol ) was dissolved in tetrahydrofuran (30 ml ) , 

as previously described , and cooled to below -60° . A so lut ion o f  

N , N-dimethyl-1 , 2-ethanediamine ( 1 . 37 g ,  1 5 . 5  mmol )  in tetrahydrofuran 

( 5 . 0  ml)  was adde d .  The addition over a 7 5-minute period was at such a 

rate as to maintain the solution temp erature below -58° . The solution 

was st irred for another 55 minutes and then poured into a 1 : 1  mixture o f  

light petroleum ether - ether ( 1 50 ml ) .  This mixture was then f il tered 

and 2 . 68 ( 9 1 . 1 % )  of  light -brown solid was obtained , mp 1 85- 1 86° dec . A 

small port ion o f  this ma terial was further pur ified by sub lirnation
a

, 

mp 1 9 1- 1 93° dec ; NMR ( CD 3CN) : 6 2 . 70 ( s ,  6H) , 3 . 1 2  ( t ,  2H) , 3 . 7 2 ( t ,  2H) ; 

ir (NM) : 2 1 7 5 ,  2200 cm- 1 (d , CN) ; uv ( CH 3 CN) : A 339  nm ( £  1 0 , 764) ; 
max 

CI Mass Spec : M+1 peak 1 90 ;  MW by thermoelectric measurement ;  1 7 6 .  

Anal . 

Found : 

Calcd for C 9H 1 1 N 5 : C ,  5 7 . 1 3 ;  H ,  5 . 86 ;  N ,  3 7 . 0 1 .  

C ,  5 7 . 00 ;  H ,  5 . 8 6 ;  N ,  3 7 . 2 1 .  

1 - ( N , N-Dimethyl- 1 , 3-propaned iamino )-1 , 2 , 2-tricyanoethylene ( 1 2b )  

TCNE ( 2 . 00 g ,  1 5 . 6  mmol )  was disso lved in tetrahydrofuran ( 40 ml )  

in  a 1 00 ml , three-necked f lask equipped as previously described . This 

solution was coo led to below -60° in a dry ice - isop ropano l  bath . A 

solution of N , N-d imethy l- 1 , 3-propaned iamine ( 1 . 59 g ,  1 5 . 6  mmol )  in 

tet rahydrofuran ( 2 0  ml) was added . The add it ion , which required 50 

minutes , was at such a ra te as to maintain the solut ion temperature 

below -60° . Ten minut es after comp let ing the add it ion , the solut ion was 

added to a 1 : 1  mixture of light petro leum ether - ether . A precipitate 

1 1 3  

a 
0 . 5  g of  the product was sublimed 

torr and between 90- 1 20° for two months . 
was collec ted . 

at a pressure of  less than 1 0- 3 

Approx imately 60% of the ma terial 



formed and was collected by filtering the cold solution . The product was 

recrystallized f rom me thanol and petro leum ether to yield 2 . 26 g ( 7 1 . 5% )  

of  l ight-yel low crystals , mp  195-199° dec . The material was f urther 

purif ied by sublimat iona , mp 1 9 7 - 1 99° dec ; NMR (CD 3CN) :  8 1 . 9 2  

2 . 70 ( s ,  6H) , 3 . 28 ( t ,  2H) , 3 .  7 7  ( t '  2H) , 8 . 3 3 (broad s ,  1H) ; ir 

2 1 60 ,  2 1 98 cm- 1 ( d ,  CN) ; uv ( CH 3CN) : ,\ 34 3 . 5  nm ( E  1 0 , 08 5 ) ; 
max 

Spec : M+1 peak 204 ; MW by thermoelect ric measurement :  1 9 9 .  

Anal . Calcd for c 1 0H
1 3N 5 : C ,  59 . 1 0 ;  H ,  6 . 44 ;  N ,  34 . 46 .  

C ,  59 . 09 ;  H ,  6 . 4 4 ;  N ,  34 . 3 1 .  

1 - ( N , N-Dimethyl-1 , 4-butanediamino ) - 1 , 2 , 2-tricyanoethylene ( 1 2 c )  

(m ,  2H) , 

(NM) : 

C I  Mass 

A mixture of TCNE ( 2 . 00 g ,  1 5 . 6  mmol)  in tet rahydrofuran ( 30 m l )  

1 1 4 

was cooled to -70° , as previous ly described .  N , N-dimethyl-1  , 4-butanediamine 

( 3 . 69 g ,  3 1 . 8  mmol )  was added over a one-hour period at such a rate as 

to maintain the temperature of the st irred mixture below -60° . The temp-

erature of the react ion mixture was allowed to rise to 1 0° over a seven-

hour period , during wh ich t ime a precip itate formed . The mixture was 

added to 250 ml of ether which was being stirred at approximately -60° and 

an oil  formed . When the mixture was warmed , the oil  solidif ied and the 

sol id was col lected by f il t rat ion , 3 . 1 5  g ( 9 2 . 9% ) . The p roduct ( 1 . 00 g )  

was recrystallized f rom hot met hanol and ether , 0 . 60 g ( 60 . 0%) , mp 1 62° 

dec ; NMR (CD 3CN) : 8 1 . 80 (m, 4H) , 2 . 76 ( s ,  6H) , 2 . 9 7 (m , 2H) , 3 . 3 3 (m , 2H) , 

6 . 48 (broad s ,  1H) ; ir ( KBr pellet ) : 2 1 6 0 ,  2 1 9 1  cm- 1 (d , CN) .  

Anal . 

Found : 

Calcd for C 1 1 H 1 5N 5 : C,  60 . 8 1 ;  H,  6 . 96 ;  N,  32 . 23 .  

C ,  60 . 90 ;  H ,  7 . 00 ;  N ,  3 1 . 99 .  

a 
Subl imat ion was carried out at a pressure o f  less than 1 0- 3 torr 

and between 90- 1 20° . To subl ime 0 . 50 g required approximately one month.  



1 - (N ,N-Dimethy l- 1 , 2-ethanediarnino ) - 1 , 2 , 2-tricyanoethylene-N-hydrochloride 
( 22a)  

1 1 5 

Crude 1- ( N , N-dimethyl- 1 , 2-ethanediamino ) - 1 , 2 , 2-tricyanoethylene ( 1 2a )  

( 2 . 53 g ,  1 3 . 4  mmol )  and methano l ( 50 m l )  were placed in an Erlenmeyer 

f lask . Dry HCl was bubbled through the mixture until  all  of the solid 

was dissolved . Ether was slowly added to the dark-brown solution unt il  

it became c loudy . The mixture remained at room temperature for several 

hours and then was p laced in the freezer ( -20°) overnigh t .  A precipi tate 

formed and was collected by filtration yield ing a brown sol id , 1 . 36 g 

( 45 . 1 % ) , mp 1 66- 1 6 8° , The material was disso lved in hot methanol and 

treated twice with Darco G-60 . The hot methano l so lution was diluted 

with dioxane unt il  barely cloudy and then was allowed to come to room 

temperature dur ing which t ime a precip itate formed . The mixture was 

ref rigerated ( 0°) overnight and then filtered . L ight-tan crystals 

we re ob taine d ,  0 . 60 g, mp 1 65- 1 6 7° ; NMR (D20) : 8 2 . 96 ( s ,  6H) , 3 . 5 1 

( t ,  2H) , 4 . 08 ( t , 2H) ; ir (NM) : 2 222  cm- l  (s , CN ) ; uv ( CH 3CN) : 
max 

3 2 6 . 5  ( £  1 3 , 284 ) . 

Anal . Calcd for C 9H 1 2N 5C l :  C ,  4 7 . 90 ;  H ,  5 . 36 ;  N ,  3 1 . 03 ;  Cl , 1 5 . 7 1 ,  

Found : C ,  4 7 . 8 1 ; H ,  5 . 2 1 ; N ,  3 1 . 05 . 

1 - ( N , N-Dimethyl-1 , 3-propaned iamino ) - 1 , 2 , 2-t ricyanoethylene-N-hydrochloride 
( 22b) 

Dry HCl gas was bubbled through a mixture of  methanol ( 1 0  ml) and 

1- (N , N-dimethyl- 1 , 3-propaned iamino ) - 1 , 2 , 2-tricyanoethylene ( 1 2b )  ( 1 . 40 g ,  

6 , 88 mmol )  unt il  a l l  of  the solid dissolved.  The solut ion was warmed and , 

as i t  cooled to room temperature , a precipitate forme d .  The solid was 

col lected by f i lt rat ion and washed with d ioxane . The product weighed 

( %) 202° The material was disso lved in hot methanol and 1 . 49 g 9 0 . 2 . , mp • 

treated with decolorizing charcoal . As the so lut ion coo led to room 



temperature , a prec ipitate formed . The mixture was refrigerated (0° ) 

overnight . White  c rystals were collected by f il t ra t ion , 1 . 03 g ,  mp 201-

2040 ; NMR (CD 3CN) : 6 2 . 20 (m,  2H) , 2 . 85 (s ,  6H) , 3 . 1 3  ( q , 2H) , 3 . 67 

( q, 2H) ; ir (Nuj o l ) : 2 227  cm- l ( s ,  CN ) ; uv (CD 3CN) : 

( £  1 3 , 29 7 ) . 

A 330 . 5 nm 
max 

1 16 

Anal .  

Found : 

Calcd for C 1 0H
1 4

N
5Cl : C ,  50 . 1 1 ;  H ,  5 . 89 ;  N ,  2 9 . 2 1 ; Cl , 1 4 . 29 .  

C ,  5 0 . 09 ;  H ,  5 . 82 ;  N ,  29 . 2 7 .  

At tempt t o  Synthesize 1 , 1 -Bis ( t r imethylammonium ) -2 , 2-dicyanoethylene 
D iiodide 

Procedure A 

A solut ion of  1 , 1-bis ( N , N-dimethylamino) - 2 , 2-dicyanoethylene (l!) 
( 0 . 30 g ,  1 . 9  mmo l )  in methanol ( 2 . 0  rnl)  and methyl iodide ( 4 . 0  ml)  was 

refluxed for  two day s .  Enough ether was added to the solut ion to make 

it c loudy and it was then placed in the refrigerator (0° ) overnight . A 

precipitate formed and was collected by filtrat ion , 0 . 1 6  g ,  mp 1 33- 1 34° . 

NMR analysis indicated the product to be starting material . 

Procedure B 

A solut ion o f  1 , 1 -B is ( N , N-dirnethylamino ) - 2 , 2-dicyanoethylene 

( 0 . 50 g, 3 . 2  mmo l)  in methanol (4 . 0  ml) and methyl iod ide (4 . 0  ml)  

was st irred at room temperature for 30 day s .  The solvent s were r�moved 

on a ro tary evaporator , yielding 0 . 44 g of off-white solid . NMR analysis 

indicated that the product was start ing material . 

1 , 1 -Bis ( 2-trimethylammoniumethy lamino) - 2 , 2-dicyanoethylene Diiodide ( 1 4a)  

In a dry box with a nitrogen atmosphere,  methyl iodide ( 5 . 00 ml ) 

was added to a st irring suspension of  1 , 1 -bis ( N , N-dimethyl- 1 , 2-ethane-

d iamino ) -2 , 2-dicyanoethy lene ( 1 3a) ( 5 . 00 g ,  20 . 0 mmo l) in absolute 

ethanol ( 7 5 . 0  ml) . After the addition of the methyl iodid e ,  the solid 



material d issolved .  A prec ipitat e started to form after one-half hour 

and the mixture was al lowed to stir  for 24 hours . A white ,  hygroscopic 

material was collected by f i l tration and dried in a vacuum des iccator at 

70° for 24  hours , 1 0 . 3 1  g ( 9 6 . 6%) , mp 1 98 . S-202° dec . This material was 
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recrystallized f rom methanol , mp 203-206° dec ; NMR (D20) : o 3 . 2 2  (s , 1 8H) ; 

3 . 7S (m ,  8H) ; ir (KBr pellet ) : 2 1 8S , 2 20S cm-1 (d , CN) . 

Anal . 

Found : 

Calcd for C 1 4 H2 8N6 I 2 : C ,  3 1 . 4 8 ;  H ,  S . 28 ;  N ,  1 S . 7 3 ;  I ,  4 7 . S 1 .  

C ,  3 1 . S4 ;  H ,  S . 3 9 ;  N ,  1 S . 39 .  

1 , 1 -Bis ( 3-trimethylammoniumpropylamino) - 2 , 2-dicyanoethy lene Diiodide ( 1 4b )  

In a d r y  box under a nitrogen atmosphere , 1 , 1-bis (N , N-dimethyl-

1 , 3-propanediamino ) - 2 , 2-dicyanoethy lene ( 1 3b)  ( S . OO g ,  1 8 . 0  mmol )  was 

added over a I S-minute period to methyl iodide ( 2 S . O  ml) . The react ion 

was exothermic and soon formed a white precipitate . An excess of methyl 

iodide ( S . O  ml) was added and the mixture was c l lowed to stir at room 

tempe rature for  three days . The product was isolated by f il t ration and 

washed with anhydrous ethe r .  The hygroscopic salt was dr ied in a vacuum 

desiccator at 70° for 24 hour s ,  9 . 74 g ( 9 6 . S%) , mp 208- 2 1 0° ; NMR (D2 0) : 

o 2 . 08 (m, 4H) , 3 . 1 6 ( s ,  1 8H) , 3 . 4 3 (m, 8H) ; ir  (KBr pelle t ) : 2 1 6S ,  

2 1 9S  cm- 1 ( d ,  CN ) .  

Anal . 

Found : 

Calcd for c 1 6 H 3 2 N6 I2 : C ,  34 . 1 8 ;  H ,  S . 7 3 ;  N ,  1 4 . 9 S ;  I ,  4S o 1 4 .  

C ,  3 3 . 88 ;  H ,  S . 74 ;  N ,  1 4 . 90 .  

1 , 1 -Bis (2-trimethylamrnoniumethylarnino ) - 2 , 2-dicyanoethylene Di ( tetra
cyanoquinodimethanide) ( ! Sa) 

L ithium tetracyanoquinodimethanide (0 . 844S g, 4 . 0  mmol)  was 

disso lved in ref lux ing methano l ( 1 00 ml) . This solut ion was added to 

a ref luxing so lut ion of 1 , 1-bis ( 2-trimethy larnrnnniume thylamino ) -2 , 2-

d icyanoe thy lene diiodide ( 1 4a) ( 1 . 068S g ,  2 . 0  rnrnol)  in methano l ( 2 2S ml ) .  
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The resu l t ing solution was refluxed for 30 minutes and then a llowed to 

cool and stand at room temperature for 1 2  days . The precipitate that 

formed was collected by f i l t rat ion. The dark-blue powdery p roduc t was 

washed thoroughly with methanol and then water unt il no iodide ion could 

be detected by 0 . 1 0  M silver nitrate . The p roduct was d ried in vacuo 

at room temperature to yield 1 . 07 g ( 38 . 8% ) . Recrys tall izat ion o f  

0 . 2000 g f rom methanol ( 1 000 ml ) and ether ( 500 ml ) yielded 0 . 0864 g o f  

pure product , 243° dec ; i r  (KB r  pellet ) : 2 200 cm- 1  ( s ,  CN) ; p :  5 . 5  x 1 06 

Anal . Calcd for C 3 8H 3 6N 1 4 : C ,  66 . 26 ;  H ,  5 . 27 ;  N ,  28 . 4 7 .  

Found : C ,  6 6 . 1 4 ;  H ,  5 . 1 9 ;  N ,  28 . 2 3 .  

1 , 1-Bis (3-trimethylammoniumpropylamino ) - 2 , 2-d icyanoethylene Di ( tetra
cyanoquinod imethanide) ( 1 5b )  

Lithium tetracyanoquinod imethanide (0 , 8445  g ,  4 . 0  mmol )  was 

d issolved in refluxing methanol ( 1 00 ml ) .  This so lut ion was added to  

a ref luxing so lut ion o f  1 , 1 -bis ( 3-trimethy lammoniumpropylamino ) -2 , 2-

d icyanoethylene d iiodide ( 1 4b )  ( 1 . 1 205 g ,  2 . 0  mmol )  in methanol ( 1 0  ml ) .  

Ref luxing the resultant solut ion was cont inued for 30 minutes during 

which t ime a p re c ipitate formed . The mixture was allowed to cool to 

room temperature and to stand for 68 hours . The p roduct was collected 

by f i l t rat ion and washed , f i rs t  with methanol and then with water , unt i l  

n o  iod ide ion could be detec ted by a 0 . 1 0  M si lver nitrate solut ion . The 

product , 1 . 1 5 g ( 40 . 1 % ) , was dried in vacuo at room temperature ; 2 2 5° dec ; 

ir (KBr pellet ) :  2 1 70 ,  2 200 cm- 1 (d , CN ) ; p :  6 . 6  x 1 0 5 ohm em. 

Anal .  

Found : 

Calcd for c4 0H4 0N 1 4 : C ,  6 7 . 0 1 ; H ,  5 . 62 ;  N ,  2 7 . 36 .  

C ,  66 . 94 ;  H ,  5 . 66 ; N ,  2 7 . 1 8 .  



Synthesis of 7, 7,8,8-Tetracyanoquinodimethan and Related Compounds 

2 , 5-Dicarbethoxy- 1 , 4- cyclohexanedione 

The procedure used is s imilar to that of A. T. Nielsen and W. R .  

Carpenter . 5 8 A sod ium e thoxide solut ion was prepared b y  adding small 

pieces of  sod ium ( 6 1 . 3  g ,  2 . 66 mol)  as rapidly as possible to commer

c i� l ly available absolute ethanol  (600 ml)  in a two-liter ,  two-necked 

f lask equipped with a condenser and a drying tube . The mixture was 

heated under reflux for four hours . Die thyl succinate ( 2 32 . 1  g ,  1 . 33 

mo l)  was then added to the solut ion and this mixture was heated under 

ref lux for six hours during wh ich time a thick,  p ink pre cipitate formed . 

The ethanol was removed on a ro tary evaporator and a sul furic acid 

solut ion (2 N, 1 390 ml)  was added to the �armed residue . This mixture 

was stirred  overn ight . The solid material which remained was removed 
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by suct ion f i l t ration and air-dried . This produc t ( 1 38 . 4  g )  was d issolved 

in boiling ethyl acetate ( 1 . 0  1) and suct ion filtered , while hot , 

through a heated funne l .  The filtrate was cooled and cream-colored 

crystals precipitated which were recovered by f il t ration .  The f i ltrate 

was reduced to one-hal f  its or iginal volume and refrigerated (0°) to  

yi�ld  �dditional produc t .  The total  yield  was 1 1 5 . 8  g (67 . 8% ) , mp 

1 2 7- 1 2 9° . (Li t . s a  mp 1 26 . 5- 1 2 8 . 5° . )  

1 , 4-Cyc lohexanedione 

The following p rocedure , adapted f rom that of A. T .  Nielsen and 

w. R. Carpenter , 5 8 was used . Water ( 1 1 3 . 0 ml) and 2 , 5-d icarbethoxy-

1 , 4-cyc lohexaned ione ( 1 1 3 . 0  g ,  0 . 44 mol )  were placed in a Parr pressure 

vessel of one-liter capacity .  The vessel was seal ed and heated as 

rapidly as pos s ib le to 1 85- 1 95° and main tained at this t �mp�rature for 

15  minutes . The reaction vessel was removed from the heat source and 



rapid ly cooled t o  room temperature in an ice bath . The resulting 

orange-colored l iquid was dis t illed under reduced p ressure.  (Lit . s a 

mp 7 7-79° . )  

1 , 4-Bis ( di cyanomethylene) -cyclohexane 

The procedure of D. S .  Acker and W. R. Herther2 2  was followed.  A 

mixture o f  1 , 4-cyc lohexanedione ( 1 00 . 0  g ,  0 . 89 mol)  and malononitrile 

( 1 1 9 . 1 g,  1 . 80 mo l )  was melted by warming on a st eam bath.  To this 

melt was added a solut ion of  B-alanine ( 1 . 0 g in 200 ml of water) . The 

result ing solut ion was warmed and swirled over the steam bath unt il  a 

p recipitate s tarted to form and then was al lowed to cool to room temp-

erature . The produc t was co l lec ted by filtrat ion and washed with water 

and ether to y ield 1 78 . 1 g ( 95 . 9% )  of white crystals , mp 2 1 6-2 2 1° . 

(Li t . 2 2  mp 2 1 6-2 1 7° . )  

7 , 7 , 8 , 8-Tetracyanoquinodimethan (TCNQ) (l) 
The fo llowing procedure is a modified vers ion of that described 

by D. S .  Acker and W. R .  Herther . 2 2  Acetonitrile ( 200 ml)  was placed 

in a 5 00 m l ,  three-necked f lask equipped with a mechanical stirrer , a 
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thermome�er  ( - 1 00 to 50°) and a 6 0  m l  pressure-equalizing dropping funne l .  

The acetonitrile was purged by bubbl ing dry nitrogen t hrough i t  f o r  1 5-

20 minutes . Then , 1 , 4-bis ( dicyanomethylene) -cyc lohexane ( 1 2 . 00 g ,  

0 . 05 8  mo l )  a�d b�omine ( 1 9 . 3  g ,  0 . 1 2  mol)  were added t o  the flask . 

This mixture was stirred under a nit rogen atmosphere and cooled to -22° 

in a dry ice - ethylene glycol bath . A pyridine so lut ion ( 20 ml in 30 ml 

of acetoni trile)  was added , via the dropping funne l ,  at such a rate that  

the  temperature o f  the solut ion did not increase during the  addit ion . 

The result ing so lut ion was stirred overnight and the temperature of the 



solut ion rose to -3° . The bath was removed and the solut ion was allowed 

to warm to room temperature.  The solution was diluted with 300 ml of  

ice  water to precipitate the product which was then recovered by filtra

t ion.  The product was recrystal lized from acetonit rile which had been 

purged with n it rogen. This procedure yielded 9 . 74 g ( 82 . 8% )  of red

brown crystals , mp 185- 1 90° . (Lit . 2 2  mp 1 9 3 . 5-196° . )  

Lithium Tetracyanoquinodimethanide 

The procedure by L. R. Melby et al24 was followed . A solut ion of  

l ithium iodide ( 40 . 0  g ,  0 . 3  mo l )  in  boiling acetonitrile ( 1 00 ml)  was 

added to a boiling solut ion of TCNQ ( 20 . 4  g ,  0 . 1 mol )  in acetonitrile 

(2  1 ) . A purpl e ,  powdery prec ipi tate separated from the dark-brown 

solut ion.  The mixture was allowed to stand at room temperature for two 

days . The precipitate was col lected by filtrat ion and washed with 

acetonitrile unt i l  the washings were bright green . The product was 

washed with one l iter of  ether and dr ied , 20. 2 g ( 95 . 8% ) . 

7 , 7-Bis ( d imethylamino) - 8 , 8-dicyanoquinodimethan (�) 

The procedure used was similar to that of D .  S .  Acker and D .  C .  

1 2 1  

B lomst rom. 4 2 T o  a solut ion of  TCNQ ( 4 . 00 g ,  0 . 020 mol )  in tetrahydrofuran 

( 3 50 ml) was adned a solution of dimethylamine ( 5 . 4 1  g ,  0 . 1 2 mol )  in 

tet rahydrofuran ( 1 50 ml ) .  The dark solution was allowed to stand at 

room temperature for 68 hours . The mixture was filtered to recover 3 . 58 g 

of  a yellow solid .  The fi ltrate was reduced to one-fourth of  its original 

volume and an addit ional 0 . 4 5  g of product was obtained . The total yield 

4 03  (85 6%)  The Product ( 2 . 99 g) was dissolved in methanol ( 1 35  ml) was • g • o • 

heated to 55° . Ether ( 30 m l )  was anded to the warm so lut ion and on cooling, 

2 . 58 g of  yellow crys tals were obtained , mp 235-236° dec . (Lit . 4 2 mp 



2 32-236° dec . ) NMR ( (CD3 ) 2 SO) : 6 3 . 10 ( s ,  1 2H) , 6 . 90 (d , 2H) , 7 . 1 3 

( d , 2H) ; ir (KBr pellet ) : 2 1 40 , 2 1 7 5  cm- 1 (d , CN) : uv (CH 30H) : 
max 

403 nm ( £  2 8 , 000) . 

Anal . 

Found : 

Calcd for  C 1 �H 1 6N� : C ,  69 . 9 7 ;  H ,  6 . 7 1 ;  N ,  2 3 . 3 1 .  

C ,  69 . 7 3 ;  H ,  6 . 79 ;  N ,  2 3 . 60 .  

7 , 7-Bis ( N , N-dimethyl- 1 , 2-ethanediamino ) -8 , 8-dicyanoquinodimethan ( 1 8a) 

1 2 2  

To a solution o f  TCNQ ( 2 . 00 g ,  9 . 79 mmol )  in tet rahydrofuran ( 250 ml ) 

was added 95%  N ,N-dimethy l- 1 , 2-ethanediamine ( 4 . 2 3  g ,  45 . 6  mmo l ) . Af ter 

s t irring for three hours , the above solut ion showed evidence of  a precip-

itat e .  The mixture was allowed t o  stand a t  room temperature for two day s .  

The solvent was removed o n  a rotary evaporator and the residue was recrys-

tall ized twice from methanol and ether to  yield 2 . 36 g ( 96 . 2% )  of yellow 

crys t als , mp 253-254°; NMR ( (CD 3 ) 2 SO) : 6 2 . 10 ( s ,  1 2H) , 2 . 35  ( t ,  4H) , 

3 . 40 ( t ,  4H) , 6 . 86 ( d , 2H) , 7 . 30 ( d ,  2H) ; ir (KBr pellet ) : 2 1 30 ,  2 1 7 5 

cm- 1  ( d ,  CN) ; uv ( CH30H) : A 206 nm ( £  3 2 , 300) . 
max 

Anal . 

Found : C ,  66 . 20 ;  H ,  8 . 15 ; N ,  2 5 . 7 1 .  

7 , 7-Bis ( N , N-dimethy l-1 , 3-propaned iamino )-8 , 8-dicyanoquinodimethan ( 1 8b )  

To a solut ion o f  TCNQ ( 2 . 00 g ,  9 . 7 9 mmol)  i n  tetrahydrofuran 

( 2 50 ml ) was added 9 9% N , N-dimethyl- 1 , 3-propanediamine ( 4 . 30 g, 4 1 . 7  mmo l ) . 

This so lut ion was s t irred for three hours and then allowed to stand at 

room temperature for two day s .  No precipitate was observed . The solvent 

was removed on a rotary evaporator and the solid residue was recrystallized 

f rom methanol and ether to y ield 2 . 3 1 g ( 6 6 . 5%) of  yel low crystals . 

These were recrystallized a second t � me from met hano l and ether to give 

2 . 1 8 g of produc t ,  mp 1 5 7 . 5- 1 59 . 0° ; NMR (CD3 CN) : 6 1 . 70 (m, 4H ) , 



2 . 2 3 (s, 1 2H) , 2 . 43 ( t , 4H) , 3 . 4 1 (unresolved t, 4H) , 6 . 97 ( d ,  2H) , 

7 . 26 ( d ,  2H) ; ir (KBr pellet ) : 2 1 30 ,  2 1 7 5 cm- 1 (d , CN) ;  uv (CH 30H) : 

>. 369 nm ( £  2 2 , 600) . 
max 

Ana l .  

Found : 

Calcd for C2 0H 3 0N6 : C, 6 7 . 7 6 ;  H ,  8 . 53 ;  N ,  2 3 . 7 1 .  

C ,  67 . 58 ;  H ,  8 . 59 ; N ,  2 3 . 6 1 .  

7 , 7-Bis (N , N-dimethyl- 1 , 4-butaned iamino) -8 , 8-dicyanoquinodimethan ( 18c )  

The N , N-dimethyl- 1 , 4-butanediamine ( 3 . 50 g ,  30 mmol )  was added to 

a warm solution of TCNQ ( 2 . 00 g,  10  mmol )  in tetrahydrofuran ( 200 ml ) .  

The solut ion was allowed to come to room temperature and to stand for 

three and one-hal f  days . The solvent was removed on a rotary evaporator 

leaving an o i l .  Al l at tempts to crystall ize the oil were fruit less . 

NMR analys is ind icated t hat the oil conta ined the des ired product ; 

NMR (CD 3CN) : 8 1 . 6 1  (m , 8H) , 2 . 2 5 (m , 1 6H) , 3 . 3 1 ( t ,  4H) , 6 . 50 (broad s ,  

2H) , 6 . 97 (d , 2H) , 7 . 2 7 ( d ,  2H) . 

7- ( N ,N-Dime thyl- 1 , 2-ethanediamino ) - 7 , 8 , 8-tricyanoquinodimethan ( 1 7a) 

N , N-Dimethyl- 1 , 2-ethanediamine ( 0 . 4 2  g,  4 . 9  mmol)  was added with 

s t irring to a solut ion of TCNQ ( 1 . 00 g, 4 . 9  mmol )  in tetrahydrofuran 

( 200 ml) . The solution was a llowed to stand for two days at room temp-

erature . A precip itate formed and was collected by f i ltration . The 

dry product weighed 1 . 0 1  g ( 7 7 . 7% ) , mp 1 1 8° dec ; NMR ( (CD3 ) 2 SO) : 

8 2 . 90 (s ' 6H) , 3 . 5 2 ( t '  2H) , 4 . 1 0 ( t ' 2H) , 6 . 90 ( d ,  2H) , 7 . 67 ( d ,  2H) ; 

ir (KBr pellet ) : 2 1 2 5 ,  2 1 80 cm- 1 (d ,  CN) . 

Anal . Calcd for c 1 5H 1 5N 5 : C ,  67 . 90 ;  H ,  5 .  7 0 ;  N ,  26 . 40 .  

Found : C, 63 . 2 3 ;  H ,  6 . 2 1 ;  N ,  1 8 . 7 0 .  

1 2 3  



7- ( N , N-Dimethy l- 1 , 3-propanediamino ) - 7 , 8 , 8-tricyanoquinodimethan ( 1 7b)  

N , N-Dimethyl- 1 , 3-propaned iamine ( 0 . 49 g ,  4 . 8  mmol )  was added with 

s t irring to a solut ion of TCNQ ( 1 . 00 g, 4 . 9 mmol) in tetrahydrofuran 

( 200 ml ) , The solut ion was allowed to stand at room temperature for 

two days . A prec ipitate formed and was collected by filtration . The 

redd ish-brown product was dried in vacuo at room temperature , 1 . 2 5 g 

( 9 1 . 2% ) . A portion o f  the product ( 0 . 5022 g) was recrystallized from 
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hot methano l ( 200 ml )  to yield 0 . 0763  g ( 1 5 . 2%)  of reddish-brown crys tals , 

mp 1 8 1 - 1 82° dec ; NMR ( (CD 3 ) 2SO) : 6 2 . 1 0 (m , 2H) , 2 . 86 ( s ,  6H) , 3 . 28 

( t , 2H) , 3 . 87 ( t ,  2H) , 6 , 89 ( d ,  2H) , 7 . 64 (d , 2H) ; ir (KBr pellet ) : 

2 1 25 ,  2 1 7 5 cm- 1 (d , CN) . 

Anal . 

Found : 

Calcd for c 1 6H 1 2N 5 : C ,  68 . 80 ;  H ,  6 . 1 3 ;  N ,  2 5 . 07 .  

C ,  68 . 58 ;  H ,  5 . 90 ;  N ,  24 . 9 5 .  

7- ( N , N-Dimethyl-1 , 4-butanediamino ) - 7 , 8 , 8- t ricyanoquinodimethan ( 1 7c )  

N , N-Dimethy l- 1 , 4-butanediamine ( 0 . 5 7  g ,  4 . 9  mmo l )  was added to 

a warm solut ion of  TCNQ ( 1 . 00 g ,  4 . 8  mmol )  in tet rahydrofuran ( 1 25 ml) . 

A precipitate formed after ten minutes . The mixture was allowed to 

s t and at room temperature for two day s .  The product was collected by 

filtrat ion and dr ied in vacuo at room temperature , 1 . 35 g ( 9 5 . 7%) . 

The produc t ( 0 . 50 g) was recrystallized from hot methano l ( 1 00 ml)  

to y ield 0 . 2 7  g o f  brown crystals , mp 1 83-185° dec ; NMR ( ( CD3 ) 2 SO) : 

0 1 , 7 5 (m,  4H) , 2 . 80 ( s ,  6H) , 2 . 63 ( t ,  2H) , 3 . 83 ( t ,  2H) , 6 . 89 ( d ,  2H) , 

7 . 64 (d , 2H) ; ir (KBr pellet ) : 2 1 40 , 2 1 80 cm- 1  ( d ,  CN) . 

Anal . 

Found : 

Calcd for c 1 7H 1 9
N 5 : C ,  69 . 60 ;  H ,  6 . 5 3 ;  N ,  2 3 . 87 .  

C ,  69 . 20 ;  H ,  6 . 29 ;  N ,  2 3 . 32 . 
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7- ( N , N-Dimethyl- 1 , 3-propanediamino ) - 7- (n-propy lamino ) - 8 , 8-dicyanoquino
d imethan 

TCNQ ( 4 . 00 g ,  1 9 . 6  mmo l )  was dissolved in tetrahydrofuran ( 400 ml) . 

N , N-Dimethyl- 1 , 3-propanediamine ( 2 . 00 g ,  1 9 . 6  mmol )  was added to the 

stirr ing TCNQ solution .  Stirring was cont inued for f ive hours a t  room 

t emperature during which t ime a redd ish-brown precip itate formed . 

n-Propylamine was added to the stirred mixture and s t irring was cont inued 

for an add i t ional f ive hours . During this time , the precipitate , which 

had p reviously formed , dissolved , The vo lume of the solut ion was 

reduced to approximately 50 ml and a yel low precipitate appeared which 

was collected by f il t ration and washed with ether , 5 . 00 g (82 . 0%) . 

The p roduc t was recrystal lized twice from methano l and ether to yield 

2 . 7 6 g o f  l ight-yel low crystal s ,  mp 1 64° ; NMR (CDC1 3 ) :  o 1 . 2 2 ( t ,  3H) , 

1 . 7 5 (m ,  4H) , 2 . 33 ( s ,  6H) , 3 . 4 1  ( q ,  4H) , 6 . 92  ( d ,  2H) , 7 . 25 ( d ,  2H) : 

ir (KBr  pellet)  2 1 30 ,  2 1 7 5  cm- 1 (d , CN) . 

Anal . Calcd for c 1 8H2 5N 5 : C ,  69 . 4 2 ;  H ,  8 . 09 ;  N ,  2 2 . 49 .  

Found : C ,  68 . 89 ;  H ,  8 . 1 3 ;  N ,  2 3 . 7 4 .  

7 , 7-Bis ( 3-trimethylammoniumpropy lamino ) - 8 , 8-d icyanoquinodimethan Diiodide 
( 20b) 

In a dry box under a nit rogen atmosphere,  methyl iod ide ( 5 . 0 ml) 

was added to a st irred mixture of  7 , 7 -bi s (N ,N-dimethyl- 1 , 3-propanediamino) -

8 , 8-d icyanoquinodimethan ( 1 8b )  ( 5 . 00 g ,  1 4 . 1 mmo l)  and abso lute ethanol 

( 7 5  ml) . The 7 , 7-bis ( N , N-dimethyl- 1 , 3-propaned iamino ) -8 , 8-dicyanodimethan 

dissolved . After stirring for 24 hours , a prec ipitate formed which was 

collected by f i l t rat ion and dried in vacuo at 50° for 48 hours ,  7 . 5 5 g 

(83 . 9%) . The produc t was recryst allized from methano l and ether , mp 

1 99-202° dec ; NMR ( D20) : o 2 . 30 (m , 2H) , 3 . 20 ( s ,  1 8H) , 3 . 58 (m , 8H) , 

6 . 98 ( d ,  2H) , 7 . 4 5 ( d ,  2H) ; i r  (KBr pell et ) : 2 1 25 ,  2 1 7 0 cm- 1  (d , CN ) .  
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Anal .  

Found : 

Calcd for C2 2H 3 6N6I2 : C ,  4 1 . 39 ;  H , 5 . 68 ;  N ,  1 3 . 1 6 ;  I ,  39 . 7 1 .  

C ,  4 1 . 27 ;  H ,  5 . 87 ;  N ,  1 2 . 82 .  

7 , 7-Bis ( 3-trimethylammoniumpropylamino ) -8 , 8-dicyanoquinod imethan 
Di ( te tracyanoquinodimethanide) (ll) 
A ref luxing solution of lithium tetracyanoquinodimethanide ( 0 . 8446 g ,  

4 . 00 mmol )  i n  methanol ( 1 00 ml) was added t o  a refluxing solution of  7 , 7-

bis ( 3-trimethylammoniumpropylamino) - 8 , 8-dicyanoquinodimethan diiodide 

( 20b ) ( 1 . 2 768  g ,  2 . 00 mmol) in methanol ( 50 ml) . The resulting solut ion 

was heated for an additional ten minutes . The solut ion was allowed to 

come to room t emperature and to stand for 24 hours . A precip itate formed 

and was collected by f i ltrat ion . The purple solid , after being washed 

with methanol and water until no iodide ion could be detected by 0 . 0 1  M 

silver nitrate ,  weighed 1 . 1 9 1 5  g ( 7 5 . 1 %) . The product ( 0 . 7 500 g) was 

recrystallized from hot methano l  ( 4 50 ml) to yield 0 . 2 5 1 5  g of purif ied 

product , mp 2 1 4° dec ; ir ( KBr pellet ) : 2 1 30 ,  2 1 7 0 ,  2 182 , 2 203 cm- 1  (CN) . 

Anal .  

Found : C ,  68 . 48 ;  H ,  5 . 7 5 ;  N ,  23 . 90 .  

7 , 7-Bis ( N , N-dimethylamino ) -8 , 8-dicyanoquinodimethan - Methy l Iodide Complex 
( 1 6a)  

A mixture o f  7 , 7-bi s ( d imethylamino )-8 , 8-dicyanoquinodimethan (�) 
(0 . 50 g ,  2 . 1 mmol )  and methyl iodide ( 20 . 0  ml) was refluxed for 93 hours . 

The methyl iodide was removed on a ro tary evaporator . The red residue 

was d issolved in ethanol and suf ficient ether was added to make the 

solution cloudy. The solution was p laced in the freezer (-20°) overnight . 

A precipitate formed and was collected by f iltrat ion , 0 . 7 8  g (97 . 5%) , mp 

1 1 9- 1 2 3° ; NMR (co 3CN) : 6 2 . 23 ( s ,  3H) , 3 . 20 ( s ,  1 2H) , 7 . 93 (s , 4H) ; ir 

(KBr p e l let ) : 2 1 40 , 2 1 60 cm- 1 very weak ( d ,  CN) ; uv (CH30H) : max 

223  nm (£ 2 1 , 200) . 



1 2 7  

Anal .  

Found : 

Calcd for C 1 5H 1 9N4 I :  C ,  4 3 . 1 3 ;  H ,  5 . 0 1 ; N ,  1 4 . 66 ;  I ,  3 3 . 20 .  

C ,  4 6 . 1 2 ;  H ,  5 . 1 6 ;  N ,  1 4 . 4 1 .  

7 , 7-Bis (2-trimethylamrnoniumethylamino) -8 , 8-dicyanoquinodimethan D iiodide 
Methyl Iodide Comp lex ( 1 9a)  

A mixture of 7 , 7-bis (N , N-dimethy l- 1 , 2-ethanediamino) - 8 , 8-dicyano-

quinodimethan ( 1 8a)  ( 5 . 00 g ,  1 5 . 3  mmol )  and methyl iodide ( 25 ml)  were 

s t irred in a sealed 50 ml f lask under a nit rogen atmosphere at room 

temperature . After 28 days , a solid was collected by filtrat ion , washed 

with anhydrous ether and dried in vacuo at room temperature ,  1 0 . 83 g 

( 94 . 0%) , sof tened at 1 50° ; NMR (D20) : o 2 . 30 ( s ,  3H) , 3 . 24 (d , 1 8H) , 

3 . 9 7 (m, 8H) , 8 . 00 ( s ,  4H) ; ir (KBr pellet ) : 2 1 30 ,  2 1 7 5  cm- 1 (d , CN) ;  

A 2 1 8  nm ( c  39 , 7 00) . 
max 

Ana l .  

Found : C ,  3 3 . 6 7 ; H ,  5 . 30 ;  N ,  1 0 . 64 .  

7 , 7-Bis ( 3-trimethylammoniumpropylamino) - 8 , 8-d icyanoquinodimethan Diiodide 
Methyl Iodide Comp lex ( 1 9b )  

A mixture of  7 , 7-bis (N , N-dimethyl- 1 , 3-propanediamino) - 8 , 8-dicyano-

quinod imethan ( 1 8b )  (0 . 50 g ,  1 . 4  mmol )  and methyl iodide ( 1 0  ml) was 

put in a 25 ml flask. The f lask was sealed and a llowed to stand at 

room temperature for two months . A thick , paste-like material remained . 

I t  was dried in vacuo at room tempe rature for three days , 0 . 8 7  g ( 80 . 6% ) , 

softened at 58° ; NMR (CD 3CN) : 6 2 . 23 (s , 3H) , 2 . 30 (m,  4H) , 3 . 23 (d , 1 8H) , 

3 . 7 1  (m , 8H) , 7 . 97  ( s ,  4H) ; uv (MeOH) : A 
max 

Anal .  

Found : C ,  3 3 . 6 2 ;  H ,  4 . 95 ;  N ,  1 0 . 4 9 .  

2 1 9 n m  ( £  49 , 5 1 0) . 



Synthesis of  N,N-Dimethyl- 1,4-butanediamine 

4-Dimethylaminobutyronitrile 

The procedure used was adapted from that of  A.  Lespagnol et  a l . 59 

A mixture of 4-chlorobutyronitrile ( 208 . 0  g ,  2 . 0 1 mol ) , benzene ( 240 ml)  

and d imethylamine ( 2 54 . 5  g,  5 . 64 mo l)  was placed in a one-l iter Parr 

p ressure vessel . The vessel was sealed and heated at 100° for 24 hour s .  

After the reaction mixture cooled t o  room temperatur e ,  the white crystals 

which had formed were collected , washed with benzene and discarded . The 

benzene washings and the filtrate were combined and the so lvent removed 

by a rotary evaporator . The remaining liquid was distilled at 22 tor r .  

A c lear disti llate was co l lected between 70- 7 3° , 87 . 24 g ( 3 8 . 7% ) . 

(Lit . 59 bp 9 2°/ 1 8  torr. ) 

4-Hydroxybutyramide 

The t itle compound was prepared by the p rocedure of A. Lespagnol 

et al . 59 A solution of y-butyrolactone ( 1 7 2 . 0  g ,  200 mol ) , methanol 

1 28 

( 1 00 . 0  ml)  and l iquid ammonia ( 1 70  ml) was placed in a one-liter Parr 

pressure vessel and heated at 1 00° for 16 hours . The solut ion was f iltered 

through a fr itted glass filter.  The solvent was removed f rom the f il trate 

by means o f  a rotary evaporator.  The resulting melt so l idif ied upon 

standing at room t emperature .  The product was hygroscopic and required 

drying under reduced pressure to yield 1 99 . 07 g (96 . 6%) . 

4-Chlorobutyronitrile 

The following procedure is that of  A.  Lespagno l et a l . 59 A mixture 

of 4-hydroxybutyramide ( 100 . 0  g ,  0 . 9 7 mo l)  and chloroform ( 200 ml) was 

placed in a one- l iter ,  three-necked f lask equipped with a condenser , a 

250 ml  pressure-equalizing dropping funnel and a mechanical stirrer . 



Thionyl chloride (260  g ,  2 . 1 8 mol)  was added s lowly to the stirr ing 

mixture from the dropping funnel .  The react ion was exothermic and the 

addition required 30 minutes . The stirred mixture was then heated by 

means of an oil bath at 60° for 24 hours .  The react ion mixture was 

f i ltered and the res idue was discarded after it was washed with chloro-

form. The filtrate and the washings were combined and the so lvent was 

removed on a rotary evaporator . The remaining liquid was distilled under 

reduced pressure ( 1 . 2- 1 . 8  torr) and the product was collected between 

60-63° as a c lear liquid , 58 . 0  g ( 5 7 . 8% ) . (Lit . 5 9 bp 8 1 °/ 1 6  t orr . )  

N ,N-Dimethyl- 1 , 4-butanediamine 

The following procedure was adapted from that of w. A.  Lot t  and 

John Krapcho . 6 0  Lithium aluminum hydride ( 1 9 . 00 g ,  0 . 50 mol)  was added 

to anhydrous ether ( 500 ml) in a three-necked , one- liter f lask equ ipped 

with a mechanical s t irrer , condenser , calcium chloride drying tube and 

60 ml pressure-equalizing dropping funnel .  4-Dimethylaminobu tyronitrile 

( 50 . 00 g,  0 . 4 5  mol)  was added , drop-wise , to  the st irring lithium alumi-

num hydride suspension . Af ter the addi t ion was complete (approximately 
\ 

30 minutes ) ,  t he st irred solution was heated on an oil  bath at 50° for 

1 8 . 5 hours . The solut ion was then cooled to room temperature and an 
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aqueous sodium hydroxide solution (4 . 5  g NaOH in 85 ml of H20) was added . 

The result ing mixture was fil tered and the whi te , inorganic solid was 

washed with ether . The filtrate and washings were combined and dried over 

anhydrous magnes ium sul fate . The ether was removed on a rotary evaporator 

and the liquid residue was distilled under reduced pressure . A c lear 

distillate was collected at 45-50° at a pressure of 2-5 torr , 1 3 . 47 g 

( 26 . 0%) . (Li t . 6 1  bp 49-50°/ 7  torr . )  



Polymers 

Reagents 

The solvent for the polymerizat ions was Fisher reagent-grade 

N , N-dimethylformamide (DMF) which was purif ied by st irring over potassium 

hydroxide for 24 hours and dist illat ion under nitrogen f rom calcium 

oxid e .  The alkyldibromide s ,  obtained from the Aldrich Chemical Company , 

were distilled under reduced pressure d irec t ly befo re use .  The TCNQ 

and TCNE monomer derivat ives were prepared and purifie d  by methods 

previously described in the Experimental section.  

1 30 

Polymerizat ions of 1 , 1-Bis (N , N-dimethyl- 1 , 2-ethanediamino ) - 2 , 2-dicyanoethy
lene ( 1 3a) , 1 , 1 -B is ( N , N-d imethy l- 1 , 3-propanediamino ) -2 , 2-dicyano
ethylene-( 1 3b )  and 7 , 7-Bis (N , N-dimethyl- 1 , 3-propanediamino) -8 , 8-
d icyanoquinodimethan ( 1 8b)  with a ,w-Alkyldibromides 

The polymers in Tables 1 4 ,  15 and 1 7  were prepared by a procedure 

simi lar to that described below for the copolymerizat ion of  1 , 1 -bis (N , N-

d imethyl-1 , 3-propanediamino) -2 , 2-dicyanoethylene ( 1 3b )  and 1 , 5-dibromo-

pentane . All so lut ions were prepared wi th 50 percent monomers by weigh t . 

Copolymerization of 1 , 1-Bis (N , N-dimethyl- 1 , 3-propaned iamino ) -2 , 2-
dicyanoethylene ( 1 3b )  and 1 , 5-Dibromopentane 

A mixture consist ing of 1 , 1-bis (N , N-dimethyl- 1 , 3-propaned iamino ) -

2 , 2-dicyanoethylene ( 1 3b )  ( 3 . 4800 g ,  1 2 . 5  mmo l ) , 1 , 5-dibromopentane  

( 2 . 8 7 39 g ,  1 2 . 5  mmo l)  and N , N-dime thy lformamide ( 6 . 3 2 3 1  g )  was sealed 

in a one-ounce ,  screw-cap j ar with a magnetic st irring bar .  All so l id 

material d issolved af ter 1 5  minutes of st irring at room temperature . The 

st irr ing was con t inued at room t emperature for seven day s .  I n  a nitro gen 

atmosphere , t he polymer was precipitated by add ing dry acetone , isolated 

and powdered by st irring in approx imat ely 1 50 ml of  dry acetone for 

several days . The polymer was collected by f ilt rat ion and ini t ially 



dried for 24 hours in vacuo at 50° . Th o e po lymer was then dried at 1 1 0 , 

0 . 6  torr , for three days , 6 . 2805 g ( 9 8 . 84%) . 

Polymerizations of 7 , 7-Bis ( N , N-dimethyl-1 , 2-ethanediamino) -8 , 8-dicyano
quinod imethan ( 1 8a) with a ,w-Alkyldibromides 

The po lymers in Table 1 6  were prepared by essent ially the same 

procedure as that given below for the copolymerizat ion o f  7 , 7-bis (N , N-

d imethyl- 1 , 2-ethanediamino ) - 8 , 8-d icyanoquinodimethan ( 1 8a) and 1 , 4-

dibromobu tane . All solut ions were 50 percent monomer by weight . 

Copolymerizat ion of 7 , 7-Bis (N , N-dimethyl-1 , 2-ethanediamino ) -8 , 8-
d icyanoquinodimethan ( 1 8a) and 1 , 4-Dibromobutane 

A mixture cons isting of 1 , 1-bis (N , N-dimethyl-1 , 2-ethanediamino) -8 , 8-

d icyanoquinod imethan ( 1 8a) ( 3 . 2640 g ,  1 0 . 0  mmol) , 1 , 4-dibromobutane 

( 2 . 1 59 2  g ,  1 0 . 0  mmol )  and N , N-dimethylformamide ( 5 . 5223  g) was sealed 

in a 50 ml screw-cap vial with a magnet ic stirr ing bar . The mixture 

was st irred at 50° ; after 14  hours all of the solid had dissolved.  

S t irring was cont inued for seven days at 50° . Under a nitrogen atmos-

phere , the po lymer was precipitated by adding dry acetone and powdered 

by s t irring in approximately 150 ml of dry ace tone for several day s .  

The polymer was col lected b y  f iltrat ion and init ially dried i n  vacuo a t  

1 3 1  

50° . The polymer was then dried a t  1 1 0° , 0 . 6  torr , f o r  three day s ,  4 . 94 1 9  g 

( 9 1 . 1 3%) . 

Polymer Comp lexes with TCNQ" 

The po lymer comp lexes in Table 20 were derived from the 1 , 1-bis-

(N , N-d imethyl- 1 , 3-propanediamino) - 8 , 8-d icyanoethylene monomer .  The 

comp l exes were prepared by the procedure given be low for the TCNQ" 

comp lex of the 1 , 1-bis (N , N-d imethyl- 1 , 3-propaned iamino) -2 , 2-dicyanoethylene-

1 , 4-dibromobutane c opo lymer (TCNE 3-4) . 



TCNQ' Compl ex of 1 , 1 -Bis (N , N-dimethyl- 1 , 3-propanediamino ) -2 , 2-
d icyanoethylene-1 , 4-dibromobutane Copolymer (TCNE 3-4 ) 

The copolymer ( 1 . 000 g ,  2 . 0 2  mmo l based on repeat ing unit )  was d is

solved in methanol (SO  ml) . The solutions were heated to 60° and the 

LiTCNQ solution was added to the stirred polymer solution . The resulting 

mixture was heated at 60-6S0 with stirring for 20 minutes . The mixture 

was allowed to coo l to room temperature and stand for 24 hours . The 

resulting precipitate was fil tered and washed thoroughly with methanol 

and water until  no halide ion could be detected by a 0 . 0 1  M silver 

nitrate solution . The p roduct was dried in vacuo at room temperature 

for seven days , 1 . 2 1 48 g ( 6 S . S%) . 

The polymer complexes in Table 2 1  were derived from the 7 , 7-bis (N , N-

dimethyl- 1 , 3-propanediamino ) -8 , 8-d icyanoquinodimethan monomer .  The 

comp lexes were p repared by essent ially the same p rocedure as above for 

the 1 , 1 -bis ( N , N-dimethyl- 1 , 3-propanediamino) -2 , 2-dicyanoethylene-1 , 4-

d ibromobutane copolymer .  The only difference was that the polymer 

remained dissolved in SO ml of the 10 percent (by volume) N , N-dimethyl-

formamide - methanol solution . 

Polymer Comp lexes with TCNQ" and TCNQ0 

The TCNQ"-TCNQ0 comp lexes of the 1 , 1 -bis ( N , N-dimethyl- 1 , 3-propane-

diamino ) -2 , 2-dicyanoethylene- 1 , S-d ibromopentane copo lymer (TCNE 3-S) and 

the 7 , 7-bis ( N , N-dimethyl- 1 , 3-propaned iamino ) -8 , 8-d icyanoquinod imethan-
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1 , 6-dibromohexane copolymer (TCNQ 3-6) were prepared by a procedure similar 

to that for the respect ive TCNQ " complexes , the main difference being that 

a TCNQ solut ion in acetonitrile was heated to the same temperatur e as the 

LiTCNQ solut ion and the polymer so lut ion.  The TCNQ solut ion was added to 

the LiTCNQ solut ion and the resulting solut ion was then added to the po l ymer 

solut ion . 



Viscosit ies 

Viscosity measurements were made using Cannon-Ubbelohde semimicro 

dilution viscometers . The age of  the solut ions , up to one week , did not 

affect their viscosit ies . 

So lut ions for the viscosity s tudies in varying concentrations o f  

KBr were p repared i n  one of  two ways : 

Method 1 :  Solut ion A was prepared by d issolving the polymer 

( 1 . 0000 g ) in water to make a 1 0 . 00 ml solution. Solution A was then 

passed through a fritted glass f ilter.  Samp les ( 1 . 00 ml) of solution A 

were then pipet ted into each of nine 1 0 . 00 ml volumetric f lasks . The 

appropriate vo lume of 1 . 00 M KBr was p ipetted into each volumetric f lask 

in order to obtain the desired molarity of KBr when the solut ion was 

diluted to 1 0 . 00 ml wi th wate r .  After they were thoroughly mixed and 

temperature equi librium had been established , the elut ion t imes were 

measured . 

1 3 3  

Method 2 :  Solut ion B was prepared by d issolving the polymer ( 1 . 00 g) 
in water , fol lowed by d i lut ion to make a 1 0 . 00 ml solut ion. Solut ion B 

was then passed through a frit ted glass filter .  A 2 . 00 ml sample of  

solut ion B was pipetted into a 1 0 . 00 ml vo lumetric flask . To prepare 

solution C, enough 1 . 00 M KBr solut ion was pipetted into the volumetric 

f lask to make the maximum molarity of KBr , and wat er was added to b ring 

the volume to 10 . 00 ml.  Solut ion D was prepared by p ipet t ing 5 . 00 ml o f  

solution B into a 50 . 00 m l  vo lumetric flask and dilut ing to 5 0 . 00 m l  with 

water . Solut ions C and D contained the same concentrations of polymer . 

Solut ion D was · used to  dilute solution C and , thus , change the salt 

concentrat ion of solut ion C.  The elution times of  the po lymer at various 

KBr salt concentrat ions were obtained in this manner . 
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