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PREFACE 

The intention of attacking the age old problem of 

Aniline Black arose from an interest in naturally occurring 

intractable materials, such as coal. It was found that the 

study was a means to its own end. Even with the most modern 

instrumentation it was almost impossible to infer unique 

structural features of the black materials, owing to their 

intractability. In fact, in most cases the most useful 

approach was the alchemists approach of elucidation by 

elemental analysis. 

The author is indebted to Dr. Albert Everaerts for 

useful discussions in the early phases of this work. Also, 

special thanks to Ms. Carolyn Cabanski for grammatical 

assistance which has made this dissertation readable. 
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ABSTRACT 

Aniline Black is perhaps the oldest known synthetic 

polymer. It has been studied since the mid 19th century, 

and is still a matter of interest. These interests arise 

from the fact that Aniline Black is inexpensive, yet has 

some very unusual and potentially useful electrical 

~roperties. 

The present approach has been a systematic study of 

Aniline Black related compounds. The model compounds were 

synthesized in a controlled fashion to dictate exact 

structure and purity. It is expected that the better the 

process of formation, the more uniform the structure, and 

hence a more usable material as an organic semiconductor. 

In the course of this investigation conclusions were 

drawn as to the structure/function aspects of the derived 

compounds. Attempts to alter the structure of model 

compounds deviated from the hypothesized behavior. 

Starburst model compounds displayed properties unexpected 

to the investigators. 

Available information about starburst polymers is very 

scarce. This work complements previous work on Aniline 

Black and related compounds, and adds a new source of 

knowledge in starburst chemistry. The properties of 
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starburst compounds can be predicted only in part from the 

chemical makeup of the materials; this study gives some of 

the predictions based on the morphology. 

Several new approaches to the synthesis of useful 

Aniline Black model compounds grew from the knowledge 

obtained during this research. These will be presented 

with the body of the work and discussed at the conclusion 

as to the significance of such an investigation. 
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CHAPTER 1 

BACKGROUND 

A tremendous amount of literature surrounds the 

term "Aniline Black". It refers to a black material 

produced by oxidation of aniline. This material is in-

soluble, infusible, and can not be processed. Its discovery 

has encouraged a multitude of further research. However, 

the exact structure and makeup of this material still 

remains a perplexing mystery. 

Aniline Black has been produced by either electro-

chemical or chemical oxidation of aniline in dilute aqueous 

mineral acid [1,2]. 

Oxidize 
IIRni 1 ine B1 ac kll 

di lute H+ 

The proposed structure of the material was first assigned 

by Willstatter and coworkers [3]. The structure was thought 

to consist at least partially of the p-benzoquinonediimine 

nucleus. 

1 



The intractability of the material makes it difficult, if 

not impossible, to determine the exact structure by any 

means other than elemental analysis. Hence, these struc-

tures are accepted today as the actual structure of Aniline 

Black and its related compounds. 

The intermediates of the aniline oxidation were 

found to be quite effective cloth dyes [4]. This discovery 

sparked the German dye industry which lead eventually to 

industrial organic chemistry as we know it today. The dyes 

themselves were found to be toxic [5]. Currently, the 

interest in the material has turned to its unusually good 

semiconducting behavior ( 10-1 S cm-l compared to 10-2 S 

cm-l for Ge [31]) [6,7]. 

In the free base form Aniline Black is an in-

sulator, when doped with H+ it becomes a semiconductor. 

Ion-radicals have been proposed as the charge carrier in 

these doped materials [8]. 

It appears that high molecular weight is not 

necessary to obtain the semiconducting properties in 

Aniline Black compounds. Honzl, Hadek, and coworkers [9] 

showed that linear arylamines, when doped with iodine or 

2 



silver perchlorate, gave rise to semiconducting complexes 

up to 10-1 S cm-1 (Table 1). 

R1 , R2 = H, CH 3 

n = 1-3 

Recently Wudl and coworkers hav~ prepared phenyl 

capped octa-aniline via condensation as a model for Aniline 

Black [10]. 

3 

@{NH-@j- NH2 
3 

+ @{NH-®j-NH-@ 
7 

His materials show a wide variety of semiconducting 

behavior based on the amount of oxidation of linear 

arylamine to p-benzoquinonediimine. Doping of partially 

oxidized octa-aniline with H+ was sufficient to obtain 

conductivity up to 1 S em-I. 

Two conclusions can be immediately inferred from 

the model compound work. First, longer chain length leads 

to higher conductivity up to a plateau of about 6-8 units. 

Secondly, the major contributing structure giving rise to 

the conductivity is the p-benzoquinonediimine structure. 
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Table 1. Linear Semiconducting Arylamines 

R1 R2 
Conductivity 

n Dopant -1 -1 
(ohm cm ) 

1 H H 12 1. 6*10- 5 

1 I 2 (CI0 4 
- ) 6.2*10- 6 (4.3*10- 6 ) H CH 3 

1 CH 3 CH 3 12 7.6*10- 8 

2 H H 12 1.8*10-1 

2 H CH 3 12 1.3*10-- 3 

2 CH 3 
CH 3 12 1.9*10-8 

3 H CH 3 12 2.9*10- 2 

3 CH 3 
CH 3 12 1.8*10- 5 



CHAPTER 2 

STRATEGY 

~nthesis of Aniline Black Analogues 

Condensation of amines with 1,4-cyclohexanedione 

has been reported [11]. Condensation of aryldiamines with 

l,4-cyclohexanedione should p~oceed readily to produce a 

polyarylamine which could be easily oxidized up to a fully 

aromatic or benzoquinonediimine structure. 

o y 
It would be interesting to synthesize polymers in 

which the arylamine was modified in such a way as to 

provide other useful Aniline Black analogues. Tractability 

could be controlled, as well as increasing or decreasing 

electrical properties based on the monomer. In addition: 

the structure would be known, and a relation between the 

structure and function of the resulting material could be 

established. 

Cl 0 H .... q;H. 9 condonsQ COX] e,6-01c:hloro 
+ Co Co 

Rnilina 01 n.c k 

0 

HeVs-Q-NHe + 9 condanllo COX] Thiadlll11i 11no - Co 
Rniline Black 

5 



Suitable dehydrating agents could be used to 

completely eliminate the water from these diamine/dione 

condensations. This would improve the molecular weight of 

the polymer, as well as insure a long linear aromatic 

backbone. Various agents could be employed. Aluminum 

trichloride should be very effective, assuming suitable 

conditions could be found to proper~y eliminate Hel; 

preventing arylamine precipitation as the hydrochloride. 

Dibutyltin dichloride has recently been shown to be 

an effective dehydrating agent in amine/carbonyl conden

sations [12]. In this case, neutral conditions could be 

used to ensure that the amine would not be protonated, and 

the dione would not be susceptible to base catalyzed self

aldol condensations. 

8ilyl reagents are also known dehydrating agents 

[13]. Trimethylsilylacetate, which is readily obtained from 

hexamethyldisilizane and acetic acid, is a very convenient 

dehydrating agent. The by-products of the dehydration, 

acetic acid and hexamethyldisiloxane, are easily removable 

liquids. The reaction could be driven to completion by 

removal of the by-products. 

Other silicon based reagents could be used to aid 

in the synthesis of Aniline Black related compounds. 

6 



N,N,N' ,N'-tetrakis-(trimethylsilyl)-p-phenylenediamine 

could be condensed with diones, and benzoquinones. 

+~0 
Rniline 

81 ac k 

The Si-N-Si bond strength is 106 kcal/mole, whereas the 

Si-o-s·i bond strength is 190 k~al/mole [14]. Thermodynam

ically speaking, if the Si-N compound is heated with a 

carbonyl compound, at some temperature exchange to Si-0 

should occur to lead to the more thermodynamically stable 

products. Again, in condensations of 1,4-cyclohexanedione 

and benzoquinone, with the N,N,N',N'-tetrakis-(trimethyl-

silyl)-p-phenylenediamine, the reaction could be driven to 

complet:Lon via ·removal of hexamethyldisiloxane. 

Synthesis of Linear Arylamine 

As stated earlier, Honzl, Hadek and coworkers 

synthesized linear arylamines up to tetrameres which had 

very interesting electrical properties. It would be of 

interest to extend their syntheses to higher molecular 

weight to obtain materials which had the useful properties 

of polymers (rigidity, film/fiber formation, heat stabil-

ity), as well as possessing the interesting electrical 

properties. 

7 
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The synthetic sequences reported are very complex, 

consisting of co-oxidation techniques. 

These techniques suffered from irreproducibility and low 

yield which makes them unsuitable for polymer synthesis. 

Modifications need to be considered to build up linear 

arylamine in a more controlled manner. 

Nucleophilic aromatic substitution of amines with 

electrophilic aromatic halides could provide for a conven-

ient synthesis of linear arylamines. I-Fluoro-4-nitro-

benzene is readily available and has higher reactivity 

toward nucleophiles than other nitrohalobenzenes [15,16]. 

Reduction of nitrobenzenes is facilitated in near quantita-

tive yield with hydrogen and palladium on carbon. 



9 

Synthesis of Linear Arylamines with Functional End Groups 

The properties of both processibility and elec-

trical semiconductivity in the desired material could be 

achieved by synthesis of arylamine monomers. These monomers 

could then be polymerized or cop:>lymerized to form various 

p:>lymers. These polymers would then have the properties 

desired, and control could be established by varying the 

structure and content of the electroactive species. 

Synthesis of difunctional oligo-arylamines can be 

realized via nucleophilic aromatic substitution. Reactions 

of amines with halobenzenes in the presence of copper 

catalysts at elevated temperatures has been reported in 

Ullman and Chapman reactions [17]. .. ~-

Alternatively, synthesis via Goldberg reaction [18] 

could be performed to yield the acetanilide derivative of 

the desired monomer. 



10 

These acetanilide derivative monomers may lead to more 

soluble polymers, and the acetyl group is easily removable. 

HO-(CHe)3"°H 

+ 

Starburst Polymers 

Recently, Tomalia and coworkers have introduced and 

advanc~d the field of starburst polymerization [19,20]. 

Tomalia reacted methyl acrylate \'lith ammonia, followed by 

amidation with ethylenediamine. 

/COI!CH~ 
tJH3 + 3 CHeaCH --.-oil> NCCHeCHeCOeCHl»3 ---------, 

The net result is the transformation of NH3 into 3 

NH2's. These 3 NH2's can then react with 6 methyl acry-



lates, etc., to give highly branched macromolecules 

(Starburst Polymers) which are monodisperse. 

------> 

nStarburst Polymer" <Ili-------.....J 

The starburst materials reported are of interest 

since they are of high molecular weight, soluble in common 

solvents, and have a rather low viscosity. The physical 

properties of these types of materials are still quite 

unexplored, but the reported properties include those of 

emulsifying agents, paper strengthening agents and chelat-

in g ag e n t s [ 2 1] • 

Synthesis of S tarbur st Polya rylamines 

Reaction of N-terminal amino acids with 2,4-

dinitrofluorobenzene has been well received in peptide 

chemistry as an aid to identifying the N-terminal amino 

acid [22]. 

02~F + 
N0 2 

-OH/H20 
<i------------~----~ 

11 



The 2,4-dinitrophenylarnino acid derivatives are highly 

colored, crystalline compounds that have characteristic 

melting points. 

It would be of interest to react arylarnines with 

2,4-dinitrofluorobenzene, followed by reduction to produce 

the 2,4-diarninoarylarnine. 

-------;O!> 

These arylarnines could then be treated with more 2,4-

dinitrofluorobenzene followed by reduction, etc., in a 

starburst manner to produce starburst polyarylarnines. 

Starburst Rrylamine 
etc •.• 

<-------

r 
e 
d 
u 
c 
e 

The 2,4-dinitrofluorobenzene is readily available 

and highly reactive, and high molecular weight products are 

expected. In addition, the highly branched arylamine 

nucleus should be easily oxidizable, as in the manner of 

Honzl, to form semiconducting complexes. 

12 



Scope of the Present Study 

The present study will show the attempt to syn

thesiz~ aniline black related model compounds and starburst 

polyarylamines. The methods employed and the technical 

difficulties encountered will be discussed, and potentially 

useflll suggestions for further work will be voiced. 

13 



CHAPT ER 3 

RESULTS AND DISCUSSION 

Synthesis of Aniline Black Analogues 

Attempts were made to synthesize aniline black in a 

controlled manner to improve the consistency of the 

material. Condensation polymerization seemed to be indi

cated as the most straightforward route to give clearly 

defined product. Condensation of various diamines with 

diones and quinones with or without the use of catalysts 

proceeded but with only limited success. 

Acid Catalyzed Condensations 

Reactions of p-phenylenediamine with 1,4-cyclo

hexanedione were performed in acetic acid. Experimental 

parameters were adjusted to give light green films cast 

from the reaction medium which turned black on exposure to 

air or heating. Elemental analysis showed this material to 

have an empirical formula of C24H25N403. The infrared of 

this film showed strong bands at both the carbonyl regions 

(1650-l7l0cm-l ) and at OH, NH regions (3350-3360cm-1 ). 

Cross polarized magic angle spinning (cPMAS) 13C 

NMR was performed on this material (Figure 1). It was found 

that this material had considerable sp3 carbon left in the 

14 
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structure where none was expected (compare Figure 2). Based 

on these results, we believe that self-aldol condensations 

of oligomeric units to form polymer is the most likely mode 

of react ion. 

Of course this hypothetical model is not testable since the 

material once formed remains intractable. 

The material obtained from p-phenylenediamine and 

1,4-cyclohexanedione can be compared to traditional Aniline 

Black. The l3C CPMAS for Aniline Black prepared by the 

method of Langer [8] is shown in Figure 2. The conductivity 

of the Aniline Black sample was 10-3 s-cm-l , and the film 

from the condensation showed no conductivity after doping 

with iodine or H+. 

Similar chemistry was seen in reaction of 1,4-

cyclohexanedione and 2,5-dichloro-p-phenylenediamine or 

4,4'-diaminodiphenylsulfide (thiodianiline) in benzene with 

azeotropic removal of water. In these cases two materials 

were isolated, a solid material and an oily material. The 

17 



solid material proved to be oligomer, soluble in dimethyl

sulfoxide and gave infrared bands at 3367cm-l and l7l5cm-l • 

lH NMR signals at 2.0,4.0,5.7, and 7.0 ppm along with the 

infrared data suggest the partial structure shown below. 

iRr-~Nj '\ H Hln 
The oily material obtained was readily soluble in 

most solvents and was totally devoid of aromatic protons in 

the NMR. Infrared bands at 3362cm-l and l668cm-l indicate 

that the material is a result of partial oligomerization of 

the cyclohexanedione. 

o 

2 y-oa 
o 

Cl tc • • I 
"Purple Oi Isll <l_----~ 

Other Condensation Attempts 

stronger catalysts were needed as indicated by the 

result of the acid catalyzed condensations. Attempts to 

drive the polymerization to completion using standard 

dehydration agents and silicon reagents were attempted. The 

catalysts included trimethylsilylacetate, aluminum tri-

18 
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chloride, dibutyltin dichloride, and a reactive monomer 

based on silicon N,N,N ' ,N ' -tetrakis(trimethylsi1y1)-p-

phenylenediamine [23]. 

Condensation of p-pheny1enediamine and l,4-cyc10-

hexanedione in acetic acid in the presence of 2 equivalents 

of trimethylsilylacetate gave essentially the same results 

as that reported earlier in the presence of no catalyst. 

However, condensations of benzoquinone with p-phenylene-

diamine in acetic acid gave little or no reaction. 

Condensation of benzoquinone and p-phenylenediamine . 

in acetic acid with 2 equivalents of trimethylsilylacetate 

gave an insoluble black powder which contained both OH, and 

NH or NH2 (3220,3400cm-l ) by infrared~ no carbonyl was 

seen. Elemental analysis showed an empirical form~la of 

C3QH27N704, which indicated that some dehydration must have 

occurred over the expected side reaction of Michael addi-

tion. 

Rnalyzes as 

Some condensation took place, but it was not sufficient to 

give reasonable competition with the Michael addition. A 

similar result has been seen in condensations of 



benzoquinone in polyphosphoric acid and using dibutyltin 

dichloride as catalyst [24,25]. In addition these materials 

showed no conductivi ty above 10- 9 S cm-l \'lhen doped wi th 

iodine or H+. 

Aluminum trichloride is an effective dehydrating 

reagent. Condensation of 1,4-cyclohexanedione with 

p-phenylenediamine in the presence of 1 equivalent of AlC13 

in dioxane gave a black insoluble powder which showed no 

conductivity as a pressed pellet. The infrared spectrum 

showed no OH, NH, or carbonyl, however elemental analysis 

showed considerable oxygen with an empirical formula of 

C24H16N403. It is possible that a structure of the product 

consists of the poly-benzoquinonediimine oxide. 

There is no way to reliably test this structure due to the 

insolubility and masking of the N-oxide function group in 

the infrared. 

Bulk reactions of N,N,N ' ,N'-tetrakis-

(trimethylsilyl)-p-phenylenediamine with 1,4-cyclohexane-

dione and with benzoquinone were performed with only 

limited success. With the cyclohexanedione a brownish 

20 



insoluble film was obtained which analyzed to an empirical 

formula of CgHlONO. A possible structure is shown below and 

is consistent ~ith the infrared absorption bands at 

3350cm-l , 1 i 50cm-l , and l7l4cm-l • 

This can be rationalized by noting that the tetrakis-silyl 

21 

compound seemed to have only limited reactivity and reacted _ 

only partially with cyclohexanedione, followed by the usual 

type of aldol condensations seen previously. 

J
self 

Ridol 

Here, there is a possibility of cross-linking and this 

could explain the film formed and the lack of solubility of 

the final product. 

Reaction of benzoquinone with N,N,N' ,N'-tetrakis-

(trimethylsilyl)-p-phenylenediamine gave a black insoluble 

powder which, in the infrared, showed broad b.ands at 



3350cm-l , l750cm-l , and l7l0cm-l • Elemental analysis of the 

material showed an empirical formula of C24H16N404.5 which 

could suggest the partial structure shown below. 

OH .l 
~-/, tc=(5='T 

Here, there was partial condensation and oxidation along 

with the previously seen Michael addition. These materials 

from the tetrakis-silyl condensations showed no con

ductivity when doped with either iodine or H+ as pressed 

pellets. 

A recent catalyst for enamine/imine formation, 

dibutyltin dichloride, was used in reactions of 

p-phenylenediamine with 1,4-cyclohexanedione and 1,3-

cyclohexanedione with strikingly different results. The 

reactions were performed in neutral conditions to avoid the 

usual aldol condensation side reactions. 

When 1,4-cyclohexanedione and p-phenylenediamine 

were condensed in toluene in the presence of 10% dibutyltin 

dichloride, a yellowish material was formed which was 

soluble in hexafluoroisopropanol. A thin green film was 

cast and purified by extraction with alcohol. After 

purification the film had turned black and gave infrared 

adsorption bands at l7l2cm-l and l650cm-l with little 
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adsorption in the NH, OH region (3300-3500cm-l ). The film's 

analysis showed some oxygen; approximately 60% of the 

oxygen had been removed as water. Apparently, oligomer 

formed rather well and then precipitated out of the 

reaction media, thus stopping further condensation. 

Condensation of 1,3-cyc10hexanedione with p-phenyl

enediamine in toluene with 10% dibutyltin dichloride 

yielded 40% of N,N ' -bis(3-cyclohexenone)-p-pheny1ene

diamine. The conjugated ene-one was unfortunately un

reactive to ary1amine in this case. 

Synthesis of Aniline Black Model Compounds 

Aniline black model compounds, anthraquinone 

diani1 and Azu1e, or N-pheny1-N'-(N-(4-aminopheny1)-4-

aminopheny1)-benzoquinonediimine were prepared and char

acterized. Reactions of p-pheny1enediamine with benzo

quinone and with dicyc10pentenylbenzoquinone were attempt

ed; but with more limited success. An attempt was made to 

infer properties of aniline black from model compound 

physical properties. 

The compound known as Azu1e was prepared by the 

method of Wi11statter [26]. A solution of 4-aminodipheny1-

amine was oxidized with hydrogen peroxide. A blue black 

material was isolated which had limited solubility in 

organic solvents and a melting point of 155-1650 C. 
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Elemental analysis showed the material to have an empirical 

formula of C24H2oN40 which suggests a N-oxide function-

ality, perhaps as the benzoquinoneimine oxide. 

~NH2 

This is consistent with the oxidative mechanism, IR 

absorotion at 1362cm-l _and C=N at 1672cm-l, and the authen- . 

tic aniline black materials prepared: all contain a 

significant amount of oxygen, which may indicate the N-

oxide functionality as part of the structure. 

Anthraquinone dianil was prepared in 23% yield from 

condensation of anthraquinone and excess aniline in the 

presence of 2 equivalents of AlCl3 [27]. The material was 

prepared to check the structure of the benzoquinonediimine 

nucleus. 

+ 



Yellow needles were obtained on sublimation showing C=N at 

1625 cm-l • An X-ray crystal structure was obtained showing 

a deformed anthraquinone ring and the phenyl out of plane 

or skewed (Figure 3). This model compound is unsuitable for 

aniline black due to the non-planarity of the ring system. 

This non-planarity causes a localization of the p-electrons 

in the aromatic rings and does not allow sufficient overlap 

with the imine to form a conjugated system. The benzo-

quinonedianil should give the desired characteristics of 

the needed model compound. 

Reactions of aniline with benzoquinone or dicyclo-

pentenylbenzoquinone gave unsatisfactory results. In the 

case of benzoquinone only Michael addition product was 

isolated. In the case of the dicyclopentenylbenzoquinone, 

partial reaction at carbonyl, and possible aldol conden-

sations are the most likely suspects in the formation of 

black viscous oils of undetermined composition. 

-Rldol? 
~ 

-loss of 
CP? 

Viscous Oi15~ 
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Figure 3. X-ray Structure of Anthraquinone dianil 
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The reaction of anthraquinone and methyl-p-amino-

benzoate proceeded well in benzene in the presence of 

titanium tetrachloride to form the dianil in 35% yield. 

The material had a decomposition temperature of 2050 C and 

was not highly reactive to transesterification. All 

attempts to perform bulk polymerizations of this material 
I 

with butandiol failed, leading only to decomposition 

product ,and oligomer. The spectral analysis and elemental 

analysis confirm the structure with the C=N being seen at 

1627 cm-1. 

Synthesis of Linear Arylamines 

Reaction of 1-fluoro-4-nitrobenzene (1,4-FNB) with 

arylamine followed by reduction proceeded very poorly and 

with unsatisfactory results. Aniline was refluxed with 1,4-

FNB in dimethylsulfoxide up to 4 days in the presence or 

absence of bases. In no case was any reaction product seen. 

On mixing of these two reagents a highly colored red 



solution formed which was resolvable to the two components 

by TLC even after significant reaction time. 

No Rea.ction 

The desired 4-nitrodiphenylamine was obtained in 

25% yield from oxidation of commercially available 

4-nitrosodiphenylamine with 30% hydrogen peroxide. A 

brownish-black solid Cmp 122-125; Ii t. 132-135 (28 J) was 

obtained which showed a broad N02 absorbtion at 1210 em-I, 

which is consistent with the structure assigned. This 

material could not be crystallized or distilled, and showed 

only one spot by TLC. 

This same material was also prepared in 1% overall 

yield from diphenylamine acetamide nitration with a mixture 

of HN03 and H2S04- The spectra and melting point of this 

material were identical to those obtained in the oxidation 

of nitrosodiphenylamine. This proves rather nicely the 

authenticity of the samples, but why it was non-crystalline 

and difficult to prepare is still unknown. 

HN03 
--..;;;...C> 

H2S0 4 

1 
< }N~N02 

I<OH j 
H20 
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Reaction of p-phenylenediamine with 2 equivalents 

of 1,4-FNB in dimethylsulfoxide yielded the 4-amino-4'-

nitrodiphenylamine as the only product. No bis-addition was 

observed, even with increased reaction time, base cata-

lysts, and use of excess 1,4-FNBG 

Synthesis of N,N'-bis(4-nitrophenyl)-p-phenylene-

diamine was accomplished by refluxing p-phenylenediamine 

with excess 1,4-FNB in N-methyl-2-pyrollidinone for 48 

hours at 205 0 Co The crude nitro compound was obtained in 

approximately 50~ yield and was purified by ethanol 

extraction. NMR, IR, and elemental analysis prove the 

structure and confirm the purity of this material; no mono 

addition compound was present. 

Reduction of N,N'-bis(4-nitrophenyl)-p-phenylene-

diamine in acetonitrile by hydrogen in the presence in 10% 

palladium on carbon proceeded sluggishly to yield the 

diamino compound as an amorphous black material (NH2 -

3370cm-l , NH - 33l0cm-l ). The black color was most likely 
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due to a trace amount of oxidized impurity present in the 

sample, which was incorporated and persistent even in a 

reducing atmosphere. Satisfactory elemental analysis was 

obtained, and an iodine complex showed a conductivity of 

10- 3 S cm-l which along with the NMR, strongly indicate the 

desired material was obtained [9]. 

Synthesis of Linear Arylamines with Functional End Groups 

Numerous experiments were performed in an attempt 

to synthesize difunctional arylamines which could be 

polymerized by more traditional schemes. Reactions of 

functionalized anilines with p-dibromo and p-diiodo benzene 

are collected in Table 2. Reactions of functionalized 

halobenzenes with p-phenylenediarnine are collected in 

Table 3. In almost all cases there was little if any 

reaction, as noted by TLC and starting material recovery. 

Reactions of functionalized aniline with dihalo

benzene gave no reaction in all cases except in the case of 

p-toluidine and p-diiodobenzene. The deactivated anilines 

were extremely poor nucleophiles and either did not react 

via nucleophilic aromatic substitution or decomposed under 

the vigorous reaction conditions. With p-toluidine, the 

only activated aniline, a very small secondary spot was 

seen by TLC, which matched a sample of authentic 
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Table 2. Functionalized Anilines with p-Dihalobenzenes 

Aniline Halobenzene Solvent/cat. time/temp. 

HO~ 
Br 1 

$ pyr,CuCl, 5-18hr. 1 
Cu o 2000 C 1 

1 
NH2 Br 1 

NC Br 1 

$ $ me It ,Cu I, 6-20hr. 1 
Cu o 1500 C 1 

1 
NH2 Br 1 

CH30& I 1 

$ DMSO, Cu o 8hr. ,175-1 
2000 C 1 

1 
NH2 I 1 

NC I 1 

$ $ Quinoline, l2hr., 1 
CuI 220 0 C 1 

1 
NH2 I 1 

c$;3 I 1 

$ mel t, 8h r. , 1 
Cu bronze 1600 C 1 

1 
NH2 I 1 

CH30& I 1 

c$J 
Quinoline, 8h r. , 1 

Cu o 200 0 C 1 
1 

NH2 I 1 
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Table 3. Functionalizes Halobenzenes 
with p-Ehenylenediamine 

Ha 10benzene Solvent/ca t. Rxn time/temp. 

I 

sr-@c028 
/1)DMSO,CuCl,K2C03 1) 7hr. ,180-

1900 C 
2)Quino1ine,Cu o 2) Shr. ,220 0 C 

sr-@C02C8 3 
l)nBuOH,Cu o ,CUI 1)10hr. ,1250 C 

2)Quino1ine,Cu o 2) 12hr. ,220 0 C 

I-@- C02H 
1)PhN02,Cuo,K2Co3 1)15hr. ,2000 C 

2)Quino1ine,CuI /2) 10hr. ,220 0 C 
/ 
I 

I -@-C02CH31 
Quinoline, / 7 hr., 220 0 C 

Cuo ,Cu I / 

/ 

/ / 

/ / 

I-@-C02CH 3 i 
nBuLi,THF, / room temp, 

t-BuOK / 30 hr. 
/ , , 

Table 4. Other Nuc1eoEhi1ic Aromatic Substitutions 

Nuc1eophi1e Substrate Sol\Tent/cat. Rxn time/temp. 

I 
@-NHAC I-@-r , me It, K2C03 15hr. ,1600 C , 

r 
r-@-I 'Me -@-NHAC DMSO,K2C03 Shr. ,1900 C , 

I-@- I -@-r / H02C 0 NHAc DMSO, Na2C03 9hr. ,1900 C , 
I-@- HO-@-OH ' H0 2C 0 NH2 DMF ,ZnC12 16hr. ,1600 C , 
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N,N'-bis(4-methylphenyl)-diphenylamine (obtained by 

condensation of p-toluidine and 1,4-cyclohexanedione). 

Reactions of p-phenylenediamine with functionalized 

halobenzenes also proceeded disappointingly. In the case of 

4-bromo or 4-iodo-methylbenzoate the product isolated was 

the bis-amide. 

o 0 

-0" 0 '10-l> I ~ !J CNH ~ !J NHC ~ !J I 

~pparently the aromatic substitution reaction is too slow 

to compete with amidation at these extr8me temperatures. 

Reactions of p-phenylenediamine with 4-halobenzoic 

acids gave no isolatable products, and proceeded with 

essentially no reaction. The main result of these syntheses 

was the auto decomposition or autooxidation of p-phenylene-

diamine. This was demonstrated by the formation of similar 

tars in blank runs of p-phenylenediamine alone. The blank 

runs at high temperature yielded incr8asingly black 



solutions and some insoluble by products, even when the 

blank was run in an atmosphere of nitrogen. 

----i> 
heat 

r:lmine 

Oxidation 

Modified nucleophilic aromatic substitution 

reactions of acetanilides with aryl halides (Goldberg 

reaction) and znCl2 catalyzed dehydration of arylamines 

with phenols were attempted (Table 4). The Goldberg 

reaction proceeded with limited success. Reaction of 

acetanilide with p-diiodobenzene in the melt gave a mixture 

of 5 components even after prolonged heating. Thin layer 

chromatography showed a distribution of all the possible 

products, starting material, and deacylated material. 

Reaction of the acetamide of p-toluidine proceeded with 

similar results, while the acetamide derivative of 

p-aminobenzoic acid gave no reaction. Reaction of p-amino-

benzoic acid with hydroquinone in the presence of ZnC12 

eliminated water to form the ester: no substitution product 

was observed. 
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Though the Goldberg reactions proceeded with 

encouraging results, our investigation was being staggered 

by the need to do research on the reactions themselves. We 

hence abandoned the nucleophilic aromatic substitution 

pathways to our desired materials due to the unreactivity 

of the system and the discouraging non-productivity. 

Synthesis of Starburst Polyarylamines 

The reactions of various anilines with 2,4-dinitro

fluorobenzene (2,4-DNFB) proceeded in almost quantitative 

yield to product the 2,4-dinitrophenylarylamines. To 

simplify the nomenclature of the derivatives, we started 

with four "base" anilines and assigned them a capital 

letter abbreviation as shown below. 

~ r NH2 

= ~ }NVNH2 

PD~ H2VNH2 

DRDPA H2VN~NH2 
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After each addition a small letter "a" is added to the 

base. After reduction, a small letter "r" is similarly 

added. Thus a compound designated as PDAa2 r 2 means a 

starburst arylamine based on p-phenylenediamine which has 

undergon~ two round~ of addition and two reductions 

(Figure 4). 

The results of synthesis from the base amines is 

shown in Table 5. Addition of 2,4-DNFB proceeded in overall 

yield of 90-100% from the base amines, and reduction of the 

Na compounds also occurred in 90+% overall yield. The Nar 

compounds were highly unstable and had to be quickly 

transformed to the solid state after reduction to preserve 

the purity and to allow storage. Oxidation of the aryl

arnines by exposure to air and light led to oily black tars 

which could not be purified. If the arylamines were kept 

under nitrogen in dark bottles their shelf life was in

creased tremendously. These compound could be stored for 

several weeks before they were unusable. 

The second round of addition and reduction proceed

ed with less than quantitative yield. The main difficulty 

was the insolubility of the multinitro compounds which 

caused them to precipitate in the addition step and to 

cause the reductions to be heterogenous and slow. 

At the third round of addition and reduction the 

yields fell even more dramatically. The multiamino 
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POA 

! 2.4-0NFD 

1 (H) 

~2N~NH~NH~HH2 
NH Z HZ" 

POAar 

I Z.4-DHFB 
H02 l HOZ 

o,N~"'-(§(-"'~'.~"'~"O' 
HH RN 

°ZN l$J c$rHOZ 
I!OZ HO Z 

PDAaZr 

(H I 

NH
Z 

HH Z 

HZ .. I-@- NH-(§(-HH-@-NH-{jl)-NH-@-HHZ 
HH HN 

.,"~ $"0, 
HH

Z 
NH

Z 

PDAaZr Z 

Figure 4. Synthesis of PDAa 2r 2 
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Base 
(N) 

N-a l 

Table 5. Starburst Arylamines 

N-alrl N-a 2r l N-a2r2 Na3 r2 

,--- . -- --l - ._-- . -r--- - ··-I---·---I-··-----I~---~I 

A Yield 90.7% 95.2% 86.3% I 93.8% 62.3% 
I 

Mp 154-1550C 126-127oC 180-1850C I 100-110oC 172-180oC 
need les (E tOH) I viscous oil 

I oil 
I 

ADPA yield 94.5% 87.9% 77.5% I 86.7% 58.7% 
I 

Mp 150-152oC l28-l3loC l050C(oil) 1900-softens llO-l20oC 
pIa tes (EtOH) IIOOO-starts softens 

I to flow 
I ,-
IPDA Yield 89.7% 89.7% 78.7% I 57.9% 
I I 
I Mp 272-2730C 236-240oC 1800C(dec) I l47-l52oC 
I red plates 2450C (dec) I flows 
I (DMSO) I 
I I r- I 
IDADPAIYield I 98% 82.7% 68.5% I 
I I I I 
I IMp I 252-254oC 200-206oC l500C(oil) I 
I I I (dec) I 
I I I I 

Na3 r 3 

I 
78.5% I 

I 
122-132oC I 
softens I 

I 
T 
I 
I 
I 
I 
I 
T 

W 
0:> 



compounds did not react fully with the 2,4-DNFB and 

produced a large distribution of products which had similar 

solubility characteristics. Hence, the purification was 

difficult. The reductions were again heterogeneous, and 

took up to 1 week of hydrogenation time to complete 

hydrogen uptake. The use of soluble catalysts for the 

hydrogenation produced similar results. 

In general, the multinitro compounds were red-brown 

solids which were insoluble in all common solvents, being 

soluble in only highly polar aprotic solvents such as 

dimethylsulfoxide, N-methyl-2-pyrollidinone, etc. The 

multiamino compounds were brown-black solids which were 

soluble in highly polar organic solvents and very suscep

tible to solution oxidation. Crystallization was attempted 

in all cases, but failed in all but the very first rounds 

of addition and reduction. Elemental analyses of the 

starburst arylamines are collected in Table 6. 

A characteristic NMR for both the multinitro 

compounds and the reduced species was observed. The extreme 

difference in NMR signal allowed differentiation of 

partially reduced, or partially added compounds, and helped 

monitor reaction progress. Infrared on the starburst 

polyarylamines also confirmed the structure and allowed a 

more sensitive tool in determining presence or absence of 

nitro group. 
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Table 6. Elemental Analyses of Starburst Arylamines 

Base a ar a 2 r a 2 r2 a 3 r2 a 3 r 3 

1--- 1 I I I I 
Calc IC:55.59,H:3.47IC:72.36,H:6.53IC:54.24,H:3.70IC:70.07,H:6.0SIC:53.58Ic:6S.9SI 

N:l6.23 1 N:2l.ll 1 N:1S.45 1 N:23.84 IH:3.07 IH:5.87 1 
A I 1 1 1 IN:19.53IN:25.l51 

FoundIC:55.45,H:3.50IC:72.57,H:6.36IC:53.58,H:3.07IC:7O.57,H:5.98IC:53.50Ic:66.231 
N:15.98 1 N:21.27 1 N:l9.53 I N:22.95 IH:2.98 IH:4.93 1 

1 1 liN: 19 • 27 1 N : 2 3 • 8 2 1 
1-----1 ----·-1---- 1 1 1 

Calc IC:49.09,H:2.73IC:67.50,H:6.25IC:51.22,H:2.84IC:67.74,H:S.911-------I-------1 
N:19.09 1 N:26.25 1 N:19.92 1 N:26.34 1 1 1 

PDA 1 1 1 1 1 1 
FoundIC:49.2l,H:2.71IC:66.0S,H:S.90IC:51.04,H:2.66IC:66.92,H:S.9SI-------I-------1 

N:18.82 I N:24.67 I N:19.39 1 N:25.32 I 1 1 
1 1 1 1 1 1 
1-- 1 1 1 I I 

Calc IC:6l.7l,H:4.00IC:74.48,H:6.2lIC:57.87,H:3.541 ------ IC:55.57 1-------
N:l6.00 1 N:19.3l I N:lS.OO 1 IH:3.26 

ADPA I I 1 liN: 19. 21 
FoundIC:61.68,H:3.90IC:74.40,H:6.1SIC:57.89,H:3.471 ------ IC:5S.23·-------

N:15.77 1 N:19.34 I N:l7.43 1 IH:3.17 
1 1 1 iN:1S.96 
1 

Calc IC:54.29,H:3.20IC:70.07,H:6.08IC:53.S8,H:3.07 
1 N:18.46 I N:23.S4 I N:19.33 

DADPA I I 
FoundIC:54.50,H:3.12IC:69.25,H:6.0SIC:53.2l,H:2.87 

I N:lS.ll I N:23.07 1 N:l9.01 
1 1 

1-------
I 
I 

.;:. 
o 



Infrared 

N02-1270co-1 

NH -3372C[1'J-l 

NHpNH2 
3300-3400co-1 

NMR 

H -10 II 

Hb -7.5 
He-8.5 
Hd-9.2 

NH 2 ,3-5 

NH,Rr 
6-7.2 

multo 

s 
d 

dd 
d 

broa.d 

rauUplet 

Several other multinitro arylamines were prepared 

from both the 2,4-DNFB, and 1,S-dichloro-2,4-dinitrobenzene 

with anilines. These are collected in Table 7. Substitution 

of more than one chlorine in 1,S-dichloro-2,4-dinitro-

benzene additions does not occur. Apparently, the amino-

dinitro-halobenzene residue is sufficiently activated by 

the amino group to prevent reactivity via nucleophilic 

aromatic substitution. 

No 
---:;::. 

Reaction 

Reaction of 2,S-dichloro-p-phenylenediamine with 

2,4-DNFB showed that only one 2,4-dinitrophenyl group could 

be added. The halogenated 2,4-dinitrophenylaminobenzene is 

too unreactive due to deactivation from the 
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Table 7. Other Multinitroarylarnines 

Compounda Melt. Point Yield 

I I 
1 1 

262-2640 C 1 83.0% i 
1 1 

H2 N-@-O@-NH 2 

r-_________________________ + ____________ � ------I 
r 1 

H2N-@-S-@-NH2 235-2370 C 
1 

95.6% 1 

1 

r--------------------------+------------~,_-----I 
1 

H2N-@-CH2-@-NH2 108-1100 C 
1 

94.5% 1 

1 

r-------------~~--------_+------------~r_-----I Cl 1 

H2N-p- NH2 252-2540 C 96.2% i 
----------.~------I CH3 T 

H2N-& NH2 187-191 0 C 30.7% i 
r---------------------~---+------------"r_-----I Cl 1 

H2 N-@- NH 2 + ci-@-N02 > 330 0 C 75.6% i 
~-----------------N02-----~-----------;-------1 

I 

above 198-2020 C 
I 

87.2% I 
I 

~-------------------------~------------_~----_I 
a) Addition compound with 2,4-dinitrof1uorobenzene 

unless othewise stated 
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2,4-dinitrophenylamino, and chlorine residues to react even 

with 2,4-DNFB under normal condition. 

D2N Not Reactive 

Rr-NI~-~NO~ to RrNH2 
Cl<: 

Formation of Semiconducting Complexes 

The multiamino starburst arylamines were oxidized 

with iodine, AgCl04, and NOBF4 to form semiconducting 

complexes (Table 8). Cyclic voltametry of the multiamino 

starburst arylamines (Table 9) showed several reversible 

ox idation potentials in the workable. range of the solvent, 

acetoni tr ile. Electrochemi cal ox ida tiCilS of the s tarbur s t 

arylamines failed to yield semiconducting complexes at an 

applied potential of 1 volt. Chemical oxidation of the 

multiamino starburst arylamines (Table lO) gave insoluble 

black powders, which showed little semiconductivity. 

The semiconducting iodine oxidized complexes were 

very air and shelf stable. No iodine was seen to sublime 

off the sample on warming to 100 0 C at 0.05 torr. The 

semiconductivity of the iodine complexes was between 10- 8 

and 10- 5 S cm-l in air, and increased an order of magnitude 

in vacuum. After several months the semiconductivity was 

essentially unchanged. Activation energies for the 
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Table 8. Iodine, AgC104, and NOBF4 Complexes 

Iodine Complexes - - --I Agcl04 Complexes NOBF4 Comple£e~· --~ 

I I 
I I 

Iodine Conduetivityal C104- Conduetivitya BF4- Conduetivityal 
Compounds Ratio I Ratio Ratio I 

I I 
I I 

Aar I I 
I I 

Aa2r2 1:1 <10- 8 I 1:1.5 1.2X10-5 I 
1:2 1.9X10-6 I ----- I 

I I 
I T 

ADPAar 1:1 1.0X10-6 I 1:1 4.5X10- 5 1:1 1.lX10-5 I 
1:2 1.2X10-6 I I 

ADPAa2 r 2 1:1 1.3X10- 7 I I 
1:2 5. flX10- 7 I I 

I I 
I T 

PDAar 1:1 2.6X10- 6 I 1:1 1.7X10-6 1:1 1.3X10-5 I 
1:2 2.3X10- 6 I 1:2 -10-6 1:2 2.2X10- 6 I 

PDAa2r 2 1:0.5 2.0X10- 6 I I 
1:1 5.7X10- 6 I I 

I I 
I I 

DADPAar I 1:1 1.5X10- 5 I 1:0.5 7.2X10- 5 1:0.5 3.3XIO-5 I 
I I 
1 I 

a) (ohm-em) -1 ~ 
~ 



Table 9. Cyclic Voltammetry of Starburst Arylamines 

Compound 

Aar 

PDAar 

ADPAar 

ADPAa2 r 2 

Reversible Oxidation 
Potential(s)a 

0.2,0.48,0.87 

0.69 

0.16,0.40,0.67 

0.27,0.45,0.63 

0.21,0.65,0.95 

1.18 

I 
I 
I 
I 

~-------------~------------------------I T 

DADPAar 0.24,0.67,1.27 
I 
I 
I 

~------------.~-----------------------I 
a) Volts 

Table 10. Oxidized Starburst Arylamines 

Compound Oxidanta Yield Conductivityb 

Aar 48.2% 

PDAar 1)K2S20S/HCl 67.0% - 10-S 
2)K2 S20a/ 72.2% 1.7XIO-7 

!!.2S04 

ADPAar 1)K2S20a/HCl 52.5% - 10- 8 
2) KCI04/H2S04 37.7% 3.7XlO-7 

a) Oxidation in O.lN acid at 50-700 C b) (ohm-cm) -1 
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Figure 5. Variable Conductivity Measurement for PDAar 
Iodine Complex (1:1) 
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Figure 6. Variable Conductivity Measurement for PDAar 
Iodine Complex (1:2) 
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Iodine Complex (1:1) 
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Figure 8. Variable Conductivity Measurement for Aa2r2 
Iodine Complex (1:2) 

49 



excitation from insulating to conducting band was calcu

lated by variable temperature methods [27]. Plots of In 0 

vs liT gave complex graphs (Figures 5-8) showing different 

modes of conductivity in different temperature ranges. At 

lower temperatures the arylamine complexes may be more 

globular in na~ure and are not capable of carrying an 

electron efficiently. At higher temperature it might be 

imagined that the starburst arylamine complexes unfold, 

making the oxidized segment more flat. This could then 

interact with another flat region to pass electronic 

charge. This is supported by the activation energies of 

0.05 to 0.15 eV for excitation at higher temperature, and 

0.15 to 0.25 eV for excitation at lower temperature. 

The AgCl04 complexes showed some interesting 

battery characteristics. After applied current was stopped, 

pressed pellets of the AgCl04 oxidized starburst arylamines 

showed potential drops, usually in the range of 50 to 100 

mV. The potentials dissipated slowly through the volt 

meter. An explanation of this phenomenon could be the 

presence of trace amounts of Ag+ ion in the sample. 

However, it was impossible to determine the Ag+ ion by 

chemical means. Hence, AgCl04 was discarded as an oxidant, 

even though Honzl, Hadek, and coworkers [9J did not report 

similar problems. 

50 



Oxidation of the mu1tiamino starburst arylamines 

with NOBF4 proceeded well, with liberation of a brown gas, 

to yield semiconducting complexes which had conductivities 

approximately one order of magnitude greater than the same 

iodine oxidized complexes. It is feared that nitrosonium 

ion may have inadvertently diazotized some of the free NH2 

present, or possibly N-nitrosated the free NH. Aromatic 

substitution is also suspected in these complexes and the 

exact composition of these materials is unknown. 

The chemical oxidation of the multiamino starburst 

arylamines proceeded disappointingly. It was expected that 

oxidation of these arnines would produce starburst arylamine 

analogue aniline blacks. However, none of the oxidized 

species showed any significant conductivity either in the 

neutral state or in the acid doped state. Elemental 

analysis of the oxidized amines indicated the presence of 

considerable amounts of oxygen. Oxidation of ADPAar in 

diluted HCI with K2S20a gave a material with an empirical 

formula of CgH7N20,which indicates about I chlorine (by 

difference) in the estimated repeat unit which could not be 

removed as HCI by base. 

NH 
~ 

51 



Synthesis of Methylated Starburst Arylamines 

In an attempt to form more stable starburst 

arylamines (as well as alleviate the problems associated 

with the oxidation with NOBF4' which suffered from unknown 

chemistry), the permethylated derivatives of the starburst 

arylamines were synthesized. The syntheses were extremely 

difficult and equally difficult to reproduc~. 

The quaternization of arylamine is almost un-

avoidable, as in the case of the preparation of N,N,N' ,N'-

tetramethyl-p-phenylenediamine [29]. 

base 

HO(CH2 )2 NH 2 

Steam Distill 

Reaction of this type was attempted with Aar, ADPAar, and 

PDAar, but in no case was any material isolable from the 

reaction medium. The product, if any, did not steam distill 

out of the reaction mixture, and due to the high sol~tion 

oxidizability of the starburst arylamines, only black gummy 

tars were isolated. 
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Procedures used by Honzl, Hadek, and coworkers to 

synthesize methylated derivatives failed. Refluxing 

arylamines Aar or PDAar in a dry THF solution with PhLi, 

followed by addition of methyl iodide, gave a crystalline 

material with a melting point of approximately 50 0 C as the 

only isolable product. Elemental analysis showed this 

material to be hydrocarbon, namely biphenyl. 

PhLi 
---~ 
heat 

+ dye 
Rrylamine 

The biphenyl produced had absorbed some of the arylamine as 

a dye since, in solution, these biphenyls were highly 

colored and showed approximately 1% nitrogen in the 

elemental analysis. These same difficulties were not 

reported by the previous workers. 

The first successful procedure for the synthesis of 

the permethylated derivatives was the preparation of 

permethylated PDAar by reaction of PDAar in dimethyl-

sulfoxide with an equivalent amount of methyliodide. The 

elemental analysis was close, but not exact, indicating 

contamination of the sample by small amounts of possibly 

unreacted amino compound. Repeated attempts to resolve the 

mixture by chromatography resulted in only one spot by TLC, 
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even with the most nonpolar solvent eluant. This partial 

reactivity and the inherent nature of the amines to undergo 

quaternization proved this route to be useless, and highly 

irreproducible. A second attempt at permethylated PDAar 

under the same reaction conditions gave a material with 

similar physical properties as the previous case, but when 

analyzed gave an empirical formula of Cl3Hl9N3I which is 

represented by the structure below, or some close variation 

of it. 

A more reproducible, although not entirely success-

ful, synthesis of the permethylated starburst arylamines 

was the use of excess nBuLi followed by methyliodide. 

Star burst arylamine was added slowly to a solution of nBuLi 

followed by an equivalent amount of methyliodide. If nBuLi 

was added to a solution of the starburst arylamine, tar was 

formed. This procedure does give methylation without 

quaternization, but in most cases a large distribution of 

products were formed which were not resolvable to more than 

O.05Rf in TLC (Silica Gel), even with the most non-polar 

eluant. 



Permethylation of Aar was achieved successfully by 

the nBuLi method to yield the material as a thick orange 

oil (Bp 150-1550 C, @ 0.05 torr). This distillability 

accounted for the isolation of this material in 38% yield, 

with considerable residue (decomposed arylamine). Methyl

ation of ADPAar under the same conditions gave a non

distillable oil which contained at least 8 components by 

TLC. 

Starburst Arylamine Cured Polypropyleneoxides 

Ring opening polymerization of epoxide with amines 

proceeds well in the case of aliphatic amines to give epoxy 

glues. Epoxies prepared from propylene oxide and the 

starburst arylamines were synthesized, and the results are 

collected in Table 11. 

The polymers formed were all blue-black and of low 

molecular weight, based on the low viscosities measured. 

Also, yields were poor due to the unreactivity of the 

arylamines with epoxide and formation of high amounts of 

oligomer which were lost during the polymer purification. 

The poor nucleophilicity of aromatic amines is the most 

likely suspect of both the above problems. 

An NMR study o~ a number of the polymers showed 

that the amount of arylamine to polyether was approximately 

1 to 20. The amount of exchangeable proton as Ar-NH-R was 

approximated as 0.7 per original NH2 present. This 
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Arylamine 

ADPAar 

DADPAar 

Table 11. Starburst Ary1amine Cured 
Polypropylene Oxides 

Ratioa 
propylene oxide 

1:1 

1:1 

0.217 

Yield 

62% 

37% 

a) by weight b) Viscosity at 26 0 C in CH2C12 
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indicates that approximately 30% of the original NH2 

remained unreacted. The 5% of arylamine incorporated into 

the polymer matrix was sufficient to cause the polymers to 

be highly colored. Apparently, air or light oxidation of 

the aromatic amines is possible even when incorporated in 

the matrix. 
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CHAPT ER 4 

CONCLUSIONS 

The present study shows some of the difficulties 

encountered in the preparation and purification of mUlti

arylamines. From a number of standpoints these compounds 

are in the most unworkable range of organic compounds. In 

normal polymer chemistry monomers can be efficiently 

purified, and polymers are effectively characterized from 

molecular weight distributions. The middle ground, the 

oligomers, are much more difficult to isolate, purify, and 

characterize due to the preponderance of a large distri

bution of products. with aniline black, polymer charac

terization is inlpossible owing to its insolubility. The 

only analytical tool available is elemental analysis. 

Aniline Black oligomers can only moderately be purified, 

owing to the very reactive nature of aromatic amines. The 

difficulties encountered were formidable, and in several 

cases elemental analysis was the only tool which gave 

useful information. Solid state NMR was only partially 

useful due to the lack of chemically different atoms in the 

polymers and oligomers. 
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It must be stated that in some of the derived 

structures of the polymers and oligomers, other structures 

could be assigned based on the same elemental analysis. The 

ones that are shown were based on a working knowledge of 

the chemistry of the system and spectroscopic data, 

although the latter proved to be less useful due to insolu

bility, and hence, lack of resolution. Also, overlap of key 

signals in the infrared by strong aromatic bands, NH, and 

C-N stretching virtually eliminated definitive IR analysis. 

Structure of Aniline Black 

One of the goals of the earlier work in this study 

was the synthesis of poly-p-benzoquinonediimine with known 

structure and composition. This mater.ial was then to be 

compared to aniline black. This polymer was never success

fully synthesized, therefore, we were forced to compare the 

structure and properties of the model compounds to Aniline 

Black, since they do still have some of the same physical 

properties as the polymer. 

Azule was prepared by the traditional oxidative 

coupling procedure from N-phenyl-p-phenylenediamine. 

Analysis of the material suggested the N-oxide functional 

group as part of the structure. Repeated attempts at the 

synthesis of traditional aniline black gave material which 

analyzed very low in all the elements indicating a 5ig-
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nificant amount of oxygen incorporated covalently. It is 

likely that the oxygen is similarly present as the 

N-oxide. The p-benzoquinonediimine structure could still be 

present, and is probably the important structure in the 

semiconductivity of aniline black. This statement is 

supported in the latter discussion of the semiconductivity 

of the starburst arylamineso 

Nucleophilic Aromatic Substitution Reactions with Anilines 

It was not surprising that the nucleophilic 

aromatic substitution reactions of deactivated anilines 

with p-dihalobenzenes failed. Reactions of deactivated 

arylhalides with sodium amide has been reported and 

proceeds through a benzyne mechanism yielding mixtures of 

products in moderate yields. Reactions of amines with 

halobenzenes have been reported using Ullman or Goldberg 

type reactions which probably occur through an SnRI 

reaction. 

Thus, it is no surprise that the nucleophilic 

substitution reaction of arylamines, which are weak 

nucleophiles, failed completely unless the amine was 

somewhat activated as a nucleophile. Reactions of 

p-phenylenediamine, which is more nucleophilic than 

aniline, was complicated by autodecomposition or auto

oxidation of the p-phenylenediamine itself. 
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Some promise was seen in the case of l-fluoro-4-

nitrobenzene as an arylhalide. Reaction was sluggish but it 

was accomplished in reasonable yield at elevated temper

ature. Continued, step-wise growth of linear arylamine was 

not feasible. Although the N,N'-bis-(4-aminophenyl)-p

phenylenediamine was synthesized in reasonable purity, it 

was found that continued addition resulted in the same type 

of autodecomposition or autooxidation that was seen before 

with p-phenylenediamine. The now more activated arylamine, 

and more susceptible amine, relative to p-phenylenediamine, 

could not stand up to the harsh reaction conditions. 

Synthesis of Starburst Polyarylamines 

The reaction sequences to produce starburst 

arylamines proceeded rapidly, had simple procedures, and 

gave reasonable yields. There were, although, definite 

difficulties in these sequences. These include instability 

of the multiamino compounds, incomplete reaction during 

addition, insolubility of the multinitro compounds, and 

balange of material. 

As in any synthetic sequence the balance of 

material is important. If a reaction proceeds in 10% yield, 

and that reaction is the first step of a synthetic se

quence, massive quantities of starting material need to be 

synthesized to provide a reasonable amount of material for 
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subsequent steps. This was especially important in the 

starburst syntheses since pure compound was essential for 

subsequent steps, and gram quantities were needed for the 

semiconductivity measurements. In the synthesis of Na2 r2 

compounds, for example, it took several months to find the 

proper conditions to isolate the Nar compounds in pure form 

and get the Na 2r compounds free of impurities. 

Perhaps the most difficult problem to overcome was 

the purification of the multiamino compounds. The Nar 

compounds were best used directly out of the hydrogenation 

chamber, but could be stored for short periods of time if 

isolated quickly as solids by evaporation of the reduction 

solution. The hydrogen tosylate salts could be formed and 

stored indefinitely, but yields in formation were low again 

due to solution oxidation. 

The Na2r2 compounds were more difficult to obtain 

in pure form. Precipitation of the Na2 r2 compounds into 

water from ethanol allowed separation of most of the 

unreduced or partially reduced impurities which remained 

insoluble in ethanol. The materials precipitated out as 

finely divided tan solids which turned black almost 

immediately during the slow filtrations. 

The insolubility of the multinitro arylamines 

remained the major deterrent in the higher syntheses of 

pure starburst arylamines. In addition steps, the partially 
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reacted species would precipitate out of the reaction 

solvent. In the reduction step, the solution would be 

heterogeneous in substrate. Use of soluble hydrogenation 

catalysts did not significantly improve reaction effic

iency. 

Unreactivity during addition steps was caused only 

partially by the insolubility of the multinitro arylamines. 

The starburst arylamines could be pictured as globular in 

nature. After some of the primary amines had reacted it is 

likely that the remaining primary amino groups were 

obscured from the reaction environment. The 2,4-dinitro

fluorobenzene, although sufficiently reactive, could not 

collide with the obscured amino groups, which led to a 

distribution of products. Hence, we see the lowering of the 

yields in the series Na to Na2r to Na3 r2. 

Properties of Semiconducting Complexes 

The semiconductivity of the starburst arylamines 

was lower than that expected based on the work by Honzl, 

Hadek, and coworkers with linear arylamines. It is suf

ficient to say, however, that semiconductivity was indeed 

observed and was due to the oxidation of the starburst 

arylamines, and not due to polyiodide chains. This is 

supported by the similar conductivities obtained with 

different oxidizing agents. 
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It is also reasonable to conclude that conductivity 

is based on the p-benzoquinonediimine structure in the 

complexes. The longer the chain, the higher the semiconduc

tivity reported. With th8 linear arylamines, longer chain 

length allowed incorporation of more p-benzoquinonediimine 

subunits, and hence more effective electron conduction in 

the crystalline lattice of the complex. with the starburst 

arylamines the globular nature of the molecules excludes 

the possibility of formation of a planar molecule and 

complex. It is more likely that only a small percentage or 

part of the molecules are oxidized to the p-benzoquinone

diimine structure if the molecules are not planar. Hence, 

we see a decreased effectiveness of the complexes to 

conduct electrons in the amorphous lattice. The chemical 

makeup of the starburst arylamine and the nature of the 

starburst nucleus both hindered the research from a 

practical point of view and caused the materials formed to 
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CHAP'I' ER 5 

EXPE RIMENTAL 

General Methods 

Infrared spectra were recorded on a Perkin Elmer 

983 spectrophotometer using KBr discs. Proton NMR were 

obtained on a Varian EM 360 spectrophotometer. Melting 

points were uncorrected unless otherwise noted and obtained 

on a Mel-Temp Laboratory device or a Hoover Capillary 

Melting Point Apparatus. Cyclic voltametry was obtained on 

a BAS CV-IB Cyclic Voltammogram using acetonitrile solvent 

and tetrabutylammonium tetrafluoroborate as supporting 

electrolyte at a scan speed of 300mV/sec. Hydrogenation was 

performed on a Parr Pressure reaction apparatus at 40 psi 

of hydrogen. 

Conductivity measurements on the starburst aryl

amine complexes were obtained via a four point probe method 

of VanderPauw [30] (Figure 9). Small discs of uniform 

thickness were pressed at 17,000 psi on a Carver Laboratory 

press using a Beckman KB-Ol IR Pellet maker. The pellets 

were cemented to the four point probe using electrodag 502, 

obtained from Acheson Colloids Company. Standards for 

calibration of the conductivity measurements were used. A 
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Figure 9. Conductivity Apparatus 
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Germanium slab gave a conductivity of l.4X10-2 S cm-l (lit. 

2.1X10-2 [31]), and a Tellurium slab gave a conductivity of 

1 .9 S cm-l ( 1 it. 2.3 S cm-l [ 31] ) • 

The standards for conductivity measurements were 

milled to uniform thickness by the Optical Sciences 

Department, University of Arizona, Tucson, Arizona. Solid 

state l3C NMR were recorded and analyzed by the Regional 

NMR facility at Colorado State University, Fort Collins, 

Colorado. All elemental analyses were performed by MicAnal 

(Desert Microanalysis), Tucson, Arizona. 

Sources of Materials 

Aniline was supplied by Mallinckrodt, Inc. and was 

distilled to a colorless oil prior to use. Aldrich supplied 

p-phenylenediamine, N-phenyl-p-phenylenediamine, and 4,4'

diaminodiphenylamine. The p-phenylenediamine was sublimed 

to white crystals before use. Purification of N-phenyl-p

phenylenediamine was accomplished by recrystallization from 

ethanol to give pale white needles mp. 63-65 0 C. Generation 

of 4,4'-di~minodiphenylamine was performed from the sulfate 

(tech 85%) in situ with satisfactory results. No pur ifi

cation of 2,4-dinitrofluorobenzene or l-fluoro-4-nitro

benzene (Aldrich 99%) was necessary. 

Petrarch Systems Inc. supplied N,N-diethyltri

methylsilylamine. Nitrosonium tetrafluoroborate was 
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supplied by Pfatz and Bauer. All other reagents and 

solvents were supplied by Aldrich Chemical Company unless 

otherwise noted. 

Aniline Black Analogues· 

Reaction of p-phenylenediamine with 1,4-cyclohexanedione 

Solutions of p-phenylenediamine (Smmole, 0.S4g) and 

1,4-cyclohexanedione (Smmole, 0.S6g) in S ml each of 

glacial acetic acid were mixed and quickly transferred to a 

Kugel-Rohr apparatus with application of slight vacuum (ca. 

50 torr). The solution turned red immediately on mixing. 

The mixture was slowly heated up to 900 C and the vacuum 

slowly increased to facilitate the slow removal of acetic 

acid and water formed without causing the viscous solution 

to bubble. The total heating time to achieve full vacuum 

was approximately 30 minutes. At full vacuum a thin yellow 

film collapsed from the walls of the flask, while heating 

was continued for 2 hours at O.OS torr. The thin film was 

removed from the flask and was extracted with ethanol for 

24 hours to give (after drying) 0.8g of material. Infrared 

(neat) 3350-3360, 1650, and 1710cm-1 . Elemental analysis: 

Calc. for C24H2SN403-- C:69.06, H:6.00, N:13.43 

Found ----------------- C:66.13, H:6.19, N:12.97 
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Reaction of p-phenylenediamine (SOmmole, S.4g) 

and 1,4-cyclohexanedione (SOmmloe, S.6g) in the presence of 

10 mole percent of BU2SnC12 (Smmole, 1.23g) was carried out 

in 100 ml of toluene, while removing the azeotrope at 

reflux temperature. A greenish-yellow solid quickly sep

arated out and approximately 1.3 ml of water was seen to 

distill as the azeotrope. After no more azeotrope appeared 

(approximately 1.5 hours) the mixture was filtered and the 

precipitate was transferred to a Soxhlet extractor and 

extracted with ethanol for 24 hours. The material recovered 

yielded 5.5 grams of material (56.2% based on C12H12N2-

(H20)O.8) of black insoluble, unmeltable powder. An 

infrared spectrum was recorded using a KBr disc and showed 

bands at 3350, 1712, 1650,1607, 1504, 1102, and 833 cm-l • 

Elemental analysis: 

Calc for CI2H12N2(H20)O.8 - C:72.S8, H:6.85, N:14.11 

Found --------------------- C:73.40, H:S.83, N:13.67 

When the above material was taken as the prelim

inary yellow-green powder, it vias possible to dissolved it 

in hexafluoroisopropanol and cast into a thin film which 

turned black in only a few minutes. Infrared was recorded 

on the film after extraction with ethanol and drying and 

was found to be identical with the insoluble black powder 

obtained after bulk extraction. 



Reaction of p-phenylenediamine and 1,3-cyclohexanedione 

Reaction of p-phenylenediamine (50mmole, 5.4g) and 

1,3-cyclohexanedione (50mmole, 5.6g) was carried out in dry 

toluen~ (lOamI) in the presence of 10 mole percent of 

BU2SnC12 (5mmole, 1.23g). The progress of the reaction was 

much like the previous case of reaction of p-phenylene-

diamine with 1,4-cyclohexanedione with the exception that 

the precipitate that separated was an orange-yellow solid 

which did not turn black with time. After soxhlet extrac-

tion with ethanol, the thimble was empty while the recei

ving flask was filled with yellow needles. The needles were 

collected and dried to yield 6.2 grams (42%), mp 355-

3600 C. Proton NMR was recorded in CF3C02H showing signals 

at 7.6ppm(2H,s), 6.15ppm(lH,s), and 2.2-3.3(7H,m). An 

infrared spectrum was recorded using a KBr disc to show 

bands at 3347, 1670, 1600, 1507, 1210, 870, and 790 cm-l • 

Elemental analysis: 

Calc for C9HIONO C:72.97, H:6.75, N:9.46 

Found---------------- C:72.29, H:6.85, N:9.47. 

Synthesis of N,N,N' ,N'-tetrakis-(trimethylsilyl)-p
phenylenediamine 

The synthesis of N,N,N' ,N'-tetrakis-(trimethyl-

silyl)-p-phenylenediamine was accomplished by the litera-

ture procedure [23] with a few modifications. A solution of 
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p-phenylenediamine (O.lmole, 10.8g) in excess N,N-diethyl

trimethylsilylamine (60 ml) in the presence of a catalytic 

amount of (NH4)2S04 was heated slowly up to 110 0 C in an 

atmosphere of nitrogen. After this temperature was reached 

the temperature was adjusted to 130 0 C and refluxed for 1 

day. The reaction by-product, diethylamine, was collected 

and measured in a side arm tube. The temperature was raised 

to 150-1600 C for 2 days. If this heating procedure is not 

used, a substantial amount of partially trimethylsilylated 

p-phenylenediamine is left which is not separable by 

distillation. After heating, the mixture was light orange. 

The excess N,N-diethyltrimethylsilylamine and diethylamine 

were removed at the aspirator and the mixture vacuum 

distilled. The fraction distilling between 134-1370 C at 

0.2 torr was collected and stored in a brown bottle under 

nitrogen (31.7g, 80.2%). An infrared was recorded (neat) to 

give bands at 3000, 1601, 1517, 1321, and 700(broad) em-I. 

A proton NMR spectrum was recorded in CDC13 showing signals 

at 6.g0ppm(4H,s), and 0.25ppm(36H,s). Elemental analysis: 

Calc. for CgH20NSi2 ---- C:54.54, H:lO.lO, N:7.07 

Found ------------------ C:54.53, H:lO.46, N:7.37. 

Reaction with 1,4-cyclohexanedione. A bulk reaction 

of N,N,N' ,N'-tetrakis-(trimethylsilyl)-p-phenylenediamine 

(1.5mmole, 0.5g) and 1,4-cyclohexanedione (1.5mmole, 0.16g) 
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was carried out in a sealed ampule at 250 0 C for 2 hours. 

The mixture turned black quickly, and formed a film on the 

ampule wall. After cooling, the ampule was broken into 

ethanol, boiled, and filtered hot to give a black in

soluble, unmeltable film (O.lOg; 24% dried). An infrared 

spectrum using a KBr disc was recorded to give bands at 

3386, 2923, 1707, 1610, 1507, 1261, 1102, and 806 em-I. 

Elemental analysis: 

Calc. for C9HIONO 

Found -----------------

C:72.97, H:6.76, N:9.46 

C:71.43, H:6.17, N:8.99 

Aniline Black Model Compounds 

Anthraquinone dianil 

The anthraquinone dianil was prepared by the 

literature method [27], with a few exceptions. Aniline 

(O.lmole, 9.3g) was used as reagent and solvent. Anthra

quinone (O.Dlmole, 2.08g) was added with stirring to a hot 

solution of aniline (T~550 C). Aluminum trichloride (2eq, 

2.67g) was then carefully added in one lump. A vigorous 

reaction occurred, and the mixture soon became a lump. The 

material was suspended in ether after 1 hour and extracted 

with water (2 times, 30ml), 10% HCl(2 times, l5ml), and 

finally with saturated NaCl solution (2 times, 25ml). The 

ether layer was dried and evaporated to give 0.83g of 
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orange solid (23%). A more pure product was prepared on at

mospheric sublimation at 150-180 0 C. The melting point of 

the pure product was 190-1920 C. An infrared spectrum was 

recorded using a KBr disc to show bands at 1625, 1587, 

1484, 1305, 781, 696, and 670 cm-l • Proton NMR gave only 

one broad band at 7.4ppm (CDC13/TMS). Elemental analysis: 

Calc. for C13H9N ----- C: 87.07, H:5.10, N:7.79 

Found --------------- c: 87015, H:5003, N:7082e 

N,N'-bis-(4-carboethoxyphenyl)-anthraquinonediimine 

A solution of anthraquinone (O.Olmole, 2.08g) and 

ethyl-4-aminobenzoate (0.02mole, 3.30g) in dry benzene 

(SOml) was cooled in an ice bath in an atmosphere of 

nitrogen until the internal temperature was 50 C. Titanium 

tetrachloride (O.Olmole, 1.90g) was slowly added over a 

period of 20 minutes, followed by adjusting the temperature 

to reflux for 3.5 hours. Any excess TiC14 was destroyed 

with addition of water and the solution was filtered (Ti02 

precipitate). The filtrate was dried and evaporated to give 

crude red crystals which were recrystallized from a mixture 

of DMSO/water to yield, after drying, 1.68g (39.2%), 

mp 202-205 0 C. An infrared spectrum was measured using a 

KBr disc to show bands at 1705, 1630, 1588, 1292 p 1101, 

944, 855, 790, 775, 707, and 678 cm-l • A proton NMR 

spectrum was recorded using DMSO-d6 as solvent to show 
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signals at 7.0-8.0ppm(16H,m), 4.2ppm(4H,q), 1.2ppm(6H,t). 

Elemental analysis: 

C:72.56, H:6.05, N:6.51 

Found ---------------- C:72.97, H:6.03, N:6.32. 

N-phenyl-N'-(N-4-aminophenyl)-4-aminophenyl-benzoquinone
di imine (AZULE) 

N-phenyl-p-phenylenediamine (27mmole, 5.0g) was 

dissolved in dilute HCl (O.4M, 500ml) with FeS04 (0.05g) as 

catalyst. To this solution hydrogen peroxide (3%, 35ml) was 

added dropwise. After about half the hydrogen peroxide was 

added, the solution turned bluish-black quickly with a 

noticeable precipitate. The solution was then heated to 

boiling for 1/2 hour, cooled, and neutralized by dropwise 

addition of NH40H. The precipitate was collected by 

filtration, washed with water (500ml, in 50ml portions), 

and dried. Purification was accomplished by precipitation 

from ethylacetate into hexane to give 2.2g (42% based on 

C24H20N40), melting point 155-1600 C. An infrared spectrum 

was recorded using a KBr pellet to show bands at 1640, 

1612, 1589, 1511, 1310, 1230,927, and 760 cm-1 • A proton 

NMR spectrum in DMSO-d6 showed broad bands at 6.9-7.4ppm 

(18H), and 5.6ppm(2H). Elemental analysis: 

Calc. for C24H20N40 -- C:75.79, H:5.26, N:14.74 

Found --------------- C:75.72, H:5.26, N:13.13. 
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Linear Arylamines 

N,N'-bis-~4-iodobenzoyl)-p-phenylenediamine 

To a solution of methyl-4-iodobenzoate (O.Olmole, 

2.62) in quinoline (50ml) was added p-phenylenediamine 

(5mmole, 0.54g) and a catalytic amount of powdered copper 

metal. The mixture was heated at 220 0 C in an atmosphere of 

nitrogen for 5 hours and allowed to stir overnight. The 

resulting black mixture was poured into ether (lOamI) and 

extracted with 10% Hel (3 times, 50ml), followed by 

saturated NaCl solution (2 times, 25ml). The solution was 

dried with MgS04 and evaporated to give 1.02g yellow solid 

(35.9%), mp 199-2040 C. An infrared spectrum was recorded 

using a KBr disc to show the bands at 2964, 1680, 1586, 

1426, 1319, 1295, 850, 812, and 755 em-I. A proton NMR was 

recorded in CDC13 to show two signal at 7.8ppm(12H,q), and 

3.9(2H,bs). Elemental analysis: 

Calc. for C9H7NOI ------- C:39.7l, H:2.57, N:5.l5 

Found ------------------- C:39.68, H:2.52, N:4.92. 

4-nitrodiphenylamine 

A suspension of 4-nitrosodiphenylamine (19mmole, 

5.0g 75%) in hydrogen peroxide (30%, 50ml) was slowly 

heated to reflux behind a safety shield. The material 

seemed to dissolve, and then to reprecipitate out of the 
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reaction medium. After 1 hour the flask was cooled and the 

product filtered. The solid had a smell of nitrobenzene. 

The material appeared as a brown solid (1.50g, 37%, mp. 

127-130 0 C.). An infrared spectrum was recorded using a KBr 

disc to show bands at 3350,1607,1502,1410,1310,890,789, and 

750 cm-I • An Proton NMR spectrum was recorded in DMSO-d6 to 

show a broad band at 7.0-7.7ppm. The material was not 

analyzed. 

N-(4-nitropheny1)-p-phenylenediamine 

To a solution of p-phenylenediamine (60mmole, 

6.48g) in dimethylsulfoxide (40ml) was added l-fluoro-4-

nitrobenzene (O.13mole, l8.48g). The solution turned deep 

red immediately. The reaction mixture was heated to reflux 

for 18 hours and cooled. The solution was then poured into 

50% ethanol/water solution, and the precipitate which was 

formed was collected and recrystallized from an ethano1-

water mixture to yield red plates (9.7g, 70.3%, mp. 177-

180 0 C). An infrared spectrum was recorded using a KBr disc 

to show bands at 3427,3350,3274,1621,1579,1514,1331,1302, 

1254,1223,1144,1126,1060,919,847,788,748,701, and 655 cm-1 • 

A proton NMR was recorded in DMSO-d6 to show signals at 

8.9(lH,s), 8.0(4H,d) I 6.6-7.0(7H,q), and 5.1(2H,s). This 

material was not analyzed. 
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N,N'-bis-(4-nitrophenyl)-p-phenylenediamine 

A mixture of p-phenylenediamine (40mmole, 4.32g) 

and I-fluoro-4-nitrobenzene (2.2eq, 12.4g) in N-methyl-2-

pyrrol~dinone (lOOml) was heated at 205 0 C for 60 hours. 

The mixture was initially red and quickly turned black on 

heating in an atmosphere of nitrogen. The solution was 

cooled to room temperature and poured into 75% ethanoll 

water solution (300ml). The precipitate was collected and 

suspended in boi.ling ethanol, and again filtered to yield 

on drying, a brownish red solid (6.4g, 46%). An analytical 

sample was recrystallized from absolute ethanol (O.lgl 

100ml) to give tiny plates, mp. 260-2640 C. An infrared 

spectrum was recorded using a KBr disc to show bands at 

3362, 1611, 1510, 1318, 780, and 690 cm-l • A proton NMR 

spectrum was recorded in DMSO-d6 to show signals at, 

9.2ppm(lH,s), 8.lppm(2H,d), 7.3ppm(2H,s), and 7.1ppm 

(2H,d). Elemental analysis: 

Calc. for CgH7N202 ---- C:6l.71, 8:4.00, N:16.00 

Found ---------------- C:6l.17, H:4.l2, N:15.86. 

N,N'-bis-(4-aminophenyl)-p-phenylenediamine 

In a 250 ml pressure bottle was placed N,N'-bis-(4-

nitrophenyl)-p-phenylenediamine (6mmole, 2g), acetonitrile 

(SOml), and 10% palladium on carbon (10% by weight). The 

bottle was connected to a pressure reaction appar3tus and 
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the flask flushed three times with hydrogen to remove 

residual oxygen. The bottle was pressurized to approx

imately 40 psi with hydrogen and the mixture shaken until 

the pressure remained constant (approximately 0.2psi/mmole 

N02). The bottle was depressurized, filtered immediately, 

and evaporated to give a black solid. After drying, the 

material had a melting range of 142-1500 C, and yielded 

1.48g (92%). An infrared spectrum was recorded using a KBr 

disc to show bands at 3350,1602,1507,790, and 698 cm-l • A 

proton NMR spectrum was recorded in DMSO-d6 to show signals 

at 6.4-7.0ppm(14H,broad), and 4.3-4.7ppm(4H,broad). 

Elemental analysis: 

Calc. for C9H9N2 C:74.47, H:6.21, N:19.3l 

Found -------------- C:73.62, H:6.87, N:17.96. 

Starburst Arylamines 

General procedures for the synthesis of the 

starburst arylamines will be given. Pertinent difficulties 

in the handling of certain products will be noted. The 

spectroscopic data for the starburst arylamines is collec

ted in Table 11 (Infrared data) and Table 12 (NMR data) • 

The elemental analyses for the starburst arylamines has 

been presented in Table 6. Dimethylsulfoxide was sufficient 

as a solvent and base in the addition reactions, and 
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Table 12. Infrared Absorbances of Starburst 
Ary1amines 

compound Major observed bands a 

IAa 
I 

I 3318,1620,1583,1423,1336,1269,1146,1059,922, I 
I 845,743,690 I 
I 3394,3295,1591,1514,1421,1334,1308,1146,921, I 
I 831,744 I 
I 3330,1619,1588,1512,1426,1334,1144,922,833, I 
I 743 I 

IAar I 3406,3376,1615,1504,1404,1250,1075,834,754, r 
I I 695 I 

I 3334,1593,1514,1238 I 
I I 
I 3350,1599,1432,1143,740 I 
I I 

IPDAa 
I 

I 3287,3087,1613,1586,1516,1423,1332,1147,825, I 
I 741 I 

IPDAa2r 
I 

I 3300,1599,1432,1143,740 I 
I I 

IPDAar I 3358,1612,1509,1292,1255,836 I 
I I I 

I 3365,1615,1590,1512,1330,1160,930,850,770 I 
I I 

ADPAa I 3402,3317,1616,1580,1506,1420,1308,1120,1058, I 
I 926,840,745 I 

~A~D~p=A-a~2~r-r-3362,1615,1587,1511,1309,1128,920,750 I 

~~~~~~==~~~~~~~-===~~----------------_I ADPAa3 r 2 3360,1610,1580,1127,925,743 I 

~~~---~~~~~~~~~~~~~~~~~~~--------_I ADPAar 3352,1611,1500,1257,1077,830,755,692 I 
~==~~~+~~~~~~~~~~~~~~------------------I ADPAa2r 2 3342,1598,1511,1247,827,690 I 

~~~--~~~~~~~~~~~~~~~~~~~~~~~_I DADPAa 3406,3325,1617,1587,1511,1416,1310,1126,1061, I 
~~~~_+~9~2~97,_8~3~0*,~7_4~3~~~~~~~~~~~~~~~~~_1 

DADPAa2r 3326,3099,1617,1587,1502,1425,1332,1143,1062, I 
~~~ __ -+_~9~2~27,~8~3~3~,~7~4~0~~~~~~ _______________________ 1 

DADPAar 3354,1612,1504,1297,816 I 

~------.~----------------------------------------I 
a) KBr discs 
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Compound 

Aa 

Table 13. Proton NMR Dataa for Starburst 
Ary1amines 

Observed signa1sb 

9. 9 (1 H, s) : 9.1 (1 H, d) : 8.1 (1 H, dd) : 7 .0- 7 • 4 ( 6 H, m) I 

~~-----r~~~~~~~~~~~=-~~~~~~~~~--_I Aa2r 9.95(2H,s) :8.8(2H,d) :8.2(2H,dd) :7.8(lH,s): I 
6.8-7.2(10H,m) I 

Aa3 r2 9.9(4H,s) :8.9(4H,d) :8.1(4H,m) :7.7(2H.s): I 

Aar 

PDAa 

PDAa2r 
I 
PDAar 

6.7-7.3(19H,m) I 
5. 8-7 .1 (9 H ,m) : 4 .6 ( 4 H ,b 5) I 

I 
5 • 7 5- 7 • 2 ( 1 7 H , m) : 4 • 4 ( 8 H, b 5) 

5.6-7.0(30-33H,m):4.5(14-16H,bs) 

10 .1 ( 2H, s) : 9. 0 ( 2H ,d) ; 8 • 4 ( 2H, dd) ; 7 • 0-7 • 5 (8 H ,m) I 
I 

10.0 ( 4H , s) ; 8.9 ( 4H ,d) ; 8.3 (4H ,dd) i 7 .8 ( 2H, s) : 
6.9-7.5(14H,m) 
5.9-7.5(12H,m)i4.4(8H,bs) I 

~~~~-r~~~~~~~~~~~=-~~----------------_I PDAa2r 2 5.8-7.3(28H,m)i4.5(16H,bs) T 
~~~---~~~~~~~~~~~~=-~~~~~~~~~--_I AD PAa 10. 0 (1 H, s) : 8 • 8 (1 H ,d) ; 8 .1 (1 H , dd) ; 7 .6 (1 H, s) ; I 

6.9-7.4(10H,m) I 
ADPAa2r 9.9(2H,d) ;8.8(2H,d) ;8.2(2H,dd) i7.9(lH,s) i I 
~~~r-~ __ ~7~.~6~(~1~H~,~S+)~;~6~.~8_-~7~.~3=(_1_4~H~,m~)~~ __ ~ ____________ I 

ADPAa3 r 2 lO.1(4H,bs)i8.9(4H,m)i8.O(4H,m); I 
6.9-7.9(26H,m) I 

ADPAar I 5.8-7.0(14H,m)i 4 .6(4H,bs) I 

~==~~rl~~-=~~~~~~~~~----------------_I ADPAa 2r 2 1 5.7-6.9(22H,m)i4.5(8H,bs) I 

~~=---rl~~~~~~-~~~~~-~~~~~~~~~_I DADPAa I 10.0(2H,s)i8.8(2H,dd)i8.5(lH,s);8.1(2H,dd) i I 
~~~~-rl _~7~.~2~(~1~O~H~,~m~)~~~ __ ~~~~~~ __ ~ __________ 1 

DADPAa2rl 9.9(4H,d) ;8.9(4H,m) ;7.6-8.3 (7H,m) ; I 
I 6.8-7.3(18H,m) I 

~D-A-D-p~A-a-r-r--5.9-6.9(17H,m)i4.7(8H,bs) I 
I I 

a) s=sing1et, d=doub1et, dd=aoub1et of doublet,m=mu1tip1et, 
bs=broad singlet 

b) ppm reference TMS at 60MHz in DMSO-d6 
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acetonitrile seemed to be the solvent of choice for 

reduction due to its high solubilizing ability and ease of 

removal. 

Nanr n- l Compounds 

In a 150 ml erlenmeyer flasl<s the arylamine (0.01 

mole) was dissolved in DMSO (20-35 ml). Portions of 2,4-

dinitrofluorobenzene (0.011 mole per eq. NH2) were then 

added slowly with stirring. Solvent was not used for 

compound Aa, instead 2eq. of the amine was used to elim

inate HF. An exothermic reaction took place. The solutions 

were stirred for an additional 2-3 hours and poured into a 

precipitating medium. Precipitation was best accomplished 

as follows: ADPAar, H20; ADPAa2r, i-PrOH; PDAa, Et20; and 

DADPAa, H20. The precipitate was collected by filtration 

and washed with copious amounts of ethanol and then soxhlet 

extracted with ethanol. The material was then dried in 

vacuo to give the desired 2,4-dinitrophenyl derivative. 

Nanrn Compounds 

In a 250 ml pressure bottle was placed the 2,4-

dinitrophenyl compound (0.01 mole), acetonitrile (100ml), 

and 10% by weight of 10% Pd on carbon. The bottles were 

then attached to a pressure reaction apparatus and flushed 

three times with hydrogen to remove oxygen. After 
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pressurization to approximately 40 psi the bottles were 

shaken until the pressure remained constant (approx. 0.2 

psi = mmole nitro). Reduction of Na compounds took 1-4 

hours; reduction of Na2r compounds took 1-2 days. Reduction 

of Na3 r2 compounds took up to and longer than one week. If 

the starburst arylamine remained soluble, the solutions 

were filtered through celite and the solvent quickly 

stripped off ~Tia rota-evaporation. If the starburst 

arylamine were insoluble after reduction they were dis

solved in dilute HCl, filtered, and reprecipitated in 

aqueous Na2C03. Further purification was accomplish by 

crystallization (Aar / water). Other starburst arylamines 

could be precipitated from DMSO into water, or acetone into 

water (ADPAar, and ADPAa 2 r 2 , respectively). 

Semiconducting Complexes 

Iodine Complexes 

In separate beakers were placed 1-2.5 mmoles of the 

starburst arylamine in 15 ml acetonitrile and the equi

valent amount of iodine in 15 ml acetonitrile. When the 

solutions became homogeneous, they were mixed and allowed 

to stir 1-4 hours. The precipitated complexes (if any) were 

filtered, and the solvent evaporated. Precipitated com

plexes and those remaining in solution showed identical 
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conductivities. The complexes were completely dried in 

vacuo at 500 C before further measurements. No iodine 

sublimed during drying. 

AgCl04 and NOBF4 Complexes 

The AgCl04 complexes and the NOBF4 were prepared in 

a similar way as the iodine complexes. The perchlorate 

salts were prepared by oxidation of a solution of starburst 

arylamine in acetonitrile by AgCl041 followed by filtration 

of the colloidal silver formed. Purification was accom

plished by precipitation of the complexes into ether from 

acetonitrile. The tetrafluoroborate complexes were prepared 

by the oxidation of a solution of starburst arylamine by 

NOBF4 in acetonitrile, followed by evaporation and thorough 

drying of the formed complex. 

Methylated Derivative 

Aar Methylated 

A dry solution of THF (60ml) was cooled to 00 C in 

an ice bath and nBuLi (5.5eq, 19.0ml(2.7molar in hexanes)) 

was slowly added. The compound Aar (9.3mmole, 1.86g) was 

dissolved in 10 ml of dry THF and slowly added, with 

stirring, over a period of one hour. The amine first 

precipitates in the nBuLi solution, turns green, and later 
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dissolves to a reddish solution. At the end of addition the 

solution is virtually black. Methyliodide (S.Seq, 7.3g) was 

then mixed with 5 ml of THF and added slowly to the black 

solution. The solution turned from dark black to dark green 

and the addition lasted 0.5 hour. The solution was then 

warmed to room temperature and stirred for an addition.?]. 

two hours. Water was then added to destroy any unreact2d 

nBuLi and the mixture was extracted with water (3 times, 

20ml), 10% Na2s204 in 14% NH3 (2 times, 20ml), and sat

urated NaCl solution (3 times, 30ml). The organic layer was 

then dried with MgS04 and excess solvent removed on the 

aspirator. The black oil that remained was vacuum dis

tilled, and the fraction distilling between 140 to 1450 C 

at 001 torr was collected as a light orange oil (1.03g, 

40.9%). An infrared spectrum was recorded as a neat film to 

show bands at 2930, 1611, 1507, 1200, 1320, and 790 em-I. A 

proton NMR spectrum was recorded in CDC13 and showed 

signals at 6.3-7.7ppm(8H,m), 3.4ppm(3H,bs), 3.25ppm 

(6H,bs), and 3.05(6H,bs). Elemental analysis: 

Calc. for C17H23N3 -- C:75.84, H:8.53, N:l5.61 

Found --------------- C:75.27, H:8.21, N:14.7S. 

PDAar Methylated 

A solution of PDAar (3mmole, LOg) was dissolved in 

dimethylsulfoxide (15ml), and methyliodide (l.leg per NH, 
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4.7g) was added slowly over a period of 10 minutes. No 

exothermic reaction or precipitate was noted. The solution 

was initially dark green and did not change on addition. 

After stirring at room temperature for 2 hours the mixture 

was poured into 10% NaHC03 solution (lOOml). After the 

vigorous bubbling subsided the solution was filtered and 

washed with water (3 times, SOml). Crystallization was 

unattainable so the material was puri[ied by precipitation 

into hexane from ethylacetate. The material filtered was 

washed with hexane and dried to give a brown-black solid 

(1.20g, 84%). A proton NMR spectrum was recorded in DMSO-d6 

to show signals at 6.7-7.4(10H,broad), and 2.4-3.6(30H,br) 

Elemental analysis: 

Calc. for C14H20N3 C:73.04, H:8.70, N:18.26 

Found --------------- C:71.23, H:8.l7, N:16.93. 

A second attempt at the synthesis of PDAar methyl

ated yielded a similar black compound which had a very low 

mobility by TLC (ca. 0.07 Rf). An infrared spectrum using a 

KBr disc showed the following bands 3350-2980, 2000-1700, 

1610, 1507, 1400, 1250, 890, and 780 cm-1 , all as broad 

bands. Elemental analysis suggested a quaternary ammonium 

salt: 

Calc. for C15H23N3I --- C:48.38, H:6.18, N:l1.29 

Found ----------------- C:48.60, H:S.OO, N:13.84 • 

...... , .. 
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Polypropylene Oxide Copolymerizations 

Propylene oxide was distilled prior to use. 

Copolymerization of propylene oxide with starburst aryl

amines was carried out in sealed polymerization tubes 

under an atmosphere of nitrogen. The tubes were equipped 

with magnetic stirring bars and heated at 150 0 C for twelve 

hours. The tubes were cooled and excess propylene oxide was 

evaporated at the aspirator. The sticky materials left were 

yellowish brown and were soluble in CHC13r CH2C12 and 

methanol. Polymers were precipitated from CH2C12 into 

hexane and the materials thoroughly dried prior to analy

sis. Proton NMR signals between 6.8 and 7.2 ppm were in 

general approximately 5% by integration of the broad signal 

between 1. to 3.4 ppm. A small lump around 5.0ppm was 

attributed to the unreacted NH in the sample. 
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