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NEW SYNTHESIS OF NH,/NH, CAPPED POLYANILINE
TETRAMERS 4,4'-DI(p-AMINOANILINO)-DIPHENYLAMINE

E. E. MATINYAN"
Chair of Organic Chemistry YSU, Armenia

New method of synthesizing NHy/NH, capped polyaniline tetramer —
4,4"-di(p-aminoanilino)-diphenylene, by oxidative condensation of 4-amino-
acetanilide with N-acetyldiphenylamine and subsequent hydrolysis of the obtained
4,4'-di(p-acetylamino)-N-acetyldiphenylamine is discussed.
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Introduction. Polyaniline occupies a special place among the electroactive
polyconjugated polymers due to its stability to the action of the environmental
conditions, and because of its easy and cheap method of synthesis as well as its
unique properties [1-3]. It has a broad spectrum of probable use as anticorrosion
covering [4, 5], in accumulator batteries [6], as bio- and chemosensor [7-9], etc. [10].
The most important oxidation state of polyaniline is the emeraldine base form,
since it can be doped by strong acids to create the conducting form, wich can be
readily and reversibly dedoped back to the insulating emeraldine base form. The
emeraldine oxidation state of polyaniline possesses three benzene rings for every
quinoid ring. Amine/phenyl-capped tetraniline, hereafter referred to as tetraniline,
therefore represents an important model compound for polyaniline, because it is the
shortest oligomer that can represent the emeraldine oxidation state.

More recently, other methods for the synthesis of oligoanilines have been
reported. A titanium alkoxide-mediated coupling of anilines with phenols has been
used to prepare phenyl-capped tetraaniline and pentaaniline [11]. The palladium-
catalyzed amination of aryl halides and triflates has emerged as a powerful method
for the synthesis of a wide variety of arylamines [12—15]. Pernigraniline and its
oligomers were obtained by condensation of quinones with aromatic amines to
form poly(quinoneimine)s [16—18] and the reaction of N,N'-dichloro-1,4-benzoqu-
inonodiimin with organometallic compounds [19]. Zang W.J. et al. have oxidized
N-phenyl-1,4-phenylenediamine to tetraaniline; they report that oxidation of the
latter compound affords 16-mer. Phenyl/NH, capped polyaniline tetramer was
obtained by the method of oxidative condensation of N-phenyl-p-phenylendiamine
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under the influence of ferric chloride [20]. It is also noted that the p-phenylenediamine
and 4,4'-diaminodiphenylamin with diphenylamine under the influence of ammo-
nium peroxodisulfate form corespondingly trimers and tetramers, and the reaction
of phenyl capped oligomers with phenylenediamine the degree of polymerization
of ammonium peroxodisulfate is increased by one [21]. Having in mind that aniline
oligomer has a similar structure with a unit cell is a tetramer of aniline, the
oxidized form of which is called emeraldin, as it was shown, may also exhibit the
same properties as polyaniline, also the fact that aniline oligomers joining other
groups can produce polymers with interesting properties [22, 23], we have begun
research into the synthesis of aniline tetramer with NH,/NH, capped groups.

Experimental Part. N-Acetyldiphenylamine, p-nitro- and p-aminoacetanilid
were obtained by known methods [24—26]. All other chemicals were of analytical
grade and were used without any further purification. Water was used after
distillation. The vacuum (0.2 kPa) desiccator with P,Os was used for drying the
obtained compounds. The UV—vis spectra of the polymer samples were recorded
in 1 ¢m quartz cuvettes with Specord-65 spectrometer. FT-IR Nicolet Nexus
spectrometer served for obtaining FT-IR spectra in the range of 5000-600 cm '
(ATR attachment with ZnSe crystal and KBr pills). "H NMR spectra were obtained
in deuterated dimethylsulfoxide using Mercury-300 Varian NMR spectrometer.

Oxidative Condensation of p-Aminoacetanilide with N-Acetyldiphenylamine,
under the K>5,0s. 5 g (33.3 mmol) of p-aminoacetanilide was mixed with 3.52 g
(17 mmol) N-acetyldiphenylamin and 56.6 m/ acetic acid in a flask equipped with a
magnetic stirrer. The reaction mixture was stirred at room temperature to dissolve.
During continuous stirring 2.64 ml of 5N hydrochloric acid and the solution of
11.48 g (42.5 mmol) K;S,0¢ in 67.5 ml of water were added. The reaction was
carried out at 291-293 K about 36 A. The precipitated powder was collected by
filtration, washed with distilled water, treated with 1% sodium hydrocarbonate
aqueous solution up to pH 9 and stirred for 10 4. Afterwards, obtained compound
was washed with water till neutral reaction and then with hot water for N-acetyl-
diphenylamine extraction. 4,4'-Di(p-acetylaminoanilino)-N-acetyldiphenylamine
was purified by reprecipitation from alcohol/water, and dried in vacuum (323 K/2 kPa)
desiccator with phosphorus pentoxide. Yield — 3.31 g (40%), m.p. 623 K.

Alkaline Hydrolysis of 4,4'-Di(p-Acetaminoanilino)-N-Acetyldiphenylamine.
1.53 g (3 mmol) 4,4'-di(p-aminoanilino)-diphenylamine was stirred with 12.7 m/
(23 mmol) 1.8 N methanolic solution of sodium hydroxide at 343-353 K for 33 A.
The powder was collected by filtration, washed with distilled water till neutral
reaction. The product was purified by precipitation from DMF/alcohol, and dried in
vacuum (323 K /2 kPa) desiccator with phosphorus pentoxide. Yield — 0.82 g (71%).

Results and Discussion. The NH,/NH, capped aniline tetramer has been
obtained by the interaction of 4,4'-diamino-diphenylamine sulfate (10 g worth $
25) with 4-fluoronitrobenzene (100 g worth $ 28.5), followed by the reduction of
obtained N,N'-di(p-nitrophenyl)-phenylenediamine [15].

We develop a new cheaper method for NHy/NH, capped aniline tetramer
synthesis by oxidative condensation of p-aminoacetanilid 25 g — $ 10.5) with
N-acetyldiphenylamine (100 g — $ 15) with potassium peroxodisulfate. According
to '"H NMR, IR and UV spectroscopic data 4,4'-di(p-acetylaminoanilino)-N-acetyl-
diphenylamine was formed (Fig. 1, Scheme 1).
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Fig. 1. "H NMR spectrum of 4,4'-di(p-acetylaminoanilino)-N-acetyldiphenylamine.

'H NMR spectrum of the compound ((CD5),SO, J, ppm (Fig. 1)) features the

accordance of integral intensities of aliphatic protons (chemical shifts at 2.13 ppm)
(9 H) with integral intensities of aromatic protons signals: (chem. shifts at 6.70—
8.30 ppm) (18 H) and NH protons (chem. shifts at 10.10-10.50 ppm) (2 H) are
kept. Chemical shifts in the range of 7.10 to 7.65 ppm can be attributed to the
protons ortho to the amino groups, and in the range of 7.70 to 8.00 ppm, to the
chemical shifts of the protons ortho to the acetylamino groups.
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Scheme 1.

IR spectrum of 4,4'-di(p-acetylaminoanilino)-N-acetyldiphenylamine is cha-
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Fig. 2. UV/vis spectra (in DMSO) of 4,4'-di(p-amino-
anilino)-diphenylamine (1) and 4,4'-di(p-acetylaminoanilino)-

-N-acetyldiphenylamine (2).

racterized by the absorption
bands (cm") at 602, 696, 837
(CH, 2H); 967, 1009, 1036,
1112, 1176, 1205, 1315, 1371
(CH3); 1260 (CN); 1409, 1434,
1515, 1536, 1603 (aromatic
ring); 1631, 1673 (amide
(C=0)); 2924 (CH;); 3060,
3080 (Ar-H); 3305, 3450
(NH). The spectra featured
only one v (CH) band at
837 ecm™'  characteristic of
1,4-disubstituted  aromatic
compounds. This evidence,
as well as the absence of an
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absorption at 880 cm™', confirmed that the reaction had occurred with the amino
group.

UV/vis spectra of the 4,4'-di(p-aminoanilino)-diphenylamine and 4,4'-di-
-(p-acetylaminoanilino)-N-acetyldiphenylamin are shown in Fig. 2. They are
characterized by the transition absorption band at A,=275 nm, attributed to
n—m*-transitions of amino and acetylamino groups connected benzenoid moieties.

The next step to obtain NH,/NH, capped aniline tetramer consists in the
hydrolysis of the obtained 4,4'-di(p-acetylamino)-N-acetyldyphenylamine (Scheme 2).

Scheme 2.

'H NMR, IR and UV spectroscopic data of the obtained 4,4'-di(p-aminoani-
lino)-diphenylamine was compared with the corresponding spectra of the compound
obtained in different ways [15]. The 'H NMR spectrum (deuterated DMSO, 8, ppm)
characrerized by the absence of chemical shifts of aliphatic protons and appearance
of chemical shifts at 5.1-5.8 (4 H) of NH, protons, at 6.00—8.30 (19 H) of aromatic
(16 H) and NH (3 H) protons.

In UV spectrum absorption bands at 268 nm and 304 nm could be assigned
to m—rm*-transitions of the aromatic ring connected to aminophenyl groups. The
comparison of the obtained data with corresponding UV spectra data of the same
compound described in [15] and leucoemeraldine (polymer having the same
structure as tetramer) [27] shows appearance of the same absorbance at 308 nm
(in DMSO) and 320 nm (in NMP).

IR spectrum of the obtained compound, absorption spectra of the carbonyl
group was absent and fully correspond to those described in the literature spectral
data of the same compound and are typical of the reduced form of polyaniline, i.e.
leucoemeraldine:

Scheme 3.

Absorption of N-H or NH, stretching vibrations are viewed at 3342, 3403 cm ',
C-H, C—C stretching at 1609, 1515 ¢m ', C-N stretching at 1264 cm ', plane
deformation C—H at 1170 ¢m'; no plane deformation 1,4-disubstituted aromatic
C-H at 828 cm' in 1170; 1384; 1515; 1605; 2922; 3022 cm™ .
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IR spectrum of the compound described in the literature [16] is the

absorbance at (cm ') 3387; 3345; 3022; 1609; 1511; 1303; 1263; 1223; 817.
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