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Introduction. It has been more than 25 years since
Olah’s group reported that electrophilic nitration and
acylations are facilitated by superacids.1 These pioneer
studies led to the proposal of superelectrophilic activa-
tion due to the formation of superelectrophiles, that is,
electrophiles of doubly electron-deficient (dipositive)
nature whose reactivity exceeds greatly that of their
parent compounds in aprotic or conventional acidic
media. Superelectrophiles have since been proposed or
studied in numerous superacid-catalyzed reactions.2-5

It was also found that 1,2-dicarbonyl groups form highly
reactive intermediates in superacidic trifluoromethane-
sulfonic acid.5-7

Recently, we reported the first application of super-
electrophilic chemistry for polymer preparation having
synthesized poly(arylene oxindole)s by reaction of isatin
containing 1,2-dicarbonyl groups with aromatic hydro-
carbons in a TFSA medium.8 Very recently, the super-
electrophile-based approach was used successfully for
the synthesis of hyperbranched poly(arylene oxindole)s.9

1,2-Dicarbonyl groups in isatin present a part of the
N-containing heterocycle. Therefore, it seemed plausible
that such compounds, as 1,2-quinones, would also
likewise generate highly reactive electrophiles in TFSA.

The aim of the present work was the synthesis of
polymers by reaction of acenaphthenequinone with
aromatic hydrocarbons in a superacid medium.

Results and Discussion. It has long been known
that acenaphthenequinone reacts under heating with
benzene in the presence of aluminum trichloride. Using
excess benzene as solvent, the resulting 1,1-diphenyl-
2-acenaphthenone was obtained in moderate yield:10

It was shown recently that condensation of acenaph-
thenequinone with benzene carried out in a TFSA

medium at room temperature affords excellent yield of
1,1-diphenyl-2-acenaphthenone.11 Following these data,
we expected that the condensations of acenaphthene-
quinone with aromatic hydrocarbons, performed similar
to the condensations of isatin with aromatic in a TFSA
medium8 at room temperature, would afford polymeric
products according to the following scheme

where H-R-H (2) are biphenyl (a), phenyl ether (b),
fluorene (c), terphenyl (d), 1,4-diphenoxybenzene (e),
and diphenoxybenzophenone (f). However, our attempts
to obtain high molecular weight, linear polymers in such
a way failed. Deeply colored, mostly insoluble products,
typical for highly reactive but not selective polymeriza-
tions, were recovered from these experiments, in a sharp
contrast to white polymers resulting from condensations
involving isatin.

Acenaphthenequinone, in contrast to isatin, does not
contain a nitrogen adjacent to the carbonyl group. It is
very likely that the partial deactivation of the “amide-
type” carbonyl by delocalization of electron density from
nitrogen decreases the reactivity of isatin. Therefore,
decrease of the reactivity of acenaphthenequinone might
be a key to the problem.

One of remarkable pecularities of suprelectrophilic
chemistry is a dependence of a reaction on the acidity
of the reaction medium (generally, judging from the
products yield).12-14 The acidity function of the reaction
media was found to be tuned easily by dilution of pure
trifluoromethanesulfonic acid with solvents like trifluo-
roacetic or methanesulfonic acids.

We found that polymer syntheses carried out in
mixtures of TFSA with MSA afford high molecular
weight, linear polymers, fully soluble in common organic
solvents. All the polymer preparations proceeded at
room temperature in homogeneous solution. The poly-
mer, precipitated after reaction into water, formed a
slightly green fiber which, after hot extraction with
methanol and acetone, changed color to slightly yellow.
Yield of the polymers obtained was close to quantitative.
The IR spectra of the polymer films revealed the
expected presence of the band at 1723 cm-1 correspond-
ing to the carbonyl group of the diarylacenaphthenone
fragment and a set of bands typical for aromatic
hydrocarbons. The good solubility of the polymers has
allowed analysis of their structures by NMR spectros-
copy. The 1H NMR spectrum of polymer 3f, obtained
by reaction of acenaphthenequinone with 4,4′-diphe-
noxybenzophenone, is given in Figure 1. The spectrum
is well resolved, the aromatic resonances anticipated for
the diphenoxybenzophenone (doublets at 7.76, 7.31,
7.17, and 7.00 ppm) and acenaphthenone fragments
(doublets at 8.21, 8.08, 7.92, and 7.52 ppm, triplets at
7.82 and 7.72 ppm) are all evident, and no other
resonances can be observed.

It is often difficult to achieve high regiospecificity in
polyalkylation reactions, and more surprising is the fact
that polymer-forming electrophilic substitution reaction
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proceeds only with aromatic hydrocarbons, but with
acenaphthenone residue. It is likely that large steric
bulk and (in superacid solution) the positive charge
associated with a protonated acenaphthenone fragment
inhibits further substitution of the alkylated rings.

It is even more surprising that condensation of
acenaphthenequinone with biphenyl was also success-
ful. To the best of our knowledge, this is the first
example of direct involvement of a nonsubstituted
biphenyl in polymer synthesis via an electrophilic
substitution reaction. (Synthesis of wholly aromatic
polyketones through polyacylation of 2,2′-dimethoxy-
biphenyl has, however, been reported.15) This approach
appeared also to be successful when such highly reactive
compounds as 1,4-diphenoxybenzene and phenyl ether
were used.

The majority of the polymers obtained are fully
soluble in chlorinated and aprotic solvents and strong
acids (except 3a and 3d). Polymers are not soluble in
alcohols, aromatic hydrocarbons, or ethers. Transparent,
strong, flexible films could be cast from the polymer
solutions. Some properties of the polymers are presented
in Table 1. Most of the polymers synthesized possess
high values of inherent viscosity. DSC analysis of the
polymers revealed glass transitions temperature rang-
ing from 240 to 296 °C and the absence of heat
transitions for polymers 3a, 3c, and 3d up to 450 °C.
The polymers obtained also possess high thermostabil-
ity, particularly, polymers 3a, 3d, and 3f. Obviously,
the combination of these properties is of great interest
for potential use of the polymers in the area of mem-
brane separation processes, microelectronics, and high-
performance functional polymer-based materials.

Thus, polycondensations of acenaphthenequinone with
aromatic hydrocarbons (including nonactivated ones),
carried out in a TFSA/MSA medium at room tempera-
ture, leads to linear, high-molecular-weight polymers.
Structural studies revealed high regioselectivity in the
polymer-forming reaction. Simple, one-pot preparation

method based on available reagents affords new aro-
matic polymers with promising properties.

Experimental Section. a. Materials. Biphenyl,
phenyl ether, and 1,4-diphenoxybenzene were obtained
from Aldrich and purified by the usual methods.
Acenaphthenequinone was obtained from Aldrich and
purified by sublimation followed by recrystallization
from chlorobenzene. Diphenoxybenzophenone was pre-
pared according to published methods16,17 and purified
by recrystallization from a benzene-ethanol 20/80
(v/v)mixture.Methanesulfonicacidandtrifluoromethane-
sulfonic acid were obtained from Fluorochem Ltd. and
distilled under vacuum prior to use.

b. Characterization. The inherent viscosities of
0.2% polymer solutions in N-methylpyrrolidinone were
measured at 25 °C using an Ubbelohde viscometer. The
1H and 13C NMR spectra were recorded using a Bruker
Avance 400 spectrometer. Thermogravimetric analyses
(TGA) were carried out in air and under nitrogen at a
heating rate of 20 °C min-1 on a Mettler DTG 760
instrument and differential scanning calorimetry (DSC)
measurements at 20 °C min-1 on a Mettler DSC 20
system.

c. Polymer Synthesis. A typical example of polymer
preparation was as follows. Acenaphthenequinone (0.182
g, 0.001 mol) and diphenoxybenzophenone (0.366 g,
0.001 mol) were added to a vigorously stirred mixture
of TFSA (5 mL) and MSA (2 mL). The reaction mixture
was stirred for 5 h at room temperature and poured into
water. The slightly green fiber formed was filtered off,
washed with water, and extracted with hot methanol
and acetone. After drying, 0.51 g (96%) of white fiberlike
polymer 3f was obtained. The inherent viscosity of the
0.2% solution of the polymer in NMP was 0.54 dL/g. The
1H NMR spectrum of the polymer is presented in Figure
1.
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Figure 1. 1H NMR spectrum of polymer 3f in CDCl3.

Table 1. Synthesis and Characterization Data for
Poly(arylene acenaphthenone)s

polymer 3 ηinh, dL g-1 (NMP) Tg, °C
dec temp in air
(TGA onset, °C)

a 0.40 >450 525
b 1.34 296 510
c 0.52 >450 480
d 0.53 >450 525
e 0.40 244 420
f 0.54 (0.78)a 240 525

a Measured for 0.2% solutions of the polymers in concentrated
sulfuric acid.
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