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Wholly aromatic polyketone is a type of aromatic
polyketone characterized by the absence of a hetero
linkage in the main chain. The polymer skeleton com-
posed of only arylene rings and ketonic carbonyl groups
has still considerable room for a variety of further
molecular designing and modifications. Though there
have been reported numerous papers concerning the
synthesis of aromatic polyketones,1–7 almost all of
them have been classified as aromatic poly(ether ke-
tone)s. To the best of our knowledge, there have been
reported only four papers8–11 concerning the synthesis
of wholly aromatic polyketones besides our work.12–16

The small number of examples of wholly aromatic
polyketones is plausibly due to the following two syn-
thetic obstacles. One is the inherent limitation of bond-
forming methods and the other is the absence of flex-
ibilization assistance by ether linkage. From the point
of bond formation methods, nucleophilic aromatic sub-
stitution of the phenoxide ion is the most efficient
synthetic method for aromatic poly(ether ketone)s. It
is, however, inapplicable to the synthesis of wholly
aromatic polyketones. In this respect, synthetic ap-
proaches for wholly aromatic polyketones are practi-
cally restricted to either of the following two carbon–
carbon bond formation modes: bond formation be-
tween an aromatic carbon and a carboxy one and that
between aromatic carbons. As it is difficult to intro-
duce two acyl groups on an aromatic system via elec-
trophilic aromatic acylation, this protocol requires se-
vere reaction conditions resulting in poor regioselec-
tive introduction of the aroyl groups. From the point of
structural characteristics of the polymer skeleton, the
lack of ether linkage plausibly regidifies the polymer

main chain thus inducing aggregation of the intermedi-
ate oligomers, resulting in depression of the polymer-
ization degree.

To overcome these difficulties, appropriate monomer
designing to permit sustainable reactivity and regiose-
lectivity is needed. One solution we have achieved is
the use of 2,2′-dimethoxybiphenyl as an acyl-acceptant
monomer, which successfully gave a high-molecular-
weight, wholly aromatic polyketone through elec-
trophilic acylation polymerization.12 Presumably, 2,2′-
dimethoxybiphenyl promotes smooth and highly re-
gioselective progress of electrophilic aromatic acyla-
tion polymerization and, at the same time, the twisted
biphenylene of 2,2′-dimethoxy-5,5′-biphenylene re-
peating unit suppresses aggregation of the result-
ing polyketones.12 This structural advantage has en-
abled the synthesis of wholly aromatic polyke-
tones via nickel complex-mediated aromatic coupling
polymerization of 5,5′-bis(chlorobenzoylated) 2,2′-
dimethoxybiphenyls.13, 14

As the next stage in the course of this synthetic study,
we planned to synthesize ‘fully’ aromatic polyketones
where ether bonds are excluded perfectly from the
molecule. In this communication, we wish to report
the successful synthesis of ‘fully’ aromatic polyketones
and their unexpectedly high thermal resistance.

Two isomeric, fully aromatic polyketones com-
posed of only phenylene units and ketonic carbonyl
groups (2a, b) were obtained through nickel complex-
mediated aromatic coupling polymerization17–20 of
bis(p-chlorobenzoylated) o-terphenyl (1a) or bis(m-
chlorobenzoylated) o-terphenyl (1b), prepared by the
P2O5–MsOH mediated regioselective diaroylation of o-
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Scheme 1. Synthesis of fully aromatic polyketones containing o-terphenylene unit.

terphenyl.21

Nickel complex-mediated aromatic coupling reac-
tion of monomer 1a in an aprotic polar solvent such
as DMAc or DMF proceeded smoothly to give the fully
aromatic polyketone (2a). The optimum result was ob-
tained when monomer 1a was allowed to react in the
presence of half an equimolar amount of NiBr2, 3.1 mo-
lar amounts of Zn, half an equimolar amount of 2,2′-
bipyridyl (bpy), and an equimolar amount of PPh3 in
DMAc at 100 ◦C for 2 h. On the contrary, when CHCl3
or 1,4-dioxane was employed as a solvent, monomer 1a
was quantitatively recovered. The contrastive behav-
ior between the reactions in these solvents is probably
caused by the difference in solubility of the nickel in-
termediates to each solvent.

Polyketone 2a obtained from the reaction under the
optimized conditions has molecular weight (Mn)22 of
8000 and inherent viscosity (ηinh)23 of 0.23 dL g−1. It
gave a transparent and colorless flexible film by casting
from chloroform. The resulting polymer (2a) shows
higher solubility in organic solvents than the wholly
aromatic polyketones containing the 2,2′-dimethoxy-
5,5′-biphenylene unit which we have previously re-
ported.12–14 Actually, the resulting polymer (2a) is sol-
uble not only in halogenated solvents such as chloro-
form and chlorobenzene but also in ethereal solvents
such as 1,4-dioxane and THF. Furthermore, it is solu-
ble in toluene, DMF, and DMSO by heating.

The optimum conditions for polymerization of the
m-chlorobenzoylated o-terphenyl monomer (1b) are es-
sentially the same as those for monomer 1a, and the
obtained polyketone (2b) has Mn of 8000 and ηinh of
0.19 dL g−1. However, the resulting polymer (2b) has
lower solubility in organic solvents such as chloroform
than polymer 2a.

Both polymers 2a and 2b have amorphous nature.
The glass transition temperatures, 176 and 156◦C, re-
spectively, are a little lower than those of the previ-
ously reported wholly aromatic polyketones containing
the 2,2′-dimethoxy-5,5′-biphenylene unit (Figure 1).14

The relatively lower Tg’s of polyketones 2a and 2b
compared to the case of the 2,2′-dimethoxy-5,5′-
biphenylene units in polyketones 3a and 3b are presum-

Figure 1. Wholly aromatic polyketones and their Tg’s.

Figure 2. TGA thermogram of polyketone 2a.

ably due to their larger free volume brought about by
the specific three-dimensional structure around the o-
terphenylene units. In addition, the polyketones having
the p, p′-biphenylenedicarbonyl unit (2a and 3a) are
shown to have higher Tg than the corresponding m,m′-
biphenylenedicarbonyl isomeric polyketone (2b and
3b), which is presumably due to the more symmetrical,
rod-like, and rigid structure of the p, p′-biphenylene-
containing unit compared to the m,m′-biphenylene one.

Thermogravimetric analysis of polyketones 2a and
2b disclosed excellent thermal stability of these polyke-
tones (Figure 2). No reduction of weight in the temper-
ature range up to ca. 500◦C and reduction of 10 wt%
of the weight at ca. 550 ◦C are observed. The thermal
stability of these polyketones is far beyond our expec-
tation based on the thermal behavior of polyketones 3a
and 3b where thermal decomposition was observed at
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ca. 450 ◦C.24

The successful synthesis of fully aromatic polyke-
tones 2, their remarkable thermal resistance, high Tg,
and specific solution behavior are interpreted by the
structural assistance of the o-terphenylene unit.

The twisted crankshaft-shaped steric structure of the
o-terphenylene unit should inhibit the stiff aggregation
of the polymer chain, thus enabling the bond elonga-
tion reaction to proceed satisfactorily. The high solu-
bility of these polyketones to various organic solvents
is also considered to depend on the disordered structure
induced by the o-terphenylene unit in the same manner.
Similar solubility behavior is observed for poly(ether
ketone)s and polyamides containing the o-terphenylene
unit prepared by Akutsu and coworkers.25, 26 As men-
tioned above, it is also considered that the inhibition
of stiff aggregation of the polymer chain by twisting of
alignment of the phenylene rings in the o-terphenylene
unit facilitates the solvation and, moreover, increases
the flexibility of polymer chains to depress the Tg to
some degree.

On the other hand, the high thermal resistance is in-
terpreted to be caused by other factors. It is thought that
exclusion of the carbon-hetero atom bond in the whole
molecule repels the disconnection points, then affords
the cumulative stability of the polyketone molecules.
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