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I. INTRODUCTION

Intensive research has been undertaken during the past
decade on polymers having aromatic rings in the chain and
on materials based on them. Such materials are resis-
tant not only to heat but also to various corrosive agents,
including oxidants. In this respect polymers containing
benzene rings in the main chain are of the greatest inter-
est, primarily polyphenylenes whose preparation has been
rev1ewed several times However, current methods
of preparation yield mainly infusible and insoluble poly-
mers, which greatly hinders their processing and thus
restricts their application.

This disadvantage might be overcome by obtaining
oligophenylenes and polyphenylenes containing various
functional groups. Thus polyphenylenes containing
hydroxy- or carboxy-groups dissolve well in organic sol-
vents and readily react with hydroxymethylated phenols,
phenol-formaldehyde resins, oligoepoxides, metal salts,
etc. to form heat-resistant, infusible cross-linked poly-
mers®. The present Rev1ew surveys methods of prepa-
ratmn, properties, and applications of oligophenylenes
and polyphenylenes containing various functional groups.

IO. METHODS OF PREPARATION OF OLIGO- AND POLY-
PHENYLENES WITH FUNCTIONAL GROUPS

1. Hydroxylated Oligo- and Poly-phenylenes

Among investigations on the preparation of hydroxylated
lower oligophenylenes Pacevitz and Gilman® obtained
p-phenylphenol in low yield by the oxidation with dry air
of phenyl-lithium in benzene solution (at 10-15°C for 10h).
Similarly, quaterphenyl and linear oligophenylenes con-
taining hydroxy-groups have been obtained’ by the air
oxidation of 4,4'-dilithiumbiphenyl:

“9+
OO OO0

The condensation of 1,4-diphenylbut-3-en-2-one with
malonic ester gave® 2,5-diphenylcyclohexane-1,3~dione
(yield ~ 80%)—the injtial compound for the synthesis of

p-terphenyl-2°-ol (m.p. 192-193°C, yield 45%) and p-ter-
phenyl-2*5-diol (m.p. 206-207°C, yield 35%):
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Hydroxylated oligophenylenes and polyphenylenes were
first obtained by Paushkin and his coworkers °”'® by heating
benzene-diols and -triols in the presence of zinc chloride
(at 200-350°C for 6 h). On the basis of the infrared
spectra these products were regarded as o-polyphenylenes
(by analogy with Ref. 11):
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However, the suggested reaction scheme and structure of
the products can only be crude approximations, since the
high-temperature oxidising polycondensation of hydroxy-
derivatives of benzene in the presence of a large quantity
of zinc chloride may involve formation of phenyl and
phenoxyl radicals, so that the structure of the products
will be determined by the subsequent reactions of these
radicals. Polyphenylenepolyols were obtained that were
either soluble or insoluble in the usual organic solvents
depending on the conditions of dehydration. Table 1 gives
yields and molecular masses (Mp) of soluble fractions of
polyphenylenepolyols obtained from quinol, resorcinol,
and pyrogallol. The yield, solubility, and molecular
mass of the polymer had their maximum values in the last
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case. Increase in molecular mass of fractions obtained
from quinol is accompanied by a sharp rige in melting
point (Table 2),° and the polymer having Mp = 2020 does
not melt below 550°C.

Table 1. Molecular masses and yields of hydroxylated
polyphenylenes®.
Yield of polymer, % —
fat Mn of
Initial diol soluble A solublb fracti
fraction fraction
Quinol 30.6 54.4 1730
Resorcinol 67.0 9.3 1450
Pyrogallol 87.0 HeT 1840
Table 2. Some characteristics of hydroxylated oligo-
phenylene fractions from quinol®.
Fraction W, Ig:;i:‘;‘yl Mp.,°C Structure
1 330 22.8 w10 |4 N7 S 7 SH
— Ne—— \:l/
OH OH OH
— ——— 5—<OH
_ 7N 7 Nz X
2 460 21.3 360—380 \:| > [\:’ > <L_' >
OH OH s OH
AN ;/ ‘\\/ —OH
3 2020 19.6 >550 { ‘ > l\ZI > j
OH OH ],

Paushkin et al. also suggested'® polycondensation itself
for the preparation of hydroxylated polyphenylenes. When
phenol was heated in the presence of an equimolecular
quantity of bromoform in an autoclave (at 250°C for 6 h),
soluble products were obtained according to the hypotheti-
cal scheme

?H IOH CI)H (I)H 7
N IN_IN |
Ox00= 10T -
N/ NN/ N

where #n = 4-15 and X represents radicals formed by the
thermal breakdown of bromoform. Fractionation of the
polyhydroxyphenylene led to the igolation of oligomers
having 7 = 4-7 (soluble in methanol) and » < 15 (soluble
in dimethylformamide); the softening point rose from 110
to 250°C with increase in molecular mass. From the
thermal stability and the composition of the hydrolysis
products it was concluded 2 that the polymers had a linear
structure. Polyhydroxyphenylenes soluble in alcohol,
acetone, dimethylformamide, and aqueous alkalis were
obtained'® by the radical polymerisation of p-benzoqui-
none:

N/
(50|10 o]
n0=( __ >=0 [HO—— {__J>~OH

n
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Heating phenol in the presence of iron(II) chloride at
40-90°C gave ** poly-2-hydroxy-1,4-phenylene (“poly-
phenol™), an infusible dark-coloured product with Mn =
140" (determined viscometrically), soluble only in dimeth-
yliformamide. Thermogravimetric data (AT = 2.5 deg
min~!) indicate that in an atmosphere of nitrogen the poly-
mer begins to lose weight at 350°C, and at 900°C the
losses amount to 25%. It was supposed from nuclear
magnetic resonance and infrared spectroscopy together
with chemical investigations that the polymer contained
not only hydroxyphenylene but also cyclohexadienone
groups.

2. Carboxy-containing Oligophenylenes

Berlin and his coworkers'®™® used the Sandmeyer
decomposition of bisdiazo-compounds by copper(I) salts
to obtain aromatic polymers. The presence of diazo-
radicals CeHs.N3 accompanying the “purely” hydrocarbon
radicals leads to partial incorporation of azo-groups into
the polymer chain.

The decomposition of diazonium benzidine-3,3'-dicar-
boxylates '8 yielded a yellowish-brown polymer of molecular
mass ~ 3000, which contained according to elementary
analysis 1 azo-group per 6—10 benzene rings and 2 chlo-
rine atoms per 5-16 benzene rings. Furthermore, every
be nzene ring contained a carboxy-group. Infrared spec-
troscopy suggested linear or slightly branched polymers a°,
with either chlorine or peroxy as terminal groups. The
structure of the products was therefore represented by the
formuia'®

e B R Sy

| |
m L cooH COOH

<
COOH COOH

However, the general formula given is extremely arbi-
trary, and may not correspond to the true structure of the
polymer molecule, since not only the structure of the
blocks but also the alternation of azo-groups in the chain
may be represented in other ways.

When heated in argon at 400°C for 1 h or at 250-400°C
for 4 h, carboxylated oligophenylenes undergo complete
decarboxylation without change in external appearance.
Extreme losses in weight occur above 450°C. After
heat-treatment at 200-400°C for 4 h the polymer was
ipsgluble both in dimethylformamide and in aqueous alka-
is™.

Oligophenylene carboxylic acids have been obtained 2%
by oxidising oligophenylenes containing various carbon-
carbon multiple bonds. Fractions having Mp = 1000-2200
obtained by the polycyclotrimerisation of a mixture of
p-diethynylbenzene at phenylacetylene in the presence of
various catalysts *~®—TiCl.Al(is0-CsHs)s, NiCls.
.2P(CeHs)s X 2NaBHs, Ni(CsH7Oa)2.P(CsHs)s, and
[(CaHs0)sPLiCoBr—and soluble in benzene and pyridine
but insoluble in alcohol, were chosen for oxidation.
Potassium permanganate was used® to oxidise the oligo-
phenylenes (e.g. containing terminal ethynyl groups) by
heating in pyridine solution:

b

R—C=CH
AR

R—C00H _}
Oy,

KMnOy €5HaN
> 2

R

B
where R:O; AN 4
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The resulting oligophenylenecarboxylic acids were light
grey powders, soluble in pyridine, dioxan, oxolan, ete.
Depending on the structure of the initial oligomer they had
melting points of 130-280°C and acid numbers of 63—80.
When the oligomeric acids were heated in argon they
underwent decarboxylation, whose rate became appreciable
only at 220-230°C. The resulting oligophenylenes were
readily soluble in benzene, their molecular masses were
closely similar to those of the original oligomers before
oxidation, and they contained no carboxyls. Differential
thermal analysis in helium (AT = 4,5 deg min™") indicated
that the oligomeric acids began to logse weight at ~ 230°C,
vigorous decomposition occurred from 350-370 to 650°C,
and the yield of the carbon residue at 900°C was 55% of the
original weight of the specimen.

Oligophenylenecarboxylic acids obtained by oxidising
oligophenylenes containing multiple bonds can be used as
starting materials for the preparation of polyethers, poly-
esters, and polyamides.

3. Alkoxycarbonylated Oligo- and Poly-phenylenes

Methyl oligophenylenecarboxylates of molecular mass
1800, containing ~ 4 methoxycarbonyl groups in the oligo-
meric molecule, were obtained by treating the oligomeric
acids with a solution of diazomethane in toluene ®. They
were grey powders, readily soluble in benzene, dioxan,
chloroform, etc.

Harris and Reinhardt ¥ synthesised ethoxycarbonylated
oligo- and poly-phenylenes by the Diels—Alder reaction
from ethoxycarbonylated biscyclopentadienones and aro-
matic diynes. Thus treatment of diethyl 2-oxo-4,5-di-
phenylcyclopentadiene-1,3-dicarboxylate with p-diethynyl-
benzene in benzene 4gave an approximately 97% gield of
tetraethyl 1',1%,3% 3*-tetraphenyl-p-terphenyl-12,1°,32,3°-
tetracarboxylate (a white powder melting at 223-224°C and
readily soluble in chlorinated hydrocarbons). Similarly,
ethyl carboxylates of polyphenylenes have been obtained by
reaction between tetraethyl p-phenylenebis-4-(2-oxo-5-
phenylcyclopentadiene-1,3-dicarboxylate) and p-diethynyi-
benzene'in 1,1,2,2-tetrachloroethane solution:

(0] COOEt COOEt [¢]
\_<__/_\ > ( 77N\
N/ —c_ =
=< __>—<_| +HC=C—{__ »—C=CH~
EtOOC/ Ph Ph COOEt
EtOOC Ph Ph COOEt
N/ N/
——— TN\ N/ |_
—x__< N’ N S
EtOOC COOEt "

The equation arbitrarily shows formation of a substituted
poly-p-phenylene, although the conditions of the Diels—
Alder reaction indicate the formation of both meta-linked
and para-linked aromatic rings. The products had
Nlog = 3.0 (determined at a polyphenylene concentration of
0.25 g d1™! in 1,1,2,2-tetrachloroethane solution at 30°C),
and formed colourless, transparent films, whose infrared
spectra coincided with those of model compounds.
Differential thermal analysis showed that ethoxycar-
bonylated polyphenylenes begin to lose weight in the air
only at 370°C, and are completely decomposed when heated
to 520°C. In nitrogen intense loss of weight occurs above
370°C, and at 800°C-the yield of | carbon residue is 55%.
Infrared spectroscopy indicated ¥ that the losses in weight
at 370-450°C are due to decarboxylation. Under isother-
mal conditions films undergo decarboxylation in nitrogen

even below 300°C, with the formation of insoluble products.
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The above facts were explained® on the hypothesis of a
free-radical mechanism for decarboxylation:

0
\'C'}.E'O\_L‘Et decomposition
“EL%, =C n2 / Ph
COOEL 6
“cross-linking”

Radicals formed in the polyphenylene chain evidently under-

go rapid oxidation in air. In an atmosphere of nitrogen

free radicals elther abstract hydrogen, giving rise to
“cross-linking”, or become involved in reactions leading

to graphitic structures.

4. Methoxylated Oligophenylenes

Methoxylated oligophenylenes are readily formed under
the conditions of the Ullmann reaction. Thus 3,3",5,5'-
tetramethoxybiphenyl (m.p. 208°C) was obtained by heatmg
4-iodo-2,6-dimethoxybenzene in the presence of copper
powder at 220~260°C.%® When 4-iodo- 4’—meth0xyb1phenyl
was heated in the presence of copper bronze at 280°C for
1h, 1* 4 dlmethoxy-P quaterphenyl (m.p. 338-340°C) was
formed

> S-OMe.

TN ome S eo i~
1= ) pome gy M0~ >~ 3K S~
A)

Under cond1t1ons of oxidising dimerigation the yield of (A)
is far lower ®

S CuCl,
EtMgBr-t- Br—< / oM
N C o>
— MeO S /™ \\ // S // >—OMe

Pyrolysis of 1-p-methoxyphenyl-6-phenylhexa-1,3,5-
triene in the presence of a palladium-carbon catalyst (10%
by weight) invacuo at 180°C gave p-methoxy-o- terphenyl
(a colourless oil boiling at 153°C under 0.2 mmHg)*°

E NN __r 7, Me
180°, Pd/c
KL

P owe 0 ()
0

Several methoxylated p-oligophenylenes—from biphenyl to
octophenyl—were synthesised by Kern et al.® from cyclic
ketones and lithium aryls via intermediate hydroaromatic
compounds:

OMe OMe |
|
77N\ _ — = / \ N \ -Hyf
28 |/ uro= =0 — /\_/\ =2 S0
OMe MeO HO OMe
MeO OMe MeO OMe
| |
4 Y TN TN TN AN
\—]/ N’ \I_/ \_|/ N/ \I_/ ¢
MeO OMe MeO OMe

Table 3 gives the properties of the products with for com-
parison those of their unsubstituted analogues. It is
evident that in all cases a methoxy-derivative melts at a
lower temperature and dissolves better in toluene than the
corresponding unsubstituted p-oligophenylene.
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5. Halogenated Oligo- and Poly-phenylenes

Halogenated biphenyls are formed by the high-tempera-
ture treatment of halogenobenzenes e.g.

450-500°
/ Hal —>
Hal Hal

Chlorobiphenyls were found*? among products of the pyroly-
sis of a mixture of p-nitrotoluene and chlorobenzene (at
600°C for 20 s).

Table 3. Melting points and solubilities in toluene (at
20°C) of methoxylated p-oligophenylenes ®
ES
Formula E%p"g'g
33
v oo
TN N_/ZTN\_77\
X D <=/ ) 320 | 0.22
| L |
TN N7 N_77N
{ ALK KD 158 22.0
TN TN N NN
AN N N N N 3951 0.1
| | |
SN SN TN SN )
SN N N N 165 | 3.5
/TN N N TN\ /_\ S -
Lo o <X o oX 475 | 0.0t
| |
SN SN SN SN SN N
D N \_/ oK o< 20 2.0
SN NN TN N _
oA o oK oK oA 545
| |
(OADIATHIATIALOCLTS
A S N N N N s N N 33105
— | | . _ | _
7 N\ N TN N TN/ :> 277 | 0.2
N N/ NV N/ Nt N7 N7

An interesting method®® was used to obtain m-oligo-
phenylenes containing bromine at the ends of the polymer
chain:

N\

Br
\“/\/\O /\u/ E,ﬁ [ //\‘ ]
4 VAN 1Y

MgBr B/ NBro .

|
\
/
R
N

\_/

Reaction of m-dicyclohexenylbenzene-3',3"-dione with m-
bromophenylmagnesium bromide followed by dehydration
and aromatisation gave a 9% yield of 1%,5°-dibromo-m-
quinquephenyl, a ye110w—orange powder of m.p. 104-106°C
(from alcohol). 1 g33 -Dibromo-m-terphenyl (an uncrys-
tallisable oil) and 1°,6°-dibromo-m-sexiphenyl (melting

at 143-145°C) were synthesised by similar methods. A
multistage process is involved, and the yield of the
desired product does not exceed 10%. **

The Wurtz-TFittig reaction has been successfully applied
to the synthesis of halogenated oligophenylenes. As early
as 1886 Goldschmiedt* obtained amorphous yellow pow-
ders, melting over the ranges 200-250 and 245-300°C,
by heating m- and p-dibromobenzenes respectively with
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metallic sodium in ether. The reaction can be repre-
sented by the scheme (n = 8-13)

Na,
Br UL -Br

Br- n
Br
A mixture of oligomeric products having n= 2-4 and 6,
containing mela-substituted groups, was obtained by the
polycondensation of 3,5-dibromotoluene under the influence
of metallic sodium *°

Me
0
Me Br /NNy Br
/I Na,Et;0 \(\I/ \(\J/
“ I 34°.78 h J S
Br/ N/ \Br IIVle IlVle

The polycondensation of p-dichlorobenzene in the presence
of metallic sodium or a sodium-potassium alloy gives a
reddish-brown powder soluble in aromatic hydrocarbons
and not melting below 550°C. %***" Elementary analysis
indicates that the polymer molecule contains ~ 5 chlorine
atoms. The structure is assumed to contain not only
p-phenylene but also p-quinoid groups.

A patent *® describes the synthesis of aw-dibromo-p-
polyphenylenes from p-dibromobenzene in a dioxan—xylene
medium under the influence of metallic sodium.

Kovadic and his coworkers **7*# undertook the oxidative
dehydropolycondensation of benzene in various organic
solvents—carbon disulphide, benzene, dichlorobenzene,
etc.—in the presence of the AlCl3—CuCl, catalytic system,
and obtained polyphenylenes containing chlorine. When
the reaction was accomplished in the presence of iron(III)
chloride **”**, small quantities of lower products, e.g.
chlorobenzene, 4,4'-dichlorobiphenyl, etc., were also
formed. This work showed that the thermo-oxidative
stability of p-polyphenylenes increases with the chlorine
content of the polymer (Table 4). When benzene underwent
oxidative dehydropolycondensation in the presence of anti-
mony(V) chloride, the polyphenylenes contained up to 31%
of chlorine®°”®

Table 4. Losses in weight of chlormated poly-p-phenyl-
enes in air (AT = 8 deg min™").*
Loss (%) for Cl content Loss (%) for Cl content
'I;emp., ’l;emp.,
C 6.0% 23.6% C 6.0% l 23.6%
350 0.49 0.35 500 55.50 15.55
400 0.99 0.94 550 97.00 73.0
450 16.15 2.70 600 100 99.9
46-48

Some Japanese investigators obtained polyphenyl-
enes by decomposing biphenyl-4,4'-bisdiazonium dichloride
in aqueous solution in the presence of copper(I) and iron(Il)
chlorides at 50-80°C. In the polymer having Mp = 10000
one chlorine atom was present per 3—4 benzene rings.

The polymer dissolved in benzene, oxolan, dioxan, and
chloroform*®. Examination of fract1ons of molecular
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mass 3000—5000 showed the presence of 5-8 azo-groups
per molecule*. A radical mechanlsm was assumed for
the formation of polyphenylenes

Detailed information on the preparation and properties
of fluorinated ohgophenglenes and polyphenylenes has
recently been surveyed

6. Alkylated Oligo- and Poly-phenylenes

Among the first syntheses of methylated oligophenylenes
was that of 1*,4*-dimethyl-p- quaterphenyl (m.p. 340°C)
by heating 4- 1odo-4 ' -methylbiphenyl in the presence of
copper bronze *?

I—/=> /=> Me Cu,200%18min

SN N / —N_/N
oM ) s

Table 5. Melting points and solubilities in toluene of
methylated p-oligophenylenes 7%,
| R
No. Formula 3 Eg
2 |32
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Wirth et al. ®® used the Ullmann reaction in the presence
of copper powder at 230-260°C to prepare a series of
methylated p-oligophenylenes (yield 40-50%) *"%°, Some
properties of the resulting oligomers are given in Table 5.
These workers showed that the introduction of methyl
groups into the 1*,4*-positions of p-quaterphenyl (No. 5 in
Table 5) has hardly any effect on the melting point or the
solubility in toluene; the introduction of methyl groups
into the o7tho- and metla-positions lowers the melting point
of the products and improves significantly their solubility
in toluene. Increase in the number of methyl groups in
the p-quinquephenyl molecule lowers the melting point and
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enhances the golubility in toluene (No.8 and 9). Yet
increasing the number of unsubstituted benzene rings in
methylated oligophenylenes raises the melting point and
lowers the solubility (No.6-8 and 9-11). Thus methylated
p-oligophenylenes have lower melting points and better
solubility than have their ungubstituted analogues, and the
solubility is better the greater the number of methylated
benzene rings.

Table 6. Melting points and solubilities in toluene of
p- ohgsophenylenes containing di- and tetra-methylbenzene
rings

Degree of
° Solubihty
No. Formula z_c‘v’x:ld:nm- M.p.,°C g litre'l
S~ 2 7 430.0
t | ¢ o--H 3 215 7.4
4 320 0.13
5 395 0.005
>='=\ g gg 7‘2)3‘3
» 1 :
2 H—[—\ __/—]—H 4 266 1.1
N de 5 309 0.24
— AR AL
8 H“[—\_/—]—H 4 272 3.4
/N Hda

Oligophenylenes comprising p-xylene and p-durene
units were obtained by the Ullmann reaction *:

Me X Me X Me X Me X
< /
\ —1+1—\ /——/\ /—I—.H— < S |-1
\ / N N
Me X Me |,
(B) (c)

where # = 2-5 and X = H, CHs. The highest yield (50%)
of such oligophenylenes is obtained with reactants B and C
in the molar proportions 10:1. Table 6 shows that the
melting points of both unsubstituted (No. 1) and di- and
tetra-methylated p-oligophenylenes (No. 2 and 3) rise and
the solubilities in toluene diminish with increase in the
degree of condensation.

Table 7. Molecular masses and melting points of frac-
tions of methylated polyphenylene obtained by the Ullmann
reaction ¥’

Fraction Mp.,°C My
1 290—310 32000
2 225—245 3700
3 120—140 500

The Ullmann reaction was used also for the synthesis
of p-oligophe ylenes containing a methyl group in every
benzene ring The soluble methylated polyphenylenes
obtained by the reaction

Me Me Me
> —_ < C [ j
u, 340°
S S SN Ry e,
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were fractionated by centrifugation and osmometry, when
a fraction of molecular mass 300000 was isolated. The
cryoscopic method gave anomalous values of the number-
average molecular mass. It was concluded” from vis-
cosity, sedimentation, and diffusion results that under the
given reaction conditions the polymeric molecules probably
had not a linear but a branched structure, with m-phenyl-
ene groups in the main chain. Table 7 shows that with
increase in the weight-average molecular mass of the
fractions from 500 to 32000 (determined by centrifugation)
the melting point rises.
The Wurtz-Fittig reaction can also be applied to the

synthesis of methylated oligophenylenes. The homocon-
densation of 3,5-dibromotoluene in the presence of metallic
sodium in boﬂmg ether led to the isolation* of oligophe-
nylene fractions having # = 2 and 3 (a mixture melting
below 60°C), as well as with n = 4 (melts above 66°C) and
n = 6:

Me

7N\

% r (L
Br/ M \p; Br/\/ n \/ \Br
Each of these fractions is an amorphous yellow powder
soluble in benzene and ether.

The synthesis of a methylated p-oligophenylene by the
reaction of 4,4’ -di~iodo-3,3'~dimethylbiphenyl with metal-
lic sodium in boiling toluene was reported®. The
resulting polymer was soluble in benzene, and melted at
150~-180°C

Organomagnesium compounds can also be used for the
preparation of methylated oligophenylenes from halogenated
aromatic compounds. Thus Kern et al. * obtained an
oligophenylene by treating 4,4'-di-iodo-3,3'-dimethylbi-
phenyl with magnesium at 20°C. They noted that linear
oligophenylenes were not formed, and concluded that the
Grignard reaction, despite the milder conditions, is less
suitable than the Ullm ann reaction for obta.mmg ohgophenyl-
enes of regular structure. Briunling et al. *® used the
Grignard reaction to synthesise methylated cyclic m-oligo-
phenylenes. Thus hexamethylhexa-m-phenylene (m.p.
452~453°C) was obtained from 3,3'-dibromo-5,5'-dimethyl-
biphenyl:

3,3’-Dibromo-6,6"-dimethylbiphenyl gave a low yield of
octamethylocta-m-phenylene (m.p. 489°C).

Furthermore, the oxidative dimerisation of dilithium
derivatives of methylated aromatlc compounds yields
methylated ohgophenylenes When a mixture of 4,4’-
dilithium- 3,3'- dlmethylblphenyl and 1* 4*-dilithium-
12,2232 43- tetramethyl—p quaterphenyl is treated with
copper(ll) chloride, methylated p-oligophenylenes having
n =4 and 6 are formed:

Me Me Me Me Me Me
D =< o >= L cucly
L~ <ty @ \__/— =

Me Me

15— _]_
—H [ (O N
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Similarly, 122°,3%4% 52 6°%7%8%-0octamethyl-p-octophenyl
(m.p. 273°C) was obtamed together with small quantities
of products having » > 8, from 1*-lithium-132° 3243~

tet1 imethyl-p- quaterphenyl

Reduction of 4-acetyl-4' —ethylb1pheny1 on zinc amalgam
in an acid medium gave 4,4’ d1ethy1b1pheny1”, which after
recrystallisation from ethanol melted at 81°C.

Methylated oligophenylenes can be obtained from aro-
matic compounds not only by the above condensation
methods but also by processes involving the formation of
new benzene rings by the aromatisation of Cs cyclic sys-
tems, as well as cycloaddition and cyclisation.

T able 8. Meltn;% points and solubilities of methylated
p-quaterphenyls

Positions . Solubility, | Positions o Solubility,
No. | of methyl Mp.°C glitre'l No. of methyl Mp.,°C g litre'l
1 12- 172—173 26.0 5 13, 43 214215 6.3
2 13- 244—245 3.0 6 14, 4- 338340 0.2
3 14 328—330 1.2 7 unsubst. 320 0.1
4 12, 43 150—151 36.0

Reaction of phenylcyclohexenone with p-isopropylphenyl-
magnesium bromide gave a diarylcyclohexadiene, whose
dehydrogenatlon over palladium yielded an isopropyl-m-
terphenyl ®
\’ :\//\—MgBr —

TN TN —
R 7 \¥<+mo-13r

SR K >dR<\_/\/ :
N
(] (“
\‘/
iso-Pr ISOPI

Organolithium compounds have been especially widely
used in the synthesis of methylated oligophenylenes from
cyclic ketones. Thus the condensation of 2-, 3-, and 4-
methylcyclohexanones with 4-lithium-p-terphenyl or with
4,4'-dilithiumbiphenyl gave products from which the corre-
spondmg 1-methyl- and 1,4-dimethyl-p-quaterphenyls
(Table 8) were obtained by dehydration in the presence of
zinc chloride and dehydrogenatlon by means of chloranil in
boiling xylene %

A oL, 7, 0-O-O- .~
e SS 0O R

Introduction of a 4-methyl group into p-quaterphenyl some-
what raises the melting point (cf. No. 6 and 3 with No. 7 in
Table 8). Introduction of a methyl group at position 3 and
especially at position 2 (cf.No.2 and 5; 1 and 4 with No.7)
improves the solubility in toluene and lowers the melting
point of the products. These effects are still more
strongly developed in dimethyl-p-quaterphenyls substituted
at the 2 or 3 positions (No. 4 and 5).
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Methylated derivatives of p-terphenyl, p- quaterehenyl
p-quinquephenyl, p-sexiphenyl**, and p-octophenyl’ were
obtained from cyclic diketones (cyclohexa-1,4-dione and
bicyclohexyl-4,4'-dione) and lithium aryls via intermediate
hydroaromatlc compounds.

Somewhat later it was shown **’* that the increased
solubility of methylated p-oligophenylenes obtained by the
Ullmann reaction is explained by breakdown of symmetry
of the compounds due to the combined effects of substitution
and rotation, the latter agsociated with diminished sym-
metry resulting from internal molecular mobility (rotation
of rings).

p-Oligophenylenes with » < 14 and containing one or two
unsubstltuted m-phenylene units in the main chain were
synthesised *°

Me » 0=<;2

OEt
—Li 28

L-—/ _>

—

Me Me
I
Li'\=>—\ —L

TN TN TN
°N N % -0
Va AN o
o
Me Me
N 7
M ¢ 7 _<~> _<——> _/<_/\ M
e . —_ S _— e
N o d N/
TN 77N\
- & =
77\ TN
me—__D e
Table 9. Melting points and solubilities in toluene (at
20°C) of methylated oligophenylenes ®°
No. Formula Mp.,°C :;}::Elliw’
1. Q O ‘g( 202—-203 12
\:/“
2. 170—171 73
3. 21—222| 42
4 218--220 10
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Table 9 gives the melting points and solubilities in toluene
of several methylated oligomers of this type. Their
infrared spectra are identical with those of p-oligophenyl-
enes, whereas the ultraviolet spectra differ appreciably;
the melting points are lower and the solubilities better than
for the corresponding p-oligophenylenes.

Methylated p-terphenyls have been obtained also by the
Friedel-Crafts reaction. Deuschel®® condensed cyclo-
hexene with p-xylene in carbon disulphide in the presence
of aluminium trichloride to give 2,5-dicyclohexyl-p-xylene,
which was then dehydrogenated over a palladium-carbon
catalyst to 22,2°-dimethyl-p-terphenyl:

Me

Ve N _ TN _meAlCh _'\__/ \ / \ Pd/C
2\_/ +Me SN/ Me LV | —_ /=
Me
Me
TN\_T N < \
TN /TN / N——Vv

Me

13%-Methyl-p-terphenyl (m.p. 91-92°C) was obtained ®” from
products of the condensation of 2-cyclohex-3’'-enylcyclo-
hexanone with benzene in the presence of aluminium chlo-
ride:

MeMgl

N R
ya > Vs I-ll'lgolgpgos)_)
2 -H« d/C)

N

e N o /TNAKL SN N\
S/ TN/

>__/—" N/ N
[e]

M

|
S0 N /7T N_ /N
N— N N/

Campbell and M cDonald® synthesised dimethyl-p-quin-
quephenyls, using cyclisation to introduce the methylated
rings. Thus the reaction of p-xylenebistriphenylphospho-
nium dichloride with a-methylcinnamaldehyde gave p-bis-
3-methyl-4-phenylbutadienylbenzene, which on the cyclo-
addition of diethyl acetylenedicarboxylate in the presence
of potassium hydroxide formed potassium tetrahydro- 22,4°-
dimethylquinquephenyltetracarboxylate, whose dehydro-
genation and decarboxylation yielded 234 -dimethyl-p-
quinquepheny! (m.p. 217-218°C):

= DMFA
c1H2c—< >—-CH Cl4-pph, 2

Ph, PCH >—CH PBPh, | . 2c1- HECH=C(CH),CHO: LIOEt
L4 2

—

I |
C—CH CH—C

+EtOO0CC=CCOOE{; KOH_,
bbb
— Ph—CH CH—{ >_ CHPh
Me Me
|
LN\ NN
N’ >=/ N N/ \__/ —COsi-m
KOoC K KOOC COOK
Me Me
| !
S50 N_/T NN N
A NP N o N N N

When p-methylcinnamaldehyde was used as initial com-
pound, 1* 5*-dimethyl-p-quinquephenyl (m.p. 400°C) was
obtained.
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Langer and Wessely 8 gynthesised several methylated
o-, m-, and p-terphenyls by the dehydrogenation over a
palladium-carbon catalyst of substituted cyclohexenes—
products of the cycloaddition of e.g. an acrylic acid to a
buta-1,3-diene:

Ph Ph ph\ /Ph !IDh | Ph
|| _
I MeCH = CHCOOH TN Pd/C,520° TN Me
; ——Cn e T T Me \/ ) < Me T 0 Me—. S ‘
MeHC ~ CHMe Hobe Me Me

Methylated biphenyls may be formed by the high-tem-
perature cyclisation of the side-chains of various aromatic
compounds. Thus mono- and di-methylbiphenyls were
obtained* by heating phenylalkatrienes in the presence of
a palladium—carbon catalyst in a vacuum to 250°C:

Ry lﬁz Ry
|

SN/
A NP /

Pd/C,250°,1 h
987%

(]

R,
RI:-H or Me; Ry=Me
Substituted biphenyls were obtained from benzene deriva-
tives containing at least six carbon atoms in the side-
chain™"" (e.g. unsaturated compounds—1-ethyl-1-phenyl-
pent-4-en-2-ynol, 1,4,4-trimethyl-1-phenylbutynediol,
etc.) in the presence of a chromium—-alumina catalyst:
Et

MgO (Cro0y) ALO,  /
11—13% ;

TN e

TNk e ,
—C—C=C—CH=CH, oK)

N7

OH

The pyrolysis of 2,2,5-trimethyl-5-p-tolyloxolan at
550°C yields 4,4'- dlmethylblphenyl (m.p. 121°C)™:

\
(j_l Me 550°

e-—/-\ < —Me
NS /\O/\ it

N ‘__/

Oxidative dehydropolycondensation is currently among
the best known and simplest methods for synthesising poly-
mers having aromatic groups in the main chain. First
developed by Kovacic and his coworkers in 1962,"° it
enables polyphenylenes to be obtained by the single-stage
conversion of aromatic compounds in the presence of cata-

1¥sts such as Lewis acids and oxidising agents at 30-37°C3%

727576 Several investigations have shown **"""”"® that

the ox1dat1ve dehydropolycondensation of benzene usually
gives polymers that are infusible and insoluble in organic
solvents. Mixtures of benzene with various aromatic
hydrocarbons—e.g. naphthalene, biphengl terphenyl,
toluene, xylenes, etc.~—~—were proposed”’ & for the produc-
tion of fusible and soluble polyphenylenes. The properties
of the resulting polymers were found to depend mainly on
the process conditions (proportions and concentrations of
initial monomers, catalyst concentrations, type of solvent,
temperature, etc.).

Oxidative de ’ydropolycondensatmn is catalysed most
effectively **™**""" py the aluminium(II)~-copper(Il) chloride
system. In its presence toluene yielded oligophenylenes
of mean degree of polymerisation 7 = 10-20, soluble in
aromatic hydrocarbons (benzene, toluene) and having m.p.
=~ 250°C. Nuclear magnetic resonance, infrared, and
ultraviolet spectroscopy together with elementary analysis
of the oligophenylenes and of products formed under con-
ditions of oxidative degradation showed that the main oli-
gomer chain consisted of ortho-linked aromatic rings
containing p-methyl groups. A certain number of para-
linked phenylene units were also present in the chain.
From this Kovadic and Ramsey " suggested that the
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mechanism of the formation of 0-oligophenylenes from

toluene (the ring bonds are delocalised) was
H,0 4 AICI; 2 HyO .. . AlCly 2 H* [AICI, (OH)];

Me

e [AN /TN e PMe H =<
PhMe — [H/\ pne—= H>< 7 cuclh

M.
¢ Mo Me

6. &8

Me /4

—

When a benzonium ion protonated o7tho to the methyl group
appears, growth of the oligomeric molecule leads to for-
mation of a methylated p-oligophenylene:

Me Me Me Me
H = =\
@ H @ phMe H B CuCly
H H \—=/H -2

Me /M Me
] e BB

Alkylated polyphenylenes were obtained by Paushkin
et al.®”®® py oxidative polycondensation of the corresponding
phenols. Thus phenol and its homologues (m-cresol,
p-t-butylphenol, etc.) in the presence of zinc chloride
(at 250-350°C for 6 h) gave polymers partly soluble in
dimethylformamide, phenol, pyridine, dioxan, and con-
centrated sulphuric acid. The solubility of the polymers
diminished with rise in temperature and increase in dura-
tion of the reaction. The mechanism was regarded as
involving dehydration and polymerisation of an intermedi-
ate dehydrobenzene or as polycondensation:

an
R 7

M=t
n <{> -

no@%u ii()@ﬂ — \;/ I
g R R Jn

The former was regarded as the more probable, since
polymers with o7tho-linked benzene rings were mainly
formed. However, the suggested mechanism can hardly
be regarded as soundly based, since intermediate forma-
tion of dehydrobenzene is unlikely in the high-temperature
conversion of phenols in the presence of catalysts. Pro-
cesses involving phenoxy-radicals and their subsequent
conversion products probably also take place under these
conditions.

The unsubstituted or alkylated o-phenylenes (yield
< 32%) obtained from phenol, m-cresol, and p-t-butyl-
phenol respectively contained 9.8-19. 6% of soluble frac-
tions having Mn = 950-1050. The presence of a small
quantity of oxygen in the polymer is evidently due to ter-
minal hydroxyls®®

R

7. Nitro-substituted Oligo- and Poly-phenylenes

Several nitro-p-quaterphenyls were synthesised in order
to ascertain the influence of nitration on the solubility of
oligophenylenes. Thus 1*,4*-dinitro-p-quaterphenyl,
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obtained from 4-iodo-4'-nitrobiphenyl by the Ullmann
reaction %

_OTNTTN oS -
&2 —NO, O,N-

TN _/7 N
) N A N
was isolated as yellow crystals of m.p. 317-320°C,
insoluble in the majority of organic solvents.

Table 10. Solubilities in toluene (at 20°C) and melting
points of nitrated and methylated p-quaterphenyls®®
I dat Nitro-derivative Methyl derivative
al
positions solubility ° solubility. o
glitre’] ’ m.p.,°C g litre-1 sl m.p.,°C
28 4.3 288 - _
, 3 3.4 342 55 178
s 5. 3.8 233 51 150
12 20, 3, 42 2.0 207 3.5 243
124, 23, 32 424 0.85 235 470 96
! 0.20 292 — -

Comparison of the properties of methylated and
nitrated p-quaterphenyls showed (Table 10) that the latter
have rather higher melting points, but con51derably lower
solubilities, than their methylated analogues®. On the
whole a nitro-group produces little enhancement of the
solubility of oligophenylenes, although in polar solvents
(nitrobenzene, dimethylformamide) their solubility is
increased s1gn1f1cantly

From 3-chloro-2,2'4,4',6,6'-hexanitrobiphenyl in dry
nitrobenzene in the presence of copper bronze Dacons*
obtained dodecanitroquaterphenyl (yield 70%), an explosive

compound:
1
on—{— >-(__—o,
pfoz NO2 I’\102 II\IO;.
OzN_C 2_\:>_N02M_’ NO, NO,
a Noz NO2 OZN__<il>_<t—__>—NO?

NO, NO,

A nitro-substituted P-polyphenylene was obtained by the
Ullmann reaction, when 4,4’ -di~iodo-3,3" -dinitrobiphenyl
in dlmethylformaxmde solutlon in the presence of copper
bronze was heated to 140°C*:

NO, NO,

NO, NO,
— —\\ /‘—“‘I\_I Cu, 120-140° I_[_/=\_/=\_] —1 .
/ N Nl N e

The polymer was a crystalline yellow powder, infusible
and insoluble, which decomposed above 250°C

As an alternative to the main method for obtaining
nitrated oligophenylenes—the Ullmann reaction—the
pyrolysis of aromatic compounds can be used for mtroter—
phenyls and nitrobiphenyls. Fields and Meyerson >
studied the arylation of aromatic nitro-compounds at high
temperatures. A 28% yield of 3-nitrobiphenyl was iso-
lated from the pyrolysis of a mixture of #-dinitrobenzene
and benzene (molar proportions 1:10) at 450°C. The

e - =\—N0
N/ N/
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reaction between 1,3,5-trinitrobenzene and benzene at
450-600°C gave am ixture of nitroterphenyl, dinitrobiphen-
yl, and triphenylbenzene:

OgN NO, NO, Ph Ph
NN/ /j‘ IN_IN\_ S \/w__/\ \( /
C-0-000+ 010+
/s N/ N/ A Y Y4 N/
NO, nlqo2 1'\10, 1|>h

A radical mechanism is involved with intermediate forma-
tion of a phenyl radical:

PENO, — Ph 4+ NO,

8. Oligophenylenes containing Acetyl and Acetal Groups

Oligophenylenes having terminal acetyl groups were
first synthesised by Korshak et al.®?* by the polycyclo-
condensation of mono- and di-acetylated aromatic com-
pounds. In the presence of an acid catalyst (hydrogen
chloride, sulphuric acid, toluene-p-sulphonic acid) at 20°C
infusible oligophenylenes, having Mn = 1500-4200, con-
taining acetyl end-groups, and soluble in benzene, toluene,
chloroform, and other organic solvents, were obtained
from acetophenone with p-diacetylbenzene or with 4,4'-
diacetylbiphenyl:

MeCOArCOMe + MeCOPh %% MeCOAT— —O—A —ArCOMe  »
iy

A

|
Ph

n

Trimerisation was shown to involve intermediate formation
of a dimer containing dypnone fragments, which interacted
with the acetyl group to give the 1,3,5-trisubstituted ben-

zene rings:
o AIAr—\,
1
2 C—Ar—~ - ~—Ar—CO—CH=C—Ar—~ AOMe 7\

|

Me Ilvle l\/u\
Ar Ar
| !
U 1}

The introduction of ethyl orthoformate promoted con-
version of the acetyl compounds into acetals, whmh readily
trimerised to a benzene ring. Korshak et al.®®*”® sug-
gested that acetylated aromatic compounds should be
replaced by their acetals as initial compounds, in order to
diminish the significance of side-reactions in the synthesis
and lower the quantity of defective structures in the poly-
mer. The polycondensation of diacetals of diacetylaryl-
enes with acetals of acetophenone gave oligomers (Mp =
1700~-2500) having reactive terminal groups:

Me (OR),C—Ar—C (OR),Me + PhC (OR); Me -oar—

OR ?R
—>Me—(‘3— ——Ar——,/\’l— —Ar—~(l:—Me
\\ J OR
Ph n

A linear structure was attributed to the resulting oligo-
phenylenes on the basis of their elementary composition,
molecular mass, and proton magnetfic resonance spectra.
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The oligophenylenes obtained either from acetylated
aromatic compounds or from their acetals, when heated
(at 400°C in the absence of a catalyst or at 300°C in the
presence of toluene-p-sulphonic acid), set to infusible and
insoluble products. Thermogravimetric results indicated
that these products began to decompose at 430°C when
heated in helium, and at 900°C the total losses in weight
were 30%.

9. Ethynylated Oligophenylenes

The controlled synthesis of soluble aromatic polymers
by the polycyclotrimerisation of a mixture of butadiyne
and acetylene in an inert organic solvent, with the use of
tantalum and niobium halides and oxide halides as cata-
lysts between —30 and +200°C, was reported in the patent
literature 7!, The chains in such polymers may ter-
minate in ethynyl groups. Little study has been made of
the properties of the products. Strongly branched oligo-
phenylenes with terminal ethynyl groups have been
obtained by the copolycyclotrimerisation of mono- and di-
acetylenic compounds in the presence of various catalytic
systems (such as L(AlkO)gPLCoBr, 100-103,2 oN aBH,.
.2(CeHs)sP.NiCla, ' Ziegler catalysts'®, and other tran-
gition-metal complexes):

_ A —
[

HC=C—Ar—C=CH+Ar—C=CH ®F _| _ar _,/\I_A,_'/\“_ _
N N/
L J\r——CzCH

—n

Oligophenylenes containing ethynyl groups and having
molecular weights Mn = 1000-2500 (determined ebullio-
scopically in benzene) dissolve readily in benzene, toluene,
and other organic solvents. The polymers easily set at
150-250°C to hardened products possessing high deforma-
tion heat-resistance, which increases with the number of
ethynyl groups in the initial copolymer. However, the
stability towards thermal oxidation of the hardened poly-
phenylenes diminishes with increase in the number of
ethynyl groups.

Analogous soluble branched oligophenylenes having
terminal ethynyl groups were obtained by Bracke '°® by the
copolycyclotrimerisation of 7 -diethynylbenzene and
phenylacetylene in chlorobenzene in the presence of a
Fisher type of catalyst TiCla 2AICl; at temperatures from
-35to +20°C. Thermogravimetry indicated that the
polymer began to decompose at ~ 500°C whether in an
inert gas or in air. _

Furthermore, oligophenylenes having Mp = 10000
(determined by gel-permeation chromatography), soluble
in benzene and chlorinated hydrocarbons, were obtained
by Chalk and Gilbert'”” by the copolycyclotrimerisation of
phenylacetylene .and m-ethynyltoluene with m-diethynyl-
benzene in the presence of a Ziegler catalyst (in toluene
between —23 and +20°C). The products softened at 200-
300°C depending on the molecular mass. The polymers
were processed by extrusion.

10. Alkenylated Oligophenylenes

Kern et al.'® developed a process for obtaining 4-vinyl-
biphenyl and 1*-vinyl-p-terphenyl by reducing 4-acetylbi-
phenyl and 1*-acetyl-p-terphenyl with lithium tetrahydro-
aluminate, and subjecting the resulting @-hydroxyethyl
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derivatives to liquid-phase dehydration in the presence of
methanesulphonyl chloride in pyridine solution:

LIAMH, MeSO,Cl

ArCOMe — ArCHOHMe

ArCH=CH,

where

NN SN TN
m== > o< __

Branched oligophenylenes containing double bonds have
been obtained'® by the copolycyclotrimerisation of p-
diethynylbenzene with alkenylacetylenes—butenyne or
methylbutenyne—on the catalysts {(CHs0)sPLhCoBr, NiCla.
.2(C6H5)3P.NaBH4, (iSO"C4H9)3A1.TiC14 (A]./Ti = 3).

cat.
HC=C C=CH + HCEC*(l‘A:CH7 —~
R

The content of double bonds and the properties of the oligo-
phenylenes depend primarily on the ratio of p-diethynyl-
benzene to alkenylacetylene in the initial mixture. Thus
decrease in the ratio of the former to methylbutenyne tends
to increase the solubility and the unsaturation of the oligo-
mers and decrease their molecular mass. Completely
benzene-soluble oligophenylenes were obtained at ratios

of 1:3, when the products had Mp = 25000 and iodine
numbers of ~ 195.

Vinylated oligophenylenes obtained from p-diethynyl-
benzene and a vinylacetylene in the molar proportions
1:3-9 were solids only partly soluble in benzene and
chloroform, probably owing to the ease of cross-linking
during isolation and standing in the air. 1In contrast,
ternary copolymers based on p-diethynylbenzene, butenyne,
and phenylacetylene in the molar proportions 1:3:3 and
1:3:1, obtained in the presence of (is0-C4Hs);AL.TiCl,
dissolved completely in benzene and chloroform; their
iodine numbers varied from 130 to 440.

All the alkenylated oligophenylenes were easily hardened
at room temperature and on heating with the formation of
infusible and insoluble products.

III. POLYMERLIKE REACTIONS OF OLIGO- AND POLY-
PHENYLENES

Various functional groups can be introduced into poly-
phenylenes by treatment with appropriate reagents,
whether the polymers had been obtained by dehydrogenation
of polycyclohexenes or by oxidative dehgdropolycondensa-
tion of benzene. Thus Kovaéic et al.''® showed that the
action of concentrated sulphuric acid on a p-polyphenylene
yields a product in which about 60% of the aromatic rings
contain sulpho-groups. Sulphonation of p-phenylenes with
chlorosulphuric acid, oleum, or concentrated sulphuric
acid gave sulphonated polymers in which the ratio of car-
bon to sulphur varied from 6 (one sulphur atom per aro-
matic ring) to 36 depending on temperature and duration
of the reaction'''™'"3, Specimens having ratios < 9 dis-
solved in aqueous acetone and aqueous ethanol.

When a sulphonated polymer was fused with a mixture
of sodium and potassium hydroxides 97% of the sulpho-
groups were hydrolysed to hydroxy-groups*''. The
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resulting hydroxylated polyphenylenes were brittle black
products, soluble only in aqueous acetone and agueous
ethanol.

As noted earlier, the oxidative dehydropolycondensation
of benzene in the presence of a Lewis acid as catalyst **’
4174477 will yield p-polyphenylenes having various degrees
of halogenation. The hydrogen atoms of the aromatic
ring are completely replaced by chlorine when the process
is conducted in the presence of gaseous chlorine with
SnCl,.AlCl; or antimony(V) chloride as catalyst. In the
presence of aluminium bromide brominated p-polyphenyl-
enes are formed containing on the average ~ 3 bromine
atoms per benzene ring '*°.

One nitro-group can be introduced into every benzene
ring by treating a P-polyphenglene with a nitrating mixture
(nitric and sulphuric acids)'®. Aminated polyphenylenes
were obtained by reducing the nitro-polymers with hydra-
zine in the presence of Sn—HC1 or SnCla~HCl in diethylene
glycol solution, when conversion of nitro-groups into
amino-groups reached 94-100%. The final products con-
tained small quantities of nitro, azoxy, and other func-
tional groups with incomplete reduction, and also because
of the occurrence of side-reactions'™.

Paushkin et al. '™ used hydroxylated polyphenylenes
obtained from dihydric phenols for the preparation of nitro-,
nitroso-, and amino-derivatives. Thus treatment with a
nitrating mixture (nitric and sulphuric acids) at tempera-
tures not exceeding 10°C introduced a nitro-group into
almost every benzene ring. Poly(hydroxynitrophenylenes)
were obtained by the action of nitrous acid onahydroxylated
polyphenylene. The general trend of the nitration and
nitrosation of these polymers can be represented by the

scheme
HNOj3 + HyS80, Z&
O,N’ OH

ON OH

The aminophenylation of hydroxylated polyphenylenes
with azobenzene hydrochloride produces polymers that are
partly soluble in dimethylformamide and contain one
aminophenyl group for approximately two hydroxyphenylene

groups **:

| N
+ @NZN@ — on = ou
HCH L3
OH | ’L N

NH,

4

2 im

Polymers completely soluble in dimethylformamide were
obtained by the amination of poly(bromohydroxyphenyl-

114
enes)
mxl;,%i(l.xu, ,
OH ’ 11
T _| NH, _Ju

Reduction of poly(hydroxynitrophenylenes) by the action of
tin(II) chioride in hydrochloric acid gave up to 70% yields
of poly(aminohydroxyphenylenes):

.
100°
+ 3n8nCl, + 6nHCl —> + 3nSnCl, + 2nH,0
' 1 OH
L oNo, ], NH, |,

Poly(phenylene isocycanates) were prepared by the reac-
tion of poly(aminohydroxyphenylenes) with chloroform and
alkali ™.
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The above investigations have shown that the introduc-
tion of substituents into hydroxylated polyphenylenes
improves their solubility but impairs their thermal stabil-

ity.

IV. PRACTICAL APPLICATION OF OLIGO- AND POLY-
PHENYLENES CONTAINING VARIOUS FUNCTIONAL
GROUPS

Much experimental information has now accumulated
on the preparation and properties of oligophenylenes and
polyphenylenes containing functional groups, from which
conclusions can be drawn (though still preliminary) on the
further development of work on these lines. Fields of
practical application of the substituted oligomers and poly-
mers, at present fairly restricted, will undoubtedly expand
continuously.

When heated in a melt with alkali, polyphenylenes
containing sulpho-groups form polyphenols, which are
converted by treatment with formaldehyde into insoluble,
infusible cross-linked products'*!. These undergo no
loss in weight when heated to 400°C (in nitrogen with AT =
2.5 deg min~'), and only at 900°C do the losses amount to
30%. The thermal stability of the products diminishes
with increase in the quantity of substituents in the polymer
molecule.

A heat-resistant composition was obtained also from a
mixture of a chlorinated polyphenylene and a silicone
grease''®,

Polyphenylenes having terminal ethynyl groups can be
used as binders in polymeric antifriction materials for the
production of bearings operating over the temperature
range 50-320°C. "

Polymers obtained by treating isomeric terphenyls
with benzene-m-disulphonyl dichloride or benzene-1,3,5-
trisulphonyl trichloride at 300-350°C are used for the
production of heat-resistant coatings''”. Such coatings
have been obtained also from a mixture of a soluble and a
fusible polyphenylene (Mn = 500-5000), aromatic sulphonyl
halides (e.g. benzene-m-disulphonyl dichloride), and an
inorganic pigment (titanium dioxide)''®.

Thermosetting polymers of the polyphenylene type are
employed as ablative coatings and for the preparation of
laminates having high heat resistance''®. Mixtures of
fusible and soluble polyphenylenes were used for these
purposes, with 10 wt. % of bishydroxymethylbenzenes as
hardeners. oaw-Dibromo-p-polyphenylenes are used for
the production of heat-resistant coatings *®.

A polymer based on m-dibromobenzene, containing -
phenylene repeating units, finds application for the manu-
facture of electrical insulators operating at temperatures
of 23-240°C.'® Hydroxylated o-polyphenylenes can be
regarded as organic semiconductors”, having conductivi-
ties of 10™°~107% ohm™ em™" at 50°C. Alkylated ter-
phenyls are used as heat-transfer agents, regulators, and
moderators of neutrons in atomic reactors®. Poly-
(aminohydroxy-o-phenylenes) have an inhibiting effect:
for example, they prevent the thermal polymerisation of
styrene (for up to 1.5 h at 120°C) 4.
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