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Among the known heat resistant polymeric materials the polyphenylenes are one of the most promis-
ing types cf compounds [1]. However, the known methods for the synthesis of the polyphenylenes 2] have
a number of disadvantages, which consist either in the complexity of synthesizing the starting compounds
or in the difficulty of processing the polymer. The method proposed by us for the synthesis of polyphenyl-
enes by the polycondensation of diacetylarylene ketals [3] has a number of important advantages and makes
it possible to obtain polymers of variable structure under mild conditions. The method is based on the
trimerizat.on of the ketals of methyl aryl ketones in the presence of HC1 to give a 1, 3, 5-substituted ben-
zene ring system {4]. Detailed data on this reaction are lacking in the literature. By analogy with the
condensation of acetophenone [5], it could be expected that the condensation of acetophenone ketal (AK) will
give, together with 1, 3, 5-triphenylbenzene (TPB), condensation products of the polyvinylene type. Such
fragments in the polyphenylene chain are defects and can importantly affect the properties of the polymer.

In the present paper we studied the condensation of AK, which modeled the formation of a 1, 3, 5-sub-
stituted beazene ring in the synthesis of polyphenylenes by the polycondensation of bis-ketals, and an
attempt was made to ascertain its principal rules and the mechanism.

TABLE 1. Yield of 1, 3, 5-Triphenylbenzene when Aceto-
phenone Ketal is Condensed in the Presence of Various

Catalysts
Amount of Tempera- [Yieldt of
*

Catalyst catalyst,% Solvent ture, °C TPB,%
HCl 20 Toluene —15 33
HCI 20 Benzene 20 78
HCI 20 " 60 52
HF 20 " 20 0
H PO, 10 " 20 0
H,S0, 10 i 20 0
H,S0, 10 Without a solvent 200 39%
H,80; 10 Ditolylmethane 200 35%
TsOH-H,0 10 Benzéne 20, 0
TsOH.H,0 10 " 60 45
TsOH-H,0 10 Without a solvent 200 623
TsOH-H,0 10 Ditolylmethane 200 8%
BF;-0(C,H;). 10 Benzene 20 0

0Cl, 10** " 20 75
CH,COCL 10%e " 20 70%

*Solution concentration of ketal = 1 M/liter,

tReaction time =1 h,

itReaction time =4 h,

*+Calculated on the basis of the amount of alcohol that is liberated in
the condensation of the AK,
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TABLE 2. Condensation Rate

of AK at 20°C in Benzene (Ini- 70[
tial AK concentration=1.0M
/ liter; catalyst=HCI) 5

2
=
Ketal 1 [X1—iX] E?- /{
tmin- (S | IR 5’”
Jiter lirer M~!. min~! T 45 115 M, Liter
2ol o 0.429 Fig.1. Yield of TPB as
2 g,zgg 81% a function of the initial
5 0,403 0,110 AK concentration in ben-
s g:gg? 8:}12 zene solution (catalyst
3 8’3«,1;3 8,1(1)2 ' =HCI, temperature=20°),
10 | 0,284 0,413
We evaluated the efficiency of various acid catalysts in the forma-

k= 0,115* tion of TPB on the basis of its yield. It proved that the most efficient
catalysts are HCI gas, the acid chlorides of inorganic and organic acids,
which form HC! when they react with the liberated alcohol, and p-toluene-
sulfonic acid (Table 1).

The value of the rate constant, deter-
mined for an initial AK concentration of
0,5 and 1.5 M/liter, is respectively

0.122 and 0,117 liter« M~'- min~%, The high catalytic activity of HCI is probably associated with its

dissociation in aprotic solvents according to the scheme: 2HC1 = H+
+HCly [6]. As aresult, it becomes understandable why HF, which is weakly dissociated in aprotic sol-
vents [7], does not catalyze the condensation of AK. The maximum formation of TPB in the presence of
HCl is observed when the initial solution concentration of the ketal is 1 M/liter (Fig.1). The extreme
character of the yield of TPB as a function of the initial ketal concentration is probably explained by the in-
crease in the portion of the side reactions.

The condensation rate of the AK was studied by the amount of alcohol that was liberated during the
synthesis, which amount was determined by GLC. The running concentration of the ketal was calculated
on the basis of its conversion to the alcohol, on the assumption that 2 molecules of alcohol are liberated
per ketal group:

X] = [Cieﬂ - [Cketl]
where [Cygt 1] is the ketal conversion in M/liter, which was determined using the equation:
[Cyet) = (arun/amax) [Cl:er]

where a,.,, is the running concentration of the alcohol in the sample in %, and ay,,x is the alcohol concen-
tration in the reaction mass when all of the ketal has been converted, in %.

The constancy in the value of the rate constant, determined at various initial AK concentrations
(Table 2), indicates the second order of the reaction. Starting with the second order of the reaction in
AK, and taking into consideration the existing data both on the mechanism of the crotonic condensation [8]
and on the chemical properties of ketals [9, 10], the process can be depicted by the following scheme (see
Scheme 1).

As is known, equilibrium is established in acid medium with the formation of the AK of ¢ -ethoxy-
styrene (I) [9,10]. The addition of a proton to the AK and to (I) leads to the formation of the carbcation
(I). The further reaction of (I) and (IT) represents electrophilic attack of the methylene group of ¢ ~ethoxy-
styrene (I) by carbcation (II) with the formation of dimer (III). The intramolecular cleavage of alcohol
from (III) leads to the formation of carbeation (Illa), which is more stable due to conjugation. The further
reaction of (I) with (Ila) gives trimer (IV), which is capable of forming TPB (VI) via the intermediate
complex and subsequent cyclic electron transfer [11]. The further reaction of (IV) with (I) gives tetramer
(V), the intramolecular cyclization of which leads fo (VII), etc.

The data on the cyclocondensation of o -ethoxystyrene itself corroborate the proposed scheme of the
process. The yield of TPB in this case reaches 65%. The reaction has an induction period, which is
associated with the formation of the carbeation (the color changes to dark red), after which the formation

1048



OEt
|
Ph—C—CHs 2 Ph—C=CH

|
(‘)Et OEt
H* g+ (D
1T
OEt
|
Ph—C*+ (II)
CHs
CHa OEt CHs OEt

! | —EtOH | |
1) +(11) - Ph—C-—CHz—C—Ph ——— Ph——C::CH—(E—Ph —
+

|
OEt  (Il) (It1a)
cH

phoc’ c_ph | | | |

n Ph— D

A {  —— Ph—C-=CH—C=CH—C=CH—C—Ph
+

CHs Ph Ph OEt

—_—

—EtOX CH: CH W)
& _EtOH
VRN —H*
FtO PL(IV) .
l
Ph CH Ph
AN N4 Ph
G G Ph
| |
H—<CH. CH - O
EtD——& Ph
|
Ph
I—EtOH Et = C:Hs; Ph = CsH,
T
Ph Ph
\/\t/
J
|
Th (VD) Scheme 1

of the TPB, either without a solvent or in solution, bears an explosive character. A somewhat lower yield
of TPB in this case can be explained by an increase in the role of the side reactions, as is evidenced by
the appearance by halo compounds in the products.

As is known, the polarity of the solvent can exert an effect on the progress of the condensation. A
decrease in the TPB yield is observed with increase in the polarity of the solvent (Table 3). This is prob-
ably explained by a decrease in the amount of o -ethoxystyrene with increase in the polarity of the solvent.

Taking into account the fact that the second step in the synthesis of polyphenylenes from ketals is
accomplished at high temperatures [3], we made a more detailed study of the condensation of AK in the
range 100-400°, and using p-toluenesulfonic acid (T sOH-H,0), H,80,, ZnCl, and SnCl, as the catalysts. It
proved that the efficiency of the catalysts decreases in the order: TsOH > H,SO, > ZnCl, > SnCl, (Table 4).
In addition, a decrease inthe TPB yield occurs with increase in the temperature, although the ketal is
consumed completely, which testifies to the formation of other products along with TPB.

According to the GLC, the condensation products of AK in the presence of SnCl, contain TPB with a
relative retention time of 17 min, and also of compounds with a longer retention time, which can be ex-
plained by the formation, along with TPB, of other cyclic compounds, like tetraphenyleyclooctatetraene
(VII) and pentaphenyleyclodecapentaene, which should exist as 9, 10-dihydronaphthalene (VI) [12]. The
formation of a substituted cyclooctatetraene was observed during the trimerization of some carbonyl-sub-
stituted olefins [13], in which connection it was postulated that the process proceeds via the intermediate
formation of B-acetoxyvinyl acetate, which subsequently underwent condensation of the aldol type. Also
in support of the formation of macrocycles in the experiment with ZnCl, at 200° is the good agreement of
the mass number of the identified compounds with the molecular weight of compounds (VII) and (VIIT).
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TABLE 3. Effect of Polarity of TABLE 4. Yield of 1, 3, 5-Tri-

Solvent on Yield of 1, 3, 5-Tri- : phenylbenzene when Acetophen~
phenylbenzene (Catalyst HCI, 20°, one Ketal is Condensed in the
1 hour) Presence of Acid Catalysts at
Yield of Various Temperatures (Reaction
Catalyst # TPB,% time = 4 hours)
Yield of TPB,%
Benzene 0,00 78 1 -
Toluene 0,29 76 Catalys 1000 | 2000 | 00° | 400°
CCl, 0,00 | 72
Dioxane 0,45 69
Chloroform 1,15 60
Chlorobenzene 1,56 41,5 . -
m-Cresol ) 1,54 43 %Sgg H;0 %0 g? gé 4 ‘i‘% 3
Dimethyl- - | 3,87 | 26,5 Znc1, — | 2 |18 ] 1t
formamide — )
Nitrobenzene 3,99 | 28,6 Sncl, o 9srs
CeHs CoHs Cs'Hs C{eHs
O 0
avin /\/l\/\
CeHs CsHs (VIT) CsHs CeH,

oHs
CeHs (VIID)

In the NMR spectrum of the condensation products (with a mol. wt. of 675), remaining after recrys-
tallization of the solid products, besides the signal of the protons of the benzene ring at 2.6-2.9 ppm (T
scale) and the CH;y protons at 8.05 ppm, a signal is present at 3.25 ppm, which can be assigned to the pro-
ton of a vinylene structure, which suggests the possibility of forming linear polyvinylenes.

As a result, the condensation of AK represents a complex process, where together with the main
product, namely TPB, a certain amount of condensation products is formed that have both a cyclic and a
linear structure.

METHOD

Acetophenone diethyl ketal was obtained as described in [14] by the treatment of acetophenone with
orthoformic ester. «-Ethoxystyrene, with bp 61-63° (2 mm) and n23-5 1,5275 [15], was obtained by the
Claisen method [10], by heating AK in the presence of pyridine and CHCOCI.

Condensation of Acetophenone Ketal. A stream of HC1 was passed for 1 h into a solution of 2.5 g
of AK in 10.5 ml of the solvent. The excess HCI and solvent were removed in vacuo at 30-35°. The re-
sidue was worked up to give triphenylbenzene with mp 172-173° (from glacial CH;COOH) [4]. The conden-
sation of AK in the presence of the other catalysts was run in a similar manner. The amount of acid chlor-
ides, used as catalysts, was calculated on the basis that they reacted completely with the liberated alcohol,
i.e., 2 M of acid chloride per mole of AK., We took 1.4 g of acetyl chloride for 2.5 g of the ketal, which
represents 10%.

The amount of alcohol in the reaction mass was determined by GLC. The 1000 x 3 mm column was
filled with 19% of Apiezon L deposited on Teflon, and the temperature was 45°. The relative retention
time of the alcohol was 15 sec, and that of benzene was 150 sec. The column was calibrated using an al-
cohol—benzene mixture. The mass spectrometric measurements were run on MKh-1309 and RMI-6 (Hita~
chi) instruments, at a temperature of 50° in the ionization chamber and an ionization energy of 70 eV. The
NMR spectra were taken on a Perkin— Elmer R-12 instrument in CCl, solution.

We express our deep gratitude to B, V. Rozynov for the mass~spectrometric analysis.

CONCLUSIONS

1. A study was made of the formation of triphenylbenzene by the condensation of acetophenone di
ethyl ketal under various conditions and the optimum conditions were determined.

2. Some of the kinetic rules of the reaction were studied and it was shown that the condensation of
acetophenone ketal is described by a second order kinetic equation. A probable mechanism of the reaction
was proposed.
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3. Employing chromatographic and mass-spectrometric analysis methods it was shown that, tog-
ether with triphenylbenzene, macrocyclic compounds and polyvinylene oligomers are formed.
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