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Among  the known heat r e s i s t a n t  p o l y m e r i c  m a t e r i a l s  the po lypheny lenes  a r e  one of the mos t  p r o m i s -  
ing types  cf compounds  [1]. However ,  the known methods  for  the s y n t h e s i s  of the po lypheny lenes  [2] have 
a n u m b e r  (ff d i sadvan tages ,  which c o n s i s t  e i the r  in  the complex i t y  of syn thes i z ing  the s t a r t i n g  compounds  
or  in  the d . f f icu l ty  of p r o c e s s i n g  the p o l y m e r .  T h e  method  p roposed  by  us for the syn t he s i s  of po lypheny l -  
enes  by  the p o l y c o n d e n s a t i o n  of d i a c e t y l a r y l e n e  k e t a l s  [3] has  a n u m b e r  of i m p o r t a n t  advan tages  and  makes  
it p o s s i b l e  to ob ta in  p o l y m e r s  of v a r i a b l e  s t r u c t u r e  unde r  mi ld  cond i t ions .  T h e  method  is  b a s e d  on the 
t r i m e r i z a t ~ o n  of the ke ta l s  of me thy l  a r y l  ke tones  in  the p r e s e n c e  of HC1 to give a 1, 3, 5 - s u b s t i t u t e d  b e n -  
zene  r i n g  s y s t e m  [4]. De t a i l ed  data on th i s  r e a c t i o n  a r e  lack ing  in  the l i t e r a t u r e .  By analogy with the 
c o n d e n s a t i o n  of ace tophenone  [5], it could  be expected that the c o n d e n s a t i o n  of ace tophenone  ke ta l  (AK) wi l l  
give,  t oge the r  with 1, 3, 5 - t r i p h e n y l b e n z e n e  (TPB),  c o n d e n s a t i o n  p r o d u c t s  of the po lyv iny lene  type.  Such 
f r a g m e n t s  in  the po lypheny lene  cha in  a r e  defects  and can  i m p o r t a n t l y  affect the  p r o p e r t i e s  of the p o l y m e r .  

In the p r e s e n t  p a p e r  we s tud ied  the c o n d e n s a t i o n  of AK, which mode led  the f o r m a t i o n  of a 1, 3, 5 - s u b -  
s t i tu ted  b e a z e n e  r i n g  in  the s y n t h e s i s  of p o l y p h e n y l e n e s  by the p o l y c o n d e n s a t i o n  of b i s - k e t a l s ,  and an 
a t t empt  was  made  to a s c e r t a i n  i t s  p r i n c i p a l  r u l e s  and the m e c h a n i s m .  

T A B L E  1. Yield of 1, 3, 5 - T r i p h e n y l b e n z e n e  when Ace to -  
phenone Ke ta l  i s  Condensed  in  the P r e s e n c e  of Var ious  
C at a lys t  s 

Catalyst 

HC1 
HC1 
HC1 
HF 
H~P04 
H~SO4 
H2S04 
H2SOa 
TsOH. H~O 
TsOH. H20 
TsOH. H~O 
TsOH. H20 
BF 3 - O(C2H a),, 
SOC12 
CH3COC1 

Amount of 
catalyst,% 

20 
20 
20 
20 
t0 
t0 
t0 
t0 
t0 
t0 
10 
t0 
t0 
10" * 

t0"* 

Solvent* 

Toluene 
Benzene 

n 

n 

Without a solvent 
Ditolyhnethane 
Benzene 

n 

Without a solvent 
Ditolylmethane 

: Benzene 

Tempera- 
t r i t e ,  ~  

--t5 
20 
60 
20 
20 
20 

200 
200 
20 
60 

200 
200 
20 
20 
20 

*Solution concentration of ketal = 1 M/liter. 
~'Reaction time = 1 h. 
SReaction time = 4 11. 

Yield T of 
TPB,% 

33 
78 
52 
0 
0 
0 

395 
355 
0 

45 
635 
58$ 
0 

75 
705 

**Calculated on the basis of the amount of alcohol that is liberated in 
the condensation of the AK. 
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T A B L E  2. C o n d e n s a t i o n  R a t e  
of AK at 20~ in B e n z e n e  ( In i -  
t i a l  AK c o n c e n t r a t i o n  = 1.0 M 
/ l i t e r  c a t a l y s t  = HC 1) 

to m i l l '  

t 
2 
3 
4 
5 
6 
7.- 
8 
9 

t0 

~etal ~ t [Xlo~[X] 
:oncn. -zz =a[-Ti~ot" - " ~ 1  ' 
x], M. 
/liter liter. M "I. min "1 

0,654 
0,566 0,129 
0',500 0,t2t 
0,425 0,tt3 
0,403 0,tt0 
0,369 0,tt5 
0,34t 0,tt4 
0,3t6 0,t08 
0,299 0,tt4 
0,284 0,tt3 

km= 0,tt5" 

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 "1. min "1. 

/ " 

"~ '~ t / t t I ,, 
O 0,5 1 1,5 M, liter 

F i g .  1. Y i e l d  of T P B  a s  
a func t ion  of the  i n i t i a l  
AK c o n c e n t r a t i o n  in  b e n -  
zene  so lu t i on  ( c a t a l y s t  
= HCI,  t e m p e r a t u r e  = 20"). 

We e v a l u a t e d  the  e f f i c i e nc y  of v a r i o u s  a c i d  c a t a l y s t s  in the  f o r m a -  
t i on  of T P B  on the  b a s i s  of i t s  y i e l d .  It p r o v e d  that  the  mos t  e f f i c ien t  
c a t a l y s t s  a r e  HC1 gas ,  the  a c i d  c h l o r i d e s  of i n o r g a n i c  and o rga n i c  ac id s ,  
which  f o r m  HC1 when t hey  r e a c t  wi th  the  l i b e r a t e d  a lcohol ,  and  p - t o l u e n e -  
su l fon ic  a c i d  (Tab le  1). 

The high c a t a l y t i c  a c t i v i t y  of HC1 i s  p r o b a b l y  a s s o c i a t e d  with  i t s  
d i s s o c i a t i o n  in a p r o t i c  s o l v e n t s  a c c o r d i n g  to  the  s c h e m e :  2HC1 ~- H + 

+ HCI [  [6]. As  a r e s u l t ,  it  b e c o m e s  u n d e r s t a n d a b l e  why HF ,  which  i s  w e a k l y  d i s s o c i a t e d  in a p r o t i c  s o l -  
v e n t s  [7], does  not c a t a l y z e  the  c o n d e n s a t i o n  of AK.  T h e  m a x i m u m  f o r m a t i o n  of T P B  in the  p r e s e n c e  of 
HC1 i s  o b s e r v e d  when the  i n i t i a l  so lu t ion  c o n c e n t r a t i o n  of the  k e t a l  i s  1 M / l i t e r  (F ig .  1). T h e  e x t r e m e  
c h a r a c t e r  of the  y i e l d  of T P B  as  a funct ion  of the  i n i t i a l  k e t a l  c o n c e n t r a t i o n  i s  p r o b a b l y  e x p l a i n e d  b y  the i n -  
c r e a s e  in  the  p o r t i o n  of the  s ide  r e a c t i o n s .  

T h e  c o n d e n s a t i o n  r a t e  of the  AK was  s t u d i e d  by  the  amount  of a l c o h o l  that  was  l i b e r a t e d  du r ing  the  
s y n t h e s i s ,  wh ich  amount  w a s  d e t e r m i n e d  b y  G L C .  T h e  runn ing  c o n c e n t r a t i o n  of the k e t a l  was  c a l c u l a t e d  
on the b a s i s  of i t s  c o n v e r s i o n  to  the  a lcohol ,  on the  a s s u m p t i o n  tha t  2 m o l e c u l e s  of a l c oho l  a r e  l i b e r a t e d  
p e r  k e t a l  g r o u p :  

[xl = iced  -[Cket,l 

w h e r e  [Cketl  ] i s  t he  k e t a l  c o n v e r s i o n  in M / l i t e r ,  which  was  d e t e r m i n e d  us ing  the equat ion:  

[Cket] = ( a m n / a m a x ) [ C k e t l  

w h e r e  a r u  n i s  the  runn ing  c o n c e n t r a t i o n  of the  a l c oho l  in the s a m p l e  in  %, and a r e a  x i s  the  a l coho l  c o n c e n -  
t r a t i o n  in the  r e a c t i o n  m a s s  when a l l  of the  k e t a l  h a s  been  c o n v e r t e d ,  in  %. 

T h e  c o n s t a n c y  in  the  v a l u e  of the  r a t e  cons t an t ,  d e t e r m i n e d  at v a r i o u s  i n i t i a l  AK c o n c e n t r a t i o n s  
(Table  2), i n d i c a t e s  the  s e c o n d  o r d e r  of the  r e a c t i o n .  S t a r t i n g  wi th  the  s e c o n d  o r d e r  of the  r e a c t i o n  in 
AK, and  taking in to  c o n s i d e r a t i o n  the  e x i s t i n g  da t a  bo th  on the m e c h a n i s m  of the  c r o t o n i c  c o n d e n s a t i o n  [8] 
and on the c h e m i c a l  p r o p e r t i e s  of k e t a l s  [9, 10], the  p r o c e s s  c a n  be  d e p i c t e d  b y  the fo l lowing  s c h e m e  ( see  
Scheme  1). 

As  i s  known, e q u i l i b r i u m  i s  e s t a b l i s h e d  in a c i d  m e d i u m  wi th  the  f o r m a t i o n  of the  AK of c~ - e t h o x y -  
s t y r e n e  (I) [9, 10]. T h e  a d d i t i o n  of a p r o t o n  to  the  AK and to  (I) l e a d s  to  the  f o r m a t i o n  of the  c a r b e a t i o n  
(II). The  f u r t h e r  r e a c t i o n  of (I) and (I'I) r e p r e s e n t s  e l e c t r o p h i l i c  a t t a c k  of the  m e t h y l e n e  g r o u p  of o~ - e t h o x y -  
s t y r e n e  (I) by  c a r b c a t i o n  (II) wi th  the  f o r m a t i o n  of d i m e r  (III). T h e  i n t r a m o l e c u l a r  c l e a v a g e  of a l c oho l  
f r o m  ( l id  l e a d s  to  the  f o r m a t i o n  of c a r b c a t i o n  (I l ia) ,  wh ich  i s  m o r e  s t a b l e  due to  con juga t ion .  T h e  f u r t h e r  
r e a c t i o n  of (I) wi th  (IIIa) g i v e s  t r i m e r  (IV), which  i s  c a p a b l e  of f o r m i n g  T P B  (VI) v i a  the  i n t e r m e d i a t e  
c o m p l e x  and subsequen t  c y c l i c  e l e c t r o n  t r a n s f e r  [11]. T h e  f u r t h e r  r e a c t i o n  of (IV) wi th  (I) g i v e s  t e t r a m e r  
(V), the  i n t r a m o l e c u l a r  e y c l i z a t i o n  of which  l e a d s  to  (VII), e t c .  

T h e  da ta  on the  c y c l o c o n d e n s a t i o n  of a - e t h o x y s t y r e n e  i t s e l f  c o r r o b o r a t e  the  p r o p o s e d  s c h e m e  of the  
p r o c e s s .  T h e  y i e l d  of T P B  in t h i s  c a s e  r e a c h e s  65%. T h e  r e a c t i o n  h a s  an induc t ion  p e r i o d ,  which  i s  
a s s o c i a t e d  wi th  the  f o r m a t i o n  of the  c a r b e a t i o n  (the c o l o r  c h a n g e s  to d a r k  red) ,  a f t e r  which  the  f o r m a t i o n  
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OEt 
I 

Ph--C--CHa ~- Ph--C=CH2 

OEt 
H+ (I) 

OEt 
1 

Ph--C + (II) 

CH3 

CH3 OEt CH3 OEt 
I I - m o a  I I 

(1) ~ ( I I ) - - ~  Ph - -C- -CHz- -C- -Ph  ~ P h - - C = C H - - C - - P h ~  
I + + 

OEt ( i l l )  ( IIIa)  

CH 
/ " \  CHa Ph Ph OEt 

+(I) Ph--C C--Ph  -I-(D I [ q I 
[ IE ~ Ph--C :=CH--C=CH--C  =CH.- -C--Ph  

--EtOH CHa CH + + /  [ (V) 
C --EtOH 

/ ~ -I-I+ 
EtO Ph( IV)  

I 
Ph CH Ph 

2 ; J  H CH2 CH 
"" " " + /  Ph/ " : ~ P h  
E t ' o - - c  I 

Ph 

--EtOg Et = Ph CsH~ --H+ CzH~; = 

Ph Ph 
\ / / \ /  

I 
Ph (VI) Scheme 1 

of the TPB, either without a solvent or in solution, bea r s  an explosive cha rac te r .  A somewhat lower yield 
of TPB in this  ease can be explained by an increase  in the role of the side react ions,  as is evidenced by 
the appearance by halo compounds in the products .  

As is known, the polar i ty  of the solvent can exert  an effect on the p rog re s s  of the condensation. A 
decrease  in the TPB yield is observed with increase  in the polar i ty  of the solvent (Table 3). This  is p rob-  
ably explained by a decrease  in the amount of a - e thoxys ty r ene  with increase  in the polar i ty  of the solvent. 

Taking into account the fact that the second step in the synthesis  of polyphenylenes f rom ketals is 
accomplished at high t empera tu res  [3], we made a more  detailed study of the condensation of AK in the 
range 100-~.!00 ~ and using p-toluenesulfonic acid (T sOIt.H20), H2SO 4, ZnCI 2 and SnC14 as the cata lys ts .  It 
proved that the efficiency of the ca ta lys ts  dec reases  in the order:  TsOH > H2SO 4 > ZnC12 > SnCt 4 (Table 4). 
In addition, a decrease  in the TPB yield occurs  with increase  in the temperature ,  although the ketal is 
consumed eompleteIy,  which test i f ies  to the format ion of other products along with TPB.  

According to the GLC, the condensation products  of AK in the presence  of SnC14 contain TPB with a 
re lat ive retention t ime of 17 rain, 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 te t raphenyleyclooctate t raene 
(VII) and pentaphenylcyclodeeapentaene, which should exist as 9, 10-dihydronaphthalene (VII) [12]. The 
format ion of a substituted cyeloocta te t raene was observed during the t r imer iza t ion  of some earbonyl - sub-  
stituted olefins [13], in which connection it was postulated that the p roces s  proceeds  via the intermediate  
format ion of /? -ace toxyvinyl  acetate, which subsequently underwent condensation of the aldol type. Also 
in support of the format ion of macroeyc les  in the experiment with ZnC12 at 200 ~ is the good agreement  of 
the mass  number of the identified compounds with the molecular  weight of compounds (VII) and (VIII). 
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T A B L E  3. Ef fec t  of P o l a r i t y  of 
Solvent  on Yie ld  of 1, 3, 5 - T r i -  
p h e n y l b e n z e n e  ( C a t a l y s t  HC1, 20 ~ 
1 hour)  

Yield of 
Catalyst TPB,% 

Benzene 
Toluene 
c a b  
Dioxane 
Chloroform 
Chlorobenzene 
m-Cresol 
Dimethyl- i 

formamide 
Nitrobenzene 

0,00 
0,29 
0,00 
0,45 
i , t5 
1,56 
1,54 
3,37 

3,99 

78 
76 
72 
69 
60 
4i ,5 
43 
26,5 

28,6 

T A B L E  4. Yie ld  of 1, 3, 5 - T r i -  
p h e n y l b e n z e n e  when A e e t o p h e n -  
one K e t a l  i s  C o n d e n s e d  in the  
P r e s e n c e  of Ac id  C a t a l y s t s  at  
V a r i o u s  T e m p e r a t u r e s  (Reac t ion  
t i m e  = 4 hou r s )  

Catalyst 

TsOH. H~O 
H~S04 
ZnCI~ 
SnC14 

I00 o 

4O 

Yield of TPB % 

200 ~ SO0 ~ 400 o 

48 37 23 
3t 26,4 t0,3 
24 i8,6 Ii 
l i  9,5 5 

CsHs CsH5 Coils 
l CsH5 I l 

r  

C6H~ C6H5 (VII) C6H5 CsH5 
CoH5 (vHt) 

In the  NMR s p e c t r u m  of the  c o n d e n s a t i o n  p r o d u c t s  (with a mol .  wt .  of 675), r e m a i n i n g  a f t e r  r e c r y s -  
t a l l i z a t i o n  of the  s o l i d  p r o d u c t s ,  b e s i d e s  the  s igna l  of the  p r o t o n s  of the  b e n z e n e  r i n g  at  2 . 6 - 2 . 9  p p m  (~" 
sca le )  and the  CH~ p r o t o n s  at  8.05 ppm,  a s i gna l  i s  p r e s e n t  at 3 .25  ppm,  which  can  be a s s i g n e d  to  the  p r o -  
ton  of a v i n y l e n e  s t r u c t u r e ,  which  s u g g e s t s  the  p o s s i b i l i t y  of f o r m i n g  l i n e a r  p o l y v i n y l e n e s .  

As  a r e s u l t ,  the  c o n d e n s a t i o n  of AK r e p r e s e n t s  a c o m p l e x  p r o c e s s ,  w h e r e  t o g e t h e r  with the  m a i n  
p roduc t ,  n a m e l y  T P B ,  a c e r t a i n  amount  of c o n d e n s a t i o n  p r o d u c t s  i s  f o r m e d  that  have  both a c y c l i c  and  a 
l i n e a r  s t r u c t u r e .  

M E T H O D  

Ace tophenone  d i e thy l  k e t a l  w a s  ob ta ined  a s  d e s c r i b e d  in  [14] by  the  t r e a t m e n t  of ace tophenone  with  
o 23 5 o r t h o f o r m i c  e s t e r .  O t -E thoxys ty r ene ,  wi th  bp 61-63 (2 mm)  and n~" 1 .5275 [15], was  ob ta ined  b y  the  

C l a i s e n  m e t h o d  [10], by hea t ing  AK in  the  p r e s e n c e  of p y r i d i n e  and CH3COC1. 

C o n d e n s a t i o n  of Ace tophenone  K e t a l .  A s t r e a m  of HC1 w a s  p a s s e d  fo r  1 h in to  a so lu t ion  of 2 .5  g 
of AK in  10 .5  m l  of the  s o l v e n t .  T h e  e x c e s s  HCI and so lven t  w e r e  r e m o v e d  in v a c u o  at 30-35 ~ T h e  r e -  
s idue  was  w o r k e d  up to  g ive  t r i p h e n y l b e n z e n e  wi th  mp  172-173 ~ ( f rom g l a c i a l  CH3COOH) [4]. T h e  c o n d e n -  
s a t i o n  of AK in the  p r e s e n c e  of the  o t h e r  c a t a l y s t s  was  r u n  in  a s i m i l a r  m a n n e r .  T h e  amount  of a c i d  c h l o r -  
i de s ,  u s e d  a s  c a t a l y s t s ,  w a s  c a l c u l a t e d  on the  b a s i s  tha t  t hey  r e a c t e d  c o m p l e t e l y  wi th  the  l i b e r a t e d  a lcohol ,  
i . e . ,  2 M of a c i d  c h l o r i d e  p e r  m o l e  of AK.  We took  1.4 g of a c e t y l  c h l o r i d e  fo r  2 . 5  g of the  ke ta l ,  which  
r e p r e s e n t s  10%. 

T h e  amount  of a l coho l  in the  r e a c t i o n  m a s s  was  d e t e r m i n e d  by  G L C .  T h e  1000 • 3 m m  c o l u m n  was  
f i l l e d  wi th  19% of A p i e z o n  L d e p o s i t e d  on Te f lon ,  and  the  t e m p e r a t u r e  w a s  45 ~ T h e  r e l a t i v e  r e t e n t i o n  
t i m e  of the  a l coho l  w a s  15 sec ,  and tha t  of b e n z e n e  was  150 s e c .  T h e  c o l u m n  was  c a l i b r a t e d  us ing  an  a l -  
c o h o l - b e n z e n e  m i x t u r e .  T h e  m a s s  s p e c t r o m e t r i c  m e a s u r e m e n t s  w e r e  run  on MKh-1309 and R M I - 6  (H i t a -  
cM) i n s t r u m e n t s ,  at a t e m p e r a t u r e  of 50 ~ in  the  i o n i z a t i o n  c h a m b e r  and an i o n i z a t i o n  e n e r g y  of 70 eV.  The 
NMR s p e c t r a  w e r e  t a k e n  on a P e r k i n - E l m e r  R - 1 2  i n s t r u m e n t  in  CC14 so lu t ion .  

We e x p r e s s  our  deep  g r a t i t u d e  to B.  V. Rozynov  fo r  the  m a s s - s p e c t r o m e t r i c  a n a l y s i s .  

C O N C L U S I O N S  

1. A s tudy  w a s  m a d e  of the  f o r m a t i o n  of t r i p h e n y l b e n z e n e  by  the  c o n d e n s a t i o n  of ace tophenone  di 
e thy l  k e t a l  u n d e r  v a r i o u s  c o n d i t i o n s  and the  o p t i m u m  c o n d i t i o n s  w e r e  d e t e r m i n e d .  

2. Some  of the  k ine t i c  r u l e s  of t he  r e a c t i o n  w e r e  s t ud i e d  and  i t  was  shown that  the  c o n d e n s a t i o n  of 
a ce tophenone  k e t a l  i s  d e s c r i b e d  b y  a s e c o n d  o r d e r  k ine t i c  equa t ion .  A p r o b a b l e  m e c h a n i s m  of the  r e a c t i o n  
was  p r o p o s e d .  
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3. Employing chromatograph ic  and m a s s - s p e c t r o m e t r i c  analys is  methods it was shown that, tog-  
e ther  with t r iphenylbenzene,  macrocyc l i c  compounds and polyvinylene o l igomers  a r e  f o r m e d  
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