
H I G H L Y  U N S A T U R A T E D  P O L Y M E R S  

COMMUNICATION 16. POLYACETYLENE COMPOUNDS DERIVED 

FROM DI-  AND TRI-PHENYLMETHANES,  1,1-DIPHENYLMETHANE, 

AND BIBENZYL 

I .  L.  K o t l y a r e v s k i i ,  A.  S. Z a n i n a ,  
S. I .  S h e r g i n a ,  a n d  L.  I .  L o b o d a  

UDC 547.362 + 542.952 

A genera l  fea ture  of all  o l igomers  in which ary lene  and diacetylene units a l t e rna te  r egu l a r ly  in the 
chain is infusibil i ty at fa i r ly  high t e m p e r a t u r e s .  Also, all  p rev ious ly  p r e p a r e d  po lymer s  of this  type a r e  
insoluble substances .  It would be of v e r y  g rea t  in te res t  to combine infusibil i ty at high t e m p e r a t u r e s  with 
solubil i ty in at l eas t  a few organic  solvents in a given substance.  The p r e s e n c e  of both these  p r o p e r t i e s  in 
an o l igomer  can be ve ry  useful  for i ts  application,  even if i ts  conductivity is found to be ex t r eme ly  low, for 
example ,  for  applicat ion as  t h e r m a l l y  s table  f i lm d ie lec t r ics .  In a previous  communicat ion [1] we indicated 
an approach  to the p repa ra t ion  of t he rma l ly  s table  infusible p o l y m e r s  of the polyary lenepolyace ty lene  type,  
in which as a r e su l t  of the introduction of methylene  and ethylene groups in the a ry lene  pa r t  of the molecule  
in te r rupt ion  of conjugation in the unsa tura ted  po lymer  chain is  effected. These  a r e  p o l y m e r s  with the 
s t ruc tu re s  (I) and (II). 

In the p re sen t  work one object  was  to de te rmine  the effect of the introduction of ex t ra  methyl  groups  
in the o l igomer  molecule  on the solubili ty of the compound. For this  purpose  we synthes ized 1 ,1 -b i s -  
(p-ethynylphenyl)ethane (III), which by oxidative polycondensation was conver ted  into the o l igomer  (IV). By 
the acetyla t ion of 1,1-diphenylethane we obtained 4 ' ,4  ~-ethyl idenediacetophenone (V), which by chlor inat ion 
and dehydrochlor inat ion was conver ted  into (III). The introduction of an ex t ra  methyl  group into the o l igomer ,  
as c o m p a r e d  to (I), does indeed affect  the solubili ty of the o l igomer  (IV), which is  a lmos t  comple te ly  soluble 
in pyridine.  The o l igomer  (IV) f o r m s  l ight-yel low f i lms ,  which a r e  infusible below 500 ~ C, but darken at 340 ~ 

As a pa r t  of our sys temat ic  invest igat ion of po lyary lene- -polyace ty lene  compounds into which groups  
a r e  introduced which fo rmal ly  in te r rupt  the conjugation, we synthes ized t r i s (p-e thynylphenyl )methane  (VI), 
which, was conver ted  by oxidative polycondensat ion into the o l igomer  (VII), whose s t ruc tu re  is  p robably  
th ree -d imens iona l .  The acetylat ion of t r iphenylmethane  can be conducted e i ther  in dichloroethane or in 
ca rbon  disulfide, and i r r e s p e c t i v e  of the conditions a mix ture  of mono- ,  d i - ,  and t r i - a c e t y l  der iva t ives  is 
formed.  In the th in - l aye r  ch romatography  of this mix tu re  on alumina (activity II) with an eluent consis t ing 
of a mix tu re  of equal amounts  of acetone and heptane we obtained four spots.  The Rf  value of the unchanged 
t r iphenylmethane  was about 1, and that of 4 ' , 4 " ,4 '~ -me thy l idyne t r i ace tophenone  (VIII) was 0.121; the other 
two spots had Rf  0.195 and 0.420 and probably  cor responded  to the mono-  and d i -ace ty l  der iva t ives .  We 
were  able to i so la te  (VHI) by taking advantage of its low solubility in carbon t e t r ach lo r ide ,  in which the 
other  r eac t ion  p roduc t s  a r e  read i ly  soluble. By chlorinat ion and dehydrocblor inat ion (VIII) was  conver ted  
into the t r i ace ty lene  (VI), which was i so la ted  in the c rys ta l l ine  s tate  with grea t  difficulty. 

The o l igomer  (VII) has a much deeper  color  (dark-brown powder) than the o l igomers  (I) and (IV) and 
gives an intense na r row signal in the ESR spec t rum.  The number  of unpai red  e lec t rons ,  calcula ted f rom 
the spec t rum,  is  9.68-1018 pe r  g r a m  with a signal b read th  of 7.75 Oe. The p r e s e n c e  of such an intense and 
n a r r o w  ESR signal indicates  the exis tence  of conjugation between the mult iple  bonds of the o l igomer  despite  
the introduction of CH groups between the phenylene nuclei ,  which fo rmal ly  in te r rupt  the conjugation. In 
all  p robabi l i ty  the accumulat ion of t r ip le  bonds in the o l igomer  molecule  favors  the delocal izat ion of the 
e lec t ron  sy s t em,  despi te  the fo rma l  in te r rupt ion  of conjugation. An analogous phenomenon has been obse rved  
in some other  cases  [2]. 

In [1] we descr ibed  the p repa ra t ion  of bis(p-ethynylphenyl)methane (IX) by a mul t i s tage  synthesis  
f rom 4 ' ,4m-methylenediacetophenone (X). We have now found it poss ib le  to synthes ize  the diacetylene (I) 
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by the usual method when the dehydrochlorination of the tetrachloride (XI) is conducted in two stages, first 
with a solution of KOH in absolute alcohol, and then with NaNH 2 in liquid ammonia. However, the yield of 
the diacetylene (1) is then somewhat lower. 

With the object of preparing monomers for polymerization we synthesized monoethynyl and mono- 
butadiynyl derivatives of diphenylmethane and bibenzyl, which were converted into dimers by oxidative 
polycondensation. By the acetylation of diphenylmettmne with acetic anhydride we obtained 4'-benzyl- 
acetophenone (XH), which by chlorination and dehydrochlorination was converted into (p-ethynylphenyl)- 
phenylmethane (XIII). By the oxidative dimerization of the monoacetylene (XIH) we obtained 1,4-bis- 
(p-benzylphenyl)butadiyne (XIV). Analogously, from 4'-phenethylacetophenone (XV) via the chloride we 
obtained 4-ethynylbibenzyl (XVI), and from this the dimer (XVII). By the acetoacetylation of bibenzyl with 
acetic anhydride in presence of boron trifluoride we obtained l-(p-phenethylphenyl)-l,3-butanedione (XVIII), 
which by the succes s ive  action of PC15 and NaNH 2 in liquid ammonia  was conver ted  into (p-phenethyl-  
phenyl)butadiyne (XIX); by oxidative condensat ion the la t te r  was conver ted  into the t e t r aace ty l ene  (XX). 

The IR s p e c t r a  of all  the acetyl  de r iva t ives  contain s t rong bands at about 1683 cm -I,  conf i rming the 
p r e s e n c e  of carbonyl  groups.  All the subs tance  which contain f ree  acetylenic  hydrogen give s t rong a b s o r p -  
t ion in the range  3310-3360 cm -1. T r ip l e  bonds a r e  indicated in the IR spec t r a  by absorp t ion  bands in the 
region 2112-1302 cm -1, and when the t r ip le  bonds a r e  i so la ted  f rom one another  the cor responding  a b s o r p -  
tion bands a r e  weak. The d imer  (XIV), in which two t r ip Ie  bonds a r e  conjugated, t he r e  is  s t rong a b s o r p -  
t ion at 2146 cm -~, and in the spec t rum of the d imer  (XX), in which the re  is  a chain of four t r ip l e  bonds, 
the absorp t ion  band at 2209 cm -1 is the s t ronges t  p resen t .  Lines due to acetylenic  hydrogen a re  p rac t i ca l l y  
absent  in the s pec t r a  of the p o l y m e r s  (IV) and (VII), and the re  a r e  weak doublets cor responding  to two 
conjugated tripl 'e bonds. A c h a r a c t e r i s t i c  fea ture  of the spec t r a  of these  p o l y m e r s  is  the l a rge  amount of 
background and the weak reso lu t ion  of the bands in the reg ion  2900-3400 cm -1, which is  p robab ly  indicat ive 
of the high mo lecu l a r  weight of the p o l y m e r s .  
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E X P E R I M E N T A L  

A e e t y l a t i o n  o f  1 , 1 - D i p h e n y l e t h a n e .  A so lu t ion  o f 1 0 4 . 5  g o f 1 , 1 - d i p h e n y l e t h a n e  i n 1 0 0  m l  
of c a r b o n  d i s u l f i d e  was  a d d e d  in the  c o u r s e  of 1 h 45 m i n  to  a m i x t u r e  of 400 m l  of c a r b o n  d i s u l f i d e  (d r i ed  
o v e r  e a l e i a m  c h l o r i d e ) ,  232 g of Muminum c h l o r i d e ,  and 130 m l  of a e e t y l  b r o m i d e .  The  m i x t u r e  was  
s t i r r e d  for  5.5 h at 40 ~ and t hen  d e c o m p o s e d  wi th  i ce .  The  c a r b o n  d i su l f i de  l a y e r  w a s  s e p a r a t e d ,  w a s h e d  
wi th  w a t e r ,  and d r i e d  o v e r  c a l c i u m  c h l o r i d e .  A l l  r e s i d u e s  w e r e  e x t r a c t e d  wi th  e the r .  The  e t h e r  e x t r a c t  
was  w a s h e d  wi th  w a t e r  and  s o d i u m  b i c a r b o n a t e  so lu t ion  and was  d r i e d  o v e r  c a l c i u m  c h l o r i d e .  The  s o l v e n t s  
w e r e  d r i v e n  off,  and t h e  r e s i d u e s  w e r e  c o m b i n e d  and d i s t i l l e d .  We ob ta ined  60 g (39.9%) of (V); b.p.  145- 
150 ~ (6 ram);  m .p .  55-56 ~ ( f rom Meohol) .  Found go: C 80.51; H 6.82. ClsH1802. C a l c u l a t e d  go: C 81.17; 
H 6.81. 

C h l o r i n a t i o n  o f  4 ' , 4 ' " - E t h y l i d e n e d i a c e t o p h e n o n e  ( V ) .  A so lu t ion  of 23 g of (V) in 
200 m l  of  d r y  b e n z e n e  was  a d d e d  to 43 g of PC15, and the  m i x t u r e  w a s  h e a t e d  to  70 ~ A f t e r  1 h the r e a c t i o n  
m i x t u r e  was  coo led ,  d e c o m p o s e d  wi th  a m i x t u r e  of e t h e r  and  i c e ,  w a s h e d  wi th  w a t e r ,  and d r i e d  ove r  c a l c i u m  
c h l o r i d e .  The  m i x t u r e  of c h l o r i d e s  ob ta ined  was  d e h y d r o c h l o r i n a t e d  wi thout  p r i o r  i s o l a t i o n .  

P r e p a r a t i o n  o f  1 , 1 - B i s ( p - e t h y n y l p h e n y l ) e t h a n e  ( I I I ) .  T h e  e t h e r - - b e n z e n e s o l u t i o n  
of t he  m i x t u r e  of c h l o r i d e s  f r o m  the  p r eced i r t g  e x p e r i m e n t  w a s ' a d d e d  to  s o d a m i d e  in l iqu id  a m m o n i a  ( p r e -  
p a r e d  f r o m  18 g of s o d i u m  and 700 m l  of l iqu id  a m m o n i a ) .  The  m i x t u r e  was  s t i r r e d  for  3 h, and then  a f t e r  
t he  a d d i t i o n  of 300 m l  of m o i s t  e t h e r  and 30 g of a m m o n i u m  c h l o r i d e  i t  was  le f t  ove rn igh t .  300 m l  of w a t e r  
w a s  added ,  and t h e  e t h e r  l a y e r  w a s  s e p a r a t e d ,  w a s h e d  wi th  w a t e r ,  and d r i e d  o v e r  c a l c i u m  c h l o r i d e .  F r o m  
23 g of (V) we  o b t a i n e d  7.5 g [37.5% on the  (V) t aken]  of (III), m.p .  52 .5-54  ~ (a f t e r  s u b l i m a t i o n  and c r y s -  
t a l l i z a t i o n  f r o m  a lcohol ) .  Found %: C 93.86; H 6.18. C18H24. C M c u l a t e d  go: C 93.87; H 6.13. IR s p e c t r u m  
(em-1):  3310 (v.s) ( ~ C - - H ) ,  2115 (m) (C--=C). 

O x i d a t i v e  C o n d e n s a t i o n  o f  1 , 1 - B i s ( p - e t h y n y l p h e n y l ) e t h a n e  ( I I I ) .  0 . 1 2 g o f C u C 1  
and 1 .1g  of (III) w e r e  d i s s o l v e d  in 15 m l  of d r y  p y r i d i n e .  The  so lu t ion  w a s  s h a k e n  at  18 ~ in  an a t m o s p h e r e  
of oxygen  unt i l  no m o r e  a b s o r p t i o n  o c c u r r e d .  The  r e a c t i o n  m i x t u r e  was  p o u r e d  into  w a t e r .  W e  ob ta ined  
l i g h t - y e l l o w  e l a s t i c  t h r e a d s  of the  p r o d u c t .  The  p r o d u c t  was  w a s h e d  wi th  w a t e r  un t i l  the  w a s h i n g s  w e r e  
f r e e  f r o m  C1 ~- and Cu 2+ ions ,  and  then  wi th  Mcohol  and e the r .  We  ob ta ined  1.08 g of (IV). The  o l i g o m e r  
w a s  f r e e  f r o m  c o p p e r  and c h l o r i n e ,  d id  not  m e l t  b e l o w  500% and t u r n e d  b r o w n  at  340 ~ Found go: C 93.49; 
H 5.45. C a l c u l a t e d  for  t h e t e t r a m e r :  C 95.07; H 4.93. IR s p e c t r u m  (e ra - l ) :  2158, 2230 (w) (C--=C). 

A e e t y l a t i o n  o f  T r i p h e n y l m e t h a n e .  300 g of a i u m i n u m  e h l o r i d e  was  a d d e d  in t he  c o u r s e  
of 2.5 h at 0-3  ~ to  a m i x t u r e  of 40 g of t r i p h e n y l m e t h a n e ,  300 m l  of d i e h l o r o e t h a n e ,  and  120 m l  of a c e t y l  
c h l o r i d e .  The  m i x t u r e  w a s  s t i r r e d  fo r  2 h at  0-3  ~ 1 h at  18 ~ and 2 h at  45-55 ~ d e c o m p o s e d  wi th  i c e ,  and  
e x t r a c t e d  wi th  b e n z e n e .  The  e x t r a c t  w a s  w a s h e d  wi th  w a t e r  and sod ium b i c a r b o n a t e  so lu t ion .  Benzene  
w a s  d r i v e n  off, and  the  p r o d u c t  was  p a s s e d  t h r o u g h  a c o l u m n  of a l u m i n a  wi th  e lu t ion  wi th  benzene .  Benzene  
w a s  aga in  d r i v e n  off, and  the  p r o d u c t  was  w a s h e d  wi th  CC14. We o b t a i n e d  16.9 g (28go) of (VIII), m.p .  142- 
143 ~ (washed  wi th  CC14). Found %: C 81.42; H 6.29. C25H2203. C a l c u l a t e d  go: C 81.05; H 5.99. 

C h l o r i n a t i o n  o f  4 '  , 4 " '  , 4 ' " " - M e t h y l i d y n e t r i a e e t o p h e n o n e  ( V I I I ) .  A m i x t u r e o f  
18 g of (VIII), 300 m l  of d r y  b e n z e n e ,  and 37 g of PC15 was  h e a t e d  to 70 ~ in  t he  c o u r s e  of 35 rain.  A f t e r  
30 ra in  the  m i x t u r e  was  c o o l e d  and d e c o m p o s e d  wi th  a m i x t u r e  of i c e  and e the r .  The  o r g a n i c  l a y e r  was  
w a s h e d  wi th  w a t e r  and d r i e d  o v e r  c a l c i u m  c h l o r i d e .  On the  s a m e  day  the  c h l o r i n a t i o n  p r o d u c t ,  wi thout  

i s o l a t i o n ,  w a s  d e h y d r o e h l o r i n a t e d .  

P r e p a r a t i o n  o f  T r i s ( p - e t h y n y l p h e n y l ) m e t h a n e  ( V I ) .  The  e t h e r - - b e n z e n e  s o l u t i o n o f  
t he  m i x t u r e  of  c h l o r i d e s  was  a d d e d  to s o d a m i d e  p r e p a r e d  f r o m  20 g of s o d i u m  in 750 m l  of l iqu id  a m m o n i a ,  
t he  m i x t u r e  w a s  s t i r r e d  for  3.5 h, and then  20 g of a m m o n i u m  c h l o r i d e  and 300 m l  of e t h e r  w e r e  added.  
T h e  m i x t u r e  was  l e f t  o v e r n i g h t ,  300 m l  of w a t e r  was  added ,  and the  e t h e r  l a y e r  w a s  s e p a r a t e d ,  w a s h e d  wi th  
w a t e r ,  and d r i e d  o v e r  c a l c i u m  c h l o r i d e .  E t h e r  was  d r i v e n  off ,  and f r o m  the  r e s i d u e  (VI) was  s u c c e s s i v e l y  
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e x t r a c t e d  wi th  p e t r o l e u m  e t h e r ,  a 2 : 1 m i x t u r e  of p e t r o l e u m  e t h e r  and b e n z e n e ,  and f i na l l y  a lcohol .  We 
i s o l a t e d  4.71 g [30.56% on the  amoun t  of (VIII) t aken]  of (VI), m.p .  81 .5-83 .5  ~ Found  %: C 94.96; H 5.58. 
C2~HIG. C a l c u l a t e d  %: C 94.90; H 5.10. IR s p e c t r u m  (cm - i )  2112 (w) (C =-=- C), 3322 (v.s) (--~C--H). 

O x i d a t i v e  C o n d e n s a t i o n  o f  T r i s ( p - e t h y n y l p h e n y l ) m e t h a n e  ( V I ) .  0 . 5 g o f ( V I )  and  
0.1 g of CuC1 w e r e  d i s s o l v e d  in 20 m l  of d r y  p y r i d i n e .  The  so lu t i on  w a s  shaken  in an a t m o s p h e r e  of oxygen 
unt i l  no m o r e  a b s o r p t i o n  o c c u r r e d .  A j e l l y l i k e  m a s s  i m m e d i a t e l y  f o r m e d  in the  f l a s k ,  and t h i s  w a s  d e c o m -  
p o s e d  wi th  w a t e r .  The  p r o d u c t  w a s  w a s h e d  r e p e a t e d l y  wi th  w a t e r  unt i l  t h e  w a s h i n g s  w e r e  f r e e  f r o m  c o p p e r  
and c h l o r i d e  ions .  The  p o l y m e r  was  ob t a ined  as  a h a r d  d a r k - b r o w n  gel ;  i t  was  g r o u n d  to a p o w d e r ,  b o i l e d  
for  2 h wi th  1 : 9 h y d r o c h l o r i c  ac id ,  and aga in  w a s h e d  wi th  w a t e r .  H o w e v e r ,  we d id  not  s u c c e e d  in f r e e i n g  
the  p o l y m e r  f r o m  c h l o r i d e ;  the  weight  of p o l y m e r  was  0.48 g. Found  %: C 86.53; H 4.50. C a l c u l a t e d  fo r  
the  t e t r a m e r  %: C 95.59; H 4.41. IR s p e c t r u m  (cm-1):  2211, 2302 (w) (C~-- C). 

P r e p a r a t i o n  o f  B i s ( p - e t h y n y l p h e n y l ) m e t h a n e  ( I X ) .  A so lu t ion  of 50 g of KOH in 
175 m l  of a b s o l u t e  a l coho l  w a s  a d d e d  to the  e t h e r - - b e n z e n e  so lu t i on  of c h l o r i d e s  ob ta ined  by  hea t ing  12.6 g 
of (X) wi th  23.5 g of PC15 at  70 ~ for  ] h, and the  m i x t u r e  was  b o i l e d  fo r  2 h. The  t r e a t m e n t  was  ana logous  
to tha t  d e s c r i b e d  p r e v i o u s l y .  The  r e s i d u e  r e m a i n i n g  a f t e r  the  r e m o v a l  of so lven t  w a s  d e h y d r o c h l o r i n a t e d  
wi th  s o d a m i d e .  The  c r u d e  (IX) was  a d d e d  to s o d a m i d e  p r e p a r e d  f r o m  6 g of sod ium in 400 m l  of l iqu id  
a m m o n i a ,  and the  m i x t u r e  was  s t i r r e d  fo r  3 h and t r e a t e d  a s  d e s c r i b e d  above .  A f t e r  r e m o v a l  of so lven t  
and  p u r i f i c a t i o n  of the  s u b s t a n c e  t h r o u g h  a c o l u m n  of  a l u m i n a  ( ac t iv i ty  II) we o b t a i n e d  3.15 g (30%) of (IX), 
m.p .  66-67  ~ ( f rom a lcohol ) .  A c c o r d i n g  to  t he  l i t e r a t u r e  [1] i t  has  m.p .  66-67  ~ 

C h l o r i n a t i o n  o f  4 ' - B e n z y l a c e t o p h e n o n e  ( X I I ) .  A m i x t u r e  of 35 g of (XII), 42 g of 
PC15,' and 100 m l  of d ry  b e n z e n e  w a s  h e a t e d  to  70 ~ in the  c o u r s e  of 1 h. T r e a t m e n t  w a s  a s  d e s c r i b e d  
above .  P a r t  of t he  so lven t  was  d r i v e n  off, and the  so lu t ion  of the  m i x t u r e  of c h l o r i d e s  w a s  u s e d  in  t he  
d e h y d r o e h l o r i n a t i o n  r e a c t i o n .  

P r e p a r a t i o n  o f  ( p - E t h y n y l p h e n y l ) p h e n y l m e t h a n e  ( X I I I ) .  The  so lu t ion  of c h l o r i d e s  
f r o m  the  p r e c e d i n g  e x p e r i m e n t  was  d i s s o l v e d  in 100 m l  of a b s o l u t e  a l coho l ,  the  so lu t ion  was  hea t ed  to  the  
bo i l ,  and a so lu t ion  of 85 g of KOH p o w d e r  in 320 m l  of a b s o l u t e  a l coho l  was  added.  The  m i x t u r e  was  
b o i l e d  fo r  2 h, coo led ,  and p o u r e d  into  d i s t i l l e d  w a t e r  in a b e a k e r ;  e t h e r  was  added .  The  e t h e r e a l  s o l u -  
t ion  was  w a s h e d  f r e e  f r o m  a l coho l  wi th  w a t e r  and d r i e d  ove r  c a l c i u m  c h l o r i d e ;  e t h e r  was  d r i v e n  off at 
t he  w a t e r  pump.  The  p r o d u c t  gave  a s t r o n g  a c e t y l e n e  t e s t  and a p o s i t i v e  B e i ] s t e i n  t e s t  for  ha logen.  To 
e l i m i n a t e  t r a c e s  of ha logen  the  p r o d u c t  was  d e h y d r o h a l o g e n a t e d  f u r t h e r  by  m e a n s  of s o d a m i d e .  

The  s u b s t a n c e  ob t a ined  by d e h y d r o c h l o r i n a t i o n  wi th  a l coho l i c  KOH was  a d d e d  to s o d a m i d e  ( f rom 
15 g of sod ium and 700 m l  of l i qu id  a m m o n i a ) ,  and t h e  m i x t u r e  was  s t i r r e d  for  3 h and d e c o m p o s e d  wi th  
a m m o n i u m  c h l o r i d e  wi th  the  add i t i on  of 300 m l  of m o i s t  e t h e r  and,  on the  next  day ,  of  500 m l  of w a t e r .  
The  e t h e r  l a y e r  w a s  w a s h e d  wi th  w a t e r  and d r i e d  o v e r  c a l c i u m  c h l o r i d e .  E t h e r  w a s  d r i v e n  off, and we 
ob t a ined  20 g of c r u d e  p r o d u c t ,  in the  v a c u u m  f r a c t i o n a t i o n  of which  we  i s o l a t e d  13 g of (XIII); y i e l d  40.6% 
on t h e  amount  of (XII) t aken ;  b.p.  139-140 ~ (5 ram);  nD 24 1.5980. Found %: C 93.10; H 6.31. C15H12. C a l -  
c u l a t e d  %: C 93.71; H 6.29. IR s p e c t r u m  (cm-1):  3360 (v.s) (~ -C- -H) ,  2125 (w) (C~=C). 

. O x i d a t i v e  C o n d e n s a t i o n  o f  ( p - E t h y n y l p h e n y l ) p h e n y l m e t h a n e  ( X I I I ) .  The  c o n -  
d e n s a t i o n  w a s  conduc t ed  a s  d e s c r i b e d  above  wi th  0.64 g of (XIII) in p r e s e n c e  of 0.1 g of CuC1 and 10 m l  of 
p y r i d i n e .  W e  ob ta ined  0.53 g of (XIV), m .p .  109-111 ~ ( f rom a lcohol ) .  Found %: C 93.94; H 6.01. C30H22. 
C a l c u l a t e d  %: C 94.20; H 5.80. IR s p e c t r u m  (cm-1):  2146 (s) (C~- C). 

P r e p a r a t i o n  o f  4 ' - P h e n e t h y l a c e t o p h e n o n e  ( X V ) .  9 1 g  of b i b e n z y l  was  added  at  5 ~ to  
a c o m p l e x  p r e p a r e d  f r o m  166 g of a l u m i n u m  c h l o r i d e  and  63 g of a c e t i c  a n h y d r i d e  in 350 m l  of CC14, and 
the  r e a c t i o n  m i x t u r e  w a s  s t i r r e d  fo r  1 h at 5 ~ and 2 h at  18 ~ We o b t a i n e d  20.2 g of  (XV), 6.7 g of 4 ' , 4 " - e t h y l -  
e n e d i a c e t o p h e n o n e ,  and 18.2 g of unchanged  d ibenzyI .  The  y i e l d  of (XV) was  17.9%; m.p .  67-68 .5  ~ ( f rom 
me thano l ) .  The  l i t e r a t u r e  [3] g i v e s  m.p .  68-70  ~ 

P r e p a r a t i o n  o f  4 - E t h y n y l b i b e n z y l  ( X V I ) .  The  e t h e r - - b e n z e n e  so lu t ion  of t h e  m i x t u r e  
of c h l o r i d e s  p r e p a r e d  f r o m  12.8 g of (XV) [cf. the  s y n t h e s i s  of (III)] was  added  in t he  c o u r s e  of 30 m i n  to  
s o d a m i d e  in l iqu id  a m m o n i a  ( f rom 7 g of sod ium in 500 m l  of l iqu id  a m m o n i a ) .  The  r e a c t i o n  m i x t u r e  was  
s t i r r e d  for  2.5 h, and then  20 g of a m m o n i u m  c h l o r i d e  and 250 m l  of damp e t h e r  w e r e  a d d e d  and the  m i x -  
t u r e  w a s  lef t  ove rn igh t .  150 m l  of w a t e r  was  added ,  and  the  e t h e r  l a y e r  was  s e p a r a t e d ,  w a s h e d  wi th  w a t e r ,  
and  d r i e d  o v e r  m a g n e s i u m  su l fa te .  E t h e r  w a s  d r i v e n  off, and we ob ta ined  6.5 g [55.6% on the  (XV) t aken]  
of (XVI), m .p .  39 .5-41  ~ ( f rom a lcohol ) .  Found %: C 93.35; H 6.75. Cl~H14. C a l c u l a t e d  %: C 93.16; H 6.84. 
IR s p e c t r u m  ( cm- i ) :  3312 (v.s) ( ~ C - - H ) ,  2120 (w) ( C ~ C ) .  
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O x i d a t i v e  C o n d e n s a t i o n  of  4 - E t h y n y l b i b e n z y l  ( X V I ) .  l g o f ( X V I )  and 0 .1g  of CuC1 
were  dissolved in 15 ml of dry pyridine, and the solution was shaken in an a tmosphere  of oxygen until no 
more  absorption occurred.  The react ion mixture was poured into water,  and the product which separated 
was washed with water  until the washings were  free from copper and chloride ions. We obtained 0.95 g of 
the dimer (XVII); yield 95%: m.p. 155-156 ~ (from benzene). Found %: C 93.57; H 6.37. C32H2G. Calcu-  
lated %: C 93.62; H 6.38. IR spectrum (cm-1): 2148 (s) (C~C) .  

1 - ( p - P h e n e t h y l p h e n y l ) - l , 3 - b u t a n e d i o n e  ( X V I I I ) .  A mixture of 40 g of bibenzyl and 
177 ml of f reshly distilled acetic anhydride was prepared  in a flask, and a strong s t ream of BF 3 was passed 
through for 5 h at 55-60 ~ Stirring was continued further  for 4 h, and the react ion mixture was decomposed 
by adding it to a solution of 270 g of sodium acetate in 500 ml of water. The mixture was boiled for 1 h, 
left overnight, boiled again for 2.5 h, and poured into water  in a beaker. We obtained 46.6 g (79%) of 
(XVIII), m.p. 81.5-82.5 ~ (from methanol). Found %: C 80.95; H 6.78. C18H1802. Calculated %: C 81.17; 
H 6.81. 

Chlorination of l-(p-Phenethylphenyl)-l,3-butanedione (XVIII). A solution of 
15.7 g of (XVIII) in benzene was added to 30 g of PCIs. After 1 h the mixture was decomposed by pouring 
it onto a mixture of ice and ether, and it was washed with sodium carbonate solution and water and dried 
over calcium chloride for 2 h. The whole mixture was taken for the dehydrochlorination reaction. 

Preparation of (p-Phenethylphenyl)butadiyne (XIX). The ether--benzene solution 
of chlorides from the preceding experiment was added in the course of 30 min to sodamide prepared from 
8 g of sodium and 500 ml of liquid ammonia, and the mixture was stirred for 3.5 h and then decomposed 
with ammonium chloride. On the next day 150 ml of ether was added, and 250 ml of water was added 
dropwise. The ether layer was separated, washed with water, and dried over magnesium sulfate. Solvent 
was driven off at the water pump, and the residual substance was purified by chromatography on alumina 
(activity If). Elution with a 1 : 1 mixture of ether and benzene gave 2.75 g (28%) of (XIX), m.p. 63-64.5 ~ 
(from benzene). Found %: C 93.83; H 6.44. C18H~4. Calculated %: C 93.87; H 6.13. 

Oxidative Condensation of (p-PhenethYlpheayl)butadiyne (XIX). Thecondensa- 
tion was conducted in the usual way with 0.6 g of (XIX) in presence of 0.1 g of CuCI and 10 ml of pyridine. 
We obtained 0.54 g of the dimer (XX), m.p. 164-165 ~ (from a mixture of benzene and petroleum ether). 

Found %: C 94.17; H 5.82. C36H26. Calculated %: C 94.29; H 5.66. IR spectrum (cm-i) �9 2139 (w), 2209 
(v.s) (c ~c). 

CONCLUSIONS 

1. To determine ways of synthesizing soluble highly unsaturated polymers l,l-bis(p-ethynylphenyl)- 
ethane was synthesized. The oligomer formed by its oxidative condensation is soluble in pyridine. 

2. The oligomer obtained by the polycondensation of tris(p-ethynylphenyl)methane gives an intense 
narrow ESR signal, despite the formal interruption of the conjugation in the oligorner chain. 

3. As monomers a number of mono-, di-, and tri-acetylenes derived from diphenylmethane and 
dibenzyl were prepared. 

I. 

2. 

3. 
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