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In a study of polyacetylenic  po l ym er s  with the genera l  fo rmula  H ( - C ~ C - R - C = - C - ) n H  , an i m p o r -  
tant  ro le  is played by two of the i r  p r o p e r t i e s  - the abili ty for  fu r the r  po lymer iza t ion  upon heating and 
the i r  e l ec t r i c  conductivity,  which v a r i e s  within b road  l imi t s  depending upon the s t ruc tu re  of the po lymer  
(from 10 -3 to 10 -20 ohm -1 �9 cm-1).  The f i r s t  p rope r ty  can be used for  the production of the rmal ly  s table  
p o l y m e r s ,  the second for  the product ion of semiconduc tors  and d ie lec t r ics .  The main  obs tac le  to the 
use  of these  p r o p e r t i e s  is the a l m o s t  total  insolubil i ty of the compounds previous ly  obtained in organic  
solvents  {1-3]. The previous ly  synthes ized  po lymer s  of the polyethynylpolyarene s e r i e s ,  in which the 
s t ruc tu re  of R was  se lec ted  in such a way as to in t e r rup t  the conjugation in the po lymer  chains,  pos ses s  
high e l ec t r i c  r e s i s t ance ,  but cannot be used  on account of the i r  insolubil i ty [1]. 

It should be mentioned that  in organic  compounds the fusibi l i ty and solubili ty,  as a rule,  a rc  c o r r e -  
lated.  The higher the mel t ing  point of compounds in each s e r i e s ,  the lower  the i r  solubility in organic  
so lvents .  T h e r e f o r e ,  to combine in one compound good solubili ty,  which would p e r m i t  the application of 
the subs tance  in the f o r m  of f i lms ,  with high mel t ing  point and t he rma l  s tabil i ty,  n e c e s s a r y  for  the i r  use  
in e lec t ron ics ,  is  imposs ib le .  We had e a r l i e r  a t tempted to solve this p rob lem through the use  of poly-  
phenyl hydrocarbons  (from terphenyl  to zexiphenyl) for  this purpose ,  s ince they can be applied in the 
f o r m  of f i lms  by a tomizat ion and p o s s e s s  sufficiently high mel t ing points and good die lec t r ic  p roper t i e s .  
However ,  this method proved unsui table  in view of the fact  that  with all the i r  posi t ive quali t ies,  f i lms  of 
polyphenyls  do not exhibit any adhesion to g lass  and meta l  at all and a r e  spontaneously detached f rom the 
backings ,  thus prevent ing  the const ruct ion of e l ec t r i ca l  devices .  The purpose  of this work was to c rea te  
p o l y m e r s  that  would be capable of "c ross - l ink ing"  upon heating and forming the rmal ly  s table  po lymers ,  
would be sufficiently readi ly  soluble,  and thus would p e r m i t  the p repara t ion  of f i lms ,  and would pos se s s  
high e l ec t r i c  r e s i s t a n c e .  

We developed methods of synthesizing p o l y m e r s  of the die thynyldiarylenemethane s e r i e s ,  differing 
in s t ruc tu re  both of the arylene  port ion of the molecule  and of the methylene br idge connecting the ben-  
zene r ings  in the molecule .  I t  was  hypothesized that  the introduction of subst i tuents  into the molecule ,  
e i ther  into the r ing or  into the methylene br idge,  could inc rease  the solubili ty of the polyacetylenic  ol i -  
g o m e r s ,  as a r e su l t  of a hindrance of c lose-packing  of the i r  molecules ,  which should show a substant ia l  
i n c r e a s e  in volume af te r  the introduction of subst i tuents .  

T h e r e  was no sense  in introducing res idues  of a romat i c  molecules  as subst i tuents  for  increasing. 
the solubili ty,  s ince such a change in the s t ruc tu re ,  as has been shown in cer ta in  studies of our  L a b o r a -  
to ry ,  does not lead to any i nc r ea s e  in solubil i ty.  At the s a m e  t ime,  in one of our  communicat ions  [2], 
i t  was  noted that the introduction of a methyl  group into the methylene br idge connecting the benzene 
r ings  in the o l igomer  {I) i m pa r t s  to it  a sl ight but not iceable  solubility 
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The ol igomer (I) is appreciably soluble in pyridine, but when the solvent is removed it c rys ta l l i zes  and 
does not fo rm a film exhibiting adhesion to glass and metal .  Therefore ,  our fur ther  efforts  were  directed 
toward the development of methods of synthesizing analogous compounds, in which the methylene bridge 
would c a r r y  more  substituents. At the same time, we tested the influence of the introduction of substi tu- 

ents into the a romat ic  ring upon the solubility. 

In accord  with the aforementioned,  we developed methods of synthesizing the following o l igomers  in 
an effort  to solve the problem posed: 
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The synthesis was conducted according to a general scheme consist ing of acetylation of the initial 
hydrocarbon,  replacement  of the oxygen of the carbonyl group by chlorine, and dehydrochlorination of the 
chloro-der ivat ive .  

The acetylation of all the initial hydrocarbons was conducted in dichloroethane with acetyl ckloride 
in the presence  of excess aluminum chloride. In the acetylation of ddtolylmethane, the position in which 
the acetyl group is inser ted remained uncertain; however, in the light of s te r ic  considerat ions,  it is most  
probable that the acetyl group is inser ted in the o-posi t ion to the methyl group, and not the phenylmethyl-  
ene group. Fo r  the res t ,  the acetylation of all three hydrocarbons proceeded analogously. 
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The replacement  of the oxygen of the carbonyl groups by chlorine was pe r fo rmed  by the action of 
PC15 in benzene solution at 50-70 ~ Since the products  obtained in chlorination are  part ial ly dehydrochlo-  
rinated, the chlorides formed were  subjected to the fur ther  react ion without p re l iminary  isolation. De- 
hydro chlorination of (IX) and {X) was conducted with mixing with excess  sodium amide in liquid ammonia,  
while in the production of (VI) it was conducted in two steps - f i r s t  the mixture of chlorides was dehydro-  
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chlorinated by boiling with alcoholic alkali, and then the reaction was brought to completion by mixing 
with sodium amide in liquid ammonia. (IX) and (X) are white crystalline substances, which sublime under 
vacuum; (Vl) is a liquid that undergoes polymerization upon vacuum distillation. Polyeondensation of the 

diacetylenes was conducted by shaking with oxygen in pyridine solution in the presence of catalytic 
amounts of cuprous chloride. All three polymers are yellow powders. The least soluble was (If), which 
does not dissolve entirely in cyelohexanone, but only swells. (III) and (IV) are readily soluble in cyclic 
ketones and give syrupy solutions, which, when applied onto a glass or metallic surface, form trans- 
parent films firmly retained on the backing after the solvent is removed. When the films are heated to 
300-350 ~ they take on a brown color; however, they remain transparent and are not spontaneously de- 
tached either from glass or from metal. These films freely withstand atomization of a second metallic 
layer, during which the temperature is raised to 300-350 ~ . 

In measurements of the electric conductivity of the oligomers (II)-(IV), preliminarily heated in a 
stream of nitrogen to 300 ~ the following data were obtained: for (II) P20 = 5.7 �9 i013 ohm �9 cm, for (III) 
P20 = 4.2 �9 I015, P273 = 1.6 �9 101s; for (IV) P20 = I.I. i014, P278 = 4 -i013 ohm "era. These data give a basis 

for assigning (II)-(IV) to the class of insulators. 

E X P E R I M E  N T A L  

P r o d u c t i o n  o f  2 , 2 - D i p h e n y l p r o p a n e .  To a mixture of 330 ml of benzene and12.5 g 
A1C13, 38 g of 2 ,2-dichtoropropane was added at 5 ~ over  a period of 1 h, then another 4 g of A1C13 was 
introduced, and mixed for 2 h at 18 ~ The mixture was decomposed by pouring out onto ice, the benzene 
layer  was washed With water ,  dr ied over CaC12, and redisti l led.  Yield 28.2 g (42.6%) 2,2-diphenylpr0pane 
with b.p. 115-117 ~ (2 ram); nD 18 1.5720. According to the data of [4]: b.p. 90-95 ~ (1 ram); nD 25 1.5692. 

A c e t y l a t i o n  o f  2 , 2 - D i p h e n y l p r o p a n e .  To a mixture of 28.2 g2,2-diphenylpropane,  
70 g acetyl chloride, and 130 ml of f resh ly  distilled dichloroethane we added 136 g of A1C13 over a period 
of I h at 5 ~ mixed with 0.5 h at 18 ~ for  1 h at 50 ~ cooled, and decomposed by pouring out onto ice. The 
mixture was extracted with benzene, and the organic layer  washed with water  and dried over CaCI2. After 
distil lation of the solvent, we obtained 31.5 g of the product,  f rom which 2,2-bis(4 ' -acetylphenyl)propane 
(VH) was isolated by distillation; yield 49.0%; b.p. 215-220 ~ (1 ram) [4]. 

C h l o r i n a t i o n  o f  2 , 2 - b i s ( 4 ' - A c e t y l p h e n y l )  p r o p a n e ( V I I ) .  A mixture o f12  g (VII) 
and 23 g PC15 in 100 ml of benzene was kept for 0.5 h at 18 ~ 15 rain at the boiling point of benzene, 
cooled, and poured out onto ice with ether.  The e ther-benzene layer  was washed with water ,  and dried 
over CaC12. The mixture of chlorides obtained was used for  the dehydrochlorination react ion without 

isolation. 

P r o d u c t i o n  o f  2 , 2 -  b i s ( 4 ' - A c e t y l p h e n y l ) p r o p a n e  ( I X ) .  An ether-benzene solution 
of the mixture of chlorides f rom the preceding experiment was added to sodium amide in liquid ammonia 
(produced f rom 9 g Na). The mixture was mixed for  3 h, and 20 g NH4C1 and 200 ml of the crude ether 
were  added. The organic layer  was removed,  washed with water ,  and dried over  CaC12. The ether solu-  
tion was passed through a column with A120 ~ and the ether distilled off. We obtained 4.57 g of the diacet- 
ylene (IX); yield 43.8% [based on the diacetyl (VII)l; m.p. 91-93 ~ (alcohol). Found %: C 93.34; H 6.68. 
C19H16. Calculated %: C 93.40; H 6.60. IR spect rum (v, era-i): 2119 (C=-C); 3364 (=-C-H). 

O x i d a t i v e  P o l y c o n d e n s a t i o n  o f  t h e  D i a c e t y l e n e  ( I X ) .  P e r t i o n s o f 0 . 1 g C u 2 C 1 2  
and 0.8 g of the diacetylene (IX) were  dissolved in 20 ml pyridine and shaken in an atmosphere  of oxygen 
until the absorption of gas ceased.  The react ion mass  was decomposed with water ,  the product washed 
with water  until the absence of copper and chloride ions in the wash waters ,  washed with alcohol, ether, 
and dried. We obtained 0.71 g of the polymer  (III), represent ing a powder readily soluble in a number of 
organic  solvents, infusible up to 500 ~ Found %: C 93.25; H 6.03. H(C19H14)6H. Calculated %: C 94.05; 

H 5.95. 

A c e t y l a t i o n  o f  2 , 2 - D i p h e n y l b u t a n e .  To a m i x t u r e o f 9 . 7 g 2 , 2 - d i p h e n y l b u t a n e ,  100 ml 
f resh ly  redis t i l led dichloroethane, and 25 ml acetyl chloride, 50 g A1C13 was added over a period of 1.5 h 
at 0-5 ~ the mixture was mixed for 1 h at 18 ~ for 1.5 h at 50-60 ~ then decomposed, gradually pouring 
out into a flask with ice, extracted with benzene, and dried over CaC12. After redist i l lat ion under vacuum, 
we obtained 8.1 g 2,2-bis(4 ' -acetylphenyl)butane (VIII), yield 75.7%, b.p. 232-233 ~ (1 ram); m.p. 162-164 ~ 
(alcohol). Found %: C 81.63; H 7.65. C20H2zO 2. Calculated %: C 81.60; H 7.53. 
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C h l o r i n a t i o n  o f  2 , 2 - b i s ( 4 r - A c e t y l p h e n y l ) b u t a n e  ( V I I I ) .  A mix ture  of 7.75 g 
(VKI), 15 g'PC15, anci 100 ml abs. benzene was kept  for  0.5 h at 18 ~ and 1 h at 75 ~ Subsequent t r ea tment  
was as descr ibed  above. The mix ture  of chlor ides  was used for  the dehydrochlor inat ion react ion,  af ter  
p re l iminar i ly  dist i l l ing off par t  of the solvent.  

P r o d u c t i o n  o f  2 . , 2 - b i s . ( 4 ' - E t h y n y l p h e n y l ) b u t a n e  ( X ) .  A solution of the mixture  
of chlorides f rom the preceding exper iment  was added to so~dium amide in liquid ammonia  (produced f rom 
9 g Na) and mixed for  3 h. Subsequent t rea tment  was as descr ibed  above. We obtained 3.3 g of the di- 
acetylene (X); yield 65.5%; m.p. 124-126 ~ (alcohol). Found %: C 93.11; H 6.88. C20H18. Calculated %: 
C 92.93; H 7.02. IR spec t rum (~, era-l):  2119 (C-C); 3364 ( - C - H ) .  

O x i d a t i v e  P o l y c o n d e n s a t i o n  of  t h e  D i a e e t y l e n e  (X)_:. Conducted a s d e s c r i b e d  
above with 1.2 g of the diacetylene (X) in the p resence  of 0.12 g Cu2C12 and 40 ml pyridine.  We obtained 
1.1 g of the o l igomer  (IV), light yellow in color .  Found %: C 92.68; H 6.86. H(C20Hi6)GH. Calculated %: 
C 93.59; H 6.41. 

A c e t y l a t i o n  o f  D i t o l y l m e t h a n e .  Conducted according to the p rocedures  desc r ibed  above 
for  (VII) and (VIII). After t r ea tment  of the complex obtained f rom 40 g of ditolylmethane,  1O0 g acetyl  
chloride,  and 204 g A1C13 in dichloroethane solution and redis t i l la t ion of the product  obtained, we obtained 
22 g of b is (3 ' -ace tyI -4 ' -methylphenyl )methane  (V); yield 57.5%; b.p. 205-207 ~ (1 ram); nD 18 1.5920. Found%: 
C 81.39; H 7.19. C19H1802. Calculated %: C 81.60; H 7.22. 

Chlorination of bis(3'-Acetyl-4'-methylphenyl)methane (V). Amixtureof 
12.2 g of the diacetyl (V), 23 g PCIs, and i00 ml of benzene was heated fo'r i h at 70~ Subsequent treat- 
ment as described above. The mixture of chlorides obtained was used for the dehydroehlorination re- 
action without isolation. 

Production of bis(3'-Ethynyl-4'-methylphenyl)methane (VI). 

Dehydrochlorination with KOII. The solution of chlorides was heated on a water bath to boiling, 
and a solution of 50 g KOH in 160 ml abs. alcohol was added with mixing over a period of i h. The mix- 
ture was boiled for 7 h, cooled, decomposed with water, dried over CaCl2, and used for the dehydro- 
chlorination reaction with sodium amide. 

.Dehydroehlorination with Sodium Amide. The crude diacetylene C~TI) was added to sodium amide 
(produced from 6 g No), mixed for 3.5 h, thentreated analogously. After distillation of the so~vent and 
purification of the substance by passage through a column with A1203, we obtained 3.5 g (VI); yield 38.4%; 
nD 2~ 1.6085. Found %: C 93.56; H 6.62. CI~HIG. Calculated %: C 93.40; H 6.60. IR spectrum (y, cm-i): 
2119 (C-=C); 3335 (-C--H). 

Oxidative Polycoudensation of the Diaeetylene (VI). Conducted analogously to 
that described previously with 2.5 g of the initial diacetylene (Vl) and 0.5 g Cu2Cl 2 in 60 m_l of pyridine. 
Yield of the polymer (If) quantitative. Found ~c: C 93.25; H 5.86. H(CI9HI4)4H. Calculated %: C 93.40; 
H 6.60. 

CONCLUSIONS 

A means of synthesizing soluble polyacetylenic polymers of the diphenylmethane series was dis- 
covered. 
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