
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 13. MULTINUCLEAR UNCONDENSED DIETHYNYLARENES 

(UDC 547.362 + 541.6) 

I .  L~ K o t l y a r e v s k i i ,  M. So S h v a r t s b e r g ,  S.  F .  V a s i l e v s k i i ,  
a n d  V.  N.  A n d r i e v s k i i  

Insti tute of  Chemical  Kinetics and Combustion,  
Siber ian Division,  Academy of Sciences of the USSR 
Trans la ted  f rom Izves t iya  Akademii  Nauk SSSR, Seriya Khimieheskaya ,  No. 2, 
pp. 302-308, Februa ry ,  1966 
Original  a r t i c l e  submit ted October  9, 1963 

A m a j o r  difficulty in the p repa ra t ion  and oxidative polycondensation of conjugated l inear  diethynyl-  
a r enes  is the sharp  fall in the solubili ty of these  compounds with i nc rea se  in the number  of a roma t i c  nuclei  
in the molecule .  However ,  the solubili ty of a lkyl -subs t i tu ted  polyphenyl hydrocarbons  is cons iderab lyh igher  
than that  of the unsubsti tuted compounds.  Thus,  at 20~ toluene d i sso lves  only 0.22 g of p-quaterphenyl  p e r  
l i t e r ,  whe reas  the solubili ty of t e t r amethy l -p -qua te rpheny l  containing one methyl  group in each nucleus is 
490-500 g / l i t e r  and for  the oc tanuclear  oc tamethy l -p -oc t iphenyls  it is 13 g / l i t e r  [1]. It is quite obvious that 
diacetylenic  de r iva t ives  of polyalkylpolyphenyls  mus t  also p o s s e s s  enhanced solubili ty.  It becomes  pos-  
s ible,  t he re fo re ,  to p r e p a r e ,  in the f i r s t  p lace ,  d ie thynylarenes  with a fa i r ly  l a rge  number  of nuclei  in the 
molecule  and, in the second p lace ,  oxidative polycondensation products  containing soluble l ow-molec u l a r -  
weight f rac t ions ,  which is of specia l  s ignif icance.  Also, the extent to which the oxidative polycondensat ion 
of diethynyl compounds p roceeds  is apparent ly  re la ted  to the solubil i ty of the in te rmedia te ly  fo rmed  lower 
o l i gomers  [2]. The poss ibi l i ty  cannot be excluded, the re fore ,  that  the introduction of alkyl subst i tuents  into 
the polyphenyl pa r t  of the m o n o m e r i c  molecule  can lead to inc rease  in the mean  mo lecu l a r  weight of the 
p o l y m e r s .  

Inc reased  solubili ty of uncondensed mul t inuc lear  compounds can also be p romoted  in another  way --  
by the inclusion of an oxygen bridge (which does not in te r rupt  the conjugation) between the nuclei.  The high 
solubil i ty of 4,4 ' -diphenoxybiphenyl  as compared  with that of p -qua te rphenyl  made it poss ib le  for  us e a r l i e r  
to synthes ize  4 ,4 ' -b is -p-e thynylphenoxybiphenyl  [3]. The effect  of oxygen mus t  be mani fes ted  sti l l  m o r e  
s t rongly  in v i r tue  of the poss ib le  a s y m m e t r y  of the molecule  in this case .  

In the p r e s en t  work,  we have effected the synthesis  and oxidative polycondensation of diacetylenic  
compounds belonging to the polyalkyl -p-polyphenyl  s e r i e s  [ l i ,24-diethynyl-12,23-dimethylbiphenyl (I) and 
i 1,44-diethynyl- 12,23 ,32,43- te t ramethyl-p-quaterphenyl  (II)* ], and also to the s e r i e s  of u n s y m m e t r i c a l  di-  
phenyl e ther  der iva t ives  [4-e thynyl-4 ' -p-e thynylphenoxybiphenyl  (III)]. The reac t ions  were  conducted in 
accordance  with the following scheme:  

CH3 CH8 CH8 CH~ CH3 CHa 
\ / \ / ~ / 

(V) (IV) (X) 
CH3 CH~ - CH~ CH3 

\ / \ / 

* For  the nomencla ture  of polyphenyls see [4]. 
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CHs CHs CHs CHs 

\ /~- --C--(--C \ / , 
(xnI) 

CHs CHs 
\ / 

CHs CHs CHs CHs CHs CHs 

(VI) (VII) 

CHs CHs CHs CHs 
\ / \ _ /  

. . . C H s c 0 _ O _ O _ _ O _ x ~ / _ _  _ C0Ci~3 ~ 2- -% 
(Xl) 

"* CHs CHs CHs Cft3 
\ / \ / 

C H . C C I 2 - - O - - ~ ~ - - ~ - -  -- 

CHs CHa CHs CIt3 
\ / \ _ _ /  

, c  - c _ ,F%_ , F % _ _  S % _ ,  ~ , _  c -= cH 
(H) 

CHs CH~ CH3 Cils 
\ / \ / 

-~ ~c  - c - . ~ , "  ~ - . ~  ~ ~ - ~  ~ -  c c 

CHs CHa CH3 CHs 

--/~ --c -- (2--~, -,J-% -- .J--~7<F--~, - \  / \ / ! 
= c c -= c - , - _  - -  ~ ~ ~ ~ - 

(XIV) 
CH~ CHs CHs CHs 

\ / \ / 

O -  
(IX) (VIII) 

(xH) 

- cH~=cc l  ~ / f - %  o ~ CCl--GH~--- f 

"* C H s C C I 2 - - O - - O - - 0  --O--CCI=C[Is __ 

(m) 

H (C -~ G - - O - - O - -  0 - - 0 - -  C =-- C) ~-[ 
(xv) 

12,23-Dimethylbiphenyl (IV) was p r epa red  by the diazotizat ion of o-tol idine (V) with subsequent reduc-  
tion of the diazonium sa l t  with zinc dust in alcohol or with 30% hypophosphorous acid. In both ca se s ,  the 
yield of (IV) was about 75%. By iodination with a mix tu re  of iodine and iodic acid (IV) was converted into 
l l - iodo-12,23-dimethylbiphenyl  (VI), which by Ullmann condensation gave 29% of 11,23,32,43-tetramethyl-p - 
quaterphenyl  (VII). p-Phenoxybipheny]  (VIII) was synthesized in 54% yield by heating p-bromobiphenyl  (IX) 
and phenol with reduced copper .  The compounds (IV), (VII), and (VIII) were  acetylated in carbon disulfide 
with acetyl  b romide  in p r e s e n c e  of a luminum chloride;  the yields of the diacetyl  de r iva t ives  (X), (XI), and 
(XII) were  43, 29, and 35%, re spec t ive ly .  By reac t ion  with phosphorus  pentachlor ide and dehydrochlor ina-  
tion of the resu l t ing  mix tu res  of ch lor ides ,  as descr ibed  ea r l i e r  [3], the diketones (X), (XI), and (XlI) we re  
conver ted into the diacetylenes  (I), (iI), and (III) (yields 45, 50, and 42%). 
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The ox ida t i ve  p o l y c o n d e n s a t i o n  of  (I), (II), and (iII) was  conducted  in a l c o h o l - p y r i d i n e  so lu t ion  in p r e s -  
ence  of  c a t a l y t i c  amoun t s  of  cup rous  c h l o r i d e  [3]. It is  i n t e r e s t i n g  tha t  in p r e s e n c e  o f  the c o m p l e x  of cu-  
p r o u s  c h l o r i d e  and a m m o n i u m  c h l o r i d e  the  c o n d e n s a t i o n  of (i) does  not  go at  r o o m  t e m p e r a t u r e  e i t h e r  in 
aqueous  a l coho l  o r  in aqueous  ace tone  so lu t ion .  This  i s  not the f i r s t  c a s e  in which  i t  has  been  found tha t  
d i e t h y n y l p o l y p h e n y l s  coup le  u n d e r  t h e s e  cond i t ions  wi th  g r e a t  d i f f i cu l ty ,  w h e r e a s  in p y r i d i n e  r e a c t i o n  i s  
v e r y  f a s t  and is  c o m p l e t e  wi th in  a few m i n u t e s  [3, 5]. As was  e x p e c t e d ,  b e c a u s e  of the  enhanced  s o l u b i l i t y  
of  the  s t a r t i n g  s u b s t a n c e s  (IV), (VII), and (VIII) the p e r f o r m a n c e  of  the  r e a c t i o n s  l ead ing  to the  d i a c e t y l e n e s  
(I), (II), and (III) did not  m e e t  any p a r t i c u l a r  d i f f i cu l ty .  The p o l y m e r s  (XIII), (XIV), and (XV) have  a c e r t a i n  
s o l u b i l i t y .  At  p r e s e n t  we a r e  s tudy ing  the p o s s i b i l i t y  of u s i n g  the  b e n z e n e - s o l u b l e  f r a c t i o n s  in the  d e v e l o p -  
m e n t  of a s p e c t r a l  me thod  of eva lua t i ng  the  a v e r a g e  m o l e c u l a r  we igh t s  of p o l y d i e t h y n y l a r e n e s .  

EXPERIMENTAL 

Deamination of o-Tolidine (V). 150 ml of concentrated HCl was added to 54 g of (V) and 
the mixture was left for 3 h; diazotization was then effected at between -5 and -3 ~ by means of a solution 

of 40 g of NaNO 2 in i00 ml of water with stirring for 1 h. The diazonium salt so obtained was reduced 

either with 172 g of zinc dust in 1300 ml of alcohol [6] or with 370 g of 30% H3PO 2 [7]. The yield of dimethyl- 

biphenyl (IV) was 34-34.5 g (73.5-74.5%); b.p. 120-123 ~ (4 ram); nDi9 1.5950. 

Acetylation of 12,23-Dimethylbiphenyl (IV). 57 gofAICl3was added inportions inthe 

course of 1 h to a solution of 13.5 g of (IV) and 25.6 g of acetyl bromide in 125 ml of carbon disulfide. The 

reaction mixture was stirred further for 5 h with gradual rise in temperature to 50 ~ and it was decomposed 

with dilute HCI and ice. The crystals precipitated were filtered off and washed with water 11.4 g of air-dry 

product was crystallized twice from ethanol. The yield of the diaeetylbiphenyl (X) was 8.45 g (42.7%); m.p. 

134.5-135 ~ (X) is soluble in ether, benzene, dioxane, chloroform,rod CCI 4. Found %: C 81.14; H 6.84. 
Ci8H1802 . Calculated %. C 81.17; H 6.81. Infrared spectrum: C =O 1678 cm-i; 1,4-substitution in the aro- 

matic nucleus 818 and 840 em -I. 

Reaction of 11,24-Diacetyl-12,23-dimethylbiphenyl (X) with PC15. 6.4got (X) 

and 12.4 g of PC15 in 35 ml of dry benzene was heated at 60 ~ for 3 h, cooled, and poured into a mixture of 
ether and ice. The ether-benzene layer was washed with NaHCO 3 solution and water, and it was dried with 

CaCI 2. The solution of chlorides was used in the next stage. 

Preparation of ll,24-Diethynyl-12,23-dimethylbiphenyl (I). The solution of chlo- 

rides was added in the course of 30 rain to sodamide prepared from 5.8 g of sodium in 600 ml of liquid am- 

monia in presence of 0.2 g of Fe (NO3) 3 �9 H20, and the mixture was stirred for 3 h, after which the excess of 
sodarnide was decomposed with 15 g of NH4CI. After the removal of NH 3 the solution of the product was 
washed with water until neutral and dried with CaCl 2. A solution of the crude diacetylene (I) in ether was 

filtered through a layer of alumina, most of the solvent was removed, and the precipitated crystals were 
filtered off (2.8 g; m.p. 128-128.5~ The purification process was repeated twice. We obtained 2.5 g 

(45.2%) of (I), m.p. 129.2-129.4 ~ Found %: C 93.83; H 6.18. C18H14. Calculated %: C 93.87; H 6.13. Infra- 
red s p e c t r u m :  C - C  2100 cm -1, C~ CH 3275 cm - j ,  1 , 4 - s u b s t i t u t i o n  in an a r o m a t i c  nuc l eus  824 and 871 cm -1. 

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  l l , 2 4 - D i e t h y n y l - 1 2 , 2 3 - d i m e t h y l b i p h e n y l  ( I ) .  
A m i x t u r e  of  1.7 g of (I) and 0.2 g of  Cu2C12 in 88 m l  of  a 10 : I m i x t u r e  of  p y r i d i n e  and e thanol  was  shaken  
in an oxygen a t m o s p h e r e  at  55 ~ . When no m o r e  oxygen  was  a b s o r b 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 , a n d  the p r e c i p i t a t e  of  o l i g o m e r  was  washed  with  w a t e r ,  bo i l ed  with  100 m l  of  d i lu t e  (1: 6) HC1 fo r  2 h ,  
and aga in  washed  with w a t e r  un t i l  the  f i l t r a t e  was  f r e e  f rom c h l o r i d e  ions.  The p r o d u c t  was  w a s h e d  with  
e thanol  and e t h e r  in a Soxhle t ,  and we ob ta ined  1.67 g of po ly (11 ,24-d ie thyny l -12 ,23-d ime thy lb ipheny l )  (XIII). 
(XIII) was an in fus ib l e  ye l low p o w d e r .  Found %: C 92.94; H 5.69. I n f r a r e d  s p e c t r u m :  C = C 2108 and 2148 
cm -1, C = CH 3307 cm -1,  1 , 4 - s u b s t i t u t i o n  in an a r o m a t i c  nuc leus  817 and 871 em -1. 

1 1 - I o d o - 1 2  , 2 3 - d i m e t h y l b i p h e n y l  ( V I )  was  p r e p a r e d  in 72.5% y ie ld  by  the d i r e c t  iod ina t ion  
of 18.3 g of  the  b ipheny l  (IV) with 10.2 g of  iod ine  and 4.1 g o f  HIO 3 in a c e t i c  ac id  [8]; b .p .  143-145 ~ (2 ram);  

19 1.6590. S i m u l t a n e o u s l y  about  4.5 g (10.4%) of 11 ,24-d i iodo-12 ,23-d imethy lb iphenyl ,  m .p .  106-107 ~ was  n D 
ob ta ined .  

S y n t h e s i s  o f  1 2 , 2 3 , 3 2 , 4 3 - T e t r a m e t h y l - p - q u a t e r p h e n y  1 ( V I I ) .  3 8 g o f  (VI) was  
hea ted  with  s t i r r i n g  with  25.2 g of c o p p e r  p o w d e r  at  220-230 ~ f o r  3.5 h and at  260 ~ fo r  30 ra in .  The r e a c -  
t ion  m i x t u r e  was  d i s s o l v e d  in bo i l i ng  b e n z e n e ,  the  p r e c i p i t a t e  was  s e p a r a t e d ,  and s o l v e n t  was  d r i v e n  off. 
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By chromatography on a column containing alternating layers of basic and neutral alumina and subsequent 

vacuum distillation (235-240 ~ at 0.5 ram) we isolated 12.7 g (28.6%) of the quaterphenyl (VII) as a congealed 

greenish-yellow mass. (VII) was used without further purification in the next stage. 

Acetylation of l~,23,32,43-Tetramethyl-p-quaterphenyl (VII). ]2.7gof (VII) was 

acetylated with 17.2 g of acetyl bromide in presence of 18.5 g of AICI 3 in 100 ml of carl~on disulfide, as 
described for the biphenyl (IV). After decomposition the product was extracted with ether, the extract was 

washed with NaHCO 3 solution and water and was dried with CaCl2, and solvent was driven off. The residue 
was dissolved in benzene and ehromatographed on basic alumina. The fraction containing 11,44-diacetyl - 
12,23,32,43-tetramethyl-p-quaterphenyl (XI) with a little monoacetyl derivative as impurity (the progress of 

the separation was followed by means of thin-layer chromatography) was vacuum-distilled twice. We ob- 

tained 8.5 g of crude (XI) [b.p. 330-340 ~ (1 mm)] as a greenish glassy mass, which gradually crystallized on 

standing. After two crystallizations from ethanol the yield of (XI) was 4.5 g (28.8%); m.p. 139.5-140.5 ~ 

Found %: C 86.30; H 6.79. C32H2802. Calculated %: C 86.06; H 6.77. Infrared spectrum: C=O 1675 cm -i, 
],4-substitution in an aromatic nucleus 820 and 883 cm -1. 

Preparation of 11,44-Diethynyl-12,23,32,43-tetramethyl-p-quaterphenyl (II). 

(II) was synthesized in an analogous way to the diacetylene (I) by the dehydrochlorination, with sodamide 

(from 2.5 g of sodium) in liquid ammonia (1 liter), of the mixture of chlorides obtained by the reaction of 

4 g of the dione (XI) with 4.7 g of l~ 5 in 20 ml of dry benzene at 50-60 ~ The ethereal solution of the prod- 

uct was dried with CaCl2, concentrated, and filtered through a layer of alumina; most of the solvent was 
distilled off. The crystals which came down were filtered off and dissolved in ether, and the solution was 
again passed through a layer of alumina. The yield of (II) was 1.75 g (49.8%); m.p. 145 ~ Found %: C 93.62; 
H 6.25. C32H24 . Calculated %: C 93.62; H 6.38. Infrared spectrum: C ~ C 2107 cm -I, C -= CH 3308 cm -1, 

1,4-substitution in an aromatic nucleus 823 and 880 cm -I. 

Oxidative Polycondensation of li,44-Diethynyl-12,23,32,43-tetramethyl-p- 

quaterphenyl (II). 1.4 g of (II) in a mixture of 35 ml ofpyridine and 6 ml of methanol was oxidized 
with oxygen in presence of 0.2 g of Cu2C] 2 at 40 ~ The reaction mixture was poured into water, and the oli- 

gomer (XIV) was filtered off and washed repeatedly on the filter with hot water and in a Soxhlet with alcohol 

and ether. The yield of (XIV) was 1.38 g. Found %: C 93.14; H 5.95. Infrared spectrum: C~ C 2103 and 
2148 cm -I, C-CH 3310 cm -1, ],4-substitution in an aromatic nucleus 818 and 877 cm -I. 

p-Bromobiphenyl (IX). 215 gofbiphenylwas brominatedwith 228 g of bromine in presence 
of 5 g of iron filings in 650 ml of CCI 4 at 45 ~ for 15 h [9]. The yield of (IX) was 164.6 g (50.7%); m.p. 84-85 ~ 
(from ethanol). 

P TPhen~ (VIII). ByUllmann's method from 70.5 gof (IX), 40.5 gofphenol, and 
18 g of KOH in presence of 3 g of copper powder (220-230 ~ 8 h) we obtained 40.2 g (54%) of (VIII), m.p. 68 
to 69 ~ (from ethanol) [9]. 

Acetylation of p-Phenoxybiphenyl (VIII). 16.2 g of AlC13 was added in the eourse of 2 h 

to a solution of 12.3 g of (VIII) and 17.1 g of acetyl bromide in 70 ml of carbon disulfide; the mixture was 

stirred for 5 h at 50-55 ~ and decomposed with hydrochloric acid and ice. The crude product (14.2 g) was 
recrystallized from tetrahydrofuran. The yield of (XII) was 5.9 g (35%); m.p. 169.5-170.5 ~ Found %: C 

80.20; H 5.63. C22H1803. Calculated %: C 79.97; H 5.49. Infrared spectrum: C =O 1683 cm -t, ether link 
1270 cm -1. 

In the  c o u r s e  of  2.5 h at  0-5 ~ 32 g of  A1C13 was  added  to a s o l u t i o n  of  12.3 g of (VIII) and 26.7 g of  
a c e t y l  c h l o r i d e  in 25 m l  of  d r y  d i c h l o r o e t h a n e ,  and the m i x t u r e  was  s t i r r e d  f u r t h e r  fo r  2.5 h at  th is  t e m -  
p e r a t u r e  and then  d e c o m p o s e d .  The c r u d e  p r o d u c t  was  d i s t i l l e d  (250-270 ~ at  1 ram)  and r e c r y s t a l l i z e d  f r o m  
t e t r a h y d r o f u r a n .  The y i e ld  of  (XII) was  2.1 g (13.3%); m . p .  167.5-168.5  ~ 

S y n t h e s i s  o f  4 - E t h y n y l - 4 ' - p - e t h y n y l p h e n o x y b i p h e n y l  ( I I I ) .  The m i x t u r e  of c h l o -  
r i d e s  ob t a ined  by  h e a t i n g  10 g of  the  d ike tone  (XII) with 14.6 g of PC15 in be nz e ne  at  60 ~ was  d e h y d r o c h l o -  
r i n a t e d  with  s o d a m i d e  (from 8.3 g of  sod ium)  in l iquid a m m o n i a  (600 ml ) .  The so lu t i on  of  the  d i a e e t y l e n e  
(III) was  washed  with  w a t e r  and d r i e d  wi th  CaC12; s o l v e n t  was  d r i v e n  off. A f t e r  r e c r y s t a l l i z a t i o n  f rom e th -  
anol  the  y i e l d  of  (III) was  3.8 g (42.2%); m .p .  157.8-158.2 ~ Found %: C 89.82; H 4.93. C22H140. Ca l cu l a t ed%:  
C 89.78; H 4.80. I n f r a r e d  s p e c t r u m :  C ~ C 2105 cm -1, C~  CH 3308 em -1, e t h e r  l ink  1253 c m  -1. 

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  4 - E t h y n y l - 4 ' - p - e t h y n y l p h e n o x y b i p h e n y l  ( I I I ) .  
0.5 g of  the  d iyne  (III) in 22 m] of  a 10 : 1 m i x t u r e  of p y r i d i n e  and m e t h a n o l  was  s u b j e c t e d  to ox ida t i ve  p o l y -  
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c o n d e n s a t i o n  in an oxygen  a t m o s p h e r e  in p r e s e n c e  of  0.1 g of Cu2C12 at  55 ~ The l i g h t - y e l I o w  o l i g o m e r  (XV) 
was  w a s h e d  on the f i l t e r  wi th  d i lu t e  (1 : 9) HC1 and w a t e r  and in a Soxhlet  wi th  a l coho l  and e t h e r .  The  y i e l d  
of  (XV) was  0.33 g. Found %: C 87.19; H 4.41. I n f r a r e d  s p e c t r u m :  C_  = C 2148 and 2219 c m  -1, C - C H  3302 
cm -1, e t h e r  l ink 1243 crn -1.  

CONCLUSIONS 

1. As a result of the higher solubility arising from the introduction of methyl groups or an oxygen 
bridge into the p-polyphenylene part of the molecule of a diethynylarene it is possible to synthesize diace- 
tylenes of this series containing a fairly large number of nuclei. 

2. The syntheses and oxidative polycondensations of 11,24-diethyny1-12,23-dirnethylbiphenyl, 11,4 ~- 
diethynyl-12 ,23,32,43-tetramethyl-p-quaterphenyl, and 4-ethynyl-4'-p-ethynylphenoxybiphenyl were carried 
out. The resulting polymers are partially soluble in benzene. 
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All  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the  above  b i b l i o g r a p h y  are l e t t e r -by - l e t t e r  t r a n s l i t e r a -  

t i ons  of the a b b r e v i a t i o n s  as g i v e n  in the o r ig ina l  R u s s i a n  journa l .  Some  or a l l  of  th is  per i -  

od ica l  l i t e ra ture  m a y  w e l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A comple t e  l i s t  of the cover - to -  

cover  E n g l i s h  t r a n s l a t i o n s  appea r s  at  the back  of t h i s  i s s u e .  
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