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SULPHENE INTERMEDIATES I N  THE SYNTHESIS OF POLY (p-BENZENE-SULPHONADES) 

AND POLY (p-BENZENE SULPHONATES) 

J o r d i  Contreras  and J I d r i s  Jones 

Department of Non Metallic Materials , Brunel Univers i ty ,  Uxbridge , Middlesex 

England 

Poly(p-benzamide) ( I )  and Poly(p-hydroxybenzoate) (11) have r ecen t ly  emerged 

commercially as h igh  performance materials wi th  unique p r o p e r t i e s  , t h e  f i r s t  

as the b a s i s  o f  h igh  s t r e n g t h  and h igh  modulus f i b r e s  and the  l a t t e r  as an 

engineer ing  p l a s t i c  w i th  e x c e l l e n t  h igh  temperature c h a r a c t e r i s t i c s .  I n  the  

course of work d i r e c t e d  t o  the  syn thes i s  o f  t h e  s t r u c t u r a l l y  r e l a t e d  poly- 

(p-benzenesulphonamide)(III) and poly(p-benzenesulphonate)(IV) and t h e i r  

s u b s t i t u t e d  d e r i v a t i v e s  we have looked f o r  evidence f o r  t he  intermediacy of  

t he  sulphenes (V) and (VI) r e spec t ive ly :  

( v )  NH=( - >'so2 
I n  the syn thes i s  of ( I ) ,  t he  key in te rmedia tes  are the  N-sulphinyl 

de r iva t ive  of 4-aminobenzoyl ch lo r ide  and the  hydrochlor ide  of 4-aminobenzoyl 

ch lor ide .  S t a r t i n g  wi th  s u l p h a n i l i c  a c i d ,  we  have prepared the  corresponding 

N-s u lphinylan i  l ine-4 s ulphochlor ide (VII) and a n i l i n e  hydro chloride-4- 

sulphochlor ide(VII1) .  By c o n t r o l l e d  hydro lys i s  of (VII) , we have a l s o  

succeeded i n  i s o l a t i n g  aniline-4-sulphochloride(IX) as a s t a b l e ,  c r y s t a l l i n e  

compound. These th ree  in t e rmed ia t e s ,  (VII) (VII I )  and (IX) , se rve  as 

convenient s t a r t i n g  materials f o r  t he  syn thes i s  of poly(p-benzenesulphonamide) 

(111). Of p a r t i c u l a r  i n t e r e s t  i s  the  s o l i d  s ta te  polymerisat ion of  (IX) t o  

give (111). D i f f e r e n t i a l  thermal ana lys i s  s t u d i e s  revea led  an i n i t i a l  

exothermic rearrangement r eac t ion  a t  l l O ° C  t o  give (X), t h e  hydrochlor ide of 

the  sulphene ( V ) ,  followed by an endothermic r eac t ion  at  165OC, l ead ing  to  

polymer formation wi th  e l imina t ion  of hydrogen ch lor ide .  Dehydrochlorination 

of (VIII)  o r  (IX) wi th  py r id ine  a l s o  leads  t o  polymer formation. 

Treatment of N-acetylsulphani lyl  c h l o r i d e  (XI) wi th  py r id ine  leads  t o  t h e  

formation of the  water-soluble  , a c e t y l a t e d  poly (p-benzene-sulphonamide) . By 

a s e r i e s  of t r app ing  experiments ,  we have been ab le  t o  e s t a b l i s h  unequivocal ly  

t h a t  the  r eac t ion  proceeds through the  in te rmedia te  formation of  a sulphene 
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spec ies .  This  sulphene has  been i s o l a t e d  and charac te r i sed  as the  

z w i  t t e r i o n i c ,  pyr id ine  adduct: 

C”C0QQ-SO2 - @ ?  
I n  the  case of the  r eac t ions  of  (VIII) and (IX) wi th  pyr id ine ,  the  issue 

of  the sulphene intermediacy i s  somewhat obscured s ince  the re  i s  s t ronger  

competition between the polymerisat ion of  (V) and i t s  add i t ion  

re ac t ions  . 
By melt polymerisat ion,  N-acetylsulphani l ic  ac id ,  i t s  ch lo r ide ,  e t h y l  

ester and phenyl ester have been converted i n t o  polysulphonamides. 

N-acetylsulphani l ic  ch lor ide  (XI )  polymerises wi th  evolu t ion  of hydrogen 

ch lor ide  and ace ty l  ch lor ide  t o  give a copolymer made of u n i t s  of 

*NH-C6H4-S02+ and f 7-C6H4-SO2f. An i n t e r e s t i n g  r eac t ion  between ( X I )  

corn3 

and dimethyl formamide has been discovered. 

Following the e a r l y  work of Zincke and Brune’, t h e r e  has been 

considerable  specula t ion  about the  poss ib l e  formation of quinonoid 

sulphene in te rmedia tes  i n  the  syn thes i s  of  polysulphonates of  type ( V I ) .  

Hall has  prepared a series of  such polymers from 2,5-disubs ti tu ted  

phenol-4-sulphochloride and -sulphofluoride by t reatment  wi th  base. 

the bas i s  of  c e r t a i n  u l t r a v i o l e t  s t u d i e s ,  he claiIlled t h a t  the yellow 

colour  which i s  i n i t i a l l y  formed on addi ton of base as noted by Zincke 

and Brune, w a s  due n o t  t o  sulphene formation bu t  t o  t h e  generat ion of 

the phenolate  anion. 

o f  Ha l l  and have prepared a number o f  polysulphonates. In  the  course 

of  these polymerisat ions,  some ol igomeric  spec ies  a re  a l s o  formed. 

Cy c l i  c d i  s ulphonates have been i so 1 ate d and charac t e ri se d . 

2 

On 

We have c r i t i c a l l y  examined and extended the work 
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