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It is known [1] that  alkyl e the r s  of phenol usual ly  r eac t  with chlor ine  wit~lout i r r ad ia t ion  to fo rm sub-  
st i tution products .  As shown by Rosen and Stallings [2], a d e c r e a s e  in the e lec t ron-donor  p rope r t i e s  of the 
oxygen a tom in e the r s  i n c r e a s e s  the capaci ty  of the a romat i c  ring to add on chlor ine.  These  authors  [2] 
es tabl i shed that  phenyl t r i ch lo roace t a t e  gives  a high yield of an addition product  with s ix chlor ine  a toms,  
whe rea s  phenyl aceta te  does not give such products ,  even with UV i r rad ia t ion .  

It was  found that  when e l e m e n t a r y  chlor ine  acts  on ~ ,f i-dichloroethylphenyl e ther  (I) at r oom t e m p e r a -  
tu re  in absence  of i r r ad ia t ion  and ca ta lys t s ,  we obtain not only the usual  p roducts  of  e lect rophi l ic  subs t i tu-  
t ion of the a roma t i c  r ing (D, but also highly chlor inated products .  The product  of addition of four chlor ine 
a toms to the benzene r ing of (I), ~ , f i - d i ch lo roe thy l -2 ,3 ,4 ,5 - t e t r ach lo rocyc lohexene - l -y l  e ther  (II), was  ob-  
ta ined in c rys t a l l i ne  fo rm.  The scheme  of fo rmat ion  of (II) is as follows: 
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This  ca se  ag rees  with the conclusions  of Rosen  and Stallings [2], but the fact  that the reac t ion  oc-  
c u r r e d  without i r r ad ia t ion  was somewhat  unexpected.  

The s t r u c t u r e  of (II) follows f r o m  the u l t imate  analys is  data, the m o l e c u l a r  weight, and the in f ra red  
spec t rum.  This  s p e c t r u m  has a s t rong line c h a r a c t e r i s t i c  of the C = C  bond (1668 cm-1) .  No bands at 1600- 
1500 cm -1, c h a r a c t e r i s t i c  of  the benzene ring, a re  obse rved .  The C = C bond remain ing  in the  r ing of (II) 
is v e r y  iner t .  It r e s i s t s  the action of chlor ine ,  does not add on hydrogen in the p r e s e n c e  of Raney nickel,  
and is not de te rmined  by the b r o m i n e - b r o m a t e  method.  According to the f i r s t - o r d e r  kinetic equation, in 
an aqueous alcoholic med ium (1D l ibe ra tes  th ree  HC1 equiva len ts  s imul taneously ,  while o ther  ~ , f l -d ich loro-  
e thers  l ibe ra te  only one equ iva len t  [3]. This  indicates  that  the f i r s t ,  s lowest  s tage of the reac t ion  is r e -  
p lacement  of the a - c h l o r i n e  atom. The polyaceta l  of ch loroaceta ldehyde  (III) thus obtained is unstable  and 
decomposes  to f o r m  chloroace ta ldehyde  and a cycl ic  enol (IV), which is s tabi l ized as 2 ,4-dichlorophenol ,  
spli t t ing off two HC1 equivalents .  The hydro lys i s  s cheme  of (II) is as follows: 
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The second and th i rd  s tages  a r e  much  f a s t e r  than the f i r s t  s tage.  

Among the hydro lys i s  products  we identified ch loroace ta ldehyde  as the 2 ,4-din i t rophenylhydrazone 
[4]; 2 ,4-dichlorophenol  was  identified by gas - l iqu id  ch romatography  (no i somer i c  dichlorophenols  were  
observed) .  We can a s s um e  that  the C = C bond in the r ing is located next to the alkoxy group because  it is 
pa r t i cu l a r ly  iner t .  This  was conf i rmed  by the fact  that  oxidation of (II) with po tass ium pe rmangana te  in 
aqueous H2SO 4 gave t e t rach loroad ip ic  acid: 
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If the double bond were  located in any o ther  posit ion,  we would get  an acid of different  s t ruc tu re .  

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

P r e p a r a t i o n  o f  ~ , f l - D i e h l o r o e t h y l - 2 , 3 , 4 , 5 - t e t r a c h l o r o c y c l o h e x e n e - t _ ~  
E t h e r  ( I  I).,,., Chlor ine  was p a s s e  d i n t o a  f lask  containing 48.6 g of (I) at 20~ until the weight  r eached  
67.6 g. Vacuum dis t i l la t ion of 54.0 g of the reac t ion  products  gave  (allowing for  the in te rmedia te  fract ions)  
6.4 g (12 mole  %) of  (I), 19.5 g (42.5 mole  %) of (II), and 1 g of the ~ , f l -d ichloroethyl  e ther  of 2 ,4 -d ich lo ro-  
phenol (2 mole%).* The r e s idue  was a thick oil which c rys t a l l i zed  a lmos t  comple te ly  when left to cool in 
the condenser .  After  r e c ry s t a l l i z a t i on  f r o m  a mix tu re  of n-hexane  and e ther ,  the mp of (I1) was 64-65~ 
and the tool. wt. 320 i f rom benzene) .  Found %: C 28.61, 28.62; H 2.26, 2.59; C1 63.46, 63.64. C~HsOC16. 
Calculated %: C 28.81; H 2.40; C1 63.98. 

Compound (II) was  not hydrogenated  at r o o m  t e m p e r a t u r e  at a tmospher ic  p r e s s u r e  in dioxane in the 
p r e s e n c e  of Raney nickel .  The dynamics  of HC1 accumulat ion during solvolys is  of (II) we re  studied in 80% 
aqueous ethanol at 62.5 ~ by the method in [3]; k = 0.040 rain -1. T i t ra t ion  of 0.1856 g of (II) took 16.50 ml  of 
0.1 N NaOH. 

Oxidation of (ID by p o t a s s i u m ' p e r m a n g a n a t e  was p e r f o r m e d  by the method in [5]. The t e t r a c h l o r o -  
adipic acid thus obtained mel ted  with decomposi t ion  at 300 ~ Found %: C1 49.42,49.86.  CGHGC14Q. Calcu-  
lated %: C1 49.95. T i t ra t ion  of 0:12 g of (II) took 8.46 ml  of 0.1 N NaOR. 

C O N C L U S I O N S  

1. The authors  have es tab l i shed  that  chlor ine  adds on to ~ , f l -d ichloroethylphenyl  e ther  at the benzene 
r ing in absence  of i r rad ia t ion  and ca ta lys t s ,  with fo rmat ion  of s s table  product .  

2. Hydrogenation,  hydro lys i s ,  and oxidation reac t ions  conf i rmed  the s t r u c t u r e  of the product ,  O~,fl- 
d i c h ] o r o e t h y l - 2 , 3 , 4 , 5 - t e t r a h e x e n e - l - y l  e ther .  

*For  the identif icat ion of these  compounds,  see  [4]. 
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