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A scheme  for  the e l iminat ion of a ry loxy  groups  via an E lcB  m e c h a n i s m  is p roposed  on the 
bas i s  of data on the k inet ics  of the alkal ine hydro lys i s  of 3-sul folanol  phenyl e thers  in H~O 
and D20. 

Under  the influence of basic  ca ta lys t s ,  3-sul folanol  e thers  read i ly  spli t  out alcohol  to give 2-sul fo l ine  
or  r e a c t  with nucleophilic reagen ts  with exchange of a lkoxy or  a ry loxy  groups  [1]. It has been shown in the 
ca se  of 3 -methoxysu l fo lane  [2] that  the introduction of an alkoxy group  into the sulfolane molecule  r a i s e s  
the labi l i ty  of the hydrogen a toms  of the methylene group  in the 2-pos i t ion .  The i r  isotopic exchange with 
D20 r e a c h e s  equi l ibr ium at  20-25~ in 0.006 N alkal i  solution a f te r  30-40 min. In this case ,  the r a t e  of 
isotopic exchange is cons ide rab ly  higher  than the r a t e  of el iminat ion.  These  data make it poss ib le  to p ro -  
pose  the in te rmedia te  fo rma t ion  of ca rbanions  (E lcB mechanism) ,  which has been es tab l i shed  fo r  many  
e l iminat ion  and c leavage-add i t ion  reac t ions  (for example ,  see  [3-5]), fo r  the e l iminat ion and subst i tut ion 
reac t ions  of f l -subst i tu ted  de r iva t ives  of sulfolane.  

The r e su l t s  of an  invest igat ion of the kinet ics  of the alkal ine hydro lys i s  of 3-sul folanol  phenyl e thers  
(Ia-f), which conf i rm this assumpt ion ,  a r e  p resen ted  below. 

The hydro lys i s  of a l l  of the invest igated e the r s  in excess  a lkal i  is desc r ibed  by a f i r s t - o r d e r  kinetic 
equation (Fig. 1). The f i r s t - o r d e r  r eac t i on  with r e s p e c t  to the e the r  is conf i rmed  by the cons tancy of the 
obse rved  ra te  constants  when the s ta r t ing  concent ra t ion  of e the r s  I changes.  The f i r s t - o r d e r  r a t e  constant  
is l inear ly  r e l a t ed  to the ac t iv i ty  of the OH- ions (Fig. 2). Thus,  the kinetic equation of the reac t ion  has 
the f o r m  

d[I] 
dt = k2[l][aoH-]. 

The ac t iva t ion  p a r a m e t e r s  of the hydro lys i s ,  which a r e  p resen ted  in Table  1 toge ther  with the ra te  con-  
s tants ,  were  found f r o m  the t e m p e r a t u r e  dependence of the reac t ion  ra t e  a t  30, 40, and 50~ 

A c o m p a r i s o n  of the k 2 values  fo r  var ious  e the r s  I shows that  e l e c t r o n - a c c e p t o r  subst i tuents  in the 
pa ra  posi t ion of the phenyl r ing a c c e l e r a t e  the react ion,  while e l ec t ron -donor  subst i tuents  in this posi t ion 
inhibit it. The k 2 values  sa t i s fy  the Hammet t  equation with ~P subst i tuent  constants  [6].. log k = -1 .3 0 1 0  + 
1.27 ~P (1: = 0.942; s = 0.036). 

Inasmuch  as  the magni tude of the kinetic isotope effect  m a y  s e r v e  as  one of the c r i t e r i a  of a c a r b a n -  
ion m e c h a n i s m  [3, 7, 8], we c a r r i e d  out two pa ra l l e l  s e r i e s  of expe r imen t s  with e ther  Ia in D20 and H20 
with ca ta lys i s  by NaOH in 50% d i o x a n e - w a t e r  solut ions.  At 30 ~ k2(H) = 0.0436, k2(D ) = 0.072 l i t e r ,  mole  -1 �9 
sec  -1, and k H / k  D = 0.61. The obs e rved  acce l e r a t i on  of the reac t ion  in D20 is in a g r e e m e n t  with the r e -  
sults  of calcula t ions  [3] f r o m  the shif t  in the protolyt ic  equi l ibr ia  on pass ing f r o m  H20 to D20 (from 0.3 to 
0.8), with the values  of the isotope effect  in the e l iminat ion  of a phenoxy group  f r o m  a 2-phenoxyethy lsu l -  
fonium sa l t  (0.66) and a sulfoxide (0.78) [3], and a lso  with the values  obse rved  in the e l iminat ion of a 

Insti tute of the C h e m i s t r y  of High-Molecular -Weight  Compounds,  Academy of Sciences of the 
Ukrainian SSR, Kiev. T r a n s l a t e d  f r o m  Khimiya  Gete ro t s ik l i chesk ikh  Soedinenii, No. 9, pp. 1200-1203, 
September ,  1974. Original  a r t i c l e  submit ted  October  31, 1972; r ev i s ion  submit ted  October  24, 1973. 

�9 76 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy of  this article is available from the pub6sher for $15.00. 

104 2 



5 ~ 3 

s 1o ~5 t ,  rain 

kl. 10 a. t ~ , ~  

3 

4 
6 

k~ 

0,01 0,03 0 . 0 5  0~07 

Fig. i Fig. 2 

Fig .  1. Change  in the c o n c e n t r a t i o n  of e t h e r  Ia dur ing h y d r o l y s i s  at  
30 ~ [a) c I = 2.4 �9 10 -3 m o l e / l i t e r ;  b) c I = 4 �9 10 -3 m o l e / l i t e r :  1) 
0.032 N KOH; 2) 0.405 N KOH; 3) 0.047 N KOH; 4) 0.061 N KOH; 5) 
0.009 N KOH. 

F ig .  2. Dependence  of the p s e u d o - f i r s t - o r d e r  r a t e  cons tan t  (kl) on  
the a lka l i  c o n c e n t r a t i o n  dur ing  the a lkal ine  h y d r o l y s i s  of  e t h e r s  I with 
v a r i o u s  subs t i tuen t s :  1) p-NCh; 2) p - B r ;  3) H; 4) p-CH3; 5) m-CHa; 6) 
o - C H a . 

methoxy  g r o u p  f r o m  me thoxy  ke tones  (0.75-0.88) [7], f o r  which  an E l c B  m e c h a n i s m  has been  proved.  One 
should  have expec ted  inhibit ion of the r e a c t i o n  in D20 f o r  an s  m e c h a n i s m  (kH/k  D = 3) [3]. The en t ropy  
of ac t iva t ion  of the a lka l ine  h y d r o l y s i s  of e the r s  is s o m e w h a t  l ower  than  fo r  ke tones  [7]; in the c a s e  of iden-  
t i c a l  m e c h a n i s m s ,  this  can  be explained by the lower  ac id i ty  of sul fo lane  de r iva t i ve s  and r e i n f o r c e m e n t  of 
the s t e r i c  h indrance  to so lva t ion  of  the t r a n s i t i o n  s ta te  [9]. 

A c o m p a r i s o n  of  the r e s u l t s  of the p r e s e n t  s tudy  with the data in [8] m a k e s  it poss ib le  to a r r a n g e  the  
inves t iga ted  phenyl  e the r s  in the fol towtng o r d e r  of d e c r e a s i n g  ac t iv i ty  in a lkal ine  h y d r o l y s i s :  

CsH~SO~CH2OPh> l > C6HsSOCH2CH2OC~Hs 
/e~liter "rnoie-t-sec-~3.5. IO ' (at 25.4~ 5, iO -~ (at 30 r i.l .  tO a (at 25,4 ~ 

p +1.5 + 1 2 7  +1.2 

The p va lues  a r e  d o s e  in all  c a s e s ,  while  the  r a t e  cons tan t s  d i f fer  be tween  ad jacen t  m e m b e r s  of the 
s e r i e s ;  this  is c h a r a c t e r i s t i c  f o r  a n E l c B  c a r b a n i o n  m e c h a n i s m  [8]. 

On the b a s i s  of  the m a t e r i a l s  se t  f o r t h  above,  the a lkal ine  hyd ro ly s i s  of e t h e r s  I can  be r e p r e s e n t e d  
by the s c h e m e  

G 
OAr ~ ~ . . O A r  -ArO- _ _  OH 

-0C6 H4 X 

T A B L E  1. Rate  Cons tan t s  of  the Alka l ine  Hydro ly s i s  of ~ 

Com- 
X 

pound 

la H 
Ib 4-CH3 
Ic 3-CH3 
Id 2-CHa 
Ie 4-Br 
If 4NO~ 

* A t  22% k 2 = 0.269; at  9 ~ k 2 = 0.0848. 

I concn., mole/ 
liter, 1 0  .4 

4 
3,99 
3,76 
3,55 
3,95 
1,28" 

liter-mole-L sec -1 I~,  G, kcal/ 
ao ~ 4o ~ :,o" mQl~ . . . . .  

0,0506 0,124 , 0,278 16,6 
0,0392 0,0894 0,252 ]8,2 
0,0381 0,I01 ' 0,262 ]8,8 
0,0272 0,0705 0,156 17,0 
O, lO1 0,249 ~ 0.515 15,8 

, - -  12,6 0,425 i -- p 

AS , 

e u  

--11,7 
--7,0 
--5.0 

- 11,6 
--12,8 
-- 20,6 
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TABLE 2. Proper t i es  of Aryloxysulfolanes 

Com- 
pound 

|a 
Ib 
Ic 
Id 
Ie 
If 

Ig 

mp, ~ 

125,5--126,5 
128--129 

103,5--104 
89-- 90 

150,5--151,5 
144,5--145,5 

192--193 

Empirical 
formula 

Found,% I Calc., % 
s c H 

Yield, 
s Y0 

15,1 t 10 
14,2 t 19 
14,2 16 
14,2 113 
11,0 70 
12,5 <5 
10,6 95 

CzoHE20~S 
CnHI403S 
ClIH1403S 
QII'H1403S 
CIoHIIBrO~S 
CIoHHNO~S 
CloH~oN2OTS 

C H 

56,8 5,7 
57,7 5,9 
58,5 6,5 
58,3 6,2 
41,4 3,9 
45,4 4,2 
39,5 3,3 

15,3 56,6 5,7 
14,2 58,4 6,2 
14,2 58,4 6,2 
14,5 58,4 6,2 
10,7 I 41,3 3,8 
13,2 I 46,7 4,3 
10,8 39,7 3,3 

* Compound Id was crys ta l l ized  f rom ether,  Ig was c rys ta l l i zed  
f rom methanol -d ioxane ,  and the remaining compounds were  c r y s -  
ta l l ized f rom methanol. 

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

3- Phenoxy- (In) and 3-tolyloxysulfolanes (Ib-d) were  obtained by react ion of phenols and c reso l s  with 
2-sulfolene in the presence  of sodium metal  (in a ratio of 2 : 1  : 0.5), while 3-(4-bromophenoxy)sulfolane (Ie) 
was obtained by brominat ion of ether  Ia with dioxane dibromide. 3- (4-Ni t ro) -  (If) and 3-(2,4-dini t rophe-  
noxy)sulfolane (Ig) (Table 2) were  isolated in the nitrat ion of ether  Ia with a mixture of 53% nitric acid and 
83% suffuric acid. 

The hydrolysis  was ca r r i ed  out in 10% aqueous dioxane. A constant ionic s trength was maintained in 
the solutions by means of 1 M KC1 solution. The kinetic measurements  were  made with an SF-16 spec-  
t rophotometer ,  the thermosta t ted  cuvette (1 cm thick) of which was used as  the react ion vessel .  The course  
of the react ion was followed f rom the change in the potass ium phenoxide concentrat ion.  Inasmuch as  the 
difference in the absorpt ion of the potassium phenoxide and ethers  I in the absorpt ion maxima of the phe= 
noxides is ve ry  large,  the absorpt ion of e thers  I was not taken into account  in the calculations.  The exper i -  
ments  were  repeated  no less  than three t imes,  and the data were averaged.  

The rate  of hydrolysis  was investigated under pseudomonomolecular  conditions in the presence  of a 
considerable  (1 : 100) excess  of KOH. The ra te  constant was calculated f rom the f i r s t - o r d e r  react ion 
equation 

D~ 
In kob s �9 t, 

D~ -Dr 

where Doo and D t a re  the optical densit ies of the solution in the case  of 100% hydrolysis  and at t ime t. The 
D=o values observed  in the hydrolysis  of Ia, b were  in agreement  with the values calculated f rom the molar  
absorpt ion coefficient of the corresponding phenoxide and the s tar t ing ether  concentration; this indicates 
the pract ica l  i r revers ib i l i ty  of the react ion and the absence of side p rocesses .  The experimental  D~o values 
were  therefore  subsequently used in the calculat ions of the ra te  constants.  
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