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A c i d - b a s e  p r o p e r t i e s  a r e  one of  the m o s t  i m p o r t a n t  c h a r a c t e r i s t i c s  of r e a c t i v i t i e s .  The  d e t e r m i n a -  
t ion of the s t r e n g t h s  of CH ac ids  by m e a s u r i n g  t he i r  k inet ic  and equ i l ib r ium ac id i t ies  is t h e r e f o r e  of  g r e a t  
i n t e r e s t  (see [1, 2]). 

The kinet ic  ac id i t ies  of the f i v e - m e m b e r e d  h e t e r o c y c l e s  thiophene and se lenophene  w e r e  f i r s t  e s t a b -  
l i shed  in [3-5].  I t  was  shown tha t  the  r a t e  cons tan t  fo r  dedeu te ra t ion  of the a - C D  bond of se lenophene  is 
only 1.5 t i m e s  h igher  than that  of  thiophene [exchange with (CH3)2SO + ter t -C4HgOLi] ,  o r  e l se  t h e y a r e p r a c -  
t i c a l l y  iden t ica l  (exchange with ter t -C4HsOH + CH3OC2H4OC2H4OCH 3 + ter t -C4HsOK).  However ,  the r a t e  
cons tan t  fo r  d e u t e r i u m  exchange  of the  a - C H  bonds  of th iophene  with l iquid ND 3 is  c l o s e  to  tha t  fo r  the CH 
g roup  of t r i p h e n y l m e t h a n e .  Since da ta  on the  equ i l ib r ium ac id i t ies  of  f i v e - m e m b e r e d  h e t e r o c y c l e s  a r e  not 
ava i lab le ,  we s e t  out to d e t e r m i n e  them by m e a n s  of a s p e c t r o p h o t o m e t r i c  va r i an t  of the  method  of c o m -  
pe t i t ive  me t a l l a t i on .  We w e r e  able  to  s i m u l t a n e o u s l y  m e a s u r e  both the r a t e  cons tan t s  of the  meta l l a t ion  of 
C4H4S and C4H4Se by  t r i pheny lme thy l l i t h ium,  i .e . ,  we w e r e  able  to  d e t e r m i n e  t he i r  k inet ic  ac id i t ies  by a d i f -  
f e r e n t  me thod  than that  used  in [3-5].  

k, 
(C6H5) 3CLi + C4H4S (C4H4Se) ~- (CsHs) aCH +.C4H~LiS (C4HaLiSe) (1) 

k-1 

The k ine t ics  and equ i l i b r ium of r e v e r s i b l e  r e a c t i o n  ('1) w e r e  s tudied in t e t r a h y d r o f u r a n  (THF) at 25~ 
The (C6Hs)3CLi solut ions  w e r e  p r e p a r e d  by the  act ion of n-CaHgLi on (C6Hs)3CH in T H F .  The unchanged  r e -  
agents  were  r e m o v e d .  A c h e c k  e s t ab l i shed  that  the (C6H5)3CLi solut ions  in THF a r e  quite s table  with t ime .  
All  of the ope ra t ions  w e r e  a c c o m p l i s h e d  at high vacuum.  The r eac t i on  was  c a r r i e d  out in a sea led  dev ice  
(without s topcocks )  equipped with a quar tz  cuve t te  and a f i r ing  pin fo r  b r e a k i n g  the ampules  conta in ing 

weighed  s a m p l e s  of  (Cr and C4H4CS (or C4H4Se). The s t a r t i ng  (C6Hs)3CLi concen t r a t i ons  r anged  f r o m  
1 to 5 " 10 -8 M, the s t a r t i n g  (C~Hs)sCH c o n c e n t r a t i o n s  v a r i e d  f r o m  2 to 20 - 10 -3 M, and the s t a r t i n g  C4H4S 
(or C4H4Se) c o n c e n t r a t i o n s  r a n g e d  f r o m  5 to 20 �9 10 -8 M. The  equ i l ib r ium of the f o r w a r d  meta l l a t ion  r e a c -  

t ion was  ach ieved  a f t e r  200-400 h, while the equ i l ib r ium of the r e v e r s e  r eac t i on  was  e s t ab l i shed  a f te r  30-  
50 h.  The  r a t e  cons tan t s  of  the f o r w a r d  (kl) and r e v e r s e  ff:-l) r e a c t i o n s  w e r e  ca lcu la ted  f r o m  the equat ion 
fo r  a r e v e r s i b l e  b i m o l e c u l a r  r e a c t i o n .  We d e t e r m i n e d  the  extinct ion coef f ic ien t  of (C6Hs)3CLi in THF (e = 
2.8 �9 104 l i t e r / m o l e - e r a )  in o r d e r  to ca lcu la t e  the equ i l i b r ium cons tan t s  [Ke(f) and Ke(r)] .  

Thiophene 
Ke(f) 0,2 0,2 0,2 0,4 0,5 0,5 
Ke(~) 0.3 - -  - -  - -  0.5 - -  
k I �9 10 4, l / r n o l e - s e c  1,2 -- 1,1 1,6 -- 1,4 
k-i �9 104, I/mole-sec 8 -- 6 4 -- 3 

Selenophene 
K e(f) 0,2 0,3 0,2 0,5 0,3 0,5 

0,6 0,4 0,9 0,5 -- 
k,e.(r~, l/rnole-sec 13 1,8 2,2 2,1 1,7 -- 
k-1" 10'll/mole-sec 11 7 9 4 5 -- 

0,5 

1,4 
3 

0.4 

The  c o n s i d e r a b l e  s c a t t e r  in the K e and k_ 1 va lues  is  appa ren t ly  a s s o c i a t e d  with s ide  r e a c t i o n s  that  
show up in such  p ro longed  e x p e r i m e n t s ,  p a r t i c u l a r l y  in the  r e s u l t s  of  the ca lcu la t ion  of  K e (r), whose  va lues  
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are  higher than the corresponding K values in all cases  The average  K value for thiophene is 03  =F 
�9 e ( f )  �9 e ( f )  �9 , 

0.1 and k 1 = (1.3 =F 0.2) " 10 -4 l i t e r / m o l e - s e c .  For  selenophene, K e (f) = 0.4 T 0.1 and k I = (1.9 =~ 0.2) " 10 -4 
l i t e r / m o l e - s e c .  Thus, judging f rom the resu l t s  that we obtained, the concentrat ion equilibrium acidities of 
thiophene and selenophene are almost  identical and not much lower than those for (C6Hs)3CH. The kinetic 
acidities of these he te rocyc les ,  determined during their  metallation, are  also close in magnitude; the 
kinetic acidity of selenophene is somewhat higher than that of thiophene. The resul ts  of this study conse-  
quently are ,  on the whole, in agreement  with the data on the relat ive acidities of both he te rocyc les ,  p rev i -  
ously obtained in [3-5] by deuter ium exchange. If the value pK = 31.48 f rom [6] is taken as a rb i t r a ry  for 
the concentrat ion equilibrium acidity of (C~Hs)~CH , the corresponding pK values for thiophene and se leno-  
phene will be 32.0 =F 0.2 and 31.8 ~: 0.2, respect ively .  Our attempt to determine the acidity of furan r e l a -  
tive to diphenylmethane was not successful ,  s ince (C6Hs)2CHLi , in contras t  to (C6Hs)3CLi , reac ts  appreciably 
with THF.  According to our observat ions,  (C6Hs)3CCs does not metal late  thiophene in cyclohexylamine,  i.e., 
a differentiating effect is apparently manifested.  
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