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The equilibrium positions of 4-carbom ethoxy-3-thiop1~anone (I), 2-carbom ethoxy-4-m ethyl- 
3-thiophanone (II), 4 ,5-dicarbomethoxy-3-thiophanone (III), and 4-carbe thoxy-5-phenyl -3-  
thiophanone (IV) in acetonitr i le,  dioxane, and alcohols was determined. The Meyer  equation 
is satisfied for  ketones I and II paired with acetylacetone and for III and IV paired with methyl 
cyclopentanone-2-carboxylate  in alcohol solutions. 

Heterocycl ic  fl-keto es te rs  may differ substantially frorr their  carbocycl ic  analogs with respect  to 
their  tau tomer ic  proper t ies .  Thus the equilibrium position is shifted markedly to favor the enol form on 
passing from es ters  of cyclopentanone-2-carboxyl ic  acids to es te rs  of 3- tMophanone-4-carboxyl ic  acids 
[1]. It is observed that the Meyer  equation is not satisfied for  heterocycl ie  fl-keto es te rs  paired with e a r -  
bocyclic /?-keto es te rs  because of different solvation of the heteroatoms of the ketone and enol forms as a 
consequence of the difference in the conformations of these forms [2, 3]. The unusual deviations from the 
Meyer  equation are  associated with the change in the chemical  type of the heterocycI ic  fl-keto es te rs  under 
the influence of interaction in the ring [4]. The determination of the equilibrium position of heterocycl ic  
/3-keto es te rs  in a number  of solvents is therefore  of considerable interest .  

We have studied the tau tomer i sm of 4-carbomethoxy-3- thiophanone (I), 9 -ca rbomethoxy-4-methy l -  
3-thiophanone (II), 4 ,5-dicarbomethoxy-3-tMophanone (HI), 4-carbethoxy-5-phenyl-3- thiophanone (IV), and 
4-carbethoxy-5-phenyl-3- th iophanone (V). The results  of a qualitative t reatment  of the spect ra l  data for 
I and II were presented in [1 ]. In this paper,  ma jo r  attention is directed to a quantitative study of the tautom- 
e r i s m  of I-V. 

I%C~ j /O HsC ~ / O H  R(),C ... /~O R O,: (', \ / O i l  

II l, III, IV 
I R= CH3. R '=  It; 111 R=CHa,  R,=CO~CH3; IV R=C2H 5, R'~C6H 5 

Equation (1), which is equivalent to the Meyer  equation, was used in comparing the effect of the sol-  
vent on the equilibrium of two tautomers  with two forms,  of which only one absorbs in the spectrum: 

gT  ] S~, L g T2S r~ 
const - -  , (1) 

ETIS n - -g r l81  ET2S n --ET2S 1 

where eTS is the mola r  extinction coefficient of tau tomer  T in solvent S [5]. Satisfaction of Eq. (1) means 
sat isfaction of the Meyer  equation for  a given pair  of tau tomers .  The MTS = eTS n (eTS n -  eTS 1) values are  
more  access ib le  and, through the a rb i t r a ry  selection of a standard solvent, can be determined with g rea te r  
accuracy  than the equilibrium constants [6]. 

The mola r  extinction coefficient of the absorbing form of a tau tomer  with two forms in equilibrium 
was found from Eq. (2): 

er i s er is2 (KT2S2-Krsl) 
EgT l - -  

er lSlKT2s2-- er lS2Kr 2Sl (2) 
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w h e r e  e T S  is  t he  m o l a r  ex t inc t i on  coe f f i c i en t  of t a u t o m e r  T in so lven t  S, and KTS is  the  e q u i l i b r i u m  c o n -  
s t an t  of t a u t o m e r  T in so lven t  S. 

The  M e y e r  equa t ion  i s  s a t i s f i e d  f o r  t a u t o m e r s  T l and T 2. T a u t o m e r  T 2 w a s  t a k e n  as  the  s t a n d a r d .  
In s o m e  c a s e s ,  Eq.  (3) was  u s e d  a long  w i t h E q .  (2) fo r  f inding  the  m o l a r  e x t i nc t i on  coe f f i c i en t  of the  a b s o r b -  
ing f o r m  of a t a u t o m e r  wi th  two f o r m s  in e q u i l i b r i u m :  

~r2s2er2Sl(SrlSl--e'l"lS2) +nerlsler lS2(~T~S 2--er2s~) 
~orl = ,~ (~. 1.~1 ~.2.~2_ e ~2sl ~ ~ 1.~2) (3) 

w h e r e  e T S  is  the  m o l a r  ex t i nc t i on  c o e f f i c i e n t  of t a u t o m e r  T in s o l v e n t  S, and  n =  e0T 2/e0T1.  

The  M e y e r  equa t ion  i s  s a t i s f i e d  f o r  t a u t o m e r s  T 1 and T 2. T a u t o m e r  T 2 w a s  t a k e n  as  the  s t a n d a r d .  It 
i s  a s s u m e d  tha t  the  m o l a r  e x t i n c t i o n  coe f f i c i en t  of t he  a b s o r b i n g  fo rm is i ndependen t  of the  n a t u r e  of the  
s o lven t  [6, 7]. The  cond i t i ons  and p o s s i b i l i t i e s  f o r  the  u s e  of Eqs .  (2) and (3) w e r e  e x a m i n e d  in d e t a i l  in [8]. 

Bands  of only  the  eno l  f o r m  (che la te  C =O at 1670 c m  -1, C =C at 1630 em -1) a r e  p r e s e n t  in the  IR 
s p e c t r u m  of c r y s t a I l i n e  I at  1600-1800 c m  -1. The  UV s p e c t r a  of I in a c e t o n i t r i l e ,  a l c o h o l s ,  d ioxane ,  and 
hexane  (Table  1) w e r e  r e c o r d e d  and a r e  in good  a g r e e m e n t  wi th  t h o s e  ob t a ined  in [1]. On p a s s i n g  f r o m  
n e u t r a l  to  a l k a l i n e  s o l u t i o n s ,  the  a b s o r p t i o n  m a x i m u m  is  sh i f t ed  f r o m  247 to 281 nm.  A sh i f t  of  t h i s  s o r t  
i s  c h a r a c t e r i s t i c  f o r  f i - k e t o  e s t e r s  [9]. 

I t  is  known tha t  the  m o l a r  e x t i n c t i o n  c o e f f i c i e n t s  of eno l s  do not  depend  s i g n i f i c a n t l y  on the  n a t u r e  of 
the  so lven t  [7, 9] and tha t  the  r a t e  of e s t a b l i s h i n g  e q u i l i b r i u m  is  u s u a l l y  the  l owes t  in n o n p o l a r  s o l v e n t s .  
The s u b s t a n t i a l  d i f f e r e n c e s  b e t w e e n  the  m o l a r  e x t i nc t i on  c o e f f i c i e n t s  of the  k e t o - e n o l  f o r m s  in a g iven  
s o l v e n t  and in the  m o s t  n o n p o l a r  so lven t ,  under  the  cond i t ion  t ha t  the  s p e c t r a  of the  so lu t ion  r e c o r d e d  at  
d i f f e r e n t  t i m e  i n t e r v a l s  a f t e r  i t s  p r e p a r a t i o n  a r e  t he  s a m e ,  w e r e  c o n s i d e r e d  by us  to be  p r o o f  of the  high 
r a t e  of e s t a b l i s h i n g  e q u i l i b r i u m .  When  the  m o l a r  e x t i nc t i on  c o e f f i c i e n t s  of the  k e t o - e n o l  f o r m s  in the  s p e c -  
t r a  of s o l u t i o n s  r e c o r d e d  at  de f in i t e  t i m e  i n t e r v a l s  d i f f e r e d  s u b s t a n t i a l l y ,  t he  s p e c t r a  w e r e  r e c o r d e d  un t i l  
t h e r e  w e r e  no l o n g e r  any changes  in t h e m ;  t h i s  was  e v i d e n c e  f o r  the  e s t a b l i s h m e n t  of e q u i l i b r i u m .  The 
s p e c t r a  of s o l u t i o n s  of I 30 ra in  and s e v e r a l  days  a f t e r  p r e p a r a t i o n  of the  so lu t i ons  w e r e  i d e n t i c a l .  The  
m o l a r  ex t inc t i on  c o e f f i c i e n t s  of I in a c e t o n i t r i l e ,  a l c o h o l s ,  and  d ioxane  d i f f e r e d  s u b s t a n t i a l l y  f r o m  the  m o l a r  
e x t i nc t i on  c o e f f i c i e n t  in hexane .  On the  b a s i s  of the  above ,  we c o n c l u d e d  tha t  the  r a t e  of e s t a b l i s h i n g  e q u i l i b -  
r i u m  in s o l u t i o n s  of I i s  h igh at  low c o n c e n t r a t i o n s  (~5 �9 10 -3 M). The  m o l a r  ex t inc t i on  c o e f f i c i e n t s  of I in 
a c e t o n i t r i l e ,  a l c o h o l s ,  and  d ioxane ,  which  a r e  p r e s e n t e d  in T a b l e  1, a r e  c o n s i d e r e d  to be  c l o s e  to the  e q u i -  
l i b r i u m  v a l u e s .  It was  n e c e s s a r y  to  s e l e c t  the  s t a n d a r d  s t a t e  in o r d e r  to  c a l c u l a t e  the  MTS v a l u e s  of I .  In 
[6], t he  m o l a r  ex t inc t i on  c o e f f i c i e n t  of a c e t o a c e t i c  e s t e r  in the  s t a n d a r d  s t a t e  was  t a k e n  as  100, whi le  the  
m o l a r  c o e f f i c i e n t s  of o t h e r  k e t o - e n o l s  in the  s t a n d a r d  s t a t e  w e r e  c a l c u l a t e d  in p a i r s  with a e e t o a c e t i c  e s t e r  
f r o m  the  equa t ion  p r e s e n t e d  in the  p a p e r .  In subse que n t  p a p e r s ,  the  ex t inc t ion  of k e t o - e n o l s  in the  s t a n d a r d  
s t a t e  was  c a l c u l a t e d  in p a i r s  w i th  a c e t o a c e t i c  e s t e r  o r  in p a i r s  wi th  a n o t h e r  k e t o - e n o l ,  the  s t a n d a r d  s t a t e  
of  wh ich  c o r r e s p o n d e d  to t he  s t a n d a r d  s t a t e  of a c e t o a c e t i c  e s t e r .  Th i s  e n a b l e s  us  to  c o n s i d e r  the  r a t i o s  of 
the  MTS v a l u e s  of any two s t u d i e d  k e t o - e n o l s  wi thou t  any a d d i t i o n a l  c o n v e r s i o n s .  The s t a n d a r d  s t a t e  of I 
was  s e l e c t e d  f r o m  the  s t a n d a r d  s t a t e  of a c e t y l a c e t o n e  (VI) [6]. The  fo l lowing  ex t inc t i on  v a l u e s  of I in the  
s t a n d a r d  s t a t e  w e r e  o b t a i n e d  fo r  v a r i o u s  so lve n t  p a i r s :  496 f o r  a c e t o n i t r i l e - m e t h a n o l ,  478 f o r  a c e t o n i -  
t r i l e - e t h a n o l ,  482 fo r  a c e t o n i t r i l e - i s o b u t y l  a l coho l ,  and  458 f o r  m e t h a n o l - i s o b u t y l  a l coho l .  The  MTS v a l u e s  
f o r  I in s o l u t i o n s  (Tab le  1) w e r e  c a l c u l a t e d  on the  b a s i s  of the  a v e r a g e  va lue  (480). 

The  r a t i o s  of the  MTS v a l u e s  of I and VI and 1-  and 2 - c a r b e t h o x y - l - c y c l o p e n t a n o n e  (VII) w e r e  found. 
They  a r e  a l s o  p r e s e n t e d  in T a b l e  1. The s a t i s f a c t i o n  of Eq. (1) is  c h a r a c t e r i z e d  by  the  m a x i m u m  d e v i a t i o n  
of the  equa t ion  c o n s t a n t  f r o m  the a v e r a g e  v a l u e .  As s een  f r o m  T a b l e  1, the  d e v i a t i o n  of the  equa t ion  c o n -  
s t an t  f o r  I and  VI f r o m  the  a v e r a g e  vaIue  does  not e x c e e d  the  l i m i t s  of t he  e r r o r  in the  d e t e r m i n a t i o n  of the  
r a t i o s .  Thus  the  M e y e r  equa t ion  is  s a t i s f i e d  f o r  the  I -VI  p a i r  wi th in  the  l i m i t s  of e x p e r i m e n t a l  e r r o r .  The 
m o l a r  ex t i nc t i on  c o e f f i c i e n t  of eno l  I was c a l c u l a t e d  f o r  t h i s  p a i r  f r o m  Eq.  (2). I t  was  found to be  8200 4- 200. 
The p r i m a r y  n u m b e r  i s  the  a r i t h m e t i c  m e a n  of the  v a l u e s  f o r  n ine  p a i r s  of s t a t e s .  The  e r r o r  was  d e t e r -  
m i n e d  as  the  m e a n - s q u a r e  e r r o r  u n d e r  the  a s s u m p t i o n  tha t  the  d e v i a t i o n s  f r o m  the  M e y e r  equa t ion  obey  the  
law of r a n d o m  e r r o r s .  The va lue  found is  in a g r e e m e n t  wi th  the  a b s o r p t i o n  of I in hexane  and the  I t l  s p e c -  
t r u m  of I in CC14 [1]. 
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T A B L E  1. UV A b s o r p t i o n  and MTS V a l u e s  f o r  I in Solut ion and 
Ra t io s  of t he  MTS V a l u e s  of I, VI, and VII 

Solvent I ~,ITllTI 8rS MI'~S MT6S /MTIs MTTS/MTts 

Acetonitrile I 247 
Methanol 247 
Ethanot 248 
Isobutyl 248 
alcohol 

Dioxane 247 
Hexane , 248 I 

1950+_30 
3000 + 45 
3800 + 80 
4800 --+ 70 

3500 +_ 50 
7600 -+ 110 

1,326 -+ 0,006 
1,190-+0,003 
1,144-+0,002 
1,1li-+0,001 

1,159-+0,003 

1,210-+ 0,025 
1,205-+0,010 
1,212+0,009 
1,209+0,011 

1,188-+0,012 

0,936_+0,011 
0,920+-0,003 
0,940 -+ 0,002 
0,936-+0,002 

0,919+0,003 

T A B L E  2. UV A b s o r p t i o n  and MTS V a l u e s  f o r  II in Solu t ions  and 
MTS Ra t io s  of II,  VI, and  VII in Solu t ions  

I 
Solvent I s 8TS MT2S MT2S ]MT~S MT2S /MTrs 

I 

Acetonitrile 
Methanol 
Ethanol 
Isobutyl 
alcohol 

Dioxane 
Hexane 

310 
313 
315 
315 

315 
315 

254_+4 
352_+5 
424_+6 
566-+8 

446-+7 
1032- + 15 

1,264 +0,006 
1,177+0,003 
t,143+-0,003 
1,103-+0,002 

1,135-+0,002 

0,788+0,016 
0,821 + 0,006 
0,825 +- 0,006 
0,821 +-+-0,009 

0,824 --- 0,008 

1,018-+0,013 
1,076+0,004 
1,052+0,004 
1,060-+ 0,003 

1,066-+0,003 

Compound  II was  o b t a i n e d  as  a l iquid .  The  IR s p e c t r u m  of l iqu id  II at  1600-1800 e m  -1 con ta ins  i n t e n s e  
b a n d s  of the  ke to  f o r m  at 1722 c m  -1 ( e s t e r  C =O) and 1745 cm - t  (ketone C =O),  and bands  of m e d i u m  i n t e n -  
s i t y  of the  enol  f o r m  at 1655 c m  -1 (che la te  C =O) and 1600 cm -1 (C =C).  The  UV s p e c t r a  of II in a e e t o n i t r i l e ,  
a l c o h o l s ,  d ioxane ,  and h e x a n e  (Table  2) w e r e  r e c o r d e d .  T h e r e  a r e  t h r e e  m a x i m a  at 233, 262, and 310-315 
nm in a l l  of the  s p e c t r a .  The  i n t e n s i t i e s  of the  l a t t e r  two m a x i m a  i n c r e a s e  in the  o r d e r  a e e t o n i t r i l e  < 
m e t h a n o l  < e t h a n o l  < i s o b u t y l  a l coho l  < d i o x a n e  < h e x a n e .  The  UV s p e c t r a  of d i m e r  II, which is  a m o d e l  ke to  
f o r m ,  w e r e  r e c o r d e d .  As  s e e n  f r o m  the  s p e c t r u m ,  the  a b s o r p t i o n o f  the  d i m e r  d e c r e a s e s  a s  the  wave leng th  
i n c r e a s e s ,  and t h e r e  is  an i n f l e c t i on  at  242 rim. In c o n f o r m i t y  with the  s p e c t r u m  of the  d i m e r ,  the  m a x i m a  
o b s e r v e d  in the  s p e c t r a  of II shou ld  be  a s c r i b e d  to  the  enol  f o r m .  The  a b s o r p t i o n  of the  ke to  f o r m  at 315 nm 
is low. The  UV s p e c t r a  of II d i f f e r  s h a r p l y  f r o m  the  s p e c t r a  of I, but  g r e a t  s i m i l a r i t y  to the  s p e c t r a  of 4 -  
c a r b o m e t h o x y - l , 3 - d i t h i a - 5 - e y c l o h e x a n o n e ,  the  eno l  f o r m  of which h a s  a c h e l a t e  r i ng  c o n j u g a t e d  with the  
double  bond [10], is  o b s e r v e d .  The  s p e c t r a  of s o l u t i o n s  of II a r e  i d e n t i c a l  30 ra in  and s e v e r a l  days  a f t e r  
p r e p a r a t i o n .  The  m o l a r  ex t i nc t i on  c o e f f i c i e n t s  of II in a c e t o n i t r i l e ,  a l c o h o l s ,  and d ioxane  d i f f e r  s u b s t a n -  
t i a l l y  f r o m  the  m o l a r  ex t i nc t i on  c o e f f i c i e n t  in h e x a n e .  A l l  of t h i s  m a k e s  i t  p o s s i b l e  to conc lude  tha t  the  
r a t e  of e s t a b l i s h i n g  e q u i l i b r i u m  in so lu t i ons  of II i s  high at  low c o n c e n t r a t i o n s  and to  c o n s i d e r  the  m o l a r  
e x t i n c t i o n  c o e f f i c i e n t s  of II in a c e t o n i t r i l e ,  a l c o h o l s ,  and d ioxane ,  which a r e  p r e s e n t e d  in T a b l e  2, to be  
e q u i l i b r i u m  v a l u e s .  The  a b s o r p t i o n  of II at  ~315 nm was  u s e d  f o r  a q u a n t i t a t i v e  s tudy  of the  t a u t o m e r i s m  
of th i s  compound .  The  s t a n d a r d  s t a t e  of II was  s e l e c t e d  f r o m  the  s t a n d a r d  s t a t e  of a c e t y l a c e t o n e  [6]. T~,e 
fo l lowing  a b s o r p t i o n  v a l u e s  of II in t he  s t a n d a r d  s t a t e  fo r  s o l v e n t  p a i r s  w e r e  ob ta ined :  59 fo r  m e t h a n o l -  
e thano l ,  53 fo r  m e t h a n o l - i s o b u t y l  a l c o h o l ,  and 48 fo r  e t h a n o l - i s o b u t y l  a l c oho l  ( a v e r a g e  va lue  53). The 
MTS v a l u e s  fo r  II  in s o l u t i o n s  w e r e  c a l c u l a t e d  on the  b a s i s  of  the  a v e r a g e  v a l u e  and a r e  p r e s e n t e d  in Tab le  
2 t o g e t h e r  wi th  the  MTS v a l u e s  of II and VI and II and VII.  

As  s e e n  f r o m  T a b l e  2, the  d e v i a t i o n  of the  cons t an t  of Eq.  (1) f o r  II and VI f r o m  the  a v e r a g e  va lue  in 
d ioxane  and a l c o h o l s  does  not  e x c e e d  the  l i m i t s  of the  e r r o r  in d e t e r m i n i n g  the  r a t i o s .  T~us the  M e y e r  
equa t ion  is  s a t i s f i e d  f o r  the  I - V I  p a i r  in t h e s e  s o l v e n t s  wi th in  t he  l i m i t s  of the  e x p e r i m e n t a l  e r r o r .  The  
m o l a r  ex t i nc t i on  c o e f f i c i e n t  of the  eno l  at  315 nm was c a l c u l a t e d  f o r  t h i s  p a i r  f r o m  Eq.  (2). tt  was  found to 
be  1050 �9 20. The  p r i m a r y  n u m b e r  i s  the  a r i t h m e t i c  m e a n  of the  v a l u e s  f o r  f ive  p a i r s  of  s t a t e s .  The  e r r o r  
was  d e t e r m i n e d  as  the  m e a n - s q u a r e  e r r o r  u n d e r  the  a s s u m p t i o n  t~a t  the  d e v i a t i o n s  f r o m  the  M e y e r  equa t ion  
obey  the  law of r a n d o m  e r r o r s .  The  v a l u e  found is equa l  to the  a b s o r p t i o n  of II in hexane .  

In a q u a l i t a t i v e  s tudy  of the  t a u t o m e r i s m  of II by  IR s p e c t r o s c o p y ,  we c o n c l u d e d  tha t  i t s  e q u i l i b r i u m  
p o s i t i o n  does  not  d i f f e r  s u b s t a n t i a l l y  f r o m  the  e q u i l i b r i u m  p o s i t i o n  of VII [1]. The  r e s u l t s  of a q u a n t i t a t i v e  
s tudy  i n d i c a t e  tha t  the  e q u i l i b r i u m  p o s i t i o n  is sh i f t e d  m a r k e d l y  to f a v o r  the  enol  on p a s s i n g  f r o m  VII to  II .  
Th i s  is  in a g r e e m e n t  with the  sh i f t s  in the  e q u i l i b r i u m  tha t  we o b s e r v e d  on p a s s i n g  f r o m  4 - c a r b o m e t h o x y -  
1 , 3 - d i t h i a - 5 - c y c l o h e x a n o n e s  to 2 - c a r b o m e t h o x y - l - c y c l o h e x a n o n e  [] 0]. The  i n c o r r e c t  c onc lu s ion  of the  
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TABLE 3. UV A b s o r p t i o n  and MTS Values  fo r  III in Solut ions and 

Rat ios  of the MTS Values  of III and VI and III and VII in Solut ions 

Solvent L, m m  eTS MTsS MT~S tMT3S MTTS /MT3s 

Acetonitrile 
Methanol 
Ethanol 
Isobutyl 

alcohol 
Dioxane 

243 
243 
245 
245 

244 

2250 • 34 
2800-+40 
3000+_45 
3200 +_ 50 

2650-+ 40 

1,630+_0,015 
1,451 _+0,010 
1,408+_0,008 
1,373 +_ 0,008 

1,489_+0,011 

0,985 _+ 0,024 
0,988+_0,012 
0,984_+0,011 
0,978 +_ 0,015 

0,925+-0,014 

TABLE 4. 
Rat ios  of the  MTS Values  of IV and  VI and IV and VII 

0,761_+0,0t5 
0,755_0,006 
0,764+-0,005 
0,757+-0,005 

0,715+_0,006 

UV A b s o r p t i o n  and MTS Values  for  IV in Solut ions and 
in Solut ions 

Solvent ~,mm 8 T~S MT4S MT4S IMT6s MT4S /MTTs 

Acetonitrlle 
Methanol 
Ethanol 

245 
246 
247 
248 

247 
248 

4280 +_ 60 
5190+_80 
5540 +_ 80 
6400 _+ I O0 

5190_+80 
7700 +_ I00 

1,359---0,007 
1,278_+0,006 
1,256-+0,004 
1,214-+0,004 

1,278+_0,008 

0,847+_0,017 
0,891 +_ 0,009 
0,906 _+ 0,008 
0,904-+ 0,0 [ I 

0,928 +_ 0,011 

Isobutyl 
alcohol 

Dioxane 
Hexane 

1,095+_0,014 
1,167_+0,008 
1,167_+0,005 
1,167_+0,005 

1,200+_0,007 

qua l i t a t i ve  s tudy is a s s o c i a t e d  e i t h e r  with the fact  tha t  the m o l a r  ex t inc t ion  coef f ic ien t s  of the che la te  r i ng  
at 1600-1800 cm -1 a r e  a n o m a l o u s l y  low o r  with the low r a t e  of e s t a b l i s h i n g  e q u i l i b r i u m  in c o n c e n t r a t e d  
so lu t ions  of II. In [1], it was no ted  that  the e q u i l i b r i u m  is sh i f ted  to f a vo r  the enol  when h y d r o g e n  ch lo r ide  

is  bubb led  into CC14 so lu t ions  of II. 

The  IR s p e c t r u m  of l iquid  III at 1600-1800 cm -1 con ta ins  i n t e n s e  bands  of the keto fo rm at 1725 cm -1 
( e s t e r  C =O) and 1740 cm -1 (ketone C =O), of the enol  f o r m  at 1650 cm -I  (chelate  C =O) and 1610 cm -1 (C = 
O), and an a b s o r p t i o n  band  of a non k e t o - e n o l  e s t e r  g roup  at 1735 cm -1. T h e r e  is one a b s o r p t i o n  m a x i m u m  
which is  a f f i l i a ted  with the enol  fo rm,  in the  UV s p e c t r a  of so lu t ions  of III (Table  3), The s p e c t r a  of so lu -  
t i ons  of III a r e  i den t i ca l  30 m i n  and s e v e r a l  days a f t e r  p r e p a r a t i o n .  The m o l a r  ex t inc t ion  coef f ic ien t s  of 
III in a c e t o n i t r i l e  and a lcohols  d i f fer  s u b s t a n t i a l l y  f r o m  the  m o l a r  ex t inc t ion  coef f ic ien t  in d ioxane.  Th i s  
ind ica te s  a high r a t e  of e s t a b l i s h i n g  e q u i l i b r i u m  in a c e t o n i t r i l e  and a lcohol  so lu t ions  of HI. The a b s o r p t i o n  
of III in t he se  so lu t ions  can  be c o n s i d e r e d  to be  the e q u i l i b r i u m  va lue .  The i n t e n s i t i e s  we re  u s e d  for  a 
quan t i t a t i ve  s tudy of the e q u i l i b r i u m  of III in so lu t ions .  The  s t a n d a r d  s ta te  of HI was s e l ec t ed  f r o m  the  
s t a n d a r d  s ta te  of 2 - c a r b o m e t h o x y - l - c y c l o p e n t a n o n e  (VII) [6]. The fol lowing a b s o r p t i o n  va lues  of III in the 
s t a n d a r d  s ta te  w e r e  ob ta ined  for  so lven t  p a i r s :  909 for  a c e t o n i t r i l e - m e t h a n o l ,  857 for  a c e t o n i t r i l e - e t h a n o l  
886 fo r  a c e t o n i t r i l e - i s o b u t y l  a lcohol ,  and 828 fo r  m e t h a n o l - i s o b u t y l  a lcohol .  (The a v e r a g e  va lue  was 870.) 
The  MTS va lues  for  III in so lu t ions  w e r e  ca l cu l a t ed  on the b a s i s  of the a v e r a g e  va lue  and a r e  p r e s e n t e d  in  

T a b l e  3 t o g e t h e r  with the r a t io s  of the MTS va lues  of III and VI and III and VII. 

As s een  f rom Tab le  3, the  dev ia t ion  of the cons t an t  of Eq. (1) for  I I I -VII  f r o m  the a v e r a g e  va lue  in 
a c e t o n i t r i l e  and a lcohols  does not exceed  the l im i t s  of the e r r o r  in d e t e r m i n i n g  the r a t i o s .  Thus  the  M e y e r  
equa t ion  is  s a t i s f i ed  for  the I I I -VIII  p a i r  in  t hese  so lven t s .  The  m o l a r  ex t inc t ion  coef f ic ien t  of enol  III at 
245 nm was ca l cu l a t ed  f r o m  Eq. (3) fo r  th i s  pa i r .  It was found to be 3570"  25. The p r i m a r y  n u m b e r  is the  
a r i t h m e t i c  m e a n  of the  va lues  fo r  10 p a i r s  of s t a t e s .  The e r r o r  was d e t e r m i n e d  as the m e a n - s q u a r e  e r r o r  
u n d e r  the a s s u m p t i o n  that  the dev ia t ions  f r o m  the M e y e r  equa t ion  obey the law of r andom e r r o r s .  On the  
b a s i s  of [11], the  m o l a r  ex t inc t ion  coef f ic ien t  of enol  VII was a s s u m e d  to be 11,000 in the ca l cu la t ion .  

Only  bands  of the enol  f o r m  at 1680 cm -1 (C =O) and 1620 cm -1 (C =C) a r e  p r e s e n t  in the IR s p e c t r u m  
of c r y s t a l l i n e  IV at 1600-1800 cm -1. The  UV s p e c t r a  of IV in so lu t ions  con ta in  an i n t e n s e  m a x i m u m  at N250 
nm,  which is  a f f i l i a ted  with the  enol ,  and a b ranch  of i n t e nse  phenyl  abso rp t ion ,  the  m a x i m u m  of which l ies  
below 220 nm.  Th i s  b ranch  d i s a p p e a r s  beyond  250 nm.  Its  i n t e ns i t y  at  220 nm is 7200-7800 in a n u m b e r  of 
so lven t s .  However ,  s i n c e  the phenyl  g roup  is inc luded  in both t a u t o m e r i c  f o r m s  and a high enol  conten t  
migh t  have  been  expected  in so lu t ions  of IV, we u s e d  the  a b s o r p t i o n  at 250 nm for  the  quan t i t a t ive  s tudy of 
the t a u t o m e r i s m  of IV. The data  on the UV a b s o r p t i o n  of IV a r e  p r e s e n t e d  in Ta b l e  4. The s p e c t r a  of s o l u -  
t i ons  of IV a r e  i den t i c a l  1 h and s e v e r a l  days a f t e r  p r e p a r a t i o n ,  and the abso rp t i on  in  a c e t o n i t r i l e ,  a lcohols ,  
and  dioxane d i f fe rs  f r o m  the a b s o r p t i o n  in hexane .  Th i s  ind ica tes  a high ra te  of e s t a b l i s h i n g  e q u i l i b r i u m  
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in solut ions of IV, and we cons ide r  the m o l a r  ext inct ion coeff ic ients  of IV, which a r e  p r e s e n t e d  in Table  4, 
to be equi l ib r ium values .  The s t andard  s ta te  of IV was s e l ec t ed  as the s tandard  s ta te  of VII. The following 
absorp t ion  values  of IV in the s t anda rd  s ta te  for  solvent  p a i r s  were  obtained: 1161 fo r  m e t h a n o l - e t h a n o l ,  
1130 fo r  m e t h a n o l - i s o b u t y l  alcohol ,  and 1112 fo r  e t h a n o l - i s o b u t y l  a lcohol .  (The ave rage  value was 1130.) 
The MTS values  fo r  IV in solut ions were  ca lcu la ted  on the b a s i s  of the ave rage  value.  

As seen f rom Table  4, the constants  of Eq. (1) for  IV-VH in methanol ,  ethanol,  and isobutyl  a lcohol  
a r e  ident ica l .  Thus the Meyer  equation is idea l ly  s a t i s f i ed  for  the IV-VII p a i r  in these  solut ions.  The m o l a r  
ext inct ion coeff ic ient  of enol IV at 247 nm was ca lcu la ted  f rom Eq. (3) for  this  pa i r .  It was found to be 7700. 
This  number  contains one ce r t a i n  and one doubtful f igure .  Almos t  a l l  of the m o l a r  ext inct ion coeff ic ients  
p r e s e n t e d  in Tab les  1-4 have two ce r t a i n  f igures .  Numbers  with one ce r t a in  f igure  a r e  t h e r e f o r e  obtained 
in ca lcu la t ions  f rom fo rmulas  (2) and (3). When the re  a r e  deviat ions f rom the Meyer  equation, the re  is an 
addi t ional  e r r o r ,  which we ca lcu la t ed  f rom the law of random e r r o r s .  The m o l a r  ext inct ion coeff icient  of 
enol IV that  we found is equal to the absorp t ion  of IV in hexane.  To a ce r t a in  degree ,  th is  conf i rms  the 
accu racy  of the ca lcu la t ions .  

The IR spec t rum of c r y s t a l l i n e  sulfoxide V at 1600-1800 cm -~ contains two bands at 1660 and 1680 
cm -1, which can be a s c r i b e d  to the absorp t ion  of the chela te  r ing of the enol fo rm.  One ' s  at tention is drawn 
to the f requenc ies .  They a r e  too high for  the chela te  r ing.  However ,  we obse rved  a s i m i l a r  i n c r e a s e  in 
f requenc ies  during the fo rmat ion  of the hyd roch lo r ide s  of N - b u t y l - 4 - c a r b o m e t h o x y - 3 - p i p e r i d o n e s  [12]. In 
addit ion,  no app rec i ab l e  change in the absorp t ion  f requenc ies  of the chela te  r ing is obse rved  on pass ing  f rom 
I to i ts meth iodide  [13]. There  is  an absorp t ion  max imum in the UV s p e c t r a  of V in solut ions .  Only a de -  
scending branch of in tense  phenyl absorp t ion  and, apparen t ly ,  of a sulfoxide group (e 9600-10,300 at 230 nm) 
is o b s e r v e d  in them.  The s p e c t r a  in ace ton i t r i l e ,  methanol ,  ethanol,  and a lcohols  d i f fer  only s l ight ly .  An 
in tense  absorp t ion  max imum of the anion (e 9600 at 285 nm) appea r s  in the spec t rum of an alcohol  solut ion 
in the p r e s e n c e  of a lka l i .  The posi t ion of the anion maximum indica tes  that the absorp t ion  max imum of the 
enol should be N245 nm. It does not appea r  e i the r  because  of the low percen tage  of enol in equi l ib r ium or  
because  of the s m a l l  m o l a r  ext inct ion coeff ic ient  of enol V. The UV s p e c t r a  of V do not ma~e it poss ib le  to 
draw even a qual i ta t ive  conclus ion r ega rd ing  the enol content in i ts  solut ions .  

The r e su l t s  of a quant i ta t ive  study of the t a u t o m e r i s m  of I-IV demons t r a t e  that r ep lacemen t  of the 
CH 2 group by a sul fur  atom and in t roduct ion of subs t i tuents  into the f i v e - m e m b e r e d  r ing of ~-ke to  e s t e r s  
lead to a cons ide r ab l e  change in the equ i l ib r ium posi t ion.  Thus ethanol solut ions of I, II, III, IV, and VII 
contain 46, 40, 84, 72, and 4% enol, r e spec t i ve l y .  The bond lengths and angles ,  as well  as the b a r r i e r s  to 
ro ta t ion  about the bonds in t h e >  S group d i f fer  f rom the analogous c h a r a c t e r i s t i c s  of the CH 2 group. Al l  
of these  d i f fe rences  may  s e r v e  as the r eason  for  the obser-r shift  in the equi l ib r ium posi t ion on pass ing  
f rom VII to I. However,  we have obse rved  that  the equ i l ib r ium pos i t ions  of VII and 5 - m e t h y l - 4 - c a r b e t h o x y -  
t e t r a h y d r o - 3 - f u r a n o n e  a r e  e x t r e m e l y  c lose  [14]. The bond lengths and angles of the ~ O group a r e  c lose  to 
the bond lengths and angles  of t h e >  CH 2 group,  while the b a r r i e r s  to rota t ion about the bonds of the > O 
group di f fer  only s l ight ly  f rom the b a r r i e r s  to ro ta t ion  about the bonds of the ~ S group. The mos t  p robable  
r eason  for  the high pe rcen tage  of enol in I as  c o m p a r e d  with VH is t h e r e f o r e  a d e c r e a s e  in the angular  
s t r a i n  in the enol form of I. The introduct ion of phenyl and carbe thoxy  subst i tuents  into I r e su l t s  in a shift  
of the equ i l ib r ium posi t ion to favor  the enol. This  indica tes  the ex is tence  of s t e r i c  in te rac t ions  of the 4,5- 
subs t i tuents  in the thiophane r ing.  In solut ions ,  I and II contain about the s ame  amount of the enol form,  
although the re  is  conjugat ion between the double bond and the chela te  r ing in the enol of II. It is }nown that  
conjugat ion with a che la te  r ing leads to an i n c r e a s e  in the pe rcen tage  of enol in equ i l ib r ium [15]. It is ap-  
pa ren t  that  some o ther  effects  that  compensa te  for  the act ion of conjugation a r e  opera t ing  in II. 

When the CH 2 group is r e p l a c e d  by a he t e roa tom and subst i tuents  a r e  in t roduced into the r ing of fi-Y<eto 
e s t e r s ,  the in te rac t ion  of the f i - d i ca rbony l  grouping and the chela te  r ing with solvents  may  change,  and, as 
a consequence of th is ,  the chemica l  type of the f l -ke to  e s t e r  may be d is rupted .  Different  solvat ion of the 
h e t e r o a t o m s  in the ketone and enol fo rms  of he t e r oc yc l i c  f i -ke to  e s t e r s  is  a l so  pos s ib l e  because  of the di f -  
f e r ence  in the  conformat ions  of the f o r m s .  In e i the r  case ,  one wil l  obse rve  devia t ions  f rom the Meyer  equa-  
t ion for  a pa i r  of h e t e r o c y c l i c  and c a r b o c y c l i c  f i -ke to  e s t e r s .  When the solvat ion  of the h e t e r o a t o m s  of the 
fo rms  is different ,  one o b s e r v e s  even m o r e  of an i n c r e a s e d  addi t ional  shift  in the equi l ib r ium posi t ion to 
favor  one of the fo rms ,  even in a s e r i e s  of monotypic  so lvents .  F o r  two t a u t o m e r s  of di f ferent  chemica l  
types ,  the M e y e r  equation can be s a t i s f i ed  in a s e r i e s  of solvents  with the s ame  solvat ion mechan i sm (usu- 
a l ly  this  involves solvents  of the s ame  chemica l  type),  but it  wil l  not be sa t i s f i ed  in a s e r i e s  of solvents  of 
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different types. As seen f rom the data presented above, the Meyer  equation is satisfied, within the limits 
of the experimental  e r ro r ,  for  I and II paired with acetylacetone,  which, in this case,  is equivalent to a 
carbocyel ic  fl-keto es ter .  Thus, in the case  of I and II, there  are  no differences in the solvation of the sul-  
fur atoms in the ketone and enol forms,  and the chemical  type of the } e t o - e n o l  does not change. The Meyer  
equation is well sat isfied in alcohols for  HI and IV paired with VII. This indicates that the solvation of the 
sulfur atoms in the tau tomer ie  fo rms  of III and IV is the same.  The nonfulfillment of the Meyer equation 
for  these pairs  in acetonitr i le  and dioxane may indicate a cer ta in  change in the chemical  type of III and IV. 

In conclusion, it should be noted that the resul ts  of our study demonst ra te  the res t r i c ted  cha rac t e r  of 
the conclusions drawn in [11], in which the mola r  extinction coefficients of the enols of acetoacetic es te r  
and earbocyel ic  fl-keto es te rs  with five to nine atoms in the ring were found f rom the UV spect ra  and the 
resul ts  of b romomet r i c  t i trat ion.  They ranged f rom 11,000 to 13,000, and it would seem that one might have 
concluded that eTS of the chelate ring is stable to s te r ic  effects.  However, the data on heteroeyel ie  fl-keto 
es te rs  presented here  and in [14] indicate the opposite. 

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

The data on the preparat ion and physical  constants of I and II are  presented in [1]. 

4-Carbomethoxy-3- thiophanone (I). This compound was obtained by the method in [16] and had bp 
118-120 ~ (11 mm), nD 25 1.5250, d425 1.2753, and mp 38 ~ 

Carbomethoxymethyl  2 -Ca rbome thoxy- l -p ropy l  Sulfide. Methyl methacry la te  [75 g (0.75 mole)] was 
added dropwise in the course  of 1 h at 40 ~ to a mixture  of 87 g (0.83 mole) of methyl  thioglycolate and 1 ml 
of piperidine, and the react ion mass  was allowed to stand for  10 h. It was then washed, dried with magne-  
sium sulfate, and distil led to give 133 g (80%) of a product with bp 134 ~ (10 mm) and nD2~ 1.4690. 

2-Carbometboxy-4-methyl -3- th iophanone  (II). Carbomethoxymethyl  2 - ca rbome thoxy- l -p ropy l  sul-  
fide [16.7 g (0.082 mole)] was added with s t i r r ing  at 70 ~ to a suspension of 4.7 g (0.087 mole) of sodium 
methoxide in absolute toluene. The next day, the react ion mixture was poured into a mixture of ice water  
and hydrochlor ic  acid, and the toluene layer  was separated and t rea ted  with 200 ml  of 10% sodium hydroxide.  
The alkaline solution was acidified with acetic acid and extracted with ether.  The ether  extract  was dried 
with magnesium sulfate, the e ther  was removed in vacuo, and the residue was distilled to give 6 g (47%) of 
a product with bp 122 ~ (10 mm),  nD 20 1.4989, and d420 1.2750. Found: C 48.4; H 5.7; S 18.8%; CTHI003S; 
Calculated: C 48.3; H 5.8; S 18.4%. 

Dimer  of 2-Carbomethoxy-4-methyl -3- th iophanone.  A 1 M solution of f e r r i c  chloride was added drop-  
wise to a solution of 6 g of thiophanone II in methanol until the fe r r i c  ion was no longer decolorized.  A 
dark oil began to separa te  at the end of the addition. It was rec rys ta l l i zed  f rom ethanol to give 2 g (21%) of 
a substance with mp 127-129 ~ 

Carbomethoxymethyl  1,2-Di(carbomethoxy)ethyl Sulfide. Piperidine (20 drops) was added with s t i r -  
ring and cooling to a mixture  of 13.5 g (0.43 mole) of methyl  thioglycolate and 18 g (0.13 mole) of dimethyl 
fumarate .  The mixture became completely liquid during the addition. After  1 h, 40 ml of absolute benzene 
was added and the mixture was refluxed for  12 h on a water  bath. The mixture  was then washed with water,  
sodium hydroxide solution, and water.  The benzene was removed in vacuo, and the residue was distilled to 
give 41 g (66%) of a product with bp 152-154 ~ (0.2 mm). 

4 ,5-Dicarbomethoxy-3-thiophanone (HI). Carbomethoxymethyl  1,2-(carbomethoxy)ethyl  sulfide [15 g 
(0.06 mole)] was added dropwise with cooling and s t i r r ing  to a suspension of 2.8 g (0.052 mole) of sodium 
methoxide in absolute benzene.  The react ion mixture  was refluxed for  2 h and poured into ice water  and 
hydrochlor ic  acid. The benzene layer  was separated,  the benzene was removed in vacuo, and the residue 
was distilled to give 5 g (38%) of a product with bp 109-110 ~ (0.2 ram), 
C 43.7; H 4.6; S 15.1%. CsH10OsS. Calculated: C 44.0; H 4.6; S 14.6%. 

5-Phenyl -4-carbe thoxy-3- th iophanone  (IV). This compound was 
had mp 76-77 ~ 

riD2~ 1.5040, and d42~ 1.3198. Found: 

obtained by the method in [17] and 

5-Phenyl -4-carbe thoxy-3- th iophanone  1-Oxide (V). A total  of 1.5 ml of 24% hydrogen peroxide was 
added to a solution of 0.4 g of IV in 15 ml  of acetone. After  3 days, the acetone was removed in vacuo, and 
the residue was rec rys ta l l i zed  f rom 50% ethanol to give 0.3 g (65%) of a product with mp 139 ~ (rap 139-140 ~ 
[17]). 
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