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The Meyer equation is satisfied for the 4 - cyano -3 - th iophanone -4 -cyano -5 -me thy l t e t r a -  
hydro-3- furanone  pair  in acetonitr i le,  alcohols,  and aqueous dioxane. The Meyer equa- 
tion is not satisfied for 4-cyano-3-thiophanone and 4 -cyano-5 -me thy l t e t r ahydro -3 -  
furanone paired with fl-dicarbonyl compounds in aeetonitr i le,  alcohols,  and aqueous 
dioxane. 

In a study of the t au tomer i sm of 1 -a lky l -3-carbomethoxy-4-p iper idones ,  we demonstrated [1, 2] that 
these compounds do not obey the Meyer equation when paired with acetoacet ic  es te r  or es te r s  of cyclo-  
hexanone-2-carboxyl ic  acid. The Meyer equation is satisfied for tau tomers  of a single chemical type if 
the difference in the solvation of identical f ragments  of their  forms is absent,  and the solvation of different 
f ragments  of the tautomeric  fo rms  is independent of the s t ruc tures  of the identical f ragments  [3]. The non- 
sat isfact ion of the Meyer equation for 1 -a lky l -3-carbomethoxy-4-p iper idones  paired with acetoacet ic  es te r  
and es te r s  of cyclohexanone-2-carboxyl ic  acid was therefore  explained by the difference in the solvation 
of the nitrogen atoms in the keto and enol forms of the ni trogen-containing heteroeycl ic  fl-keto es te r s  as 
a consequence of the difference in the conformations of the forms.  

A s imi la r  phenomenon can be observed for 4-cyano-3-thiophanone (I) and 4 -cyano-5 -me thy l t e t r a -  
hydro-3- furanone  (II) paired with a cyano ketone that does not contain heteroatoms.  

C N o CN 0 CN .011 (, i l l  

= = 
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It is known [4] that the ~ S  a n d > O  groups are  well solvated by solvents.  The conformations of the 
keto and enol forms of I and II differ substantially. Different solvation of the heteroatoms in the keto and 
enol fo rms  of I and II and a change in solvation on passing f rom solvent to solvent are  therefore  possible. 
However,  deviation f rom the Meyer equation is also possible for the !, II pair if the differences in the sol-  
vation of the he teroatoms of the tautomeric  fo rms  and the changes in them with solvent are different for 
I and IT. It seemed that this condition would be satisfied for I, II, since the lengths and angles of the C - S  
and C - O  bonds and the solvation capacit ies of the >S  and > 0  groups [4] are  extremely different. A study 
of the cha rac te r  of the deviations f rom the Meyer equation would make it possible to draw certain conclu- 
sions regard ing  the s t e reochemis t ry  of the solvation of the heteroatoms of tautomeric  forms of I and II. 
hi this paper,  we have therefore  studied the effect of solvents on the equilibria of I and II. It is known [6] 
that when the conditions enumerated  above are  satisfied for two fi-cyano ketones, they obey the Meyer equa- 
tion. 

The conditions for the sat isfaction of the Meyer equation that are  presented above are  ideal ones. 
They specify sat isfaction of the equation for  the case when the differences in the solvation of the forms of 
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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  and T h e i r  R a t i o s  for  I and  
II  in So lu t ions  

Solvent k T  ' 2%T ' ' aT S ~ ET S MT 3 MT S MTfi/MTS 
nm ' nrD ~ ' 

Water 
Acetonitrile 
Methanol 
Ethanol 
lsobutanol 
Di~xane 
50~1o aqueous 
dioxane 

240 !2100~50 245 
235 i2600-I00! 235 
235 5400-~2001 235 
235 6500• i 235 
235 7000• 235 
235 i1940+20 ~35 

' 240 i3900_200 240 

730 • 40 
830 • 20 

3100_+200 
4600• 100 
5400 • 70 
740• I0 

1600 • 200 

1,400+-0,013 
1,300• 
1,125• 
1,102• 

"1,094 • 0,002 
1,447 • 0,006 
1,182• 

1,252• 
1,215• 
1,050• 
1,033• 
1,028• 
1,248• 
l,lO'l• 

1,118• 
1,070• 
1,072• 
1,057• 
1,064• 
1,I59• 
0,073• 

the  two t a u t o m e r s  in e a c h  so lven t  a r e  i d e n t i c a l .  H o w e v e r ,  the  M e y e r  equa t ion  can a l s o  be s a t i s f i e d  when 
t h e s e  d i f f e r e n c e s  a r e  not  i d e n t i c a l  but change  i d e n t i c a l l y  on p a s s i n g  f r o m  one s o l v e n t  to a n o t h e r .  T h i s  wi l l  
be o b s e r v e d  fo r  two t a u t o m e r s  in a s e r i e s  of m o n o t y p i c  s o l v e n t s  when the c h a r a c t e r  of the  s o l v a t i o n  of the  
c o r r e s p o n d i n g  f o r m s  of the  t a u t o m e r s  is  i d e n t i c a l .  M o r e o v e r ,  the  t a u t o m e r s  m a y  not  even  be of the  s a m e  
c h e m i c a l  t ype .  Thus  the  p a i r s  of t a u t o m e r s  o f / 9 - k e t o  e s t e r s  and  f l - d i k e t o n e s  obey the M e y e r  equa t ion  [7], 
a l though,  s t r i c t l y  s p e a k i n g ,  they  canno t  be a s s i g n e d  to the  s a m e  c h e m i c a l  t ype .  In c o n t r a s t  to f l -ke to  e s t e r s  
and  f l - d i k e t o n e s ,  the  enol  f o r m  of f l - c y a n o  ke tones  does  n o t  have a s t r o n g  c h e l a t e  r i ng .  f l -Cyano  k e t c h e s  
and  f i - d i c a r b o n y l  compounds  t h e r e f o r e  p e r t a i n  to  d i f f e r e n t  c h e m i c a l  t y p e s .  H o w e v e r ,  in connec t ion  w i th  
wha t  w a s  s t a t e d  above ,  the  M e y e r  equa t ion  can be s a t i s f i e d  for  the f i - c y a n o  k e t o n e - f i - d i c a r b o n y l  c o m p o u n d  
p a i r  in a s e r i e s  of mono typ i c  s o l v e n t s .  The  l i t e r a t u r e  con ta in s  da t a  to  the  e f fec t  tha t ,  a l though  the M e y e r  
d e p e n d e n c e  is  not  m a i n t a i n e d  fo r  th i s  p a i r  ove r  an e x t e n s i v e  n u m b e r  of s o l v e n t s ,  i t  i s  r e t a i n e d  in a s e r i e s  
of a l c o h o l s  [8]. In the  p r e s e n t  p a p e r ,  we v e r i f i e d  the  s a t i s f a c t i o n  of the  M e y e r  equa t ion  fo r  I,  II  p a i r e d w i t h  
f i - d i c a r b o n y l  c o m p o u n d s .  

The  t a u t o m e r i s m  of I and  II  w a s  s t u d i e d  by IR and UV spec t roscopy- .  Cyano th iophanone  I i s  a c r y s -  
t a l l i n e  s u b s t a n c e .  T h e r e  is  only one i n t ense  band  a t  1750 c m  - i  in i t s  IR s p e c t r u m .  The  C=-N a b s o r p t i o n  
band  l i e s  a t  2243 cm-1 .  Thus ,  judging  f r o m  the IR s p e c t r u m ,  s o l i d  I e x i s t s  in the  ke to  f o r m .  C y a n o t e t r a -  
h y d r o f u r a n o n e  II  w a s  o b t a i n e d  as  a l i qu id .  T h e r e  i s  an i n t ense  band a t  1780 c m  - i  and a w e a k  band at  ~ 1650 
c m  -1 in i t s  IR s p e c t r u m  at  1600-1800 cm-1 .  The  C---N a b s o r p t i o n  band  l i e s  a t  2250 c m  -1. Thus ,  judging  
f r o m  the  IR s p e c t r u m ,  l i qu id  II  is  the  ke to  f o r m  wi th  a s m a l l  a d m i x t u r e  of the  enol  f o r m .  A c c o r d i n g  to  the  
l i t e r a t u r e ,  the  a b s o r p t i o n  bands  of the  C =O and  C - N  g r o u p s  of the  ke to  f o r m  a r e  found at  1739 and 2237 
c m  - l ,  r e s p e c t i v e l y ,  fo r  2 - c y a n o - l - c y c l o p e n t a n o n e  [9] and  a t  1739 and  2257 c m  -1, r e s p e c t i v e l y ,  fo r  2 - c y a n o -  
1 - c y c l o h e x a n o n e  [10]. 

Only the  eno l  f o r m  a b s o r b s  in the  UV s p e c t r a  of n e u t r a l  s o l u t i o n s  of I and  H a t  220-340 rim. The  k e t e n -  
i m i n e  f o r m  does  not  e x i s t  in n e u t r a l  s o l u t i o n s  [8]. In n e u t r a l  s o l u t i o n s ,  I and  II  f o r m  a t a u t o m e r i c  s y s t e m  
of two f o r m s ,  of w h i c h  only one is  a c t i v e  in the  s p e c t r u m .  F o r  the  quan t i t a t i ve  s tudy of t a u t o m e r i s m  of 
t h i s  t ype  by IR and UV s p e c t r o s c o p y ,  we have  p r o p o s e d  [11] Eq. (1), wh ich  is  e q u i v a l e n t  to the  M e y e r  e q u a -  
t ion ,  and Eq.  (2): 

s COIqSt 8T~Sn 
, ( 1 )  

~TiSn~ ~TIS ] ~T~Sn-- s l 

~0~,=--  n(~Ls, .e%s2_%s ' 8Ls  ) (2) 

w h e r e  s T S  is  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  of t a u t o m e r  T in so lve n t  S, soT i s  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  of the  a b s o r b i n g  f o r m  of t a u t o m e r  T, wh ich  is  i ndependen t  of the so lven t ,  and  n is  f r o m  sOT =n �9 
S0T 1. "Equat ion (1) m a k e s  i t  p o s s i b l e  to so lve  the  p r o b l e m  of the  s a t i s f a c t i o n  of the  M e y e r  equa t ion  when 
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 the  a b s o r b i n g  f o r m s  of the  t a u t o m e r s  a r e  unknown. The s a t i s f a c t i o n  
of (1) m e a n s  the  s a t i s f a c t i o n  of the  M e y e r  equa t ion .  Equa t ion  (2) m a k e s  i t  p o s s i b l e  to  f ind 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 the  a b s o r b i n g  f o r m s  of the  t a u t o m e r s ,  even  when none of t h e m  is known. Equa t ions  
(1) and (2) w e r e  v e r i f i e d  in the  c a s e  o f / 3 - k e t o  e s t e r s  [7]. In the  p r e s e n t  p a p e r ,  t hey  w e r e  u s e d  fo r  the  s tudy 
of the  t a u t o m e r i s m  of I and  H by UV s p e c t r o s c o p y .  

The  UV s p e c t r a  of I,  II in w a t e r ,  a c e t o n i t r i l e ,  a l c o h o l s ,  d ioxane ,  and 50% aqueous  d ioxane  w e r e  r e -  
c o r d e d  (Tab le  1). In add i t ion ,  the  UV s p e c t r a  of I and  II  in e thano l  in the  p r e s e n c e  of NaOH w e r e  r e c o r d e d .  
In  a l k a l i n e  so lu t ion ,  I a b s o r b s  a t  263 n m  (STS 17,000), wh i l e  II a b s o r b s  a t  265 n m  (sTS 11,000). T h e s e  r e -  
su l t s  a r e  in good  a g r e e m e n t  wi th  the  l i t e r a t u r e  da ta  fo r  m o d e l  c o m p o u n d s .  Thus ,  in n e u t r a l  so lu t ion ,  2 -  
c y a n o - l - c y c l o p e n t a n o n e  a b s o r b s  a t  235 n m  (STS 2400) but  a b s o r b s  at  262 n m  (~TS 16,840) in a l k a l i n e  s o -  
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T A B L E  2.  M T S  V a l u e s  of  I a n d  I I  a n d  T h e i r  R a t i o s  in  S o l u t i o n s  

Solvent 

Water 
Acetonitril e 
Methanol 
Ethanol 
Isobutyl alcohol 
Dioxane 
50% aq. dioxane 

MT,S 

1,351-+0,11 
1,265• 
1,112-+ 0,004 ,. 
1,092-+0,002 
1,084-+ 0,001 
1,391 • 
1,162• 

A4TS 

1,222 • 
1,191 --+0,006 
1,045 -+ 0,003 
1,030 • 0,001 
1,025+0,001 
1,219--+0,004 
1,091 -+0,011 

MT S/MT S 

1,105• 
1,062-+0,018 
1,004-+0,007 
1,~0• 
1,058• 
1,141-+0,008 
1,~5-+0,019 

T A B L E  3. MT S  R a t i o s  o f  I a n d  I I I - V I  in  V a r i o u s  S o l v e n t s  

Solvent MTI S ]MT3 S MTt S/MT~s MTI S ]MTs S MTI S ]MT~ S 

Acetonitrile 
Methanol 
Ethanol 
Isobutyl alcohol 
Dioxane 

1,010-+0,012 
1,~3• 
1,016• 
0,975-+0,001 
0,780-+0,005 

1,269-+0,031 
1,290-+0,11 
1,269• 
1,239-+0,012 
0,990 • 0,010 

0,981• 
0,985 • 0,006 
0,985• 

�9177 
0,766 • 0,004 

1,089• 
1,114• 
1,077• 
1,052• 

lution [9]. 2-Cyano-l-cyclohexanone in neutral solution absorbs at 236 nm (r 4800) but at 264 nm (r 
11,800) in alkaline solution [i0]. The rate of establishing equilibrium in solutions of I and II is very high. 
The pure compounds exist in the keto form, but, according to the UV spectra, in solution, even in isobutyl 

alcohol, there is a large amount of the enol form in solution 5 rain after dissolving. However, I and II de- 

compose in solution on standing. The maximum molar extinction coefficients of I and II in each solvent 

were therefore taken as the equilibrium values, and the decrease in the molar extinction coefficient in the 

course of 30 rain was taken as the error in their determination if it exceeded the limits of the apparatus 

error. The molar extinction coefficients of I and II 5 rain after preparation of the solutions are presented 

in Table I. In determining the percentage of enol in the fl-cyano ketones from the UV spectra, it is always 

assumed that the molar extinction coefficients of enols are independent of the nature of the solvent [12]. 

We used this assumption on the basis of our own data [13]. 

For work with Eq. (I), it was necessary to select a standard state. The MTSn=r162162 
value contains a difference. When the difference is small, the error in its determination may be very large. 

The standard state should therefore be selected in such a way that the difference is as large as possible 
while maintaining NITS at a value other than unity. Considering this, we took the absorption of I in the stan- 

dard state as equal to 600 and calculated the absorption of II in the standard state from the equation pre- 

sented in [7]. The following values were obtained for pairs of solvents: acetonitrile-methanol 145, aceto- 

nitrile-ethanol 149, aeetonitrile-isobutyl alcohol 151, and acetonitrile-50% aqueous dioxane 143. The 
average value of the molar extinction coefficient of II in the standard state was taken as equal to 147. The 

standard state enters into all of the MTS values, and a small error in its determination does not affect the 

satisfaction of Eq. (i). 

The MTS values for I and II and their ratios in different states (Table i) were calculated. The MTS 
ratios of I and II, which are the constants of Eq. (i), are extremely close in acetonitrile, alcohols, and 
aqueous dioxane. The satisfaction of Eq. (i) is characterized by the maximum deviation of the equation 

constant from the average value in a number of states. The maximum deviation of the equation constant 
for the I, II pair does not exceed,the limits of the error in the determination of this constant. Thus Eq. 

(i) and the Meyer equation are satisfied for I, I/in the given solvents. The solvents are of different chem- 

ical types, and the most probable reason for the satisfaction of the Meyer equation for the I, I/pair is there- 
fore identical solvation of the heteroatoms of the keto and enol forms. This fact seems of definite interest. 
It is unlikely that identical obstacles to solvation of the heteroatom in the keto and enol forms of I, II exist. 
It is most likely that the heteroatom, for example, oxygen, forms a hydrogen bond with the most favorably 

disposed electron pair, and the obstacles to its solvation are insignificant in both forms. 

Equations (2) were written for I, II for different combinations of states. Pairs from the solvent and 

the standard state were considered. Compound I was taken as tautomer TI, and II was taken as T 2. Equa- 

tions of the (2a) type were obtained: 

I 
eor =--B --+A. (2a)  

n 
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The A and B coefficients for combinations of the standard state with various solvents are as follows: 

9200 and 2100 for acetonitrile, 9000 and 2050 for methanol, 9600 and 2200 for ethanol, i0,000 and 2300 for 

isobutyt alcohol, 8800 and 2000 for 50% aqueous dioxane, 4350 and 900 for dioxane, and 5700 and 1200 for 

water. If, in accordance with Table 1, the last two values are discarded, A =9400 ~:600, and B=2150:~150. 

Equations of this type make it possible to determine the molar extinction coefficient of tautomer T for small 

B values if n is fixed within certain limits [7]. The B coefficient decreases as the difference between tlle 

molar extinction coefficients of two tautomers in monotypic states increases. Unfortunately, we do not yet 
have other/3-cyano ketones at our disposal, and we cannot compile pairs of tautomers with the desirable 

molar extinction coefficients. The B value in the equation is too high for the I-If pair. In this case, how- 

ever, n cannot be less than one, since e0T cannot be less than 7000. For this reason, n should in all likeli- 

hood lie between one and two. When this value is substituted into Eq. (2a), we obtain a ~0T value of 7750 :~ 

750. 

In order to solve the problem of the satisfaction of the Meyer equation for I, II-/~-dicarbonyl com- 

pound pairs, we found the molar extinction coefficients of I, II in the standard state corresponding to the 

standard state of acetoaeetic ester with a molar extinction coefficient of i00. The following values were 
obtained for various solvent pairs: 461 and ii0 for acetonitrile-methanol, 527 and 130 for acetonitrile- 

ethanol, and 648 and 159 for acetonitrile-isobutyl alcohol, respectively, for I and If. The average values 
of 545 and 133 were taken for I and If, respectively. The MTS values for I and II in solutions were calcu- 

lated by means of these values. 

In this case, the standard state is determined with a large error. However, as we have previously 

noted [7], the error in the determination of the standard state is introduced identically over all MTSValues 

and does not affect the satisfaction of Eq. (I). In fact, the MTS ratios for I and [I, which are presented in 

Table 2, are equal, within the limits of experimental error, in acetonitrile, alcohols, and aqueous dioxane. 

The maximum deviation in the constant of Eq. (i) from the average value in the series of solvents does not 

exceed the limits of the error in the determination of the constant. The ratios of the MTS values of I to 
those of acetoacetic ester (Ill), acetylacetone (IV), and the ethyl esters of cyclopentanone-2-carboxylic acid 

(V) and cyclohexanone-2-carboxylie acid (VI) are presented in Table 3. The MTS values of III and IV were 

taken from [71. The standard states of IV and VI are presented relative to the standard state ofIIIwith a 

molar extinction coefficient of i00. It is apparent from Table 3 that the differences between the constants 

of Eq. (i) in various states far exceed the limits of the experimental error. The deviation is particularly 

high in dioxane. This indicates poor satisfaction of the Meyer equation for I in pairs with fi-dicarbony[ com- 
pounds, even in monotypic solvents. The character of the solvation, respectively, of the keto and enol forms 

of I, as well as II and fi-dicarbonyl compounds, apparently differs markedly. However, this does not ex- 

clude the possibility of the satisfaction of the Meyer equation for other ~-eyano ketones-fi-dlcarbonyl com- 
pound pairs in other sets of monotypic solvents. 

EXPERIMENTAL 

4-Cyano-3-thiophanone (1). Ethyl thloglycolate [7 g (0.06 mole)] was added to a solution of 24 g (0.35 
mole) of sodium ethoxide in 50 ml of absolute benzene, and 3 g (0.06 mole) o[ acrylonitrile was then added 
slowly dropwise with stirring. At the end of the addition, the reaction mixture was heated to 60 ~ allowed 

to stand for 1 h, and then poured into 50 ml of ice water contair,lng 8 ml of concentrated hydrochloric acid. 

The benzene layer was separated and washed. The benzene was removed in vacuo, and the residue was 
distilled to give 42% of a product with bp 125 ~ (i ram), mp 71 ~ , and nD 23 1.5118. Found: C 47.0; H 4.2; N 

10.8%. CsHsNOS. Calculated: C 47.2; H 3.9; N 11.0%. 

4-Cyano-5-methyltetrahydro-3-furanone (If). Ethyl lactate [10.3 g (0.09 mole)] was added to 2.3 g 

(0.i g-atom) of powdered sodium metal in 60 ml of ether, and the mixture was allowed to stand tmtil the 

reaction was complete. The ether was removed in vacuo, and 50 ml of benzene was added. Acrylonitrile 

[15 g (0.28 mole)] was then added slowly with stirring, and the mixture was heated to 60 ~ and allowed to 

stand for 1 h. The mixture was then poured into 50 ml of ice water containing 5 ml of concentrated hydro- 

chloric acid, and the benzene layer was separated and washed. The benzene was removed in vacuo, and 

the residue was distilled to give a product with bp 52 ~ (1.5 ram), nD 18 1.4580, and d418 1.1459. Found: C 57.3; 

H 5.6; N 11.3%; MR D 29.76. C6HTNO 2. Calculated: C 57.6; H 5.6; N 11.2%. MR D 29.19 ketone. 30.69 enol. 

i. 
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