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K I N E T I C S  OF O P E N I N G  OF T H E  R I N G  OF 5 - A R Y L - 2 , 3 -  

D I H Y D R O F U R A N - 2 , 3 - D I O N E S  U N D E R  T H E  I N F L U E N C E  

OF M E T H A N O L *  

Y u .  S.  A n d r e i c h i k o v ,  Y u .  A .  N a l i m o v a ,  
M.  I .  V a k h r i n ,  S.  P .  T e n d r y a k o v a ,  
a n d  A.  P .  K o z l o v  

UDC 547.724:542.92 + 
541.127 

The kinetics of the opening of the ring of 5 -a ry l -2 ,3 -d ihydrofuran-2 ,3 -d iones  under the influ- 
ence of methanol,  which leads to the format ion of methyl e s t e r s  of aroylpyruvic  acids, were  
studied by PMR spect roscopy.  A mechanism is proposed for the react ion.  

It is known that the furan r ing of 5 -a ry l -2 ,3 -d ihydrofuran-2 ,3 -d iones  [1] is readi ly  opened under the in- 
f luence of nucleophilie reagents .  Thus lower aliphatic alcohols r eac t  with [ to give e s t e r s  of aroylpyruvic  acids 
when the r eac t ion  mix tures  are  heated at 60-70 ~ for  3 rain [2]. The react ion of I with amines,  hydrazines ,  
and hydroxylamines  is used as a method for the prepara t ion  of the corresponding der iva t ives  of aroylpyruvic  
acids [3]. 

* Communicat ion 26 f rom the s e r i e s  "Chemis t ry  of oxalyl der iva t ives  of methyl ketones ."  See [1] for  Commu- 
nication 25. 

1Derm State Pharmaceu t i ca l  Institute,  P e r m  614600. Trans la ted  f ro m  Khimiya Geterots ikl icheskikh 
Soedinenii,  No. 6, pp. 744-746, June, 1982. Original a r t ic le  submitted June 11, 1981. 
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TABLE 1. Rate Constants for  the Reaction of 
5 -Ary l -2 ,3 -d ihydrofuran-2 ,3 -d iones  Ia-e  with 
Methanol in Dioxane 

Corn- k" 10 2, liters/mole-rain 
pound 

18,5" 28 ~ 36,5 ~ 

1,2 
I b  
I c  
Id 
Ie 

1,42• 
1,93• 
3,82• 

24,65• 
25,8,4 • 0,03 

2,15• 
3,07 • 0,05 
7,24+0,14 

39,28• 
42,60• 

3,00• 
4,08• 
9,71 • 

49,60• 
64,20• 

TABLE 2. P a r a m e t e r s  
of t h e l o g k v s  a Cor re -  
lation 

I 
T, ~ ," [ p 

I 

18,5 0,990 2,947 
28,1 0,989 2,968 
36,5 0,988 2,982 

0,076 
0,080 
0,084 

To ascer ta in  the mechanism of opening of the furan r ing  we investigated the kinetics of the reac t ion  of 
Ia-e  with methanol, which leads to the format ion of methyl aroylpyruvates  II. 

p . R  _C lt4. " C H  ~t~rt r u  ~0 

-~/A + CH&. II I 
p.R---C6H 4 0 O.H.-O 

I a - e  I l a  - e  

I, II a R=OClt~; b R = C H 3 ; c  R=H;  d R = B r ;  e R=CI 

The kinetics of the reac t ion  were studied by PMR spec t roscopy at 18.5-36.5~ in dioxane at Ia-e con- 
centrat ions of 2.7 �9 10 -2 mole / l i t e r  and a methanol concentrat ion of 25 .10  -2 mole / l i t e r .  The rate  of the r e -  
action was determined by establishing the dec rease  in the intensity of the signal of the CH group of the s tar t ing  
furandione at 6.75 ppm and the increase  in the intensity of the signal of the methylidyne proton of the resul t ing  
methyl a roylpyruvates ,  which are  known [4] to exist in the enol fo rm in solutions. 

Two centers  for nucleophilic attack by the reagent ,  viz. the carbonyl groups in the 2 and 3 positions of 
the furan ring, are present  in 5 -a ry l -2 ,3 -d ihydrofuran-2 ,3 -d iones  Ia-e .  An analysis  of the l imiting resonance  
s t ruc tu res  of Ia-e  and an est imate  of their  stabili t ies and the contributions of the hybrid s t ruc tu res  [5] indicate 
commensurable  reac t iv i t ies  of these centers ,  whereas  the ease of r ing opening constitutes evidence for  the 
significantly g rea te r  reac t iv i ty  of the carbonyl group in the 2 position. 

It was established that the reac t ion  is descr ibed by the rate  equation for s econd-o rde r  react ions  [6]. The 
second-o rde r  ra te  constants (k) are presented in Table 1. 

An analysis  of the experimental  data made it possible to establish that the logar i thms of the ra te  con- 
stants (log k) cor re la te  sa t i s fac tor i ly  with the ~ and ~0 substituent constants.  The pa rame te r s  of the log k 
vs cr cor re la t ion  are presented in Table 2. 

The large absolute p and p0 values constitute evidence that significant negative charge develops on the 
reac t ion  center  in d i rec t  proximity  to substituent R in the t ransi t ion state of the reac t ion  [7]. 

The following s t ruc ture  of the t rans i t ion  state, in which negative charge develops on the lactone oxygen 
atom, can be imagined: 

d~.3J 

Charge delocal izat ion of the enolate anion type and significant stabil ization by e lec t ron-accep to r  substi tuents,  
in agreement  with the large positive p and p0 values, are  possible in this case. This provides a basis  for  giving 
preference  to this s t ruc ture  or  a s t ruc ture  close to it for  the t ransi t ion state.  
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TABLE 3. Activation P a r a m e t e r s  for  
Opening of the Ring of 5 -Ary l -2 ,3 -d ihydro-  
furan-2 ,3-d iones  under the Influence of 
Methanol 

Com- E, k]/ 
pound mole 

Ia 31,1 
Ib 32,9 
Ic 39,0 
Id 29,1 
Ie 37,8 

lgA 

3,7 
4,18 
5,6 
4,6 
6,2 

~S~, AG, ~ k]/mole 

"l 
- -  43,5 82,8 
--41,4 82,0 
-- 34,9 80,1 
-- 39,4 75,7 
-- 32,2 75,5 

The negative charge on the reac t ion  center  indicates that the format ion of a C -  O bond between the 
earbonyl carbon atom and the oxygen atom of the alcoholic hydroxy group somewhat precedes cleavage of the 
C -  O bond between the carbonyl  carbon atom and the lactone oxygen atom. The last  step of the react ion is 
also the ra te -de te rmin ing  step. 

The reac t ion  subsequently proceeds via the scheme 

0 
* I l a - e  

p. R- C611~ / C'xl~ 0~+0 
/ \  

H CH a 

The activation pa rame te r s  of the reac t ion  are  presented in Table 3. 

The low values of the energy of activation (E) and the significant negative values of the entropy of acti-  
vation (AS ~) constitute evidence in favor of the proposed reac t ion  mechanism,  which has a number of features  
in common with a mechanism involving synchronous nucleophilic substitution (SN2) [7]. 

EXPERIMENTAL 

The reac t ion  ra tes  were  determined f rom the t ime dependence of the concentrat ions of the s tar t ing  corn- 
pounds and products.  The PMR spec t ra  were  r ecorded  with an RS-60 spec t rometer .  The t empera tu re  of the 
samples  was maintained at a constant value with an accuracy  of • 0.5~ The tempera tu re  was measured with 
a methanol NMR the rmomete r  and also by means of a thermocouple .  In the lat ter  case the emf of the the rmo-  
couple was measured  by a compensat ion method with the aid of an R-307 potentiometer.  The accuracy in the 
determinat ion of the t empera tu re  was • 0.2~ The concentrat ions of the substances were determined f rom 
the integral  intensities of the absorption lines of the CH groups in the spectra;  the amplitudes of the signals 
of the CH groups of the s tar t ing compounds and the react ion products were  also measured in order  to increase  
the accuracy  of the resu l t s .  Since relaxation t imes  T 2 of the recorded  signals were close, the e r r o r  in the 
determinat ion of the concentrat ions of the substances by this method was lower. The rate constants were cal- 
culated f rom the equation for a s econd-o rde r  reac t ion  [6]. 
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3. 

4. 

5. 

6 .  

7. 

LITERATURE CITED 

Yu. S. Andreichikov, L. F.  Gein, and V. L. Gein, Zh. Org. Khim., 1_77, 631 (1981). 
Yu. S. Andreichikov, S. P. Tendryakova,  Yu. A. Nalimova, and G. D. Plakhina, Khim. Geterotsikl.  Soedin., 
No. 8, 1030 (1977). 
Yu. S. Andreichikov, Yu. A. Nalimova, S. 1 D. Tendryakova,  and Ya. M. Vilenchik, Zh. Org. Khim., 1__44, 
160 (1977). 
L. N. Kurkovskaya,  N. N. Shapet 'ko, Yu. S. Andreichikov, and R. F.  Saraeva,  Zh. Struk. Khim., 13, 1026 
(1972). 
A. S. Dneprovskii and T. I. Temnikova, Theoretical Foundations of Organic Chemistry [in Russian], 
Khimiya, Leningrad (1979), pp. 48, 224. 
K. Leidler, Kinetics of Organic Reactions [Russian translation], Mir, Moscow (1966), p. 53. 
R. W. Hoffmann, Mechanisms of Chemical Reactions [Russian translation], Khimiya, Moscow (1979), 
pp. 45, 64, 103. 

562 


