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SPECTROSCOPIC STUDY OF TAUTOMERISM IN 2-BENZOYL- 
4-PHENACYL-193-CYCLOPENTANEDIONE 

Key words: UV-VIS spectrophotometry, First derivative 
spec t rop ho t o me t r y , Taut ome r i s m , 
phenacyl-l,3-~yclopentanedione. 
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Faculty of Chemical Engineering and Technology, 
Department of Polymer Engineering and 

Organic Chemical Technology, 41000 Zagreb, Croatia 

ABSTRACT 

The tautomerism in 2-benzoyl-4-phenacyl-l,3-~yclopenta- 
nedione has been studied through an investigation of the 
solvent and pN dependence o f  the equilibrium using UV 
spectrophotometry. The first derivative spectrophotometric 
technique has been appl-ied for the determination of the 
ratio of monoenol form in tautomeric mixtures. The results 
showed that in DMF solution 2-benzoyl-4-phenacyl-1,3-cyclo- 

pentane-dione exist o n l y  in non-hydrogen-bonded monoenol 
form while in less polar solvents the predominance of hela- 
ted dienol form was established. 
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586 LAZAKEVIC, GRABARIC, A N D  KOPRIVANAC 

Scheme 1 

INTRODUCTION 

2-Benzoyl-4-phenacyl-l,3-~yclopentanedione prepared by 

the condensation of acetophenone a n d  diethyl maleate using 
an excess of sodium ethoxide can exist in a solid state as 
two stable tautomers. On the basis of spectral analysis it 
h a s  been suggested that isomer 1 (Scheme 1 )  is completely 
enolised forming a conjugated chelate system (dienol) and 
that isomer 2 is enolised preferentially in the five- 

membered ring (monoenol) . 1 

It has been observed that by recrystallization o f  com- 

pound 1 from MeOH o r  glacial acetic acid a certain quantity 
of compound 2 is always obtained from mother liquor. More- 
o v e r ,  enolic tautomer l can be easily converted to its iso- 
mer 2 by heating or during longer standing of its dilute 
acid solutions at room temperature. 

/. 

The keto-enol tautomerism of B-tricarbonyl compounds 
has been the subject of a very l a r g e  number of 

but no investigations have been reported on the tautome- 
rism of  the 2-benzoyl-4-phenacyl-l,3-~yclopentandione 

system. 
The aim of this work is to study the solvent effect and 

influence of p H  on tautomerism in 2-benzoyl-4-phenacyl-l,3- 

cyclopentandione as well as the application of derivative 
spectrophotometry to the quantitation of enolic forms in 
tau tomer ic equ i 1 i br i um mixture . 
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SPECTROSCOPIC STUDY OF TAUTOMERISM 587 

EXPERIMENTAL 

Apparatus 

F o r  recording of U V  spectra and i t s  first derivatives 
Varian DMS 80 UV-Vis spectrophotometer was used. Measurement 
settings were: scan ranse 190-400 nm; scan speed 100 nm 
min-I; chart speed 100 mm min-l; ordinate maxima and minima 
+ 0 .2 ;  slit width 2 nm. 

Materials 

Compound 1 ,  [Z-(l-hydroxy-l-phenylmethylene)-4-(2-hy- 

droxy-2-phenylethenyl~-cyclopentane-l,3-dionel, and compound 
2 ,  ~2-benzoyl-4-phenacyl-3-~ydro~ycyclopent-2-ene-l-onel,we- 

re prepared according to the method described in privious 

paper. All solvents were of analytical grade (Merck). Solu -  

tions were buffered by citrate buffer pH = 5 and 6 (Kemika). 

1 

Procedure 

Stock solution of compound 2, Y = 36 IJg ml-', was 
prepared by dissolving accurately weighted amount of 
substance in 5 0  m l  of chloroform. All other stock solutions 
of compound 2 in different solvents were prepared in the 
same way. Calibration graphs were obtained by measuring the 

peak amplitude at 288  nm of the first derivative absorption 
spectra obtained by recording zero order absorption spectra 
( U V  spectra) of different aliquots of stock solutions i n  

different solvents. The percentage of isomer 2(compound 2 )  

was calculated from the peak amplitude at 288 nm obtained by 
recording the first derivative spectra of compound 1 and 
calibration graphs. 

RESULTS AND DISCUSSION 

Absorption spectra of compound 1 dissolved in different 
solvents (selection limited by the poor solubility in non- 
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588 LAZAREVIC, GRABARIC, AND KOPRIVANAC 

Fig. 1 

0.64 I 

400 350 300 250 2bo 

Solvent effect on absorption spectra of compound 1 
y(compound 1)/pg m1.I: 11.9 in CH,C1 ( - * - ) ;  
14.4 in EtOH (-) ; 14.9 in CH,CN (---) ; 
13.8 in DMF ( -x- )  

p o l a r  solvents) show f o u r  absorption bands with absorption 
maxima and the respective intensities differing from solvent 
to solvent ( F I G .  1 and Table 1). 

The spectra of compound 2 exhibit the similar pattern of 
absorption, only the absorption maxima in the 300-360 nm 
region is missing (FIG. 2 and Table 1 ) .  T h i s  implies that UV 
spectra of  compound 1 give a good indication of the extent 
of enolization in different solvents. 

B y  dissolution in DMF compound 1 is converted to its 
isomer, monoenol form, being proved by identical UV spectra 
( F I G S .  1 and 2 and Table 1 ) .  In CHCl,, CHSCN and EtOH both 
tautomeric forms are present (isomer 1 and 2 ) .  

On the other hand the absorbance data indicate that 
compound 2 in all examined solvents is completely in mono- 
enol form ( F I G .  2 and Table 1). 
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SPECTROSCOPIC STUDY OF TAUTOMERISM 589 

TABLE 1. 

E f f e c t  o f  S o l v e n t s  o n  t h e  Absorption S p e c t r a  of Isomers 
1 a n d  2 of 2-Benzoyl-4-Phenacyl-1.3-Cyclopentanedione 

1 CHSCl  213  
2 3 3  
2 6 6 s h  
352 

E t O H  1 9 8  
224 
2 6 5 s h  
360  

CH3CN 210  
2 2 2 s h  
2 6 3 s h  
354 

DMF 

4 . 3 4  
4 . 4 0  
4 . 0 7  
3 . 8 3  

4 . 6 0  
4 . 4 0  
4 . 2 2  
3 . 4 4  
4 . 5 1  
4 . 4 0  
4 . 1 6  
3 . 6 4  

262  4 2 5  

2 CHC1, 

EtOH 

CH3CN 

DMF 

2 1 2 s h  4 . 3 1  
234 4 . 4 1  
250  4 . 4 6  
2 6 6 s h  4 . 3 1  

198  4 . 5 4  
242  4 . 3 8  
2 6 4 s h  4 . 1 8  

2 1 0  4 . 3 0  
242 4 . 3 0  
2 6 3 s h  4 . 1 7  

262  4 . 2 5  

The p r o p o r t i o n s  of  t a u t o m e r s  i n  d i f f e r e n t  s o l v e n t s  were 

e s t i m a t e d  b y  a s s u m i n g  t h a t  t h e  a b s o r b a n c e  o f  t h e  2 5 0 - 2 8 0  nm 

b a n d  i s  e n t i r e l y  d u e  t o  t h e  b e n z o y l  a n d  p h e n y l  v i n y l  k e t o n e  

s t r u c t u r e  of m o n o e n o l  form ( isomer 2 )  and t h a t  t h e  a b s o r b a n -  

ce o f  t h e  300-360 nm band i s  d u e  t o  c i n n a m o y l  c h r o m o p h o r e  of 

d i e n o l  form ( i s o m e r  1 )  . 7 
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590 LAZAKEVIC. GRABARIC, AND KOPRIVANAC 

F i g .  2 .  S o l v e n t  e f f e c t  o n  a b s o r p t i o n  spectra of compound 2 
y(compound 2 ) / p g  m1.I:  16 .6  i n  CH,C1 ( - - - )  ; 
2 2 . 5  in EtOH (-) ; 30 .0  in CH,CN (-..-) ; 
2 7 . 5  in DMF ( - X - )  

The a b s o r b a n c e  spectra o f  compound 2 ( m o n o e n o l  f o r m )  d o  

n o t  e x h i b i t  s h a r p  maxima i n  250-300 nm r e g i o n  w h i c h  c a n  b e  

u s e d  for r e l i a b l e  d i r e c t  a b s o r b a n c e  m e a s u r e m e n t s .  T h e s e  d i f -  

f i c u l t i e s  were o v e r c o m e  by t h e  u s e  o f  f i r s t  d e r i v a t i v e  spec- 

t r o p h o t ~ m e t r y ~ ' ~ .  FIG.  3 shows t h e  absorption (zero or-  
d e r )  s p e c t r a  of  compounds  1 a n d  2 r e c o r d e d  i n  c h l o r o f o r m  
w h i l e  F IG.  4 is t h e i r  f i r s t  d e r i v a t i v e  s p e c t r a ,  w h e r e  com- 

pound 2 shows two w e l l - d e f i n e d  p e a k s  i n  e x a m i n e d  r e g i o n .  

T h e s e  two w e l l - d e f i n e d  p e a k s  h a v e  been  o b t a i n e d  i n  f i r s t  d e -  

r i v a t i v e  s p e c t r a  o f  compounds 1 and 2 r e c o r d e d  i n  a c e t o n e  

a n d  a c e t o n i t r i l e  t o o .  

By a p p l y i n g  t h e  first d e r i v a t i v e  t e c h n i q u e ,  a l i n e a r  

c o r r e l a t i o n  was o b t a i n e d  be tween t h e  p e a k  a m p l i t u d e  a t  288 

nm and c o n c e n t r a t i o n  o f  compound 2 o v e r  t h e  r a n g e  Y = 3 . 6 -  

10.8  pg m1-l ( i n  c h l o r o f o r m ) ,  y = 3 . 8 - 8 . 6  Pg m l  i n  e t h a -  

n o l )  and Y = 3 . 8 - 9 . 6  p g  m l - '  ( i n  a c e t o n i t r i l e ) .  The r e g r e s -  

- 1  
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SPECTROSCOPIC SI'UDY OF TAUTOMERISM 59 1 

F i g .  3. Zero order absorption spectra in CH,C1 of: 
(-) y(compound 1) = 11.9 pg m l - I  
(- - -) y(compound 2) = 15.7 pg ml" 

+@I5!------ 

dAfdX 

' I  
'. , 

h/nm 

Fig. 4. First derivative spectra in CH3C1 of: 
(-) y(compound 1) = 11.9 fig ml-' 
(-- -) y(compound 2) = 15.9 pg ml-' 
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TABLE 2 .  

Parameters of Calibration Graphs Used for the Determination 
of' Compound 2 in Different Solvents f o r  n=4 

S o l v e n t  Regression equation Correlation Variance 
coefficient 

r S2 
~~ ~~ 

CHC1, Dl:-0.0103+0.071~ 0 . 9 9 9 7  2 . 3 .  

E t O H  D1. 0.0043t0.037~ 0 , 9 9 9 8  2 . 0 . 1 0 - ~  

CHaCN D1=-0.0044+0.043~ 0 . 9 9 6 3  2 . 6 -  

TABLE 3 .  

Percentage of Isomer 2 in Different. Solvents Determined 
after 30 min by the First Derivative Spectrophotometry 

Sol id' Solvents 
CHC1, E t O H  CHzCN DMF 

w(Isomer)/% 100.0 2 5 . 3  7 5 . 0  7 2 . 0  100.0 

sion linear equations for compound 2 in examined solvents 

are shown in Table 2, together with correlation coeffici- 
ents, r ,  and variance, s ' .  

By use of this equations it is possible t o  determine 
compound 2 selectively in the presence of compound 1 in 
equilibrium mixtures. 

The content of monoenol form (compound 2) increases by 
changing the solvent from chloroform to DMF suggesting that 
the ratio of isomer 2 is enhanced through solvent polarity. 

The reverse is t r u e  for ethanol were the tautomerism is 

enhanced through hydrogen-bond mechanism where the solvent 
acts as a hydrogen donor and acceptor (Table 3 ) .  
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SPECTROSCOPIC STUDY OF TAUTOMERISM 593 

0 

Fig. 5. Influence of pH on absorption spectra of compound 1 
in EtOH y(compound 1) = 21.9 pg ml-'; 
(---) c(HCl)=O.l M; (-.--) c(NaOH)=O.l M; 
(-x-) pH=6 (citrate buffer) 

Fig. 6. Influence of pH on absorption spectra of compound 2 
in E t O H  y(compound 2) = 13.5 pg ml-I; 
(---) C(HCl)=O.l M; ( - - - )  c(NaOH)=O.l M; 
( - x - )  pH=6 (citrate buffer) 
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T h e  e f f e c t  of  p H  on t h e  a b s o r p t i o n  maxima o f  compound 

1 and  2 have  b e e n  s t u d i e d  t o o  (FIGS.  5 and  6 ) .  F o r  b o t h  

compounds t h e  U V  s p e c t r a  i n  c o m p a r i s o n  w i t h  s p e c t r a  r e c o r d e d  

i n  e t h a n o l  show b a t h o c h r o m i c  s h i f t  o f  t h e  a b s o r p t i o n  maxima 

i n  a l k a l i n e  s o l u t i o n s ,  d e m o n s t r a t i n g  t h a t  e n o l i c  f u n c t i o n  i s  

a p a r t  o f  a h i g h l y  c o n j u g a t e d  c h r o m o p h o r e .  I n  a l k a l i n e  

s o l u t i o n s  e n o l  c a n  p r o b a b l y  e x i s t  i n  s e v e r a l  f o r m s  s u c h  as :  

Q b C 

d e 

Scheme 2 

I o n i c  form " d "  may e x i s t  as a " s o l v e n t  c h e l a t e "  c o m p l e x  

i n  h y d r o x y l i c  s o l v e n t s  . When t h e  e t h a n o l i c  s o l u t i o n s  o f  

b o t h  compounds are  b u f f e r e d  a t  pH = 5 a n d  6 ( c i t r a t e  b u f f e r )  

t h e  i n t e n s i t i e s  o f  a b s o r p t i o n  maxima are  s l i g h t l y  l o w e r .  

10 

I n  more a c i d i c  s o l u t i o n s ,  c ( H C 1 )  = 0 . 1  M ,  a b s o r p t i o n  

maxima of compounds 1 a n d  2 show t h e  h y p s o c h r o m i c  s h i f t  a n d  

t h e  spectra  are v e r y  s imilar  t o  t h o s e  i n  e t h a n o l .  The  

a b s o r p t i o n  s p e c t r u m  o f  compound 1 i n  a c i d i c  m e d i a  shows t h a t  

a c e r t a i n  q u a n t i t y  of d i e n o l  f o r m  i s  s t i l l  p r e s e n t  (FIG. 5 ) .  

On l o n g e r  s t a n d i n g  d i e n o l  form ( i s o m e r  1 )  c o n v e r t s  

c o m p l e t e l y  t o  monoenol  form ( i s o m e r  2 ) .  The s t u d i e s  o n  t h e  

k i n e t i c s  o f  e n o l i z a t i o n  are i n  p r o g r e s s .  
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