
Anfltde XIX was similarly obtained in 95% yield from XVIII. 

a-(1-Imidazolyl)ethyl Furan-2-carboxylate (XX). A) A 13.8-g (0.1 mole) sample of I was added drop- 
wise at 20-30 ~ to a mixture of 6.8 g (0.1 mole) of IX and 0.83 g of pulverized potassium hydroxide in 50 ml 
of acetone, after which the mixture was s t i r red  for 1 h and worked up to give 13.8 g (85.2%) of XX with 
mp 80-81 ~ (heptane). 

B) A mixture of 6.8 g (0.1 mole) of IX and 13.8 g (0.1 mole) of I was s t i r red at 20 ~ for 3 h, after which 
it was allowed to stand overnight. Workup gave 11.1 g (53.3%) of XX with mp 80-81 ~ Esters  XXI-XXIV 
were similarly obtained (see Table 1). 
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R I N G -  C H A IN T R A N S F O R M A T I O N S  W I T H  P A R T I C I P A T I O N  

OF T H E  C = N G R O U P  

IV.* QUANTITATIVE STUDY OF THE TAUTOMERISM OF 3-(m- or 

p-X-ARYLAMINO)- 3- PHENYLPHTHALIDE S 

R. l~. V a l t e r  a n d  V. P .  T s i e k u r e  UDC 547.588.21:543.422.6 

The rhag-chain tautomeric equilibrium constants (K) of aryl-r ing-substi tuted 3-aryl-  
amino-3-phenylphthalides in dioxane were measured by UV spectroscopy. A satisfac- 
tory linear correlation between log K/KQ and the e+ constants of the substituents in 
the aryl ring was found. 

It has been shown [2] that the tautomeric equilibrium I~-II is observed in solutions of 3-arylamino- 
3-phenylphthalides (if). 

* See [1] for communication III. 
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TABLE i. 
[I]) in Dioxane Solutions of 3 - A r y l a m i n o - 3 - p h e n y l p h t h a l i d e s  

Com - 
pound 

R i n g -  Chain T a u t o m e r i c  E q u i l i b r i u m  Cons tan t s  (K =[II]/ 

4-OCH3 
4-CH~ 
3-CH3 
H 
4-I 
4-COOC~H~ 
4-COCH~ 

2,69-+0,20 
3,83+--0,27 
5,21 -+0,37 
4,78+_0,34 
4,67-+0,36 
7,94-+0,49 
9,61 +0,63 

lg K]Ko 

-0,250 
-0,096 
--~,037 

-0,010 
0,220 
0,303 

o [3] 

-0,268 
--0,170 
--~,069 

0,18 
0,45 
0,502 

[ I~H [ ,  m [ 
• " ~ - - - V ~  - ' X U - T ~  K 

[nr~ [ ~ [ n ~ [  ~ I 

348 1119 348 4122 
334 615 328 2974 
326 389 325 2417] 
324 405 322 2345] 
332 667 334 3787 
332 445 324 3959 
330 446 328 4750 

o + [4] 

- 0,778 
-0,3li 
- 0,066 

0 
0,135 
0,482 

TABLE 2. 3 - A r y l a m i n o - 3 - p h e n y l p h t h a l t d e s  (Kc, f, g) and  Subs t i tu -  
ted o - C a r b o m e t h o x y b e n z o p h e n o n e  An i l s  (IIIa-c,  e -g)  

Com - 
pound 

mp, ~ Empirical 
formula 

Found, % 

C [ tI N 

IR spr of di- 
Calc., % oxanesolutions, 

V+ cm -1 

:i:i: + +  

IIc 3-CH3 20,_202 80,0 5,3 4,4 80,0 4,4,17 ++ 
II f 4-COOC+115 182--183 C+3H19NO4 74,7+ 5,1 3,8 74,0 5,1 3,8 1779 

1718 
II g 4-COCH3 201--202 C22H,zNO3 76,81 4,9 4 (3 770 5,0 4.1]1778 

76,4 +,7 413 11 9 IIIa 4-OCH3 133--1~- C22H~gNO3 76,5 t 5,61 4,111730 
III b 4-CH3 106--107 C22H,gNO2 80,31 5,714,3 80,215,81 4,3i1729 
IIIc 3-CH3 91--93 C22HIgNO2 80,5i 5,81 4,6 80,2 5,8[ 4.3,1732 
IIle 4-I 112--113 C21HIsIN02 I --29,0[ 3,2 1-28,8j312t1727 
Illf 4-COOC2H5 106--108 C24H21NO+ 74,9] 5,6[ 3,6 74,4 5,5 3,6 i728 
lII g 4-COCH3 167--168 C2sHIoNO3 77,3 5,4[ 3,9 1734 78,41 5,313,9 l 11687 

* The fo l lowing c r y s t a l l i z a t i o n  so lven t s  we re  used: ace t ic  acid for  IIb, 
50% e t h a n o l f o r I I f ,  e thanol  for  IIg, and eyclohexane for  I l i a - c ,  e - g .  

690 

5851 I 
710i t 
4~ 0 
545116201170 
525]1625[165 
540/1626 185 
550[i626t195 
735 1630f160  0103275 

In the p r e s e n t  r e s e a r c h  we se t  out to give a quan t i t a t ive  eva lua t ion  of the effect  of s u b s t i t u e n t s  in the 
a r y l  r i n g  on the s ta te  of th i s  e q u i l i b r i u m .  

We used UV s p e c t r o s c o p y  for the quan t i t a t ive  m e a s u r e m e n t  of the e q u i l i b r i u m  cons tan t s  (K= [fI]/[I]).  
A long -wave  a b s o r p t i o n  band  in the UV s p e c t r a  of mode l  compounds  with fixed open s t r u c t u r e s  - o - c a r b o -  
me thoxy-benzophenone  an i l s  (IIIa-g) - is o b s e r v e d  at 322-348 nm.  A model  compound with a f ixed chain  
s t r u c t u r e  - 3 - ( N , N - d i p h e n y l a m l n o ) - 3 - p h e n y l p h t h a l i d e  (IV) - does not  a b s o r b  at ~ 320 nm.  Having  a s s u m e d  
that  the i n t e n s i t i e s  of the long-wave  band  in the s p e c t r a  of t a u t o m e r i c  f o r m  I and the c o r r e s p o n d i n g  model  
compound  I/I, in which  the hydrogen  of the caxboxyl  group is r e p l a c e d  by a me thy l  group,  a r e  equal ,  we 
ca l cu l a t ed  the e q u i l i b r i u m  cons t an t s  f r o m  the m o l a r  ex t inc t ion  coef f ic ien ts  (Table 1). 

O 

"C=NC+H<X ~'~/"C-- N..%M4X I 
CfiH 5 C6H~ J C8 H ,~- NHCaH4X 

I I '  I I  

0 
c~176 / \  ~[~C=N%M~X [~o 
CGH 5 C6|| 5 N(C6H5) 2 

III IV 

l, I1, III a X=OCH3; b X=4-CH3; c X=3-CH3; dX=H; e X=4-I; f X=4-COOC2H~,~; 
g X =4-COCH3 

It was  e s t a b l i s h e d  that  the i n t e n s i t y  of the long-wave  band  in the s p e c t r a  of so lu t ions  II and III in dt-  
oxane  does not  change when the so lu t ions  axe a l lowed to s t and  at  r o o m  t e m p e r a t u r e  for  3 days .  E thanol  
p r o v e d  to be unsu i t ab le  as  a so lven t  for  t he se  m e a s u r e m e n t s ,  i n a s m u c h  as  s low so lvo lys i s  is  r e a l i z e d w h e n  
so lu t ions  of 3 - a r y l a m i n o - 3 - p h e n y l p h t h a l i d e s  in e thanol  a r e  a l lowed to s t and  at r o o m  t e m p e r a t u r e  for 24 h, 
and the i n t ens i t y  of the l ong -wave  band  d e c r e a s e s  g r adua l ly  in 24 h. 
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The m e a s u r e d  t au t emer i c  equi l ibr ium constants  co r r e l a t e  approx imate ly  with the cr constants  of 
subst i tuents  X (log K / K 0 = 0 . 5 8 e ;  r =0.94, and s =0.20. A be t te r  co r re la t ion  is obse rved  with the e l e c t r o -  
phil ic subst i tuent  constants  [4] (log K / K , = 0 . 3 5 ~ r  r =0.97, and s =0.07). A s i m i l a r  phenomenon was o b -  
se rved  [5] in the co r re l a t ion  of the constants  of the r ing-cha in  t au tomer ic  equi l ibr ium 2 - a r y l - 4 , 4 - d i m e t h y l -  
oxazolidines~-Schiff  bas i s  with the (r and ~+ constants  of the subst i tuents  in the a ry l  r ing.  

This is evidently explained by the fact  that the equi l ibr ium I~.~E is r ea l i zed  through ionic s t ruc tu re  
I ' ,  in which the e l ec t ron-donor  subst i tuents  a re  in d i rec t  po la r  conjugation with the n i t rogen a tom bear ing  
an integral  posi t ive charge.  

The r i n g - c h a i n  t au tomer ie  equi l ibr ium constants  a re  two o rde r s  of magnitude higher for 2 -benzoyl -  
benzoic acid anils than for  2-benzoylbenzoic  acid i tself  (K=0.033 [6] and K=0.07 [7], de te rmined  by IR 
spec t roscopy  of dioxane solutions).  This is due to the fact  that,  despite the lower r eac t iv i ty  of the C =NAt 
group as  e~mpared  with the keto group, the high bas ie i ty  of the ni t rogen a tom makes  it poss ib le  to eas i ly  
f o r m  a C =NHAr group, the carbon a tom of which has g r ea t e r  e lec t rophi l ic i ty  [8]. 

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

The UV spec t r a  of solutions of the compounds (10 -4 M) were  r e c o r d e d  with a Specord UV-Vis spec -  
t rophotomete r .  P r i o r  to r eco rd ing  of the spec t r a ,  the solutions were  mainta ined at 20 ~ in a t h e r m o s t a t  for  
3 h. The IR spec t r a  of dioxane solutions of the compounds (5 �9 10 -2 M, l =0.011 em) were  r e c o r d e d  with an 
IKS-14A s p e c t r o m e t e r .  The e r r o r s  in the equi l ibr ium constants  were  calcula ted with al lowance for the 
sys t emat i c  e r r o r s  in the m e a s u r e m e n t  of the optical  densi t ies  and the p repa ra t ion  of solutions of given 
concentrat ions.  

Compounds IIa,  b, d, e,  IId, and IV were  cha rac t e r i zed  in [2]; the r ema in ing  compounds (IIe, f, g, and 
I / I a -c ,  e-g)  were  obtained for the f i r s t  t ime via p rev ious ly  descr ibed  methods [2], and the i r  cha r ac t e r i s t i c s  
a re  p re sen ted  in Table 2. 

1. 
2. 
3. 

4. 

5. 
6. 
7. 
8. 
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