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HPLC SEPARATION OF TAUTOMERIC 
COMPOUNDS OF 4-AMINOISOXAZOLYL- 

1,2-NAPHTHOQUINONES. II 

A. Fernindez and M. M. de Bertorello 
Departmento de Fannacia 

Facultdad de Ciencias Quimicas 
Universidad Nacional de Cordoba 
SucursalI6, Casilla de Correo 61 

501 6 - Cordoba - Argentina 

ABSTRACT 
HPLC s e p a c a t i o n s  a n d  q u a n t i t a t i v e  a n a l y s i s  a r e  

d e s c r i b e d  f o r  a m i x t u r e  o f  4-aminoisoxazolyl-l,2-napb- 
t h o q u i n o n e  i s o m e r s .  T h i s  a s s a y  i s  s i m p l e ,  r a p i d  a n d  
s t a b i l i t y  i n d i c a t i n g  b e c a u s e  t h e  p r e c u r s o r s  a n d  
i s o m e r i z a t i o n  p r o d u c t s  c a n  b e  m o n i t o r e d  s i m u l t a n e o u s l y .  
T h e  r e s u l t s  o b t a i n e d  a r e  i n  a g r e e m e n t  w i t h  t h o s e  
o b t a i n e d  b y  UV s p e c t r o s c o p y .  

INTRODUCTION 
P r e v i o u s  r e s u l t s  f r o m  o u r  l a b o r a t o r y  ( ’ )  

d i c a t e d  t h e  u s e f u l n e s s  o f  t h e  HPLC t e c h n i q u e  i n  t h e  

s e p a r a t i o n  a n d  a n a l y s i s  o f  s u b s t a n c e s  w i t h  o n l y  m i n o r  

s t r u c t u r a l  d i f f e r e n c e s  as  i n  t h e  ca se  o f  k e t o  a n d  e n 0 1  

t a u t o m e r s  o f  some isoxazolyl-naphthoquinones. 

h a v e  i n -  

A s  a n  e x t e n s i o n  o f  t h i s  w o r k ,  w e  d e c i d e d  t o  

i n v e s t i g a t e  t h e  a p p l i c a b i l i t y  of  HPLC p r o c e d u r e  f o r  
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2844 FERNANDEZ AND DE BERTORELLO 

the determination of six new methylated isoxazolyl-naph- 

thoquinones: N-(5-methyl-3-isoxazolyl)-l,2-naphthoqui- 

none-4-amine (I); 2 - h i d r o x i - N - ( 5 - m e t h y 1 - 3 - i s o x a z o l y l ) -  

1,rl-imine (11); N-(3-methyl-5-isoxazolyl)-l,2-naphtho- 

quinone-4-amine (111); 2-hidroxi-N-(3-methyl-5-iso- 

xazolyl)-1,2-naphthoquinone-4-imine (IV) ; 2-methoxy-N- 

(5-methyl-3-isoxazolyl)-l,4-naphthoquinone-4-imine (V) 

and 2-methoxy-N-(3-methyl-5-isoxazolyl)-1,4-naphthoqui- 

none-4-imine (VI). 

These compounds,which were prepared by a proce- 

dure previously described, offer the interesting 

possibilities of examining the effects of structure on the 

stability of the tautomeric system. 

EXPERIMENTAL 

Instrumentation 

T h e  analytical HPLC work was performed on a 

Schimadzu liquid chromatograph equipped with LC-2A 

pumping system and SPD-2A UV detector operated at 330 

nm. T P e  detector was connected to an Altex CR, integrator. 

The column was operated at room temperature. The 

compounds were eluted isocratically at a pressure of 

about 1.200 psi. 

The optimun values of HPLC parameters are shown 

in table NO1. 

TABLE 1 

The Optimun Values Of The HPLC Parameters __ 

Volume Injected 2 G ) U  
Column Analytical prepacked 5 micron Silica 

Mobile Phase Methanol-Chloroform ( 2 0 : 8 0 ) .  
Flow Rate 1.2 ml/min. 
Detector 330 nm. 
Sensitivity 0.02 Amps. 
Chart Speed 0.5 cm/min. 

Gel from Micromeritics. 
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4-AMINOISOXAZOLYL-I ,2-NAPHTHOQUINONES. I1 2845 

T h e  e x a m i n e d  s a m p l e s  were d i s s o l v e d  i n  e t h a n o l  a n d  

i n j e c k p d  v i a  l o o p - i n j e c t o r .  

M.p. w e r e  d e t e r m i n e d  b y  t h e  c a p i l l a r y  m e t h o d  o n  a 

Ecuchi a p p a r a t u s  a n d  a r e  u n c o r r e c t e d .  

T h i n  l a y e r  c h r o m a t o g r a m s  were  c a r r i e d  o u t  o n  

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

( 1 0 : 3 0 : 4 )  a s  d e v e l o p i n g  s y s t e m .  Column c h r o m a t o g r a p h y  

w a s  p e r f o r m e d  o n  s i l i c a  g e l  ( M e r c k ) .  

REAGENTS AND MATERIALS 

C h l o r o f o r m  w a s  a n a l y t i c a l  g r a d e  a n d  w a s  d i s t i l l e d  

p r i o r  t o  u s e .  M e t h a n o l  a n d  e t h a n o l  were  t r e a t e d  w i t h  

2,4-dinitrophenylhydrazine a c c o r d i n g  t o  r e f e r e n c e  . (2)  

Compounds  I ,  I1 a n d  V were s y n t h e s i z e d  a n d  

p u r i f i e d  a s  p r e v i o u s l y  r e p o r t e d ( 3 ) .  Compounds I11 a n d  

I V  were s y n t h e s i z e d  b y  t h e  r e a c t i o n  of  t h e  s o d i u m  s a l t  

o f  1,2-naphthoquinone-4-sulfonic a c i d  w i t h  3 - m e t h y l - 5 -  

a m i n o i s o x a z 6 1 e ( 4 )  . M e t h y l a t i o n  of  I V  w i t h  d i a z o m e t h a n e  

a f f o r d e d  V I ,  

T h e  s t r u c t u r e s  o f  t h e s e  c o m p o u n d s  were d e t e r m i n e d  

b y  U V ,  I R ,  

S t a n d a r d  And R e f e r e n c e  S o l u t i o n s  

' H - N M R ,  MS a n d  by  e l e m e n t a l  a n a l y s i s .  

T h e  s t o c k  s o l u t i o n s  o f  t h e  c o m p o u n d s  I - I V  w e r e  

p r e p a r e d  b y  d i s s o l v i n g  0 . 0 3 0  mg i n  1 0 0  m l  o f  e t h a n o l .  

R e f e r e n c e  s t a n d a r d  s o l u t i o n s  were  a l s o  p r e p a r e d  

i n  e t h a n o l  b y  d i s s o l v i n g  c o m p o u n d s  V a n d  V I  t o  a 

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

C a l i b r a t i o n  C u r v e  

A 0 . 3  ) L g / m l  e t h a n o l  s o l u t i o n  o f  e v e r y  compound 

w a s  d i l u t e d  w i t h  t h e  s o l v e n t  t o  o b t a i n  f i v e  s t a n d a r d  

s o l u t i o n s  r a n g i n g  f r o m  1 . 2 - 3 . l O ~ ~ g / m l .  

T r i p l i c a t e  20  1 a l i q u o t s  o f  w o r k i n g  v o l u m e  P 
s a m p l e  a n d  w o r k i n g  r e f e r e n c e  s t a n d a r d  s o l u t i o n s  were  

a l t e r n a t e l y  i n j e c t e d  i n t o  t h e  l i q u i d  c h r o m a t o g r a p h .  
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2846 FERNANDEZ AND DE BERTORELLO 

F i g u r e  1: Compound I1 s t a n d a r d  c u r v e .  
E a c h  p o i n t  i s  t h e  a v e r a g e  o f  3 d e t e r m i n a t i o n .  

Q u a n t i f i c a t i o n  o f  t h e  samples  w a s  c a r r i e d  o u t  b y  

t h e  A l t e x  C R  1 - A  D a t a  S y s t e m .  F i g u r e  1 s h o w s  t h e  

s t a n d a r d  c u r v e  w h i c h  w a s  o b t a i n e d  by  p l o t t i n g  a r e a  

c o u n t  ( % )  V s .  c o n c e n t r a t i o n  o f  11. T h e  v a l i d i t y  o f  

t h e  c a l i b r a t i o n  g r a p h  w a s  c h e c k e d  d a i l y .  

S t a n d a r d  a n d  r e f e r e n c e  s o l u t i o n s  w e r e  

s i m u l t a n e o u s l y - d e t e r m i n e d  b y  U V  s p e c t r o s c o p y  (’) , u s i n g  

l i g h t  o f  3 3 0  nm a s  t h e  a n a l y t i c a l  w a v e l e n g t h .  
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4-AMINOISOXAZOLY L-l,2-NAPHTHOQUINONES. I1 2847 

RESULTS AND DISCUSSION ~- 
Similarly as in the previous paper") the 

chromatographic and spectroscopic properties of this 

family of compounds have proved to be useful for their 

separation and analysis by HPLC with ultraviolet 

detection using commercially available silica gel 

column. 

These compounds (Table 2 )  needed a mobile phase 

with a high content of chloroform. The mixture methanol- 

chloroform ( 2 0 : 8 0 )  revealed to be the most successful 

of the systems investigated since it permitted the 

resolution of the tautomers in samples arising from 

pure form (figure 2 ,  table the the reaction mixture, 

3) as well as in comb nat on (figure 3 ,  table 4) 

TABLE z 
Structure Of 4-Aminoisixazolyl-l,2-Naphthoquinones 

2 R3 4 R6 
R R R 1  Compound 

I N 0 CH H H - 
H H - 
H H 

I11 0 N CH 

H 
IV 0 N 

H 
V N 0 
VI 0 N 

- I1 N 0 CH; H H 

- 3 
- 

CH 3 
CH3 

CH 3 
CH3 
CH3 

- 
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FERNANDEZ AND DE BERTORELLO 

I1 

i 

Figure 2: HPLC-UV chromatograms of st. samples of isoxazo- 
lylnaphthoquinones. 
A: compound I ;  B: compound 11; C: compound I11 and D: 
compound IV. 
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TABLE 3 
R e c o v e r y  Of Isoxazolyl-Naphthoquinones From E t h a n o l i c  

S o l u t i o n s  By HPLC. 

% R e c o v e r y  R e t e n t i o n  t i m e  ( m i n .  ) 
Sample  

K E OCH3 K E O C H 3  

I 1 0 0  - - 3 , 9 6  - - 
I1 100 4 , 7 5  - 
I11 1 0 0  - - 3 , 9 6  - - 
I V  100 - 4 , 7 5  

- - - 
- - - 

- - 1 0 0  - - 4 , 8 4  
- 1 0 0  - - 4 , 8 9  

V 
V I  - 

TABLE 4 

R e c o v e r y  Of Isoxazolyl-Naphthoquinones % S t a n d a r d  

M i x t u r e s  

Sample  % R e c o v e r y  R e t e n t i o n  t i m e  ( m i n . )  

K E K E 
I + I1 ( 7 0 : 3 0 )  6 7  3 3  3 . 9 6  4 . 7 5  
I + I S  ( 5 0 : 5 0 )  55 4 5  3 . 9 6  4 . 7 5  
I + I1 ( 3 0 : 7 0 )  2 9  71 3 . 9 6  4 . 7 5  
111 + I V  ( 7 0 : 3 0 )  6 2  37 3 . 9 6  4 . 7 5  
I11 + I V  ( 5 0 : 5 0 )  51 4 9  3 . 9 6  4 . 7 5  
I11 + I V  ( 3 0 : 7 0 )  2 2  7 0  3 . 9 6  4 . 7 5  

A s  s e e n  by t h e  r e t e n t i o n  t i m e  g i v e n  i n  t a b l e s  3 

a n d  4 ,  t h e r e  i s  a good s e p a r a t i o n  of  t h e  t a u t o m e r s .  The  

r e t e n t i o n  t i m e  v a l u e s  f o r  I1 a n d  I V  a r e  t h e  same 

i r r e s p e c t i v e  of t h e  s i t e  o f  t h e  s u b s t i t u t i n g  m e t h y l  

group i n  t h e  i s o x a z o l e  m o l e c u l e ,  The same s i t u a t i o n  

i s  o b s e r v e d  i n  t h e  c a s e  o f  t h e  k e t o  f o r m s  I a n d  I11 

and f o r  t h e  m e t h y l  d e r i v a t i v e s  V and  V I .  
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A 

- - 
2 3  

I 

m 
b 
d 

L 1 + 1  I 

I I I 
5 6  

B 

d 

m 
I- d 

L 
1 + 1  I 

C 

_c 

I 

i i k  
TIME 

k I I I + I V  

Figure 3: HPLC-UV Chromatograms of standard samples of 
isoxazolyl-naphthoquinones. 
A, B and C: mixtures of I + 11, 7 0 : 3 0 ;  50:50; 3 0 : 7 0 ,  
respectively; D,E and F: mixtures of I 1 1  + IV, 7 0 : 3 0 ;  
5 0 : 5 0 ;  3 0 : 7 0 ,  respectively. 
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tn z 
rn 
W ix 
8 

L 

1 1 1 I 1  
2 4 6 8 1 0  

TIME 

F i g u r e  4: H P L C  chromatograms o f  r e f e r e n c e  s t a n d a r d ;  
A :  compound V and B :  compound V I .  

The 0 - m e t h y l a t e d  f i x e d  t a u t o m e r s  V and V I  

( f i g u r e  4 )  were u s e d  a s  e x t e r n a l  s t a n d a r d s  f o r  t h e  - 

p a i r s  1-11 and I I I - I V  r e s p e c t i v e l y .  

I n  o r d e r  t o  a s s u r e  t h a t  t h e  e l u t i o n  o f  t h e  

compounds was c o m p l e t e  f o r  e a c h  s e r i e s  o f  H P L C  

n e a s u r e m e n t s  one  o r  two s a m p l e s  w e r e  a n a l y z e d  up t o  

3 0  m i n u t e s .  

The c h r o m a t o g r a p h i c  c a p a c i t y  f a c t o r s ,  K ' ,  were 

c a l c u l a t e d  by e q u a t i o n  

t - to  
K' = 

where t i s  t h e  r e t e n t i o n  t i m e  o f  t h e  compounds o f  

i n t e r e s t  and t i s  t h e  r e t e n t i o n  t i m e  of  t h e  i n e r t  

s o l v e n t .  They r e v e a l  t h e  minimum v a l u e  c o r r e s p o n d i n g  t o  

t h e  k e t o  form.  

0 

C h r o m a t o g r a p h i c  r e s o l u t i o n  was c a l c u l a t e d  b y  

e q u a t i o n  2 
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2852 FERNANDEZ AND DE BERTORELLO 

( t 2  - t l )  

1/2(W2 + W,) 
R s  = = 1 .45  

where  t l  and  t a r e  t h e  r e t e n t i o n  t i m e s  o f  t h e  k e t o  2 
and  e n o l  f o r m s ,  and  W ,, W 2  a r e  t h e  w i d t h s  o f  t h e  two 

p e a k s  a t  t h e i r  h a l f - h e i g h t s  . ( 6 )  

L i n e a r i t y  of  t h e  method w i t h  r e s p e c t  t o  

c o n c e n t r a t i o n  o f  compounds  I-IV was c h e c k e d .  Peak  

a r e a s  w e r e  u s e d  t o  c o n s t r u c t  c a l i b r a t i o n  c u r v e s  g i v i n g  

a c o r r e l a t i o n  c o e f f i c i e n t  o f  0.99. 

R e p l i c a t e  and  t r i p l i c a t e  m e a s u r e m e n t s  showed 

t h a t  t h e  v a l u e s  f o r  r e t e n t i o n  t i m e  and  f o r  p o r c e n t a g e  

amount  v a r i e d  i n  a r a n g e  o f  f 2 % .  

The a c c u r a c y  o f  t h e  method w a s  i n v e s t i g a t e d  f o r  

compounds  I and  I11 u s i n g  V a n d  V I  a s  i n t e r n a l  

s t a n d a r d s .  

C a l i b r a t i o n  m i x t u r e s  c o n t a i n i n g  d i f f e r e n t  a m o u n t s  

o f  e a c h  t a u t o m e r  a r e  e x p r e s s e d  i n  t a b l e  4 .  The  r a t i o  

o f  p e a k  a r e a s  w a s  u s e d  t o  c a l c u l a t e  a t h e o r e t i c a l  

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

S t a b i l i t y  S t u d i e s  

The  e f f e c t  o f  s t o r a g e  on t h e  s t a b i l i t y  o f  

compounds I-IV i n  e t h a n o l i c  s o l u t i o n s  was a n a l y z e d .  

T h e s e  i s o m e r s  c a n  b e  d i s t i n g u i s h e d  f r o m  e a c h  
( 3 )  o t h e r  b y  c o l u m n ,  TLC and  by  p r o t o n  NMR s p e c t r o s c o p y  , 

and  t h e i r  p h y s i c a l  p r o p e r t i e s  w e r e  d e t e r m i n e d  w i t h o u t  

d i f f i c u l t y  . 
I n  t h e  s o l i d  sta_te t h e y  a r e ,  s t a b l e  a t  room 

t e m p e r a t u r e ,  a n d  t h e y  c a n  be d i f f e r e n t i a t e d  by  I R  

s p e c t r o ~ c o p y ' ~ )  on t h e  b a s i s  o f  t h e  C = O  g r o u p  

v i b r a t i o n s .  

The r e s u l t s  p r e v i o u s l y  o b t a i n e d  u s i n g  column 

c h r o m a t o g r a p h y  a s  t h e  a n a l y t i c a l  method w e r e  d i f f e r e n t  

f rom t h o s e  o b t a i n e d  b y  ' H - N M R  s p e c t r o ~ c o p y ( ~ )  , p r o b a b l y  

d u e  t o  t h e  b a s i c i t y  o f  t h e  s o l v e n t  u s e d  (DMSO). 
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4-AMINOISOXAZOLYL- 1,2-NAPHTHOQUINONES. I1 2853 

T h e  d e v e l o p m e n t  o f  t h i s  HPLC m e t h o d  a l l o w e d  u s  

n o t  o n l y  t o  know w i t h  a c c u r a c y  a n d  p r e c i s i o n  t h e  

c o m p o s i t i o n  of  t h e  t a u t o m e r i c  m i x t u r e s  b u t  a l s o  t o  

d e t e r m i n e  t h e  r e l a t i v e  s t a b i l i t y  o f  b o t h  t a u t o m e r i c  

s y s t e m s  a n d  t h a t  o f  e a c h  o f  t h e  p r o d u c t s  f o r m e d  i n  t h e  

r e a c t i o n  medium.  

T h e  d a t a  i n  t a b l e  3 were o b t a i n e d  w i t h  e t h a n o l i c  

s o l u t i o n s  r e c e n t l y  p r e p a r e d .  T h e y  show t h a t  a l l  o f  t h e  

c o m p u n d s  a r e  s t a b l e  i n  t h o s e  c o n d i t i o n s .  

H o w e v e r ,  t h e s e  r e s u l t s  u n d e r g o  v a r i a t i o n  w i t h  

t h e  t i m e .  A n  e x p e r i m e n t  made w i t h  compound I1 y i e l d e d  

2 1 %  o f  t h e  k e t o  a n d  7 9 %  o f  t h e  e n o l  f o r m  1 h o u r  a f t e r  

t h e  s o l u t i o n  was p r e p a r e d .  

T h e s e  c h a n g e s  o b s e r v e d  w e r e  s t i l l  more i m p o r t a n t  

a f t e r  2 4  h o u r s ,  a s  w e  c a n  s e e  i n  t a b l e  5 .  

The  d e t e r m i n e d  a m o u n t s  i n d i c a t e d  t h a t  t h e  

s t a b i l i t y  o f  t h e  t a u t o m e r i c  s y s t e m s  i s  d i f f e r e n t  f o r  

b o t h  p a i r s  o f  t a u t o m e r s .  I n  t h e  s y s t e m  1-11 t h e  k e t o  

f o r m  a l w a y s  p r e d o m i n a t e s  i n  e t h a n o l i c  s o l u t i o n ,  

w h e r e a s  f o r  t h e  s y s t e m  1 1 1 - I V  t h e  e n o l  f o r m  i s  f a v o u r e d .  

TABLE 5 

T i m e  E f f e c t  On T a u t o m e r i c  Of I s o x a z o l y l -  

N a p h t h o q u i n o n e s .  E t h a n o l i c  S o l u t i o n s  A f t e r  2 4  H o u r s .  

% R e c o v e r y  HPLC R e t e n t i o n  t i m e  ( r n i n . )  
S a m p l e  

K E K E 

I+ I I  ( 7 0 : 3 0 )  81,6 18 3,96 4 , 7 5  
I + I I  ( 5 0 : 5 0 )  5 3  46  3 , 9 6  4 , 7 5  
I+ I I  ( 3 0 : 7 0 )  6 8  3 2  3 . 9 6  4 , 7 5  

I I I + I V  ( 7 0 : 3 0 )  4 0  6 0  3 , 9 6  4 . 1 5  
I I I + I V  ( 5 0 : S O )  4 2  58 3 , 9 6  4 , 7 5  
I I I + I V  ( 3 0 : 7 0 )  1 4  a6  3 , 9 6  4 , 7 5  
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FERNANDEZ AND DE BERTORELLO 

These results are consistent with those previously 

obtained ( 3 ' 4 ) ,  indicating that the rate of tautomeric 

change depends principally on the structure of the 

isoxazole as well as on the Polarity of the solvent and 

is not affected by the absorbent used (silica gel) in 

the condition specified for the analysis. 
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