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HPLC SEPARATION OF TAUTOMERIC 
COMPOUNDS OF 4-AM I NOISOXAZOLYL- 

1,2=NAPHTHOQUINONE. 111. 

C. S. ORTIZ AND M. M. DE BERTORELU) 
Departamento & Farmacia 

Facultad & Ciencias Quimicas 
Universidud Nacwnul de C6rhina 

C.C. 61 SUC, 16 
501 6 Cdrhba, Argentina 

ABSTRACT 

This  paper r e p o r t s  the development o f  a simple,  pre- 
c i s e  and s p e c i f i c  HPLC procedure f o r  the determinat ion 
o f  two new methylated isoxazolylnaphthoquinones w i t h  an 
amine group i n  the 4 -pos i t i on  o f  t he  i soxazo le  r i n g ,  
which a re  examples o f  exocyc l i c  tautomers. 

The a n a l y t i c a l  procedure i nvo l ved  the use o f  t he  
i n t e r n a l  s tandard i za t i on  method which was app l i ed  f o r  
the q u a l i t a t i v e  and q u a n t i t a t i v e  determinat ion o f  bo th  
compounds us ing a C-18 L ich roso rb  column i n  an i s o c r a t -  
i c  mode and s u l f a d i a z i n e  as i n t e r n a l  standard. 

INTRODUCTION 

Prev ious l y  we have repo r tedc%. ” ’  t h a t  t h e  chromato- 

graphic  ( r e t e n t i o n  t ime, capac i t y  f a c t o r s  and resolu-  

t i o n )  and the spectroscopic p r o p e r t i e s  o f  severa l  exo- 

c y c l i c  tautomers de r i ved  from isoxazoly l -naphtho- 

quinones proved t o  be u s e f u l  f o r  t h e  r e p a r a t i o n  and 
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3484 ORTIZ AND DE BARTORELLO 

analysis by HPLC using silica gcl column and ultravio- 

let detection. These structural characteristics al- 

lowed us to develop an accurate, precise, simple and 

rapid assay for compounds arising from 3- and 

5-amino-methyl-isoxazoles. In this paper is investigat- 

ed the applicability of this methodology for the analy- 

sis of two new methylated isoxazolylnaphthoquinones 

with the amine group in the 4-position of the isoxazole 

ring, which show structural stability differences com- 

pared with those previously described‘=’, using a Cl- 

column, UV detector and methanol-water as the solvent 

system. 

Compounds: 

N-~5-methyl-4-isoxazolyl)-4-amino-l,2-na~hthoquinone 

( 1 1 1 1 ,  2-Hydroxy-N-(5-methyl-4-isoxazolyl)-l,4-naphtho- 

quinone-4-imine (IV) and 2-(5-methyl-4-isoxazoly- 

lamino)-N-(5-methyl-4-isoxazolyl)-1,4-naphthoquinone-4- 

imine ( V )  were obtained by the reaction between sodium- 

-1,2-naphthoquinone-4-sulfonate ( I )  and 4-amino-5- 

methylisoxazolec4’(II) in aqueous solutions. 
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4-AMINOISOXAZOLYL-1,2-NAPHTHOQLJlNONFi. 111 3485 

TABLE 1 

Optimum Values o f  the HPLC Parameters 

.. ..... .......... ..... I.---- . ...... 
Column RP-18 L ich roso rb  ( 1 0  u m )  

Hibar-Merck 

Mobi le  Phase Methanol-Water (5O:SO) 

Volumen I n j e c t e d  20 u l  

Flow Rate 1.4 ml lmin.  

Detector 264 nm 

S e n s i t i v i t y  0.032 AUFS 

Chart Speed 0.25 cmlmin. 

................. . .  

These compounds o f f e r  t he  i n t e r e s t i n g  p o s s i b i l i t y  o f  

examining the e f f e c t  o f  s t r u c t u r e  on the d i s t r i b u t i o n  

r a t i o  o f  the keto-enol exocyc l i c  tautomers 111 and I V  

i n  aqueous s o l u t i o n  a t  d i f f e r e n t  pH values and i n  s o l -  

vents such as methanol, DMSO, and a c e t o n i t r i l e .  

EXPERIMENTAL 

Instruments 

The chromatographic system ( K O N I K  500 G )  cons is ted  

o f  an UVIS-200 v a r i a b l e  wavelength de tec to r ,  a Konik 

model SP-4290 I n t e g r a t o r  and a Rheodyne Model 7125 i n -  

j e c t o r  w i t h  a 20 u l  sample loop. The HPLC analyses were 

run i s o c r a t i c a l l y  us ing a reverse phase C-18 L ich roso rb  

column (250 x 4 mm, 10 um p a r t i c l e  s i ze ,  Hibar-Merck). 

The column was operated a t  room temperature. The o p t i -  

mum values o f  t he  es tab l i shed  HPLC parameters a re  shown 

i n  Table 1. 
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3486 ORTIZ AND DE BARTORELLO 

Mel t i ng  p o i n t s  were determined on a Buchi 510 mel t -  

i n g  p o i n t s  apparatus and were uncorrected. The I R  spec- 

t r a  were recorded on a N i c o l e t  5-SXC FT-IR spectropho- 

tometer from potassium bromide d iscs.  fH-NMR spect ra 

were obtained i n  C D C l 3  on a Bruker WP 80 SY a t  80.13 

MHz. Chemical s h i f t s  a re  repo r ted  i n  " d e l t a "  u n i t s .  The 

mass spect ra were recorded on a Finninqan Model 3300 

F-100. Quadrupole mass spectrometer data were c o l l e c t e d  

and processed w i t h  an INCOS Data System us ing  a Nova 

I 1 1  Computer. A Cahn Elect robalance (Model G )  was used 

t o  weigh the samples. 

REAGENTS A N D  MATERI CILS 

A l l  chemicals and reagents were o f  a n a l y t i c a l  grade. 

Methanol was t r e a t e d  w i t h  2,4-dinitrophenylhydrazine 

according t o  the  l i t e r a t u r e ' " ' .  Water f o r  HPLC was pu- 

r i f i e d  w i t h  a M i l l i - R h o  M i l l i - Q  System ( H z O  o f  18 

Mohm). Other so l ven ts  used were o f  a n a l y t i c a l  grade. 

The mobi le phase was f i l t e r e d  i n  a M i l l i p o r e  system 

w i t h  pore s i z e  0.45 u m  f i l t e r s ,  degassed by vacuum and 

son ica t i on  before use. C i t ra te /HC l ,  phosphate and 

B03H3/KC1/NaOH were used as the b u f f e r s  f o r  pH 4, 7 and 

10 respec t i ve l y .  

N-(5-methvl-4- isoxazolvl ) -4-amino-1.2-na~htho~uinone 

( 1 1 1 ) .  

This compound was synthesized by h y d r o l y s i s  o f  V. 

Thus, the quinone-di imine V (0.001 mol, 0.4039) was 

d isso lved i n  ethanol  (50 m l )  and then was heated under 

r e f l u x  i n  a water-bath ( E O N )  f o r  10 m i n .  Fln aqueous 

s o l u t i o n  (25 m l )  o f  O.5N HC1 was added dropwise w h i l e  

s t i r r i n g  and r e f l u x  was cont inued for 40 a d d i t i o n a l  

minutes. The cooled s o l u t i o n  was ex t rac ted  w i t h  

dichloromethane (150 m l ) .  The combined organic e x t r a c t s  

were d r i e d  w i t h  anhydrous sodium s u l f a t e ,  f i l t e r e d  and 
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4-AMINOISOXAZOLYL-l,2-NAPHTHOQUINONE. 111 3487 

concentrated in vacuo yielding 0.259 g (84 % )  of a red 

solid, which was recrystallized from benzene; mp. 

209-209.5~. IH-NMR (CDC13): 8 2.411 (s,3H,CH=); 3.757 

(s,lH,H-3); 6.773 (br,lH,N-H); 7.678 (m,2H,H-7,H-6); 

8.089 (m,2H,H-8,H-5); 8.284 (d,fH,H-3'). MS(25eV): m/z 

( X ) ,  254(29); 239(9): 227(12); 185(26); 158(8); 

43(100). IR (KBr): 1668 (C=O); 1615 ( C = O ) ;  3216 (N-H) 

cm-'. 

2-hydroxy-N-~5-methvl-4-isoxazolvl~-l,4-na~htho~ui 

none-4-imine (IV). 

To a solution of 0.004 mol (0.956 g )  of sodium 

1,2-naphthoquinone-4-sulfonate in phosphate buffer 

(pH=10.45, 50 ml), a solution of 0.003 mol (0.328 g )  of 

4-amino-5-methylisoxazole in 30 ml of water (pH=7) was 
added. The reaction mixture was stirred for 30 min at 

room temperature. The insoluble product formed w a s  f i l -  

tered and washed with water. Then it was recrystallized 
from ethanol; mp. 213-214P. lH-NMR (CDC13): 6 2.531 
(s,3H,CHr); 6.780 (s,lH,H-3); 7.220 (br,lH,O-H); 

7.706 (m,2H,H-7,H-6); 8.208 (m,lH,H-8); 8.292 (d,lH, 

H-3'); 8.563 (m,lH,H-5). MS(70eV): m/z ( X I ,  254(1); 

227(2); 185(81); 158(24); 130(32); 43(100). IR (KBr): 

3063 (0-H); 1691 (C=O); 1612 (C=N) cm-=. 

2-~5-methvl-4-isoxazolylamino)-N-~5-methyl-4-isoxazo 

1~1)-1.4-na~hthoauinone-4-imine (V). 

This compound was prepared following a previously 

reported"' procedure. 

METHODS 

Reference and Standard Solutions 

CI stock solution of the internal standard sulfadi- 

azine (Na-2-pyrimidylsulfanilamide) in methanol was 
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ORTIZ AND DE BARTORELLO 

prepared a t  a concentrat ion o f  10 ug/ml. Th is  s o l u t i o n  

was s tored a t  5- and protected from l i g h t .  

The stock s o l u t i o n  of  I 1 1  and I V  was prepared by 

d i s s o l v i n g  an accu ra te l y  weighed amount (0.5000 mg) o f  

each o f  the compounds i n  25 m l  o f  the methanol ic i n t e r -  

n a l  standard s o l u t i o n .  

C a l i b r a t i o n  Curve 

S e r i a l  d i l u t i o n s  o f  the stock s o l u t i o n  (0.0200 mg/ml 

o f  each compound) were made w i t h  b u f f e r s  a t  d i f f e r e n t  

pH values o r  so l ven ts  such as methanol, DMSO and ace- 

t o n i t r i l e  t o  o b t a i n  f i v e  standard s o l u t i o n s  ranging 

from 10 t o  100 ug/ml. 

Three i n j e c t i o n s  of  each standard s o l u t i o n  were used 

t o  e s t a b l i s h  l i n e a r i t y  and response r a t i o s .  The c a l i -  

b r a t i o n  curves were const ructed by p l o t t i n g  a peak area 

r a t i o  ( a n a l y t e l i n t e r n a l  standard) versus known ana ly te  

concentrat ions.  F igures 1 and 2. 

Preparat ion o f  Samples f o r  S t a b i l i t y  Studies 

Stock s o l u t i o n  o f  111 and I V  were prepared by quan- 

t i t a t i v e l y  t r a n s f e r r i n g  0.5000 mg o f  each compound t o  

vo lumetr ic  f l a s k s  o f  25 m l  capac i t y  and adding the  

appropr ia te medium ( b u f f e r s ,  methanol, DMSO and ace- 

t o n i t r i l e )  u n t i l  t he  volume was completed. An a l i q u o t  

o f  10 m l  was in t roduced i n t o  a 10 m l  vo lumetr ic  f l a s k .  

Then the f l a s k  was immersed i n  a constant temperature 

bath which was regulated by a thermostat  (Haake F,) 

w i t h  tO.loC prec i s ion .  A t  app rop r ia te  t ime i n t e r v a l s  a 

1.0 m l  a l i q u o t  was t r a n s f e r r e d  t o  a 5 m l  vo lumetr ic  

f l a s k  and then d i l u t e d  t o  the  mark w i t h  i n t e r n a l  stan- 

dard stock s o l u t i o n  and thoroughly mixed t o  o b t a i n  the 

standard working s o l u t i o n .  CI volume o f  20 u l  was i n -  

j e c t e d  i n  t r i p l i c a t e  onto the  column. 
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4-AMINOISOXAZOLYL-1,2-NAPHlHOQUINONEL I11 

2.2. 

0 2 -  

4 -  

2 l lv  
!i ' *  

2 18: 

5 1.6. 

1.2. 

& ' d o '  1 1 

$ / m i  

FIGURE 1: Compound 1 1 1 .  
Solvent: Methanol. 
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FIGURE 2: Compound IV. 
Solvrntr Methanol. 
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3490 ORTIZ AND DE BARTORELLO 

- 
5 10 TIME (min) 

FIGURE 3: HPLC chromatograms o f  8 standard m ix tu re  
o f  compounds 111 and I V  and the  i n t e r n a l  standard. 

RESULTS FIB DISCUSS I ON 

FI chromatogram o f  a standard m ix tu re  o f  compounds 

I 1 1  and I V  as w e l l  as the  i n t e r n a l  standard a re  g iven 

i n  F igu re  3. 

The i n t e r n a l  standard showed a peak ( a )  w i t h  re ten -  

t i o n  t ime ( R e )  of 1.85 minutes. Compounds I V  and I 1 1  

showed peaks ( b )  and ( c ) ,  having a r e t e n t i o n  t ime (R,) 

o f  4.27 and 6.95 minutes respec t i ve l y .  The t o t a l  analy- 

s i s  t ime was ten  minutes. From th i s  chromatogram, i t  

can be ascer ta ined t h a t  t he  chromatographic working 

cond i t i ons  found were e x c e l l e n t  f o r  t he  q u a l i t a t i v e  and 

q u a n t i t a t i v e  determinat ion o f  bo th  compounds and f o r  

s t a b i l i t y  s tud ies.  
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4-AMINOISOXAZOLYL-1,2-NAPHTHOQUINONEL 111 

' I  

349 1 

1 % 
C 

(cl 

I 

B 

Lb U 5 10 

TIME ( r n i n )  

FIGURE 4: HPLC chromatograms o f  standard samples o f  
isoxazolylnaphthoquinones. C)r compound 1 1 1 1  B: compound 
IV; C, D and E mixture of  1 1 1  + IVt 70130, !30:50 and 
30:70,  respectively and the internal standard. 

T h e  selection of the internal standard was based on 

the fact that sulfadiazine (Nz-2-pyrimidylsulfanil- 

amide), compared with at least 20 compounds, included 

the 0-methylated fixed tautomers of IV, eluted close to 

1 1 1  and I V  with a well resolved peak. 
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3492 ORTIZ AND DE BARTORELLO 

T h e  mixture methanol-water ( 5 0 : S O )  revealed t o  be 

t h e  most successful among t h e  five systems investigat- 

ed, s i n c e  it permitted the resolution of t h e  tautomers 

in samples arising from t h e  pure form a s  well a s  in 

combination. Figure 4. 

The chromatoqraphic resolution w a s  calculated by 

equation I: 

where t=. and t l  are retention times of the retained 

components 1 1 1  and IV respectively, measured at the 

peak maximum. The values f o r  w p  and w 1  a r e  the peak 

widths in u n i ts of time measured at t h e  base'7'. 

Linearity o f  the method with respect t o  concentra- 

tion of compounds I 1 1  and IV w a s  checked. A good lin- 

earity w a s  observed and a linear regression analysis o f  

experimental data points showed a linear relationship 

with a good correlation coefficient. 

The dependence of the chromatographic efficiency on 

flow rate was also investigated and t h e  repeatability, 

accuracy, precision and sensitivity of t h e  procedure 

wer e  eva 1 ua ted . 
Table 2 shows the determined analytical method pa- 

rameters. 

From these data it can be deduced that t h e  developed 

procedure i s  suitable for t h e  analytical determination 

of both exocyclic tautomers 1 1 1  and IV in pure form and 

in combination. 
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TABLE 2 

Analytical Method Parameters 

... . - __ - . . .- . . _  
Parameters Compounds 

. - -  - _ _ - -  . . ._ - 

1 1 1  I V  

Repeatability ( M )  n=5 2.6~ 1.7~ 1 W 7  

(CV) 1.5 1 .o 

Precision") (CV) n=3 0.22 0.78 

SensitivitylP-'o' 1.1 0.9 

(MDQ-ng)(9' n=5 72 39 

(MDC-M)'9' n=5 2 . 1 x 1 0 - 7  1.8~10-7 

-. . .., . _  . . ,.. . -- - .... - -- -- 

CVI Coefficient of Variation 
MDO: Minimum Detectable Quantity 
MDC: Minimum Detectable Concentration 

Stability Studies 

The stability indicating nature of the method was 

evaluated using solutions of 1 1 1  and IV (in water and 

different solvents) which were stored at 25- for 30 

hours. No significant changes were observed in either 

of the tautomers during that period of time in 

methanol, DMSO and acetonitrile, suggesting that both 

compounds are stable in those conditions. 

However, these results undergo variation in buffer 

solutions at different pH values. cls long as the enolic 

tautomer IV remains stable at pH 4, 7 and 10 (25-1 

during the period of 30 hours, the keto form 1 1 1  un- 
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3494 ORTIZ AND DE BARTORELLO 

A 

5 
I L 

? 

8 

5 

FIGURE 5: Chromatoqroms o f  compound 111 i n  b u f f e r  
s o l u t i o n  o f  pH=lO. A: I n i t i a l  c o n d i t i o n  t=O, 2 i n t e r n a l  
standard and 5 ke to  tautomor 111. B: r e a c t i o n  time-6 
hours, 1 and 3 h y d r o l y s i s  products, 2 i n t e r n a l  ctan- 
dard, 4 e n o l i c  toutomer I V  and S ke to  tautomor 111. 

dergoes m o d i f i c a t i o n s  leading t o  the corresponding i so -  

mer and a l s o  t o  h y d r o l y s i s  products as i t  i s  shown i n  

f i g u r e  5. 

These r e s u l t s  a re  cons is ten t  w i t h  those p rev ious l y  

ob ta inedc3 ’ ,  i n d i c a t i n g  t h a t  t he  r a t e  o f  tautomeric 

change and o the r  chemical m o d i f i c a t i o n s  depend p r i n c i -  

p a l l y  on the s t r u c t u r e  o f  the i soxazo lc  u n i t y  as w e l l  

as on the  p o l a r i t y  o f  the so lvents .  
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4-AMINOISOXAZOLYL-1,2-NAPHTHOQUINONE. 111 3495 

CONCLUSIONS 

The procedure here described is sufficiently specif- 

ic, sensitive, accurate and precise to analyse the exo- 

cyclic tautomers 111 and I V  in the reaction medium, in 

pure forms. in combinations and it is also suitable as 

a stability indicatinq assay. 
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