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THE PURIFICATION OF AMINO COUlWLRIN DYES BY HEVEXSS PHASE HIGH 
PZXIF’ORMANCE LIQUID CHROMATCGRBPHY 

C.V.C. Prasad and K.N. R a o  

Chemistry Division, Bhabha Atomic Research Centre 
“ranbay, Bombay - 400 085 

ABSTRaCT 

A re l iable  methd f o r  the sepaxation of amino couma;rin dyes 
fran associated impurities has been developed using reverse 
phase hi& performance liquid chromatography using an ODS-18 
column and nrixtures of methanol and wa te r .  Further, the r e l a t ion  
between the retention times and structure of amino comarines has 
also been Studied. 

INTRODUCTION 

?-substituted amino Coumarins are known to  l a s e  ( 1 , Z )  i n  
the v i s ib l e  r e d o n  of electmrnagnetic spectrum when t h e i r  solu- 

t i ons  a r e  pmped by nitrogen laser  at 337 nm. 
efficiency of these cotmarin dyes depends upon the level  of 

impurities (3 ) .  
the  fluorescence, thereby a f f ec t iw  the laser  output. Nany 

c onventi onal puri  fi c a t i  on techniques 1 i ke cry s t a1 1 i sati on, 

column chromatography (4) ,  thin layer chromatography (5,6) are  

useful i n  the pat:i.fi,:ation of these dyes, but they a r e  time 

The lasing 

The presence of these impurities may quench 
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9 52 PRASAD AND RAO 

consuming and i n  some cases the  pur i ty  we  a t t a i n  f rm  these 
techniques i s  not su f f i c i en t  f o r  l a s ing  purpose. 

Reverse phase high performance l i q u i d  chromatogmphy 
o f fe r s  a simple sJld reliable metha3 f o r  the pur i f ica t ion  of 
these dyes and the  pur i ty  we  att,?in from this mothd is Quite 
sa t i s f ac to ry  for l a s i n g  purpose. 

The following dyes are used i n  t h i s  study. 
( 1 )  R a CH3 ; B1 01 R2 = H 0 3 = H  

(2 )  R P CH3 ; Rl = R2 P H I R 3  - CH3 

(3) R = C H 3 ; R , = H ; R P C H  2 2 5  ; R 3 = C H  3 

(4)  R a CH3 f R 1  - R p  - c* H5 ; R 5 = H  

(5) R P CH3 ; R1 a R2 a C 3 7  H ; R 3 4  

( 6 )  R = CH3 ; R1 = R = C4 CIS 

(7)  R 5 CF3 ; R1 = R2 = C 2 H 5 

; R 3 = B  

; R 3 a H  

2 

(8) R = CF3 ; R1 (C R2 a C3 H7 

(7,s) between monohydric phenol and p -Keto ester. 

; R3 = H 

A l l  t h e  above dyes were prepaxed by Pechmann Condensation 

Each dye was dissolved i n  methanol and introduced i n t o  a 
0I)S - 1 8  column (25 cm x 4.6 mm I.D. p a r t i c l e  s i z e  1 0  m)via a 
Rhecdyne (loop volume 20/"1) in jec ta r .  A mobile phase consist- 
i n g  of var iab le  amounts of methanol and water w e r e  
flow rate of 2.0 ml/min. Other equipment f o r  the study 
included two LIX: pumps (constsmetric XI G and Conetametric IIx), 
a LDC gradient master, a LDC spectromonitor I1 and a LDC 
recorder . 

1 
wed at a 

RESULTS AND DISCUSSICBJ 

A l l  t h e  comasin dyes l i s t e d  above were monitored far 
their pu r i ty  using WLC. Excellent separat ion waa obtained 
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PURIFICATION OF AMINO COUMARIN DYES 953 

FIGURE 1 
The basic structure of amino coumarin and a l l  
dyes that are related by structure. 
available position is numbered. 

Each 

by varying the methanol concentration i n  the methanol-water 
elution solution f o r  each dye. 
t ra t ion varied frtm a m i n i m t a n  of 51% methanol used for 7-amino- 
4-methyl c o m a i n  t o  a mcrrcimm af 8C$ asd fak '/-diethy1 amino 
-+me thy1 co mrma;ri n. 

Fig (2) shows the  HPLC traces of coumarin (3) and the  
impurity present mbnitored at f ive  different  wavelength8 230 nm, 

254 nm, 281 mu, 315 nm and 367 m. 

( 
If the impurity is  assumed t o  have the sane 'x max and 
coefficient ( e ), the sample is shown to be no more than 9374 
pure. This is  an invalid assumption as evidenced by the vmA* 

t lon i n  peak areas far t h e  impurity observed at the other 
wavelengths. Therefore, t h e  sample may be much l e s s  pure than 
9374 but i n  the absence of isolat ion and characterization of the 

The range of methanol concen- 

The absorbance mmdrnlnn 

max) for 7-e thyldna  - 4, 6 - dimethyl coumsrin is 367 nm, 
extinction 

h max and e for the impurity, no more precise evaluition i s 
possible. 
also obtained. 

Correspondirg data f o r  the other comarin dyes was 

1 Table 1 Lists the dyes, the k values. A max, the 

optimum solvent system, and m a x i m u m  p m t y  o f  each dye based 
on the assumption of equal absorbance for w h  canponent at 
W x - a , t  rva-relength. 

was obvious. Using optimun separation conditions, the presence 
With this knowledge, the necessity for further purification 
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FIGURE 2 
7-ethylamino-4,6 dimethyl coumarin chromatographed 
on reverse phase and detected at f ive  specific wave- 
lengths. Curve A, 23Onm; curve B, 254nm; 
curve C, 281nm; curve D, 315nm; curve E, 367nm. 

of each dye, i t s  purity, and same i n a i & t  concerning the 
necessay scale-up for preparative HPK, mqy be obtained. 

Relative Retention Times: 

Values of t+ usually vary i n  a regular and predictable 
manner with repeated substi tution of some group i i n t o  a sample 
molecule (e.g. as i n  the ser ies  of hanologs, benzologs etc.)o 

I Often ame f u w t i o n  of $ c[f k w i l l  be l inear  rrrith n, the 

number of  repea%ing group i within the sample molecule (e.a - 
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PURIFICATION OF AMINO C O W I N  DYES 955 

C oumarin 

Coumarin ( I )  
C o w i n  (2) 

Colrmaria (3)  
Comarin (4) 
Coumarin (5) 
C o w i n  (6) 
comarin (7)  
Coumaxin (8) 

Table I 

1 Solvent 
canposi t ion 

5 1/49 
51 /49 
70/30 

80/20 

80/20 

80/20 
80/20 
80/20 

k’ 

1.61 
2.78 

1.22 

1.02 
3.48 
3.00 
2.00 

1. 70 

x me;x(m)2 

350 
350 
367 
379 
380 
380 
408 

4 w  

1 Ratio of methanol to  water i n  the solvent SX&&, 

2 The )I max was determined spectrophotcmetrically i n  the 
corresponding solvent system. 

CH2 groups fuc a homologow series). 
general relationship thatis often obeyed i n  such cases i s  the 
Mar t in  ru le  ( 9 ) o  

Far iaocratic elution, a 

log k1 .i A + Bn 
Here A and B are  constants for a given sample ser ies  and a 

specific LC aystan (same column, mobile phase and other condi- 
tione). 

I n  all the derivatives of 7-amino-4-methyl CowrLns, the 
number d carbon atoms(n)sttached t o  the nitrogm cce vaxying. 
!l!hevdidi%y of the above equation t o  the  derivatives of 7-amin0 
-4-methyl coumarim wae tested by plot t ing log  k agsinst the 
number of carbon atoms (Fig. 3). 
number of carbon atgns attached to nitrogen i n  (I), (4), ( 5 ) ,  
& (6) are 0, 4, 6 a d  8 respectively. The following equation 
w a s  obtained between log k aM4n using the l e a s t  square f i t ,  

1 

In the above graph, the 

1 

log k1 - - 0.36 + 0.185 n 
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Table I1 

we 
Cornaxin ( I )  
Coumarin (2) 

Comarin (3)  
Coumarin (4) 
Cocrmarin ( 5 )  
Coumarin ( 6 )  
Comasin (7) 
Coumarrin (8) 

I The k for each compound mas oalculated i n  a solvent system 

consis t ing of 7% methanol and 3~74 w a t e r .  

I 
- o . 6 ~  I 

I 
0 1 2 3 4 5 6 7 8 

(n) NUMBER OF CARBON ATOMS 

FIGURE 3 
Plot  between log k' and (n) the number of carbon 
atoms 
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PURIFICATION OF AMINO COUMAKIN DYES 95 7 

1 Effect of -CH, group on k I 
2 

The introduction of given functional group i i n t o  the sample 
1 rnolwule will change k 

di , i n  a @ven LC system. 
the latter contains a -CH attached to the  s ixth position of th& 3 
coumarin ring. The &I value for the -CH group was determined 
frm the k' values of coumarins (1) ard (2)rdi=0.65/0.39= 1.66. 

f o r  that ccanpound by some constant factor  
Between the  coumcrcins (1) and (2),  

3 

From the graph, fac a compound containing two carbons 
1 attached t o  nitrogen t h e  log k value i s 0.01. 

consideration& of - CH a c u p  and log k' of the above 
compound, the log k of coumarin (3) was calculated. The 
calculated log k v d u e  d c o w i n  (3) was  0.23. 
mentally observed log k value of coumwin (3) was 0.23. 
observed and calculated values a re  i n  very good agreement. 

By taking i n t o  

1 3  

1 The experi- 
1 The 

I n  the case of 4- trifluoromethyl coumarins, 74ipropylamino- 
+%rifluorornethyl coumarin w a s  e luted e a s l i e r  than the corres- 
ponding diethyl derivative. I n  the reverse phase BPC separations 
the more polar compo~d will elute e a r l i e r  than the less polar 
one: The Is' values indicate that the dipropylamino Bompourr]. 
is more polar than the corresponding diethyl-amino compound. 

CONCLUSION 

d method for  separation, purification, and quality control 
This PHLC technique prwed of coumarin dyes has been reported. 

t o  be a simple, accurate and rapid methcd of monitoring the 
mino coumarins. The relat ion between the retention times and 

structure of amino comesins w a a  studied. 
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