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REVERSED-PHASE SYSTEMS FOR THE 
SEPARATION OF COUMARINS AND 

FUROCOUMARINS BY THIN-LAYER AND 
H IGH-PERFORMANCE LIQUID 

CHROMATOGRAPHY 

K. Wowniak and M. L. Bieganowska 
Department of Pharmacognosy and Department 

of Inorganic and Analytical Chemistry 
Medical Academy, Staszica 6 St. 

20-081 Lublin, Poland 

ABSTRACT 

The re ten t i on  behaviour o f  eleven d e r i v a t i v e s  o f  
couaar in waa inveet iga ted  b reversed-phase CRP) th in-  
l a y e r  and h igh  performance T iqu id  2hroaatography. The 
l i n e a r  re la t i onsh ips  between l o g  k o r  RM values and 
the content of  organic mod i f i e r  i n  t h e  aqueous mobile 
phase obtained f o r  wide composition ranges i n d i c o t e  
tha t  the p l o t s  can be used t o  determine R 
valuee by ex t rapo la t i on  t o  pure water. ThgW e f  f ec ta  
o f  i n d i v i d u a l  subet i tuenta on the r e t e n t i o n  and t h e  
c o r r e l a t i o n  between TLC and HPLC data was analysed. 

and l o g  k; 
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2928 GLOWNIAK AND BIEGANOWSKA 

INTRODUCTION 

Coumarins and furocoumarins owing t o  t h e i r  b i o l o -  

g i c a l  a c t i v i t y  a t t r a c t  wide i n t e r e s t  i n  research /1-4/. 

The i s o l a t i o n  o f  pure compounds from p l a n t  m a t e r i a l  

w i t h  d e f i n i t e  therapeut ic  a c t i v i t y  [ i .e .bsc ter ios ta t i c ,  

ant icoagulant ,  spasmolytic, de rmato log i ca l~  is u s e f u l  

/ 5 - 8 / .  I n  order t o  determine how t o  opt imize t h e  

separat ion of  inves t iga ted  compounds, t h e  e f f e c t  o f  

solvent composition on the re ten t i on  was studied. 

The re ten t i on  o f  a so lu te  i n  reversed-phase systems 

i s  mainly con t ro l l ed  by the  concentrat ion and the 

molecular cha rac te r i s t i cs  o f  the organic mod i f i e r  I n  

b inary  hydroorganic solvent eluents.  The e f f e c t  o f  t h e  

mod i f ie r  on s e l e c t i v i t y  and on t h e  o v e r a l l  chromato- 

graphic d i s t r i b u t i o n  e q u i l i b r i a  o f  the so lu te  has been 

demonstrated both i n  HPLC and i n  TLC systems /9-11/. 

Soczewihski and Wachtmeister /12/ der ived the fo l l ow ing  

simple equation descr ib ing q u a n t i t a t i v e l y  the r e l s t i o n -  

ships between re ten t i on  and solvent composition: 

+ 

where w and org denote components o f  the eluent-water 

and organic mod i f ie r  and ? t h e  volume f rac t i on .  

The R,,,:and l o g  k * ' v a l u e  , e a s i l y  determined i n  

revereed-phase th in - l aye r  and column chromatography 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
1
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION OF COUMARINS AND FUROCOUMARINS 2929 

has been w ide ly  a p p l i e d  i n  s t r u c t u r e - a c t i v i t y  s t u d i e s  

t i n  HanschDs approach) as a measure o f  the  hydro- 

p h o b i c i t y  o f  molecules /13-16/. 

EXPERIMENTAL 

Column HPLC was c a r r i e d  ou t  us ing  a l i q u i d  chroma- 

tograph (produced a t  the I n s t i t u t e  o f  P h y s i c a l  Chemi- 

s t r y  o f  the P o l i s h  Academy o f  Sciences, Warsaw! 

equipped w i t h  a 200 m l  sy r inge pump, 5 p l  sample . 
i n j e c t o r  va lve  and UV 254 nm detec tor .  A s t a i n l e e s  

s t e e l  column, 150 x 4 m m  I .D., was packed w i t h  7 h m  

LiChrosorb RP-18 (E.Merck, Darmstadt, F R G ) ;  t h e  f l o w  

r a t e  was 1.2 m l  min-'. The column dead volume was 

determined us ing  an aqueous s o l u t i o n  o f  sodium n i t r a t e  

as the  nonreta ined compound. The e luent6  were f i l t e r e d  

and degassed i n  an u l t r a s o n i c  bath. The temperature 

was kept  a t  20' 2 l°C. A l l  va lues o f  t h e  c a p a c i t y  

f a c t o r s  presented a r e  the  mean o f  t h r e e  determinat ions.  

Th in - layer  chromatography was c a r r i e d  ou t  u s i n g  

HPTLC lox10 CR p l a t e s  o f  RP-18 F254 (E.Merck) and a l s o  

g l a s s  p l a t e s  10 x 20 cm covered w i t h  a 0.25 mm l a y e r  

o f ' s l u r r y  o f  the  support ob ta ined b y  mix ing  30.0 g o f  

s i l a n i z e d  s i l i c a  g e l  S i  60 HF254 (E.Merck) w i t h  e i t h e r  

60 c k  o f  methanol-water m i x t u r e  (1:2) o r  w i t h  benzene 

c o n t a i n i n g  4.5 g o f  o l e i c  a c i d  o r  w i t h  benzene c o n t a i -  

n i n g  4.5 g o f  o l e y l  a l c o h o l  o r  w i t h  acetone c o n t a i n i n g  
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2930 GLOWNIAK AND BIEGANOWSKA 

Table 1. The inves t iqa ted  compounds 

1. Coumarin 

2. 4-Hydroxycoumarin 

3. 7-Hydroxycoumarin [ urnbel l i f  erone) 

4. 7-Methoxy-8-isopentenylcounsrin (ostho l )  

5. 4-Methyl-6,7-dihydroxycoumarin 

6. 6-Methylcoumarin 

7. 8-Hydroxypsoralen (xanthotoxol )  

8. 8-Methoxypsoralen (xanthotox in)  

9. 5-Methoxypeoralen ( bergspten) 

10. 5,8-Dinethoxypsoralen ( i s o p i m p i n e l l i n )  

11. 8-Isopentenyloxypsoralen ( impera tor in )  

3.0 g of t r ibuty lphosphate.  The p l a t e s  were d r i e d  i n  

a i r ,  spotted w i t h  2 ~ l l  samples (0.5 mg /d  i n  methanol) 

and placed i n  tnnke w i t h  the  appropr ia te eluent.  The 

spots were l o c a l i z e d  i n  UV l i g h t .  

RESULTS AND DISCUSSION 

The separat ion o f  11 coumarins (Table 1) was sys- 

temat i ca l l y  s tud ied by th in- lsycrr  and column chromato- 

graphy. A e  the s ta t i ona ry  phase, s i l a n i z e d  s i l i c a  g e l  

was used alone and then iapregnated w i t h  o l e i c  ac id ,  

o l e y l  a lcoho l  o r  t r ibuty lphosphate.  Aa the mobi le 

phases were used mixtures o f  water w i t h  organic  

mod i f ie r  (methanol, ethanol ,  ncetone, e c e t o n i t r i l e ,  
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SEPARATION OF COUMARINS AND FUROCOUMARINS 293 1 

Table 2. RP-TLC and HPLC cond i t ions  f o r  the 
determinat ion o f  t h e  l i p o p h i l i c i t y  / .ARM o r  
Ly log  k ' ) o f  some counarins end furocounar ins 

Concent r a t -  
Oraanic solvent i o n  i n  the No o f  l a y e r  o r  

" 
column system e luent  V01.g 

e 
1. K i s e l g e l  60 F254, 

s i l e n i z e d  '.Merck) Acetoni t  r i l e  40 

2. - * I  Acetone 40 

3. - 9 -  Ethenol  40 

4. - * -  Tet rahydrofuren 40 

5. - * -  Met henola 40 

6. - *  - Methanol 50 
50 7. - * -  Methanol 

8. - * -  MethanolC 50 

b 

9. K ieae lge l  60 F254, 

e i l a n i r e d  [Merck) 
+ 15% o l e i c  a c i d  Methanol 

10. - " - Methanol' 

11. Kieee lge l  60 F254, 

s i l e n i z e d  (Merck) 
+ 15% o l e y l  a lcoho l  Methanol 

12. - * -  Me t  henol' 

13. K iese lge l  60 F254, 

8 i l a n i z e d  (Merck) 
+ 10% t r i b u t y l  
phosphate Met hen01 

50 

50 

50 

50 

50 

14. RP-18 F254, (Merck) Methanol 60 

15. LiChrosorb RP-18 
7 Am , (Merck) Methanol 60  

60  b 16. LiChrosorb RP-18 
7 A J ~ ,  (Merckl Methanol 

e luent  contains:  a. 0.01 M phoephets b u f f e r ,  pH = 7 , 7 ;  
b. 3% a c e t i c  ac id ;  C. 2% cetrilai.de. 
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2932 GLOWNIAK AND BIEGANOWSKA 

1.1 

- 1.1 

Fig .  1 log  k' va lues  o f  coumarins and furocournarins p l o t t e d  a g a i n s t  
% v f v  concentration o f  methanol i n  the e l u e n t  /HPLC - RP-181. 
Notation o f  s o l u t e s  i n  a l l  f i g u r e s  a s  i n  Table 1.  

tetrahydrofuran) or mixtures of water with methanol, 

addit ional ly  containing acet ic acid,  cetrimide or 

phoaphate buffer  (Table 2). 

Fig0 1-7 represent the experiaentr l  data r e  

relationships o f  RM o r  log k . v8. percent concent r a t  ion 

of methanol or r c e t o n i t r i l e  i n  the eluent. I n  most 

instances l inear  relationshipa were obtained. The 
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1.( 

- 1.' 

Fig.2 .  log k '  

b2 

vs % MeOH w i t h  3% a c e t i c  a c i d  /HPLC - RP-18/. 

d i f f e r e n t  c o r r e l a t i o n  p l o t s  f o r  each compound i n d i c a t e  

se lec t i ve  e f f e c t s  upon the re ten t i on  due t o  the  so lute-  

solvent and so lu te -s ta t ionary  phese in te rac t i ons .  The 

eluent s t rength  changes w i t h  the molecular s t r u c t u r e  

o f  the solute.  The s p e c i f i c  p roper t i es  of  mod i f i e rs  can 

be u t i l i z e d  t o  ob ta in  des i red s e l e c t i v i t y  f o r  the sepa- 

r a t i o n  o f  the i nves t i ga ted  cournerins end furocouaarins. 

The s e l e c t i v i t y  o f  the compounds increases w i t h  t h e  
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2934 GLOWNIAK AND BIEGANOWSKA 

RI 

11 

-1 

Fig.3. RM vs % MeOH /HPTLC - RP-l8/. 

concentrat ion of  water i n  the eluent due t o  the hydro- 

phobic i n te rac t i ons  /17-10/. 

The l i n e a r  re la t i onsh ip  RM - f Y fJpermi t ted  t o  

estimate q u a n t i t a t i v e  ‘ir. e f f e c t s  of  i n d i v i d u a l  subs- 

t i t u e n t s  on re ten t i on  i n  terme o f  the group con t r i bu t -  

i o n  values expreeeed as P R M w  o r  P l o g  k i  - ana1ogous 

t o  the hydrophobic group conetant /19-20/. 
- 

I n  Table 3 RM and l o g  k’ values and i n  Table 4 

ARM and A l o g  k’ values are  summarized i n  order  t o  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
1
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION OF COUMARINS AND FUROCOUMARINS 2935 

Fig.4. RM vs % MeOH /TLC - RP-2/. 

compare the a e l e c t i v i t y  o f  var ious i nves t i ga ted  systems. 

A R M  and A l o g  k' values were est imated r e l a t i v e  t o  

counar in (No. 1) and xanthotoxol  (No. 7). Each p a i r  o f  

compounds can be e a s i l y  separated and the best mod i f i e r  

and adsorbent can be chosen. The beat separationswere 

obtained f o r  octadecyl  s i l i c a  g e l  :TLC and HPLC) and 

f o r  s i l a n i z e d  s i l i c a  g e l  impregnated w i t h  15% o l e i c  

e c i d  o r  15% o l e y l  a lcohol .  The a d d i t i o n  o f  2% cet r im ide  

t o  t h e  eluent s i g n i f i c a n t l y  changed the s e l e c t i v i t y  o f  
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2938 GLOWNIAK AND BIEGANOWSKA 

separat ion o f  furocoumarins but f o r  coumarins i t  wes 

neg l i g ib le .  The longest re ten t i on  times were obtained 

f o r  os tho l  and imperetor in  because the l a r g e  isopente- 

n y l  r a d i c a l  caused la rge  increases o f  hydrophobic 

proper t ies.  The shor test  re ten t i on  times were obtained 

f o r  hydroph i l i c  so lu tes w i t h  one o r  two hydroxy groups 

i n  the molecule. I n  some instances a considerable 

improvement i n  the reso lu t i on  o f  p a i r s  o f  so lu tes  upon 

a l t e r a t i o n  o f  b inary -edd i t i ve  composition was observed. 

CFige.1,2,5). On the contrary ,  the separat ion o f  eolu- 
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ti 

1 

-11 

tes ~ o . 6  and No.8 was consistent ly poorer f o r  e l l  

invest igated syrtems. The s t r u c t u r a l  e f fec ts  were 

general ly i n  accordance w i t h  those observed i n  l i q u i d -  

l i q u i d  systems /21,22/. For samples containing solutes 

w i th  wide dif ferences i n  p o l a r i t y  gradient e l u t i o n  

we8 frequently employed /23/. 

The quant i ta t ive relat ionshipa between capacity 

factor  and solvent composition i n  revereed pheee 

systems for  the r a t i o n a l  opt imizat ion o f  both i s o c r a t i c  
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R 

1 

-1. 

Fig.7. R,,, v r  % MeOH /TLC - wi th  15% o l e y l  alcohol/ 

and gradient e l u t i o n ,  are given by the rimple eerniempi- 

r i c a l  equation c2). 

I t  i r  a modification of oq. ( l ) .  I n  the equation Yorg 

reprerente the volume f rac t ion  o f  the organic modif ier  

(0.01 x v o l  %) and b i r  e conotant , empi r ica l ly  

between R,,, or l o g  k ’  valuer of coumarinr and furo- 
phase: ’ log k ’  - RM I a + b y’(eq.2); a - l o g  k; o r  Rm; 
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SEPARATION OF COUMARINS AND FUROCOUMARINS 2941 

der ived f o r  the eystem used :b I l o g  k; - l o g  k i rg) .  

The Rh and l o g  k i  valuee, t ha t  i e ,  the t h e o r e t i c a l  

capaci ty  fac to rs  :summarized i n  Table 5) a re  obta ined 

by ex t rapo la t i on  from the experimental e t r a i g h t  l i n e a r  

re la t ioneh ipe  o f  . RH = f<y) t o  pure water medium. 

They are  eu i tab le  f o r  the e l im ina t i on  o f  the  s e l e c t i v a  

e f f e c t s  o f  aod i f i e ra ,  and thereby u s e f u l  f o r  quant i ta -  

t i v e  descr ip t ion  o f  the hydrophobic nature o f  so lu tes.  

and l o g  k; a re  thue c l o s e l y  r e l a t e d  t o  the p r r t i t -  RMW 

i o n  coe f f i c i en t  ( log P )  from the standard n-octanol- 

water system ueed i n  QSAR studiee /13,24-31/ and can 

be d i r e c t l y  co r re la ted  w t i h  the b i o l o g i c a l  a c t i v i t y  i n  

agreement w i t h  the equat ion c3) /32,33/ 

- l o g  C = a + b l o g  k '  '.3 1 

I n  t h i s  equation C represent% the q u a n t i t a t i v e  term 

o f  b i o l o g i c a l  e f f e c t ,  a is i n te rcep t  r n d  b is the 

s lope o f  the l eaa t  squarer, s t r a i g t h  l i n e .  

Pre l im inary  i nvea t ige t i on  o f  c y t o e t a t i c  a c t i v i t y  o f  

the coumarins and furocoumrrine showed t h a t  an i nc re-  

aee i n  the hydrophobic i ty  i e  r e l a t e d  t o  an incremeen 

i n  t h e i r  a c t i v i t y .  Oethol  and l a p e r r t o r i n ,  the  compo- 

unds possessing the etrongeet hydrophobic p roper t ies ,  

have a lno the greatest  c y t o e t a t i c  a c t i v i t y .  The deta- 

i l e d  r e s u l t s  o f  thebe inves t i ga t i ons  w i l l  be publ iahod 

i n  the  next paper. 
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2942 GLOWNIAK AND BIEGANOWSKA 

Table 5. Equations describing the l i n e a r  re la t ionsh ips  
cournarins and the composition o f  the mobile 
b slope; r - c o r r e l a t i o n  c o e f f i c i e n t .  

No Of  Mobile phase: methanol - water 
compo- 3% a c e t i c  

methanol - 
und RP-2 RP-18-HPTLC RP-18-HPLC - 

a b 8 b a b a  b 
~ ~~ 

1.43 -2.45 1.33 -1.95 1.88 -3.14 0.78 -1.62 
1 rr0.955 r a O  -998 r-0.999 r = O  .998 

2 r=o . w a  r = O  0994 r = O  .998 r = O  .998 

3 r-0.997 r=0.999 r30.995 r-0.998 

1.39 -3.22 0.94 -1.71 0.72 -2.97 0.89 -1.91 

1.25 -2.59 1.02 -1.93 1.76 -3.60 0.49 -1.43 

3.14 -4.24 3.46 -3.80 4.43 -5.40 2.60 -3.52 
4 r=O .999 fP0.999 r=O .997 r=0.998 

1.13 -2.45 0.09 -0.92 1.03 -2.64 0.38 -1.35 
5 ra0.994 r10.993 rm0.996 r = O  .995 

0.80 -0.96 2.02 -2.55 2.62 -3.93 1.34 -2.34 
6 r-0.954 rm0.998 r=0.999 ra0.998 

1.51 -4.91 1.03 -1.73 2.21 -4.09 0.90 -2.00 
7 r=O .996 r=0.999 r -0.998 r-0.975 

~~ 

2.14 -3.42 1-80 -2.36 2.79 -4.36 1.48 -2.51 
8 rm0.999 r-0.999 ra0.998 r=o .999 

2.45 -3.78 2.23 -2.61 2.91 -4.04 1.93 -3.00 
9 r-0.999 r = O  .999 r.10.999 r = O  .999 

2.39 -3.76 1.92 -2.38 3.16 -4.96 1.77 -2.85 
10 r-0.998 rr0.999 rrO.990 ra0.997 

3.00 -4.15 3.03 -3.44 3.87 -4.95 2.40 -3.36 
11 r-0.998 r=O .998 ra0.999 r=1 .OO 
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SEPARATION OF COUMARINS AND FUROCOUMARINS 2943 

water + methanol + O.OlM methanol - water 
a c i d  phosphete b u f f e r  

RP-18-HPLC RP-2 RP-18 + 15% RP-2 + 15% 
o l e i c  a c i d -  o l e y l  a lcohol  

e b 8 b 8 b a b 
~~~ 

1.60 -2.82 1.17 -1.95 1.52 -2.70 1.64 -3.06 
r-0.998 r-0.998 rnO .999 r = O  .998 

0.72 -2.33 0.14 -0.60 0.80 -2.66 0.20 -0.71 
r = O  ,996 r = O  .995 r = O  ,999 r10.997 

1.20 -2.61 0.78 -1.59 1-19 -2.94 1.22 -2.66 
r10.999 r = O  .998 r = O  .998 r = O  ,997 

4.18 -5.23 2.35 -2.88 2.73 -3.04 2.89 -3.66 
r m 0  .998 ra0.997 r = O  .997 r = O  .996 

1.06 -2.45 0.67 -1.50 1-00 -2.70 1.13 -2.68 
r = O  .999 ra0.997 r ~ 0 . 9 9 7  r = O  .996 

2.36 -3.62 1.60 -2.40 1.83 -2.59 1.47 -2.28 
r = O  .999 r = O  .997 r=O .999 r=O .997 

1.73 -3.27 0.86 -1.57 1.63 -3.12 1.48 -2.94 
rue .999 r = O  ,996 r = O  .998 r = O  .996 

2.48 -3.94 1.71 -2.49 2.11 -3.12 1.96 -3.19 
r = O  .999 r = O  .993 r10.997 r=o .997 

2.80 -4.02 2.12 -2.99 2.09 -2.75 2.46 -3.58 
r = O  .999 r.10.997 rm0.999 r = O  .997 

~~ 

2.58 -3.75 1.95 -2.77 2.08 -2.84 2.36 -3.58 
r = O  .999 r=O ,998 r10.999 r = O  .998 

3.56 -4.66 2.34 -3.01 2.59 -2.98 2.67 -3.60 
r = O  .999 r = O  .996 r = O  ,998 r = O  .995 
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2944 GLOWNIAK AND BIEGANOWSKA 

Linear  re la t ion8h ipa  obtained i n  the inves t iga ted  

systems permi t ted the app l i ca t i on  of the equation: 

l o g  kip-18 = a + b R M  :4 1 

t o  determine the q u a n t i t a t i v e  re la t i onsh ips  between 

column l i q u i d  chromatography and th in - layer  chroaato- 

grsphy data, by p l o t t i n g  the l o g  k '  values vs, the 

RM values. 

A good c o r r e l a t i o n  wes obtained for a l l  systems 

stud ied but  the best c o r r e l a t i o n  was obtained f o r  the 

RP-18 sorbent used i n  the p i l o t  TLC and HPLC exper i -  

ments. The c o r r e l a t i o n  permi t ted the p re l im ina ry  

determinat ion o f  progretas f o r  gradient  e lu t i on .  The 

slope, c lose t o  u n i t y ,  i nd i ca tes  a Cl08e s i m i l a r i t y  o f  

t h e  separat ion processes i n  HPLC and TLC systems. A 

obtained elope> 1 shows tha t  the HPLC system i s  

Table 6. Regression equations f o r  c o r r e l a t i o n  of  
l o g  k: against  RMw values. 

NO system 
as i n  Table a n r 

Constent o f  equation (4)  
S 

2 

5 0.46 1.42 11 0.948 1.08 

6 0.28 1 .I8 11 0.825 0.67 

7 0.61 I .38 11 0.922 0.48 

9 -0.69 1.79 I1 0.987 0.13 

11 0.13 1.33 11 0.940 0.42 

14 0.63 1.08 11 0.938 0.43 
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SEPARATION OF COUMARINS AND FUROCOUMARINS 2945 

genera l l y  more se lec t ive .  High c o r r e l a t i o n  c o e f f i -  

c i e n t s  were a lso  observed f o r  RH values obts ined from 

s i l a n i z e d  s i l i c a  g e l  impregnated w i t h  o l e i c  a c i d  o r  

o l e y l  a lcohol ,  The89 so lvents  o f  low t o x i c i t y ,  very  

su i tab le  f o r  the separat ion of coumarins and furo-  

coumarins kFigs.6,7), were a l so  u8ed t o  determine the 

p a r t i t i o n  c o e f f i c i e n t s  o f  drugs f o r  QSAR ana lys i s  /34/. 

The eystenet ic  study o f  t h e  s e l e c t i v i t y  o f  inves t iga-  

ted  systems permi ts  one t o  choose the  best c o n d i t i o n  

f o r  preparat ive e x t r a c t i o n  and i s o l a t i o n  o f  those 

compounds from p l a n t  mater ia l .  
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