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CH-1005 Lausanne,  S w i t z e r l a n d  
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Ecole d e  Pharmacie ,  U n i v e r s i t g  d e  Lausanne 

ABSTRACT 

P u r i f i c a t i o n  of n a t u r a l  p r o d u c t s  and t h e  f r a c t i o n a t i o n  of 
c r u d e  p l a n t  ex t rac ts  are  p r o c e s s e s  which t r a d i t i o n a l l y  i n v o l v e  
a d s o r p t i o n  a n d / o r  m o l e c u l a r  e x c l u s i o n  chromatography.  While 
c o u n t e r c u r r e n t  chromatography a v o i d s  t h e  i r r e v e r s i b l e  a d s o r p t i o n  
and d e c o m p o s i t i o n  f r e q u e n t l y  e n c o u n t e r e d  i n  a d s o r p t i o n  chromato-  
g r a p h y ,  t h e  c l a s s i ca l  c o u n t e r c u r r e n t  d i s t r i b u t i o n  t e c h n i q u e  is  
b o t h  time- and so lvent -consuming,  c o n s e q u e n t l y  it is  of l i m i t e d  
v a l u e  t o d a y .  R o t a t i o n  locular  c o u n t e r c u r r e n t  chromatography 
(RLCC) is one of t h r e e  new c o u n t e r c u r r e n t  t e c h n i q u e s ,  t h e  o t h e r s  
b e i n g  d r o p l e t  c o n t e r c u r r e n t  chromatography (DCCC)’ and p l a n e t  
c o i l  c o u n t e r c u r r e n t  chromatography (PCCCC)2, which have  r e v i v e d  
t h e  c h r o m a t o g r a p h i c  a p p l i c a t i o n  of l i q u i d - l i q u i d  p a r t i t i o n .  We 
have  employed a c o m m e r c i a l l y  a v a i l a b l e  RLCC a p p a r a t u s  i n  t h e  
i s o l a t i o n  of s e v e r a l  n a t u r a l  p r o d u c t s  w i t h  a b r o a d  r a n g e  o f  
p o l a r i t y  d e m o n s t r a t i n g  t h e  v e r s a t i l i t y  of t h e  RLCC w i t h  r e g a r d  t o  
t h e  f u n c t i o n a l i t y  o f  the  compounds t o  b e  i s o l a t e d .  

INTRODUCTION 

R o t a t i o n  l o c u l a r  c o u n t e r c u r r e n t  chromatography i s  a t e c h n i q u e  

o r i g i n a l l y  proposed  by S i g n e r  e t  al.’ and l a t e r  d e v e l o p e d  by  

s e v e r a l  g r o u p s .  4-9 A s  a c o u n t e r c u r r e n t  t e c h n i q u e ,  RLCC h a s  t h e  

a d v a n t a g e s  of c o m p l e t e  r e c o v e r y  of a l l  mater ia l  ( i .e . ,  no irre- 

2 4 3  
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244 SNYDER ET AL. 

v e r s i b l e  a d s o r p t i o n )  and no d a n g e r  o f  d e c o m p o s i t i o n  c a t a l y z e d  by 

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

F u r t h e r m o r e ,  RLCC r e q u i r e s  o n l y  a b i p h a s i c  s o l v e n t  s y s t e m  for 

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

i n a b i l i t y  t o  form d r o p l e t s  are a v o i d e d  w i t h  t h i s  t e c h n i q u e .  

These c h a r a c t e r i s t i c s  r e n d e r  RLCC s u i t a b l e  for t h e  f r a c t i o n a -  

t i o n  of c r u d e  p l a n t  e x t r a c t s  and t h e  p u r i f i c a t i o n  of n a t u r a l  

p r o d u c t s .  We have  a p p l i e d  RLCC t o  t h e  f a c i l e  i s o l a t i o n  of p l a n t  

and b a c t e r i a l  g l y c o s i d e s  a s  well a s  f l a v o n o i d  a g l y c o n e s  whose 

i s o l a t i o n s  were e x t r e m e l y  t e d i o u s  u s i n g  o t h e r  m e t h o d s .  The 

f r a c t i o n a t i o n  of a c r u d e  p l a n t  extract  (Daucus caro ta  L.) pos- 

s e s s i n g  p l a n t  growth  r e g u l a t o r y  a c t i v i t y  was r o u t i n e l y  performed 

w i t h  no loss  of m a t e r i a l .  F i n a l l y ,  r e s o l u t i o n  of racemic nor-  

e p h e d r i n e  a s  i t s  ammonium s a l t  w i t h  a l i p o p h i l i c  a n i o n ,  hexa- 

f l u o r o p h o s p h a t e ,  was a l so  a c h i e v e d  employing a p a r t i t i o n i n g  

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

(R.R)-di-5-nonyltartrate. 1 0  

APPARATUS AND MECHANISM 

The RLCC a p p a r a t u s  (Tokyo R i k a k i k a i  Co., Tokyo, J a p a n )  con- 

s i s t s  o f  s i x t e e n  g l a s s  c o l u m n s  ( 5 0  cm X 1 1  mm i . d . 1  m o u n t e d  

c y l i n d r i c a l l y  a b o u t  a r o t a t i o n a l  a x i s .  Each column i s  d i v i d e d  

i n t o  37 compar tments  or l o c u l i  by t e f l o n  d i s k s  w i t h  a h o l e  i n  t h e  

c e n t e r  t o  a l l o w  s o l v e n t  f l o w  b e t w e e n  t h e  c o m p a r t m e n t s .  The 

columns a r e  c o n n e c t e d  i n  series w i t h  t e f l o n  t u b i n g  ( 1  mm i . d . ) .  

S o l v e n t  is  a p p l i e d  v i a  a h i g h  p r e s s u r e ,  c o n s t a n t  f low pump. 

After s e l e c t i n g  t h e  s o l v e n t  s y s t e m  a n d  d e t e r m i n i n g  t h e  mode 

( a s c e n d i n g  o r  d e s c e n d i n g ,  see b e l o w ) ,  t h e  s o l v e n t  s e r v i n g  a s  the  

s t a t i o n a r y  p h a s e  i s  l o a d e d  i n t o  t h e  machine ,  c o m p l e t e l y  e x p e l l i n g  

a l l  a i r  b u b b l e s .  Upon l o a d i n g  of  t h e  s t a t i o n a r y  p h a s e ,  t h e  

columns a r e  i n c l i n e d  t o  a 20-40' a n g l e  w i t h  t h e  h o r i z o n t a l .  When 

u s i n g  t h e  a s c e n d i n g  mode ,  a s  i n  F i g u r e  1 f o r  t h e  n-PrOH/n- 

BuOH/H20 ( 1 / 2 / 3 )  s y s t e m ,  t h e  l i g h t e r  m o b i l e  a l c o h o l  p h a s e  i s  
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RLCC IN NATURAL PRODUCTS ISOLATION 245 

16 tubes 

Total Volume ; GO 800ml 

FIGURE 1 

RLCC Ascending Mode. Example: n-PrOWn-BuOH/H,O ( l / 2 / 3 ) ;  S t a -  
t i o n a r y  Phase:  Lower L a y e r ;  Mobile  Phase: Upper Layer .  

a p p l i e d  t o  t h e  bot tom of t h e  f i r s t  column a t  a r a t e  of 15-25 

ml /hr  w h i l e  t h e  columns r o t a t e  a b o u t  t h e  c e n t r a l  a x i s  a t  a s p e e d  

o f  60-80 rpm. P a s s i n g  t h r o u g h  t h e  i n i t i a l  p e r f o r a t i o n ,  t h e  

a l c o h o l  phase  rises t o  t h e  uppermost  corner o f  t h e  f i r s t  l o c u l u s ,  

d i s p l a c i n g  s t a t i o n a r y  p h a s e  a s  i t s  volume i n c r e a s e s  u n t i l  it 

a t t a i n s  t h e  l e v e l  of the h o l e  i n  t h e  d i s k  l e a d i n g  t o  t h e  n e x t  

l o c u l u s .  The a l c o h o l  p a s s e s  t h r o u g h  t h i s  h o l e  and e n t e r s  t h e  

second l o c u l u s  which is s l i g h t l y  e l e v a t e d  from t h e  f i r s t .  T h i s  

p r o c e s s  c o n t i n u e s  t h r o u g h  a l l  t h e  l o c u l i  i n  t h e  column u n t i l  t h e  

m o b i l e  p h a s e  emerges from t h e  uppermost  l o c u l u s  and i s  d i r e c t e d  
t o  t h e  bot tom of t h e  n e x t  column i n  t h e  series by  t h e  t e f l o n  

t u b i n g .  

When t h e  a p p a r a t u s  is c h a r g e d  w i t h  m o b i l e  p h a s e ,  t h e  sample ,  

d i s s o l v e d  i n  t h e  m o b i l e  p h a s e ,  i s  l o a d e d  i n t o  a t e f l o n  sample  

l o o p  (volume 4 m l )  w i t h  s y r i n g e  s u c t i o n  and s u b s e q u e n t l y  t r a n s -  

f e r r e d  t o  t h e  f i r s t  column. W i t h i n  e a c h  l o c u l u s  the  sample  is 
p a r t i t i o n e d  between t h e  m o b i l e  and s t a t i o n a r y  p h a s e s ,  and e l u t e d  
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246 SNYDER ET AL. 

16 tubrr 

Total Volume; ca 8 0 0 m l  

FIGURE 2 

RLCC Descending Mode. Example: C H C l , / M e O H / H , O  (35/65/45) : Sta-  
t i o n a r y  Phase:  Upper L a y e r ;  Mobile  Phase:  Lower Layer .  

t h r o u g h  e a c h  o f  t h e  columns.  Any sample  which r e m a i n s  i n  t h e  

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

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

p h a s e .  

The  r o t a t i o n  o f  t h e  c o l u m n s  s e r v e s  t o  r e n e w  t h e  c o n t a c t  

s u r f a c e  between t h e  two p h a s e s .  t h e r e f o r e  a i d i n g  i n  e q u i l i b r a -  

t i o n ,  though n o t  a l l o w i n g  e m u l s i o n s  t o  form due  t o  e x c e s s i v e  

a g i t a t i o n .  The RLCC a p p a r a t u s  h a s  250-300 t h e o r e t i c a l  p l a t e s ,  

t h u s  t h e  p a r t i t i o n i n g  i n  e a c h  l o c u l u s  d o e s  n o t  r e p r e s e n t  a com- 

p l e t e  e q u l i b r a t i o n .  

When t h e  d e s c e n d i n g  mode is  s e l e c t e d  for  s e p a r a t i o n ,  a s  i n  
F i g u r e  2 f o r  t h e  CHC13/CH30H/H20 (35/65/45) s y s t e m ,  t h e  o p e r a t i o n  

r e m a i n s  t h e  same e x c e p t  t h a t  t h e  h e a v i e r  m o b i l e  phase  is a p p l i e d  

a t  t h e  t o p  of e a c h  column and d e s c e n d s  t h r o u g h  e a c h  l o c u l u s .  

SELECTION OF THE SOLVENT SYSTEM 

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

s i l i c a  g e l  TLC p l a t e s  was employed. The T L C ' s  of t h e  sample  
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RZCC I N  NATURAL PRODUCTS I S O L A T I O N  247 

u s i n g  e a c h  o f  t h e  two p h a s e s  were d e v e l o p e d ;  t h o s e  s y s t e m s  g i v i n g  

Rf v a l u e s  g r e a t e r  t h a n  0.8 i n  one  o f  t h e  p h a s e s  and be tween 0.2 

and 0.4 i n  t h e  o t h e r  were p o t e n t i a l l y  a p p l i c a b l e  s y s t e m s .  

F i n a l  s e l e c t i o n  was b a s e d  on t h e  d i s t r i b u t i o n  o f  5 t o  10 mg 

of  sample  between 5 t o  10 m l  of e a c h  of t h e  t h e  two p h a s e s .  A 

s y s t e m  i n  which 15-25s of t h e  sample  was d i s t r i b u t e d  i n  one  o f  

t h e  p h a s e s  i s  c h o s e n .  T h e  p h a s e  w h i c h  c o n t a i n e d  t h e  h i g h e r  

p e r c e n t a g e  of sample  f u n c t i o n s  a s  t h e  s t a t i o n a r y  p h a s e .  Such 

s y s t e m s  u s u a l l y  e n a b l e  t h e  chromatography t o  be  comple ted  w i t h i n  

36 h r s  p r i o r  t o  d i s p l a c e m e n t  of r e s i d u a l  compounds d i s s o l v e d  i n  

t h e  s t a t i o n a r y  phase .  If t h e  e q u i l i b r a t i o n  gave  a more e q u a l  

d i s t r i b u t i o n  o f  t h e  sample ,  t h e  chromatography was comple ted  i n  

less time, b u t  w i t h  less r e s o l u t i o n .  If t h e  e q u i l i b r a t i o n  gave  a 

l e s s  e q u a l  d i s t r i b u t i o n  ((15% i n  one of t h e  p h a s e s ) ,  t h e  t ime 
f a c t o r  and hence  t h e  amount of s o l v e n t  r e q u i r e d  i n c r e a s e d  s i g n i -  

f i c a n t l y .  

EXPERIMENTAL 

A l l  s o l v e n t s  were s p e c t r a l  g r a d e  or d i s t i l l e d  p r i o r  t o  u s e .  

B i p h a s i c  s o l v e n t  s y s t e m s  were p r e p a r e d  i n  a 2 1. s e p a r a t o r y  

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

t h e  p h a s e s .  F o l l o w i n g  e l u t i o n  from the a p p a r a t u s ,  t h e  e l u a n t  was 

c o l l e c t e d  i n  t e n  m l  f r a c t i o n s  w i t h  an a u t o m a t i c  f r a c t i o n  collec- 

t o r  and a n a l y z e d  by TLC or UV-spectrophotometry.  U l t r a v i o l e t  

s p e c t r a  were r e c o r d e d  on  a UVIKON 810 o r  a JASCO UVIDEC-505 

s p e c t r o m e t e r .  C i r c u l a r  d i c h r o i s m  were r e c o r d e d  on a Jobin-Yvon 

I11 Dichrograph .  

S e p a r a t i o n  of f l a v o n o i d  Aglycones  

A m i x t u r e  of a p p r o x i m a t e l y  30 mg e a c h  of h e s p e r e t i n  3, kaemp- 

fe ro l  ,2, and q u e r c e t i n e  3 was p r e p a r e d  and a p p l i e d  t o  t h e  RLCC. 

S o l v e n t  sys tem:  CHCl3/MeOH/H20 ( 3 3 / 4 0 / 2 7 ) ;  m o b i l e  phase :  lower 

l a y e r ;  f l o w  r a t e :  48 m l / h r ;  d e t e c t i o n :  U V  280 nm. The r e s u l t s  

a r e  shown i n  F i g u r e  3. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
1
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



248  

OH 

SNYDER ET AL. 

- 2. R = H  
3: R = H  

I 

0 
I 

10 20 30 

FIGURE 3 

S e p a r a t i o n  of F l a v o n o i d  Aglycones.  S o l v e n t  System: C H C l , / M e O H /  
H20 ( 3 3 / 4 0 / 2 7 ) ;  Mobi le  Phase:  Lower Layer .  

S e p a r a t i o n  of Swertia p e r e n n i s  L. ( G e n t i a n a c e a e )  C o n s t i t u e n t s  

The c r u d e  m e t h a n o l a r t i a  - 
p e r e n n i s  L. was c h r o m a t o g r a p h e d  o n  a S e p h a d e x  LH-20 c o l u m n  

( m e t h a n o l )  . ' I  The f r a c t i o n  (100 mg) c o n t a i n i n g  t h r e e  f l a v o n o i d  

C-glycos ides  $, 5, and 6 ,  and a x a n t h o n e  5, was a p p l i e d  t o  t h e  

RLCC. S o l v e n t  sys tem:  AcOEt/n-PrOH/H20 ( 4 0 / 2 0 / 7 0 ) ;  m o b i l e  phase :  

lower l a y e r ;  flow r a t e :  48 m l / h r ;  d e t e c t i o n :  UV 280 nm. The 

r e s u l t s  a r e  shown i n  F i g u r e  4. 

rp Ip 

S e p a r a t i o n  of Chromomycins A2,  A? and A,,, Ip 8 ,  2 and 19, 
R e s p e c t i v e l y  

The c r u d e  chromomycin e x t r a c t 1 2  (700  mg) was s e p a r a t e d  u s i n g  

a C H C l  / A c O E t / M e O H / H 2 0  ( 2 / 4 / 2 / 1 )  s o l v e n t  s y s t e m  a s  shown i n  

F i g u r e  5. I n  t h i s  s o l v e n t  s y s t e m ,  79% of t h e  e x t r a c t  e q u i l i b r a t -  

ed i n  t h e  lower  p h a s e ,  h e n c e  t h e  a s c e n d i n g  mode was employed. 

Mobile  p h a s e :  upper  p h a s e ;  f l o w  r a t e :  30 m l / h r ;  d e t e c t i o n :  TLC 

( s i l i c a  g e l ,  1% oxal ic  a c i d  i n  A c O E t )  . I n c r e a s i n g  the  c h a r g e  t o  

59 of t h e  ex t r ac t  g a v e  t h e  same r e s u l t s .  

3 
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FIGURE 4 

Separation of Swertia perennis L. (Gentianaceae) Constitutents. 
Solvent System: AcOEt/N-PrOH/H,O (40/20/70) ; Mobile Phase: Lower 
Layer. 

700rng crude extraci 

240 3001 
Ascending Mode Monitoring : uv (330 nrn) 

CHC13: MeOHf E t O A c :  H20 (2:2:4:1) 
Stationary Phase - "CHCI; 0.5 rnl/rnin , 6 rnl/tube 
Mobile Phase - "H201' Total Time : 2.5 days 

TLC ( 1 %  ( C O Z H ) ~  in E t  OAc) 

Recovery : 97% 
3601 

I 
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I 1 I 
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350 460 
uisplacernent with 
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FIGURE 5 

Separation of Chromomycins. 
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MeOH 
ALCC Conditions: Descending Mode 
CH2Ci2: MeOH I H20 ( 3 5 1 6 5 ' 4 5 )  flowers - 
Stationory Phase - "H20" 
Mobile Phase - "CH2CIZ ", 2 4  hrs 

Et OAc 

1" CHCIJ : M e O H '  H 2 0  ( 3 5 : 6 5 : 4 5 ) ' C H C l ~ , 1 7 h r s  

0.5 ml/ mi n , 8 ml/ tube 1 t 
RLCC [ 

I 
Tubes 5 0  I00 150 200 250 300 
I-- Elution with "CH2Ci;' Elution with "CHCix" --I-- Dlsplocement 4 

J47 

$' I 

FIGURE 6 

I s o l a t i o n  o f  P l a n t  Growth R e g u l a t o r  from Daucus c a r o t a  L., Shaded 
Areas a r e  A c t i v e  F r a c t i o n s .  

F r a c t i o n a t i o n  of E x t r a c t  o f  Daucus c a r o t a  L. F l o w e r s  

T h e  c r u d e  m e t h a n o l  e x t r a c t  o f  t h e  f r e s h  f l owers  of  w i l d  

car ro t  o r  Queen Anne's l a c e ,  Daucus c a r o t a  L . ,  (Ammiaceae) which 

showed p l a n t  growth  r e g u l a t o r y  a c t i v i t y ,  was p a r t i t i o n e d  be tween 

water and e t h y l  ace ta te ,  and t h e  r e s i d u e  from t h e  a c t i v e ,  a q u e o u s  

l a y e r  was s u b s e q u e n t l y  p a r t i t o n e d  between w a t e r  and n-butanol .  

The r e s i d u e  from t h e  n-butanol  f r a c t i o n  c o n t a i n e d  t h e  b i o l o g i c a l -  

l y  a c t i v e  compound and was a p p l i e d  t o  t h e  RLCC a s  shown i n  F i g u r e  

6. Due t o  t h e  l a r g e  number of compounds i n  t h i s  f r a c t i o n  a s  

shown by TLC, t h e  e l u t i o n  of t h e  c r u d e  f r a c t i o n  from t h e  aqueous  

s t a t i o n a r y  phase  was c a r r i e d  o u t  w i t h  two s e p a r a t e  o r g a n i c  p h a s e s  
u s i n g  t h e  d e s c e n d i n g  mode. I n i t i a l l y  a CH2C12/MeOH/H20 
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252 SNYDER ET AL. 

(35/65/45)  was a p p l i e d .  In  t h i s  s y s t e m ,  the sample  was o n l y  10% 

p a r t i t i o n e d  i n t o  t h e  lower l a y e r ,  b u t  TLC had shown t h a t  a major  

component would be  q u i t e  m o b i l e  i n  t h i s  l a y e r .  The aqueous  l a y e r  

w a s  e l u t e d  fo r  2 4  h r s  w i t h  t h e  lower l a y e r  of t h i s  s y s t e m .  

F o l l o w i n g  t h i s  e l u t i o n ,  t h e  s t a t i o n a r y  p h a s e  was t h e n  e l u t e d  w i t h  

t h e  lower l a y e r  o f  a C H C l  /MeOH/H20 (35 /65/45)  sys tem.  I n  t h i s  

second b i p h a s i c  s y s t e m ,  t h e  sample  was 20$ p a r t i t i o n e d  i n t o  t h e  

lower l a y e r .  E l u t i o n  w i t h  t h e  lower p h a s e  of t h e  c h l o r o f o r m  

c o n t a i n i n g  s y s t e m  was c o n t i n u e d  f o r  17  h r s  p r i o r  t o  d i s p l a c e m e n t  

of r e s i d u a l  compounds d i s s o l v e d  i n  t h e  s t a t i o n a r y  p h a s e  u s i n g  t h e  

aqueous  l a y e r  of t h e  second s o l v e n t  sys tem.  These r e s u l t s  a r e  

shown i n  F i g u r e  6. 

3 

R e s o l u t i o n  of Racemic N o r e p h e d r i n e  

The r e s o l u t i o n  of racemic n o r e p h e d r i n e  employing t h e  RLCC 
10 

h a s  been p r e v i o u s l y  d e s c r i b e d .  

RESULTS AND DISCUSSION 

The s e p a r a t i o n  of t h e  f l a v o n o i d  a g l y c o n e s ,  F i g u r e  3,  and t h e  

S w e r t i a  p e r e n n i s  L. c o n s t i t u e n t s ,  F i g u r e  4, proved  t o  b e  r o u t i n e .  

I n  t h e  c a s e  of t h e  S w e r t i a  p e r e n n i s  L. c o n s t i t u e n t s ,  t h e  RLCC 

s e p a r a t i o n  r e p r e s e n t s  a n o t a b l e  improvement o v e r  a time-consuming 

polyamide column chromatography employing  a water-methanol  g r a d i -  
11 e n t  o r i g i n a l l y  used  i n  t h e  p u r i f i c a t i o n  of t h e s e  compounds. 

F u r t h e r m o r e ,  t h e  s o l v e n t  sys tem employed i n  t h i s  i s o l a t i o n  c o u l d  

n o t  b e  used  on t h e  DCCC a s  it would n o t  form d r o p l e t s .  

The chromomycins, 8-10, a re  c l i n i c a l l y  used a n t i t u m o r  a n t i -  

b i o t i c s  i s o l a t e d  from S t r e p t o m y c e s  g r i s e u s  No. 7 c u l t u r e  b r o t h ;  
1 3 . 1 4  t h e  s t r u c t u r e  o f  c h r o m o m y c i n  A, i s  s t i l l  u n d e t e r m i n e d .  

While c o u n t e r c u r r e n t  chromatography a p p e a r e d  t o  b e  i d e a l l y  s u i t e d  

for  t h e  p u r i f i c a t i o n  of t h e s e  compounds, t h e  non-polar  s u g a r s  of 

t h e  chromomycins r e n d e r e d  t h e  s o l v e n t  s y s t e m s  employed on t h e  

DCCC i n e f f e c t i v e .  Moreover ,  a c o n s i d e r a b l e  amount of t h e  e x t r a c t  
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had t o  be sepa ra t ed  i n  order t o  o b t a i n  t h e  d e s i r e d  q u a n t i t y  o f  

t h e  chromomycins. 

Using t h e  s o l v e n t  system a s  shown i n  F igu re  5, t h e  chromo- 

mycins were r e a d i l y  sepa ra t ed  i n  gram q u a n t i t i e s .  This p u r i f i c a -  

t i o n  was a g r e a t  s i m p l i f i c a t i o n  over t h e  o r i g i n a l  i s o l a t i o n  which 

used chromatography on s i l i ca  g e l  employing a 1% oxalic a c i d  

s o l u t i o n  i n  e t h y l  a c e t a t e . 1 2  The chromomycins  

sepa ra t ed  from e a r l y  e l u t i n g  i m p u r i t i e s  which had 

cu l t ies  i n  t h e  o r i g i n a l  i s o l a t i o n  due t o  similar 

adso rp t ion  chromatography. Impress ive ly ,  3 and J,$ 

i n  pure s t a t e s  wh i l e  9,  which d i f f e r s  from 2 on ly  

were r e a d i l y  

caused d i f f i -  

R v a l u e s  i n  

were ob ta ined  

i n  t h e  n a t u r e  

f 

o f  t h e  a c i d  group e s t e r i f i e d  t o  t h e  4-OH group o f  t h e  t e r m i n a l  

chromose B suga r  (8  i s  e s t e r i f i e d  wi th  i s o b u t y r i c  a c i d  wh i l e  9 is 

e s t e r i f i e d  wi th  a c e t i c  a c i d ) ,  was ob ta ined  i n  a n e a r l y  pu re  

s t a t e .  

rp rp 

The c r u d e  m e t h a n o l  e x t r a c t  o f  t h e  f r e s h  f l o w e r s  o f  w i l d  

c a r r o t  o r  Queen Anne's l a c e ,  Daucus c a r o t a  L. (Ammiaceae), ex- 
h i b i t e d  p l a n t  growth r e g u l a t o r y  a c t i v i t y  i n  t h e  l e t t u c e  seed  

germina t ion  b ioassay .  T h i s  b i o a s s a y  was then  used a s  a guide  f o r  

t h e  i s o l a t i o n  of t h e  a c t i v e  compound. F i n a l  f r a c t i o n a t i o n  o f  t h e  

n-butanol f r a c t i o n  on t h e  RLCC l e d  t o  t h e  i s o l a t i o n  of two a c t i v e  

f r a c t i o n s ,  F igu re  6 f r a c t i o n s  4 and 5. F i n a l  p u r i f i c a t i o n  of t h e  

a c t i v e  compound on C-18 r e v e r s e  phase HPLC, MeOH/H20 (25/75) l e a d  

t o  t h e  phenylpropanoid IJ. 15 
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254 SNYDER ET AL. 

This application of RLCC illustrates the significant promise 
for the fractionation of polar components of crude natural prod- 
uct extracts. These compounds are traditonally troublesome to 
fractionate via adsorption chromatography due to irreversible 
adsorption, decomposition, and severe tailing. The utilization 

of RLCC provides a stepping stone to ultimate purifications with 
HPLC or another countercurrent technique such as DCCC. 

The final application of RLCC described in this work, the 
resolution of racemic norephedrine, is based on the preliminary, 
elegant work of Prelog et a1.16 who resolved racemic a-amino- 

alcohols as their salts with lipophilic anions by partition 
between an aqueous phase and a lipophilic phase, 1,2-dichloro- 
ethane, containing (R,R)-di-5-nonyltartrate. In this work, the 
stationary aqueous phase was adsorbed on a Kieselguhr support. 
For application of RLCC, the stationary phase employed was a 0.5M 
sodium hexafluorophosphate solution, pH adjusted to 4 with HC1, 
and the mobile phase was a 0.3M solution of (R,R)-di-5-nonyl- 
tartrate in 1,2-dichloroethane. l o  Prelog has suggested that the 

racemic norephedrine forms diastereotopic complexes Jl and JJ 

with the (RVR)-5-nonyltartrate esters which have different parti- 
tioning properties. While baseline separation of the enantiomers 
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was  n o t  a c h i e v e d ,  p r a c t i c a l l y  p u r e  e n a n t i o m e r s  ( 2  9 5 % )  were 

o b t a i n e d .  

CONCLUSIONS 

A p p l i c a t i o n s  o f  c o u n t e r c u r r e n t  chromatography,  e s p e c i a l l y  

w i t h  r e g a r d  t o  p o l a r  e x t r a c t s ,  c a n  b e  much more s u i t a b l e  t h a n  

column chromatography d u e  t o  t h e  h i g h  r e c o v e r y  of m a t e r i a l .  When 

e l u t i o n  w i t h  t h e  m o b i l e  p h a s e  is c o m p l e t e d ,  t h e  m a t e r i a l  remain-  

i n g  i n  t h e  s t a t i o n a r y  phase  can  b e  c o n v e n i e n t l y  r e c o v e r e d  by  

f l u s h i n g  w i t h  excess s t a t i o n a r y  phase .  Moreover ,  c o u n t e r c u r r e n t  

chromatography a v o i d s  t h e  h a z a r d s  of d e c o m p o s i t i o n  and s e v e r e  

t a i l i n g  f r e q u e n t l y  e n c o u n t e r e d  when u s i n g  a d s o r p t i o n  chromato- 

g r a p h y .  E q u a l l y  i m p o r t a n t  i s  t h e  a d v a n t a g e  o f  p a r t i t i o n i n g  

b e h a v i o r  v e r s u s  a d s o r p t i o n  b e h a v i o r .  Thus,  compounds which may 

n o t  b e  s e p a r a t e d  v i a  a d s o r p t i o n  chromatography d u e  t o  s imi la r  

a d s o r p t i o n  b e h a v i o r  may b e  r o u t i n e l y  s e p a r a t e d  v i a  p a r t i t i o n i n g ,  

a s  i n  t h e  case o f  t h e  chromomycins. 

R o t a t i o n  l o c u l a r  c o u n t e r c u r r e n t  Chromatography complements  

t h e  r e c e n t l y  d e v e l o p e d  DCCC and r e v e r s e  phase  HPLC. While RLCC 

h a s  o n l y  250-300 t h e o r e t i c a l  p l a t e s  compared t o  a p p r o x i m a t e l y  

1 ,000  for  DCCC, RLCC i s  more p r a c t i c a l  f o r  t h e  f r a c t i o n a t i o n  of 

c r u d e  ex t r ac t s  a s  gram q u a n t i t i e s  can  be  l o a d e d  and s e p a r a t e d  

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

t h e  r e q u i r e m e n t  of b e i n g  b i p h a s i c  and n o t  by t h e  l i m i t a t i o n s  of 
d r o p l e t  f o r m a t i o n .  l 7  F u r t h e r m o r e ,  a p p l i c a t i o n  of g r a d i e n t  sys- 

tems a s  wel l  a s  a wider  v a r i e t y  of non-aqueous s y s t e m s  are  p o s s i -  

b l e  on RLCC. 
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