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ABSTRACT 

B-Cycl o d e x t r i  n and y -cyc l  odex tr i n c h i  r a l  bonded phases were 
p r e v i o u s l y  shown t o  be u s e f u l  i n  t h e  separa t i on  o f  enant iomers,  
d ias te reomers  and s t r u c t u r a l  isomers. I n  t h i s  work i t  i s  
demonstrated t h a t  these s t a t i o n a r y  phases a r e  a l s o  u s e f u l  i n  
more r o u t i n e  separa t ions .  As such, t hey  p r o v i d e  an a l t e r n a t i v e  
t o  t h e  popu lar  reve rse  phase packings. Because t h e  s e l e c t i v i t y  
o f  c y c l o d e x t r i n  packings i s  o f t e n  unique they  can be used t o  
compliment convent iona l  columns, p a r t i c u l a r l y  when separa t i ng  
complex m ix tu res  where peak o v e r l a p  i s  a problem. The 
separa t i on  o f  severa l  impor tan t  c lasses  o f  compounds i s  used t o  
demonstrate t h e  genera l  u t i l i t y  o f  t h i s  packing. 
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262 ARMSTRONG ET AL . 

INTRODUCTION 

C y c l o d e x t r i n  bonded phase LC columns have been shown t o  be 

u s e f u l  i n  separa t ing  enant iomers (1 -4) ,  d ias te reomers  ( 2 , 5 )  and 

s t r u c t u r a l  isomers ( 2 , 5 - 7 ) .  It has a l s o  been suggested t h a t  

c y c l o d e x t r i n  columns m igh t  prove u s e f u l  as an a l t e r n a t i v e  t o  

reve rse  phase columns i n  a v a r i e t y  o f  more conven t iona l  

separa t ions  (1,2). The s e l e c t i v i t y  o f  c y c l o d e x t r i n  columns i s  

o f t e n  d i f f e r e n t  from t h a t  o f  convent iona l  reve rse  phase columns 

because t h e  separa t i on  mechanism i s  based on i n c l u s i o n  complex 

fo rma t ion  (1 -10) .  As a r e s u l t ,  t h e r e  i s  t h e  p o s s i b i l i t y  t h a t  

one can r e s o l v e  s p e c i f i c  peaks from a complex m i x t u r e  t h a t  a r e  

n o t  e a s i l y  reso lved  on more conven t iona l  packings. I n  t h i s  work 

t h e  separa t ion  o f  severa l  mycotoxins,  p o l y c y c l i c  a romat ic  

hydrocarbons (PAH's), quinones and he te rocyc l  i c  compounds i s  

examined. Emphasis i s  p laced on t h e  8 - c y c l o d e x t r i n  packing 

(wh ich  seems t o  be the  optimum s i ze )  a l t hough  t h e  PAH's a r e  a l s o  

separated on t h e  v - c y c l o d e x t r i n  packing. 

EXPERIMENTAL 

M a t e r i a l s .  8 -Cyc lodex t r i n  columns (4.6 x 100 mm and 4.6 x 250 

mm) and y - c y c l o d e x t r i n  columns (4.6 x 100 mm) were ob ta ined  from 

Advanced Separa t ion  Technologies,  I n c .  HPLC-grade methanol and 

water were ob ta ined from Burd i ck  and Jackson, p o l y c y c l i c  

aromat ic hydrocarbon standards were from Supelco, mycotox in  

standards were from Sigma, and t h e  quinones and h e t e r o c y c l i c  

compounds were from A l d r i c h .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
4
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



CYCLODEXTRIN BONDED PHASES 263 

Methods: A l l  sepa ra t i ons  were done a t  room tempera ture  (20'C) 

us ing  a Shimadzu Model LC-4A l i q u i d  chromatograph w i t h  a 

v a r i a b l e  wavelength d e t e c t o r  c o n t a i n i n g  a 13 p1 f l o w  c e l l .  A l l  

samples were d i s s o l v e d  i n  methanol p r i o r  t o  i n j e c t i o n ,  Exac t  

separa t i on  c o n d i t i o n s  a r e  g i v e n  w i t h  each chromatogram. 

RESULTS AND D I S C U S S I O N  

The separa t i on  o f  mycotox ins  i s  an impor tan t  problem from 

b o t h  a m i l i t a r y  (e.g., y e l l o w  r a i n )  and a g r i c u l t u r a l  (e.g., 

f unga l  g rowth  on g r a i n )  p o i n t  o f  v iew (11-14).  Stahr and 

co-workers have done a cons ide rab le  amount o f  work on t h e  

chromatographic separa t i on  o f  these compounds (12-14).  Many 

m y c o t o x i n s  a r e  a l s o  e f f e c t i v e l y  s e p a r a t e d  b y  LC u s i n g  

c y c l o d e x t r i n  packings. F igu re  1 shows t h e  g r a d i e n t  LC 

separa t i on  o f  T-2 t e t r a o l ,  v e r r u c u r o l ,  T-2 t r i o l ,  HT-2 t o x i n ,  

d i a c e t o x y s c i r p e n o l ,  and T-2 t o x i n  on a 10 cm B - c y c l o d e x t r i n  

column. A l l  components were b a s e l i n e  reso lved.  The o n l y  

p o s s i b l e  d i f f i c u l t y  w i t h  t h i s  separa t i on  i s  t h a t  u l t r a v i o l e t  

d e t e c t i o n  must be a t  a f a i r l y  s h o r t  wavelength (206 nm). T h i s  

r e s u l t s  i n  a s l i g h t l y  i n c r e a s i n g  base1 i n e  when s o l v e n t  g r a d i e n t s  

a r e  used, un less  one employes a computer b a s e l i n e  c o r r e c t i o n  as  

i n  F igu re  1. 

The reve rse  phase LC separa t i on  o f  p o l y c y c l i c  a romat ic  

hydrocarbons (PAH's) i s  w e l l  documented (15-19).  I t  has been 

noted t h a t  t h e r e  can be cons ide rab le  d i f f e r e n c e s  i n  s e l e c t i v i t y  
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CYCLODEXTFUN BONDED PHASES 265 

w i t h  d i f f e r e n t  t ypes  and/or  l o t s  o f  reve rse  phase packing 

m a t e r i a l  (15-19).  Over lapping peaks can be a s i g n i f i c a n t  

problem i n  separa t i ons  i n v o l v i n g  complex m i x t u r e s  o f  PAH's. 

Consequently two o r  more columns o f  d i f f e r e n t  s e l e c t i v i t y  a r e  

sometimes used t o  comp le te l y  r e s o l v e  a l l  components o f  a 

m ix tu re .  Both B- and y - c y c l o d e x t r i n  packings e f f e c t i v e l y  

separa te  a v a r i e t y  of  PAHs ( F i g u r e  2 ) .  Not o n l y  i s  t h e  

s e l e c t i v i t y  d i f f e r e n t  from t h a t  o f  t r a d i t i o n a l  r e v e r s e  phase 

columns, b u t  isomers o f  compounds such as benzopyrene and 

dibenzanthracene are  e a s i l y  separated as w e l l  ( F i g u r e  2 A ) .  I n  

a d d i t i o n ,  t h e r e  a re  cons ide rab le  s e l e c t i v i t y  d i f f e r e n c e s  f o r  

some compounds on t h e  B - c y c l o d e x t r i n  packing as compared t o  t h e  

l a r g e r  y - c y c l o d e x t r i n  packing. For example, t h e  s e l e c t i v i t y  

f a c t o r  ( a )  f o r  acenaphthene ( r e l a t i v e  t o  benzo(a)pyrene) goes 

from 1.3 on t h e  B - c y c l o d e x t r i n  column t o  0.45 on t h e  

y - c y c l o d e x t r i n  column ( F i g u r e  2 ) .  

A p a r t i c u l a r l y  i n t e r e s t i n g  separa t i on  i n v o l v e s  a s e r i e s  o f  

s t r u c t u r a l l y  r e l a t e d  compounds. F l u o r e n e ,  c a r b a z o l e ,  

d ibenzothiophene, d ibenzofuran  and b ipheny l  d i f f e r  o n l y  i n  t h e  

type  o r  presence o f  a heteroatom between t h e  two a romat i c  r i n g s  

A l l  a r e  e a s i l y  reso lved  on a 25 cm B - c y c l o d e x t r i n  column ( F i g u r e  

3 ) .  F i g u r e  4 i l l u s t r a t e s  t h e  separa t i on  o f  a s e r i e s  o f  quinones 

on t h e  same column. 

I n  conc lus ion ,  i t  has been shown t h a t  t h e  e f f e c t i v e n e s s  o f  

c y c l o d e x t r i n  bonded phase packings i s  n o t  l i m i t e d  t o  t h e  

separa t i on  o f  enant iomers ( a s  a r e  many o t h e r  c h i r a l  s t a t i o n a r y  
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266 ARMSTRONG ET AL. 

1234-D 

0 8 16 24 
TIME, MIN, 

F i  u re  2. Chromatogram " A "  shows ( f rom l e f t  t o  r i g h t )  the  + separa i o n  o f :  (1) benzene, (2) naphthalene, ( 3 )  f l uo rene ,  ( 4 )  
phenanthrene, ( 5 )  b ipheny l ,  (6) pyrene, ( 7 )  benzo(e)pyrene, ( 8 )  
benzo(  a )  py rene ,  ( 9 )  1,2,3,4-d i b e n z a n t h r a c e n e ,  ( 1 0 )  
1,2,5,6-dibenzanthracene, and (11) acenaphthene on a 10 cm 
B - c y c l o d e x t r i n  column w i t h  a g r a d i e n t  go ing  from 40% t o  70% 
methanol (as)  i n  25 min. The f l o w  r a t e  was 1.5 ml/min and t h e  
d e t e c t i o n  wave1 ength was 254 nm. Chromatogram " B l l  shows ( f rom 
l e f t  t o  r i g h t )  t h e  separa t i on  o f :  (1) benzene, (2) naphthalene, 
(3) b ipheny l ,  (4) f l u o r e n e  ( 5 )  acenaphthene, (6) phenanthrene, 
( 7 )  unknown peak, ( 8 )  f l u o r a n t h e n e ,  ( 9 )  p y r e n e ,  ( 1 0 )  
b e n z o ( a ) a n t h r a c e n e  ( 1 1 )  b e n z o ( a ) p y r e n e ,  and  ( 1 2 )  
1,2,3,4-dibenzanthracene on a 10  cm v - c y c l o d e x t r i n  column w i t h  a 
g r a d i e n t  go ing  from 30% t o  65% methanol (aq) i n  25 min. Other 
c o n d i t i o n s  were as  i n  chromatogram " A " .  
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0 8 16 24 

TIME, MIN, 

F i g u r e  3. An LC chromatogram o f  ( 1 )  c a r b a z o l e ,  ( 2 )  f l u o r e n e ,  
( 3 )  d i b e n z o t h i o p h e n e ,  ( 4 )  b i p h e n y l ,  and ( 5 )  d i b e n z o f u r a n  on a 25 
cm B - c y c l o d e x t r i n  column. T h i s  was an i s o c r a t i c  s e p a r a t i o n  (50% 
methano l  ( a q ) ) .  The f l o w  r a t e  was 1.0 m l / m i n  and t h e  
w a v e l e n g t h  o f  d e t e c t i o n  was 250 nm. 

I I I I I 

0 8 16 
TIME, M I N ,  

F igu re ,  4. An LC chromatogram o f  (1) 1,4-benzoquinone, ( 2 )  
2,5-dimethyl-p-benzoquinone, ( 3 )  1 , 2 - n a p h t h a q u i n o n e ,  ( 4 )  
1 ,4-naphthaquinone,  and ( 5 )  a n t h r a q u i n o n e .  T h i s  i s o c r a t i c  
s e p a r a t i o n  was done on  a 25 cm 8 - c y c l o d e x t r i n  co lumn (45% 
methanol  ( a s ) ) .  The f l o w  r a t e  was 1.0 m l / m i n  and t h e  w a v e l e n g t h  
o f  d e t e c t i o n  was 254 nm. 
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268 ARMSTRONG ET AL. 

phases) o r  t o  t h e  separa t i on  o f  d ias te reomers  and s t r u c t u r a l  

isomers, Indeed, i t  appears t o  be a g e n e r a l l y  u s e f u l  pack ing  i n  

the  " reverse  phase mode" and i t s  unusual s e l e c t i v i t y  makes i t  a 

u s e f u l  complimentary column f o r  those us ing  t r a d i t i o n a l  reve rse  

phase packings i n  t h e  separa t i on  o f  complex m ix tu res .  
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