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FACILE LIQUID CHROMATOGRAPHIC 
SEPARATION OF POSITIONAL ISOMERS WITH 
A 7-CYCLODEXTRIN BONDED PHASE COLUMN 

C. Allen Chang* and Qihui Wu 
Department of Chemistry 

University of  Texas at El Paso 
El Paso, Texas 79968-0513 

ABSTRACT 

F a c i l e  i s o c r a t i c  l i q u i d  chromatographic  separa t i on  o f  p o s i t i o n a l  
isomers o f  s u b s t i t u t e d  a n i l i n e s  i s  demonstrated u s i n g  a y -cyc lodex t r i n (y -CD)  
bonded phase column. It i s  found t h a t  normal phase separa t i on  i s  more 
e f f e c t i v e  than  reversed-phase s e p a r a t i o n  f o r  these compounds. The e f f e c t  
o f  mobi le  phase composi t ion on t h e  r e t e n t i o n  o f  severa l  s u b s t i t u t e d  a n i l i -  
nes i s  a l s o  examined. A minimum va lue  o f  t h e  capac i t y  f a c t o r  ( k ' )  f o r  each 
compound i s  seen a t  a mobi le  phase compos i t i on  o f  60% 2-propanol i n  water  
and a r a t i o n a l i z a t i o n  o f  t h i s  unusual obse rva t i on  i s  proposed. The e f f e c t  
o f  c a v i t y  s i z e  o f  c y c l o d e x t r i n s  on t h e  r e t e n t i o n  o f  s o l u t e s  i s  a l s o  
discussed. 

INTRODUCTION 

It i s  now g e n e r a l l y  accepted t h a t  o p t i m i z a t i o n  o f  separa t i on  r e q u i r e s  

i n f o r m a t i o n  on bo th  p h y s i c a l  p r o p e r t i e s  o f  column, i.e. pack ing  p a r t i c l e  

s i ze ,  su r face  area, pore s i ze ,  e t c .  and chemical p r o p e r t i e s  o f  column, i .e. 

d e r i v a t i z a t i o n  o f  pack ing  m a t e r i a l .  as w e l l  as mob i l e  phase e l u o t r o p i c  

s t r e n g t h  (1-3). Among those  f a c t o r s ,  t h e  cho ice  o f  column and mob i l e  phase 

compos i t i on  t u r n s  ou t  t o  be t h e  most impor tan t  i f  o t h e r s  cannot be f u r t h e r  

improved. A number of r e p o r t s  have d e a l t  w i t h  o p t i m i z a t i o n  by s e l e c t i n g  

t h e  bes t  combinat ion o f  mob i l e  phase so l ven ts  ( 4 ) .  However, f o r  o p t i m i z a t i o n  
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1360 CHANG AND WU 

o f  separa t i on ,  f i r s t - p r i o r i t y  should be g i ven  t o  t h e  choice o f  a column 

w i t h  g rea t  i n t r i n s i c  s e p a r a t i o n  power. Also, a " u n i v e r s a l "  column t h a t  can 

be used f o r  bo th  reversed-phase as w e l l  as normal phase separa t i on  would be 

advantageous f o r  most chromatographers. I n  t h i s  regard, i t  i s  known t h a t  

some bonded phase columns such as o c t a d e c y l s i l i c a ,  amine o r  cyano d e r i v a -  

t i z e d  s i l i c a  have shown some success. For  example, t h e  amine bonded phase 

column can be used i n  w a t e r / a c e t o n i t r i l e  m i x t u r e  t o  separate 

carbohydrates (5,6). It can a l s o  be used i n  a normal phase m d e  t o  separa te  a 

number o f  o t h e r  complex m ix tu res  such as phenoxyherb ic ides and s u b s t i t u t e d  

benzo ic  ac ids  (7,8). 

Recen t l y  we and o t h e r s  have r e p o r t e d  t h e  use o f  c y c l o d e x t r i n  (CD) 

bonded phase columns f o r  t h e  separa t i on  o f  a l a r g e  number o f  o p t i c a l ,  

geomet r i ca l ,  and s t r u c t u r a l  isomers (8-13). I n  p a r t i c u l a r ,  reversed-phase 

separa t i ons  w i t h  6 - c y c l o d e x t r i n  (8-CD) columns have been t h e  most f r e -  

q u e n t l y  exerc ised.  On t h e  o t h e r  hand, t h e  normal phase separa t i ons  u s i n g  

CD columns cannot be over looked (14). I n  t h i s  paper. we r e p o r t  t h e  f a c i l e  

s e p a r a t i o n  o f  a m i x t u r e  o f  p o s i t i o n a l  isomers o f  s u b s t i t u t e d  a n i l i n e s  under 

e i t h e r  a normal o r  a reversed-phase mode u s i n g  a y - c y c l o d e x t r i n  bonded 

phase column (y-CD). 

EXPERIMENTAL SECTION 

A Beckman Model 332 g r a d i e n t  l i q u i d  chromatographic  system was used f o r  

t h e  c y c l o d e x t r i n  bonded phase column separat ion.  The c y c l o d e x t r i n  bonded 

phase columns (bo th  6- and y-CD) were ob ta ined  f rom Advanced Separat ion 

Technologies,  Inc.  The ana ly tes ,  i .e. s u b s t i t u t e d  a n i l i n e s ,  were o b t a i n e d  

mos t l y  f rom A l d r i c h  Chemical Co.. HPLC grade so l ven ts  were ob ta ined  f rom 

F i s h e r  Chemical Co.. Chromatographic procedures were s i m i l a r  t o  those  

r e p o r t e d  e a r l i e r  (13-15). Column p r e - e q u i l i b r i u m  was always achieved b e f o r e  

any separa t i on  was c a r r i e d  out. A f l o w  r a t e  o f  1 ml/win. was s e t  f o r  a l l  

t h e  chromatographic  processes. A p r e v i o u s l y  r e p o r t e d  m t h o d  was used t o  

determine to values f o r  t h e  y-CD column (16). 
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SEPARATION OF POSITIONAL ISOMERS 1361 

RESULTS AND DISCUSSION 

The y-CD bonded phases a re  prepared u s i n g  ~ L I  s i l i c a  acco rd ing  t o  a 

p u b l i s h e d  method which i s  s i m i l a r  t o  t h a t  o f  8-CD bonded phases (17) .  I n  

genera l ,  t h e  f i r s t  s tep  i n v o l v e s  t h e  d e r i v a t i z a t i o n  o f  non -n i t rogen  con- 

t a i n i n g  hydrocarbon epoxide f u n c t i o n a l  groups on s i l i c a  surface. 

The epoxide f u n c t i o n a l  groups a re  then  reac ted  w i t h  t h e  c y c l o d e x t r i n  

molecules t o  form t h e  f i n a l  bonded phases. Due t o  t h e  d i f f i c u l t i e s  i n  

c o n t r o l l i n g  t h e  e x t e n t  o f  t h e  r e a c t i o n s  desc r ibed  above, t h e  r e s u l t i n g  

bonded phases always have mi  xed-sur face coverage w i t h  unreacted s i  l a n o l  , 
d i o l  ( r e s u l t e d  f rom h y d r o l y s i s  o f  unreacted epoxide f u n c t i o n a l  groups), and 

c y c l o d e x t r i n  mo ie t i es .  However, t h e  m j o r  c o n t r i b u t i o n  on t h e  r e t e n t i o n  of 

s u b s t r a t e s  i s  probably  s t i l l  due t o  t h e  bonded c y c l o d e x t r i n  molecules 

because (1) t h e r e  a r e  no t  as inany hydroxy groups on t h e  d i o l s  and ( 2 )  t h e  

un reac ted  s i l a n o l  yroups a re  l e s s  access ib le  due t o  t h e  presence o f  d i o l  

and b u l k y  c y c l o d e x t r i n  groups. 

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

o r d e r  f o r  a number o f  compounds exe r ted  by t h e  y-CD column as compared t o  

t h e  common s i l i c a  column desc r ibed  below. None-the-less, t h e  l i m i t e d  

c o n t r i b u t i o n  f rom t h e  s i l a n o l  and d i o l  groups toward t h e  observed separa- 

t i o n  s e l e c t i v i t y  cannot be r u l e d  out. 

Th i s  can be f u r t h e r  demonstrated by t h e  

Table I l i s t s  t h e  c a p a c i t y  f a c t o r s  ( k ' )  f o r  a number o f  s u b s t i t u t e d  

a n i l i n e s  as a f u n c t i o n  o f  m b i l e  phase composi t ion.  Because of t h e  f a c t  

t h a t  t h e  y-CD column can be used under both normal and reversed-phase 

m o b i l e  phase c o n d i t i o n s ,  data a re  ob ta ined  i n  a sys temat i c  f a s h i o n  s t a r t i n y  

f r o m  a 2-propanol /heptane mob i l e  phase cornbi n a t i o n  through 100% 2-propanol 

t o  a 2-propanol /water  combination. It i s  i n t e r e s t i n g  t o  observe t h a t  

l o w e s t  k' values f o r  t hese  compounds do no t  occur  a t  100% 2-propanol bu t  a t  

60% 2-propanol i n  wa te r  (F igu re  1). S i m i l a r  phenomenon i s  a l s o  observed 

when a 8-CD column i s  used. T e n t a t i v e  r a t i o n a l i z a t i o n  o f  t h i s  f a c t  can be 

p r o v i d e d  by t h e  reason t h a t  t h e  2-propanol forms r a t h e r  s t r o n g  i n c l u s i o n  
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1364 CHANG AND WU 

complex w i t h  t h e  c y c l o d e x t r i n  molecule and t h e  l a r g e  amount o f  2-propanol 

can p reven t  s i g n i f i c a n t  i n c l u s i o n  o f  t h e  s u b s t i t u t e d  a n i l i n e .  I n  t h e  

normal phase s e p a r a t i o n  mode, t h e  H-bonding between s u b s t r a t e  and c y c l o d e x t r i n  

seems t o  be t h e  major  i n t e r a c t i o n .  Note t h a t  t h e  i n c l u s i o n  process, i s  no t  

s i g n i f i c a n t  i n  normal phase chromatography as evidenced by t h e  f a c t  t h a t  

c h i r a l  r e s o l u t i o n  i s  i n e f f e c t i v e .  When water  i s  in t roduced,  t h e  hyd roxy l  

groups on c y c l o d e x t r i n  m l e c u l e s  a re  masked t o  a even g r e a t e r  ex ten t .  

Thus, w i t h o u t  app rec iab le  H-bonding and i n c l u s i o n  complex f o r m a t i o n  w i t h  

t h e  bonded c y c l o d e x t r i n  m l e c u l e s ,  s u b s t i t u t e d  a n i l i n e s  shows t h e  l owes t  k' 

values a t  an aqueous mob i l e  phase c o n t a i n i n g  60% 2-propanol. F u r t h e r  

i n c r e a s e  o f  water  con ten t  would f a c i l i t a t e  t h e  i n c l u s i o n  process, t h e r e f o r e  

i nc reases  t h e  k' values. 

Some e f f e c t s  of t h e  mob i l e  phase and t h e  s i z e  of c y c l o d e x t r i n  c a v i t y  

can a l s o  be seen f rom t h e  data. For  example, f o r  n i t r o a n i l i n e s ,  t h e  r e t e n -  

t i o n  t imes  a re  0 < rn- < e a t  a l l  normal phase separa t i ons  f o r  bo th  6-CD and 

y-CD columns (14). The o rde r  changes t o  m < 0 < e f o r  B-CD column bu t  

- m < e < 0 f o r  y-CD column when i n  reversed-phase m d e  w i t h  water  con ten t  

g r e a t e r  t han  60%. Th is  i n d i c a t e s  t h a t  e - n i t r o a n i l i n e  forms a s t r o n g  5-CD 

i n c l u s i o n  comp 

However, i t  i s  

t h e  l a r g e r  caw 

F i g u r e  2 

ex i n  a h y d r o p h i l i c  environment due t o  good s i z e  f i t. 

unable t o  do so w i t h  y-CD molecule apparen t l y  because of 

t y  s i z e  o f  y-CD. 

s t h e  chromatogram f o r  t h e  normal phase separa t i on  o f  s i x t e e n  

s u b s t i t u t e d  a n i l i n e s  u s i n g  t h e  y-CD column under s imple i s o c r a t i c  con- 

d i t i o n .  A reversed-phase separa t i on  chromatogram i s  a l s o  shown i n  F i g u r e  3. 

By comparison, it i s  concluded t h a t  t h e  normal phase separa t i on  i s  

s u p e r i o r  i n  t h e  p resen t  case. 

t h e  reversed-phase r e t e n t i o n  presumably due t o  t h e  slow k i n e t i c  event  

i n v o l v e d  i n  t h e  i n c l u s i o n  process. On t h e  o t h e r  hand, f rom a p r a c t i c a l  

p o i n t  o f  view, i t  i s  recommended t h a t  f o r  normal phase separa t i ons  u s i n g  CD 

columns, t h e  c o n c e n t r a t i o n  o f  s t r o n g  o rgan ic  m o d i f i e r  (e.g. a l coho l  ) 

The peak h a l f - w i d t h s  a re  always broader  f o r  
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F I G U R E  2. Normal phase separa t i on  (2-propano1:heptane = 7.5:92.5, v / v )  o f  

seve ra l  s u b s t i t u t e d  a n i l i n e s  u s i n g  a y-CD bonded phase column. 

Flaw r a t e  = 1 ml lmin.  25OC. 

Peak i d e n t i f i c a t i o n :  

1. A n i l i n e  

3. m - t o l u i d i n e  

5. 2-methoxyani li ne 

7. e -me thoxyan i l i ne  

9. m - n i t r o a n i l i n e  

11. g - c h l o r o a n i l i n e  

13. N -n ie thy lan i l i ne  

15. 2 ,5 -d ime thy lan i l i ne  

17. g - e t h y l  a n i  1 i ne 

2. 

4. 

6. 

a. 

10. 

12. 

14. 

16. 

o - t o l u i  d i  ne 

e-t o l  u i d i  ne 

- m-methoxyani 1 i ne 

- o - n i t r o a n i l i n e  

e - n i  t r o a n i  1 i ne 

e -ch l  o roan i  1 i ne 

N,N-dimethyl a n i  1 i ne 

2,6-dimethylani 1 i n e  

- 
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C 

< 

L 

m 
+ 
r .  
+ 
W 
+ 

, 
0 10 20 

min. 
FIGURE 3. Reversed-phase s e p a r a t i o n  (2 -propanol :  w a t e r  = 3:97, v / v )  o f  

s e v e r a l  s u b s t i t u t e d  a n i l i n e s  u s i n g  a y-CD bonded phase column. 

Flow r a t e  = 1 ml/min. 25°C 

Peak i d e n t i f i c a t i o n  i s  t h e  same as F i g u r e  2. 
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SEPARATION OF POSITIONAL ISOMERS 1367 

shou ld  be kep t  low t o  m x i m i z e  t h e  subst rate-bonded phase i n t e r a c t i o n  f o r  

optimum r e s o l u t i o n .  Whi le  f o r  reversed-phase separat ions,  t h e  wa te r  

c o n t e n t  should be h i g h  t o  f a c i l i t a t e  t h e  i n c l u s i o n  complex f o r m a t i o n  f o r  

b e t t e r  r e s u l t s .  

F i n a l l y ,  it i s  o f  i n t e r e s t  t o  compare t h e  separa t i on  o f  s u b s t i t u t e d  

a n i l i n e s  u s i n g  bo th  8-CD and y-CD columns w i t h  t h a t  u s i n g  P a r t i s i l  PXS ODS 

column. I n  genera l ,  o t h e r  than  t h e  d i f f e r e n c e s  i n  r e t e n t i o n  o r d e r  o f  a few 

p o s i t i o n a l  isomers, t h e  separa t i on  power of y-CD i s  s i m i l a r  t o  t h a t  o f  t h e  

B-CD column i n  t h e  normal phase chromatography, which i n  t u r n  i s  b e t t e r  

t h a n  t h a t  o f  t h e  P a r t i s i l  PXS ODS column. Th is  i s  p o s s i b l y  due t o  t h e  

l a r g e r  number o f  hyd roxy l  groups a v a i l a b l e  f o r  i n t e r a c t i o n  on bo th  8-CD and 

y-CD.columns as compared t o  t h e  number o f  s i l a n o l  groups on P a r t i s i l  PXS 

ODS column. On t h e  o t h e r  hand, i n  reversed-phase chromatography, t h e  8-CD 

column i s  b e t t e r  t han  both y-CD and P a r t i s i l  PXS ODS columns presumably 

because o f  t h e  good s i z e  f i t  f o r  analyte/B-CD i n c l u s i o n  complex fo rma t ion .  

A l though t h e  c a v i t y  of y-CD molecule p rov ides  a reversed-phase environment 

which i s  more o r  l e s s  s i m i l a r  t o  t h e  environment o f  t h e  P a r t i s i l  PXS ODS 

column, t h e  l a r g e r  y-CD c a v i t y  s i z e  does not  generate as s a t i s f a c t o r y  a 

s e p a r a t i o n  as compared t o  t h e  8-CD column. 
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