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IMPROVED CYCLODEXTRIN CHIRAL PHASES: 
A COMPARISON AND REVIEW 

Timothy J.  Ward and Daniel W. Armstrong* 
Department of ChemLtry 

Texas Tech University 
Lubbock, Texas 79409 

ABSTRACT 

C y c l o d e x t r i n  c h i r a l  phases have been shown t o  b e  w i d e l y  
app l  i c a b l  e f o r  t h e  s e p a r a t i o n  o f  enan t iomers ,  d i a s t e r e o m e r s ,  
s t r u c t u r a l  i somers  and r o u t i n e  canpounds. Two i n n o v a t i o n s  have 
r e c e n t l y  occu red  i n  t h i s  f i e l d .  f i r s t ,  t h e  e f f i c i e n c y  and 
s e l e c t i v i t y  o f  t h e  B - c y c l o d e x t r i n  colurnn has been improved. 
Second, compatable TLC p l a t e s  wh ich  produce s e p a r a t i o n s  analogous 
t o  t h e  columns have been deve loped .  These r e s u l t s  a r e  d i s c u s s e d  
subsequent t o  a b r i e f  r e v i e w  o f  p u b l i s h e d  work. I n  a d d i t i o n ,  t h e  
mechanism o f  s e p a r a t i o n  o n  c y c l o d e x t r i n  bonded med ia ,  s o l v e n t  
e f f e c t s ,  t e m p e r a t u r e  e f f e c t s  and s t r u c t u r a l  e f f e c t s  o n  c h i r a l  
s e p a r a t i o n s  a r e  cons ide red .  

I n  t r o d  uc t i o n  

C y c l o d e x t r i n s  ( a b b r e v i a t e d  C D ) ,  a r e  c y c l i c  o l i g o s a c c h a r i d e s  

t r a d i t i o n a l l y  formed by t h e  a c t i o n  o f  B a c i l l u s  macerans arnylose on 

s t a r c h  ( 1 , Z ) .  These n a t u r a l  m a c r o c y c l i c  po lymers c o n t a i n  s i x  t o  

t w e l v e  g l u c o s e  u n i t s  wh ich  a r e  bonded t h r o u g h  a - ( 1 , 4 ) l i n k a g e s .  The 

t h r e e  s m a l l e s t  homologs, a - c y c l o d e x t r i n  ( cyc lohexamo lyose )  , 

B - c y c l o d e x t r i n  ( cyc lohep tamy  

Copyright 0 1986 by Marcel Dekker, Inc. 

ose) and v - c y c l o d e x t r i n  ( c y c  
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408 WARD AND ARMSTRONG 

octamylose) a r e  a v a i l a b l e  commercially whi le  t h e  l a r g e r  homologues 

must be i n d i v i d u a l l y  produced and i s o l a t e d .  Cyclodextr in  can a l s o  

be made by is01 a t i n g  t h e  enzyme c y c l o d e x t r i n  t r a n s g l y c o s y l a s e  

(C .T .G . ) ,  immobilizing i t  on an a p p r o p r i a t e  suppor t  and passing 

s t a r c h  s o l u t i o n s  over  t h e  mat r ix .  In t h i s  way, one can not  only 

opt imize t h e  r e a c t i o n  c o n d i t i o n s ,  b u t  a l s o  c o n t r o l  t h e  type and 

amount o f  c y c l o d e x t r i n  produced by in t roducing  v a r i o u s  t r a c e  

s o l u t e s  t o  the  r e a c t i o n  mixture  ( 3  . The a b i l i t y  o f  c y c l o d e x t r i n s  

t o  form i n c l u s i o n  complexes wi th  a v a r i e t y  o f  water  i n s o l u b l e ,  

s p a r i n g l y  s o l u b l e  and s o l u b l e  compounds make i t  p a r t i c u l a r l y  

useful  f o r  s e p a r a t i o n s  ( F i g u r e  1 ) .  An a d d i t i o n a l  important  

f e a t u r e  o f  a l l  c y c l o d e x t r i n s  i s  t h a t  each g lucose  u n i t  i s  c h i r a l  

and the  2-hydroxyl groups a t  t h e  e n t r a n c e  o f  t h e  c y c l o d e x t r i n  

c a v i t y  p r o j e c t  i n  a c lockwise d i r e c t i o n .  I f  t i g h t l y  complexed 

c h i r a l  s o l u t e s  a l s o  c o n t a i n  s u b s t i t u e n t s  t h a t  can i n t e r a c t  with 

the mouth o f  t h e  c y c l o d e x t r i n  c a v i t y ,  then t h e r e  e x i s t s  t h e  

p o s s i b i l i t y  f o r  an enant iomeric  s e p a r a t i o n  ( 4 ) .  

One o f  the e a r l i e r  e f f e c t i v e  uses o f  c y c l o d e x t r i n s  in  

chromatography was a s  mobile  phase m o d i f i e r s  in  TLC (2,5,6). In 

a d d i t i o n ,  polymerized c y c l o d e x t r i n  g e l s  were used a s  s t a t i o n a r y  

phases in  column chromatography w i t h  varying degrees  o f  s u c c e s s  

( 7 - 9 ) .  I t  was necessary ,  however, t o  deve lop  a s t a b l e ,  completely 

d e r i v a t i z e d ,  HPLC packing b e f o r e  c y c l o d e x t r i n s  could reach t h e i r  

f u l l  p o t e n t i a l  a s  a s e p a r a t i o n s  media. I n i t i a l l y ,  Japanese 

research  groups were a b l e  t o  a t t a c h  d i f f e r e n t  c y c l o d e x t r i n s  t o  

s i l i c a  gel  v i a  e t h y l e n e  diamine l i n k a g e s  ( 1 0 , l l ) .  Subsequent ly ,  
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IMPROVED CYCLODEXTRIN CHIRAL PHASES 409 

Figure 1. Schematic of a cyclodextrin molecule, represented as a 

truncated cone, which forms a r eve r s ib l e  inclusion 

complex w i t h  mephobarbital. 

problems were encountered w i t h  these packings: ( A )  they were 

hydrolytically unstable,  ( B )  the cyclodextrin loading was often 

low,  ( C )  the amines present affected s e l e c t i v i t y ,  (0) ni t roxide  

formation occurred during synthes is ,  ( E )  the  syntheses were of ten  

tedious (13) .  Other packings t h a t  contained no nitrogen l inkages ,  

which were t h o u g h t  t o  be more widely useful and commercially 

f e a s i b l e ,  were developed by Armstrong ( 1 2 ) .  This packing 

consisted of  ch i ra l  cyclodextrin molecules 1 inked to  s i l i c a  gel b y  

a six t o  ten atom spacer. Both the linkage and cyclodextrin were 

hydrolytically s t a b l e  under standard L.C. conditions.  The use o f  

these LC s t a t iona ry  phases t o  successfully reso lve  a va r i e ty  of 

d i f f i c u l  t- to-separate isomers was demonstrated (13-15). 

An improved 8-cyclodextrin phase will  a l so  be discussed and 

compared t o  the or ig ina l  cyclodextrin media. These improved 

phases have nearly twice the e f f ic iency  and loading of the  

or ig ina l  columns. Also new der iva t ized  8-cyclodextrin phases 
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410 WARD AND ARMSTRONG 

which e x h i b i t  a c a n p l e t e l y  d i f f e r e n t  s e l e c t i v i t y  w i l l  be 

d i sc ussed . 
REVIEW OF PREVIOUS M A T E R I A L  

Previous r e s u l t s  have demonstrated t h a t  t h e  o r i g i n a l  B-CD 

bonded phases were reasonably  e f f e c t i v e  i n  separa t i ng  v a r i o u s  

o p t i c a l ,  geomet r i ca l  and s t r u c t u r a l  isomers (13-15). Table 1 g i v e s  

examples o f  separa t i ons  o f  a d i v e r s e  g roup  o f  s te reo isomer i c  

compounds. I n  a d d i t i o n  t o  t h e  o p t i c a l  isomers mentioned, 

separa t i ons  have a l so  been achieved f o r  a t  l e a s t  t w e l v e  o t h e r  

meta l  locenes; h e x o b a r b i t a l  , B-naphthyl e s t e r  d e r i v a t i v e s  o f  amino 

ac ids,  s u b s t i t u t e d  d ioxo lanes ,  and se lec ted  ca rboxy l  i c  a c i d s  

(13-15). I n  some cases, i t  was p o s s i b l e  t o  d e t e c t  as l i t t l e  as 

.20% o f  one enantiomer i n  t h e  presence o f  99.80% o f  t h e  o t h e r  

(13 ) .  Epimers such a s  t h e  a and B isomers 20-hydroxy-4-pregnen- 

3-0ne, 5-androstan-3-01-17-one, 17-est rad i o l  , and l l - h y d r o x y -  

progesterone have been separated as w e l l  as c i s / t r a n s  isomers o f  

clomiphene, benzo[a]pyrene-7,8-diol,  3-hexen-1-01 and s y n / a n t i  

azobenzene (13-15). I n  a d d i t i o n ,  a wide v a r i e t y  o f  s t r u c t u r a l  

isomers have been separated on t h e  B-CD column i n c l u d i n g  o r t h o ,  

meta, and para isomers o f  amino b e n t o i c  ac id ,  n i t r o p h e n o l ,  

n i t r o a n i l  ine,  xy lene,  bromobenzoic ac id ,  and b i p h e n y l .  C e r t a i n  

isomer ic  canpounds such as benzopyrene-d io l  s and t h e  f o u r  ep imer i c  

e s t r i o l s  i n  TABLE 1 a r e  v e r y  d i f f i c u l t  t o  separate by  LC o r  GC 

(15,16). Taken toge the r ,  t hese  r e s u l t s  c l e a r l y  demonstrate t h e  

p o t e n t i a l  o f  c y c l o d e x t r i n  bonded phases i n  HPLC. Depending on 

one ' s  p a r t i c u l a r  needs, t h e  CD-column can be viewed as a v i a b l e ,  
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IMPROVED CYCLODEXTRIN CHIRAL PHASES 41 1 

TABLE I. A B r i e f  Summary o f  Stereoisomer ic  Separat ions o f  
D i f f e r e n t  Classes o f  Compounds. 
Each Class. 

One S p e c i f i c  Example i s  Given f o r  

Enantiomer i c  Compoundsa k' a R, M o b i l e  Phaseb 

Dansyl Amino Acids 
( L ) - n o r l e u c i n e  1.90 1.26 2.30 50: 50 
(D)-nor leuc i ne  2.40 

5-Naphthyl Amino Acid D e r i v a t i v e s  
L - a l a n i n e  B-naphthylamide 5 . 1  1.20 2.00 50: 50 
D-a lan ine 5-naphthylamide 6.1 

( - )mephobarb i ta l c  14.8 1 . 1 4  1.6 20: 80 
(+)me phobarb i t a l  16.9 

B a r b i t u r a t e s  

Metal 1 ocenes 
( - )  s - ( 1 - f e r r o c e n y l  e t h y l  ) -  3.1 1.39 2.27 90: 10 

th iopheno l  

t h iopheno l  
(+)s-(1-ferrocenylethy1)- 4.3 

Carbox y l  i c  Ac i d s  
a-me t hox y -a - tr i f 1 uoro- 7.5 1.31 0.6 50: 50 
methy lphenyl  a c e t i c  a c i d C  9.8 

M i  sc. 
( - D I O P ~  
(+)DIOP 

Diastereomer ic  Cpds 

10.56 1.12 1.2 48: 52 
11.84 

Geometrical Isomers 
c i s -  s t  il bene 7.3 1.62 4.7 55: 45 
t r a n  s - s t  il  bene 4.5 

Epimers 
16 ,17 -ep ies t r i o l  2.8 1.36 1.49 
e s t r  i o l  3.8 1.53 1.52 60:40 
1 7 - e p i e s t r  i o l  5 .8  1.98 5.2 
1 6 - e p i e s t r  i o l  11.5 

- 
a) A 10 cm B - c y c l o d e x t r i n  column was used u n l e s s  o t h e r w i s e  noted.  
b) Numbers r e p r e s e n t  the  volume pe rcen t  o f  methanol t o  water. The 

f l o w  r a t e  was 1.0 m l h i n .  
c )  25 cm 5 - c y c l o d e x t r i n  column. 
d)  2,3,0-i sopropyl  idene-2,3-dihydroxy- 

1,4- b i  s(  d iphenyl  phosphino) butane. 
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412 WARD AND ARMSTRONG 

less-expensive a l t e r n a t i v e  t o  o t h e r  c h i r a l  phases, o r  as a column 

t h a t  i s  compl imentary  t o  o t h e r  c h i r a l  s t a t i o n a r y  phases (CSP). 

C e r t a i n l y  no s i n g l e  CSP can be e q u a l l y  e f f e c t i v e  f o r  a l l  o p t i c a l  

i s m e r s .  

The o r i g i n a l  CD bonded phases have a l s o  demonstrated an 

a b i l i t y  t o  f u n c t i o n  as a nonconvent ional  reversed phase. E x c e l l e n t  

separa t i ons  o f  a s e r i e s  o f  b a r b i t u r a t e s  ( i n c l u d i n g ,  b a r b i t a l ,  

b u t a b a r b i t a l  , s o d i m  p e n t a b a r b i t a l  , p h e n o b a r b i t a l ,  s e c o b a r b i t a l  , 
and amobarb i ta l )  have been achieved. Other r o u t i n e  separa t i ons  

i n c l u d e  mycotox ins ( i . e .  , T-2 t e t r a o l  , T-2 t r i o l ,  HT-2 t o x i n ,  T-2 

t o x i n  , v e r r u c u r o l  and d iacetoxysc i r p e n o l )  and pol ycyc l  i c  aromat ic  

hydrocarbons on b o t h  b e t a  and gamma-CD bonded phases (17) .  

Compounds such a s  v i t a m i n s  and quinones have a l s o  been r e p o r t e d  t o  

be separated on B-CD bonded phases (14,17). These r e s u l t s  

i n d i c a t e ,  i t  i s  p o s s i b l e  t o  d o  r o u t i n e  conven t iona l  separa t i ons  on 

impor tan t  c l a s s e s  o f  compounds us ing 6-CD bonded media. Recen t l y  

improved B-CD bonded phases a r e  s u p e r i o r  t o  t h e  o r i g i n a l  B-CD 

columns and w i l l  be d iscussed i n  t h e  f o l l o w i n g  sec t i on .  

One o f  t h e  advantages o f  c y c l o d e x t r i n  bonded phases i s  t h a t  

compa t ib le  TLC p l a t e s  can be made from analogous media (18 ) .  T h i s  

i s  advantageous because one can r a p i d l y  e v a l u a t e  a v a r i e t y  o f  

s o l v e n t  systems and chromatographic c o n d i t i o n s  v i a  TLC. I n  

a d d i t i o n  l a r g e  numbers o f  samples can b e  r u n  s imu l taneous ly  i f  

need be. P r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  LC and TLC s e p a r a t i o n s  

a r e  comparable ( 1 8 ) .  For example, compounds such as  t h e  dansy l  

amino ac ids  have been reso lved  on CD-bonded TLC p l a t e s .  Dansyl 
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IMPROVED CYCLODEXTRIN CHIRAL PHASES 413 

F i g u r e  2. Enant iomer ic  s e p a r a t i o n  o f  dansy l -D,L- leuc ine,  Val i ne ,  

a l a n i n e  and me th ion ine  on a 5 x 2 0  cm 8 - c y c l o d e x t r i n  

TLC p l a t e ,  Mob i l e  phase: 50% MeOH/50% (1% t r i e t h y l -  

ammonium a c e t a t e  b u f f e r  pH = 4 . 1 ) .  Note t h a t  t h e  spo ts  

are f u l l y  reso lved .  

D,L-leucine, Val ine,  a lan ine ,  and me th ion ine  were f u l l y  r e s o l v e d  

on a 5 cm x 20  cm 8-CD bonded TLC p l a t e  ( F i g .  2 ) .  Several 

geomet r i ca l  and s t r u c t u r a l  isomers have a l s o  been separated w i t h  

these p l a t e s  (18) .  

IMPROVED 6-CYCLODEXTRIN M E D I A  

B e t a - c y c l o d e x t r i n  columns w i t h  g r e a t e r  CD-loading and packed 

v i a  a b e t t e r  technology have now been u t i l i z e d .  E a r l i e r  
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414 WARD AND ARMSTRONG 

6 - c y c l o d e x t r i n  columns were g e n e r a l l y  10-20% l e s s  e f f i c i e n t  t han  

conven t iona l  reversed phase columns. Because o f  t h e i r  g r e a t e r  

s e l e c t i v i t y  which a l lowed one t o  separate a v a r i e t y  o f  enant iomers 

and other  isomers, i t  was though t  t h a t  t h i s  was an accep tab le  

t r a d e - o f f .  Recent columns have comparable e f f i c i e n c y  t o  

conven t iona l  reversed phases and a c o n s i d e r a b l y  h i g h e r  l o a d i n g  o f  

c y c l o d e x t r i n  which r e s u l t s  i n  separa t i ons  t h a t  were n o t  a b l e  t o  b e  

achieved on the  o r i g i n a l  columns. Wh i le  t h e  o r i g i n a l  B-CD columns 

o f t e n  had p l a t e  numbers between 40,000 - 55,000 p l a t e s / m e t e r  (511 

suppor t ) ,  r e c e n t  columns t y p i c a l l y  e x h i b i t  from 70,000-100,000 

p la tes /me te r .  T h i s  increased e f f i c i e n c y  a l l o w s  one t o  use h i g h e r  

methanol o r  a c e t o n i t r i l  e/H20 r a t i o s ,  which i n  t u r n  decreases t h e  

a n a l y s i s  t ime.  For  example, F i g .  3 shows an optimum s e p a r a t i o n  o f  

dansy l  D,L-phenylalanine on an o r i g i n a l  versus an improved 2 5  cm 

B - c y c l o d e x t r i n  column. Note t h a t  t h e  second s e p a r a t i o n  i s  

base1 ine,  i t  u t i l i z e s  a h i g h e r  methanol c o n c e n t r a t i o n  and t h e  

a n a l y s i s  t i m e  was reduced by two t h i r d s .  The improved column a l s o  

a l l ows  t h e  separa t i on  o f  c e r t a i n  compounds t h a t  were p r e v i o u s l y  

unresolved.  F i g u r e  ( 4 )  shows t h e  b a s e l i n e  r e s o l u t i o n  o f  

enantiomers o f  t e t r a h y d r o i s o q u i n o l  i n e  which was d i f f i c u l t  t o  

r e s o l v e  on the  o r i g i n a l  B-CO columns. Other compounds which have 

been e n a n t i o m e r i c a l l y  reso lved  on t h e  improved CD-phases i n c l u d e  

members o f  t h e  est rogen B-b locker  s e r i e s  and a v a r i e t y  o f  cancer  

chemothe rapy  d r u g s .  T h e r e  i s  an o b v i o u s  need f o r  t h e  

pharmaceutical i n d u s t r y  t o  separate enant iomer ic  canpounds which 

a re  known t o  have d i f f e r e n t  p h y s i o l o g i c a l  a c t i v i t i e s  (19 -21 ) .  As 
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IMPROVED CYCLODEXTRIN CHIRAL PHASES 415 

B, Origional B-CD column 

A, Improved 6-CD Column 

c 
I I - 

14 20 40 60 

T r ,  min T r ,  min 

F i g u r e  3. Enant iomer ic  s e p a r a t i o n  o f  dansyl-D,L-phenyl a1 an ine  on  

an improved and o r i g i n a l  2 5  cm B - c y c l o d e x t r i n  column. 

Cond i t i ons :  f l o w  r a t e  1.0 ml /min,  22"C, m o b i l e  phase 

f o r  chromatogram A was 70% MeOH/30% H20; ch romatog rm 

B ,  50% MeOH/50% H20. 

improvements con t inue  on  the  B - C O  phases, t h e i r  v e r s a t i l i t y  and 

e f f e c t i v e n e s s  w i l l  c o n t i n u e  t o  expand. 

One o f  t h e  more i n t e r e s t i n g  developments i n  c y c l o d e x t r i n  

bonded pack ings i s  t h e i r  d e r i v a t i z a t i o n .  The 2-hydroxy p o s i t i o n  

o f  c y c l o d e x t r i n s  can be f u n c t i o n a l i z e d  w i t h  methy l  and a c e t y l  

groups. T h i s  changes t h e  h y d r o p h o b i c i t y  as  w e l l  as t h e  

s e l e c t i v i t y  o f  t h e  CD phases. C h i r a l  s e p a r a t i o n  r e q u i r e s  t h a t  t h e  

s o l u t e  e n t e r  t h e  c a v i t y ,  w h i l e  a l l o w i n g  a s s o c i a t i o n  between t h e  
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416 WARD AND ARMSTRONG 

Figure 4 .  Chromatographic s e p a r t i o n  o f  t h e  enant iomers  d ,1-1-[5- 

c h l  o ro-2- (methyl amino) phen y l  ] -1,2,3,4 - t e t r a  h yd ro i so- 

quinol ine  on an improved 25 cm B - C D  column, Condit ions:  

f l o w  r a t e  1 . 0  m l / m i n ,  25'C, m o b i l e  p h a s e  10% 

a c e t o n i t r i l e / 9 0 %  TEAA ( l%,  pH = 4 .1 ) .  

s o l u t e s  c h i r a l  c e n t e r  ( o r  substi tuents t h e r e o f )  and polar  groups 

a t  the  edge o f  t h e  c a v i t y .  An example t h a t  i l l u s t r a t e s  th is  poin t  

i s  t h e  s e p a r a t i o n  o f  o p t i c a l  isomers o f  n o r g e s t r e l  ( F i g .  5 ) .  By 

r e p l a c i n g  t h e  2-hydroxyl group with an a c e t y l  group,  the c a v i t y  

becomes more hydrophobic and the e n t r a n c e  i s  extended t o  a p o i n t  

where c h i r a l  r e c o g n i t i o n  i s  f e a s i b l e .  The p o s s i b i l i t y  e x i s t s  t o  

t a i l o r  t h e  groups a t  t h e  e n t r a n c e  o f  t h e  CD-cavity t o  meet t h e  

s p a t i a l  requirements  o f  many d i v e r s e  molecules .  

MECHANISM OF SEPARATION 

I t  i s  widely bel ieved t h a t  an i n c l u s i o n  complex should be 

formed f o r  c h i r a l  r e c o g n i t i o n  t o  be p o s s i b l e  ( 2 2 ) .  This  h a s  been 

verified by performing a normal phase s e p a r a t i o n  (eg. using 
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IMPROVED CYCLODEXTRIN CHIRAL PHASES 417 

13  1 6  19 

Tr, min.  

F i g u r e  5.  Separat ion o f  (t) n o r g e s t r e l  us ing  a 25 cm a c e t y l a t e d -  

B - C D  column. Cond i t i ons :  f l o w  r a t e  1.0 ml/rnin, 25"C, 

mob i le  phase 40: 60 Methanol -water .  

hexanol: 2-propanol m o b i l e  phase) on a B-CD column. The 

hydrophobic s o l v e n t  occupies t h e  c y c l o d e x t r i n  c a v i t y  and t h e  

enan t iomer i c  s o l u t e  i s  r e s t r i c t e d  t o  the  o u t s i d e  s u r f a c e  o f  t h e  

c y c l o d e x t r i n  c a v i t y .  No enan t iomer i c  r e s o l u t i o n s  have been 

achieved i n  t h i s  mode as yet ,  a l t h o u g h  e x c e l l e n t  r o u t i n e  

separa t i ons  a r e  common. Apparant l  y, t h e  i n c l u s i o n  complex formed 

should be a r e l a t i v e l y  " t i g h t  f i t "  f o r  t h e  hydrophobic spec ies  i n  

t h e  c y c l o d e x t r i n  c a v i t y  (1,2,22,23). For  example, B - c y c l o d e x t r i n  

seems t o  e x h i b i t  b e t t e r  e n a n t i o s e l e c t i v i t y  f o r  molecules t h e  s i z e  

o f  b ipheny l  o r  naphthalene than  i t  does f o r  sma l le r  mo lecu les  

(4,13,15). Smal ler  molecules a r e  n o t  t i g h t l y  h e l d  and appear t o  
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418 WARD AND ARMSTRONG 

move i n  a manner where they  f e e l  t h e  same average environment. It 

a l s o  appears t h a t  t he  c h i r a l  c e n t e r  must b e  near the  c a v i t y  

ent rance o r  have a s u b s t i t u e n t  o r i e n t e d  i n  a s p e c i f i c  p o s i t i o n  

such t h a t  i t  would be a b l e  t o  form a t  l e a s t  one s t r o n g  i n t e r a c t i o n  

w i t h  t h e  groups p resen t  a t  t he  c a v i t y  e n t r a n c e  (see  f i g .  1). When 

an enantiomer i s  a b l e  t o  f u l f i l l  t h e  above c o n d i t i o n s ,  t h e  

p o s s i b i l i t y  f o r  c h i r a l  r e c o g n i t i o n  i s  good. E n a n t i o s e l e c t i v i t y  

appears t o  b e  due t o  a comb ina t ion  o f  c y c l o d e x t r i n ' s  g ross  

geometry which a l l ows  i n c l u s i o n  complex f o r m a t i o n  and t h e  

c h i r a l i t y  o f  t h e  number 2 and 3 glucose carbons a t  t h e  en t rance  o f  

t h e  c a v i t y .  

I t  has a l r e a d y  been noted t h a t  i t  seems necessary f o r  a 

s o l u t e  t o  i n t e r a c t  w i t h  t h e  mouth o f  t h e  c y c l o d e x t r i n  c a v i t y  i n  

o rde r  t o  observe e n a n t i o s e l e c t i v i t y  ( 4 , 2 2 , 2 4 - 2 6 ) .  Ex tens ive  use 

o f  CD-bonded phases made i t  apparent  t h a t  smal l  changes i n  e i t h e r  

t h e  s t r u c t u r e  o f  t h e  c y c l o d e x t r i n  o r  t h e  c h i r a l  s o l u t e ,  c o u l d  i n  

some cases cause l a r g e  d i f f e r e n c e s  i n  e n a n t i o s e l e c t i v i t y .  

Norges t re l  was an example where t h e  c h i r a l  cen te r  ( t h e  number 17 

carbon) and i t s  s u b s t i t u e n t s  were, s p a c i a l l y ,  t o o  f a r  from t h e  

mouth o f  t h e  CO c a v i t y  t o  i n t e r a c t  w i t h  t h e  2-hydroxy l  groups. By 

d e r i v a t i z i n g  t h e  hyd roxy l  g roup  one e f f e c t i v e l y  changed t h e  

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

r e c o g n i t i o n .  Conversely, i f  t h e  c h i r a l  c e n t e r  o f  t h e  s o l u t e  was 

h idden between l a r g e  b u l k y  s u b s t i t u e n t s ,  one cou ld  a l t e r  t h e  

s t r u c t u r e  o f  t h e  s o l u t e  t o  enhance c h i r a l  r e c o g n i t i o n .  T h i s  was 

demonstrated w i t h  a s e r i e s  o f  me ta l l ocene  compounds ( 2 2 ) .  ( k )  a- 
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IMPROVED CYCLODEXTRIN CHIRAL PHASES 419 

Fer roceny lbenzy la l coho l  was n o t  a b l e  t o  be reso lved  s i n c e  t h e  

hyd roxy l  s u b s t i t u e n t  a t tached  t o  the  c h i r a l  carbon was a p p a r e n t l y  

h idden between the  b u l k y  f e r r o c e n e  and phenyl groups.  By 

r e p l a c i n g  the  hyd roxy l  group w i t h  t h i o e t h a n o l ,  t h e  l e n g t h  o f  t h e  

hyd roxy -subs t i t uen t  on the  c h i r a l  carbon was extended beyond t h e  

b u l k y  groups and good r e s o l u t i o n  was observed. Another example o f  

how sma l l  changes i n  a s o l u t e ' s  s t r u c t u r e  can e f f e c t  s e l e c t i v i t y  

i s  t h e  compound b inaph thy l  crown-5 ( 2 7 ) .  T h i s  crown e t h e r  was 

b a s e l i n e  separated on a 25 cm B - c y c l o d e x t r i n  column. Bu t  when one 

o f  t h e  crown oxygen atoms was rep laced  w i t h  a n i t r o g e n ,  

( b i n a p h t h y l  mono-azo- crown-5) r e s o l u t i o n  was no l o n g e r  observed. 

I t i s  apparent  t h a t  t he  a b i l i t y  t o  make smal l  changes i n  e i t h e r  

the  c y c l o d e x t r i n  o r  enantiomer s t r u c t u r e  p rov ides  one w i t h  an 

a d d i t i o n a l  powerfu l  t o o l  t o  r e s o l v e  enan t iomer i c  m i x t u r e s .  

A wide range o f  s o l v e n t s  can be used w i t h  c y c l o d e x t r i n  bonded 

phases depending upon the p a r t i c u l a r  a p p l i c a t i o n  a t  hand. By 

us ing  m o b i l e  phase m i x t u r e s  such as hexanol: 2-propanol, t h e  

c y c l o d e x t r i n  s t a t i o n a r y  phase i s  made t o  f u n c t i o n  as a normal 

phase. Separat ions tend t o  b e  analogous t o  those o f  a d i o l  

column. Th is  i s  because s o l u t e s  adsorb t o  the  h y d r o x y l s  on  the  

o u t s i d e  o f  t h e  c y c l o d e x t r i n  w h i l e  t h e  hydrophobic s o l v e n t  occup ies  

t h e  c a v i t y .  I n c l u s i o n  complexes u s u a l l y  a r e  formed o n l y  i n  t h e  

presence o f  water and c e r t a i n  o r g a n i c  m o d i f i e r s  such a s  d i m e t h y l  

s u l  f o x i d e ,  d i m e t h y l  f o rmamide ,  a c e t o n i  t r i l  e and a1 coho1 s 

(4,10,11,14). S ince the  i n t e r a c t i o n  o f  s o l u t e s  w i t h  c y c l o d e x t r i n  

i s  g r e a t e s t  i n  water ,  r e t e n t i o n  can b e  increased by i n c r e a s i n g  t h e  
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42 0 WARD AND ARMSTRONG 

water c o n c e n t r a t i o n  i n  the  m o b i l e  phase. Wh i le  broad peaks and 

t a i l i n g  a r e  a r t i f a c t s  o f t e n  assoc ia ted  w i t h  l o n g  r e t e n t i o n  t imes, 

t h e y  can be min imized by  t h e  use o f  b u f f e r s .  B u f f e r s  such as  0.1 

t o  1% triethylammonium ace ta te  (TEAA), pH = 4.1, sharpens e l u t i n g  

peaks  and i n c r e a s e s  r e s o l u t i o n  and e f f i c i e n c y .  F o r  t h e  

d e r i v a t i v e s  o f  amino a c i d s  and pep t ides ,  use o f  t h e  b u f f e r  TEAA 

(1%, pH=4.1) i ns tead  o f  water ,  has produced up t o  f o u r  f o l d  

i n c r e a s e s  i n  e f f i c i e n c y .  O t h e r  b u f f e r s  co rnpa tab le  w i t h  

c y c l o d e x t r i n  bonded phases may a l s o  be used such as ammonium 

ace ta te  and phosphate b u f f e r s .  

I t a l s o  should be noted t h a t  t h e  e l u t i o n  o rde r  o f  most 

compounds i n  t h e  reversed-phase mode on  6 - c y c l o d e x t r i n  media can 

be d i f f e r e n t  from t h a t  us ing t r a d i t i o n a l  reversed phase columns. 

Th is  i s  i n d i c a t i v e  o f  t h e  f a c t  t h a t  t h e  r e t e n t i o n  mechanisms a r e  

n o t  the same. For example, t h e  arene t r i ca rbony l - ch romium canplex 

o f  benzene i s  r e t a i n e d  much l o n g e r  on B-CD t h a n  CI8 a t  a l l  s o l v e n t  

c a n p o s i t i o n s  measured, w h i l e  the  benzene f r e e  l i g a n d  i s  r e t a i n e d  

much longer  on ODS t han  B-CD a t  a l l  s o l v e n t  c a n p o s i t i o n s  measured 

(28)  * 

The e f f e c t  o f  m o b i l e  phase compos i t i on  on an enant iomer ic  

separa t i on  can be c l e a r l y  seen i n  F i g u r e  6 .  As t h e  methanol 

c o n c e n t r a t i o n  i s  decreased, r e s o l u t i o n  and r e t e n t i o n  t i m e  a r e  b o t h  

increased.  Therefore, t h e  h i g h e r  t h e  c o n c e n t r a t i o n  o f  t h e  o r g a n i c  

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

c y c l o d e x t r i n  c a v i t y .  A c e t o n i t r i l e  and ethanol  e x h i b i t  a g r e a t e r  

a f f i n i t y  f o r  t h e  c y c l o d e x t r i n  c a v i t y  than  methanol , consequent ly  
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4 .7  m i n  

B 

8 . 4  min 

Rs = 0.87 R = 1.4  

F i g u r e  6. Chromatogram A shows t h e  s e p a r a t i o n  o f  ( 2 )  binapht.hy1 

crown-4 on a 10 cm B - C D  column. Flow r a t e  was 1.5 

ml /min and the  s o l v e n t  c a n p o s i t i o n  35% methanol, 65% 

water. Chromatogram B shows t h e  same s e p a r a t i o n  w i t h  

t h e  o r g a n i c  m o d i f i e r  reduced t o  30% methanol. 

much lower  c o n c e n t r a t i o n s  o f  these m o d i f i e r s  a r e  needed t o  o b t a i n  

comparable r e t e n t i o n  t imes.  Furthermore, s e l e c t i v i t i e s  o f  some 

compounds a r e  v e r y  d i f f e r e n t  i n  MeOH/H20 and AcN/H20. W h i l e  most 

compounds s tud ied  thus f a r  have e x h i b i t e d  a h ighe r  degree o f  

s e l e c t i v i t y  i n  methanol /water ,  a few compounds g i v e  b e t t e r  

separa t i ons  i n  a c e t o n i t r i l e / w a t e r  m o b i l e  phases ( 2 9 ) .  F u r t h e r  

s t u d i e s  a r e  c u r r e n t l y  i n  p rog ress  t o  understand f u l l y  t h e  

mechanisms invo lved .  

Changes i n  temperature have a g r e a t e r  e f f e c t  on t h e  r e t e n t i o n  

o f  s o l u t e s  on c y c l o d e x t r i n  bonded phases than  on comparable 

reversed phase columns. T h i s  i s  because t h e  b i n d i n g  cons tan t  (Ks  
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422 WARD AND ARMSTRONG 

i n  F i g  1 )  o f  a s o l u t e  t o  t h e  c y c l o d e x t r i n  i s  s i g n i f i c a n t l y  

e f f e c t e d  by temperature.  As temperature i s  i nc reased  t h e  b i n d i n g  

o f  t h e  s o l u t e  t o  c y c l o d e x t r i n  decreases r a p i d l y .  I n  f a c t  Ks 

approaches zero between 60' and 80' f o r  most compounds (2,14). 

Sometimes d u r i n g  a n a l y s i s ,  samples may c o n t a i n  t r a c e  

i m p u r i t i e s  which a r e  r e t a i n e d  i n  t h e  c y c l o d e x t r i n  c a v i t y  and can 

e v e n t u a l l y  decrease t h e i r  e f f e c t i v e n e s s .  One can usual 1 y r e t u r n  

the  column t o  i t s  o r i g i n a l  c o n d i t i o n  by  f l u s h i n g  t h e  column w i t h  

ethanol  o r  a c e t o n i t r i l e  which d i s p l a c e s  t h e  i m p u r i t i e s  i n  t h e  

c yc l  od ex tr i n c a v i t y  . 
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