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OPTICAL RESOLUTION OF SOME MANDELIC 
DERIVATIVES ON A CHEMICALLY BONDED 

CYCLODEXTRIN STATIONARY PHASE 

Kazumi Fujimura, Masahi Kitagawa, 
Hiroaki Takayanagi, and Teiichi Ando 

Department of Industrial Chemistry 
Faculty of Engineering 

Kyo to  University 
Sakyo-ku, K y o t o  606, Japan 

ABSTRACT 

Preparation and use of a new type of cyclodextrin-bonded 
stationary phase are described. Resolution of racemic mandelates 
and their analogues has been achieved by using this phase. The 
chiral recognition has been explained i n  terms of a three-point 
attachment model. I n  addition to the inclusion of the aromatic 
ring o f  the sample into the cavity o f  cyclodextrin, enantioselec- 
tive interaction occurs at two other points; hydrogen bonding of 
the t w o  polar substituents on the asymmetric carbon atom with 
secondary hydroxyl groups on the rim of the wider opening face of 
the cyclodextrin molecule. The effect of the type and position o f  
substituents and other factors responsible for the resolution is 
discussed. 

INTRODUCTION 

Optical resolution of racemates is of particular significance 
in synthetic, pharmaceutical, and biological chemistry. Among a 
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608 FUJIMURA ET AL. 

v a r i e t y  o f  separa t ion  methods, chromatographic  techniques a r e  most 

commonly used because t h e y  can o f f e r  n o t  o n l y  a n a l y t i c a l  in fo rma-  

t i o n  b u t  a l s o  an a c t u a l  separa t ion  o f  enant iomers w i t h i n  a l i m i t e d  

ana 1 ys i s ti me. 

S e v e r a l  c h r o m a t o g r a p h i c  t e c h n i q u e s  have been proposed f o r  

d i r e c t  r e s o l u t i o n  o f  racemates. As t h e  r e t e n t i o n  mechanism, hydro- 
gen b o n d i n g  and l igand-exchange a r e  t h e  m o s t  t y p i c a l  i n  d i r e c t  

r e s o l u t i o n  u s i n g  a c h i r a l  s t a t i o n a r y  o r  m o b i l e  phase. O p t i c a l  

r e s o l u t i o n  by so lvent -so lu te  c h i r a l  i n t e r a c t i o n  i n  gas chromatogra- 
phy (GC) and by molecule-to-molecule d i a s t e r e o m e r i c  i n t e r a c t i o n  i n  

l i q u i d  c h r o m a t o g r a p h y  (LC) a r e  b o t h  based on t h e  f o r m e r ,  whereas 

t h e  l a t t e r  has been employed e x c l u s i v e l y  i n  LC. A l though GC u s i n g  

microbore c a p i l l a r y  columns o f f e r s  a h i g h  column e f f i c i e n c y ,  h igh-  

p e r f o r m a n c e  1 i q u i d  c h r o m a t o g r a p h y  (HPLC) i s  t h o u g h t  t o  be more 

s u i t a b l e  f o r  t h e  r e s o l u t i o n  o f  l e s s  v o l a t i l e  samples and f o r  semi- 

p r e p a r a t i v e  separation. However, LC r e s o l u t i o n  o f  racemates based 

on e i t h e r  o f  t h e  t w o  mechanisms s t i l l  has some problems: a d d i t i o n  

o f  c h i r a l  s p e c i e s  o r  t h e i r  m e t a l  complexes  can cause a s e r i o u s  

contaminat ion  o f  e f f l u e n t s ,  Moreover, t h e  des ign  o r  p r e p a r a t i o n  o f  

such species i s  d i f f i c u l t  i n  some cases. 

C y c l o d e x t r i n s  (CD's) a r e  now o f  i m p o r t a n c e  i n  c h e m i s t r y  and 

i n d u s t r y  owing t o  t h e i r  enzyme-l ike behavior. S ince a CD molecule 

i s  o p t i c a l l y  a c t i v e  i n  i t s e l f  and t h e  f o r m a t i o n  o f  i n c l u s i o n  com- 

p l e x e s  i s  a dynamic  p rocess ,  CD's can be  used f o r  t h e  c h r o m a t o -  

g raph ic  r e s o l u t i o n  o f  racemates. There a r e  some papers d e s c r i b i n g  

t h e  use o f  a- and 8-CD-bonded polymer g e l s  f o r  t h e  o p t i c a l  reso lu -  

t i o n  o f  m a n d e l i c  a c i d  d e r i v a t i v e s  o r  o t h e r  compounds i n  co lumn 

chromatography [l-41. A d d i t i o n  o f  CD t o  t h e  aqueous m o b i l e  phase 

as a c h i r a l  e l u e n t  was a l s o  r e p o r t e d  [ 5 ,  61. Al though t h e  r e s u l t s  

obta ined i n  these systems revea l  an e s s e n t i a l  advantage o f  t h e  use 

o f  CD, problems s t i l l  remain. S o f t  po lymer g e l s  a re  n o t  s u i t a b l e  

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

and l o w  e f f i c i e n c y .  A d d i t i o n  o f  CD's t o  t h e  aqueous m o b i l e  phase 

o f t e n  has a l i m i t a t i o n  because o f  t h e  l o w  s o l u b i l i t y  o f  CD's, 

e s p e c i a l l y  t h a t  o f  B-CD [7].  From t h e  p r a c t i c a l  p o i n t  o f  view, CD- 
bonded r i g i d  m a t e r i a l s  such as m i c r o p a r t i c u l a t e  s i l i c a  g e l s  a r e  
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MANDELIC DERIVATIVES 609 

i nd i spensab le  f o r  c o n s t r u c t i n g  an e f f e c t i v e  chromatographic  system. 

R e c e n t l y  we p r e p a r e d  some c h e m i c a l l y  bonded CD s t a t i o n a r y  

phases  f o r  t h e  s e p a r a t i o n  o f  a r o m a t i c  compounds [8, 91, where  C D  

molecules were bonded t o  s i l i c a  g e l s  v i a  n i t r o g e n - c o n t a i n i n g  a l k y l  

groups. The secondary amino groups i n  t h e  spacer c h a i n  as w e l l  as 

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

behave as anion-exchangers i n  a l o w  pH region,  wh ich  sometimes had 

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

f o r m a t i o n .  D i f f e r e n t  t y p e s  o f  CD-bonded s t a t i o n a r y  phases  were  

a l s o  repor ted,  b u t  t h e y  e i t h e r  have s t i l l  o t h e r  f u n c t i o n a l  groups 

[ l o ,  111, o r  have  s t r u c t u r e s  n o t  known y e t ,  even  t h o u g h  a h i g h  

s e l e c t i v i t y  was c la imed  [12, 131. I t  i s  o f  importance, t he re fo re ,  

t o  o b t a i n  a new CD-bonded phase  w h i c h  b r i n g s  a b o u t  no a d d i t i o n a l  

r e t e n t i o n  mechanism except  f o r  i n c l u s i o n  complex f o r m a t i o n  i n  o r d e r  

t o  i n v e s t i g a t e  t h e  n a t u r e  o f  t h e  c h i r a l  r e c o g n i t i o n  b y  C D  mo le -  

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

c h a r a c t e r i s t i c s  o f  a C D  c a r b a m a t e - b o n d e d  s t a t i o n a r y  phase. 

Mandel ic  a c i d s  and r e l a t e d  compounds were s e l e c t e d  as t h e  samples. 

The e f f e c t  o f  t h e  t y p e  and p o s i t i o n  o f  s u b s t i t u e n t s  on r e s o l u t i o n  

was examined  and t h e  dependence o f  t h e  r e s o l u t i o n  o n  t h e  s a m p l e  

s t r u c t u r e  i s  d i s c u s s e d  based o n  a t h r e e - p o i n t  a t t a c h m e n t  model. 

S ince CD's a r e  known t o  p r e f e r  aqueous media i n  i n c l u s i o n  complex 

fo rma t ion ,  a hydroorganic  m o b i l e  phase was e x c l u s i v e l y  used. As 

t h e  o rgan ic  m o d i f i e r  o f  t h e  m o b i l e  phase was m a i n l y  used methanol, 

as desc r ibed  p rev ious l y .  

EXPERIMENTAL 

Apparatus. 

The HPLC system was composed o f  a Waters Model 6000A s o l v e n t  

d e l i v e r y  pump (Waters Associates, M i l f o r d ,  MA), a Rheodyne Model 

7120 s a m p l e  i n j e c t o r  w i t h  a 2 0  p L  s a m p l e  l o o p  (Rheodyne Inc., 

B e r k e l e y ,  CA), and a Jasco  UVIDEC-100-11 v a r i a b l e  w a v e l e n g t h  UV 
d e t e c t o r  (Jasco, Tokyo, Japan). The f l o w  r a t e  was 0.7 m L / m i n  and  
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FUJIMURA ET AL. 610 

the  detector was operated a t  254 nm. Sample s i z e  was usua l l y  1 uL. 

Modif ied s i l i c a  ge ls  were packed i n  s ta in less  s tee l  columns 

(200 x 4.0 mm i.d.) by the  balanced-viscosi ty method using a Chemco 
Model 24 s l u r r y  pack ing  appara tus  (Chemco S c i e n t i f i c  Co. Ltd., 

Osaka Japan) a t  9 450 kg/cm2. 

I n f r a r e d  ( I R )  s p e c t r a  o f  t h e  r e a c t i o n  p r o d u c t s  d u r i n g  t h e  

preparat ion o f  the  CD-bonded phase were obtained on a Shimadzu I R -  

400 i n f r a r e d  spec t romete r  (Shimadzu Corp., Kyoto, Japan) u s i n g  a 

l i q u i d  sample ce l l .  

Chemicals and Mater ia ls,  

S i  1 i c a  g e l  used was Cosmosi 1 5SL, t o t a l  l y  porous s p h e r i c a l  

s i l i c a ,  o f  5 um mean p a r t i c l e  diameter and 330 m2/g surface area, 

purchased from Nakarai Chemicals (Kyoto, Japan). a- and j3-Cyclo- 

dex t r ins  were a l so  purchased f rom Nakara i  Chemicals. S i  l y l a t i n g  

agents, t r i m e t h o x y s i  lylpropyldiethylenetriamine and 3-isocyanato- 

p r o p y l t r i e t h o x y s i  l a n e  ( P e t r a r c h  Systems Inc., B r i s t o l ,  PA), were 

p u r i f i e d  by d i  s t i  1 l a t i o n  be fore  use. 

- D- and C-Mandel ic a c i d s  and o t h e r  chemica ls  were o f  t h e  

highest q u a l i t y  ava i l ab le  and were purchased from var ious suppl i -  

ers. Some o p t i c a l l y  a c t i v e  o r  racemic samples were prepared i n  our 

labora tory  according t o  the l i t e r a t u r e  method [ 141. Samples were 

dissolved i n  methanol o r  aqueous methanol so t h a t  so lu t i ons  o f  1 

mg/mL were obtained. 

HPLC grade methanol (Nakarai Chemicals) was used as received. 

Deionized water was f u r t h e r  p u r i f i e d  on a M i l l i - Q  Water Pu r i f i ca -  

t i o n  System ( M i l l i p o r e  Corp., MA). Aqueous methanol was f i l t e r e d  

through a membrane f i l t e r  o f  0.7 ptn pore size, and was degassed by 

u l t rason ic  v i b r a t i o n  under vacuum. 

Preparation of Cyclodextr in S ta t ionary  Phases. 

CD-carbamate s t a t i o n a r y  phases were prepared as fo l lows. a- 

CD (9.7 g) o r  B-CD (11.4 g), d r i e d  a t  100 " C  i n  vacuo f o r  4 h, was 

d i s s o l v e d  i n  d r y  p y r i d i n e  (100 mL). Then 3 - i s o c y a n a t o p r o p y l t r i -  
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MANDELIC DERIVATIVES 61 1 

e t h o x y s i l a n e  (6.6 g )  was 'added d r o p w i s e  i n t o  t h e  s o l u t i o n  u n d e r  

n i t r o g e n  atmosphere w i t h  s t i r r i n g .  The s o l u t i o n  was k e p t  a t  60 
"C u n t i l  t h e  a b s o r p t i o n  a t  2200-2300 cm-l (N=C=O) c o m p l e t e l y  d isap-  

peared. F o r m a t i o n  o f  c a r b o n y l  g r o u p  was a l s o  m o n i t o r e d  b y  I R  

spec t romet ry  (1700 cm-l). To t h i s  s o l u t i o n  s i l i c a  g e l  ( 5  g), wh ich  
had  been d r i e d  a t  130 " C  i n  vacuo  f o r  6 h , was added w i t h  

s t i r r i n g .  The r e a c t i o n  m i x t u r e  was r e f l u x e d  f o r  20 h. A f t e r  

cool ing,  t h e  m o d i f i e d  s i l i c a  was f i l t e r e d ,  washed s u c c e s s i v e l y  w i t h  

p y r i d i n e ,  acetone,  m e t h a n o l  and  w a t e r ,  and t h e n  d r i e d  a t  50 " C  

vacuo. React ion schemes a r e  as f o l l o w s :  

+ (C2H50)3SiC3H6NC0 -c $' dry p y r i d i n e  

(C2H50)3SiC3H6NHC02 

r e f 1  ux 
c U dry p y r i d i n e  

S i - O H  f ( C2H50)3SiC3H6NHC02 

I 

I 
E Si-O-SiC3H6NHC02 

T r iam ine -CD s t a t i o n a r y  phase  was p r e p a r e d  s i m i l a r l y  as  D i -  
T r i  m e t  h o x y s  i 1 y 1 p r o p y l d i  e t h y 1  ene- ami ne-CD s t a t i o n a r y  phase [ 81. 

t r i a m i n e  was used as t h e  s i l y l a t i n g  agent. 

RESULTS AND DISCUSSION 

C h a r a c t e r i z a t i o n  of CD-bonded S i  1 i c a  Gels. 

The amounts o f  bonded CD's were c a l c u l a t e d  f r o m  t h e  r e s u l t s  o f  

CH and N e lemen ta l  analyses. The va lues  f o r  a- and 6-CD carbamate- 

and Tr iamine-6-CD-bonded phases  w e r e  109, 127, and  53.8 p m o l / g  

p a c k i n g ,  r e s p e c t i v e l y .  T h i s  s u g g e s t s  t h a t  CD-carbamate-bonded 

phases a r e  s u p e r i o r  t o  t h e  amine-bonded one i n  t w o  ways; no addi -  
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612 FUJIMURA ET AL. 

t i o n a l  re ten t i on  i s  expected and a much more (about twofo ld )  amount 

o f  CD was bonded. As f o r  the  chromatographic s e l e c t i v i t y  o f  these 

t h r e e  bonded phases, o n l y  t h e  B-CD carbamate-bonded phase gave 

s a t i s f a c t o r y  reso lu t i on  o f  racemates. The d i s c u s s i o n s  be low a r e  

based on the data obtained on the  B-CD carbamate-bonded s t a t i o n a r y  

phase. 

E f f e c t  of Organ ic  M o d i f i e r  fi M o b i l e  Phase on R e t e n t i o n  and 
Resolution. 

The r e t e n t i o n  t i m e s  o f  samples were a l l  reduced w i t h  an i n -  

crease o f  methanol content i n  the  mobi le phase. The e f f e c t s  o f  t he  

mobi le phase composit ion on capac i ty  fac to rs  (k's), separat ion fac- 

t o r  (a )  and peak reso lu t i on  (R,) o f  methyl E-mandelate a re  i l l u s -  

t r a t e d  i n  Figure 1. 5 % metha- 

no l ,  i n d i c a t i n g  t h a t  methanol  i s  a l s o  r e s p o n s i b l e  f o r  i m p r o v i n g  

peak shapes. When t h e  methanol  c o n t e n t  was h i g h e r  t h a n  20 2, 
r e s o l u t i o n  o f  racemates  c o u l d  n o t  be ach ieved excep t  f o r  t r o p i c  

ac id  der ivat ives,  because r e t e n t i o n  o f  samples were very weak. 

The R, value had the  maximum a t  

S i m i l a r  r e t e n t i o n  behavior was observed when ethanol was used 

as t h e  m o d i f i e r .  There was no d i f f e r e n c e  i n  r e t e n t i o n  no r  i n  

s e l e c t i v i t y  between methano l  and e t h a n o l  a t  t h e  same s o l v e n t  

strength. This suggests t h a t  the  add i t i on  o f  an organic mod i f i e r  

t o  the  mobi le phase does no t  improve the  s e l e c t i v i t y  f o r  racemates, 

though it may be e f f e c t i v e  f o r  ob ta in ing  proper r e t e n t i o n  t imes and 

sharp  peaks. T h i s  e f f e c t  i s  p r o b a b l y  due t o  t h e  f a c t  t h a t  t h e  

fo rmat ion  o f  i nc lus ion  complexes i s  more o r  l ess  r e s t r i c t e d  i n  the  

presence o f  an organic modif ier .  

Resolut ion o f  racemates o f  f r e e  mandelic o r  o the r  ca rboxy l i c  

acids could no t  be achieved when a neu t ra l  aqueous o r  hydroorganic 

mobi le phase was used. These acids showed much sma l le r  r e t e n t i o n  

than t h e i r  esters, i n d i c a t i n g  t h a t  these compounds are ion ized i n  

such mobi le phases. Adjustment o f  t h e  pH o f  t he  mobi le phase was 

somewhat d i f f i c u l t  because t h e  bonded phase i s  unstable i n  a low pH 

region. 
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FIGURE 1. E f f e c t  o f  methanol c o n t e n t  i n  m o b i l e  phase on c a p a c i t y  
factor ,  separa t i on  f a c t o r  and peak r e s o l u t i o n  of methy l  g-mandelate 
(0) and m e t h y l  C -mande la te  ( 0 ) .  Column: B-CD c a r b a m a t e ,  200 x 4 
mm i.d. E luent ;  me thano l /wa te r  (5/95). Flow r a t e ;  0.7 mL/min. 

R e s o l u t i o n  of Mandelates. 

Some e s t e r s  o f  m a n d e l i c  a c i d  w e r e  r e s o l v e d  o n  t h e  CD-bonded 

phase  u s i n g  5 X m e t h a n o l  a s  t h e  m o b i l e  phase. T a b l e  1 l i s t s  t h e  

c a p a c i t y  f a c t o r s  and  s e p a r a t i o n  f a c t o r s .  The d a t a  i n  t h e  t a b l e  

r e v e a l  t h a t  an i n c r e a s e  i n  t h e  c a r b o n  number o f  t h e  e s t e r  g r o u p  

b r i n g s  a b o u t  a d e c r e a s e  i n  s e l e c t i v i t y ,  1.g.. l o n g e r  a l k y l  c h a i n s  

i n h i b i t  t h e  c h i r a l  r e c o g n i t i o n  b y  CD m o l e c u l e s .  I s o p e n t y l  o r  

benzy l  mandelates were e l u t e d  f r o m  t h e  column b y  u s i n g  a methanol- 

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

c o u l d  n o t  b e  ach ieved .  T h i s  may b e  a t t r i b u t e d  t o  t h e  s o r p t i o n  o f  

t h e  e s t e r  group i n t o  t h e  c a v i t y  o f  t h e  CD mo lecu le  as w e l l  as o n t o  

t h e  spacer chain. 

Chromatograms of methyl, e t h y l  and p r o p y l  mandelates a r e  shown 

in F i g u r e s  2, 3(a) and  3(b), r e s p e c t i v e l y .  The e l u t i o n  o r d e r  o f  

t h e  racemates were t h e  same as had been r e p o r t e d  p r e v i o u s l y  [3].  
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TABLE 1 

Capacity Factors and Separation Factors f o r  Enantiorners of Mandelic 
Acid Der iva t ives .  

@CH (OH) C02 R 

Compound - k '  
a 

-R - 0- - L- 

-H 0.83 0.83 1.00 

-CH3 6.94 7.54 1.09 

-CHzCH3 8.99 9.61 1.07 

-CH 2CH 2 CH 3 20.0 20.8 1.04 

-CHzCH2CH( CH3) 2 -a> - 

Column: 6-CD carbarnate, 200 x 4 mm i.d. 
(5/95). Flow rate:  0.7 mL/rnin. 
a) Not eluted. 

E luent :  m e t h a n o l f w a t e r  

D -  

O 4 8 12  16 20 

Time, min. 

FIGURE 2. Separation o f  methyl &-rnandelate. 
Chromatographic cond i t ions  are  the  same as i n  FIGURE 1. 
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615 MANDELIC DERIVATIVES 

( a )  

D -  

0 1 2  16 20 

Time, min.  

0 28 32 36 40 

Time, min. 

FIGURE 3. 
mandelate (b). 
Chromatographic c o n d i t i o n s  a r e  t h e  same as i n  FIGURE 1. 

Chromatograms o f  e h t y l  &-mandelate (a) and p r o p y l  &- 

E f f e c t  o f  S u b s t i t u e n t  on Benzene Ring. -- 

When a sample i s  r e t a i n e d  on t h e  CD-bonded phase, t h e  benzene 

r i n g  i s  p robab ly  sorbed i n t o  t h e  c a v i t y  o f  t h e  bonded CD molecule. 

To e l u c i d a t e  t h e  p o s s i b l e  e f f e c t s  o f  t h e  s t a b i l i t y  o f  i n c l u s i o n  

complexes on r e t e n t i o n  and r e s o l u t i o n ,  t h e  e f f e c t  o f  t h e  s u b s t i t -  

u e n t  on  t h e  benzene r i n g  was examined. The r e s u l t s  a r e  g i v e n  i n  

Tab le  2. A l l  s u b s t i t u e n t s  examined showed a s i m i l a r  s t e r i c  e f f e c t  

on r e t e n t i o n ,  which i s  i n  accordance w i t h  t h e  genera l  e x p e c t a t i o n  

t h a t  t h e  s t a b i l i t y  o f  i n c l u s i o n  comp lex  o f  d i s u b s t i t u t e d  benzene 

d e r i v a t i v e s  f o l l o w s  t h e  o r d e r  o f  o r tho -  < para-isomer. It i s  t o  be 

no ted  t h a t  a pa ra -subs t i t uen t ,  though i t  g i v e s  a l a r g e r  r e t e n t i o n ,  

i s  n o t  e f f e c t i v e  f o r  i m p r o v i n g  t h e  e n a n t i o s e l e c t i v i t y .  The e l u t i o n  

o r d e r  o f  e a c h  p a i r  o f  e n a n t i o m e r s  was assumed t o  b e  t h e  same as  

t h a t  o f  mandel ic  esters .  

The f a c t  t h a t  n e i t h e r  t h e  a l k y l  c h a i n  o f  t h e  e s t e r  g r o u p  n o r  

t h e  s u b s t i t u e n t  on t h e  benzene r i n g  o f  mande l i c  e s t e r s  i s  e f f e c t i v e  

f o r  i m p r o v i n g  c h i r a l  r e c o g n i t i o n  i n d i c a t e s  t h a t  t h e  enan t iose lec -  
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TABLE 2 

FUJIMURA ET AL. 

E f f e c t  o f  S u b s t i t u e n t  on Benzene R ing  on C a p a c i t y  F a c t o r s  and 
Separation Factors f o r  Enantiomers o f  Methyl Mandelates. 

Ar-CH( OH)C02CH3 

Compound - k '  
a 

A r -  - D- - L- 

c1 

Q- 
CH3 

6.94 7.54 1.09 

22.0 23.3 1.06 

7.90 7.96 1.00 

17.2 18.4 1.07 

4.96 4.96 1.00 

13.7 14.4 1.06 

Chromatographic cond i t ions  are  the  same as i n  Table 1. 

t i v i t y  cannot  be e x p l a i n e d  by  t h e  i n c l u s i o n  o f  t h e  benzene r i n g  

i n t o  t h e  c a v i t y  o f  a C D  mo lecu le  alone. There should,  t h e r e f o r e ,  
be other i n te rac t i ons  between the  sample mandelates and bonded CD 
molecule which a re  d i r e c t l y  r e l a t e d  t o  c h i r a l  recogni t ion.  Since 
t h e  i n t e r n a l  surface o f  a CD molecule has on ly  one type o f  s t rong ly  
i n t e r a c t i n g  funct ional  group, secondary hydroxyl, hydrogen bonding 

between these  h y d r o x y l  g roups  and t h e  p o l a r  s u b s t i t u e n t s  on t h e  
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MANDELIC DERIVATIVES 617 

asymmetr ic  carbon atom o f  mande l i c  a c i d  i s  cons ide red  t o  be respon- 

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

s t r u c t u r e  o f  a C D  m o l e c u l e ,  b o t h  o f  t h e  t w o  s u b s t i t u e n t s  o f  

mande la tes ,  c a r b o n y l  and h y d r o x y l ,  m u s t  b e  c o n c e r n e d  w i t h  t h e  

c h i r a l  hydrogen bonding. Thus, i t  i s  most  p robab le  t h a t  t h e  c h i r a l  

r e c o g n i t i o n  f o r  m a n d e l a t e s  i s  based  on  a t h r e e - p o i n t  a t t a c h m e n t  

model ;  i n c l u s i o n  o f  t h e  benzene r i n g  and  t w o - p o i n t  h y d r o g e n  

bonding. 

Reso lu t i on  o f  Re la ted  Compounds. 

To t e s t  t h e  v a l i d i t y  o f  t h e  t h r e e - p o i n t  a t t a c h m e n t  mode l  

d e s c r i b e d  above, t h e  e f f e c t  o f  t h e  t y p e  o f  s u b s t i t u e n t  on  t h e  

a s y m m e t r i c  c a r b o n  a tom o f  m a n a e l i c  t y p e  a c i d  on  r e s o l u t i o n  was 

examined. The r e s u l t s  a r e  summarized i n  Tab le  3. 
C o n c e r n i n g  t h e  s u b s t i t u e n t  r e p l a c e d  f o r  t h e  h y d r o x y l  g roup ,  

me thoxy -subs t i t u ted  (methy l  Q-methyl mandel  a t e )  o r  h y d r o x y m e t h y l -  

s u b s t i t u t e d  ( m e t h y l  t r o p a t e )  d e r i v a t i v e s  w e r e  r e s o l v e d ,  whereas  

m e t h y l - s u b s t i t u t e d  (me thy l  2-phenylpropionate)  o r  ami n o - s u b s t i t u t e d  

( m e t h y l  p h e n y l g l y c i n a t e )  ones  w e r e  no t .  T h i s  s u g g e s t s  t h a t  t h e  

p r e s e n c e  o f  an oxygen  a tom i s  n e c e s s a r y  f o r  t h e  f o r m a t i o n  o f  a 

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

d i s t a n c e  between t h e  carbon and oxygen atoms a r e  seeming ly  n o t  v e r y  

severe. 

S i m i l a r l y ,  t h e  presence o r  absence o f  an e s t e r  c a r b o n y l  group 

has  been f o u n d  t o  have  a s i g n i f i c a n t  e f f e c t :  no s e l e c t i v i t y  was 

observed f o r  hydroxymethyl-substituted ( s t y r e n e  g l y c o l )  o r  me thy l -  

s u b s t i t u t e d  (1-phenylethanol) d e r i v a t i v e s .  

S u b s t i t u t i o n  o f  t h e  p h e n y l  g r o u p  o r  t h e  a -hyd rogen  a t o m  o f  

m a n d e l i c  e s t e r  a l s o  a f f e c t s  t h e  s e l e c t i v i t y .  M e t h y l  3 - p h e n y l -  

l a c t a t e ,  wh ich  has an a d d i t i o n a l  methy lene group between t h e  phenyl  

group and t h e  asymmetr ic  carbon atom, was n o t  resolved,  sugges t ing  

t h a t  t h e  c h i r a l  c a r b o n  t h e  a t o m  m u s t  b e  a d j a c e n t  t o  t h e  benzene 

r i ng .  Me thy l  2-hydroxy-2-phenylpropionate was n o t  r e s o l v e d ,  e i -  
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618 FUJIMURA ET AL. 

TABLE 3 

C a p a c i t y  F a c t o r s  and Separa t i on  F a c t o r s  o f  Enan t iomers  o f  Some 
Related Compounds. 

- k' 
Compound 0 - D- - L- 

m H C O Z C H 3  

OH 

R H C 0 2 C H 3  

OCH3 

6.94 

16.7 

CH20H 
17.4 

13.9 

11.1 

@HCH2OH OH 6.31 

@CH2fHCO2CH3 15.0 

OH 

7.54 1.09 

17.8 1.06 

19.1 1.10 

13.9 1.00 

11.1 1.00 

6.31 1.00 

15.0 1.00 

Chromatographic cond i t ions  are t h e  same as i n  Table 1. 
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MANDELIC DERIVATIVES 619 

ther. Probably, t h e  me thy l  s u b s t i t u e n t  on t h e  asymmet r i c  carbon 

atom i n h i b i t s  t h e  f o r m a t i o n  o f  i n c l u s i o n  complex i n  t h i s  case. 

F rom t h e  d i s c u s s i o n s  above, i t  may be c o n c l u d e d  t h a t  t h e  

c h i r a l  r e c o g n i t i o n  by  bonded CD i s  based on a t h r e e - p o i n t  a t t a c h -  

ment model. I n v e s t i g a t i o n  on t h e  r e t e n t i o n  behav io r  o f  o t h e r  aro- 

m a t i c  compounds i s  expected t o  g i v e  more i n f o r m a t i o n  on  t h e  advan- 

tage  o f  CD-bonded phases, 
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