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RESOLUTION OF ENANTIOMERS BY 
HPLC ON OPTICALLY ACTIVE 

POLY (TRIPHENYLMETHYL METHACRYLATE) 

Yoshio Okamoto and Koichi Hatada 
Department of Chemistry 

Faculty of Engineering Science 
Osaka University 

Toyonaka, Osaka 560, Japan 

ABSTRACT 

Optically active (+)-poly(triphenylmethy1 methacrylate) 
(PTrMA) which has the chirality due to only helicity has been 
used as two different types o f  chiral stationary phases f o r  re- 
solving enantiomers by HPLC. One was prepared with the insoluble 
(+)-PTrMA ground to small particles and the other by adsorbing 
the soluble polymer on macroporous silica gel. These stationary 
phases, particulary the latter, resolved a wide variety of  enan- 
tiomers including hydrocarbons, esters, amides, halides, phospho- 
ric compounds and so on by using a polar eluent like methanol. 

OPTICALLY ACTIVE PTrMA 

Optically active poly(triphenylmethy1 methacrylate) (PTrMA) 

is the first example of the optically active vinyl polymer whose 

chirality is caused only by helicity .'") The optically active 

(+)-polymer can be prepared by asymmetric polymerization of tri- 

phenylmethyl methacrylate with chiral anionic initiators such 
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370 OKAMOTO AND HATADA 

as ( -  )-sparteine-butyllithium') and ( +  ) - ( 2 S ,  3S)-dimethoxy-l,4- 

bis(dimethy1amino)butane-lithium amide complexes3) in toluene 

at low temperature. The polymer shows high crystallinity and 

the one that has a degree of polymerization greater than about 

70 is insoluble in common organic solvents. The rather low- 

molecular-weight soluble polymer that has almost pure one-handed 

helicity shows a specific rotation ( [ U ] 2 5 )  about +360' (THF). 4) 
D 

Triphenylmethyl groups in the polymer likely take either right- 

or left-handed propeller structure. 

PTrMA 

(-)-Sparteine 

CHIRAL STATIONARY PHASE 

Insoluble (+)-PTrMA of high-molecular-weight was ground and 

the particles of 20-44 urn were used as a chiral stationary 

phase.5) The material (l.3g) was packed carefully in an HPLC 

column (25~0.46 (id)cm) by slurry method. The column showed a 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



RESOLUTION OF ENANTIOMERS 37 1 

plate number about 2200 for acetone when methanol was used as 

eluent. The preparation of an effective HPLC column by this 

method was not easy with a small quantity of the polymer and the 

durability of the column was not satisfactory. 

I n  order to overcome these defects, lower-molecular-weight 

soluble (+)-PTrMA (0.6g) was adsorbed on macroporous silica gel 

(10 urn, pore size 1000 o r  4000 A, 3g) which had been treated with 

a silanizing agent such as dichlorodiphenylsilane. 6, By this 

procedure, we could get easily a more effective stationary phase 

with higher durability. The column (25~0.46 (idlcm) packed with 

the (+)-PTrMA-coated silica gel (about 2.5 g) showed a plate 

number 4000 - 7000 for acetone. Almost no polymer was eluted 

from the column when non-solvents to the polymer (for instance, 

hexane, acetonitrile, and methanol ) were employed as eluents. 

The use of macroporous silica gel as a support of chiral poly- 

mers has also been successfully applied to the preparation of  

0 

other chiral stationary phases comprising cellulose esters' ' and 
polysaccharide carbamate derivatives. *) This coating method is 

very convenient and useful to prepare stationary phases for HPLC 

with polymers and must be applicable to many polymer systems. 

R E S O L U T I O N  ON GROUND (+)-PTrMA 

Several years ago, we demonstrated that optically active 

PTrMA had remarkable chiral recognition ability to several hydro- 

carbons like 1 - 3. 9 )  
2 , %  
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312 OKAMOTO AND HATADA 

1 
'L 

2 
n.8 

3 
'L 

Then, the polymer was employed to prepare an HPLC column. The 

HPLC column of finely ground (+I-PTrMA resolved various racemic 

compounds having aromatic group by using methanol as eluent 

(Table 1) . 5 )  Although the ground polymer is particularly u s e f u l  

f o r  resolving helicenes, 9'10) the HPLC column was not enough 

f o r  practical use because of lack of durability. 

RESOLUTION ON ( + ) -PTrMA-COATED SILICA GEL'' ' 

(+I-PTrMA-coated silica gel more easily gave u s  a column 

of a higher plate number than the ground (+)-PTrMA, and made it 

possible to perform more efficient resolution (Fig. 1). Inter- 

estingly, these two stationary phases showed different chiral 

recognitions, as observed in the resolution of 1,l'-binaphthyl 

derivatives (Table 2 ) .  Generally, more expeditious chromatogra- 

phy was attained with the (+)-PTrMA-coated packing; that is, 

capacity factors (k') of enantiomers are smaller f o r  the ( + ) -  

PTrMA-coated packing than fo r  the ground (+)-PTrMA packing. Most 

compounds listed in Table 1 were resolved on the coated packing. 

Besides these, many enantiomers were also separated on the column 

(Fig. 2 ) .  2-Butanol and 1-phenylethanol were not resolved, but 
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RESOLUTION OF ENANTIOMERS 313 

TABLE 1 
Resolution on the Finely Ground (+)-PTrMAa 

kltb (rotation) IY' Rsd Racemate 
R No. 

4 1.50 ( + )  2.13 2.39 

5 3.78 ( + )  1.76 1.86 

6 9.67 1.65 1.39 

- H 

8 1 ;  [ H, CH3 - 
CH3 - 

7 4.39 ( + )  1.29 1.05 

8 1.47 ( - )  3.54 1.48 
- OPh [ NHPh - 

roPh 
bCOPh 

a O P h  

9 4.88 ( + I  1.45 1.68 

10 0.86 1.12 0.6 
- 
- 
11 4.07 ( + )  1.66 2.07 - 
12 2.06 ( - )  1.19 0.7 - 

1.94 ( + I  1.32 0.93 ?2 
1.83 ( + )  1.63 1.72 14 - 
2.27 ( - )  2.17 2.39 5 

Ph - 16 1.21 -1 -0 

0.71 ( - )  1.46 0.98 1,7 

18 1.74 ( + )  1.77 2.15 - 
3 5.12 ( - 1  >13 >1 - Hexahelicene 

9-Anth-YH-OH 0.61 ( + I  1.57 1.10 9 
CF3 

a Operating condition: column 2 5 ~ 0 . 4 6  cm (i.d.), flow rate 
of methanol 0.72 ml/min. 
Capacity factor to the first-eluted isomer = (retention volume 
of the isomer - void volume of column)/(void volume of column) 
Separation factor =k2'/k1'. 
Resolution factor = 2 x (distance between the peaks of more and 
less retained isomers)/(sum of bandwidth of two peaks). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



314 OKAMOTO AND HATADA 

I I 1 I 

0 10 20 30 
Time (min) 

FIGURE 1. Reso lu t i on  o f  b inaph tho l  on round (+)-PTrMA ( A )  and 
(+)-PTrMA-coated s i l i c a  g e l  9B)  columns (column: 25 x 
0.46 ( i d )  crn,.eluent: methanol, 0.72 ml /min f o r  A 
and 0.50 ml/min f o r  B)  

TABLE 2 
Resolution of 2,2’-Disubstituted 1,l’-Binaphthyls 

on (+)-PTrMA Columns 

(+)-PTrMA-coated Ground (+)-PTrMA 

k’q k ’ 7  01 RS k’i k’? c1 Rs 

Substi- silica gel columna columnb 
tuents 

HO - 0.50 1.16 2.32 3.83 1.50 3.20 2.13 2.39 
CH3O- 4.76 8.23 1.73 0.93 9.67 15.9 1.65 1.39 
NH2- 1.67 2.32 1.39 1.08 5.62 15.9 2.80 2.52 
Br - 3.77 5.32 1.41 1.06 9.0 9.0 -1 -0 

CH3- 3:Ol 4.30 1.43 1.63 6.1 6.1 -1 -0 

a See Fig. 1. See Table 1. 
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RESOLUTION OF ENANTIOMERS 375 

Ph-CH-C-0-CH2Ph Ph-CH-C1 Ph-CH-0-C-Ph Cr (acac )3  

CH3 c1 A1(acac l3  
I II I I 

CH3 "., 
OH 0 

B r  B z Q O B ~  OBz CH3 c1  
c1 

C 2 H 5 0 - P - O D  S @-OCH3 
- 

' 0  I \  Ph 

OPh 20 21 
CH3 CH3 

FIGURE 2. Compounds r e s o l v e d  on a (t)-PTrMA-coated column 

were resolved completely as their 3.5-dichlorobenzoate and 

benzoate, respectively. 12) 

3 ' were resolv- Trisacetylacetonates, Co(acac) and Cr(acac) 3 
ed,13) and Al(acac) was for the first time separated into opti- 3 
cally active forms. 14) It was possible to resolve racemic com- 

pounds having Insect i- 

cides, EPN (20) and salithion (21), were resolved. Some halides 

were also suitable compounds for the resolution on (+)-PTrMA. 

a phosphorous as a chiral center. '5 ) 

2, 2, 

The (+)-PTrMA column is particularly useful for the resolu- 

2? 16-27 ) tion of  stereochemically interesting compounds ($2 - 

that are difficult to be resolved by other methods because of 

lack of functionalities. 

Biochemically interesting compounds, $3, 32, and 35 were 

also separated. An intermediate 3\3 f o r  the synthesis of an anti- 

biotics was completely resolved. 28) Three peaks were observed 

in the resolution of k4 which consisted of f o u r  isomers. 29) The 

column was useful for distinguishing three types of a-tocopherol 

35 as acetate. 

% 

30 
2, 
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376 OKAMOTO AND HATADA 

2216) 
’L 

26’l) 
2, 

& / 

- 0  

’L 

25”) 
’L 

0 CH3 \ 

27”) 
’L 
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RESOLUTION OF ENANTIOMERS 377 

0 fi0' 

woCop" 
O x 0  

3328) 'L 

CH3 CH3 CH3 

(33 

INFLUENCE OF ELUENT 

The eluents that one can use to the (+)-PTrMA-coated packing 

are limited. Aromatic hydrocarbon, chloroform, and THF must be 

avoided because of the solubility of the polymer. For  many com- 

pounds, methanol is the most suitable eluent, although hexane-2- 

propanol mixture is sametimes preferable (Table 3 ) .  This sug- 

gests that the nonpolar interaction between nonpolar groups, 

probably, triphenylmethyl propellers and nonpolar groups of 
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OKAMOTO AND HATADA 

TABLE 3 
E f f e c t  o f  Eluent  on Resolu t ion  of  Racemic Compounds 

Eluent  4 18 12 Benzoin Cr(acac13 

Hexane N P  C N P 

CH3CN N P  C N N 

C2H50H c c  C P P 

CH30H c c  C C P 

CH30H/H20 C C 

C :  Complete ( b a s e  l i n e )  s e p a r a t i o n .  

P: P a r t i a l  s e p a r a t i o n  (two p e a k s ) .  

N :  No s e p a r a t i o n .  

c h i r a l  compounds p l a y s  an important  r o l e  f o r  e f f e c t i v e  c h i r a l  

recogni t ion  i n  t h e  chromatography. 

INFLUENCE OF (+)-PTrMA/SILICA GEL RATIO ON RESOLUTION 

A s  d i scussed  ea r l i e r ,  two d i f f e r e n t  types  of  t h e  s t a t i o n a r y  

phases showed d i f f e r e n t  c h i r a l  d i s c r i m i n a t i o n .  More d e t a i l e d  

d a t a  on t h i s  were obta ined  from t h e  experiment shown i n  F ig .  

3,31) where t h e  d i f f e r e n c e s  o f  r e t e n t i o n  volumes between each 

enantiomers of 4 and trans-1,2-cyclobutanedicarboxylic a c i d  d i -  

a n i l i d e  36 a r e  p l o t t e d  a g a i n s t  t h e  weight ratio of (+)-PTrMA t o  

s i l i c a  g e l  on t h e  (+)-PTrMA-coated s t a t i o n a r y  phase.  The d i f -  

fe rence  of  r e t e n t i o n  volume f o r  t h e  enant iomers  of  4 i n c r e a s e d  

l i n e a r l y  with an i n c r e a s e  of  t h e  c o n c e n t r a t i o n  of (+)-PTrMA on 

s i l i c a  g e l ,  whereas t h a t  f o r  36 was maximum a t  t h e  r a t i o  about  

0 .2 .  

2r 

2r 

2r 

2r 
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RESOLUTION OF ENANTIOMERS 379 

- 3  
7 
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aJ 
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s 2  
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0 > 

0 
c, 
C 
aJ 
c, 
aJ 
L 
4- 

aJ u 
s aJ 
L aJ rc 
4- 

.r 

0 1  

.r 
n 

a I I 

0.1 0.2 0.3 
I+)-PTrMA/Sil ica (wt/wt) 

FIGURE 3. Infuence of (+)-PTrMA/silica gel ratio on the difference 
of retention volumes o f  enantiomers, 4 and 36 

'L 'L 

These r e s u l t s  may be i n t e r p r e t a t e d  i n  t h e  f o l l o w i n g  way. 

When t h e  c o n c e n t r a t i o n  o f  t h e  polymer i s  low,  e a c h  polymer c h a i n  

e x i s t s  i s o l a t e d l y  ( F i g .  4 ( a ) ) .  Then,  t h e  r e s o l u t i o n  must be 

governed on t h e  c h i r a l  s i t e s  on a s i n g l e  polymer c h a i n .  A t  h i g h  

c o n c e n t r a t i o n s  o f  t h e  polymer,  (+)-PTrMA w i l l  a s s o c i a t e  i n  an  

o r d e r e d  form because  o f  h igh  c r y s t a l l i n i t y  o f  t h e  polymer ( F i g .  

4 ( b ) ) .  Then,  new c h i r a l  s p a c e s  must be formed between t h e  po ly -  

mer c h a i n s .  These s p a c e s  p r o b a b l y  show c h i r a l  r e c o g n i t i o n  d i f -  

f e r e n t  from t h a t  o f  t h e  i s o l a t e d  polymer c h a i n .  T h e r e f o r e ,  one 

compound w i l l  be r e s o l v e d  b e t t e r  on t h e  p o o r l y  (+)-PTrMA-coated 

s i l i c a  g e l  and a n o t h e r  compound on t h e  ground (+)-PTrMA as w e l l  

as on t h e  h e a v i l y  (+)-PTrMA-coated s i l i c a  g e l  ( T a b l e  2 ) .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



380 OKAMOTO AND HATADA 

( a )  ( b )  

FIGURE 4. Schematic r e p r e s e n t a t i o n  o f  (+)-PTrMA-coated s i l i c a  g e l  

( P ) - ( + )  ( lS,3S)- ( - )  X = O y  (1Ry2R)-(+) 
X = CH2, ( 1Sy2S)-( - )  

FIGURE 5. Enantiomers adsorbed more s t r o n g l y  on (+)-PTrMA 

STEREOCHEMISTRY OF RESOLUTION 

The (+)-PTrMA columns showed a tendency in the resolution 

of the compounds which possess a C2 axis and two aromatic groups 

(Fig. 5 ) ; 5 )  that is, more retained enantiomers have P-helicity 

with respect of their aromatic groups if one l ooks  at the mole- 

cule from the direction perpendicular to a C2 axis. This is also 
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RESOLUTION OF ENANTIOMERS 38 1 

true to 24 and 26. Therefore, absolute configuration of com- 

pounds is predictable from the results of  resolution if the com- 

pounds are similar in their structure to those in Fig. 5. 

% 'L 

RESOLUTION ON OTHER CHIRAL POLYMETHACRYLATES 

A defect of the (+)-PTrMA stationary phases is the fact that 

triphenylmethyl ester is solvolyzed in methanol to afford methyl 

triphenylmethyl ether. Therefore, it is preferable to use the 

chiral columns at low temperature when an alcoholic eluent is 

used and the solvent f o r  reserving the column must be non-alco- 

holic. 

Optically active polymers similar to (+)-PTrMA are obtain- 

able by the asymmetric anionic polymerizations of diphenyl-2- 

pyridylmethyl methacrylate ( 3 7 )  and d ipheny l -4 -pyr idy lme thy l  

methacrylate ( 38 1 . 3 2 )  Although optical resolution abilities 

of these polymers were low compared with that of (+)-PTrMA when 

polar eluents were used, they showed interesting chiral recogni- 

2, 

'L 

YH3 CH 
I 3  

CH 
I 3  

CH 
I 3  

CH2=C I CH2=C I f C H ~ ' ' ? i i  f C H 2 - Y f K  
c=o c=o c=o c=o 
I I I I 

39 
Q.8 
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302 OKAMOTO AND HATADA 

tion toward polar compounds by using a hexane-2-propanol mixture 

as eluent. Hydrogen bond between the pyridyl groups of the 

polymer and enantiomers may contribute to the resolution. 

The chiral recognition abilities of these polymethacrylates 

seem to be special because optically active isotactic polymeth- 

acrylates (39, 40) having chiral ester groups showed no chiral 

recognition to many compounds. 33) The rigid helical structure 

which arises from the bulky triarylmethyl groups may be a key 

point for the high chiral recognition abilities of PTrMA and its 

analogues. 

' L ' L  

CONCLUSION 

(+I-PTrMA is a unique polymer having a rigid helical confor- 

mation. The polymer showed interesting chiral recognition, par- 

ticularly when it was coated on macroporous silica gel. The 

(+I-PTrMA-coated silica gel resolved a wide variety of racemic 

compounds as a stationary phase for HPLC. 
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