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MECHANISTIC STUDY OF CHIRAL DISCRIMINATION ON CRYSTALLINE 
POLYSACCHARIDE DERIVATIVES 

YOSHIO OKAMoTO* AND EIJI YASHIMA 
Department of Applied Chemistry, School of Engineering, 
Nagoya University, Chikusa-ku, Nagoya 464-0 1, Japan 

Abstract Chiral discrimination mechanism on crystalline phenylcarbamate 
derivatives of cellulose, which are among the most useful c h i d  stationary phases 
for high-performance liquid chromatography, was investigated by means of 
chromatographic, spectroscopic, and computational methods. 

Recently, preparation and analysis of optically active compounds have become very 
important in many fields dealing with, for instance drugs, agrochemicals, natural 
products, and ferroelectric liquid crystals. Chromatographic enantioseparation, 
particularly resolution by high-performance liquid chromatography (HPLC), has 
advanced considerably in the past ten years and has been used for a practical method not 
only for determining optical purity but also for obtaining optical isomers. Therefore, 
many chiral stationary phases (CSPs) for HPLC have been developed.l*2 

Crystalline polysaccharide derivatives are among the most widely used CSPs.374 
Especially, trisphenylcarbamate derivatives of cellulose (1) and amylose (2) have been 
deeply investigated with regard to the enantioseparation and the mechanism of chiral 
discrimination. Here, pe report the mechanistic study on the resolution by crystalline 
phenylcarbamate derivatives of cellulose. *, *,.;-. 
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RESULTS AND DISCUSS ION 

Cellulose visphenylcarbamate derivatives are readily prepared by the reaction of 
microcrystalline cellulose (Avicel, Merck) with substituted phenyl isocyanates, and show 
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8 Y. OKAMOTO AND E. YASHIMA 

a very high resolving power to a wide range of racemates having various functional 
groups when coated on macroporous silica gel (Daiso gel; 7 pm, pore size 100 nm). 
The chiral recognition abilities of a series of cellulose phenylcarbamate derivatives have 
extensively been evaluated.3~5 Among them, cellulose tris(3,5-dimethylphenyl- 
carbamate) (1: X = 3,5-(CH3)2, CTDMPC) shows particularly interesting and efficient 
resolving ability. 

3: a = 2.17(+) 

0 10 20 
Elution time (min) 

FIGURE 1 Resolution of (f)-3 on CTDMPC (1; X = 3,5-(CH3h) 
monitored with UV and polarimetric detectors. Eluent, hexane-2-propanol 
(90 / 10); flow rate, 0.5 ml / min. 

A typical chromatogram of the resolution of trans-cyclopropanedicarboxylic acid 
dianilide (3) on CTDMPC monitored by UV and polarimetric detectors is shown in 
Figure 1. The enantiomers eluted at retention times of t i  and t2 showing complete 
separation. Separation factor a [= (t2 - to] / (ti - to)]. where to is the elution time for a 
non-retained compound, in this case 1,3,5-tri-rerr. -butylbenzene, was estimated to be 
2.17. The results of the enantioseparation of ten racemates, 3, Triiger base (4), 1-(9- 
anthryl)-2,2,2-trifluoroethanol (5), trans-stilbene oxide (6), 2,2'-dihydroxy-6,6'- 
dimethyl- 1,l'-biphenyl (7), 1,2,2,2-tetraphenylethanol (8), flavanone (9). 2- 
phenylcyclohexanone (lo), and benzoin (11) on CTDMPC are given in Figure 2 using 
separation factor (a). CTDMPC can resolve a variety of enantiomers including aromatic 
hydrocarbons, amines, carboxylic acid,6 alcohols, amino acid derivatives? and many 
drugs* including P-adrenergic blocking agents (P-blwkers).g 
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CHIRAL DISCRIMINATION ON POLYSACCHARIDE DERIVATIVES 9 

3; Q = 2.17(+) 4; a = 1.32(+) 5; a = 2.59(-) 6; a = 1.68(-) 

7;a=1.83(-) 8;a=1.34(+) 9;a=1.41(-) 10;a=1.15(-) 11;a=1.58(+) 

FIGURE 2 Resolution results of racemates (3 - 11) on CTDMPC (1). 
Eluent, hexane-2-propano1(90 / 10); flow rate, 0.5 ml /min. 
The sign of optical rotation of the first-eluted enantiomer is shown in parentheses. 

Most of cellulose trisphenylcarbamate derivatives form a lyotropic liquid crystalline 
phase in a highly concentrated solution5~~0 and show a high crystallinity under a 
polarizing microscope when they are cast from a solution. This indicates that the 
carbamates coated on silica gel from a solution also have an ordered structure where the 
phenylcarbamate groups may be regularly arranged along the polymer chain. A few 
cellulose phenylcarbamate derivatives and alkylcarbamates do not form such a liquid 
crystalline phase and show low chiral resolving ability. This means that a regular 
higher-order structure seems to be essential for efficient chiral recognition as CSPs. For 
1 (X=H, CTPC), a left-handed 3/2 helical conformation has been proposed on the basis 
of X-ray analysis.llJ2 

Figure 3 (a) shows a stable structure of CTPC obtained by molecular mechanics 
calculation based on the X-ray analysis. CTPC possesses a left-handed three-fold (3/2) 
helix and glucose residues are regularly arranged along the helical axis. A chiral helical 
groove with polar carbamate residues exists along the polymer chain. The polar 
carbamate groups, probably the most important adsorbing sites for c h i d  discrimination, 
are favorably located inside and hydrophobic aromatic groups are placed outside the 
polymer chain so that polar enantiomers may insert to the groove and interact with the 
carbamate residues via hydrogen bonding formation with the NH and C=O groups as 
illustrated in Figure 3 (b) and the dipole-dipole interaction on C=0.3*5 This interaction 
may play an important role for the efficient chid discrimination. 

The regular conformation is probably maintained even in solution.13 Hence, NMR 
study in solution will give useful information on the chiral discrimination mechanism of 
the derivatives. However, most derivatives including CTPC and CTDMPC are soluble 
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10 Y. OKAMOTO AND E. YASHIMA 

only in polar solvents such as THF and pyridine where no chiral discrimination of 
enantiomers is detected by NMR due to strong interaction of the solvents with the 
derivatives. Recently, we found that several phenylcarbamate derivatives having 4- 
trimethylsilyl group (12)14 or 5-fluoro-2-methyl group (13)’s on the phenyl groups are 
soluble in chloroform and exhibit chiral discrimination for a variety of enantiomers in 
NMR as well as in HPLC. 

(b) Glucose unit 

Figure 4 shows the 500 MHz IH NMR spectra of (f)-trans-stilbene oxide (6) in the 
presence and absence of 12. The methine proton of 6 was enantiomerically separated 
into two singlet peaks in the presence of 12.14 This indicates that 12 can discriminate 
the enantiomers even in solution. From the measurement of enantiomerically pure (+)- 

and (-)-6, it was found that only the methine proton of (-)-ti shifted downfield, whereas 
that of (+)-6 scarcely shifted. In the chromatographic enantioseparation of (34-6 on the 
CSP 12, (+)-isomer eluted first followed by (-)-isomer and complete baseline separation 
was observed, indicating that (-)-6 adsorbs more strongly on 12. This stronger 
interaction should be related with the downfield shift of (-)4 observed in NMR. 

As described above, the most important adsorbing site for chiral discrimination on 
phenylcarbamate derivatives appears to be the polar carbamate residue, which can interact 
with enantiomers via hydrogen bonding formation (Figure 3 (b)). In the case of 6, the 
cyclic ether oxygen may interact with the NH proton of the carbamate residue. 
Therefore, addition of hydrogen bond acceptor such as acetone resulted in no splitting of 
the methine proton.14 The lH NMR signals of other enantiomers of Tr6ger base (4), 
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CHIRAL DISCRIMINATION ON POLYSACCHARIDE DERIVATIVES 11 

benzoin (ll), and several sec-alcohols such as 2-butanol and 2-octanol were 
enantiomerically separated into two sets of peaks in the presence of 12 in CDCl3. 

I I 
3.88 3.86 Glppm 

FIGURE 4 500 MHz 'H NMR spectra of (lt)-6 in the absence (a: 
and presence (b) of 12 in CDCl, (1.0 ml) at 22 OC (TMS). 

R HO OH (7j-g @ t i &  CH3 

14: R = H 7 
15: R = Ph 

The phenylcarbamate derivative (13) also showed chiral discrimination for some 
racemates in CDC13, especially, enantiomers of 2,2'-dihydroxy- 1.1'-binaphthyl (14) 
and its derivative (15) and 2,2'-dihydroxy-6,6'-dimethyl- 1,l'-biphenyl (7) were 
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12 Y. OKAMOTO AND E. YASHIMA 

distinctly discriminated by 13 in 1H and 13C NMR as well as in HPLC. The 
interaction between 14 and 13 was extensively investigated at a molecular level by using 
2D-NOESY technique.16 

The computer simulation may be a useful and effective approach for not only 
elucidating the chiral recognition mechanism on other CDClg-insoluble phenylcarbamate 
derivatives of polysaccharides, but also for predicting the elution order of enantiomers. 
The force-field calculation of interaction energies between cellulose trisphenylcarbamate 
(CTPC) and 6 or truns-1,2-diphenylcyclopropane (16) was carried out using QUANTA 
/ CHARMm and MOLECULAR INTERACTION programs (Molecular Simulations 
Incorp.) to gain insight into the chiral discrimination mechanism of phenylcarbamate 
derivatives.l7 In chromatographic enantioseparation, 6 was completely resolved (a = 
1.46) on CTPC and (+)-isomer eluted first followed by (-)-isomer, but 16 was not 
separated (a = -1). The results of calculation of interaction energies between CTPC 
and the enantiomers suggested that (-)-(S,S)-6 may more closely interact with CTPC 
than (+)-(R,R)-6, and significantly different interaction energy was not observed for the 
enantiomers of 16. These calculations agreed well with the observed chromatographic 
resolution on CTPC.17 Computational studies will be useful and appreciable to the 
fields in chiral discrimination. 
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