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ABSTRACT 

Nine benzylcarbamate derivatives of cellulose and amylose were prepared and their optical resolving abilities as chiral 

stationary phases for high-performance liquid chromatography were evaluated. Among the derivatives, 1-phenylethylcarbamates 
and I-phenylpropylcarbamates showed characteristic high optical resolution, and the amylose derivatives resolved many 
racemates. The influence of the chirality of the 1-phenylethylcarbamate group was also studied. Of the cellulose derivatives, the 
(R)- and (RS)-derivatives showed higher optical resolving ability than the @)-derivative. Of the amylose derivatives, the (RS)- 
and (S)-derivatives showed higher chiral recognition than the (R)-derivative. The optical resolving abilities of l-phenylethylcar- 
bamate derivatives bearing a methyl or chloro substituent on their phenyl groups were also evaluated. The chiral recognition 
varied depending on the nature and position of the substituents. 

INTRODUCTION 

Since we reported that trisphenylcarbamate 
derivatives of cellulose [1,2] and amylose [3] 
supported on silica gel show high chiral recogni- 
tion, many racemates have been resolved by 
HPLC on the derivatives [4,5]. The optical res- 
olution on the carbamates depends greatly on 
the substituents on the phenyl group [2]. Tris(l- 
phenylethylcarbamate)s of cellulose and amylose 
also show characteristic high optical resolution 
[6], although cellulose trimethylcarbamate and 
tribenzylcarbamate [6] possess poor optical re- 
solving power. However, no systematic study has 
been made on the optical resolution with other 
benzylcarbamate derivatives of cellulose and 
amylose. 

In this work, the optical resolving abilities of 
nine benzylcarbamate derivatives, benzylcarba- 
mate (la, Za), l-phenylethylcarbamate (lb, 2b), 
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factor (U = k;lki) and the resolution factor 
[R, = 2(tZ - tI)l(WI + W,)] were determined to 
be 2.60 and 4.20, respectively. 

Optical resolution on various aralkylcarbamates 
of cellulose and amylose 

Table II shows the results for the optical res- 
olution of racemates (3-11) on five cellulose 
tris( benzylcarbamate)s (la-e). Among the five 
derivatives, 1-phenylethyl- (lb) and l-phenyl- 
propylcarbamate (lc) showed characteristic high 
optical resolution. The other derivatives, benzyl-, 
(la), 2-methyl-l-phenylpropyl- (ld) and l,l- 
diphenylmethylcarbamates (le), showed low op- 
tical resolution in spite of the similarity of their 
structures to those of lb and lc. Fig. 2 shows the 
chromatograms for the resolution of 3 on la-e. 
Although 3 was not resolved on any column, a 
clear difference was observed between the chro- 
matograms on lb and lc and the others. The 
peaks observed on lb and lc are sharp, whereas 
on the others they are very broad. These results 
suggest that lb and lc may have a limited num- 
ber of adsorbing sites owing to the regular struc- 
ture of the cellulose derivatives, but the other 
derivatives may have many kinds of absorbing 
sites owing to irregular structures. 

The CD spectra of the films of la-e are shown 
in Fig. 3. Intense peaks are observed for only lb 
and lc; the other derivatives show much weaker 

/@ii /& 
m 

3 4 

brn oh,, 
7 8 

CH-OH 

AF, 
Co(acac)s 

8 10 

fi 

lc __li 

10 
Elution timefmin 

Fig. 2. Chromatograms for resolution of 3 on cellulose 
benzylcarbamates (la-e). Eluent: hexane-Zpropanol 
(90:10), 0.5 ml/min, 25°C. 

peaks. These results support the above specula- 
tion that the higher order structure of lb and lc 
may be more regular than those of the other 
derivatives. Hence a too small group such as 
benzyl and too bulky groups such as 2-methyl-l- 
phenylpropyl and l,l-diphenylmethyl seem to 
disturb the higher order structure of the carba- 
mate derivatives. 

The results for the optical resolution of 3-11 
on the amylose derivatives (2a-e) are summar- 
ized in Table III. Similar results to those on the 
cellulose derivatives were obtained. 1-Phenyl- 
ethyl and 1-phenylpropyl groups again appear to 
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la: -..- 
lb: - 
,c: we__ 

Id:....... 
le:-. - 

210 230 250 270 

Wavelength / nm 

Fig. 3. CD spectra of cellulose benzylcarbamates (la-e) cast 
from THF solutions. 

be suitable for keeping the regular higher order 
structure. The derivatives of 2b and 2c showed 
higher optical resolving abilities than the corre- 
sponding cellulose derivatives lb and lc and 
could resolve several racemates that were not 
sufficiently resolved on phenylcarbamates of cel- 
lulose and amylose. For example, 3 was resolved 
on 2b and 2c with higher (Y values than on other 
phenylcarbamates of amylose [3]. 

basis of the X-ray analysis is a left-handed 
threefold (3/2) helix [lo] and that of ATPC is a 
left-handed fourfold (4/l) helix [ll]. This differ- 
ence in conformations between CTPC and 
ATPC may be responsible for the difference in 
chiral recognition abilities. 

Optical resolution on (R)-, (RS)- and (Q-l- 
phenylethylcarbamates of cellulose and amylose 

The difference in chiral recognition abilities (R) - and (S) -1 -phenylethylcarbamates of cel- 
between cellulose derivatives and amylose de- lulose [lb-(R), -(S)] and amylose [2b-(R), -(S)] 
rivatives may be due to the differences in their were prepared to evaluate the influence of the 
higher order structures. Fig. 4 shows the CD chirality of the side-chain on chiral recognition 
spectra of films of 2a-e. Intense peaks are again [6]. Tables IV and V show the optical resolution 
observed only for 2b and 2c, although the spec- of 3-13 on (R)-, (S)- and (RS)-l-phenylethyl- 
tral pattern of 2b is different from that of lb. carbamates of cellulose [lb-(R), -(S), -(RS)] and 
This may be ascribed to the difference in the amylose [2b-(R), -(S), -(RS)], respectively. For 
conformations between lb and 2b. The chiral both the cellulose and amylose carbamates, the 
recognition abilities of these polysaccharide de- optical resolution depends on the chirality of the 
rivatives depend greatly on their conformation. side-groups. In the cellulose derivatives, lb-(R) 
For example, both phenylcarbamates of cellulose and -(RS) showed a higher optical resolving 
(CTPC) and amylose (ATPC) show high chiral ability than lb-(S). The amylose derivatives 
recognition abilities, and the elution order of showed a higher optical resolving ability than the 
enantiomers on ATPC is often the reverse of cellulose derivatives for most racemic com- 
that on CTPC [4]. The higher order structure of pounds. Especially 2b-(RS) and -(S) can resolve 
CTPC reported by Vogt and Zugenmaier on the many racemates effectively. The elution order of 

25F 

Wavelength I nm 

290 

Fig. 4. CD spectra of amylose benzylcarbamates @a-e) cast 
from THF solutions. 
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TABLE IV 

OF’TICAL RESOLUTION OF BACEMATES (3-13) ON lb-(R), -(S) AND -(RS) 

Optical rotation of the first-eluted isomers is shown in parentheses. Eluent: hexane-Zpropanol (90:10), 0.5 mllmin, 25°C. 

Raeemate lb-(R) lb-(S) lb-(RS) 

k; a R, k; a R, k: LI R, 

3 0.62(-) 1.22 
4 0.50(-) 1.21 
5 4.62(-) ca.1 
6 4.08(-) 1.84 
7 1.19(-) 1.12 
8 1.87( +) ca.1 
9 3.15( +) 1.13 

10 0.62( +) ca.1 
11 4.55(-) 1.32 
12 4.08(-) 1.84 
13 2.14(-) ca.1 

0.84 

2.31 
0.71 

1.22 
2.31 

0.45(-) ca.1 0.62( +) ca.1 
0.37(-) ca.1 0.52(-) 1.12 
2.24( +) 1.16 1.20 3.67(-) 1.18 

4.35(-) ca.1 4.30(-) 1.93 

0.73(-) ca.1 1.19(-) 1.09 
1.11 1.00 1.76 1.00 

2.03(-) 1.28 1.34 3.17(-) 1.06 
0.50( +) 1.19 0.61( +) 1.37 
2.55( +) ca.1 3.18(-) 1.20 

3.58(-) ca.1 4.30(-) 1.93 
2.26(-) ca.1 2.00( -) 1.09 

2.38 
6.98 
0.68 

1.25 
1.57 
6.98 

enantiomers was sometimes influenced by the 
chirality of the side-group. For instance, a re- 
versed elution order of 9 was observed between 
lb-(R) and lb-(S). The amylose derivatives also 
exhibited a reversed elution order of enantio- 
mers of 9. These results indicate that not only 
the chirality of the glucose unit but also the 
chirality of the 1-phenylethyl group directly in- 

fluence the chiral recognition, although the for- 
mer may be more important because such a 
reversal of elution order cannot be observed for 
other racemates except for 5 and 11 on lb and 7, 
8 and 10 on 2b. 

Fig. 5 shows the ‘H NMR spectra of lb-(R), 
-(RS) and -(S) in perdeuterated dimethyl sulph- 
oxide (DMSO-d,) at 130°C. Changes in the spec- 

TABLE V 

OPTICAL RESOLUTION OF RACEMATES (3-13) ON 2b-(R), -(S) AND -(RS) 

Optical rotation of the first-eluted isomers is shown in parentheses. Eluent: hexane-2-propanol (90:10), 0.5 mllmin, 25°C. 

Racemate 2b-(R) 2b-(S) 2b-(RS) 

k: a R, k; (2 R, k; a RS 

3 0.74( +) 1.86 
4 0.61( +) 1.19 
5 3.37( +) 1.14 
6 4.46( +) 1.18 
7 HO(-) ca.1 
8 2.07( +) 1.07 
9 1.97( +) 1.05 

10 0.92( +) ca.1 
11 1.93(-) 1.18 
12 1.02(+) 1.54 
13 4.11(-) 1.04 

2.41 

0.83 
1.29 
1.01 

1.10 
1.33 

0.90( +) 2.38 
0.61( +) 1.28 
4.29( +) 1.98 
4.79( +) 1.19 
1.50(+) 1.21 
3.02(-) ca.1 
1.95(-) 1.88 
O&i(-) ca.1 
1.75(-) 1.31 
1.36( +) 1.33 
1.42(+) 1.26 

4.43 
1.52 
9.10 
1.67 
1.68 

5.67 

1.69 
0.55 
0.84 

0.72( +) 
1.68( +) 
3.51(+) 
4.30( +) 
1.18( +) 
2.13( +) 
l.SO(-) 
0.75(-) 
1.69(-) 
1.21(+) 
1.43(-) 

2.60 
1.15 
1.41 
1.24 
ca.1 
1.11 
1.14 
ca.1 
1.24 
1.40 
1.06 

4.20 
0.83 
4.20 
1.91 

0.83 
0.86 

1.37 
0.79 
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L I 

8 7 6 5 4 3 2 1 oqyn) 

Fig. 5. ‘H NMR spectra of lb-(R), -(RS) and -(S). DMSO- 
d,, 13O“C, 270 MHz. 

tral patterns were observed for the NH and main 
chain protons of cellulose and the methyl and 
methine protons of the 1-phenylethyl group. This 
suggests that the chirality of the 1-phenylethyl 
group may influence the conformation of the 
glucose units. 

UV and CD spectra of lb-(R), -(RS) and -(S) 
derivatives in THF are shown in Fig. 6. The 
spectral pattern of lb-(R) is almost symmetrical 
with that of lb-(S). This implies that the ar- 
rangement of side-chains of lb may not be much 
influenced by the chirality of glucose units in the 
solution. Fig. 7 shows the CD spectra of the films 
of these derivatives cast from THF solutions. 
Although the three spectra show similar pat- 
terns, differences are observed in the wave- 
lengths of the peak tops and the intensities of the 
peaks. The chirality of 1-phenylethyl groups may 
influence not only the conformation of the side- 
chains but also that of the glucose units in the 
solid film. These differences in the conformation 
of chiral stationary phases (CSPs) probably af- 
fect their chiral separation because the cellulose 
derivatives on the silica gel surface are presumed 
to exist in a similar state to the above film. 

00 
250 300 

Wavelength I nm 

Fig. 6. CD spectra of lb-(R), -(KS) and -(S) in THF solu- 
tions. 

’ I 

11 
-10 

‘I 
” 

I 
210 230 250 270 290 

Wavelength I nm 

Fig. 7. CD spectra of films of lb-(R), -(RS) and -(S) cast 
from THF solutions. 
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WFHC~HS 
6N 

CH,-CH-C-CH 

6, LI 3 

A, -1.35 B, a=1.13 

C&k-fi--CH=c~, 
C6HS 

0 

A, at2.30 A. a=1 52 

OH 

8 
0 O 

A, -1.42 

C. a=1 56 

A, a=123 

Fig. 8. Compounds resolved on 2b-(S). Eluent: (A) hexane- 
2-propanol (9O:lO); (B) hexane-2-propanol (99:l); (C) hex- 
ane; (D) hexane-ethanol (80:20); (E) hexane-Zpropanol 
(98:2). 

Hence the difference in the higher order struc- 
tures between the cellulose and amylose deriva- 
tives caused by the chirality of the 1-phenylethyl 
group may be partly responsible for the differ- 
ence in the optical resolution between the cellu- 
lose and amylose derivatives. The fact that lb- 
(R) and -(RS) form lyotropic liquid crystalline 
phases in THF but lb-(S) does not also suggest 
that the higher order structures of these deriva- 
tives may differ depending on the chirality. 

Among these derivatives, 2b-(S) seems to 
show the highest optical resolving abilities for a 
variety of compounds, and resolves many 
racemic carbonyl compounds that are not suffi- 
ciently resolved on the phenylcarbamate deriva- 
tives of polysaccharides. Some examples of the 
compounds are shown in Fig. 8. They include 
/3 -1actams [ 121 and 4-hydroxy-2-cyclopentenone 
derivatives [ 131. 

Optical resolution on 1 -phenylethylcarbamate 
derivatives having a methyl or chloro substituent 
on their phenyl groups 

The optical resolving abilities of the deriva- 
tives of 1-phenylethylcarbamates of cellulose 
(If-i) and amylose (2f-i) having a methyl or 

chloro group on their phenyl groups were also 
evaluated (Tables VI and VII). The chiral recog- 
nition for 3-11 depended greatly on the nature 
and position of the substituents on the phenyl 
groups. For example, although 2b, 2f, 2g and 2i 
can not resolve 10, only 2b can completely re- 
solve it. CD spectra of lb, If and lg are shown 
in Fig. 9. Different patterns are observed, al- 
though the UV spectra of these derivatives are 
similar, showing h,,, at 208 nm (lb), 212 nm 
(If) and 209 nm (lg). The structures of these 
derivatives may be affected by polarization of 
the charge on the phenyl groups and steric ef- 
fects of the substituents. Therefore, the con- 
formations of these derivatives may be different 
in the film states. 

The influence of the chirality of the side- 
groups of lg and 2g was also evaluated (Table 
VIII). The optical resolving abilities of these 
derivatives also depended on the chirality of the 
side-chains. Although lb-(R) and -(RS) showed 
a higher optical resolving ability than lb-(S), 
lg-(R) did not show a significantly higher optical 
resolving ability than lg-(S) and -(RS). The 
methyl group on the phenyl group appears to 
influence the conformation of lg. 

lb-(W): ___ 
If: 
lg-(IIS): -z 

210 230 250 270 2 

Wavelength I nm 

0 

Fig. 9. CD spectra of films of lb-@), If and lg-(RS) cast 
from THF solutions. 
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CONCLUSIONS 

Nine benzylcarbamates of cellulose and amyl- 
ose were adsorbed on silica gel and used as CSPs 
for HPLC. Among them, 1-phenylethyl- and l- 
phenylpropylcarbamates showed high optical res- 
olution. Too small or too bulky benzyl groups 
are not suitable for obtaining efficient CSPs. In 
the case of 1-phenylethylcarbamates, chiral rec- 
ognition depends on the chirality of the l- 
phenylethyl group. In the cellulose derivatives 
(R)- and (RS)-l-phenylethylcarbamates showed 
higher optical resolving ability than the (S)- 
derivative, and with amylose the (RS)- and (S)- 
derivatives resolved many racemates more effi- 
ciently than the (R)-derivative. The ‘H NMR 
and CD spectra of the l-phenylethylcarbamates 
indicate that the conformation of the glucose 
units of the polysaccharides may be influenced 
by the chirality of the 1-phenylethyl group. The 
chiral recognition abilities of l-phenylethylcarba- 
mate derivatives of cellulose and amylose bear- 
ing a methyl or chloro substituent on the phenyl 
group were also evaluated. The optical resolu- 
tion on these derivatives depends on the nature 
and position of the substituents. 
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