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ABSTRACT 

The preparation of cellulose-based chiral stationary phases (CSPs) in the pure polymer form (i.e., without an achiral support such as 
silica gel), according to a process already reported for benzoyl cellulose, was extended to substituted benzoylcellulose derivatives. The 
chiral recognition abilities of benzoylcellulose and o-, m- and p-methylbenzoylcellulose were compared. The four CSPs are shown to 
exhibit different selectivities and in numerous instances an inversion of the elution order was observed on the different methylben- 
zoylcellulose CSPs, indicating that the CSPs undergo different interactions with the same racemic solute. The broad variety of racemic 
structures that can be resolved on the four CSPs indicate the great application potential of the new cellulose-based sorbents. This should 
be the case especially for preparative separations, as the materials are not deposited on an achiral supporting matrix and thus have a 
higher loading capacity than-coated CSPs. 

INTRODUCTION 

There is an increasing demand for the isolation of 
the enantiomerically pure forms of new chiral bi- 
ologically active compounds owing to the necessity 
to investigate the relationships between the stereo- 
chemistry of these compounds and their biological 
activity. Therefore, the individual enantiomers 
should be isolated easily and at low cost with high 
optical purity, in amounts adequate for performing 
biological tests, toxicological studies and even, at a 
later stage, clinical or field tests. Chromatography 
on chiral stationary phases has been recognized as a 
useful tool in respect of these requirements and is 
now established as a simple, efficient and generally 
applicable method for this purpose. 

during the last decade, cellulose-based phases have 
been identified as very versatile and useful chiral 
sorbents for the separation of enantiomers [l]. Nu- 
merous applications have been reported on micro- 
crystalline cellulose triacetate (CTA I) used in the 
pure polymeric form [l] and a variety of other cellu- 
lose derivatives have been introduced for the same 
purpose by Okamoto et al. [I] as a coating of cu. 
20% polymer weight on silica. Most of these silica- 
coated materials are now commercially available 
and they show very different selectivities depending 
on the derivatizing groups on cellulose. 

Among the numerous chiral stationary phases 
(CSPs) that have been investigated and developed 

We recently developed a process for the prepara- 
tion of benzoylcellulose beads in the pure cellulosic 
form, avoiding the use of the expensive macropo- 
rous silica support, and producing a material that 
consists of 100% chiral sorbent, resulting in a high 
loading capacity [2,3]. Owing to the excellent chro- 
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matographic properties and its high loading capac- 
ity, this new chiral sorbent is useful for both analyt- 
ical applications and preparative purposes. Using 
the same procedure we prepared further benzoylcel- 
Nose derivatives in the pure polymer form [2] and 
examined their chiral recognition abilities. In this 
study, we investigated the influence of the position 
of the methyl group of methylbenzoylcellulose on 
the chiral recognition abilities of the CSP. For this 
purpose a series of racemic compounds were chro- 
matographed on benzoylcellulose and on o-, m- and 
p-methylbenzoylcellulose. 

EXPERIMENTAL 

Preparation qf the chiral phases 
General procedure .for the preparation qf methyl- 

benzoylcellulose (ortho-, meta- or para). To a sus- 
pension of 10 g of microcrystalline cellulose in a 
mixture of 100 ml of pyridine and 45 ml of triethyl- 
amine containing 0.2 g of dimethylaminopyridine 
are slowly added at room temperature 40 g of tolu- 
oyl chloride (ortho-, meta- or para). The temper- 
ature rises to 40-50°C. After the addition, the mix- 
ture is stirred for 20 h at 120°C under nitrogen. Af- 
ter cooling to room temperature, the solid mass ob- 
tained is treated with 4 1 of methanol. The insoluble 
part is filtered and washed twice with methanol. 
The product is dissolved in dichloromethane and 
precipitated twice in ethanol. The light brown 
powder is dried for 2 days at 100°C under vacuum. 
Yield: 95598%. Elemental analysis: methylbenzoyl- 
cellulose (ortho-, meta- or para-) (C30H2a0&, cal- 
culated, C 69.8, H 5.5, 0 24.8%; o-methylbenzoyl- 
cellulose (OMBC), found C 69.2, H 5.5, 0 25.3%; 
m-methylbenzoylcellulose (MMBC), found C 69.3, 
H 5.5,O 25.2%;p-methylbenzoylcellulose (PMBC), 
found C 69.5, H 5.6, 0 24.9%. 

p-Methylbenzoylcellulose beads. A solution of 10 
g of p-methylbenzoylcellulose dissolved in a mix- 
ture of 300 ml of dichloromethane and 50 ml of 
heptanol is added dropwise to an aqueous solution 
(240 ml) of sodium lauryl sulphate (0.7%) stirred 
mechanically at 400 rpm in a l-l flask. After the 
addition, stirring is maintained and the emulsion is 
heated at 40-42°C (bath temperature) to remove the 
dichloromethane slowly by distillation. After com- 
plete removal of dichloromethane, the residual sus- 
pension is filtered and the solid is washed first with 

water and then with ethanol. The powder is dried 
under vacuum at 80°C for 20 h (yield 9.5 g, 95%). 
The material consists of more or less spherical parti- 
cles of cellulose benzoate as determined by electron 
microscopy [3] (size 5510 pm) and can be used di- 
rectly for chromatographic separations. The specif- 
ic surface are determined by the BET method was 
69 m’/g. Differential scanning calorimetric (DSC) 
analysis of the material showed a melting point at 
267°C. 

m-Methylbenzoylcellulose beads. Analogously, 10 
g of m-methylbenzoylcellulose in 300 ml of dichlo- 
romethane and 50 ml of heptanol are added to an 
aqueous solution (240 ml) of sodium lauryl sulphate 
(0.7%). After removal of the dichloromethane, the 
solid is washed and dried (yield. 9.4 g, 94%). The 
particle size was IO-20 pm, specific surface area 58 
m2/g and melting point by DSC 246°C. 

o-Methylbenzoylcellulose beads. A solution of 5 g 
of o-methylbenzoylcellulose dissolved in a mixture 
of 300 ml of tetrahydrofuran (THF) and 12 ml of 
heptanol is added dropwise to an aqueous solution 
(300 ml) of sodium lauryl sulphate (0.7%) stirred 
mechanically at 400 rpm in a l-l flask. After the 
addition, stirring is maintained and the emulsion is 
heated at 70-75°C (bath temperature) to remove the 
THF slowly by distillation. After complete removal 
of THF the residual suspension is filtered and the 
solid is washed first with water and then with etha- 
nol. The powder is dried under vacuum at 80°C for 
20 h (yield 4.9 g, 98%). The material consists of 
more or less spherical particles of cellulose methyl- 
benzoate (size 5-20 pm) and can be used directly for 
chromatographic separations. The specific surface 
area determined by the BET method was 36 m’/g. 
DSC analysis of the material showed a melting 
point at 246°C. 

Chromatographic conditions 
The methylbenzoylcellulose beads were slurry 

packed as a suspension in hexaneeisopropanol(9:l) 
or methanol in stainless-steel high-performance 
liquid chromatographic (HPLC) columns (25 x 
0.46 cm I.D.). The columns were washed with the 
same mobile phase until UV absorption was no 
longer detected at a wavelength of 254 nm. Chro- 
matography was performed using the same mobile 
phase composition (hexaneeisopropanol or metha- 
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nol) at a constant flow-rate (usually 1 ml/min). The 
dead time of the columns was determined by in- 
jection of 1,3,5-tri-tert.-butylbenzene used as a non- 
retained compound. Typically, 10 ~1 of a 1% solu- 
tion of racemate dissolved in the mobile phase used 
for chromatography were injected. 

General 
Solvents were of analytical-reagent grade. All 

compounds synthesized in this work were charac- 
terized spectroscopically (IH NMR, IR) and gave 
satisfactory elemental analyses. NMR measure- 
ments were recorded on a Bruker VM 250-MHz 
spectrometer. X-ray measurements were performed 
on a Philips powder diffraction instrument as de- 
scribed previously [3]. Melting points were deter- 
mined by DSC on a Mettler TA3000 system. 

Apparatus 
The HPLC experiments were performed with a 

modular liquid chromatograph composed of an Al- 
tex Model 1lOA pump and a Shimadzu Model 
UV-120-02 multi-wavelength UV detector in series 
with a Perkin-Elmer Model 241 LC polarimeter 
equipped with an 80-~1 cell (length 10 cm). Both 
signals (UV absorption and optical rotation) were 
recorded and processed by an IBM PC-AT3 micro- 
computer, via a DYSC WD 24 analogue interface 
module using MAXIMA 820 chromatographic 
software (Carlo Erba, Milan, Italy). 

RESULTS AND DISCUSSION 

Preparation of stationary phases 
Analogously to the preparation of benzoylcellu- 

lose beads reported recently [3], p- and m-methyl- 
benzoylcellulose beads were prepared from a sus- 
pension of the corresponding cellulose derivative 
dissolved in dichloromethane, in water containing 
sodium lauryl sulphate and in the presence of a long 
aliphatic chain alcohol (Fig. 1). In the case of o- 
methylbenzoylcellulose, when using dichlorometh- 
ane as a solvent, the specific surface area of the 
beads produced is very low, resulting in very bad 
chromatographic properties. In contrast, when o- 
methylbenzoylcellulose (OMBC) is dissolved in 
THF, a good specific surface area is obtained, yield- 
ing an efficient chromatographic support material. 
X-ray investigations (Fig. 2) and DSC measure- 

RE TBczmbenmyl cdluhlse Beds 

X=H.CH3 
OMBC: orth~Melhylbemyl doloSe be&? 

MMBC: meta-Methylbenmyl cdhlose beds 
X 

PMBC: para-Methylbenmyl cehbe bds 

Fig. 1. Preparation of methylbenzoylcellulose beads. 

ments (see Experimental) indicate that the different 
cellulose derivatives are at least partially crystalline, 
confirming the necessity to have a certain supramo- 
lecular structure in the polymer in order to achieve 
good chiral recognition. 

Chromatographic resolutions 
In order to investigate the influence of the posi- 

tion of the methyl group attached to the benzoyl 
moiety on the chiral recognition ability, various 
classes of racemates were chromatographed on ben- 
zoylcellulose and on the different methylbenzoylcel- 
lulose derivatives. The cellulose-based chiral sta- 
tionary phases were found to exhibit very different 
selectivities, behaving like completely different sor- 
bents. 

The acetate derivatives of various racemic ali- 
phatic alcohols or diols were chromatographed on 
the different benzoylcellulose esters reported in this 
work and the results are summarized in Table I. The 
best resolutions of the enantiomers are clearly ob- 
tained with unsubstituted tribenzoylcellulose 
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(TBC), whereas the substituted methylbenzoyl de- 
rivatives exhibit only poor chiral recognition, inde- 
pendently of the position of the methyl group. p- 
Methylbenzoylcellulose (PMBC) shows virtually no 
selectivity. These results indicate that TBC is the 
most appropriate CSP for relatively small mole- 
cules, especially for aliphatic compounds (Fig. 3) as 
we have illustrated more widely in a previous paper 

[31. 
We have reported previously [3] that numerous 

racemic aryl alkanols can be well resolved on TBC 
beads. The comparative results presented in Table 
II confirm that TBC is generally the most appropri- 
ate stationary phase for the resolution of this class 
of compounds, except for 12, which is not resolved 
on TBC but very well on MMBC. Only partial reso- 
lutions could be achieved for phenylethanol (7) and 
phenylpropanol (8) on MMBC and PMBC. More- 
over, in the series of phenylalkanol derivatives 7- 

b 

50 46 42 38 34 30 26 22 18 14 10 6 2 

- 28 - 

Fig. 2. X-ray powder diffractograms of (a) MMBC and (b) 
PMBC beads (after annealing of the samples for 45 min at 
200°C). 

TABLE I 

CHROMATOGRAPHIC RESULTS FOR ACETATE DERIVATIVES OF ALIPHATJC ALCOHOLS 

k; = Capacity factor of the more strongly retained enantiomer and, in parentheses, its absolute configuration or sign of the optical 
rotation at 365 nm; CI = separation factor; HPLC column, 25 x 0.46 cm I.D.; mobile phase. hexane-2-propanol (90: 10). AC = Acetyl; 
Et = ethyl. 

Compound Structure Parameter Chiral stationary phase 

TBC OMBC MMBC PMBC 

1 
AC0 OAC 

F-l 
“3’= C”3 

k; 
SI 

6.98 (+) 
3.13 

1.82 
1.00 

10.66 (-, 
1.21 

2.3s 
1.00 

2 
AcoYYoAc k; 

1.80 (-) 0.59 (-) 

C”3 c”~ a 1.32 1 .oo 
3.28 
1 .oo 

2.18 
1 .oo 

3 AcovoAc k; 10.24 (-) 1.78 

C”3 CI 2.14 1.00 
4.75 
1.11 

3.54 
I .oo 

OAC OAc 

0.57 
1.00 

2.28 (+) 2.14 
1.22 I .oo 

4 3.62 
c[ 1.48 

(-) 

(+I 
AcO 

Y 
CH$OOEt 

4 5.04 
CI 1.40 

CH3 

1.39 (+) 2.60 2.72 
I.0 1.00 1.00 

6 

CH3 

k; 
i( 

2.67 (-) 
1.19 

1.86 0.90 (-) 
1.00 1.0 

0.10 (-) 
I.0 
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, 

(-1 
10.9 ml 

H3C CH3 

t-/ 
\ 
Q 

OAc OAc 

ring. The inversion of the elution order observed for 
12 as the position of the methyl group on the CSP is 
changed from the ortho to the meta position and 
again from the meta to the para position clearly 
demonstrates that small alterations of the chemical 
structure of the cellulose-based CSP (even far away 
from the chiral carbon centres located on the sugar 
moieties) can totally modify the chiral recognition 
ability of the CSPs. 

Fig. 3. Chromatographic separation of the enantiomers of race- 
mic 2,3-butanediol diacetate (1) on TBC beads. HPLC column, 
25 x 0.46 mm I.D.; mobile phase, hexane-2-propanol (9:l); 
flow-rate, 1 ml/min. 

11, the separation factors and the capacity factors 
decrease on TBC as the chiral centre carrying the 
alcohol function is further away from the phenyl 

TABLE II 

CHROMATOGRAPHIC RESULTS FOR ARYLAKANOLS 

For definitions and chromatographic conditions, see Table I. 

The chromatographic results summarized in Ta- 
ble III for a series of 3-phenylcyclopentanone and 
cylohexanone derivatives show that the chiral rec- 
ognition is strongly dependent on the substituent 
attached to the phenyl ring of the racemic solute. 
The enantiomers of the 3-phenylcyclopentanone de- 
rivatives 17 and 18 are only resolved on MMBC, 
but the elution order is reversed for both com- 
pounds (S more retained for 17 and R for 18), in- 
dicating that the interaction mechanisms are differ- 
ent. Both compounds have been preparatively re- 

Compound Structure Parameter Chiral stationary phase 

TBC OMBC MMBC PMBC 

7 

8 

9 

10 
&CH, 

HO 

11 

12 

k’, 5.06 (R) 0.63 (R) 3.81 (R) 3.95 (R) 
a 1.76 1.0 1.15 1.13 

4 2.72 (R) 0.54 (R) 3.02 (R) 3.35 (R) 
a 1.43 1.0 1.12 1.05 

4 2.62 (+) 0.38 (+) 2.38 2.62 
a 1.48 1.0 1.00 1.00 

4 2.03 (+) 0.57 (+) 2.41 (-) 3.08 
G( 1.10 1.0 1.0 1.00 

k; 1.47 (+) 0.46 2.26 2.62 
a 1.0 1.0 1 .oo 1.00 

4 5.92 3.97 (s) 38.14 (R) 22.80 (s) 
a 1 .oo 1.25 1.84 1.18 
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TABLE III 

CHROMATOGRAPHIC RESULTS FOR PHENYLCYCLOALKANONE DERIVATIVES 

For definitions and chromatographic conditions, see Table I. 

Compound 

13 

14 

15 

16 

17 

18 

Structure Parameter Chiral stationary phase 
__---. ____ 

TBC 

/i; 3.80 
x I .oo 

&($i “,; 4.27 1.0 (-) 

w” ? 7.09 1.0 (R) 

OMBC MMBC PMBC 
________ ___.__~ 

5.90 (+) 
I.51 

7.36 (+) 
1.0 

5.83 (+) 7.45 ( + ) 
I .40 1 .o 

4.38 ( + ) 
1.36 

4.96 ( - ) 
1.0 

0.96 (-) 
1.0 

8.41 (+) 
1.96 

5.49 (R) 
1.0 

12.7.5 (s) 
1.12 

1.48 (R) 

1.0 

6.00 (R) 
1.32 

6.32 (-) 
1.0 

5.61 (-) 
I .o 

4.78 (-) 

1.0 

2.83 (+) 
1.0 

9.36_(S) 
1.0 

4.60 (R) 
I .o 

solved as intermediates for the synthesis of new fun- 
gicides [4]. The enantiomers of 3-phenylcyclohexa- 
none and of both o-halo-3-phenylcyclohexanone 
derivatives 14 and 15 (Fig. 4) are only separated on 
OMBC, whereas the teal.-butyl derivative 16 (Fig. 
4) is only resolved on MMBC, as in the case of the 

corresponding cyclopentanone derivative 18. More- 
over, for most of the cycloalkanone derivatives-we 
observed variations of the elution order depending 
on the position of the methyl group on the methyl- 
benzoylcellulose CSP. 

Various alkyl and phenyl lactone derivatives were 

Fig. 4. Chromatographic resolution of the racemic cyclohexanone derivatives 15 on OMBC (left) and 16 on MMBC (right). For 
chromatographic conditions, see Fig. 3. 
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TABLE IV 

CHROMATOGRAPHIC RESULTS FOR LACTONE DERIVATIVES 19-25 

For definitions and chromatographic conditions, see Table I. Et = ethyl; Pr = propyl; Bu = butyl; Hex = hexyl; 

Compound Structure Parameter Chiral stationary phase 

TBC OMBC MMBC PMBC 

19a 

19b 

19c 

l!M 

1% 

20 

21 

22 

23 

24 

25 

0 0 

H3C -u 
0 0 

El 

-u 

0 O 

D- 

xf 

0 O 

El-BU 

-(3y 

0 
0 

n-Hex 

0 

0 O 

+u 

0 

& 

4 
a 

‘4 
a 

k; 
a 

k; 
a 

4 
a 

‘4 
a 

4 
a 

‘4 
a 

k; 
a 

k; 
a 

4 
a 

17.29 (S) 
1.15 

11.83 (R) 
1.06 

9.47 (R) 
1.04 

6.14 
1 .oo 

4.00 
1.00 

17.15 (R) 
1.17 

36.90 (R) 
1.39 

37.76 (+) 
1.17 

13.53 
1.66 

4.95 (+) 
1.13 

3.67 (+) 
1.08 

5.80 (R) 
1.0 

4.49 (R) 
1.0 

3.69 (R) 
1.0 

3.06 
1 .oo 

2.23 
1.0 

5.39 (R) 
1.0 

13.18 
1.00 

16.32 
1.00 

8.98 
3.19 

2.29 (-) 
1.0 

1.79 
1.00 

10.94 (s) 
1.05 

7.28 (S) 
1.0 

6.17 (S) 
1.04 

5.20 
1.00 

3.85 
1.00 

27.22 (R) 
1.24 

23.70 
1.00 

2.45 
1 .oo 

10.90 
1 .oo 

8.45 
1.00 

7.30 
1.0 

5.66 
1.00 

4.14 
1.00 

11.71 
1 .oo 

27.90 
1 .oo 

33.64 (-) 
1.08 

11.48 
1 .oo 

chromatographed on TBC, OMBC, MMBC and tained with cellulose triadetate [5], where a maxi- 
PMBC (Table IV). In the series of five- and six- mum a value was reached for the butyl derivative 
membered ring lactones, the best enantiomeric reso- 19d. The inversion of the elution order on TBC be- 
lution is always observed on the TBC beads CSP. tween the methyl 19a (S more strongly retained) 
For the alkyl-substituted lactones, the separation and the ethyl 19b (R more retained) derivative can- 
factors decrease as the length of the alkyl substi- not be explained. 
tuent increases, contrasting with the results ob- The size of the lactone ring also has a strong in- 
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Fig. 5. Chromatographic resolution of both seven-membered-ring compounds 23 (left) and 28 (right) on TBC beads. For chromato- 
graphic conditions. see Fig. 3. 

fluence on the separation, as indicated by the chro- 
matographic results of the phenyl lactone deriva- 
tives 21-23 on the four different CSPs. While the 
enantiomers of phenylbutyrolactone (21) and phen- 
ylvalerolactone (22) are better separated on TBC 
beads, the seven-membered ring lactone derivative 
23 is better resolved on OMBC (Fig. 5). 

Racemic acylated nitrogen compounds or weakly 
basic nitrogen derivatives can also be resolved on 
CSPs consisting of cellulose esters. This is illustrat- 
ed by the chromatographic resolution of 28 (Fig. 5) 
and 29 on TBC, of 30 on OMBC and of 31 on 
MMBC (Table V). For the resolution of racemic 
molecules with a Cz axis of symmetry, PMBC seems 
to be the most appropriate CSP, as observed for 
binaphthol(26) and the biphenyl derivative 27 (Ta- 
ble V). For these compounds, which exhibit very 
high capacity factors using hexane-Zpropanol as a 
mobile phase, pure methanol as the eluent strongly 
reduces the retention time, without a decrease in 
selectivity, however. The results obtained with both 
glycidyl ether derivatives 32 and 33 show that the 
CSP is very sensitive to the steric hindrance of the 
solute. For the methyl-substituted compound 32, 
OMBC exhibits the best chiral recognition, whereas 
for the tevt.-butyl derivative 33, PMBC gives the 
best selectivity. 

In addition to the racemic compounds presented 
before, a variety of racemic drugs and biocides were 
investigated on the four cellulose-based CSPs. Al- 
though a prediction of the separation was not pos- 
sible, we could identify in most instances at least 
one among the four different investigated CSPs 

which was able to separate the enantiomers effi- 
ciently (Table VI). Even for analogous structures 
we found that the best selectivity was not necessar- 
ily achieved on the same CSP. For example, for the 
hypnotic drugs mephobarbital (40) and hexobarbi- 
tal (41) the former is better resolved on MMBC 
and the latter on TBC. Racemic thalidomide (42) 
which is not soluble in hexane--I-propanol (9:1), 
was chromatographed with methanol as the mobile 
phase and a baseline resolution was achieved on 
PMBC (Fig. 6). The enantiomers of glutethimide 
(39) are well resolved either on OMBC or on PMBC 
(Fig. 6) whereas the metabolite 43 of methsux- 
imide, a five-membered ring imide analogue of glu- 
tethimide, is better resolved on TBC. The resolution 
of the methyl ester of the non-steroidal anti-inflam- 
matory drug (NSAID) oxindazac (34) was easily 
achieved on MMBC. similarly to other propionic 
acid methyl ester derivatives. The four isomers of 
the fungicide CGA 80000 (38) [6] can be baseline 
separated on MMBC (Fig. 8). This example illus- 
trates the ability of MMBC to recognize simultane- 
ously the chirality at the carbon centre of the lac- 
tone ring and the atrope isomerism induced by the 
hindered rotation of the trisubstituted phenyl ring 
around the nitrogen atom. Although the selectivity 
exhibited by TBC for the enantiomeric separation 
of the anti-cancer agent 35 [7] is higher with hex- 
ane-2-propanol (60:40) as the mobile phase (a = 
3.55) the resolution can also be performed with 
methanol. Moreover, the selectivity can be consid- 
erably enhanced by addition of water to the metha- 
nol mobile phase (Fig. 8). 
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The various examples reported in Tables I-VI 
show that the cellulose-based CSPs are very versa- 
tile and in many instances also complementary in 
their selectivities. The dependence of the chiral rec- 
ognition ability of methylbenzoylcellulose on the 
position of the methyl substituent on the phenyl 

TABLE V 

71 

group has already been observed for the corre- 
sponding silica-coated CSPs [8], but no inversion of 
the elution order for the same solute has so far been 
reported. The inversion of the elution order observ- 
ed for many racemates (compounds 10, 12-17, 
19a-e 26, 28-32) as illustrated in Fig. 9 for com- 

CHROMATOGRAPHIC RESULTS FOR MISCELLANEOUS RACEMIC COMPOUNDS 

For definitions and chromatographic conditions, see Table I. 

Compound Structure Parameter Chiral stationary phase 

TBC OMBC MMBC PMBC 

26 
on ‘4 

z; 
a 

1.43 
1 .oo 
0.62 (5) 
1.0 

7.89 
1 .oo 

32.45 (R) 
1.17 

- 
- 

63.11 (S) 
1.45 
2.45 (5’) 
1.42” 

4 

;; 

a 

72.15 
1.00 
5.33” 

1 .oo 

31.10 22.82 
1 .oo 1 .oo 

- _ 

_ - 

129.51 
1.25 
9.09 

(-) 
1.24” 

6 16.63 (+) 8.05 (-) 15.86 (+) 13.50 (+) 

a 1.57 1.0 1.22 1.10 

‘4 19.20 (-) 3.58 (+) 8.70 (-) 9.01 (-) 

a 2.53 1.0 1.22 1.0 

4 
a 

37.05 (R) 16.21 (R) 33.02 (s) 24.16 (s) 

1.16 1.19 1.16 1.10 

k; 
a 

11.16 (R) 2.56 (R) 18.85 (R) 13.27 (s) 

1.13 1.16 1.43 1.10 

‘G 
a 

7.21 (R) 3.69 (5’) 10.09 (R) 11.23 (R) 
1.15 1.31 1.15 1.12 

4 
a 

2.51 1.28 6.04 6.95 

1.00 1 .oo 1.11 1.19 

!=3 N“2 27 

H3m+(-Jcm3 
NO2 CH3 

m :I Cl 

HN 
0 

28 

CH3 29 

30 

- 
31 - 

nN \/ 

ctc 

-0 
‘1 ens 

32 

H3C 

33 
H3zm O--i? 

’ Mobile phase: methanol. 
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TABLE VI 

CHROMATOGRAPHIC RESULTS FOR VARIOUS DRUGS AND BIOCIDES 

For definitions and chromatographic conditions, see Table I. 
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Compound Structure Parameter Chiral stationary phase 

TBC OMBC MMBC PMBC 

k; 15.83 
w. 1.28 

4 
a 

2.26 (+)” - _ 
1.62” - - 

1.17 (-) 
1.0” 

k; 
ci 

2.96 (-) 1.63 5.33 4.62 

1.24 I .28 1 .oo 1.00 

_ 
- 
- 
- 

It; 17.74 (-) 
2 1.23 

‘6 16.33 
x 1.00 

4 
c1 

19.87 8.21 21.49 37.32 
1.46 1 .o 1.0 1.28 

k; 
c( 

2.59 (-) _ - 
1.26 - _ 

6 
I 

20.86 12.96 19.95 42.04 
1 .oo 1.00 I .20 1.X 

34 5.95 25.11 27.81 
1 .oo 2.29 1.05 

35 

36 

1.93 (+) 

1.10" 

2.92 (+)” 
1.31” 

_ 
- _ 

31 

38 - 14.40 (+)h 
- 2.IIh 
- 23.53 ( +)h 
- 2.30h 

14.16 (+)” 
1.29h 

14.65 (+)* 
1.34h CI CH3 CH20CH3 

Et 

39 

40 

17.31 (-) 32.26 
1.76 1.31 

11.92 38.27 
1.29 I .30 

28.14 (-) 
1.65 

53.44 
1 .o 

41 

42 4.26 (-) 
1.39 

43 

a Mobile phase: methanol. 
’ Mobile phase: hexane-2-propanol (60:40). 
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(RX+) p 47.5 ml 

‘ 
CM-) 

ii 

4 

J ,-.-.--., --,...,- 

Fig. 6. Chromatographic resolution on PMBC of racemic glutethimide (39) (left) (for chromatographic conditions, 
thalidomide (42) (right) (chromatographic conditions as in Fig. 3, but with methanol as the mobile phase). 

.A 

W3R) (a~,3 

L 

RI 

L e 
21.5 31 423 61.1 

Volume (ml) 

Fig. 7. Chromatographic resolution of the four optical isomers 
of CGA 80 000 on MMBC. HPLC column 25 x 0.46 cm I.D.; 

mobile phase, hexane-Zpropanol (6:4); flow-rate, 1 ml/min. 

see Fig. 3) and 

pounds 12, 30 and 31, demonstrates the dramatic 
influence of the position of the methyl radical at- 
tached to the benzoyl group on the chiral recog- 
nition, showing that the three methylbenzoylcellu- 
lose derivatives behave like totaly different sor- 
bents. The preparative separation of the enan- 
tiomers of 30 on MMBC and the absolute config- 
uration have been reported previously [9]. The 
elution order of the enantiomers of 31 has been de- 
termined by injection of the individual enantiomers 
obtained by condensation of the corresponding 
enantiomers of phenylethylamine with bromoben- 
zene [lo]. 

The great differences in selectivities exhibited by 
TBC, OMBC, MMBC and PMBC indicate that ve- 
ry slight modifications of the substituents or its po- 
sition on the benzoyl group can lead to important 
alterations of the shape of the chiral receptors. This 
shape is defined by the arrangement of the polymer 

7.4 ml 
a 
: (4 ’ /I 10.1 ml 

(+I 

Fig. 8. Chromatographic resolution of 35 on TBC beads. HPLC column, 25 x 0.46 mm I.D.; mobile phase, (a) methanol at a flow-rate 

of 1 ml/min and (b) methanol-water (95:s) at a flow-rate of 0.5 ml/min. 
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Fig. 9. Analytical resolutions of racemic compounds 30 (top), 31 (middle) and 12 (bottom) on TBC. OMBC. MMBC and PMBC beads. 
For chromatographic conditions. see Fig. 3. 

chains and/or by the actual conformation of the 
benzoyl groups. Although achiral prr se, the ben- 
zoyl groups can obviously transfer the chiral infor- 
mation of the sugar moiety to which they are at- 
tached, further into the space around the polymer 
chains, thus creating chiral cavities. 

Whereas the main-chain conformation of the 
polymer is presumably not dramatically affected by 
slight Variations on the phenyl groups, the confor- 
mation of the phenyl groups themselves is certainly 
altered. Also, the packing of the polymer chains in 
ordered (crystalline or at least semi-crystalline) ar- 
rays must be affected. The influence of the supra- 
molecular structure of cellulose derivatives on their 
chiral recognition has been revealed by studies car- 
ried out on cellulose triacetate [l 11. In this instance, 
a change in the actual crystalline packing scheme, 
without any chemical changes, was found to reverse 
the elution order of some enantiomers. It is there- 
fore not surprising that the presence and position of 
a methyl group on the phenyl group of methyl ben- 
zoylcellulose can induce similar effects. However, 
these effects are a clear indication that the chiral 
recognition process on cellulose derivatives is based 
on a large number of weak, well balanced, interac- 

tions and not, or only rarely, on a few, but very well 
defined, strong interactions between distinct atom 
groups (e.g., hydrogen bonds or n-rr interactions). 
This may explain the surprisingly broad range of 
different racemic compounds that can be resolved 
on derivatized cellulose CSPs. 

These results also illustrate the difficulty of mak- 
ing predictions concerning a separation. Although 
some empirical rules can be applied, it is very diffi- 
cult to decide by a rational method which CSP has 
to be used for a given compound. 

The new CSPs described in this work are not only 
suitable for analytical purposes but also, because of 
their high loading capacity, they are particularly 
useful for preparative separations as we have al- 
ready demonstrated for benzoylcellulose beads 
(TBC) [3]. Such preparative applications will be re- 
ported later. 

CONCLUSIONS 

Various cellulose-based CSPs have been prepared 
in the pure polymeric form (without supporting ma- 
terial) according to a new process. By simple var- 
iation of the position of the methyl substituent on 
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the phenyl group of the methylbenzoylcellulose 
CSPs, completely different chiral recognition abil- 
ities have been observed. In some instances, even an 
inversion of the elution order of the enantiomers 
has been observed, depending only on the position 
of the methyl group. 

In most instances, a good resolution of the race- 
mates could be achieved on at least one of the ben- 
zoylcellulose CSPs, indicating that the four differ- 
ent CSPs have complementary selectivities. These 
results demonstrate that a large number of race- 
mates can probably be resolved with a limited num- 
ber of cellulose derivatives, starting from the same 
inexpensive material, cellulose. Although a ratio- 
nalization of the influence of the derivatizing group 
of cellulose is still impossible, the versatility of the 
cellulose derivatives offers a large application po- 
tential. Mechanistically, the results suggest that su- 
pramolecular effects (crystal packing) play an im- 
portant role in the chiral recognition, in accordance 
with our previous investigations on cellulose triace- 
tate [ll]. A better understanding of these effects 
could lead to a controlled modulation of the chiral 
recognition by variations of the substituent and its 
position on the phenyl group of the respective ben- 
zoylcellulose derivatives. 
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