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Abstract As one of the most popular polysaccharide derivatives with high chiral recognition ability, cellulose tris(3,5-dimethylphenylcarbamate)
(CDMPC) has been successfully applied in the enantioseparation of a wide range of racemates for various purposes. However, the derivative is
usually synthesized with an amorphous structure, and its effect on enantioseparation ability remains obscure. To obtain a better understanding
of the correlation between its structure and enantioseparation ability, in this study, CDMPC derivatives with crystalline and amorphous struc-
tures were prepared through carbamoylation followed by anti-solvent precipitation. Their chiral recognition abilities were evaluated using high-
performance liquid chromatography (HPLC) with chiral stationary phases (CSPs). Interestingly, the ordered arrangement of the helical polymer
chains of CDMPC was effectively induced by the aromatic solvent after derivatization, forming a crystalline derivative (c-CDMPC) with a uniform
and compact worm-like morphology, whereas the amorphous derivative (a-CDMPC) was obtained by regular treatment with a polar alcoholic
solvent. The c-CDMPC-based CSP exhibited higher chiral recognition abilities with much shorter retention times for most racemates in this
study, compared to the a-CDMPC-based CSP. In particular, flavanone (Rac-7), an important chiral drug with anti-inflammatory, anti-tumor, and
cardiovascular protective activities, was even better resolved with higher enantioselectivity on crystalline c-CDMPC than on Chiralcel OD, a com-
mercialized chiral column based on CDMPC. This indicates that the crystalline ordered arrangement played a critical role in the chiral recognition

ability of the cellulose derivative.
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INTRODUCTION

As one of the naturally available chiral polymers on earth, cellu-
lose macromolecules possess abundant natural resources as
well as attractive structural advantages, making them ideal can-
didates for the preparation of chiral functional materials for vari-
ous purposes.l'~>1 Owing to the regular helical backbone and re-
active hydroxyl groups on glucose units, a large number of cel-
lulose derivatives have been developed for chiral recognition
via different modifications.*~®! Among these, the development
of cellulose phenylcarbamate derivatives and their application
as chiral stationary phases (CSPs) for high-performance liquid
chromatography (HPLC) has recently achieved significant suc-
cess.’' In particular, cellulose tris(3,5-dimethylphenylcarba-
mate) (CDMPC) exhibits powerful chiral recognition ability for a
wide range of chiral compounds, including pharmaceuticals,
agrochemicals, and food additives.">™'? Until now, more than
80% of racemic compounds have been efficiently resolved,
playing a pivotal role in enantiomeric excess (ee) determination
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and enantioseparation both in analytical- and industrial-scale
preparations of optically pure enantiomers. Systematic investi-
gations of the chiral recognition mechanism of cellulose deriva-
tives, especially those of cellulose phenylcarbamates, indicated
some close associations between the secondary structure of the
derivatives and their chiral recognition abilities. It has been em-
pirically established that their enantioseparation abilities great-
ly depend on the polymer backbone and the nature and struc-
ture of the substituents on the aromatic moieties.”>~%3!
Although cellulose derivatives exhibit remarkable advan-
tages in enantiomeric separation, most reported derivatives
are fabricated in an amorphous state, lacking long-range or-
der in the polymer chain arrangement. This limitation is re-
stricted, to a certain extent, by the precise matching of chiral
recognition sites and the efficiency of intermolecular interac-
tions.24251 Only a few cellulose derivatives with specific struc-
tures (such as cellulose phenylcarbamate derivatives bearing
bulky para-substituted benzothienyl or benzofuranyl pen-
dants) can form liquid crystalline phases under specific condi-
tions, and their chiral recognition properties can be im-
proved by relatively regular aggregate structures.l'®261 How-
ever, the formation conditions of such liquid crystalline mate-
rials are harsh and their stability is limited, which makes it dif-
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ficult to meet the separation requirements in complex scenar-
ios. On the other hand, in recent years, significant progress
has been made in the study of crystalline chiral recognition
materials, including chiral metal-organic frameworks, cova-
lent organic frameworks and chiral porous organic
cages.l2’-321 Relying on long-range ordered crystalline struc-
tures, a definite arrangement of chiral recognition sites, and a
stable chiral microenvironment, these materials were able to
establish more selective interactions with enantiomers and
exhibited better separation performance than amorphous
materials in the resolution of some chiral compounds.[33-39
The ordered arrangement of the polymer chains is a valuable
tool for enhancing the chiral recognition properties of
polysaccharide derivatives. However, the preparation of crys-
talline cellulose derivatives has rarely been reported, and the
correlations between the crystalline structure and their chiral
recognition ability remain unclear.

To investigate the effect of the crystalline structure of the
cellulose derivative on the chiral recognition ability and to de-
velop novel polysaccharide derivatives with good enan-
tioseparation ability, crystalline and amorphous states were
prepared through carbamoylation followed by anti-solvent
precipitation. The structures and morphologies of the two
types of CDMPC derivatives were characterized by "H-NMR,
XRD, and SEM. Their chiral recognition abilities were carefully
examined as coated-type CSPs using HPLC. The influence of
the crystalline structure on the chiral recognition ability of
CDMPCs was further studied. The enantioseparation abilities
of the two derivatives were also compared with those of the
commercially available Chiralcel OD, which is a CDMPC-based
chiral column with powerful chiral recognition ability.

EXPERIMENTAL

Chemicals

Cellulose (Avicel, DP=200) was supplied by Daicel Corporation
(Tokyo, Japan). N,N-dimethylacetamide (DMAc), lithium chlo-
ride (LiCl), and pyridine were purchased from Guangfu Chemi-
cal (Tianjin, China). 3,5-Dimethylphenyl isocyanate, used for cel-
lulose derivatization, was obtained from Energy Chemical
(Shanghai, China). Methanol, benzene, dimethylbenzene, and
tetrahydrofuran (THF) were purchased from Aladdin (Shanghai,
China). Wide-pore silica gel (Daiso gel SP-1000) with a mean
particle size of 7 ym and mean pore diameter of 100 nm was
kindly gifted by Osaka Soda (Osaka, Japan) and silanized with (3-
aminopropyl)triethoxysilane in toluene at 80 °C. All solvents
were of analytical reagent grade and dehydrated by fractional
distillation prior to use. The racemic compounds used in the ex-
periments were commercially available and their purities met

the requirements for HPLC enantioseparation.

Synthesis of Crystalline and Amorphous Cellulose
Derivatives

As illustrated in Fig. 1, CDMPC was readily synthesized via a one-
pot process, according to a previously reported method.?? Af-
ter the reaction finished, the mixture was first cooled to room
temperature and then isolated through the anti-solvent precipi-
tation procedure using two different solvents, dimethylben-
zene and methanol. After sufficient washing with the two sol-
vents, the dimethylbenzene-insoluble fraction and methanol-in-
soluble fraction were collected as the target products, c-CDM-
PC and a-CDMPC, with yields of 86.0% and 85.6%, respectively.

Preparation of Chiral Stationary Phases (CSPs)
According to a previous method, the two obtained cellulose
derivatives were dissolved in THF and coated onto amino-
propylsilanized silica gel, and the resulting CSPs were designat-
ed as CSP-c-CDMPC and CSP-a-CDMPC, respectively.?? The sil-
ica gels coated with the above derivatives were packed into
stainless-steel columns (25 cm X 0.20 cm i.d.) using a slurry tech-
nique.

The plate numbers of the two packed columns were mea-
sured as 2200 and 2400 for benzene using a mixture of hex-
ane/2-propanol (90/10, V/V) as the mobile phase at a flow rate
of 0.1 mL/min. 1,3,5-Tri-tert-butylbenzene was used as the
non-retained compound to determine the dead time (t,).1*%!

Characterization

The "H-NMR spectra of the cellulose derivatives were recorded
on a Bruker 500 MHz spectrometer using pyridine-ds as the sol-
vent.

The crystalline structures of cellulose derivatives with dif-
ferent aggregate states were characterized by X-ray diffrac-
tion (XRD) on a Rigaku D/Max-TTRIII diffractometer (Japan) in
the reflection mode.

The SEM morphologies of cellulose derivatives with differ-
ent aggregate states were observed using a Hitachi SU8010
field-emission scanning electron microscope (FE-SEM, Japan).

Chromatographic experiments were performed on a JAS-
CO PU-2089 high-performance liquid chromatograph
equipped with a JASCO UV-2070 UV-Vis detector, JASCO CD-
2095 circular dichroism detector, and JASCO AS-2055 intelli-
gent sampler.

RESULTS AND DISCUSSION

The Structures of Crystalline and Amorphous
Cellulose Derivatives
The 'H-NMR spectra of the two cellulose derivatives were

Dimethylbenzene

c-CDMPC

OH 1. DMAC/LiCI/Pyridine OCONHR Anti-solvent

2.R-NCO precipitation

2 o 0L o) T
n n
HO OH RHNOCO OCONHR Methanol
a-CDMPC
Cellulose CDMPC

Fig. 1 Scheme for the synthesis of crystalline and amorphous cellulose derivatives.
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recorded and analyzed. Fig. 2 displays the "H-NMR spectra of
CDMPCs, in which the characteristic resonance peaks of pro-
tons on the glucose units and the N—H of carbamate moieties
could be clearly assigned to both a-CDMPC and ¢-CDMPC. For
a-CDMPC, as the cellulose derivative obtained from the con-
ventional treatment using methanol as the solvent, the reso-
nance peaks observed in the range of 3.10-5.70 ppm were as-
signed to the protons on the glucose units, corresponding se-
quentially from low field to high field to H3, H2, H1, H6, H4 and
H5, respectively, and the peaks of N—H protons of the carba-
mate groups appeared in the range of 8.9-10.4 ppm./*"“? Inter-
estingly, compared with a-CDMPC, the resonance peaks from
protons on the glucose units and the N—H of crystalline c-
CDMPC shifted to varying degrees. The proton peaks of H2, H3,
and H5 in the glucose unit shifted downfield, whereas those of
H4 shifted upfield, and the H6 proton peak clearly split into two
peaks. In addition, the two N—H proton peaks shifted to a low-
er field, accompanied by a new shoulder peak at 10.23 ppm. The
above spectral differences were probably related to the struc-
tural variations between ¢-CDMPC and a-CDMPC owing to the
different arrangements of the polymer chains.[*!

In addition, compared with the amorphous a-CDMPC, the

OCONHR
6

resonance peaks of H,O in c-CDMPC shifted to a lower field,
indicating that the deshielding effect on H,O protons was en-
hanced in the system formed by the crystalline derivative. It is
likely that stronger hydrogen bonding interactions occurred
between crystalline c-CDMPC and H,0, which is favorable for
improving the chiral recognition ability of the cellulose
derivative. Moreover, the degree of substitution of 3,5-
dimethylphenylcarbamates in both cellulose derivatives was
not altered during the anti-solvent precipitation process,
which was determined to be the same at 95.6% for both
derivatives.

The crystalline structures and aggregation states of the cel-
lulose derivatives were further characterized by XRD. The XRD
patterns of a-CDMPC and ¢-CDMPC are shown in Fig. 3. For
comparison, the microcrystalline cellulose pattern is also in-
cluded in the figure. As shown in Fig. 3(a), microcrystalline
cellulose exhibits typical cellulose | crystalline characteristic
diffraction peaks, appearing at diffraction angles (26) of 14.8°,
22.3°, and 34.5°.%4 In contrast to cellulose, in Fig. 3(c), it can
be observed that ¢-CDMPC showed much sharper and in-
tense diffraction peaks at 26 values of 30.1°, 32.9°, and 34.9°,
accompanied by several weak diffraction peaks at higher an-

CH3

e 472 457
445

¢-CDMPC

a-CDMPC

Fig.2 'H-NMR spectra of cellulose derivatives in pyridine-ds at 80 °C (500 MHz).
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Fig. 3  XRD patterns of (a) cellulose, (b) a-CDMPC and (c) c-
CDMPC.

gles. This indicated that a crystalline CDMPC derivative with a
more ordered arrangement than that of microcrystalline cel-
lulose was successfully prepared by anti-solvent precipitation
in this study. In contrast, the XRD pattern of a-CDMPC (Fig.
3b) showed much broader and more diffuse peaks than those
of microcrystalline cellulose, as found within the 26 range of
5°-35°, the maximum diffraction intensities of which were lo-
cated at 26=6.1° and 22.2°, respectively.[** This suggests that
the carbamoylation reaction probably disrupted the original
orderly structure of cellulose, generating a mainly amor-
phous derivative, a-CDMPC. Because of the disordered struc-
ture, a-CDMPC exhibits higher solubility than ¢-CDMPC in
common organic solvents such as pyridine, THF, and DMSO.
For instance, a-CDMPC showed saturated solubility in pyri-
dine (145 mg/mL) at room temperature, whereas c-CDMPC
hardly dissolved in pyridine at room temperature and
reached a solubility of 115 mg/mL after heating to higher
than 40 °C.

From the above, it was revealed that crystalline CDMPC
with an ordered arrangement of polymer chains was success-
fully obtained through anti-solvent precipitation using the
aromatic solvent, dimethylbenzene. However, the polar alco-
hol methanol could only unfavorably form the amorphous
structure of the derivative, although it did not influence the
degree of substitution of phenylcarbamates as the usual sol-
vent for the post-treatment of polysaccharide derivatives.

Morphological Characterization of Crystalline and
Amorphous Cellulose Derivatives

To directly visualize the morphological differences between
crystalline and amorphous cellulose derivatives, scanning elec-
tron microscopy (SEM) was employed for the systematic charac-
terization of the two derivatives, and the results are shown in
Fig. 4. As shown in Fig. 4(a), the amorphous derivative a-CDM-
PC was composed of irregular particles with sizes smaller than 1
Mm arranged in a disordered and random style. Nevertheless,
crystalline ¢-CDMPC exhibited highly regular worm-like crys-
talline morphologies, revealing that the precipitation process
using a suitable aromatic solvent could effectively induce the

ordered arrangement of polymer chains, successfully leading to
the formation of a crystalline structure for the cellulose deriva-
tive.

Fig.4 SEM images of (a) a-CDMPC and (b) c-CDMPC.

The Structures of CDMPC-based CSPs

To further investigate the influence of the coating process of the
chiral stationary phases on the aggregation states of the cellu-
lose derivatives, the obtained coated-type CSPs were character-
ized by XRD again, and the results are shown in Fig. 5. The coat-
ing efficiencies (weight ratio of derivative to silica gel) of the two
CSPs were 18.5% and 18.7%, respectively. It was found that CSP-
a-CDMPC exhibited only a characteristic diffuse peak at
26=22.4°, which is a typical pattern of amorphous silica gel.
However, for CSP-c-CDMPC, a distinct sharp crystalline peak
was observed at 26.7° in addition to that of the silica peak,
which varied from the XRD pattern of the original c-CDMPC,
suggesting that recrystallization occurred after coating the
derivative onto the silica gel, and a new crystalline ordered
structure was formed during the preparation of the coated-type
CSP. This phenomenon was in accordance with the improved
enantioseparation ability of CSP-c-CDMPC as discussed later.
The correlation between the crystalline structure and chiral
recognition ability of coated CSPs is still in progress and will be
reported in detail in due time.

Enantioseparation Abilities of c-CDMPC and a-CDMPC
The enantioseparation abilities of two CDMPC derivatives (c-
CDMPC and a-CDMPC) with different structures were carefully
evaluated by HPLC using nine racemates (Fig. 6), and the de-
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Fig.5 XRD patterns of (a) silica gel, (b) CSP-a-CDMPC and (c) CSP-
c-CDMPC.
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Fig.6 Structures of the nine racemates Rac-1-Rac-9.
Table 1 Resolution of nine racemates on cellulose derivatives and Chiralcel OD.
CSPs CSP-a-CDMPC? CSP-c-CDMPC ® Chiralcel OD ®
Racemates kq a kq a ky a
1 0.84(+) 1.19 0.66(+) 1.20 1.05(+) 1.26
2 1.01(-) 1.24 0.47(-) 1.70 0.78(-) 2.1
3 2.22(+) 1.45 1.33(+) 1.58 2.44(+) 1.57
4 1.11(-) 1.1 0.74(-) 1.10 1.17(-) 1.15
5 2.11(-) 1.92 1.45(-) 2.35 2.33(-) 2.59
6 0.52(+) about 1 0.29(+) about 1 3.15(+) about 1
7 1.11(-) 1.30 0.88(-) 1.37 1.13(-) 1.26
8 0.64(+) 1.25 0.42(+) 1.27 - -
9 4.51(+) about 1 2.70(+) about 1 9.56(+) 1.06

2 Columns: 25 ¢cm x 0.20 cm ID. Flow rate: 0.1 mL/min. Eluent: hexane/2-propanol (90/10 V/V). The signs in parentheses represent CD signals of the first eluted
enantiomer. ® Data taken from Ref. [46].

tailed results are summarized in Table 1. For comparison, the
resolution results obtained on a commercial chiral column, Chi-
ralcel OD, using CDMPC as the chiral selector are also included S ) CH-OH
in Table 1.4 Q) CFs

chiral recognition ability for seven of the nine racemates test-
ed in this study. Interestingly, compared with amorphous
CSP-a-CDMPC, crystalline CSP-c-CDMPC showed superior
enantioseparation abilities for six racemates (Rac-1, Rac-2, t,=33.85

O t,=22.93 CSP-a-CDMPC

t,=37.33

In general, the two cellulose-based CSPs exhibited good Rac-5 tp=7.38

CSP-c-CDMPC

UV (254 nm)

t,=18.85

Rac-3, Rac-5, Rac-7 and Rac-8) with higher enantioselectivity. /\ t,=7.67

This indicated that the higher-order arrangement could effec- 0=2.35

tively improve the chiral recognition ability of the cellulose - ) / - -

derivative, which was in good agreement with previously re- 0 10 20 30 40 50 60
ported observations.l*”] However, both CSPs exhibited the Retention time (min)

same elution order for all the tested racemates. This indicates Fig.7 Chromatograms for Rac-5 resolution on CSP-a-CDMPC and
that the chiral recognition mechanism was not significantly CSP-c-CDMPC.

influenced by the crystalline structure of the cellulose deriva-

tives.

ration of 2,2,2-trifluoro-1-(9-anthryl)ethanol (Rac-5) on both

2.35, respectively. This demonstrated that the chiral anthryl
compound was successfully baseline resolved on both cellu-

Fig. 7 displays typical chromatograms for the enantiosepa- ) ) ’ oo
lose-based CSPs, and a higher enantioseparation efficiency

CSP-a-CDMPC and CSP-c-CDMPC. Using 1,3,5-tri-tert-butyl- was achieved on CSP-c-:CDMPC than on CSP-a-CDMPC, in-
benzene as a non-retained compound, the dead times (t,) cluding higher enantioselectivity and shorter retention time.
were determined to be 7.38 and 7.69 min for the two CSPs, re- This implies that the crystalline ordered structure of the for-
spectively. Based on the retention times t; and t, of the enan- mer was more favorable for improving the chiral recognition
tiomer pairs, the retention factors k; = (t;~ty)/ty and k, = ability of the cellulose derivative.

(t,~to)/ty were calculated, and the separation factor a = ky/k; More evidence on the improvement in the enantiosepara-
was obtained. The separation factors for Rac-5 on CSP-a- tion efficiency of CSP-c-CDMPC can be found in Table 1. In
CDMPC and CSP-c-CDMPC were estimated to be 1.92 and addition to the higher enantioselectivity for the six race-
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mates, the retention times for all tested compounds were sig-
nificantly shorter on crystalline CSP-c-CDMPC than on CSP-a-
CDMPC. Furthermore, compared to the powerful commer-
cially available Chiralcel OD, the former CSP also possessed
comparable or better enantioseparation capabilities with
much shorter retention times, indicating the clear advantage
of crystalline CSP-c-CDMPC. This may be closely associated
with the long-range ordered arrangement of the crystalline
structure, which provides more stable and specifically selec-
tive interaction sites for chiral recognition.231 It is worth
mentioning that flavanone (Rac-7), an important chiral drug,
could be better resolved with much higher enantioselectivity
on CSP-c-CDMPC than on Chiralcel OD. Owing to its multiple
pharmacological activities, including anti-inflammatory, anti-
tumor, and cardiovascular protective effects, large-scale
preparation of pure enantiomers of this chiral drug is in high
demand for the clinical treatment of hepatitis, cirrhosis, and
cardiovascular diseases.*8-51 The crystalline cellulose deriva-
tive prepared in this study may be a useful tool for the enan-
tioseparation of other chiral compounds, including chiral
pharmaceuticals, highlighting the great application potential
of chiral recognition materials with crystalline structures.

CONCLUSIONS

In this study, two cellulose tris(3,5-dimethylphenylcarbamate)
derivatives with crystalline and amorphous structures were suc-
cessfully prepared via anti-solvent precipitation using different
solvents. The structures, crystalline properties, and morpholo-
gies of the derivatives were characterized using "H-NMR, XRD,
and SEM. The influence of the crystalline structure of CDMPC
derivatives on their chiral recognition abilities was systematical-
ly investigated. It was verified that the ordered crystalline ar-
rangement of the polymer chains of CDMPC could be effective-
ly induced by aromatic dimethylbenzene after derivatization,
forming a crystalline c-CDMPC with uniform and compact
worm-like morphology, whereas the amorphous derivative, a-
CDMPC, was obtained by regular treatment with polar alco-
holic methanol. Interestingly, the CSP derived from c-CDMPC
possessed higher enantioseparation efficiency with higher
enantioselectivity and much shorter retention times for most
racemates compared to those of a-CDMPC. Crystalline CSP-c-
CDMPC also exhibited comparable or better enantioseparation
capabilities with much shorter retention than Chiralcel OD, indi-
cating the clear advantage of crystalline CSP-c-CDMPC. This
suggests that the ordered crystalline arrangement probably ex-
erts a crucial effect on the chiral recognition ability of the cellu-
lose derivative, favoring more stable and selective interactions
for enantioselective recognition. An important chiral drug, fla-
vanone (Rac-7), was better resolved on crystalline ¢-CDMPC
than on Chiralcel OD, implying that crystalline c-:CDMPC may
have promising potential for the enantioseparation of some chi-
ral compounds, including chiral pharmaceuticals, especially for
the large-scale preparation of pure enantiomers. This study pro-
vides a new strategy for the development of crystalline cellu-
lose derivatives with high chiral recognition ability and provides
a preliminary understanding of the correlation between the
crystalline ordered arrangement and chiral recognition ability of
cellulose derivatives.
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Crystalline cellulose tris(3,5-dimethylphenylcarbamate) exhibited higher chiral recognition abilities with shorter retention
times than amorphous derivative and Chiralcel OD. The ordered crystalline arrangement played a crucial role in chiral

recognition.

The carbamoylation of cellulose
OCONHR

)
o5,
RHNOCO ™ OCONHR
CH,
R=

Dimethylbenzen:

Anti-solvent :
precipitation < ] a-CDMPC

CHs
CDMPC DMAC/LICl system Pyridine

(csP-c-cDMPC a=235

v' Higher enantioselectivity
v' Shorter retention time

CSP-a-CDMPC

W,
2
W)

CFs

10 20 30 40 50
Retention time (min)

Methanol

10 20 30 40 50 60

CSP-c-CDMPC

1

CSP-a-CDMPC )
Coated-type
CSPs

Chinese J. Polym. Sci., 2026 https://doi.org/10.1007/5s10118-026-3745-z

the 2,3-and 6-positions for efficient chromatographic
enantioseparation. J. Chromatogr. A 2018, 1572, 54-61.

Wang, F.; Wang, Y. Q.; Min, Y. X;; Li, J. Q.; Zhang, L. L,; Zheng, T.;
Shen, J.; Okamoto, Y. Preparation of cellulose derivative bearing
bulky 4-(2-benzothienyl)phenylcarbamate substituents as chiral
stationary phase for enantioseparation. Chirality 2022, 34,
701-710.

Okamoto, Y. Yashima, E. Polysaccharide derivatives for
chromatographic separation of enantiomers. Angew. Chem. Int.
Ed. 1998, 37,1020-1043.

Peluso, P,; Chankvetadze, B. Recognition in the domain of
molecular chirality: from noncovalent interactions to separation
of enantiomers. Chem. Rev. 2022, 122, 13235-13400.

Ichida, A.; Shibata, T.; Okamoto, I.; Yuki, Y,; Namikoshi, H.; Toga, Y.
Resolution of enantiomers by high-performance liquid
chromatography (HPLC) on cellulose derivatives.
Chromatographia 1984, 19, 280—284.

Li, G, Dai X., Min Y. X, Yu C,, Ikai T., Zhang L. L., Shen J., Okamoto
Y, Cellulose phenylcarbamate-derived hybrid bead-type chiral
packing materials for efficient chiral recognition. Cellulose 2021,
28, 347-358.

Yashima, E.; lida, H.; Okamoto, Y. Enantiomeric differentiation
using synthetic helical polymers. Topics Curr. Chem. Schurig.

2013, 340, 41-72.

21 lkai, T; Yamamoto, C; Kamigaito, M., Okamoto, Y. Organic-
inorganic hybrid materials for efficient enantioseparation using
cellulose  3,5-dimethylphenylcarbamate  and  tetraethyl
orthosilicate. Chem. Asian. J. 2008, 3, 1494—1499.

22 Okamoto, Y. Kawashima, M., Hatada, K. Chromatographic
Resolution. XlI. Controlled chiral recognition of cellulose
triphenylcarbamate derivatives supported on silica gel. J.
Chromatogr. A. 1986, 363, 173—-186.

23 Okamoto, Y.; Aburatani, R.; Hatada, K. Chromatographic optical
resolution on 3,5-disubstituted phenylcarbamates of cellulose
and amylose. Bull. Chem. Soc. Jpn. 2006, 63, 955—957.

24 Chankvetadze, B.; Yashima, E; Okamoto, Y.
Chloromethylphenylcarbamate derivatives of cellulose as chiral
stationary phases for high-performance liquid chromatography.
Chem. J. Chromatogr. A 1994, 690, 39-49.

25 Kubota, T.; Yamamoto, C,; Okamoto, Y. Tris(cyclohexylcarbamate)
of cellulose and amylose as potential chiral stationary phases for
high-performance liquid chromatography and thin-layer
chromatography. J. Am. Chem. Soc. 2000, 122, 4056—4059.

26 Wang, F.; Wang, W. Q.; Wang, Y. Q.; Zheng, W.; Zheng, T.; Zhang,
L. L; Okamoto, Y.; Shen, J. Synthesis of amylose and cellulose
derivatives bearing bulky pendants for highly efficient chiral

https://doi.org/10.1007/510118-026-3745-z


https://doi.org/10.1016/j.chroma.2018.08.032
https://doi.org/10.1002/chir.23425
https://doi.org/10.1002/(SICI)1521-3773(19980504)37:8<1020::AID-ANIE1020>3.0.CO;2-5
https://doi.org/10.1002/(SICI)1521-3773(19980504)37:8<1020::AID-ANIE1020>3.0.CO;2-5
https://doi.org/10.1021/acs.chemrev.1c00846
https://doi.org/10.1002/asia.200800022
https://doi.org/10.1246/bcsj.63.955
https://doi.org/10.1021/ja992421q
https://doi.org/10.1007/s10118-026-3745-z
https://doi.org/10.1007/s10118-026-3745-z
https://doi.org/10.1007/s10118-026-3745-z
https://doi.org/10.1007/s10118-026-3745-z
https://doi.org/10.1007/s10118-026-3745-z
https://doi.org/10.1007/s10118-026-3745-z
https://doi.org/10.1007/s10118-026-3745-z

27

28

29

30

31

32

33

34

35

36

37

38

39

Zhang, Y. T. et al./ Chinese J. Polym. Sci.

fluorescent sensing. Carbohydr. Polym. 2023, 311, 120769.

Gong, W.; Chen, Z. J,; Dong, J. Q; Liu, Y.; Cui, Y. Chiral metal-
organic framework. Chem. Rev. 2022, 122,9078-9144.

Lohse, M. S.; Bein, T. Covalent organic framework: structures,
synthesis, and applications. Adv. Funct. Mater. 2018, 28, 1705553.
Chen, L,; Reiss, P. S.; Chong, S. Y.; Holden, D.; Jelfs, K. E; Hasell, T.;
Little, M.A.; Kewley, A.; Briggs, M. E.; Stephenson, A.; Thomas, K.
M.; Armstrong, J. A; Bell, J.; Busto, J.; Noel, R,; Liu, J.; Strachan, D.
M.; Thallapally, P. K.; Cooper, A. |. Separation of rare gases and
chiral molecules by selective binding in porous organic cages.
Nat. Mater. 2014, 13, 954-960.

Zhang, J. H,; Xie, S. M,; Wang, B. J,; He, P. G;; Yuan, L. M. Highly
selective separation of enantiomers using a chiral porous organic
cage. J. Chromatogr. A 2015, 1426, 174—182.

Wang, F. M. J;; He, K. Q.; Wang, R. X;; Ma, H. Y.; Marriott, P. J; Hill,
M. R.; Simon, G. P.; Holl, M. M. B,; Wang, H. T. Homochiral porous
organic cage-polymer membranes for enantioselective
resolution. Adv. Mater. 2024, 36, 2400709.

Wang, F. M. J;; Ly, Y. Z. H; He, K. Q.; Marriott, P. J; Hill, M. R.; Wang,
H. T. Preparation of COF-based membranes via chiral induction
for efficient enantioselective resolution. Adv. Membr. 2025, 5,
100113.

Yuan, C,; Fu, S. G;; Yang, K. W.; Hou, B,; Liu, Y.; Jiang, J. W.; Cui, Y.
Crystalline C-C and C=C bond-linked chiral covalent organic
frameworks. J. Am. Chem. Soc. 2021, 143,369-381.

Ma, H. C; Jiang, H. P,; Yao, Z. H,; Tan, J. F; Xing, Y. Y,; Chen, G. J,;
Dong, Y. B. Binaphthyl-based chiral covalent organic frameworks
for chiral drug separation. Chem. Commun. 2024, 60,
10580-10583.

Wu, J. Q, Li, L. Y, Cao, L. Q.; Liu, X; Li, R. J; Ji, Y. B. Chirality-
controlled mercapto-B-cyclodextrin covalent organic
frameworks for selective adsorption and chromatographic
enantioseparation. Acs. Appl. Mater. Inter. 2023, 15,
27214-27222.

Ma, J. Q.; Huang, W. Y., Huang, X. Y.; Yang, N.; Gong, J.; Xie, Z. Y.;
Li, G. K,; Liao, Q. F.; Chen, Y. L. Construction of dual-chiral
covalent organic frameworks for enantioselective separation. J.
Chromatogr. A. 2024, 1728, 465014.

Zhang, S.N.; Zheng, Y. L,; An, H. D.; Aguila, B.; Yang, C. X,; Dong, Y.
Y.; Xie, W,; Cheng, P.; Zhang, Z. J; Chen, Y.; Ma, S. Q. Covalent
organic frameworks with chirality enriched by biomolecules for
efficient chiral separation. Angew. Chem. Int. Edit. 2018, 57,
16754-16759.

Gao, R. T,; Kang, S. M;; Zong, Y,; Li, T. T,; Liu, N,; Wu, Z. Q. Polymer
frameworks with controllable pore size and chirality for
enantioseparation of racemates with different sizes and
chiralities. ccs Chem. 2026, DOI:
10.31635/ccschem.026.202506825.

Gao, R. T,; Yu, J. X;; Ti, Q. H.; Mo, M. Y.; Liu, N.; Wu, Z. Q. Precise
synthesis of racemate-based one-handed helical polymers as
recyclable homogeneous chiral catalysts for multiple asymmetric
reactions. J. Am. Chem. Soc. 2025, 147,37521-37533.

40

41

42

43

44

45

46

47

48

49

50

51

Koller, H.; Rimbck, K. H.; Mannschreck, A. High-pressure liquid
chromatography on triacetylcellulose. Characterization of
sorbent for separation of enantiomers. J. Chromatogr. 1983, 282,
89-94.

Kaida, Y., Okamoto, Y. Optical resolution of regioselectively
carbamoylated cellulose and amylose with 3,5-dimethylphenyl
and 3,5-dichlorophenyl isocyanates. Chem. Bull. Chem. Soc. Jpn.
2006, 66, 2225-2232.

Yamamoto, C,; Yashima, E.; Okamoto, Y. Computational studies
on the chiral discrimination mechanism of phenylcarbamate
derivatives of cellulose. Bull. Chem. Soc. Jpn. 2004, 72,
1815-1825.

Chankvetadze, B.; Chankvetadze, L.; Sidamonidze, S.; Kasashima,
E.; Yashima, E,; Okamoto, Y. 3-Fluoro-, 3-chloro-, and 3-bromo-5-
methylphenylcarbamates of cellulose and amylose as chiral
stationary phases for high-performance liquid chromatographic
enantioseparation. J. Chromatogr. A. 1997, 787, 67-77.

Sharma, P. R; Rajamohanan, P. R,; Varma, A. J. Supramolecular
transitions in native cellulose | during progressive oxidation
reaction leading to quasi-spherical nanoparticles of 6-
carboxycellulose. Carbohydr. Polym. 2014, 113, 615-623.

Kasat, R. B.; Wang, N. H. L; Franses, E. |. Effects of backbone and
side chain on the molecular environments of chiral cavities in
polysaccharide-based biopolymers. Biomacromolecules 2007, 8,
1676—-1685.

Chen, X. M. Yamamoto, C; Okamoto, Y. Influence of vinyl
monomers and temperature on immobilization of cellulose 3,5-
dimethylphenylcarbamate onto silica gel as chiral stationary
phases for high-performance liquid chromatography. Chem. J.
Chromatogr. A. 2006, 1104, 62—68.

Yan, Y. L; Guo, D.; Wu, J. L; Tang, X. H.; Luo, J. J; Li, S. Q. Fan, J;
Zheng, S. R; Zhang, W. G Cai, S. L. Fabrication of cellulose
derivative-coated spherical covalent organic frameworks as
chiral stationary phases for high-performance liquid
chromatographic enantioseparation. J. Chromatogr. A 2022,
1675,463155.

Asztemborska, M.,  Zukowski, J. Determination of
diastereomerization barrier of some flavanones by high-
performance liquid chromatography. J. Chromatogr. A 2006,
1134,95-100.

Gao, R. T,; Zong, Y.; Li, T. T,; Liu, N,; Wu, Z. Q. Three-dimensional
supramolecular polymer frameworks with precisely tunable and
large apertures for enzyme encapsulation. Chinese Chem. Lett.
2026, 1,361-367.

Liu, B. H.; Zong, Y.; Liu, N.; Wu, Z. Q. Advances in self-assembly-
based circularly polarized luminescent materials. Sci. China Chem.
2024, 67,3247-3257.

Gao, R. T.; Ma, Y. Y, Xu, Y; Wang, J; Liu, N, Liu, F; Wu, Z. Q.
Eugenol-based optically active helical polymers: From controlled
synthesis to post-polymerization modification and chiral
recognition. Sci. China Mater. 2026, DOI: 10.1007/s40843-025-
3913-3.

https://doi.org/10.1007/510118-026-3745-z


https://doi.org/10.1016/j.carbpol.2023.120769
https://doi.org/10.1002/adfm.201705553
https://doi.org/10.1038/nmat4035
https://doi.org/10.1016/j.chroma.2015.11.038
https://doi.org/10.1002/adma.202400709
https://doi.org/10.1016/j.advmem.2024.100113
https://doi.org/10.1021/jacs.0c11050
https://doi.org/10.1039/D4CC02028F
https://doi.org/10.1021/acsami.3c04066
https://doi.org/10.1016/j.chroma.2024.465014
https://doi.org/10.1016/j.chroma.2024.465014
https://doi.org/10.1002/anie.201810571
https://doi.org/10.31635/ccschem.026.202506825
https://doi.org/10.1021/jacs.5c12015
https://doi.org/10.1246/bcsj.66.2225
https://doi.org/10.1246/bcsj.72.1815
https://doi.org/10.1016/j.carbpol.2014.07.056
https://doi.org/10.1021/bm070006h
https://doi.org/10.1016/j.chroma.2005.11.044
https://doi.org/10.1016/j.chroma.2005.11.044
https://doi.org/10.1016/j.chroma.2022.463155
https://doi.org/10.1016/j.chroma.2006.08.068
https://doi.org/10.1016/j.cclet.2025.111582
https://doi.org/10.1007/s11426-024-2084-1
https://doi.org/10.1007/s40843-025-3913-3
https://doi.org/10.1007/s40843-025-3913-3
https://doi.org/10.1007/s40843-025-3913-3
https://doi.org/10.1007/s40843-025-3913-3
https://doi.org/10.1007/s40843-025-3913-3
https://doi.org/10.1007/s40843-025-3913-3
https://doi.org/10.1007/s40843-025-3913-3
https://doi.org/10.1007/s10118-026-3745-z
https://doi.org/10.1007/s10118-026-3745-z
https://doi.org/10.1007/s10118-026-3745-z
https://doi.org/10.1007/s10118-026-3745-z
https://doi.org/10.1007/s10118-026-3745-z
https://doi.org/10.1007/s10118-026-3745-z
https://doi.org/10.1007/s10118-026-3745-z

	INTRODUCTION
	EXPERIMENTAL
	Chemicals
	Synthesis of Crystalline and Amorphous Cellulose Derivatives
	Preparation of Chiral Stationary Phases (CSPs)
	Characterization

	RESULTS AND DISCUSSION
	The Structures of Crystalline and Amorphous Cellulose Derivatives
	Morphological Characterization of Crystalline and Amorphous Cellulose Derivatives
	The Structures of CDMPC-based CSPs
	Enantioseparation Abilities of c-CDMPC and a-CDMPC

	CONCLUSIONS
	REFERENCES

