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Abstract: Metal organic frameworks ( MOFs) are crystalline compounds composed of metal

ions (or metal clusters) and organic ligands. Chiral MOFs have been successfully utilized as no-
vel materials for the separation of chiral enantiomers by chromatography, demonstrating excel-
lent chiral separation performance. In this study, a chiral MOF-modified silica monolithic capil-
lary column was used for pressurized capillary electrochromatography. First, a chiral MOF ( Co-
glycyl-L-glutamic acid, Co-L-GG) was synthesized. This MOF was then used to prepare a chiral
capillary monolithic column via a one-step in situ polymerization method. The optimal condi-
tions for preparing the chiral capillary monolithic column were determined as follows: Co-L-GG
amount, 5 mg; polyethylene glycol amount, 0. 96 mg; tetramethoxysilane dosage, 3. 6 mL; tri-
methoxymethylsilane dosage, 0. 4 mL. Next, the effects of the separation conditions on the sep-
aration of chiral drugs were investigated. Under the conditions of an applied voltage of —20 kV
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and a mobile phase consisting of acetonitrile and 20 mmol/L disodium hydrogen phosphate (80
:20, v/v), six chiral drugs were separated within 3 min, with baseline separation achieved for
amlodipine, fluvastatin, and tryptophan. Moreover, the prepared chiral capillary monolithic col-
umn exhibited good reproducibility and stability. Finally, molecular docking studies were con-
ducted using AutoDock to explore the chiral recognition mechanism, and the results were ana-
lyzed using Discovery Studio. The results indicated that larger differences in binding free energy
between Co-L-GG and the enantiomers of the chiral drugs were correlated with higher enantios-
electivity factors. However, this correlation did not necessarily lead to an increase in resolution.
Co-L-GG, which is enriched with primary amines, secondary amines, and carbonyl groups,
demonstrated enantiomeric recognition capability. In conclusion, this study demonstrates that
chiral MOFs can be effectively used as chiral functional monomers to prepare chiral monolithic
capillary columns, highlighting their significant potential for the separation and analysis of
chiral compounds. The comprehensive exploration of the synthesis, characterization, and appli-
cations of these MOFs will help provide valuable insights into the development of advanced sep-
aration technologies.

Key words: chiral metal organic frameworks ( CMOF) ; silica monolithic capillary column;

chiral separation; recognition mechanism; molecular docking; pressurized capillary electro-

chromatography (pCEC)
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Fig. 1 Schematic diagram of synthesis of co-glycyl-L-
glutamic acid ( Co-L-GG)
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Fig. 2 Characterizations of Co-L-GG and chiral metal organic framework modified
silica monolithic capillary column ( CMOF-SMCC)
a. infrared spectra of (1) Co-L-GG, (2) monolithic polymer with Co-L-GG and (3) monolithic polymer without Co-L-GG; b. powder
X-ray diffraction pattern of Co-L-GG; c¢ and d. scanning electron microscope images of CMOF-SMCC.
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Fig. 3 Enantioseparations of chiral drugs (0.1 mg/mL)
Mobile phase: ACN-20 mmol/L NaH,PO, (80:20, v/v) ; backpressure valve pressure: 1. 72 MPa; applied voltage: —20 kV; flow rate:

0. 05 mL/min.
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F AR 53 TR EAE R R 50 A A n &0 ik
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BEE 25 A A R XHE RIS i n, 5 S-2 5

WAL, Co-L-GG 5 R-FFE M2 £ T — 14
AT —A m-o MEAEH, W, S8 70
HAEHE R, i Co-L-GG 5 R-Z & M1 F 2 8] iy
HHEMEHER, 5 S-FEARIBHA L, Co-L-GG 5 R-
AR M 2T 2 A8, LA BAE o
5 R-FAMITAHI, Co-L-GG 5 S-\M&MiTL T 2
ANEHE, DT —A -0 FEAER, AR B AE b
Wi, 5 D-(EMRHM L, Co-L-GG 5 L- (A% iR 2 [H]
ZT3ANEE, LT 1A m-o HEAER, H A EAE
S5, HeAh, B 4 B30 T Co-L-GG (1A i
Y R FE A AR B AR A T e P 2 SR
Xof X A 43 B e A I Tk

* 1 Co-L-GG 5EXMUEHMEE B HEE . &6 HHEEE o R, NS FRMEEER (GEELNRIM)
Table 1 Binding free energies (AG), binding free energy differences ( |AAG|), enantioselectivity factors («), resolutions
(R,), and molecular interactions ( except for van der Waals force) of Co-L-GG with enantiomers

Analyte AG/ (kcal/mol) IAAG |/ (kcal/mol) R, Molecular interactions
R-Amlodipine -3.28 0.35 1.39 1.72 three hydrogen bondings
S-Amlodipine -2.93 two hydrogen bondings, and one 7-o interaction
R-Chlorpheniramine -5.93 0.19 1.17 0.69 six hydrogen bondings
S-Chlorpheniramine -5.74 four hydrogen bondings
R-Fluvastatin -4.58 0.27 1.28 1.11 three hydrogen bondings, and one 7-¢ interaction
S-Fluvastatin -4.85 five hydrogen bondings
D-Tryptophan -3.52 0.37 1.41 1.21 two hydrogen bondings, and one 7-¢ interaction
L-Tryptophan -3.89 five hydrogen bondings

R-Fluvastatin

. \_S-Chlgrpheniramine

& 4 i#it Discovery Studio 1 F{-FhE S taE
Fig. 4 Host-guest complex configurations analyzed by Discovery Studio
Blue: N; green: Cl; grey: C; white, H; red: O. Green dotted line: hydrogen bonding; orange dotted line. 7 interaction. For each

configuration . left, guest; right, host.
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