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Preparation and application of porous organic cage
capillary electrochromatographic chiral column

JIA Wenyan, TANG Minghua, ZHANG Junhui, YUAN Liming *
(School of Chemistry and Chemical Engineering, Yunnan Normal University, Kunming 650500, China )

Abstract: Capillary electrochromatography for enantioseparation has received considerable
research attention in the past decades, because it integrates the advantages of classical electro-
phoresis and modern micro-column separation. Chirality is a fundamental feature of compounds
found in nature and is also a major concern in the modern pharmaceutical industry. Porous
organic cages (POCs) are defined as a class of porous materials with permanent ordered three-
dimensional cavity structures that are different from those of porous materials, such as zeolite,
metal-organic frameworks, covalent organic frameworks, and mesoporous silica. POCs have
good solubility in general organic solvents and can be used as a chromatographic stationary
phase conveniently coated inside a standard capillary column. Homochiral POCs with hydroxyl
groups on the cage molecules were synthesized by imine-linked condensation of 2-hydroxy-1,3,
5-triformylbenzene with (1R,2R)-1,2-diphenylethylenediamine. The thus-synthesized POCs
were characterized by nuclear magnetic resonance ( NMR) spectroscopy, Fourier-transform
infrared ( FT-IR) spectroscopy, X-ray powder diffraction ( XRD) analysis, etc. In the FT-IR
spectra, the absorption peaks at 1 602, 1489, and 1458 cm™' were attributed to the C=C-H

and C=C tensile vibrations in the benzene ring. The strong characteristic absorption peak at
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1 636 cm™' was attributed to the imine bond (C=N) stretching, the two peaks at about 2 900
" were attributed to C—H bond vibration, and the absorption peak at 3 420 cm™' was attribu-
ted to the O-H pulling vibration. In the XRD patterns, the powder diffraction peaks of the POCs

were consistent with the simulated data. These results indicated that POCs were successfully

cm

synthesized. Thermogravimetric analysis was performed in the temperature range of 25-800 C
(10 C/min) , and the POCs were found to be stable up to 380 C. Dichloromethane was used as
solvent to uniformly coat POCs on the capillary wall to prepare an electrochromatography col-
umn. Joule heat generated in electrophoresis was negligible under the experiment condition
used for the open-tubular column. Four chiral compounds, viz. dihydroflavone, praziquantel,
naproxen, and 3, 5-dinitro-N-( 1-phenylethyl ) benzamide, were used as test compounds, and
the electrochromatography separation conditions were optimized such that the best separations
were obtained. The voltage was applied to separate the selected enantiomers in the range of 10
-20 kV . Considering the good separation and appropriate migration time simultaneously,
applied voltages of 13 kV and 12 kV were recommended for dihydroflavones and 3, 5-dinitro-N-
( 1-phenylethyl ) benzamide, respectively, as well as 14 kV for praziquantel and naproxen. The
concentration of the buffer solution for dihydroflavonoids was 0. 075 mol/L, and those for praz-
iquantel, naproxen, and 3, 5-dinitro-N-( 1-phenylethyl ) benzamide were 0. 100 mol/L. The pH
was 3. 51 for all four substances. Resolutions of 2. 99, 2. 10, 2. 58, and 3. 59 were achieved on a
POC chiral column for dihydroflavonoids, praziquantel, naproxen, and 3,5-dinitro-N-( 1-pheny-
lethyl ) benzamide, respectively. Two positional isomers, viz. o, m, p-nitrophenol and o, m, p-
nitrophenilamine, were also successfully separated with 0. 100 mol/L Tris-H,PO, at pH 3. 51.
Therefore, the chiral electrochromatography column showed good chiral recognition ability and
the POC is an excellent separation material with excellent application prospect in chiral electro-
chromatography.

Key words: capillary electrochromatography ( CEC); chiral separation; chiral compounds;

porous organic cages (POCs)
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Table 1 Separation results of the four racemates at different separation voltages

Sample Separation voltage/kV ~ t,/min t,/min  N,/(plates/m) N,/(plates/m) « R,
Dihydroflavone 12 23.94 24.56 143995 151550 1.03 1.74
13 19.01 19.77 138549 119962 1.04 2.49
14 17.12 17.78 41422 44677 1.04 1.39
3,5-Dinitro-N- ( 1-phenylethyl ) 11 23.96 24.28 196321 180938 1.01 1.02
benzamide 12 22.76 23.42 198603 151933 1.03 2.10
13 15.82 16.24 141480 114148 1.03 1.65
Praziquantel 13 28.00 29.33 75144 59572 1.05 2.12
14 26.40 28.02 63039 57193 1.06 2.58
15 23.87 25.07 43719 32910 1.05 1.69
Naproxen 13 28.72 30.24 89250 32309 1.05 2.04
14 24.31 26.32 63945 66397 1.08 3.59
15 20.01 21.58 20083 53693 1.08 2.38
N: numbers of theoretical plates; «: separation factor; R, : resolution.
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BE) 2R FE M | s T ) 3 B R T R (R Yk
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Table 2 Separation results of the four racemates at different concentrations of buffer solution

Sample ¢(Buffer)/(mol/L) ¢,/min t,/min  N,/(plates/m) N,/(plates/m) a R,
Dihydroflavone 0.050 12.38 12.92 42454 82201 1.04 1.82
0.075 17.03 18.22 60745 63857 1.07 2.99
0.100 19.01 19.77 138549 119962 1.04 2.49
0.125 21.04 21.52 148976 127893 0.82 1.23

3,5-Dinitro-N-( 1-phenylethyl ) 0.050 16.32 - 62347 - - -
benzamide 0.075 19.14 19.47 83864 72920 1.02 0.85
0.100 22.76 23.42 198603 151933 1.03 2.10
0.125 29.31 29.89 99048 85631 1.02 1.05

Praziquantel 0.050 18.13 - 38977 - - -
0.075 22.36 23.10 40465 40944 1.03 1.16
0.100 26.40 28.02 63039 57193 1.06 2.58
0.125 29.61 30.36 70959 74600 1.03 1.20
Naproxen 0.050 15.59 16.01 154987 165741 0.79 2.47
0.075 18.27 19.43 127973 144739 1.06 3.42
0.100 24.31 26.32 63945 66397 1.08 3.59

0.125 28.62 - 41085 - - -

—: not detected.
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Table 3 Separation results of the four racemates at different pH values of buffer solution

Sample pH t,/min t,/min N,/ (plates/m) N,/ (plates/m) «a R,
Dihydroflavone 2.48 20.01 20.71 60856 89834 1.03 1.65
3.51 17.03 18.22 60745 63857 1.07 2.99
4.50 13.39 13.72 88291 52142 1.02 1.11
3,5-Dinitro-N-( 1-phenylethyl ) 2.48 29.64 30.38 38936 42591 1.02 0.88
benzamide 3.51 22.76 23.42 198603 151933 1.03 2.10
4.50 18.02 18.23 81585 76079 1.01 0.58
Praziquantel 2.48 35.01 36.17 30253 43090 1.03 1.10
3.51 26.40 28.02 63039 57193 1.06 2.58
4.50 20.02 20.42 65693 68344 1.02 0.91
Naproxen 2.48 37.70 39.50 144608 168823 1.05 3.27
3.51 24.31 26.32 63945 66397 1.08 3.59
4.50 22.50 - 106038 - - -
s 25 13k 3 LRI BFS R I, 155 4 FhFAE
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