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Preparation and Evaluation of a Novel bis( #—cyclodextrin)-bonded
SBA-15 Chiral Stationary Phase for HPLC

Zhou, Rendan Li, Laisheng* Cheng, Biaoping Nie, Guizhen Zhang, Hongfu
(Center of Analysis and Testing, Nanchang University, Nanchang 330047)

Abstract The bridged S-cyclodextrin has been widely used as artificial enzymes due to its synergistic inclusion effect and
unique multi-recognition function. In this paper, we employed bridged S-cyclodextrin as ligand in order to explore its chiral
separation function. A novel N,N'-ethylenediamino bridged bis(#-cyclodextrin)-bonded SBA-15 chiral stationary phase
(BCDSP) for HPLC was first developed by solid successive reaction method. In the first step, a 6-O-toluene-sulfonyl-4-
cyclodextrin was bonded to ordered mesoporous SBA-15 by using 3-isocyanatopropyltriethoxysilane as coupling reagent.
Then the bonded SBA-15 silica continued to react with mono-(6-ethylenediamino-6-deoxy)-f-cyclodextrin and obtained the
BCDSP with bridged double f-cyclodextrin ligand. Its chemical structure was characterized by mass spectrometry, infrared
spectroscopy, elemental analysis, thermogravimetric analysis and transmission electron microscopy. The basic chroma-
tographic property of new stationary phase was evaluated in polar organic mode and used for the separations of S-blockers
enantiomers. Some effect factors such as the concentrations of organic solvent, triethylamine (TEA) and glacial acetic acid
(HOAC) in mobile phase, column temperature on the resolution were investigated. The 14 kinds of S-blockers enantiomers on
BCDSP column were successfully separated under the optimized chromatographic conditions, in which the resolutions of
propranolol enantiomers and carvedilol enantiomers were 2.18 and 2.01 within 10~20 min, respectively. By comparative
study, the bis(f-cyclodextrin)-bonded phase could separate all 14 kinds of f-blockers enantiomers, while native
p-cyclodextrin-bonded phase (CDSP) with single ring ligand could partially resolve about 4 kinds of them under optimized
condition. Moreover, the resolutions of drugs on BCDSP were more than those on native f-cyclodextrin column. The chro-
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matographic data analysis showed that BCDSP with double S-cyclodextrin ligand exhibited a stronger enantioseparation abil-
ity and wider analytes as comparison with the native f-cyclodextrin stationary phase. The excellent property of BCDSP
should be due to the double S-cyclodextrin ligand expands the chiral recognization for enantiomers of drugs. Meanwhile, the
inclusion interaction from double cavities and the hydrogen bonding interaction from the bridged ethylenediamino group with
the tested enantiomers improved the chiral selectivities of S-blockers. The ordered pore of SBA-15 could also reduce the
mass transfer resistance and enhance the chiral chromatographic property of BCDSP. According to chromatographic data, the
similarities and differences of separation mechanism of double f-cyclodextrin and single S-cyclodextrin stationary phases
were discussed. On the one hand, the inclusion complexing and hydrogen bonding interactions of BCDSP played important
roles in chiral separations, which was similar to the common single-f-cyclodextrin stationary phase. On the other hand, the
synergistic interaction of double S-cyclodextrin cavities could expand spatial recognition domain, making BCDSP with better
chiral chromatographic performance, wider analytes, higher resolution and shorter analysis time. This new stationary phase
has clear and stable structure of ligand, convenient preparation method, lower cost, especially, its excellent enantioseparation
ability. The exploration of this double S-cyclodextrin-bonded phase could provide a kind of new type separation material for
wide chiral drugs. It has a research significance and bright prospect in quality-controlling of chiral drugs.

Keywords high performance liquid chromatography; ethylenediamino bridged bis(8-cyclodextrin)-bonded SBA-15 chiral

stationary phase; synergistic separation mechanism; S-blockers; chiral drugs
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Figure 4 The chemical structures of S-blockers chiral drugs
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Figure 5

metoprolol
Chromatographic conditions: mobile phase: ACN/MeOH/TEA/HOAc =
95/5/2/2, detection wavelength: 275 nm, injection volume: 5 uL, flow rate: 1.0
mL/min, temperature: 273, 278, 283, 288, 293 K (top to bottom)

The effect of temperature on the enantioseparation of

K1 BZARPHINFITE BCDSP (¥4 B 45 1
Table 1 Separation results of -blockers on BCDSP

Compounds ki ky k3 a R M
TEA/HOAc

Metoprolol  3.38  3.90 1.15 1.66 95/512/2 275 nm
Atenolol 9.60 12.02 1.25 1.57 93/7/4/4 275 nm
Esmolol 6.36 791 1.24 1.59 95/5/1/1 275 nm
Propranolol  3.51 4.44 1.26 2.18 95/5/1/1 290 nm
Alprenolol  4.85 5.46 1.13 1.39 95/5/1/1 270 nm
Bisoprolol  4.59 4.97 1.08 0.74 97/3/2/2 272 nm
Sotalol 693 7.29 1.05 0.86 99/1/4/4 275 nm
Celiprolol ~ 9.38 9.98 1.06 0.78 95/5/1/1 332 nm
Pindolol 5.64 598 1.06 0.77 97/3/2/2 263 nm
Carteolol 6.81 7.40 1.09 0.75 95/5/2/2 254 nm
Arotinolol  8.78 10.76 1.23 1.58 85/15/1/1 316 nm
Carvedilol 5.66 7.44 1.31 2.01 95/5/4/4 285 nm
Labetalol  8.78 9.77 10.64 95/5/2/2 306 nm
Nadolol 11.85 13.43 15.43 95/5/2/2 276 nm

K2 RATHRIEAFRLEE T 02> B

Table 2 Separation results for metoprolol at different temperatures

K /T Ky Ik K, Ik «a Ina R

273.00 0.003663 7.43 2.01 9.18 222 124 02151 1.22
278.00  0.003597 591 1.78 6.68 190 1.13 0.1222 1.28
283.00 0.003534 4.84 1.58 587 1.77 121 0.1906 1.39
288.00  0.003472 3.38 1.22 390 136 1.15 0.1398 1.66
293.00 0.003413 2.50 092 2.77 1.02 1.12 0.1133 0.87
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Figure 6 The reproducible chromatograms of propranolol enantiomers
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Figure 7 The optimized chromatograms of 4 kinds of f-blockers on CDSP
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Figure 8 Some chiral chromatograms of f-blockers on BCDSP
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Figure 9 Transmission electron microscopy image of SBA-15
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Figure 10 Synthesis route of the ethylenediamino bridged bis(5-cyclodextrin)-bonded SBA-15 chiral stationary phase (BCDSP)
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