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Enantiomers in chiral substances can be produced via methods like asymmetric synthesis, 

crystallization, enzymatic reactions, and optical resolution. Among these, HPLC with chiral stationary 

phases and, more recently, supercritical fluid chromatography (SFC) have been widely used, 

especially in pharmaceuticals. SFC offers faster separation and easier solvent removal due to the 

features of supercritical CO₂ evaporation. Analytical methods like NMR, XRD, ECD, and VCD help 

identify enantiomers.

     In this study, bromuconazole was separated into four isomers using semi-prep SFC and compared 

with semi-prep LC. We applied fractionated peaks by semi-prep LC to ECD and VCD spectral 

measurements for determination of  their absolute configurations.     

Introduction

Experimental
Instruments

Measurement Conditions

Semi-prep SFC

ECD

Cell length:  5 mm

Accumulated number: 4 times

Sample volume:  1.25 mL

Cell length:  150 µm

Accumulated number: 9000 times

Sample volume:  100 µL

VCD

Pretreatment procedure of fractionated isomers

Conclusion 

Comparison of Semi-prep SFC and Semi-prep LC in terms of 
run time and solvent consumption

Comparison of measured CD spectra with theoretical spectra

ECD (J-1500) VCD (FVS-6000)

The theoretical spectra and absolute configurations of bromuconazole were calculated using Gaussian 16. Figure 4 

shows the experimental and calculated ECD and absorbance spectra of bromuconazole isomers. Note that the absorption 

in experimental spectra had been saturated at short wavelengths below 200 nm due to the UV absorption of ethanol in the 

dissolving solvent. From the experimental and calculated spectra, taking into account the CD polarity at short wavelengths 

and its polarity reversal at longer wavelengths, peaks 1 to 4 could be presumed to be 2S,4S-, 2S,4R-, 2R,4R-, and 2R,4S-

bromuconazole, respectively.
* Gaussian is a registered trademark of Gaussian Inc. Gaussian 16, Revision C.01, M. J. Frisch et al., Gaussian, Inc., Wallingford CT, 2016.

Fig. 3 Comparison of results of 18 repeat injections

Table 2 Recovered amount and purity of each enantiomer of bromuconazole

Peak 1 Peak 2 Peak 3 Peak 4

Recovery amount 40.7 mg 37.8 mg 40.7 mg 37.4 mg

Recovery rate 95.3 % 88.5 % 95.1 % 87.5 %

Enantiomeric excess* 99.9 % 99.8 % 99.8 % 99.9 %

Experimental

Fig. 4 Experimental and calculated ECD and absorbance spectra of bromuconazole isomers

Fig. 5 Experimental and calculated VCD and IR spectra of bromuconazole isomers
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Fig. 6 Absolute configurations of bromuconazole
(DFT calculation: B3PW91/cc-pVTZ level)

Figure 5 shows the experimental and calculated VCD 

and IR spectra of bromuconazole isomers. Especially in 

the gray range, the pattern of the experimental VCD 

spectra was in good agreement with the behavior of the 

calculated spectra. Compared to calculated spectra, the 

peaks 1 to 4 could be identified to 2S,4S-, 2S,4R-, 

2R,4R-, and 2R,4S-bromuconazole, respectively, which 

is consistent with the ECD results. Fig. 6 shows the 

absolute configuration of each isomer of bromuconazole 

obtained by the calculation.

⚫ Semi-prep SFC with stacked injection significantly reduced run time, solvent consumption, and collection volume 

compared to Semi-prep LC. 

⚫ The pattern of calculated ECD and VCD spectra of bromuconazole significantly corresponded to those of experimental 

spectra.

⚫ Peaks 1 to 4 could be identified to 2S,4S-, 2S,4R-, 2R,4R-, and 2R,4S-bromuconazole, respectively,

Semi-prep SFC Model

CO2 Pump PU-4387

Co-solvent pump
PU-4087

(with mixing and stop valve unit)

Make-up pump PU-4180 (with stop valve unit) 

Heater

 (pre and post)
HE-02 x 2, HC-4068-01 x 2

Autosampler AS-4358

Column oven CO-4060 (with a prep column holder)

Detector CD-4095 (with a prep flow cell unit)

Back pressure 

Regulator
BP-4340

Fraction valve FV-4000-06

Fraction collector
Gilson 223 Sample changer

(with CS-87)

FC controller FCC

Fume hood FH-4388

A/D interface LC-NetII /ADC

Software ChromNAV (with add-in software)

* Fractionated samples were evaporated to dryness, redissolved in ethanol, and analyzed by an analytical scale SFC system.

Semi-prep SFC (SFC-4000)

The isomeric peaks fractionated by semi-preparative LC were evaporated to dryness and used for 

ECD and VCD spectral measurements. For ECD, each sample was dissolved in n-hexane/ethanol 

(85/15) to a concentration of 0.02-0.03 mg/mL. For VCD, each sample was dissolved in deuterated  

chloroform to a concentration of 50-70 mg/mL. Detailed procedure is described in the poster (PA01) 

presented at Chirality 2024.

Fig. 2   Collection results in a single injection

(Left: Semi-prep LC, Right: Semi-prep SFC)

Results and Discussion
Isomers fractionated by Semi-prep LC and Semi-prep SFC

Figure 2 shows the collection results of racemic bromuconazole in a single injection. Due to the low 

CD intensity at 230 nm for peaks 1 and 3, the UV signal was used to trigger for level fraction. The 1st to 

4th peaks were collected into vials 1 to 4 by the level fraction. To obtain approximately 40 mg enantiomer 

each, 18 repeat injections were executed. 

Figure 3 shows the comparison of results of 18 repeat injection by semi-prep LC and semi-prep SFC. Table 2 compares 

the run time, solvent consumption, and collection volume in each measurement method. Stacked injection by semi-prep 

SFC could reduce run time to less than half, organic solvent consumption to about 1/10,  and collection volume to about 1/3 

compared to that of  semi-prep LC.  Table 2 shows the recovered amount (dry weight) of each enantiomer by semi-prep 

SFC and their enantiomeric excess. These enantiomeric samples were determined to be sufficient in quantity to be applied 

for subsequent ECD and VCD measurements.
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Measurement method Run time Solvent consumption Collection volume

Normal injection by semi-prep LC 4.5 hr 5.4 L 210-360 mL

Normal injection by semi-prep SFC 2.7 hr 0.8 L 70-100 mL

Stacked injection by semi-prep SFC 1.9 hr 0.56 L 70-100 mL

Table 1 Comparison of run time, solvent consumption, and collection volume
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Semi-prep LC (LC-4000)
Semi-prep LC Model

Pump PU-4087 (with a degassing unit)

Autosampler AS-4058

Column oven CO-4060 (with a prep column holder)

Detector CD-4095 (with a prep flow cell unit)

Fraction valve FV-4000-06

Fraction collector FV-4000-08

FC controller FCC

Fume hood FH-4388

A/D interface LC-NetII /ADC

Software ChromNAV (with add-in software)

Semi-prep LC Semi-prep SFC

Chiral column CHIRALPAK IH (10 mmI.D. x 20 mmL, 5 µm) + (20 mmI.D. x 250 mmL, 5 µm)

Mobile phase n-Hexane/ethanol (85/15) CO2/methanol (90/10)

Flow rate 20 mL/min 50 mL/min

Column temp. 30 ºC 25 ºC

Wavelength 230 nm

Make-up solvent ー Methanol (2 mL/min)

Back pressure ー 15 MPa

Sample
9.5 mg/mL racemic bromuconazole

(LC: ethanol, SFC: methanol) 

Injection volume 1.0 mL

Injection number 18 times

Injection interval ー 6.1 min

Fraction mode Level fraction (trigger signal; UV)

Collection vials 500 mL DURAN bottles 250 mL DURAN bottles

* CHIRALPAK is a registered trademark of Daicel Corporation.

DURAN is a registered trademark of DWK Life Sciences GmbH. 
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