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Semi-Prep SFC

Fig. 1  The JASCO semi-prep SFC system (UFC-M).

1. CO2 cylinder

2. Modifier solvent

3. CO2 delivery pump (PU-4387)

4. Modifier solvent pump (PU-4087)

5. Stop valve

6. Mixing unit

7. Preheater (HE-02) + Heater controller 

(HC-4068-01)

8. Autosampler (AS-4358)

9. Column oven (CO-4060)

10.Chiral column (CHIRALPAK IA)

11.Detector (CD-4095 with Prep. High Pressure cell)

12.Back pressure regulator (BP-4340)

13.Preheater (HE-4340-01-100)

14.Fraction valve unit (FV-4000-06)

15.Fraction collector (Gilson 223) + Fume hood  

(FH-4388)

16.Fraction vials with Cyclone separator 87 

Fig. 2  The JASCO ECD spectrometer 

(J-1500).

Fig. 3  The JASCO VCD spectrometer 

(FVS-6000).

Chiral column : CHIRALPAK IA （20 mmI.D. x 250 mmL, 5 µm）
Mobile phase : CO2 / methanol

Flow rate : CO2 ; 35 mL/min, Methanol ; 10 mL/min

Column temperature : 40 ºC

CD detection : 310 nm (Flavanone), 270 nm (Warfarin)

Back pressure : 20 MPa

Sample : 10 mg/mL racemic flavanone in methanol

10 mg/mL racemic warfarin in methanol

Injection volume : 1.0 mL (Flavanone) , 0.5 mL (Warfarin)

Injection number: 40 (Flavanone), 80 (Warfarin)

Injection interval: 3.5 min

Fraction mode: Timed fraction

ECD Measurements
Cell length: 0.2 mm

Accumulated number: 4

VCD Measurements
Cell length: 150 µm

Accumulated number: 5000

Pretreatment Procedure of fractionated enantiomers 

Figure 1 shows the appearance and schematic diagram of JASCO semi-prep SFC system

used in this experiment. Figure 2 and 3 show the appearance of JASCO ECD and VCD

spectrometers. Fractionated enantiomers from semi-prep SFC system were applied to spectral

measurements by ECD and VCD systems.

Fractionated samples by semi-prep SFC

Evaporation to dryness by a rotary evaporator

Recrystallization with chloroform and dry with N2 gas 

Dissolution with 2.25 mL of deuterated chloroform

Dilution with deuterated chloroform to 22.10 

mg/mL (flavanone) and 23.56 mg/mL (warfarin)

Dilution with chloroform (100 times for 

flavanone, 20 times for warfarin)

VCD measurement

(sample volume: 100 µL)

ECD measurement

(sample volume: 350 µL)
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Fig. 4  Collection results of flavanone and warfarin in  a single injection. 

The numbers in this figure show collection vial numbers.   

Fig. 5  Stacked injection results of flavanone and warfarin from 1st to 20th injection.

Flavanone Warfarin

Flavanone Warfarin

Table 1  Recovered amount of each 

enantiomer of flavanone and warfarin.

Recovered amount ( Recovery rate)

Flavanone Warfarin

Peak 1 Peak 2 Peak 1 Peak 2

184 mg (92%) 149 mg (74%) 181 mg (91%) 159 mg (79%)

Figure 4 shows the collection results of flavanone and warfarin in a single injection. First and second peaks were

collected into vial 1 and 3 by timed fraction. The range between those peaks was collected into another vial (vial 2) to

enhance the purity of each peak. In order to obtain 100 to 200 mg of each enantiomer, repeat injections were executed

(40 times for flavanone and 80 times for warfarin). The total run time and solvents consumption were reduced 1.6 times

using stacked injection mode. Figure 5 shows stacked injection results of flavanone and warfarin, respectively. Table 1

shows the recovered amount (dry weight) of each enantiomer by semi-prep SFC. These enantiomer samples were

applied to later ECD and VCD measurements.
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Fig. 6 Experimental  and calculated ECD and absorbance 

spectra of flavanone.

Fig. 7 Experimental  ECD and 

absorbance spectra of warfarin.

O

O

Flavanone

O

OH

O

O

Warfarin

Flavanone

(experimental)

Flavanone

(calculated)

Warfarin

(experimental)

1400 1000110012001300

Wavenumber [cm-1]

-5E-005

5E-005

0dAbs

0

0.8

0.4Abs

Peak 1 Peak 2

Fig. 9 Experimental IR and 

VCD spectra of warfarin.

Fig. 8 Experimental  and calculated IR and VCD 

spectra of flavanone.

Figure 6 shows the experimental and calculated ECD and absorbance spectra of flavanone and Figure 7

shows the experimental ECD and absorbance spectra of warfarin. Figure 8 shows the experimental and

calculated infrared (IR) and VCD spectra of flavanone and Figure 9 shows the experimental IR and VCD

spectra of warfarin.

As shown in these figure, the symmetrical ECD and VCD spectra were obtained in experimental spectra,

respectively. The trace of calculated ECD and VCD spectra (DFT and TD-DFT, B3PW91/CC-pVDZ level) of

flavanone significantly corresponded to those of experimental spectra. Compared to calculated spectra, the

enantiomers from peak 1 and 2 can be identified to R form and S form of flavanone.

 The total run time and solvents consumption by semi-prep SFC were reduced 1.6 times using stacked

injection mode (2.5 hours for 150 to 180 mg of each flavanone enantiomer).

 The symmetrical ECD and VCD spectra were obtained in experimental spectra.

 The trace of calculated ECD and VCD spectra of flavanone were significantly corresponded to those of

experimental spectra and the enantiomers from peak 1 and 2 can be identified to R form and S form of

flavanone.

 The enantiomer sample amount required for ECD and VCD measurements was 3 to 4 mg (twice

injection in semi-prep SFC system provide enough sample amount).

(R) (S)

(R) (S)

0

1.5E+004

Epsilon

0Δ Epsilon

10

-10

220 400250 300 350

Wavelength [nm]

Acknowledgements
The authors are grateful to prof. M. Uchiyama from the University of Tokyo for the support on the DFT

and TD-DFT calculations.

Peak 1 Peak 2

-11

11

0
Δ Epsilon

0

3.0E+004

220 400250 300 350

Epsilon

Wavelength [nm]

Peak 1 Peak 2

1400 1000110012001300

Wavenumber [cm-1]

-0.03

0.03

0Δ Epsilon

0

400

Epsilon

-0.03

0.03

0

1400 1000110012001300

Δ Epsilon

Wavenumber [cm-1]

0

600

200

400
Epsilon

The methods of generating enantiomers are classified roughly into asymmetric synthesis,

crystallization, enzyme reaction, and optical resolution by chromatography. In particular, normal

phase chromatography with chiral stationary phases has been used in various fields such as

pharmaceuticals, agrichemicals, natural products, biomolecules, and functional materials

because of the cost efficiency. Recently, preparative SFC, which provides faster, higher-

separation analysis and easier post handling of fractions than HPLC, has become a main stream

as an efficient method of producing enantiomers in the drug discovery stage.

Nuclear magnetic resonance (NMR), X-ray diffraction (XRD), electronic circular dichroism

(ECD), vibrational circular dichroism (VCD), and tandem mass spectrometry (MS/MS) are used

for qualitative analysis and structural analysis of enantiomers of chiral substances. In general,

these analyses require the sample amount from 1 to 100 mg. Circular dichroism (CD)

spectroscopy is a useful technique because it doesn’t require a lot of sample amount and is easy

to operate compared to other methods. It is possible to determine the absolute configuration of

chiral molecules by comparing the calculated theoretical spectrum and experimental one.

In this presentation, we separated and fractionated enantiomers of chiral substances using

semi-preparative SFC and applied the obtained enantiomer samples to spectra measurements

by ECD and VCD spectrometers. Furthermore, we determined the absolute configuration of each

enantiomer by calculating theoretical ECD and VCD spectra.


