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Conclusion
Natural product compounds purified with 
chlorinated solvents can be purified with SFC. 
Method development is quick and easy using 
scouting runs. Although stacked injections 
have been used for chiral purification, they 
work well with achiral compounds as well, 
including natural products.
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Abstract
Dichloromethane (DCM) and other chlorinated solvents are commonly used for chromatography because of their polarity, aprotic structure, 
and low boiling point. However, these solvents are considered hazardous, with their usage in the United States and elsewhere becoming 
restricted. There has been much work to replace chlorinated solvents for chromatography, but because none are a drop-in replacement, 
several combinations of solvents need to be tested using thin layer chromatography plates to find the best combination of solvents.

Supercritical fluid chromatography (SFC) is a viable replacement for chromatography using chlorinated solvents. Although carbon dioxide 
is non-polar, it is polarizable and miscible with alcohols. Method development for SFC is very easy using scouting gradients. Most 
compounds only need methanol as a co-solvent, making method development easier.

Model compounds that were purified with liquid chromatography with dichloromethane and substituted mobile phases are run with 
SFC; examples of natural products purified with DCM are also shown with SFC. All compounds could be run on SFC with no need for 
chlorinated solvents.

Background
There are many alternatives to chlorinated solvents for liquid chromatography. However, none of them are a “drop-in” replacement, so 
method development is needed to determine the best replacement solvents and their composition needed to purify compounds. The 
method development is typically done with thin layer chromatography (TLC), but several plates are needed to determine the best solvent 
system (Figure 1) for a compound.  Method development for SFC is simple, making use of the Time-on-Target1 algorithm, which allows 
method development from analytical or preparative purification systems. Scouting gradients are used to determine elution methods for 
liquid chromatography by correlating retention in a calibrated scouting gradient to create nearly isocratic methods. For most compounds, 
a simple alcohol such as methanol su�ces for the co-solvent, reducing complexity, allowing for rapid method development. Such 
gradients work the same for SFC as for liquid chromatography, as demonstrated in Figure 2, where acetaminophen was run on a silica 
column using methanol. Scouting gradients have also been used in “Assay Directed Method Development” in concert with biological 
assays to create e�cient purification methods for natural products.3 This technique uses scouting gradients in which fractions are collected 
during the entire gradient; these fractions are evaluated for biological activity. The retention time for the active fractions is then used to 
determine the focused gradient for purification. 

Piperine
Piperine is a compound that was purified with a chloroform/methanol gradient using silica gel.4 Piperine method development used an 
analytical SFC using a silica column. A gradient with methanol and another with 2-propanol were run. The 2-propanol gradient suggested 
improved resolution between peaks, so the preparative gradient was calculated from the 2-propanol experiment. Piperine was extracted 
with DCM, followed by extraction from DCM with 1 N aqueous HCl. The aqueous extract was adjusted to pH 10 and extracted again with 
DCM. The DCM extract was purified with SFC.

Experimental
All preparative SFC runs used an ACCQPrep® SFC and RediSep® Prep columns (20 x 150 mm) (both from Teledyne ISCO, Lincoln, NE, USA). 
Scouting runs used either the ACCQPrep SFC or an Agilent 1260 analytical SFC system (Agilent Technologies, Santa Clara, CA, USA) equipped 
with RediSep Prep analytical columns (4.6 x 150 mm). The analytical scouting gradients were run from 5 to 50% B for 10 minutes at a flow 
rate of 3.00 mL/min. The column temperature was 40 °C, and the back pressure regulator (BPR) was set to 100 Bar. Scouting runs on the 
ACCQPrep SFC employed the 20x150 mm columns that were then used for the preparative focused or isocratic gradient. Scouting 
gradients were run from 5 to 70% co-solvent. The flow rate was 60 mL/min, and the column oven temperature was set to 40 °C.
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Figure 1– Dye mixture run with solvents demonstrating 
selectivity changes between solvents using DCM and potential 
DCM replacement mixtures.

Left: 20% dichloromethane: 80% hexane.

Middle: 50% (3:1 ethyl acetate:ethanol): 50% methanol.

Right: 50% ethyl acetate: 50% methanol.

Figure 2– Acetaminophen 
SFC scouting run (top) and 
calculated isocratic 
method (bottom) using a 
silica column with 
methanol co-solvent. 
Acetaminophen is one 
compound used to 
evaluate replacements for 
chlorinated solvents for 
chromatography.2 

Figure 3– Piperine analytical scout with methanol (top left) and 
2-propanol (top right). The preparative gradient was calculated 
from the 2-propanol run .

Figure 4– Curcumin mixture 
scouting gradient on a PEI SFC 
column was used to calculate the 
isocratic method, which was then 
used to create a stacked injection.
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Curcumins
Curcumin contains several components that were purified by chloroform/methanol silica chromatography.5 Curcumin extract was 
pre-purified by flash chromatography (CombiFlash® NextGen 300 with a 40 g RediSep C18AQ flash column, water/methanol 0.1% formic 
acid). The major peak was screened with scouting gradients run on silica, diol, 4-ethylpyridine, and PEI preparative SFC columns from 5 
to 70% methanol.
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