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Abstract
Natural products are an important source of lead compounds in drug discovery research, presenting such unique challenges to 
drug discovery as screening, purification, and identification. Purification can be streamlined using Assay-Directed Method 
Development, where small extractions and scouting gradients are used to determine an e�cient purification strategy.

Extraction and dissolution solvents are used to select initial column media and solvents in liquid chromatography. The retention 
times of active fractions collected from scouting gradients are used to calculate e�cient focused gradients using tools such as 
the Time-on-Target algorithm1. Scouting gradient active-fraction retention times are used for assay-directed method develop-
ment for liquid chromatography and supercritical fluid chromatography. Assay-directed method development allows rapid 
purification of active compounds from extracts by providing data that enables decision-making about extraction solvents, 
column and mobile phase selection, and e�cient chromatography gradient methods. 

Background
Natural product are an essential component of drug discovery, yet tends to be time and labor intensive due to extraction, 
dereplication, purification, and structure elucidation. 

Assay-directed fractionation combined with the Time-on-Target algorithm becomes Assay Directed Method Development. 
Bioautograms, the original assay-guided method development for chromatography, was used with silica gel and cultured 
organisms but doesn't work for binding assays nor columns other than silica gel or alumina. Scouting runs on columns and 
assay of the collected fractions allow method development for chromatography. Metabolomic profiling with LC-MS scouting 
gradients also allow calculation of e�cient purification methods of interesting peaks.

Choice of column and solvents from extraction
There are several types of solvent extraction and partitioning. All of them try to resolve compounds into groups based on their 
relative solubility into di�erent solvents. The solvents tend to resolve compounds based on their polarity (like dissolves like) on 
a spectrum from non-polar hexane through water. The polarity of the solvent will suggest the chromatography, both stationary 
phase and mobile phase. Kupchan–type extractions are widely used, as depicted below although the solvents used may be 
di�erent. Other extractions include both sequential extraction and simple extractions.

The solvent containing the biological activity is generally purified with column chromatography. A literature review shows that 
the solvent  that contained the active compounds was used as the starting (weak) solvent for normal phase chromatography.  
Several solvent pairs suitable for column chromatography are depicted below.

Most extracts can also be run on reverse phase, with compounds extracting into hydrocarbons (hexane, petroleum ether, and 
similar solvents) requiring stronger solvents (tetrahydrofuran) or perhaps non-aqueous reverse phase. Compounds extracted 
into n-butanol are also best run on reverse phase. The assay shows which solvent(s) contain the active compound(s); the 
solvents containing the activity are used to determine those solvents used for chromatographic purification.
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What is the Time-on-Target algorithm?
The Time-on-Target algorithm determines the apparent gradient delay needed 
to cause elution of a compound at a desired time in a focused gradient or the 
isocratic solvent method for a given scouting gradient. The desired retention 
time generally resolves the active compound from impurities. An isocratic run 
of a model compound is used to determine the desired retention time. The 
solvent composition used to elute this compound is used to determine the 
apparent gradient delay for a given scouting run. Compounds to be purified 
are run with the same scouting gradient. The apparent gradient delay is 
applied to the retention of those compounds to calculate a focused gradient 
or isocratic method for purification.

Biological assays are used as specialized detectors that form the basis of assay-
directed fractionation2. The retention time of a peak by any detection device 
can be used to calculate a focused gradient or isocratic method for HPLC, 
flash chromatography, or supercritical fluid chromatography, allowing for the 
next step in assay-directed method development after extraction. Although 
this method was used to rapidly purify antibiotics using flash reverse phase3, 
this method can be applied to any assay. An aliquot of each fraction is run in 
a bioassay, and active fractions are treated as peaks, even if the instrument 
detectors don’t record a peak. It allows fast and easy method development 
to nearly any column type.

Solid Phase extraction and flash 
scouting gradients
Instead of liquid extractions, some chemists run solid phase 
extraction (SPE) cartridges. Small flash columns are the same 
size as SPE cartridges. The step gradient was run the same as 
an SPE method4. A scouting gradient on a column can extract 
the active compound, can also show whether column 
chromatography will have good peak shape, and also can 
calculate a focused gradient. SPE uses a step gradient that 
doesn’t contain such information and could possibly miss 
strongly retained compounds.

LC-MS
A scouting gradient run on LC-MS—for metabolomics profiling, 
for example—can also provide an e�cient purification method 
for flash or HPLC. A scouting run allows calculation of an 
e�cient gradient.

Preparative Method Development
The same procedure used for the flash column was followed for the preparative SFC column. A column screen was performed. 
Most of the columns suggested that the flash run contained a single pure peak, but the PEI column showed a mixture of curcumins 
as described for an elution from a silica column5. The SFC needed no chlorinated solvents nor any additives. An isocratic method 
was calculated from the PEI column scouting run using the time-on-target algorithm which was then used for a series of 
stacked injections.

Conclusion
∞ Assay data can suggest solvents for purification.

∞ Assay data can be used as a detector allowing 
calculation of focused gradients for rapid 
purification, potentially when there is no 
corresponding peaks on the LC detector(s).
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Scouting gradient and method development
∞ Scouting gradients can be run either on a preparative column or analytical column.

∞ Time-on-target used a visible peak for this example, but a visible peak is not needed.

∞ The calculation is based on retention time with an apparent gradient delay applied.

∞ LC-MS gradients can be used to calculate focused gradients on flash or preparative HPLC.
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