
F
or decades, liquid chro-
matography has been the 
primary tool to purify 
synthesized compounds 

in drug discovery. A target com-
pound’s successful progression from 
hit to lead status not only depends 
upon the structure-based biological 
activity, it also hinges on compound 
purity. The medicinal chemist who 
created and purified the target com-
pound relies on biologists to verify 
and test for biological activity.

In the past, invisible contami-
nants and inadequate purification 
of the target compound has led 

to finger pointing and tension 
between chemists and biologists. 
Each group blamed the other for 
irreproducible and confusing 
results. Additionally, the standard 
acceptable purity for new target 
submissions has risen over the last 
decade from 80% to 85% to a mini-
mum of 95%. 

Drug discovery chemists need 
to be confident that hits are valid 
and deserving of lead status, and 
that bioassay results are reli-
able. Testing target molecules of 
suspect purity not only results in 
continuing an optimization unjus-
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Drug Discovery Process
(3-5 years)

Thousands of compounds are 
synthesized and purified, then 
passed along for bioassay screening 
where the most promising 
compounds become “leads” that 
could graduate to a new chemical 
entity. (Source: Grace Davison)

Kathryn Lawrence 
Manager, Instrumentation Marketing 
Grace Davison Discovery Sciences 

Columbia, Md.
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Plight 
 Purity

The

of

A multi-detector approach to chromatography can help  
ensure that “pure” is pure enough for compounds in drug discovery.
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tifiably, but can also lead to time 
wasted on tangent projects result-
ing from contaminant bioactivities. 

Because it takes 10 years and 
$1.2 billion to bring new therapies 
to market, pharmaceutical compa-

nies cannot afford to lose time and 
money to impurities. 

Quantity vs. quality
Historically, the purity and stabil-
ity of entire compound collections 

has worried the pharmaceutical 
industry and has been the focus 
of discussion and debate among 
analytical chemists. Since the 
early 1990s, the industry has 
been plagued with compound 
purity concerns following the 
failed attempt to turbo-boost their 
pipelines with high-throughput 
synthesis efforts. This lead genera-
tion strategy, originally known 
as “combinatorial” chemistry, was 
criticized for producing highly 
impure targets and false hits.

Combinatorial chemistry was, 
and in many ways still is, a valid 
concept. A molecule with three 
points of diversity (R1, R2, and R3) 
can generate many possible struc-
tures. In order to handle the vast 
number of possibilities, research-
ers create a “virtual library,” a 
computational enumeration of 
all possible structures of a given 
pharmacophore with all available 
reactants.1 Combinatorial libraries 
could include thousands, or even 
millions, of virtual compounds 
as synthesis options. Advances in 
automation led to an industrial 
approach to combinatorial synthe-
sis, enabling chemists to routinely 
produce over 100,000 new and 
unique compounds per year. 
However, because there was no 
consensus on either the definition 
or the impact of purity, making 
sense of the bioactivity associated 
with library compounds resulted 
in chaos.

Even though combinatorial 
chemistry has been an essential 
part of early drug discovery for 
more than two decades, so far only 
one de novo combinatorial chemis-
try-synthesized molecule has been 
approved for clinical use by the US 
Food and Drug Administration 
(FDA)—sorafenib, a multikinase 
inhibitor indicated for advanced 
renal cancer).2 In light of this 
unimpressive track record, the 
question must be asked whether 
poor purity was the downfall of the 
combinatorial chemistry approach.
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FTLC System
Gilson, Inc. introduces a solution that 
will remove greater than 95% water 
content in fractions thus decreas-
ing drydown time. Gilson’s Fraction 
Trapping Liquid Chromatography (FTLC) 
System incorporates the durability of 
the GX-271 Liquid Handler/Injector, 
the power of three 306 HPLC Pumps 
and the precision of the 155 UV/VIS 

Detector with the ability for column switching and solvent selection via the VALVEMATE 
II Valve Actuator.

The FTLC System can process fractions up to 25 mL volume and sample masses up 
to 500 mg that have been already been purified. The collected fractions are re-pro-
cessed on the FTLC System. The compounds are trapped on a polymer-based column 
and the water content of the fractions passes through to waste. Additionally, washing 
steps can also be performed for removal of salts, buffers and mobile phase modifiers 
such as TFA that can hinder further LC/MS analysis. Fractions containing greater than 
even 50% water content can be processed and collected in 100% of organic solvent. 
This allows for fast dry-down times at lower temperatures for samples that are heat 
sensitive. Dry-down times of 12–24 hours can be reduced to less than 30 minutes.
www.gilson.com

Polar Enhanced Polymer
Thermo Fisher Scientific Inc. 
has introduced its HyperSep 
Retain Polymeric SPE range 
of polymeric SPE products. 
HyperSep Retain PEP 
(Polar Enhanced Polymer) 
is composed of high-purity, 
PS-DVB, modified with 
hydrophilic functional 
groups, HyperSep Retain 
PEP gives retention of polar 
and non-polar analyte types. 
The material is stable across 

the entire pH scale for use with any solution. Eliminating the issues associated with the 
use of silica-beads, this method of solid phase extraction is ideal for separating drugs, 
metabolites and peptides in biological fluids, as well as peptides in serum or plasma.

In addition to HyperSep Retain PEP, two further functionalities are offered; HyperSep 
Retain-CX offers enhanced retention for basic compounds and HyperSep Retain-AX 
enhanced retention for acidic compounds.. All HyperSep Retain chemistries enable fast 
and easy sample preparation method with high and consistent levels of recovery.
www.thermo.com
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“Pure” may not be pure enough
What has led to this plight of 
purity? Why do the medicinal 
chemist and the biologist get two 
different results for the same com-
pound, especially when the chem-
ist has resynthesized a new lot of 
compound? The answer may lie in 
detection during purification.

Flash purification today relies 
almost exclusively on ultraviolet 
(UV) detection. However, UV 
detectors cannot see compounds 
that lack chromophores, and the 
response relates to the strength of 
the chromophore rather than the 
quantity of material. Non-chromo-
phoric impurities are not detected, 
and therefore increase the appar-
ent quantity of target compound 
collected. Purity analysis using 
high-performance liquid chromo-
tography (HPLC) systems with 
multiple detection schemes later 
reveals the true quantity of target 

versus impurity. Additionally, 
false “hits” in bioassays can be a 
result of the impurity, rather than 
the target.

Exploiting the benefits of dif-
ferent detection options for early 
stage purifications could result 
in better quantified and higher 
purity compounds entering the 
screening pipeline. For the phar-
maceutical company, this means 
less time wasted on false hits and 
rework, and more time spent on 
truly promising targets. 

Building better libraries
Feher and Schmidt noted that 
combinatorial chemistry libraries 
suffer from a lack of chirality in 
particular, as well as structural 
rigidity, both of which are widely 
regarded as drug-like properties.3 
A better approach to synthesis and 
purification requires the use of 
diversity-oriented library design, 

commonly referred to today as 
“focused” libraries.

Assessing purity and removing 
contaminants sounds easy enough, 
but many chemists agree it is com-
pletely dependent on the ability to 
correctly detect target compounds 
as well as all contaminants pres-
ent in a sample at submission. 

OpAns (Optimized Analytical 
Solutions) is a contract analytical 
services company serving the pre-
clinical therapeutic drug discovery 
market. Their co-founder and 
CEO, Dr. Ken Lewis, discussed 
some of these concerns in a recent 
interview.4

“For general collections as a 
whole, the focus is on determining 
whether samples are of reasonable 
purity. Purity is the primary driver, 
and identity is secondary. If a com-
pound is not the correct molecular 
weight, and if it shows up as active 
in a screen, then the company will 



invest the time and resources to figure out the identity 
of the compound. So purity is the primary goal of QA/
QC, followed by identity, and then concentration. 

Our standard analytical platform is a ‘hyphenated’ 
system consisting of multiple detection capability. 

… We use four on-line detectors. The foundation of 
the system is good chromatography. Without it we 
cannot perform accurate purity or quantity assess-
ments. The mass spectrometer is used for molecular 
weight confirmation. The [chemoluminescent nitro-
gen detector] CLND and evaporative light scattering 
detect-ors] ELSD are used for quantitative assess-
ment. ... Each type of detector will look at a sample 
differently and come up with a different purity 
number. The most accurate approach is to come up 
with a potency number—for example, if a powder is 
weighed out to create a 10 mM solution but when that 
solution is assayed it is quantified to be 8 mM, then 
the sample is only 80% pure. However, no one in dis-
covery works off of potency. It only comes into play 
in active pharmaceutical ingredient manufacturing, 
not in early discovery.”

Applying a multi-detector approach early in the 
process—at the flash purification stage—could signifi-
cantly improve the quality and quantity of promising 
targets submitted by medicinal chemists for screening. 

� www.dddmag.com

Breaking the cycle
The old cycle of synthesizing, purifying, and assaying 
only to be left with bioactivity that cannot be repro-
duced and work that must be redone has to stop. Time, 
money, and maybe even a potential cure may be lost 
in the clutter. But what can be done about it? 

New detection advancements allow familiar 
techniques like flash chromatography to benefit 
from multiple detectors. Multiple-signal process-
ing and triggering is now available for flash systems. 
The critical issues associated with producing target 
compounds with compromised purities can now be 
addressed early in the process—at the point of synthe-
sis—instead of needlessly wasting screening resources. 

When purity analysis is completed with only UV 
detection, hidden contaminants can lead to question-
able purity, and worse, skewed concentrations in bioas-
says. Compound progression in discovery is dependent 
on activity reported from bioassays that assume a con-
sistent concentration for all samples. If chemists are 
able to detect and trigger collection from ELSD in addi-
tion to UV, they can submit “cleaner” target compounds.

Chemists using UV/ELSD during flash chroma-
tography can benefit from detecting more, collecting 
smarter, affirming compound identity, and getting 
a relative mass balance simultaneously. Medicinal 
chemists can benefit from knowing relative reaction 
yields at the time of synthesis and be confident targets 
and contaminants are detected. The plight of purity 
can and must be solved, because only truly pure 
targets will lead to reliable, reproducible bioassay data 
and eliminate rework, streamlining the drug discov-
ery process.                                                                  

With an extensive background as a medicinal chemist, Ms. 
Lawrence previously worked as a purifications specialist for 
major instrumentation manufacturers. She currently manages 
the instrumentation marketing programs for Grace Davison 
Discovery Sciences.
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Dozens of standard enclosures
• Acrylic • Polycarbonate 
• Dissipative PVC • Stainless Steel 
• Polypropylene • More!

Mix and match standard process controls for
• Temp. (-40° to 300°C) • Vacuum 
• Fume removal • High/low humidity 
• Particle filtration • Static control
• Process gas generation & mixing
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Economical plastic chambers start at $819

Economical • Modular Design • In Stock

To order :  714-578-6000
Fax: 714-578-6020

Low-Cost Solutions for High-Tech Industries


