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Challenges and
opportunities for the
greening of separation
science in the
pharmaceutical industry
Opportunities for reducing solvent consumption and waste generation in
separation sciences used to support industrial pharmaceutical discovery and
development are presented and discussed. Several approaches are considered
for ‘greening’ analytical chromatography, where small solvent savings multiplied
across the hundreds or thousands of users found in a typical pharma company
can add up to significant waste reduction. In addition, replacement of
petrochemical-derived hydrocarbon chromatography solvents with supercritical
carbon dioxide, and the use of selective adsorbents and reactive resins, are
presented as examples of greener approaches to the removal of impurities
from pharmaceutical intermediates.

S

eparation technologies in the pharmaceutical
industry offer an attractive target for green
chemistry improvements1-3. Somewhat ironically, separation technologies and other cleaning
techniques are often significant generators of waste.
This is true in industries such as the refining of
metal ores4 or isolation of paper pulp5, but is also
true in the pharmaceutical industry6,7, where contaminated solvent waste streams may be generated
during the purification of intermediates and final
drug products. In this article we focus on challenges
and opportunities for greening chromatography,
adsorption and other separation technologies currently used in the pharmaceutical industry.
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The technique of chromatography was invented
by botanist Mikael Tswett in 1903, and originally
used for the separation of plant pigments8,9.
Chromatography relies on the selective partition
of different molecules between a stationary phase
and a mobile phase, as depicted in Figure 1.
Liquid chromatography, most commonly used for
purification in the pharmaceutical industry10, typically employs modified silica or polymer particles
as a solid phase, with water, organic solvents, or a
mixture of the two as a mobile phase. It is these
waste mobile phase solvents that offer a significant target for green chemistry and engineering
improvements. Solvent reduction, substitution or
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evolved into one of the most widely used analytical
technologies in the pharmaceutical industry.
Analytical chromatography is typically performed
using a stationary phase column of 4.6mm diameter and 25cm length at a mobile phase flow rate of
about 1mL/min. In contrast, preparative chromatography is carried out using much larger
columns, sometimes in excess of 1 metre diameter,
with mobile phase flow rates of many litres per
minute. Given this huge amount of solvent, preparative chromatography must clearly be a major
focus for green chemistry efforts. However, given
the sheer number of analytical chromatography
instruments in use throughout the pharma industry, the greening of analytical chromatography
remains an important focus as well. In this article,
we treat both of these subjects, and also survey
recent developments in purification using batch
adsorption techniques.

Four options for greening analytical
chromatography: solvent savings one
drop at a time
separation based on
differential adsorption
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Figure 1: Illustration of the principle of chromatographic separation. Compounds in solution
(a) when allowed to contact an adsorbent stationary phase and come to equilibrium (b) may
have differing adsorption equilibria for different components – in this example, adsorption of
red squares is favoured (3 adsorbed, 1 free) relative to adsorption of blue circles
(2 adsorbed, 2 free). When applied to a column containing the same stationary phase and
eluted with mobile phase, compounds with differing adsorption equilibria can be
chromatographically resolved and isolated (c). Detection of compounds eluting from a
chromatography column affords a chromatogram, a record of the separation (d)

elimination has long been a major focus for many
areas of green chemistry research11, including dry
cleaning, extractions and organic reactions and
processing12,13, and many of the approaches used
in those areas are also useful in reducing solvent
waste from chromatography.
Although originally invented by Tswett as a
purification technique, chromatography has
72

High performance liquid chromatography (HPLC)
is one of the most commonly used analytical techniques in pharma today10. It is a workhorse analytical tool that allows many different types of scientists to measure the outcomes of their chemical
experiments – letting them know if the correct
compound has been made, if the purity has
changed, if a compound has been metabolised, etc.
Despite the relatively small amount of solvent used
for a typical analytical HPLC instrument
(~1mL/min) the fact that there may be hundreds or
even thousands of these instruments operating
within a single pharmaceutical company makes the
cumulative use of solvent for analytical HPLC a
significant green chemistry concern. In addition,
recent developments in more fully automated
HPLC systems means that these instruments are
now often running overnight and even 24/7, making for more significant accumulation of waste solvent. We describe here several different options for
reduction of analytical HPLC solvent waste.
Option 1: Solvent recycling by distillation
Recycling of waste solvents by distillation is only
rarely used to support analytical HPLC operations14, although the approach is more widely used
in larger scale preparative chromatography operations. In order to be practical, distillation requires
easily accessible pools of solvent mixtures that can
be easily recovered. For example, distillation was
the method of choice for recycling of 2propanol/hexane mixtures 25 years ago in the
Drug Discovery World Fall 2007
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Pirkle laboratories at University of Illinois, when I
began my career in chromatographic research15. In
this instance, IPA/hexane solvent mixtures provided a very general solvent system for carrying out
analytical chiral chromatographic investigations,
and in addition, the existence of an azeotropic mixture at about 22% IPA/hexane made recovery by
distillation relatively straightforward. Although
not typically performed at this time, modern distillation or membrane separation technologies could
conceivably be used for solvent recovery in the
industrial pharmaceutical analysis laboratory, the
recovery of acetonitrile from aqueous waste
streams being an obvious target. While clearly not
worth the trouble on an individual scale, such an
approach may begin to look more attractive when
hundreds of users within a building or thousands
of users within a research site are considered, or
when applied by a contract service organisation to
the waste generated by multiple laboratories.
Option 2: Recycle of ‘clean’ eluent
Another option for reducing analytical HPLC solvent waste takes advantage of the fact that significant portions of the analytical chromatogram
often contain no eluted compounds (see Figure 2).
In these instances, an assumption can be made
that the solvent in these ‘dead zones’ is clean, and
a switching valve can be used to reroute this
waste solvent back to the eluent reservoir for this
period of the chromatogram. Switching can be
performed on the basis of time, or ‘clean’ portions
of the chromatogram can be identified based on a
UV response below a certain threshold value.
Several commercial devices to carry out such
switching have been available for several years16,
and have received some limited use, although one
general problem with this approach is that sections of the chromatogram that appear to be
clean can actually contain poor UV absorbing
impurities that, when accumulated, can alter
chromatographic performance.
Option 3: ‘Downsizing’ chromatography
Another approach for reducing HPLC solvent
waste focuses on reducing the overall scale of the
HPLC experiment. When considering the reasons
behind the standardisation of HPLC columns size
at 4.6mm i.d. and flow rate at about 1mL/min, the
answer has little to do with optimal performance,
and much to do with the state of the art for packing chromatography columns and for robust and
precise pulseless pumping technologies in the early
1970s, when the first HPLC instruments were
commercialised17. Microflow HPLC has existed
Drug Discovery World Fall 2007

for many years, and a number of researchers have
recognised the important solvent savings that can
be gained when columns are reduced to submillimetre diameters and flow rates are reduced to
only a few microlitres per minute18.
We have recently described a new microflow
multiparallel HPLC instrument utilising 300
micron i.d. columns that was developed with
Eksigent Technologies for carrying out high
throughput analysis in support of high throughput
experimentation initiatives in pharmaceutical
process research19-21. Such high throughput experimentation routinely generates hundreds or even
thousands of samples, which places a severe constraint on the analytical tools that must be used in
order to acquire and interpret the experimental
results. Our initial interest in microflow HPLC
came about primarily as a consequence of trying to
fit eight independent HPLC devices within a laboratory instrument of a reasonable size. However,
with increased usage in the past few years, we have
become very impressed with the substantial solvent
savings that can be realised with this equipment
and with microflow HPLC in general. One example will suffice to illustrate this point – when faced
with the challenge of analysing a 96-well plate to
support catalyst screening, conventional HPLC
took 16 hours and utilised more than a litre of solvent. In contrast, the new multiparallel microfluidic HPLC instrument was able to complete the
analysis in one hour with use of only 4ml of solvent. This ~250x reduction in solvent usage is typical (Figure 3), and while the net solvent savings
are not so impressive for a single experiment, when
one considers the hundreds or thousands of
microplates analysed in a single laboratory each
year, and then considers the number of similar laboratories within any given pharma company, the
potential accumulated savings become quite

recycle

divert to
waste

recycle

Figure 2: Solvent savings by recycle of ‘clean’ eluent. A switching valve can be used to
recycle effluent from regions of the chromatogram containing no peaks (green areas – about
85% of total solvent)
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Microflow vs conventional HPLC:
Typical solvent savings of > 250x

vs

Figure 3
Microflow vs conventional
HPLC typically affords a
reduction in solvent usage of
greater than 250x

impressive. Although our initial experiences
focused mostly on the multiplex microflow HPLC
instrument (Express 800), the microflow solvent
savings can be realised with more conventional single channel instruments available from Eksigent or
a variety of other vendors including Agilent22,
Waters23, etc.
We have recently worked with Eksigent on the
development of a new reaction sampling HPLC
instrument24 based on its single channel microflow
HPLC instrument. This instrument periodically
withdraws reaction aliquots, performs precise dilution and carries out HPLC analysis, with graphical
representation of the results. The instrument operates in a completely automated and unattended
fashion, and generates less than 10mL of waste per
day when operating continuously. In contrast, the
use of conventional HPLC (which requires manual
sampling, dilution and analysis) generates well
over a litre of waste per day, which not only has
serious green chemistry implications, but is also a
concern for the relative safety of the unattended
operation of the system.
Option 4: Replacing hydrocarbons with CO2
Another approach for reducing the use of organic
solvents in analytical chromatography is the switch
to supercritical fluid chromatography (SFC) where
pressurised carbon dioxide (CO2) is used as a chromatographic eluent, along with a small amount of
an organic solvent such as methanol25,26. SFC is
often a suitable or superior replacement for normal
phase HPLC, especially for chiral HPLC where
mirror image enantiomers are separated. Much has
been written on SFC using pressurised carbon
dioxide, but the important thing to remember is
that the very inexpensive gas, carbon dioxide,
when pressurised above 74 bar and 31ºC, becomes
a supercritical fluid – with properties similar to an
alkane hydrocarbon, making it a useful chromato-
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graphic eluent (Figure 4). An SFC instrument is
very much like an HPLC instrument, the exception
being that the system is maintained under pressure
using an outlet pressure regulator that serves to
keep the carbon dioxide in the system in a liquid or
supercritical fluid state. Clearly, replacing expensive, toxic and flammable hydrocarbons with inexpensive carbon dioxide is financially attractive,
especially when one considers that not only are
organic solvents expensive, but their disposal is
also quite costly.
Not all HPLC is amenable to replacement with
SFC. In particular, the most widely used form of
analytical HPLC, reversed phase HPLC – where
compounds are separated based on bulk
hydrophobicity properties using aqueous mobile
phases, is not easily translated to SFC. In contrast,
normal phase HPLC, in which organic solvents are
used as eluents, is often readily translated to SFC,
with equivalent or superior performance. This is
especially true for the chromatographic separation
of enantiomers, analytical chiral SFC having
become the preferred method for carrying out
these analyses over the past decade27-29.
With the proven ability to reduce solvent consumption 250x through miniaturisation of equipment (option 3) or 10x through the use of SFC,
where pressurised carbon dioxide replaces organic solvents (option 4) it is natural to wonder if the
combined approach of miniaturised microflow
SFC will afford the expected 2500x reduction in
solvent. Microflow SFC has a long and interesting
history30, but has been slow to cross the threshold from use by academic experts to routine use
in pharmaceutical analysis. However, there
remains little doubt that this technology could
offer even greater solvent savings, and could
become an important future technique for pharmaceutical analysis.

Greening preparative chromatography
It is in the preparative chromatography arena
where the most solvent is used, and where the most
impressive green chemistry solvent reductions can
be realised. In the past few years preparative chromatography has evolved to become an indispensable tool to support drug discovery, development
and manufacturing, with the scale of chromatography, and the amount of solvent usage increasing
with each stage31,32. In particular, the preparative
chromatographic separation of enantiomers has
had a profound effect on the way that chiral drug
molecules are discovered and developed33. In order
to be economically viable, most industrial-scale
chromatography operations incorporate solvent
Drug Discovery World Fall 2007
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recycling and other technologies that optimise and
reduce the overall use of solvent and generation of
waste, such as simulated moving bed34 (SMB) or
steady state recycle35 (SSR) chromatography.
Owing to issues of speed, convenience and reliability, recycling of waste solvent from preparative
chromatography operations is often neglected by
the discovery and early development areas within
the pharmaceutical industry, presenting a significant green chemistry opportunity.
Automated mass-directed reversed phase preparative chromatography purification of a few milligrams of investigational compounds has become
commonplace in drug discovery36,37 with a single
worker/instrument combination being able to
carry out several thousand such separations per
year. The corresponding amount of waste (typically a combination of acetonitrile and water) generated by these approaches is substantial – on the
order of half a litre or more per sample.
Technologies for simple and clean recovery of acetonitrile while generating sewerable water would
be a great advance, but are not readily available or
utilised at the present time. Instead, there has been
growing recent interest in carrying out these small
scale purifications using supercritical fluid chromatography (SFC)35,38, where pressurised carbon
dioxide (CO2) is used as a chromatographic eluent,
along with a small amount of an organic solvent
such as methanol. While the replacement of
reversed phase automated library purification with
SFC is still a work in progress, with an as yet
uncertain outcome, the use of preparative SFC for
carrying out chiral separations is much better
established, with a documented solvent savings
that is quite impressive39. Interestingly, carbon
dioxide is easily recycled, and is itself a recovered
industrial waste product, both important green
chemistry considerations.

Greening separation science with
selective adsorbents and reactive resins
While chromatography is a very powerful tool for
removing impurities from pharmaceutical compounds, it is somewhat mechanically intensive and
can be costly to scale up. In contrast, batch adsorption purification treatments using process adsorbents such as activated carbon, ion exchange
resins, etc are often preferred for industrial manufacturing, owing to general low cost, ease of scale
up and sparing use of solvents, an important green
chemistry consideration. In this approach, illustrated in Figure 5, a solution containing the compound of interest, with accompanying impurities,
is treated with an adsorbent or reactive resin that
Drug Discovery World Fall 2007

specifically adsorbs or reacts with the undesired
impurity. Simple filtration then allows recovery of
the desired component, with effective removal of
the impurity. In some cases, the impurity can then
be purged from the adsorbent, which can be reused in another clean-up cycle. Of course, in order
to be economically viable for use in purifying pharmaceutical intermediates, the adsorbents must be
both selective and affordable. It should be pointed
out that this technology has, in principle, the
potential to impact the general green chemistry
problem of remediation of large volumes of slightly contaminated waste by removal and concentration of the offending species, which can then be
safely and efficiently disposed of.
With the wide variety of possible adsorbent
materials and treatment conditions, developing a
method for batch adsorption has historically been
a difficult and time-consuming task. We have
reported a systematic approach to this problem,
employing miniaturised assays carried out in 96well plate or small reaction tubes40, that has been
used to successfully develop solvent-sparing cleanups of a number of impurity problems, including
removal of metal residues resulting from the use of
organometallic catalysts41, removal of coloured
impurities42, and removal of reactive impurities
using specific reactive resins43,44.

Conclusion
There are a number of opportunities for reducing
solvent consumption and waste generation in the
separation sciences used to support drug discovery
and development in the pharmaceutical industry.
We have pointed out a number of approaches for
‘greening’ analytical chromatography, where small
solvent savings multiplied across the hundreds or
thousands of users found in a typical pharma company can add up to significant waste reduction. In
addition, we have illustrated how replacing petrochemical-derived hydrocarbon solvents for preparative chromatography with supercritical carbon

Figure 4
Supercritical carbon dioxide
has solvent properties that are
similar to petrochemicalderived hydrocarbons such as
heptane

=
heptane

CO2
(above 74 bar and 31˚C)
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mittee of the American Chemical Society, serving
as a councilor for the Organic Division. He is the
recipient of several awards in the separation science area, including the NJCG 2004 Award for
Excellence in Chromatography and the 2007
PACS Activated Carbon Hall of Fame award.
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Figure 5
Removal of undesired
impurities using selective
adsorbents can be an
inexpensive and readily
scalable approach for purifying
pharmaceutical compounds

addition of
selective adsorbent

equilibration

adsorbent filtration
removes impurities

dioxide can afford dramatic decreases in the generation of waste solvent, and how the use of selective
adsorbents and reactive resins can afford significant green chemistry advantages for the removal of
impurities from pharmaceutical intermediates.
Finally, we have pointed out several opportunities
where the intelligent application of technology to
existing problems may lead to improved, greener
processes for the discovery and development of
DDW
new pharmaceuticals.

Dr Christopher J. Welch leads the Separation and
Analysis Technologies (SAT) group in the
Department of Process Research at Merck & Co in
Rahway, New Jersey. He is also the scientific head
of the Merck Center of Excellence for Separation
Science. Current research focuses on fast method
development, high throughput analysis, chromatographic purification from milligrammes to kilogrammes, adsorbent screening and mass spectrometry. Dr Welch has worked in a variety of fields
within the chemical industry, including discovery
synthesis of agrochemicals (Velsicol-Sandoz),
development of reagents for improved immunodiagnostic assays (Abbott Laboratories) and development and commercialisation of chromatographic stationary phases, reagents and enantioselective
catalysts within a small chemical business environment (Regis Technologies). Since joining Merck
Process Research in 1999, he has focused on developing and applying improved methods and equipment for purification and analysis of pharmaceutical intermediates, and is particularly interested in
new paradigms for integrating preparative chromatography with organic synthesis. Dr Welch has
authored more than 100 scientific publications and
15 patents, is co-founder of the journal,
Enantiomer, and a member of the editorial board
of the journal Chirality, a member of the editorial
advisory board of Organic & Biomolecular
Chemistry, and a member of the executive com76

Drug Discovery World Fall 2007

Separation science:Layout 1

23/9/07

11:56

Page 77

Separation Science

References
1 Anastas, PT and Warner, JC. Green Chemistry:
Theory and Practice, Oxford University Press,
2000.
2 Lancaster, M. Green Chemistry, Royal Society
of Chemistry, 2002.
3 Afonso, CAM and Crespo, JPG (eds)Green
Separation Processes: Fundamentals and
Applications, Wiley, New York, 2005.
4 Hudson, TL Fox, FD, Plumlee, GS. Metal Mining
and the Environment, American Geological
Institute, Alexandria, VA, 1999.
5 Young, RA and Akhtar, M (eds).
Environmentally Friendly Technologies for the
Pulp and Paper Industry. Wiley, New York, 1997.
6 Tucker, JL. Green Chemistry, a pharmaceutical
perspective, Org. Proc. Res. & Devel., 10, 315319, 2006.
7 Constable, DJC, Dunn, PJ, Hayler, JD,
Humphrey, GR, Leazer, Jr JL, Linderman, RJ,
Lorenz, K, Manley, J, Pearlman, BA, Wells, A, Zaks,
A, Zhang, TY. Key green chemistry research
areas – a perspective from pharmaceutical
manufacturers, Green Chemistry, 9, 411420,2007.
8 Senchenkove, E, Tswett, Michael: The Creator
of Chromatography, , Russian Academy of
Sciences, Moscow, 2003.
9 Ettre, LS. Milestones in the Evolution of
Chromatography, ChromSource, Franklin, TN,
2002.
10 Kazakevich, YV, LoBrutto, R. HPLC for
Pharmaceutical Scientists, Wiley, 2007.
11 Solvent Waste Reduction, US Environmental
Protection Agency, 1990.
12 Nelson, WM. Perspectives and Practice,
Oxford University Press, 2003.
13 Jessop, PG, Subramaniam, B. Gas Expanded
Liquids, Chem. Rev., 10, 2666-2694 (2007).
14 Katusz, RM, Bellew, L, Mangravite, JA, Foery,
RF. Recovery of HPLC-grade acetonitrile by
spinning band distillation, J. Chromatogr, 213,
331-336, 1981.
15 Pirkle, WH and Anderson, RW. An automated
preparative liquid chromatography system, J.
Org. Chem., 3901-3903, 1974.
16 Welch, Al. Reflections on a third-generation
mobile phase recycler for HPLC, Amer. Lab., 38,
44-48, 2006.
17 Ettre, LS, Waters, Jim. The development of
GPC and the first commercial HPLC
instruments, LCGC, 23(8), 752, 2005.
18 Novotny, M. Microcolumn liquid
chromatography: A tool of potential significance
in biochemical research, Clin, Chem., 26, 14741479, 1980.
19 Welch, CJ, Sajonz, P, Biba, M, Gouker, J,
Fairchild, J. Comparison of Multiparallel
Mircofluidic HPLC Instruments for High
Throughput Analysis in support of
Pharmaceutical Process Research, J. Liq.
Chromatogr. 29, 2185-2220, 2006.
20 Sajonz, P, Leonard, WR, Biba, M, Welch, CJ.
Multiparallel Chiral Method Development
Screening Using an 8-channel Microfluidic HPLC
System, Chirality 18, 803-813, 2006.
Drug Discovery World Fall 2007

21 Sajonz, P, Schafer, W, Gong, X, Schultz, S,
Rosner, T, Welch, CJ. Multiparallel Microfluidic
HPLC for High Throughput Normal Phase
Chiral Analysis, J. Chromatogr., 1147, 149-154
(2007).
22 www.agilent.com
23 www.waters.com
24 Schafer, WA, Hobbs, S, Rehm, J, Rakestraw,
DA, Orella, C, McLaughlin, M, Ge, Z, Welch, CJ.
Mobile tool for HPLC reaction monitoring, Org.
Proc. R & D, in press, 2007.
25 Berger, T. Packed Column SFC, Royal Society
of Chemistry, 1995.
26 Parcher, JF, Chester, TL. Unified
Chromatography, American Chemical Society,
2000.
27 Phinney, KW. Enantioselective separations by
packed column subcritical and supercritical fluid
chromatography, Anal. & Bioanal. Chem., 382,
639-645, 2005.
28 Zhang, Y, Wu, DR, Wang-Iverson, DB, Tymiak,
AA. Enantioselective chromatography in drug
discovery, Drug Disc.Today,10, 571-577, 2005.
29 Helmy, R, Biba, M, Zang, J, Mao, B, Fogelman,
K, Vlachos, V, Hosek, P, Welch, CJ. Improving
sensitivity in chiral supercritical fluid
chromatography for analysis of active
pharmaceutical ingredients, Chirality, in press,
2007.
30 Lee, ML and Markides, KE. Chromatography
with supercritical fluids, Science, 235, 1342-1347,
1987.
31 Guiochon, G, Felinger, A, Shirazi, DGG.
Fundamentals of Preparative and Nonlinear
Chromatography, Elsevier, 2006.
32 Schmidt-Traub, H. Preparative
Chromatography of Fine Chemicals and
Pharmaceutical Agents, Wiley, 2005.
33 Welch, CJ. Chiral Chromatography in
Support of Pharmaceutical Process Research, in
Preparative Enantioselective Chromatography,
G. Cox, ed., Blackwell, London, 2005, pp 1-18.
34 Colin, H, Ludemann-Hombourger, O, Denet,
F. Equipment for preparative and large size
enantioselective chromatography, in Preparative
Enantioselective Chromatography, G.G. Cox, ed.,
Blackwell, 2005.
35 Grill, CM, Miller, LM. Steady-state recycling
and its use in chiral separations, in Preparative
Enantioselective Chromatography, G.G. Cox, ed.,
Blackwell, 2005.
36 Ventura, M, Farrell, W, Aurignmma, C, Tivel, K,
Greig, M, Wheatley, J, Yanovsky, A, Milgram, KE,
Dalesandro, D, DeGuzman, R, Tran, P, Nguyen, L,
Chung, L. High-throughput preparative process
utilising three complementary chromatographic
purification technologies, J. Chromatogrr., 1036,
7-13, 2004.
37 Hochlowski, J. High-throughput purification:
triage and optimisation, in Chemical Analysis:
Analysis and Purification Methods in
Combinatorial Chemistry, 281-306, 2004.
38 Piknston, DJ. Advantages and drawbacks of
popular supercritical fluid chromatography/mass
spectrometry interfacing approaches-a user’s
perspective, Eur. J. Mass. Spec., 11, 189-197, 2005.

39 Welch, CJ, Leonard, WR, DaSilva, JO, Biba, M,
Albanese-Walker, J, Henderson, KW, Laing, B,
Mathre, DJ. Preparative chiral SFC as a green
technology for rapid access to enantiopurity in
pharmaceutical process research, LC-GC, 16-29,
2005.
40 Welch, CJ, Shaimi, M, Biba, M, Chilenski, JR,
Szumigala, RH, Dolling, U, Mathre, DJ, Reider, PJ.
Microplate Evaluation of Process Adsorbents, J.
Sep. Sci., 25, 847-850, 2002.
41 Welch, CJ, Biba, M, Drahus, A, Conlon, DA,
Tung, HH, Collins, P. Selective removal of a
pharmaceutical process impurity using a reactive
resin, J. Liq. Chromatogr., 26, 1959-1968, 2003.
42 Welch, CJ. Leonard, WR, Henderson, DW,
Dorner, B, K. Glaser-Childers, K, Chung, J,
Hartner, FW, Albaneze-Walker, J, Sajonz, P.
Adsorbent screening using microplate
spectroscopy for selective removal of colored
impurities from active pharmaceutical
intermediates, in press, OPRD, 2007.
43 Welch, C.J, Biba, M, Drahus, A, Conlon, DA,
Tung, HH, Collins, P. Selective removal of a
pharmaceutical process impurity using a reactive
resin, Journal of Liquid Chromatography &
Related Technologies, 26, 1959-1968, 2003.
44 Wong, A, Welch, CJ, Kuethe, JT, Vazquez, E,
Shaimi, M, Henderson, D, Davies, I, Hughes, DL.
Reactive resin facilitated preparation of an
enantiopure fluorobicycloketone, Organic &
Biomolecular Chemistry (2004), 2(2), 168-174.

77

