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Abstract: Rapid chiral method development using microfluidic multiparallel
HPLC is illustrated with several examples of ‘real world’ pharmaceutical
intermediates for which speed was critical for successful process development.
It is shown that this rapid chiral method development approach is suitable
for support of high throughput screening of enantioselective catalytic
hydrogenation reactions and other high throughput experimentation initiatives
in pharmaceutical process research.
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INTRODUCTION

In a previous study we reported the use of a microfluidic multiparallel
HPLC system for the rapid development of methods for the
chromatographic separation of enantiomers.�1� In that study we
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examined several model compounds that are commonly employed to
test the separation performance of chiral columns, demonstrating an
ability to rapidly develop fast methods for enantiopurity determination.
In the present study we demonstrate the advantages of the multiparallel
format for method development and high throughput analysis to
support high throughput experimentation initiatives in pharmaceutical
process research. In these studies, ‘real world’ process research samples
from high throughput catalysis investigations are presented to illustrate
the strength and versatility of the new approach. High-throughput
experimentation initiatives requiring rapid enantiopurity determination
have become a topic of great interest over the past few years for
screening enantioselective catalysts, enzymes, or separation methods.�2–12�

The approach described herein shows promise as a potential general
solution to this problem.

EXPERIMENTAL

HPLC Instrumentation

An Eksigent Express-800 parallel microfluidic HPLC system was used
in the study (Eksigent Technologies, LLC, Dublin, CA, USA).�13�

The system is equipped with eight HPLC channels that can be operated
simultaneously and independently. It comes with a dual head CTC
LEAP auto-sampler, allowing injection from autosampler vials and 96
or 384-well microplates. Individual diode array UV detectors and two
pumps are used for each channel. Thus different flow rates, gradients or
eluents can be run concurrently on different channels, and different UV
wavelengths.

Chemicals

Ethanol, 2-propanol and heptane were obtained from EM Science
(Gibbstown, NJ, USA). Sample mixtures and reference standards were
obtained from the catalysis screening group within Merck Process
Research (Merck Research Laboratories, Rahway, NJ, USA).

HPLC Columns

Chiralpak AD-H, Chiralpak AS-H, Chiralcel OD-H and Chiralcel OJ-H
columns were used. The columns (0�3× 150mm) were obtained from
Chiral Technologies (West Chester, PA, USA).
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RESULTS AND DISCUSSION

Asymmetric catalytic hydrogenation is a preferred technique to
economically prepare enantiopure pharmaceutical intermediates with
high yield and enantiopurity. Identification of suitable hydrogenation
conditions typically involves the investigation of numerous ligands,
metal precursors, solvents, additives, temperatures and pressures.
With so many possible combinations, initial screening for asymmetric
hydrogenation conditions can involve the preparation of literally
hundreds of different samples, each of which must be monitored
for extent of conversion to the desired enantiomer of the product
compound.�1,14–18� Not surprisingly, rapid analysis of enantiopurity has
become a paramount concern and essential tool for effective exploration
of conditions for asymmetric hydrogenation. In addition, rapid method
development is also very important in this context, because without a
suitable analytical method, enantiopurity cannot be assessed quickly.
Thus, in order for analysis to avoid becoming a ‘bottleneck’ in the
overall workflow, it is very important to rapidly develop fast methods
which are then utilized for high throughput enantiopurity analysis.
Our previously described multiparallel chromatographic approaches
for both the method development and the high throughput analysis�14�

are proving to be quite useful, as is illustrated here with several recent
examples from these laboratories.

The general strategy for method development is illustrated with
an example presented in Figure 1. In this example a fast analytical
method was needed to support catalysis screening for the asymmetric
hydrogenation reaction depicted in Figure 1(a). Initially, column
screening was performed to find an appropriate chiral stationary
phase for the separation using the previously described approach
in which the eight independent channels of a multiparallel HPLC
instrument are arranged to rapidly evaluate 4 different chiral stationary
phases (CSPs) and two different mobile phase combinations. While
a number of variations on this general theme are possible, simply
screening four carbohydrate-derived CSPs (Chiralpak AD-H, Chiralpak
AS-H, Chiralcel OD-H, Chiralcel OJ-H) and two different mobile
phase gradients (ethanol/heptane and 2-propanol/heptane) leads to
the identification of a suitable analytical method in many instances.
A universal gradient approach is generally employed for initial chiral
method development screening. Again, variations are possible, but a
gradient of 5% alcohol modifier in heptane for 4min, followed by a ramp
to 40% modifier over 18min, followed by a 3min hold and 5 minutes
reequilibration time was found to be generally useful. The total run
time (for 1 sample with 8 columns), including equilibration before the
injection, was thus only 30min (less than 4 minutes per chromatogram)
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Figure 1. Multiparallel approach to chiral HPLC method development for high
throughput screening of asymmetric hydrogenation (a) Reaction scheme for
the introduction of a stereogenic center into a pharmaceutical intermediate via
asymmetric hydrogenation. (b) Chiral method development using a standard
gradient elution approach with four different columns and two different
eluents. Screening results are obtained within 30min. Conditions: 5-min
equilibration, 5% alcohol modifier in heptane for 4min, followed by a ramp
to 40% modifier over 18min, followed by a 3-min hold; flow rate 4�L/min;
detection at UV 210nm; 0.3mm i.d.× 150mm columns, injection size 40nL.
(c) Automated isocratic method optimization. Alcohol modifier (2-propanol
or ethanol) concentrations in heptane: 40%, 30%, 20% and 10% (v/v). (d)
Optimized chiral HPLC method for high throughput analysis. Chiralpak AD-H,
40% ethanol/heptane, 12�L/min, 20nL injection volume.

greatly reducing the time for method development screening relative to
an approach using sequential column switching.

The results of initial method development screening are illustrated in
Figure 1(b), where it can clearly be seen that Chiralpak AD-H with an
ethanol/heptane eluent easily resolves the two enantiomers of product
from the starting material. Method optimization is next carried out to
afford the fastest possible method for carrying out high throughput
analysis. The total number of samples to be analyzed dictates to some
degree the amount of method optimization that is needed, with the
initial screening method even being suitable if only a few samples
are to be analyzed. For high throughput analysis needs, translation
to a fast isocratic method is generally preferred. Method optimization
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on the multi-parallel system is carried out by running all 8 columns
simultaneously in isocratic elution mode, with varying alcohol modifier
(2-propanol or ethanol) concentrations in heptane, e.g., 40%, 30%, 20%
and 10% (v/v), as illustrated in Figure 1(c). In this example, flow
rate was adjusted for each mobile phase concentration so as to afford
comparable back pressures for each eluent composition. By using this
approach, the run time for the optimization experiments is kept to a
minimum. It is noteworthy that with a multiparallel approach all 8
channels are used for the optimization, as opposed to the sequential
approach, where the need to conduct optimization studies in a sequential
fashion means that typically, only the best candidate separation is
performed. We have recently shown that multiparallel optimization
studies can be advantageous in some situations where second or even
third choice screening hits sometimes end up giving rise to the best
high throughput analysis method.�11� This is especially true for multi-
component separations.

From these initial isocratic optimization experiments a suitable
method can often be selected and used without further adjustments,
or the method can be fine tuned to give an even shorter runtime
if this is needed (Figure 1(d)). It is noteworthy that the complete
analytical method development (i.e., column screening and optimization)
is accomplished within only 2h using the multiparallel approach.

In the second example, a method was needed to support screening
of an enantioselective reductive amination, in which a prochiral ketone
was converted, via an imine intermediate, to an enantioenriched amine
(Figure 2). A variety of catalysts and conditions were investigated to
find suitable conditions for conversion and selectivity for the imine
reduction. As unreacted imine reverted to ketone in some samples, a
suitable analytical assay that resolved the enantiomers of product amine
from both imine and ketone was needed.

Method development was carried out in the same fashion as
described in the first example. The initial gradient screen for a mixture
of the four components, ketone, imine and the two enantiomers of the
chiral amine is shown in Figure 2(b). It can be seen that one combination
of conditions results in a good separation of all four components –
Chiralcel OJ-H with heptane/ethanol (channel 8). The column screening
procedure took only 30 minutes as the columns were run in parallel. The
results of the screen were quickly optimized to give a fast method for
analysis that separates all four components, the ketone, imine and the
two enantiomers, of the chiral amine. The optimized method is shown in
Figure 2(c). As seen from the Figure, all components are well separated
in a chromatographic method with a relatively fast run time of about 6
minutes.
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Figure 2. Multiparallel chiral HPLC method development for monitoring
of the conversion of a prochiral ketone, via an imine intermediate, to an
enantioenriched amine. (a) Reaction scheme. (b) Multiparallel chiral HPLC
method development screening. (c) Optimized separation. Chiralpak OJ-H 15×
0�03cm, 20% ethanol/heptane, 12mL/min, 20nL injection volume, detection at
UV 210nm.

Several additional examples of the approach are illustrated in
Figure 3. In the example presented in Figure 3(a), a method was required
to support the study of the racemization of a bis-aryl substituted chiral
amine. Fast methods are often important for studying racemization,
not only to enable high throughput screening of reaction conditions,
but also to allow timecourse monitoring of racemization reactions with
reasonably short sampling intervals. Method development was again
carried out using the multiparallel approach to afford a suitable method
for chiral analysis, with resolution of an N -methyl pyrrolidone solvent
peak from the two enantiomers of the compound of interest within 3min.

In the example presented in Figure 3(b), a method was required
to monitor the generation of an enantioenriched secondary alcohol
from the corresponding �-ketoamide. In this example, the multiparallel
method development approach was used to generate a 6minute method
that resolved not only the two product enantiomers and starting
material, but also two unidentified degradation products.

Finally, the example presented in Figure 3(c) illustrates a method
that was developed to resolve the enantiomers of a Boc sulfonamide
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Figure 3. Examples of analytical methods that were developed using
multiparallel microfluidic screening and isocratic method development. (a)
Method to monitor the racemization of a bis-aryl amine substituted chiral
amine. Conditions: Chiralpak AD-H 15× 0�03cm, 20% ethanol/heptane,
12�L/min, injection size 20nL; detection at UV 210nm. (b) Method for
the monitoring of the generation of a chiral secondary alcohol from the �-
ketoamide. Conditions: Chiralcel OD-H 15× 0�03cm, 20% ethanol/heptane,
6�L/min, injection size 20nL; detection at UV 210nm. (c) Method for the
evaluation of the enantiomeric excess of a Boc sulfonamide intermediate.
Conditions: Chiralpak AD-H 15× 0�03cm, 10% ethanol/heptane, 14�L/min
flow rate; detection at UV 210nm; 0.3mm i.d.× 150mm columns, injection size
20nL; detection at UV 210nm.

intermediate, with a chromatographic run time of about 2min being
possible in this instance.

CONCLUSION

The ‘real world’ examples presented in this paper illustrate the suitability
of the microfluidic multiparallel HPLC system for rapid development
of chiral assays to support pharmaceutical process research. These
examples from actual process development studies carried out in these
laboratories demonstrate the strength of this new approach for enabling
high throughput experimentation studies, and suggest that multiparallel
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microfluidic HPLC may become an important tool for enabling high
throughput experimentation to support pharmaceutical process research.
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