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Abstract

Superecritical fluid chromatography (SFC) has been implemented within our group as a purity assessment and purification tool to complement
high performance liquid chromatography (HPLC) for diastereomer and chiral separations. Using a novel strategy, rapid chiral screening has
been implemented using short columns, high flow rates and fast gradients. A primary screen delivers a separation assessment using one
solvent modifier (methanol) and four columns (Chiralpak AD-H and AS-H, and Chiralcel OD-H and OJ-H) run serially in a total of 24 min.

A secondary screen then uses ethanol and isopropanol (IPA) modifiers across the same columns. The screens can be combined to run
sequence of samples overnight where each racemate is analysed over 80 min. The fast analytical screening and optimisation process enable
rapid identification of the purification method. Furthermore, subsequent preparative chiral SFC has decreased the overall sample turnaround
time for the Medicinal Chemist, delivering high fraction purities and acceptable recoveries, substantial operational cost savings and increased
flexibility with respect to large scale purification feasibility in comparison to HPLC. SFC has been so successful it is now used as the primary
method for chiral analysis and purification within our laboratory.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction systems in 3h. Although it is an ongoing requirement
to increase throughput and capacity, we believe it is not
Many molecular targets within drug discovery are chiral currently possible to reduce the 10 min HPLC gradient run
where individual enantiomers are required for biological times without compromising separation. Recently, our group
testing. Rather than dedicating considerable time developingimplemented supercritical fluid chromatography (SFC). The
chiral synthetic routes, we have followed the strategy of intention was to utilize the speed, solvent handling and cost
separating the individual isomers using preparative high benefits of SFC as well as provide a new separation tool for
performance liquid chromatography (HPLC). The utilisation specialised separation method development and purification.
of HPLC for chiral separation is well documentgh-5]. SFC is a well established separation techniffife-18]
During recent years we have developed a normal-phaseThe low viscosity and high diffusivity of the SFC mobile
chiral HPLC gradient screening strateffi~-11] based on phase allow for separations to be achieved with higher flow
solvent and column switching as reported by WhaffE3] rates and longer columns. Compared to normal-phase HPLC,
and Villeneuve and Andereg{l3]. Our current HPLC SFC offers higher efficiencies, improved resolution and faster
screen can run a racemate across 4 columns and 2 solventolumn re-equilibration resulting in much faster separations.
Packed SFC columns typically provide a three to five fold
* Tel.: +44 1276 483000; fax: +44 1276 474390. reduction in analysis time over HPL[19-20] SFC, sub-
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enhanced fluidity chromatography are commonly used termsas a secondary technique for samples failing to separate by
to describe the use of mobile phases operated near or abov&FC.
the critical parameters. Typically GG used as the supercrit-
ical fluid. As a polar modifier, such as methanol, is required
to elute polar analytes, most SFC applications are operating2. Experimental
under subcritical conditions. In our laboratory, it is accepted
we may be operating under both supercritical and subcriti- 2.1. Materials and reagents
cal conditions across any given gradient but as this has not
impacted separations, we are not concerned if the fluid is su-  Chiral methods were optimised using sets of commercially
percritical or subcritical. Therefore, we will use SFC as the available standard compounds alongside compounds submit-
single descriptor from hereon. ted into the group as part of the routine support service to Dis-
The application of SFC to chiral analysis is also well doc- covery Chemistrtrans Stilbene oxide and propranolol were
umented[20-27] Recently, there have been a number of used for chiral SFC column performance checks supplied by
reports on the utilisation of SFC for rapid chiral screening Sigma-Aldrich (Gillingham, UK). Carbon dioxide (99.95%
[13,28-31] During 2003 our group implemented SFC as a purity) was obtained from BOC Gases (Worsley, Manch-
purity assessment and purification tool to complement HPLC ester, UK). Heptane, methanol, ethanol and isopropanol were
for isomer and chiral separations. Building on the knowledge HPLC grade from Fisher Scientific (Loughborough, UK).
gained from our HPLC screen, we implemented 2.5 min gra-
dient methods for chiral SFC screening. Therefore, SFC can2.2. Additives
screen a sample through 4 columns (AD-H, OD-H, OJ-H and
AS-H) and 3 solvent systems (GMeOH, CGQ/EtOH and Isopropylamine (IPAm), diethylamine (DEA), dimethyl-
CGOy/IPA) in 80 min using a flow rate of 5 ml/min. Currently  ethylamine (DMEA), triethylamine (TEA) and trifluroacteic
the overall screen time includes the injection of diluent sol- acid (TFA) have been used as additives to improve peak shape
vent blanks following the switch to each new column: thisis and separation, available from Sigma-Aldrich. IPAm is the
optional and their removal further reduces the screen time to preferred additive as it delivers the sharpest peaks for strongly
50 min, compared to 3h by HPLC. basic compounds. On occasion, IPAm has proved difficult to
The fast chiral screen is used for rapid identification of the remove from fractions due, we believe, to the formation of the
most appropriate column and modifier before scaling up to carbamate from reaction with G@83,34] Although a com-
preparative SFC. Following column and modifier selection, bination of centrifugal evaporation under reduced pressure
all compounds are then run isocratically to develop the condi- and freeze-drying removes the additive from these samples,
tions most appropriate for purification. Compounds that have we continue to look for a suitable tertiary amine replacement.
shown very poor resolution on the gradient screen, but con- The majority of compounds analysed are basic. Acidic com-
sidered ‘hits’, have usually been separated to baseline resolupounds are analysed separately using TFA as the additive.
tion when moving from gradient to isocratic modes through
simple adjustment of the isocratic modifier percentage. 2.3. Stationary phases
Preparative SF€16,18,20,32pffers the same benefits as
analytical in addition to reduced solvent handling, reduced  Columns packed with Chiralpak AD and Chiralpak AS
operational costs and most significantly, reduced fraction vol- (amylose derivatives) and Chiralcel OD and OJ (cellulose
umes in a readily evaporated solvent. Preparative chiral SFCderivatives) were used for both chiral HPLC and chiral SFC
examples are discussed, illustrating these benefits. experiments, purchased from Chiral Technologies (Chiral
Initially, both analytical HPLC and SFC were run in par- Technologies Europe, llikirch, France). Column dimensions
allel to select the most appropriate technique for purifica- were 15 cmx 4.6 mmi.d., 5um particle size for HPLC gradi-
tion. During the last 12 months, 96% of chiral purifications ent screening and 10 cm4.6 mm i.d., Sum particle size for
were selected for SFC ahead of HPLC. During this period SFC gradient screening. Some preliminary SFC experiments
64% were purified using the AD-H column, 10% using the were performed using 25cm4.6 mm i.d., 1Qum particle
OD-H column, 17% using the OJ-H column and 9% using size. For preparative SFC the column dimensions were either
the AS-H column. In addition, due to the solvent handling 25cmx 20 mm i.d., 1Qum particle size or 25cm 21 mm
benefits of SFC, the group can support up to 60 g purifica- i.d., 5um particle size.
tions compared to the previous 5 g maximum threshold sup-
ported by HPLC using the 21 mm i.d. columns, since we 2.4. Instrumentation
have no facility to handle large volumes of waste HPLC sol-
vent. The parallel screening across both HPLC and SFC re- SFC analysis was performed on a Berger Minigram system
sulted in delays due to the necessary lag time while the slowerconfigured with 6-way column and solvent switching. SFC
HPLC analysis was completed. Therefore, we have decidedpurification was performed on a Berger Multigram Il system.
upon SFC as the primary default method for chiral analyt- Both systems were equipped with a Knauer variable wave-
ical method development and purification, utilising HPLC length UV detector, supplied by Mettler-Toledo AutoChem
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(Leicester, UK). Liquid CQis delivered a distance of 210 m

to the laboratory by a Berger GDS-3000 system supplied also
by Mettler-Toledo AutoChem. Twin pairs of 2001 capacity
dewars are ganged together to deliver a continuous supply
of CO,. HPLC analysis was performed on a Waters 2695
Alliance system configured with six-way column and qua-
ternary solvent delivery supplied by Waters (Hertfordshire,
UK).

2.5. Chromatographic conditions

The experimental conditions for each generic gradient
method are described ifable 1 The 6 min SFC gradient
method using the 25 cm length columns was used for a brief
implementation period following the installation of the SFC
equipment. Blank injections were performed following the
switch to each new column in the screen. This is not a re-
quirement but was considered beneficial to understand the
background profile for each column and solvent combination.
The column equilibration time following a switch to a new
column was 1.0 min and the modifier equilibration time fol-
lowing a switch to a new solvent was 5.0 min. The overall in-
strument time is 24 min for the primary screen, 52 min for the
secondary screen and 80 minif both screens are combinedina
single run. By removing the blank injections a reduced screen
time of 14 min, 32 min and 50 min, respectively, is possible.
Isocratic methods for preparative SFC were developed for
each sample in turn following the initial gradient screen and
are mentioned in the context of results and discussion. Scal-
ing from analytical to preparative conditions was an indirect
process. The analytical isocratic result on a 13cth6 mm
i.d. column using a flow rate of 5 ml/min was scaled up to a
25cmx 21 mmi.d. column using an appropriate flow rate for
the separation varying between 50 and 70 ml/min. Samples
for purification were dissolved in the running modifier.

2.6. SFC column performance checks

Analytical chiral columns are performance checked with
trans-stilbene oxide using the chiral gradient screen. Reg-
ular checks are not necessary due to the extended lifetime
of columns using SFC. The first set of chiral columns has
been used over a period of 18 months where 7665 injections
were made, with no loss in performance. Preparative chiral
columns are also checked on a case by case basis using either
trans-stilbene oxide or propranolol.

3. Results and discussion
3.1. Analytical SFC speed benefit compared to HPLC

Using SFC, compounds can be screened and separations
optimised much faster than HPLC. The majority of sepa-
rations are complete within 4 min, compared to the 20 min

(]
o
usually encountered with HPLC. As an exampigg. 1 <

Experimental conditions for the two analytical chiral SFC gradients and the analytical chiral HPLC gradient
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Fig. 1. Compound. containing two chiral centres analysed isocratically by HPLC (A) using 85% Heptane, 15% Ethanol each with 0.2% DEA on the chiral
AD-H 150 mmx 4.6 mm column, flow rate 1 ml/min; SFC (B) using a modifier of 15% MeOH containing 0.4% DEA on the AD 2504n6mm column,

flow rate 5 ml/min; SFC (C) using a modifier of 12% MeOH containing 0.2% IPAm on the AD-H 10&mmm column, flow rate 5 ml/min. SFC outlet
pressure was set to 100 bar and temperature wa€ 3Betection by UV, 260 nm for HPLC and 220 nm for SFC.

(®)

shows the chiral separation of all four isomers from a di- and a flow rate of 5ml/min the run time was reduced fur-

astereomeric mixture. Separation of all four isomers was ther to just over 2 min. The SFC modifier composition was

achieved using HPLC on a single chiral column of dimen- changed from 15 to 12% to maintain approximately the same
sions 150 mmx 4.6 mm (AD) and a flow rate of 1 ml/min. We  resolution between the first two eluting enantiomers. For this
considered the resolution of all four isomers within 35min particular example SFC is a factor of 15.6 faster than HPLC.
acceptable and a success. Directly following the SFC instal-

lation the same mixture was analysed by SFC where all four 3.2. Analytical chiral screen

isomers were successfully separated within 5 min using a flow

rate of 5ml/min and the 25 cx 4.6 mm AD column. With An example of a primary screen is presented-ig. 2

the current column dimensions of 10 coh#.6 mm (AD-H) Although separation is observed on both the AD-H and OD-H
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columns, a far superior separation is achieved using the OJ-and the AD-H column was the only combination that gave
H column. This column is the obvious choice for preparative separation between all four isomers. The isocratic method of
SFC as the facile separation allows for large column loadings 25% IPA with 0.1% TFA was developed delivering base line
and will potentially deliver a higher productivity compared resolution between all isomers in under 5min. The integra-
with the AD-H and OD-H. The isocratic method optimisation tion results of 19% (peak 1), 31% (peak 2), 19% (peak 3) and
process is fast due to the short run times, usually 3—4 min, and30% (peak 4) can be used to assign the individual diastere-
fast equilibration times. Identification of the isocratic condi- omeric pairs of enantiomers to peaks 1 and 3, and peaks 2
tions following the gradient screen is a judgement call by the and 4.
analyst based on gradient retention. This particular example The transfer from isocratic analytical separation to prepar-
elutes late in the gradient so a high percentage of modifier wasative SFC is performed indirectly such that separation results
selected for the isocratic method. During a 12-month period performed on 10 cm length columns at 5ml/min are trans-
48% of chiral purification conditions were optimised from ferred to 25 cm length preparative columns using flow rates
the primary screen alone where the overall selection and op-of between 50 and 70 ml/min. In our experience analytical
timisation of the preparative SFC method is easily achieved separations reproduce very well when samples are scaled up
in less than an hour. to the preparative system. In fact enhanced separation is ex-
Fig. 3is an example where the racemate did not separatepected and usually observed due to the additional preparative
using the primary screen but the subsequent secondary screecolumn length.
partially resolved the enantiomers on the OJ-H column using
IPA with 0.2% IPAm as the modifier. Although only partial 3.3. Purification
separation was achieved using the gradient, baseline resolu-
tion was obtained when the compound was run isocratically.  The speed benefit of SFC achieved for analytical sepa-
Fig. 4 presents the final purity assessment of each collectedrations also applies to preparative separations where separa-
enantiomer, using the optimised isocratic conditions of 7% tions tend to be approximately five times faster than achieved
IPA with 0.2% IPAm, following chiral purification. The chal- by HPLC. We have found the average system productivity
lenging separation allowed for only 10 mg loadings but this to be 1.0 g ! but where separation and solubility have not
was sufficient to purify the required 100 mg in just over an presented an issue, we have purified samples up to a pro-
hour. ductivity rate of 8.5 g h? using a conventional 21.2 mm di-
Multiple samples and acidic compounds are occasions ameter column and a flow rate of 70 ml/min. An example
when both primary and secondary screens are combinedof a chiral purification is presented Fig. 6. The analyti-
Fig. 5is an example of a combined screen set up for a cal screen identified the presence of an impurity eluting on
compound containing acidic functionality. The material was the tail of enantiomer 1 (e 1). Fractions were, therefore, col-
known to be a mixture of diastereomers, in the approximate lected by time, not threshold, to enrich the final purity of
ratio of 60:40 from NMR experiments and a separation be- the first eluting enantiomer. A total of 22 stacked injections
tween all four enantiomers was required. The IPA modifier were performed where peaks eluted exactly at the predicted
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Fig. 4. Fraction purity assessment following the purification of comp@negresented ifrig. 3. Optimised isocratic conditions were 7% IPA containing 0.2%
IPAm on the OJ-H column, flow rate 5 ml/min. Outlet pressure was set to 100 bar and temperature @aB&gction by UV at 220 nm.
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Fig. 6. Preparative chiral SFC example collecting by time windows. Twenty-two stacked injections of 72 mg are displayed. The flow rate was 7hgtimeiDs{10.m) with dimensions of 25 cnx 20.0 mm
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