Impact of modifier selection on enantioselectivity in SFC
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Introduction

Finding an analytical SFC method that resolves two specific isomers often involves screening of different column and mobile phase
combinations. Currently our primary screening protocol consists of 8 different chiral stationary phases (CSPs) varying methanol, ethanol
and iso-propanol (IPA) as organic modifiers. The goal is to find a CSP/modifier combination that gives baseline resolution in the gradient
screen, meeting this criteria often results in an efficient method for preparative chromatography.

The aim of this work was to analyse if the selection of modifier impacted the enantioselectivity on a certain CSP and also if the modifiers
studied are generally complementary.

Experimental

Data obtained from screening 125 racemates from internal drug discovery projects (Figure 1) has been compiled and analysed (Figure
2). The measured parameters are retention time, resolution and a Hit Score by ocular inspection of the chromatogram (se definition
below) for each CSP/modifier combination. The reason for using ocular scoring is that the measured resolution not comprehensively
describes the peak shape [1]. Not all racemates have been analyzed on all CSP’s (Table 1) but all three modifiers (MeOH, EtOH and IPA)
have been used.
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Figure 2. A standard SFC screen includes a column set of 8 different CSPs screened with a gradient (10-40% modifier in CO, in 10 minutes at 100 bar)
using methanol, ethanol and 2-propanol. Depending on the nature of the compound acidic (formic acid) or basic (diethylamine or ammonia) additives
were used (0.5 % v/v).

The Modifiers Impact on the Hit Frequency on the Different CSPs

For almost all CSP/compound combinations IPA more often results in a hit than MeOH or EtOH (Figure 3), however on Chiralpak IA the hit

ratio is unchanged for the different alcohols used. Notably, Chiralpak AD separate almost 50% of the analysed compounds using IPA as
modifier.

A Hierarchical Clustering Analysis (Figure 4) is used to visualise the different CSPs in respect of their hit ratio, showing four main groups.

Hit ratio = 100x(# Hits/# Cmpd screened) on each CSP/modifier combination
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Figure 3. The hit rate for the CSP/modifier combinations. The size of the dot Figure 4. Hierarchical clustering (HCA) analysis of PCA scores.

corresponds to the number of compounds analyzed and the color shows the
different modifiers.

The Modifiers Complementarity
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Table 2. Heat map of selected CSP/Compound combinations.

Visualising all 3225 unique combinations in a Heat Map, coloured by their Hit Scoring, reveals additional information regarding how the organic
modifiers contributes to enantioselectivity, exemplified for some combinations in Table 2.

The total hit scoring for each modifier is shown in Table 3. By a pair-wise analysis of the modifiers their complementarities can be found (Figure
5). All scorings found in the red, yellow and green squares indicate the same outcome for the two modifiers compared. The numbers in the light
yellow squares shows the scores that differ, a higher number indicates a higher diversity between the modifiers scoring. IPA and MeOH are
according to this pair wise analysis the two modifiers giving the highest diversity in enantioselectivity and IPA indicates the highest hit frequency.
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Table 3. Total number of CSP/Modifier/Compound combination defined by Hit scoring Figure 5. Scoring 1,2 and 3 for each Modifier/CSP/Compound combination squared plotted
against another modifier.

Unique Hit Rate on a Modifier/CSP Combination
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Figure 6. Unigue hits on each CSP Figure 7. Unique hits on four CSPs extracted from the HCA in Figure 4

A unique hit is defined by a CSP/compound combination only baseline resolved by one of the modifiers used. Both MeOH and IPA display a
large number of unique hits (Figure 6) on almost all CSPs used compared to EtOH. Consequently EtOH do not add much value in
enantioselectivity except for Chiralpak AD where all modifiers have a high unique hit rate (Figure 7).

47% of the compounds are separated on Chiralpak AD using only

ADwith IPA
IPA. By also adding MeOH and EtOH 65% of the compounds are
8% M AD with MeOH and EtOH baseline resolved. This points out the advantage of including more
596 1% * Lux C2 with IPA than one modifier in the screening sequence for Chiralpak AD.
- Including Lux Cellulose 2, Chiralcel OJ and Chiralpak ID, one from
O with 1PA each remaining cluster in Figure 4, with IPA as modifier resolves an
W D with IPA additional 16%.

6 different CSPs all modifiers . .
needed To be able to baseline resolve 92% of the compounds in our test set
Not baseline resolved all investigated CSPs need to be included and screened with all

modifiers. For 8% no sufficient SFC method could be found.

Figure 8. Hit rate for the test set with a lean screening approach

Conclusion

* |PA has the highest hit rate
* MeOH and IPA are complementary and show a large number of unique hits

e Chiralpak AD give a 65% hit rate when screened with all modifiers
e A hit rate of 81% is obtained by only using 4 CSPs

e To guarantee a higher success rate (>90%) a large number of CSP/modifier combinations need to be screened
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