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1. DEFINING CONFORMATIONAL FLEXIBILITY

1.1 Initial testing on smaller molecules

1.1.1 Rotamer distributions
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Figure 1. Chemical diagrams of the small molecules used to investigate the ability of CSD
statistical information about conformational preferences to define the conformational space

that could occur in crystal structures.

An initial test set of six small molecules (Figure 1), all of which had been subject to full CSP
studies, was performed to illustrate some types of conformational behaviors and how CSD
information on rotamer distributions could be applied in CSP. The rotamer distributions were
retrieved from the CSD rotamer library, using a stand-alone program. On top of histograms,
in order to assess the distributions more quantitatively, they were analyzed via kernel density
estimation (KDE) with the Von Mises kernel, which produces smooth probability density
functions (PDFs); the Matplotlib Python package was utilized to perform this analysis. The
method proposed by McCabe et al. was followed, generating an estimate of the probability
density functionf(d) , with d being the torsi@nisgwverghye r angi

the equation:

BP 7B me=hy-® P (1)

where n is the size of the sample, lo(c) is the 0" order modified Bessel function of the first kind
and 3 is a smoothing parameter. The smoothing parameter 3 was once again calculated with

the method proposed by McCabe et al., which uses equations developed by Taylor and Fisher.
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this work.

Figure 2 shows four examples of possible histograms and PDFs derived from rotamer

distributions, which could be treated differently in a CSP study.
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Figure 2: Histograms (light purple bars) and Von Mises kernel density approximation PDFs
(red lines) for torsion angle distributions of the angles indicated on each molecular diagram of
(a) 5-Formyluracil (0°in the diagram) (b) Succinic Acid (180° in the diagram) (c) Tazofelone (0°
in the diagram) (d) Fenamic acid (0° in the diagram), with an overlay of the PDF for tolfenamic

acid in green, showing the effect of the additional methyl and Cl substituents.



In all four cases, the insights from the rotamer distributions are similar to those derived from
ab initio relaxed scans of the molecules, as done for the original CSP studies. For 5-
formyluracil (Figure 2a), the distributions indicate that only two values are possible within very
narrow ranges (i.e. 0 and 180 ). The torsion angle of succinic acid (Figure 2b) can take three
values within narrow ranges: 180 , which leads to a planar conformation, and two others at
around 60 and 300 , generating folded conformations. In tazofelone, there is quite a wide
spread of possible values around both 90 and 270° (Figure 2c), while the remainder have very
low probabilities. In the final example of the fenamates, the only low-barrier torsion angle
(Figure 2d) can adopt any angle in fenamic acid, but the methyl substitution in tolfenamic acid
significantly reduces the probability of a crystalline conformation between 60 and 300

because of steric interactions.

1.1.2 CSD Conformer Generator

Successively the effectiveness of the CSD Conformer Generator (version 1.0), which is
based on the rotamer libraries outlined above, to generate the experimental conformers of the
molecules in Figure 1, was tested. The CG, with its default settings for molecular clustering
and maximum number of unusual torsion angles and without any limit in number of
conformations and probability scores, was used for each target molecule. The CG produced
two conformations for 5-formyluracil, 37 for olanzapine, ten for tazofelone, 46 for succinic acid,
67 for fenamic acid and 83 for tolfenamic acid.

The full set of generated conformations was analyzed to verify whether it contained the
conformer/s of each molecule observed in experimental crystal structures. The analysis was
performed with the molecular comparison tool available in the CSD Python API 1.0.0.% All
experimental crystalline conformers of the six small molecules were reproduced very well by
a CG conformation, with RMSD: < 0.35 A, as shown in Figure 3 and Table 1.



Figure 3: Overlays of the experimental conformers of the molecules in Figure 1 with their most

similar conformations in the CG set (in blue). If the same CG conformation was the closest

mat ch of each molecule in the asymmetric unit of
experimental conformers are colored in red or in yellow. Polymorphs with identical conformers
are only shown once.
Table 1: Quantification of the ability of CG to reproduce the experimental conformations, as
shown in Figure 3.
Label on Figure 3 Molecule Generated | Ranking of most similar RMSD(A)
conformers conformer
a 5-Formyluracil 2 2 0.019
b Olanzapine forms | and |l 37 1 0.151
C Tazofelone forms | and |l 10 5 0.337
d, e Tazofelone form I (solid solution) " 4.1 0.260, 0.123
f {dzOOAVAO | OAR 46 1 0.051
o] Tolfenamic acid form 1 83 2 0.087
h Tolfenamic acid form 2 a 16 0.258
i Tolfenamic acid form 3 (Z° = 2) o 2.2 0.219, 0.175
i Tolfenamic acid form 4 (Z° = 3) a 2,22 0.277,0.314, 0.287
k Tolfenamic acid form 5 (disordered a 15, 15 0.301, 0228
I, m Fenamic acid (Z" = 2) 67 2,6 0.169, 0.185

This analysis reveals that the range of CG conformations covers, or even exceeds, the

conformational space considered in the original search. Hence, a set of rigid searches would

capture the entire flexibility ranges of the molecules. Additional analysis of the rotamer

distributions (for example those in Figure 2) would make the choice of which torsion/s could

be more efficiently considered as explicitly flexible in a search obvious. Nonetheless the data



shown in the main paper prove that this is not sufficient for an effective choice of

conformational space for larger and more flexible molecules.

1.2 Preliminary analysis of the CG score
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Figure 4. Diagrams of the four molecules used to perform a preliminary analysis of the CG

score.

To test the quality of the CG score of conformations, the four molecules in Figure 4 were used.
For each molecule, a maximum of 200 conformations having a probability score lower than
0.75 were generated with the CG. Only for molecules XXVI and XXIII were 200 conformations
generated; 91 were produced for the A tautomer of mebendazole and 84 its C tautomer. All
the generated conformations were optimized constraining each torsion angle and allowing the
other degrees of freedom (i.e. bond angles and bond-lengths) to relax, at the PBEO 6-31G(d,p)

level using Gaussian09. The results are shown in Figure 5.
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Figure 5: Plots of intramolecular energy versus CG probability scores of (a) Molecule XXVI (b)

the A tautomer of Mebendazole (c) the C tautomer of Mebendazole (d) Molecule XXIII.

There seems to be a weak correlation between conformational energy and CG probability
score. Nevertheless some high-probability conformations have unfeasible conformational
energies for solid-state conformers. The reason is not clear, but it is probably because the CG
analyzes rotamer distributions with a fragment based approach. This approach does not
capture the interaction between different fragments. Hence conformations can be generated
with high-probability values for the individual torsion angles, which nonetheless are high in
conformational energy because the various fragments of the molecule interact in an

unfavorable fashion, and vice versa.

In summary, this preliminary analysis reveals that probability alone is not suited to select

important conformations, but some ab initio calculations are required.



1.3 Reproduction of the experimental conformers of the large and flexible molecules
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Figure 6: Overlays of the experimental conformers of the molecules in Figure 1 in the main

paper (colored by elements) with their most similar conformations in the CG set (in blue).

Table 2: Quantification of the ability of CG to reproduce the experimental conformations, as

shown in Figure 6.

Generated

Ranking of most similar

Label on Figur® Molecule RMSD(A)
conformers conformer
a XXVI 4947 685 0.386
b XXl form a 14269 440 0.683
c XXIII form b a 406 0.65
d, e XXl form ¢ (Z" = 2) o 657, 3160 0.66, 0.692
f XXl form d a 406 0.192
g.h XXl form e (Z° =2) a 491, 411 0.235, 0.627
| XX 17374 15 0.419
] GSK269984B 9529 166 0.129
k Mebendazole A 91 2 0.157
| Mebendazole C 84 1 0.133




2. APPLICATION OF THE WORKFLOW TO THE SIX PHARMACEUTICAL-LIKE

MOLECULES
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Figure 7: Chemical diagrams of the molecules on which the workflow outlined in Section 2.1 in
the main paper was applied, adding the atomic numbering which precisely identifies the

rotatable torsion angles in Table 3.

The PDFs of each torsion angle were calculated via Von Mises KDE and are shown in Figure
8- Figure 12. For each maximum in f(qg), the half width at half maximum (HWHM) was
estimated with Python and is indicated by * in Table 4. Maxima were only included if theirf ( d
was larger than 0.2.

Torsion angles 07 in GSD269984B and U7 in molecule XXl can only be defined with a
hydrogen atom, and so they are not included in the rotamer libraries and the CG. Hence, they

were scanned with ab initio methods (see section 2.5 for details).



Table 3: Atomic numbering definition of the key torsion angles shown in Figure 7.

Label for XXVI

Torsion Angle Definition

U 1a 35-34-32-33
U 2a 33-32-31-22
U 3a 32-21-22-21
Uib 1-2-8-9
U 2b 9-8-10-11
U3p 8-10-11-12
U4 30-21-12-13
Label for GSK269984B Torsion Angle Definition
U1 17-18-19-20
U2 12-17-18-19
U3 11-12-17-18
U4 12-11-105
Us 11-10-54
Ue 4-3-2-9
U7 3-2-1-1a
Label for XX Torsion Angle Definition
U1 20-19-18-17
U2 19-18-17-16
Us 18-17-16-16
U4 32-16-159
Us 16-15-9-8
Ue 7-6-2-3
U7 4-5-13-26
Usg 5-13-26-31
Label for XXIII Torsion Angle Definition
U1 6-5-9-10
U2 5-9-10-11
U3 9-10-11-12
Uy 13-14-17-18
Us 14-17-18-19
Ue 18-19-26-26
U7 19-24-25-25a
Label for Mebendazole A, C Torsion Angle Definition
U1 22-17-14-7 (A), 2217-14-8 (C)
U2 17-14-7-8 (A), 171489 (C)
U3 3-2-10-11
U4 2-10-11-16
Us 16-11-12-13
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2.1 Torsion angle distributions of the molecules in Figure 3 in the main paper
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Figure 8: Histograms (light purple bars) and Von Mises kernel density approximations (red

lines) for torsion angle distributions of angles of molecule XXVI.
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Figure 9: Histograms (light purple bars) and Von Mises kernel density approximations (red

lines) for torsion angle distributions of angles of GSK269984B.
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