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Abstract

The field of crystal structure prediction and its potential value to the pharmaceutical industry is described. The
process of structure prediction employed here is summarized and the results of its application to primidone and
progesterone are reported. It is shown that the process successfully generates the known polymorphs of these
molecules, starting from the molecular structure alone. Observations related to the application of the structure
prediction process are reported. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

In recent years, a number of independent at-
tempts have been made to design molecular mod-
elling approaches which predict the crystal
structures of organic molecules from their molec-
ular structures (Gavezzotti, 1991; Gdanitz, 1992;
Karfunkel and Gdanitz, 1992; Perlstein, 1992;
Catlow et al., 1993; Chang et al., 1993; Holden et
al., 1993; Shoda et al., 1995; Van Eijck et al.,
1995; Van Eijck and Kroon, 1997; Chaka et al.,
1996; Gavezzotti et al., 1997). The motivation for

* Corresponding author.

this work is derived from a need to understand
the phenomenon of polymorphism, in which one
molecular structure can exist in more than one
pure crystalline form. Different polymorphs have
different physicochemical properties. In the field
of pharmaceutical science one important aspect of
this phenomenon is that different polymorphs can
have different dissolution rates and hence poly-
morph selection can affect bioavailability. Prag-
matically, in the fields of pharmaceutical process
and formulation development, it is also important
to verify that a selected polymorph is the most
stable option. Predictive molecular modelling
could assist in this verification.

0378-5173/99/$ - see front matter © 1999 Elsevier Science B.V. All rights reserved.
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Ideally, a ‘polymorph predictor’ would generate
all of the possible crystal forms of a molecule,
rank them in terms of free energy and offer a
measure for which structures were most likely to
form under various conditions of crystallisation.
To date, it could be argued that the available
modelling technology is some way from achieving
this ideal (Gavezzotti, 1994). However, a number
of approaches referred to above have led to
qualified success. Some of these have relied on the
user having quite detailed expertise in the field of
crystallography; requiring that appropriate build-
ing blocks are assembled from small numbers of
molecules, before potential crystal structures are
generated. Arguably the most general approach is
that devised by Gdanitz (1992) and developed by
Karfunkel, Gdanitz and co-workers (Karfunkel
and Gdanitz, 1992; Karfunkel and Leusen, 1992;
Gdanitz et al., 1993). This methodology has been
implemented as a commercial program, C? Poly-
morph (Leusen, 1996). The work reported here
forms part of an evaluation of this methodology.
Although computers are becoming faster, the ap-
proach of Gdanitz is founded on intensive calcu-
lations in which thousands of potential packing
arrangements are investigated. As a consequence,
a comprehensive set of structure predictions for
one molecule can currently take a number of
weeks, if not months. Evaluation has therefore
taken place at a detailed level for a small
molecule, acetic acid (Payne et al., 1998a), and at
a less detailed level for aspirin (Payne et al.,
1998b). Neither of these molecules has more than

Table 1

one confirmed, experimentally realised poly-
morph. The purpose of this paper is to report on
structure predictions for slightly larger pharma-
ceutically active molecules, which are known to
have two polymorphs. The work demonstrates the
potential of the chosen predictive approach
through the location of all four known crystal
structures.

2. The molecules

Primidone (Boon et al., 1951) is an anticonvul-
sant which occurs in two polymorphic forms, A
and B (Daley, 1973; Summers and Enever, 1976).
The crystal structure of form A is monoclinic, and
can be obtained from the Cambridge Structural
Database (CSD) as refcode EPHPMO (Yeates
and Palmer, 1975; Cambridge Crystallographic
Data Centre, 1998). The structure of form B is
orthorhombic and has been solved recently
(Payne et al., 1996). Some crystallographic details
of these two structures are contained in Table 1.
Primidone has a strong propensity to hydrogen
bonding, and this is reflected in the packing ar-
rangements of the crystal structures and hence
their crystal habits (crystals of A are rhombohe-
dral, those of B are thin hexagonal plates). Fig.
la—c are images of the molecular structure of
primidone and the hydrogen bonding motifs in
forms A and B, respectively. Note that form A
has two types of hydrogen bond: one creating
dimers and the other linking those dimers into

Some crystallographic details of polymorphs A and B of primidone and o and B of progesterone®

Structure Space group a b c p 0 Energy
Primidone A P2,/c 12.25 7.09 14.81 117.82 1.276 -
A_min P2,/c 11.62 7.43 14.27 112.53 1.274 —297.15
Primidone B Pbca 10.27 7.92 27.54 90.00 1.296 -
B_min Pbca 10.38 7.69 28.33 90.00 1.282 —290.45
a-Progesterone P2,2,2, 6.25 12.59 22.49 90.00 1.180 -
o_min P2,2,2, 6.50 12.83 22.37 90.00 1.118 —5.70
B-Progesterone P2,2,2, 12.56 13.80 10.34 90.00 1.166 -
f_min P2,2,2, 12.88 13.92 10.55 90.00 1.103 —547

2 Data are also included for the force field minimised counterparts of these crystal structures: A_min, B_min, «_min and _min.
Unit cell dimensions are given in A, f-angles in °, density, p, in g/cm?, energy in kcal/mol.
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(b)

Fig. 1. (a) The molecular structure of primidone. (b) The hydrogen bonding motifs of primidone A. (c) The hydrogen bonding motifs

of primidone B.

sheets of molecules. Form B has one type of
hydrogen bond forming sheets.

Progesterone is a steroid used to treat abnor-
malities of the menstrual cycle and pregnancy. It
exists in two crystal forms of equal physiological
activity, which are readily interconverted. The
a-form has the highest melting point (129°C com-
pared with 121°C for B). It therefore might be

expected to be the most thermodynamically sta-
ble. The relative stability of the two forms is
confirmed by the work of Muramatsu et al.
(1979), who reported o to be 1.1 kcal/mol more
stable than B. They also stated that the conforma-
tional differences between molecules in the two
forms are very small. The a-form is orthorhombic
and tends to a prismatic morphology. The crystal
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Fig. 1. (Continued)

structure of a-progesterone is available as refcode
PROGSTO1 in the CSD. The B-form is also or-
thorhombic, but its crystals are needle-like. Its
crystal structure is refcode PROGSTI10 in the
CSD (Campsteyn et al., 1972). Some crystallo-
graphic information regarding these forms is con-
tained in Table 1. The molecular structure of
progesterone is shown in Fig. 2a, whilst the crys-
tal structures of the two forms are shown in Fig.
2b Fig. 2c. Neither form contains molecular inter-
actions that would normally be regarded as hy-
drogen bonds, because, whilst progesterone has
ketone hydrogen bond acceptors, it has no con-
ventional hydrogen bond donors.

3. The process of polymorph prediction

The generation of potential polymorphs for a
particular molecule requires a process that will
identify a set of most stable crystal structures. In
C? Polymorph this process is addressed by at-
tempting to generate all possible structures and
then ranking them according to their energy,
those with the lowest energy being the most
stable.

The first stage of the process is to choose a
molecular conformation to enter into the pro-
gram. In making this choice the following ques-
tions should be asked:

e Is the molecule flexible?

e Does this lead to a number of potential con-
formers which differ with regards to building a
crystal structure?

e Should the conformer(s) be optimised?

e To what level of theory should optimisation
take place?

If the molecule is inflexible there will be only
one conformation to deal with and the choice
comes down to one of optimisation. If it is flex-
ible, it may be possible to decide on the confor-
mation(s) that should be packed. This is achieved
by mapping energy as a function of torsion angles
about rotatable bonds (see, for example, Payne et
al., 1998b), or employing other tools for confor-
mational analysis (see, for example, Kolossvary
and Guida, 1996; Gianpaolo et al., 1997; Weiser
et al., 1997). The amount of time spent in predict-
ing polymorphs will be directly proportional to
the number of conformers chosen. It is recom-
mended that a chosen conformer is optimised
using high level quantum mechanics (QM) calcu-
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Fig. 2. (a) The molecular structure of progesterone. (b) The crystal structure of a-progesterone. (c) The crystal structure of

B-progesterone.

lations so that bond lengths and angles are set to
appropriate theoretical values (Karfunkel and
Gdanitz, 1992). Here, conformers are optimised
according to the restricted Hartree—Fock formal-
ism (RHF) at the 6-31G** level, using the QM
program Gaussian92 (Frisch et al., 1993). It is
worth noting, however, since a later stage of the

prediction process involves applying an empirical
‘force field’ to the molecular geometry, that this
level of optimisation seems excessive and can take
days of computer time (even for medium sized
molecules with 30—50 atoms). Previously, detailed
work on acetic acid brought the need for high level
QM calculations into question (Payne et al., 1998a).
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Fig. 2. (Continued)

A further consideration before making a predic-
tive run is how to calculate the charges on individ-
ual atoms. Ideally, this is achieved using QM and
fitting charges, located at the atom centres to the
electrostatic potential (ESP) around the molecule.
Such charges are termed ‘ESP charges’.

The second stage of the prediction process is to
generate thousands of crude crystal structures for
a molecular conformer using a Monte Carlo (MC)
search algorithm, in conjunction with simulated
annealing (SA) and the Metropolis acceptance
criterion. The Dreiding 2.21 empirical force field
is used to measure the relative stability of struc-
tures (Mayo et al., 1990) and the electrostatics are
based on the atom-centred charges. The search is
constrained by the symmetry operations of a cho-
sen space group. There are three important
parameters that can be set by the user at this stage
of the process:

e N_accept: the number of structures that are
accepted for the system to be considered a
‘melt’.

e Heat_Factor: defines the rate of heating during
the attainment of a ‘melt’.

e Cool_Factor: similarly defines the rate of cool-
ing. This parameter is particularly important,
as it affects the number of MC moves per unit
temperature of SA. Reducing Cool_Factor in-
creases the probability of locating all possible
structures.

The values used for these parameters, and oth-
ers governing the predictive method, are listed in
Table 2.

The MC-SA procedure can generate many
thousands of crude structures of which a signifi-
cant number will be similar. Thus, a ‘clustering’
process is applied to reduce the number of struc-

Table 2

The values used for important C?> Polymorph user-definable
parameters in all structure prediction runs described in this
paper

Parameter Value
N_accept 12
Heat Factor 0.025
Cool_Factor 0.002
Tolerance 0.15
RMSF 0.001
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Information on the ten most stable structures predicted using the primidone A conformer in P2,/c*

Frame number a b c p p Energy Similarity versus Similarity versus
form A A min
1 10.20 16.72 6.98 92.31 1.219 —298.9 0.251 0.255
2 7.72 21.62 7.11 99.76 1.239 —298.4 0.234 0.218
3 7.12 21.84 7.68 79.33 1.235 —298.1 0.247 0.227
4 15.30 11.17 6.88 100.15 1.252 —297.6 0.294 0.305
5 15.30 11.17 6.88 100.15 1.252 —297.6 0.239 0.241
6 7.69 21.67 7.31 72.80 1.246 —297.4 0.222 0.224
7 11.64 7.44 14.56 64.84 1.271 —297.1 0.229 0.185
8 11.62 11.36 9.11 97.05 1.215 —296.9 0.249 0.232
9 9.11 11.37 11.63 95.48 1.210 —296.9 0.264 0.252
10 12.12 9.77 10.90 73.38 1.172 —296.5 0.441 0.446

2 Unit cell dimensions are given in A, f-angles in °, density, p, in g/cm?, energy in kcal/mol.

tures. The important parameter for clustering is
termed ‘tolerance’. The lower this value, the more
similar a structure must be to the reference struc-
ture to be deemed to have the same packing
arrangement. Its value would ideally cluster struc-
tures that would fall into the same minimum on
the potential energy hypersurface—i.e. represent
the same final crystal structure.

Next, each crude structure which survives clus-
tering is subjected to energy minimisation, using
Dreiding 2.21, in which all of the degrees of
freedom, including the conformation of the
molecule and the unit cell parameters, are allowed
to relax. The symmetry elements of the chosen
space group are retained. Minimisation terminates
after a user-defined level of RMSF, the root mean
squared force for convergence (see Table 2). The
effectiveness of a force field can be gauged by
comparing the unit cell parameters of a known
crystal structure with those of the force field
minimised crystal structure. Changes of less than
5% are generally accepted as an indication that
the force field performs well for the structure in
question. Table 1 contains the values of these
parameters for primidone A, primidone B, o-
progesterone, B-progesterone and their minimised
counterparts: A_min, B_min, o_ min and B_min.
It demonstrates that Dreiding 2.21 is an accept-
able force field. It has known limitations (Payne et
al., 1998a,b), but was the only available option
for C*> Polymorph when this work was initiated.

Primidone has a number of rotatable bonds,
one of which adopts a significantly different tor-
sion value in the known forms (see 7 in Fig. 1a).
In primidone A, 7 is 27.4°, whilst in primidone B
it is 68.4°. In this study RHF/6-31G** optimised
versions of these conformers were used in the
pursuit of the known forms. Separate predictive
runs were required for A and B, as they occupy
different space groups (P2,/c and Pbca, respec-
tively). The significance of the conformational
flexibility of this molecule was tested subse-
quently, by seeking form A in P2,/c, with the
conformer of form A.

Progesterone, typically for a steroid, has limited
flexibility. As a consequence, the conformers in
the o- and B-forms are similar enough that they
were considered identical for the purpose of poly-
morph prediction. Both forms were sought using
the optimised crystal structure conformer of o.
Since o and B occupy the same space group,
P2,2,2,, it was possible to search for both poly-
morphs simultaneously.

The similarity of a predicted structure to a
known form was calculated using a ‘similarity’
measure described in the Cerius® program manual
as “examining the partial radial distribution func-
tions between pairs of force field atom types of
the two structures being compared” (Molecular
Simulations Inc, 1995). The smaller the value of
this similarity measure, the more similar are the
structures being compared.
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4. Results and discussion
4.1. Primidone

An initial view of structures generated when the
optimised crystal structure conformer of primi-
done A was used to predict in P2,/c was disap-
pointing. It was evident that:

o The first few structures had unit cell parame-
ters, which were quite different to those of

form A.

Primidone A

Relative Intensity

Frame 7

5 30
Degrees of Two-Theta

Fig. 3. A comparison of the simulated X-ray powder patterns
of primidone A, A_min and frame 7 from Table 3.

Primidone A

Relative Intensity

Frame 7
Refined

Degrees of Two-Theta

Fig. 4. The results of Rietveld refinement on frame 7 with
respect to the simulated X-ray powder pattern of primidone A.

e A visual comparison of X-ray powder patterns
for the 20 most stable predicted structures with
the pattern of form A did not reveal close
similarities.

e Similarity measures for the predicted structures
versus the crystal structure of form A produced
high values (> 0.2).

Table 3 contains the unit cell parameters and
similarity measures for the ten most stable pre-
dicted structures from this run.

However, further investigation suggested that
the predictive run had located a structure close to
that of form A. Frame 7 (the seventh most stable
predicted structure) had:

e Unit cell parameters close to form A and al-
most identical to form A_min.

e A powder pattern almost identical to that of
A _min.

e A similarity measure of < 0.2 versus A_min.
Fig. 3 contains a comparison of the powder

patterns of form A, A_min and frame 7. When

the molecular model of frame 7 is appropriately
oriented, it is seen to have the same packing
arrangement as form A. An important conclusion
from these observations is that, whilst the packing
arrangement of form A was located by C? Poly-
morph, it would have been difficult to recognise
this fact from readily available experimental

data—i.e. an X-ray powder pattern from form A.

However, once the most similar structure had

been recognised, it was possible to obtain a better

fit to the powder pattern of form A, using the
process known as Rietveld refinement (Young,

1993). This process automatically modifies unit

cell and other parameters to minimise the least

square difference (R factor) between an experi-

mental powder pattern and that simulated for a

given packing arrangement. This process was car-

ried out using frame 7 refined against the powder
pattern of form A (Fig. 4) over the range shown,
varying background, zero point and peak shape

(the relative atomic co-ordinates were not varied).

This gave an R factor of 25% after 200 iterations.

Despite the fact that this final R factor is still

rather poor, qualitatively at least by visual inspec-

tion of the powder patterns, there does seem to be
reasonable agreement (Fig. 4). It was not thought
necessary to further refine the structure in view of
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Fig. 5. Comparison of the crystal structure of primidone A (A) versus the most likely packing arrangement, frame 7 (B).

Table 4

Information on the ten most stable structures predicted using the primidone B conformer in Pbca®

Frame number a b c P Energy Similarity versus Similarity versus
form B B min
1 13.83 21.53 7.67 1.270 —290.7 0.234 0.233
2 28.29 10.38 7.70 1.283 —290.5 0.253 0.163
3 21.46 7.68 13.82 1.273 —290.5 0.256 0.237
4 13.95 21.20 7.60 1.289 —289.5 0.258 0.206
5 21.55 7.49 14.26 1.260 —289.2 0.263 0.238
6 7.75 11.99 26.59 1.174 —289.1 0.292 0.265
7 29.32 10.28 7.66 1.256 —288.0 0.258 0.212
8 11.99 27.19 7.87 1.130 —288.0 0.287 0.252
9 21.46 11.71 10.01 1.153 —287.8 0.267 0.253
10 7.64 28.09 10.80 1.252 —287.5 0.258 0.208

2 Unit cell dimensions are given in A, density, p, in g/cm?, energy in kcal/mol.

the low quality of the powder pattern which was
obtained from a laboratory instrument (Siemens
D5000 using Bragg—Brentano geometry). To add
further evidence that the frame 7 is the same
structure as the crystal structure, the two struc-
tures are shown side by side in Fig. 5 for compari-
son. These show excellent agreement, having the
same hydrogen bonding pattern, but in the pre-
dicted structure (frame 7) the chains are tilted

slightly more into the plane of the paper. It
should be noted that the cell angle S for the
crystal structure is 117.82° (Table 1) and that for
frame 7 is 64.84° (Table 3), reflecting the different
appearance of the unit cell in Fig. 5.

The packing arrangement of primidone form B
was located as frame 2 when the optimised form
B conformer was used to predict in Pbca. It
should be noted that the unit cell lengths for
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Fig. 6. A comparison of the simulated X-ray powder patterns
of primidone B, B_min and frame 2 from Table 4.

frame 2 are virtually identical in value to B_min,
but are switched around. These are in fact the
same crystal structures but with different settings
of the same space group, Pbca. This is confirmed
by the data in Table 4 and the powder patterns in
Fig. 6.

Prediction with the B conformer in P2,/c lo-
cated the packing arrangement of form A, again
in seventh place in the stability ranking (see Table
5 and Fig. 3). Note should be taken of the fact
that other structures located in this run were
different from those listed in Table 3. Thus, if the
aim of the work had been to generate an exhaus-

Table 5
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Table 6

Information on the ten most stable structures from a first
predictive run using the force field optimised, a-progesterone
conformer in P2,2,2,?

Frame number a b ¢ p Energy
1 12.80 648 2249 1.120 —5.68
2 10.52 1294 13.93 1.102 —5.47
3 13.01 9.94 1483 1.089 —5.38
4 849 18.79 11.80 1.109 —5.37
5 21.24 7.60 11.55 1.120 —5.37
6 12.80  23.26 624 1125 —5.37
7 15.85  15.31 7.89  1.091 =52
8 720 1448 1830 1.095 —-5.19
9 12.96 997 1484 1.089 —5.18

10 6.50 10.13 2899 1.094 —5.18

2 Unit cell dimensions are given in A, density, p, in g/cm?,
energy in kcal/mol.

tive list of possible structures for primidone in
P2,/c, it would not have been achieved in one
predictive run. Indeed, it is not possible to be sure
that the two runs reported here achieve this aim.
This irreproducibility of predictive runs has been
observed before (Payne et al., 1998a,b), and can
be rationalised in terms of the stochastic nature of
the MC methodology employed in the predictive
method. The problem is compounded for
molecules of increasing size and flexibility. The
concern remains as to how a user knows when a
search for alternative polymorphs is complete:
multiple runs using the same search parameters
may be required until new structures cease to be
located.

Information on the ten most stable structures predicted using the primidone B conformer in P2,/c*

Frame number a b ¢ p p Energy Similarity versus Similarity versus
form A A_min
1 7.13 21.85 7.65 101.40 1.235 —290.6 0.232 0.227
2 6.93 16.80 10.21 87.33 1.221 —290.4 0.260 0.273
3 7.14 21.70 7.71 100.50 1.235 —290.4 0.246 0.215
4 7.67 21.63 7.28 106.80 1.254 —290.0 0.242 0.241
5 9.11 11.34 11.61 95.28 1.214 —289.8 0.329 0.331
6 9.12 11.34 11.61 84.35 1.214 —289.7 0.257 0.257
7 11.61 7.44 14.50 64.74 1.280 —289.7 0.245 0.182
8 13.89 7.52 11.43 104.45 1.254 —289.4 0.254 0.243
9 14.01 7.47 11.32 75.68 1.264 —289.3 0.248 0.249
10 10.86 9.77 12.07 106.38 1.179 —288.4 0.235 0.230

2 Unit cell dimensions are given in A, f-angles in °, density, p, in g/cm3, energy in kcal/mol.
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The ability to predict two polymorphs with the
conformer of one indicates that there is little or
no energy barrier between them. This ability is
partly due to a predictive process that includes
sufficient flexibility for a molecule to adopt either
conformation, depending on the influences that
adjacent molecules in the crystal structure have on
each other. In a previous paper it was shown that
an energy barrier of ~4 kcal/mol (as calculated
using Dreiding 2.21) between conformers of as-
pirin could not be surmounted by C? Polymorph.
For primidone, calculations of the gas phase en-
ergy of the molecule as a function of torsional
differences indicate that there is no barrier be-
tween the conformers of forms A and B.

4.2. Progesterone

A first predictive run, using the optimised con-
formation of a-progesterone in P2,2,2,, did not
locate crystal structures similar (i.e. with similarity
measures < 0.2) to either of the known poly-
morphs. A second identical run also failed to
locate the known crystal structures.

As an exploratory trial, an a-form conformer
(no charges assigned) was minimised using Dreid-
ing 2.21, and RHF/6-31G** ESP charges were

241

calculated for its atomic centres. A first predictive
run with this conformer yielded the ten most
stable structures whose unit cell parameters are
contained in Table 6.These data suggest that the
run located structures which are similar to o_min
and B_min as frames 1 and 2, respectively. This
suggestion is supported by the plots of similarity
measures, o versus o_min, f and f_min in Fig. 7.
Although it should be noted that for the similarity
measure of the o-form versus o_min is much
higher > 0.2 than that for the B-form (Fig. 7).
This cannot be explained, since one might expect
the a-form to have a lower similarity measure.
because the starting structure used was the a-con-
formation/charges. Fig. 8a and Fig. 8b can be
compared to Fig. 2b and Fig. 2¢, respectively, to
show that the packing arrangements of these pre-
dicted structures are very similar to those of the
known polymorphs. A second predictive run with
this ‘Dreiding’ conformer was performed, using
precisely the same starting conditions as the first.
The similarity measures for this run are given in
Fig. 9. Unit cell parameters for this set of pre-
dicted structures are contained in Table 7. Al-
though the results of this second run are
qualitatively similar to those of the first, a struc-
ture similar to o_min being located as frame 1,

')<\~ x ’ ‘X.\_x R X g m n Ke x _
0.30 S B e M
) x--- X, X ooy KooKy AT TV TP I LL
@ X- - *
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0.10 > 1S orkros
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/ 8~ B_min
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Frame Number

Fig. 7. The similarity measures against a-progesterone, o._min, -progesterone and 3_min for the 20 most stable structures from a

first predictive run using the o-progesterone conformer in P2,2,2,.



242

*
'
]
x
*
¥
(]
®
x
s
¥
'
®
N
®
®
.

R.S. Payne et al. / International Journal of Pharmaceutics 177 (1999) 231-245

Fig. 8. (a) The structure of frame 1 from Table 6. (b) The structure of frame 2 from Table 6.

frames 3 and 4 exhibit similarity to _min. Thus,

as frame 2 in the second run is new, it is clear that

the original run was not exhaustive. Further, the
frames ranked 1 and 4 by energy in the second run
are subtly different to those associated with o and

B in the first run. These observations suggest that:

e The clustering process, as applied to these stud-
ies, 1s more discriminating than would be ideal
for locating structures that be known or be
realisable experimentally. This is in keeping with
previously reported comments regarding an ap-
proach of grouping predicted structures visually
by way of their packing arrangement when
seeking distinct polymorphic forms (Payne et
al., 1998a,b).

e It is not always critical to optimise a conforma-
tion using high level QM methods to locate
potential polymorphs of a compound.

e These predictive runs do not represent an ex-
haustive search. There are likely to be more
crystal structures that C2 Polymorph can locate
for progesterone, even in P2,2,2,.

Although two initial runs with a QM optimised
conformation were unsuccessful, two successive
runs with a force field optimised conformation
located the known polymorphs. The stochastic
nature of the predictive process means that it is not
possible to conclude that one conformation was
better for the process than the other. Further
prediction with the QM optimised conformer
might have located the known polymorphs.

5. Conclusions

o The packing arrangements of all four crystal
forms discussed in this paper were located by C?
Polymorph.

e It would have been difficult to identify the
correct packing arrangements by comparison
with experimental X-ray powder data alone—
i.e. if crystal structure and hence minimised
crystal structures had not been available a
priori.
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e Once located, the correct packing arrangement e For primidone, it was possible to locate both
could be refined to produce a crystal structure known polymorphs using the conformer of
approaching that of the known form, using form B. This would not necessarily be true in
Rietveld refinement. general for polymorphs with conformational

e The predictive runs reported here do not repre- differences.
sent an exhaustive list of the structures C? e For progesterone, a force field optimised con-
Polymorph is capable of generating in the cho- former was an adequate molecular starting
sen space groups. Prediction of all potential point for the predictive methodology to locate
forms would require multiple runs in these and both known polymorphs.

other space groups. In general, the work reported here has shown
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Fig. 9. The similarity measures against a-progesterone, o._min, B-progesterone and 3_min for the 20 most stable structures from a
second predictive run using the o-progesterone conformer in P2,2,2,.

that polymorph prediction, using the method of
Gdanitz (1992), offers an opportunity to investi-
gate the potential crystal structures that a particu-
lar compound might adopt. However, there are a
number of observations that demonstrate the need
for considerable thought in its application and
further development of the method.

Table 7

Information on the ten most stable structures from a second
predictive run using the force field optimised o-progesterone
conformer in P2,2,2,*

Frame number a b ¢ 0 Energy
1 2248 648 12.80 1.120 —5.68
2 12.81 6.49 2245 1.118 —5.65
3 1294 1052 1393 1.102 —547
4 13.01 1047 1392 1.101 —547
5 2326 624 12.80 1.125 —5.33
6 22.43  10.40 822 1.090 —5.27
7 18.30  14.48 720  1.095 —5.19
8 13.62 743 1896 1.088 —5.18
9 28.99 10.13 6.50 1.094 —5.18

10 12.80 19.96 7.52  1.087 —5.17

@ Unit cell dimensions are given in A, density, p, in g/cm?,
energy in kcal/mol.
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