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Polymorphism and solvatomorphism of bicalutamide

Thermophysical study and solubility
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Abstract Single crystals of the crystallosolvate [bicalu-
tamide + DMSO] with 1:1 stoichiometry were grown, and
their structures were solved by X-ray diffraction methods.
Polymorphic modifications I and II, the amorphous state,
and the DMSO crystallosolvate of bicalutamide were pre-
pared and thermochemistry of fusion processes was studied
by DSC technique. The temperature dependence of the
saturated vapor pressure of polymorphic form I was
obtained and the thermodynamic characteristics of the
sublimation process including the crystal lattice energy
were calculated. The solution enthalpies of the forms under
consideration and the crystallosolvate were acquired by the
solution calorimetry procedure. The phase transition
enthalpies estimated for form I, form II, and the amorphous
state followed the rank order: form I— > form II, form
I— > amorphous state, and form II— > amorphous state.
The crystal lattice energy of polymorphic form II was
determined using the results of sublimation and solution
calorimetric experiments. The difference between the
crystal lattice energy of the crystallosolvate and unsolvated
phases was observed. The dissolution kinetics of forms I,
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II, the amorphous state, and DMSO solvate in water were
investigated.
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Introduction

One of the key tasks in pharmaceutics is to solve the problem
of poor drug solubility. Solubility is a very important prop-
erty of drug substances, which determines both the optimal
therapeutic doses and probable side effects. It is interesting to
note that the analysis of drug compounds’ up-to-date dat-
abases shows that biological activity properties and solu-
bility values are inversely proportional. In other words, the
substances exhibiting high affinity to the receptors have very
low solubility in aqueous solutions. Therefore, it is important
to create well-soluble forms in order to strengthen drug
compounds’ position on the market. There are a number of
approaches to producing such forms. However, one of the
most promising approaches is obtaining different polymor-
phic and solvatomorphic modifications [1], particularly co-
crystals and crystallosolvates/crystallohydrates [2, 3].
Beside the application significance, polymorphism com-
prehensive study is also important fundamentally as it makes
it possible to reveal the ratio between the molecular con-
formational flexibility and the number of potential poly-
morphic forms. It is also important that the molecule
conformational flexibility is not a sufficient condition for
polymorph formation, as in many cases nucleation and new
phase growth processes are determined by the behavior of the
molecular ensemble (both solute and solvent molecules), as
well as by the kinetics of solvation shells rebuilding and
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defects relaxation in newly created crystals. Fundamental
processes understanding, assisting a novel form creation, and
the ability to rule trajectories of their evolution make it
possible to obtain both solvated and unsolvated crystals with
the required properties.

The object of our investigation is rather a well-known
drug—bicalutamide (Scheme 1). Being a pharmaceutically
active compound, bicalutamide possesses antiandrogenic
activity and, therefore, is very useful for prostate cancer
treatment. This drug is practically nonsoluble in water, but
at the same time appears to have high membrane perme-
ability. In this respect, according to the biopharmaceutical
classification of substances (BCS) introduced by Amidon
et al. [4], bicalutamide belongs to class II, including the
compounds with such a combination of the biopharmaceu-
tical properties as poor water solubility and high membrane
permeability. So, being a typical representative of novel
drugs, this compound has their basic features: conforma-
tional flexibility and very poor solubility. There are three
additional reasons for the choosing of bicalutamide as the
object of our investigation: Firstly, the crystal structures of
two polymorphs, form I and form II, were described in the
literature; secondly, the thermophysical and pharmacologi-
cal properties of the above forms were also studied [5-8];
and thirdly, various methods of the preparation of both
polymorphic form I and form II as well as bicalutamide co-
crystals were characterized [7-9]. Moreover, it was shown
that polymorph II could be derived from the bicalutamide
amorphous state [7]. Vega et al. [6] tried to investigate the
thermodynamic stability of the two bicalutamide modifica-
tions and to compare their properties with those of the
amorphous state, both in solutions and solids. Német et al.
[10] carefully studied the bicalutamide polymorph transi-
tions caused by the amorphous state mechanical activation.
Lindfors et al. [11] carried out the solubility studies of form I
and the amorphous state in water by isothermal saturation
and light scattering methods.

One of the traditional approaches of obtaining polymor-
phic modification is growing them through crystallization
from the saturated organic solutions under different condi-
tions. This method uses the ability of solvation shells to fix
the most thermodynamically stable molecular conforma-
tions in solution. After fixing such molecular conformations,
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Scheme 1 Structural formula of bicalutamide
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create a nuclei of the critical size from which crystals grow.
The solvents of different nature can facilitate the forming of
various thermodynamically stable molecular conformations
of the solutes and, as a consequence, “initiate” different
trajectories of polymorphic modification crystallization.
There are only several works on systematic investigation of
the solvent contribution to the process of polymorphic
crystallization (screening) [12-17]. A notable attempt to
classify 218 organic solvents on the basis of 24 physico-
chemical descriptors by means of the principal component
analysis was made by Allesg et al. [12]. Miller et al. [15]
grew ritonavir polymorphs in 17 solvents, whereas Vrecer
et al. [16] investigated the preparation procedure of piroxi-
cam’s various forms in 9 solvents and Jarring et al. [17]
analyzed the crystallization of formoterol fumarate in 9
solvents. The polymorphism of carbamazepine was studied
by Hilfiker et al. [14] in 11 solvents, while Vrecer et al. [16]
expanded the solvents’ list to 67. At the moment, the
problem of how to formulate the main rules and algorithms
of selecting the solvents for the preparation of different
polymorphic forms is still to be solved.

Materials and methods
Compounds and solvents

Bicalutamide (C;gH4F4sN,O,S, MW 430.37, 99.8 %,
racemate, (&£)-N-[4-cyano-3-(trifluoromethyl)-phenyl]-3-
[(4-fluorophenyl)sulfonyl]-2-hydroxy-2-methylpropana-
mide) was produced by Xiamen (Fine Chemical Import @
Export Co., LTD) and is polymorphic form I. Dimethyl-
sulfoxide (DMSO, C,HgSO, MW 78.13, ARG) was pur-
chased at Sigma Chemical Co. (USA), lot 129H0068.

Polymorphic form I crystals were prepared by the
recrystallization from ethanolic solution. The amorphous
state of bicalutamide was obtained by cooling the melt
quickly to room temperature. The polycrystals of modifi-
cation II were received by heating the polymorphic state to
120 °C and then cooling it quickly to room temperature.
The bicalutamide DMSO solvate was grown by slow
evaporation from saturated DMSO solution at room
temperature.

Methods
Solubility determination

The isothermal saturation technique has been used in all the
experiments at 25.0 & 0.1 °C. The solid phase was
removed by isothermal filtration (Acrodisc CR syringe
filter, PTFE, 0.2 um pore size) and centrifugation (Biofuge
pico). The experimental results are the average values
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obtained in at least three replicated experiments. The drug
molar solubilities were measured spectrophotometrically
with an accuracy of 2-2.5 % by means of the protocol
described earlier [18].

Sublimation experiments

Sublimation experiments have been carried out by the
transpiration method described elsewhere [19]. In brief: A
stream of an inert gas passes above the sample at the
predetermined slow flow rate under a constant temperature
in order to saturate the carrier gas with the vapor of the test
substance. The vapor condenses at some point downstream,
and the amount of the sublimate and its purity are deter-
mined. The vapor pressure over the sample can be calcu-
lated based on the amount of the sublimated sample and the
volume of the inert gas used.

The equipment was calibrated using benzoic acid. The
standard value of the sublimation enthalpy obtained here was
AwpH® = 90.5 £ 0.3 kJ mol™%. It is in good agreement
with the value recommended by IUPAC of AurH® =
89.7 & 0.5 kJ mol ™' [21]. Saturated vapor pressures were
measured 5 times at each temperature with the standard
deviation being within 3—5 %. Because the saturated vapor
pressure of the investigated compounds is low, it may be
assumed that the heat capacity change of the vapor with
temperature is so small that it can be neglected. The exper-
imentally determined vapor pressure data may be described
in (InP;1/T) co-ordinates in the following way:

In(p) =A+B/T (1)

The sublimation enthalpy value is calculated by the
Clausius-Clapeyron equation:

AwnHT = RT* -3(1np) /0(T) 2)

whereas the sublimation entropy at a given temperature 7
was calculated from the following relation:

ApS" = (AwnH" — AasG") /T (3)

where Ag,GT = —RT-In(p/py), as po is the standard pres-
sure of 10° Pa.

Considering the experimental reasons, sublimation data
were obtained at elevated temperatures. However, in
comparison with the effusion methods, the current tem-
peratures are much lower so the extrapolation to room
conditions becomes easier. In order to further improve the
extrapolation of sublimation enthalpy to room conditions,
we estimated the heat capacities (A;C5*® value) of the
crystals by means of the additive scheme proposed by
Chickos and Acree [24]. Heat capacity was introduced as a
correction for the recalculation of the sublimation enthalpy
AHT, value at 298 K (AHZXS value), according to the
following equation:

657
AsubI—I298 = AsubHT + A[{cor
= ApHT + (0.75 +0.15 Acrcg%)
x (T —298.15) (4)

Solution calorimetric experiments

An ampoule type isoperibolic calorimeter with a 50 cm®
titanium reaction vessel [20] was used to help measure
solution and dilution enthalpies. The signal was transferred,
and the dependences obtained were processed by the com-
puter. The automated control scheme allowed the tempera-
ture to be maintained at the same level with accuracy over
6 x 107* K. The temperature and thermal sensitivities of
the calorimeter measuring cell were 1 x 107* K and
1 x 1072 J, respectively. The instrumental errors were
0.6—-1 %. The accuracy of the weight measurements corre-
sponded to = 0.01 mg. Since the solution heat effects were
low, a correction on the heat of breaking ampoule and
evaporation of the solvent in the ampoule free volume (gq)
was made: ¢(293.15) = 0.034 J, ¢(303.15) = —0.018 J,
q(318.15) = —0.059 J. The Calorimeter was calibrated
using KCl (analysis, grade >99.5 %, from Merck) and water
in a wide concentration interval with a number of measure-
ments over 20. The obtained solution enthalpy standard
value of 17240 + 36 J mol™' was very close to that of
17241 + 18 J mol ! [21], recommended by the I[UPAC.

DSC experiments

The thermal analysis experiment was carried out using DSC
204 F1 Phoenix differential scanning heat flux calorimeter
(NETZSCH, Germany) with a high sensitivity u-sensor. A
sample was heated at 10 K min~" in argon and cooled by
gaseous nitrogen. The DSC temperature calibration was per-
formed against six high-purity substances: cyclohexane
(99.96 %), mercury (99.99 + %), biphenyl (99.5 %), indium
(99.999 %), tin (99.999 %), and bismuth (99.9995 %). The
accuracy of the weighing procedure was £+ 0.01 mg.

X-ray diffraction experiments

Single crystal X-ray measurements were carried out using a
BRUKER P4 diffractometer with graphite-monochromated
Mo K, radiation (A = 0.71073 A). The intensity data have
been received at 293 K by means of a w—20 scanning
procedure. The crystal structures have been solved by
direct methods and then have been refined through a full-
matrix least-squares procedure. Bruker XSCANS [22] was
applied for data collection, data reduction, and cell
refinement. SHELXS-97 and SHELXL-97 software pro-
grams [23] were used to solve and to refine structures,
respectively.
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Results and discussion
Screening of polymorphic forms

The most popular method of crystalline polymorphic
forms’ preparation is their crystallization from the satu-
rated solutions consisting of individual solvents or their
mixtures. As it was mentioned before, solvents play an
important role in nucleation and growth processes of dif-
ferent polymorphic/solvatomorphic modifications. Never-
theless, the range of solvents applied to screening is often
restricted by the solubility of the substances under inves-
tigation. Several solvents, methanol, ethanol, 2-propanol,
acetonitrile, dimethylsulfoxide, and water, have been
selected to perform the screening for the following reasons:
(a) bicalutamide is well soluble in all above-mentioned
organic solvents; (b) the solvents are well soluble in each
other, and this fact allows us to prepare the mixtures in a
wide concentration interval; (c) the organic solvents are
well soluble in water, used as an “anti-solvent” (i.e., the
solvent where the studied compound has a very low solu-
bility value); (d) the current solvents are often used for the
screening procedures.

The methods applied to grow bicalutamide crystals
were: (a) evaporation from the saturated solution
prepared on the basis of individual solvents or their
mixtures at room temperature; (b) diffusion of “anti-
solvent” into the saturated solution through the vapor
phase. The DSC method was applied to identify the
obtained phases.

Bicalutamide recrystallization from the individual
solvents (with the exception of DMSO) led to the cre-
ation of form I. The DMSO crystallosolvate with melting
point at 115.3 °C was received by method “a”. Then,
the single crystals [bicalutamide + DMSO] (stoichiome-
try 1:1) were extracted from mother solution, dried up to
constant mass, and analyzed by X-ray diffraction method
(the crystal structure has been deposited at the Cam-
bridge Crystallographic Data Centre and allocated the
deposition number CCDC 879630). It should be men-
tioned that around 50 different combinations of solvents
have been tested and, as a result, only bicalutamide
polymorphic modification I has been obtained. Since
bicalutamide form II has not been received from the
solutions, the traditional method described by Vega et al.
[6] has been used.

Sublimation of bicalutamide polymorphic form I
The temperature dependence of saturated vapor pressure

and the thermodynamic functions of the sublimation and
fusion processes are summarized in Table 1.
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Thermochemistry of dissolution processes
of bicalutamide polymorphic forms I and II, amorphous
state, and DMSO crystallosolvate

In order to estimate the phase transition enthalpies of dif-
ferent bicalutamide polymorphic modifications, solution
calorimetry procedure was applied. Such an experimental
approach is based on obtaining the solution enthalpies and
At H™*? values of various polymorphic forms in the
same solvent under the identical experimental conditions.
The nature of a solvent does not influence phase transition
enthalpy. The main criteria of solvent choice are: (a) good
solubility of the compounds under investigation and (b) a
high value of the solubility heat effect. It should be noted
that beside the two crystal polymorphic modifications, we
have investigated the amorphous state of bicalutamide as
well. The amorphous state was prepared by rapid cooling
of the melt received by heating the initial form I from the
temperature of 10 K above the melting point to room
temperature at the strictly fixed cooling rate (20 K min™").
As a result, the homogeneous bicalutamide amorphous
state has been obtained and the exothermic effects, corre-
sponding to the crystallization of polymorphic phase II,
were reproducible within the experimental errors. The
monotropic properties of the studied polymorphic modifi-
cations have been proved by the DSC experiments.

DMSO has been selected as a solvent for the calori-
metric experiments for the following reasons. Firstly, the
solvent meets the above-mentioned requirements for
obtaining polymorphic modifications; and secondly, the
proposed design of the experiment makes it possible to
estimate the difference between the crystal lattice energies
of the crystallosolvate [bicalutamide + DMSO] and those
of the unsolvated phase.

The solution enthalpy values of the two polymorphic
forms of bicalutamide, amorphous state, and DMSO crys-
tallosolvate in DMSO at 298 K are summarized in Table 2.
It is interesting to note that the solubility process of the
amorphous form is exothermal. It testifies that the solvation
enthalpy of the drug molecule interaction with DMSO
exceeds the enthalpy of the interaction between the bica-
lutamide molecules in the amorphous state.

In the general way, the phase transition enthalpy A H>*®
can be described as the difference between the solubility
enthalpies of various polymorphic forms in the same sol-
vent. Thus, for the two monotropic polymorphic forms of
bicalutamide:

Atergs (I N II) — Aerm,298 (I) _ Ater.298 (II), (5)
and A H?$(1 — II) = 5.5 + 0.5 kJ mol .

The use of this approach makes it possible to estimate the
phase enthalpies of the transition from forms I and II to the
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Table 1 Temperature dependence of saturated vapor pressure, sublimation thermodynamic functions, and thermophysical characteristics of

fusion process of bicalutamide polymorphic form I

T/ °C p-10%/Pa T/ °C p-10%/Pa

103.0 1.36 129.0 15.1

107.0 2.07 131.0 18.1

110.0 2.60 133.0 20.6

115.0 4.16 136.0 275

116.0 4.46 139.0 35.0

119.0 6.08 142.0 454

121.0 7.58 145.0 57.7

125.0 10.5 148.0 74.1

127.0 12.9

In(p/Pa) = (33.1 + 0.2)~(14088 =+ 676)/T ¢ = 2.3 x 1072 r = 0.9998; F = 43493; n = 17

Aa G28/kJ mol ™" 63.7 T [K] 465.5 + 0.2
AsbH?/KJ mol™! 117.1 +£ 0.6 AssHT /KT mol ™! 495+ 05
AwbH?*® /kJ mol ™! 124.7 £ 0.6 ApsST /T mol™! K1 106 £ 1
A CP8 */) mol ™' K 502.9

T - AgipS?8/kJ mol ™! 61.0

AgurS28/J mol ' K~! 205 £+ 5

 AaoH?® = AupHT + AHoor = ApH' + (0.75 +0.15 Acrcfﬁs) (T — 298.15)

® AC2%¥ calculated by the additive scheme proposed by Chickos and Acree [24]

N AfusST = AfusI—IT/Tm

Table 2 The weight, g/mg; solution concentrations, m/mol kgfl; and solution enthalpies, Ao HP8 /KT molfl;

of two polymorphic forms,

amorphous form, and DMSO solvate of bicalutamide in DMSO at 298 K

Form 1 Form II Amorphous DMSO solvate
g m 1073 Asull—lz98 g m 1073 AsulH298 g m 1073 AsolH298 g m 1073 A501H298
565 0.273 10.3 6.09 0.278 4.4 3254 1491 —15.1 25.04 0978 21.6
14.59 0.704 9.4 23.39  1.066 3.7 79.38  3.637 —14.0 71.70  2.801 223
479  0.211 9.2 31.48 1.450 4.2 60.18 2.802 —14.0 38.45 1472 21.9
11.86 0.523 9.6 77.62 3.614 —15.0 8590 3.288 22.3
At H™?8 =9.6 £ 0.3 A H™8 =41 +£02 A H"?®  =—145 1+ 0.3 A H™2%8  =22.0 £ 0.2

amorphous state: A H>*$(I — A) = 24.1 £ 0.6 kJ mol™';
AH?™¥ (Il — A) = 18.6 £ 0.5 kJ mol ™.

It is interesting to compare the A H>®(I — II) value
with the analogous one calculated from the fusion enthal-
pies: (ApsH™(1)=49.5 kJ mol™'; 7T, = 192.4 + 0.2 °C;
ApsH™(IT) = 43.4 kI mol™"; T,,(I) = 189.2 £ 0.2 °C);

AcH™ (I — II) = ApyeH™ (1) — Agys H™ (11
=495—-434=6.1+1.0 kI mol™!

To estimate the phase transition enthalpy at 298 K, we
assumed that the difference between the heat capacities of

two above-mentioned forms can be approximated by the
difference between their fusion entropies:

AeCp = ApysST (1) — Ay ST (IT) = 106 — 93

=1342J -mol ' K! (7)
In this case, AH?*(1 — II) can be described as:
AH?¥(1 = 11) = A HT(1 — 1) + (190 — 25)
ACper = 6.1 +2.1 =824 1.3 kI mol™! (8)

It is not difficult to see that the value calculated by the
DSC experimental data is slightly higher than that received
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by the solution calorimetry measurements. However, the
determination of accuracy of the two monotropic forms’
phase transition enthalpy obtained by the solution
calorimetry experiments is higher than the analogous
value acquired by the DSC technique.

We can also compare the phase transition enthalpy
AcH*3(I1 — A) (the crystallization of form II from the
amorphous state) with the DSC data: A H™ (A — II) =
—19.0 kJ mol™". This value coincides (in absolute scale) with
one obtained by solution calorimetry within the experimental
error: A,H*®(I1 — A) = 18.6 + 0.5 kJ mol .

If the sublimation enthalpy of one of the modifications,
AgnH*?3(1), is known, we can estimate the value
Ay HO?%8(11) of the other one as:

AsubH0-298 (II) — AsubHOAzgg (I) _ A[rH298 (I N II)
=1247—-55=119.2+ 1.2 kI mol ™!

©)

The difference between the crystal lattices of the
crystallosolvate (S) and the unsolvated phase of bicalutamide
(US) can be estimated by the following equations:

[Bicalutamide + guest] + n - solvent —
Bicalutamide - m - solvent + guest - [ - solvent
+ (n —m — Dsolvent + A H?¥(S) (10)

[Bicalutamide] + n - solvent — Bicalutamide - m - solvent
+ (n — m)solvent + Ay H*%(US) (11)

AAH*® = (Bicalutamide — [Bicalutamide + guest])
= AH™(S) — AqH?®(US) (12)

where guest is the guest molecule of the solvate (DMSO);
the solvent is DMSO; n is the number of pure solvent
molecules; m is the number of the solvent molecules in the
solvation shell of bicalutamide in solution; / is the number
of the solvent molecules in the solvation shell of the guest
molecule in solution.

The crystal lattice energy of the crystallosolvate is
12.4 kJ mol™" higher than that of the unsolvated bicalu-
tamide (form I). This stabilization of the crystal lattice
energy can be connected with the additional host—guest and
guest—guest interactions of the crystallosolvate in contrast
to host-host ones of pure bicalutamide. The relationship
between the crystal lattice energies of the considered forms
is presented in Scheme 2, where the lowest energy corre-
sponds to the amorphous state, whereas the highest—to
[bicalutamide + DMSO], for visualization.

It should be mentioned that polymorphic forms I and IT are
more stable than [bicalutamide + DMSO], which quickly
loses solvent at room temperature. Thus, the crystallosolvate
crystal lattice energy increase is accompanied by the entropic
term decrease, leading to an essential growth in Gibbs
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DMSO solvate
12.4 kJ mol™!
Form I
5.5 kJ mol™!
Form IT
24.1 kJ mol™!
18.6 kJ mol™!
Amorphous state

Scheme 2 The relationship between the crystal lattice energies of the
considered forms

4.5x1077 1
4.0x1077 1
3.5x1077 1 Amorphous
3.0x107

2.5x1077 1 Form II

X,/mol. frac

~7 |
2.0x10 DMSO solvate

F Form I
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0 20 40 60 80 100 120 140 160 180 200 220
Time/h

1.5x1077 4
1.0x1077 4

5.0x1078

Fig. 1 Kinetic dependencies of aqueous solubility of the two bicalu-
tamide polymorphic forms, amorphous state, and DMSO solvate

energy. For example, the comparison of the fusion entropy
alterations for the two polymorphic forms and the crystal-
losolvate gives the following results: forms I and
II—106 and 93 J mol 'K™', respectively; crystallosol-
vate—Ag,sST (bicalutamide + DMSO) = A HT /Trys=75 J
mol ™! K~!. With reference to Ag ST values, the entropy
changes under the phase transition of the crystallosolvate are
1.3-1.4 times lower than those of the unsolvated forms.

Thermodynamic and kinetic characteristics of solubility
processes of bicalutamide forms I and II, amorphous
and DMSO crystallosolvate

In order to compare thermodynamic stability of the two
bicalutamide polymorphic forms, the solubility kinetic
dependencies in water have been plotted. The prepared
forms have been placed in vials with water, and the solu-
bility values have been measured in a certain time interval.
Every measurement has been conducted in at least three
different vials to obtain the average value. The dispersion
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did not exceed 4 %. The results of the experiments are
presented in Fig. 1.

It is evident that in 10 h, as usual, the solubility reaches
the saturation (“plateau” on a curve) and this fact corre-
sponds to the achievement of thermodynamic equilibrium
between solute and bottom phase. Due to instability of
form II, 110 h later, we observed the following transfor-
mation: (I - I). The transformation process goes rather
slowly due to bicalutamide’s low solubility. The amor-
phous phase is unstable as well and transforms to the stable
one (form I). The solubility kinetics of [bicaluta-
mide + DMSO] in water is essentially different from the
same process of the unsolvated form: 4.5 h later, the
bicalutamide concentration in the aqueous solution reaches
the maximal value, which leads to a gradual concentration
decrease due to the slow destruction of the crystallosolvate
and nucleation of bicalutamide form I. The maximal con-
centration, which was reached under [bicalutamide +
DMSO] dissolution, was 3.3 times higher than that
of bicalutamide form I during the same time. Figure 1
shows that the solubility curve of [bicalutamide + DMSO]
intersects the analogous curves for the amorphous form
and form II in 43 and 67 h, respectively. Thus, the slow
kinetics of the crystallosolvate breaking gives an opportu-
nity to keep the raised concentration of bicalutamide (in
comparison with form I) in the aqueous solution for a long
time.

The presented kinetic dependences allow estimating
the solubility ratio of the studied polymorphic forms:
X28(11) /X3%8(1) = 2.45. It should be mentioned that this
value is in good agreement with the analogous value
obtained by Vega et al. [7], corresponding to 2.4. It is
interesting to note that the solubility value of modification
I—1.38 x 10~ which has been received in this study does
not differ much from the value of 1.1 x 10~ measured by
Lindfors et al. [11] by the light scattering technique.

On the basis of the obtained experimental data, the
description of the thermodynamic characteristics of the
polymorphic modifications have been made:

AiG* (1) — AiG**(I1) = —RT In(X3% (1) /X578 (I1) )
= 2.2 kJ mol ™! (13)

AtrS289(I — 1) = [Atergg (I —1I)
—RTIn (X3 (I1)/X5°%(1))] /298.15
=114+2Jmol™' K™ (14)

So, while the bicalutamide phase is being transformed from
form I to form II, the entropy increases by 11 J mol ™' K.
The thermodynamic characteristics of the crystal polymor-
phic modifications’ phase transitions to the amorphous state
can be estimated in a similar way: A S?%(1 — A) =73 £
6Jmol ' K™ ApS®3(I1 — A) = 62 4+ 3 Jmol ' K.

Conclusions

The screening of the bicalutamide solutions in the indi-
vidual organic solvents and their mixtures has been carried
out to obtain novel polymorphic and solvatomorphic
bicalutamide modifications by means of crystallization.
The tests have resulted in creating a new, previously
unknown DMSO crystallosolvate, the crystal structure of
which has been solved by X-ray method. In all other cases,
recrystallization led to creation of form I. The temperature
dependence of saturated vapor pressure of polymorphic
modification I has been obtained by the transpiration
method and the sublimation thermodynamic characteristics
have been calculated: AgpG*® = 63.7 kJ mol™'; AgpH?® =
1247 £ 0.6 kI mol ™, AypS?® =205+ 5 J mol ™' K™%
The phase transition enthalpies have been determined
by the solution calorimetry technique at 298 K:
AH?R(I—T1) = 5.5 £ 0.5; AH*?(1—A) = 24.1 £ 0.6;
Ay H®3(I1— A) = 18.6 + 0.6 kJ mol~". The crystallosol-
vate crystal lattice energy exceeds that of form I by
12.4 kJ mol™". The solubility kinetic curves of the two
polymorphic forms and the amorphous state in water at
298 K have been studied. The following solubility ratios
have been obtained: for the polymorphic forms—X3*(11) //
X38(1) = 2.45; for the amorphous state and form I—
X3%(A)/IX3%% (1) = 2.63. The maximal bicalutamide con-
centration reached during the [bicalutamide + DMSO]
crystallosolvate dissolution is 3.3 times higher than that of
form I. During the phase transition I — II, the entropy
increases by 11 J mol™' K™, whereas for the polymorphic
forms — the amorphous state transition, the results are:
ASB1—=A) =73+ 6T mol ' K" AS™® (IT—A) =
62+ 3 Jmol ' K.
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