A peculiar dehydration and solid-solid phase transformation of the
active pharmaceutical ingredient AZD9898 based on in situ single
crystal-to-single crystal transformations
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AZD9898 has previously been used as a candidate for a potential active pharmaceutical ingredient. AZD9898 Form A hydrate

was discovered during development and this form undergoes dehydration upon heating to give anhydrous Form B. Further

heating results in a solid-solid phase transformation to a new anhydrous phase, Form C. The crystal structures of Forms A,

B, and C were obtained by heating the single crystal of Form A in situ on the diffractometer allowing establishment of

dehydration and solid-solid phase transformation mechanisms. The relevant thermal profiles and vapour sorption behaviour

of these forms are also reported in this study.

Introduction

Understanding the solid form landscape of active

pharmaceutical ingredients (APIs)
endeavour for pharmaceutical companies and academia given

has become a major
that each solid form will have different physicochemical
properties such as solubility, stability and bioavailability.}?
Indeed, exploration of new solid forms, such as polymorphs,
solvates, hydrates, amorphous, co-crystals, salts, or any
combination thereof is an important aspect in pharmaceutical
research and development. The aim of the solid form
exploration is to achieve an understanding of which specific
be best suited for further development and
commercialisation.37 It is also important to assess the solid

form will

form and the solid form landscape of APIs to establish reliable
control strategies to avoid phase transformation or dissociation
during manufacturing processes or upon storage of the drug in
its final dosage form.8?

Water molecules are commonly incorporated into a crystal
structure along with APl molecule to form hydrates.1® Notably,
around 30% of drugs listed in the European Pharmacopeia can
exist as hydrates.'! It is well known that environmental changes,
i.e., variation in temperature or humidity can induce structural
changes leading to dehydration of pharmaceutical hydrates
during drug manufacture. The anhydrous form of a compound
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may well have different physicochemical properties compared
to its parent hydrate.’>'> Consequently, understanding the
dehydration of pharmaceutical hydrates is an issue of
considerable importance in APl development.

Generally it is a prerequisite to understand the structural
properties prior to evaluating the mechanistic aspect of
dehydration of pharmaceutical hydrates.’®* Dehydration
mechanisms are often explained from the crystal structure
differences between hydrate and corresponding anhydrous
phases. Subtle changes in the crystal structure usually
correspond to simple dehydration and significant
reorganization of crystal structures correlate with more
complex dehydration processes.'”1® For this reason, it is
important to determine the crystal structures both for hydrated
and anhydrous forms. Also, the structural differences between
hydrated and anhydrous crystal structures can be used to
rationalize the differences in physicochemical properties.'®

Among many available techniques used to determine crystal
structures, X-ray diffraction, which includes powder diffraction
and single crystal structure determination, is arguably the most
commonly used technique. In the most cases, single crystals of
the initially hydrated phase begin to lose integrity and
transform to a polycrystalline phase; structure determination
using powder methods are therefore usually employed to
establish the dehydration mechanism of hydrated APIs.20-24,
Systems where the hydrated phase retains its single-crystallinity
upon dehydration are more experimentally challenging. As a
result, there are only a few examples reported where the
dehydration mechanism is established using single crystal X-ray
structure determination.?>2 Herein we report just such a



Fig. 1 Chemical structure of AZD9898.

rare system which undergoes single-crystal-to-single-crystal
dehydration and phase transformation.

AZD9898 (Fig. 1) was previously used as a potential drug
candidate and was identified as a picomolar LTC4S enzyme
inhibitor with high lipophilic potency.?” Hydrate crystals of
AZD9898 was identified during early development. In this study,
we aim to reveal the structural changes during dehydration by
using AZD9898 as a model compound to clarify the underlying
mechanism of dehydration from the hydrate form to an
anhydrous form. Structure elucidation of hydrate and
anhydrous forms are unequivocally indispensable to provide
understanding of dehydration process on a molecular level.
Therefore, we employed single crystal X-ray diffraction which is
arguably the most advanced technique for structural
characterization.

Experimental
Materials

AZD9898 was synthesized according to previously published method.
This material was assigned to have purity more than 99.9% and was
used as received.?” The other chemicals and solvents employed in
this study were of analytical grade and used without any purification.

Methods

Powder X-ray diffraction (PXRD). PXRD measurements were
performed using XPert X-Ray diffractometer (PANalytical,
Netherlands). The measurements were carried out in reflection
mode. The powder pattern was collected from 26 = 3° to 50° at 25 °C
with a step and measurement time of 0.01° and 1 hour, respectively
(Cu Ka source, 45 kV, 40 mA).

Thermal gravimetric analysis (TGA) and differential scanning
calorimetry (DSC) analysis. TGA and DSC measurements were
performed using a TG Discovery 550 (TA instruments, Germany) and
DSC Discovery 2500 (TA instruments, Germany), respectively.
Approximately 10 mg for TGA and 2-3 mg of the sample for DSC were
weighed into an aluminium pan. The samples were then heated from
room temperature to 350 °C and from -50°C to 200 °C for TGA and
DSC, respectively, at a heating rate of 3 °C min under a nitrogen
purge of 100 mL min. An empty aluminium pan was used as a
reference. Open and closed pans were used for TGA and DSC
measurements, respectively. Modulated mode was used for DSC
measurement with modulation temperature amplitude and
modulation period set at 1 °C and 60 s, respectively.

Dynamic vapour sorption (DVS). Vapour sorption isotherms
were measured by dynamic vapour sorption (DVS) at 25 °C using a
Dynamic Vapour Sorption Resolution instrument (Surface
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Measurement System, UK). Samples were pre-sieved prior to
mounting in a balance and the relative humidity (RH) was increased
from 0 to 80% and decreased from 80 to 0% during the first and
second cycle, respectively, in 5% steps. The waiting time for 0.001%
weight change was set to 30 min and the further step was increased
or decreased automatically.

Single crystal X-ray diffraction and structure refinements. Single
crystals of AZD9898 were grown by vapour diffusion technique using
isopropylacetate/n-heptane as solvent/antisolvent. A suitable single
crystal was mounted on an AFC12 FRE-VHF diffractometer (Rigaku,
Japan) equipped with an Oxford Cryosystems Cobra (Oxford
Cryosystem, UK). Data were measured using Mo K, radiation
generated from a rotating anode source (45.0 kV, 55.0 mA).
Measurement strategy, data reduction, and data correction were
performed using the CrysAlisPro?® software (Rigaku, Japan). Using
Olex2,% the structure was solved with the ShelXS3Cstructure solution
program using the direct methods solution method. The model was
refined on F,> with ShelXL 2014.3! All non-hydrogen atoms were
refined anisotropically. Hydrogen atom positions were calculated
geometrically and refined using the riding model, and the O—H were
located from the difference map and refined using distance
restraints of 0.84 A and thermal parameters set to be 1.5 times those
of the parent atom.

Simultaneous X-ray diffraction- differential scanning
calorimetry (XRD-DSC). Combined XRD-DSC measurements were
performed using a SmartLab X-ray diffractometer (Rigaku, Japan).
The sample was placed in a flat aluminium pan. The powder pattern
was collected from 26 = 5° to 40° with a step and scan speed of 0.01°
and 35° min’t, respectively. The heating speed for DSC was set to be
1 °C min. A rotating anode Cu Ko source was employed with the X-
ray power set to 45 kV, 100 mA.

Results and Discussion
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Fig. 1 Experimental and simulated powder patterns of AZD9898
Form A hydrate.
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Fig. 3 (a) TGA and (b) DSC scans of AZD9898 Form A hydrate. The red, blue, and green lines in DSC thermogram show total, reversing,
and non-reversing heat flows, respectively. Inset shows a zoomed in view of the dehydration in (b).

AZD9898 Form A hydrate

A polymorph screen was performed on AZD9898 using various
solvents, temperatures, and crystallization techniques during
early phase development. The single crystal structure of the
methanol solvate of AZD9898 (CSD Entry: SIXVIN) has previously
been reported in the litterature.?’ In the polymorph screen, a
distinctive hydrate phase, Form A hydrate, was isolated from a
slurry experiment at room temperature in isopropyl acetate
solvent. However, a vapour diffusion technique was used to
grow single crystals of AZD9898 Form A using isopropyl acetate
as the solvent and n-heptane as the antisolvent. The powder
pattern of the polycrystalline material isolated from the slurry
experiment matches the simulated powder pattern from the
single crystal analysis indicating that a pure phase is obtained
(Fig. 2).

Thermal analysis, (TGA and DSC), were performed on freshly
prepared material obtained by grinding single crystal samples.
TGA and DSC analysis are expected to give a general
understanding of the response of Form A to heating. From the
TGA, a slight weight change (~0.958 %), which corresponds to
~0.25 water molecule per AZD9898 molecule, is observed up to
100 °C (Fig. 3a). We attribute this weight loss to a dehydration
of AZD9898 Form A hydrate. There is no weight change
observed between 100 and 200 °C. Further heating results in
significant weight loss corresponding to the thermal
decomposition.

DSC in modulated mode was chosen to characterize
AZD9898 because of its ability to resolve complex transition
behaviour, i.e., overlapped thermal events.3? In addition, DSC
measurements were carried out from sub-zero temperature to
minimize potential dehydration prior to data collection, i.e.,
during preconditioning and equilibration. A small broad

This journal is © The Royal Society of Chemistry 20xx

endothermic peak is observed in the total heat flow DSC scan
(red line in Fig. 3b) between 2.8 and 59.0°C with a maxima at
35.5°C. This endothermic peak is assigned as the dehydration of
AZD9898 Form A. It is interesting that dehydration starts below
room temperature in AZD9898 Form A hydrate which implies
the instability of the hydrate phase. The dehydration enthalpy
is found to be 21.87 x 103 J mol™. Dehydration is completed at
59.9°C resulting in the anhydrous phase, namely Form B.

Upon further heating, the DSC exhibits another
endothermic transformation with a maximum observed around
117°C. This endothermic peak is assigned to a solid-solid phase
transformation. Therefore, the phase between the first and
second endothermic temperature range is of Form B anhydrous
and after completion of the second endothermic peak, the new
anhydrous phase exists until the last endothermic peak which
corresponds to melting at 148.9°C. This new anhydrous phase is
referred to as AZD9898 Form C anhydrous. The phase transition
of Form B anhydrous to Form C anhydrous upon heating is
reversible, given that Form C converts back to Form B upon
cooling.

Separation of the total heat flow in the DSC scan into
reversing and non-reversing heat flow confirms that there are
no other thermal events observed during ramping. Therefore,
there are only three phases observed, Form A, Form B, and
Form C that are obtained during temperature ramping starting
from AZD9898 Form A hydrate.

We observed that a crystalline powder of AZD9898 Form A
hydrate changed to Form B anhydrous during storage at room
temperature (22°C, 30% relative humidity (RH)). Samples that
have been stored under these conditions show no substantial
weight loss prior to 100 °C as seen from TGA data and no
endothermal event from the DSC data

J. Name., 2013, 00, 1-3 | 3
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dehydration to Form B anhydrous. The red, blue, and green lines in

the DSC thermogram indicate total, reversing, and non-reversing heat flows, respectively.

(Fig. 4). Notably, the phase transition profile from Form B
anhydrous to Form C anhydrous and the melting behaviour of
Form C anhydrous remain similar. The instability of AZD9898
Form A hydrate is not surprising since the dehydration starts
below room temperature (at 2.8°C). Also, the PXRD
measurements of freshly-ground single crystals of AZD9898
Form A hydrate do not differ significantly from the pattern of
AZD9898 Form B anhydrous as can be seen in Fig. 5, which
indicates that Form B anhydrous and Form A hydrate are
isostructural. In other words, Form B anhydrous is the
dehydrated form of Form A, and the easy dehydration of Form
A hydrate to Form B anhydrous can be explained by the
isostructurality.
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Fig. 5 PXRD pattern comparison of AZD9898 Form A hydrate,
dehydrated Form A (Form B) and simulated Form B.
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Water activity, or the equilibrium of water vapour uptake as
a function of vapour partial pressure is another important
aspect for manufacture and development of pharmaceuticals.
To investigate the water activity of AZD9898, we performed
vapour sorption isotherms using DVS methods.?3 As can be seen
from the DVS chart of AZD9898 Form A in Fig. 6, there is a
reversible conversion between AZD9898 Form A hydrate and
Form B anhydrous. Form A hydrate is stable at RH >65% during
sorption, and >60% during desorption. On the other hand, Form
B anhydrous is stable at 0% RH. Therefore, Form A and B could
coexist between 5 to 60% RH which cover most ambient
conditions. It should be noted that the DVS chart of Form B does
not differ significantly from Form A (Fig S1). The absence of a
steep change in the DVS chart indicates that the water

140
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0.25 Hydrate
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Weight Change (%)
=}

Anhydrous
60

20 40

Relative Humidity (%)

80

Fig. 6 DVS chart of AZD9898 Form A hydrate. Red and blue lines
indicate the first and second cycle, respectively. Closed and open
symbols represent sorption and desorption, respectively. Top and
bottom dashed blacklines show theoretical mass where Form A and
B exist.
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Table 1 Crystallographic data of AZD9898 Form A, B, and C.¥

ARTICLE

Parameter Form A hydrate

Form B anhydrous Form C anhydrous

Moiety formula C20H19CIF3N304, 0.25(H20)

Formula weight 462.33
Crystal system Triclinic
Space group P1

a(A) 9.0757(3)
b (A) 11.0502(4)
c(A) 11.7199(5)
a(°) 103.378(3)
8(°) 105.493(3)
y(°) 104.407(3)
Volume (A3%) 1039.68(7)
z, 7 2,2

T (K) 100
Measured ref. 25300
Independent ref. 10496 (R int = 0.0484)
Refined parameters 583
Goodness-of-fit on F? 1.049

Final R indices [l > 20(1)] 0.0429
CCDC deposit number 1982526

C20H19CIF3N304 C20H19CIF3N304

457.83 457.83
Triclinic Triclinic

P1 P1
9.1429(4) 9.4219(6)
11.0950(5) 11.2659(6)
11.6725(5) 11.5862(6)
103.187(4) 107.504(4)
105.203(4) 100.890(5)
104.668(4) 104.746(5)
1048.93(8) 1086.25(11)
2,2 2,2

300 410

21557 22314
10677 (R int = 0.0335) 11088 (R int = 0.0391)
571 566

1.021 1.010
0.0515 0.0692
1982527 1982528

molecule in AZD9898 Form A can be easily absorbed/desorbed
from the crystal structure which is frequently observed for non-
stochiometric hydrates. This again suggests the easy
dehydration of Form A hydrate to Form B anhydrous, as well as
facile rehydration from Form B anhydrous to Form A hydrate.

Crystal structure of AZD9898 Form A hydrate

The crystallographic details of the three forms in this study, are
listed in Table 1. Form A crystallises in the triclinic chiral space
group P1. There are two independent molecules of AZD9898,
and one water molecule in the asymmetric unit. During crystal
structure refinement, a significant residual density peak was
observed in the difference Fourier map and this was assigned as
the oxygen of a water molecule. Initially the site occupancy
factor was freely refined and then fixed at the refined value of
0.5. Therefore, the stochiometric ratio between the AZD9898
molecule and water becomes 0.25 as there are two
independent AZD9898 molecules, this is in good agreement
with TGA and DVS data.

The nature of water molecules in hydrate crystals can be
analysed using hydrate analyser within Mercury (CFC 4.1.1).34
As can be seen in Fig. 7, the water molecules are located in
discrete pockets, while the DVS data shows that these crystals
behave like a non-stoichiometric hydrate. Generally, non-
stoichiometric hydrates display lattices where the water
molecules are located in continuous pockets/channels instead
of discrete pockets. The reason of the non-stochiometric
behaviour of AZD9898 Form A hydrate could be seen from the
thermodynamic aspect instead of solely from the crystal
structure. As mentioned above, the dehydration enthalpy for
AZD9898 Form A hydrate is 21.87 x 103 J mol* from DSC
This value is much smaller than the
corresponding enthalpy value of the vaporisation of water
(AvapH® H,0 = 41.585 kJ mol™).3> Therefore, it is not surprising

measurements.

This journal is © The Royal Society of Chemistry 20xx

that dehydration is more favourable from a thermodynamic
point of view and similar cases are reported for pyrogallol,
barbituric acid, and phloroglucinol.36-38

In the structure of AZD9898 Form A hydrate, voids are
observed in the crystal packing (yellow translucent space in Fig.
7). The unit cell contains voids of 24.4 A3, which is equivalent to
2.3% of the unit cell volume (using the Voids analyser in
Mercury with 1.2 and 0.7 A probe radius and 0.7 approximate
grid spacing, respectively). From a further development
perspective, the presence of such voids should become a flag
for a potential stability problem. The nature of this void can be
considered as hydrophobic

Fig. 7 Crystal packing of AZD9898 Form A hydrate. Hydrogen
atoms are omitted for clarity. Water molecules are drawn as
spheres of fixed radius. Blue and yellow translucent spaces
indicate space occupied by water molecules and voids,
respectively.
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Fig. 8 Crystal structures of AZD9898 Form A hydrate (a, ¢, and e) and Form B anhydrous (b, d, and f). Hydrogen atoms are omitted for clarity.
Water molecules in Form A are drawn as spheres of fixed radius. Blue dashed lines indicate hydrogen bonds. Yellow translucent spheres in

(a) and (b) indicate voids.
as this void does not accommodate water molecules or any
other solvents used during crystallisation.

Crystal structure comparison of AZD9898 Form A and B and the
dehydration mechanism

To understand the mechanism of dehydration from AZD9898
Form A hydrate to Form B anhydrous, the crystal structures of
these forms were analysed. Inspired by the fast dehydration of
Form A as a bulk powder, we attempted to dehydrate a single
crystal of Form A in situ on the single crystal X-ray
diffractometer. The same single crystal of Form A was heated to
300K. Interestingly, the crystallinity of the single crystal was
retained which enabled data collection at 300 K on the same
crystal. During crystal structure refinement, no significant
residual density was observed in the difference of Fourier map
and it was not possible to refine a partial water molecule in this
location. Therefore, it is convincing that single crystal of

This journal is © The Royal Society of Chemistry 20xx

AZD9898 Form A hydrate has dehydrated and transformed to
Form B anhydrous at 300 K.

AZD9898 Form B anhydrous still crystallises in the triclinic
space group P1 with only slight changes in the Iattice
parameters. The asymmetric unit in AZD9898 Form B also
consists of two independent molecules. The expansion of the
volume to 1048.93(8) A3 observed can also be caused by
thermal expansion due to temperature change from 100 to 300
K.

The crystal packing of AZD9898 Form A hydrate and Form B
anhydrous are similar as seen in Fig. 8a and b, and the crystals
are isostructural. In the unit cell, there are two independent
voids with the size of 25.34 A3 or about 2.4% of the total unit
cell volume. The position of the smaller voids in Form B and the
water molecules in Form A are almost the identical, meaning
that these smaller voids are created when water molecules
leave the crystal. As the smaller voids were occupied with water

J. Name., 2013, 00, 1-3 | 6
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molecules, we deduce that this void is more hydrophilic than
the larger voids which are more hydrophobic.

The hydrogen bond interactions described in this paper
were determined by Platon.3° In AZD9898 Form A hydrate, the
one-dimensional (1D) chain structure is connected to
anadjacent 1D chain structure through the water molecule to
create the so-called two-dimensional (2D) sheet structure (Fig.
8c). Thess 2D sheets are stacked on top of each other to create
the overall 3D packing of the crystal structure. Interestingly, the
1D chain structures in AZD9898 Form B anhydrous are not
connected by hydrogen bonds but still retain a similar 2D sheet
structure. We predict that weaker interactions such as van der
Waals interactions play an important role in retaining the 2D
sheet structure inthe absence of water linker.

No energetic stabilisation by hydrogen bonds is possible in
Form B when water molecule leaves the structure. Therefore,
only small structural changes are observed when the water

—_—
o,

ARTICLE

molecules reversibly enter and leave the crystal explaining the
non-stochiometric behaviour between Form A hydrate and
Form B anhydrous.

Solid-solid phase transformation to AZD9898 Form C

The crystal structure of Form C was analysed by further heating
of the same single crystal of Form B to 410 K mounted on the
single crystal X-ray diffractometer. Elaborating with DSC data
discussed above, 410 K could be considered as a temperature
point where the solid-solid phase transformation is expected to
be complete. Interestingly, single crystallinity was still retained
during this transition and there is no evidenceof amorphization,
which is remarkable and unusual enabling data collection at 410
K.

AZD9898 Form C also crystallises in triclinic space group P1
and contains two independent molecules in asymmetric unit.
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Fig. 9 (a) Packing view, (b) 1D chain and (b) 2D sheet structures of AZD9898 Form C anhydrous. Hydrogen atoms are omitted for clarity.
Blue dashed lines indicate hydrogen bond. (d) Overlaid independent molecules in AZD9898 Form A, B and C showing significance
conformational difference in Form C compared to Form A and B. (e) The proposed mechanism of smaller void removal in Form B when the
crystal transformed to the Form C. Yellow translucent spheres indicate void.
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There are significant differences in the lattice parameters,
especially the value of @ and 8, and therefore, AZD9898 Form C
anhydrous is not isostructural with Form A and B. The overall
crystal packing of AZD9898 Form C anhydrous is shown in Fig.
9a. Form C has a different hydrogen bond network compared to
Form A and Form B as can be seen in Fig. 9b and c, and only one
independent void is observed in the lattice. The location of this
void is similar to that of the larger hydrophobic void observed
in Form A and Form B. The void in Form C occupies 2.5% of
volume of the lattice or 27.65 A3. The underlying mechanism of
why the smaller void in Form B is not observed in Form C can be
proposed from the crystal structures. The mechanism is
proposed by comparing the conformational difference of the
AZD9898 molecules in Form B and Form C. Each form has two
independent molecules in asymmetric unit, namely
independent molecule 1 and 2. An overlay of these independent
molecules, shows that the independent molecule 1 of Form Cis
significantly different from the other respective independent
molecules of the other forms. The conformational change
consequently allows a hydrogen bond formation of 0103—
H...0202 that is not found in Form B. This hydrogen bond
replaces the small voids. We also predict that the changes in the
unit cell volume upon the heating allows the crystal structure to
alter molecular conformation and after the change, it settles
into a more efficient packing with a smaller void.

Probing solid-state dehydration and solid-solid phase

transformation using in situ X-ray diffraction

As discussed above, the mechanism of the solid-state
dehydration from AZD9898 Form A hydrate to Form B, and
solid-solid phase transformation from AZD9898 Form B
anhydrous to Form C anhydrous can be revealed by using single
crystal X-ray structure analysis as single crystallinity was
retained upon heating. Therefore, we tried to probe the solid-
state dehydration and the solid-solid phase transformation by
monitoring the evolution of the lattice cell upon heating using
the single crystal X-ray diffractometer. Unit cell parameters
were initially measured between 100 and 350 K with and

(a)

Unit Cell Parameter Change (A)

-2
100 125 150 175 200 225 250 275 300 325 350 375 400
Temperature (K)

(b)

increment of 10 K. From 350 K, the increment step was reduced
to 2K to enable observation of more detail around the solid-
solid phase transformation.

As can be seen in Fig. 10, the length of a, b, and c gradually
increases as the temperature rises up to 380 K (black dashed
vertical line). This indicates that the volume of the unit cell
expands upon heating. Interestingly, the angles of o, B, and y
remain similar up to 380 K. There is no significant inflection
point observed before 380 K. The range of the temperature
between 100 and 380 K represents the temperature range of
dehydration from Form A hydrate to Form B anhydrous. The
absence of the inflection points below 380 K support that the
solid-state dehydration is an isostructural dehydration process
and that no major structural changes are required. Therefore, it
is not surprising that AZD9898 Form A hydrate and Form B
anhydrous show similarity in their crystal architectures and the
ease of dehydration-rehydration between these forms.

A steep inflection point was observed at 380 K in both
lengths and angles of the unit cell lattice parameters. We
attribute this as the solid-solid phase transformation of
AZD9898 Form B to Form C. This suggests that solid-solid phase
transformation is not an isostructural change. Notably, the
transition temperature of the solid-solid phase transformation
obtained in situ by heating the single crystal in the single crystal
X-ray diffractometer is slightly lower than the corresponding
temperature obtained from DSC. This difference can be
explained by the open and closed systems that were used in the
single crystal XRD and DSC, respectively.

A simultaneous XRD-DSC measurement was also carried out
in situ to observe the changes of the bulk powder (Fig. 11). The
measurement cannot be performed from sub-zero
temperatures, which means that Form A hydrate is expected to
dehydrate to Form B. The absence of the endothermic peak
prior the solid-

o~y |

3 oobons o0 o
o0 o9 g o 0 oo

Unit Cell Parameter Change (°)
; =)

100 125 150 175 200 225 250 275 300 325 350 375 400
Temperature (K)

Fig. 10 Change in unit cell parameters in (a) length and (b) angle when increasing the temperature from 100 to 420 K. Black dashed vertical
lines indicates the inflection point in unit cell lattice parameters at 380 K.
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Fig. 11 Simultaneous XRD-DSC plot of AZD9898 Form B anhydrous. The right figure shows the DSC plot, and left figure show the
change in PXRD pattern with temperature. Red and blue PXRD patterns indicate Form B and C, respectively.

solid phase transformation confirms that the sample is already
dehydrated and in the Form B anhydrous phase. The PXRD
patterns from start of the analysis until slightly below the solid-
solid phase transformation temperature are very similar,
although cell expansion is observed by the in situ single crystal
X-ray measurement.

Above the solid-solid phase transformation temperature,
the PXRD pattern no longer possesses similarity with the low
temperature PXRD pattern. This again confirms that Form C
anhydrous is not isostructural with any of Form B anhydrous or
Form A hydrate. It should be emphasized here that the
transformation to Form C does not involve any amorphous or
melted phase which is remarkably unusual and allows the
structure of Form C to be determined at such high temperature
of the same single crystal. The phase transformation of Form B
anhydrous to Form C anhydrous upon heating is reversible,
meaning that Form C converts back to Form B upon cooling.
Thus, Form B and C have an enantiotropic relationship in which
one of the forms is stable below the transition temperature, and
the other form is stable above the transition temperature.

Conclusions

In this work, the crystal structures of AZD9898 Form A hydrate
and Form B and C anhydrous, were successfully determined by
in-situ heating of single crystals of Form A on the X-ray
diffractometer. The structural determination of these crystals
allows the establishment of the mechanistic aspect of the solid-
state dehydration between Form A hydrate and Form B
anhydrous, and the solid-solid phase transformation between
Form B, and C. The isostructurality between Forms A and B
explains the non-stochiometric dehydration-rehydration

relationship between these forms which involves minor

This journal is © The Royal Society of Chemistry 20xx

structural changes to the crystal structure. Solid-solid phase
transformation to Form C requires conformational and
hydrogen bond pattern changes leading to a different crystal
architecture. The enantiotropic relationship between Form B
and C is identified and shows that the transformation is
reversible.
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