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Abstract:
The drug substance hydroxytriendione has been found to exist
in three modifications, which are equal in their pharmaceutical
profile and are equally stable. Thus, Form II, the polymorph
thermodynamically stable at room temperature, was chosen as
the solid-state form for the active pharmaceutical ingredient.
Spontaneous nucleation will lead to either of the two other
forms. Thus, a seeding process was developed to ensure the
reproducible crystallisation of the desired Form II. The solvent
used for crystallisation was chosen according to the preparative
HPLC method used to prepare the crude material, and the
solubility was modified by using an appropriate cosolvent. The
measurements and data necessary to develop this process are
described. The process has been successfully transferred to
production with extremely limited data on the system. Careful
consideration shows that the conditions chosen are valid only
for an impure system. A pronounced influence of the purity of
the starting material on the window of seeding has been found.
The point of addition of the seed should be determined
according to solubility and experimentally via the addition of
small amounts of seed to a continuously cooled solution.

1. Introduction
Polymorphism is a widespread phenomena observed for

more than half of all drug substances.1 The choice of the
most appropriate solid-state form is of considerable impor-
tance. One aspect to be considered is stability, which means
the thermodynamic stability of the solid state forms, as well
as the chemical stability and the stability against excipients.
In most cases, the modification thermodynamically stable
at room temperature is the most appropriate one. This is the
solid-state form into which all other forms will eventually
transform. However, high energy processes such as milling
can induce transformation to a form not stable at room
temperature. This transformation can lead both to another
crystalline or an amorphous state and is not necessarily
complete.

Several techniques have been proposed to determine the
thermodynamically stable form, for example, measurements
of solubility,2 observing the development of a mixture of
forms in suspension,3 thermoanalytical data such as the

melting points of the pure polymorphs or the behaviour of
eutectic mixtures at reduced temperatures,4 and enthalpy-
temperature diagrams.5,6

According to Ostwald’s rule of stages,7 an unseeded
crystallisation that relies on spontaneous nucleation will in
most cases yield a metastable form. Although this unstable
form will eventually transform into the stable one, the
transformation may be slow as well as incomplete. This latter
process is often called solution-mediated phase transforma-
tion.8,9 However, as it may be slow and incomplete, it is
attractive to use seeding techniques to grow the stable form
in the first place. Few accounts of seeding techniques to
control polymorphism during growth have been published.10-13

The development of a seeded crystallisation process for
the thermodynamically stable form is more or less straight-
forward, as in no instance does a danger exist of losing this
form, for example via a solvent-mediated phase transforma-
tion. In addition, any small amounts of an unstable modifica-
tion present will undergo a solution-mediated phase trans-
formation to the stable modification, so that the process is
self-regulating. Only the border of the metastable zone should
be avoided so that no spontaneous nucleation of an unstable
form occurs. Thus, only a minimum of data, effort, and
amount of substance should suffice. The data necessary to
select the crystallisation technique and to determine the point
of seeding includes solubility and metastability.

If the crystallisation process is to be developed early
during the development, the amount of material available
may be small, and the purity may be low. It is well-known
that impurities can have a pronounced and often unpredict-
able effect on any crystallisation process. In most cases,
impurities will hamper nucleation, leading to an increased
metastable zone width and a decreased rate of crystal growth.
A large number of examples can be found in the literature,
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showing effects both on the ppm scale for some impurities,
as well as on the 1-10% level.14,15

Two types of analytical data have to be discerned, the
assay and the purity. The assay quantifies the actual amount
of compound in the sample, correcting both for structurally
related substances as well as for unknown ones, such as
solvent. The purity is usually established via a 100% HPLC
analysis and provides information on the amount of structur-
ally related substances present in the sample. The assay is
less than or equal to the purity data. In the case of crude
material, the inequality between purity and assay might be
considerable. The assay of the material should be taken into
account when calculating the concentration and, thus, the
saturation temperature of the starting solution. The purity,
which gives information on the concentration of related
substances, is the most important information indicating the
influence of impurities on the kinetics of nucleation and on
crystal growth.

In this contribution, the development of a seeding process
for the stable modification of a steroid, hydroxytriendione,
will be discussed. Only small amounts of material were
available for the development so that micro-methods for the
determination of important parameters had to be used. The
purity of the crude material was low. However, it will be
shown that the purity of the various crude materials does
not influence the equilibrium solubility. However, the purity
does have an overwhelming influence on the width of the
metastable region and, thus, on the window of seeding.

2. Polymorphism of Hydroxytriendione and Choice of
Solid-State Form

Hydroxytriendione,16 (21S)-21-Hydroxy-21-methyl-14,-
17-ethano-19-norpregna-4,9,15-triene-3,20-dione,I , is a ge-
stagene having no androgen potential. The polymorph

screening for hydroxytriendione revealed three modifications,
named I, II, and III. All three forms are an-solvates and no
hints of a formation of a pseudopolymorph were found. All
three forms can be discriminated unambiguously via X-ray
powder diffractometry.

A cursory measurement of the solubility of all three
modifications ofI in water at a temperature between 5 and
40 °C shows Form I to be the least stable one. However,
the solubilities of both II and III are equal within the
experimental margin of error. Thus, a mixture of Forms II

and III was stored at temperatures between 20 and 50°C in
water-ethanol mixtures. At temperatures of 40 and 50°C,
a transformation to Form III occurred, while at 20 and 30
°C a transformation to Form II showed the latter to be the
stable one at room temperature.

These findings have been corroborated using temperature
and heat of fusion data for all three forms. For the
determination of these values, DSC experiments were used,
as no solid-state transformation occurs up to the melting point
of the respective forms. The values obtained and used here
are 70.0, 65.7, and 60.5 J/g and 105, 116.5, and 122°C for
Forms I, II, and III, respectively.

The free enthalpy of any modification can be written as
∆G ) ∆H - T∆S. By plotting ∆G as a function of
temperature, the intersection of the∆G curves indicates the
transition temperature and, most importantly, the modifica-
tion with the lowest∆G value for a given temperature is
the stable one. For modifications thermodynamically close,
it is more convenient to reference∆G to a certain form, Form
II in the present case, and to plot the difference∆Gi - ∆GII ,
with i being either Form I, II, or III. Negative values of∆G
for a certain form indicate that this form is more stable than
the reference (Form II). In the present discussion, the∆cp

terms have been precluded due to the small range of
temperature covered. The enthalpy-temperature diagram in
Figure 1 corroborated the experimental results that Form II
is stable at room temperature.

All three forms undergo a partial phase transformation
upon comminution, for example up to 5% of Form III is
generated when milling Form II. This point is of importance
both to the use of the compound in pharmaceutical applica-
tions as well as to the development of seeding processes.
For seeding, a large surface area, which can be generated
by milling, is desired. But, if polymorph purity plays a role,
such as in the seeding of a metastable form, this transition
might cause problems.

An assessment of the chemical stability and stability
against excipients showed no preference for any of the forms,
so that the form thermodynamically stable at room temper-
ature was chosen as the solid-state form for the drug
substance.

(14) Beckmann, W.; Behrens, M.; Lacmann, R.; Rolfs, J.; Tanneberger, U.J.
Cryst. Growth1990,99, 1061.

(15) Hendriksen, B. A.; Grant, D. J. W.J. Cryst. Growth1995,156, 252.
(16) Schöllkopf, K.; Halfbrodt, W.; Kuhnke, J.; Schwede, W.; Fritzemeier, K.-

H.; Krattenmacher, R.; Muhn, H.-P. Patent WO 96/20209.

Figure 1. Enthalpy-temperature diagram for the three modi-
fications of hydroxytriendione using enthalpies and tempera-
tures of fusion. The data are referenced to Form II to discern
the minute differences between the forms. The lines show Form
II to be the most stable one at and around room temperature.
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Crystallisation experiments using a variety of solvents,
as well as cooling and evaporative crystallisation techniques,
revealed the formation of either the unstable Form I or the
unstable Form III. Thus, a seeding process which arrives
reproducibly at the desired Form II was developed.

3. Fast-Tracking Development of a Crystallisation
Process

Because of the very short project timelines, the develop-
ment of the crystallisation process had occurred quickly. This
necessitated prompt decisions on the solvent of crystallisation
as well as on the crystallisation and seeding process, all done
with only the minimal data and the low-purity material
available in the early stages. The development and successful
transfer to the pilot plant will be described first. To ensure
a stable process, the database was later broadened. The
information gathered shows that at least some of the process
parameters chosen were valid only for the impure crude
material, emphasising the important influence of impurities
on crystallisation processes.

3.1. Choice of Solvent of Crystallisation and Prelimi-
nary Solubility. The crude material for the crystallisation
process of hydroxytriendione comes from production scale
HPLC chromatography that uses a mixture of hexane and
methyl isobutyl ketone, MIBK, as eluent. While hexane is
readily removed by distillation, MIBK has a high boiling
point. Its removal or re-distillation to other solvents would
result in a thermal stress on the substance. According to the
ICH guideline,17 MIBK is a class 3 solvent with an upper
limit of 0.5% in the drug substance (case 1 of the ICH
guideline). Thus, MIBK was chosen as the solvent for
crystallisation.

The solubility of hydroxytriendione in MIBK, Table 1,
has a sufficient temperature dependence so that a cooling
crystallisation was used. However, absolute solubility in
MIBK is high. For a crystallisation with sufficiently high
yields, this would result in a high-suspension density.

Preliminary experiments had shown that the use of
isopropyl ether, DIPE, as a solvent has a favourable influence
on the purification of hydroxytriendione. Limited measure-
ments of the solubility of hydroxytriendione in MIBK-DIPE
mixtures showed that the solubility varies nearly linearly with
the composition of the MIBK-DIPE mixture, Table 1. Thus,

DIPE can be used as a cosolvent to modify solubility. DIPE
has not yet been classified by the ICH guideline as to its
toxicological potential. Nevertheless, it was decided to
crystallise hydroxytriendione from a mixture of MIBK and
DIPE.

3.2. Crystallisation and Seeding Process.According to
the limited data gathered, Table 1, cooling crystallisation was
chosen as a convenient crystallisation technique for the
seeding process. The temperature level was set at 70°C for
the saturation of the solution, and cooling was set to end at
20 °C. This should lead to a theoretical yield of∼85%. The
initial concentration was set at 1 g/mLMIBK, that is, referenced
to the amount of MIBK.

A limited number of experiments showed that a suspen-
sion density of 1 g/mL could not be stirred, while a
suspension having a density of 0.7 g/mL could be stirred.
Thus, a ratio of MIBK:DIPE of 5:3 was selected to ensure
a suspension easily stirred. This ratio results in a decrease
of the density of the suspension of∼30%.

Because the stable Form II was to be seeded, only a few
precautions had to be taken for the generation and preparation
of the seed. The seed initially used originated from the
polymorph screening. The small amount available was used
in a first seeding experiment to yield larger and sufficient
amounts of Form II for the experiments to follow. The latter
batch was characterised in depth and shown to consist of
pure Form II. X-ray powder diffractometry gave no indication
of the presence of the other two forms. The limit of detection
is estimated to be<5-10%.

Prior to addition, the seed was suspended in DIPE at room
temperature to activate the surface by dissolution. However,
it was not ground to increase the surface area due to the
partial transformation into Form III which would occur, see
above. On the basis of the results of other seeding pro-
cesses,10 the amount of seed was set at 0.1-1%, while the
rate of cooling was kept at-0.25 K/min, which is relatively
slow. Finally, the addition was set to occur at low super-
saturations.

The width of the metastable zone defines the upper limit
at which the seed may be added. Due to the fast tracking
and the fact that the thermodynamically stable form was
desired, the width was only roughly determined by recording
the temperature of spontaneous nucleation in an uncontrolled
cooling crystallisation. During the early stages of the
development, this nucleation occurred at high subcoolings
of 10-20 K.

Thus, the selection of the point of seeding was straight-
forward, seeds were added at a point somewhere around 10K
into the metastable region using the solubility given in Table
1, that is, at 52°C for a concentration of 1 g/mLMIBK . The
point of addition of the seed was varied slightly for several
crystallisations always yielding the desired Form II.

Crops of one seeding process have been used as seeds
for further seeded crystallisations; yielding again Form II
unambiguously shows that the crops of the crystallisation
process can be reused for further seeding. Again, as a stable
modification was sought, only a few experiments were
sufficient to confirm the further use of crops as seed.

(17) ICH guideline Q3C, European Agency for the Evaluation of Medical
Products, 1997, http://www.eudra.org.

Table 1. Solubility of hydroxytriendione in MIBK and
MIBK-DIPE mixtures a

csat/g/mLsolvent

ϑ/°C MIBK
MIBK:DIPE

1:3 DIPE

75 .8 - -
65 .7 - -
25 .12 .03 .001

-10 .1 - -

a The purity of the material wase95%. Throughout this paper, the dimensions
used are mass of solute per volume of solvent on a solute-free basis.
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3.3. Transfer to Pilot Plant. On the basis of these few
experiments, the seeding technique was transferred to the
pilot plant, where it worked successfully in two batches. The
seed used was prepared in the laboratory.

The assay and purity data for the crude material, as well
as for the first crop of the crystallisation process and its yields
and polymorphic forms, are summarised in Table 2. In
essence, the fast-tracking development and the process were
successful.

The residual solvent content of batch B was determined
both for the dried crop and for the milled material. The
solvent content is sufficiently low and undergoes a further
decrease by a factor of 3-5 upon milling, Table 3.

4. Development Revisited: Stability of the Crystalli-
sation Process

The conditions used for the crystallisation and especially
for the seeding process were reworked to ensure a stable
process. A discussion of the results supports the assumptions
made during development and may clarify some arguments.
In addition, the results reveal some drastic effects of purity
that should be considered both during the early stages of
development and during scale-up.

4.1. Measurements of Solubility. The solubility of
hydroxytriendione in MIBK and MIKB-DIPE mixtures was
assessed for the hydroxytriendione from the crystallisations
in the pilot plant, which have a purity ofg99%. These data
can be compared with the data determined from impure
material, summarised in Table 1. As the effects of various
assays of the material are to be compared, the concentrations
were corrected for the assay, that is,ccorr ≡ c‚assay, Figure
2. It can be seen that the purity of the material has no signi-
ficant influence on the equilibrium solubility. Although the
activity of the solute does decrease with the amount of
impurities present in the solute, the effect is negligible. The
heat of dissolution estimated from the data is∼30 kJ/mol,
which corresponds with the enthalpy of fusion determined
via DSC.

The solubility of hydroxytriendione in mixtures of MIBK
and DIPE has been determined at-10, 25, and 47°C, Figure
3. As stated, the solubility of hydroxytriendione varies
linearly with the amount of cosolvent added to the primary
solvent. UsingcMIBK andcDIPE to represent solubility in the
pure solvents andφMIBK andφDIPE to represent the volume
fractions of the two solvents, the solubility can be ap-
proximated viac ) cMIBK*φMIBK + cDIPE*φDIPE. BecausecDIPE

, cMIBK, one can writec ≈ cMIBK*φMIBK. Thus, the solubility
is given by the one referenced to the volume of MIBK. This
is convenient for the development of the crystallisation
process, as the solubility measurements for pure MIBK as a
function of temperature can be used directly for all MIBK-
DIPE mixtures. In addition and more importantly, the
suspension density can be varied easily by adding DIPE.

It is noted that this behaviour is only one of several
possibilities, more often concavely shaped solubility curves
are found, enabling a drowning-out crystallisation.7

4.2. Measurements of Metastability.The width of the
metastable region was determined with∼0.5-1 mL of
solution, using the laboratory set-up already described.11 The
results of experiments to determine the influence of (i) the
purity of the material, (ii) the ratio of the primary solvent
MIBK and the diluting solvent DIPE, and (iii) different
cooling rates are listed in Table 4. Also given is the
equilibrium solubility. For a given concentration referenced
to the primary solvent and a given purity of the material,
the width of the metastable region does not significantly

Table 2. Assay and purity of the two crude materials used
for the seeded cooling crystallisation of hydroxytriendione as
well as the yield and purity of the crop

crude material crop

batch
assay,

%
purity,

%
yield,

%
assay,

%
purity,

% form

A 75 92 72 98 97.0 II
B 95 98 89 98 99.7 II

Table 3. Residual solvent content of batch B both for the
dried crop of the crystallisation and for the micronised
material

csolvent/ppm

state of batch B MIBK DIPE

macro 500 300
micronized 220 60

Figure 2. Solubility and width of the metastable region of
hydroxytriendione in MIBK as a function of temperature. The
solubility data is for materials with a low purity of e95% -~-
and a high purity of g99% -.-, and the width of the
metastable region was determined with material with a purity
of 95 and 97%.

Figure 3. Solubility of hydroxytriendione in mixtures of MIBK
and DIPE at -10 to 47 °C. Considering the experimental
margin of error, the solubility varies linearly with the composi-
tion of the solvent.
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depend on the amounts of DIPE added to MIBK. Within
the limits, the rate of cooling also has only a negligible
influence on the width of the metastable zone. As is to be
expected, the width increases slightly with an increasing
cooling rate; however, due to experimental errors, some
points do not reflect this.

However, the assay (and thus purity) of the crude material
has a pronounced influence on the width of the metastable
region. The width or the degree of subcooling necessary for
spontaneous nucleation nearly doubles when going from
pure, 97%, to less pure, 95%, assay material. Although
tempting, no correlation of the width of the metastable zone
to the assay is made. The assay is entirely unspecific as to
what impurity has been reduced. More importantly, only an
extensive investigation could possibly show which impurities
inhibit the nucleation process.

Figure 2 shows the lines of the metastable zone width
for 95 and 97% purity together with the solubility line. In
essence, the window of successful seeding is narrowed down
considerably by increasing the purity of the material. This
is an important point to be considered when transferring and
especially when improving synthesis.

4.3. Determination of the Point of Seeding.During the
initial development of the seeding process, the point of
seeding was set quite arbitrarily using the inaccurate solubil-
ity data given in Table 1, and using the fact that spontaneous
nucleation occurred at high subcoolings of∆T g 10-20 K,
for the highly impure material. With this setting, crystalli-
sations yielded the desired Form II. The point of addition of
the seed in the pilot plant batches was 1 g/mLMIBK at 50°C
uncorrected for the assay. Using the assays given in Table
2, this transforms intoccorr ≈ 0.8 g/mLMIBK for batch A and
ccorr ≈ 0.95 g/mLMIBK for batch B. This lies within the region
of metastability for lower and outside for higher purity
material, cf. Figure 4.

The interval for seeding has been shown11 to start shortly
above saturation and to end well before the border of the
metastable zone. The width of this interval depends on the
operation conditions, such as the rate of cooling. The crossing
of the saturation line is the earliest point of seeding
independent of the operation conditions, so that it is defined
as the point of seeding.

The point of seeding can be directly taken from solubility
data; however, to show equivalence, the solubility data was
supplemented with data arrived at by using the trial-and-
error method.11 Solutions with known concentrations were
continuously cooled at 1-5 K/min, and seeds were added
every ∼2 K, that is, every 1-2 min. The temperature at
which the seed added no longer dissolved but started to grow
was recorded as the highest temperature for the addition of
the seed. Typically, three to four trials were necessary before
the seed ceased to dissolve.

Four experimental points are summarised in Table 5,
showing that the amount of cosolvent DIPE added and that
the purity level of the solute does not influence the point of
seeding. This behaviour is to be expected, as the dissolution
and growth of the seed depends on solubility that is not
significantly affected by impurities. Only kinetic processes
such as spontaneous nucleation or the kinetics of dissolution
and growth are slowed by impurities. Table 5 suggests the
seeding at or even above a temperature where Form II
becomes unstable and Form III is the thermodynamically
stable one. As stated above, the transition occurs at∼67 °C.
Seeding some few Kelvins into metastability does not pose
any danger when a properly prepared seed is used and as
the region of stability of Form II is quickly reached.

All points of seeding are given in Figure 4 and cluster
around the solubility curve. From a comparison of the new
points of addition of the seed, it can be seen that these points
are within the experimental margin of error both of the
measurements of solubility as well as the margin of error in

Table 4. Influence of the cooling rate and mixing ratio of
the two solvents MIBK and DIPE on the temperature for
spontaneous nucleationa

ϑspontaneous nucleation/°C

co
g/mL

MIBK:DIPE
vol:vol

co
g/mLMIBK

-dϑ/dt
K/min

95%
purity

97%
purity ϑsat/°C

0.625 1:0.6 1.0 4 51 61 71
1.5 51.5 60.5

0.66 1:0 .66 4 39 52 62
1.5 41 50.5

0.4 1:0 .4 4 27 38 51
1.5 34.5 40

a Data are given for two different qualities of materials with a purity of 95
and 97%. Also tabulated are the saturation temperatures, which can be used to
calculate the width of the metastable zone

Table 5. Comparison of the points of seeding for solutions
with and without the addition of cosolvent DIPE and for
solutes with a purity of 95 and 97%a

ϑseeding/°CMIBK:DIPE
vol:vol

co
g/mLMIBK 95% purity 97% purity

ϑsat
°C

1:none .66 60 64 62
3:2 1.0 71 71 71

a Also given are the saturation temperatures,ϑsat, according to Figure 2,
indicating the confidence in the determination of(2 K.

Figure 4. Points of seeding,b, as developed by the trial-and-
error method for materials with an assay of 95 and 97%. Also
given are the points of seeding in the plant, upper2 for batch
B and lower 2 for batch A. The data can be compared with
the width of the metastable zone for the different materials and
with the equilibrium solubility. Note that the concentrations
are corrected with the assay.
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the preparation of the solutions and the measurement of
temperature, Figure 4. This is the way the system should
behave. These errors are on the order of(2K. Figure 4 also
shows the point of addition used in the first development of
the process. A comparison with the width of the metastable
zones for different purities shows the point to be outside the
metastable region for a pure material. Thus, the conditions
initially chosen and applied in the first batches only work if
impure material with a large metastable zone width is used.

5. Seeding of the Metastable Form I
Finally, it should be noted, that seeding for metastable

Form I was also tried, using the process parameters described
above and developed for Form II. For the seeding of a
metastable form, polymorphic purity plays a role. As
hydroxytriendione undergoes a phase transformation upon
comminution, the use of larger grains was selected. The
modification obtained was Form I.

The success can be rationalised by the derivations made
above. Although the solubility was assessed only for Form
II, the difference in solubilities can be derived from the
thermoanalytical data. Figure 2 suggests the maximum in
the difference in the free enthalpy of any of the forms to be
∆G e 400 J/mol over the entire range of temperatures, that
is, -25 to +100 °C. This transforms into a maximum
supersaturation of any of the unstable polymorphs ofσmax

e 15% or into a maximum difference in saturation temper-
atures of∆Tmax e 5 K. This is well within the zone of
metastability of the system, even for the pure starting
material. Thus, no danger of spontaneous nucleation exists.

It has been shown for Abecarnil that a properly prepared
seed is possible to yield an unstable modification in high
polymorphic purity.10

6. Conclusions
Hydroxytriendione is found to exist in three modifications.

From an assessment of the pharmaceutically relevant proper-
ties of the forms, such as stability, a decision to use the
thermodynamically stable Form II was made. The thermo-
dynamic stable form is also the most readily accessible form.
To make the crystallisation process stable, a seeding proce-
dure was chosen.

The crystallisation process was developed with a mini-
mum amount of material, data, and time. The choice of the
solvent of crystallisation was determined by the solvent
mixture used in the upstream preparative-HPLC process and
by using a second solvent that modified the solubility in a
linear manner. The point of addition of the seed was roughly
estimated from solubility data and the width of the metastable
zone. With this limited data, the thermodynamically stable
form could be reliably accessed. Two factors contribute to
this success, the stable modification was called for, and the
amount of seed used was sufficiently high in relation to the
rate of cooling.

The results from the fast tracking were tested to determine
the boundaries for the process. It was found that the assay
of the crude material has a pronounced influence on the
metastability of the system, namely the width decreases with
increased purity. As the width of the metastable zone
determines the window of seeding, this effect has a pro-
nounced effect on operating conditions. Thus, it is preferable,
even during fast-tracking development, either to use purified
material to determine kinetically controlled values such as
metastabilities or, at least, to take the purity of the crude
material into consideration. Fortunately, thermodynamic
quantities such as solubility are nearly independent of the
purity.

The point of seeding can be deduced experimentally by
adding small amounts of seed to a continuously cooled
solution. It was shown, that the point of seeding thus obtained
is independent of the purity of the material. All data,
solubility, metastability, and points of seeding, should be
plotted, for example in ac-ϑ-diagram like Figure 4.

In essence, the development of a crystallisation process
for the thermodynamically stable form is straightforward,
especially if a seeded crystallisation process is used. Limited
but carefully chosen data suffices to develop the process.

Experimental Section
The crude material was synthesised at Schering. The

immediate step before crystallisation was a preparative HPLC
using a MIBK-hexane mixture as eluent. The method was
optimised to remove the educt of the prior synthetic step
and not specifically to remove impurities.

The solubility of hydroxytriendione was assessed using
a simplified flask method. To keep the measurements as
simple and straightforward as possible, the modification of
the residue was not assessed as the three modifications are
quite close and as previous experiments have shown, the time
required for equilibration suffices for the residue to undergo
a complete solvent mediated phase transformation to the
stable form.

The modification of the batches was determined using a
STOE Powder diffractometer and by using a small linear
position-sensitive proportional counter. The samples were
prepared between two polyacetate films held together by
double-sided adhesive tape.
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