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Selective polymorph transformation via solvent-drop grindingf
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A method of inducing specific polymorph transformations is
exemplified with two single-component systems, whereby a
given crystal form undergoes conversion when subjected to
solid state grinding in the presence of a minor quantity of a
certain solvent.

Each crystal packing arrangement of a particular chemical
compound will possess a unique set of physicochemical properties
such as solubility, melting point and hygroscopicity. The discovery,
selection and preparation of such polymorphs is important to a
variety of disciplines including pharmaceuticals, dyes and pig-
ments. Because polymorph selection enables physical property
optimization, novel methods of generating different crystal forms
garner interest from both a scientific and an intellectual property
perspective.'?> We report herein a novel method of achieving
specific polymorphic transformations, which is of interest both
from the viewpoint of high-throughput crystal form screening and
from the perspective of green chemistry methodology.

By employing a variety of crystallization approaches and
conditions, one may maximize the likelihood of discovering novel
polymorphs.? Polymorphs are often obtained by evaporating or
cooling a saturated solution of the target compound. Other
crystallization approaches include sublimation or crystallization
from the melt. Researchers will often vary parameters such as
temperature, pressure, solvent and crystallization rate in order to
effect crystallization of a particular polymorph. Recently, the pore
size in which crystal nucleation occurred was varied in order to
provide polymorph selectivity.*

Solid state grinding is generally used as a particle size reduction
technique, and may be carried out manually with a mortar and
pestle or mechanically in a mill. The energetic input of solid state
grinding is known to induce a variety of solid state transforma-
tions, including crystalline to amorphous,” amorphous to crystal-
line,® as well as polymorph conversion.” One study demonstrated
that 11 out of 32 polymorphic drugs exhibited some polymorph
conversion upon solid state grinding or compression, and that in
general, the number of different polymorphs in a polymorphic
mixture of a given substance decreased upon grinding.® In the
report, the three drugs that were studied in detail all converted
from a low melting metastable polymorph to a higher melting
stable form.

Solid state grinding has also been employed in the formation of
crystalline molecular complexes, or cocrystals.”!! Recently it was
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shown that solid state grinding in the presence of several drops
from a pipette of a particular solvent increased the kinetics of
cocrystallization'? and directed a solid state cocrystallization
product to a specific polymorph.'® Given these results, we chose
to determine whether this ‘solvent-drop grinding’ method may
offer improvement or selectivity in the crystallization of poly-
morphs of single-component systems, thereby offering much wider
applicability. We report here results with anthranilic acid (AA) and
succinic acid (SA). These two systems are of interest in that, inter
alia, they each have a polymorphic form which has been reported
to be reproducibly obtained only from high temperature processes.

AA is a well studied polymorphic system. Form I exists as two
independent molecules in the asymmetric unit: one is unionized,
the other is zwitterionic. AA forms II and III each consist of only
unionized molecules."* AA 1 is available commercially, while II
may be obtained by crystallization from a variety of solvents.'> AA
I is commonly prepared by the high temperature processes of
sublimation and crystallization from the melt, although it was
reported that III grew ‘occasionally’ from aqueous solution.'®
Selective growth of AA polymorphs as thin films on certain
molecular substrates has also been demonstrated.'” It is not clear
from the literature which is the thermodynamically stable
polymorph in this system.

The transformations of AA polymorphs upon neat grinding are
not clearly established. Ojala and Etter described the results of neat
grinding with a mortar and pestle, but mention that their findings
contradict those of previous researchers, specifically with regard to
the stability of Form I to grinding.'> Our experiments of neat
(solvent-free) grinding revealed that AA II and III were stable with
respect to manual as well as mechanical grinding. Interestingly, the
stability of AA I was found to be grinding rate dependent: it was
stable in an experiment at the low grinding rate of 15 Hz in the
mechanical mill, but it was observed to convert partly to III at
30 Hz. Powder X-ray diffraction (PXRD) was used to distinguish
among the AA polymorphs.'®!

Implementing the technique of solvent-drop grinding for 60 min
with a mechanical mill®® allowed for several AA polymorph
interconversions that could not be achieved by neat grinding
(Fig. 1). Form I (commercially obtained), which converted partly
to III when ground without solvent, was found to be stable with
respect to grinding when ground with several drops of acetonitrile.
Further, I converted to IT when ground in the presence of heptane.
Form II (obtained by acetonitrile recrystallization), which was
stable under neat grinding, could be converted to III by grinding
with chloroform. Interestingly, no solvent was found which
converted II into I by grinding, despite the fact that some samples
of II converted to I on standing for several days under ambient
conditions. Form III (obtained from the melt), which was stable
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Fig. 1 Summary of observed polymorph transformations among three
AA crystal forms via solvent-drop grinding.

with respect to neat grinding, could be converted to I by grinding
with water and to II by grinding with heptane (Fig. 2). It is noted
that not all polymorph conversions proceeded to completion after
one hour of grinding.

SA is known to be dimorphic. The stable and commercially
available form is termed the B polymorph,' which is reported to
crystallize from solutions of water and isopropanol (IPA).?> The
crystal structure of a metastable polymorph, known as o, has
also been determined.”® B-SA converts to a-SA above a phase
equilibrium temperature of ca. 117 °C.>* The two forms are readily
distinguishable by their PXRD patterns.

B-SA, which was prepared by recrystallization from isopropa-
nol,”® was ground in a mechanical mill and results were monitored
by PXRD. No polymorph transformation was observed upon neat
grinding (Fig. 3). Similarly, when the experiment was repeated with
the introduction of several drops of a polar solvent, including
water, acetonitrile and methanol, no conversion to a-SA occurred.
In contrast, grinding with several drops of a less polar solvent,
including toluene, n-hexane and heptane, induced the formation of
metastable o-SA, as observed by PXRD.

While the grinding process does generate heat, the temperature
of the grinding jar at the conclusion of the experiments did not
exceed 30 °C, and thus remained significantly below the reported
transition temperature. Ambient temperature B-SA slurries in
toluene, n-hexane or heptane did not exhibit detectable polymorph
transformation after 1 week.

In the cases of both SA and AA, the increase in selectivity
brought about by the introduction of minor amounts of solvent
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Fig. 2 Left: chemical structure of AA. Right: PXRD comparison of AA
samples, from top to bottom: III starting material for grinding
experiments; after neat grinding of III; simulated III; after solvent-drop
grinding of III with water; simulated I; after solvent-drop grinding of III
with heptane; simulated II.
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Fig. 3 Left: chemical structure of SA. Right: PXRD comparison of SA
samples, from top to bottom: simulated B-SA; B-SA starting material for
grinding experiments; after 30 min neat grinding of B-SA; after 30 min
solvent-drop grinding of B-SA with heptane; simulated a-SA.

to the grinding process is not fully understood. The selective
adsorption of particular solvents onto certain crystal faces, as
described in the cocrystal case,' is one possible rationale. In a
previous study of SA transformation, the propagation of the
metastable form was observed to proceed from defects in crystals
of the stable form at high temperature.> It is possible that certain
solvents may promote defect production and propagation during
grinding.?

Solid state grinding together with a small quantity of a certain
solvent has been demonstrated to allow for selective conversion
toward particular polymorphs of SA and AA. In the case of SA, a
metastable polymorph that hitherto had only been obtained in
significant quantities at high temperature has been prepared here
by grinding near ambient temperature. With AA, it has been
shown that previously unknown solid state transformations
between several polymorphs are possible via solvent-drop grinding.
Given the current interest in polymorphic systems, these findings
suggest important industrial implications. That the transforma-
tions occur with minimal solvent addition also indicates a green
chemistry application. Further, this approach may represent a
novel method of revealing undiscovered metastable crystalline
modifications in other systems.

We are currently extending this study to other known
polymorphic systems to determine the extent to which this
phenomenon is generally applicable. Further work will also be
required to establish the precise mechanism by which these
selective transformations occur.
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Careful examination of PXRD patterns in conjunction with differential
scanning calorimetry measurements revealed that commercially avail-
able SA contained trace amounts of the unstable o-SA polymorph.
Recrystallized samples contained a smaller trace amount of o-SA,
the quantity of which is too minor to be observed in Fig. 3. The limit
of detection of PXRD is typically considered to be on the order of
5%.

In addition to solvent-induced defect formation, the presence of small
amounts of crystalline or amorphous impurities (below the detection
limit of PXRD) may also be important.
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