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Abstract: Extensive polymorphism screening of elacestrant dihydrochloride, an Active
Pharmaceutical Ingredient (API), was conducted using various methods and solvents. The solubility
assessment and polymorph screening of elacestrant dihydrochloride (referred to as elacestrant
throughout the paper) utilized both crystalline and amorphous forms of the API as input material
with 40 non-conventional solvents, employing slow cooling, maturation, and/or evaporation.
Crystalline material underwent further screening via anti-solvent addition, polymer templating,
and solvent-drop grinding. A total of 7 new polymorphs were identified. No solvated forms were
identified, but some samples contained notable water content, tentatively classified as hydrated
forms. Comprehensive solid-state characterization data for representative crystalline samples of
each polymorph is presented. Polymorph A exhibited the highest melt (225-226 °C, onset). Thermal
analysis of polymorphs B, C, D, E, F and G showed an endothermic-exothermic event (with an onset
temperature between 136 and 184 °C), indicating a form conversion, followed by a melt at 205-222
°C (onset), consistent with the previously identified and most stable form of elacestrant. This
suggests that these materials convert to the most stable form prior to melting. Pattern G does not
show an endothermic-exothermic event, but after desolvation, the material melts at 222 °C (onset
temperature).

Keywords: polymorphism; elacestrant; characterization; amorphous; crystalline; anti-solvent
addition; polymer templating; solvent-drop grinding

1. Introduction

Elacestrant, a selective estrogen receptor degrader (SERD) (Orserdu®) was approved by the FDA
in January 2023 for ER-positive, HER2-negative advanced breast cancer with ESR1 mutation after
prior endocrine therapy [1,2]. Elacestrant is available in oral dosage forms of 86 mg and 345 mg [3].
Elacestrant dihydrochloride is the active ingredient for the oral tablets [4].

Elacestrant's oral administration is simple and convenient for patients. Oral absorption of
medicine can be dependent on the polymorphic form, which in some cases can impact dissolution
and subsequently the absorption rate. Understanding the polymorph landscape for a molecule is
useful to ensure the most appropriate polymorphic form for clinical development and
commercialization is selected, underscoring the importance of tailored drug development and
formulation strategies [5].

The need to assess polymorphism in the pharmaceutical industry primarily arises for two
reasons. Firstly, polymorphism is inevitable, and may occur during discovery, development, and
manufacturing processes as an inherent characteristic of materials. Secondly, the formulator can
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modify the physicochemical properties of a given compound by using different polymorphs [6].
McCrone stated in 1965 "Every compound has different polymorphic forms and that, in general, the
number of forms known for that compound is proportional to the time and money spent researching
it." [8].

Modifying the physical forms of a compound, such as polymorphs, solvates, amorphous
structures, salts, cocrystals, and hydrates, is a common strategy for enhancing and optimizing drug
characteristics [5]. Solubility, dissolution, bioavailability, and physical/chemical stability are critical
properties in drug discovery and development. For example, Chloramphenicol palmitate
polymorphs show significantly different bioavailability in human studies [7].

To assess polymorphic behavior of elacestrant dihydrochloride, extensive studies were
performed. Our recently published manuscript described the discovery and characterization of three
polymorphic forms of elacestrant, identified as Form 1, Form 2, and Form 3. These forms will be
referred to throughout the paper.

Numerous methods exist for generating polymorphs, including crystallization from single or
mixed solvents, thermal activation of solid substrates, crystallization from the melt,
desolvation/dehydration, crystallization in nano-confined structures, seeding/pseudo seeding,
solution-mediated polymorphic transformation, solid-state polymorphic transformation, mechanical
activation, exposure to vapor, directed crystallization on molecular substrates, crystallization with
additives, laser-induced crystallization, crystallization from supercritical fluid, and structure
prediction [8].

To discover novel polymorphs of elacestrant, and supplement the three forms mentioned in the
earlier published study, extensive screening was performed using nonconventional methods.
Amorphous and crystalline forms of elacestrant were utilized in this study. This comprehensive
approach enhances the understanding of polymorphic behavior and expands the potential forms of
a given compound. To our knowledge, this is the first ever study describing the discovery of
additional polymorphic forms of elacestrant, which will enable further development of elacestrant
for better biopharmaceutical, and pharmacodynamic properties. The additional polymorphic forms
identified in this paper are designated by an alphabetical letter scheme to clearly differentiate them
from the previously identified polymorphic forms.

2. Materials and Methods

2.1. Materials

Elacestrant Dihydrochloride (Form 2/3) was used as the input material for these studies. The
drug was provided by Radius Health/Stemline Therapeutics, Inc. (NY, NY, USA). All organic
solvents and other excipients were purchased from third party scientific vendors. The studies were
performed by Pharmorphix, Inc. (Cambridge, MA, USA) under the scientific guidance of Radius
Health/Stemline Therapeutics, Inc. (NY, NY, USA).

2.2. Instruments & Method
2.2.1. X-Ray Powder Diffraction (XRPD)

Bruker AXS C2 GADDS

X-ray Powder Diffraction patterns were collected on a Bruker AXS C2 GADDS diffractometer
(Bruker AXS, Madison, WI, USA) using Cu Ka radiation (40 kV, 40 mA), automated XYZ stage, laser
video microscope for auto-sample positioning, and a HiStar 2-dimensional area detector. X-ray optics
consists of a single Gobel multilayer mirror coupled with a pinhole collimator of 0.3 mm.

The beam divergence, i.e., the adequate size of the X-ray beam on the sample, was approximately
4 mm. A 0-0 continuous scan mode was employed with a detector distance of 20 cm, which gives an
effective 20 range of 1.5° — 32.5°. Typically, the sample would be exposed to the X-ray beam for 120
seconds. The data were analyzed and presented using Diffrac Plus EVA v15.0.0.0 software.
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Samples were run under ambient conditions and prepared as flat plate specimens (whole discs)
using a mechanical disc press.

Bruker AXS D8 Advance

X-Ray Powder Diffraction patterns were also collected on a Bruker D8 diffractometer (Bruker,
Madison, WI, USA) using Cu Ka radiation (40 kV, 40 mA), © - 26 goniometer, and divergence of V4
and receiving slits, a Ge monochromator and a Lynxeye detector. The data were analyzed and
presented using Diffrac Plus XRD Commander & Diffrac Plus EVA v15.0.0.0 software.

Samples were run under ambient conditions as flat plate specimens using powder as received.
The sample was prepared on a polished, zero-background (510) silicon wafer by gently pressing onto
the flat surface or packed into a cut cavity. The sample was rotated in its plane.

PANalytical Empyrean

X-Ray Powder Diffraction patterns were collected on a PANalytical Empyrean diffractometer
using Cu Ka radiation (45 kV, 40 mA) in transmission geometry. A 0.5° slit, 4 mm mask, and 0.04 rad
Soller slits with a focusing mirror were used on the incident beam. A PIXcel3D detector, placed on
the diffracted beam, was fitted with a receiving slit and 0.04 rad Soller slits. The software used for
data collection was X'Pert Data Collector using X'Pert Operator Interface. The data were analyzed
and presented using Diffrac Plus EVA software.

Samples were prepared and analyzed in either a metal or Millipore 96 well-plate in transmission
mode. A transparent X-ray film was used between the metal sheets on the metal well plate, and
powders (approximately 1-2 mg) were used as received. The Millipore plate was used to isolate and
analyze solids from suspensions by adding a small amount of rest directly to the plate before filtration
under a light vacuum. The scan mode for the metal plate used the gonio scan axis, whereas a 26 scan
was utilized for the Millipore plate.

2.2.2. Nuclear Magnetic Resonance (NMR)

1H NMR spectra were collected on a Bruker 400 MHz instrument (Bruker, Madison, WI, USA)
equipped with an auto-sampler and controlled by a DRX400 console. Samples were prepared in
DMSO-d6 solvent unless otherwise stated. Automated experiments were acquired using ICON-NMR
configuration within Topspin software, using standard Bruker-loaded experiments (1H, 13C {1H},
DEPT135). Off-line analysis was performed using ACD Spectrus Processor.

2.2.3. Differential Scanning Calorimetry (DSC)

TA Instruments Q2000

DSC data were collected on a TA Instruments Q2000 (TA Instruments, New Castle, DE, USA)
equipped with a 50-position auto-sampler. Typically, 1-5 mg of each sample was placed in a pin-
holed aluminum pan and heated at 10 °C/min from 25 °C to 300 °C. A purge of dry nitrogen at 50
ml/min was maintained over the sample. Modulated temperature DSC was carried out using an
underlying heating rate of 2 °C/min and temperature modulation parameters of +0.636 °C
(amplitude) every 60 seconds (period). The data were analyzed using Universal Analysis software.

TA Instruments Discovery DSC

DSC data were collected on a TA Instruments Discovery DSC equipped with a 50-position auto-
sampler. Typically, 0.5-3 mg of each sample was placed in a pin-holed aluminum pan and heated at
10 °C/min from 25 °C to 300 °C. A purge of dry nitrogen at 50 ml/min was maintained over the
sample. The data were analyzed using TRIOS or Universal Analysis software.

do0i:10.20944/preprints202406.1250.v1
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2.2.4. Thermo-Gravimetric Analysis (TGA)

TA Instruments Q500

TGA data were collected on a TA Instruments Q500 TGA (TA Instruments, New Castle, DE,
USA), equipped with a 16-position auto-sampler. Typically, 5-10 mg of each sample was loaded onto
a pre-tared aluminum DSC pan and heated at 10 °C/min from ambient temperature to 350 °C. A
nitrogen purge at 60 ml/min was maintained over the sample. The data were analyzed using
Universal Analysis software.

TA Instruments Discovery TGA

TGA data were collected on a TA Instruments Discovery TGA equipped with a 25-position auto-
sampler. Typically, 5 - 10 mg of each sample was loaded onto a pre-tared aluminum DSC pan and
heated at 10 °C/min from ambient temperature to 350 °C. A nitrogen purge at 25 ml/min was
maintained over the sample. The data were analyzed using TRIOS or Universal Analysis software.

2.2.5. Chemical Purity Determination by HPLC

API purity analysis was performed on an Agilent HP1100 series HPLC (Agilent, Waldbronn,
Germany) equipped with a diode array detector and using ChemStation software. The full method
details are provided below:

Parameter Value
Type of method Reverse phase with gradient elution
Sample Preparation 0.5-0.7 mg/ml in acetonitrile : water 1:1
Column Supelco Ascentis Express C18, 100 x
4.6 mm, 2.7 um
Column Temperature (°C) 25
Injection (pl) 2or4
Wavelength, Bandwidth (nm) 255, 90
Flow Rate (ml/min) 2
Phase A 0.1% TFA in water
Phase B 0.085% TFA in acetonitrile

2.2.6. Ion Chromatography (IC)

Data were collected on a Metrohm 930 Compact IC Flex with 858 Professional autosampler and
800 Dosimo dosage unit monitor, using IC MagicNet software v3.1. Accurately weighed samples
were prepared as stock solutions in an appropriate dissolving solution and diluted appropriately
before testing. Quantification was achieved by comparison with standard solutions of known ion
concentration being analyzed. IC method for anion chromatography is given below,

Parameter Value
Type of method Anion exchange
Column Metrosep A Supp 5 — 150 (4.0 x 150 mm)
Column Temperature (°C) Ambient
Injection (uL) Various
Detection Conductivity detector
Flow Rate (ml/min) 0.7
3.2 mM sodium carbonate,
Eluent 1.0 mM sodium hydrogen carbonate in a 5%

acetone aqueous solution.

do0i:10.20944/preprints202406.1250.v1
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2.3. Experimental Crystallization Methodologies

The choice of crystallization method significantly influences which polymorphic form is
produced, and it is essential to perform crystallization using various techniques and conditions when
looking for polymorphs [9,10]. Classical crystallization methods used in the course of this project are
listed together below with the degrees of freedom available for each process [11].

Method Degrees of freedom
Maturation
(suspension
equilibration or

Solvent or solvent mixture type, temperature, ratio of solvent to
solid, solubility, temperature programs, stirring/shaking rate,

“ . ., incubation time
slurry ripening”)

Solvent or solvent mixture type, cooling profile, temperature at

Cooling crystallization .
start or end, concentration

Solvent or solvent mixture type, initial concentration,
Controlled yp

. evaporation rate, temperature,
evaporation

pressure, ambient

Precipitation by anti- Solvent, anti-solvent, rate of addition, order of mixing,
solvent addition temperature

2.3.1. Solvent Mediated Techniques

These are classical techniques used for generating crystalline material. Theoretically,
crystallization occurs when the concentration of a compound in a solvent is higher than its solubility
product. Generally, crystallization is kinetically hindered, and crystals grow only under
supersaturated solutions.

For a crystallization screen, solvents with highly diverse properties should be chosen (hydrogen
bond donor/acceptor propensity, dipole moment, dielectric constant, viscosity, etc.). Often, solvent
mixtures help obtain systems with suitable solubilities, polarities, etc. It also must be ensured that the
substance is chemically stable in the given solvents or solvent mixtures. Maturation / Slurry Ripening

To investigate crystalline forms, maturation experiments (or slurry ripening) are often
performed in various solvents or solvent mixtures and subjected to heat-cool cycles. Repeated heating
and cooling cycles may increase the degree of crystallinity or convert a meta-stable state (or out-of-
equilibrium state of amorphous material) into a more thermodynamically stable crystalline form. The
conversion rate and extent depend upon the input material's solubility [12].

For thermodynamic reasons, the system can only evolve towards more stable forms. Therefore,
if the starting material is crystalline, obtaining a less stable crystalline phase is impossible. A greater
number of patterns maybe formed if the starting material is amorphous.

Procedure - Maturation Chamber

Suspensions for maturation were placed in a platform shaker incubator (Heidolph Titramax /
Incubator 1000) and subjected to a series of heat-cool cycles from ambient to approximately 50 °C.
This is achieved by switching the heating on or off every 4 hours. Shaking is maintained throughout.
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Scheme 1. Maturation chamber and temperature profile.

Procedure - Polar Bear

Suspensions were stirred (400-600 rpm) in a Polar Bear (Cambridge Reactor Design) for four
hours at 40 °C. The samples were then cooled to 25 °C and stirred for four hours. The cycle was then
repeated.

Cooling Crystallization

Crystallization can be obtained by lowering the temperature of a clear solution. The solubility of
most materials decreases with decreasing temperature, so cooling can be used to generate
supersaturation. In many cases, however, the solubility of a material remains high even at low
temperatures, or the solubility changes very little over the temperature range of interest. In these
cases, other methods for the creation of supersaturation must be considered (such as solvent
evaporation) [12].

Solutions were cooled to 5 °C at 0.1 °C/min in a Polar Bear and stirred at this temperature for 24
hours. All solids were filtered and analyzed ‘damp” by XRPD and subsequently allowed to dry under

ambient conditions for 1-4 days and reanalyzed ‘dry’ by XRPD. Any remaining solutions were
evaporated.

Controlled Evaporation

Crystallization can be generated by controlled evaporation of a clear, particulate free, solution.
This is especially true when the solvent has a relatively high vapor pressure. At approximately
constant temperature, the solvent is being removed from the system, thereby increasing the solute
concentration. The crystal nucleation and growth is obtained when some maximum supersaturation
is reached [13]. This technique also has the advantage that since the samples are slowly evaporated
it is often possible to generate large single crystals suitable for SCXRD.
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Solutions were evaporated at ambient conditions by inserting a needle into the septum cap of
the vials. The samples were allowed to slowly evaporate to dryness or until a solid appeared at
ambient conditions.

25 gauge

: o Pin holed
syringe needles

7 sealing film

Scheme 2. Slow evaporation experiments.

Precipitation/Crystallization by Anti-Solvent Addition

Anti-solvent crystallization (or drown-out crystallization) is a method commonly used to
precipitate material from a solution. The addition of a miscible antisolvent into a solute solution
reduces the original solubility of the solute, increasing the supersaturation and thus, causing
precipitation. The selected anti-solvent should be miscible with the solvent at any proportion, and
the solute should be relatively insoluble in it.

Solutions were treated with anti-solvent in aliquots at 50 °C until it became cloudy, or a
precipitate formed. Any precipitates were filtered, and an aliquot analyzed by XRPD. All samples
were then cooled to 5 °C in the fridge and held isothermally. Suspensions at 5 °C were filtered and
analyzed ‘damp’ by XRPD and subsequently allowed to dry under ambient conditions for 24 hours.

2.4. Polymorph Screening Experiments Using Crystalline Elacestrant

2.4.1. Solubility Assessment and Polymorph Screening

Elacestrant (Form 2/3, 30 mg) was weighed into HPLC vials, and a stirrer bar added. The samples
were treated with solvent (10 vol, 300 ul) whilst stirring at 25 °C, 500 rpm and visual assessments
made after 10 minutes.

Samples that remained as suspensions were treated with additional solvent until they dissolved
or a maximum of 50 vol. was added. The temperature was then increased to 50 °C and visual
assessments were made after 10 minutes. Solutions obtained were cooled from 50 to 5 °C at 0.1 °C/min
and held for 24 hours. Samples which remained suspensions were matured in heat-cool cycles
between 50 °C and RT (8 hr/cycle) in a maturation chamber (Section 2.3.1.1.1) for 2 days, and
subsequently filtered under suction for 1 hour.

The solids were analyzed by XRPD after isolation and were denoted ‘damp’. After 4 days air-
drying at ambient, the samples were re-analyzed and were denoted ‘dry’. Samples which remained
as solutions were left to evaporate through a needle inserted into the septum of the vial.

2.4.2. Anti-Solvent Addition Experiments

Elacestrant dihydrochloride (Form 2/3, 50 mg) was weighed into HPLC vials, and dissolved in
the minimum volume of solvent (ethanol/water 96:4, 20-30 vol, or methanol, 5 vol), whilst stirring
and heating at 50 °C, 600 rpm on a Polar Bear device.

Once dissolved, anti-solvent was added slowly until a 1:1 ratio of antisolvent:solvent (v/v) was
reached. A stirring for 5-10 minutes observations were recorded. The ethanol/water sample solutions
were transferred to scintillation vials prior to anti-solvent addition. If required, additional anti-
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solvent (up to a maximum ratio of 5:1 antisolvent:solvent) was added until precipitation was
observed.

For thick suspensions, aliquots were taken at 50 °C, filtered on a Millipore plate and analyzed
by XRPD. All samples were then cooled to 5 °C in the fridge for 16 hours. The material was initially
analyzed ‘damp’ by allowing the solvent to filter through each well under gravity and then each well
was re-analyzed ‘dry’ after allowing at least 24 hours to air-dry at RT.

2.4.3. Polymer Template Crystallizations

Elacestrant (Form 2/3, 50 mg) was weighed into HPLC vials whilst stirring at 40 °C, 600 rpm on
a Polar Bear device. Samples were dissolved in the minimum volume of solvent (ethanol/water 96:4,
30 vol, or MeOH, 10 vol). Low solubility was observed in chloroform (50 vol), therefore the resulting
suspension was filtered, and the filtrate used to seed with the polymer. 5% wt. (2.5 mg) of polymer
was added to each solution. The samples were held at 40 °C for 15 minutes, and then the sample was
allowed to evaporate to dryness at RT with the vial cap removed. The residue obtained was analyzed
by XRPD. The solubility of the polymers differed in each solvent and often did not completely
dissolve in solution.

2.4.4. Solvent-Drop Grinding Experiments

Elacestrant (Form 2/3, 30 mg) was weighed into HPLC vials with two stainless steel ball bearings
(3 mm @) and a drop of dry solvent (15 pl) added. The samples were ground in a Fritsch planetary
mill for 2 hours (500 rpm). The resulting solids were analyzed by XRPD.

2.5. Procedure of the Polymorph Screening Experiments Using Amorphous API

2.5.1. Preparation of Amorphous Material

Amorphous material was generated from the elacestrant (Form 2/3) by lyophilization from t-
BuOH/H:0 (1:1). elacestrant (Form 2/3, 800 mg) was weighed in duplicate into 20 ml scintillation
vials and dissolved, whilst stirring at 50 °C, in t-BuOH/H:0 (20 vol, 16 ml). The solution was filtered
and decanted into HPLC vials (700 ul, ~ 35 mg of elacestrant per vial). The vials were snap-frozen in
a dry ice/acetone bath and lyophilized overnight.

One of the 44 samples were analyzed by XRPD, '"H NMR and HPLC. The other samples were
used directly for solubility assessment and polymorph screening of the amorphous form.

2.5.2. Solubility Assessment and Polymorph Screening Procedure

Amorphous solid (~ 35mg) was treated with an aliquot of solvent (10 vol, 300 ul) whilst stirring
at 25 °C, 500 rpm. Visual assessments were made after 10 minutes. Samples that remained as
suspensions were treated with additional solvent (up to a maximum of 50 vol.) until dissolution
occurred. The temperature was then increased to 40 °C and visual assessments were made after 10
minutes.

Samples which formed solution were cooled from 40 to 5 °C at 0.1 °C/min and held for 24 hours.
Any solutions remaining after this time were allowed to evaporate slowly at RT to produce single
crystals. These experiments were repeated with addition of 2.5 vol. solvent and stirring at 40 °C.
Samples which remained suspensions were matured in heat-cool cycles between 40 °C and 25 °C (8
hr/cycle) for 2 days on a Polar Bear device.

All suspensions obtained from cooling/maturation were filtered under suction for 1 hour and
the resulting solids analyzed by XRPD, denoted as ‘damp’ samples. After 4 days drying under
ambient conditions to air-dry, samples were reanalyzed by XRPD, denoted as ‘dry” samples.
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3. Results and Discussion

3.1. Elacestrant (Form 2/3) Characterization

Elacestrant (Form 2/3) was shown to be a mixture of Form 2 (anhydrous) and Form 3 (hydrate),
with the ratio of each dependent on the prevailing relative humidity. An overlay of the XRPD
diffractograms for the API was consistent with a mixture of Form 2 and Form 3, predominantly Form
3, as shown in Figure 1A. Elacestrant (Form 2/3) exhibited good chemical purity (99.2% by HPLC).
The 'H NMR spectrum was consistent with the spectrum of the previous study (Form 2/3) (Figure
S1A). As seen in Figure S1B, thermal analysis of the material showed similar events as the previously
studied batch for Form 2/3: a broad endotherm from RT to 150 °C and an endothermic event at ~ 160
°C (onset). However, the weight loss associated with the broad endotherm (RT to 150 °C) was greater
for this batch (8.4% wt. vs. 5.2% wt.), equating to ~ 2.5 eq. water. The onset of degradation occurred
earlier (~ 200 °C), so it was impossible to observe a recrystallization-melt (exothermic-endothermic)
event in this batch, as seen in Figure 1B.

(A) (B)

\
| [ \ 4l
- uﬂ\N'v\,f'U\qu/’ WA s o

Input material
(Form 2/3 mixture)

Technique

Input Material for new polymorph screcning

Crystalline, consistent with ‘undesired’ form, previously
denotedForm 2/Fom 3 mixture. (dependent on prevailing RE)

HNMR spectrum is consistentwith the previous NMR spectrum
of Form 2'3 mirture

8.4% wt. lossfrom RT to 130 °C and 0.6% wt. loss from 130
to 190 °C

DSC

Broad endotherm from RT to 150 °C, minimum at 864 °C
(peak). Endotherm at 163.1 °C (onset), 51 Iz, Sample
degrades above 200 °C.

HPLC
(Purity %, AUC)

99.2%

Figure 1. (A) XRPD of Elacestrant Dihydrochloride (Form 2/3), Forms 1, 2 and 3, (B) Characterization
of the starting materials.

3.2. Extensive Polymorphic Screening Experiment on Crystalline Elacestrant (Form 2/3)

Solubility assessment and polymorph screening were performed using elacestrant with 40 non-
conventional solvents, with subsequent treatment of slow cooling, maturation and/or slow
evaporation. Further polymorph screening was performed on the crystalline material by anti-solvent
addition (12 anti-solvents, 2 solvents), polymer templating (12 polymers, 3 solvents), and solvent-
drop grinding (36 solvents). For all these studies, the crystalline form was used to discover new
polymorphs for elacestrant.

3.2.1. Solubility Assessment and Polymorph Screening.

Polymorph studies were performed using crystalline material (Form 2/3) as the input material
with 40 neat solvent systems to isolate new crystalline polymorphs, hydrates, or solvates of the API.
Since polymorphism studies had been performed in the previously published study for elacestrant
in common Class 2/Class 3 solvents, the solvents selected in this screen were less conventional to
increase the chance of identifying additional polymorphs.

The solubility assessment procedure was selected for the 10-50 vol of solvent at 25 °C and 50 vol
of solvent at 50 °C for the crystalline form. Solubility assessments on elacestrant showed low
solubility in all organic solvents tested, except benzyl alcohol, ethylene glycol hexafluoropropan-2-ol
(HFIP), and trifluoroethanol (TFE) as shown as Table 1A. The resulting solids collected from the
solubility assessment procedure generated 5 different XRPD patterns of which three were
new. (Figure S2). New pattern A and Form 3 were observed in several solvents, a range of solid-state
techniques characterized a mixture as well as representative crystalline samples of each. New pattern
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C and the potential new polymorph plus degradant pattern D were only observed in 1 or 2 solvents,
as shown in Table 1B.

Table 1. (A): Solubility assessment of Crystalline form by using different solvents.

(A) Vol of solvent
Solvent 10 | 20 | N 40 | 50 50
Haxanz X
Tatralin X
Acetic acid X
A 1 X
= — T
Benzyl alechal e
1-Butanol X X X X X X
Butyronitd X X X X X X
Chl X X - +- - +-
Chlorot El X X X X - -
Chlorof X X X X X -
Cyel sther X X X X X X.
Cyel X X X X X X
Cyel X X X X X X
12 Dickd X A T e T ¥E
1,2 Dichl X 3t X X X X
Dimethoxyethans X X X X X X
Dimeathylacetamide X X X = +- B
| Anisols X X - =i - =i
Ethylens glyecl B
1-Fluorot X X X - - -
Glycerol X - - =i - B
a 2l P I )
Methyl-THF X X X X X X
NMP X 7 X - - B
Parfluoral X 3 3 X 5. 3
= X X X X X X
Sulf X X X X - -
T ENN 000 ) [ [ S ) S
Tridl X X X X X X+
o-Nylene X X X - -
Crmens X X X - -/ /-
Cyelot X X X X i <
Dimethyi f X X X X X <
Dimethyl X X X X X X
Ethyl formats X X X X X X
Dii izther E X X 3 3 3L
e < . yra T TS TS
2-athosyathanal X X X X X X
Key: N/P=not perf: 1, X= don, </-=thin P=zolution

Table 1. (B) Polymorph screening experiments on samples of crystalline material post-solubility
assessment.
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Solvent After50°C /RT maturation |  After5°Coal Evaporation XRPD 'damp’ XRPD ‘dry’
Hexans N [ C e ke C SR g e
Tutralin Thin ssspension. NP NP Foraat ?“t“"llf‘;:: ‘;“t*“’l Consistent with inpetmatedal
Acetic acid NP NP Censistent with mput matenal Consistent with input material
Acstophenme Swpension NP NP Poardyeryst F
Beazonitrls Suspeasion ) NP
Banzylalechal WP Solution “Vtlow Solution.
1 Butanol ) NP
Butyronitile N NP
Chlorobenzans Thin Suspansicn NP NP
Chlorobenzotrifluoride Suspansion N NP Consistentwith input matecial Consistentwith input matecial
Chlaoh NP NP Poorlyervat. =nC
[ mathyl ather NP NP pea
Cueloharans Suspension e 5 Consistentwith inpotmatesal
Cyelohexanom Thin Suspension NP NP Pattarn A+ Form 3 -2 peals
1,2-Dichlorsbenzens Thin Suspensicn NP NP Consistentwith ingut matecial
1,2 Dictlomsthane Thin Suspension NP NP A
D 5 B N
Dimethylacelamid NP Solution Solution
Anisole Thin Suspension B NP Patt
Ethylene slveal ~B Solution Crstals
1-Flvorabanmns Suspension e NP Consistent with input matecial
Giyeerol NP Solution Ongoins NP
lexa NP NP Censistent with mput matenal
Hexaflsoropmpan 21 NB Solution Berown solution
Mathy L T Suspension 5 NP
E NB Solution Solstion
F e N
N NP Pattern A~Form 3
Sulfolane Thin Suspension N NP Poordyeryst
Trifluorosthanc NP Solution Brown solution NP NP
Tri NP Consi ith input matenal Consisf with input matenal
o-Xylens Thin NP o peaks o peaks
Cumens Thin NP e Consistentwith inputmateial
Cyclohaxandl Thin Suspension NP "
Dimathyl f oo NP
Ethyl fonmte 5 NP
Dii sthar NE
Ni Thin ] ND
2 thowrsthand NP NP

Key: N/P = not performed. Data provided in Data Section 3- Polymorph Screening Post Solubility Assessment on Amorphous Material

3.2.2. Anti-Solvent Addition Experiments

Anti-solvents were selected from the solubility assessment of elacestrant (Form 2/3), including
those that gave low solubility, exhibited new polymorphs, and did not show significant degradation
by HPLC. In addition, ethyl acetate and isopropyl acetate anti-solvents were selected based on their
common use in process development. Ethanol and methanol were selected as solvents. Ethanol can
be used to obtain Form 1, and methanol is known to favor hydrate formation (Form 3) from water
activity experiments conducted during the previous study.

Based on prior water activity experiments, it was found that Form 1 could be obtained from
slurrying in ethanol in up to 5-10% aq./EtOH. To increase the solubility of crystalline elacestrant,
dissolution was performed in EtOH/water (96:4, v/v). This enabled dissolution in 30 vol. of the solvent
system at 50 °C. Antisolvent addition experiments in the presence of ethanol/water (96:4) mainly
produced the expected Form 1. Two new XRPD patterns were identified during anti-solvent addition
in EtOH/water (96:4) when using chloroform (denoted Pattern F) and when using 1,2-dichloroethane
or butan-1-ol (denoted Pattern G). In addition, solids were obtained from anisole and chlorobenzene
with XRPD patterns similar to Form 3.

The same anti-solvents were added to methanol using 5 vol. of solvent at 50 °C by different
ratios. Experiments in the presence of methanol mostly produced material exhibiting a new XRPD
pattern, denoted Pattern E.

Pattern A was obtained from MeOH or EtOH/water (96/4) in the presence of 1,2-
dimethoxyethane or other anti-solvents when analyzed damp. This material is converted to Form 1
or Pattern E on drying. The polymorphs screening procedure and results are shown in Table 2, and
supportive XRPD graphs are provided in Figure S3.
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Table 2. Anti-solvent addition experiments using crystalline material.

Vol of zolvent to
Saleiit dizzolve Ratioofamti- Obzervati i After cooling mixture i XRFPD XRPD ‘damp’ | XRPD‘dry’
Anti-sobent added solvent: solvent | additionat50°C 5°C s0eC 5°C 5°C
APlat50°C
20 Chloroform 51 Thin i Thin i NP PattarnF PatternF
Crelopantimetind
20 11 e i 8 Form 1 Form1
sther
20 Dimathosyethans 1:1 3
30 1,2-Dichlorosthans 5:1 Thin Thin
EtOHiwater 30 Butan-1-ol 5:1 Solvtion Thin suspension /
(96:4) 30 Butyronitrls 11 Thin i Thin NP
30 M=-THF 11 Thin Thin NP
30 EtQAc LT Thin Thin NP
30 iPrOAc kT Thin Thin NP
30 Anizols 5:1 Thin Thin N/P
30 Chlorot 5:1 Thin Thin NP Pattern
30 Hexaflvorck 2:1 Thin Thin N/P Form 1
5 Chloroform 5.1 Solution Thin suspention NP Poorlyeryst.
Cyclopantyimathyl Consi ith T [Commtentwtt
5 1:1 s i 3 i input matarial input materidl | input matarial
ether
5 Dimsthoxyethans 1:1 g i s FatternE PattenE
5 1.2 DicHlomethane 5.1 Solution Thin suspension No pazks P ,
63 Butan-1-ol 21 Thin i Thin i NP PatternE PattarnE
b 5 Butweonitsls 31 Thin Thin NP TattanE PattanE
3 MTHF 11 Thin Thin NP PatternE PatternE
3 EtQAc 11 Thin Thin NP PattarnE FattanE
5 iPrOAc 1:1 Thin Thin NP PattarnE FPattanE
3 Anizols 51 Thin Thin N/E PatternE PatternE
Consistentwith |Consistentwith|
3 Chlorobenzane 5T Thin Thin NP input mataridl | input matedal
{poorlvenat )
5 Hexafluon 31 Thin Thin N Consistentwith  |Consistentwith
input materidl | input materidl |

3.2.3. Polymer Template Crystallizations

Polymer template crystallization is a method used to influence the crystallization process and
provides an alternative route to screen for new polymorphs. Depending on the polymer solubility in
a selected solvent, it can provide a foreign surface upon which to crystallize, or alter solution
parameters, e.g., API solubility, viscosity, etc. Suitable solvents for templating experiments were
selected based on the known solubility of elacestrant and its relevance to process development (e.g.
ethanol, methanol) or if they produced new polymorphs during screening studies (chloroform). All
solvents exhibited good compound solubility at suitable volumes and moderate volatility for slow
evaporation. A range of up to 12 polymers were utilized to provide templates for crystallization
screening.

Polymer template crystallization using the 3 solvent systems, in the presence of up to 12 different
polymers (with varying functional groups and structures), did not produce material exhibiting any
additional new XRPD pattern. Form 1 was predominant from templating experiments in the presence
of ethanol, and Form 2/3 mixtures, Form 3, or pattern E were produced in the presence of methanol.
No crystalline material was isolated from templating experiments in chloroform due to the high
solubility of elacestrant in this solvent. The screening procedure and results are shown in Table 3 and
supportive XRPD graphs are provided as Figure S54.
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Table 3. Polymer template crystallization using the crystalline material.

Solvent Polymer MP. (°C) Solubility in solvent After evaporation XRPD
1 Hydroxypropyimethyd eellulose (HPMC) NiA Soluble Solid residue Form 1*
Cellulose acetate N/A Insoluble Solid residue Form 1
Algimic acid sodium ealt N/A Insoluble Solid residue Form 1
Polyzerylamide (PAM) NIA Insoluble Solid residue Form 1
Polv{vinvlaleohol) (PVA) 200 Inscluble Solid residue Form 1*
Nylon 66 264 Insoluble Solid residue Form 1*
EtOHws 96:4
ke 0t Poly(vinylpyrrolidons) (PVP) 150-180 Sofuble Solid residue Form 1*
Poly(methyimethacrylate) (PMMA) 160 Insoluble Solid residue Form 1*
Polyethylens (PE) 115-133 Insoluble Solid residue Form 1
1 Poly(ethvlene terephthalate) (PET) 250 Insoluble Solid residus Form 1
Polypropviene (PP) 130-170 Insoluble Solid residus Form 1*
Polystyrene (PS) 240 Insoluble Solid residue Form 1
| Hydroxypropyimethy cellulose (HPMC N/A Soluble Solid residue PatternE
Celtulose acetate N/A Inseluble Solid residus atmendunt “;E:“::P;m el
Alginic acid sodium salt NiA Insoluble Solid residue "““*‘“‘“if&f‘?“‘ Amsiechl
Polyscrylamide (PAM) NIA Inscluble Solid residue Crmsmtemt “2:;‘1?“[ matiral 4
Poly(vinylalcahol) (PVA) 200 Insoluble Solid residue Ceaig “;g:l‘fi“[ IR,
Form 3
MeOH Nyloa 66 264 Insoluble Sold residue SR =
Poly{vinvlpyrrolidone) (PVE) 130-180 Soluble Solid residue PatternE
Polyfmethylmethacrylaie) (FMMA) 160 Hsoluble Solid residoe Consstent “;ﬁ'_f‘:“[ o
Polysthylsns (FE) 115-135 Tnsoluble Sotid residue Gt il o el
Form 3
1 Poly(ethylens terephthalate) (PET) 250 Slight Solid residue PatternE
Polypropyiene (PF) 130-170 Slight Solid residue PattemE
Polystyrens (5} 240 Insoluble Sofid residue i
Poly(vinylaleohol) (PVA4) NIA Insotuble Solid residue Amerphous’ polymer peak
- olv{vinvipyrrolidope) (BVE) P N Sofuble Clear qum NP
Chloroform 8 . bt restdual-polymer
Poly{methyimethacrylate) (PAVNA) NA Soluble Clear zum NP
1 Poly(zthylene terephthalate) (PETY N/A Slight No solids NP
Polystyrens (PS) 200 Soluble Solid residue No peaks

3.2.4. Solvent-Drop Grinding Experiments

Solvent-drop grinding experiments were conducted using crystalline material to further
discover new polymorphs. The solid was wetted with a solvent drop and ground in a Fritsch
planetary ball mill.

Solvent-drop grinding experiments using 36 solvent systems, including process-relevant
solvents (EtOH, EtOAc, MeOH, iPrOAc), did not produce material exhibiting any additional new
XRPD patterns. Most samples were not pure forms, and the XRPD diffractograms were a mixture of
XRPD patterns, e.g., Pattern A + Form 2/3. Importantly, the desired form, Form 1, was produced by
solvent-drop grinding in ethanol. However, grinding in ethyl acetate or isopropyl acetate produced
a mixture of Patterns A + Form 2/3, and grinding in methanol produced Pattern E. Therefore, it may
be useful to limit the volume of ethyl acetate/isopropyl acetate used in the production of Form 1, to
avoid crystallization of undesired forms. The detailed results are shown in Table 4 and supportive
XRPD graphs are provided in Figure S5.
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Table 4. Solvent-drop grinding experiments using crystalline material.

After solvent
Solvent XRPD
drop grinding
Hexane Solid residue Consistent with input material
Tetralin Solid residue Consi withinput material
Acetic acid Solid residue Consistent with input material
Acetophenons Solid residue Fi
Benzonitrile Solid residue Fotm 3
Benzylalcohol Solid residue Pattem D +Form 3
1-Butanol Solid residue Pattemn A+ Form 3
Butyronitrile Solid residue Pattern A+ Form 3
Chlorobenzene Solid residue Consistent with input material
Chlorot rifluoride Solid residue Consi with input material
Chloreform Solid residue Consistent with input material
Cyclopentylmethyl ether Solid residue Const with input material
Cyrclohexane Solid residue Consistent with input material
Cyclot Solid residue Consi with input material
1.2-Dichlorobenzene Solid residue Consi writh input material
1_2-Dichloroethane Solid residus Pattern A+ Form 3
Dimethoxyethans Solid residue Pattern A+ Form 3
Dimethylacetamide Sticky gum J
Anisole Solid rezidue Consistent with input material + Pattern A+ Form 3
Ethylene glycol Solid residue Consistent with input material
1-Fluorobenzen Solid residue put +
Glyeerol Sticky gum
E 2l Solid residue
Hexafluoropropan-2-ol Brown gum
Methyl THE Solid residue
NMP Stick sum
Perfluorot Stick gum
Propionitrile Solid residue
Sulfolans Solid residue
Trifluoreethanol Gum
Trifluorotel Solid residue
o-Kylene Solid residue
Et0H Solid residue
MeOH Solid residue
EtQOAc Solid residue
iPrOAc Solid residue

3.3. Polymorphic Screening Experiments on Amorphous Elacestrant

Amorphous samples were generated by lyophilization of elacestrant using the procedure
in Section 2.5.1. Solubility assessments of amorphous elacestrant showed low solubility in all organic
solvents explored, except for benzyl alcohol, ethylene glycol, HFIP, and TFE. In total, 4 different
XRPD patterns were identified. Pattern A and Form 3 were observed in several solvents, often as a
range of solid-state techniques characterized a mixture and representative crystalline samples of
each. Pattern C and Pattern D were only observed in 1 or 2 solvents and may exist as mixtures with
other forms. Pattern C was only observed as a mixture with different patterns when starting from
amorphous material. HPLC purity analysis of Pattern D material showed significant degradation
(~78% purity); therefore, no further analyses were performed on Pattern D material. The polymorphs
screening procedure and results are shown in Table 5 and supportive XRPD graphs are in Figure Sé.

In summary, new patterns A, B, C, D, E, F, and G were generated throughout the extensive
screening process. The most frequently obtained pattern was A, which exhibited thermodynamic
behavior similar to Form 1. Pattern C obtained from the Chloroform on one occasion was also
tentatively assigned as a dihydrate form, Pattern D generated from dimethyl formamide and benzyl
alcohol was found to be a degradant. Pattern E found from the antisolvent addition experiment with
methanol (dihydrate form), Pattern F obtained by adding chloroform antisolvent to the solution of
ethanol:water (96:4) which assigned as a hemi-hydrate form (poorly crystalline) and Pattern G
produced by adding butan-1-ol or 1,2-dichloroethane to a solution of elacestrant in ethanol:water
(96:4) which also assigned as a hemi hydrate form shown as Figure 2A and the XRPD of the all-new
generated pattern A, B, C, D, E, F, and G shown as Figure 2B.


https://doi.org/10.20944/preprints202406.1250.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 June 2024

do0i:10.20944/preprints202406.1250.v1

Table 5. (A): Solubility assessment by using different solvents of Amorphous form.

Solvent

0 I

Vol of solvent
30 I

25°C

Hexane

Tatralin

Acatic acid

Benzyl aleohdl
Benzyl aleohal
1-Butanol NP X %
NP X X
[ i) X i
= e X X :
Chloroform NP X X X
G ther i X X X
< i) X X X
[s e X E X
12-Di NP = =
12Di i X
Di X
Di X
inisols X
Ethylens glycal P
Ethylens slyeol
T
Glycerol
a
ropan 2l
Meathyl - THF
NMP
NMP
Sulfolane
=
-
o Xylens NP - - = = =
Cumens NP X
S NP X -
Dimethyl formamide NP = +-
Dimathy: carbonzts i 3 3
Eihyl formatz i) x X
Diisopropyl sthr e X X X x X X
f NP X X X X = ==
2-athoysthandl NP X X X X 3 3

Table 5. (B) Polymorph screening experiments on samples of Amorphous material post-solubility

assessment.
Solvent After 40/ 25 °C maturation After £ °C cool Evaporation
Hene Suspension NP NB
Teteatin. ‘Thin suspension NP NP
Aceticacid Suspension NT NP
A one ‘Thin Suspension NP NP
Benzomitrile Suspension puod XD
Banzy! zlcohol NP Solution Solution
Benzyl sleohol ‘Suspension wP )
1-Butanol Suspension NP puied
Butyrenitrite Suspension NP NED
Thin Suspension NP NP
Ch Suspension NP XD
‘Chiorofomm Suspension NP NP
ther Suspensicn NP NT
Cyrlohszing ‘Suspension wP )
Cyclohemanons Suspension. NP NP
1.2-Di Thiz Suspension KP KP
1.2 Suspension NP XD
Di Suspension NP NP
Dimethylzcstzmides Thin Suspension NT NP
Anizols Thin Suipsnsion NP NP
Solution Solution
Ethvlens NP NP
1 NP NP
Glycesol Solution Solution
i) NE
2ol ‘Brown Solution NP
Hexaflyoropropan-1-of Brown Solution NP
Mathwl-THE NP NP
NP NP
i NP Solution Solution
NP Suspension NP NP
Zuspansion ND NP
Propionitrile Suspension. NP NT
Sulfolans Suspension NP NP
Triftuorosthanol NP Solution Sofution:
Suspension NP NP
‘Suspension NP NP
Cumens i NP NT
Cyclohexznol Thin Suspension NP NP
Dimsthv] formemids Thin Suspension NP NP
Dimathy! carbonate Suspension NP NB
Ethy! fornate Suspension ) NP
Diisopropyl sther Suspension ND NP
‘Thin Suspension NP NP
2 Suspension NP NB

15
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Pattern Description Conclusion
) ) Msturs of (B)
Starting Elacestrant supplizd as a mixture of Form 2 and Form 2and
Material Form 3 Fowmi 3
Obtained frequently, had the highest melt temperatureat 223 | .
= 206 °C (onset) Nevelbrmop ‘ eatanc
Similar to Form 3 bt unique XRPD patt ] )
5 0 Form 3 but uniqus pattern New Pely o b i ) i ) __ pamenr
N AL . SO TR Y . BT S ...
Obtained from chloroform on one cccasion and is tentatively = T e - o i
c assigned as a dihydrate form New Polymosph ' n
Pattern ©
Obtained on two oceasions using dimethy! formemide and Potential New -
D ‘benzylalechol, but found tohave degraded (78% purity by Polymorphwith =
HPLC) Degradation | .
| Form3
Obtained on numerous oceasions from anti-solvent addition I\
b3 experiments with methanol, tentatively assigned New Polymerh /\ A A . Bl
32 2 dihydrate form ; FRY - T patema
- M ——
Obtained on one accasion by the addition of chinroform anti- Form 1 anhydrous (0% RH)
solvent toa solution of elacsstrant in sthanol (4% aq ) : -
F Tentatively assipned as 2 hemi-frydrate form New Polymorph s
‘Obtained on two occasions by the addition of butan-1-ol or
i to a solution of elaces in sthanol (4%
aq). Tentatively assigned as a hemi-hydsate form, exhibiting 2 |
5 small mass loss prior toa melt consistent with Form 1 New Polymorph

Figure 2. (A) Summary of generated new patterns, (B) XRPD of generated new patterns.

3.4. Solid State Characterization of the Representative Sample from Generated New Patterns

A representative crystalline sample of Pattern A, B, C, E, F, and G (1,2-dichloroethane, anisole &
chloroform, butyronitrile, EtOAc, Chloroform & Butan-1-ol) was characterized by solid-state
techniques.

A representative crystalline sample of Pattern A (1,2-dichloroethane) and Form 3 (chlorobenzene
& anisole), generated from screening using crystalline and amorphous forms of the elacestrant were
characterized by solid-state techniques. The solid-state characterization results of XPRD, NMR, DSC,
TGA, IC, HPLC, and 1-week samples of XRPD stability were compared to the characteristics of Form
(2/3) and Form 1. Pattern A material exhibited the highest melt (225-226 °C, onset) and was similar to
but less crystalline than Form 1 (anhydrous, ‘desired form). Pattern B was similar to Form 3 (hydrate)
and contained ~5% wt. water (~ 2 mol eq.) but differed subtly by XRPD. Pattern C was only observed
in chloroform and was non-solvated but had a significant water content (5.2% wt, ~ 2 mol eq.). It can
be concluded that Pattern A shows the behavior of Form 1, Pattern B is a hydrate and is Form 3, and
Pattern E showed water loss, assigned as a dihydrate form as shown in Table 6A.
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Table 6. (A): Solid-state characterization data for crystalline samples of Patterns A, B, C and D
compared to Form 1.
Techmique / Solvent & 2 m Elacestrant | 12-Dichloroethaze 12- Dichloroethaze - Anizole Anisole Chloroform
Table No. Tl T/ i {Form 1) Tnble S(B) Table_1(B) Chlorobensene Table_S(B) Tnble_S(B) Table_1(B) Table_1(B)
IEFD Input asterial (Form 23 mimr) Fom 1 Corse Fom 3
Consistent with ith s gt
i NMF of previcus batch Form 23 | Consistent with |Consistent with 25 swpplisd mm"" ,\"f s Consistent with ss sppliad. | Consistent withsssupplied | Cossistent with 2s sipplisd Consistent with s supplisd
seirance materisl butwits 008 s structurs Noresidual sofvent. e it No resichust sofvent Contains 0.06 2q zmisols o residust solvant Horesidual sotent
residuzl MeOH. TR
ozt ande.at
3775 (onset),
Brosd endo BT to 150°C, Entothemat Endo at
inim 5t 214 504°C fomset), o P
- okt . By ett-recayst & S5 fonet, %
Dsc B64°C (pazk) 83.1°C fomszt), 176.7°C (onsst, endo), 251e, & |198.3°C (pzk, =m0} Meltendo C
1965°C (paskc, =), Mt ande 2 22105°C (e =0). Melt endoat 219.5°C
Gaslt) a2l75C
(oneat), 241 {oneat) 11108,
(ons=t) B2 e
St foss Fom BT 10 150°C and 0.69 s o 5%t loss fom BT to |7 1o Fom KT t0 100G 318wt foss fom 7T 1080 °C ) e e
wt wightioss. | 05Ut lesiEon BT to [ SIRELIoERen R 40 and 1% vt nd 1St loss Insuficisnt petmrnie
TGA loss from 150 to g i toss fom 16010 fom 1700210 e
bepaanabiay e . materizl ~
o 28 100°C 2010 150°C — - 14010190°C
IC (atjusted L65eg
182eg 20sg 134sg 179eg L76eg 17leg 182eg
water'salvant) (onsdjustad)
HPLC (3 AUC) S01% 1% B8 ELES % LA 289% Eir
XRPD poststorags at : 5 z i
ptad iy NP Fomm 1 Fom 3 NP Fom 3
. Similzr to Form 1 but exnibits lower crvsllininy 2nd Thermal data shows wates loss.
Commants Fom 23 enhydrons Tdrtemiztur ‘o0deis bitrale Fouw 1 Form 3, axhibiting broad endothers Som BT to 100°C dus towaier Loss {on swhcs orin channaty) | SEIVISERFS of he snpdecns Srm
auhplions PCTIURE then 2elt consistent withForm 1

Table 6. (B): Solid-state
compared to Form 1.

characterization data for crystalline samples of Patterns B, E, F and G,

m
Techuique/ Solvent Jf:ff]], ")*‘ J06994(desired) Anisole _EC_dry Butyronitrile_§C_dry EtORc_SC_dry Chioroform_SC_dry Butan-1-0l_§C_dry
XRPD Fattamd Form1 PatternE Cry atternG
Consistentwith Consistantwith as sepplisd, but
MMR of previous - - ) Consistantwith 2s supplisd Consistantwith as spplisd, but with . with
H-MME Seficerdte bk Conxdstas C“""?;_j':;;""‘“"”“"d 70 | bt ith 0.04 eq. residual | 0.06 aq. residual MeOH and brace C"““?'f’“;;”,‘“"“‘”’m- 7 | 0.77-0.8% eq. buten-1-ol, 018
st with 0.08 =g, residual Heriittce el Ivent observed Ma0H FtOAe residual solvent observed 0.28 g EtOH & 0.06 29,
M=OH MeOH
Broadende from
: : Broadendoat
Broadendo KT to150°C. Broadandoat 37.5C ET to 170°C, with sndo/=xo . ey
minimum at §6.4°¢ | Endothermat 218°C|  (onsat); 821/g, endo/exneventat aventat (B ek friii R0 T, Seiehy 5 ;:;1;2:“511 Sharp endoat
- ) > i — ; . ndo/exo svmntar 137 exo sventat 99.6°C (oset),
(peak). Endo.at 163.1°C fpiner 180.5°C (onsat, endo), 55V,  [150.1°C(omset, endo), 1161/ . = o 2 -
Dsc p Ty 15007 i e 154.2°C (omset, =ndo), 1061, 155.5°C (orset 0800418, | 7305 andmalt sndo at 1223°C
P v . ol odoa 2085 1880 oxpendmatt  [183-6°C ek o) melt et o 158.5°C o
e e (malt) (paak, 2xc) andmeltendo 2t 208 5 : 205.4°C (ozset), 19 (peals, 2xe) and melbndo 2t {omsat), 90ig
200°C. (onset). 430'g endo 3t 205.0°C (omset), O e ot
390e : (poset) 1237
e R 1.3% wt loss from 1.9% wt loss from KT to 50°C
el ” . - RTto100Cand and
150°C 04%wt.  |31%wtloss fomRTto120°Cand |, o, 20t i : .
TGA g0, 6%t oss from | foss from BT & 1077 | 3 4% wt foss from 130 10 310°C 5% wtloss fromRT to 170°0  5.3%wt loss from RT 0 170°C 0.3% wt foss from 8.1% wt loss from
Lalane 110te 180°C 5010 150°C
HPLC (%.AUC) 39.2% 93.2% 98 9% 99.3% 93.4% 93.1% 98.8%
ll}g::)? ?‘:ﬁ:ﬂgﬁk Not perfomad Form1 PattamE PattamE Form 1 Form3
¥ : Similar to PatternC but weaker | Thermal and NMR show high
Thermal behavior and water content verysimilar to Pattem C, with
Form23 Form 1 Thernml consistent with Fomm 3, aacanc wates iR S sl events (bothshow | solvent content (on surface or
Comments i melt/recryst event onsetat~150°C, ; 5
v s hydratad form s A meltrecryst priorto bound) and melt consistent with
axo paalcat1? andmalt consistent with Form 1 mebt crrsiate th B 1y Fasial

A representative crystalline sample of Patterns B (anisole), E (butyronitrile & EtOAc), F
(chloroform), and G (butan-1-ol), which were generated from the antisolvent addition experiments
and characterized by solid-state techniques. The solid-state characterization results of XPRD, NMR,
DSC, TGA, HPLC, and 1-week samples XRPD stability were compared to the characteristics along
with Form (2/3) as well as Form 1. Pattern B materials were consistent with Form 3 (hydrate) and
contained ~5% wt. water (~ 2 mol eq.) but differed subtly by XRPD. Pattern E contained ~5.5% water
(~2mol eq.) and residual methanol. Pattern F was only obtained in chloroform/ ethanol: water (96:4)
(antisolvent:solvent ratio 5:1) and exhibited similar thermal events and XRPD to Pattern E but
showed a mass loss of 1.6% by TGA (equating to ~ 0.5 mol eq. water). Pattern G was observed only
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in butane-1-ol or butyronitrile/ ethanol:water (96:4) (5:1) and only showed thermal events relating to
solvent loss prior to a melt consistent with Form 1. It can be concluded that Pattern B shows the same
thermal behavior as Form 3. Pattern E thermal behavior and water content as similar to Pattern C,
with melt/request event onset at ~150°C, exothermic peak at 170-180°C, and melt consistently with
Form 1. Pattern F is similar to Pattern C but has weaker thermal events (both show
melt/recrystallization event followed by a melt that is consistent with Form 1. Pattern G thermal and
NMR show high solvent content (on surface or bound) and melt consistent with Form 1 as given in
Table 6B.

Thermal analysis of Patterns B, C, D, E, and F all showed an endothermic-exothermic. event (at
onset between 136 and 184 °C), indicating a form conversion, prior to melting at 205-222 °C (onset).
This melt is consistent with Form 1 or Pattern A and suggests that these materials convert to Form 1
or Pattern A prior to melting. Pattern G does not show an endothermic-exothermic event, but after
desolvation, the material melts at 222 °C (onset).

4. Conclusions

A total of 6 new XRPD patterns/polymorphs were identified from all screening experiments,
denoted as Pattern A, B, C, E, F, and G in addition to the starting material. Pattern D, initially
considered a new crystalline material, was later confirmed as a degradant. Pattern A exhibited
behavior similar to Form 1, while Pattern B was identified as the hydrate of Form 3. Pattern C, with
water loss, was assigned as a dihydrate form. Thermal analysis of Patterns B, C, E, F, and G indicated
an endothermic-exothermic event (136-184 °C) before melting (205-222 °C), consistent with Form 1 or
Pattern A. Pattern G, lacking the endothermic-exothermic event, melted at 222 °C after desolvation.
Solid-state characterization led to the selection of Patterns A, C, and E as suitable candidates for
potential commercialization. A summary of our findings is presented in Figure 3.

Antisolvent addition in anisole,

chlorobenzeae - BtOH/H20 (96/4) (5:1)
1.Sharry 50 °C/RT, 2 days in select

Starry 40125 °C, 2
days in select
sobvents. D

e

1. Shury 50 °C/RT, 2 days n Dimethyl

p Sharry 50
formamide o SC/RT, 2 davs sokists C
2. Solvent-drop grind in Sulfolane in Chloroform 2. Solvent-drop grind in

3. After 40/ 25 °C maturation in Benzyl Acetophenone, Benzonitrile

Alcohol Dimethyl formamide.

1. Solvent-drop grind in

Starting Material (Form 2/3)

et 1. Antisolvent addition in EtOH/H20
2. Polymer-templating - Antisolvent on in EtOH/H2 .
using HPMC, PVP, (96:4) using select antisolvents A After 40/ .25 c
PET, PPin MeOH 2 Polymer templating using select ‘mamratnon
3. Antisolvent addition Antisolvent polymers B in - Batanal
in MeOH using select Antisolvent addition in in EtOH/H20 (96:4) Butyronitrile, 2-ethoxy
antisolvents addition in butanol or 3. Solvent-drop grind in EtOH EtOH, Ethyl format
bl dichloroethane Form 1 (anhydrous)
. - EtOH/H20
EtOHH20
Een ey | OEHED
RE—
Shurry 50 °C/RT, 2 days in 2-ethoxy EtOH, Pattern A
Cyclopentylmethyl ether, Ethyl format, 1.2-

Dichloroethane

A,

A =HMPC. Cellulose acetate. Alginic acid, PAM, PVA, Nylon 66. PVP. PMMA, PE. PET. PP, PS

B = Cyclopentylmethyl ether, Dimethoxyethane, Butyronitrile, MeTHF, EtOAc, iPrOAc, Hexafluorobenzene

C = Acetophenone, Benzonitrile, Chlorobenzene, Anisole, DIPE, Nitrobenzene

D = Tetralin, Benzonitrile, Chlorobenzene, Chloroform, CPME, Cyclohexane, Cyclohexanone, Anisole, Ethylene glycol, 1-Fluorcbenzene,
Hexafluorobenzene, NMP. Propionitrile. TFT. Xylene, DIPE, Nitrobenzee

E= Dimethoxyethane (1:1). Butyronitrile(3:1). Butan-1-ol (2:1). 2-MeTHF (1:1). EtOAc (1:1). PrOAc (1:1). Anisole (5:1)} (ie
Antisolvent MeOH)

Figure 3. Process diagram and summary of generated polymorphs.

Supplementary Materials: Figure S1: (A) NMR of starting material (B). TGA & DSC of starting material. Figure
S2: (I) -(VII): XRPD diffractograms of solids obtained after 50 °C / RT maturation or cooling of crystalline material
in different solvents. XRPD diffractograms are shown for ‘damp’, then ‘dry’ samples. Figure S3: (I): XRPD of
solids obtained at 50 °C upon anti-solvent,(II) - (VII): . XRPD solids obtained at 5 °C upon anti-solvent are shown
damp, then dry. Figure S4: I. XRPD of solids obtained after polymer templating experiments_ EtOH (4% aq_.), (II)
- (I): . XRPD of solids obtained after polymer templating experiments_ MeOH (IV): XRPD of solids obtained
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after polymer templating experiments_ Chloroform. Figure S5: (I) - (IV): XRPD of solids obtained after solvent-
drop grinding experiments. Figure S6: (I) - (VIII): XRPD diffractograms of solids obtained after cooling or
maturation of Amorphous material in different solvents. XRPD diffractograms are shown for ‘damp’, then ‘dry’
samples.
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