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Executive Summary 

Targacept is developing TC-6499, a novel small molecule for the treatment of neuropathic 
pain. TC-6499, which is a modulator of the α4ß2 NNR, is currently in Phase I clinical 
development. In preclinical studies, TC-6499 demonstrated analgesic activity in multiple 
models of neuropathic pain. TC-6499 requires a stable solid form. Pharmorphix have been 
requested to perform a salt selection study, in order to identify a suitable salt for this purpose. 
 

N

N

HN

 
TC-6499 

 
Targacept supplied TC-6499 as a hemi-galactaric acid salt, which was fully characterised. 
Crystallinity was assessed by XRPD, and thermal analyses were carried out (TGA, DSC, VT-
XRPD and hot stage microscopy). A number of events were identified for this material 
(dehydration, solid phase transformations, etc). DVS experiments also showed a fully 
reversible dehydration-hydration process. 
 
Experimental pKa values were determined for TC-6499, and based on these, 23 acids were 
selected to carry out a preliminary mono salt screen. Out of these counter ions, 12 of them 
were also used to prepare hemi salts. These acids were all Class 1 or Class 2 acids, and to our 
knowledge, no toxicity issues had been previously reported for them. Very lypophilic acids 
(logP > 5) were also discarded, as well as potentially very hygroscopic acids (with several 
hydroxy and amino groups). 
 
Crystallinity of the salts was assessed by XRPD, and stability at 40˚C and 75%RH was 
established by storage of the salts in the humidity chamber for a week. With these criteria, a 
number of salts were identified as interesting candidates to scale up for further investigation: 
mono-citrate, orotate, and mono-di-p-toluoyl-D-tartrate. Maleate and fumarate were not 
stable in the humidity chamber, but were also investigated as back-up salts. 
 
After full characterisation of the salts, we identified three salts that exhibited good solid form 
properties: 
 

- Orotate: the best of the three salts, from a solid form point of view; no precedent of 
orotates as marketed drugs (although some mineral supplements are available as 
orotates). 

- Mono-citrate: two forms were identified; it is an acceptable candidate, but a full 
polymorphism programme on this salt would be recommended. 

- Mono-maleate (Form 2): two forms were identified, but only Form 2 had acceptable 
solid form properties. There are also indications of a possible third form, but to 
establish this point, a full polymorphism programme would be required. A single 
crystal structure was collected for Form 2 of the mono-maleate. 
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1 Introduction 

Targacept is developing TC-6499, a novel small molecule for the treatment of neuropathic 
pain. TC-6499, which is a modulator of the α4ß2 NNR, is currently in Phase I clinical 
development. In preclinical studies, TC-6499 demonstrated analgesic activity in multiple 
models of neuropathic pain. TC-6499 requires a stable solid form. Pharmorphix have been 
requested to carry out a salt selection study, in order to identify a suitable salt for this 
purpose. 

2 Objectives 

This study was focused on trying to provide Targacept with a salt(s) form to improve the 
physical properties of TC-6499. An outline of the proposal is shown below: 
 

Phase I: Characterisation of the supplied batch of TC-6499-12 
Phase II: Salt selection studies and preliminary characterisation on salts of TC-6499 
Phase III: Scale-up and characterisation of selected salts 

3 Materials 

Table 1 Details of supplied samples 
Name of 

Compound 

Pharmorphix 

Tracking Number 

Customer Batch / Lot 

Number 

Quantity 

Supplied 

TC-6499-12 E00118 GMD-011671-2 6.94 g 
TC-6499-12 E00478 GMD-011671-2 2.50 g 

4 Safety Information 

An MSDS was supplied by Targacept with the material received, which included some 
toxicological information. 
 
Pharmorphix uses the Merck 5 category system to evaluate the safety of the compounds 
investigated at their facilities. This has been modified to increase its relevance for the 
techniques and scale that are worked on. This proposal assumes the compounds to be Class 
III cytotoxics and standard Pharmorphix safety protocols will be used. 
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5 Instrument and Methodology Details 

5.1. X-Ray Powder Diffraction (XRPD): Bruker AXS C2 GADDS 

 
X-Ray Powder Diffraction patterns were collected on a Bruker AXS C2 GADDS 
diffractometer using Cu Kα 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 Göbel multilayer mirror coupled with a pinhole collimator of 
0.3 mm. 
 
The beam divergence, i.e. the effective size of the X-ray beam on the sample, was 
approximately 4 mm.  A θ-θ continuous scan mode was employed with a sample - detector 
distance of 20 cm which gives an effective 2θ range of 3.2 ° – 29.7 °.  Typically the sample 
would be exposed to the X-ray beam for 120 seconds.  The software used for data collection 
was GADDS for WNT 4.1.16 and the data were analysed and presented using Diffrac Plus 
EVA v 9.0.0.2 or v 13.0.0.2. 
 
Ambient conditions 
Samples run under ambient conditions were prepared as flat plate specimens using powder as 
received without grinding.  Approximately 1-2 mg of the sample was lightly pressed on a 
glass slide to obtain a flat surface. 
 
Non-ambient conditions 
Samples run under non-ambient conditions were mounted on a silicon wafer with heat-
conducting compound.  The sample was then heated to the appropriate temperature at ca. 
20 ˚C.min-1 and subsequently held isothermally for ca 1 minute before data collection was 
initiated. 
 

5.2. Single Crystal XRD (SXD): Bruker AXS 1K SMART CCD 

 
Data were collected on a Bruker AXS 1K SMART CCD diffractometer equipped with an 
Oxford Cryosystems Cryostream cooling device.  Structures were solved using either the 
SHELXS or SHELXD programs and refined with the SHELXL program as part of the Bruker 
AXS SHELXTL suite.  Unless otherwise stated, hydrogen atoms attached to carbon were 
placed geometrically and allowed to refine with a riding isotropic displacement parameter.  
Hydrogen atoms attached to a heteroatom were located in a difference Fourier synthesis and 
were allowed to refine freely with an isotropic displacement parameter. 
 

5.3. 1
H-NMR 

 
NMR spectra were collected on a Bruker 400MHz instrument equipped with an auto-sampler 
and controlled by a DRX400 console. Automated experiments were acquired using ICON-
NMR v4.0.4 (build 1) running with Topspin v 1.3 (patch level 8) using the standard Bruker 
loaded experiments. For non-routine spectroscopy, data were acquired through the use of 
Topspin alone. 
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Samples were prepared in d6-DMSO, unless otherwise stated. Off-line analysis was carried 
out using ACD SpecManager v 9.09 (build 7703). 
 

5.4. Differential Scanning Calorimetry (DSC) 

5.4.1. TA Instruments Q2000 

DSC data were collected on a TA Instruments Q2000 equipped with a 50 position auto-
sampler. The instrument was calibrated for energy and temperature calibration using certified 
indium.  Typically 0.5-3 mg of each sample, in a pin-holed aluminium pan Unless otherwise 
specified), was heated at 10 ˚C.min-1 from 25 °C to 350 °C.  A nitrogen purge at 50 ml.min-1 
was maintained over the sample. 
 
The instrument control software was Advantage for Q Series v2.8.0.392 and Thermal 
Advantage v4.8.3 and the data were analysed using Universal Analysis v4.3A. 

5.4.2. Mettler DSC 823e 

DSC data were collected on a Mettler DSC 823e equipped with a 50 position auto-sampler. 
The instrument was calibrated for energy and temperature using certified indium.  Typically 
0.5-3 mg of each sample, in a pin-holed aluminium pan, was heated at 10˚C.min-1 from 25 °C 
to 350 °C.  A nitrogen purge at 50 ml.min-1 was maintained over the sample. 
 
The instrument control and data analysis software was STARe v9.10. 
 

5.5. Thermo-Gravimetric Analysis (TGA) 

5.5.1. TA Instruments Q500 

 
TGA data were collected on a TA Instruments Q500 TGA, equipped with a 16 position auto-
sampler.  The instrument was temperature calibrated using certified Alumel. Typically 
5-30 mg of each sample was loaded onto a pre-tared platinum crucible and aluminium DSC 
pan, and was heated at 10°C.min-1 from ambient temperature to 350°C.  A nitrogen purge at 
60 ml.min-1 was maintained over the sample. 
 
The instrument control software was Advantage for Q Series v2.8.0.392 and Thermal 
Advantage v4.8.3 

5.5.2. Mettler TGA/SDTA 851e 

 
TGA data were collected on a Mettler TGA/SDTA 851e equipped with a 34 position auto-
sampler.  The instrument was temperature calibrated using certified indium.  Typically 5-
30 mg of each sample was loaded onto a pre-weighed aluminium crucible and was heated at 
10˚C.min-1 from ambient temperature to 350 °C.  A nitrogen purge at 50 ml.min-1 was 
maintained over the sample. 
 
The instrument control and data analysis software was STARe v9.10. 
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5.6. Polarised Light Microscopy (PLM) 

Samples were studied on a Leica LM/DM polarised light microscope with a digital video 
camera for image capture. A small amount of each sample was placed on a glass slide, 
mounted in immersion oil and covered with a glass slip, the individual particles being 
separated as well as possible.  The sample was viewed with appropriate magnification and 
partially polarised light, coupled to a λ false-colour filter. 

5.7. Hot Stage Microscopy (HSM) 

Hot Stage Microscopy was carried out using a Leica LM/DM polarised light microscope 
combined with a Mettler-Toledo MTFP82HT hot-stage and a digital video camera for image 
capture. A small amount of each sample was placed onto a glass slide with individual 
particles separated as well as possible. The sample was viewed with appropriate 
magnification and partially polarised light, coupled to a λ false-colour filter, whilst being 
heated from ambient temperature typically at 10-20˚C.min-1. 
 

5.8. Dynamic Vapour Sorption (DVS): SMS DVS Intrinsic 

 
Sorption isotherms were obtained using a SMS DVS Intrinsic moisture sorption analyser, 
controlled by SMS Analysis Suite software.  The sample temperature was maintained at 25 
°C by the instrument controls.  The humidity was controlled by mixing streams of dry and 
wet nitrogen, with a total flow rate of 200 ml.min-1.  The relative humidity was measured by a 
calibrated Rotronic probe (dynamic range of 1.0-100 %RH), located near the sample.  The 
weight change, (mass relaxation) of the sample as a function of %RH was constantly 
monitored by the microbalance (accuracy ±0.005 mg). 

 
Typically 5-20 mg of sample was placed in a tared mesh stainless steel basket under ambient 
conditions.  The sample was loaded and unloaded at 40 %RH and 25 °C (typical room 
conditions).  A moisture sorption isotherm was performed as outlined below (2 scans giving 1 
complete cycle). The standard isotherm was performed at 25 °C at 10% RH intervals over a 
0-90% RH range. 
 

Table 2 DVS method parameters 
Parameters Values 
Adsorption - Scan 1 40 - 90 
Desorption / Adsorption - Scan 2 90 - Dry, Dry - 40 
Intervals (%RH) 10 
Number of Scans 2 
Flow rate (ml.min-1) 200 
Temperature (°C) 25 
Stability (˚C.min-1) 0.2 
Sorption Time (hours) 6 hour time out 

 
The sample was recovered after completion of the isotherm and re-analysed by XRPD. 
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5.9. Water Determination by Karl Fischer (KF) 

The water content of each sample was measured on a Mettler Toledo DL39 Coulometer using 
Hydranal Coulomat AG reagent and an argon purge.  Weighed solid samples were introduced 
into the vessel on a platinum TGA pan which was connected to a subaseal to avoid water 
ingress. Approx 10 mg of sample was used per titration and duplicate determinations were 
made. 
 

5.10. Thermodynamic Aqueous Solubility by HPLC 

Aqueous solubility was determined by suspending sufficient compound in water to give a 
maximum final concentration of ≥10 mg.ml-1 of the parent free-form of the compound. The 
suspension was equilibrated at 25 °C for 24 hours then the pH was measured. The suspension 
was then filtered through a glass fibre C filter into a 96 well plate. The filtrate was then 
diluted by a factor of 101. Quantitation was by HPLC with reference to a standard solution of 
approximately 0.1 mg.ml-1 in DMSO. Different volumes of the standard, diluted and 
undiluted sample solutions were injected. The solubility was calculated using the peak areas 
determined by integration of the peak found at the same retention time as the principal peak 
in the standard injection. 
 
If there was sufficient solid in the filter plate, the XRPD was collected. 
 

Table 3 HPLC method parameters for solubility measurements 

Type of method: Reverse phase with gradient elution 

Column:  Phenomenex Luna, C18 (2) 5µm 50 x 4.6 mm 
Column Temperature (°C): 25 
Standard Injections (µl): 1, 2, 3, 5, 7, 10 
Test Injections (µl): 1, 2, 3, 10, 20, 50 
Detection: 
Wavelength, Bandwidth (nm) :  

260,80 

Flow Rate (ml.min-1): 2 
Phase A: 0.1% TFA in water 
Phase B: 0.085% TFA in acetonitrile 

Time (min) % Phase A % Phase B 
0.0 95 5 
1.0 80 20 
2.3 5 95 
3.3 5 95 
3.5 95 5 

Timetable: 

4.4 95 5 
 
Analysis was performed on an Agilent HP1100 series system equipped with a diode array 
detector and using ChemStation software vB.02.01-SR1. 

5.11. Chemical Purity Determination by HPLC 

Purity analysis was performed on an Agilent HP1100 series system equipped with a diode 
array detector and using ChemStation software vB.02.01-SR1. 
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Table 4 HPLC method parameters for chemical purity determinations 
Sample Preparation: 0.5mg/ml in acetonitrile : water 1:1 v/v 
Column:  Phenomenex Luna C18 (2), 150x4.6mm, 5µm 
Column Temperature (°C): 25 
Injection (µl): 5 
Detection: 
Wavelength, Bandwidth( nm):  

255, 90 

Flow Rate (ml.min-1): 1 
Phase A: 0.1%TFA in water 
Phase B: 0.085% TFA in acetonitrile 

Time (min) % Phase A % Phase B 
0 95 5 

25 5 95 
25.2 95 5 

Timetable: 

30 95 5 

5.12. Ion Chromatography (IC) 

Data were collected on a Metrohm 761 Compact IC (for cations) and a Metrohm 861 
Advanced Compact IC (for anions) using IC Net software v2.3.  Samples were prepared as 
1000 ppm stocks in DMSO. Samples were diluted to 100 ppm with DMSO prior to testing.  
Quantification was achieved by comparison with standard solutions of known concentration 
of the ion being analysed. 
 

Table 5 HPLC method parameters for anion chromatography 

Type of method Anion exchange 
Column:  Metrosep A Supp 5 – 250 (4.0 x 250 mm) 
Column Temperature (°C): Ambient 
Injection (µl): 20 
Detection: Conductivity detector 
Flow Rate (ml.min-1): 0.7 

Eluent: 
3.2 mM sodium carbonate,  
1.0 mM sodium hydrogen carbonate in water 

 
Table 6 HPLC method parameters for cation chromatography 

Type of method Cation exchange 
Column:  Metrosep C 2 – 250 (4.0 x 250 mm) 
Column Temperature (°C): Ambient 
Injection (µl): 20 
Detection: Conductivity detector 
Flow Rate (ml.min-1): 1.0 

Eluent: 
4.0 mM Tartaric acid, 
0.75 mM Dipicolinic acid in water 
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5.13. pKa Determination and Prediction 

5.13.1. Determination 

Data were collected on a Sirius GlpKa instrument with a D-PAS attachment.  Measurements 
were made at 25 °C in aqueous solution by UV and in methanol water mixtures by 
potentiometry.  The titration media was ionic-strength adjusted (ISA) with 0.15 M KCl (aq).  
The values found in the methanol water mixtures were corrected to 0% co-solvent via a 
Yasuda-Shedlovsky extrapolation.  The data were refined using Refinement Pro software 
v1.0. 

5.13.2. Prediction 

Prediction of pKa values was made using ACD pKa prediction software v9. 

5.14. Log P Determination 

Data were collected by potentiometric titration on a Sirius GlpKa instrument using three 
ratios of octanol : ionic-strength adjusted (ISA) water to generate Log P, Log Pion, and Log 
D values.  The data were refined using Refinement Pro software v1.0. 
 
Prediction of Log P values was made using ACD v9 and Syracuse KOWWIN v1.67 software. 
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6 Batch Characterisation of E00118 

The Table below is a summary of the batch characterisation of E00118. The experimental 
data can be found in the Data Section 1 at the end of this report. 
 

Table 7 Batch characterisation of TC-6499-12 (E00118) 
Experiment Comments 

1H-NMR (400 MHz, D2O) 

1H-NMR spectrum was consistent with proposed structure. No 
impurities were identified by NMR. Stoichiometry was confirmed 
by integration of the signals of the counter ion. 

HPLC Purity 99.99% (using Pharmorphix generic method) 

XRPD 
Stability 

The material supplied was crystalline. No changes were observed 
in the humidity chamber after the sample was stored at 40˚C and 
75%RH for one week (maybe a slightly improvement in the 
crystallinity). When the sample was stored at 60˚C for one week, 
a new pattern was observed (Pattern 2 – see VT-XRPD). 

VT-XRPD 

A new crystalline pattern was observed when the sample was 
heated to 50˚C (probably a mixture of patterns). A new XRPD 
pattern was observed at temperatures between 80 and 120˚C 
(Pattern 2). A new change in the pattern occured when the sample 
was heated to 130˚C and it remained unchanged until the material 
melted (Pattern 3). When the sample was cooled down back to 
room temperature, it showed Pattern 2. 

Optical Microscopy Blade shape plates of up to 120 µm (length) and 60 µm (width). 
Birefringence was clearly observed with polarised light. 

Hot Stage Microscopy 

The material was initially very crystalline. At 55-60˚C, some 
colour changes were observed, leading to completely colourless 
material at around 75-80˚C. At 115-120˚C colour appeared again, 
which indicated that a recrystallisation was occurring. Between 
175-180˚C the material melted and started decomposing.  

TGA/DSC 

A weight loss of 10.9% was observed between room temperature 
and 90˚C (Karl Fisher analysis showed 11.1% of water in the 
sample, which corresponded to two molecules of water per 
molecule of API). Decomposition started at ~190˚C. The DSC 
showed two endotherms at low temperature, related to the weight 
loss (sequential dehydration of two molecules of water). Another 
small endotherm occured at 116˚C (possibly a solid phase 
change). The material melted with decomposition at 190˚C.  
To obtain the melting point of the di-hydrate, a hermetic pan was 
used, which prevented the loss of water. This melting point was 
estimated at 96˚C.  

DVS 

The di-hydrate formed at relative humidity above 40%, when the 
sample took up to ~12% of water. On reducing the humidity 
levels, the two molecules of water were lost sequentially when 
humidity reached levels below 30% and 10%. 
When the experiment finished, and the sample was re-analysed by 
XRPD, a mixture of di-hydrate and anhydrous form was observed 
(Patterns 1 and 2). 

Thermodynamic Solubility > 10 mg/ml (pH of unfiltered solution 8.06) 
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7 Salt Selection Study 

7.1. pKa and logP Determination 

Figure 1 Calculated and experimental pKa values for E00118 

 
 
The pKa values for TC-6499 were calculated and measured, and the correlation between both 
values was in good agreement. The prediction of the logP value is known to vary depending 
on which method was used. 
 
Taking in consideration these pKa values, a number of acids were selected to carry out the 
salt screen. These acids are shown in the Table 8. 
 

Table 8 Acids selected for salt screen 
pKa 

Acid Class 
pKa1 pKa2 pKa3 

Hydrochloric acid 1 -6.10   

Sulphuric acid 1 -3.00 1.92  

Methane sulphonic acid 2 -1.20   

Maleic acid 1 1.92 6.23  

Phosphoric acid 1 1.96 7.12 12.32 

1-Hydroxy-2-Naphthoic acid 2 2.70 13.50  

Ketoglutaric acid  2 2.70 4.50  

Malonic acid 2 2.83 5.70  

L-Tartaric acid 1 3.02 4.36  

Fumaric acid 1 3.03 4.38  

Citric acid 1 3.13 4.76 6.40 

L-Malic acid 1 3.46 5.10  

Hippuric acid 1 3.55   

L-Lactic acid 1 3.86   

Benzoic acid 2 4.19   

Succinic acid 1 4.21 5.64  

Adipic acid 1 4.44 5.44  

Acetic acid 1 4.76   

Nicotinic acid 2 4.85   

Propionic acid 2 4.87   

Orotic acid 2 5.85 8.95  

4-Hydroxybenzoic acid n/a 4.58 9.23 

di-p-Toluoyl-D-tartaric acid n/a   

These acids were 
suggested by 

Targacept 

All acids were used in the preliminary mono-salt screen. The acids highlighted in blue were 
also used in the hemi-salt screen. 
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7.2. Preparation of the free base 

The material supplied was a hemi-galactarate of TC-6499. In order to carry out the salt 
screen, batches of free base were prepared by treatment of the starting material with sodium 
hydroxide as required.  
 
E00118 (200 mg, 0.63 mmol) was suspended in dichloromethane (1 ml) and treated with an 
excess of aqueous sodium hydroxide (1M, 1.26 ml, 1.26 mmol). The mixture was shaken at 
room temperature for 1-2 h, and the two phases were then separated. The aqueous phase was 
washed with dichloromethane (3 x 1 ml) and the combined organic extracts were washed 
with water (1 ml), dried with magnesium sulphate and concentrated. The residue (colourless 
oil, 105.5 mg, 0.60 mmol, 95.5%) was analysed by 1H-NMR, and used in the preparation of 
salts without further purification. 

7.3. Preliminary Hydrochloride screen 

An initial hydrochloride screen was carried out with the first batch of free base prepared, by 
splitting the residue in three lots, and dissolving each one of them in either, IPAc, THF or 
MIBK, and treating these solutions with 1 eq. of HCl (1M in Et2O). The mixtures were 
incubated at 50˚C/r.t. (4 h cycles) for 24 h. The preparations in THF and MIBK yielded an 
insoluble gum, which was not further investigated. The experiment in IPAc yielded a 
crystalline solid (for which an XRPD pattern was collected), but this material deliquesced 
within minutes at ambient conditions. 1H-NMR of this solid confirmed the protonation of the 
basic nitrogen. 

7.4. Salt Screen: Mono salts 

Two solvents were chosen to carry out the salt screen: IPAc and MeCN. IPAc produced 
interesting results in the preliminary hydrochloride screening. THF and MIBK had previously 
failed to dissolve the free base, which resulted in a poor choice of solvent to obtain the salts. 
MeCN was chosen based in the higher solubility of the free base in this solvent. IPA and THF 
were also chosen to maturate the gums and oils obtained in the preparation of the salts, if no 
crystalline solid was obtained initially.  

7.4.1. Procedure 

The free base (10 mg, 0.057 mmol) was dissolved in either IPAc or MeCN. The solutions 
were then treated with 1 eq. of the corresponding acid (see Table 8), warmed up to 50˚C and 
cooled down slowly to room temperature overnight. 
 
The solvent was then evaporated under vacuum without heating, and the residues analysed by 
XRPD. The solids were then stored in the humidity chamber at 40˚C and 75%RH for a week, 
and re-analysed by XRPD. 
 
In the cases where the experiment did not yield a crystalline solid, these samples were 
maturated in THF and IPA, and where a solid was obtained, this was analysed by XRPD and 
stored in the humidity chamber for a week to assess stability.  
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7.4.2. Results 

Table 9 Summary mono salt screen 
IPAc MeCN 

Acid Initial 
Observations 

After 
Evaporation of 

solvent 
Maturation THF 

Humidity 
Chamber 

Initial 
Observations 

After 
Evaporation of 

solvent 
Maturation IPA 

Humidity 
Chamber 

Hydrochloric acid It will be investigated separately It will be investigated separately 

Sulphuric acid  Sticky solid 
Sample 

deliquesces 
Yellow sticky 

solid/deliquesces 
 Sticky solid 

Sample 
deliquesces 

Partially Crystalline 
– XRPD 1 

 

Methane sulphonic acid Solid 
Crystalline – 
XRPD 1 

N/A 
Sample 

deliquesces 
Solid 

Sample 
deliquesces 

N/A  

Maleic acid Solid 
Crystalline – 
XRPD 1 

N/A 
Sample 

deliquesces 
Solid 

Crystalline – 
XRPD 1 

N/A 
Sample 

deliquesces 

Phosphoric acid Sticky solid 
Sample 

deliquesces 
Yellow sticky solid  Sticky solid Oil Oil  

1-Hydroxy-2-Naphthoic acid No solid produced Dark oil Dark oil  No solid produced Dark oil Dark glass/oil  

Ketoglutaric acid Sticky solid Sticky solid Sticky foam  No solid produced Dark oil Glass  

Malonic acid Oil Yellow oil Yellow oil  No solid produced Yellow oil Oil  

L-Tartaric acid Sticky solid 
Sample 

deliquesces 
Yellow sticky solid  Sticky solid 

Sample 
deliquesces 

Sticky solid  

Fumaric acid Sticky solid 
Crystalline – 
XRPD 1 

N/A 
Sample 

deliquesces 
Sticky solid Sticky solid N/A  

Citric acid Sticky solid 
Sample 

deliquesces 
Crystalline – 
XRPD 1 

XRPD1 Sticky solid Glass 
Crystalline – 
XRPD 1 

XRPD1 

L-Malic acid Oil Yellow oil Dark oil  No solid produced Yellow oil Glass/oil  

Hippuric acid No solid produced Dark oil Dark oil  No solid produced Dark oil Dark oil  

L-Lactic acid  Oil Dark oil Dark oil  No solid produced Dark oil Oil  

Benzoic acid No solid produced Dark oil Dark oil  No solid produced Dark oil Oil  

Succinic acid No solid produced Dark oil Dark oil  No solid produced Dark oil Oil  

Adipic acid Oil Dark oil Dark oil  Oil Dark oil Glass/oil  

Acetic acid No solid produced Dark sticky solid Dark oil  No solid produced Dark oil Dark oil  

Nicotinic acid Oil Dark oil Dark sticky solid  No solid produced Dark oil Glass/oil  

Propionic acid No solid produced Dark oil Dark oil  No solid produced Dark oil Dark oil  

Orotic acid Solid 
Mostly amorphous 

– XRPD 1 
N/A XRPD1 Solid 

Crystalline – 
XRPD 1 

N/A XRPD 1 

4-Hydroxybenzoic acid Solid XRPD 1 N/A 
Sample 

deliquesces 
Solid XRPD 1 N/A 

Sample 
deliquesces 

Di-p-toluyl-D-tartaric acid Solid XRPD 1 N/A XRPD 1 Solid XRPD 1 N/A XRPD 1 

 

7.4.3. Discussion & Conclusions 

All solids were analysed by XRPD and 1H-NMR. In all cases, the NMR spectra were 
consistent with the proposed structures, and a 1:1 stoichiometry was confirmed by integration 
of the signals in the NMR spectra or by ion chromatography.  
 
The most promising results were obtained for the citrate, orotate and di-ptoluoyl-D-tartrate. 
These salts produced crystalline solids that were stable after a week in the humidity chamber 
at 40˚C and 75%RH. These salts were, therefore, selected for scale up to carry out a more 
detailed investigation of their solid form properties. 
 
Although the 4-hydroxybenzoate, maleate and fumarate produced crystalline solids, these 
deliquesced in the humidity chamber. Nevertheless, they were also selected to perform a 
more detailed investigation, with the aim of identifying new, more stable, solid forms of these 
salts. 
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7.5. Salt Screen: Hemi salts 

7.5.1. Procedure 

For the preparation of the hemi salts, we followed a similar procedure as described for the 
mono salt screen, using 0.5 eq. of acid instead of 1 eq. of acid. The solids obtained were 
treated and analysed in the same manner. 

7.5.2. Results 

Table 10 Summary hemi salt screen 
IPAc MeCN 

Acid Initial 
Observations 

After 
Evaporation of 

solvent 
Maturation THF 

Humidity 
Chamber 

Initial 
Observations 

After 
Evaporation of 

solvent 
Maturation IPA 

Humidity 
Chamber 

Sulphuric acid  Oil Yellow oil Yellow oil  Oil Oil Oil  

Maleic acid Oil Dark sticky solid Dark sticky solid  Oil Oil Oil  

Phosphoric acid Oil Dark sticky solid Dark sticky solid  Oil Dark sticky solid Dark sticky solid  

Ketoglutaric acid Oil Oil Oil  Oil Oil Oil  

Malonic acid Oil Dark oil Dark oil  Oil Yellow oil Dark oil  

L-Tartaric acid Solid Solid/deliquesces Dark oil  Solid Solid/deliquesces 
Solid/deliquesces 
Mostly amorphous 

Sample 
deliquesces 

Fumaric acid Oil Dark glass/oil 
Solid/deliquesces 
Mostly amorphous 

Sample 
deliquesces 

Oil Solid/deliquesces Mostly amorphous 
Sample 

deliquesces 

Citric acid Oil Dark sticky foam XRPD 1 
Sample partially 
deliquesces 

Oil Solid/deliquesces Oil  

L-Malic acid Oil Dark oil Dark oil  Oil Oil Oil  

Succinic acid Oil Dark oil Dark oil  Oil Oil Oil  

Adipic acid Oil Dark oil Dark oil  Oil Oil Oil  

Di-p-toluyl-D-tartaric acid Solid XRPD 1 XRPD 1 XRPD 1 Solid XRPD 1 XRPD 1  

 

7.5.3. Discussion & Conclusions 

Only the hemi-citrate and hemi di-p-toluoyl-D-tartrate produced crystalline solids, although 
the hemi-citrate deliquesced in the humidity chamber. 1H-NMR spectra of these two salts 
were consistent with the proposed structures and their stoichiometries were also confirmed by 
integration of the signals of the counter ions. 
 
The batch of free base had been prepared 2-3 weeks prior to the hemi salt screen, and had 
been stored under nitrogen in the fridge. However, an intense red colour had appeared in the 
sample. This material was then analysed by NMR, and it was observed that extensive 
transformation of the material had taken place, possibly by polymerisation, although there 
was still some remaining free base. It was concluded that the free base must be prepared 
immediately prior to its use, to prevent decomposition. Decomposition of the free base may 
have affected the yield of the prepared salt, however in the cases where a crystalline solid(s) 
were isolated; the XRPD pattern for those salts matched their scaled up counterparts. 

7.6. Hydrochloride Screening 

7.6.1. Procedure 

When the preliminary hydrochloride screening was carried out, a crystalline solid was 
initially isolated, which deliquesced within minutes at ambient conditions. It was felt that a 
more thorough investigation was necessary for this salt. A separate salt screening was then 
planned, using fresh free base. Four different solvents and five different sources of HCl were 
used for this purpose.  
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7.6.2. Results 

Table 11 Summary hydrochloride screen 

 

7.6.3. Discussion & Conclusions 

A number of preparations produced solids. In other cases a gum or sticky solid, difficult to 
work with, was obtained, but no XRPD patterns were collected for them. When a solid was 
isolated by filtration, most of them deliquesced instantly. Some solids were stable enough to 
allow collection of XRPD pattern (XRPD 2/3), but deliquesced after 3 days in humidity 
chamber at 40°C/75%RH. 
 
In sight of these results, no further work was done with the hydrochloride salt. 

7.7. Scale-up of Selected Salts 

Based on the results obtained in the preliminary salt screenings, a number of them were 
chosen to scale-up to ~200 mg and to carry out a more detailed investigation: 
 

- Mono Salts: 
o Citrate 
o Orotate 
o 4-Hydroxybenzoate 
o Di-p-Toluoyl-D-tartrate 
o Maleate 
o Fumarate 
 

- Hemi Salts: 
o Citrate 
o Di-p-Toluoyl-D-tartrate 
o Maleate 
o Fumarate 

7.7.1. Scale-up Procedure  

The free base (189 mg, 1.077 mmol, freshly prepared following the procedure described in 
section 7.2) was dissolved in MeCN. The solutions were then treated with 1.1 eq. of the 
corresponding acid for the preparation of the mono salts, and 0.5 eq. for the preparation of the 
hemi salts. The mixtures were warmed up to 50˚C and cooled down slowly to room 
temperature overnight. 
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The solids obtained were filtered and dried under suction before being analysed by XRPD, 
and 1H-NMR. TGA experiments were performed to determine content of water or other 
solvents, and DSC experiments were run to establish stability of the isolated forms and the 
possibility of new forms for each salt. DVS experiments were used to assess hygroscopicity 
of the salts. HPLC purity and thermodynamic solubility were also measured for each salt. 

7.7.2. Attenuated Polymorph screen Procedure 

An attenuated polymorphism screen was also performed in 15 different solvents for the most 
promising salts. No new forms were identified for the mono-citrate or the orotate. Some new 
forms were identified for the mono- and hemi-fumarates, but these forms were of no interest, 
as they deliquesced rapidly in the humidity chamber. A new form was also identified for the 
mono-maleate (Form 2), which was stable in the humidity chamber for a week. This is the 
same form of the crystals obtained for this salt after Form 1 was stored in the humidity 
chamber. 
 

Table 12 Polymorphism screen summary 

 

 Mono-Citrate Orotate Mono-Maleate Mono-Fumarate Hemi-Fumarate 

Solvent XRPD Humidity Chamber XRPD Humidity Chamber XRPD 
Humidity 
Chamber 

XRPD 
Humidity 
Chamber 

XRPD 
Humidity 
Chamber 

Water  
Dissolves completely; 
amorphous glass on 
evaporation of water 

XRPD 1 
Dissolves completely; 
produces a crystalline 
material on evaporation 

Film on 
the walls 
of the vial 

 
Film on the 
walls of the 

vial 
 

Film on the 
walls of the 

vial 
 

MIBK XRPD 1  XRPD 1  XRPD 1  XRPD 1  XRPD 1  

EtOH XRPD 1  XRPD 1  XRPD 2 
No changes in 
XRPD pattern 

Film on the 
walls of the 

vial 
 

Film on the 
walls of the 

vial 
 

IPA XRPD 1  XRPD 1  XRPD 1  Sticky solid  
Film on the 
walls of the 

vial 
 

EtOAc XRPD 1  XRPD 1  XRPD 1  XRPD 2 
Deliquesces 
within 1 h 

XRPD 1  

Acetone XRPD 1  XRPD 1  
Very dark 

oil 
isolated 

 
Very dark oil 

isolated 
 XRPD 1  

MeCN XRPD 1  XRPD 1  XRPD 1  XRPD 3 
Deliquesces 
within 1 h 

XRPD 1  

TBME XRPD 1  XRPD 1  XRPD 1  XRPD 2 
Deliquesces  
within 1 h 

XRPD 1  

THF XRPD 1  XRPD 1  XRPD 1  XRPD 2 
Deliquesces 
within 1 h 

XRPD 1  

DCM XRPD 1  XRPD 1  XRPD 1  Sticky solid  Sticky solid  

Toluene XRPD 1  XRPD 1  XRPD 1  XRPD 2 
Deliquesces 
within 1 h 

XRPD 2 
(impure XRPD 

1) 

Deliquesces
within 1 h 

NMP  

Dissolves completely; a 
mixture of oil and 
crystals after 
evaporation 

XRPD 1 
Dissolves completely; 
produces a crystalline 
material on evaporation 

Oil  Oil  Oil  

DMSO  
Dissolves completely; 
produces an oil and 
after evaporation 

XRPD 1 
Dissolves completely; 
produces a crystalline 
material on evaporation 

Oil  Oil  Oil  

n-Heptane XRPD 1  XRPD 1  XRPD 1  XRPD 2 
Deliquesces 
within 1 h 

XRPD 1  

IPAc XRPD 1  XRPD 1  XRPD 1  XRPD 2 
Deliquesces 
within 1 h 

XRPD 2 
(impure XRPD 

1) 

Deliquesces 
ithin 1 h 
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7.7.3. Results 

Table 13 Solid form studies on scale up salts 

Salt Preparation Stability (40°C/75%RH) Thermal Analysis DVS 
Solubility 
(pH of unfiltered solution) 

Mono-citrate  

Two different crystalline solids 
isolated from subsequent 
crystallisations: XRPD 1, 
XRPD 2 

Both crops produced XRPD 2 
(with increased crystallinity) 

No weight loss for either Form until 
decomposition occurs at ~170°C. 
Form 1 melts at 149°C, Form 2 melts 
at 157°C. 

Both Forms behave similarly. Less than 1.5% of water taken below 
70%RH, it goes up to 4% at 90%RH. No major changes are 
observed in the XRPD of either Form before and after the DVS 
experiment. 

>10 mg/ml 
(3.82 Form 1; 4.77 Form 2) 

Mono-oratate White crystalline solid: XRPD 1 No changes were observed 
No weight loss until decomposition 
occurs at ~240°C. The sample melts 
at 224°C. 

Less than 1% of water taken below 70%RH, it goes up to 1.8% at 
90%RH. No major changes are observed in the XRPD before and 
after the DVS experiment, maybe some increase in crystallinity. 

>10 mg/ml 
(3.23) 

Mono-4-hydroxybenzoate White crystalline solid: XRPD 1 
Sample deliquesces partially. 
Same pattern with increased 
amorphous content 

No weight loss until decomposition 
occurs at ~180°C. The sample melts 
at 158°C. 

No further investigation was carried out 

Mono-di-p-tolouyl-D-
tartrate 

White crystalline solid; not very 
soluble in cold D2O: XRPD 1 

No changes were observed 
No weight loss until decomposition 
occurs at ~190°C. The sample melts 
at 186°C. 

Up to only 1.2% of water taken at 90%RH.  
No changes are observed in the XRPD before and after the DVS 
experiment. 

0.91 mg/ml 
(3.64) 

Mono-maleate Off-white solid: XRPD 1 

Deliquesces after 3 days in 
humidity chamber. New 
crystalline form appears after 7 
days in humidity chamber (XRPD 
2) 

Form 2: No weight loss until 
decomposition occurs at ~170°C. 
The sample melts at 133°C and a 
recrystallisation follows before 
degradation starts (possible Form 3). 

Form 2: Very little uptake of water up to 80%RH (< 5%). Above this 
level, the uptake of water goes up to 60% at 90%RH. Reversible 
process, dehydration occurs at 60%RH. No changes in XRPD 
pattern. 

>10 mg/ml 
(3.28 Form 2) 

Mono-fumarate White crystalline solid: XRPD 1 
Deliquesces after 3 days in 
humidity chamber 

No further investigation was carried out 

Hemi-citrate* 
Pink-ish crystalline solid 
(matches the second batch for 
mono-citrate); low yield 

Sample deliquesces partially. 
Matches XRPD 2 for mono salt 

Small weight loss of 0.6% at low 
temperature. Material decomposes at 
~180°C. Endotherm associated to 
the weight loss and another endother 
at ~135°C (melt of solid phase 
change). 

The hemi-citrate is very hydroscopic, taking more than 30% of 
water at 90%RH. The sample had deliquesced when it was 
removed from the system, and no XRPD pattern was collected. 

No further investigation was 
carried out 

Hemi-di-p-tolouyl-D-
tartrate* 

White crystalline solid; Some 
common peaks with mono-salt; 
not very soluble in cold D2O 

Sample deliquesces partially. 
Matches XRPD 1 for mono salt 

No weight loss until decomposition 
occurs at ~190°C. The sample melts 
at 173°C. 

No further investigation was carried out 

Hemi-maleate Sticky glass/gum No further investigation was carried out 

Hemi-fumarate White crystalline solid: XRPD 1 
Deliquesces after 3 days in 
humidity chamber 

No further investigation was carried out 
 

* Possibly a mixture of mono- and hemi- salts. 
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7.7.4. Discussion & Conclussions 

All the solids isolated were analysed by 1H-NMR, and in most cases, the spectra were 
consistent with the proposed structure and stoichiometry. In the case of the mono-citrate, the 
solid that crystallised initially was filtered out of the solution (crop 1 – Form 1). The solution 
was left standing in the fumehood, and a second crop spontaneously crystallised. This second 
crop of material was filtered and kept separated from the first one. 1H-NMR spectra of both 
crops were identical, and in both cases the stoichiometry was confirmed to be 1:1. When the 
hemi salt was analysed by NMR, the integral of the signals corresponding with the citric acid 
moiety were bigger than expected, which led us to believe we may have a mixture of mono 
and hemi salts. This fact seemed to be supported for the XRPD and stability data for the 
hemi-citrate. 
 
A few samples were stable for a week in the humidity chamber at 40˚C and 75%RH (mono-
citrate, mono-orotate and mono-di-p-toluoyl-D-tartrate). The rest of the samples deliquesced, 
and were discarded. A particularly interesting case was the mono-maleate. The form initially 
prepared, deliquesced within a couple of days in the humidity chamber. However, a few days 
later (the sample was checked again after a week), some big crystals had appeared, which 
were isolated and investigated. The crystalline structure was determined by single crystal 
diffraction. 
 
DVS experiments were carried out to assess hygroscopicity and TGA and DSC were run to 
establish the thermal stability of these salts.  
 
HPLC purity of the salts was measured, and in all cases this was higher than 99% (using 
Pharmorphix generic method). Thermodynamic solubility was also measured. 
 
An attenuated polymorphism screen was also performed in 15 different solvents for the most 
promising salts. No new forms were identified for the mono-citrate or the orotate. Some new 
forms were identified for the mono- and hemi-fumarates, but these forms were of no interest, 
as they deliquesced rapidly in the humidity chamber. A new form was also identified for the 
mono-maleate (Form 2), which was stable in the humidity chamber for a week. This is the 
same form of the crystals obtained for this salt after Form 1 was stored in the humidity 
chamber. 
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8 Single Crystal Experiments 

A sample was submitted for single crystal structure determination as shown in Table 14. 
 

Table 14 Samples submitted for single crystal X-ray diffraction studies. 
Batch Number Form Experimental Reference 

VDP-340-37-01w Form 2 (maleate) PHX-07-111 
 
When the mono-maleate was stored in the humidity chamber at 40˚C and 75%RH, the sample 
deliquesced almost immediately. However, after a few days in these conditions, some crystals 
appeared (see Figure below), which were submitted for single crystal X-ray diffraction.  
 

Figure 2 Crystals of mono-maleate obtained at 40˚C and 75%RH 

 
When the crystal was cooled down to 120K in the single crystal diffractometre to collect the 
structure, a change in the crystal structure occurred, as we can see from the cracks that 
appeared in the crystal. This new form was not further investigated, as we cannot reproduce 
these conditions in the lab. The structure was finally collected at room temperature. 
 
The structure solution was obtained by direct methods, full-matrix least-squares refinement 
on F 

2 with weighting w
-1 = σ2(Fo

2) + (0.0795P)2 + (0.0400P), where P = (Fo
2+2Fc

2)/3, 
anisotropic displacement parameters, no absorption correction. Final wR

2 = {Σ[w(Fo
2-
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Fc
2)2]/Σ[w(Fo

2)2]1/2} = 0.1086 for all data, conventional R1 = 0.0372 on F values of 2699 
reflections with Fo > 4σ( Fo), S = 1.004 for all data and 202 parameters.  Final ∆/σ(max) 
0.000, ∆/σ(mean), 0.000. Final difference map between +0.131 and -0.149 e Å-3. 
 

Table 15 Single crystal structure of Form 2 (maleate) 
Molecular formula C14H17N3O4 
Molecular weight 291.31 
Crystal system Monoclinic 

a 5.657(3)Å, α 90˚, 
b 6.840(4)Å, β 96.019(16)˚, 

Space group P2(1) 

c 19.164(10)Å, γ 90˚ 
V 737.4(7)Å3 
Z 2 
Dc 1.312g.cm-1 
µ 0.098mm-1 
Source, λ Mo-K(alpha), 0.71073Å 
F(000) 308 
T 298(1)K 
Crystal Colourless plate, 0.82 x 0.48 x 0.2mm 
Data truncated to 0.80 Å 
θmax 26.37o 
Completeness 99.5% 
Reflections 6392 
Unique reflections 2979 
Rint 0.0128 

 
Figure 3 shows a view of a molecule of Form 2 (maleate) from the crystal structure showing 
the numbering scheme employed.   
 

Figure 3 Molecular configuration of Form 2 (maleate) 

 
 
Anisotropic atomic displacement ellipsoids for the non-hydrogen atoms are shown at the 50% 
probability level.  The inter-molecular hydrogen bonds are shown as dashed lines.  Hydrogen 
atoms are displayed with an arbitrarily small radius. 
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Figure 4 shows a view of part of the crystal packing of Form 2 (maleate) in the unit cell 
looking along the b-axis of the unit cell.  The inter-molecular hydrogen bonds are shown as 
dashed lines.  For clarity all hydrogen atoms other than the O-H and N-H have been removed. 
 

Figure 4 Crystal packing of Form 2 (maleate) 

 
 
Figure 5 shows the experimental and calculated XRPD patterns of Form 2 (maleate).  The 
experimental pattern from the bulk sample is shown in black and the pattern calculated from 
the single crystal X-ray structure in red. The XRPD pattern in blue corresponds with the 
sample obtained after maturation of the mono-maleate in ethanol. 

 
Figure 5 Experimental and calculated XRPD traces of Form 2 (maleate) 
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9 Recommendations 

On the basis of these results, our recommendation would be to go with one of the following 
salts: 
 

- Mono-citrate: very popular non-toxic counter ion; acceptable solid form properties; 
two forms were identified, may require a full polymorph programme. 

 
- Mono-orotate: to our knowledge, there are no precedents of orotates as marketed 

drugs, although there are some of them available as mineral supplements (lithium and 
magnesium); we have also found a patent for the use of orotates to increase oral 
bioavailability of drugs (WO/2006/091575); from a solid form point of view, it seems 
the most robust salt; no polymorphism issue has been identified, and the sample is 
stable to humidity and temperature. 

 
- Mono-maleate (Form 2): several examples of maleates as marketed drugs, it does 

not exhibit major toxicity issues; two forms have been identified, and there are 
indications of at least another form which may be more stable; full polymorphism 
programme would be advisable. 
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Appendix: Stability of the Maleate salt in EtOH 

Targacept reported that a mono maleate salt of TC-6499 with a di-carboxylic acid as counter 
ion in refluxing ethanol produced the corresponding amide, by reaction of one of the acid 
groups of the counter ion with the secondary amine of the free base. 
 
In order to establish the robustness of the maleate salt, a number of experiments were carried 
out where the salt was refluxed over different periods of time in ethanol with and without the 
addition of water to the mixture. The results of these experiments are shown in the Figure 
below. 
 

Figure 6 Stability of Maleate in refluxing ethanol 

 
 

When the sample was maturated in the heat/cool incubator at 50˚C/rt 4h-cycle for 48 h, which 
was the procedure used to obtain Form 2, up to a 20% impurity can be detected by 1H-NMR, 
based on the integrals of the signals corresponding to the by-product (possibly amide, 
indicated with red arrows in Figure 6). A very similar result was obtained when the sample 
was refluxed for 24 h in neat ethanol. When the sample was refluxed for 1 h, and then kept at 
room temperature in ethanol for 24 h, only ~7% of the impurity can be detected. When 10% 
of water was added to the mixtures, the impurity level was reduced by half. These 
observations are summarised in Table 16. The signals highlighted in blue in the 1H-NMR 
spectra correspond with some residual ethanol in the samples. 
 
These results may be explained by the formation of the ethyl ester of one of the carboxylic 
acid groups of the counter ion in refluxing ethanol, which is being catalysed by the acidic 
proton of the other group, and subsequent reaction of the ester with the amine of the free base 
to yield the corresponding amide. The presence of water reduces the formation of the ester, 
and therefore minimises the formation of the amide. 
 
In the sight of these results, our recommendation to prepare Form 2 of the mono-maleate is to 
incubate the salt as obtained (Form 1) in ethanol at room temperature for 24 to 48 hours, 
avoiding heating to prevent formation of the ester and the subsequent formation of the amide. 
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Table 16 Stability of Maleate in refluxing ethanol 

 



PharmorphixTM R880_002VDP07JAN08 
 

CONFIDENTIAL Page 23 
 

Abbreviations 

Table 17 List of abbreviations 

DCM dichloromethane, methylene chloride 
DMF dimethyl formamide 

Et2O di-ethyl ether 

EtOAc ethyl acetate 
EtOH ethanol, ethyl alcohol 

H2O water - distilled or HPLC grade 

IPA iso-propyl alcohol, propan-2-ol 
IPAc iso-propyl acetate 
MeCN methyl cyanide, acetonitrile 
MEK methyl ethyl ketone, butanone 
MeOH methanol, methyl alcohol 
MIBK methyl isobutyl ketone, 2,2-dimethyl butan-3-one  
NMP n-methyl pyrrolidone 
RT room temperature 
SM starting material 
TBME t-butyl methyl ether 
THF tetrahydrofuran 
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Data Section 1: Batch Characterisation of E00118 

Figure 7 1H-NMR spectrum of E00118 

 
 

1H-NMR spectrum is consistent with proposed structure. No impurities can be seen by NMR. 
Stoichiometry confirmed by integration of the signals of the counter ion. 
 
1H-NMR (400 MHz, DMSO-d6, 298K): δ, 8.87 (1H, s), 8.72 (2H, s), 6.52 (1H, d, J 16.2), 
6.38 (1H, dd, J 16.2, 7.6), 4.15 (1H, s), 3.84 (1H, s), 3.48 (1H, dd, J11.4, 7.3), 3.40 (1H, ddd, 
J 12.6, 8.6, 4.3), 3.27 (1H, ddd, J 11.9, 9.4, 7.3), 3.15 (1H, m), 3.05 (1H, dd, J 11.4, 9.4), 2.22 
(1H, m) and 1.88 (1H, dq, J 13.1, 9.1). 

 
Figure 8 XRPD and stability at 40˚C and 75%RH of E00118 

 
E00118 is crystalline. No major changes were observed in the humidity chamber after the 
sample was stored at 40˚C and 75%RH for one week (only an improvement in the 
crystallinity). 
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Figure 9 XRPD and stability at 60˚C 

 
When the sample was stored at 60˚C for one week, a new pattern was observed. This pattern 
matches Pattern 2 from the VT-XRPD experiment (see below). 

 
Figure 10 VT-XRPD of E00118 

 
A new crystalline pattern is observed when the sample was heated to 50˚C (probably a 
mixture of patterns). A new XRPD pattern can also be observed at temperatures between 80 
and 120˚C (Pattern 2 – in blue). A new change in the pattern occurs when the sample is 
heated to 130˚C and it remains unchanged until the material melts (Pattern 3 – in red). When 
the sample was cooled down back to room temperature, it showed Pattern 2. 
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Figure 11 Optical microscopy for E00118 

 
 

Blade shape plates of up to 120 µm (length) and 60 µm (width). Birefringence is clearly 
observed with polarised light. 

 
Figure 12 Hot stage microscopy for E00118 

 
The material was initially very crystalline. When we heated the sample to 55-60˚C, some 
colour changes were observed, leading to completely colourless material at around 75-80˚C. 
At 115-120˚C colour appeared again, which indicated that a recrystallisation was occurring. 
Between 175-180˚C the material melted and degradation started. 
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Figure 13 TGA/DSC for E00118 

 
A weight loss of 10.9% is observed between room temperature and 90˚C (Karl Fisher 
analysis showed 11.1% of water in the sample, which corresponds to two molecules of water 
per molecule of API). Decomposition starts at ~190˚C. The DSC shows two endotherms at 
low temperature, related to the weight loss (sequential dehydration of two molecules of 
water). Another small endotherm occurs at 116˚C (possibly a solid phase change). The 
material melts with decomposition at 190˚C. 
 

Figure 14 DSC in hermetic pan of E00118 

 
To obtain the melting point of the di-hydrate, a hermetic pan was used, which prevented the 
loss of water. This melting point was estimated at 96˚C. 
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Figure 15 DVS isotherm of E00118 

 
The DVS isotherm shows that the di-hydrate forms at relative humidity above 40%, when the 
sample takes up to 12-13% of water. When the humidity level are reduced below 30%, the 
first molecule of water is lost, while the second one is released from the structure when 
humidity reaches levels below 10%. 
 

Figure 16 XRPD of E00118 after DVS experiment 

 
When the experiment finished, and the sample was re-analysed by XRPD, a mixture of di-
hydrate and anhydrous form was observed (Patterns 1 and 2). 
 



PharmorphixTM R880_002VDP07JAN08 
 

CONFIDENTIAL Page 29 
 

Data Section 2: Salt Screening 

Figure 17 1H-NMR overlays of E00118, free base and HCl salt 

 
The 1H-NMR spectrum of the starting material is consistent with the proposed structure, and 
in it we can identify two singlets corresponding to the galactaric acid. The integral of these 
signals also confirms the 2:1 stoichiometry (API:counter ion) expected for the hemi salt. The 
free base shows some changes in the chemical shift of the signals, plus the disappearance of 
the signals of the counter ion. The HCl salt shows a spectrum consistent with the protonation 
of the basic nitrogen, as we had seen in E00118, but without the signals for the counter ion. 
 

Figure 18 1H-NMR of free base initially obtained and after storage for two weeks 
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Mono-Citrate 

Figure 19 1H-NMR of mono- and hemi- citrates 

 
When the hemi-citrate was analysed by NMR, the integral of the signals corresponding with 
the citric acid moiety were bigger than expected, which led us to believe we may have a 
mixture of mono and hemi salts. This fact seemed to be supported for the XRPD and stability 
data for the hemi-citrate. 
 

Figure 20 XRPD and stability in the humidity chamber of the mono-citrate 

 
Both form of the mono-citrate produce the same pattern after a week at 40˚C and 75%RH, 
which seems to match Form 2 (2nd crop), with a slight increase in crystallinity. 
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Figure 21 TGA/DSC of Form 1 (1st crop) of mono-citrate 

 
 

Figure 22 TGA/DSC of Form 2 (2nd crop) of mono-citrate 

 
No weight loss for either Form until decomposition occurs at ~170°C. Form 1 melts at 
149°C, Form 2 melts at 157°C. 
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Figure 23 DVS experiment for Form 1 (1st crop) of mono-citrate 

 
 

Figure 24 DVS experiment for Form 2 (2nd crop) of mono-citrate 

 
Both Forms behave similarly. Less than 1.5% of water taken below 70%RH, it goes up to 4% 
at 90%RH. No major changes are observed in the XRPD of either Form 1 or Form 2 before 
and after the DVS experiment. 
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Figure 25 Maturation of mono-citrate in 15 different solvents 

 
Maturation of the mono-citrate in 15 different solvents at 50°C/r.t. (4h cycle) for 24h, only 
produced Form 1. Form 2 (blue) was obtained when a second crop was crystallised. This is 
also the form we had previously observed in the preliminary salt screening (possibly 
thermodynamic vs. kinetic control) 
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Orotate 

Figure 26 1H-NMR spectrum of orotate 

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
Chemical Shift (ppm)

1.011.002.862.000.952.001.93

 
1H-NMR spectrum is consistent with proposed structure. The stoichiometry has been 
confirmed by integration of the signals for the counter ion. 
 

Figure 27 XRPD and stability at 40˚C and 75%RH of orotate 
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No major changes are observed in the XRPD pattern of the orotate after 1 week at 40˚C and 
75%RH (the differences on the right hand side of the diffractogram are due to a change of 
detector in the time passed between  the two experiments). 
 

Figure 28 TGA/DSC of orotate 

 
No weight loss until decomposition occurs at ~240°C. The sample melts at 224°C. 
 

Figure 29 DVS experiment for orotate 

 
Less than 1% of water taken below 70%RH, it goes up to 1.8% at 90%RH. No major changes 
are observed in the XRPD before and after the DVS experiment, maybe some increase in 
crystallinity. 
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Figure 30 Maturation of orotate in 15 different solvents 

 
Maturation of the orotate in 15 different solvents at 50°C/r.t. (4h cycle) for 24h, only 
produced Form 1. This form also matches with the form originally identified in the 
preliminary salt screening. 
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Mono-maleate (Form 2) 

Figure 31 1H-NMR spectrum of mono-maleate 

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
Chemical Shift (ppm)

1.101.043.002.081.962.06

 
1H-NMR spectrum is consistent with proposed structure. The stoichiometry has been 
confirmed by integration of the signals for the counter ion. 
 

Figure 32 XRPD and Stability at 40˚C and 75%RH of mono-maleate (Form 2) 

 
Form 2 is stable in the humidity chamber after a week. Form 2 was also obtained by storing 
Form 1 at 40˚C and 75%RH for a week. 
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Figure 33 TGA/DSC of mono-maleate (Form 2) 

 
No weight loss is observed for the mono-maleate (Form 2) until decomposition occurs at 
~170°C. The sample melts at 133°C and a recrystallisation follows before degradation starts 
(possible Form 3). 
 

Figure 34 DVS experiment for mono-maleate (Form 2) 
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Very little uptake of water occurs below 80%RH (< 5%). Above this level, the uptake of 
water goes up to 60% at 90%RH. Reversible process, dehydration occurs at 60%RH. No 
changes in XRPD pattern. 
 



PharmorphixTM R880_002VDP07JAN08 
 

CONFIDENTIAL Page 39 
 

Figure 35 Maturation of mono-maleate in 15 different solvents 

2-Theta - Scale

2.4 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

 
Maturation of the mono-maleate in 15 different solvents at 50°C/r.t. (4h cycle) for 24h, 
produced mostly Form 1, but a new form (Form 2, in blue) was also identified. This form also 
matches with the crystals formed after storage of Form 1 in the humidity chamber for a week. 
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Executive Summary 

Four crystalline forms of TC-6499-221 (mono-citrate) have been identified in the course of 
Project 1083. 
 

• Form 1 (Crop 1/XRPD 1) was the first solid phase highlighted in the course of the salt 
selection study (P880; report R880_002AC060907), TGA-DSC showed that Form 1 
is an anhydrous polymorphic form which melts and degrades at temperature above 
149˚C.  However, attempts to produce a new batch of Form 1, during this study, 
didn’t succeed and this phase was not reproducible (disappearing polymorph). 

• Form 2 (F00870 as supplied/XRPD 2) is an anhydrous polymorphic form of the 
mono-citrate salt which melts and degrades at temperature above 164˚C.  Form 2 is 
not sensitive to high level of humidity (97% R.H at 25˚C and 75% R.H at 40˚C) and 
not hygroscopic. 

• Form 3 (XRPD 3) is a new anhydrous polymorphic form which melts and degrades at 
temperature above 160˚C.  Form 3 is stable at the solid state, under normal conditions 
of temperature and pressure, but converts to Form 2 at high levels of humidity (97% 
R.H at 25˚C).  Furthermore, the relative stability between Form 3 and Form 2 showed 
that Form 3 is a metastable polymorph between 20 and 40˚C. 

• An additional new XRPD pattern (XRPD 4) was also identified, after maturation of 
Form 2 in acetone and MIBK (RT-50˚C/8 hour cycles), but is less relevant than the 
morphic forms described above.  No other characterisation has been done on this 
phase as the morphic form was not reproducible. 

 
The Figure below summarises the relationship between the different solid forms of TC-6499-
221 (mono-citrate salt). 
 

Figure 1  Form diagram of TC-6499-221 (mono-citrate salt). 
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In summary, Form 2 has been identified as the most suitable for development (thermally 
stable and not sensitive to humidity).  Form 3 could also be progressed but with suitable 
moisture control during storage.  A scale up of Form 2 was made from the free base in 
IPA/water (1:4) mixtures by cooling from a saturated solution at 60˚C down to 25˚C. 
 



Pharmorphix Ltd Ref: R1083_001BF30JUN08 
 

CONFIDENTIAL Page 7 
 

1 Introduction 

Targacept has a clinical development candidate TC-6499, which has been indicated for pain. 
A previous salt selection study performed at Pharmorphix identified several salt forms 
including the mono-citrate salt as suitable candidates for development, subject to a complete 
polymorphism study.  To date, two solid forms of the mono-citrate have been identified:  
Crop 1 (XRPD 1) was obtained from MeCN and Crop 2 (XRPD 2) on storage of Crop 1 at 
40°C/75% R.H.  These two phases have been partially characterised by XRPD, 1H NMR and 
thermal analyses. 
Targacept has requested a further study on the propensity of the mono-citrate salt of TC-6499 
to form polymorphs. 

2 Objectives 

3 Materials 

Table 1  Details of Supplied Samples 

Name of 
Compound 

Pharmorphix 
Tracking Number 

Customer Batch / Lot 
Number 

Quantity Supplied 

TC-6499-221 F00870 JAM-013893 20 g 

TC-6499-12 E00478 GMD-011671-2 2.50 g 

4 Safety Information 

An MSDS has been provided for this compound which indicates that specific hazards 
associated with the compound have not been evaluated, and the material should be treated as 
toxic and/or carcinogenic compound.  For this reason, directives for safe handling are to 
avoid contact with eyes, skin, clothing and repeated exposure. 
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5 Instrument and Methodology Details 

5.1. X-Ray Powder Diffraction (XRPD) 

5.1.1. Bruker AXS C2 GADDS 

X-Ray Powder Diffraction patterns were collected on a Bruker AXS C2 GADDS 

diffractometer using Cu Kα 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 Göbel multilayer mirror coupled with a pinhole collimator of 
0.3 mm. 
The beam divergence, i.e. the effective size of the X-ray beam on the sample, was 
approximately 4 mm. A θ-θ continuous scan mode was employed with a sample - detector 
distance of 20 cm which gives an effective 2θ range of 3.2 ° – 29.7 °.  Typically the sample 
would be exposed to the X-ray beam for 120 seconds.  The software used for data collection 
was GADDS for WNT 4.1.16 and the data were analysed and presented using Diffrac Plus 
EVA v 9.0.0.2 or v 13.0.0.2. 
 
Ambient conditions 
Samples run under ambient conditions were prepared as flat plate specimens using powder as 
received without grinding.  Approximately 1-2 mg of the sample was lightly pressed on a 
glass slide to obtain a flat surface. 

5.1.2. Bruker AXS D8 Advance 

X-Ray Powder Diffraction patterns were collected on a Bruker D8 diffractometer using Cu 

Kα radiation (40kV, 40mA), θ-2θ goniometer, and divergence of V4 and receiving slits, a 
Mo monochromator and a Lynxeye detector.  The instrument is performance checked using a 
certified Corundum standard (NIST 1976).  The software used for data collection was Diffrac 
Plus XRD Commander v2.5.0 and the data were analysed and presented using Diffrac Plus 
EVA v 11,0.0.2 or v 13.0.0.2. 
 
Samples were run under ambient conditions as flat plate specimens using powder as received. 
Approximately 20 mg of the sample was gently packed into a cavity cut into polished, zero-
background (510) silicon wafer.  The sample was rotated in its own plane during analysis. 
The details of the data collection are: 

• Angular range: 2 to 42 ˚2θ 

• Step size: 0.05 ˚2θ 
Collection time: 0.5 s.step-1 

5.2. 1
H NMR 

NMR spectra were collected on a Bruker 400MHz instrument equipped with an auto-sampler 
and controlled by a DRX400 console. Automated experiments were acquired using ICON-
NMR v4.0.4 (build 1) running with Topspin v 1.3 (patch level 8) using the standard Bruker 
loaded experiments.  For non-routine spectroscopy, data were acquired through the use of 
Topspin alone. 
 
Samples were prepared in D2O.  Off-line analysis was carried out using ACD SpecManager v 
9.09 (build 7703). 
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5.3. FT-IR by ATR 

Data were collected on a Perkin-Elmer Spectrum One fitted with a Universal ATR sampling 
accessory.  The data were collected and analysed using Spectrum v5.0.1 software. 

5.4. Differential Scanning Calorimetry (DSC) 

5.4.1. Mettler DSC 823e 

DSC data were collected on a Mettler DSC 823e equipped with a 34 position auto-sampler. 
The instrument was calibrated for energy and temperature using certified indium.  Typically 
0.5-1 mg of each sample, in a pin-holed aluminium pan, was heated at 10 ˚C.min-1 from 25 C 
to 300 °C.  A nitrogen purge at 50 ml.min-1 was maintained over the sample. 
The instrument control and data analysis software was STARe v9.10. 

5.5. Thermo-Gravimetric Analysis (TGA) 

5.5.1. Mettler TGA/SDTA 851e 

TGA data were collected on a Mettler TGA/SDTA 851e equipped with a 34 position auto-
sampler.  The instrument was temperature calibrated using certified indium.  Typically 5-
15 mg of each sample was loaded onto a pre-weighed aluminium crucible and was heated at 
10 ˚C.min-1 from ambient temperature to 300 °C.  A nitrogen purge at 50 ml.min-1 was 
maintained over the sample. 
The instrument control and data analysis software was STARe v9.10. 

5.6. Polarised Light Microscopy (PLM) 

Samples were studied on a Leica LM/DM polarised light microscope with a digital video 
camera for image capture.  A small amount of each sample was placed on a glass slide, 
mounted in immersion oil and covered with a glass slip, the individual particles being 
separated as well as possible.  The sample was viewed with appropriate magnification and 
partially polarised light, coupled to a λ false-colour filter. 

5.7. Gravimetric Vapour Sorption (GVS) 

5.7.1. SMS DVS Intrinsic 

Sorption isotherms were obtained using a SMS DVS Intrinsic moisture sorption analyser, 
controlled by SMS Analysis Suite software.  The sample temperature was maintained at 25 
°C by the instrument controls.  The humidity was controlled by mixing streams of dry and 
wet nitrogen, with a total flow rate of 200 ml.min-1.  The relative humidity was measured by a 
calibrated Rotronic probe (dynamic range of 1.0-100 %RH), located near the sample.  The 
weight change, (mass relaxation) of the sample as a function of %RH was constantly 
monitored by the microbalance (accuracy ±0.005 mg). 

 
Typically 5-20 mg of sample was placed in a tared mesh stainless steel basket under ambient 
conditions.  The sample was loaded and unloaded at 40 %RH and 25 °C (typical room 
conditions). A moisture sorption isotherm was performed as outlined below (2 scans giving 1 
complete cycle).  The standard isotherm was performed at 25 °C at 10 %RH intervals over a 
0.5-90 %RH range. 
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Table 2 HPLC Method Parameters for Solubility Measurements 

Parameters Values 

Adsorption - Scan 1 40 - 90 

Desorption / Adsorption - Scan 2 85 - Dry, Dry - 40 

Intervals (%RH) 10 

Number of Scans 2 

Flow rate (ml.min-1) 200 

Temperature (°C) 25 

Stability (˚C.min-1) 0.2 

Sorption Time (hours) 6 hour time out 
 

The sample was recovered after completion of the isotherm and re-analysed by XRPD. 

5.8. Water Determination by Karl Fischer (KF) 

The water content of each sample was measured on a Mettler Toledo DL39 Coulometer using 
Hydranal Coulomat AG reagent and an argon purge.  Weighed solid samples were introduced 
into the vessel on a platinum TGA pan which was connected to a subaseal to avoid water 
ingress.  Approx 10 mg of sample was used per titration and duplicate determinations were 
made. 

5.9. Thermodynamic Aqueous Solubility by HPLC 

Aqueous solubility was determined by suspending sufficient compound in water to give a 
maximum final concentration of ≥30 mg.ml-1 of the parent free-form of the compound.  The 
suspension was equilibrated at 25 °C for 24 hours then the pH was measured.  The 
suspension was then filtered through a glass fibre C filter into a 96 well plate.  The filtrate 
was then diluted by a factor of 101. Quantitation was by HPLC with reference to a standard 
solution of approximately 0.1 mg.ml-1 in DMSO.  Different volumes of the standard, diluted 
and undiluted sample solutions were injected. The solubility was calculated using the peak 
areas determined by integration of the peak found at the same retention time as the principal 
peak in the standard injection. 
 
If there was sufficient solid in the filter plate, the XRPD was collected. 

 

Analysis was performed on an Agilent HP1100 series system equipped with a diode array 
detector and using ChemStation software vB.02.01-SR1. 
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Table 3  HPLC Method Parameters for Solubility Measurements 

Type of method: Reverse phase with gradient elution 

Column:  Phenomenex Luna, C18 (2) 5µm 50 x 4.6 mm 

Column Temperature (°C): 25 

Standard Injections (µl): 1, 2, 3, 5, 7, 10 

Test Injections (µl): 1, 2, 3, 10, 20, 50 

Detection: 
Wavelength, Bandwidth (nm) :  

260,80 

Flow Rate (ml.min-1): 2 

Phase A: 0.1% TFA in water 

Phase B: 0.085% TFA in acetonitrile 

Time (min) % Phase A % Phase B 

0.0 95 5 

1.0 80 20 

2.3 5 95 

3.3 5 95 

3.5 95 5 

Timetable: 

4.4 95 5 

 

5.10. Chemical Purity Determination by HPLC 

Purity analysis was performed on an Agilent HP1100 series system equipped with a diode 
array detector and using ChemStation software vB.02.01-SR1. 
 

Table 4  HPLC Method Parameters for Chemical Purity Determinations 

Sample Preparation: 0.5mg/ml in acetonitrile : water 1:1 v/v 

Column:  Phenomenex Luna C18 (2), 150x4.6mm, 5µm 

Column Temperature (°C): 25 

Injection (µl): 5 

Detection: 
Wavelength, Bandwidth( nm):  

255, 90 

Flow Rate (ml.min-1): 1 

Phase A: 0.1%TFA in water 

Phase B: 0.085% TFA in acetonitrile 

Time (min) % Phase A % Phase B 

0 95 5 

25 5 95 

25.2 95 5 

Timetable: 

30 95 5 

5.11. Ion Chromatography (IC) 

Data were collected on a Metrohm 761 Compact IC (for cations) and a Metrohm 861 
Advanced Compact IC (for anions) using IC Net software v2.3. Samples were prepared as 
1000 ppm stocks in DMSO.  Samples were diluted to 100 ppm with DMSO prior to testing.  
Quantification was achieved by comparison with standard solutions of known concentration 
of the ion being analysed. 
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Table 5  HPLC Method Parameters for Anion Chromatography 

Type of method Anion exchange 

Column:  Metrosep A Supp 5 – 250 (4.0 x 250 mm) 

Column Temperature (°C): Ambient 

Injection (µl): 20 

Detection: Conductivity detector 

Flow Rate (ml.min-1): 0.7 

Eluent: 
3.2 mM sodium carbonate,  
1.0 mM sodium hydrogen carbonate in water 

 

Table 6  HPLC Method Parameters for Cation Chromatography 

Type of method Cation exchange 

Column:  Metrosep C 2 – 250 (4.0 x 250 mm) 

Column Temperature (°C): Ambient 

Injection (µl): 20 

Detection: Conductivity detector 

Flow Rate (ml.min-1): 1.0 

Eluent: 
4.0 mM Tartaric acid, 
0.75 mM Dipicolinic acid in water 
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6 Polymorphism Study 

6.1. Introduction  

An investigation into the propensity for TC-6499-221 to form polymorphs and solvates was 
performed using a variety of procedures, outlined below.  
 

• Input crystalline (F00870) or amorphous material for use of the following 
experiments (in up to 24 solvents): 

o Maturation cycle from RT to 50˚C. 
o Cooling from saturated solutions from RT to 4˚C then to -20˚C. 
o Solvent evaporation from saturated solutions at RT. 

• Crystallisation by anti-solvent addition to saturated solutions 

• DSC heat cool cycles. 
 
The supplied batch, F00870, used for this study was fully characterised (see section 7.2).  The 
XRPD pattern showed a good match with the pattern of the 2nd crop (XRPD 2) obtained in 
project 880, except for one additional peak observed at ~12˚(2θ). In order to maintain 
consistency with the data collected during the salt selection study (report 
R880_002AC060907), batch F00870 is called Form 2.  Diffractograms of Crop 1; Crop 2 and 
F00870 can be seen in Data Section 1. 
 
Any polymorphs found were identified by XRPD and scaled-up for characterisation. 
 

6.2. Attempt to produce amorphous material by freeze drying 

TC-6499-221 

A solution of TC-6499-221 (F00870) in water was freeze-dried in order to produce 
amorphous material.  The residue was analysed by XRPD to confirm the lack of crystallinity.  
After 2 hours in ambient conditions, the sample was re-analysed by XRPD and a new pattern 
was observed (XRPD 3).  The evolution of the XRPD patterns can be seen in Data Section 2. 
 
The characterisation of this new phase (batch code: BF-405-22), presented in section 7.3, 
highlights the existence of a new polymorphic form of TC-6499-221 called Form 3. 
 
The amorphous state of TC-6499-221 is unstable in normal conditions (temperature and 
pressure) and crystallises in few minutes to a solid consistent with Form 3. 
 
Form 3 was scaled up to be used as input material for maturation, cooling and evaporation 
screen (see section 6.3.2).  An aqueous solution of 2 grams of TC-6499-221 was freeze-dried 
to obtain a second batch of Form 3, sample reference BF-405-44. 
 

6.3. Slurry experiments/cooling and evaporation of saturated 

solutions 

Twenty four solvents were selected for the polymorphism study, including water plus a 
diverse array of class 2 and class 3 solvents: see Table 6. 
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Table 7  TC-6499-221 Selected solvents for the polymorphism study 

No. Solvent 
Solvent 

class 
No. Solvent 

Solvent 

class 

1 DCM 2 13 Acetone 3 

2 Chlorobenzene 2 14 Ethanol 3 

3 Toluene 2 15 Methanol 2 

4 Anisole 3 16 2-Butanol 3 

5 Heptane 3 17 1-Butanol 3 

6 1,4-Dioxane 2 18 1-Propanol 3 

7 Ter-Butylmethyl ether 3 19 2-Propanol 3 

8 n-Butyl acetate 3 20 2-Methoxyethanol 2 

9 Isopropyl acetate 3 21 Acetonitrile 2 

10 Ethyl acetate 2 22 Tetrahydrofuran 2 

11 Methylisobutyl Ketone 3 23 Water N/A 

12 Methylethyl Ketone 3 24 Nitromethane 2 

 
Maturation experiments and experiments using cooling or solvent evaporation (at ambient) 
from saturated solutions were carried out from: 
 

• Form 2 (F00870) in dry solvents. 

• Form 3 (BF-405-44) in solvents containing 5 % v/v of water. 
 

6.3.1. Maturation/cooling and evaporation screen from crystalline material 

of Form 2 in dry solvents. 

The selected solvents (see Table 6) were used to prepare suspensions of Form 2 (F00870): 0.5 
to 1 mL of each solvent was added to 20-30 mg of Form 2. On shaking at ambient, only the 
sample containing water dissolved.  After 12 hours of stirring to reach equilibrium, known 
volumes of saturated solutions were withdrawn from the slurries prior to cooling to 4˚C.  If 
no precipitate was obtained the samples were cooled further to -21°C, prior to evaporation at 
ambient.  
All suspensions were shaken with alternating 4-hour cycles between ambient temperature and 
50˚C.  After 1 day, a part of each suspension was withdrawn and filtered at room temperature 
in order to check the nature of the solid by XRPD analysis.  Suspensions were maturated for a 
total of 5 days.  The results are presented in Table 7. 
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Table 8  Results of maturation, cooling and evaporation experiments of Form 2 (F00870) 

  Maturation (RT/50°C, 4 hours cycles) 
cooling from saturated solution 

RT to -20°C 

 Solvent 
 volume 

(mL) 
solid after 12 h 

Solid after 5 
days 

withdraw 
volume (mL) 

Solid after 24 h 

slow evaporation of 
saturated solutions at RT 

1 DCM 1 Form 2 Form 2 0.2 

2 Chlorobenzene 1 Form 2 Form 2 0.2 

3 Toluene 0.5 Form 2 Form 2 0.3 

4 Anisole 0.5 Form 2 Form 2 0.5 

5 Heptane 1 Form 2 Form 2 0.5 

6 1,4-Dioxane 0.5 Form 2 Form 2 0.5 

7 TBME 1 Form 2 Form 2 0.5 

8 n-butyl acetate 1 Form 2 Form 2 0.5 

9 Isopropyl acetate 1 Form 2 Form 2 0.5 

10 Ethyl acetate 1 Form 2 Form 2 0.5 

11 MIBK 1 Form 2 Form 4 + Form 2 0.5 

12 MEK 1 Form 2 Form 2 0.5 

13 Acetone 1 Form 2 Form 4 + Form 2 0.5 

14 Ethanol 1 Form 2 Form 2 0.5 

15 Methanol 1 Form 2 Form 2 0.5 

16 2-Butanol 1 Form 2 Form 2 0.5 

17 1-Butanol 1 Form 2 Form 2 0.5 

18 1-Propanol 1 Form 2 Form 2 0.5 

19 2-Propanol 1 Form 2 Form 2 0.5 

20 2-Methoxyethanol 1 Form 2 Form 2 0.5 

21 Acetonitrile 1 Form 2 Form 2 0.5 

22 Tetrahydrofuran 1 Form 2 Form 2 0.5 

No solid insufficient material for XRPD 

23 Water 1 No  solid No solid 0.5 Form 2   

24 Nitromethane 1 Form 2 Form 2 0.5 No solid insufficient material for XRPD 

 
A new solid phase (Form 4/XRPD 4) was detected in the slurries in acetone and MIBK after 
5 days of maturation cycles.  The saturated solutions (withdrawn from the suspensions at RT)  
that were cooled prior to be evaporated did not give sufficient material for analyses due to the 
low solubility of Form 2 in these solvents.  The exception was the saturated water solution 
which gave Form 2 solid after evaporation.  XRPD analyses recorded after 1 and 5 days can 
be seen in Data Section 3. 
 

6.3.2. Maturation/cooling and evaporation screen from crystalline material 

of Form 3 in wet solvents. 

Another series of experiments was performed with Form 3 (BF-405-44) in wet solvents: 20-
30 mg of Form 3 were suspended in 1 mL of solvent; 5% of water (%vol) was added to each 
sample in order to increase the solubility of the Form 3 material.  On shaking at ambient, a 
number of the samples dissolved in the water to give 2 liquid immiscible phases.  After 12 
hours, known volumes of saturated solutions from the slurries were withdrawn prior to 
cooling to -20˚C.  If no precipitate was obtained by cooling these samples were evaporated at 
ambient conditions.  
The slurry samples were shaken with alternating 4-hour cycles between ambient temperature 
and 50˚C for 3 days with an intermediate XRPD analysis after 12 hours.  The results are 
presented in Table 8. 



Pharmorphix Ltd Ref: R1083_001BF30JUN08 
 

CONFIDENTIAL Page 16 
 

Table 9  Results of maturation, cooling and evaporation experiments of Form 3 (BF-405-44) 

   
Maturation (RT/50°C, 4 hours cycles) 

cooling from saturated 
solution RT to -20°C 

 Solvent Addition of 50 µL of water  solid after 12 h Solid after 3 days 
withdraw 
volume 

(mL) 

Solid after 24 
h 

slow evaporation of 
saturated solutions at 

RT 

1 DCM 2 liquid immiscible phases no solid 

2 Chlorobenzene 2 liquid immiscible phases no solid 

3 Toluene 2 liquid immiscible phases no solid 

4 Anisole 2 liquid immiscible phases no solid 

5 Heptane 2 liquid immiscible phases no solid 

  

6 1,4-Dioxane suspension Form3 Form3 0.5 no solid 
insufficient material for 

XRPD 

7 TBME 2 liquid immiscible phases no solid 

8 n-Butyl acetate 2 liquid immiscible phases no solid 

9 Isopropyl acetate 2 liquid immiscible phases no solid 

  

10 Ethyl acetate suspension Form  2 Form  2 0.5 no solid 

11 MIBK suspension Form  2 Form  2 0.5 no solid 

12 MEK suspension Form  2 Form  2 0.5 no solid 

13 Acetone suspension Form 3+ Form 2 Form 3+ Form 2 0.5 no solid 

14 Ethanol suspension Form 3+ Form 2 Form 3+ Form 2 0.5 no solid 

15 Methanol suspension Form  2 Form  2 0.5 no solid 

16 2-Butanol suspension Form 3+ Form 2 Form 3+ Form 2 0.5 no solid 

17 1-Butanol suspension Form 3+ Form 2 Form  2 0.5 no solid 

18 1-Propanol suspension Form 3+ Form 2 Form  2 0.5 no solid 

19 2-Propanol suspension  Form 3+ Form 2  Form  2 0.5 no solid 

20 2-Methoxyethanol suspension Form  2 Form  2 0.5 no solid 

21 Acetonitrile suspension Form3  Form 3+ Form 2  0.5 no solid 

22 Tetrahydrofuran suspension Form  2 Form  2 0.5 no solid 

insufficient material for 
XRPD 

24 Nitromethane 2 liquid immiscible phases no solid   

 
After 3 days of maturation, suspensions of Form 3 converted to Form 2 or to mixtures of 
Form 2 and 3, except for 1,4-dioxane (no change in XRPD pattern).  However, no solid was 
obtained after full evaporation of the saturated solutions due to the poor solubility of Form 3 
in these solvents. 
XRPD analyses recorded after 1 and 5 days can be seen in Data Section 4. 
 

6.3.3. Crystallisation experiments by anti-solvent addition at room 

temperature 

Two saturated solutions of Form 2 (F00870) were prepared at room temperature in DMSO 
and water using the following method: suspensions of Form 2 were prepared in water and 
DMSO and stirred for 12 hours (at least) to reach equilibrium.  Then, the suspensions were 
filtered to isolate the liquid phase.  Each water and DMSO saturated solution was heated at 
50˚C for 1 hour in order to ensure the dissolution of residual seeds. 
Each solution was divided into 2 vials; 0.5 mL of the solution per vial. Twelve solvents were 
selected to be used as anti-solvents according to their miscibility with water and/or DMSO. 
At room temperature, 1 mL of anti-solvent was added to each saturated solution.  The solid 
phases precipitated were filtered under vacuum and analysed by XRPD.  The results are 
presented in Table 9. 
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Table 10  Anti-solvent addition crystallization experiments at RT. 

 Solvent 1 mL added in a saturated water solution solid 1 mL added in a saturated DMSO solution solid 

1 Methanol no solid formed no crystallisation Not miscible in DMSO 

2 Ethanol crystallisation after few seconds Form 3 Crystallisation after few seconds Form 3 

3 IPA Precipitation Form 3 Demixion and crystallisation after few seconds Form 2 

4 1,4-dioxane Demixion and crystallisation after few seconds Form 3 Demixion Form 2 

5 Acetonitrile Demixion and crystallisation after few seconds Form 3 Demixion and crystallisation after few seconds Form 2 

6 Acetone Demixion and crystallisation after few seconds Form 3 Demixion Form 2 

7 MEK Not miscible in water Demixion and crystallisation after few seconds Form 2 

8 THF Demixion and crystallisation after few seconds Form 3 Demixion and crystallisation after few seconds Form 2 

9 Ethyl acetate Demixion and crystallisation after few seconds Form 2 

10 DCM Demixion and crystallisation after few seconds Form 2 

11 TBME Demixion Form 2 

12 Toluene 

Not miscible in water 

Demixion and crystallisation after few seconds Form 2 

 
No solid precipitation was obtained in methanol.  All the experiments carried out in water 
lead to precipitation of Form 3.  Apart from the solid from ethanol, all precipitates from 
DMSO solution were consistent with Form 2.  The XRPD patterns recorded can be seen in 
Data Section 5. 

6.4. DSC heat cool cycle of Form 2 

A DSC heat/cool cycle experiment was carried on Form 2 (F00870).  The cycle was 
performed by cooling the sample from 25 to -80°C at 2°C/min and then heating up to 170°C 
at 10°C/min.  The thermogram can be seen in Data Section 6.  No solid-solid transition 
phenomenon was detected and the product melted at about 165°C. 
 

6.5. Summary of the polymorphism study 

During this polymorphism study two new solid phases of TC-6499-221 had been highlighted: 
 

• Form 3 obtained by freeze drying an aqueous solution of TC-6499-221 or by anti-
solvent addition (from a range of solvents) to a saturated solution in water at ambient 
temperature. 

• Form 4 obtained by maturation of Form 2 in acetone and MIBK. 
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7 Characterisation of polymorphs 

7.1. Characterisation of Form 1 (Crop 1) 

A partial characterisation of Form 1 (Crop 1/XRPD 1) had been carried out in the course of 
the salt selection study (Project 880; see report R880_002AC060907).  Table 10 is a 
summary of the characterisation of this form.  The experimental data can be seen in Data 
Section 7. 
 
Crystallisation experiments were carried out from the free base (freshly prepared) in MeCN, 
IPAc and EtOH, with the addition of 1 equivalent of citric acid.  The aim was to obtain a new 
batch of Form 1 for complete characterisation and for a stability study.  However these 
experiments did not succeed in crystallising Form 1. 
 
The following experimental procedure was used: 
 
The fresh free base (30 mg, 1.71 mmol, freshly prepared from the hemi-galactarate salt 
(E00478) following the procedure described in section 9.2.1) was suspended in MeCN, IPAc 
or EtOH.  The solutions were then treated with 1.1 eq. of citric acid (32.6 mg), warmed up to 
50˚C (for homogenisation) and cooled slowly to room temperature. After precipitation, the 
solids were immediately analysed by XRPD analysis: all the patterns obtained showed 
profiles of Form 2.  Form 1 was not reproducible. 
 

Table 11  Characterisation of Form 1 

Experiment Comment 

1H NMR (400 MHz, D2O) 

1H NMR spectrum was consistent with the 
structure.  No impurities were identified by 
NMR.  Stoichiometry was confirmed by 
integration of the signal of the counter ion 
and was consistent with a mono-citrate 
stoichiometry. 

HPLC Purity 99.94% (using Pharmorphix generic method) 

XRPD Stability 

The material was crystalline.  The pattern 
transformed completely to Form 2 after the 
sample was stored at 40˚C /75% R.H. for one 
week. 
In the solid state, and after 6 months of 
storage at 4˚C (in a fridge), a batch of Form 1 
was re-analysed and the pattern showed a 
partial conversion to Form 2 and 3. 

TGA/DSC 
No weight loss was observed until the 
decomposition occurs at ~170˚C. Form 1 
melts at 149˚C. 

GVS at 25˚C 

No hydration was observed.  Less than 1.5% 
of water was taken up below 70% R.H.  then 
another 2.5% w/w was taken up 90% R.H. 
No major changes were observed in the 
XRPD after GVS experiment. 

Thermodynamic solubility in water > 10 mg/mL (pH of unfiltered solution:3.82) 
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7.2. Characterisation of Form 2 as supplied (F00870) 

The table below is a summary of the batch characterisation of F00870 (Form 2). The 
experimental data can be found in Data Section 7. 
 
 

Table 12  Characterisation of TC-6499-221 Form 2 

Experiment Comment 

1H NMR (400 MHz, D2O) 

1H NMR spectrum was consistent with the 
proposed structure.  No impurities were 
identified by NMR.  Stoichiometry was 
confirmed by integration of the signal of the 
counter ion and was  consistent with a mono- 
citrate stoichiometry. 

HPLC Purity 99.78% (using Pharmorphix generic method) 

XRPD Stability 

The material supplied was crystalline.  No 
changes were observed in the humidity 
chamber after the sample was stored at 40˚C 
/75% R.H. and 25˚C / 97% R.H. for one 
week. 

Optical Microscopy 
Thin plate shapes. Birefringence was clearly 
observed with polarised light. 

TGA/DSC 
No weight loss was observed up to the 
decomposition.  The material melted with 
decomposition at 164.2˚C (onset). 

GVS at 25˚C 

No hydration was observed.  The mass 
change was less than 0.45% w/w between 0 
and 90% R.H., the material is not 
hygroscopic. 
No changes observed in the XRPD after GVS 
analysis. 

Thermodynamic solubility in water > 30 mg/mL (pH of unfiltered solution: 3.77) 
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7.3. Characterisation of Form 3 

Table 12 is a summary of the characterisation of Form 3. The experimental data can be found 
in Data Section 7. This batch of Form 3 was produced by freeze-drying (see section 6.2) and 
has sample reference BF-405-22. 
 

Table 13  Characterisation of Form 3 

Experiment Comment 

1H NMR (400 MHz, D2O) 

1H NMR spectrum was consistent with the 
structure.  No impurities were identified and 
the stoichiometry was confirmed by 
integration of the signal of the counter ion 
and was consistent with a mono-citrate. 

HPLC Purity 99.67% (using Pharmorphix generic method) 

XRPD Stability 

XRPD pattern of Form 3 showed good 
crystallinity.  No change was observed after 
the sample was stored at 40˚C /75% R.H for 
one week. 
However, the pattern partially evolved to 
Form 2 after one week of storage at 25˚C 
/97% R.H. 

Optical Microscopy Plate shapes. Birefringence was clearly 
observed with polarised light.  

TGA/DSC No weight loss was observed up to the 
decomposition.  The material melted with 
decomposition at 164.6˚C (onset). 

GVS at 25˚C No hydration phenomenon was observed. 
The mass change was less than 0.40 % w/w 
between 0 and 90% R.H. 
No changes observed in the XRPD after GVS 
analysis. 

Thermodynamic solubility in water > 30 mg/mL (pH of unfiltered solution: 3.77) 

7.4. Characterisation of Form 4 

Form 4 was only detected by XRPD analysis (XRPD 4) as a mixture with Form 2.  Two 
additional peaks were observed on the XRPD pattern (at 3 and 30˚ (2θ)) after maturation 
experiment.  The diffractogram is presented in Data Section 3 (Figure 6). 

7.5. Summary of characterisation results 

According to the data collected from the characterisation studies: 

• Form 1 is the first polymorphic form highlighted during the salt selection study 
(Project 880) but seems to be metastable and was not reproducible. 

• Form 2 (batch provided, F00870) is a polymorphic form stable at ambient conditions 
of pressure and temperature and not sensitive to humidity (not hygroscopic). 

• Form 3 is a polymorphic form stable, at the solid state, at ambient conditions 
(temperature and pressure) but is sensitive to high levels of humidity and converts to 
Form 2 at 25˚C /97% R.H. 
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• Form 4 was only detected by XRPD analysis from solids isolated after maturation 
cycles of Form 2 in acetone and MIBK.  No further characterisation has been done 
and this phase was not reproducible.  Form 4 could be a solvate (metastable or 
efflorescent in normal conditions). 

8 Stability Study of Form 2 and 3 

Two relevant polymorphic forms have been characterised during this project: Form 2 as the 
batch supplied (F00870) and Form 3, which was obtained after freeze drying an aqueous 
solution of the mono-citrate salt (BF-405-44). 
Two cross seeding experiments were carried out at 20 and 40˚C to investigate the relative 
stabilities of Form 2 and Form 3 at these temperatures.  Water was used as a medium to speed 
up the transition toward the most stable polymorph.  
No results were obtained above 40˚C.  Degradation of the product was visually observed by 
slurrying Form 2 in water at 60˚C.  After 24 hours, the saturated liquor took a dark red color. 

8.1. Method 

Two suspensions of Form 2 and 3 were prepared in pure water (0.5 mL) and sealed in 2 mL 
vials to prevent solvent loss. 

After 12 hours of stirring (to reach the thermodynamic equilibrium) the suspensions of Form 
2 and 3 were respectively seeded with Form 3 and 2.  After 3 days, all solid phases were 
filtrated under vacuum through a glass filter and XRPD analysis was performed on the dried 
solids. 

Figure 2  Cross seeding experiment leading to the stable polymorph. 

 
 

 

 

 

 

 
 

8.2. Results and conclusion of cross seeding experiments 

After 3 days, the solid phases recovered from the cross seeding experiments carried out at 20 
and 40˚C were analysed by XRPD analysis.  Only patterns of Form 2 were obtained. The 
diffractograms are represented in Data Section 8. 
 
Therefore Form 2 is the most stable form between 20 and 40˚C.  
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9 Scale up of Form 2 in IPA/H2O 

The aim was to produce a method for the reliable production of the desired stable 
polymorphic form (Form 2). Two crystallisation experiments were carried out on a gram 
scale: 
 

• Recrystallisation from the supplied batch (F00870) 

• Crystallisation from the free base TC-6499 with seeding with Form 2. 

9.1. Method for the recrystallisation from the supplied batch 

(F00870) 

• In a 100 mL round bottom flask, a suspension of 2.05 g of Form 2 (F00870) was 
prepared in 20 mL of IPA.  The suspension was heated at 60˚C with magnetic stirring. 

• At 60°C, the addition of 4.5 mL of pure water was necessary to dissolve the entire 
solid. 

• Then, the homogeneous system was cooled from 60 to 25°C at 1°C/min. 
• After crystallisation, the solid (batch BF-405-69) was filtered under vacuum and dried 

in a vacuum oven at 25°C for 12 hours. 
 

During the cooling, the temperature and the turbidity profiles were recorded by probes placed 
in the reaction vessel (see thermal and turbidity curves in Data Section 9, Figure 27). 

9.2. Method for the crystallisation of Form 2 from the free base 

9.2.1. Free base preparation 

The free base was extracted from the mono-citrate salt.  A batch of free base was prepared by 
treatment of the starting material with sodium hydroxide as required. 
 
F00870 (3 g) was suspended in dichloromethane (30 mL) and treated with an excess of 
aqueous sodium hydroxide (1 M, 20 mL). The mixture was shaken at room temperature for a 
few minutes and the two phases were separated. The aqueous phase was washed with DCM 
(2 x 10 mL) and the combined organic extracts were washed with water (10 mL), dried with 
magnesium sulphate and concentrated. The residue (colourless oil) was analysed by 1H NMR 
to check the structure. 

9.2.2. Crystallisation method from the free base 

• In a 100 mL round bottom flask, 0.966 mg (5.51 mmol) of fresh free base was diluted 
with 20 mL of IPA. The suspension was heated at 60°C with magnetic stirring. 

• At 60°C, 4.5 mL of aqueous solution of 1.23 M citric acid (5.52 mmol) was added to 
the system: a homogeneous solution was obtained. 

• The system was directly cooled to 50°C and the supersaturated solution was seeded 
with Form 2 obtained in the first scale up experiment (BF-405-69). 

• After few minutes, the system was cooled from 50°C to 25°C at 1°C/min. 
• After crystallisation, the solid (batch BF-405-71b) was filtered under vacuum and 

dried in a vacuum oven at 25°C for 12 hours. 
 
During the cooling, the temperature and the turbidity profiles were recorded by probes placed 
in the reaction vessel (see thermal and turbidity curves in Data Section 9, Figure 28). 
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9.3. Results  

 
Table 13 is a summary of the yields and crop characterisations obtained from the scale up 
experiments. 

Table 14  Results of the scale up experiments 
 BF-405-69 BF-405-71b 

Theoretical mass of salt (g) 2.05 2.02 

Experimental mass obtained (g) 1.522 1.411 

Yield 76% 70% 

1H NMR Consistent with the structure and with the stoichiometry of a mono-
citrate salt. 

XRPD Form 2/XRPD 2. 
Significant increase of crystallinity (intensities and resolution) 

compared to the supplied batch F00870 

Chemical purity (% area) 99.83 99.93 

 
The data collected during characterisation of the scale up experiments can be seen in Data 
Section 9. 

9.4. Summary of the scale up experiments 

The crops of Form 2 made on scale-up had a better crystallinity than the provided batch, 
F00870.  The chemical purity was also increased to 99.93% (generic Pharmorphix method) 
for the crop crystallised from the free base. 
The yield can also be improved by adjusting the IPA/H2O ratio. 

10 Conclusions 

Four crystalline forms of TC-6499-221 have been identified in the course of Project 1083. 
 

• Form 1 (Crop 1/XRPD 1) was the first solid phase highlighted in the course of the salt 
selection study (P880; report R880_002AC060907).  Partial characterisation was 
carried out using techniques such as XRPD and TGA-DSC.  The thermal techniques 
showed that Form 1 is an anhydrous polymorphic form which melts and degrades at 
temperature above 149˚C.  However, attempts to produce a new batch of Form 1, 
during this study, didn’t succeed and this phase was not reproducible (disappearing 
polymorph). 

• Form 2 (F00870 as supplied/XRPD 2) is an anhydrous polymorphic form of the 
mono-citrate salt which melts and degrades at temperature above 164˚C.  Form 2 is 
not sensitive to high level of humidity (97% R.H at 25˚C and 75% R.H at 40˚C) and is 
not hygroscopic. 

• Form 3 (XRPD 3) is a new anhydrous polymorphic form which melts and degrades at 
temperature above 160˚C.  Form 3 is stable at the solid state, under normal conditions 
of temperature and pressure, but converts to Form 2 at high levels of humidity (97% 
R.H at 25˚C).  Furthermore, the relative stability between Form 3 and Form 2 showed 
that Form 3 is a metastable polymorph between 20 and 40˚C. 

• An additional new XRPD pattern (XRPD 4) was also identified, after maturation of 
Form 2 in acetone and MIBK (RT-50˚C/8 hour cycles), but is less relevant than the 
morphic forms described above.  No other characterisation has been done on this 
phase which was not reproducible. 
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The figure below summarises the relationship between the different solid forms of the TC-
6499 mono-citrate salt. 
 

Figure 3  Form diagram of TC-6499 mono-citrate salt. 
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In summary, Form 2 has been identified as the most suitable form for development (thermally 
stable and not sensitive to humidity).  Form 3 could also be progressed for development but 
with suitable moisture control during the storage.  A scale up of Form 2 was also made from 
the free base in IPA/H2O mixtures. 
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11 Abbreviations 

Table 15  List of Abbreviations 

DCM dichloromethane, methylene chloride 

DMF dimethylformamide 

D2O deuterium oxide 

EtOAc ethyl acetate 

EtOH ethanol, ethyl alcohol 

H2O water - distilled or HPLC grade 

IPA iso-propyl alcohol, propan-2-ol 

i-PrOAc iso-propyl acetate 

MeCN methyl cyanide, acetonitrile 

MEK methyl ethyl ketone, butanone 

MeOH methanol, methyl alcohol 

MIBK methyl isobutyl ketone, 2,2-dimethyl butan-3-one  

NMP N--methyl-2- pyrrolidone 

RT room temperature 

t-BME / TBME t-butylmethyl ether 

THF tetrahydrofuran 
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Data Section 1 

Figure 4  XRPD patterns of Crop 1, 2 and F00870. 

2-Theta - Scale

3 10 20 30

 
The XRPD pattern of the supplied batch mainly corresponds to Crop 2 obtained in the course 
of the salt selection study (Project 880; see report R880_002AC060907). 
 

Data Section 2  

Figure 5  XRPD patterns of TC6499-221 post freeze-drying experiment. 

2-Theta - Scale

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

 
After 2 hours, the amorphous state of TC6499-221 crystallised to a new Form 3. 

Crop 1 (XRPD 1) 

Crop 2 (XRPD 2) 

Supplied batch F00870 

Additional peak 

~12˚(2θ) 

TC6499-221 immediately after freeze-drying 

TC6499-221 2 hours after freeze-drying (Form 3) 

F00870 (Form 2) 

After 2 hours 
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Data Section 3 

Figure 6  Maturation experiments of Form 2 in dry solvents: XRPD patterns after 1 day. 

2-Theta - Scale
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No change was observed on the XRPD patterns after 1 day of maturation cycles (RT-50˚C /4 
hours cycles) 
 

Figure 7  Maturation experiments of Form 2 in dry solvents: XRPD patterns after 5 days. 

2-Theta - Scale

3.2 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

 
After 5 days of maturation cycles, mixtures of Form 2 and Form 4 were obtained in acetone 
and MIBK. Three characteristic additional peaks were observed at ~ 5; 15.2 and 25.5˚ (2θ). 
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Data Section 4 

Figure 8  Maturation experiments of Form 3 in wet solvents: XRPD patterns after 12 hours. 
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Figure 9  Maturation experiments of Form 3 in wet solvents: XRPD patterns after 3 days. 

2-Theta - Scale
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Except in 1,4-dioxane where no change was observed on the XRPD pattern, all suspensions 
of Form 3 lead to partial or complete transformations of  Form 2. 
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Data Section 5 

Table 16  Anti-solvent addition crystallisation experiments: XRPD patterns. 

2-Theta - Scale
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Green traces: solid obtained by anti-solvent addition in saturated solution of water.  Black 
traces: solid obtained by anti-solvent addition in saturated solution of DMSO.  All XRPD 
patterns collected on solids obtained in water corresponded to Form 3, and all from DMSO 
were Form 2 (except where ethanol was used as anti-solvent, which gave Form 3). 

Data Section 6 

Figure 10  DSC heat/cool cycle thermogram of Form 2 
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Data Section 7: Characterisation of polymorphs 

Figure 11 XRPD pattern references of Forms 1, 2, 3, and mixture of Form 2 and 4. 

2-Theta - Scale
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Figure 12  1H NMR spectra of Forms 1, 2 and 3. 
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1H NMR spectra of the 3 polymorphs are consistent with a mono-citrate structure.  No 
impurities can be seen by NMR.  The stoichiometries were confirmed by integration of the 
signals of the counter ion. 

Form 1 (Crop 1) 

Form 2 (F00870) 

Form 3 (BF-405-22) 

D2O 

Form 1 

Form 2 

Form 3 

Form 2 + Form 4 
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Figure 13  XRPD of Form 1 after 6 months of storage at 4˚C. 

2-Theta - Scale

3 10 20 30

 
After 6 months of storage at 4˚C, the batch of Form 1 (Crop 1) obtained during the salt 
selection study (Project 880 ; see report R880_002AC060907) seems to have transformed to 
a mixture of Form 2 and 3.  This observation confirms the metastable character of this phase. 
 

Figure 14  XRPD of Form 2 after one week of storage at 25˚C /97% R.H and 40˚C /75% R.H. 

2-Theta - Scale
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No change was observed in the XRPD patterns of Form 2 after storage at 40 ˚C /75 % R.H. or 
25˚C /97%R.H.  for 1 week.  Therefore Form 2 is not sensitive to humidity. 

Forme 2 (F00870) 

Forme 2 post 40˚C /75% R.H. 

Forme 2 post 25˚C /97% R.H. 

Initial Form 1 (Crop 1) 

Form 1 after 6 months 

Reference of Form 2 (F00870) 

Reference of Form 3  
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Figure 15  XRPD of Form 3 after one week of storage at 25˚C /97% R.H. and 40˚C /75% 
R.H. 

2-Theta - Scale
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No change was observed in the pattern of Form 3 after one week of storage at 40˚C /75% 
R.H.  However, after one week at 25˚C /97% R.H, the XRPD pattern had changed to one that 
was consistent with Form 2.  Therefore, Form 3 is metastable at these specific conditions. 
 
 

Figure 16  TGA-DSC of Form 1 (Crop 1). 

 
 

Initial Form 3 

Form 3 post 40˚C /75% R.H. 
 

Form 3 post 25˚C /97% R.H. 

Reference of Form 2 (F00870)  
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Figure 17  TGA-DSC of Form 2 (F00870). 

 
 
Figure 18  TGA-DSC of Form 3. 
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Figure 19  Optical Microscopy of Form 2 (F00870). 

 
 
The material provided was initially crystalline showing clear birefringence.  Form 2 is made 
up of particles with a thin plate shape morphology.. 
 

Figure 20  GVS of Form 1 (Crop 1) at 25˚C. 

Less than 1.5% of water was taken up between 0 and 70% R.H, then a further 2.5% between 
70 and 90% R.H.  No major changes are observed on the XRPD pattern. 
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Figure 21  XRPD of Form 1 post GVS at 25˚C . 

2-Theta - Scale
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Figure 22  GVS of Form 2 (F00870) at 25˚C. 
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No hydration was observed.  Form 2 is not hygroscopic.  No change was observed in the 
XRPD after analysis. 

Form 1 
 

Form 1 post GVS at 25°C 
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Figure 23  XRPD of F00870 post GVS at 25˚C.  
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Figure 24  GVS analysis of Form 3 (two cycles) at 25˚C. 

DVS Isotherm Plot

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0 10 20 30 40 50 60 70 80 90 100

Sample RH (%)

C
h

a
n

g
e

 I
n

 M
a

s
s

 (
%

) 
- 

R
e
f

Cycle 1 Sorp Cycle 1 Desorp Cycle 2 Sorp Cycle 2 Desorp Cycle 3 Sorp

© Surface Measurement Systems Ltd UK 1996-2007DVS - The Sorption Solution

 Date:  30 May 2008

 Time:  12:00 am

 File:  BF-405-22 - Fri 30 May 2008 13-07-12.xls

 Sample:  BF-405-22

 Temp:  25.0 °C

 Meth:  DoubleCycle_mediumMass.sao

 MRef:  15.1917

 
 
No hydration observed. Form 3 is not hygroscopic. No change was observed in the XRPD 
after analysis. 

F00870 

F00870 post GVS at 25˚C  



Pharmorphix Ltd Ref: R1083_001BF30JUN08 
 

CONFIDENTIAL Page 37 
 

Figure 25  XRPD of Form 3 post GVS at 25˚C . 
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Figure 26  HPLC chromatogram of Form 1. 
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The sample purity of Form 1 was measured at 99.82% using the Pharmorphix generic 
method. 

Form 3 (sample reference: BF-405-22) 

Form 3 post GVS at 25˚C  
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Figure 27  HPLC chromatogram of Form 2. 

min0 5 10 15 20 25

mAU

-20

0

20

40

60

80

 DAD1 A, Sig=255,90 Ref=700,100 (P1083\HPLC5 P1083 PURITY 28 APR 2008 2008-04-28 10-10-52\002-0302.D)

 4
.7

0
2

 7
.1

0
9

 
The sample purity of Form 2 was measured at 99.78% using the Pharmorphix generic 
method. 

 

Figure 28  HPLC chromatogram of Form 3. 

min0 5 10 15 20 25

mAU

-20

0

20

40

60

80

 DAD1 A, Sig=255,90 Ref=700,100 (HPLC5 P1083 PURITY 03 JUNE 2008 2008-06-03 15-54-55\002-0202.D)

 4
.6

9
3

 5
.1

8
9

 7
.1

7
2

 7
.1

9
9

 2
5

.5
2

4

 
The sample purity of Form 3 was measured at 99.67% using the Pharmorphix generic 
method. 
 

Table 17  HPLC purity values.   

 Area % 

RRT Form 1 Form 2 Form 3 

1 99.82 99.78 99.67 

1.15 0.1   - 

1.51  - 0.22 -  

1.53 -  -  0.15 

Only purities above 0.10% are reported. 
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Data Section 8: Cross seeding experiments 

Figure 29  Cross seeding experiments carried out at 25˚C.  
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 Figure 30  Cross seeding experiments carried out at 40˚C. 
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After 4 days at 20˚C and 5 days at 40˚C, diffractograms recorded from the dry filtered solids 
showed profiles consistent with Form 2.  Form 3 had completely converted to Form 2. 
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Data Section 9: Scale up of Form 2 

Figure 31  Thermal and turbidity curves recorded during the recrystallisation of Form 2 (BF-
405-69). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The crystallisation of Form 2 was detected at about 42˚C corresponding to a large increase in 
turbidity. 
 

Figure 32  Thermal and turbidity curves of Form 2 (BF-405-71b). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The system was seeded at 50˚C and the crystalline growth was detected at about 41˚C. 
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Figure 33  1HNMR of BF-405-69 and BF-405-71b. 
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Figure 34  XRPD patterns of BF-405-69 and BF-405-71b. 
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Figure 35  HPLC purity chromatograms of BF-405-69.  
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The purity of the crop BF-405-69 was measured at 99.83% area. 
 

Figure 36  HPLC purity chromatograms of BF-405-71b. 
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The purity of the crop BF-405-71b was measured at 99.93% area. 



 



Tabla 9. Resumen de detección de monosal 

 
Ácido  

IPAc MeCN 
Observaciones 

Iniciales 
Después de 

Evaporación de 
Solvente 

THF de 
Maduración 

Cámara 
de 

Humedad 

Observaciones 
Iniciales 

Después de 
Evaporación 
de Solvente 

IPA de 
Maduración 

Cámara 
de 

Humedad 
Ácido 

clorhídrico 
Se investigará por separado Se investigará por separado 

Ácido 
sulfúrico  

Sólido 
pegajoso 

La muestra se 
licúa 

Sólido 
pegajoso 

amarillo/se 
licúa 

 Sólido 
pegajoso 

La muestra 
se licúa 

Parcialmente 
cristalino  
– XRPD 1 

 

Ácido metano 
sulfónico 

Sólido Cristalino – 
XRPD 1 

N/A La 
muestra 

se 
licúa 

Sólido La muestra 
se licúa 

N/A  

Ácido maleico Sólido Cristalino – 
XRPD 1 

N/A La 
muestra 

se 
licúa 

Sólido Cristalino 
– XRPD 1 

N/A La 
muestra 

se 
licúa 

Ácido 
fosfórico 

Sólido 
pegajoso 

La muestra se 
licúa 

Sólido 
pegajoso 
amarillo 

 Sólido 
pegajoso 

Aceite Aceite  

Ácido 1-
hidroxi-2-
naftoico 

Ningún sólido 
producido 

Aceite oscuro Aceite 
oscuro 

 Ningún sólido 
producido 

Aceite 
oscuro 

Vidrio/ 
aceite 
oscuro 

 

Ácido 
cetoglutárico 

Sólido 
pegajoso 

Sólido 
pegajoso 

Espuma 
pegajosa 

 Ningún sólido 
producido 

Aceite 
oscuro 

Vidrio  

Ácido 
malónico 

Aceite Aceite 
amarillo 

Aceite 
amarillo 

 Ningún sólido 
producido 

Aceite 
amarillo 

Aceite  

Ácido L-
tartárico 

Sólido 
pegajoso 

La muestra se 
licúa 

Sólido 
pegajoso 
amarillo 

 Sólido 
pegajoso 

La muestra 
se licúa 

Sólido 
pegajoso 

 

Ácido 
fumárico 

Sólido 
pegajoso 

Cristalino – 
XRPD 1 

N/A La 
muestra 

se 
licúa 

Sólido 
pegajoso 

Sólido 
pegajoso 

N/A  



Ácido cítrico Sólido 
pegajoso 

La muestra se 
licúa 

Cristalino 
– XRPD 1 

XRPD 1 Sólido 
pegajoso 

Vidrio Cristalino – 
XRPD 1 

XRPD1 

Ácido L-
málico 

Aceite Aceite 
amarillo 

Aceite 
oscuro 

 Ningún sólido 
producido 

Aceite 
amarillo 

Vidrio / 
aceite 

 

Ácido 
hipúrico 

Ningún sólido 
producido 

Aceite oscuro Aceite 
oscuro 

 Ningún sólido 
producido 

Aceite 
oscuro 

Aceite 
oscuro 

 

Ácido L-
láctico 

Aceite Aceite oscuro Aceite 
oscuro 

 Ningún sólido 
producido 

Aceite 
oscuro 

Aceite  

Ácido 
benzoico 

Ningún sólido 
producido 

Aceite oscuro Aceite 
oscuro 

 Ningún sólido 
producido 

Aceite 
oscuro 

Aceite  

Ácido 
succínico 

Ningún sólido 
producido 

Aceite oscuro Aceite 
oscuro 

 Ningún sólido 
producido 

Aceite 
oscuro 

Aceite  

Ácido adípico Aceite Aceite oscuro Aceite 
oscuro 

 Aceite Aceite 
oscuro 

Vidrio / 
aceite 

 

Ácido acético Ningún sólido 
producido 

Sólido 
pegajoso 
oscuro 

Aceite 
oscuro 

 Ningún sólido 
producido 

Aceite 
oscuro 

Aceite 
oscuro 

 

Ácido 
nicotínico 

Aceite Aceite oscuro Sólido 
pegajoso 
oscuro 

 Ningún sólido 
producido 

Aceite 
oscuro 

Vidrio / 
aceite 

 

Ácido 
propiónico 

Ningún sólido 
producido 

Aceite oscuro Aceite 
oscuro 

 Ningún sólido 
producido 

Aceite 
oscuro 

Aceite 
oscuro 

 

Ácido orótico Sólido Principalmente 
amorfo – XRPD1 

N/A XRPD1 Sólido Cristalino 
– XRPD 1 

N/A XRPD 1 

Ácido 4-
hidroxi 
benzoico 

Sólido XRPD 1 N/A La 
muestra 

se 
licúa 

Sólido XRPD 1 N/A La 
muestra 

se 
licúa 

Ácido di-p-
toluil-D-
tartárico 

Sólido XRPD 1 N/A XRPD 1 Sólido XRPD 1 N/A XRPD 1 

 



 



 



Tabla 10. Resumen de detección de hemisal 

 
Ácido  

IPAc MeCN 
Observaciones 

Iniciales 
Después de 

Evaporación de 
Solvente 

THF de 
Maduración 

Cámara 
de 

Humedad 

Observaciones 
Iniciales 

Después de 
Evaporación 
de Solvente 

IPA de 
Maduración 

Cámara 
de 

Humedad 
Ácido 

sulfúrico  
Aceite Aceite 

amarillo 
Aceite 

amarillo 
 Aceite Aceite Aceite  

Ácido maleico Aceite Sólido 
pegajoso 
oscuro 

Sólido 
pegajoso 
oscuro 

 Aceite Aceite Aceite  

Ácido 
fosfórico 

Aceite Sólido 
pegajoso 
oscuro 

Sólido 
pegajoso 
amarillo 

 Aceite Sólido 
pegajoso 
oscuro 

Sólido 
pegajoso 
oscuro 

 

Ácido 
cetoglutárico 

Aceite Aceite Aceite  Aceite Aceite  Aceite  

Ácido 
malónico 

Aceite Aceite oscuro Aceite 
oscuro 

 Aceite Aceite 
amarillo 

Aceite oscuro  

Ácido L-
tartárico 

Sólido  Sólido / Se 
licúa 

Aceite 
oscuro 

 Sólido  Sólido / Se 
licúa 

Sólido / Se 
licúa 

Principalmente 
amorfo 

La 
muestra 

se 
licúa 

Ácido 
fumárico 

Aceite Vidrio / 
aceite oscuro 

Sólido / 
Se licúa 
Principal 

mente 
amorfo 

La 
muestra 

se 
licúa 

Aceite Sólido / Se 
licúa 

Principalmente 
amorfo 

La 
muestra 

se 
licúa 

Ácido cítrico Aceite Espuma 
pegajosa 
oscura 

XRPD 1 La 
muestra 

se 
licúa 

parcial 
mente 

Aceite Sólido / Se 
licúa 

Aceite  

Ácido L-
málico 

Aceite Aceite oscuro Aceite 
oscuro 

 Aceite aceite Aceite  

Ácido 
succínico 

Aceite Aceite oscuro Aceite 
oscuro 

 Aceite Aceite  Aceite  



Ácido adípico Aceite Aceite oscuro Aceite 
oscuro 

 Aceite Aceite  Aceite  

Ácido di-p-
toluil-D-
tartárico 

Sólido XRPD 1 XRPD 1 XRPD 1 Sólido XRPD 1 XRPD 1  

 



 


