Structure and transformations
In amorphous paracetamol

Michael Devlin
APS PharmSci meeting
11/09/2019

g



" CMAC Introduction
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 What structural information can be obtained from the amorphous

phase using pair distribution function (PDF) analysis?

* Increasing interest In amorphous pharmaceuticals due to

solubility/bioavailability advantages
 Stability/structural characterisation an issue

* Application of PDF to single component model system (paracetamol,

PCM) before progression to complex formulated materials
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" CMAC What is the PDF?
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" CMAC Challenges in applying PDF analysis
to amorphous pharmaceuticals

 Typically poorly scattering materials

« More conformational flexibility than materials typically studied using PDF

« Data interpretation an issue

» Local structure not as clearly defined as nicely coordinated inorganic system

* Need to begin with “model” pharmaceutical system

« Paracetamol — minimal conformational flexibility, (until recently?) well-

understood/characterised solid state

» Research question: Does structure in amorphous PCM act as a template for
crystallisation of Form Il from the melt (at RT)?

2 A. G. Shtukenberg et al., “Melt Crystallization for Paracetamol Polymorphism,” Cryst. Growth Des., vol. 19, no. 7, pp. 4070-4080, Jul. 2019.
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FUTURE MANUFACTURING

" CMAC Experimental setup
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* Experiment conducted at Diamond Light
Source XPDF beamline 115-1

 Dedicated PDF beamline
« 1=0.162 A, Qmax = 39 A-

» High real-space resolution & flux

« Temperature control in range -155 °C to
180°C
« XRPD transformed to PDF using GudrunX 3

3A. K. Soper and E. R. Barney, “Extracting the pair distribution function from
white-beam X-ray total scattering data,” J. Appl. Crystallogr., vol. 44, no. 4, pp.
714-726, Aug. 2011.
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", CMAC Variable temperature data collection
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« Minimal visual changes between liquid al
(melt) and amorphous solid, and above - :
I | 155 °C
and below T, M 196°¢
» Crystallisation pathway: o l!f 00
T lw 80 °C
3 I 65 °C
- I!‘ 60 °C
o o
Form Il Form II Form | T M 20 °C
5- m 0°C
£ -155 °C
0 ’ 180 °C
. _Further i_nvestigation necessary to extract A
information from amorphous data r (A)
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Variable temperature data collection
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amorphous PDFs

» Clustering of datasets above and below T
» Correlation between temperatures where physical changes are observed in the material

 Liquid/melt consistently an outlier
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s CMAC Comparison to calculated PDFs of
known forms
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PDF of amorphous form most similar to melt and Cases _ _
metastable Form IlI « CC with Form lll, however, remains largely consistent

5A. A. Coelho, “TOPAS and TOPAS-Academic: An optimization program integrating computer algebra and crystallographic objects written in C++: An,” J. Appl. Crystallogr., vol. 51, no. 1, pp. 210-218, Feb. 2018.
6G. Barr, W. Dong, and C. J. Gilmore, PonSNAP A computer program for analysmg high-throughput powder diffraction data,” J. Appl. Crystallogr., vol. 37, no. 4, pp. 658-664, Aug. 2004

Imperial College 'Loughborough ) % -
LOIIE\)don g UNIVERSITY OF Lﬂ + University @ Q AstraZeneca & NovarTis Jakena @ -

%;m
-]
xwn
’igw

Hig)

Strathclyde
Glasgow



"L CMAC Conclusions
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 Local structure of amorphous paracetamol most similar to that of Form IlI

* Does not appear to influence Form Il crystallisation at RT
* Form lll crystallisation thermodynamically driven

» Possible that molecules pack such that the energy change between amorphous and next

high energy form is minimized
 PCA demonstrates the sensitivity of PDF to physical transitions in the material
(Tg: Tg etc.)

 PDF demonstrated as having potential to assess physical stability using the
Trapezoidal integration method
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" CMAC Current developments
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» Use of molecular dynamics to generate structural models of

amorphous pharmaceuticals for comparison to PDF data

* PDF analysis of other model compounds

* Application of PDF in solubility determination in drug-polymer

systems
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