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Study of the properties of pharmaceutical compounds

The study of pressure-induced changes in the crystal
structure and atomic dynamics In complex
molecular crystals Is an urgent task of condensed
matter physics and organic chemistry.

This Is due to many unique physical phenomena
realized In organic crystals at high pressure:
polymorphic  phase transitions, reorientation
phenomena In molecular crystals, amorphization.
All these phenomena are closely related to the
complex geometry of the hydrogen bond, its
anisotropic nature of compression at high pressure.

It should be noted that structural studies of
molecular crystals are extremely important for
optimizing the process of pharmacological
production, where complex molecular components
under additional mechanical influences (grinding or
tableting) in the initial substance may develop
Irreversible polymorphic phase transitions or
amorphization, which may lead to significant
changes In the physical, chemical and
pharmaceutical properties of the pharmacological
material.
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Experimental techniques l

The effect of high pressure simulates the processes of mechanical and chemical effects on pharmacological
compounds, and Is also a controlled method of changing the balance of interatomic interactions of a
molecular crystal, the mutual orientation of molecules, and the geometry of hydrogen bonds. Structural
studies at high pressure allows us to determine the prerequisites and mechanisms for the development of
polymorphic phase transitions, a unigue phenomenon of amorphization of complex molecular crystals of
pharmacological purpose at the atomic or microstructural level.

To perform these tasks, detailed structural studies of a wide class of organic crystals were performed under
the influence of high pressures and temperatures using X-ray diffraction and Raman spectroscopy.
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Researches at the Extreme Conditions Beamline (ECB) P02.2, PETRA-I11 DESY (Hamburg, Germany)

Experimental results
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Pressure-induced polymorphic phase transitions and the process of amorphization in a
hypolipidemic agent-lovastatin C,,H;.O: were studied. The vibrational spectra of the
lovastatin have been studied by means of Raman spectroscopy at pressures up to 11 GPa.
Changes in the behavior of Raman lines under high pressure were observed at pressure of 3
and 5.2 GPa. These changes may indicate polymorphic phase transitions of lovastatin under
high pressure. At pressures above 10 GPa, a gradual transformation to the amorphous phase
was revealed. Around this phase transformation, noticeable anomalies were found in the
pressure behavior of various lovastatin vibration modes.
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Pressure-induced polymorphic phase transitions in the pharmacological component an effective antibiotic for the treatment of infections -
ofloxacin C,gH,,FN,O, have been studied.

The crystal structure of the ofloxacin have been studied using the X-ray diffraction at pressures up to 11.6 GPa. The pressure-driven
polymorphic phase transition above 4.1 GPa from the initial monoclinic C2/c form of ofloxacin to monoclinic form-HP with the P2/c
symmetry was observed. The phase transition was accompanied by anomalies in pressure dependencies of the lattice parameters, unit cell
volume, interatomic angles and distances.

Raman Spectroscopy
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The vibrational spectra of the ofloxacin have been studied by means of Raman spectroscopy at pressures up to 10.1 GPa. The pressure-driven polymorphic phase 300 .!‘ -
transition above 4.1 GPa from the initial form of ofloxacin to form-HP found in X-ray diffraction results was proved by Raman spectroscopy. The phase 270{e @8 mm =H
transition was accompanied by anomalies in vibration modes. Changes in the behavior of Raman lines under high pressure were observed at pressure of 4.1 GPa. 240 0123 4 5678910
These changes may indicate polymorphic phase transitions of ofloxacin under high pressure. Pressure (GPa)
At pressures above 8.8 GPa, a gradual transformation to the amorphous phase was revealed. Around this transformation, noticeable anomalies were found in the
pressure behavior of various ofloxacine vibration modes.
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