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Synthesis and solid-state NMR-driven crystal structure determination of the first co-drug of valproic acid and L-carnitine
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Crystal engineering has been for many years a valuable strategy to adopt in the pharmaceutical field. Indeed, it has proved successful in countering the adverse properties associated to the administration of solid crystalline drugs, without altering their inherent pharmaceutical activity. Here, we focused on 2-propylpentanoic acid, commonly known as valproic acid (VPA), a synthetic anticonvulsant drug. Since VPA is liquid in ambient conditions, VPA-based drugs are administered in the form of sodium salts or amide derivatives. VPA is usually associated with a severe carnitine deficiency emerging in patients treated with this API, which leads to a dangerously inadequate lipid metabolism. Thus, amino acid L-carnitine (CNT) is frequently administered in combination with VPA [1]. In this work, we selected VPA and CNT to produce a drug-drug pharmaceutical cocrystal (or co-drug) in the co-administered dosage (1:1). The co-drug was obtained by mechanochemical methods, namely grinding equimolar amounts of VPA and CNT in an agate mortar [2]. VPA*CNT was initially analysed by means of multinuclear 1D and 2D SSNMR experiments (i.e., 1H MAS, 13C and 15N CPMAS, 2D off-resonance 1H-13C FSLG HETCOR), to confirm its actual stoichiometry and obtain information on the number of independent molecules in the unit cell, the protonation state of the two components, and intermolecular atom-atom proximities. The crystal structure of VPA*CNT was successfully determined from powder diffraction data, despite the challenge posed by the several conformational degrees of freedom of both VPA and CNT molecules. Indeed, the information provided by SSNMR on the hydrogen-bond network of the co-drug (see Fig. 1) proved fundamental during the structure determination process [3].
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Figure 1. Representation of the asymmetric unit of VPA*CNT and the characteristic  hydrogen-bond motif (turquoise dashed lines).
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