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Abstract

The novel crystalline phases were prepared either by a slow
evaporation or precipitation of the solution of agomelatine
with the respective acid. The prepared solid phases were
analyzed by powder X-ray diffraction and the structures
were solved from single-crystal or powder X-ray diffrac-
tion data. The crystal structures of six agomelatine salts and
of five co-crystals were solved. In addition to the anhy-
drous forms, in the case of three of the salts the structures
of hydrated/solvated forms were described as well. In all
the salts, the agomelatine molecule was positively charged.
The proton transfer and the salt formation were also con-
firmed by solid state NMR and the ApK, calculation.

Introduction

The search for new solid forms of an active pharmaceutical
ingredient (API) is an important step in a drug develop-
ment. Salts and co-crystal are multicomponent solids
but in different protonation (ionization) states. In salts,
there is a proton transfer between the molecular com-
ponents, making it contain cations and anions. On the
other hand, co-crystals are made up from neutral mole-
cules held together by non-bonded interactions. [1, 2]
For pharmaceuticals, the determination whether the
material is a salt or a co-crystal is interesting not only
academically, but also from the regulatory point of
view. [3]

Often, an API has a low water solubility, which then
leads to a low oral bioavailability. This physico-chemical
problem can be solved by a co-crystal or salt formation.
An API with one such problem is agomelatine (Fig. 1), a
melatonergic antidepressant. For agomelatine, some
co-crystals have even already been published. [4, 5]

However, agomelatine is an amidic compound and,
since amides are generally considered as neutral
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Figure 1. Molecular formula of agomelatine (AG)

(non-ionisable), it was quite a surprise, when agome-
latine, in the combination with certain acids, produced
salts. Several novel co-crystals were prepared as well.

Methods

The novel crystalline phases were prepared either by a slow
evaporation or precipitation of the solution of agomelatine
with the respective acid. The prepared solid phases were
analyzed by powder X-ray diffraction and the structures
were solved from the single-crystal or powder X-ray dif-
fraction data. Further analyses were done by the solid state
NMR and the ApK, calculation.

Results and discussion

The crystal structures of six agomelatine salts (with
hydrobromic, hydroiodic, triiodic, sulfuric, methan-
sulfonic and benzensulfonic acids) and of five co-crystals
(with citric acid, maleic acid, oxalic acid, 4-hydroxy-
benzoic acid and hydroquinone) were solved. In addition to
the anhydrous forms, in the case of three of the salts (with
hydroiodic, sulfuric and methansulfonic acids), the struc-
tures of hydrated/solvated forms were described as well. In
all the salts, the agomelatine molecule was positively
charged. Specifically, the amide oxygen was protonated
(see Fig. 2).

The proton transfer and the salt formation were also
confirmed by the ApK,4 calculation and by the solid state
NMR. In fig. 3, the correlation between SXRD and "N
ssNMR data in distinguishing between salts and co-crystals
is shown.
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Figure 2. The slant Fourier map of the observed electron density and
the molecular model of agomelatine — benzensulfonic acid (a salt).
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Figure 3. The correlation between SXRD and '*N ssNMR data in distinguishing between salts and co-crystals.

Conclusion

The comparison between single-crystal X-ray diffraction,
solid state NMR and DpK A data revealed a strong correla-
tion, meaning that all three methods can be reliably used to
distinguish between salts and co-crystals. For pharma-
ceuticals, the determination whether the material is a salt or
a co-crystal is interesting not only academically, but also
from the regulatory point of view. Therefore, our findings
may play a crucial role in the future development of the
multicomponent solid phases of agomelatine and other
amidic pharmaceutical compounds.
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