Polymorphism In 2,6-Dihydroxy And 2,6-Dimethoxy Benzoic
Acids
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Organic molecules, such as pharmaceuticals, agro-chemicals and pigments exist in several
crystallographic forms, known as polymorphs.! Due to either change in molecular conformations
or 3-dimensional crystal packing in different forms, these polymorphs exhibit entirely different
physicochemical properties. Many active pharmaceutical ingredients (APIs) contain carboxylic
acid groups and the packing modes of carboxylic acids are one of the most heavily studied
systems in crystal engineering.’

In a systematic study of syn vs. anti carboxylic acids (see Figure 1a) in —OH and —OMe
substituted benzoic acid derivatives, we have encountered new polymorphic forms in 2,6-
dimethoxy benzoic acid, A, (see Figure 1b). It has previously been reported to be present in both
syn and anti COOH conformation.> In this study, we have obtained a new syn form and a salt
formation while attempting to obtain the reported syn form from a 1:1 mixture with
phenylboronic acid from DMF solution. These polymorphs differ in molecular geometry and 3-
dimensional packing arrangements. Along with X-ray diffraction, single crystal neutron
diffraction experiments have been carried out to locate the acidic proton accurately. Since not all
the forms could be grown as large crystals prerequisite for neutron diffraction, solid state Raman
spectroscopic measurements® have been performed to investigate the local structure and
differences in syn and anti COOH groups.
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Figure. 1(a) Syn and anti H Atom Positions in Carboxylic Acids Relative to the Carbonyl Oxygen Atom, (b)
model systems

In a CSD database search we see another widely used API, 2,6-dihydroxybenzoic acid, B
(see Figure 1b), also exhibits polymorphism having syn and anti COOH conformations.®
However, the gas phase and solid state stability reveal that in the gas phase, the syn form is more
stable in both the compounds, A and B, whereas cohesive energy calculations using the
CRYSTAL14 package and in CE model energies using the program CrystalExplorer shows that,
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in the crystal phase the stability order gets reversed: the, anti form becomes more stable in A, but
syn remains more stable in B.

Furthermore, the stereochemistry of the lone pair orientations on the oxygen atoms and
as well as the H-bond directionalities have been correlated through various chemical bond
descriptors,” topological parameters at the bond critical points according to Quantum Theory of
Atoms in Molecules (QTAIM), natural bond orbital (NBO) descriptors and electron localization
methods.
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