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Probing hydrogen bond network in pharmaceutical samples
by using ultra fast MAS 'H solid state NMR

Product used : Nuclear Magnetic Resonance(NMR)

For pharmaceutical formulation developments, probing binding form of a cocrystal between an active pharmaceutical ingredient (API) and
a coformer is of great importance not only for realizing its properties but also for the intellectual property protection point-of-view. *H
solid state NMR using ultra fast MAS can be a powerful tool to probe hydrogen bond (HB) network and differentiate salts and cocrystals.

We report here an example of HB network analysis for a codrug formed by two APIs: namely theophylline (THEO) and pyridoxine-HCI
(PyrH*CI"). The HB characterization of the codrug is challenging, since five HB donors (three OH and two NH groups) and three acceptors
(two C=0 groups and one aromatic nitrogen) are present (Fig.1). In fact, single crystal X-ray diffraction could not access it due to the poor
definition of the hydrogen atom positions. In order to probe the HB network and define binding form properly, we used two versions, J
and D, of “N-1H HMQC. #4 The J-version is a simple HMQC experiment with rotor syncronous 4N observation in the indirect dimension
through J-coupling and residual dipolar splittings (RDS), and mainly gives information of 14N-'H covalent bond. On the other hand, the
D-version utilizes **N-'H dipolar coupling reintroduced by a symmetry-based sequence (SR4), and observes longer-range N---H
proximities. The combination of the two methods allows defining of the ionic character of the codrug, namely, salt or cocrystal.

The 1“N-1H J- and D-HMQC spectra are shown in Fig.2a and 2b, respectively. The J-version spectrum shows only two correlation peaks,
corresponding to covalently bonded N-H atoms (i.e., N1*-H1 and N7’-H7’). This suggests that there is no proton transfer between THEO
and PyrH*Cl-, thus the codrug can be more properly defined as a salt co-crystal due to the ionic character of PyrH*CI-. On the other hand, the
D-version shows several correlations regarding with longer range “N---H proximities. Combination with *H DQ MAS spectrum, which

gives H-H proximity information, elucidates the HB network described in Fig.3. This structure is supported and competed by X-ray data
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Fig.1 Chemical structures of Theophylline (THEO) and Pridoxine(Pyr)H*CI- (b) g H D0
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Fig.3 Scheme of the main spatial proximities of THEO)/(Pyr)H*Cl-as found in Fig.2 (a)**N-H J-HMQC, (b)*“N-H D-HMQC, and (c)*H DQ MAS

the 1N-1H D-HMQC (blue), and the 'H-'H DQ MAS (red). (Reprinted with spectra for THEO/PyrH*Cl- obtained at 70kHz MAS. (Reprinted with
permission from ref 1. Copyright at 2018 American Chemical Society) permission from ref 1. Copyright at 2018 American Chemical Society)
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