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Abstract: Solid-state NMR spectroscopy is a workhorse technique for the
characterization of active pharmaceutical ingredients (APIs) in both pure and dosage
forms. Chemical shifts, dipolar coupling constants and quadrupolar coupling
constants are all sensitive probes of molecular structure and crystal symmetry.
However, solid-state NMR spectroscopy is hindered by poor sensitivity because of
the intrinsically small nuclear spin polarization and long longitudinal relaxation times
often encountered in the solid-state. Solid-state NMR experiments on dosage forms
of APIs are especially challenging because NMR signals from the API often overlap
with those from the excipients and the API loading is typically low (1-10 wt.%).

This contribution will describe how state-of-the-art NMR technologies of
dynamic nuclear polarization (DNP) or fast magic angle spinning (MAS) can provide
order of magnitude improvements in the sensitivity of solid-state NMR experiments
on pure and formulated APIs." These technologies enable advanced solid-state NMR
experiments that improve spectral resolution and provide access to unique structural
constraints. For example, with DNP or fast MAS experiments it is possible to
measure heteronuclear dipolar couplings between hydrogen and oxygen or nitrogen.
Dipolar couplings provide accurate measurements of internuclear distances, enabling
hydrogen atoms to be accurately located.?® Both DNP and fast MAS techniques can
also be applied to rapidly detect, characterize and quantify APIs within formulated
drug products with low API loadings. DNP enables the rapid acquisition of '>C and
'*N solid-state NMR spectra of dilute APIs in formulations. Finally, it will be shown
that fast MAS "H solid-state NMR spectroscopy provides sensitivity exceeding that of
3C CPMAS solid-state NMR and that simple "H NMR experiments can be used to
rapidly detect dilute APl phases within dosage forms.
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