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Multinuclear NMR Study on Some Boron Complexes and the

Interactions between Diperoxovanadate and Organic Ligands
Zhang Jun

ABSTRACT

Information for the determination of individual molecular structures and even
for the deduction of some chemical properties can in principle be extracted from
related NMR experimental data. Tris(trifluoromethyl)boron complexes have
unusual properties and may find applications in many fields of chemistry, biology,
and physics. Therefore, deeper investigation is worthwhile. The main conclusions
are summarized as follows:

1. To gain insight into their NMR properties, the isotropic 'B, *C and *F NMR
chemical shifts of a series of tris(trifluoromethyl)boron complexes were
systematically studied using the gauge-included atomic orbitals (GIAQO) method at
the level of B3LYP/6-31+G(d,p)//B3LYP/6-31G* and B3LYP/6-311+G(d,p)
//B3LYP/6-311+G(d, p). Solvent effects were taken into account by polarizable
continuum models (PCM). The calculated results are in good agreement with the
experimental values.

2. The reason that the structurally inequivalent fluorine atoms in a specific
species give a same chemical shift in experimental measurements is the fast
rotation of CF3z group around B-C(F3) bond due to the low energy barrier. The
calculated 'B, *C(F3), and ‘°F chemical shifts are in good agreement with the
experimental measurements, while the deviations of calculated *C(X, X = O, N)
chemical shifts are slightly large.

3. For the latter, the average absolute deviations of the results from
B3LYP/6-311+G(d,p)//B3LYP/6-311+G(d,p) are smaller than those from B3LYP
/6-31+G(d,p)//B3LYP/6-31G* and the inclusion of PCM reduces the deviation

vii



values. The calculated *°F and B chemical shieldings of (CF3)sBCO are greatly
dependent on the optimized structures, while the influence of structural parameters
on the calculated **C chemical shieldings is minor.

In the past three decades, the interactions between peroxovanadates and organic
ligands have attracted great interest in both chemistry and biology. In this work,
multinuclear NMR (*H, *C . *N and °'V), multidimensional (DOSY, HMQC)
and variable temperature NMR, together with theoretical calculations were utilized
to study the above interaction systems. Through the combination of these methods,
structures of all species in interaction systems were obtained and a better
understanding of the experimental phenomena was achieved. The main
conclusions are summarized as follows:

1. NMR and theoretical study were used to study the interactions between diper-
oxovanadates and small organic molecules such as pyridine-like ligands. A
spectroscopic method was established to explore this type of interactions. It is
worth mentioning that DOSY can be used to analyze the chemical structures and
components of mixtures without chemical separation. This makes it important for
the investigation of complicated mixtures avoiding time-consuming separation and
purification that may destroy the inspected system.

2. Theoretical calculations were also performed to explore the different
behaviors of the species in the interaction systems between bpV(oxa) and Gly-His
in gas phase. The DFT calculations show that the polydentate ligand binds to the
oxygen atoms of bpV via hydrogen binding in gas phase.

3. A new diperoxovanadate crystal NH;{OV(O,).[Picolinamide]}-H,O was
synthesized. The crystal was obtained from the interaction system,
NH4VO3/H,0,/Picolinamide, in aqueous solution under the physiological
conditions, and the complex was characterized by solution NMR, and X-ray

crystal diffraction.

Key words: tris(trifluoromethyl)boron complexes; DFT; NMR; chemical shifts;

diperoxovandates; organic ligands; interactions;
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