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ABSTRACT. The paper reports on the molecular modelling of [Zn(th).(dien)] -
2H,0, which serves as the model compound for assessing metal-nucleobase
interactions. The X-ray crystallographic data was completed by ab initio density
functional theory. Structural parameters of the complex were investigated
by using different methods: the unrestricted Becke three-parameter hybrid
exchange functional, combined with the Lee—Yang—Parr correlation functional
(B3LYP), the 6-311G(d,p), LANL2DZ, CRENBL, and DZVP basis sets applied
for geometry optimizations.
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INTRODUCTION

The chemistry of metal complexes of theophylline (Scheme 1)
has been extensively studied, mainly because of the capacity of these
complexes to serve as model compounds for assessing the interaction
between metal ions and oxopurine bases of nucleic acids. Previous
research revealed that theophylline, i.e., 1,3-dimethyl-2,6-dioxo-purine,
is able to coordinate metal ions acting as a monodentate ligand via
N7 in alkaline conditions [1-3] and via N9 in neutral conditions [4]; it
can also form organometallic compounds via the C8 atom [5].

Several compounds in which theophylline acts as a bidentate
ligand, forming N7/0O6 chelates well also reported [6].
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Scheme 1

In our research on coordination compounds with theophylline and
various amines we reported the synthesis and characterization of several
new mixed ligand complexes of Cu(ll), Co(ll) and Ni(ll), containing the
theophyllinato anion and 2-aminoethanol or benzylamine as co-ligands [7—
10]. The synthesis of [Zn(th)(dien)]-2H,O and the corresponding X-Ray
structure was also presented [11].

The aim of this work was the calculation of [Zn(th),(dien)]-2H,0, at
different levels of theory, in order to evaluate their accuracy by comparing
them to experimental data. Results of geometry optimizations were in good
agreement with the experimental values.

RESULTS AND DISCUSSION
Computational details

Geometry optimizations were performed by using the density
functional theory (DFT) using the unrestricted Becke three-parameter
hybrid exchange functional, combined with the Lee—Yang—Parr correlation
functional (B3LYP). The 6-311G(d,p) [12] full electron and LANL2DZ (Los
Alamos National Laboratory 2 Double Zeta) [13, 14] effective core potential
(ECP) basis sets are internal, while the CRENBL ECP (Christiansen’s
effective core potential) [15, 16] and DZVP (Double Zeta Valence with
Polarization) [17] full electron basis sets were obtained from the Basis Set
Exchange webpage [18]. The Gaussian09 electronic structure program
package was used for calculations [19]. Optimizations were performed with
the standard convergency criteria of Gaussian09, followed by vibrational
analysis to make certain that the obtained geometries are true minima.

Optimized geometries

In the complex under study, the geometry around the pentacoordinated
Zn(ll) is a distorted trigonal bipyramide, consisting of three N atoms of the
diethylenetriamine ligand and the N7 atom of each of the two theophyllinate
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moieties. The Zn—N, distance found in the complex is longer than the Zn—N,
bond, corresponding to the typical appropriate distances found in trigonal
bypiramidal structures. One of the two water molecules is positioned on the
coordination axis, but relatively far from the central Zn(ll) atom; consequently,
it can be considered as being located outside the proper coordination sphere
of Zn(ll).

The molecular structure of [Zn(th),(dien)] with the water molecule,
closer to the metal ion, was optimized in the gaseous phase. The final
geometries and the structure determined by X-Ray diffraction are displayed
in Figure 1. In all cases there are two hydrogen bonds present in the
optimized structures; one between the C6=0 of the equatorial theophylline
and the No—H of dien moiety and the other formed between the C6=0 of the
axial theophylline and the water molecule.

X-Ray molecular structure Calculated (B3LYP/6-311G**)

<

Calculated Calculated Calculated
(B3LYP/LANL2DZ) (B3LYP/CRENBL ECP) (B3LYP/DZVP)

Figure 1. X-Ray molecular structure of [Zn(th),(dien)]-2H,0,
and the corresponding optimized structures.
(Color code: C — grey, N — blue, O —red, H — white, Zn — green)

The main geometrical parameters, optimized at different levels of
theory, are listed in Table 1. Theoretical calculations revealed that the majority
of optimized bond lengths are slightly longer than the experimental values.
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This can be also considered as a consequence of having performed the
theoretical calculations for an isolated molecule in gaseous phase, while
the experimental results were recorded for the compound in solid state.
Hydrogen bonds formation also contributes to the changes in geometry.

Our results suggest that the differences of bond lengths and bond
angles between the experimental data and the predicted values are greater
when using the DZVP basis set. According to the calculated values, the water
molecule considered for optimization is located outside the coordination sphere.
This statement is valid for all calculation techniques employed. Therefore, the
Zn(ll) atom is pentacoordinated, having distorted trigonal bipyramide geometry;
hence, it cannot be considered as being hexacoordinated.

The mean error for angle values is greater, when using the DZVP
basis set (see Table 1).

Table 1. Experimental and calculated geometry parameters.

X-Ray 6-311G(d,p) LANL2DZ CRENBL DzZVP
ECP
Distances (A)
Zn—Na 2.120 2.087 2.159 2.127 2.110
Zn—Ne 2.074 2.031 2.097 2.142 2.049
Zn—N1 2.084 2.161 2.183 2.204 2.199
Zn-N; 2.220 2.215 2.242 2.246 2.244
Zn—N3 2.092 2.175 2.201 2.231 2.207
Zn-Oy 3.190 3.735 3.639 3.592 3.819
Angles (°)
Na—Zn—Ne 95.5 104.2 102.0 96.1 105.3
Na—Zn—N1 93.3 91.2 90.8 92.1 90.8
Na—Zn—N> 165.1 151.9 154 .1 161.7 149.6
Na—Zn—N3 97.2 94.0 92.9 95.2 93.9
Ne—Zn—Nj 119.6 114.9 118.5 116.9 115.5
Ne—Zn-Nj 101.9 101.2 101.8 96.8 101.8
N1—Zn—N3 135.9 140.9 137.8 144.6 139.5
Ne—Zn—Oy 171.6 166.7 170.0 171.8 167.0

N, and N, represent the N7 donor atom of theophylline ligands. The terminal N, and Ns
atoms of the dien ligand are in the equatorial plane, while the middle N, atom is
located in an axial position. O,, designates the O atom of the nearer water molecule,
opposite to the N, position.

Reported data are in good agreement with the experimental ones,
revealing that the CRENBL ECP and the B3LYP/LANL2DZ level of theory
are suitable for the theoretical study of the system described above.
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Vibrational analysis

Vibrational frequencies, calculated at the B3LYP/6-311G(d,p) level,
were scaled by the typical factor 0.96. Several selected primary calculated
harmonic frequencies are listed in Table 2, in comparison with the experimental
data. The Gabedit program [20] was used for assigning the calculated harmonic
frequencies.

The calculated values of the predicted harmonic vibrational frequencies
are relatively close to the frequencies found in the experimental FTIR spectrum
of the complex. The largest deviations occur for the B3LYP/CRENBL level
of the theory.

It can be stated that the scaled frequencies of the DFT calculation
are close to the corresponding FTIR vibration values, and that the DFT B3LYP
method can predict accurately the vibrational frequencies for the system
reported here.

Table 2. Comparison of the observed and calculated vibrational spectra.

- Exp. R | Caled Calcd. (ggl'_cfg,/ Calcd.
ssignment (KBr) (B3LYP/ (B3LYP/ CRENBL (B3LYP/
6-311G(d,p))| LANL2DZ) ECP) DZVP)
3879.32 421631 | 3828.73
O-Hstr. | 349631 | 359880 | 380736 | 450580 | 3507.71
3563.28 3739.65 3548.90
33536 | 3398.88 3559.56 3737.18 | 3548.64
N-Hstr. | 331889 | 3391.68 3364.38 349271 | 3405.40
3272.61 320810 | 3492.71- | 3393.47
3275.40 3451.96 | 3359.62
3306.03
3232.66- | 329673 | 3207.59- |3254.30-
C-Hstr. | 294091 | 550589 | 3216.05- | 3058.50 | 3027.60
3022.41
168548 | 1758.63 1668.08 1864.09 | 1747.37
C=Ostr. | 166427 | 175557 1663.69 1861.81 | 1744.49
1635.34 1787.50

CONCLUSIONS

Our calculations revealed that the utilized techniques were efficient
in optimizing structural geometries of systems based on organic molecules
and transition metal ions, such as Zn(ll). The best calculation precision of
the geometry parameters was obtained for the B3LYP/CRENBL ECP and
B3LYP/LANL2DZ level of the theory.
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