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Theoretical Studies on Eight
Oxovanadium(lV) Complexes with
Salicylaldehyde and Aniline Ligands

Salisilaldehid ve Anilin Ligandlarini iceren Sekiz
Oksovanadyum(lV) Kompleksi Uzerine Teorik
Calismalar
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ABSTRACT

Eight oxovanadium(lV) complexes with five-coordinate consists of salicylaldehyde and anilines which their
abbreviated representations are VO(sal-anl), (1), VO(sal-clanl), (2), VO(sal-mxyanl), (3), VO(sal-ntranl), (4), VO(
brsal-anl), (5), VO(brsal-clanl), (6), VO(brsal-mxyanl), (7), VO(brsal-ntranl), (8) were optimized by using density
functional theory (DFT) at B3LYP level with 6-31G and LANL2DZ basis sets in vacuum. Geometrical parameters,
stretching frequencies and some quantum chemical parameters of all complexes were obtained from optimized
structures. Bond distance and bond angle are not present in the literature were predicted with computational
methods. The calculated V-0 stretching frequencies of complexes were calculated at B3LYP method with 6-31G and
LANL2DZ basis sets. The most compatible stretching frequencies with the experimental values were found with
B3LYP/6-31G level. Some quantum chemical parameters were calculated to predict the biological activity ranking.
Biological activity ranking of these complexes were found as (7) < (8) < (4) < (6) <(5) < (2) < (1) < (3)
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6zET

1saltilmis gdsterimleri VO(sal-anl)2 (1), VO(sal-clanl)2 (2), VO(sal-mxyanl)2 (3), VO(sal-ntranl)2 (4), VO(brsal-anl)2

(5), VO(brsal-clanl)2 (6), VO(brsal-mxyanl)2 (7), VO(brsal-ntranl)2 (8) olan salisilaldehid ve anilin ligandlarini
iceren bes koordinasyonlu sekiz oksovanadyum(lV) kompleksi gaz fazda B3LYP diizeyi 6-31G ve LANL2DZ
temel seti iceren yogunluk fonsiyon teorisi kullanilarak optimize edildi. Komplekslerin geometrik parametreleri,
titresim frekanslari ve bazi kuantum kimyasal parametreleri optimize edilmis yapilardan elde edildi. Literattirde
deneysel bag uzunluklari ve bag acilari simdiye kadar verilmedigi icin 6ngorildi. Komplekslerin hesaplanan V-0
bag gerilmeleri frekanslari B3LYP metodunda 6-31G ve LANL2DZ temel setleriile hesaplandi. Deneysel verilerle en
uyumlu bag gerilme frekanslari B3LYP/6-31G diizeyinde elde edildi. Bazi kuantum kimyasal parametreler biyolojik
aktivite sirasini 6ngdérmek icin hesaplandi. Bu komplekslerin biyolojik aktiflik siralamasi (7)< (8) < (4) < (6) < (5) < (2)
< (1) < (3) olarak belirlendi.
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INTRODUCTION

anadium is an important element with regard

to biological and pharmacological activity [1].
Vanadium complexes are the necessary for human
body [2] and they are used for treating diabetes,
low blood sugar, high cholesterol, heart disease
and preventing cancer. Therefore vanadium
complexes have attracted considerable interest
in recent years. Especially, many varieties oxo-
vanadium complexes with different coordination
structures have been synthesized in order to
reduce the side effects of drugs, increase the
half-life of the compounds and prevent drug
poisoning [3]. Furthermore, many clinical trials of
vanadium compounds have also been reported [4-
71. In recent studies, quantum chemical methods
related to chemical structures for their biological
activities give information about drug design and
medicinal chemistry [8-10]. Biological activities of
the complexes are a function of quantum chemical
descriptors. Quantum chemical parameter
contributes to biological activities as negative or
positive tendency.

Misra et al. have studied experimentally a
series of oxovanadium(lV) complexes with Schiff
bases ligand [11]. Five-coordinate oxovanadium(lV)
complexes consists of salicylaldehyde
(5-bromosalicylaldehyde) and anilines. The
structures of these type complexes and their
abbreviated representations were given in Figure
1.

The aim of this work for oxovanadium (IV)
complexes given in Figure 1 is to determine the

structural parameters, calculate stretching
X
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frequencies of V-O bonds and predict biological
activity ranking by using some quantum chemical
parameters, theoretically. Calculations were
performed at B3LYP/6-31G and B3LYP/LANL2DZ
levels in vacuum. The best optimized structures
were determined according to V-O stretching
frequencies. The structural parameters were
obtained from these optimized structures. The
guantum chemical descriptors which are highest
occupied molecular orbital energy (E,. )
lowest unoccupied molecular orbital energy
(E,omo) €nergy gap (AE), electronegativity
(), electrophilicity (o), chemical hardness (1),
chemical potential (u), chemical softness (o)
were used to determine the ranking of biological
activities. Quantum chemical descriptors were
calculated as below:

E

HOMO

Energy gap (AE) =E

LUMO

Electronegativity () = (E_,,0*E,on0)/2
Electrophilicity (w) =p?/2n

Chemical hardness () = (E E 2

LUMO- HOMO)/

Chemical potential (u) ==y

Chemical softness (o) =1/n

Computational method

The structures of all oxovanadium complexes
were prepared with GaussView 5.0.8 [12]. The
geometries were fully optimized by using Gaussian
09 Revision-A.02 [13] at DFT/B3LYP/6-31G and
DFT/B3LYP/LANL2DZ levels for all atoms in the
gas phase. DFT method is based upon a strategy
of modeling electron correlation via general

(1) VO(sal-anl), X=H Y=H
(2) VO(sal-clanl), X=Cl Y=H
(3) VO(sal-mxyanl); X=0CH3 Y=H
(4) VO(sal-ntranl), X=NO, Y=H
(5) VO( brsal-anl), X=H Y=Br
(6) VO(brsal-clanl), X=Cl Y=Br

(7) VO(brsal-mxyanl); X=OCHj3 Y=Br
(8) VO(brsal-ntranl); X=NO, Y=Br

Figure 1. Chemical structures of the oxovanadium (IV) complexes and abbreviated representations.



functionals of the electron density. The B3LYP
Beke's three-parameter exchange-correlation
hybrid functional with non-local correlation
corrections, provided by Lee, Yang and Parr
was used in calculations [14-17]. 6-31G basis set
indicates that each inner shell STO is represented
by a sum of six Gaussians and each valance shell
STO is split into inner and outer parts described
by three and one Gaussian primitives, respectively
[18]. LANL2DZ basis set is used for post-third-row
atoms. This basis set uses effective core potentials
in calculations [191.

RESULT AND DISCUSSION

V-0 stretching frequencies of complexes

Harmonic V-O stretching frequencies of
oxovanadium complexes were calculated
at B3LYP/6-31G and LANL2DZ levels in gas
phase. This process was done to determine the

structure compatible with experimental structure.

Harmonic frequencies were scaled with 0.9620
for B3LYP/6-31G and 0.9257 for B3LYP/LANL2DZ
levels [20]. Calculated stretching frequencies
were listed in Table 1.

Table 1. The calculated and experimental V-0 stretching
frequencies (cm™) for studied complexes.

Complexes Calc. Freq. Exp. Freq.
6-31G LANL2DZ
Q)] 980 971 980
(2) 979 969 983
3) 978 970 971
4) 978 966 987
(5) 985 974 986
6) 995 972 980
(7) 993 972 980
(8) 988 976 985

The calculated V-O stretching frequencies
are compatible with experimental values. In other
words, the harmony between experimental and
theoretical values were determined with average
differences (AD). Namely, the average differences
decrease with increasing of harmony between the
experimental and calculated values. The average
difference is found as follows:

Z |VCalc - VExp

AD=&lc Evl
n

S.E. Kariper et al. / Hacettepe J. Biol. & Chem., 2014, 42 (3), 337-342

Figure 2. Optimized structure and atomic numbering
scheme for complex (1).

where n is compound number. The average
differences is 6.5 and 10.2 for 6-31G and LANL2DZ
basis sets, respectively. Consequently, 6-31G basis
set for optimized structures is more compatible
than LANL2DZ.

Optimized Geometries

Structural parameters are not present in the
literature for all complexes. Therefore, bond
distances and bond angles for studied complexes
were obtained with B3LYP/6-31G level from
optimized molecular structures. Optimized
molecular structure and atomic numbering
scheme of complex (1) are presented in Figure 2.

Atomic numbering schemes are same and
optimized molecular structures are similar for the
other seven complexes. The selected structural
parameters were listed in Table 2 for all complexes.

As shown in Table 2, V=0, V-O1and V-02 bond
distances are 1.61,1.91 and 1.91 A for all complexes,
respectively. Vanadium double-bonded oxygen is
shorter than vanadium single-bonded oxygen. This
is expected a situation because of theoretically
double-bonded is shorter than single-bonded.
V-N1 and V-N2 bond distances are 2.14 A for all
complexes.

01-V-02, N1-V-N2 bond angles are 180° in
ideal square pyramidal geometry. Whereas these
angles were approximately obtained as 127° and
163°, respectively. O1-V-N1, 02-V-N1, 02-V-N2 and
01-V-N2 angles are 90° in ideal square pyramidal
geometry. These angles were approximately
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Table 2. Structural parameters obtained at B3LYP/6-31G level for the type complexes [VO(L),] .

Distance(A) Q) (2) 3) (4) (5) (6) ) (8)
V=0 1.62 1.62 1.62 1.62 1.61 1.61 1.61 1.61
V-01 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91
V-02 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91
V-N1 214 214 214 214 214 214 214 214
V-N2 214 214 214 214 214 214 2.14 214
Angle(”)

01-V-02 126.6 126.7 126.2 127.0 126.8 126.8 126.4 127.4
N1-V-N2 162.7 162.9 163.2 162.7 162.6 162.9 163.1 162.6
01-V-N1 85.9 85.9 86.0 85.9 85.9 85.9 86.0 86.0
02-V-N1 86.3 86.4 86.4 86.4 86.3 85.9 86.4 86.4
02-V-N2 85.9 85.9 86.0 86.4 85.9 85.9 86.0 86.0
01-V-N2 86.3 86.0 86.4 86.4 86.3 86.4 86.4 86.4
0=V-01 6.7 116.6 116.9 116.5 116.6 16.6 116.8 16.8
0=V-N1 98.7 98.5 98.4 98.6 98.7 98.6 98.4 98.4
0=V-02 16.7 116.6 116.9 116.5 116.6 16.6 116.8 116.8
0=V-N2 98.6 98.5 98.4 98.6 98.7 98.6 98.4 98.4

found as 86° for all complexes. In addition, angles
between atoms (01, 02, N1 and N2) in square
planer and V=0 are 90° in ideal square pyramidal
geometry. But O=V-N(1,2) and 0=V-0(1,2) angles
were obtained as 98° and 116°. These results
indicate that vanadium(lV) center is not ideal
square pyramidal. Namely, molecular geometries
of all complexes are distorted square pyramidal.

When geometric parameters are examined,
bond distances and bond angles of vanadium
center are almost unchanged in all complexes.
Whereas it is expected that bond distances and
angles have changed with connecting the electron-
withdrawing and electron-donor groups. Then,
structural parameters do not effect biological
activity of complexes. Because biological activities
of complexes were found to be different.

Quantum chemical descriptors

Pharmacological activities of molecules depend
on quantitative structure and this relationship is
determined experimentally or computationally.
Quantitative  structure-activity  relationships
(QSAR) are expressed as a function of the
molecular descriptors:

.. 2 2
Activity =c, + ¢ d, +c,d; +c,d, +c,d; +...

where d, is the value of the descriptor and c,

is a coefficient calculated by fitting the data
by regression analysis [18]. Quantum chemical
descriptors are calculated with computational
methods. In this study quantum chemical
descriptors were obtained by using B3LYP/6-31G
level in gas phase. They are listed in Table 3.

Experimental activity ranking (IC,, values) of
oxovanadium (IV) complexes have been measured
by Misra S. at all [11]. We know that biological
activity is reduced with increasing of IC,, values. In
that case, (3) and (4) have the highest and (7) has
the lowest biological activity. Namely, biological
activity ranking is as follows:

(7)< (8)<(5)<(2)<(M<(3)=(4)

Biological activity ranking according to E (AE,

n and -o) and o is as follows:

LUMO'

(8)<(4) <(6)<(5) < (N <@ <M<B) (E,y0)
TM)>M>2)>(3)>(5)>(6)>(4)>(8) (AE, 1, -0)
B)<M<(M<(@2)<(5)<(6)<(4)<(8) (w)

Theranking of E, ., xand -u for studied complexes
are accordance with experimental ranking except
for complex (4). The ranking of these descriptors
is as follows:

(7)<(8)<(4)<(6)<(B)<(2) <)< (3)
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Table 3. Quantum chemical descriptors* for all oxovanadium complexes.

Complex. Eromo E oo AE

) -3.79 -1.89 1.90
) -3.93 -2.05 1.89
3) -3.66 -1.81 1.85
4) -4.68 -3.06 1.63
5) -4.08 -2.24 1.84
(6) -4.34 -2.52 1.82
) -7.88 -2.15 573
(8) -4.86 -3.25 1.61

X

-2.84
-2.99
2.73
-3.87
-3.16

-3.43
-5.01

-4.05

n p G o
0.95 2.84 1.05 4.26
0.94 2.99 1.06 474
0.93 2.73 1.08 4.03
0.81 3.87 1.23 9.22
0.92 316 1.09 5.43
0.91 3.43 1.10 6.45
2.86 5.01 0.35 4.39
0.80 4.05 1.24 10.22

*Quantum chemical descriptors are given in unit eV

This final ranking indicates that some descriptors
are accordance with experimental ranking. A
prediction was carried out for biological activity
of complex (6) which its biological activity was
not determined experimentally.

CONCLUSIONS

Eight oxovanadium (IV) complexes with
salicylaldehyde and aniline ligands were studied
at the B3LYP/6-31G and B3LYP/LANL2DZ levels
in vacuum. Optimal basis set was determined as
6-31G level in terms of comparison the calculated
stretching frequencies with experimental values.
Bond distances and bond angles were calculated
with optimal basis set. The structures of all
oxovanadium complexes were found as distorted
square pyramidal. Quantum chemical descriptors
were calculated at the same basis set. The ranking
for E .. -nand x was found to be consistent
with experimental biological activity ranking.
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