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Abstract. Monomeric zinc(II) and mercury(Il) complexes containing
tripodal nitrogen donor ligand 2,6-bis(3,4,5-trimethyl-N-pyrazolyl)pyr-
idine (btmpp) were synthesized, and characterized by elemental and
spectroscopic (IR, UV/Vis) analyses, TG-DTA and single-crystal X-
ray diffraction studies. X-ray analyses of the complexes
[Zn(btmpp)Cl,] (2) and [Hg(btmpp)(SCN),] (3) showed that both
structures crystallize in space group P2,/c with a = 7.9722(6), b =
18.3084(13), ¢ = 13.3117(9) A and Z = 4 for 2 and a = 8.7830(3), b =

21.1489(7), ¢ = 12.0682(4) A and Z = 4 for 3. Both monomeric units
contain pentacoordinate metal ions in distorted square-pyramidal ar-
rangement. The structures of complexes 2 and 3 were also computed
with DFT methods at B3LYP/LanL2DZ level and are in good agree-
ment with the experimental values obtained from X-ray analysis. The
NPa charge distributions, HOMO-LUMO gaps, and dipole moments
for 1, 2, and 3 were also reported. Natural bond orbital analyses were
performed to reveal local charges and charge transfers in 1, 2, and 3.

Introduction

Over the last two decades, there has been an increasing inter-
est in metal complexes of pyrazole-derived ligands, mainly due
to their potential application as building blocks for supramo-
lecular assemblies,!!! photovoltaic solar cell,””) their capabili-
ties to serve as catalysts of organic reactions,””! spin-crossover
compounds,™!  luminescence properties,’® and biological
models.””) In this context, Zhao and co-workers synthesized a
new bis-pyrazole derivative planar tridentate ligand 2,6-bis(5-
phenyl-1H-pyrazol-3-yl)pyridine (H,BPPP) and its zinc and
cadmium metal complexes and additionally investigated their
luminescence properties. Also, Willison et al.l®! reported plati-
num(Il) 2,6-bis(N-pyrazolyl)pyridine complexes, and investi-
gated their luminescence properties.

In recent years, density functional theory (DFT) has been
favored as a tool for quantum chemistry. DFT methods such as
B3LYP/6-31G(d) are often considered to be a standard model
chemistry for many applications."’

As a part of our systematic studies of the coordination chem-
istry with btmpp, we recently published a mononuclear Fe'
complex"” and a chlorido-bridged ~Cd"-isothiocyanato
complex.'!" Complexes of Group 12 metal ions, such as
zinc(Il) and mercury(Il) are also of interest since they are in-
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volved in many biological processes.!'>!"*) In this paper, we
report on the synthesis and the spectral, thermal, and X-ray
single crystal structural analyses of two new mononuclear
complexes, [Zn(btmpp)Cl,] (2) and [Hg(btmpp)(SCN),] (3)
(Figure 1). We also calculated the structural parameters of
complexes 2 and 3 in the ground state to compare the results

with the DFT methods.
@\Z /Q ﬁ\/}
HsC CHs HsC NCS SCN CHs

Figure 1. Chemical structures of the complex 2 and 3.

Experimental Section
Materials and Measurements

All reagents and solvents were purchased from Merck, Aldrich or
Carlo Erba and were used without further purification. The elemental
analyses for the ligands and complexes were carried out with a Leco,
CHNS-932 analyzer. Melting points were measured using Stuart Melt-
ing Point SMP3. The IR spectra were obtained by using IR grade KBr
disks with a Perkin—Elmer 1600 Series FTIR spectrophotometer in the
range of 4000-400 cm™'. The electronic spectra were obtained using a
Perkin—Elmer Lambda 25 UV/Vis spectrophotometer. The thermogra-
vimetry/differential thermal analysis (TG/DTA) measurements were
run with a Perkin—Elmer Diamond DTA/TG thermal analyzer. In this
study, thermogravimetric curves were obtained with a carrier gas flow
rate of 200 mL+-min~' and a heating rate of 20 °C-min”" under nitrogen
(3 bar) in ceramic crucibles. The experiments were carried out in a
temperature range of 30-1000 °C.
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Syntheses

btmpp (1): The ligand btmpp was prepared by heating a mixture of
2,6-dichloropyridine and the sodium salt of 3,4,5-trimethyl-N-pyrazole
in diglyme under reflux.'” 3.4 5-Trimethylpyrazole was synthesized
by the reaction of hydrazine hydrate and 3-methyl-2,4-pentandione.'!"!

[Zn(btmpp)Cl,] (2): A solution of 2,6-bis(3,4,5-trimethyl-N-pyra-
zolyl)pyridine (btmpp) (0.266 g, 1 mmol) in hot ethanol (20 mL) was
added to a hot ethanol solution (20 mL) of ZnCl, (0.136 g, 1 mmol).
The mixture was filtered off while the solution was hot. The resulting
mixture was set aside for three days and fine colorless crystals formed.
The crystals were filtered off and dried in air. Yield: 74 %, 'H NMR
(400 MHz, 298 K, (CDs),S0O) 1.94 (s, 3 H), 2.19 (s, 3 H), 2.51 (s, 6
H), 3.35 (s, 6 H), 7.63 (d, 2 H, J = 8.04 Hz), 8.04 (t, 1 H, J="7.56 Hz).
13C NMR (100 MHz, 298 K, (CD5),SO) 7.63, 11.77, 12.10, 112.54,
115.07, 136.70, 141.34, 149.03, 149.72. Anal. Calc. For
C17H,CpNsZn: C, 47.26; H, 4.86; N, 16.22. Found: C, 46.85; H, 4.72;
N, 16.09. Suitable crystals were selected for the XRD study.

[Hg(btmpp)SCN,] (3): A solution of 2,6-bis(3,4,5-trimethyl-N-pyra-
zolyl)pyridine (btmpp) (0.266 g, 1 mmol) in hot ethanol (20 mL) was
added to a hot ethanol solution (20 mL) of Hg(SCN), (0.316 g,
1 mmol). The mixture was filtered off while the solution was hot. The
resulting mixture was set aside for a few days and fine colorless crys-
tals formed. The crystals were filtered off and dried in air. Yield: 67 %,
mp: 180 °C, '"H NMR (500 MHz, 298 K, (CD;),S0) 1.95 (s, 3 H),
2.22 (s, 3 H), 2.51 (s, 6 H), 3.34 (s, 6 H), 7.66 (d, 2 H, J = 8.08 Hz),
8.10 (t, 1 H, J = 8.08 Hz). '3C NMR (100 MHz, 298 K, (CD;),SO)
7.64, 11.73, 12.10, 112.87, 115.53, 115.96, 137.31, 141.89, 149.41,
149.89. Anal. Calc. For Ci9H;N;S;Hg: C, 37.25; H, 3.43; N, 16.01.
Found: C, 37.08; H, 3.31; N, 15.88. Suitable crystals were selected for
the XRD study.

X-ray Structure Determination

One of the fine colorless single crystals was mounted on a glass fiber
and the intensity data of the Zn" and Hg" complexes were collected
using a STOE IPDS 2 diffractometer (Mo-K,, radiation, A = 0.71073 A)
at 293 K. The structures (Figure 2 and Figure 3) were solved by direct
methods using SHELXS-971'* and refined by a full-matrix least-
squares procedure (SHELXL-97).'"1" All non-hydrogen atoms were
easily found from the difference Fourier map and refined anisotropi-
cally. All hydrogen atoms of 2 and 3 were refined freely. The molecu-
lar plots were prepared by using ORTEPIIL!Y! The details of data
collection, refinement and crystallographic data are summarized in
Table 1. Crystallographic data for the structures of 2 and 3 reported
in this paper have been deposited with the Cambridge Crystallo-
graphic Data Centre (The Director, CCDC, 12 Union Road, Cam-
bridge, CB2 1EZ, UK; E-Mail: deposit@ccdc.cam.ac.uk; www:
http://www.ccde.cam.ac.uk; Fax: +44-1223-336033) and are available
free of charge on request, quoting the deposition number respectively
CCDC-693635 and CCDC-693636.

Computational Methods

The structure of molecules, 2 and 3, as determined by X-ray crystal
structure analysis, were fully optimized in the gas phase at B3LYP/
LanL2DZ level of theory without any constraint.!'® The structures of
free ligand (1) was also fully optimized at the same level of theory.
Natural bond orbital (NBO) calculations were performed with the NBO
code included in Gaussian03 program!'”! at B3LYP/LanL2DZ level of
theory.
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Figure 2. Molecular structure of complex 2, showing 40 % probability
displacement ellipsoids and the atom-numbering scheme.

Figure 3. Molecular structure of complex 3, showing 40 % probability
displacement ellipsoids and the atom-numbering scheme.

Results and Discussion
FT-IR Spectroscopy

To study coordination of the ligand btmpp to zinc and mer-
cury atoms in the complexes, the IR spectrum of the free li-
gand was compared with the IR spectra of 2 and 3. The interest
in the IR spectrum of complex 3 is mainly due to the bands of
the SCN™ ion around 2119 cm™'. The FT-IR spectrum of the
free ligand shows weak bands at 2859, 2918 cm’l, and
3087 cm™!, which can be assigned to CH; and aromatic hydro-
gen bonds. However, the band at 1599 cm™! in the free ligand
is shifted to 1611 cm™ in 2 and 1604 cm™! in 3, indicating a
non-coordinated pyridine ring,'8! this fact, together with the
shifts of y(CH) and J(ring) in the spectrums may also indicate
interaction between the zinc and mercury atoms and the pyri-
dine ring. The v(C=N) vibration of the pyrazole ring at
1583 cm™! in the free ligand is shifted to 1575 cm™ in 2 and
to 1577 cm ™' in 3. The FT-IR spectrum of the thiocyanate an-
ion for complex 3 shows characteristic very strong absorption
bands v,.,(C=N) at 2119 cm!, due to the presence of the ter-
minal thiocyanato ligands. The bands at 583, 602, 614 cm ™!
for 2, and 573, 599, 626 cm™! for 3, which are absent in 1, can
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Table 1. Crystal data and experimental details of complexes 2 and 3.

Chemical Formula

Formula weight

Crystal system

Space group

alA

b/A

c/A

Br

Unit cell volume V' /A’

VA

Calculated density Dy /g-cm™
Electron number F(000)
Linear absorption coefficient x /mm!
Crystal color, shape

Crystal dimensions /mm
X-ray and wavelength

Data collection temperature, 7' /K
Rim

h, k, [ intervals /°

emax. °

Data collection device
Reflections with (/ > 20(1))
Measured reflections
Independent reflections
Parameter number

R, Ryl >o(1))
S

ApPmin A Pmax. le:A

C]7H2]C12N52n (2)
431.66

Ci9H, HgN7S5(3)
612.14

Monoclinic Monoclinic
P2|/C P21/C
7.9722(6) 8.7830(3)
18.3084(13) 21.1489(7)
13.3117(9) 12.0682(4)
97.504(6) 98.351(3)
1926.3(2) 2217.91(13)
4 4

1.488 1.833

888 1184

1.562 7.148

Colorless, needle
0.19 x 0.32 x 0.41
Mo-K,, 0,71073

Colorless, prism.
0.16 x 0.35 x 0.59
Mo-K,, 0,71073

293(2) 293(2)

0.179 0.160

~10/10, -19/23, ~16/16 ~11/11, -26/26, -15/15
26.85 27.30

STOE IPDS 2 STOE IPDS 2
2201 4058

11098 33594

4077 4718

233 261

0.074, 0.196 0.043, 0.103
0.99 1.10

1.04, -0.57 1.03, -1.94

be assigned to the M—N frequencies, which is in agreement
with the reported frequencies for similar compounds.!"”’

Absorption Spectroscopy

The absorption spectra of the ligand (btmpp) and complexes
2 and 3 were recorded in dimethylformamide. The UV spectra
for ligand and complexes showed two strong absorptions bands
between 265 and 303 nm. For complex 2 and 3, two bands
occurred near 273 nm (13000 M -em™), 303 nm
(15000 M "-em™), and 266 nm (15000 M 'cm™), 302 nm
(18000 M '-cm™), respectively. The spectrum of the free ligand
exhibits intense peaks at 265 nm (12600 M '~cm™) and 303
nm (17500 M cm™), which indicate ligand-centered bands in
this region, though other charge-transfer transitions also may
contribute significantly to the intensity. The relative intensities
of these bands were lower than those of the free ligand. A
similar observation was mentioned by Willison et al.®] For
comparison, coordination of 2,2'-bipyridine to an acidic metal
atom is known to result in intense and structured n—n* absorp-
tion in the vicinity of 290-310 nm, which is very different
from the spectrum of the free ligand.[*”

Figure 4 shows the energy levels and the distributions of the
HOMO-1, HOMO, LUMO and LUMO+1 orbitals calculated
at B3LYP/LanL.2DZ level of theory for 1, 2 and 3. One can see
that nearly all the MOs are substantially localized on conjugate
plane, with only small contributions to the group out of plane
in the free ligand, 1. However, HOMO-1 and HOMO orbitals
are substantially localized on chlorido ions and thiocyanato
ions, especially the m-bonding orbitals of sulfur atoms, of com-
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plexes, 2 and 3, respectively. The LUMO, LUMO+1 orbitals
are mainly confined in the btmpp part of the metal complexes.
Moreover, the frontier molecular orbital energies play an im-
portant role in the electric and optical properties, as well as
in UV/Vis spectra and chemical reactions in the conjugated
molecules.”!! The HOMO-LUMO energy gap of free ligand
is 0.177 eV, whereas that of 2 and 3 are 0.111 and 0.112 ¢V,
respectively, allowing electron movement between these orbit-
als to easily occur so that a peak around 250-310 nm can be
observed in the UV/Vis spectrum.

Crystal Structures of the Complexes

The ORTEP and molecular packing diagrams of the mono-
meric unit of compound 2 are shown in Figure 2, Figure 3,
Figure 4, and Figure 5, respectively. The crystal data collec-
tion and refinement of 2 are summarized in Table 1 and the
important bond lengths and bond angles are listed in Table 2.
It crystallizes in space group P2,/c. One neutral tridentate mol-
ecule and two chlorido ligands are coordinated to the Zn" ion
in pentacoordinate environment. In pentacoordinated com-
pounds the coordination sphere can be described either as
square-pyramidal or trigonal bipyramidal depending on the pa-
rameter 7 = (f—a) / 60 (o and £ are the two largest bond angles
around the metal ion). Generally, for an ideal square pyramidal
arrangement 7 = 0 and for an ideal trigonal bipyramidal ar-
rangement 7 = 1.1%2] The largest bond angles in the coordination
sphere are 143.0(2) [N5-Zn-N1] and 125.70(15) [N3-Zn-—
C12], which give a 7 value of 0.288. This value is closer to that
of a distorted square-pyramid around the zinc atom. The mean

Z. Anorg. Allg. Chem. 2011, 1238-1245
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LUMO+1 (-0.040 eV)

LUMO+1 (-0.083 eV)

LUMO (-0.044 eV)

)

W,

HOMO (-0.221 eV)

HOMO-1 (-0.225 eV)

HOMO-1 (-0.203 eV)

HOMO-1 (-0.212 V)

Figure 4. Selected HOMO and LUMO orbitals of compounds 1-3 and their energies (in parentheses). Positive values of the orbital contour are
represented in light grey (0.04 au) and negative values in dark grey (—0.04 au).

basal plane is occupied by the three nitrogen atoms (N3 from
pyridine and N1, N5 from the pyrazole groups) and one chlo-
rido atom (CI2). The apical site is occupied by the other chlo-
rido atom (CI1).

The basal site bond lengths of Zn—-N1, Zn—-N3, Zn—NS5, Zn—
CI2 amount to 2.168(5), 2.202(6), 2.159(5), and 2.260(2) A,
respectively and the Zn—Cl1 bond length of the apical site
amounts to 2.236(2) A. The equatorial bond angles N1-Zn—
N3, N3-Zn-N5, N1-Zn—CI2 and N1-Zn-Cll are 71.4(2),
71.8(2), 98.43(16), and 99.98(16), respectively. The zinc atom
is deviated from the mean basal plane by N1, N3, N5 and CI2
by 0.712 A. This deviation from the square pyramidal geome-
try is indicated by the equatorial bond angles that vary from
71.4(2) to 99.98(16)° from its normal value of 90°. The frans
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angles N3-Znl-CI2 and N5-Znl-Nl1 have values of
125.69(16) and 143.0(2), respectively and are not close to line-
arity.

Crystal data collection and refinement of compound 3 are
summarized in Table 1. The ORTEP and molecular packing
diagrams are displayed in Figure 3 and Figure 6, respectively.
Selected bond lengths and angles in 3 are listed in Table 2.
Compound 2 crystallizes in space group P2,/c. The pentacoor-
dinate Hg" atom in 3 adopts a distorted square-pyramidal ar-
rangement and is coordinated by three nitrogen atoms from the
btmpp ligand and two sulfur atoms from the thiocyanate ions.
The largest bond angles in the coordination sphere are
127.97(8)° [S2-Hgl-S1] and 126.83(16)° [N1-Hgl-N5],
which give a 7 value of 0.019. This value is closer to distorted

www.zaac.wiley-vch.de 1241
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Figure 5. Packing diagram of [Zn(btmpp)Cl,]. Figure 6. Packing diagram of [Hg(btmpp)(SCN),].

square-pyramidal arrangement around the mercury atom. The  Table 3. Hydrogen bonding geometry /A, °

mean basal plane is occupied by the two nitrogen atoms (Nl, D-H-A D-HHA DA D-H-A
NS from the pyrﬁzcﬂe.gr?up s) and two Szllgur ;toms .(grlom thio-  btmpp(SCN)* C5-HS-N6  0.93 2.50 3.327(10) 148
cyanate ions). T ¢ apical site is occupied by the pyridine nitro- CT-HT-NT' 093 2.62 3.469(10) 151
gen atom. The thiocyanate ions are almost linear coordinated CI2-H12C--S1' 0.96 2.96 3.750(10) 140

with N6-C18-S1 and N7-C19-S2 bond angles of 176.4(7)°  ZnbtmppCl,**  C17-H17B~CIl' 0.96 2.77 3.722(10) 172
and 177.1(9)°, respectively. All bond lengths and angles are

Table 2. Selected bond lengths /A, bond angles and dihedral angles /° for compounds, 1-3 (M = Zn, Hg and X = CI, S).

1 (free ligand) 2 (Zn) 3 (Hg)

Bond lengths calculated calculated measealculated measured
ured

NI1-N2 1.398 1.401 1.3791.404 1.355
N2-C4 1.424 1.412 1.4061.414 1.407
C4-N3 1.349 1.351 1.3281.352 1.347
C4-C5 1.412 1.410 1.3791.409 1.385
C5-C6 1.404 1.403 1.3891.401 1.378
N2-C3 1.380 1.405 1.3801.401 1.395
M-N1 - 2.193 2.1682.545 2.428
M-N3 - 2.238 2.2022.514 2.532
M-N5 - 2.193 2.1582.504 2.433
M-X1 - 2.351 2.2362.685 2.444
Bond angles
N1-N2-C4 119.35 116.75 116.2118.29 118.74
N1-N2-C3 111.83 110.17 110.0910.59 109.71
N2-C3-Cl14 123.86 125.13 123.9024.82 124.98
N2-C4-C5 120.03 124.67 124.6822.80 124.29
C4-N3-C8 118.58 121.40 120.3920.75 118.20
C4-C5-Co6 118.09 117.42 116.6617.85 117.66
C1-C2-C3 105.70 106.39 105.4606.23 106.32
N1-M-N3 - 71.74 71.4264.40 63.42
N1-M-N5 - 142.46 142.9528.68 126.80
N3-M-X1 - 128.28 125.6902.32 114.58
Dihedral angles
N1-N2-C4-N3 48.12 2.64 12.1517.56 10.79
N5-N4-C8-N3 48.11 2.63 1.64 21.88 16.91
C1-C2-C3-Cl14 177.28 179.45 178.8171.95 177.68
C4-C5-C6-C7 1.15 0.09 1.01 1.89 0.32
N3-M-N1-N2 - 7.66 10.6928.32 19.18
Dipole moment 5.48 12.89 - 910 -

1242 www.zaac.wiley-vch.de © 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim Z. Anorg. Allg. Chem. 2011, 1238-1245



Zinc(II) and Mercury(Il) Complexes of Pyrazole-Based NNN-Type Ligands

in agreement with those in similar structures.”*** Hydrogen
bonding geometry is shown in Table 3. The asymmetric unit
of the title compound contains two crystallographically inde-
pendent molecules, and the molecules exist as C5-H5+-*N6 and
C7-H7-+N7 hydrogen-bonded centrosymmetric dimers with
R,2(16), R,%(16) rings, respectively. Analysis of the crystal
packing of the title compound reveals that the molecules are
linked by weak m+m stacking interaction between the centroids
of the N3-C8 rings [CgCg (2-x, =y, 1-z) = 3.747(3) A].

In general, the predicted bond lengths and angles are in
agreement with the values based upon the X-ray crystal struc-
ture data, and the general trends observed in the experimental
data are well reproduced in the calculations.

Thermal Analyses

TG and DTA analyses of the complex 2 were carried out
under inert atmosphere. As the results obtained from the TGA-
DTA thermogram of 2 showed, no weight loss occurred up to
300 °C (Figure 7). The complex started to melt at 358 °C. It
was observed that during melting the complex also started to
decompose. Between 300-900 °C, it could be conceived that
a mass loss of 84.7 % with a large thermal decomposition be-
longs to the btmpp ligand and two chlorine atoms because the
ratio of the bdmpp ligand and chlorine atoms in the complex
amounts to 84.9 %. The second endothermic peak of the DTA
curve was due to this decomposition. At 900 °C a residue of
15.3 % remained, which might be metallic zinc (theoretical
value: 15,3 %). At higher temperatures weight loss continued
slowly, which might be explained by sublimation of zinc.

Weight % (%) ———  ——
w F3 w =] -~ =]
o o o o e o
Endo. «—— AT—» Exo.

(%}
1=}

H 16|

o

o

25 100 200 300 400 500 600 700 800 900 950

Temperature (°C)

Figure 7. DTA/TG curves of [Zn(btmpp)Cl,].

Complex 3 is stable up to 250 °C (Figure 8). Three endother-
mic and one exothermic signals were observed in the DTA
curve. The first endothermic peak at 178 °C is due to melting
of the complex. Thermal decomposition of complex 3, took
place in three steps. In the first step a weight loss of 49.5 %
was observed between 200-330 °C, which corresponds with
the btmpp ligand ratio in complex 3. Between 330 °C—420 °C
a weight loss of 35,8 % was observed, which might be due to
the leave of HgS (in theoretical 37.9 %). Up to a temperature

Z. Anorg. Allg. Chem. 2011, 1238-1245
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of 850 °C, the mass nearly vanishes. This situation shows that
rest of the structure mainly sublimes in the final decomposition
step.

Weight % (%) ——— =
LTRSS TR T
8 & o 8

=
o
Endo. «—— AT— Exo.

25 100 200 300 400 500 600 700 800 900 950

Temperature (°C)

Figure 8. DTA/TG curves of the [Hg(btmpp)(SCN),].

Charge Distributions

Table 4 shows the atomic charges from natural population
analyses (NPA) for 1-3. The calculated charges on the metal
ions, zinc and mercury are considerable lower than the formal
charge, +2. The population of the p,, p,, and p; orbitals of the
metal atoms in 2 and 3 are given in the following: complex 2-
Zn: 0.00766, 0.01400, and 0.01258 e; complex 3-Hg: 0.00838,
0.00617, and 0.01198 e". Moreover, the d,, d., d,., d,>,> and
d,> orbitals of the metal atoms in 2 and 3 are occupied more
than 1.99 e". This is the result of significant charge donation
from the btmpp ligand, chlorido ions and thiocyanato ions. The
mercury ions in 3 are less positive in comparison with the zinc
ions in 2. In both complexes 2 and 3, the considerably less
negative values of charges are observed for btmpp ligand when
compared with the charges of free ligand 1. This indicates the
higher electron delocalization from the N, N;, and N5 atoms
towards the metal atoms zinc and mercury and corresponds to
differences in the M—N bond lengths.

Table 4. Calculated NPA charges of optimized structures; 1, 2, and 3
at B3LYP/LanL2DZ level.

1 2 3

NI -0.291 —0.440 —0.428
N2 —0.268 -0.242 -0.244
N3 —0.461 —0.641 -0.615
N4 —0.268 —0.242 -0.247
NS —-0.291 —0.440 —0.432
M - 1.582 1.413
NBO Analyses

The application of natural bond orbital (NBO) analysis has
been described elsewhere.!>) A useful aspect of the NBO
method is that it provides information about interactions in
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both filled and virtual orbital spaces that could enhance the
analysis of intra- and intermolecular interactions. Selected
NBOs occupancies and energies for compounds 1-3 are listed
in Table 5, which were calculated on natural atomic orbital and
bond orbital analyses at B3LYP/LanL2DZ level based on the
experimental structures.

Table 5. Selected NBOs occupancies and energies of compounds 1-3.

1 2 3
NBO Occupancy EnergiesOccupancy Energies

Occupancy Energies

LP NI 1.94681 233,89 1.91590 281,61 1.91212 277,06
LP N21.57947 -160,83 1.56877 —187,67 1.56763  —186,13
LP N31.90467 200,70 1.89312 252,43 1.87848 248,06
LP N41.57947 -160,83 1.56877 —187,67 1.57405 189,19
LP N51.94681 -233,891.91590 281,61 1.90410 281,10
LPM — - 1.99958 355,96 1.99897 342,34
LPM — - 1.99809 354,83 1.99812 342,29
LPM - - 1.99805 355,02 1.99753 341,92
LP* M- - 0.38456 28,44 0.56541 82,51

LP represents lone pair, LP* represents anti-LP. Energies in kcal-mol ™.

NBO analyses revealed that the electronic occupancies of the
anti-LP electrons of 3 are distinctly higher than those of 2 and
the orbital potential energy of the anti-LP electrons of 3 are
lower than those of 2. The electronic populations on the lone
pair orbitals of nitrogen atoms have an occupation significantly
lower than two electrons. The low occupancies of the p orbitals
of nitrogen atoms support the idea of the presence of delocal-
ized bonds between the “m” molecular orbital of the nitrogen
lone pair in the plane of btmpp ligand and the molecular orbital
of the zinc and mercury atoms in this plane. At the same time,
according to the results of second order perturbation theory
analyses not reported here, the lone pairs of metal atoms in 2
and 3 have no contribution to the coordination of the com-
pounds.

Conclusions

This study aimed to obtain and discover monomeric com-
plexes of btmpp. Btmpp-metal complexes have been only
rarely reported in literature. The ligand btmpp and its Zn"" and
Hg!"" complexes were synthesized and characterized by single-
crystal X-ray diffraction, elemental analysis, thermal analysis,
and '"H NMR, '°C NMR, IR, and UV/Vis spectroscopy.

The structures of complexes, 2 and 3, computed at the
B3LYP/ LanL.2DZ level of theory agreed well with experiment
values obtained from their X-ray analyses. Computational
studies from NBO analyses also depicted that in both com-
plexes 2 and 3, the considerable differences in values of char-
ges for the ligand btmpp became less negative when compared
with the charges of free ligand 1.
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