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ABSTRACT

A novel Dichlorobis(N-{4-[(2-pyrimidinyl-kN-amina)¥onyl}acetamide)copper(ll), containing a metabeliN-
acetylsulfadiazinehas been synthesized and chaizete However, PM3 semi empirical quantum mecleanic
calculations were carried out on the most stabtecttire of the complex to obtain the geometriestrttodynamic
parameters, vibrational frequencies, geometric paeters and band gaps of the novel complex. Cosgasiwere
made on the calculated bond distances, bond angtes dihedralwith experimental data, the result afeal
compares perfectly well with the experimental data.

Keywords: Geometric parameters, Cu (IIl) Complex,Dipole motagBand gaps, modelling.

INTRODUCTION

The term computational chemistry is generally ugbdn a mathematical method is sufficiently well eleped that
it can be used automatically on a computer.Quamh@ohanics gives a mathematical description of gtebior of
electrons that has never been found to be wrongveier, the quantum mechanical equations have resen
solved exactly for any chemical system other thaa lydrogen atom. Thus, the entire field of computal
chemistry is built around approximate solutionsm8oof these solutions are very crude but arerstite accurate
than any experiment that has yet been conductéioJéfular modeling is an aspect of computationanaistry
and a particular molecular system can be model¢d thie hope that it could be synthesized in therdatory,
especially for species that are too difficult, darays, impossible or too expensive to carry outeerpentally.
Molecular modeling is a quite accurate method itoaating for properties like geometric and elediztructures,
frequencies, chemical shifts, bond distances, tzorgles. It is an aspect of chemistry that is fpstading and has
become a useful tool in studying molecular systeior gynthesizing the system in the laboratonhds also aided
in our understanding of biochemical processes sgobnzymatic reactions, photosynthesis, it assistdte design
of new drugs and chemical compounds in general spikcific properties and led to the discovery ofiture-
property —reactivity relationshipSemi empirical PM3 calculations have been the lmeptedicting the geometric
properties and vibrational frequencies of traneitend organometallic metal complexes [2]. This Vi@sher
confirmed with this study which also shows that Pktculations worked perfectly as it predicts clgsthe
calculated properties with experimental resDiishlorobis(N-{4-[(2-pyrimidinyl-kN-
amino)sulfonyl}acetamide]copper(ll) containing a fslieclite N-acetyl sulfadiazine was synthesized wad shown
to possess significantly greatervitro growth inhibitory activity againgk. coli, S. aureundK. pneumoniathan
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previous metabolites[3]. The usefulness of the Smmpirical PM3 calculations in predicting the vitioatal modes
of metal complexes of sulfanilamide was carried aot it was concluded that simulations of IR sgectre
becoming an indispensable tool for a normal co@@iranalysis and band assignment [4]. It was &ported that
PM3 predicted the IR frequencies of hexa-coordohaiécon complexes better than all other methaus$ BFT at
the basis set of 3-21+G* was used to calculat&StiHeMR shifts and gave very close results with ekpental data.
PM3 and AM1 was also carried out on the tautomédmaand acid base properties of [(1-aza-2-beiarol-2-
ylprop-1-1enyl) aminomethan-1-thione in the gassghand aqueous phase to elucidate the structurtheof
compound, it was discovered that the computed Wata in excellent correlation with experimentalax-results
[5]. Theoretical investigations were carried outtbe characterization of 6-methyl 1,2,3,4 — tetchbguinoline
using quantum mechanical calculation methods an@st observed that the calculated bond length and bngles
were in good agreement with experimental data [AM1, ZINDO and ab Initio DFT B3LYP calculations vee
carried out on pyrazolo[3,4-b] quinolone derivasas emitting materials, it was established thiatatpossible way
to design novel material for OLED[7]. Spectrosaopharacterization and quantum chemical calculatiom the
complexes of aluminum (Ill) with isoquercitrin artde structural model were validated by the gooceaugrent
between theoretical and experimental electronictspd8]Also, Semi- empirical calculation were éedr out on
novel aminopyridino — 1-4-cyclohexa-1,3-diene iron tricarbonyl complexesyés observed from the calculations
that the complex is thermodynamically stable[9].

Computational Methods

Conformational search was performed on the stractfrthe complex using molecular mechanics foreddfi
calculation in aqueous medium which make use ofesyatic algorithm to obtain the structure with {bevest
energy. The best geometric conformer has ener@®3.82Kjmol*, this is to establish the most stable structufe [9
PM3 calculations were carried out on the most stabiucture of Cu(ll) complex to obtain the parargtsuch as
bond length, bond angle and dihedrals.Geometripetes were recorded and compared with experirhenta
resultsas shown in tables 1, 2 and 3 below.

Figure 1a: The structure of the Cu(ll) complex afte optimization using the PM3 method with the Ball and Spoke Model.
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Geometric parameters:The geometric parameters were obtained after ogdiivin of the equilibrium geometries
using PM3. The bond distances, bond angles andldihangles were measured and recorded and compétied
experimental results. PM3 is the best method idiptiag the geometric properties of the complex.

Fig, 1b: The structure of the Cu(ll) complex afteroptimization using the PM3 method with the Ball andwire Model.

Table 1: Selected bond distances

Bond distance | Experimental/A| PM3/A
Cu-Clp 2.25 2.15
Cup-Ny 2.07 1.87

S-0, 1.43 1.42
Si-05 1.44 1.4
N4-Cq 1.3F 1.3¢
N3-Cq 1.33 1.38
Cie-Ny 1.38 1.40
Si-N» 1.65 1.79
Ng-Cig 1.42 1.41
Cu;-Cly N/A 2.1t
CUl-Nz N/A 1.87
$-04 N/A 1.44
$-O5 N/A 1.45
Ns-Cie N/A 1.39
Ns-Cie N/A 1.39
Co-No N/A 1.41
Sp-N7 N/A 1.81
N;-Cs N/A 1.37
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Table 2: Selected bond angles

Bond angle | Experimental/’| PM3/°
Cl-Cu-Ns 90.41 90.74
Cu-N4-Co 128.80 141.37|
CU1-N4-C;[2 114.5 98.94
Ci6-N5-Caz 115.¢ 119.6¢
Cy-N3-Cy¢ 115.60 120.43
Si-N2-Cy 126.80 127.34
N>-S;-Cy 106.51 101.89
Ci15-Ng-Coa 123.90 125.87
Cli-Cu-Ny N/A 89.66
Clh-Cus-Ns N/A 89.4¢
Clz-CUl-N4 N/A 89.9¢
Cu-Ns-Cye N/A 142.72
CUrNs-Clg N/A 97.39
Co-Ny-Cy; N/A 119.68
Ci16-Ng-Cis N/A 121.10
S;-N7-Cie N/A 132.1¢
N7-Sp-Ciz N/A 97.0Z
Cs-N;-C, N/A 126.33

Table 3: Selected Dihedrals

Dihedral Experimental” | PM3/°
Cl;-Cuy-Ns-Cy6 | -50.10 -74.81
CU1-N5-Cle-N7 -18.50 -4.50
S2-N7-Ci6-Ns 176.2 -43.21
C4-S1-N2-Cy -59.30 -80.12
N-S,-Cs-C; 105.70 103.56
C-N1-C3-Cq -37.9 -3.26
Ci16-Ng-Co3-Os -5.70 -1.27
Cli-Cui-N4-Co N/A 85.46
Cl-Cus-Ns-Cig N/A 97.4¢
Cl-Cu-N4-Cy N/A -86.81
Cuy-N4-Co-No N/A -1.10
Si-N2-Co-Ny N/A -151.59
C17-S-N7-Cye N/A -160.00
N,-S;-C4-Cg N/A -81.00

Electronic properties: It is important to examine the E HOMO and E LUMO a&® to explain the electronic
properties of the complex. This was done theoryiecsing PM3. However, these calculations werengixed in
the ground state and also in vacuum. It is posgiblase them get information by comparing them vsithilar
complexes. The calculated E HOMO and E LUMO, Dipolement and band gap are recorded in table 4.

Table 4: Electronic Properties

Methods | Dipole moments(Debye) HOMO energy(eV] LUMnergy(eV) | Band gaps (Ev)
PM3 22.37 -12.62 -6.81 +5.81

Thermodynamic properties and stabilities:For complexes to be thermodynamically stable, é&xigected thahG
andAH are negative. The more negative they are anchtite positiveAS is the more stable the complex becomes.

Table 5: Thermodynamic Properties

Methods | Heat of formation (Kjmol™?) | Free energy(Kjmof) | Enthalpy(Kjmol™) | Entropy
(Jmol’K™)
PM3 703.16 1785 2021.25 833.87

Vibrational Frequencies: The vibrational frequencies are obtained theorlyicdo experimental results to
compare with though. The IR absorptions with tharresponding intensities, the IR spectra (fig 8§l ahe
absorption band with their corresponding vibrationgable 7 are shown below:
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Table 6: Vibrational frequencies and intensities ofCu (II) complex

Absorptions (cni®) | Intensity
602 4022.08
625 8872.56
657 4626.17
664 2495.9°
707 1494.08
721 3011.39
809 3796.57
811 5589.30
833 7340.00
93¢ 3527.0!
98¢t 24081.6:
1033 3181.90
1100 6733.83
1142 10372.27
1296 7331.79
149¢ 28632.9!
154¢€ 7560.8¢
1644 10328.85
1696 20788.58
1733 103413.42
2013 92449.51
288: 2769.8:
2902 2398.0:
2982 1704.09
2996 1163.25
3010 6408.10
3025 3240.52
305¢ 3869.3!
3153 2228.75
3172 29.29
3253 1597.27
3307 321.77
3354 3452.55
3371 42.7¢

Table 7: Absorption Band with their Corresponding Vibrations (cm™)

Vibrational Frequency (c) | Absorptions
3371-3253 N—Hstr

3058 C-Hstr (SB
3172-3153 C-Hstr (Sp
302¢£-288- C-Hstr (aromatic
2013 C=0Ostr

1696 C=Nstr
1733,1644 C=Cstr
1546-1499 C—Nstr

1296 C‘I'ﬁen(, N'Hben(
93¢ S=0Ost

1142 C-Henc

721 S=0str, N-lgkn
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Fig 2. The IR spectrum of the Cu(ll) complex with M3

RESULTS AND DISCUSSION

The bond length between Ca Ch (2.15), Cy- N4 (1.87), S- 05(1.42), S- O5(1.43), N-Cy (1.38), N— Cy(1.39),

Cis — N#(1.40), § — Ny(1.79) and N — Cg (1.41) in the calculated data compared with thadokength in the
experimental data as we have in;GUCL (2.25), Cy- N4 (2.07), S- 0x(1.43), §- O3(1.44), N, — Cy(1.35),N-Co
(1.33), G — N/(1.38), S — Nx(1.65) and N — G (1.42) are in perfect agreement as shown in thblEhe bond
angles and dihedrals calculated were also in gogeement with the experimental data except for the
calculatedbond length between ;@\,- Cy, with bond angle 98.94which has low value compared with the
experimental value at 11450

The HOMO and LUMO energy were calculated so asdaable to account for the electronic propertieshef
complex. The calculated E- HOMO, E- LUMO transitiaich result into ar — = transitionis -12.62 and -6.81
respectively, this gives a band gap of +5.81 asvdhdable 4. The calculated thermodynamic properéis show in
table 5, withAG 0.68,AH 0.77 andAS 833.87 predict the stability of the novel Cu @bmplex.

The IR absorption with the corresponding intensitiee shown in table 6 with absorption band at ¢686having
the highest intensity of 20788.58 and the absampiand at 3172 cthhaving the lowest intensity of 29.29. The
vibrational frequencies and the absorption bancevaéso calculated witho(N-H)g, at 3371- 3253cih v(C-H)s,0f
spf at 3058crit, v(C-H)g, of P between 3172 — 3153 ¢hno(C-H)s, of aromatic at 3025 — 2882 &mu(C=0) at
2013 crlr'll, v(C-N)syat 1546 -1499 cih v(C-H)peng . v(N-H)peng at 1296 cril, v(S=0) at 936 crit andv(N-H)peng
721 cni.

CONCLUSION

In this study, we tried to establish the charazsgion of the novelcomplex dichlorobis(N-{4-[(2-fyridinyl-kN-
amino)sulfonyllacetamide)copper(ll), containing aetabolite N-acetylsulfadiazineusing PM3 Semi-encgiri
guantum mechanical calculations.The optimized gé¢oese dipole moments, geometric parameters,
thermodynamic parameters and vibrational frequenviere calculated and the data obtained from tleuleded
parameter are shown to be in good agreement wittexiperimental data. This good agreement is weHimithe
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accuracy of computational results. In conclusitwe, tnodeling and the calculations does not onlyeguresl us the
opportunity to take a critical look at this novelnaplex to produce results which were compared exgberimental
data but has also given us the opportunity to ctarfpndamental result on properties that cannotdleulated in
the laboratory.
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