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ABSTRACT

The global isomeric structure in the gas phase and with water-assisted in solution is predicated at B3LYP/6-
31++G** /| B3LYP/6-31G* levels of theory. The free energies, enthalpies of solvation and equilibrium constants
are calculated at the same level of theory. Eight local minima structures (S1-S8) and nine hydrated structures
(SL.H,O-B.H,0) are extracted for silarhodanine molecule. The hydration processes are lowered the stabilization
energy. S5 and $5.H,0 are the global minimum in the gas phase and in water respectively. The calculations predict
an important catalytic effect since the activation barrier has been decreased to 21.19 kcal/mol of hydration of S1
molecule.
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INTRODUCTION

Prototropic tautomerism of substituted thiazolidare oxazolidine heterocycles were studidaotetically at
the B3LYP/6-311G(2d,p) level. The thermodynamicgmaeters for the molecules were calculated th@a gas
phase and in two different solvent utilizil@CM methods. The study revealed that the sam®nzer is
the most stable both in gas phase and lnotisn (DMSO and cyclohexane) [IThe steady state absorption
and emission studies of the rhodanine derivative-(d{methylaminobenzylidene) rhodanine)) have been
investigated. A dual fluorescence associated withirgramolecular charge transfer (ICT) phenomensn i
reported. In support of the experimental resulisirdtio and DFT calculations have been performethe
theoretical calculations are also indicating ttiet chosen compound has significant non-lineaicap{NLO)
properties [2]. The electron paramagnetic resonamzkthe nuclear magnetic resonance parametersteere
investigated by quantum mechanical methods, theutstlons gave good agreement with the experimedetd
[3-4]. The structure of rhodanine has beenemteined by three dimensional Fourier and tlesguares
methods using an |.B.M electronic computer ¢hestal structure showed that the molecule ianat, and
there are two strong N....O hydrogen bonds rdothe center of symmetry, binding the males in
pairs [5]. A novel use of cluster analysis is prged to compare the output from different lgvef theory. The
relative energies of the tautomer of methetiel rhodanine (5-methylene-2-thioxo-thiazolidinakepcomputed
by the semiempirical molecular orbital method AM#& aremarkable similar to ab initio values whiinvolves
effective core potentials augmented by plaigratand diffuse function [6]. A new series obdanine based on
phosphodiesterase-4 inhibitors is described. Thestsre-activity relationship directed toward impireg potency
led to the development submicromolar inhibitors.eTteplacement of rhodanine with structurally refate
heterocycles was also considered [7]. Recently, ave investigated the sila- and thio- derivative of
formohydroxamic acid in the same manner [8-9].
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1 Computational Details

The calculations were investigated the relativbibtaes of the various tautomeric forms of Siladamine. The DFT
calculations were performed with the B3LYP threeapaeter density functional, which includes Beckgradient
exchange correction [10] and the Lee—Yang—Parretaiion functional [11-12]. The geometries of ahéormers,
products and transition states were fully optimiz#dthe B3LYP/6-31G(d) level of theory. The zerdmpo
vibrational energy contribution is also consider8ihgle-point calculations were then performedhat B3LYP/6-
31++G(d,p) level for the geometries optimized & BBLYP/6-31G(d) level. The SCF = Tight option wased in
these calculations. Free energy of salvationtierdonformers was calculated using SCRF keyworld Witmasi’s
polarized continuum (PCM) model [13]. Mon-water smiles with dielectric constard<78.36) has been used as a
solvent. Calculations were carried out using Gaus6B program package [14].

RESULTSAND DISCUSSION

Eight local minima structures (S1-S8) and nine htell structures (S1,8-S8.HO) are investigated for
silarhodanine molecule. The free energy of sabvafor the structures was calculated using water salvent. The
selected optimized structures of the hydrated nubdsc are presented in Figure 1. The major purpose f

considering solvent effect is simulation of reasteyn and determination of the differences betwbengas phase
and aqueous systems.
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Figure 1. The eight minima structuresand two hydrated molecules.

Table 1: Therelative energies, enthalpiesand free energiesin solution.

Molecules AE AH AG
S1.HO 16.95 19.030 8.97
S2.HO 38.59 41.60 40.35
S3.HO 32.69 33.68 30.12

S4N.HO 28.93 30.35 23.09

S40.HO 26.23 26.28 18.574
S5.HO 0.00 0.00 0.00
S6.HO 41.48 42.902 41.54
S7.HO 27.42 28.47 28.36
S8.HO 29.43 30.56 31.69

Table 2: The enthalpies, free energies and equilibrium constantsfor the hydration reactions.

The reaction AH AG Kec
S1+HO — S1.HO -13.15 -4.55 2.17E+3
S2 + HO — S2.HO -12.69 -3.42 3.21E+2
S3 + HO — S3.HO -13.72 -4.15 1.10E+3

S4N + HO — S4N.HO -12.06 -2.21 4.17E+1
S40 + HO — S40.HO -16.13 -6.35 1.07E+1
S5 + HO — S5.HO -10.29 -0.70 3.26E0
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S6 + HO — S6.HO -11.88 -1.84 2.23E+1
S7 + HO —» S7.HO -13.17 -2.89 1.31E+2
S8 + HO — S8.HO -13.27 -3.12 1.94E+2

The energies, total energies, enthalpies, freeg@®renergies in solution, total free energy dnedrelated energies
and free energies in solution of the calculatedcstires are listed in Tables 1,2. The relative girsrenthalpies and
relative free energies of the hydrated moleculesgaren in Figure 2.
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Figure 2: The Relative energies (AE), enthalpies (AH) and free energies of solvation (AG)for the hydration reactions.

The equilibrium constants of hydrated reactionsenealculated from Gibbs free energies ushg = -RT InKy,
The equilibrium constant at 298.15 K of the hydratreactions are listed in Table 2, all the hydmatieactions
showed a high equilibrium constant values which meeaat the reactions at this temperature favoptbducts.

Table 1: Therelative energies, enthalpiesand free energiesin solution.

Molecules AE AH AG
S1.HO 16.95 19.030 8.97
S2.HO 38.59 41.60 40.35
S3.HO 32.69 33.68 30.12

S4N.HO 28.93 30.35 23.09

S40.HO 26.23 26.28 18.574
S5.H0 0.00 0.00 0.00
S6.HO 41.48 42.902 41.54
S7.HO 27.42 28.47 28.36
S8.HO 29.43 30.56 31.69

Table 2: The enthalpies, free energiesand equilibrium
constants for the hydration reactions.

The reaction AH AG Kec
S1+HO — S1.HO -13.15| -455 | 2.17E+3
S2 + HO — S2.HO -12.69 | -3.42 | 3.21E+2
S3 + HO — S3.HO -13.72 | -4.15 | 1.10E+3

S4N + HO — S4AN.HO | -12.06 | -2.21 | 4.17E+1
S40 + HO — S40.HO | -16.13 | -6.35 | 1.07E+1
S5 + HO — S5.HO0 -10.29 | -0.70 3.26E0

S6 + HO — S6.HO -11.88 | -1.84 | 2.23E+1
S7 + HO — S7.HO -13.17 | -2.89 | 1.31E+2
S8 + HO — S8.HO -13.27 | -3.12 | 1.94E+2

Although, the hydration process has no effect endtder of stability, the calculations predict enportant catalytic
effect since the activation barrier has been dseetto 21.19 kcal/mol by hydration of S1 molecilee transition
state (TS) energy has been applied for activatiamidr calculation. The activation barrier S1-T&48 53.59
kcal/mol while for S1.HO-TS-S2.HO is 32.40 kcal/mol. The S1 +,8 reaction is quantitative and has the largest
value (2.17E+3). The Gibbs free energy differeno®)(between hydrated isomers at B3LYP/6-311++G (k3!

of theory lie between -6.35 and -0.70 kcal/mol.rrne free energies of various structures in agsisolution it
was found that the values for S50 S6.H20 and S4NJ@ are -0.70, -1.84 and -2.21 kcal/mol, whereashaes
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for S1.H0O, S3.2HO and S2.3KD are -4.55, -4.15 and -3.41 kcal/mol respectial98.15 K and 1 atmosphere
pressure. Therefore, the S50His the not favored in aqueous solution as exgestece S5 is the most stable
structure. On contrast the S1 isomer is very reactiith water molecule and the formation of S;OHspecies will
be favored. The calculated enthalpies for hydrafiozcess in one water molecule is added; The S4auld has
two sites available for binding with water molecutme site through OH giving the S4QMand the other site
through NH giving the S4AN JD. The enthalpy of S4040 is the lowest (-16.13 kcal/mol) Thus, hydrogemdimig
with water stabilized S404@ to greater extent than S4AN®Istructure. The high stability of S5 structurelsarly
detectable since the S5® molecule possessed the highest enthalpy. Thalpigh were estimated by adding the
thermal corrections to the energy to account fangtational, vibrational and rotational motion 8825 K and 1
atmosphere pressure.

REFERENCES

[1] Tahmassebi J. Mol. Struct. 2003, 638, 11.

[2] Ray J, Panja N, Nandi P K, Martin J J, Jones-Jr,WW.B®ol. Sruct. 2008, 874, 121.

[3] Lin J Z, Xiao P Der Chemica Snica 2012 3(3) 527.

[4] Babanegad S A, Ashrafi F, Ghasemi A S, AshrafD&r, Chemica Sinica 2012 3(1) 124.
[5] Van der Helm D, Lessor A E, Merritt-Jr L Acta Cryst. 1962, 15, 1227.

[6] Boyd D B,J. Mal. Struct. 1997, 401, 227.

[7] Irvin M W, Patrick G L, Kewney J, Hastings S F, dkenzie S JBioorg. Med. Chem. Lett. 2008, 18, 2032.
[8] Ahmed A A,Der Chemica Snica 2012 3(4) 989.

[9] Ahmed A A,Der Chemica Sinica 2012 3(4) 884.

[10] A. D. Becke,Phys. Rev., 1988, 38, 3098.

[11] Lee C, Yang W, Parr R ®hys. Rev. B, 1988, 37, 785.

[12] Miehich B, Savin A, Stoll H, Preuss Bhem. Physi. Lett., 1989, 157, 200.

[13] Mietrus S, Scrocco B, Phys. Chem, 1981, 55, 117.

[14] Gaussian 03, Revision C.02. Gaussian, Inc., \Wgtid CT,2004.

61
Pelagia Research Library



