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I1-Deciphering equilibrium and kinetic properties of iron 

transport proteins by computational means 
 

Canan Atēlgan 

Sabancē University, Faculty of Engineering and Natural Sciences 

Orhanli 34956 Tuzla, Istanbul, Turkey 
 

Email : canan@sabanciuniv.edu 
 

With the advances in three-dimensional structure determination techniques, high 

quality structures of iron transport proteins transferrin and the bacterial ferric 

binding protein (FbpA) have been deposited in the past decade. These are 

proteins of relatively large size, and developments in hardware and software 

have only recently made it possible to study their dynamics on standard 

computational resources. We discuss computational techniques towards 

understanding the equilibrium and kinetic properties of iron transport proteins 

under different environmental conditions. At the detail that requires quantum 

chemical treatments, the octahedral geometry around iron has been scrutinized 

and that the iron coordinating tyrosines are in an unusual deprotonated state has 

been established. At the atomistic detail, both the N-lobe and the full bilobal 

structure of transferrin have been studied under varying conditions of pH, ionic 

strength and binding of other metal ions by molecular dynamics (MD) 

simulations. These studies have allowed answering questions, among others, on 

the function of second shell residues in iron release, the role of synergistic anions 

on preparing the active site for iron binding, and the differences between the 

kinetics of the N- and the C-lobe. MD simulations on FbpA have led to the 

detailed observation of the binding kinetics of phosphate to the apo form, and to 

the conformational preferences of the holo form in conditions mimicking the 

environmental niches provided by the periplasmic space. To study the dynamics 

of these proteins with their receptors, one must resort to coarse-grained 

methodologies, since these systems are prohibitively large for atomistic 

simulations. Study of the complex of human transferrin (hTf) with its pathogenic 

receptor by such methods has revealed a potential mechanistic explanation for 

the defense mechanism that arises in the evolutionary warfare. Meanwhile, the 

motions in the transferrin receptor bound hTf have been shown to disfavor apo 

hTf dissociation, explaining why the two proteins remain in complex during the 

recycling process from the endosome to the cell surface. Open problems and 

possible technological applications related to metal ion binding-release in iron 

transport proteins that may be handled by hybrid use of quantum mechanical, 

MD and coarse-grained approaches are discussed. 
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I2-What have we learned with  computational 

tools in chemistry? 
 

Viktorya Aviyente 

Department of Chemistry, Boĵazi­i University, 34342, Bebek, Istanbul, T¿rkiye 
 

E-mail: aviye@boun.edu.tr 
 

Effect of catalysts in pericyclic reactions 

The thermal and Lewis acid catalyzed cycloadditions of b,ɔ-unsaturated R-

ketophosphonates and nitroalkenes with cyclopentadiene have been explored by 

using density functional theory (DFT) methods. Inspection of the thermal 

potential energy surface (PES) indicates that a majority of downhill paths after 

the bis-pericyclic transition state lead to the Diels-Alder cycloadducts, whereas a 

smaller number of downhill paths reach the hetero-Diels-Alder products with no 

intervening energy barrier. Lewis acid catalysts alter the shape of the surface by 

shifting the cycloaddition and the Claisen rearrangement transition states in 

opposite directions reversing the periselectivity of the cycloaddition giving a 

preference for hetero-Diels-Alder cycloadducts.
1-2

  

Rationalization the role of catalysts in free radical polymerization reactions 

In this study, the effect of Lewis acid coordination (ScCl3) in controlling the 

stereoregularity during the free radical polymerization of N,N-dimethyl 

acrylamide (DMAM) has been investigated by Density Functional Theory 

(DFT). The strategy suggested in this study can be easily used by 

experimentalists in their endeavour of choosing the catalysts in order to end-up 

with the desired stereoregulation of the polymer chain.
3
 

Degradation mechanisms in advanced oxidation processes. 

Advanced oxidation processes (AOPs) are based on the in situ production of 

hydroxyl radicals (ÅOH) and reactive oxygen species (ROS) in water upon 

irradiation of the sample by UV light, ultrasound, electromagnetic radiation, 

and/or the addition of ozone or a semiconductor. Diclofenac (DCF), one of the 

emerging organic contaminants (EOC), is of environmental concern due to its 

abundancy in water and is known to be subjected to AOPs. The current study 

uses density functional theory (DFT) to elucidate the mechanisms of the 

reactions between ÅOH and DCF leading to degradation by-products.
4
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I3-GTP hydrolysis in the elongation factor EF-Tu 
 

B¿lent Balta 
1
, G¿lĸah ¢ifci 

2
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3
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, Selami Ercan 

5
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Viktorya Aviyente 
2
, Neĸôe Bilgin 
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1
Istanbul Technical University, Department of Molecular Biology and Genetics, 

34469 Maslak, Istanbul/TURKEY 
2
Bogazici University, Department of Chemistry, 34342 Bebek, Istanbul/TURKEY 
3
Ko­ University, Department of Chemical and Biological Engineering, 34450 

Sariyer, Istanbul/TURKEY 
4
Tri-Institutional PhD Program in Chemical Biology, Weill Cornell Graduate 

School of Medical Sciences, 1300 York Ave, New York, NY 10065 
5
Batman University, School of Health, 72060 Batman/TURKEY 

6
Boĵazi­i University, Department of Molecular Biology and Genetics, 34342 

Bebek, Istanbul/TURKEY 

 

E-mail: bbalta@itu.edu.tr 

 

Elongation factor Tu (EF-Tu) is a G-protein responsible of the delivery of the 

aminoacyl-tRNA to the ribosome. EF-Tu has a low intrinsic GTPase activity. 

However, upon cognate codon-anticodon pairing, conformational rearrangements 

that catalyze the GTP hydrolysis take place. After GTP hydrolysis, EF-Tu leaves 

the aa-tRNA in the ribosome and moves away. In the literature, the reorientation 

of a conserved histidine (H85 in T. aquaticus) towards the active site is thought 

to be involved in the catalysis of GTP hydrolysis. Although in other G-proteins, 

an arginine is also involved, a corresponding residue was not identified on EF-

Tu. 

Molecular dynamics simulations, 200-300 ns long, have been carried out on the 

wild type and mutant EF-TuĿGTP complexes from T. aquaticus and E. coli. The 

Amber ff03 force field has been used, together with a periodic box of TIP3P 

water molecules. 

In T. aquaticus, the Switch I region, an Ŭ-helix near the active site, explores 

several conformations and R57 of Switch I enters the active site like the catalytic 

arginine in other G-proteins, suggesting a catalytic role for R57. On the other 

hand, pKa calculations via thermodynamic integration simulations show that an 

important fraction of H85 is doubly protonated and this residue spends a 

significant time in the active site even in the absence of ribosomes. This suggests 

that only the reorientation of H85 into the active site by the ribosome cannot 

account for the high stimulatory effect of the latter. 

In order to determine the GTP hydrolysis mechanism and assess the 

contributions of H85 and R57, QM/MM calculations have been carried out. 

M06-2X and Amber have been used as the QM and MM methods, respectively. 
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I4-Molecular motion on metal surfaces: quantum and 

classical mechanical approaches 
 

Melihat Madran
1
, Alimet Sema Ozen

2
, Zehra Akdeniz

2
, Sondan Durukanoĵlu

1
 

1
Faculty of Engineering and Natural Sciences, Sabancē University, Orhanli, 

Tuzla, Istanbul, Turkey 
2
Faculty of Art and Science, Piri Reis University, Istanbul, Turkey 

 

E-mail: sondan@sabanciuniv.edu 

 

Today, molecular nanotechnology has reached such a level of sophistication that 

it seems possible to design and build artificial molecular machines like rotors, 

wheels, and motors.  With the enhanced atomic scale techniques in imaging and 

controlling, there is a remarkable increase in experimental studies devoted to 

manipulation of molecules on the surfaces. However, controlled-manipulation of 

molecules and understanding the underlying molecular mechanisms in the 

process require atomic scale electronic structure calculations, potential energy 

surface scanning and molecular dynamics calculations.   Such complementary 

calculations help not only fulfill the need in the area but also make significant 

contribution to the improvement of molecular nanotechnology. In this talk, I will 

discuss results of various atomic-scale computational calculations for 

investigating the observed translational and rotational motion of 

molecules on metal surfaces in great detail. 
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I5-Molecular dynamics simulations of biomolecules: Facing the 

challenges in connecting with biology 
 

Michael Feig 

Department of Biochemistry and Molecular Biology 

Michigan State University 

East Lansing, MI, 48824 USA 

 

E-mail: feig@msu.edu; Web-site: http://feig.bch.msu.edu 

 

A primary role of computer simulations in biology is to complement high-

resolution structural data from experiments with a dynamic perspective and 

ultimately connect to and explain biological function. Continuing challenges are 

how to reach biologically relevant time scales but also how to embrace the full 

biological complexity of cellular environments. Recent studies that highlight 

how both challenges can be addressed in modern simulations are presented. In 

the first example, the fundamental process of transcription in RNA polymerase II 

is analyzed via a combination of molecular dynamics simulations and kinetic 

network modeling to span a wide range of time scales. The results provide new 

insights into the mechanism by which RNA polymerase can achieve high RNA 

elongation rates while keeping errors due to nucleotide misincorporation to a 

minimum. The second example involves models at different levels of complexity 

of crowded cellular environments up to a comprehensive model of a bacterial 

cytoplasm. These systems were studied via molecular dynamics simulations to 

examine how constant non-specific interactions between macromolecules in such 

environments may affect the stability and dynamics of biological 

macromolecules. General findings are that the sampling of non-native 

conformations by proteins may be enhanced and that their diffusional motions 

are reduced drastically and highly depend on interactions with the local 

environment. Further insight is that solvent and metabolite properties are also 

significantly altered from dilute conditions. The simulation findings are 

discussed in the context of experimental measurements and methodological 

limitations. 
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I6-The linear response function of conceptual density 

functional theory: from mathematical properties to 

applications in single molecule electronics 
 

Paul Geerlings 
 Department of General Chemistry, Vrije Universiteit Brussel, Pleinlaan 2, 1050 

Elsene (Brussels), Belgium 

 

E-mail: pgeerlin@vub.ac.be 

 
Within Density Functional Theory(1), the so called Conceptual Density 

Functional Theory (2) has proved to be a valuable tool for interpreting and 

predicting chemical reactivity. As opposed to the more traditional reactivity 

descriptors such as electronegativity, hardness,é the linear response function ɢ 

(r,rô) representing the response of the density ɟ(r) at position r to an external 

potential perturbation v(rô) at position rô((ŭɟ(r) /ŭv(rô)N) remained nearly 

unexploited. Although well known, in its time dependent form, in the solid state 

physics and time-dependent DFT communities the study of the ñchemistryò 

present in the kernel was, until recently, relatively unexplored.(3)
 

In this talk we report on recent investigations on both fundamental and applied 

aspects of the linear response function. Starting from its mathematical and 

physical properties (4)(5), its significance in discussing Kohnôs ñNearsightedness 

of Matterò Concept (6) we present recent applications on its role in the 

alchemical derivatives, at stake when exploring Chemical Space, in B,N 

substitution patterns of fullerenes,
 
(7) and conclude by linking the linear response 

function to molecular electric conductivity at stake in single molecule 

electronics. (8)(9)(10) 
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1. R.G.Parr, W.Yang, Density Functional Theory of Atoms and Molecules, Oxford University, 
Press, New York, 1989 

2. P.Geerlings, F.De Proft. W.Langenaeker, Chem.Rev., 103, 1793 (2003) 
3. P.Geerlings, S.Fias, Z.Boisdenghien, F.De Proft, Chem.Soc.Rev., 43, 4989 (2014) and references 

therein 

4. P. Geerlings, Z. Boisdenghien,  F. De Proft, S. Fias, Theor. Chem. Acc., 135, 213 (2016) 
5. P. Geerlings,F.De Proft, F.De Proft, submitted 

6. S. Fias, F. Heidar Zadeh, P. Geerlings, P.W. Ayers, submitted 

7. R. Balawender, M. Lesiuk, F. De Proft, P. Geerlings, to be submitted shortly 
8. T. Stuyver, S. Fias, F. De Proft, P. Geerlings, J.Phys. Chem. C., 119, 26390,(2015) 

9. T. Stuyver, S. Fias, F. De Proft, P. Geerlings, Y. Tsuji, R. Hoffmann, J.Chem.Phys., 146, 092310 

(2017) 
10. T.Stuyver, N.Blotwijk,S.Fias,P.Geerlings, F.DeProft, Chem.Phys.Chem. 18,xxx(2017) 

 

 

mailto:pgeerlin@vub.ac.be


 

15 

I7-A bridge between computational chemistry and 

environmental science 
 

Nilsun H. Ince 

Institute of Environmental Sciences, Boĵazi­i University, Istanbul, Turkey 

 

E-mail: ince@boun.edu.tr 

 

The presentation aims to highlight the role of molecular and computational 

chemistry in advanced water treatment processes used in the destruction of 

recalcitrant contaminants in the water environment. Examples will be given 

based on hydroxyl radical-mediated advanced oxidation processes (AOPs), 

which are highly effective for the elimination of azo dyes and anti-inflammatory 

pharmaceuticals, both classified as ñemerging pollutantsò by the Environmental 

Pollution Agency (EPA) of USA.  

AOPs are based on the in-situ production of hydroxyl radicals (ÅOH) and 

reactive oxygen species (ROS) in water by irradiation of the sample with UV 

light, ultrasound, electromagnetic radiation, and/or by the addition of ozone or a 

semiconductor (Ref). Ultrasonic irradiation is a unique method in AOPs and 

based on the fragmentation of water molecules upon the implosive collapse of 

acoustic cavitation bubbles (ref). The result is generation of hydroxyl radicals 

and hydrogen peroxide, which promote the oxidative dissociation of organic 

molecules. 

Decolorization of two reactive azo dyes C.I. Acid Orange 7 and C.I. Acid 

Orange 8 (the structures as given in Fig. 1) by ultrasound was modelled using 

DFT calculations and found that the attack of hydroxyl radicals onto the carbon 

that bears the azo linkage was preferred over that on the nitrogen atom. In 

addition, the difference in the rate of color decay of the two dyes despite similar 

structures was attributed to the competing reaction of hydrogen abstraction from 

the CH3 group [1].  

Diclofenac (structure as given in Fig. 1) is a widely used anti-inflammatory 

pharmaceutical without prescription, but more than 80% of the compound is 

disposed of by urine, and bypasses the sewage treatment facilities due to its low 

biodegradability. It was found that sonication of diclofenac at near neutral pH by 

high-frequency ultrasound provided complete conversion of the compound, 45 % 

carbon, 30 % chlorine and 25 % nitrogen mineralization. DFT calculations 

confirmed that the major byproduct was 2,6-dichloroaniline, as identified 

experimentally and its formation was explained by OHÅ addition to the ipso-

position of the amino group. The stability of UV absorption at around 276ï

280 nm throughout the reactions agreed with the detected byproduct structures 

mailto:ince@boun.edu.tr
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(amino/amine groups; phenolic, aniline, benzene, and quinine-type derivatives). 

Microtox toxicity of the reactor aliquots at early reaction showed that initially the 

reaction products were very toxic; subsequently toxicity had a fluctuating 

pattern, and declined towards the ñnon-toxicò level after 90 min [2]. 

Modelling of the ÅOH-mediated oxidation reactions by means of DFT 

calculations provided a good insight to the reaction mechanism. The results 

showed that the reactions were initiated either by the abstraction of a hydrogen 

or the addition of a ÅOH radical to the parent molecule. However, the formation 

of organic radicals by ÅOH attack was found to be kinetically and 

thermodynamically favored over the abstraction of hydrogen. [3].  

 

 
                               

Fig. 1. Chemical structures of the test compounds 
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I8-Molecular modeling of the reaction of deamidation in 

peptides and proteins using combined approaches 
 

G®rald Monard 

UMR 7565 SRSMC - Equipe TMS Universit® de Lorraine, CNRS Boulevard des 

Aiguillettes B.P. 70239 F-54506 Vandoeuvre-les-Nancy, FRANCE 

 

E-mail: Gerald.Monard@univ-lorraine.fr 

 

The deamidation reaction is regarded as the most commonly observed chemical 

degradation which causes time dependent changes in conformation and limits the 

lifetime of peptides and proteins. The timed processes of protein turnover, aging, 

and several diseases (such as eye lens cataracts, Alzheimer, and particular types 

of cancer) have been suggested as possible consequences of deamidation. This 

reaction is also of significant chemical interest because of its effect on the 

stability of protein pharmaceuticals. Among the 20 natural amino acids, 

asparagine (Asn) and glutamine (Gln) residues are known to undergo 

spontaneous nonenzymatic deamidation to form aspartic acid (Asp) and glutamic 

acid (Glu) residues under physiological conditions. 

Through a specific lens on the long standing collaboration between Viktorya 

Aviyente's group and the computational chemistry team of Nancy, we will 

review how molecular modeling can help in understanding the deamidation 

reaction of asparagine residues in small peptides and in proteins. Several 

theoretical and computational approaches will be presented, ranging from pure 

quantum mechanical studies to the modeling of free energy surfaces of reaction 

using combined QM/MM methods. 
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I9-Predicting catalytic mechanisms of enzymatic reactions 
 

Maria Jo«o Ramos 

UCIBIO@REQUIMTE, Departamento de Qu²mica e Bioqu²mica, Faculdade de 

Ci°ncias, Universidade do Porto, Rua do Campo Alegre s/n, 4169-007 Porto, 

Portugal 

 

E-mail: mjramos@reit.up.pt 

 

We know that we can establish catalytic mechanisms of enzymatic reactions and, 

in doing so, explain the findings of experimentalists, but can we actually predict 

them? This talk is concerned with the computational needs that we come across 

to figure out results within computational enzymology. Calculations devised to 

study protein interactions and circumvent problems in some relevant systems 

will be reported as well as recent developments in the establishment of some 

catalytic mechanisms. We have resorted to QM/MM (1,2) as well as other 

calculations (3,4), in order to analyse the energetics of processes related to the 

systems under study and evaluate their feasibility according to the available 

experimental data. 
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I10-A comparative study of the polymer-nanotube interface 

through a reactive force field and density functional theory 
 

Hande Toffoli 
1
, Ercan Gurses 

2
, Hasan Gulasik 

2
, Mine Konuk 

1
, Elif 

Sert
1
, Gozdenur Toraman 

1 

1
Department of Physics, Middle East Technical University 

2
Department of Aerospace Engineering, Middle East Technical University 

 

E-mail: ustunel@metu.edu.tr 

 

As nanofabrication techniques progress, systems at the nanoscale find a rapidly 

increasing number of applications in various areas of technology. A particularly 

spectacular example of this phenomenon is carbon nanotubes (CNTs), tiny 

graphene sheets rolled up into single- or multi-walled cylinders. So far, CNTs 

have been used in diverse applications in device technology, drug delivery, field 

emission, air and water filtration, and many others. In addition to their unusual 

electronic properties, CNTs also possess extremely high axial strengths and are 

often used as strengthening agents in various host materials. In this talk, I will 

present results from a joint project run in the Aeroscape Engineering and Physics 

Departments on the reinforcement of polymer matrices by carbon nanotubes. We 

conduct molecular dynamics (MD) and density functional theory (DFT) 

calculations to model the interaction between the polyetheretherketone (PEEK) 

polymer and single-walled CNTs. Our study serves not only to understand the 

physical properties of this novel interface such as adhesion energies, but also as a 

test of the REAXFF empirical potential (CHO and LG variants) against DFT 

studies. Following a brief introduction of the problem, I will first show results 

from our benchmark studies on the elastic properties of the two components 

separately, namely PEEK and CNTs. I will then present our finding on the 

interface, starting with a single polymer on a graphene sheet.  

 

This work is supported by the Scientific and Technological Research Council of 

Turkey (T¦BĶTAK) within the 1001 program, Grant No. 115M550. 
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We performed density functional theory (DFT) calculations to model the 

reactions between low-valent Rh(I) and Ir(I) metalīcarbonyl complexes and 

arylnitrile oxides. These reactions possess the electronic and structural features 

of 1,3-dipolar cycloadditions. The Wiberg index which we calculated through 

NBO analysis indicates a partial double bond character of the metalīcarbonyl 

bond thus the reaction is classified as a normal 1,3-dipolar cycloaddition 

involving M=C bonds. Analogous to their organic counterparts, the rates of 

formation of the metallacycloadducts are controlled by distortion energy. The 

cycloadduct products form a compact aromatic cyclic trimer between the PPh3 

ligands on the metal and aromatic ring on the 1,3-dipoles, which mainly 

participates to the stability of the complexes. Ir(I) complexes yield much more 

stable Ir(III) cycloadducts than their Rh analogues, due to the higher capacity of 

third-row transition metals to stabilize higher oxidation states. Overall, our 

calculations explain the ease of the chemical processes and the stabilities of the 

resulting metallaisoxazolin-5-ones. 
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Mefenamic acid (2-[2,3-Dimethylphenyl)amino]benzoic acid) (MEF) has been 

widely used as nonsterodial anti-inflammatory drug for the pain treatment. 

Saccharin (benzoic sulfimide) (SAC) is known as an artificial sweetener. In 

current study, intermolecular photoinduced electron transfer in the MEF-SAC 

complex has been investigated to determine its structure and photophysical 

properties by using quantum chemical methods. The conformational analyses of 

investigated molecules were performed to determine initial structures. Full 

optimizations were performed with Gaussian 09
1
 at the wB97XD/6-311++G(d,p) 

level. In order to explore the solvent effect, solvation calculations were 

performed byTomasiôs Polarizable Continuum Model (PCM)
2,3

 using 

Dimethylformamide (DMF) as the solvent. Molecular orbitals and energy 

differences of frontier orbitals and electrostatic potentials (Figure 1) for studied 

molecules calculated at B3LYP/6-311++G(d,p) level in gas phase and in DMF. 

MEF-SAC complex is stable in the gas phase and DMF and shows 

intermolecular charge transfer between HOMO-LUMO orbitals by S1 excitation. 

 

Figure 1. Electrostatic potantials of SAC and MEF in DMF 
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The O-acetylpeptidoglycan esterase (Ape1) from pathogen of bacteria N-

Gonorrhoeae plays an important role in stages of the bacterial 

Oacetylation/deacetylation reactions. The O-acetylation of N-acetylmuramic acid 

(MurNAc) residues of peptidoglycan decreases the hydrolytic activity of lysozyme 

and lytic enzymes which are essential for bacterial life cycle. At this point, bacterial 

cell growth and controlled division entails deacetylation of the cell wall. O-

acetylpeptidoglycan esterase (Ape1) enzyme which belongs to SGNH family 

catalyze the deacetylation of peptidoglycans and hence, was proposed to be a 

potential target for antibiotic development.
1
 

The aim of this work was to perform a theoretical study on the deacetylation reaction 

mechanism of APE1 enzyme. For this purpose, the deacetylation reaction of APE1 

enzyme with p-nitrophenyl acetate as a substrate was investigated with the quantum 

cluster approach using DFT. To provide further insight into the enzyme mechanism, 

a number of residues located in the proposed substrate binding sites of APE1 were 

included in the three different model clusters that varied in size (Figure 1), based on 

the X-ray crystal structure of the enzyme. In the smallest model (C0), SER80, 

ASP366 and HIS369 residues belonging to the catalytic triad of Ape1 were included. 

In the second model (C1), two important residues that were found in the oxanion hole 

and GLY324 and VAL325 residues surrounding the active site were also included to 

the system. The QM region was extended to 209 atoms for the last model (C2) and 

the reaction profile was found. In computational procedure, complete geometrical 

optimizations were performed at B3LYP/6-31G(d,p) level in the gas phase and D2 

correction was added to include dispersion interactions. The final energies were 

refined by single point energies at a high level of theory with inclusion of solvent 

effects, as approximated by the polarized continuum model (PCM).  

                                                           
1- J. M. Pfeffer and A. J. Clarke,ChemBioChem. 13(2012)722-731. 
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Number of reports on the use of small chiral organic molecules as catalysts and 

related computational efforts for understanding the origins of catalysis and 

selectivities keep growing. [1] Determination of highly efficient and selective 

organocatalytic structures rely on an expensive method involving the synthesis of 

a large number of derivatives followed by experimental testing of their activities. 

Quantum mechanical calculations have successfully uncovered numerous 

organocatalytic reaction mechanisms and explained the observed reaction 

outcomes; yet, study on highly complex multifunctional organocatalysts is still a 

challenging task due to the large number of conformational degrees of freedom. 

The purpose of this project is to allow easy and cost-effective determination of 

potential organocatalyst candidates for a target reaction using a new 

computational approach that combines the quantitative power of quantum 

mechanical calculations with drug design tools. The proposed method aims to 

allow the determination of organocatalysts with the desired three-dimensional 

arrangement of catalytic functional groups in an organocatalyst pool. Because 

the oxindole skeleton bearing a tetrasubstituted carbon at the 3-position is 

forming the core of many bioactive natural products and pharmaceutically active 

compounds [2], the development of chiral catalysts for their asymmetric 

synthesis is among the most actively studied topics in recent years. For this 

reason, for the application of the proposed approach in this project, the reactions 

of oxindoles with nitrosobenzene selected as targets. In the presence of amine 

catalysts, it gives two different products (hydroxyamination and aminoxylation 

products) and both of these products display different bioactivities and their 

selective synthesis is very important in pharmaceutical industry. 

 

 
Scheme 1. Reaction of oxindole with nitrosobenzene 
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In this study [3], the factors affecting the reaction rate and product distributions 

in the reaction were investigated using quantum mechanical calculations. For this 

purpose, theoretical active site models were designed with alcohol/urea/thiourea 

functional groups and catalytic atom maps were generated using the arrangement 

of these pharmacophore groups in the active site models. The resulting catalytic 

atom maps were screened against a conformational library generated for 

cinchona alkaloid derivatives including dimers. Quantum mechanical 

calculations were used to determine the enantioselectivities of the matching 

organocatalysts and the catalysttransition structure interactions were analyzed. 

Based on the results of computations, catalysts were determined for synthesis. 
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Radiative (RR) and dielectronic recombination (DR) rate coefficient are 

calculated for Ni
13+

 ion. The calculations are performed using atomic structure 

and collision code AUTOSTRUCTURE
1
.  The problem is formulated within a 

multi-configuration Breit-Pauli(MCBP)
2
 method within an independent 

processes, isolated resonance, and distorted wave approximation. The target 

configurations used to represent the ground state of the ion are: σίσὴȟ
σίσὴσὨȟ σίσὴȟ σίσὴσὨȟσίσὴσὨȟσίσὴσὨȟ  σὴȟ and σὴσὨ. 

Energy levels, radiative rates, and autoionization rates are calculated in both LS 

and LSJ couplings including the spin-independent mass-velocity and Darwin 

relativistic interactions. The (N + 1)-excited electron configurations are produced 

by coupling a Rydberg orbital, nl, or a continuum orbital, ‐ὰ, to the N-electron 

target configurations with n values explicitly included up to n=25 and a quantum 

defect approximation used for 25<n<1000. Calculations are done for both intra 

(Ўὲ π and inter shell Ўὲ ρ) core excitations. Total DR and RR rate 

coefficients corresponding to  Ўὲ π and Ўὲ ρ inter and intra shell core 

excitations calculated within LSJ coupling scheme are plotted in Figure 1(a) with 

labels MCBD_DR (RR). DR rates are compared with the recommended data 

from Mazzotta et al.
3
 

Figure 1: (a) Total DR and RR rate coefficients for N13+ is compared with Mazzottaôs 

recommended results. (b) Resonances arising from Ўὲ π inter shell core excitations. 
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Schwarz and co-workers
1 

have shown that certain metal cations catalyze 

conversion of acetylene to benzene in the gas phase. Altun et al.
2
 modeled the 

process for iron cation, and established the structures of Fe(HCCH)n cation with 

n=1, 2, and 3. Cyclized forms of Fe(C4H4) cation can form with only small 

kinetic barriers; the Fe-benzene complex cation is the lowest energy structure. In 

the gas phase this species has enough vibrational energy to dissociate and 

produce free benzene. Heavier metal cations, osmium in particular, follow a 

different reaction path with acetylene. Production of diatom hydrogen is 

observed. In such cases the CH bonds in a metallacyclic C6H6Os cation are 

activated, showing substantially lowered CH stretching frequencies. We trace the 

reaction path for extrusion of hydrogen in two different density functional 

models. In both model we used wb97xd functional. In the first model def2tzvp is 

used as the basis set for all atoms.  In the second model osmium cation is 

represented by the relativistic pseudopotential MWB60. The reaction efficiency 

seems to be high for the Os system.  The species considered in this work and 

their energy profiles with respect to the doublet spin symmetry of the species 15 

are shown in the chart below. Species 1: Os(+) + 3Acetylene. 
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A double fluorescence Õ-well assay that exploits a novel conjugated polymer 

containing cyclodextrin (CD) as the key component is reported. For the 

construction of the cocaine bioassay, poly(p-phenylene) with CD units in the 

main-chain and poly(ethylene glycol) side chains (PPP-CD-g-PEG) was first 

prepared by Suzuki coupling polymerization and coated on each well as a 

biomimetic material
1
. Although the polyphenylene backbone is responsible for 

the fluorescence properties without an additional fluorophore, PEG and CD 

provide water solubility and selective complexation with cocaine, respectively. A 

cocaine antibody was used as a secondary recognition compound after labelling 

with quantum dots (QDs). Most notably, we show that the two-color 

fluorescence nature of the assay facilitates double measurement from the same 

sample and the described strategy can be adapted to various sensing systems. 

Scheme 1. Schematic representation of the construction of Õ-well assay by using PPP-

CD-g-PEG as covering material. 
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Methionine is one of the sulfur-containing essential amino acids that has a 

significant role protein synthesis and methylation of DNA. Several tumors, such 

as colon, prostate, kidney, and lung, have methionine dependency for growth and 

proliferation. Nutritional and enzymatic deprivations of methionine can be used 

in order to reduce methionine in plasma and tumor. Since methionine free-diets 

fail and are insufficient due to the practical reasons, enzymatic degradation of 

methionine can be used as an alternative method for cancer treatment and drug 

development.
1-2  

      
Scheme 1. General reaction for the Methionine Degradation 

 

L-methionine is degraded by Methioninase (MGL) to Ŭ-ketobutyrate, 

methanethiol and ammonia with ‌, ‎ elimination reaction (Scheme 1).
 
The 

reaction mechanisms and the physiological roles of MGL enzyme are studied 

experimentally in previous studies
3-6

 but enzymatic degradation mechanisms of 

L-methionine are still unknown. This project aims to investigate and rationalize 

the enzymatic degradation mechanism of methionine by way of DFT analysis. 
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Heterocyclic compounds having pharmacological, pesticides, antimicrobial 

features constitute biologically active groups.  It is known that the reason for 

very important biological activities of this type of heterocyclic organic 

compounds is because of the presence of their characteristic N-C-O groups. On 

the other hand, C-C and C-heteroatom bond-forming reactions are very 

important for organic synthesis. The aim of our study is to perform one-pot 

synthesis of biologically active new heterocyclic compounds derived from 

aldehyde, amine, acetylketene via cycloaddition reactions and to investigate the 

proposed mechanisms using DFT. 

All stationary points belonging to each step were optimized and av in the gas 

phase with the density functional M06-2X method using 6-31G(d,p) basis set 

implemented in Gaussian 09. To take into account the solvent effect, single-point 

energy calculations with the polarizable continuum model (PCM) were carried 

out at the M06-2X/6-311++G(d,p) level with dichloromethane (CH2Cl2) as 

solvent, since this solvent was used in the experimental study. All possible 

cyclization pathways have been considered in order to shed light on the 

mechanism.  
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Scheme 1. (4+3) Cycloadditions of Furfuryl Cations 

 

Furfuryl cations are reliable three-carbon dienophiles for a wide range of 

conjugated dienes and can be generated from simple furan-2-methanol 

derivatives (furfuryl alcohols) as versatile organic building blocks for the 

elaboration of complex fused-ring systems.
1,2 

The mechanism of this orbital 

symmetry-allowed oxyallyl-type (4+3) cycloaddition
3,4

 was investigated in this 

work, where we have examined highly selective intermolecular furfuryl cation 

cycloadditions from a joint experimental and theoretical perspective. Density 

Functional Theory (DFT) calculations have been performed with the Gaussian 09 

software package
 
using the M06-2X/6-31+G(d,p) utilizing a continuum solvent 

environment. The factors leading to the experimentally observed selectivity were 

thoroughly explained. 
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Schiff bases and salens have been popular ligands of metal complexes with 

potential biological activity, such as anti-inflammatory, antifungal, antimicrobial, 

antiviral and antioxidant [1]. N,N-bis(salicylidene)-R-diamine (R:aromatic, 

aliphatic) and its derivatives are known as salens. The Salen complexes are 

important in coordination chemistry because of the photophysical properties and 

the activites of biological and catalytic [2].  

In this study, the unexpectedly synthesis of salen complex was carried out by the 

reaction of the salicylaldehyde thiosemicarbazone with ethylenediamine in the 

presence of Cu(II) ion.  The structure of the complex was characterized by 

elemental analysis, IR and single crystal X-ray diffraction.  

Cu(II) Salen Complex 
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Background: The tumour suppressor protein P53 plays an important role in 

regulation of cell cycle, DNA repair and apoptosis.1ï4 The majority of human 

cancers are caused by mutations or deletions of alleles in p53.1-6 P53 activity is 

effectively inhibited by its negative inhibitor Murine Double Minute 2 (MDM2) 

oncogenic protein (Figure 1 and 2). The presence of excessive MDM2 in cells 

has been determined to cause in Ḑ11% of all tumours and observed at higher 

levels in certain tumour types such as hepatocellular carcinoma (44%), soft tissue 

sarcomas (31%) and osteosarcomas (20%)3,7. Therefore development of suitable 

MDM2 inhibitors is crucial for better anticancer treatments in future.  

Method: MDM2 protein (PDB:4HBM) was chosen and prepared by using 

protein preparation module of Schrodingerôs Maestro Molecular Modeling Suit.8 

Hydrogen atoms were added, missing side chains and loops were fixed using 

Prime module of Maestro. Protonation states of amino acid residues were 

determined by PROPKA at physiological conditions.9-10 Water molecules 

around the catalytic side were kept during protein preparation and rest of the 

water molecules were removed. Optimization were performed by QPLS_2005 

force field. 176.000 drug-like ligands were retrieved from the Otava Drug-Like 

Green Collection Chemical Database (OD). The protonation states of screened 

small-molecules were determined using LigPrep module of the Maestro8 at 

physiological conditions. Docking simulations with Glide/SP method were 

performed for 176000 molecules. Subsequently, the top-100 ligands has to their 

high docking scores with Glide/SP method and further docking studies Glide/XP, 

IFD, QPLD and GOLD methods were performed to elucidate the relative 

performances of the methods in exploring interactions of selected ligands with 

the target when compared to known MDM2 inhibitors. For the same set of 

ligands, topology-based binary QSAR models (prediction of therapeutic activity 

and toxic effects) analyses were also applied with MetaCore and MetaDrug tools 

to predict their first and second-pass metabolism, therapeutic activities, toxicity 

properties. 
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Results: Among the studied ligands, some of them showed better binding 

behavior than standard inhibitors against MDM2 protein. Their topology-based 

analyses showed that these ligands could exhibit better therapeutic activity and / 

or less side effects than some of known MDM2 inhibitors. 

 

Conclusion: Some of the studied ligands bind more tightly than the standard 

inhibitors to MDM2 protein. They display strong interactions with the amino 

acids known to be critical. Although it is too early to consider them as MDM2 

inhibitors and anticancer drug candidates, the results obtained so far are very 

promising. 

 

 

 

Figure 1 Crystal structure of MDM2 (PDB:4HBM)     

  

 

 

 

 

 

 

 

Figure 2 Interactions in MDM2 Crystal Structure 

(PDB:4HBM)  
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Antibiotics have been largely used in human and veterinary medicine, as well as 

in the feeding of domestic animals [1]. As an important antibiotic class, 

sulfonamides are extensively used in the pharmaceutical industry and in the 

chemical industry as dyes and artificial fibers [2]. However, due to their high 

resistance to the photodegradation and biodegradation, these kinds of 

pharmaceuticals were often excreted into sewage with metabolites as well as the 

unchanged parent compounds after usage. These discharged sulfa 

pharmaceuticals have been frequently detected in a variety of aqueous media, 

such as effluents of wastewater treatment plants, surface water and even drinking 

water [2,3]. Therefore, there is a need for certain molecular descriptors to predict 

the reactivity of sulfonamides. 

In this study, the structures of 22 sulfonamides were investigated theoretically 

with the intention of finding certain molecular descriptors to predict the 

degradation potency for aqueous media. Conformational analyses and geometry 

optimizations of all the structures were performed to determine the most stable 

structures. Modeling of the molecules was performed with DFT at B3LYP/6-

311++G** level. The solvation effects were computed using CPCM. The 

electronic energies, electron densities , molecular charge distributions of the 

molecules and the DFT reactivity descriptors such as chemical hardness, 

softness, electronegativity, fukui functions for all the molecules were calculated. 
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Thiosemicarbazones are an important class of Schiff bases. The 

thiosemicarbazones and their metal complexes have been subject of analytic and 

catalytic studies because of structural properties and of medicinal studies because 

of their biological potentials [1-3]. In this study, it was synthesized and 

characterized mixed-ligand nickel(II) complex of 4-methoxysalicylaldehyde 

thiosemicarbazone with N,N-diethylethylenediamine in the presence of nickel 

(II) ion. The properties and structures of ligand and complex were investigated 

by elemental analysis, IR, 
1
H-NMR and single crystal X-ray diffraction. 

Cytotoxic effects of the compound was evaluated by MTT test for K562 chronic 

myeloid leukemia cell line and the compound has shown significantly cytotoxic 

effect by reducing cell viability. 

 

The mixed-ligand nickel(II) complex of thiosemicarbazone 
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Plasticization is a pressure dependent phenomenon and occurs when the 

concentration of these gases in the polymer reaches a critical value to swell the 

material, disrupt chain packing and increase fractional free volume (FFV) and 

inter-segmental mobility [1]. Since experimental determination of the 

plasticization pressure requires high-pressure experiments, screening all 

polyimide and copolyimide structures experimentally is an expensive and time 

consuming work [2]. In this study novel methodology is developed to predict 

CO2-induced plasticization behaviour of glassy polymers using fully atomistic 

simulations. It is based on quantum-level charge calculations and sorption-

relaxation cycles comprising integrated molecular dynamics (MD) and Monte-

Carlo (MC) simulations. CO2 accessible free volume with the presence of CO2 

(CAVF+), is the phenomenon introduced and used in plasticization pressure 

predictions. The methodology that is proposed in this study allows 

computationally cheaper and accurate estimations of plasticization pressure of 

polymers to be used in gas separation processes.  

Figure 1. Plasticization behaviour of Matrimid 
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Human Topoisomerase I (TopoI) is a type-I enzyme that relaxes the supercoils 

on the DNA structure. First, it creates a nick only on one strand of DNA by 

covalently binding to it, and the relaxation process then performed by rotating 

the nicked strand around the intact one and re-ligating it back. Camptothecin 

(CPT) and its derivatives are small drug molecules that are known to target only 

Topoisomerase enzymes, which explains the reason why they are getting 

attention from the research groups. When CPT or its analog Topotecan (TPT) is 

added to DNA-TopoI complex, the drug intercalates where the nick occurs and 

prevents supercoil relaxation by turning TopoI into a DNA-damaging agent. 
1
 

TPT is a small molecule with 6 fused-ring structure and has two forms: lactone 

and carboxylate forms, which are in equilibrium at neutral pH. It was shown that 

the lactone form is the ñactiveò form of the drug, however, in the crystal 

structure of ternary complex (TPT-DNA-TopoI) obtained by Staker et al (2002) 
2
 

both forms were intercalating between the bases of DNA at the same site. This 

finding raises the question regarding the cause of the activity difference between 

two forms despite binding to the same site. In this study, using Molecular 

Dynamics (MD) and hybrid Quantum Mechanics/Molecular Mechanics 

(QM/MM) approaches the cause of the difference in activity is investigated. 

450ns long MD simulation of both forms was performed and interaction energies 

of these drugs were calculated using QM/MM method by choosing TPT as QM 

site. Decomposition of the interaction energies showed that the interaction with 

TopoI is the reason for their activity difference. When the contribution of 

residues on the interaction energy was investigated, it was found that the most 

striking effect was due to K532 residue, and the topological analysis has further 

supported this finding. In addition, when the hydrogen bond networks around the 

drug were investigated, it was observed that in lactone form K532 was 

interacting with the drug, which was lost in carboxylate form. In conclusion, 
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lactone form of TPT is held by K532 residue strongly and N722, T718 and 

DTT10 base create a hydrogen bond network around the binding pocket in the 

lactone form that further stabilizes the lactone TPT. 
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Development of new green catalysts displaying the catalytic power of enzymes is 

one of the most widely explored topics in recent years. Recently, in collaboration 

with the Schafmeister group at Temple University, new transesterification 

catalysts called spiroligozymes were developed, by placing the catalytic 

machinery of esterase enzymes onto modular spiro-fused bispeptides with the 

help of quantum mechanical transition state calculations using the ñinside-outò 

approach.  

Figure 1. ñInside-outò approach to catalytic spiroligomers
 [1] 

 

The key to the catalytic power of esterase enzymes is the proton shuttle 

mechanism acting between Ser-His-Glu nucleophilic triad in their active sites. 

The increased basicity of histidine in the presence of glutamate allows the 

abstraction of proton from serine activating it as a nucleophile. The high 

activities of these enzymes are linked to the high level structural and electrostatic 

pre-organization of this catalytic machinery in their active sites. In the designed 

spiroligozymes, the catalytic active site of esterase enzymes was represented by 

pyridine-alcohol dyad. The best-developed spiroligozyme increased the rate of 

transesterification reaction between vinyl trifluoroacetate and methanol by 2200-

fold for the first step and by 130-fold for the second step. However, quantum 

mechanical calculations demonstrated that, the catalytic groups in 

spiroligozymes sample numerous alternative conformations beside the active one 

and the H-bond network required for efficient catalysis is not maintained
[2]

.
 

These computational results suggest that the activities of spiroligozymes can be 
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significantly improved by providing a high-level pre-organization of the catalytic 

function groups. The purpose of this study is to identify the structural 

modifications that could allow the elimination of non-reactive conformations of 

spiroligozymes and to determine spiroligozyme derivatives with high level 

structural pre-organization for efficient catalysis. To achieve this aim, Medchem 

transformation tool was applied for the generation of a derivative library and a 

conformational search was performed for selected derivatives, which were 

further evaluated by quantum mechanical calculations. 
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The discovery of caspases and their involvement in cancer and 

neurodegenerative disorders lead pharmaceutical studies to focus on these 

molecules as drug targets. A thiol-containing small molecule binding to the 

allosteric site at the dimer interface induces a shift in loop positions and traps the 

molecule in a conformation that resembles the pro-caspase form. In order to 

understand the communication among the allosteric residues and the active site 

residues of these molecules, we performed energy perturbations on allosteric 

residues of caspase-7 based on the energy dissipation model
1,2

. We compared 

four mutated (G188P, G188L, 187W and R187M)
3
 and wildtype structures 

aiming to detect the effect of single mutations on energy dispersion. First, 

traditional molecular dynamics (MD) simulations were performed, using 

NAMD
4
 software and CHARMM27

5
 force field for 100 ns. Energy perturbations 

were applied in the form of velocity increase of a chosen residue. The energy 

difference between a perturbed and an unperturbed simulation was calculated for 

each residue and then the time of the energy change of a residue is recorded as 

that residueôs response time. Allosteric residue networks were constructed based 

on these obtained response times.  
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Exploitation of solar energy for sustainable development is of great interest in 

recent years as illustrated by the significant number of investigations on solar 

cells.
1
 To provide a low-cost alternative to silicon and other inorganic-based 

photovoltaic devices, employing fully organic dyes as sensitizers has recently 

gained considerable attention, following Gratzelôs invention of Dye-Sensitized 

Solar Cells (DSSCs).
2
 In this study, we report a theoretical investigation, probing 

the effective modeling of dye@TiO2 interfaces while benchmarking distinct 

computational methods. The selected organic dyes were previously synthesized
3
 

and their optical properties as standalone dyes were computationally 

investigated.
4
 Density functional theory (DFT) calculations have been performed 

to elucidate the dye Ą semiconductor electronic injection process ïthe first step 

of charge generation in solar cells. Projected density of states (PDOS) have been 

obtained by means of two main approaches: 1) single dye@SC model, 2) 

dye@SC model with periodic boundary conditions, and have been analyzed in a 

comparative manner. In addition to periodicity, effects of solvation, inclusion of 

non-covalent interactions, and different DFT functionals have been scrutinized 

within the framework of organic dyes.  
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Green chemistry approaches and utilization of natural products from sustainable 

sources are becoming more and more relevant in the industrial applications. 

Investigation of a facile and more efficient route for a hydroaminomethylation 

process is of great interest to the chemical and pharmaceutical industry. This 

process involves a sequence of processes going from hydroformylation, 

amination of the obtained aldehyde and finally hydrogenation of the enamine to 

produce saturated long chain amines.  

In this work, the reductive amination of aldehydes to secondary amines was 

investigated by use of computational approaches. Generally, reductive amination 

reaction is a nucleophilic addition between the carbonyl compound of aldehydes 

and ketones, and a variety of primary and secondary amines. The initial step of 

the reaction includes the formation of a hemiaminal. In a subsequent 

condensation reaction this intermediate forms an imine or an iminium ion 

depending on the pH of the reaction medium. The equilibrium between 

aldehyde/keton and imine can be influenced by removal of the released water. At 

the final step, the desired amine is produced by reduction of the imine. The 

formation of the imine plus subsequent reduction by a hydride can be performed 

in a single reaction vessel.  

There are several proposed mechanisms in the literature about indirect or direct 

reductive amination, depending on pH and thus the protonation state of the imine 

(Scheme 1). Hereby, the reaction between long chain dodecanal (C12H24O) and 

diethylamine was investigated in different protonation states. The energy profile 

for the uncatalyzed, explicit water assisted and acid catalyzed reactions and all 

transition states were characterized by MP2 calculations. Single point solvent 

calculations were carried out on each system in order to estimate the effect of 

solvent on the reaction profile. 

Scheme 1. Proposed mechanism for the reductive amination of aldehydes. 
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Understanding the mechanism of the peptide immunogenicity is important for 

the design of peptide-based vaccines [1][2]. Therefore, investigation of the 

characteristic dynamics of Human Leukocyte Antigens (HLAs) may offer 

significant insights into the mechanism of initial steps in T-cell activation which 

is a key event in immune response [3]. The peptide immunogenicity is also 

known to be related to the stability of peptide-HLA complex [4].  

In this study, in order to investigate the stability of immunogenic peptide-HLA 

complexes and the residues playing key roles in binding stability, various 

computational techniques have been employed. Initially, computational dockings 

were applied to model the two immunogenic peptides-HLA-A*02:01 complexes 

[5]. 100 ns parallel molecular dynamic simulations were then conducted on these 

models at two different temperatures via GROMACS 5.0.1 software [6].  

In our calculations, HVDGKILFV peptide is found to be stable at 310 K whereas 

it is unstable at 473 K. On the other hand, SLSAYIIRV peptide is found to be 

stable at both temperatures. Our computational results are found to be in good 

agreement with the previous findings [5]. While, HVDGKILFV peptide has one 

anchor residue at P9 position, SLSAYIIRV peptide has two anchor residues at 

P2 and P9 positions. These variations between the peptides can be related to their 

observed stability [5] differences on the cell surface.  
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We report the theoretically predicted structures having the 2D-network 

topologies for novel phthalocyanine ï based covalent organic frameworks 

(COFs). COFs are new emerging functional porous materials held together by 

strong covalent bonds which result in molecular building blocks that can be 

arranged in layered 2D or 3D periodic networks. 2D frameworks are built up 

from nodes (organic or metal-organic compounds) and linkers which are organic 

molecules. The out-of-plane ˊ-interactions in 2D COFs induce a large electronic 

coupling between the ˊ-orbitals of the stacking layers. This electronic coupling 

facilitates the transport of charge carriers and excitons, giving rise to the 

semiconducting, optoelectronic, and photoconductive nature of COFs [1]. It is 

known that COFs may adopt either eclipsed arrangement of a layered structures 

of planar sheets or staggered ones. For eclipsed structure the stacking offers 

macrocycle-on-macrocycle and linker-on-linker arrangement and this is the 

typical packing for the COFs while for staggered structures the planar sheets of 

adjacent layers are offset by half of unit cell distance along the one of the axis. A 

self-consistent ground-state calculation were performed with the ABINIT code 

[2] to simulate  these two extreme packing possibilities. The obtained models 

were evaluated using the AccelrysôReflex Plus software package for crystal 

structure determination from powder X-ray diffraction, implemented in 

environment of Materials Studio (MS) Modelling [3]. It was found that 

practically all studied COFs belong to staggered structures. 
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The mechanisms of the [RhCl(CO)2]2-catalyzed intramolecular cycloadditions of 

3-acyloxy-1,4-enynes (ACEs) by CO with concominant acyloxy (OAc) 

migrations have been extensively investigated using density functional theory 

(DFT) calculations at the B3LYP/6-31+G(d) level (LANL2DZ for Rh). Intra- 

and intermolecular cycloadditions of 3-acyloxy-1,4-enynes (ACEs) enable the 

formation of various substituted cyclic compounds via acyloxy migration. The 

ACEs with terminal alkynes or electronically demanding alkynes favor a 

Rautenstrauch 1,2-acyloxy migration and subsequently undergo [5+1] 

cycloaddition by carbonylation whereas ACEs with other internal alkynes prefer 

a Saucy-Marbet 1,3- acyloxy migration, followed by [4+1] cycloaddition with 

CO by the catalysis of various metals.
1,2

 Recently, rhodium metal has been 

successfully used in the literature. As it is seen in Figure 1, Rh(I)-catalyzed 

cycloadditions of ACEs lead to functionalized cyclohexadienones and 

cyclopentenones with terminal and internal alkynes, respectively.
2
 In this study, 

the experimentally observed product distribution could be explained and the 

acyloxy migration was found as the rate determining step from the DFT 

calculations.  

 

 
Figure 1. Rh-Catalyzed Competitive 1,2- versus 1,3-Acyloxy Migration 

Followed by [5+1] and [4+1] Cycloadditions of 1,4-enynes with CO 
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Diclofenac (DCF) is an anti-inflammatory non-steroidal medication used widely 

for the remediation of rheumatic and arthritic pains. Because of its persistent 

occurrence in fresh water environments owing to poor degradation in sewage 

treatment and its potential toxicity towards several aquatic organisms (e.g. fish 

and mussels), diclofenac is an emerging contaminant. The present work aims to 

propose the initial reactions of diclofenac with ÅOH to elucidate the mechanism 

of subsequent reactions that yield the most common degradation byproducts 

reported in the literature. Density functional theory (B3LYP/6-31+G(d)) is used 

to rationalize the reaction mechanisms for the formation of the byproducts 

detected experimentally. The study also encompasses estimation of acute 

toxicities of the intermediates to assess the potential risk of the parent compound 

and its oxidation byproducts in the aquatic environment. 
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A novel strategy to prepare network structured polymer/clay nano composites, 

namely poly(cyclohexylmethacrylate-co-2-hydroxyethylmethacrylate)/ 

montmorillonite(PCHMA-co-PHEMA/MMT) nanocomposites by combination 

atom transfer radical polymerization (ATRP) and photoinduced cross-linking 

processes is described. In the first step, ATRP initiator modified clay (MMTïBr) 

was prepared by treating the organo-modified clay, Cloisite 30B (MMTïOH) 

with 2-bromoisobutyryl. Subsequent copolymerization of 

cyclohexylmethacrylate and 2-hydroxyethyl methacrylate via ATRP using 

MMTïBr as initiator resulted in the formation of PCHMA-co-PHEMA/MMT 

nanocomposites. Then, methacrylate groups were introduced to the 

nanocomposite structure by reacting 2-isocyanatoethyl methacrylate isocyanate 

with the hydroxyl groups on of PCHMA-co-PHEMA chains. Finally, upon 

irradiation of the functional nanocomposite in the presence of the long 

wavelength absorbing photoinitiator, bis(2,4,6-trimethylbenzoyl) 

phenylphosphine oxide yielded network structured nanocomposites. The 

structures, thermal and morphological properties of the nanocomposites were 

investigated by spectral, thermal and microscopic analyses. 

 

  

  
  

 
Scheme 1. Strategy for photoinduced cross-linkable polymer/clay nano-

composite. 
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Designing small molecules with desirable binding affinity and biological activity 

is one of the major goals in computational biology.
1-4

 An important goal of 

computational medicinal chemistry is to develop methods that accurately can 

estimate the free energy of binding, ȹGbind, which allows to predict the binding 

strength of any drug candidate without synthesizing it. Computational methods 

that combine molecular mechanics energy and implicit solvation models, such as 

Molecular Mechanics/Poisson-Boltzmann Surface Area (MM/PBSA) and 

Molecular Mechanics/Generalized Born Surface Area (MM/GBSA), have been 

widely used in free energy calculations.
1-3

 Compared with rigorous methods such 

as Free Energy Perturbation and Thermodynamic Integration,
4
 MM/PBSA and 

MM/GBSA are computationally more efficient.
5
 

In this study, the inhibition of phosphodiesterase (PDE) enzymes, which are 

responsible for the breakdown of adenosine 3',5'-monophosphate (cAMP) will be 

investigated.
6
 The potentially clinical benefits of PDEIV inhibition require to 

design novel inhibitors for PDEIV enzyme with less side effects than known 

potent PDEIV inhibitors. For PDEIV-ligand complex, the PDEIV selective 

inhibitor rolipram, whose X-ray structure is co-crystallized with PDEIV (pdb 

code: 1RO6) will be used. The experimental binding free energies of rolipram 

(æGexp = -49.66 kJ/mol) and a few other ligands that are known from the 

experimental IC50 results of Dal Piaz et al.
7
 will be tested for PDBIV (1RO6) and 

its complex. Then, the same procedure will be repeated for the complexes with 

ligands proposed in our earlier work
8
 and the knowledge of calculating binding 

Gibbs Free energies will be extended to further studies. 
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A catalyst is a substance that increases the rate of a chemical reaction by 

reducing the activation energy, but which is left unchanged by the reaction. 

Thus, catalysis plays a critical role in accomplishment of industrially significat 

chemical transformations, by requiring less energy investment in underlying 

processes [1]. For inorganic chemists, homogeneous catalysis is often 

synonymous with organometallic catalysts. CH activation may be defined as a 

reaction that cleaves a carbon-hydrogen bond. It can be considered to be the 

binding of a substrate to a metal center. Catalysts that are able to activate CH4 at 

lower temperatures are therefore most important for the direct synthesis of 

CH3OH. In 1970s, Shilov showed that methane could be converted to methanol 

with Pt(II) and Pt(IV) complexes. The addition of Pt(IV) to the aqueous reaction 

of PtCl42- with methane lead to the production of selectively oxidized species 

methanol and methyl chloride [2]. Periana et al. made Shilov-like chemistry 

which is much more efficient in a series of methane conversion catalysts [3]. 

Organometallic approaches to methane conversion became a subject mainly after 

the work at Periana et al. The activation of methane with gas phase OsO
+ 

for 

dehydrogenation and dehydration mechanisms has been investigated in this 

study. Potential energy surfaces for the dehydrogenation reaction and 

dehydration reactions were investigated. In addition a prelimenary computational 

study of stability and thermodynamics of the OsO+ type catalyst for activation 

methane to methanol was conducted. The results showed that the first activation 

of hydrogen bond is not thermodynamically favored. Thus, this observed 

behavior can be our guide to seek various reaction mechanism which are 

feasible. 
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Recently, a series of high-mobility polymeric semiconductors as new materials, 

suitable for organic field effective transistor (OFET) devices  were 

synthesized.
1,2

 Hovewer the questions related to their processability and 

environmental stability, as well as their applicability for  OFET devices remained 

unclear. In this study, the properties of synthesized bithiophene-imide (BTI) 

(Figure 1) based organic molecules were studied by using the Density Functional 

Theory (DFT) and Time-Dependent DFT (TD-DFT) methods at B3LYP/6-

311+g(d,p) level of the theory. Firstly, the molecules (comonomers) synthesized 

by combining the BTI unit with different aromatic benzene or thiophene rings 

were modeled. Then, the electronic and optical properties of  comonomers, their 

dimers and the effect of the R1 groups ( Figure 1) and the chain length of the 

backbone on the aforamentioned properties were investigated.  

 
Figure 1. Bitiyofenimid (BTI) monomer unit (R1: H, NO2, NH2, OH, F,Cl, Br, I ) 

 

The effects of R1 substitution and lengthening of the chains due to the 

dimerization on the UV-VIS spectra of  the studied molecules were analyzed and 

the spectral shifts were discussed.This study will form a basis for the 

forthcoming molecular dynamics (MD) simulations which will be carried out to 

elucidate the thin film properties of these materials. 

This work was supported by TUBITAK (project ˉ 115Z501). 
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Multi reference quantum chemical calculations utilizing MCQDPT2 and 

CASSCF methods, are used to examine the activation mechanism of dioxygen 

with [Ni(H)(OH)]
+
 complex. The activation of dioxygen molecule by 

[Ni(H)(OH)]
+
 complex is reported in previous experimental work[1] and 

following theoretical studies[2] expressed that the quartet state of the complex is 

reactive while the doublet state is inert. The quartet state owed its reactivity to 

non-innocence of the hydroxyl ligand. Here, the process up to hydroperoxide 

byproduct which has a key role on formation of the products is described. Initial 

encounter complex having sextet, quartet and doublet spin symmetry is analyzed 

at complexation step of the reactants. Electron transfer from the Nickel center to 

the redox active OH ligand was investigated. Effective spin surface of the 

reaction is specified as quartet, doublet state is not reactive. Crossing point 

calculations are done between potential energy surfaces of different spin surfaces 

which are energetically close. A crossing point is identified between initial 

encounter complexes on sextet and quartet spin surfaces. Spin-orbit coupling 

calculations are carried out in order to get an idea about surface hopping. 

 

References 

 
1. Schlangen, M.; Schroeder, D.; Schwarz, H. Angew. Chem., Int. Ed. 2007, 46, 1641. 
2. Dede, Y.; Zhang, X.; Schlangen, M.; Schwarz, H.; Baik, M-H.; J. Am. Chem. Soc. 2009, 131, 

12634. 

 

 

 

 

 

 

 

 

 

mailto:dede@gazi.edu.tr


 

56 

P29-Computational assessment of iron release from the N- and 

C-lobes of human serum transferrin 
 

Burcu Dedeoglu
1
, Semiha K. Bali

2
, Canan Atēlgan

1
, Viktorya Aviyente

2
 

1
Sabanci University, Istanbul, Turkey 

2
Bogazici University, Istanbul, Turkey 

 

E-mail: bdedeoglu@sabanciuniv.edu 

 

Human serum transferrin (hTf) binds ferric ions with high affinity and delivers 

them into cells via receptor-mediated endocytosis upon a decrease in pH in the 

endosome.
1
 Protonation events and conformational changes are known to play an 

important role in iron-release mechanism though the release mechanism is not 

yet fully understood.
2
 hTf consists of two similar lobes which release iron at 

different rates. In this study, we investigate the iron binding sites of N- and C-

lobes using quantum mechanical tools. The protonation of axial tyrosine is 

proposed as the potential route for the release of iron in both lobes and proton 

transfer pathways are suggested for the protonation of this tyrosine (Figure 1). 

The energy difference between the complexes displaying the protonation of the 

axial tyrosine (Tyr188 and 517 respectively in N- and C-lobe of Tf) around Fe
3+

 

suggests that the release of iron in the N-lobe is thermodynamically driven, in 

contrast to the C-lobe, supporting the experimentally observed higher release rate 

of iron in the N-lobe in the absence of the Tf receptor. 

Figure 1. Proposed iron release mechanisms in the iron binding site of N- and C-lobes of human 

serum transferrin. 
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In recent decades, there has been growing interest in sulfur-centred radical 

containing reaction mechanisms, such as thiol-ene polymerization reactions. This 

particular technique yields uniform polymer network structures with high and 

narrow Tg values and low polymerization shrinkage stress, among other 

advantages
1
. Thiol-ene reactions occur with sulfur-centred radical addition to the 

C=C double bond of an alkene (Propagation reaction), followed by hydrogen 

abstraction from a thiol (Chain transfer reaction) which produces the other 

sulfur-centred radical (Figure 1.). It is especially important that radical step 

growth mechanism depends on both reactions and overall reaction order is 

related with the ratio of these reactions rate constants (kP/kCT). Although thiol-

ene reaction has been utilized in multiple of areas in materials and bioorganic 

chemistry, the extraordinary reactivity and stability of the sulfur-centred radicals 

have yet to be fully accounted for. This study focuses on the structure-reactivity 

relationships of thiyl radical addition reaction
2,3

 in order to clarify one of the 

fundamental steps of thiol-ene reaction mechanism. In addition to this, the 

reactivity and stability of thiyl radicals in radical addition toward alkenes, 

thioketones, and thioesters are elaborated with high-level ab initio calculations. 

The extraordinary rapid addition reactions of thiyl radicals have been explained 

by the aid of G3(MP2)-RAD//MP2/6-31G(d) composite method calculations on 

a series of model reactions. High the SOMO energy of the radical allows better 

resonance interactions with ˊ* of the substrate, leading to earlier stabilization of 

the product configuration and hence an earlier and more stable transition state. 

For the same reason, we also find that thiyl radicals tend to be stabilized to a 

greater extent by heavier lone-pair donor and ˊ-acceptor substituents, compared 

with their carbon-centred radical counterparts.  
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Figure 1. Radical thiol-ene reaction mechanism. 
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The structural differences of two recently solved X-Ray structures of NMDA 

type glutamate receptors, (Karakas and Furukawa: Science 344, 992 (2014) and 

Lee et al.: Nature 511,191 (2014)) are analysed. Homology model of the human 

heterotetrameric NMDA receptor is modelled based on the template structures. 

Loops missing in between extracellular, amino terminal and transmembrane 

domains are built by ab-initio folding by using Rosetta loop modeling program. 

Elastic network analysis has been carried out and a set of structural ruler type 

parameters are developed to monitor the conformational change of individual 

normal modes in a systematic way. 
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Benzophenone has been the object of many spectral, structural and theoretical 

investigations because of its interesting chemical and physical properties. 

Further, the crystals of benzophenones are found to be useful materials for the 

fabrication of non-linear optical devices [1]. Moreover, Schiff base metal 

complexes containing different metal ions such as Ni, Co, Cu, Mn and Fe have 

been studied in great details for their various crystallographic features, structureï

redox relationships and enzymatic reactions, mesogenic characteristics and 

catalytic properties. A considerable number of Schiff-base complexes have 

potential biological interest and are used as more or less successful models of 

biological compounds. Additionally, some of the salicylidene derivates show 

photochromism in the solid state most likely due to intramolecular proton 

transfer associated with either a change in ˊ-electron configuration or 

isomerization in the non-planar molecul [2]. 

In the first step of our study, ONNO donor diimine ligand, 2,4-dihydroxy 

salisiliden-3,4-diaminobenzophenone, was obtained by the reaction of 3,4 

diaminobenzophenone with 2,4-dihydroxybenzaldehyde in the ethanol. In the 

second step, metal complexes of ligand was synthesized by using Ni(II) metal 

salts. Single crystals were obtained by slow evaporation of a ethanol-DKM 

mixture solution of the product. A red rod-like specimen of C27H18N2NiO5 was 

used for the X-ray crystallographic analysis. The X-ray intensity data were 

measured on a Bruker D8 VENTURE system equipped with a multilayer 

monochromator and a Mo KŬ Sealed tube (ɚ = 0.71073 ¡). 

Figure 1: ORTEP diagram of the complex. 
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2-Arylimino-3-aryl-thiazolidine-4-thiones were synthesized from the 

corresponding thiazolidine-4-ones using Lawessonôs reagent (LR) and converted 

into 5-benzylidine-2-arylimino-3-aryl-thiazolidine-4-thiones by reaction with 

benzaldehyde, which were then used as heterodienes in the inverse electron-

demand hetero Diels-Alder cycloadditions with norbornene as a dienophile.
1
 The 

reactions with norbornene were found to proceed with 100% exo-selectivity. The 

exo selectivity in the reaction was investigated with computational tools.
2
 

Computational results are consistent with the experimental results.  
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Thiosemicarbazone metal complexes have raised considerable interest due to 

their wide range of biological activities (1). The molybdenum complexes of 

thiosemicarbazones are potential enzyme catalysts in which the catalytic capacity 

is thought to be related to the structural features of the chelated cis-MoO2
2+

 core 

(2). 

Herein, we present the single crystal X-ray diffraction studies of methanol 

solvated dioxomolybdenum(VI) complex of N
4
-pentyl-S-methyl 

thiosemicarbazone having ONN donor set. Complex crystallizes in monoclinic 

crystal system with P 21/c space group symmetry. In the complex molecule, the 

thiosemicarbazone ligand is coordinated to dioxomolybdenum(VI) center via 

phenolic oxygen, azomethine nitrogen and thioamide nitrogen atoms (Figure 1). 

Considering the bond distance and angle values, the coordination sphere of the 

complex can be described as distorted octahedral geometry. In the crystal 

structure, two dioxomolybdenum complexes connect to the each other via 

N2ĿĿĿĿĿĿH11-O3 hydrogen bond, so forming together a centrosymmetric dimer. 

a)                                                  b)     

Figure 1.  ORTEP diagram (a) and intermolecular interactions (b) of the 

complex. 
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Pyruvate kinase is a hub protein which catalyzes the last step of glycolysis. It is 

an attractive drug target because of distinct allosteric mechanisms in humans and 

bacteria. In this work, docking-based virtual screening is performed for three 

different conformers (PDB ID: 3t0t, 3t05, 3t07) of pyruvate kinase of 

methicillin-resistant Staphylococcus aureus (MRSA) using approved drugs. The 

screening focuses on a binding pocket at the interface of the tetrameric enzyme, 

to which several small molecule inhibitors have been previously shown to bind 

selectively in MRSA over humans 
[1]

. For the screening, flexible docking was 

carried out for over 1900 approved drugs
 
using Autodock v4 

[2]
. After analyzing 

the docking scores, top inhibitors that are common in all three conformers are 

determined. Top drugs include an Nebivolol which is an anti-hypertensive drug 

and Carminomycin which is an antibacterial and antitumor drug. 
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Tetrahedral intermediates (hemiaminals) during thiazol-2-imine formation 

reactions have been isolated as stable compounds from the LiAlH4 reduction of 

the corresponding 2-arylimino-3-aryl-thiazolidine-4-ones.
1
 In solution, the 

hemiaminals have been found to slowly convert to the corresponding thiazol-2-

imines over time. The first order rate constants for the conversion processes have 

been determined by time dependent 
1
H NMR spectroscopic analyses. The 

stabilities of the hemiaminals were due to the amidine conjugation of the 

hemiaminal nitrogen and an intramolecular H-bonding interaction for the o-

methoxyphenyl derivative as verified by computational studies. The reaction 

mechanism was investigated by DFT/M06-2X/6-31+G(d,p) method. The 

computational and experimental data are in agreement with an acid catalysed 

water elimination mechanism for the conversion of hemiaminal to thiazol-2-

imine. Axial chirality of the hemiaminal 2-o-methoxyphenylimino-3- o-

methoxyphenyl-thiazolidine-4-ol was modeled in DMF and in chloroform with 

DFT/M06-2X/6-31+G(d,p) method. Interestingly, a solvent induced 

conformational switching between P and M atropisomers has been observed by 

means of 2D NOESY and verified by computation.  

References 

 

1. S. E. Gunal, G. S. Gurses, S. S. Erdem, I. Dogan, Tetrahedron, 2016 72, 2122-2131.  

mailto:sule.erol@boun.edu.tr


 

64 

P37-Theoretical investigation of thiol-ene click reactions:  a 

DFT perspective 
 

Volkan Fēndēk
1 
Ķsa Deĵirmenci

2
 ķaron ¢atak

1
 and Viktorya Aviyente

1 

1
 Bogazici University, Faculty of Arts and Sciences, Department of Chemistry, 

34342 Bebek, Istanbul, Turkey 
2
 Ondokuz Mayēs University, Chemical Engineering Department, 55139 Samsun, 

Turkey 

 

E-mail: volkan.findik@boun.edu.tr 

 

In this study, for the first time a detailed study about the contribution of the 

phenyl thiol derivatives on the thiol-ene reaction mechanism has been carried out 

by using quantum chemical tools. DFT calculations have been used to investigate 

substitution effect on eleven thiol-ene reactions. It is well known that the 

reaction mechanism is strongly controlled by the kP/kCT ratio, where kP is the 

propagation rate constant of the thyl addition to the alkene and kCT is the rate 

constant of chain transfer to a thiol. All geometry optimizations and rate 

coefficients have been carried out with the M06-2X/6-31++G(d,p) methodology. 

The electrophilic nature of the phenylthio radicals and the S-T gap of the alkenes 

are mainly responsible for variation of the activation barriers of the propagation 

reaction, this demonstrates the importance of the ene functionality on the 

propagation reaction. The transition structures of the chain transfer reactions are 

stabilized by intramolecular interactions which lower the activation barriers.  

This study has revealed the fact that the kP/kCT ratio for the thiol-ene reactions 

does not only depend on the alkene functionality but on the thiol functionality as 

well, tailor-made polymers can be obtained by altering the substituents and the 

computational procedure described herein will guide the synthesis. 
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The usage of hydrogen on mobile applications have been very popular since 

decades due to the possible energy crisis in near future because of depleting 

fossil fuel resources. Hydrogen is the first candidate over the carbon-based fossil 

fuels. In order to replace fossil fuels, effective usage of hydrogen should be 

established for daily utilization. Until now, high-pressurized tanks, cryogenic 

liquefaction have been investigated; However they did not meet the 

expectations[1]. However, these systems exhibit some drawbacks such as 

pressure control, bulky structure and leakage. Also, molecular hydrogen can be 

stored in carbon nanotubes[2], Metal-Organic Frameworks[3], Graphene[4] via 

Van der Waals interactions. Instead of these systems, spontaneous generation 

and instantaneous usage of hydrogen can be considered. Sodium (SB) and 

Lithium Borohydride (LB) has been taken much interest because it serves safe 

and spontaneous hydrogen evolution with the water at room temperature. SB and 

LB have 10.8 %wt and 18.4 %wt gravimetric hydrogen capacity, respectively, 

environmental friendly hydrolysis product (NaBO2, LiBO2), low reaction 

temperature [5,6].  

 

ὓὄὌ ςὌὕᴼὓὄὕ Ὄ ὓ ὔὥȟὒὭ 

 

Figure 1.  (a) The reactant Configuration : .Á"(ς(/, (b) Reaction 

Intermediate:  .Á"(+(+ς(/,  (c) Transition State: .Á"(( ς/(ς(,  

(d) Product: .Á"/τ(. The purple, white, pink and red spheres stand for 

Sodium, Hydrogen, Boron and Oxygen atoms, respectively. 

 

SB and LB have chemically bonded hydrogen to the [ὄὌ]
-
 group can be also 

abstracted by catalysts with a high efficiency than uncatalyzed medium. It is very 

important point that there is no consensus about certain reaction mechanism 
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along with the effect of the pH concentration for both catalytic and non-catalytic 

medium. In this work, catalytic activity of Au(210) single-crystal surface for SB 

and LB hydrolysis reaction are determined. Reaction mechanism is updated from 

the article of Janik et al. [7] and modified to have free OH
- 
(Hydroxyl) ions to 

show the effect of the pH concentration to the activation barrier. Catalytic 

activity of these surfaces are determined via relative energy differences given by,   

   Ὁ Ὁ  Ὁ  

Calculations are carried out via CASTEP simulation package which is based on 

Density Functional Theory. The exchange-correlation term is calculated by 

PW91 within generalized gradient approximation (GGA) [8]. Catalytic activity 

of Au(210) single-crystal surface for SB and LB hydrolysis reaction are obtained 

and compared with the non-catalytic medium. 
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Network approach is utilized to investigate the structural changes occurring 

through point mutations. These changes may be correlated with the evolutionary 

roles of amino acids. We perform computational alanine scanning on a non-

homologous set of 40 proteins using the recipe outlined previously [1]. To 

construct a residue network, we assign a node to the Cɓ atom of each residue and 

assign an edge between the nodes which are within the first coordination shell of 

each other. We inspect the changes in the mutant networks by using the shortest 

path length (L), betweenness centrality (BC), neighbor count (k) and clustering 

coefficient (C) of the nodes with respect to the wild-type as the measures [2], [3]. 

We then relate the results averaged over all mutants to their conservation scores 

[4]. As a case study, bacterial enzyme dihydrofolate reductase (DHFR, pdb id: 

1rx2) is selected for its significance as a model system for studying antibiotic 

resistance [5], [6]. The apo and holo DHFR structures are studied to deliniate the 

effect of ligands. We observe k and BC as the parameters that best describe the 

difference between two forms, in alignment with our results from the 40 protein 

test set. In particular, residues I5, A6, V99 and Y151 display high BC values that 

signify structural importance in DHFR. Our results reveal the evolutionary 

importance and the structural significance of point mutations in proteins through 

mutational perturbations. 
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Circadian rhythm controls the behavioral, biochemical and physical activities of 

the organisms in which they are found from cyanobacteria to human. Although 

this rhythm is endogenous, environmental and social factors entrain the rhythm 

to align its phase exactly to 24-hours via circadian clock mechanism. Circadian 

clock in mammals is located in the suprachiasmatic nuclei (SCN), synchronizes 

all clocks located in tissues via hormones and neuronal signals. Clock 

mechanism is controlled by two interconnected transcription/translation feedback 

loops (TTFL) at the molecular level. Four integral clock proteins drive the clock. 

These are two activators (BMAL1 and CLOCK) and two repressors (PER and 

CRY). BMAL1-CLOCK forms the dimer and binds to E-box in the promoter 

region of genes (~40% of all genes) including Cry and Per (positive arm of the 

TTFL). PER and CRY proteins accumulate in the cytoplasm and translocate to 

nucleus to inhibit BMAL1-CLOCK driven transactivation (negative arm of the 

TTFL)[1] (Figure 1a). Impairment of the organismôs clock increases the 

susceptibility to various diseases, for example depression, jetlag, sleep disorders, 

neurological and cardiovascular diseases, cancer, diabetes and obesity. 

Furthermore, it has been shown that loss of CRY in cancer prone mice (p53
-/-

), 

unexpectedly, caused longer life span than cancer prone mice having the CRY, 

by initiating the apoptosis through upregulation of p73 [2, 3] (Figure 1b).  

The SCF-FBXL3 and FBXL21 ubiquitin ligase complexes act antagonistically 

and mediate the degradation of the CRY (Figure 1a). The recent study revealed 

co-crystal structure of the FBXL3 and CRY2, and showed that FBXL3 interacts 

with CRY through Flavin binding pocket [4]. On the other hand, biochemical 

analysis showed that FBXL21 interacts critically through pocket2 of CRY [5, 6]. 

Since small molecules are very useful tool to modulate protein-protein 
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interaction we aimed to identify small molecules by taking advantage of the 

docking simulations targeting the FBXL3 or FBXL21 binding pocket of CRY to 

decrease the overall CRY stability thereby to enhance the apoptosis. 

After screening more than 1.5million small molecules in silico by using the 

Autodock Vina and testing 150 molecules experimentally, we identified 29 

molecules modulating the half-life of CRY. Among those one molecule (M47) 

was well characterized. It has been shown that M47 treatment decreased the 

CRY level thus increased the transactivation of BMAL1:CLOCK both in U2OS 

cell lines and in C57BL/6 mice, and enhanced apoptosis after oxaliplatin 

treatment in MEF cell lines. 

 

a)  

                                               

b) 

Figure 1: a) 

Mechanism of 

circadian clock and 

control of CRY 

stability. b) 

Mechanism of 

apoptosis initiation as a result of decrease in CRY.  
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In this project, we studied conformational analysis of the ɓ-form of N-

acetylneuraminic acid, which is a kind of sialic acid, is quite dominant in 

mammals and the most stable structures were studied with tryptophan 

interactions. 

Sialic acid is a sugar contains an amino group, acetylated derivatives of sialic 

acid are found in glycoproteins and glycolipids of plasma membranes and other 

cellular components. In this study, N-acetylneuraminic acid (NANA) was 

selected for ganglioside structures on the cell surface of tumor cells
1-3

. The 

structural forms of NANA are Ŭ form and ɓ form. The beta form was selected for 

this study because it is dominant in living systems. 

Lectins can specifically bind to sugars, found in such as plants, animals, viruses. 

In lectin structure, there are certain amino acids in the binding regions of the 

protein that interact with the cell surface. One of these amino acid is tryptophan, 

which has an aromatic group
4
. 

The ɓ form of N-acetylneuraminic acid was calculated by Spartan'16 with 

conformer distribution molecular mechanics/MMFF options. 985 possible 

conformers were found. These conformers were investigated by Density 

Functional Theory (DFT) in the Gaussian09 program. The DFT calculation was 

applied ɤB97xD/6-31G (d, p) level. Calculating the relative energies, the 4 most 

stable structures were re-optimized in the upper basis set, 6-311G++(d.p). 

Conformational analysis were performed using SYBYL force field as 

implemented in Spartanô16 software in order to generate input structures which 

includes 4 structures of NANA and optimized tryptophan complexes. In 

conclusion, NANA-Tryptophan complexes were optimized in an aqueous 

environment by using PCM and all these calculations were carried out by DFT in 

Gaussian09. 
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Thiosemicarbazones represent an important class of Schiff base ligands having 

sulphur and nitrogen as donor atoms. Thiosemicarbazones and their transition 

metal complexes have a wide range of pharmacological properties such as 

antimicrobial, antitumor and antiviral activity [1, 2]. In addition, palladium(II) 

thiosemicarbazones possess interesting antiproliferative effects on human cancer 

cell lines [3, 4]. 

In this study, the reaction of 3-bromo-5-chloro-2-hydroxyacetophenone-N
4
-

butyl-thiosemicarbazone with an equimolar amount of Pd(PPh3)2Cl2 has afforded 

[PdL (PPh3)] complex. Thiosemicarbazone ligand and palladium(II) phosphine 

complex was characterized by elemental analysis, IR and 
1
H-NMR spectrum and 

the complex was also determined by single crystal X-ray diffraction.  

  [PdL (PPh3)] complex 
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