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Abstract. The three platinum (I1) complexes ([Pt(L1)(DMSO)CI], [Pt(L2)(DMSO)CI] and [Pt(L2).]) bearing
the bidentate ligands sulphonamide-((E)-2-(4-methylphenylsulfonamido)-2',6"-difluoroazobenzene, HL1) and
hydroxy-azo-2,6-difluorobenzene ((E)-2-((2,6-difluorophenyl)diazenyl)phenol, HL2) were optimized with the
optimum levels of B3LYP/6-31+G(d) and B3LYP/LANL2DZ/6-31+G(d) level. The structural parameters
(bond lengths and ligand angles), IR and *H, 3C and °F-NMR spectra obtained from the optimized structures
were compared with the experimental data and the results were found to be consistent with the experimental
results. Experimental inhibition activities against A2780 and A2780CP70 cancer cells were compared with
guantum chemical parameters such as HOMO energy (Exomo), LUMO energy (ELumo), LUMO-HOMO energy
vacancy (AE), hardness (n), softness (o), electronegativity () and chemical potential (u). The relationship
between the molecular structure with the biological activity was examined and E_uymo order was found to be
compatible with the experimental inhibition efficiency ranking. Molecular electrostatic potential (MEP) maps
were studied of ligands and complexes exhibiting anti-cancer properties and for ligands and complexes, regions
of attachment to cancer cells were determined. In addition, electrostatic potential (ESP) charges obtained from
MEP maps of ligands and complexes were ranked according to their ease of binding to the cancer cell. The
obtained ranking was found to be in accordance with the experimental inhibition efficiency order. For studied
ligands and complexes, molecular docking studies were carried out with the Hex.8.0.0 program. The target
proteins (PDB ID: 4M5W and 5F14, respectively) corresponding to the A2780 and A2780CP70 cell lines were
selected in the literature. The interaction energies of 4AM5W and 5F14 target proteins with HL1 and HL2 ligands
were calculated to be -300.02, -240.80 and -336.64, -247.04 kJ/mol, respectively. The binding energies between
the complexes and 4M5W and 5FI14 target proteins were calculated to be -387.52, -285.44, -364.88 and -399.63,
-297.8, -385.323 kJ/mol. According to these results, the experimental and calculated inhibition efficiency order
was found to be compatible.

Keywords: Platinum (I1) complexes, DFT and Molecular Docking Studies.

Hidroksi- ve Siilfonamid- Azobenzen Platin (II) Komplekslerinin Yapisal,
Spektroskopik ve Anti-Kanser Ozellikleri: DFT ve Molekiiler Yerlestirme
Calhismalar:

Ozet. Bidentat ligandlar olan siilfonamid-((E)-2-(4-metilfenilsiilfonamido)-2',6'-diizoazobenzen, HL1) ve
hidroksi-azo-2,6-diflorobenzen ((E)-2-((2,6-diflorofenil)diazenil)fenol, HL2) tasiyan ¢ platin (II) kompleksi
([Pt(L1)(DMSO)CI], [Pt(L2)(DMSO)CI] ve [Pt(L2),]) en uygun seviye olarak belirlenen B3LYP/6-31+G(d) ve
B3LYP/LANL2DZ/6-31+G(d) seviyesi ile optimize edildi. Optimize yapilardan elde edilen yapisal
parametreler (bag uzunluklar ve bag agilart), IR ve *H, *C ve F-NMR kimyasal kaymalar1 deneysel veriler ile
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kiyasland1 ve sonuglar deneysel sonuglar ile uyumlu oldugu goriildii. A2780 ve A2780CP70 kanser hiiclerine
kars1 deneysel inhibisyon etkinlikleri HOMO enerjisi (Evomo), LUMO enerjisi (ELumo), LUMO-HOMO enerji
boslugu (AE), sertlik (n), yumusaklik (o), elektronegativite (x) ve kimyasal potansiyel (u) gibi kuantum
kimyasal parametreler ile kiyaslandi. Aktivite yap1 arasindaki iliski incelendi ve ELumo deneysel inhibisyon
etkinlik siralamasi ile bire bir uyumlu bulundu. Anti-kanser 6zellik gosteren ligand ve komplekslerin molekiiler
elektrostatik potansiyel (MEP) haritalar1 incelendi ve HL1 ve HL2 ligandlar1 ve Comp. (1)-(3) i¢in kanser
hiicrelerine baglanma bolgeleri belirlendi. Ayrica MEP haritalarindan elde edilen elektrostatik potansiyel (ESP)
yiikleri ile ligandlar ve komplekslerin kanser hiicresine baglanma kolayliklarina gére siralamalari yapildi. Elde
edilen siralama deneysel inhibisyon etkinlik siralamast uyumlu bulundu. Calisilan ligand ve kompleksler i¢in
Hex.8.0.0 programi ile molekiiler yerlestirme ¢aligmalar1 yapildi. A2780 ve A2780CP70 hiicre ¢izgisine karsilik
gelen hedef proteinler (PDB ID:4M35W ve 5F14, sirasiyla) literatiirde secildi. 4M5W ve 5F14 hedef proteinleri
ile HL1 ve HL2 ligandalarin etkilesim enerjileri sirasiyla -300.02, -240.80 ve -336.64, -247.04 kJ/mol olarak
hesaplandi. Kompleksler ile 4M5W ve 5F14 hedef proteinleri arasindaki baglanma enerjileri -387.52, -285.44,
-364.88 ve -399.63, -297.8, -385.323 kJ/mol olarak hesaplandi. Bu sonuglara gore deneysel ve hesaplanan

inhibisyon etkinlik siralamast uyumlu bulundu.

Anahtar Kelimeler: Platinum (II) kompleksleri, DFT ve Molekiiler Yerlestirme Caligmalari.

1. INTRODUCTION

Azobenzene has been extensively used in many
fields such as molecular biology, pharmacology
and chemistry [1-10]. The azobenzene and
derivatives such as 2-(arylazo) pyridines, 2-
(arylazo) pyrimidines and 2-(arylazo) imidazoles
are very interesting compounds in coordination
chemistry due to their strong M-L bonds resulting
from interesting redox behaviors and strongm-
acceptor character [11]. Cisplatin and carboplatin
are FDA-approved chemotherapeutic drugs used as
part of first line therapy for several different types
of cancer [12,13]. Platinum (Il) complexes are
relatively important in the treatment of cancer. For
anti-cancer  platinum-based  drugs, mainly
experimental studies have quite extensive and there
are major economic losses in these studies [14-20].

In this study, we aimed to investigate of
experimentally synthesized HL1 [21] and HL2
ligands and cisplatin complexes [22] containing
these ligands in terms of structural, spectroscopic
and anti-cancer properties by computational
chemistry methods. Therefore, in this study, the
optimum level is determined as
B3LYP/LANL2DZ/6-31+G(d) level for
complexes. Based on this level, ligands are studied
at B3LYP/6-31+G(d) level. In this work, the
experimentally synthesized HL1, HL2 and
[Pt(L1)(DMSO)CI] (Comp. (1)),
[Pt(L2)(DMSO)CI] (Comp. (2)) and [Pt(L2)2]

(Comp. (3)) compounds are studied. Structural and
spectroscopic (IR and NMR) analyzes of the
mentioned compounds are performed at the best
level. IC50 values have been reported for the
compounds mentioned by Samper et al. some
guantum chemical parameters were associated with
structure and biological activity. The molecular
electrostatic ~ potential (MEP) maps and
electrostatic potential (ESP) charge derived from
these maps of HL1, HL2 and their platinum (1)
complexes are examined in detail. In addition,
molecular docking studies are conducted against
the cancer cell line being studied.

2. CALCULATION METHOD

The input files of the studied compounds were
made using GaussView 6.0 [23]. All calculations
were performed with Gaussian 09 AMLG64L-
Revision-C.01  [24]. Optimized  molecular
structures were carried out with Chemcraft. exe
1.8.0.178 licensed program [25]. HF [26] and
DFT/B3LYP [27] method which are quite common
methods are preferred for ligands and complexes.
CEP-31G [28] and LANL2DZ/6-31+G(d) basis
sets are selected for the complexes. 6-31+G(d)
basis set are used in calculated of ligands.
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3. RESULT AND DISCUSSION

3.1 Benchmark analysis

For the Comp. (1)-(3), the correlation coefficient
(R% values derived from distribution graphs
according to these parameters and experimental
and calculated bond lengths and bond angles are
given in Table 1. The first level chosen in the
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calculations is the HF/CEP-31G level used for
trans-platin (II) oxime complexes by Saym and
Karakas [29-31]. The second calculation level is
B3LYP/LANL2DZ/6-31+G(d), which is quite
common in the computational studies of transition
metal complexes. The structural parameters
obtained from the structures optimized by two
calculation methods for Comp. (1)-(3) are given in
Table 1.

Table 1. The experimental and calculated with HF and B3LYP methods and CEP-3G and LANL2DZ basis sets structure

parameters and their correlation coefficients.

Comp. (1) Comp.(2) Comp.(3)
Bond Bond Bond
length Exp. Call* Cal2* length Exp. Call*® Cal2* length Exp. Cal.1* Cal.2*
(] A) @A)

Pt-Cl1 22967 23962 24318 Pt-O1 1.9930 19889 20054 P{-02 1.9866 20201 2.0398
Pt-S2 22368 24763 24439 PtN2 20050 20706 20305 Pt-N4 1.991 20851 2.0341
Pt-N1 20180 20938 20479 Pt-S1 22248 24757 24374 Pt-0O1 1.9916 20201 2.0395
Pt-N3 2.0370 20190 20017 Pt-Cll 23105 24112 24499 Pt-N2 1.9997 20850 2.0341
R? - 0.8655 0.9443 R? - 0.8841 0.9601 R? - 0.4352 0.4323
Bond angles (%)
N1-Pt-N3 854.99 82.50 8333 O1-Pt-N2 92031 8866 9083 O2-Pt-N4 9032 86.94 89.02
N1-Pt-82 9446 98.03 9788 0O1-Pt-51 17038 17225 169358 02-Pt-O01 8064 86.82 83.42
N3-Pt-S2 17431 17858 17830 N2-Pt-S1 9904 9910 9938 N4-Pt-O1 170.7 172.02 170.25
N1-Pt-Cl1 17527 17051 17263 O1-Pt-Cl1 8325 8828 8575 O2-PtN2 17038 17202 170.25
N3-Pt-Cl1 9029 95.06 9389 N2-Pt-Cll 173.15 17693 176.02 N4-Pt-N2 9916 09.68 9911
S2-Pt-Cl1 9027 84.60 8476 S1-PtCll 8746 8397 8410 O1-PtN2 8994 86.94 89.02
R? - 0.9882 0.9920 R? - 0.9955 0.9973 R? - 0.9933 0.9989

*Cal.1 =HF/CEP-31G and Cal 2 = B3ALYP/LANL2DZ/6-31+G (d)

When the R? values were investigated in Table 1
for the Comp. (1)-(3), the closest level to 1 was
determined as B3LYP/LANL2DZ/6-31+G(d)
level. This level was preferred for other
calculations of this study.

3.2 Optimize structures

Optimized structures obtained in the gas phase with
B3LYP/6-31G+(d) for the ligands and
B3LYP/LANL2DZ/6-31G+(d) for the complexes
are given in Figures 1 and 2, respectively.
Optimized structures of ligands and complexes was
done using Chemcraft.exe 1.8.0.178 program.

HL2

Figure 1. The obtained optimized structures for the HL1 and
HL2 using B3LYP/6-31+G(d) level.
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Figure 2. Optimized structures for the Comp. (1)-(3) at B3LYP/LANL2DZ/6-31+G(d) level.

3.3 IR analysis

Harmonic frequencies obtained from the out files
of the B3LYP/6-31+G(d) and
B3LYP/LANL2DZ/6-31+G (d) for the ligand and
complexes, were compared to the experimental
frequencies with the aid of an animation program
[32-34]. According to this comparison, the bond

stretching modes were labeled. From the calculated
frequencies, the bond stretching frequencies with
the highest the molar absorption coefficient (M
lem™) were taken into account. The experimental
and calculated bond stretching for the HL1, HL2
and Comp. (1)-(3) are given in Table 2 as
comparative.
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Table 2. Experimental and calculated vibrational frequencies (cm) of the mentioned ligands calculated at B3LYP/6-31+G(d)
level and their assignment.

HL1 HL?2
Exp.* Cal Assign. Exp.**  Cal. Assign.
3299 3492.81 VN-H 3099 3589.56 VO-H
1613 1658.76 VCaro-Caro (difluorophenyl) 3066 3232.30 VcCaro-H (difluorophenyl)
1594 1625.10 VCaro-Caro 2922 3219.04 VcCaro-H
1477 1548.84 VN=N 2852 3205.68 VCaro-H
1390 1476.55 VCaro-N 1614 1658.16 Vcaro-CaroTVN=N
1338 1433.60 Vs=0 1589 1631.67 VCaro-Caro
1165 1272.82 VCaro-N+VCaro-F 1470 1545.94 VN=N
1092 1132.92 Vcaro-S 1411 1520.55 Vcaro-0
1028 1082.79 VCaro-S+VCaro-N 1358 1506.10 Vcaro-N+Vcaro-F
926 1045.97 VCaro-F 1323 1393.64 Vcaro-CaroTVN=N
759 842.80 VCaro-N+VCaro-S 1289 1304.07 Vcaro-F+Vcaro-0
1271 1295.87 Vcaro-0tVcaro-NtVcaro-F
1227 1279.74 Vcaro-0tVcaro-NtVcaro-F
1146 1226.08 Vcaro-N
1111 1176.82 Vcaro-NtVcaro-0
1025 1042.89 VCaro-F
818 912.76 VCaro-N*Vcaro-F
785 871.12 Vcaro-CaroVcaro-01Vcaro-N
754 820.10 VCaro-Caro
*Experimental values were taken from reference [21]. **Experimental values were taken from reference

[22].

Table 3. Experimental and calculated vibrational frequencies (cm™) of Comp. (1)-(3) calculated at B3LYP/LANL2DZ/6-
31+G(d) level and their assignment.

Comp. (1) Comp. (2) Comp. (3)
Exp. Cal Assign. Exp. Cal. Assign. Exp. Cal Assign.
3014 324282 vCaroH 3060 324691 vCaroH 3064 324311 vCaro-H
2927 310626 vCH;(Caro) 3007 322715 vCH,(DMSO) 2903 322676 vCaro-H(dfp®)
2853 309657 vCH3DMSO) 2920 320604 vCaroH 2852 32018  vCaro-H
1616 166089 vCaro-Caro 2851 309497 vCH,DMSO) 1734 167051 vCaro-Caro
1506 164645 vCaro-Caro 1610 166964 vCaro-CarotyN=N+vC-O 1605 1669.93 vCaro-CarovCaro-Caro(dfp*)
1468 151427 vyN=N 1509 164872 vCaro Caro 1503 1644.06 vCaro-Caro(dfb®)
1423 150425 vCaro-Caro 1477 15135 yN=N+vC-O+vCaro-N 1526 15748  yN=N
1317 145086 vN=N 1394 145984  VN=N+vCaro-N 1471 15167  vCaro-O
1279 134317 vN=NtvCaro-Caro 1307 141604  vC-Ot+vCaro-N 1380 144937 vCaro-N
1249 13089  vCaro-F+yN=N 1201 1337.24  YN=N+vC-O+vCaro-N 1308 133283 vC-O-+vCaro-N
1141 120545 vCaroN 1250 1303.62 KTC'FJ’“N:N“C'OWCW 1238 13055  vC-O+vCaro-Caro
1084 108839 vCaro-S 1146 120246  vCaroN 1180 12631  vCaro-N+VN=N
1018 107593 vS-CH, 1009 1056.02  vS-CH; 1140 120156 vN=N+vCaro-N
948 101927 vCaroF 959 101685 vCaroF 1015 102556 vCaroF
914 96756 VPN 786 97072 vPtN 944 96603 vPLN
856 95735  vS-0 753 81802  vO-S(CHL) 847 90238  vPLN
764 81612  vO-S(CHy) 779 82183 VPO

747 79346 wCaro-H

Dip*: difluorophenly, w: wagging taken from reference [32]

In Table 2, the calculated harmonic frequencies examined; The experimental and calculated
corresponding to the experimental vibrational frequencies for HL1 and HL2 ligands seem to be
frequencies of the HL1 and HL2 ligands and their ~ compatible with one another. Computational
respective labeling are given. When the results are  chemistry methods are very useful in supporting
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many experimental studies on the assignment of
vibration frequencies. The experimental frequency
at 3299 cm™ was calculated to be 3492.81 cm™ and
it was observed that these frequency of vibration
corresponded to N-H bond stretching. The
experimental frequency of 1613 cm-1 was
calculated as 1658.76 cm™ and corresponded to
Caro-Caro bond stretching in diflurophenyl. The
experimental frequency at 1594 cmwas calculated
as 1625.10 cm™ and corresponded to the stretching
of aromatic carbons. The experimental frequency
determined as 1477 cm™ is calculated as N=N bond
stretching of 1548.81 cm™. The frequency
calculated as 1433.60 cm™ corresponds to the S=O
bond stretching. This calculated frequency is
experimentally labeled to frequency within 1338
cm™. The experimental frequency at 1165 cm™ was
calculated to be 1272.82 cm™. At this frequency
value, Caro-N and Caro-F bond stretching were
observed. The experimental frequency at 1092 cm’
! was calculated as 1082.79 cm™ and labeled as
Caro-S and Caro-N bond stretching. The
experimental frequency of 926 cm™ was calculated
as 1045.97 cm™ and labeled as Caro-F bond
stretching. The experimental frequency of 759 cm

! was calculated as 842.80 cm™ and Caro-N and
Caro-S bond stretching was observed. Similar
comments can be made for the ligand HL2 and
Comp. (1)-(3) in Table 3.

3.4 NMR spectra

Nuclear Magnetic Resonance (NMR) spectroscopy
is one of the most important analytical technique
used to determine the structures of the molecular
and supramolecular. When combined with
molecular modeling and quantum chemistry
methods, the feasibility of NMR spectroscopy is
useful quite to solve various structural problems.
Theoretical calculations of NMR parameters are
useful ~ for  restructuring  molecular and
supramolecular structures from experimental NMR
data [35].

'H, BC and F-NMR chemical shifts calculated
phase with the GIAO method for the HL1, HL2
ligands at B3LYP/6-31G(d)+ level and Comp. (1)-
(3) at B3BLYP/LANL2DZ/6-31G+(d) level in the
gas were given in Table 4 and Table 5, respectively.

Table 4. The experimental and the calculated at the GIAO method B3LYP/6-31G(d)+ level of the *H and **C-NMR chemical
shift values for HL1 and HL2 ligands and this chemical shift corresponding atom assignment.

HI.1 HL1 HIL.2 HI1.2
TH-NMR LBC-NMR TH-NMR LBC-NMR
Assion.  Calc. Exp. Assion. Calc. Exp. | Assign. Calc. Exp. Assion.  Calc. Exp.
19H 8.13 971 8C 16080 153.1 16H .78 123 8C 15992 1562
25H 8.01 7.89 3C 15149 1447 18H 7.39 799 11C 15485 1525

4H 7.19
35H 774 776 11C 13969 1429 1071 701 744-732 3C 15143 1388
16H 764 9H 6.91
33H 745 T7.69-7.66 ;gg Egzé 1376 5H 6.80 7.12-703 10C 13659 1345
18H 737 ’ 17H 6.76
38H 723 10C 136.57 1367 15C 13159 1336
4H 721 760758 15C 13023 1333 7C 127.85 1309
37H 6.92 ic 12798 1325 2C 12572 1289
oH 6.90 753 2C 126.28 1303 14C 11490 1202
12355
5H 6.85 725 30C 173 25 130.1 13C 112.41 11861
122.85 12C 109.85
17H 6.83 716 32C 122.70 1279 1c 108.06 112.1
42H 243 222 14C 11734 1259 6C 108.59
41H 235 222 13C 11501 1239
40H 1.74 222 12¢C 10965 1235
1C 108.71
6C 107.71 198
39C 2288 213

1041
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Table 5. The experimental and the calculated at the GIAO method B3LYP/ LANL2DZ/6-31G+(d) level of the *H and **C-NMR
chemical shift values for Comp. (1)-(3) ligands and this chemical shift corresponding atom assignment.

Comp. (1) Comp. (1) Comp. (2) Comp. (2) Comp. (3) Comp. (3)
TH-NMR BC-NMR IH-NMR BC-NMR TH-NMR BC-NMR

10H 8.12 6C 336.52 10H 8.12 6C 336.52 9H 4.81 3C 37834
13H 5.23 7C 112.40 13H 523 7C 112.41 10H 4.61 4C 150.06
14H 5.30 8C 268.55 14H 529 8C 268.55 11H 5.39 5C 114.21
15H 6.11 ac 128.63 15H 6.11 a9C 128.63 24H 517 6C 116.39
23H 65.02 11C 111.87 23H 6.02 11C 111.88 26H 2.87 7C 121.71
24H 2.26 12C 151.78 24H 227 12C 35293 27H 6.40 8C 115.05
25H 3.94 17C 35293 25H 3.94 17C 202.25 28H 6.07 19C 243.89
30H 0.37 18C 20225 30H 0.37 18C 121.29 35H 481 20C 168.41
31H 5.66 19C 121.29 31H 5.67 18C 12438 36H 4.61 21C 12421
32H -6.74 20C 124.38 32H -6.74 20C 105.33 37H 539 22C 129.98
34H -15.94 21C 105.33 34H -15.94 21C 107.27 43H 517 23C 139.69
35H 3.98 22C 107.27 35H 3.98 22C 63.72 45H 2.87 25C 125.82
36H 13.19 29C 63.72 36H 13.19 26C -14.02 46H 6.40 29C 37832
44H 7.70 33C -14.02 44H 12.55 33C 116.34 47H 6.07 30C 150.13
46H 12.55 40C 138.26 46H 7.50 40C 127.21 31C 114.22
48H 7.50 41C 122.02 48H 8.56 41C 122.46 32C 116.39
49H 8.56 42C 116.34 49H 275 42C 13998 33C 121.71
51H 2.75 43C 127.20 51H 2.15 43C 19.05 34C 115.06
52H 2.15 45C 122.46 52H 262 45C 336.52 38C 24385
53H 2.62 47C 139.98 53H 8.12 47C 112.41 39C 168.35
50C 19.05 50C 268.55 40C 124.22

41C 129.97

42C 139.68

44C 125.81

In Table 4, the calculated 'H and “*C-NMR
chemical shift values for HL1 and HL2 were given
and atom labeling was performed according to the
experimental chemical shift values. The
experimental and calculated values for the ligands
according to Table 4 were in accordance with one
another. The *H-NMR chemical shift value at the
experimental value of 9.71 ppm was calculated to
be 8.13 ppm and labeled as hydrogen number 19.
The chemical shift value, which was
experimentally 7.89 ppm, was calculated as 8.01
ppm and labeled as 25H. The experimental
chemical shift at 7.74 ppm was calculated to be
7.76 ppm and labeled as 35H. The other
experimental and calculated values with similar
approaches were presented in the table and atomic
assignmentwas done.

In Table 5, the calculated'H and *C-NMR
chemical shifts values at the GIAO method
B3LYP/LANL2DZ/6-31G+(d), experimental ‘H
and *C-NMR chemical shifts values and
corresponding atom labeling ofthese values and
were presented for the inorganic complexes. There
were some differences between the calculated and
experimental *H and *C-NMR chemical shifts.

Even negative chemical shifts were obtained.
While there is a harmony between the calculated
NMR values and the experimental NMR values of
the organic molecules, there may be a difference
between the experimental and calculated chemical
shift values of the complexes. The
tetramethylsilane (TMS) which we use as a
reference substance is a material chosen to be the
most shielding effect for carbon and hydrogen
atoms. For this reason, tetramethylsilane (TMS) is
used when the chemical shift values of organic
molecules are calculated is a preferred way to
achieve closer results to the experiment. However,
more shielding effect in inorganic molecules than
TMS may cause them to have negative chemical
shift values. Additional, the experimental **F-NMR
chemical shifts values for HL2 and Comp. (1)-(3)
were -120.41, -119.8 and -120.5, -121.8 and -
117.36 ppm, respectively. According to the results
obtained with the GIAO method
B3LYP/LANL2DZ/6-31G+(d), BF-NMR
chemical shift for HL2 was calculated to be -129.7
for 20F and -125.8 ppm for 21F and the calculated
results were consistent with the experimental
values. The experimental *°F-NMR chemical shifts
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for Comp. (1) are -119.8 and -120.5 ppm while the
calculated *F-NMR chemical shifts are -132.8 and
-139.5 ppm. The F-NMR chemical shifts for
Comp. (2) were calculated to be -35.18 and -67.45
ppm. Comp. (3) were calculated as -161.18 and -
47.24 ppm.

3.5 Quantum chemical parameters

Quantum chemical parameters provide useful
information for predicting chemical activity
depending on the electronic structure of the
molecules. The chemical activities of the
molecules depend on these identifiers. Drug design
can be performed by considering the interactions

between molecules in chemistry. The activity of a
drug candidate is estimated from its molecular
identifiers. Molecular structure identifiers are
parameters such as HOMO energy (Enomo),
LUMO energy (ELumo), LUMO-HOMO energy
gap (AE), hardness (n), softness (o),
electronegativity (x) and chemical potential (p).
Some electronic identifiers of the mentioned
ligands and complexes investigated in this study
were calculated and the values of the calculated
identifiers were given in Table 6.

Table 6. Some electronic structure identifiers of the mentioned ligands and complexes.

Parameters HL1 HL2 Comp. (1) Comp. (2) Comp. (3)
Enono (V) -6.4004 -6.3213 -5.8064 -6.0723 -5.3571
Ervno (V) -2.9715 -2.8749 -3.0115 -2.8428 -2.7035
LUMO-HOMO energy gap (AE) 3.4289 3.4463 2.7949 3.2295 2.6537
Hardness (1) 1.7145 1.7232 1.3975 1.6147 1.3268
Softness (o) 0.5833 0.5803 0.7156 0.6193 0.7537
Electronegativity () 4.6860 4.5981 4.4090 4.4575 4.0303
Chemical potential () -4.6860 -4.5981 -4.4090 -4.4575 -4.0303
IC50 (Against A2780) 72 5144 1.0+0.3 3.4+0.7 6.510.1
IC50 (Against A2780CP70) 7.540.1 6613 2.740.6 103 7.020.1

IC50 values against A2780 and A2780-CP70 were taken as reference [22].

The correlation between the values of these
descriptors and the experimentally measured 1C50
values was investigated. The IC50 value is termed
the half maximal inhibitor concentration and is a
measure of the activity of a substance in a
biochemical process. As the interaction between
complexes and biological structure increases, the
IC50 value decreases. The decrease in IC50 values
indicates that the biological activity is high. The
way in which the descriptors given in Table 6 are

how they relate to the biological activity are
explained below.

3.5.1 HOMO and LUMO

The molecular orbital energy diagram of the
molecule is given in the Gaussian output file.
HOMO and LUMO orbitals are easily seen from
this energy diagram. The molecular orbital energy
diagrams of the investigated the ligands and the
complexes were given in Figure 3.
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Figure 3. Molecular orbital energy diagrams from HOMO-5 to LUMO+5 of the investigated ligands andcomplexes.

If HOMO is highly energy, such a molecule tends
to give electrons, whereas if LUMO has low
energies, such a molecule has a high tendency to
attract electrons. The 1C50 values against A2780
and A2780-CP70 cancer cells and HOMO, LUMO
energies of the studied ligands and complexes are
given in Table 6. As seen in Table 6, the biological
activities of the complexes are higher than those of
the ligands according to the quantum chemical
parameters. These results are in agreement with
experimental results. The order of activation of the
molecules studied according to HOMO and LUMO
energies is given below.

Comp. (3) > Comp. (1) > Comp. (2)

According to HOMO
HL1>HL2
Comp. (1) > Comp. (2) = Comp. (3)
HILI>HI2 } According to LUMO

3.5.2 Energy gap (AE)

The energy gap of a molecule depends on the
LUMO and HOMO energies of the molecule.

AE=E E

LUMO ~ —HOMO

The energy gap of a molecule indicates greater
stability and low chemical reactivity. The energy
gaps of the Comp. (1)-(3) and HL1, HL2 are given
in Table 6. The energy gap sequence of the
complexes and ligands is as follows.

Comp. {(3) > Comp. (1) > Comp. (2)

According to AE
HLI1>HL2
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3.5.3 Hardness M), Softness (o),
Electronegativity () and Chemical Potential (p)

The first quantitative correlations for the absolute
hardness, softness, absolute electronegativity and
chemical potential of the molecules were proposed
by R. G. Pearson in 1987 [36]. According to
Pearson, absolute hardness (n) depends on softness
(o), absolute electronegativity (y) and chemical
potential (1) depend on ionization energy (I) and
electron affinity (A) and are calculated by the
following equations.

1-A
=
1
c==
n
_I+A
=75
n=—x

According to the Koopmans theorem, the
ionization energies and the electron affinity of the
chemical species are equal to the energies of the
frontier orbitals of the molecules [37].

I = _EHOMO

A= _ELUMO

According to these equations, when the HOMO
and LUMO energies are known, the absolute
hardness, softness, absolute electronegativity and
chemical potential of the chemical species can be
calculated. The order of the values of n, &, % and
uwere presented in Table 6 as follows.

Comp. (3) > Comp. (1) > Comp. (2)
HLI>HL2

According to 1,6,% and

When the IC50 values of experimentally
synthesized ligands and complexes against A2780
and A2780-CP70 are examined, the ligands exhibit
a similar tendency towards both cancer cells but
have no similar tendency for complexes. For this
reason, all quantum chemical parameters for the
ligands were in agreement with the experimentally
inhibition activity. For complexes, only LUMO
energies gave results consistent with experimental
inhibition activities.

3.6 Molecular electrostatic potential (MEP)
maps and Electrostatic Potential (ESP)

Molecular electrostatic potential (MEP) maps are a
widespread area of research  foreseeing
electrostatic regions in molecules. MEP maps
define the region with high electron density in red
color and the region with low electron density in
blue color. This is also important in determining
electrostatic attack and nucleophilic attack sites,
respectively. MEP maps are also useful for
identifying the active site of a chemical system.
The MEP maps obtained with computational
chemistry methods can be found in useful
information in drug design. It is very important to
determine the regions of interaction between the
synthesized drugs and the target proteins. In
addition, the electrostatic potential (ESP) charges
obtained from MEP maps provide numerical data
foreseeing the ease of interaction of the synthesized
drug with the target protein [38-40]. The MEP
maps calculated at B3LYP/LANL2DZ/6-31G+(d)
levelfor complexes and at B3LYP/6-31G(d)+ level
for ligands are shown in Figure 5.
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Figure 5. MEP maps and ESP charge of mentioned molecules.

When MEP maps are examined, active sites in the
ligands and complexes are usually regions where
oxygen atoms are present. It can be considered as
electrophilic sites in regions where fluorine atoms
are present. The biological activity ranking
according to the IC50 values against A2870CP70
cell line given in Table 6 is as follows:

Comp. (1) > Comp. (3) > Comp. (2)
HL1>HL2

The ESP charges densities obtained from the MEP
maps for Comp. (1)-3)are +9.030x107
£7.070x102 and +8.123x107%, respectively. ESP
charges densities for HL1 and HL2 are £5.506x10"
2 and +3.584x10. ESP charge densities derived
from MEP maps are a measure of the ease of
binding of the studied molecules to cancer cells.
The order of binding to cancer cells according to
these charge densities exhibits a similar tendency
to the order of the experimentally obtained 1C50
values.

3.7 Molecular Docking

In recent years, molecular docking studies have
attracted considerable attention in calculation
chemistry. The binding energy obtained by
molecular docking among the computational
chemistry methods can be correlated with the
experimentally determined half-maximal inhibitor
concentration (IC50) [41]. The target protein
corresponding to the experimentally selected
cancer cell is determined from the protein data
bank and this target protein is interacted with the
studied molecules by the docking program. PDB
ID for A2780 and A2870CP70 cancer cells of the
are determined as 4M5W and 5F14 in the literature,
respectively [42,43]. Forms of active binding with
target proteins for HL1, HL2 and Comp. (1)-(3)
were given in Figures 6 and 7 and the binding
energies between target proteins with ligand and
complexes were shown in Table 7.
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HL1 to 4M5W HL2 to 4AM5W
Figure 6. The binding region of the Comp. (1)-(3) and HL1, HL2 with the 4M5W target protein.

HLI to 5FI4 HL2 to 5FI4
Figure 7. The binding region of the Comp. (1)-(3) and HL1, HL2 with the 5FI4 target protein.
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Table 7. The binding energies (kJ/mol) of the Comp. (1)-(3) and HL1, HL2 with the target proteins.

Ligand/Target Protein

The Binding Energies (kJ/mol)

Comp. (1) to 4M5W
Comp. (2) to 4M5W
Comp. (3) to 4M5W
HL1 to 4M5W
HL2 to 4M5W
Comp. (1) to 5F14
Comp. (2) to 5F14
Comp. (3) to 5F14
HL1 to 5F14
HL2 to 5F14

-387.52
-285.44
-364.88
-300.02
-240.80
-399.63
-297.80
-385.323
-336.64
-247.04

The interaction energies between the identified
target proteins with the mentioned molecules in
Table 7 were given. According to Table 7, the
complexes were evaluated among themselves and
the ligands among themselves. As a result of the
comparison of the binding energies between the
examined molecules and the target proteins, it was
found to be highly compatible with the
experimentally determined anti-cancer activities.
The target protein thus selected is highly
compatible for the molecules studied. Complex 1
has the highest inhibitory activity relative to the
binding energy of complexes and ligands with the
target protein, and the overall inhibition activity
sequences are as follows.

Comp. (1) > Comp. (3) > Comp. (2)

According to AM5W
HL1>=HL2

Comp. (1) > Comp. (3) > Comp. (2)
HLI> HL2 } According to 5FI4

4. CONCLUSION

In this work, experimentally synthesized HL1 and
HL2 ligands and their platinum complexes were
investigated using computational chemistry
methods.

Benchmark analysis was carried out by considering
the experimental structural parameters for the
Comp.(1)-(3). The optimum level according to the
correlation coefficients derived from the bond
lengths and bond angles was determined as
B3LYP/LANL2DZ/6-31G+(d).For ligands, the

calculations were made at B3LYP/6-31G(d)+. The
optimizations of the ligands and complexes were
shown by giving atomic numbers. It was found that
the calculated values by experimental bond
stretching are compatible for ligands and
complexes. The type of vibrational modes
corresponding to the bond stretching modes was
labeled. For the Comp. (1)-(3) with ligands HL1
and HL2, the experimental and calculated chemical
shifts of *H, **C and *F-NMR were compared and
atom assignment was performed. The relationship
between the IC50 values obtained against cancer
cells A2780 and A2780-CP70 experimentally and
the quantum chemical parameters such as HOMO
energy (Enomo), LUMO energy (ELumo), LUMO-
HOMO energy vacancy (AE), hardness (n),
softness (o), electronegativity (y) and chemical
potential (u) of mentioned ligands and complexes
was examined. The quantum chemical parameters
obtained for the ligands were found to be highly
consistent with the biological activities. When the
guantum chemical parameters of the complexes
were compared with the experimental 1C50 values,
results were obtained which were in accordance
with the LUMO energy sequence. MEP maps were
examined for determined the electrophilic and
nucleophilic regions of ligands and complexes.
Finally, the binding energies obtained using
molecular docking for proteins and investigated
molecules were highly consistent with the
experimental 1C50 values.
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