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Abstract

PEPPSI type Pd complexes have wide applications in recent years. Serum albumin carries very important
molecules such as oleic and linoleic acids, nitric oxide, vitamin B6, thyroid and so do many drugs. In this study,
a novel NHC molecule and its Pd-PEPPSI complex were synthesized and characterized. Both the ligand and the
complex were optimized by DFT-based calculation methods. The binding properties of the molecules with HSA
were analyzed by molecular docking methods. Binding affinity of -8.04 kcal/mol and inhibition constant of 1.29
UM were determined for NHC salt while the binding affinity was calculated as -7.04 kcal/mol and the inhibition
constant as 6.92 uM for Pd-PEPPSI complex.
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Yeni Bir NHC Tuzunun ve Palladyum-PEPPSI Kompleksinin Sentezi,

Karakterizasyonu ve Molekiiler Doking Analizi
0z
PEPPSI tipi Pd kompleksleri son yillarda genis uygulama alanina sahiptir. Serum alblimini oleik ve linoleik
asitler, nitrik oksit, vitamin B6, tiroid gibi cok 6nemli molekdlleri ve pek ¢ok ilaci tasir. Bu ¢alismada, yeni NHC
molekulli ve onun Pd-PEPPSI kompleksi sentezlendi ve karakterize edildi. Hem ligand hem de kompleks, DFT
tabanli hesaplama yontemleriyle optimize edildi. Molekiillerin HSA ile baglanma 6zellikleri molekiiler doking
yontemleri ile analiz edildi. NHC tuzu igin -8.04 kcal/mol baglanma afinitesi ve 1.29 uM inhibisyon sabiti

belirlenirken, Pd-PEPPSI kompleksi igin baglanma afinitesi -7.04 kcal/mol ve inhibisyon sabiti 6.92 uM olarak
hesaplandi.
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Introduction

Palladium-based organometallic complexes draw the attention of chemists because of their catalytic
and bioactivity properties (Hussaini et al., 2019; Netherton & Fu, 2005; Scattolin et al., 2021;). Many
important studies about Pd-based complexes with NHC ligands which have unique electronic and
structural properties have been published (Fowler et al., 2019; Kaloglu et al., 2021; Meng & Szostak,
2018). PEPPSI (Pyridine-Enhanced Precatalyst Preparation Stabilization and Initiation) type Pd
complexes, which have wide application in recent years, are one of them. In addition to catalytic
activities in C-C bond formation reactions, these compounds have also been recorded as significant
enzyme inhibitors (Akkog et al., 2016; Akkog et al., 2017; Dasgin et al., 2021; Kaloglu & Ozdemir,
2019; Slimani et al., 2021). Moreover, new Pd-complexes were synthesized by using the ligand-
exchange method instead of pyridine part of PEPPSIs, and these new complexes were diversified with
different substitutions.

Serum albumin is one of the most important transport components of human blood. It carries both
very important molecules such as oleic and linoleic acids, nitric oxide, vitamin B6, thyroid and steroid
hormones and therapeutic agents for many drugs such as cancer, diabetes, Alzheimer Disease (Carter
& Ho, 1994; Peters, 1985; Rabbani & Ahn, 2019). Therefore, binding properties of bioactivity
candidate molecules with serum albumin must analyze. The strong binding with drug candidates can
be either an advantage or a disadvantage. Weak affinity could be a problem about transportation,
while strong interactions could inhibit to releasing of the agent in the target tissue (Al-Harthi et al.,
2019; Tayyab & Feroz, 2021; Wani et al., 2021).

In this study, novel 1-isopropyl-3-(2,3,5,6-tetramethylbenzyl)-5,6-dimethylbenzimidazolium chloride,
dichloro[1-isopropyl-3-(2,3,5,6-tetramethylbenzyl)-5,6-dimethylbenzimidazole-2-
ylidene]pyridinepalladium(ll) complex were synthesized and characterized by *H NMR and *C{‘H}
NMR (Figure 1). Both the ligand and the complex were optimized by DFT-based calculation methods.
The binding properties of the molecules with HSA (Human Serum Albumin) were analyzed by
molecular docking methods.
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Figure 1. NHC Salt (left side) and Palladium-PEPPSI Complex (Right Side)
Material and Method

Experimental

Standard Schlenk line techniques were used for all synthesis procedures under argon atmosphere
with flame-dried glassware. All reagents are Sigma Aldrich (Dorset, UK). Purification of all solvents
was done by distillation methods over the drying agents, and they were transferred to the reaction
matrix under Argon. Electrothermal 9100 was used for melting point detection by capillary tubes. 'H
NMR and “C{*"H} NMR spectra were taken using a Bruker As 400 Mercury spectrometer operating at
400 MHz (*H), 100 MHz (*C{*H}) in CDCl; with tetramethylsilane as the internal reference.

Synthesis of 1-isopropyl-3-(2,3,5,6-tetramethylbenzyl)-5,6-dimethylbenzimidazolium Chloride

5,6-Dimethylbenzimidazole (10 mmol) was added slowly to a solution of NaH (11 mmol) in
tetrahydrofuran (20 mL) in a Schlenk tube and the solution was mixed at room temperature for 1 h.
Then, isopropyl bromide (10.1 mmol) was added to the mixture and the solution was stirred for 24 h
at 60 °C. The solution was cooled to room temperature and tetrahydrofuran was evaporated under
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the vacuum. Dichloromethane (50 mL) was added to the resulting solid. The last solution was distilled
and 1-isopropyl-5,6-dimethylbenzimidazole was obtained. The 1-isopropyl-5,6-
dimethylbenzimidazole (1 mmol) and 2,3,5,6-tetramethylbenzyl chloride (1 mmol) were mixed in
DMF (5 mL) for 24 h at 80 °C. At the end of this period, white solid was precipitated. It was filtered
and rinsed out with diethyl ether and dried under the vacuum. Yield: 83%; m.p. 183-184 °C, ‘*H NMR
(400 MHz, CDCl3) & (ppm): 1.79, 1.81 (s, 6H, NCH(CHs),), 2.25 (s, 12H, CH,C¢H(CHs)4-2,3,5,6), 2.25,
2.40 (s, 6H, NCgH,N(CHs),-5,6), 5.05 (hept., 1H, NCH(CHs),, J= 8 Hz), 5.97 (s, 2H, CH,CsH(CHs)4-2,3,5,6),
6.82 (s, 1H, Ar-H), 7.06 (s, 1H, Ar-H), 7.46 (s, 1H, Ar-H), 11.24 (s, 1H, NCHN). *C{*H} NMR (100 MHz,
CDCl5) & (ppm): 16.1 (NCH(CHs),), 20.7, 20.8 (NCeH,N(CH5),-5,6), 20.6, 22.2 (CH,CeH(CH3)4-2,3,5,6),
48.0 (NCH(CHs),), 51.7 (CH,C¢H(CHs)4-2,3,5,6), 113.1, 113.8, 128.4, 129.3, 130.4, 133.2, 133.9, 134.1,
134.8, 135.0, 136.7, 136.8 (Ar-C), 141.1 (NCHN).

Synthesis of Dichloro[1-isopropyl-3-(2,3,5,6-tetramethylbenzyl)-5,6-dimethylbenzimidazole-2-
ylidene]pyridinepalladium(lIl)

1-Isopropyl-3-(2,3,5,6-tetramethylbenzyl)-5,6-dimethylbenzimidazolium chloride (1 mmol), PdCl, (1
mmol) and K,CO;5 (5 mmol) in pyridine (5 mL) were stirred at 80 °C for 4 h. After the reaction was
finished, pyridine was removed under vacuum. To the resulting solid mixture, CH,Cl, (10 mL) was
added and filtered through a silica gel and celite layer in order to remove unreacted PdCl,. The
solvent in the reaction medium was removed under vacuum and dried. Crude product was
crystallized in CH,Cl,/pentane and bright yellow dichloro[1-isopropyl-3-(2,3,5,6-tetramethylbenzyl)-
5,6-dimethylbenzimidazole-2-ylidene]pyridinepalladium was obtained. Yield: 79%; m.p. 271-273 °C.
'H NMR (400 MHz, CDCl3) & (ppm): 1.73, 1.74 (s, 6H, NCH(CHs),), 2.17 (s, 12H, CH,C¢H(CHs)4-2,3,5,6),
2.03, 2.23 (s, 6H, NCgH,N(CHs),-5,6), 6.02 (s, 2H, CH,CsH(CH3)4-2,3,5,6), 6.35 (hept., 1H, NCH(CH3),, J=
8 Hz), 6.21 (s, 1H, Ar-H), 7.01 (s, 1H, Ar-H), 7.23 (s, 1H, Ar-H), 7.27 (tt, 1H, Ar-H, J = 4 Hz), 7.67 (tt, 1H,
Ar-H, J = 4 Hz), 8.86 (td, 1H, Ar-H, J = 4 Hz). *C{*H} NMR (100 MHz, CDCl;) & (ppm): 16.5 (NCH(CHs),),
20.3, 20.4 (NCgH,N(CHs5),-5,6), 20.6, 21.2 (CH,C¢H(CHs).-2,3,5,6), 49.7 (NCH(CHs),), 54.7
(CH,CgH(CH3)4-2,3,5,6), 112.0, 112.4, 124.4, 130.9, 131.0, 131.2, 131.6, 132.3, 134.2, 134.6, 135.2,
137.9, 151.2 (Ar-C), 160.2 (NCN).

Calculation Method

ORCA Package (version 4.2) was used for the optimizations of the molecules by DFT-based calculation
methods (Neese, 2020; Neese, 2012; Neese et al., 2020). BP86 correlation functional that was
suggested by Becke and Perdew was also used with the resolution-of-the-identity (RI) approximation
and KDIIS, SOSCF. def2-SVP/J auxiliary basis set was used for speeding up the calculation which were
carried out with def2-SVP basis set (Becke, 1988; Perdew, 1986; Neese, 2007; Serdaroglu et al.,
2021).

The crystal structure of the Human Serum Albumin was downloaded from RCSB protein data bank
(https://www.rcsb.org/) with PDB ID:1bm0 (Sugio et al., 1999). Molecular docking performances
were carried out with AutoDockTools 4.2 (Trott & Olson, 2010; Morris et al, 2008). Default number of
torsions and the aromaticity criterions were used for ligand molecule. Additionally, Gastegier charges
and randomized starting positions were used for the ligand. Polar hydrogens and Kollman charges
were evaluated for the target molecule and also the waters were extracted from the HSA (Celik et al.,
2022; Ustiin et al., 2022). Also, Lamarckian genetic algorithms with 150 populations were utilized
(Bucur et al, 2022). Discovery Studio 4.1.0 were used for illustrations (https://www.3ds.com/).

Result and Discussion

Preparation and Characterization of NHC Salt and Its Pd-PEPPSI Complex

The synthetic route for the synthesis of NHC salt is shown in Figure 2. First, 5,6-
dimethylbenzimidazole was reacted with isopropyl bromide. In the second step, obtained 1-
isopropyl-5,6-dimethylbenzimidazole was reacted with 2,3,5,6-tetramethylbenzyl chloride.
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Figure 2. Synthesis of NHC Salt

The synthetic route of Pd-PEPPSI complex is shown in Figure 3. Pd-PEPPSI complex was synthesized
from PdCl,, the NHC salt obtained in the previous step and pyridine in the presence of K,CO; as a

base.
N Pyridine N G =
:@En) Cr + PdCly +K,COp — = )@E —Pd—N />
N N | N\
Cl

Figure 3. Synthesis of Pd-PEPPSI Complex
The newly synthesized compounds were characterized by *H NMR, and *C{*"H} NMR spectroscopies.

As seen in the "H NMR spectra (Figure 4), the NHC salt has an acidic NCHN proton which came at
11.24 ppm as a characteristic sharp singlet. When NHC salts formed to Pd-PEPPSI complex, they lost
the acidic proton. At the *H NMR spectrum Pd-PEPPSI complex, the disappearance of the acidic
proton is evidence of complex formation complex from NHC salt. NCHN carbon on NHC salt was
observed at 141.1 ppm in the *C{*H} NMR spectrum (Figure 5). After complexation, NCN carbon
resonance on the Pd-PEPPSI complex shifted much downfield region compared to the NHC salt to
160.2 ppm. These results are in agreement with reported data for similar compounds (Dogan et al.,
2011).
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Figure 4. 'H and *C{*"H} NMR Spectrums of NHC Salt
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Figure 5. 'H and *C{*"H} NMR spectrums of Pd-PEPPSI Complex

The FT-IR spectra of the compounds contain some characteristic bands of the stretching vibrations of
the C=N, C-N, C-H and C=C groups. Benzimidazole ring C=N vibrations of NHC salt was assigned at
1551 cm™. This vibration was seen with a shift in the Pd-PEPPSI complex at 1404 cm™. This negative
shift is because of the electropositive metal center which pulls electron density towards itself and as
a result of C=N vibrations shifts to the lesser energy region in the complex. And also, this shifting is an
other evidence of formation Pd-PEPPSI complex.
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Figure 6. Interaction Residues and the Interaction Details of NHC Salt (left side) and PEPPSI Complex
(right side) Against HSA

In recent years, the high agreement between theoretical and experimental results is remarkable. It is
possible to have an idea about the stability of the molecules with DFT-based calculation methods
(Serdaroglu, 2002). In addition, it is also possible to acquire knowledge in several topics such as the
bioactivities and inhibition capacities of molecules by using calculation methods such as molecular
docking (Ata et al., 2022; Tirker et al., 2022; Ustiin & Sahin, 2022). These docking data provide
foresight about the synthesis of more active molecules as well as provide data about the activity
mechanisms of the molecules (Umare et al.,, 2022; Zhou et al., 2022). For this purpose, the
interactions of molecules with a well-known biomacromolecule (enzymes, proteins...) which is
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effective in pertinent bioactivity have been investigated in detail. One of the most important
pharmacokinetic investigations of a molecule is the analysis of transport and release mechanisms
(Matin et al., 2022). The drug molecules are frequently bound to HSA and delivered to the target
tissue. The strength of the binding is very important in these transports. Strong binding is advantage
safe transportation to the target tissue during transport, but it is trouble in the effective releasing in
the target tissue (Molaei et al., 2022). Esfahlan and Azar (2016) analyzed the interactions between
Glutathione and Serum Albumin, and they recorded that Glutathione formed many hydrogen bonds
with -8.99 kcal/mol binding affinity, could bind serum albumins effectively, and transfer in the blood
stream. Also, interactions between Serum Albumin and NHC molecules and their silver complexes
were evaluated with the molecular docking method by Celik et al. (2022). They recorded binding
constants as =5 kcal/mol for NHCs and =7.5 kcal/mol for their silver complexes.

In this study, the NHC salt and its PEPPSI complex interacted with HSA by using molecular docking
methods. According to the interaction of NHC with HSA, binding affinity of -8.04 kcal/mol and
inhibition constant of 1.29 uM were determined. Alkyl interactions with Leull5, Argll7, lle142,
His146, Phel57, Tyrl6l, Leul82, Leul85, Argl86, and Lys190 as well as pi-pi T-shaped interaction
with Tyr138 are effective in these obtained values. In addition, van der Waals interactions with
Vall16, Met123, Phel49, and Gly189 were also noted. The interactions of the Pd-PEPPSI complex
with HSA are more multifarious. The interactions of pi-cation with Lys195, pi-sulfur with Cys448, pi-
sigma and pi-amide with Trp214, Pro447, and Asp451 are also remarkable. Furthermore, alkylic
interactions with Alal91, Arg218, Val343, Cys437, Tr452, and Tyr452 and van der Waals interactions
with Leu198, Lys199, Arg222, and Lys436 were also recorded. As a result of these interactions, the
binding affinity was calculated as -7.04 kcal/mol and the inhibition constant as 6.92 puM. Acquired
results show that NHC molecule would bind more strongly than the PEPPSI complex (Figure 6).

Conclusions

The promising results that obtained in research on the bioactivity of PEPPSI-type palladium
complexes provide motivation for new studies. Therefore, a new PEPPSI complex in which novel NHC
salt was used was synthesized and characterized. The interaction of possible bioactive molecules
with HSA is important in terms of analyzing the transportation of molecules and the interactions with
proteins. In this study, the NHC salt and PEPPSI complex interact with different regions of HSA. it was
determined that the total NHC salt had stronger interactions than PEPPSI. In future studies, it is
planned to synthesize new complexes containing different NHC salt and to examine the interactions
of these new ones.
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