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Abstract: Novel 2-aminomethyl benzimidazole (AMBI) ruthenium complexes were synthesized and
thoroughly characterized by elemental analysis, spectroscopy (FTIR, IHNMR, UV-Vis), magnetic
measurements, molar conductivity, and thermal analysis techniques. According to analytical data, all
complexes demonstrated a 1:1 metal-to-ligand ratio with an octahedral shape. Thermal analysis showed
that the complexes have acceptable thermal stability. Cyclic voltammetry was also used to observe their
redox actions, and it was found that all of the complexes had electrochemical activity. Using
GAUSSIAN 09 W software, the density functional theory (DFT) method and the 3-21G basis set,
optimized structures (HOMO & LUMO) of ruthenium complexes (1-4) were carried out. Additionally,
the selected quantum and geometric parameters of bond lengths and angles have been determined. The
antimicrobial activity of ligand and ruthenium complexes has been evaluated against bacteria
(Escherichia coli, Staphylococcus aureus) and fungi (Candida albicans). Two human cancers, HePG-
2(hepatocellular carcinoma) and MCF-7 (Michigan Cancer Foundation-7), were tested for cytotoxic
activity of complexes. Using the ABTS technique, the antioxidant function of complexes was evaluated.
Using a high-affinity Fab sandwich and a specific PCa antibody, molecular docking was utilized to
anticipate how the ligand would bind to a human prostate-specific antigen (PSA) immune system
receptor (3qum).
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1. Introduction

Ruthenium complexes are a perfect example of compounds that continue to attract
much attention due to their promising function in catalytic and stoichiometric reactions [1, 2].
Ruthenium has also proven to be the most promising metal in potential cancer treatment to
replace platinum. Most compounds of ruthenium have low systemic toxicity, and most
complexes of Ru(ll) and Ru(lll) exhibit slow kinetics of ligand exchange, close to those of
platinum(Il) complexes, which appear to be important for anticancer activity. Besides,
ruthenium can accumulate better in cancer cells than platinum [3]. The synthesis and
characterization of a number of Ru(ll) and Ru(lll) complexes containing tertiary phosphines
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or arsines have been carried out by various workers [4]. A few of these complexes have been
used as good catalysts [5] and some as starting materials [6] for the syntheses of a wide range
of Ru(ll) complexes containing triphenylphosphine or arsine and other ligand molecules.

As part of an extensive program on the study of metal complexes for the platinum group
with bifunctional ligands, we have synthesized some complexes between 2-aminomethyl
benzimidazole with Ru(l11) and Ru(ll). Complexes containing the histidine residue imidazole
ring are beneficial model compounds of bioinorganic interest [7,8]. It is also well accepted that
the amino group serves as the primary anchor site for metal ions and, as such, is capable of
facilitating the deprotonation stepwise and corresponding coordination of other binding sites,
leading to the creation of hydrolytically stable, fused, five-membered chelate rings with of M-
N bonds. So, metal complexes of various bioligands, known as heteroaromatic nitrogen bases,
substrate metal ion enzyme interactions, and other biochemical interactions driven by metal
ions, can be regarded as models [9,10]. It has also been shown that 2-aminomethyl
benzimidazole (AMBI) is essential because compounds containing this heterocycle exhibit a
wide range of pharmacological activities [11], including a variation of antifungal [12],
antibacterial [13], antimicrobial[14,15], antiamoebic [16], antiparasitic [17] and antitumor
applications [18].

In this article, we study the synthesis and characterization of 2-aminomethyl
benzimidazole complexes of Ru(ll) and Ru(lll). Secondly, DFT studies were carried out for
additional information about the molecular structure, bonding nature, and quantum chemical
properties. Ligand and resulting complexes have been tested for biological activities
(antimicrobial, antifungal, cytotoxic, and antioxidant). Furthermore, Molecular docking has
also been used to predict the binding of the 3qum-immune system receptor ligand.

2. Materials and Methods

2.1. Chemicals and reagents.

Hydrated ruthenium trichloride (RuCls.3H20/10452), 2-aminomethyl benzimidazole
dihydrochloride (AMBI/165638), tetrabutylammonium hexafluorophosphate
(TBHFP/281026) were purchased from Sigma-Aldrich and used directly. Other chemicals and
solvents were obtained from Fluka and used as received.

2.2. Instrumentation.

Automatic Analyzer CHN Vario ELIII, Germany, obtained microanalytic data (C, H,
and N). The following instruments were used to obtain spectroscopic data: FTIR spectra (KBr
disks, 4000-400 cm-1) by Jasco FTIR-4100 spectrophotometer; (1H, 13C)NMR spectra by
Bruker WP operating at 300 and 75 MHz, using DMSO-d6 as a solvent, respectively. Using
tetramethyl silane (TMS) as the internal reference, chemical changes are recorded in ppm;
Perkin-Elmer AA800 spectrophotometer Model AAS, UV-Visible spectra, using a 1.0 cm cell.
Thermal analysis of the Ru(ll/111) complexes was performed using a nitrogen atmospheric
Shimadzu thermogravimetric analyzer with a heating rate of 20°C / min over a temperature
range of up to 1000°C from room temperature. The conductivity of the complexes at 25 + 1°C
was calculated in DMF (10-3 M) using the conductivity/TDS meter model Lutron YK-22CT.
The complexes' electrochemical activity was analyzed in the nitrogen atmosphere and at room
temperature using the electrochemical analyzer CHI 610A (HCH Instrument). There are three
electrodes in the electrochemical cell used in this work: the platinum wire was used as a
https://biointerfaceresearch.com/ 2 of 30
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working electrode, Ag+/AgCl was used as a reference electrode, and the platinum wire as a
counter electrode. The molecular structures of the ruthenium complexes have been optimized
by the 3-21G basis set with DFT methodology using Gaussian 09 W software [19,20]. The
molecules were designed with Perkin ElImer ChemBio Draw and optimized using Perkin Elmer
ChemBio3D software [21]. The ligand-protein pairwise interaction energies are measured in
the docking simulation analysis using Docking Server [22]. Using the Docking Server, Force
field MMFF94 was used to reduce ligand molecule energy. The ligand atoms were added to
partial charges from Gasteiger. Atoms of non-polar hydrogen have been mixed, and rotatable
bonds have been identified. Using Auto Dock software, critical hydrogen atoms, Kollman
combined atom-type charges, and solving parameters were added [23]. Affinity (grid) maps
were produced using the Autogrid software using 20 x 20 x 20 A grid points and 0.375 A
spacing [24]. In the Vander Waals measurement and the electrostatic terms, the Auto Dock
parameter set and distance-dependent dielectric functions were used, respectively. The
Lamarckian genetic algorithm (LGA) and the Solis & Wets local search method were used to
conduct docking simulations [25]. The ligand molecules' initial position, orientation, and
torsions were randomly set. After a maximum of 250000 energy evaluations, each docking
experiment was extracted from 10 separate runs that were set to end. A translational step of 0.2
A and quaternion and torsion steps of 5 was applied during the process.

2.3. Synthesis of Ru" and Ru'"' complexes (1-4).

2.3.1. Synthesis of [Ru"'Cl; (AMBI) (H-0)].

2-aminomethyl benzimidazole (0.220 g, 1 mmol) was dissolved in (20 cm?®) of ethanol
RuCls.3H20 (0.261 g, 1 mmol) was dissolved and refluxed in ethanol (20 cm?) until the initial
black color turned into green. The aqueous of the ligand previously prepared was added to this
green solution then the reaction mixture was refluxed for 3 h [26]. As a result of refluxing,
brown microcrystals were formed, collected by filtration using filtered glass gooch, washed
with ethanol (10 cm?®), and dried over anhydrous CaCl, in a vacuum desiccator (Figure 1). Calcd
for CgH11ClizN3ORu (372.62) (%): C, 25.79; H, 2.98; N, 11.28. Found (%): C, 25.60; H, 2.80;
N, 11.50.

Cl
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Figure 1. The proposed structure of [RulllCI3 (AMBI) (H20)] complex. RuCl3. 3H20 + AMBI — [RullICI3
(AMBI)(H20)].

2.3.2. Synthesis of [Ru"'Cl, (AsPhz)2(AMBI)]2H,0. CH3;0H.

2-aminomethyl benzimidazole (0.06 g, 0.025 mmol) was dissolved in (20 cm?3) of
methanol, then added dropwise to a hot methanol solution (20 cm?®) of [RuCls(AsPhs), CH3OH]
(0.2 g, 0.025 mmol) with stirring and the mixture of the reaction was refluxed for 3 h [26]. The
solution was concentrated to half of its original volume by evaporation and allowed to cool at
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room temperature. During this, a red microcrystalline solid was separated, which was isolated
by filtration, washed with hot methanol (10 cm?), and dried over anhydrous CaCl; in a vacuum
desiccator (Figure 2). The empirical data for this complex is well consistent with its formula.
Calcd for CasHas As2CIoN303Ru (998.6) (%): C, 54.12; H, 4.64; N, 4.21. Found (%): C, 54.38;
H, 4.42; N, 4.39.

Asph3

Cluy,,,, - \\\\\
ot l
N

Asph, |

Figure 2. The proposed structure of [Ru"'Cl, (AsPhs)2(AMBI)]2H,0. CH3OH. [RuCls (AsPhs), CH3OH] +
AMBI — [RuCl; (AsPhz)2(AMBI)].2H,0. CH30H.

2.3.3. Synthesis of [Ru(bipy).(AMBI)](PFs)..

Under nitrogen, [RuClz(bipy)2].2H-0 (0.13 g, 0.025 mmol) was dissolved in (15ml dist.
water,15ml methanol) [26]. 2-aminomethyl benzimidazole (0.03 g, 0.025 mmol) was added to
the previous solution with stirring, and the mixture of the reaction was refluxed for 2 h, and
then added NH4PFe to the obtained solution. As a result, red microcrystals were formed, which
were collected by filtration using filtered glass gooch, washed with hot methanol (10 cm?), and
dried over anhydrous CaCl; in a vacuum desiccator. The analytical data for this complex are
well agreed with its formula, as shown in Figure 3. Calcd for C2sH2s F12 N7P2Ru (850.5) (%):
C, 39.54; H, 2.96; N, 11.53. Found (%): C, 39.38; H, 2.87; N, 11.61.
2+

=z
S

Figure 3. The proposed structure of [Ru(bipy)2(AMBI)](PFs)2] complex. [RuClz(bipy).].2H.0 + AMBI —
[Ru(bipy)2(AMBI)](PFs)-.

2.3.4 Synthesis of [RUCI, (PPhs)(AMBI)].

Under nitrogen, [RuClx(PPhs)z] (0.25 g, 0.025 mmol) was dissolved in 25 ml of
methanol. 2-aminomethyl benzimidazole (0.03 g, 0.025 mmol) was added to the previous
solution with stirring, and the reaction mixture was refluxed for 2 h [26]. As a result of
refluxing, brown microcrystals were formed, which were collected by filtration using filtered
glass gooch. Washed with methanol (10 cm®) and dried over anhydrous CaCl; in a vacuum
desiccator. The analytical data for this complex are well agreed with its formula, as shown in
(Figure 4). Calcd for CasH39 Cl2N3P2Ru (843.7) (%): C, 62.64; H, 4.66; N, 4.98. Found (%): C,
62.69; H, 4.58; N,4.82.
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Figure 4. The proposed structure of the [RuCl, (PPhs)2(AMBI)] complex. [RuCl; (PPhs)s] + AMBI — [RuCl;
(PPh3),(AMBI)].

2.4. Antimicrobial investigation.

Each type of bacteria was tested individually against ruthenium complexes, including
gram-negative (Escherichia coli), gram-positive (Staphylococcus aureus), and fungi (Candida
albicans). Each compound was dissolved in DMSO, and 1 mg/ml concentration solutions were
prepared separately, and Whatman filter paper discs of standard size (5 cm) were prepared and
sterilized in an autoclave.The paper discs were immersed in the appropriate concentration of
the complex solution and then inserted aseptically onto Petri dishes containing nutritional agar
media (20 g of agar, 3 g of beef extract, and 5 g of peptone) that had been seeded with
Staphylococcus aureus, E. coli, and Candida albicans. Petri dishes were incubated at a
temperature of 36°C, and inhibition zones were registered 24 hours after incubation. There
were three replications of each treatment. The same procedure was used to report the
antibacterial activity of the well-known standard antibiotic ampicillin and the antifungal
clotrimazole at the same concentration and solvents. The formula (Eq. 1) was used to get the
complex’s percentage activity index.

Zone of inhibition by test compound (diameter)
Zone of inhibition by standard (diameter)

% Activity Index = =x 100 (1)

2.5. Cytotoxicity investigation.

2.5.1. Cell lines and chemical reagents.

Breast cancer of the mammary gland (MCF-7) and hepatocellular carcinoma (HePG-2)
cell lines were collected from ATCC through the Biological Products and Vaccines Holding
Company (VACSERA) of Cairo, Egypt. Chemical reagents were purchased from Sigma
Company (St. Louis, USA), Fetal Bovine Serum (FBS) was purchased from (GIBCO, UK),
RPMI-1640 medium, MTT, DMSO, and doxorubicin. As a typical anticancer drug for
comparison, doxorubicin was used.

2.5.2. MTT assay.

Using the MTT test, the cell lines described above have been used to assess the
compounds' inhibitory effects on cell growth [27]. This colorimetric assay is based on
conversion by mitochondrial succinate dehydrogenase in viable yellow tetrazolium bromide
(MTT) cells to a purple formazan derivative. With 10 percent fetal bovine serum, cell lines
were cultured in RPMI-1640 medium. In a 5 percent CO; incubator, the antibiotics added were
100 units/ml and 100pg / ml streptomycin at 37°C. The cell lines were seeded for 48 h and
under 5% CO- in a 96-well plate at a density of 11.0x104 cells/well at 37°C.
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The cells were treated after being incubated for 24 hours at varying doses of
compounds. [28]. Following the drug treatment, 20 ul of MTT solution containing 5 mg/ml
was added and incubated for 4 hours. Dimethyl sulfoxide (DMSO) of 100 uL volume is added
to each well to dissolve the formed purple formazan. Using a plate reader, the colorimetric
assay is recorded as absorbance at 570 nm (EXL 800, USA). Cytotoxicity was expressed as
IC50 (ug/mL), suggesting the compound's concentration inhibited the tumor cells' proliferation
rate by 50 % compared to untreated control cells. IC50 values were determined from the plot:
percent relative cell viability (inhibition concentration percent) versus compound
concentration. The relative cell viability values were calculated as follows (Eqg. 2):

A (570 nm) of treated samples
A (570 nm) of untreated sample

% The relative cell viability = « 100 (2)

2.6. Antioxidant investigation.

L-Ascorbic acid was obtained from Sigma, ABTS was purchased from Wak (2,2'-
azinobis-(3-ethyl-benzothiazoline-6-sulphonic acid), and all other chemicals were of the
highest available quality. The ABTS method [29] antioxidant activity screening assay was used
to assess compounds' scavenging activity. ABTS solution (60 uM) was applied to 3 mL of
MnO: solution (25 mg/mL) for each of the examined compounds (2 mL). Every single one was
made in a 5 mL aqueous phosphate buffer solution (pH 7, 0.1 M). After shaking, centrifuging,
and filtering the mixture, the absorbance of the resulting green-blue solution (ABTS free
radical solution) at 734 nm was set to approximately ca. 0.5. The tested compound (50 pl, mM)
in a spectroscopic grade CHzOH/phosphate buffer (1:1) was added. The absorbance was read,
and the percentage of inhibition (I percent) was used to express the color intensity reduction as
illustrated in (Eq. 3). Instead of the tested compounds, a blank sample containing only
CH3OH/phosphate buffer (1:1) was run without ABTS. L-ascorbic acid was used as a normal
antioxidant (positive control), and only ABTS and CH3OH / phosphate buffer (1:1) was used
for negative control.

A (control) — A (test) 100 (3)
A (control)

% Inhibition =

3. Results and Discussion

3.1. Characterization of ruthenium complexes.

The analytical data from the complexes Ru(ll) and Ru(l11) showed that the complexes
have a stoichiometry of 1:1 (metal: ligand). Dimethylformamide (DMF) is used to calculate
the molar conductance values for ruthenium complexes (103 M).

Table 1. Physical properties and elemental analysis data of Ru(ll) and Ru(l11) complexes.

M.P. % Calcd. (Found)
Complex Color
cC) c H N
[RUCIs(AMBI)(H0)] Brown | >360 | 25.79(25.60) | 2.98(2.80) 11.28(11.50)
[RUCI(ASPhe)2(AMBI)].2H,0.CHsOH | D2k 200 54.06(54.38) | 4.74(4.42) 4.20(4.39)
[Ru(bipy)2(AMBI)](PFs)2 Red 270 39.54(39.38) | 2.96(2.87) 11.53(11.61)
[RUCI (PPhs)2(AMBI)] Brown | 190 62.64(62.69) | 4.66(4.58) 4.98(4.82)
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The values for the complexes (1,2,3,4) were found to be 7, 2, 6, 150 Q—1cm?mol ™,
respectively, indicating that the complexes (1,2,3) are non-electrolytes, while the complex (4)
is an electrolyte. The formulation of the synthesized complexes is based on elemental analysis,
molar conductance, IR, UV-Visible, and *HNMR spectroscopy. In Table 1, the physical
properties and analytical data are shown.

3.2. Infrared spectra.

The ligand's coordination modes to ruthenium complexes were assigned through a
comparison of the infrared spectra of the Ru(ll), Ru(l11) complexes with the spectra of the free
ligand. IR spectra have proved to be the most effective approach to provide sufficient details
to elucidate the ligands' way of bonding to the metal ions. Table 2 summarizes the major IR
bands with their approximate assignments. The free AMBI ligand infrared spectrum reveals
one medium and broad absorption band in the region of 3348-3270 cm?, stretching vibrations
of the (-NH2) groups and showing one stretching band at 1628 cm™, indicating the vibration
of the imidazole ring tertiary nitrogen atom (-N= CH-). In addition, the ligand displays a single
sharp and solid band characteristic of the stretching v(C=N) vibration [30] at 1628 cm™. This
band undergoes a negative shift in the complexes suggesting azomethine nitrogen's
involvement in coordination. The IR spectra of the free ligand typically show a large band of
about 3050 cm™ which can be due to the benzimidazole moiety's -NH stretching vibration. In
addition, the presence of two medium-intensity bands in the ligand and the complexes in
regions 3128-3396 and 3207-3410 cm™ suggests the involvement of the NH2 group in the
coordination. The other M-N band appears at approximately 430 cm™ [31].

Table 2. Tentative allocation of the ligand's essential infrared bands and their synthesized complexes.

Compound Assigned wave numbers (cm™1)
v(NH2) V(-N=C-) V(-NH) V(Ru-N)
Ligand (AMBI) 3270 -3348 1628 3050 -
1 [RUCIs(AMBIY(H20)] 3390 -3410 1620 3057 416
2 [RUCI>(AsPhs)2(AMBI)]2H;0.CHsOH 3128 -3207 1580 3053 451
3 [Ru(bipy)2(AMBI)](PFe)2 3396 -3405 1608 3055 443
4 [RUCI2 (PPhz)2(AMBI)] 3335-3370 1570 3053 452

3.3. Magnetic and electronic spectral measurements.

Magnetic susceptibility was measured at 298 K for the solid complexes. The
paramagnetic complex (1, 2) corresponds to one unpaired electron with mefr values of 1.67 and
1.9 BM, respectively. This close spin-only value (1.73 BM) is predicted for a low spin S= 12
configuration of 4d5 (t2g5) as is usual for the ruthenium (111) complex in an octahedral setting
[30].

Diamagnetic and EPR silent compliant with dO configuration was found for the other
complexes(3,4).

Electronic spectra bands of the ruthenium complexes were performed in CH2CI, or
DMF (10—3-10—5 M) concentrations in the region of 200-900 nm. The spectral data were
collected in Tables 3, and 4, and illustrated in Figure 5. Electronic spectrum bands of complexes
below 400 nm assigned to intra-ligand (AMBI) charge transfer: —n* and n—n* transitions,
respectively [33]. Besides these bands, the spectrum showed a third intense absorption band
near 550 nm, which can be assigned to charge transfer transitions [34]. D-d transitions are
assigned to the weak bands of complexes seen in the visible field [35].
https://biointerfaceresearch.com/ 7 of 30
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Table 3. Electronic spectral data of ruthenium complexes.

Electronic spectral

Complex Solvent bands (nm) Assignment
370 gp—
[RuCls(AMBI)(H20)] DME 383 n-m*
575 LMCT
325 n—n*
[RUCI2(AsPhs)2(AMBI)].2H20.CHsOH CHJCl» 372 n—m*
450 LMCT
355 n—m*
[Ru(bipy)2(AMBI)](PFe)2 DMF 500 MLCT
630 d-d
395 n—m*
[RuClz (PPhs)2(AMBI)] CH-Cl» 477 MLCT
620 d-d

Table 4. Cyclic voltammetric data for the Ru(ll) and Ru(l1l) complexes.

Complex Epa(v) Epcv) AEw) Evv) Assignment
1) 1.27 1.150 0.120 1.21 Ru"'/ Ru"Y or RuY
(2) 1.08 0.800 0.280 0.94 Ru"'/ Ru'v or RuY
3) 1.3 0.825 0.475 1.0625 Ru'/Ru"

4) 1.025 0.725 0.300 0.875 Ru"/Ru™

Conditions: supporting electrolyte (0.2 g, TBHFP), the concentration of the complex; ~10 -3M, AE = Epa-Epc
and E1» = 0.5 (Epat Epc), Where Eps and Epc are the anodic and cathodic cyclic voltammetric peak potentials.

0.4 1

0.2 4

007

(2)

(3

/]

(1)

T

300

T
400

500 ' 800
Figure 5. Electronic spectra of complexes (1-4).

3.4. Electrochemical properties of Ru(ll) and Ru(l11) complexes.

All ruthenium complexes' electrochemical properties were investigated by cyclic
voltammetry in DMF solvent containing (0.2 g TBHFP) as the supporting electrolyte.
Voltammetric data are presented in Table 4, and a selective voltammogram is shown in Figure
6. The voltammogram of all complexes (1-4) illustrates no exception concerning their
electrochemical behavior. The complexes (1,2) demonstrated one irreversible oxidation wave
on the positive side of the Ag+/AgCl electrode (AE = 120, 280 mV) due to the oxidation of
Rulll to a higher oxidation state RulV or RuV. Whereas under the same conditions, the
complexes (3,4) illustrated one irreversible oxidation wave on the positive side of the
Ag+/AgCl electrode (AE = 300, 475 mV) respectively attributable to oxidation of Ru(ll) to
Ru(l11). The irreversibility of these complexes may be due to their high stability.
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Figure 6. Cyclic voltammogram complexes.
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Figure 7.'HNMR spectrum of [RuCl, (PPhz)(AMBI)].
https://biointerfaceresearch.com/ 9 of 30


https://doi.org/10.33263/BRIAC134.365
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC134.365

3.5. THNMR spectrum.

The 1HNMR spectra of the Ru(ll) complexes were recorded in DMSO-d6 at room
temperature using tetramethyl silane (TMS) as the standard shown in Figure 7. The singlet peak
at 6 0.8 ppm corresponds to the NH proton, while the singlet peak at 6 1.2 ppm is related to the
two protons of the NH> group. The singlet peak at 6 2.5 ppm is related to the two protons of
the CH2 group, the Multiplet peak at 6 7.2 ppm is related to the aromatic protons of the
benzimidazole ring, and the Multiplet peak at & 7.6 ppm is related to the aromatic protons of
phenyl groups.

3.6. Molecular structure.

The molecular structures of ruthenium complexes (1-4) (HOMO & LUMO) are shown
in Figures 8 and 9, and the selected geometric parameters are described in Tables S1, S2, S3,
and S4 of the Supplementary file. The estimated quantum chemical parameters are provided in
Table 9. [36]. In many molecular systems, the HOMO-LUMO energy gap (E) is a significant
stability index that is used to generate theoretical models to explain the structure and
conformational barriers [37]. The AE values of ruthenium complexes show that complex (2) is
more stable than the other complexes [38]. Additional parameters such as separation energies,
AE, absolute electronegativity, x, chemical potentials, Pi, absolute hardness, m, absolute
softness, o, global electrophilicity, ®, global softness, S, and additional electronic charge,
ANmax, Were determined in accordance with the following Egs. (4-11):

AE = ELUMO - EHOMO (4)
_ (EHOMO + ELUMO) (5)
Z =
2
_ ELUMO — EHOMO (6)
77 =
2
o=1/n 7)
Pi=—y (8)
s L 9)
2n
w="Pi%?/2p (10
AN, =—Piln (11)

1)
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2)

3)

4)

Figure 8. The highest occupied Molecular orbital (HOMO) and the lowest unoccupied molecular orbital
(LUMO) of ruthenium complexes (1-4).].

(1) [Ru''Cl; (AMBI)(H-0)] (2) [RuCl2(AsPhs)»(AMBI)].2H>0.CH:OH
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(3) [Ru(bipy)(AMBD](PF¢)2

Figure 9. The calculated molecular structures of ruthenium complexes (1-4).

(4) [RuCl; (PPh3)2(AMBI)]

Table 9. The calculated quantum chemical properties of ruthenium complexes (1-4).

-EHOMO | -ELUMO AE 4 n o -Pi S [0) ANmax
(a.u.) (a.u) (a.u.) (a.u.) (a.u.) (a.u)-1 (a.u) (a.u)-1 (a.u) (a.u.)
0.186 0.114 0.072 0.15 0.036 27.778 0.15 13.889 0.313 4.167
0.138 0.026 0.112 0.082 0.056 17.857 0.082 8.929 0.060 1.464
3) 0.0723 0.047 0.025 0.059 0.013 79.051 0.059 39.526 0.141 4.715
2) 0.12244 0.027 0.095 | 0.075 0.048 21.064 0.075 10.532 0.059 1579

3.7. Thermal analyses.

For the complexes, the TGA curves indicate that the substituent change affects the
complexes' thermal properties. Table 10 lists the temperature intervals and the percentage of

mass loss.

Table 10. The thermal analysis data for Ru(l1) and Ru(l1l) Complexes.

Complex Temp. range Found mass Assignment
(°C) loss(calc.) %
100-360 33.32 (33.38) Loss of H.0 +3Cl
[RUCI3(AMBI)(H20)] 360-470 35.73 (35.74) Loss of CsHaN2
>470 30.95 (30.88) Loss of RuN
100-200 6.82 (6.80) Loss of 2H20 +MeOH
200-370 37.70 (37.73) Loss of Cl2+AsPhs
[RUCI:(ASPhs)2(AMBI)].2H20.CH;OH 370-600 30.58 (30.63) Loss of AsPhs
>600 24.90 (24.84) Loss of RuN+ CgHsN>
90-270 34.12 (34.09) Loss of (PFe)2
) 270-540 36.70 (36.73) Loss of(bipy)2
[Ru(bipy)2(AMBI)](PFs)2 540-800 15.62 (15.65) Loss of CsHaN2
> 800 13.56 (13.53) Loss of RuN
170-410 39.40 (39.49) Loss of Clo+PPhs
[RuCl2 (PPhs)2(AMBI)] 410-500 31.12 (31.09) Loss of PPhs
> 500 29.48 (29.42) Loss of RUN+CgHgN>

[RuCl3(AMBI)(H20)] complex shows three decomposition steps. The first stage in the
temperature range of 100-360°C corresponds to a loss of H>O and three chloride ions (Found
33.32 %, calc. 33.38 %). The second stage in the temperature range 360-470°C corresponds to
a loss of a part of the complex(CgHgoNz2) (Found 35.73 %, calc. 35.74%). The final weight loss

is due to the ruthenium nitride residue.
https://biointerfaceresearch.com/
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[RuCl>(AsPhs)2(AMBI)]2H20.CH30H complex shows four decomposition steps. The
first stage occurs in the temperature range of 100-200°C and is attributed to a loss of two
molecules of H>O and one molecule of CH3zOH (Found at 6.82% and calc. 6.80 %). The second
stage in the temperature range 200-370 °C corresponding to loss of 2CI™ + AsPhz (Found 37.70
%, calc. 37.73%). The third stage in the temperature range 370-600°C corresponds to a loss of
AsPhs (Found at 30.58 %, calc. 30.63%). The final weight loss is due to the rest of the complex
and ruthenium nitride residue.

[Ru(bipy)2(AMBI)](PFes)2 complex shows four decomposition steps. The first stage
occurs in the temperature range of 90-270°C and is attributed to a loss of (PFs)2 (Found at 34.12
% and calc. 34.09%). The second stage in the temperature range 270-540°C corresponds to a
loss of (bipy)2 (Found 36.70 %, calc. 36.73 %). The third stage in the temperature range 540-
800°C corresponds to a loss of CsHgN2 (Found at 15.62 %, calc. 15.65%). The final weight loss
is due to ruthenium nitride residue.

[RUCl,> (PPhs)2(AMBI)] complex shows three decomposition steps. The first stage
occurs in the temperature range of 170-410 °C and is attributed to a loss of 2CI"+PPhs (Found
at 39.40 % and calc. 39.49%). The second stage, in the temperature range of 410-500°C,
corresponds to a loss of PPhz (Found at 31.12 %, calc. 31.09%). The final weight loss is due to
the rest of the complex and ruthenium nitride residue.

3.8. Molecular docking.

Cancer can be characterized by cell differentiation arrest, apoptosis inhibition, and
accelerated cloned cell proliferation [39,40]. Understanding the cell death execution
mechanisms and their role in various diseases opens up new therapeutic strategies [39]. In
prostate cancer (PCa) and other prostate diseases, the human prostate-specific antigen (PSA or
human kallikrein-related peptidase 3) in small amounts in healthy males' serum is elevated.
The ability to recognize the PCa-associated free PSA fraction could improve the reliability of
the diagnostic PSA test [41,42]. The main instrument in computational drug design is molecular
docking [43]. Molecular docking focuses on simulating the mechanism of molecular
recognition. Molecular docking attempts to achieve an optimal protein and drug conformation
with relative orientation between them, reducing the total system's free energy. In this work,
we used molecular docking between the ligand (AMBI) and prostate cancer (3qum). The
findings suggested a potential arrangement between ligand (AMBI) and 3qum receptor.

A favorable interaction between ligand (AMBI) and receptor 3qgum was seen in the
docking analysis (Figure 10), and the measured energy is shown in Table 11. According to the
results obtained in this analysis, the HB plot curve indicates that there were decomposed
interaction energies in kCal/mole between ligand (AMBI) with 3qum receptor (Figure 11)
binding to the protein with hydrogen bond interactions and decomposed interaction energies in
kCal/mole.

When AutoDock's estimated Ki values are compared to accessible experimental Ki
values and the Gibbs free energy is negative, the estimated efficiency is advantageous. Based
on this evidence, we may also suggest that it is possible to interact between the 3qum receptor
and the ligand (AMBI). 2D plot curves of ligand docking (AMBI) are shown in Figure 12. This
interaction could cause apoptosis in cancer cells' ligand interaction energy (AMBI). Binding
energies are most commonly used as a way to calculate compounds' binding affinity. Thus, the
reduction in binding energy due to mutation would increase the compounds' binding affinity
towards the receptor. The characteristic features of compounds were represented in the
https://biointerfaceresearch.com/ 13 of 30
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presence of active sites available for hydrogen bonding. This role allows them to be good
protein-binding inhibitors and develop increased inhibitory compounds. Ligand (AMBI)
showed -4.58 kCal/mol binding energy, with H-bond, electrostatic, and Vander Waals
interacting ions for 3qum receptor prostate cancer. It was deciphered that ligands (AMBI) may
be promising inhibitors of 3qum-immune system prostate cancer based on complex scoring
and interactions with the active site residue and binding capacity.

Table 11. Energy values obtained in docking calculations of ligands (AMBI) with receptor prostate cancer

3qum.
Compound |Gibbs free energy of | Inhibition | vdW+ H-bond+ | Electrostatic Total Interact
binding (kCal/mol) |constant (K;} desolv energy Energy intermolecular surface
(um) (kCal/mol) (kCal/mol) | Energy (kCal/mol)
(AMBI) | -4.58 | 43983 | -5.09 | 025 | -5.34 | 434992
4 : S
(a) (b)

Figure 10. The ligand (AMBI) (green in (a) and blue in (b)) interaction with receptor prostate cancer 3qum.
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Figure 11. HB plot of interaction between ligand (AMBI) with receptor prostate cancer 3qum.
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Figure 12. 2D plot of interaction between ligand AMBI with receptor prostate cancer 3qum.

3.9. Antimicrobial activity.

In order to identify a compound's antibacterial properties, it was tested against bacteria
and fungi [44]. In the current studies, gram-negative (Escherichia coli), gram-positive
(Staphylococcus aureus), and fungi (Candida albicans) species were examined . Table 12 lists
the outcomes of the produced compounds' antibacterial activity.

All complexes were found to have antibacterial activity against Escherichia coli except
Complexes (3,4) (inhibition zone = 11 mm with activity index 44 % for AMBI, inhibition zone
=9 mm with activity index 36 % for Complex (2) and inhibition zone = 4 mm with activity
index 16% for Complex (1).

All complexes under investigation have antibacterial activity against Staphylococcus
aureus except Complex (1) (inhibition zone =5 mm with activity index 21.7 % for Complex
(4),inhibition zone = 17 mm with activity index 73.9 % for AMBI , inhibition zone = 14 mm
with activity index 60.9 % for Complex (2) and inhibition zone = 2 mm with activity index 8.7
% for Complex (3).

All complexes under investigation have antifungal activity against Candida albicans
except complex (1) (inhibition zone = 10 mm with activity index 38.5 % for complex (4),
inhibition zone = 8 mm with activity index 30.8 % for AMBI, inhibition zone = 15 mm with
activity index 57.7 % for complex (2), inhibition zone = 3 mm with activity index 11.5 % for
complex (3). It was found that complex (2) is the highest antifungal activity against Candida
albicans.

Table 12. The antibacterial and antifungal activities of the ligand and its Ru(ll), and Ru(l1l) complexes.

E. coli S. aureus C. albicansns
Complex Diameter of % Diameter of % Diameter of %
inhibition Activity inhibition zone | Activity | inhibition zone (in | Activity

zone (in mm) index (in mm) index mm) index

(AMBI) 11 44.0 17 73.9 8 30.8

1) 4 16.0 NA NA
(2 9 36.0 14 60.9 15 57.7
(3) NA 2 8.7 3 115

https://biointerfaceresearch.com/ 15 of 30
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E. coli S. aureus C. albicansns
Complex Diameter of % Diameter of % Diameter of %
inhibition Activity inhibition zone | Activity | inhibition zone (in | Activity
zone (in mm) index (in mm) index mm) index
4) NA 5 217 10 385
Ampicillin 25 100 23 100 NA
Colitrimazole NA - NA 26 100

3.10. Cytotoxic activity.

The complexes were tested for in vitro cytotoxic activity against two human cancer cell
lines; HePG-2 and MCF-7. Different doses of the investigated compounds (i.e., 100, 50, 25,
12.5,6.25, 3.125, 1.56, and 0 g) were used to identify inhibitory action against the HePG-2 and
MCE-7 cell lines, and the vitality cells (%) was calculated using the colorimetric method, which
demonstrated in (Fig. 12). Additionally, Table 13 shows the inhibitory concentration 50 (IC50),
which was estimated. Complex (2) had excellent cytotoxic action against the HePG-2 and
MCF-7 cell lines, according to the results (IC50 values of 10.20 g/mL and 9.70 g/mL,
respectively). Additionally, the ligand has very good cytotoxic properties against the HePG-2
and MCF-7 cell lines (IC50 = 7.90 g/mL and 19.63 g/mL, respectively). Against both (HePG-
2) and (MCF-7) cell lines, complexes (3,4) demonstrate good cytotoxic activity, but complex
(1) exhibits weak cytotoxic activity. Comparing the doxorubicin response, results indicated
that complex (2) has the highest cytotoxic activity than the other complexes.

Table 13. Inhibition of ligand and complexes' cell viability against HePG-2 and MCF-7 cells compared with
standard doxorubicin (DOX).

Compounds In vitro Cytotoxicity IC50 (ng/ml)e

HePG2 MCF-7

DOX 4.50%0.3 4.17+0.2
[RUCl (PPha)2(L)] 29.80£2.4 11.66x1.4
AMBI 7.90+0.8 19.63+1.8
[RUCIx(AsPha)2(L)].2H20.CH;0OH 10.20%1.2 9.70£1.0
[RUCl3(L)(H20)] 63.5624.1 54.1243.7
[Ru(bipy)2(L)](PFs)2 39.85%2.9 45.93+34

Data presented as mean + SD. I1Csp (ug/ml): 1 — 10 (very strong). 11 — 20 (strong). 21 — 50 (moderate). 51 — 100
(weak) and above 100 (non-cytotoxic).
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Figure 13. Relative viability cells (%) of ruthenium complexes.

3.11. Antioxidant activity.

Antioxidants are chemical compounds that give the free radical an electron and turn it
into a harmless molecule. They can reduce the energy of free radicals, stop the generation of
new radicals, stop the broken chain from spreading, heal damage, and rebuild membranes [45].
Results of the ABTS method for each compound and standard ascorbic acid as a reference
compound were shown in Table 14, as well as the percentage of inhibition and radical

scavenging ability.

Table 14. Results of radical scavenging activity and % of inhibition of each complex and AMBI by ABTS

method.
ABTS
Method
Abs(control)-Abs(test)/Abs(control)X100
Complex Absorbance of samples % Inhibition
Control of ABTS 0.495 0
Ascorbic-acid 0.056 88.7%
Ligand (L) 0.294 40.6%
(1) 0.331 33.1%
@) 0.276 44.2%
?) 0.325 34.3%
o) 0.285 42.4%

The results showed that all complexes have good antioxidant activity complex (4) (%
inhibition value = 42.4 %), AMBI (% inhibition value = 40.6%), complex (2) (% inhibition
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value = 44.2%), complex (1) (% inhibition value = 33.1 %) and complex (3) (% inhibition
value = 34.3 %).

4. Conclusions

Four novel ruthenium complexes of 2-aminomethyl benzimidazole were prepared and

characterized by Physico-chemical studies. The study reveals that, regarding molar
conductivity, Rull and Rulll complexes are mostly non-electrolytes; 2-Aminomethyl
benzimidazole ligand behaves as a bidentate ligand and is coordinated through the tertiary
nitrogen atom of imidazole ring; the nitrogen atom of the amino group ruthenium complexes
have octahedral geometry. The antioxidant and cytotoxic activity of Rull complexes is better
than Rulll complexes.
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Supplementary materials

Table S1. The bond lengths and bond angles of complex (1).

Bond lengths (&) Bond angles (%) Bond angles (%)
0(13)-H(27) 1.048 N(11)-Ru(12)-CI(14)  88.695
O(13)-H(27)  1.048 0(13)-H(26) 1.047 0(13)-Ru(12)-CI(15) ~ 83.908
O(13)-H(26)  1.047 N(11)-H(25) 1.075 O(13)-Ru(12)-CI(14)  83.711
N(11)-H@25) 1.075 N(11)-H(24) 1103 CI(15)-Ru(12)-CI(14)  167.415
N(11)-H(24)  1.103 C(10)-H(23) 1116 H(25)-N(11)-H(24)  74.550
C(10)-H(23)  1.116 C(10)-H(22) 1116 H(25)-N(11)-Ru(12) 112.028
C(10)-H(22)  1.116 N(9)-H(21) 1.045 H(25)-N(11)-C(10)  86.504
N@©)-H(21)  1.045 C(6)-H(20) 1.101 H(24)-N(11)-Ru(12)  105.094
C(6)-H(20)  1.101 C(3)-H(19) 1.102 H(24)-N(11)-C(10)  146.338
C(3)-H(19)  1.102 C(2)-H(18) 1.103 Ru(12)-N(11)-C(10)  107.770
C(2)-H(18)  1.103 C(1)-H(17) 1.103 H(23)-C(10)-H(22)  108.875
C(1)-H(17)  1.103 Ru(12)-CI(16) 2.246 H(23)-C(10)-N(11)  111.106
Ru(12)-CI(16) 2.246 N(7)-Ru(12) 1.942 H(23)-C(10)-C(8)  110.976
N(7)-Ru(12)  1.942 N(11)-Ru(12) 1971 H(22)-C(10)-N(11) ~ 111.624
N(11)-Ru(12) 1971 0(13)-Ru(12) 1.939 H(22)-C(10)-C(8)  110.710
O(13)-Ru(12)  1.939 Ru(12)-CI(15) 2.248 N(11)-C(10)-C(8)  103.497
Ru(12)-CI(15) 2.248 Ru(12)-CI(14) 2.247 H(21)-N@©9)-C(5)  126.048
Ru(12)-CI(14) 2.247 C(10)-N(11) 1582 H(21)-N@9)-C(8) 126537
C(10)-N(11)  1.582 C(8)-C(10) 1.497 C(5)-N@©9)-C(8)  107.412
C(8)-C(10)  1.497 N(9)-C(5) 1.265 C(10)-C(8)-N(9)  129.309
N(9)-C5)  1.265 C(8)-N(9) 12711 C(10)-C(®)-N(7)  117.843
C(8)-N©)  1.271 N(7)-C(8) 1.277 N(9)-C(8)-N(7) 112537
N(7)-C(8)  1.277 C(4)-N(7) 1273 Ru(12)-N(7)-C(8)  104.053
C@)-N(T)  1.273 C(6)-C(1) 1.344 Ru(12)-N(7)-C(4)  119.564
C(6)-C(1)  1.344 C(5)-C(6) 1.336 C(8)-N(7)-C(4) 104271
C(5)-C(6)  1.336 C(4)-C(5) 1.344 H(20)-C(6)-C(1)  121.582
C(4)-C(5)  1.344 C(3)-C(4) 1.343 H(20)-C(6)-C(5)  121.118
C(3)-C(4)  1.343 C(2)-C(3) 1.345 C(1)-C(6)-C(5)  117.278
C(2-C(3)  1.345 C(1)-C(2) 1.345 N(9)-C(5)-C(6)  130.998
C(1)-C(2)  1.345 H(27)-0(13)-H(26)  159.273 N(9)-C(5)-C(4)  105.79
H(27)-0(13)-Ru(12)  101.008 C(6)-C(5)-C(4)  123.187
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H(26)-0(13)-Ru(12)
CI(16)-Ru(12)-N(7)
CI(16)-Ru(12)-N(11)
CI(16)-Ru(12)-0(13)
CI(16)-Ru(12)-CI(15)
CI(16)-Ru(12)-CI(14)
N(7)-Ru(12)-N(11)
N(7)-Ru(12)-O(13)
N(7)-Ru(12)-CI(15)
N(7)-Ru(12)-CI(14)
N(11)-Ru(12)-0(13)

N(11)-Ru(12)-CI(15)

99.686

107.611

167.095

84.749

89.895

91.209

85.101

166.929

91.709

99.893

82.413

87.447

N(7)-C(4)-C(5)
N(7)-C(4)-C(3)
C(5)-C(4)-C(3)
H(19)-C(3)-C(4)
H(19)-C(3)-C(2)
C(4)-C(3)-C(2)
H(18)-C(2)-C(3)
H(18)-C(2)-C(1)
C(3)-C(2)-C(1)
H(17)-C(1)-C(6)
H(17)-C(1)-C(2)

C(6)-C(1)-C(2)

Table S2. The bond lengths and bond angles of complex (2).

109.760

131.288

118.732

120.974

120.192

118.828

119.368

119.461

121.168

119.613

119.816

120.522

Bond lengths (A)

Bond angles (°)

Bond angles (°)

C(1)-C(2)
C(2)-C(3)
C(3)-C(4)
C(4)-C(5)
C(5)-C(6)
C(6)-C(1)
C(4)-N(7)
N(7)-C(8)
C(8)-N(©9)
N(9)-C(5)
C(8)-C(10)
C(10)-N(11)
As(13)-C(15)
As(13)-C(27)
N(11)-Ru(12)
N(7)-Ru(12)
As(13)-Ru(12)
C(21)-As(13)

C(33)-As(14)

https://biointerfaceresearch.com/

1.838

1.498

1.437

1.420

1.393

1.465

1.258

1.257

1.279

1.280

1.488

1.584

1.976

2.010

1.981

1.926

2.484

1.978

1.972

C(47)-C(48)-C(49)
C(47)-C(48)-H(90)
C(49)-C(48)-H(90)
C(46)-C(47)-C(48)
C(46)-C(47)-H(89)
C(48)-C(47)-H(89)
C(45)-C(46)-C(47)
C(45)-C(46)-H(88)
C(47)-C(46)-H(88)
C(48)-C(49)-C(50)
C(48)-C(49)-H(91)
C(50)-C(49)-H(91)
C(46)-C(45)-C(50)
C(46)-C(45)-H(87)
C(50)-C(45)-H(87)
C(42)-C(43)-C(44)
C(42)-C(43)-H(85)
C(44)-C(43)-H(85)

C(41)-C(42)-C(43)

122.027

127.105

110.763

117.305

122.458

119.174

122.378

110.061

127.560

119.139

116.875

123.695

118571

121.717

119.682

118.698

121.953

119.346

118.273

C(16)-C(17)-C(18)
C(16)-C(17)-H(63)
C(18)-C(17)-H(63)
C(19)-C(20)-C(15)
C(19)-C(20)-H(66)
C(15)-C(20)-H(66)
C(15)-C(16)-C(17)
C(15)-C(16)-H(62)
C(17)-C(16)-H(62)
As(13)-C(27)-C(28)
As(13)-C(27)-C(32)
C(28)-C(27)-C(32)
As(13)-C(21)-C(22)
As(13)-C(21)-C(26)
C(22)-C(21)-C(26)
As(13)-C(15)-C(16)
As(13)-C(15)-C(20)
C(16)-C(15)-C(20)

C(33)-As(14)-C(39)

119.848

120.794

118.801

116.304

117.714

125.982

118.069

122.587

119.319

101.658

136.538

113.326

126.808

117.278

114.700

118.956

116.979

124.027

103.746
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C(39)-As(14)
C(50)-As(14)
As(14)-Ru(12)
CI(51)-Ru(12)
CI(52)-Ru(12)
C(15)-C(16)
C(16)-C(17)
C(17)-C(18)
C(18)-C(19)
C(19)-C(20)
C(15)-C(20)
C(21)-C(22)
C(22)-C(23)
C(23)-C(24)
C(24)-C(25)
C(25)-C(26)
C(21)-C(26)
C(27)-C(28)
C(28)-C(29)
C(29)-C(30)
C(30)-C(31)
C(31)-C(32)
C(27)-C(32)
C(33)-C(34)
C(34)-C(35)
C(35)-C(36)
C(36)-C(37)
C(37)-C(38)
C(33)-C(38)
C(39)-C(40)
C(40)-C(41)
C(41)-C(42)

C(42)-C(43)
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1.974

1.973

2.460

2.250

2.247

1.344

1.342

1.342

1.342

1.342

1.343

1.343

1.342

1.341

1.341

1.342

1.345

1.505

1.422

1.418

1.420

1.498

1.848

1.343

1.342

1.342

1.341

1.341

1.342

1.343

1.342

1.342

1.341

C(41)-C(42)-H(84)
C(43)-C(42)-H(84)
C(40)-C(41)-C(42)
C(40)-C(41)-H(83)
C(42)-C(41)-H(83)
C(43)-C(44)-C(39)
C(43)-C(44)-H(86)
C(39)-C(44)-H(86)
C(39)-C(40)-C(41)
C(39)-C(40)-H(82)
C(41)-C(40)-H(82)
C(36)-C(37)-C(38)
C(36)-C(37)-H(80)
C(38)-C(37)-H(80)
C(35)-C(36)-C(37)
C(35)-C(36)-H(79)
C(37)-C(36)-H(79)
C(34)-C(35)-C(36)
C(34)-C(35)-H(78)
C(36)-C(35)-H(78)
C(37)-C(38)-C(33)
C(37)-C(38)-H(81)
C(33)-C(38)-H(81)
C(33)-C(34)-C(35)
C(33)-C(34)-H(77)
C(35)-C(34)-H(77)

As(14)-C(50)-C(49)

As(14)-C(50)-C(45)
C(49)-C(50)-C(45)

As(14)-C(39)-C(40)

As(14)-C(39)-C(44)
C(40)-C(39)-C(44)

As(14)-C(33)-C(34)

126.060

115.666

124.155

119.363

116.060

121.022

118.276

118.661

117.197

128.419

114.290

118.501

122.154

119.295

119.013

113.050

127.873

120.041

118.005

121.749

124.697

116.932

117.973

120.663

118.624

120.592

122.463

117.212

119.242

122.942

116.970

119.365

111.678

C(33)-As(14)-C(50)
C(33)-As(14)-Ru(12)
C(39)-As(14)-C(50)
C(39)-As(14)-Ru(12)
C(50)-As(14)-Ru(12)
C(15)-As(13)-C(27)
C(15)-As(13)-Ru(12)
C(15)-As(13)-C(21)
C(27)-As(13)-Ru(12)
C(27)-As(13)-C(21)
Ru(12)-As(13)-C(21)
C(10)-N(11)-Ru(12)
C(10)-N(11)-H(60)
C(10)-N(11)-H(61)
Ru(12)-N(11)-H(60)
Ru(12)-N(11)-H(61)
H(60)-N(11)-H(61)
N(11)-Ru(12)-N(7)
N(11)-Ru(12)-As(13)
N(11)-Ru(12)-As(14)
N(11)-Ru(12)-CI(51)
N(11)-Ru(12)-CI(52)
N(7)-Ru(12)-As(13)
N(7)-Ru(12)-As(14)
N(7)-Ru(12)-CI(51)
N(7)-Ru(12)-CI(52)
As(13)-Ru(12)-As(14)
As(13)-Ru(12)-CI(51)
As(13)-Ru(12)-CI(52)
As(14)-Ru(12)-CI(51)
As(14)-Ru(12)-CI(52)
CI(51)-Ru(12)-CI(52)

C(8)-C(10)-N(11)

98.756

116.800

116.381

106.539

114.401

112552

110.813

108.456

117.818

92.369

113.328

115411

102.044

91.866

140.811

95.634

71.066

72.807

120.876

70.859

80.272

152.488

67.614

135971

87.749

129.970

112.387

137.402

85.397

109.452

92.611

85.086

104.730
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C(43)-C(44)
C(39)-C(44)
C(45)-C(46)
C(46)-C(47)
C(47)-C(48)
C(48)-C(49)
C(49)-C(50)
C(45)-C(50)
C(1)-H(53)
C(2)-H(54)
C(3)-H(55)
C(6)-H(56)
N(9)-H(57)
C(10)-H(58)
C(10)-H(59)
N(11)-H(60)
N(11)-H(61)
C(16)-H(62)
C(17)-H(63)
C(18)-H(64)
C(19)-H(65)
C(20)-H(66)
C(22)-H(67)
C(23)-H(68)
C(24)-H(69)
C(25)-H(70)
C(26)-H(71)
C(28)-H(72)
C(29)-H(73)
C(30)-H(74)
C(31)-H(75)
C(32)-H(76)

C(34)-H(77)
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1.342

1.344

1.342

1.342

1.342

1.342

1.342

1.342

1.143

1.142

1.103

1.104

1.045

1.114

1.115

1.099

1.078

1.101

1.103

1.103

1.103

1.101

1.094

1.103

1.103

1.103

1.101

1.101

1.105

1.105

1.105

1.148

1.100

As(14)-C(33)-C(38)
C(34)-C(33)-C(38)
C(30)-C(31)-C(32)
C(30)-C(31)-H(75)
C(32)-C(31)-H(75)
C(29)-C(30)-C(31)
C(29)-C(30)-H(74)
C(31)-C(30)-H(74)
C(28)-C(29)-C(30)
C(28)-C(29)-H(73)
C(30)-C(29)-H(73)
C(31)-C(32)-C(27)
C(31)-C(32)-H(76)
C(27)-C(32)-H(76)
C(27)-C(28)-C(29)
C(27)-C(28)-H(72)
C(29)-C(28)-H(72)
C(24)-C(25)-C(26)
C(24)-C(25)-H(70)
C(26)-C(25)-H(70)
C(23)-C(24)-C(25)
C(23)-C(24)-H(69)
C(25)-C(24)-H(69)
C(22)-C(23)-C(24)
C(22)-C(23)-H(68)
C(24)-C(23)-H(68)
C(25)-C(26)-C(21)
C(25)-C(26)-H(71)
C(21)-C(26)-H(71)
C(21)-C(22)-C(23)
C(21)-C(22)-H(67)
C(23)-C(22)-H(67)

C(18)-C(19)-C(20)

131.687

116.448

118.958

120.506

120.334

125.376

114.765

119.452

127.933

110.752

121.126

115.464

106.560

135.375

118.394

127.740

113.781

120.414

123.533

116.004

119.097

123.963

116.486

118.634

127.124

114151

122.514

117.049

120.347

123.579

123.176

113.112

121.212

C(8)-C(10)-H(58)
C(8)-C(10)-H(59)
N(11)-C(10)-H(58)
N(11)-C(10)-H(59)
H(58)-C(10)-H(59)
N(7)-C(8)-N(9)
N(7)-C(8)-C(10)
N(9)-C(8)-C(10)
C(8)-N(9)-C(5)
C(8)-N(9)-H(57)
C(5)-N(9)-H(57)
C(5)-C(6)-C(1)
C(5)-C(6)-H(56)
C(1)-C(6)-H(56)
C(4)-N(7)-C(8)
C(4)-N(7)-Ru(12)
C(8)-N(7)-Ru(12)
C(4)-C(5)-C(6)
C(4)-C(5)-N(9)
C(6)-C(5)-N(9)
C(3)-C(4)-C(5)
C(3)-C(4)-N(7)
C(5)-C(4)-N(7)
C(2)-C(3)-C(4)
C(2)-C(3)-H(55)
C(4)-C(3)-H(55)
C(1)-C(2)-C(3)
C(1)-C(2)-H(54)
C(3)-C(2)-H(54)
C(2)-C(1)-C(6)
C(2)-C(1)-H(53)

C(6)-C(1)-H(53)

110.418

112.419

114.096

108.054

107.211

114.069

113.274

132.616

105.204

124.066

127.812

118.981

113.121

127.515

104.586

121.479

133.333

119.732

103.865

136.381

137.949

115.091

101.568

114254

101.312

144,255

108.434

137.196

114.091

119.357

131.129

109.460
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C(35)-H(78)  1.103
C(36)-H(79) 1.103
C(37)-H(80)  1.102
C(38)-H(81)  1.098
C(40)-H(82)  1.100
C(41)-H(83) 1.103
C(42)-H(84)  1.103
C(43)-H(85)  1.103
C(44)-H(86)  1.102
C(45)-H(87)  1.101
C(46)-H(88)  1.103
C(47)-H(89)  1.103
C(48)-H(90)  1.103

C(49)-H(91)  1.056

C(18)-C(19)-H(65)  113.810
C(20)-C(19)-H(65)  124.796
C(17)-C(18)-C(19)  119.838
C(17)-C(18)-H(64)  120.854

C(19)-C(18)-H(64) 119.244

Table S3. The bond lengths and bond angles of complex (3).

Bond lengths (A)

Bond angles (°)

Bond angles (°)

C(50)-H(91) 1.096
C(48)-H(90)  1.102
C(47)-H(89)  1.103
C(46)-H(88)  1.102
C(45)-H(87)  1.103
C(44)-H(86)  1.103
C(43)-H(85)  1.102
C(41)-H(84) 1.101
C(40)-H(83)  1.103
C(39)-H(82) 1.103
C(38)-H(81)  1.103
C(37)-H(80)  1.101
C(35)-H(79)  1.096
C(34)-H(78)  1.103
C(33)-H(7T7)  1.102
C(32)-H(76)  1.099

C(30)-H(75)  1.101

https://biointerfaceresearch.com/

H(91)-C(50)-C(45) 116.106
H(91)-C(50)-C(49) 122,036
C(45)-C(50)-C(49) 121.858
C(50)-C(49)-C(48)  116.756
C(50)-C(49)-P(14)  126.000
C(48)-C(49)-P(14)  117.206
H(90)-C(48)-C(49) 121.185
H(90)-C(48)-C(47) 116.784
C(49)-C(48)-C(47) 122,031
H(89)-C(47)-C(48)  120.153
H(89)-C(47)-C(46)  119.801
C(48)-C(47)-C(46)  120.046
H(88)-C(46)-C(47) 120.481
H(88)-C(46)-C(45)  120.497
C(47)-C(46)-C(45)  119.019
H(87)-C(45)-C(50)  120.096

H(87)-C(45)-C(46) 119.636

C(19)-C(18)-C(17)
H(63)-C(17)-C(18)
H(63)-C(17)-C(16)
C(18)-C(17)-C(16)
H(62)-C(16)-C(17)
H(62)-C(16)-C(15)
C(17)-C(16)-C(15)
C(20)-C(15)-C(16)
C(20)-C(15)-P(13)
C(16)-C(15)-P(13)
C(36)-P(14)-C(42)
C(36)-P(14)-C(49)
C(36)-P(14)-Ru(12)
C(42)-P(14)-C(49)
C(42)-P(14)-Ru(12)
C(49)-P(14)-Ru(12)

Ru(12)-P(13)-C(31)

119.282

119.743

120.061

120.189

117.235

121.398

121.361

117.535

120.128

122.207

107.489

101.376

116.911

102.625

108.779

118.309

115.161
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C(29)-H(74)
C(28)-H(73)
CQ7)-H(72)
C(25)-H(71)
C(24)-H(70)
C(23)-H(69)
C(22)-H(68)
C(21)-H(67)
C(20)-H(66)
C(19)-H(65)
C(18)-H(64)
C(17)-H(63)
C(16)-H(62)
N(11)-H(61)
N(11)-H(60)
C(10)-H(59)
C(10)-H(58)
N(9)-H(57)
C(6)-H(56)
C(3)-H(55)
C(2)-H(54)
C(1)-H(53)
C(45)-C(50)
C(49)-C(50)
C(48)-C(49)
C(47)-C(48)
C(46)-C(47)
C(45)-C(46)
C(39)-C(44)
C(43)-C(44)
C(42)-C(43)
C(41)-C(42)

C(40)-C(41)
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1.103

1.103

1.103

1.100

1.103

1.103

1.103

1.099

1.102

1.103

1.103

1.103

1.099

1.101

1.076

1.115

1.116

1.045

1.101

1.102

1.103

1.103

1.343

1.345

1.348

1.342

1.340

1.340

1.341

1.342

1.346

1.345

1.342

C(50)-C(45)-C(46)
H(86)-C(44)-C(39)
H(86)-C(44)-C(43)
C(39)-C(44)-C(43)
H(85)-C(43)-C(44)
H(85)-C(43)-C(42)
C(44)-C(43)-C(42)
C(43)-C(42)-C(41)
C(43)-C(42)-P(14)
C(41)-C(42)-P(14)
H(84)-C(41)-C(42)
H(84)-C(41)-C(40)
C(42)-C(41)-C(40)
H(83)-C(40)-C(41)
H(83)-C(40)-C(39)
C(41)-C(40)-C(39)
H(82)-C(39)-C(44)
H(82)-C(39)-C(40)
C(44)-C(39)-C(40)
H(81)-C(38)-C(33)
H(81)-C(38)-C(37)
C(33)-C(38)-C(37)
H(80)-C(37)-C(38)
H(80)-C(37)-C(36)
C(38)-C(37)-C(36)
C(37)-C(36)-C(35)
C(37)-C(36)-P(14)
C(35)-C(36)-P(14)
H(79)-C(35)-C(36)
H(79)-C(35)-C(34)
C(36)-C(35)-C(34)
H(78)-C(34)-C(35)

H(78)-C(34)-C(33)

120.267

119.909

120.004

120.087

118.347

120.834

120.816

118536

119.747

121.716

120.937

118.183

120.879

120.033

119.930

120.037

120.175

120.191

119.629

119.786

120.151

120.060

116.734

121.226

122.040

116.688

118513

124.685

122179

115.933

121.885

120.114

119.637

Ru(12)-P(13)-C(26)
Ru(12)-P(13)-C(15)
C(31)-P(13)-C(26)
C(31)-P(13)-C(15)
C(26)-P(13)-C(15)
CI(52)-Ru(12)-CI(51)
CI(52)-Ru(12)-P(13)
CI(52)-Ru(12)-P(14)
CI(52)-Ru(12)-N(11)
CI(52)-Ru(12)-N(7)
CI(51)-Ru(12)-P(13)
CI(51)-Ru(12)-P(14)
CI(51)-Ru(12)-N(11)
CI(51)-Ru(12)-N(7)
P(13)-Ru(12)-P(14)
P(13)-Ru(12)-N(11)
P(13)-Ru(12)-N(7)
P(14)-Ru(12)-N(11)
P(14)-Ru(12)-N(7)
N(11)-Ru(12)-N(7)
H(61)-N(11)-H(60)
H(61)-N(11)-Ru(12)
H(61)-N(11)-C(10)
H(60)-N(11)-Ru(12)
H(60)-N(11)-C(10)
Ru(12)-N(11)-C(10)
H(59)-C(10)-H(58)
H(59)-C(10)-N(11)
H(59)-C(10)-C(8)
H(58)-C(10)-N(11)
H(58)-C(10)-C(8)
N(11)-C(10)-C(8)

H(57)-N(9)-C(5)

110.012

111.118

105.313

103.926

111.056

91.424

83.553

87.312

91.864

166.988

97.927

87.742

173.454

94.907

169.347

88.068

84.321

86.760

104.261

83.020

73.609

104.901

143.731

111.301

85.543

110.288

108.288

111.438

111.261

111.487

110.283

104.081

125.969
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C(39)-C(40)
C(33)-C(38)
C(37)-C(38)
C(36)-C(37)
C(35)-C(36)
C(34)-C(35)
C(33)-C(34)
C(27)-C(32)
C(31)-C(32)
C(30)-C(31)
C(29)-C(30)
C(28)-C(29)
C(27)-C(28)
C(21)-C(26)
C(25)-C(26)
C(24)-C(25)
C(23)-C(24)
C(22)-C(23)
C(21)-C(22)
C(15)-C(20)
C(19)-C(20)
C(18)-C(19)
C(17)-C(18)
C(16)-C(17)
C(15)-C(16)
CI(52)-Ru(12)
CI(51)-Ru(12)
P(13)-Ru(12)
P(13)-C(31)
P(13)-C(26)
C(15)-P(13)
C(36)-P(14)

P(14)-C(42)
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1.341

1.340

1.342

1.348

1.346

1.342

1.340

1.342

1.346

1.347

1.342

1.340

1.340

1.346

1.346

1.342

1.340

1.340

1.342

1.347

1.342

1.340

1.341

1.342

1.345

2.250

2.248

2.365

1.880

1.874

1.871

1.880

1.873

C(35)-C(34)-C(33)
H(77)-C(33)-C(38)
H(77)-C(33)-C(34)
C(38)-C(33)-C(34)
H(76)-C(32)-C(27)
H(76)-C(32)-C(31)
C(27)-C(32)-C(31)
C(32)-C(31)-C(30)
C(32)-C(31)-P(13)
C(30)-C(31)-P(13)
H(75)-C(30)-C(31)
H(75)-C(30)-C(29)
C(31)-C(30)-C(29)
H(74)-C(29)-C(30)
H(74)-C(29)-C(28)
C(30)-C(29)-C(28)
H(73)-C(28)-C(29)
H(73)-C(28)-C(27)
C(29)-C(28)-C(27)
H(72)-C(27)-C(32)
H(72)-C(27)-C(28)
C(32)-C(27)-C(28)
C(21)-C(26)-C(25)
C(21)-C(26)-P(13)
C(25)-C(26)-P(13)
H(71)-C(25)-C(26)
H(71)-C(25)-C(24)
C(26)-C(25)-C(24)
H(70)-C(24)-C(25)
H(70)-C(24)-C(23)
C(25)-C(24)-C(23)
H(69)-C(23)-C(24)

H(69)-C(23)-C(22)

120.243

120.489

120.501

118.996

117.033

121.371

121.595

117.366

123.172

119.416

121.371

117.118

121511

120.080

119.754

120.165

120.390

120.377

119.227

120.084

119.811

120.102

117.307

120.450

122.229

120.998

117.283

121.717

120.079

119.897

120.023

120.370

120.398

H(57)-N(9)-C(8)
C(5)-N(9)-C(8)
C(10)-C(8)-N(9)
C(10)-C(8)-N(7)
N(9)-C(8)-N(7)
Ru(12)-N(7)-C(8)
Ru(12)-N(7)-C(4)
C(8)-N(7)-C(4)
H(56)-C(6)-C(1)
H(56)-C(6)-C(5)
C(1)-C(6)-C(5)
N(9)-C(5)-C(6)
N(9)-C(5)-C(4)
C(6)-C(5)-C(4)
N(7)-C(4)-C(5)
N(7)-C(4)-C(3)
C(3)-C(4)-C(3)
H(55)-C(3)-C(4)
H(55)-C(3)-C(2)
C(4)-C(3)-C(2)
H(54)-C(2)-C(3)
H(54)-C(2)-C(1)
CR)-CR)-C(L)
H(53)-C(1)-C(6)
H(53)-C(1)-C(2)

C(6)-C(1)-C(2)

126.598

107.428

128.773

118.262

112.922

108.932

125.755

103.857

121.421

121.179

117.374

130.325

105.672

123.968

110.033

132.054

117.335

121.331

119.027

119.642

119.433

119.413

121.133

119.798

120.045

120.058
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C(49)-P(14) 1887 C(24)-C(23)-C(22) 119.231

P(14)-Ru(12) 2.362 H(68)-C(22)-C(23) 119.753

N(11)-Ru(12) 1.972 H(68)-C(22)-C(21)  120.064

N(7)-Ru(12)  1.947 C(23)-C(22)-C(21) 120.183

C(10)-N(11) 1.574 H(67)-C(21)-C(26) 121.343
C(8)-C(10)  1.493 H(67)-C(21)-C(22) 117.118
N(9)-C5)  1.263 C(26)-C(21)-C(22) 121.538
C(8)-N(Q)  1.269 H(66)-C(20)-C(15)  120.949
N(7)-C8)  1.276 H(66)-C(20)-C(19) 117.543
C@)-N(T7) 1275 C(15)-C(20)-C(19) 121504
C(6)-C(1)  1.342 H(65)-C(19)-C(20)  120.081
C(5)-C(6)  1.336 H(65)-C(19)-C(18) 119.888
C4)-C(5)  1.343 C(20)-C(19)-C(18)  120.026
C(3)-C(4)  1.345 H(64)-C(18)-C(19) 120.338
C(2-C(3)  1.344 H(64)-C(18)-C(17)  120.361
C(1)-C(2)  1.344

Table S4. The bond lengths and bond angles of complex (4).

Bond lengths (A) Bond angles (°) Bond angles (°)
C(36)-H(61) 1.103 H(61)-C(36)-N(31)  119.072 C(15)-C(14)-C(13)  125.017
C(35)-H(60)  1.102 H(61)-C(36)-C(35)  110.486 H(46)-C(13)-C(18)  76.250
C(34)-H(59) 1.102 N(31)-C(36)-C(35) ~ 129.920 H(46)-C(13)-C(14)  75.413
C(33)-H(58) 1.101 H(60)-C(35)-C(36) ~ 127.056 C(18)-C(13)-C(14)  89.602
C(28)-H(57)  1.100 H(60)-C(35)-C(34)  127.043 N(31)-Ru(12)-N(30)  78.074
C(27)-H(56)  1.102 C(36)-C(35)-C(34)  105.848 N(31)-Ru(12)-N(23) 82.413
C(26)-H(55)  1.102 H(59)-C(34)-C(35)  121.229 N(31)-Ru(12)-N(17) 114546
C(25)-H(54)  1.100 H(59)-C(34)-C(33) 124171 N(31)-Ru(12)-N(11)  87.869
C(22)-H(E3) 1111 C(35)-C(34)-C(33) 114572 N(31)-Ru(12)-N(7)  163.110
C(21)-H(52)  1.098 H(58)-C(33)-C(34)  109.293 N(30)-Ru(12)-N(23) 101.833
C(20)-H(51)  1.102 H(58)-C(33)-C(32) ~ 108.090 N(30)-Ru(12)-N(17) 166.206
C(19)-H(50)  1.111 C(34)-C(33)-C(32)  142.600 N(30)-Ru(12)-N(11)  81.424
C(18)-H(49)  1.105 C(29)-C(32)-C(33)  167.746 N(30)-Ru(12)-N(7) ~ 88.411
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C(15)-H(48)
C(14)-H(47)
C(13)-H(46)
N(11)-H(45)
N(11)-H(44)
C(10)-H(43)
C(10)-H(42)
N(9)-H(41)
C(6)-H(40)
C(3)-H(39)
C(2)-H(38)
C(1)-H(@37)
C(29)-C(32)
C(16)-C(24)
N(31)-Ru(12)
N(30)-Ru(12)
N(23)-Ru(12)
N(17)-Ru(12)
C(36)-N(31)
C(35)-C(36)
C(34)-C(35)
C(33)-C(34)
C(32)-C(33)
N(31)-C(32)
N(30)-C(25)
C(29)-N(30)
C(28)-C(29)
C(27)-C(28)
C(26)-C(27)
C(25)-C(26)
C(24)-C(19)
N(23)-C(24)

C(22)-N(23)
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1.111

1.102

1.098

1.076

1.104

1.116

1.115

1.045

1.101

1.098

1.103

1.103

1.343

1.367

1.951

1.948

1.965

1.964

1.273

1.342

1.338

1.340

1.348

1.278

1.273

1.270

1.349

1.343

1.342

1.346

1.360

1.339

1.280

C(29)-C(32)-N(31)
C(33)-C(32)-N(31)
Ru(12)-N(31)-C(36)
Ru(12)-N(31)-C(32)
C(36)-N(31)-C(32)
Ru(12)-N(30)-C(25)
Ru(12)-N(30)-C(29)
C(25)-N(30)-C(29)
C(32)-C(29)-N(30)
C(32)-C(29)-C(28)
N(30)-C(29)-C(28)
H(57)-C(28)-C(29)
H(57)-C(28)-C(27)
C(29)-C(28)-C(27)
H(56)-C(27)-C(28)
H(56)-C(27)-C(26)
C(28)-C(27)-C(26)
H(55)-C(26)-C(27)
H(55)-C(26)-C(25)
C(27)-C(26)-C(25)
H(54)-C(25)-N(30)
H(54)-C(25)-C(26)
N(30)-C(25)-C(26)
C(16)-C(24)-C(19)
C(16)-C(24)-N(23)
C(19)-C(24)-N(23)
Ru(12)-N(23)-C(24)
Ru(12)-N(23)-C(22)
C(24)-N(23)-C(22)
H(53)-C(22)-N(23)
H(53)-C(22)-C(21)
N(23)-C(22)-C(21)

H(52)-C(21)-C(22)

78.085

93.977

113.559

100.860

130.560

125.631

97.086

117.395

115.634

120.833

123.486

120.567

120.661

118.772

120.730

121.323

117.923

120.064

120.869

118.685

118.213

117.337

123584

164.332

78.827

89.025

90.411

117.264

133.026

116.907

107.566

135.000

75.744

N(23)-Ru(12)-N(17)
N(23)-Ru(12)-N(11)
N(23)-Ru(12)-N(7)
N(17)-Ru(12)-N(11)
N(17)-Ru(12)-N(7)
N(11)-Ru(12)-N(7)
H(45)-N(11)-H(44)
H(45)-N(11)-Ru(12)
H(45)-N(11)-C(10)
H(44)-N(11)-Ru(12)
H(44)-N(11)-C(10)
Ru(12)-N(11)-C(10)
H(43)-C(10)-H(42)
H(43)-C(10)-N(11)
H(43)-C(10)-C(8)
H(42)-C(10)-N(11)
H(42)-C(10)-C(8)
N(11)-C(10)-C(8)
H(41)-N(9)-C(5)
H(41)-N(9)-C(8)
C(5)-N(9)-C(8)
C(10)-C(8)-N(9)
C(10)-C(8)-N(7)
N(9)-C(8)-N(7)
Ru(12)-N(7)-C(8)
Ru(12)-N(7)-C(4)
C(®)-N(7)-C(4)
H(40)-C(6)-C(L)
H(40)-C(6)-C(5)
C(1)-C(6)-C(5)
N(9)-C(5)-C(6)
N(9)-C(5)-C(4)

C(6)-C(5)-C(4)

75.541

168.818

110.570

103.790

80.066

80.056

74.097

110.040

86.049

101.728

145.430

111.682

104.987

117.810

113.825

110.251

111114

98.947

126.597

128.804

103.888

115.197

120.103

117.994

110.990

130.958

98.811

121.597

121.330

117.051

125.597

105.111

129.221
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C(21)-C(22)
C(20)-C(21)
C(19)-C(20)
C(18)-C(13)
N(17)-C(18)
C(16)-N(17)
C(15)-C(16)
C(14)-C(15)
C(13)-C(14)
N(11)-Ru(12)
N(7)-Ru(12)
C(10)-N(11)
C(8)-C(10)
N(9)-C(5)
C(8)-N(9)
N(7)-C(8)
C(4)-N(7)
C(6)-C(1)
C(5)-C(6)
C(4)-C(5)
C(R3)-C(4)
C@)-C(3)

C(1)-C(2)

https://biointerfaceresearch.com/

1.332

1.325

1.340

1.331

1.279

1.335

1.363

1.340

1.323

1.976

1.955

1.568

1.488

1.262

1.269

1.278

1.276

1.342

1.336

1.344

1.343

1.345

1.344

H(52)-C(21)-C(20)
C(22)-C(21)-C(20)
H(51)-C(20)-C(21)
H(51)-C(20)-C(19)
C(21)-C(20)-C(19)
H(50)-C(19)-C(24)
H(50)-C(19)-C(20)
C(24)-C(19)-C(20)
H(49)-C(18)-C(13)
H(49)-C(18)-N(17)
C(13)-C(18)-N(17)
Ru(12)-N(17)-C(18)
Ru(12)-N(17)-C(16)
C(18)-N(17)-C(16)
C(24)-C(16)-N(17)
C(24)-C(16)-C(15)
N(17)-C(16)-C(15)
H(48)-C(15)-C(16)
H(48)-C(15)-C(14)
C(16)-C(15)-C(14)
H(47)-C(14)-C(15)

H(47)-C(14)-C(13)

74.906

90.943

116.488

118.482

124.807

114.852

107.418

137.728

106.475

120.596

132914

115.617

95.693

133.874

80.885

166.466

88.501

111.346

111.663

136.936

118.424

116.286

N(7)-C(4)-C(5)
N(7)-C(4)-C(3)
C(5)-C(4)-C(3)
H(39)-C(3)-C(4)
H(39)-C(3)-C(2)
C(4)-C(3)-C2)
H(38)-C(2)-C(3)
H(38)-C(2)-C(1)
C(3)-C(2)-C(1)
H(37)-C(1)-C(6)
H(37)-C(1)-C(2)

C(6)-C(1)-C(2)

114.173

135.735

110.038

124.447

111.020

124.367

119.692

118.567

121.713

121.323

121.437

117.239
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