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Abstract

The Re(I) organometallic compounds [(Re(CO);L'®)Cl], where ligands L are tryptanthrin derivatives, prepared and
characterized by various spectroscopic techniques. To assess the binding capacities and binding manner, tests of calf
thymus DNA under the impact of organometallic complexes were conducted using absorption titration and viscosity
measuring techniques. Data from the research mentioned above point to an intercalation type of binding, which was ver-
ified by the docking study. Swiss ADME tools were used to carry out an ADME study. The work focuses on computing the
molecular orbital energies for the synthesized compounds using the density functional theory (DFT). The compounds
were tested against the MCF-7 cell line to determine their anticancer effects. It was observed that their ICs, values were
equivalent to those of the standard medication, indicating that they had a similar antiproliferative impact.

Keywords: Re(I) organometallic compounds, DNA and BSA binding, DFT, Molecular docking, ADMET study, Antibac-

terial activity, Anticancer activity

1. Introduction

Research is heavily focused on creating new, more
effective anti-cancer medications because there are draw-
backs to present metal-based anticancer drugs like cispla-
tin.! Metal-containing compounds have been investigated
recently as prospective possibilities for innovative phar-
maceuticals. The finding that apoptosis and the genes that
control it considerably impact cancer phenotype has con-
tributed to important improvements in our understanding
of cancer biology and genetics.? Tryptanthrin, an alkaloid,
and antibiotic has been found to have antibacterial, and
anti-tumor activity and has been isolated from various
sources including Candida lypolica, higher plants, and ma-
rine micro- and macro-organisms.>* Natural remedies
have been used for centuries as sources of treatment and
prevention for various illnesses including cancer. The an-
ti-cancer drug paclitaxel was first extracted from Taxus
brevifolia and approved by the Food and Drug Analysis for
the treatment of several types of cancer.” Schiff base lig-
ands have been extensively explored in coordination

chemistry and are significant in this area because of their
stability, chelating properties, and capacity to form com-
plexes with transition metals.®” Tryptanthrin and its de-
rivatives, due to their broad spectrum of activity against
various diseases, have become potential biologically active
compounds.® The quinazoline and indole core structures
found in tryptanthrin serve as building blocks.? Tryptan-
thrin’s unique indolo[2,1-b]quinazoline ring structure has
attracted significant attention in chemical research due to
its crucial role in the synthesis of natural products, materi-
als, and pharmaceuticals.!® Many plant species contain
tryptanthrin and candidine, phaitanthrins A-E, methyli-
satoid, and cruciferane (Figure 1).

Nowadays one promising category of synthetic or
naturally occurring chemicals that could be used in cancer
treatment is quinazoline compounds.!! Tryptanthrin has
been investigated for its potential use in cancer therapy
due to its antitumor properties.!> Chemotherapy is the
current standard treatment for cancer in clinical set-
tings.!>!* However, multidrug resistance affects effective-
ness for anticancer medications. One of the most popular
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Tryptanthrin

(-)-(S)-Phaitanthrin A
Figure 1. Tryptanthrin and related alkaloids

cytotoxic and antibacterial reagents is a quinazoline alka-
loid produced by sublimating natural indigo under re-
duced pressure.®

Density functional theory (DFT) has been increas-
ingly popular in biochemical and medicinal research. DFT
is being used more and more in these domains to solve a
variety of issues. Dipole moments and global characteris-
tics are one of the main areas of interest in this research
since they are essential to understanding the reactivity and
bioactivity of compounds, especially those designed for
biomedical uses. A useful approach for determining the
affinities of candidate compounds to their intended targets
is molecular docking studies. This approach is crucial for
optimizing potential compounds for medication develop-
ment and for understanding how ligands interact with
their target proteins.'® Additionally, it is crucial for thera-
peutic development to estimate the lead compounds AD-
MET characteristics. These characteristics offer vital infor-
mation onadrug’sabsorption, distribution, metabolization,
excretion, and potential toxicity.!”!® Techniques like phar-
macokinetic parameter analysis and toxicity evaluation are
effective tools in the field of in silico drug design. They al-
low researchers to examine novel chemicals’ physical and
chemical properties and gauge their potential toxicity.
These techniques are essential for swiftly selecting drugs
that have potential for additional preclinical and clinical
research.”

Chemotherapy is a widely used treatment option for
cancer, but its lack of specificity towards malignant cells can
result in adverse side effects and limit its effectiveness.?’ To
overcome this limitation, researchers have been working
on developing and synthesizing organometallic com-
pounds with therapeutic potential, particularly those with
anticancer properties.?! Platinum complexes, including cis-
PtX,L,, as well as palladacycles, dimeric, trimeric, te-
trameric, and heterobimetallic complexes, have been the
focus of much research in the field of anticancer drugs.??

OCH;

P oD

Methyllsatnld

(+)-(8,5)-Cruciferane

Phaitanthrin E

Recent years have seen the development of a variety of
Pt(IT) compounds containing nitrogen atom donor ligands
like alkyl and aryl type amines and imines. Such as azo, hy-
drazo, pyridine, and pyrimidine derivatives.”® Few of these
complexes have demonstrated effective anticancer capabil-
ities both in vivo and in vitro. The tryptanthrin Schiff base
and substituted phenyl hydrazine synthesized, character-
ized, and their interactions within DNA and BSA investi-
gated are presented in this study. In order to ascertain
mechanism and type of interaction of organometallic com-
plexes with DNA, the molecular docking technique was
also used. These findings could potentially increase the de-
velopment of the novel and effective anticancer agents with
additionally improved specificity toward malignant cells.*

2. Experimental Section
2. 1. Materials and Methods

The reagents and solvents employed have high chem-
ical purity and reasonably priced. For spectral measure-
ments, spectroscopic-grade solvents were purchased from
Sigma-Aldrich. The following items were acquired from
Sigma-Aldrich: isatin, 5-chloroisatin, isatoic anhydride,
triethylamine, pentacarbonylchlororhenium(I), dimethyl
sulphoxide (DMSO), calf thymus (CT) DNA, and bovine
serum albumin (BSA). The SRL was used to purchase the
toluene, methanol, and glacial acetic acid. TCI supplied
the following: phenylhydrazine hydrochloride, 4-chloro-
phenylhydrazine hydrochloride, and 2,4-dichlorophenyl-
hydrazine hydrochloride. We purchased Luria broth and
ethidium bromide (EtBr) from Hi-media. Using Milli-Q
water, all buffers and solutions are created.

Using a deuterated solvent and a Bruker Avance spec-
trometer the 'H NMR spectra were measured. The *C NMR
spectra were gathered using a Varian Inova spectrometer
and a deuterated solvent. Samples were produced as pellets
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of potassium bromide (KBr) for the IR spectral analysis, and
an Anasys Fourier transform-infrared (FT-IR) spectropho-
tometer was used to obtain the spectra in the 4000-400 cm™!
range. A EURO EA3000 elemental analyzer was used to as-
certain the elemental makeup of C, H, and N. Using a UV-
160A UV-visible spectrophotometer (Shimadzu, Kyoto, Ja-
pan), the absorption titration was carried out. A Horiba
spectrofluorometer was used to conduct a study on the
quenching of fluorescence. A specialized tool created to
monitor and examine fluorescence phenomena is the Horiba
spectrofluorometer. A study conducted on five bacterial cul-
tures, including two Gram-positive bacteria, Staphylococcus
aureus (MTCC-3160) and Bacillus subtilis (MTCC-7193),
and three Gram-negative bacteria, Serratia marcescens
(MTCC-7103), Escherichia coli (MTCC-433), and Pseu-
domonas aeruginosa (MTCC-1688) was used to evaluate the
antimicrobial activity of the synthesized compounds.

2. 2. Synthesis of Ligands and Their Re(I)
Organometallic Compounds

2. 1. 1. Synthesis of Substituted Indolo[2,1-b]
quinazoline-6,12-dione

Substituted isatin (300 mg, 2.04 mmol) was dissolved
in toluene (5 mL), and then triethylamine base (0.567 mL,
4.07 mmol) was added. After 10 minutes isatoic anhydride
(332 mg, 2.04 mmol) was added to the reaction mixture

followed by reflux for 70-80 min. The substituted in-
dolo[2,1-b]quinazoline-6,12-dione products were collect-
ed, dried, and washed with methanol to remove impurities.

2. 1. 2. Synthesis of Substituted Tryptanthrin
Schiff-based Derivatives (L!-L°)

Synthesized product (300 mg, 1.21 mmol) was react-
ed with substituted phenylhydrazine hydrochloride (261
mg, 2.42 mmol) derivatives by Schiff-base reaction in the
presence of methanol (3 mL) and drops of glacial acetic
acid (2-3 drops) at room temperature for 180-240 min
with stirring. The substituted tryptanthrin Schiff base
product (L'-L8) was obtained and collected using vacuum
filtration. The resultant precipitates were then washed with
a small amount of methanol followed by drying.

2. 1. 3. Synthesis of Re(I) Organometallic
Complexes C!-C

Tryptanthrin Schiff base ligands L!-LS (100 mg, 0.30
mmol) dissolved in toluene and rhenium metal salt (107
mg, 0.30 mmol) were added and refluxed at 95 °C for 8-9
h with vigorous rapid stirring. Then, the reaction mixture
was cooled to room temperature. The resulting precipitates
were collected, rinsed with a minor amount of toluene and
dried. The column chromatography method was used for
the purification of these compounds (Scheme 1).
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Scheme 1. The scheme for synthesizing L'-L® and C!-C®.

Schiff base derivatives
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2. 3. Characterization of Ligands and Re(I)
Complexes

6-(2-Phenylhydrazono)indolo[2,1-b]quinazolin-
12(6H)-one (L)

Yield: 82.56% (247.68 mg) of canary yellow amor-
phous solid; m.p. 220 °C; mol. wt.: 338.37 g/mol. Anal. cal-
cd. for C,;H4,N,O: C, 74.54; H, 4.17; N, 16.56. Found: C,
74.41; H, 4.01; N, 14.65. 'H NMR (400 MHz, CDCl;) 8§
12.74 (1H, s, Hy), 7.98 (1H, d, J = 7.2 Hz, H), 7.67 (1H, d,
J=7.6 Hz H,p), 7.43-7.36 (4H, m, H; 4 5,0), 7.25 (1H, d, ] =
7.6 Hz, H,), 7.22 (1H, d, ] = 7.6 Hz, H,), 7.21-7.01 (3H, m,
Hsq),6.97 (1H,d, ] = 7.6 Hz, Hy), 6.92 (1H, d, ] = 8.0 Hz,
Hg); 3C NMR (125 MHz, CDCly) & 159.53 (Cy), 151.38
(C16), 151.02 (C,), 145.47 (C, ), 143.58 (Csy), 133.41 (Cy),
131.80 (Cy,), 129.67 (Cyy), 129.49 (Cyyz4), 129.39 (Cyy),
128.99 (Cs), 126.58 (Cs), 126.26 (Cy), 124.29 (C,3), 122.25
(Cp), 12048 (C;), 117.74 (C,5), 11347 (Cyy 55); IR (KBr) v
3047 (:C_H)stretching’ 1643 (C:O)stretching> 1550 (C:N)
stretching> 1465 (C:C)ar. stretching> 1164 (C_N)stretching> 740
(C-H)pending cm'; MS m/z (%): 338 (100) [M].

8-Chloro-6-(2-phenylhydrazono)indolo[2,1-b]
quinazolin-12(6H)-one (L?)

Yield: 85.43% (256.29 mg) of golden yellow amor-
phous solid; m.p. 260 °C; mol. wt.: 372.81 g/mol. Anal. cal-
cd. for C,;H,;CIN,O: C, 67.66; H, 3.51; N, 15.03. Found:
C, 67.53; H, 3.65; N, 14.89. 'H NMR (400 MHz, CDCl;) §
12.77 (1H, s, Hy), 7.67 (1H, d, J = 7.2 Hz, H;), 7.56 (1H, s,
Hyo), 7.41-7.40 (4H, m, Hygg), 7.24 (1H, d, ] = 6.8 Hz,
H,), 7.21 (1H, d, ] = 7.6 Hz, Hy), 7.14 (1H, t, ] = 7.1 Hz,
H;), 7.12 (1H, t, ] = 6.8 Hz, H,), 6.96 (1H, t, ] = 7.6 Hz,
He), 6.85 (1H, d, J = 8.4 Hz, H,); 3C NMR (125 MHz,
CDCl;) 6 160.59 (Cg), 151.85 (Cj), 151.30 (C,;,), 145.43
(C,), 143.79 (C,o), 143.18 (C,y), 133.47 (C,), 131.19 (Cyp),
130.07 (Cy3), 129.51 (Cpa), 129.04 (Cyy4), 127.21 (Cs),
126.79 (C3), 126.59 (Cg), 124.43 (Cy4), 122.01 (C,3), 120.48
(C,), 119.13 (C;5), 113.43 (Cy 55); IR (KBr) v 3062 (=C-H)
stretching> 1635 (Czo)stretching’ 1550 (CZN)stretching’ 1465
(C=Q)y. stretching> 1164 (C_N)stretching, 655 (C'Cl)bending cm™h
MS m/z (%): 372 (100) [M*], 374 [M*2].

6-(2-(4-Chlorophenyl)hydrazono)indolo[2,1-b]
quinazolin-12(6H)-one (L%)

Yield: 80.84% (242.52 mg) of bright yellow amor-
phous solid; m.p. 270 °C; mol. wt.: 372.81 g/mol. Anal. cal-
cd. for C,;H,5CIN,O: C, 67.66; H, 3.51; N, 15.03. Found:
C, 67.79; H, 3.52; N, 14.91. 'H NMR (400 MHz, CDCl;) §
13.49 (1H, s, Hy), 8.53 (1H, d, ] = 8.4 Hz, H;), 8.47 (1H, d,
] = 8.0 Hz, Hy,), 7.87-7.80 (3H, m, H, ,), 7.61-7.55 (1H,
m, Hy), 7.50-7.45 (3H, m, H, '5), 7.42 (1H, d, ] = 7.6 Hz,
Hg), 7.40 (1H, d, ] = 6.8 Hz, H,), 7.16 (1H, t, ] = 7.2 Hz,
H,); 3C NMR (125 MHz, CDCL,) § 160.24 (C), 151.88
(C16)> 150.75 (Cy7), 145.31 (Cy9), 141.66 (Cyg), 133.49 (Cy),
131.17 (Cy5), 129.71 (Cy12420)> 128.98 (Cyy), 127.45 (Cys),
126.99 (Cs), 125.92 (Cs), 125.11 (Cy), 123.81 (Cy3), 120.57

(C7): 118.19 (C15,25,21); IR (KBI') v 3039 (:C_H)stretching’
1674 (C:O)stretching’ 1558 (C:N)stretching’ 1512 (C_H)bend—
ing> 1465 (Czc)ar. stretching> 1164 (C_N)stretching> 655 (C_Cl)
bending cm™!; MS m/z (%): 372 (100) [M*], 374 [M*?].

8-Chloro-6-(2-(4-chlorophenyl)hydrazono)
indolo[2,1-b]quinazolin-12(6H)-one (L*)

Yield: 75.62% (226.86 mg) of lemon yellow amor-
phous solid; m.p. 275 °C; mol. wt.: 407.25 g/mol. Anal. cal-
cd. for C,;H;,CLLN,O: C, 61.39; H, 2.97; N, 13.76. Found:
C, 61.76; H, 2.84; N, 13.90. 'H NMR (400 MHz, CDCl;) §
13.39 (1H, s, Hy), 8.54 (1H, d, ] = 8.0 Hz, H;), 8.43 (1H, d,
J=8.0 Hz, H;), 8.04 (1H, s, Hy,), 7.82-7.74 (2H, m, H; 4),
7.56 (1H, d, J = 7.6 Hz, H,), 7.51 (1H, d, ] = 8.4 Hz, Hy),
7.45-7.29 (4H, m, Hy57¢); *C NMR (125 MHz, CDCl;) 8
162.05 (Cyg), 153.95 (Cy), 152.83 (C,5), 145.87 (C,), 143.51
(Cyo), 142.25 (Cyy), 133.85 (C,), 131.39 (Cy,), 130.62 (Cy3),
129.79 (Cyyzq)s 129.20 (Cyy), 127.64 (Cy3), 127.04 (Cs),
125.62 (C3), 124.77 (Cg), 122.51 (Cyy), 120.59 (C,), 119.04
(CZI,ZS)’ 117.89 (CIS); IR (KBr) v 3055 (:C_H)stretching7
1643 (CZO)stretching) 1558 (CzN)stretching’ 1504 (C_H)bendf
ing> 1465 (Czc)ar. stretching> 817 (C_Cl)bending Cmil; MS m/z
(%): 406 (100) [M*], 408 [M*2], 412 [M*4].

6-(2-(2,4-Dichlorophenyl)hydrazono)indolo[2,1-b]
quinazolin-12(6H)-one (L°)

Yield: 81.44% (244.32 mg) of honey yellow amor-
phous solid; m.p. 265 °C; mol. wt.: 407.25 g/mol. Anal. cal-
cd. for C,;H,,CLLN,O: C, 61.39; H, 2.97; N, 13.76. Found:
C, 62.08; H, 2.86; N, 13.89. 'H NMR (400 MHz, CDCl;) §
12.99 (1H, s, Hy), 7.81 (1H, d, J= 7.2 Hz, H;), 7.68 (1H, d,
J=7.2Hz,H,),7.57 (1H, s, H;), 7.51-7.43 (3H, m, H; 4 ),
7.40 (1H, d, J = 7.6 Hz, H,), 7.32 (1H, d, ] = 6.4 Hz, H,),
7.30 (1H, d, J = 6.8 Hz, Hy), 7.14 (1H, t, ] = 7.2 Hz, Hy),
6.93 (1H, d, ] = 8.0 Hz, H,); 3C NMR (125 MHz, CDCl,)
8 161.42 (Cg), 155.82 (Cg), 153.83 (C,), 148.09 (Cy,,0),
147.31 (Cyy), 133.76 (C,), 131.98 (Cy15), 130.79 (Cyy),
130.58 (Cy4), 129.14 (Cyy), 128.55 (Cs), 126.84 (C;), 126.14
(Ce21)» 125.33 (Cy3), 122,47 (Cy3), 12048 (Cys), 119.51
(Cy5), 117.92 (C7); TR (KBr) v 3055 (=C—H)yreichings 1620
(C:O)stretching> 1558 (C:N)stretching’ 1512 (C_H)bending’
1465 (Czc)ar. stretching> 1164 (C_N)stretching’ 655 (C_Cl)bend—
ing cm™l; MS m/z (%): 406 (100) [M*], 408 [M*?], 412
[M*4].

8-Chloro-6-(2-(2,4-dichlorophenyl)hydrazono)
indolo[2,1-b]quinazolin-12(6H)-one (L°)

Yield: 78.38% (235.14 mg) of butter yellow amor-
phous solid; m.p. 268 °C; mol. wt.: 441.70 g/mol. Anal. cal-
cd. for C,;H;,CI3N,O: C, 57.11; H, 2.51; N, 12.68. Found:
C, 57.23; H, 2.38; N, 12.81. 'H NMR (400 MHz, CDCl;) §
13.47 (1H, s, Hy), 8.52 (1H, d, ] = 8.0 Hz, Hy), 8.47 (1H, d,
J = 8.0 Hz, H,), 7.99 (1H, s, H,(), 7.83 (1H, d, ] = 7.6 Hz,
H,), 7.71 (1H, d, J = 7.2 Hz, Hy), 7.58 (1, t, J = 6.8 Hz,
H,), 7.48 (1H, s, Hy), 7.40 (1H, d, J = 8.4 Hz, Hy), 7.16
(1H, t, J = 7.2 Hz, H,), 7.07 (1H, d, ] = 7.6 Hz, H,); 3C
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NMR (125 MHz, CDCly) 8 160.35 (Cg), 152.51 (Cy),
151.25 (C,), 148.15 (C,), 147.44 (Cy), 143.09 (Cy),
139.31 (Cy), 13825 (Cyp), 136.92 (Cyy), 133.77 (Cy),
132.90 (Cy4), 132.14 (C,y), 132.04 (Cs), 131.91 (C,), 131.85
(Ce1)> 129.18 (Cyy), 12485 (Cyy), 120.52 (C,), 118.03
(CZS,IS); IR (KBI‘) v 3078 (=C_H)stretching’ 1627 (Czo)stretch-
ing> 1558 (C:N)stretching’ 1512 (C_H)bending’ 1450 (C:C)ar.
stretching> 1172 (C_N)stretching> 655 (C_Cl)bending Cm_l; MS
m/z (%): 440 (100) [M*], 442 [M*2], 446 [M*], 452 [M*6].

[(Re(CO);LY)CI] (CY)

Yield: 54.32% (54.32 mg) of caramel brown amor-
phous solid; m.p. >300 °C; mol. wt.: 644.06 g/mol
(C,4H;,CIN,O4Re); 'H NMR (400 MHz, DMSO-d;) &
12.75 (1H, s, Hy), 7.56 (1H, d, ] = 7.6 Hz, H,), 7.46-7.33
(5H, m, H3 578 10)> 7.30-7.22 (2H, m, Hy 9), 7.09-6.99 (3H,
m, Hy¢), 6.97-6.81 (2H, m, Hyg); *C NMR (125 MHz,
DMSO-dg) § 198.59 (Cyg, M-CO), 197.36 (Cy729, 2M-CO),
163.72 (Cq), 159.53 (Cyy), 148.11 (Cy), 147.43 (C,),
143.58 (Cyg), 141.41 (C,), 138.20 (Cy), 131.80 (C,), 129.67
(Caz24.11)> 129.49 (Cyy15), 129.39 (Cs), 129.10 (Cg), 126.26
(C3), 124.29 (Cy3), 122.25 (Cy3), 120.48 (Cy5), 117.74
(Ca1,25); IR (KBr) v 3078 (=C-H)gretching 2036, 1944, 1920
(Re_co)stretching’ 1666 (Czo)stretching’ 1550 (CZN)stretching’
1458 (C:C)ar. stretching> 1249 (C_N)stretching Cm_l; MS m/z
(%): 645 (100) [M*], 647 [M*2].

[(Re(CO);L?)CI] (C?)

Yield: 52.43% (52.43 mg) of tawny brown amor-
phous solid; m.p. >300 °C; mol. wt: 678.50 g/mol
(CoHsCLN,O,Re); 'H NMR (400 MHz, DMSO-d,) &
12.77 (1H, s, Hy), 7.57 (1H, d, J = 7.2 Hz, H,), 7.49 (1H, d,
J=7.6 Hz, Hy), 7.40-7.37 (2H, m, H, ,), 7.28 (1H, d, ] = 7.2
Hz, H,), 7.26 (1H, d, ] = 7.6 Hz, Hy), 7.20 (1H, s, Hy,),
7.13-7.02 (3H, m, Hyg,), 6.99-6.87 (2H, m, Hyy); 13C
NMR (125 MHz, DMSO-d,) § 198.31 (C,g, M-CO), 197.21
(Cay260 2M-CO), 163.09 (Cy), 161.12 (C,), 152.55 (Ca),
148.16 (Cyg1), 145.43 (Cy), 138.18 (Cy), 131.19 (C)),
129.51 (Cy3), 129.04 (Caysa), 128.82 (Cy), 127.21 (Cyy),
126.79 (Cs), 126.59 (Cq), 125.48 (C3), 124.43 (Cy,), 122.01
(Cy3), 12048 (Cy5), 117.53 (Cyy25); IR (KBr) v 3062 (=C-
H)stretching’ 2036, 1913, 1874 (Re_CO)stretching’ 1635 (C=O)
stretching> 1550 (C:N)stretching’ 1450 (C:C)ar. stretching> 1188
(C_N)stretching> 694 (C_Cl)bendin Cm_l; MS m/z (%): 679
(100) [M*], 681 [M2], 683 [M*]

[(Re(CO);LA)Cl] (C%)

Yield: 54.23% (54.23 mg) of red amorphous solid;
m.p. >300 °C; mol. wt.: 678.50 g/mol (C,,H;3Cl,N,O Re);
'H NMR (400 MHz, DMSO-dy) 6 12.71 (1H, s, H,), 7.56
(1H, d, ] = 7.2 Hz, H,), 7.49-7.45 (2H, m, H 5), 7.46 (1H,
d,J=7.6 Hz, Hy), 7.34-7.17 2H, m, Hy 5 ), 7.15-6.98 (2H,
m, Hy ), 6.95-6.89 (4H, m, Hy57¢); 1°C NMR (125 MHz,
DMSO-dg) 8 198.66 (C,g, M-CO), 197.51 (Cy7 29, 2M-CO),
164.80 (Cg), 160.58 (Cyy), 150.75 (Cyg), 147.13 (Cy),
145.31 (Cy4), 141.66 (C,), 137.17 (C,), 133.49 (C,), 131.17

(Cyz24)> 129.71 (Cyy), 128.98 (Cya,4), 127.45 (Cs), 126.99
(Cy3), 125.92 (Cy), 125.11 (C;), 123.81 (Cy3), 120.57 (Cys),
118.19 (Cy55); IR (KBr) v 3047 (=C-H)reqching 2036,
1944, 1920 (Re_CO)stretching’ 1666 (Czo)stretching’ 1550
(C:N)stretching’ 1458 (C:C)ar‘ stretching> 1242 (C_N)stretching’
648 (C~Cl)pending cm™'; MS m/z (%): 679 (100) [M'], 681
[M*2], 683 [M*4].

[(Re(CO);LHCI] (CY)

Yield: 52.96% (52.96 mg) of bright red amorphous
solid; m.p. >300 °C; mol. wt: 71294 g/mol
(C,4H,,C3N,O4Re); 'H NMR (400 MHz, DMSO-dg) &
12.70 (1H, s, Hy), 7.58 (1H, d, ] = 7.6 Hz, H,), 7.56-7.52
(3H, m, H 5 ;5), 7.45-7.39 (3H, m, H; 4 1), 7.32-7.20 (2H,
m, Hy), 6.95-6.86 (2H, m, Hyyg); °C NMR (125 MHz,
DMSO-dj) 6 198.86 (Cyg, M-CO), 197.34 (C,; 9, 2M-CO),
162.05 (Cy), 158.73 (C,,), 148.13 (C,), 145.87 (C,), 143.51
(Cio16) 138.28 (Cy), 133.85 (C,), 131.39 (Cy3), 130.62
(Cpaa4)s 129.20 (Cyy), 127.64 (Cyy), 127.04 (Cs), 126.56
(Cy3), 126.09 (Cy), 125.62 (C;), 124.77 (Cy;), 122.51 (Cys),
117.89 (Cy15); IR (KBr) v 3055 (=C-H)yetching 2036,
1944, 1890 (Re_CO)stretching’ 1658 (Czo)stretching’ 1550
(C:N)stretching’ 1450 (C:C)ar‘ stretching> 1211 (C_N)stretching’
686 (C~Cl)pending cm ™ MS m/z (%): 711 (100) [M*], 713
[M*2], 715 [M*], 717 [M*6].

[(Re(CO);L%)Cl] (C?)

Yield: 58.66% (58.66 mg) of orange amorphous solid;
m.p. >300 °C; mol. wt.: 712.94 g/mol (C,H;,Cl;N,O Re);
'H NMR (400 MHz, DMSO-dy) 6 13.08 (1H, s, H,), 7.80
(1H,d, J=7.2 Hz, H,), 7.67 (1H, d, ] = 7.6 Hz, H;), 7.60
(1H,d, J =7.2 Hz, Hs), 7.49 (1H, d, ] = 7.6 Hz H,;), 7.48
(1H,s,H;), 7.31 (1H, t, ] = 7.6 Hz, H;), 7.27-7.14 (2H, m,
Hyg), 7.09 (1H, t, ] = 7.6 Hz, Hy), 7.03-6.92 (2H, m, Hy5);
13C NMR (125 MHz, DMSO-dg) 8 198.70 (C,g, M-CO),
197.32 (Cy749, 2M-CO), 161.42 (Cy), 159.03 (Cy;), 153.83
(Cy), 148.09 (Cyy), 147.28 (Cy¢), 141.76 (C,), 138.33 (Cy),
133.76 (C;), 131.98 (C,,), 130.58 (Cyy), 129.14 (Cyy14)s
128.55 (Cs), 127.48 (C,y), 126.84 (Cy), 126.14 (C,;), 125.85
(Cy3), 125.33 (C3), 124.24 (Cy3), 120.48 (Cy5), 119.51 (Cys);
IR (KBr) v 3047 (=C-H)yretching 2028, 1920, 1882
(Re_co)stretching’ 1643 (Czo)stretching’ 1550 (CZN)stretching’
1450 (C:C)ar. stretching> 1180 (C_N)stretching’ 640 (C_Cl)bend»
ing cm™l; MS m/z (%): 711 (100) [M*], 713 [M*?], 715
[M*4], 717 [M*°].

[(Re(CO);LO)CI] (C°)

Yield: 56.62% (56.62 mg) of carrot orange amor-
phous solid; m.p. >300 °C; mol. wt.: 747.38 g/mol
(C,,H,,C,N,O,Re); '"H NMR (400 MHz, DMSO-d,) &
13.06 (1H, s, Hy), 7.87 (1H, d, J = 7.2 Hz, H,), 7.69 (1H, d,
J=7.6Hz,H;),7.63 (1H, d, /= 8.0 Hz, H,), 7.61-7.53 (2H,
m, H, ), 7.49 (1H, d, ] = 8.0 Hz, Hy), 7.48 (1H, 5, Hy), 7.35
(1H, s, Hyo), 7.32 (1H, d, ] = 6.8 Hz, Hy), 6.96 (1, d, ] =
7.2 Hz, H;); *C NMR (125 MHz, DMSO-dg) 6 198.90
(Cag M-CO), 197.13 (Cy7,50, 2M-CO), 160.35 (Cy), 158.28
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(C17), 148.15 (Cyy), 147.44 (Cygy6), 143.09 (C,), 139.31
(Cy), 138.25 (Cy), 136.92 (Cy,), 133.77 (Cy3), 132.90 (Cy),
132.14 (Cy,), 132.04 (Cs), 131.91 (C,,), 131.85 (Cy), 129.18
(Cyy), 126.07 (C,3), 124.85 (Cs), 124.06 (Cy1), 122.39 (Cys),
118.03 (Cy5); IR (KBr) v 3031 (=C-H)yyrerching 2036, 1974,
1882 (Re_co)stretching’ 1643 (Czo)stretching’ 1550 (C=N)
stretching> 1458 (C:C)ar. stretching> 1180 (C_N)stretching’ 640 (C_
CDpending €15 MS m/z (%): 746 (100) [M*];

2. 4. Computational Study
2.4. 1. DFT Study

The optimal structural geometry of Re(I) complexes
based on tryptanthrin was calculated using the DFT/
B3LYP approach with different base sets in Gaussian 09
software.?> The molecular visualization tool Gauss View is
used to display the Gaussian files. Quantum chemical pa-
rameters are estimated from the HOMO-LUMO energies
based on the numerical pattern shown in the gas-phase
view of the compounds. The optimized structures provid-
ed information on important bond lengths, excitation en-
ergies, and effective charges of coordinating groups. Fron-
tier molecular orbitals (FMOs) energy gap of the ligand
and its metal complexes calculated to determine electronic
properties related to dynamic stability and chemical reac-
tivity.2® In the Schiff base ligand, the n-m* electron transfer
was facilitated by the HOMO and LUMO orbitals, which
were mostly located on the donor site of the ligand. In the
L-M complex, these orbitals are found around the metal
center.?’

2. 4. 2. Molecular Docking Study

The process of molecular docking involves the crea-
tion of an optimal conformation for a protein and a drug,
with their relative orientations optimized to minimize the
free energy of the entire system. This process aims to repli-
cate the molecular recognition process that occurs in bio-
logical systems.?® In order to perform this process, various
parameters such as interaction mode, connectivity, and
connection energy are calculated using software tools such
as Auto Dock. In this study, the Auto Dock-1.5.6 program
was used in conjunction with DNA and BSA macromole-
cules to carry out molecular docking investigations on the
ligand and rhenium metal complexes. The crystal struc-
tures of DNA and BSA were obtained from the Protein
Data Bank, a global resource for processing and sharing
3D biological macromolecular structure data. Water mol-
ecules were eliminated from the DNA/BSA structures, and
the Kollman charges and necessary hydrogen atoms were
added to the receptor structure. To study the bonding con-
dition, DNA was examined in a cube box with dimensions
of 62 x 72 x 114 A% and 112 x 31 x 33 A3, PDB files for
each compound and DNA/BSA translated into PDBQT
format using AutoDockTools-1.5.6. The command prompt
used Auto Dock Vina to conduct a docking investigation

between the substances and DNA/BSA .23 It required one
run and produced output files that will be viewed using
PyMOL. All compounds with DNA/BSA docked struc-
tures were stored in PDB format for further analysis. In
summary, molecular docking was used to investigate the
interaction between ligands and rhenium metal complexes
with DNA and BSA macromolecules. This involved a de-
tailed process of preparing the receptor structures and
running the docking simulations using Auto Dock soft-
ware. The results of this study provide insights into the po-
tential binding modes and energies of these compounds
with DNA and BSA, which could have important implica-
tions for drug design and development.

2. 4. 3. ADME Study

The field of medicinal chemistry is rapidly expand-
ing, but the development of a new medication is a complex
and expensive process that can take more than a decade
and costs billions of dollars. With thousands or even mil-
lions of compounds to consider, only a small fraction will
meet the rigorous requirements necessary to become an
approved medication. In order to increase the efficiency
and success of drug development, assessments such as
ADMET properties are used to predict the likelihood of a
compound’s success.>! These assessments focus on the five
processes: absorption, distribution, metabolism, excre-
tion, and toxicity (ADMET) to determine how a chemical
substance will behave inside the human body. By evaluat-
ing a substance’s physicochemical properties, ADMET as-
sessments can help identify compounds that are more like-
ly to succeed in clinical trials. The Swiss ADME web server
is a valuable tool in this process, as it provides free calcula-
tions of physicochemical parameters based on a sub-
stance’s structure.

2. 5. Biological Study

2. 5. 1. Binding of the DNA Study by Absorption
Titration

A popular technique for studying the nucleic acids
with nucleic acid interaction of ligands or metal com-
pounds is UV-VIS spectroscopy. The UV-VIS absorbance
spectra and DNA-mediated hypochromism of ligands or
metal compounds is determined in a series to evaluate met-
al complex binding to CT-DNA. By calculating the absorb-
ance at 260-280 nm and evaluating ¢, of 6600 M~lcm™! the
concentration of the calf thymus DNA will be ascertained.
CT-DNA and the method outlined in the pertinent litera-
ture are both employed to assess the interaction of binding
synthesized ligands with Re(I) metal compounds.*?

2. 5. 2. Viscosity Measurement

The binding mechanism of the synthesised com-
pounds with calf thymus DNA was assessed using a viscos-
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ity measuring method. The viscosity of the DNA solution
increases as molecules intercalate between DNA base
pairs.* On other hand, when compounds bind to the
grooves of DNA, the viscosity increases due to the reduc-
tion in the double helix length of DNA. A trend for in-
creasing viscosity can distinguish the intercalation-bind-
ing mode from the groove-binding mode. In this study,
metal complexes showed a higher increase in viscosity
compared to the corresponding ligands, indicating strong-
er binding of the metal complexes to the ligands.**

2. 5. 3. Fluorescence Quenching Analysis by DNA
Binding

A fluorescence spectrometer is a highly precise,
quick, and sensitive tool for analyzing DNA binding activ-
ity even at very low concentrations of compounds and
DNA. This study uses the fluoromax-4, HORIBA spectro-
fluorometer to perform fluorescence-quenching analysis,
which provides relevant results related to the binding ca-
pacity of the synthetic chemicals within DNA. The studies
focuses on explaining how chemicals bind with DNA via
the intercalation, with traditional intercalating agent EtBr
used as a fluorescence marker.3>36

2. 5. 4. BSA Binding Study by Absorption Spectra

The protein BSA is essential for the movement of
both endogenous and foreign materials in plasma. Plasma,
though, can be bad for our molecules. Two important
things occur when our molecules bind to BSA in the plas-
ma: (1) the toxicity of the drug is decreased, and (2) the
bioavailability of the chemical is raised.>” The absorption
spectra of proteins change when our compounds, referred
to as quenchers, engage with BSA.?® This alteration pro-
vides information about the binding affinities and modes
of all synthetic compounds toward BSA. By understanding
this interaction, we can design and develop effective and
safe anticancer drugs.*

2. 5. 5. Fluorescence Quenching Analysis by BSA
Binding

Tryptophan, phenylalanine, and tyrosine are only a
few of the particular amino acid residues that give BSA
its luminous features. BSA is a good fluorescent marker
for analyzing conformational changes brought on by
drug interactions thanks to these residues. Tryptophan
has the highest fluorescence intensity of these residues
and is crucial in suppressing the fluorescence of BSA.
Trp-213 and Trp-134, both residues of the tryptophan
found in the BSA, are respectively placed on the surface
and within the hydrophobic pocket of the molecule.® A
total 100 uL of BSA and 2400 uL of phosphate bufter were
used for the protein binding experiment. The experiment
comprised employing varying quantities of ligands L!-L®

and complexes C!-C® in a room temperature environ-
ment (0, 10, 20, 30, 40, and 50 pL). Utilizing a spectro-
fluorometer with a 4.5 nm slit width and covering the
wavelength range of 280-550 nm, emission spectra were
captured. For BSA, 280 nm was chosen as the excitation
wavelength.

2. 5. 6. Antibacterial Activity

Broth dilution method was used to evaluate the anti-
bacterial properties of the synthesized compounds. Anti-
bacterial properties of these compounds were tested
against two Gram positive bacterial strains, namely Staph-
ylococcus aureus (MTCC 7193), and Bacillus subtilis
(MTCC 3160) and three Gram negative bacterial strains:
Escherichia Coli (MTCC 433), Serratia marcescens (MTCC
7103), and Pseudomonas aeruginosa (MTCC P09). An es-
tablished and standardized approach for assessing a com-
pound’s antibacterial activity is the broth dilution meth-
0d.##2 In this procedure, test compounds are serially
diluted in a liquid growth medium.*>* The effectiveness
of a drug in suppressing bacterial growth can be evaluated
by measuring the MIC (minimum inhibitory concentra-
tion).*> This method is useful in evaluating the efficacy of
antimicrobial compounds against different bacterial
strains and in comparing the relative effectiveness of dif-
ferent compounds.*®

2.5.7. Brine Shrimp Lethality Bioassay (BSLB)

To study cytotoxicity for the produced compounds,
the most significant BSLB was used as reported by R. A.
Dabhi et al. (2022).47 The cytotoxicity assay employed in
the study is cost-effective and requires less time compared
to other assays, making it advantageous for determining
the cytotoxicity of drugs. In accordance with the protocol,
the assay involved the preparation of a saline water (2.5%)
solution for hatching of Artemia cysts type eggs.*® Further
nauplii (10) were added to the test-tube already containing
the brine water (5 mL) and additionally freshly made sa-
line water (5 mL) for the assay. The percentage of Artemia
cyst mortality was seen to grow in step with the increase in
chemical concentration (2, 4, 8, 12, 16, and 20 pM).*° The
resulting graph showed a linear relationship, making it
possible to calculate the compounds’ LC5, values.

2.5. 8. Anticancer Activity

Cancer patients benefit greatly from chemotherapy,
and the ICs, values of synthesised compounds are used to
evaluate their efficacy as chemotherapeutic agents.® To
determine whether a substance has the potential to be
used in the treatment of cancer, its capacity to suppress cell
proliferation must be evaluated.’"> The cytotoxicity in vit-
ro experiment was performed on the breast cancer cell line
MCE-7 to assess their anticancer effectiveness.>
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3. Result and Discussion

3. 1. NMR, IR, Mass, Conductivity
Measurements, and Electronic Spectra

It was found that the ligands’ aromatic protons reso-
nate between § 6.85 to 8.54 ppm. The ligands’ NH proton
signals are visible in the § 12.77 to 13.49 ppm range. The
NH proton signal, notably in the range from § 12.70 to
13.08 ppm, were shifted into the up-field region in the or-
ganometallic complexes. The presence of an aromatic envi-
ronment is indicated by signals in the range of 6 110-170
ppm that are found in the 3C NMR data for ligands L!-L®
and complexes C!-CS. In Re(CO);Cl crystal structure the
four CO ligands are positioned equatorially, while one CO
ligand is positioned axially which is exactly opposite to the
Cl atom.*%>* Re(I) complexes are formed when the hetero-
cyclic bidentate ligand approaches from the equatorial po-
sition and then displaces two CO ligands.>>>¢ The *C NMR
spectra show that the facial arrangement has two different
low-field signals in the regions of § 195-199 and 196-198
ppm, respectively, which reflect the configuration of the
CO ligands in the Re(I) complexes. The facial isomer is re-
sponsible for the biological activity.>” It has a high distribu-
tion and polarity as compared to the meridional isomer.>®

IR spectroscopy was used to further comprehend the
Re(I) complexes’ characteristics. The stretching bands seen
in the spectra, which ranged from 1735-2021 cm™, con-
firm the presence of three coordinated carbonyl ligands.
This indicates that they are present in the rhenium metal
complexes. It is interesting to note that the stretching fre-
quencies of the CO group in complexes are lower than the
stretching frequencies of free CO (2143 cm™). This result
is explained by the back-bonding phenomena, in which
electrons are given from the metal>CO m back donation
into the m* CO orbital. The total bond strength of CO in
the complexes decreases because of this interaction, which
also increases the Re-CO bonds.

The mass spectra and fragmentation pattern of the
ligands based on tryptanthrin are included in the electronic
supplementary information. The molecular ion peak [M]*
is represented by the m/z 372.0 peak, while the appearance
of the m/z 374.0 and [M + 2]* peaks are due to the chlorine
substitution in the ligand L?, respectively. The molecular
ion peak [M]* for the ligand L% is found at m/z 440.0. Addi-
tionally, separate peaks with intensities of 0.9:1:0.3:0.1 are
found at [M + 2]* m/z 442.0, [M + 4]* m/z 446.0, and m/z
[M + 6]* 452.0, respectively. Three chlorine substitutions
are involved, according to these peaks. All synthesized
compounds’ 'H, '3C NMR, mass, and IR spectra are shown
in the electronic supplementary information (ESI 1).

Conductance was used to examine the ionic and
electrolytic characteristics of synthesized compounds. At a
temperature of 30 + 5 °C, the complexes’ conductance was
measured in DMSO solutions. The complexes demon-
strate a non-ionic and non-electrolytic character, as evi-
denced by the conductance values (10.5-18.2 Q7! cm?
mol!). A p.g value zero B. M. indicates that all of the com-
plexes are diamagnetic and have the low spin configura-
tion d® (t,g° eg?). Electronic spectra of the complexes tak-
en in DMSO solution reveal a band in the 250-270 nm
region that corresponds to the m—n* transition and a peak
in the 300-400 nm region that denotes the MLCT. These
results support the hypothesis that the Re(I) metal com-
plexes have a distorted octahedral geometry.

3. 2. DFT Theory

The electron density cloud revealed by surface-mapped
charges is consistent with the results of biomolecular dock-
ing, which suggests that the most electronegative compo-
nents form hydrogen bonds with biomolecules and can be
used to determine the binding sites. In order to understand
biological processes requiring an electron transport chan-
nel, the HOMO-LUMO energy difference is essential. Tran-

Table 1. Summary of the HOMO-LUMO energy differences and docking energy of ligands and tryptan-

thrin-based Re(I) complexes.

DFT Study Docking Energy
Compounds HOMO LUMO HOMO-LUMO DNA BSA TOPO II
(eV) (eV) energy kcal/mol) kcal/mol) kcal/mol)
differences
L! 6.0276 3.4060 2.6215 -8.3 -9.9 -11.8
12 6.1928 3.5168 2.6760 -8.6 -10.4 -10.7
L3 6.1724 3.5035 2.6689 -85 -9.6 -11.9
| 6.3294 3.6107 2.7187 -9.2 -9.6 -11.6
L’ 6.3106 3.4583 2.8523 -85 -10.6 -12.6
L¢ 6.4744 3.5688 2.9056 -8.7 -9.8 -12.1
C! 5.6352 3.9559 1.6793 -8.1 -9.9 -9.7
C? 5.7582 4.1053 1.6529 -85 -9.1 -10.0
C3 5.7633 4.0759 1.6874 -8.2 -8.9 -10.0
Cct 5.8817 42332 1.6485 -8.6 -10.1 -9.7
c’ 5.8561 42109 1.6452 -8.0 -8.9 -9.9
ce 5.9704 4.3600 1.6104 -7.9 -9.6 -10.2
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sition metal complexes’ kinetic stability, chemical reactivity,
and biological activity are all predicted using the energy dif-
ference between the HOMO-LUMO orbitals (Table 1). The
energy gaps for complexes C!'-CC are 1.6793, 1.6529, 1.6874,
1.6485,1.6452, and 1.6104 eV, respectively (Figures 2 and 3).
A smaller energy gap promotes smoother electron trans-
port, which is important for bioactivity through electron
transfer. Compound Cg has the smallest energy gap and ex-
hibits strong antibacterial and anticancer properties. In Ta-
ble 2, the Mulliken charges of quinoxaline-based Re(I) com-
plexes C!-C® and ligands L!-LS are summarised (the most
positive and the most negative five atom charges). The bond
length, bond angle, and Mulliken charges for ligands L!-L¢
and complexes C!'-C® are shown in electronic supplementa-
ry information (ESI 2).

3. 3. Docking Study

The goal of computational docking research using
the widely-used software program AutoDock Vina is to

forecast the preferred binding mode and interaction loca-
tions of small molecules or ligands with target macromol-
ecules like proteins or nucleic acids.>* In order to deter-
mine binding energy of possible receptor-like ligands and
compounds, this program combines molecular mechanics
with empirical scoring functions. Based on this energy
evaluation, it predicts the most stable conformation. Stud-
ies have shown that the binding energies of ligands L'-L®
with DNA, as predicted by AutoDock Vina, typically fall in
the range between -8.3 to -9.2 kcal/mol. This range of val-
ues indicates a strong binding affinity between the ligands
and DNA, which is desirable for potential drug candidates.
Similarly, Re(I) complexes C!-C® have also been studied
using AutoDock Vina, and their binding energies with
DNA all fall within the range of -7.9 to -8.6 kcal/mol. Al-
though binding energies for Re(I) complexes with DNA
are slightly lower than those of ligands, they still indicate a
strong binding affinity, which could be useful in applica-
tions such as imaging or therapeutics. In the context of
computational docking studies, a negative binding energy

Table 2. Mulliken charges of ligands L'-L° and rhenium(I) metal complexes C'-C5.

Most negative Most positive
charge charge
L! 24N (-0.35335) 13N (0.07782)
27C (-0.32411) 14C (0.14410)
30C (-0.31968) 3C (0.16510)
5C (-0.29061) 2C (0.22322)
1C (-0.28117) 26C (0.29198)
12 23N (-0.35247) 12N (0.07935)
26C (-0.32197) 13C (0.14476)
29C (-0.31943) 3C (0.18246)
1C (-0.26943) 2C (0.21980)
10N (-0.26317) 25C (0.29264)
L3 23N (-0.35163) 12N (0.07844)
29C (-0.31503) 13C (0.14441)
26C (-0.30206) 3C (0.16518)
5C (-0.29016) 2C (0.22402)
1C (-0.28042) 25C (0.29738)
Lt 23N (-0.35083) 12N (0.07995)
29C (-0.31482) 13C (0.14509)
26C (-0.29992) 3C (0.18256)
1C (-0.26893) 2C (0.220697)
10N (-0.26290) 25C (0.29791)
L’ 23N (-0.34009) 12N (0.07801)
5C (-0.29133) 13C (0.14346)
26C (-0.28880) 3C (0.16764)
1C (-0.28240) 2C (0.22197)
10N (-0.26667) 25C (0.40708)
LS 23N (-0.33941) 12N (0.07948)

26C (-0.28670)
1C (-0.27076)

10N (-0.26241)
29C (-0.25226)

13C (0.14414)
3C (0.18446)
2C (0.21886)
25C (0.40823)

Most negative Most positive
charge charge
C!  4C(-0.36207) 12C (0.12663)
1C (-0.31561) 2C (0.20970)
13N (-0.30104) 3C (0.27875)
23N (-0.29971) 37Re (0.28489)
27C (-0.28049) 38Cl (0.28758)
c? 1C (-0.30591) 11C (0.13612)
4C (-0.30586) 2C (0.209034)
12N (-0.30256) 37Cl1(0.23384)
22N (-0.29183) 36Re (0.29485)
26C (-0.28169) 3C(0.29771)
C*  4C(-0.35620) 11C (0.13945)
1C (-0.31318) 36Cl (0.16812)
12N (-0.30220) 2C (0.21322)
22N (-0.27595) 3C (0.27825)
23N (-0.27324) 35Re (0.30050)
C* 12N (-0.30723) 11C (0.14675)
1C (-0.30386) 25C (0.15633)
4C (-0.30263) 2C (0.21277)
23N (-0.28844) 3C (0.29942)
22N (-0.28706) 35Re (0.30789)
C5  4C(-0.35094) 37C (0.10036)
12N (-0.31432) 11C (0.14383)
1C (-0.31239) 2C (0.21318)
22N (-0.30076) 3C (0.28067)
23N (-0.28999) 34Re (0.31642)
CS 12N (-0.31386) 11C (0.14926)
1C (-0.30514) 2C (0.21142)
4C (-0.30112) 34Re (0.30523)
22N (-0.29900) 3C (0.30545)
23N (-0.28821) 25C (0.32456)
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Figure 2. The HOMO (A), LUMO (B), ESP (C) and optimized structures (D) displayed for ligands L!-LS.
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Figure 3. The HOMO (A), LUMO (B), ESP (C) and optimized structures (D) displayed for rhenium(I) metal complexes C!-C.
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Figure 4. DNA, BSA, and TOPO II binding pose of the complex C2.

indicates the most favourable interaction between a small
molecule or ligand and a macromolecule such as a protein
or nucleic acid. This negative value represents the energy
released or gained during the formation of the ligand-
macromolecule complex and is an essential factor for de-
termining stability and affinity of the compounds.

Complex CS has very low binding energy of all the
compounds examined, -7.9 kcal/mol, showing a better af-
finity for binding DNA than the other compounds. Table 1
displays the binding energy information for all synthe-
sized compounds. Using a Discovery studio visualizer, the
results of the docking research used to determine. Figure 4
displays the docked structure of complex C? with DNA,
BSA, and TOPO II. Docking images for each of the syn-
thesized compounds are displayed in the electronic sup-
plementary information (ESI 3).

3. 4. ADME Study

Numerous parameters are provided by Swiss ADME,
such as the number of H-bond acceptors, donors and spe-
cific atom counts, and molecular refractivity. The partition
coeflicient between water and n-octanol (log P,,), the
topological polar surface area (TPSA), blood-brain barrier
permeability (BBB), and bioavailability score.>> On the ba-
sis of their examination of the physicochemical character-

istics of 2245 drugs in the World Drug Index (WDI) data-
set that were authorized for clinical studies in phase II,
Lipinski et al. proposed a set of five rules in 1997, empha-
sizing the significance of physicochemical and drug-like-
ness properties in drug design.”® TPSA value of 59.28 A2
for the ligands L!-LS indicates a comparatively small polar
surface area, smaller than for carboplatin and larger than
cisplatin. The ligands L!-L$ have too much smaller values
than topotecan, so, this indicates better activities than to-
potecan. The ligands L!-L® have higher molar refractivity
values than cisplatin and carboplatin, and lower than to-
potecan, therefore showing higher activity than topote-
can.57:%8

All the ligands have strong permeability and bio-
availability because these values are also below 140 A2 In
other words, these substances are most favourable to be
capable to pass via biological membranes with ease and
have a higher potential of being absorbed into the blood-
stream, suggesting favourable traits for their potential as
therapeutic candidates.

The log P, values, which measure lipophilicity,
range between 2.89 and 3.76 for all the ligands. All of the
ligands meet the range of values for lipophilicity that is
generally accepted because these values are less than 5.

Quantitative classes of solubility in water are defined
as insoluble (< -10), poorly (-10 to -6), moderately (-6 to
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Table 3. ADME properties of the synthesized compounds.

Ligands L! 12 L3 L* L’ LS Cisplatin Carboplatin  Topotecan
Molecular weight 338.37 372.81 37281 407.25  407.25 441.70 300.05 371.25 457.90
H-Bond acceptors 3 3 3 3 3 3 2 6 7
H-Bond donors 1 1 1 1 1 1 2 2 2
TPSA (A2) 59.28 59.28 59.28 59.28 59.3 59.3 6.48 59.08 104.89
log P, 2.89 2.97 3.15 3.38 3.53 3.76 — -0.63 1.85
Molar Refractivity  102.86 107.87 107.87 112.88 113 118 21.16 38.49 114.81
log S -5.08 -5.67 -5.67 -6.25 -6.25 -6.84 -0.826 -1.657 -3.02
Rotatable bonds 2 2 2 2 2 2 0 0 2
Lypinski’s rule 0 0 0 0 1 1 — 0 0

-4), soluble (-4 to -2), very (-2 to 0), and highly soluble
(>0).>> According to the obtained results, ligand L! demon-
strated a solubility rating as “moderately soluble” with a
value of -5.1. The solubility ratings for the other ligands,
which ranged from -5.1 to 6.8, were within the “soluble”
range. It was discovered that there were 3 hydrogen bond
donors and one hydrogen bond acceptor in each of the li-
gands. All of the developed derivatives were found to have
molecular weights around 400, suggesting that they could
move, diffuse, and absorb easily (Table 3). Good oral bio-
availability is influenced by the rotatable bonds and it is
essential that this number be lower than 10. There are two
rotatable bonds in each of the ligands.

3. 5. UV-visible Absorption Titration
Experiment

3.5. 1. DNA Binding

The efficacy of a target molecule in treating a disease is
partially dependent on its ability to bind tightly to DNA. For-
tunately, anticancer drugs are designed to target DNA, which
can be broken down in multiple ways, including through in-
teractions with specific drug molecules. Moreover, cancer
cells typically experience DNA damage first, which can po-
tentially halt cell division and induce cell death.>

The literature describes a technique using CT-DNA
to evaluate the binding interaction of synthetic com-
pounds. This technique involves using UV-visible spec-
troscopy experiments to study how tiny medicinal mole-
cules interact with DNA.® The resulting UV-visible
binding spectra of the compound intercalating in DNA
show hypochromicity and bathochromic changes due to
the stacking engagement of the ligand to DNA base pairs
and aromatic chromophore.>? The compound’s absorption
bands display clear hypochromism at 380 nm with a small
redshift as the amount of CT-DNA is increased, confirm-
ing an intercalation pattern that involves a stacking con-
tact between the quinazoline ring and DNA base pairs.®!

Tryptanthrin-based ligands L'-L® and the related
rhenium(I) complexes C!-C® were studied for their bind-
ing mechanisms. The bathochromic and hypochromic
shifts noticed, suggest that intercalation, a non-covalent

contact, was involved in the binding process. The com-
plexes’ binding constants (K},) ranged from 0.98-10° to
1.77-10° M}, whereas the ligands’ binding constants (K})
ranged from 0.8-10° to 1.33-10° M~!. Examining how the
compounds interacted with DNA, it was discovered that
adding a DNA solution caused clear spectroscopic chang-
es. The spectra shifted by 3-5 nm as a result of these mod-
ifications which included hypochromism and bathochro-
mic effect. The sequence of strength in which the ligands
L!-L% and complexes C!-C® attach to CT-DNA was: C® >
C*>C’>C?>C3¥> Cl> 18> L*> L°> 12> L3> L. Equa-
tion AG = -RTInK}, was used to evaluate the Gibbs free
energy (AG) at 298 K. Negative AG values showed that the
compounds and DNA adduct formation were spontane-
ous. All complexes C!-C® displayed (Figures 5A and B)
higher binding constant than the corresponding ligand,
which is similar to previously reported Re(I) complexes.®?

3. 5. 2. Viscosity

The physical characteristics of the interaction can be
investigated in order to identify the sort of binding that
occurs between DNA and metal complexes. Increased
solution viscosity indicates the intercalation-type binding,
while decreased solution viscosity suggests the groove
binding. Ethidium bromide is commonly used as an inter-
calator. When synthesized compounds interact with DNA,
DNA solutions viscosity changes. Then flow time increases
with each addition of the metal complex solution (Figures
5C and D). This demonstrates an interactive mode of
binding, as confirmed by related research findings.%

3.5. 3. BSA Binding

It is essential to look into how medication molecules
interact with blood plasma proteins in order to assure the
targeted distribution of those molecules. Given that HSA
(human serum albumin) and BSA (bovine serum albumin)
share 78% of their structural similarities, BSA is randomly
used as a reference group of amino acids in this research.®
Here, the binding constant value of ligands L!-L® is ob-
tained in the range of 0.9-1.4-10* M}, and in the case of
complexes C!'-C® is obtained in the range of 1.43-1.86-10*
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Figure 5. (A) and (B) The K, value graph and DNA binding spectra of L! and C. Viscosity (C) of ligands L!~L¢ and (D) of complexes C!-C°.

M-L For both BSA and DNA interaction, the complexes’
C!-C® binding constants exhibit a consistent pattern. Fig-
ure 6 displays a typical spectrum for the BSA binding. The
results of the docking investigation also show that the inter-
action of the substance with BSA has an almost the same
pattern in the energy for binding, corroborating the exact
binding predicted by theoretical binding predictions.

3. 6. Fluorescence Titration

3. 6. 1. Fluorescence Quenching Studies with DNA

The most efficient and sensitive method for analyzing
the interaction between CT-DNA, EtBr (ethidium bro-
mide), and compounds is the use of fluorescence meth-

0ds.% EtBr one of the most delicate fluorescent probes, has
a flat shape that intercalates with DNA to bind to it. It is
frequently used to investigate DNA structural changes
brought on by interactions with proteins or tiny chemicals.
When present in an aqueous environment, EtBr typically
exhibits modest fluorescence efficiency; however, the pres-
ence of DNA significantly increases its fluorescence inten-
sity. Upon excitation at 520 nm, the CT-DNA-EtBr system
exhibited a peak emission at 602 nm, indicating the pres-
ence of a maximum emission wavelength. As the concen-
tration of the compound increases, the fluorescence inten-
sity of the CT-DNA-EtBr system diminishes, while the
wavelength of the emission maximum remains relatively
unchanged; there are three possible explanations. Firstly, it
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Figure 6. BSA binding spectra, and K, value graph of L! and C.
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Figure 7. The fluorescence quenching spectra of DNA (A) and BSA (B), Iy/I versus [Q] and log I~I/I versus log [Q] plot for complex C!.

could be due to the binding of compounds with EtBr, lead-
ing to fluorescence quenching. Secondly, the compounds
might compete with EtBr for binding sites on the CT-DNA,
thereby displacing intercalated EtBr from the complex and
reducing the concentration for EtBr bound to CT-DNA
(Figure 7A). Finally, it is possible that a new complex com-
prising compounds CT-DNA and EtBr will have formed as
a result of the interaction between compounds and CT-
DNA-EtBr. While the complexes C!-C® displayed K, rang-
ing in between 0.50 to 0.68-10* M, the ligands L!-L6 dis-
played values between 0.35 to 0.54-10* M.

3. 6. 2. Fluorescence Quenching Study with BSA

Proteins are vital macromolecules widely distributed
in cells and essential for maintaining biological processes.
Bovine serum albumin (BSA) is a large part of plasma pro-
tein and is essential for the body’s transportation and me-
tabolization of a variety of substances.%® This study aims to
better understand how the target protein molecule, BSA,
interacts with its environment. BSA was chosen because of
its crucial attributes for medicine, exceptional binding ca-
pabilities, ease of accessibility, and structural resemblance
to human serum albumin (HSA).”® The complexes C!-
C* Stern-Volmer binding constant (Kj,) ranged from 1.58
to 1.95-10* M1, while the ligands L!-L6 showed values be-
tween 0.85 to 0.149-10* M~L. The representative fluores-
cence spectra, Io/I plot, and log Iy-1/I vs. log [Q] graph for
complex C! is shown in Figure 7B.

3. 7. Anticancer Activity

In the MCEF-7 cell line, we used a colorimetric tech-
nique to evaluate the compounds anticancer potential.

Cell viability was variable and increased with sample con-
centration for both the tryptanthrin-based ligand and
Re(I) complexes.® After calculating the ICs, values and
looking at the % viability-concentration graph, we discov-
ered that the ligands had greater ICs, values than the
equivalent Re(I) complexes. The IC5, values for the Re(I)
complexes are between 92.62 to 110.04 pg/mL, while those
for the tryptanthrin-based ligands are between 142.54 to
175.81 pg/mL. The fact that the complex C6 had the lowest
ICs, value is noteworthy, and this is because of the pres-
ence of chlorine group on the tryptanthrin ring. The com-
plexes show the ICs, values that closely resemble that of
cisplatin (80.00 pug/mL) and outperform the effectiveness
of the widely used medication carboplatin (165.28 pg/mL),
indicating that the molecule has a moderate level of cyto-
toxicity.”%”! ICs of the ligands L!-L° and Re(I) complexes
C!-C¢ is shown as a bar plot (Figure 8).
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Figure 8. ICs of the ligands L!-L° and Re(I) complexes C!-C°.

3. 8. Antibacterial Activity

To combat infectious diseases, it is crucial to control
the growth of microorganisms, and this requires effective
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antibacterial agents. The potency of a newly synthesized
molecule against various microorganisms can be assessed
by measuring its antibacterial activity. Nutrient agar is
commonly used to culture bacteria, and DMSO is used to
prepare the testing compound’s solution.”? Non-turbid re-
sults shows that the specific concentration of the tested
compound inhibits the growth of the microorganism.”?

The antibacterial activity of complexes C* and C° is
noteworthy and attributed to the presence of 3 and 4 chlo-
rine atoms, respectively, in their aromatic moiety, which
may have an electron-donating effect.”* Moreover, metal
complexes tend to exhibit higher antibacterial activity
than their ligands, possibly due to the activation of the li-
gand by the metal ion during complex formation and an
increase in lipophilicity; it improves medication molecule
penetration across the bacterial membrane.%>”>7¢ The
compounds’ MIC (minimum inhibitory concentration)
values are displayed in a bar graph in Figure 9. It is evident
that complexes C° and C® have lower MIC values than the
other compounds, indicating their stronger antibacterial
activity.

210 WS Aureus WA, Subtilis WS.Marcescens W P. Aeruginosa W E. Coli

?f W | M M [T

Figure 9. The MIC values for each compound displayed as a bar
plot.

Concentration in um

3. 9. Cytotoxicity on Brine Shrimp

Brine prawns are an essential component of fish’s di-
et. These small creatures will be studied in a test tube be-
cause of their brief seven-day life cycle. They are common-
ly used to test the cytotoxicity of chemicals on marine
species because of their extraordinary ability to thrive in a
variety of environmental situations.”” This research makes
use of lab-grown Artemia cysts. Analyzing the graph of the
mortality percentage versus the logarithm of concentra-
tion allows one to determine a substance’s lethal concen-
tration (LCsy). The minimum concentration necessary to
kill 50% of the prawn population under study is known as
the lethal concentration.**>!

Compound C® has a lower LCs value because it con-
tains a four-chlorine (-Cl) group, which indicates that it is
more cytotoxic than other synthesized compounds. The
chlorine substituent, which raises the compounds’ lipo-
philicity and therefore raises its permeability, is to blame
for this increased cytotoxicity. All compounds have LCs,

20 4
18 4
16 4

LC;, values (png/mL)

Figure 10. The LCs, data of the synthesized compounds on Artemia
cysts.

values that are higher than the widely used anticancer
drug, cisplatin (LCsy = 3.16 pug/mL). However, compound
CS has an LCs value that is rather closer to cisplatin (Fig-
ure 10).

4. Conclusion

UV-Vis absorption titration, and docking assays
showed that the synthesised compounds had a high affini-
ty for CT-DNA and participated in intercalation-type
binding. The ICs, values for all the compounds against
MCEF-7 cells in a cellular investigation range from 90 to
176 pg/mL, indicating substantial anticancer activity. The
synthesized rhenium(I) complex C® shows an ICs, value
comparable to that of cisplatin and all rhenium complexes
exhibit better IC5, values than carboplatin. The in vitro cy-
totoxicity tests of synthesized compounds also show how
well they work against Artemia cysts. The LCs, values of
complex C° is closed to the LCs, value of cisplatin. The
result for the evaluation of the antimicrobial activities on
Gram-positive and Gram-negative microorganisms show
that all the complexes have better antibacterial activity. Ac-
cording to the ADME analysis all the compounds have an
excellent pharmacokinetic profile. DFT simulations reveal
that the electronic distribution predominately resides over
the metal ion in the HOMO orbital, which is extremely
near to the actual results. Notably, the complex C® has sub-
stantial antibacterial and anticancer activity and has the
lowest HOMO-LUMO energy gap (1.6104 V).
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Povzetek

Sintetizirali smo razli¢ne Re(I) organokovinske spojine tipa [(Re(CO);L!-)Cl], kjer so ligandi L derivati triptantrina, ter
jih karakterizirali z razli¢nimi spektroskopskimi tehnikami. Da bi ugotovili jakost in nadine vezave, smo v prisotnosti
omenjenih organokovinskih kompleksov izvedli test z DNA tele¢jega timusa z uporabo absorpcijske titracije in merjenja
viskoznosti. Zbrani rezultati kazZejo, da gre za interkalacijski tip vezave, kar smo dodatno potrdili s $tudijami molekuls-
kega sidranja. Svicarsko ADME orodje smo uporabili za izvedbo ADME $tudije. Osredoto¢ili smo se na izraéun energij
molekulskih orbital sintetiziranih spojin z uporabo teorije gostotnega potenciala (DFT). Da bi ugotovili morebitne proti-
rakave u¢inke, smo pripravljene spojine testirali na MCF-7 celi¢ni liniji. Ugotovili smo, da so ICs, vrednosti nasih spojin
ekvivalentne vrednostim za standardne u¢inkovine, kar kaZe, da imajo nase spojine podobne antiproliferativne u¢inke.
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