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Abstract 

FTIR, NMR, CHN and single crystal X-ray crystallography were used to validate a series of three 

new triorganotin(IV) carboxylate complexes, R3Sn(L) for R = Methyl (1), n-Butyl (2) and Phenyl 

(3), obtained from LH = 4-[(2,5-dimethoxyphenyl)carbamoyl]butanoic acid. The coupling 

constant and θC-Sn-C values in solution-state NMR data suggest a 5-coordinated environment 

around the Sn centre. In the crystal of 1, the carboxylate is bidentate bridging leading to a zigzag 

chain with the Sn centre having a distorted trigonal-bipyramidal geometry. The compounds were 

evaluated for their interaction with salmon sperm DNA and found that they interact through an 

intercalative mode resulting in hypochromism and bathochromic shift as confirmed by the UV-

visible spectroscopic and viscometric techniques. The findings of anti-microbial activity 

performed on five bacterial and two fungus strains demonstrate that some of the compounds 

exhibit >80% inhibition of certain bacteria and >100% inhibition of certain fungal strains. The 

compounds were also evaluated for cell viability tested on human embryonic kidney cell (HEC-

239) and human red blood cells (RBC). The anti-cancer potential of the compounds was assessed 

using cis-platin as a standard against human malignant glioma U87 (MG-U87) cell lines, and 1 

was shown to be the most potent (IC50: 148.979 μM) at a 50 μM dose. The DPPH anti-oxidant 

activity results revealed a 91% maximum scavenging activity for 1. The compounds follow the 
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principles of drug-likeness and have good bioavailability potential, according to an in silico 

analysis conducted using the SwissADME webserver. 

Keywords: Organotin(IV) complexes; DNA intercalation; anti-cancer potential; haemolysis 

activity; anti-microbial activity; DPPH scavenging; in silico study 

1. Introduction 

Due to major biocidal and industrial applications, carboxylic acid ligands have piqued interest in 

the last few decades [1]. They produce a variety of supramolecular structures due to their flexible 

binding nature. In complexation, the carboxylate moiety can attach to metal either in ionic or 

covalent modes. In the latter case, coordination can take place in monodentate, bridging, or 

bidentate (syn-syn or syn-anti) modes [2, 3]. By stabilising polynuclear metal complexes, the 

carboxylate moiety as a ligand is useful in the preparation of coordination and organometallic 

complexes with favourable characteristics [4]. Metal carboxylate complexes are utilised in a 

variety of sectors, including rubber adhesives, paints, inks, coatings, lubricants and grease driers, 

to name a few. Polymerisation, oxidation, esterification, hydrogenation, and condensation are 

among the chemical reactions for which they are utilised as catalysts [5]. 

Among the metal carboxylate complexes, Organotin(IV) carboxylates have a diverse variety 

of biological and non-biological applications, owing to the relatively greater atomic radius, high 

ability for accepting electron and availability of empty 5d orbital, to name a few characteristics 

that distinguish tin as a unique and multipurpose element [6]. 

The non-biological aspects of some organotin carboxylates include for example: 

photostabiliser for polyvinyl chloride (PVC) [7], Sensing and photocatalytic properties [8] catalyst 

for transesterification of biodiesel formation [9] etc. 

The biological aspects of organotin(IV) carboxylates, particularly triorganotin(IV) complexes, 

including anti-bacterial, anti-leishmanial and anti-cancer properties have been studied extensively 

[10-14]. The main cause of the death Worldwide is the cancer which requires potent drugs for 

effective treatment. Compounds capable of being used as anti-cancer drugs must react with DNA 

either in covalent or non-covalent mode resulting in alteration or inhibition of regular DNA 

function. Those compounds which bind to the DNA nitrogenous bases lead to the inhibition of cell 

division through interference with DNA replication and transcription processes. Another possible 

mechanism for anti-cancer activity is that proliferation of the cells is halted by affecting the 

multienzyme complexes which are accountable for the DNA replication and transcription [15-17]. 
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Organotin(IV) complexes, for example, have exhibited substantial anti-tumour potential/activity 

in vitro/in vivo and have emerged as biologically-active metallopharmaceuticals [18]. In this 

context, the anti-cancer potential of organotin(IV) carboxylates which bind to DNA most likely 

function via intercalative interactions [19]. 

Novel antimicrobial agents are also desperately needed to tackle the growing threat of 

widespread antimicrobial resistance. With a medication pipeline that is primarily made up of 

variants of well-known antibiotics, new anti-biotic classes is highly required. Metal complexes are 

being tested in clinical trials for cancer, malaria, and neurological illnesses. While metal-

containing compounds in The Community for Antimicrobial Drug Discovery (CO-ADD) database 

have a much greater success rate than free ligands, petite consideration has been paid to their 

potential as antimicrobial medicines [20]. 

A facile and cost-effective approach for synthesising glutaric anhydride-based carboxylic acid 

ligand is presented herein, needing only room temperature conditions and a maximum reaction 

time of 3-5 minutes. The synthesised glutaric acid-amide based carboxylate ligand was reacted 

with three triorganotin precursors to form the respective triorganotin(IV) carboxylate complexes. 

Biological evaluation including DNA binding, anti-cancer potential, anti-microbial, haemolysis 

activity and anti-oxidant potentials are reported in this work. Moreover, an in-silico analysis of the 

new compounds was also carried out. 

2. Materials and Methods 

The precursors 2,5-dimethoxyaniline and glutaric anhydride were purchased from Macklin. 

Solvents of high degree of purity were purchased from Sigma. The melting points were determined 

on a BioCote melting point apparatus. The CHN compositions were determined on a PerkinElmer 

CHNS 2400 instrument. The FTIR spectra were measured on a Thermo Nicolet-6700 

spectrophotometer from 4000 to 400 cm-1. The 1H and 13C{1H} NMR spectra were recorded in 

DMSO-d6 and CDCl3 solutions on a Bruker Avance 500-MHz NMR spectrometer. The DNA 

binding experiments were performed using a UH-5300 UV/Vis. spectrophotometer and a PSL 

ASTM Ubbelohde viscometer. DPPH activity was also performed using UH-5300 UV/Vis. 

Spectrophotometer. The GC-MS spectrum of the ligand LH was obtained using a Thermo 

Scientific TRACE™ 1310 Gas Chromatograph and Thermo Scientific ISQ™ Series Quadrupole 

GC-MS with conditions: carrier gas: helium; column gas flow: 1.2 mL/s; constant flow; injection 

mode: splitless injection; column: Agilent HP 5MS, (30 m x 0.25 mm x 25 μm); inlet temp.: 270 
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°C; oven temperature program: 40 °C (1 min) at 10 °C/min to 300 °C (7 min); transfer line temp.: 

300 °C; solvent delay: 2.5 min; ionization energy: 70 eV; ion source temp.: 230 °C; mass range: 

35–550 amu, scan rate: 3 scan/s; software: Xcalibur 

2.1. X-ray crystallography 

X-ray intensity data were collected at 100 K for light brown LH (0.06 × 0.11 × 0.14 mm) on a 

Rigaku/Oxford Diffraction XtaLAB Synergy diffractometer (Dualflex, AtlasS2) fitted with a 

CuKα radiation source (λ = 1.54184 Å) and for yellow-brown 1 (0.07 × 0.12 × 0.25 mm) on a 

Rigaku SuperNova four-circle diffractometer with Atlas CCD detector, equipped with MoKα 

radiation (λ = 0.71073 Å). The data sets were processed, including correcting for absorption 

effects, with CrysAlis PRO [21]. The structures were solved with SHELXS (LH)/SHELXT (1) 

[22] and refined by a full-matrix least-squares procedure on F2 employing SHELXL [23]. The 

non-hydrogen atoms were refined with anisotropic displacement parameters and carbon-bound 

hydrogen atoms were placed in their idealised positions. For LH, the O- and N-bound atoms were 

located from a difference map and refined with O–H = 0.84±0.01 and N–H = 0.88±0.01 Å distance 

restraints, and with Uiso(H) set to 1.5Uequiv(O) and 1.2Uequiv(N), respectively. For 1, the N–H 

distance was fixed at 0.88 Å with Uiso(H) = 1.2Uequiv(N). A weighting scheme of the form w = 

1/[σ2(Fo
2) + (aP)2 + bP], where P = (Fo

2 + 2Fc
2)/3, was introduced in each refinement. The 

programs ORTEP-3 for Windows [24] DIAMOND [25] and PLATON [26] were also used in the 

analysis of the crystallography. Crystal data and refinement details are given in Table 1. 
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Table 1. Crystal data, data collection and refinement details for LH and 1 

Compound LH 1 
Formula C13H17NO5 C16H25NO5Sn 

Formula weight 267.27 

  

430.06 

 Crystal system monoclinic Orthorhombic 
Space group P21/n Pbca 
a (Å) 7.5948(1) 13.5588(2) 
b (Å) 37.6944(4) 9.32663(13) 
c (Å) 9.4563(2) 29.3940(4) 
β (°) 113.126(2) 90 
V (Å3), Z 2489.62(8), 8 3717.10(9), 8 
Dx (g cm-3) 1.426 1.537 
F(000), µ (mm-1) 1136, 0.923 1744, 1.397 
Reflections:   

Collected 31119 9692 
unique (Rint) 4419 (0.021) 3731 (0.020) 
with I > 2σ(I) 4065 3393 

 θmax (°), 100% completeness 67.1 25.0 
R(F) [I > 2σ(I)] 0.042 0.027 
a, b in weighting scheme 0.413, 1.780 0.019, 6.164 
wR(F2) [all data] 0.105 0.060 
max/min ∆ρ (e·Å-3) 0.18/-0.25 0.70/-0.69 
CCDC number 2130960 2130961 

 

2.2. Synthesis 

The reactions and structures are as depicted in Scheme 1. Glutaric anhydride (1.141 g, 10 mmol), 

dissolved in toluene (25 mL), was treated at room temperature with 2,5-dimethoxyaniline (1.532 

g, 10 mmol) also dissolved in toluene (25 mL). After mixing the reactants, a precipitate appeared 

after a few mins. To remove any unreacted reactants, the precipitate was washed with toluene, 

followed by distilled H2O to remove any glutaric acid. The product was then air-dried to get the 

desired compound, 4-[(2,5-dimethoxyphenyl)carbamoyl]butanoic acid (LH) [27-32]. 

Recrystallization of the product was from its acetone/ethanol (1:1 v/v) solution. 

LH was then transformed into its sodium salt, NaL by treating its aqueous suspension with 

NaHCO3(aq). The desired solid product was acquired after rotary evaporation of the solvent. 



6 
 

NaL was reacted with R3SnCl (R = CH3, n-C4H9, C6H5) in 1:1 molar ratio in toluene (50 

mL) and refluxing the mixture for 6-8 h. The anticipated compounds were recrystallized from 

acetone/ethanol (1:1 v/v) solution. 
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Scheme 1. Schematic representation of LH and its triorganotin(IV) complexes along with atom 

numbering for NMR data interpretation. 

2.3. Anti-microbial screening 

The anti-bacterial data against five bacterial strains (S. aureus, E. coli, K. pneumoniae, A. 

baumannii and P. aeruginosa) as specified in Table 2, was determined by CO-ADD following the 

Cooper et al [20, 33] well-established procedure. At 37 °C overnight, all bacteria were grown in 

cation-adjusted Mueller Hinton broth (CAMHB). After that, a sample of each culture was diluted 

40 times in fresh broth and incubated for 1.5-3 hours at 37 °C. The mid-log phase cultures were 

then diluted and fed to each well of the compound-containing plates, resulting in a cell density of 

5 x 105 CFU/mL. Plates were covered and incubated at 37 °C without shaking for 18 hours. Using 

a Tecan M1000 Pro monochromator plate reader, the suppression of bacterial growth was 

evaluated by measuring the absorbance at 600 nm (OD600). For each well, the percentage of growth 

inhibition was computed using the same plate's negative control (media only) and positive control 

(bacteria without inhibitors) as references. Modified Z-scores were used in the screening to 

determine the significance of the inhibition values, which were calculated using the median and 

mean absolute deviation (MAD) of the samples (no controls) on the same plate. Active samples 
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had inhibition values greater than 80% and Z-scores greater than 2.5 for either replicate (n = 2 on 

distinct plates), while inactive samples had inhibition values less than 50.9-79.9% and Z-scores 

less than 2.5 [33]. 

The anti-fungal data against two fungal strains (C. neoformans and C. albicans) was determined 

by CO-ADD following the Cooper et al [20, 33] well-established procedure. Fungi strains were 

grown for three days at 30°C on Yeast Extract-Peptone Dextrose (YPD) agar. Five colonies were 

used to make a yeast slurry containing 1 x 106 to 5 x 106 CFU/mL (as assessed by OD530). 

Following that, each suspension was diluted and added to each well of the compound-containing 

plates, resulting in a final cell density of 2.5 x 103 CFU/mL and a total volume of 50 μL. All plates 

were covered and incubated at 35 °C for 24 h without shaking. Growth inhibition of C. albicans 

was determined measuring absorbance at 530 nm (OD530), while the growth inhibition of C. 

neoformans was determined measuring the difference in absorbance between 600 and 570 nm 

(OD600-570), after the addition of resazurin (0.001% final concentration) and incubation at 35 °C 

for an additional 2 h. The absorbance was measured using a Biotek Synergy HTX plate reader. For 

each well, the percentage of growth inhibition was estimated using the negative control (media 

only) and positive control (bacteria without inhibitors) as references on the same plate. 

2.4. Cytotoxicity assay 

The cytotoxicity of the tested compounds was determined by CO-ADD against Human embryonic 

kidney cells (HEK-293) following the Cooper et al., [20, 33] method. In a Neubauer 

haemocytometer, HEK-293 cells were manually counted and then plated in 384-well plates 

containing the compounds at a density of 5000 cells/well in a total volume of 50 μL. The cells 

were grown in DMEM (Dulbecco's Modified Eagle Medium) supplemented with 10% FBS (Fetal 

bovine serum), and they were treated with the compounds for 20 hours at 37 °C in 5% CO2. After 

adding 5 μL of 25 g/mL resazurin (2.3 g/mL final concentration) and incubating for another 3 h at 

37 °C in 5% CO2, cytotoxicity (or cell viability) was measured by fluorescence, ex: 560/10 nm, 

em: 590/10 nm (F560/590). The fluorescence intensity was measured using an automatic gain 

calculation on a Tecan M1000 Pro monochromator plate reader. Curve fitting the inhibition values 

vs log(concentration) using a sigmoidal dose-response function with variable fitting values for 

bottom, top, and slope yielded the CC50 (concentration at 50% cytotoxicity). DMax also indicates 

any compounds with partial cytotoxicity, as well as the maximum percentage of cytotoxicity. 
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The curve fitting was implemented using Pipeline Pilot's dose-response component, resulting in 

similar values to curve fitting tools such as GraphPad's Prism and IDBS's XlFit. In addition, the 

maximal percentage of cytotoxicity is reported as DMax, indicating any compounds with partial 

cytotoxicity. Cytotoxic samples were classified by CC50 ≤ 32 μg/mL or CC50 ≤ 10 μM in either 

replicate (n = 2 on different plates). In addition, samples were flagged as partially cytotoxic if DMax 

≥ 50%, even with CC50 > the maximum tested concentration. Tamoxifen was used as a positive 

cytotoxicity standard. 

2.5. Haemolysis assay 

The haemolysis activity of the tested compounds was determined by CO-ADD against human red 

blood cells (RBC) following the Cooper et al., [20, 33] method. Human whole blood was washed 

thrice with three volumes of 0.9% NaCl and then resuspended in 0.9% NaCl to a concentration of 

0.5 x 108 cells/mL, as determined by manual cell count in a Neubauer haemocytometer. The 

washed cells were then added to the 384-well compound-containing plates to a final volume of 50 

μL. After 10 mins shaking on a plate shaker, the plates were then incubated for 1 h at 37 °C. After 

incubation, the plates were centrifuged at 1000 g for 10 min to pellet cells and debris, 25 μL of the 

supernatant was then transferred to a polystyrene 384-well assay plate. Haemolysis was 

determined by measuring the supernatant absorbance at 405 mm (OD405). The absorbance was 

measured using a Tecan M1000 Pro monochromator plate reader. HC10 and HC50 (concentration 

at 10% and 50% haemolysis, respectively) were calculated by curve fitting the inhibition values 

vs log(concentration) using a sigmoidal dose-response function with variable fitting values for top, 

bottom and slope. In addition, the maximal percentage of haemolysis is reported as DMax, 

indicating any compound with partial haemolysis. Haemolysis samples were classified by HC10 ≤ 

32 μg/mL in either replicate (n = 2 on different plates). In addition, samples were flagged as partial 

haemolytic if DMax ≥ 50%, even with HC10 > the maximum tested concentration. Melittin was used 

as a positive haemolytic standard. 
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Table 2. Information of the bacterial and fungal strain investigated in the present study 

Abbr. Code Name Description Strain Organism Type 

Sa GP_020 Staphylococcus 

aureus 

MRSA ATCC 43300 Bacteria G+ve 

Ec GN_001 Escherichia coli FDA control ATCC 25922 Bacteria G-ve 

Kp GN_003 Klebsiella 

pneumoniae 

MDR ATCC 

700603 

Bacteria G-ve 

Ab GN_034 Acinetobacter 

baumannii 

Type strain ATCC 19606 Bacteria G-ve 

Pa GN_042 Pseudomonas 

aeruginosa 

Type strain ATCC 27853 Bacteria G-ve 

Ca FG_001 Candida albicans CLSI reference ATCC 90028 Fungi Yeast 

Cn FG_002 Cryptococcus 

neoformans var. 

grubii 

Type strain H99; ATCC 

208821 

Fungi Yeast 

Hk MA_007 Human 

embryonic kidney 

cells 

HEK-293 ATCC CRL-

1573 

Human Eukar

yotes 

Hm HA_150 Human red blood 

cells 

RBC  Human Eukar

yotes 

Standards 

Sample name Sample ID Full MW Stock Conc. 

(mg/mL) 

Solvent Source 

Colistin-sulphate MCC_000094:02 1400.63 10.0 DMSO Sigma; C4461 

Vancomycin-HCl MCC_000095:02 485.71 10.0 DMSO Sigma; 861987 

Fluconazole MCC_008383:01 306.27 2.56 DMSO Sigma; F8929 

 

2.6. Cytotoxicity assay on MG-U87 cells 

The synthesized compounds were tested against human malignant glioma U87 (MG-U87) cell 

lines following the procedure reported by Nemat et al [34]. 10,000 cells per well were plated on 

96 wells plate. The plate was incubated and monitored for confluency and infection. Once the 
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wells were 90-100% confluent, drug (compounds prepared in DMSO) was applied. The cells were 

treated in triplicates with various concentrations of the compounds at doses of 0 μM (untreated 

control), 12.5, 25, 50, 100, 200 and 400 μM after 24 h growth. The untreated cells were used as a 

control in triplicates. After drug application, the plate was incubated for two days in a humidified 

atmosphere of CO2 incubation at 37°C and monitored after 24 h and 48 h intervals to find a dosage 

concentration that might stop the cells from growing by 50% (IC50). This resulted in having 

different percentages of dead cells and alive cell in different wells. For reading and visualization 

purpose, the plate was washed with PBS and fixation was done with formalin. After fixation 

staining with crystal violet dye was performed and plate was analysed on ELSA at 630 nm and 

490 nm. The readings were recorded and IC50 value was determined on excel. Cis-platin was used 

as a standard drug. 

2.7. DNA binding assay by UV-visible spectroscopy and viscometry 

A 2 mg of the sodium salt of SS-DNA was dissolved in distilled water and stirred at 25 °C 

overnight. The concentration of the DNA solution was determined on a UH-5300 UV/Vis. 

spectrophotometer using based on ɛ = 6600 M-1.cm-1 and found to be 1.4 x 10-4 M. The nature of 

DNA free from protein was checked from its absorbance ratio A260/A280 = 1.8. A solution of each 

of LH and 1-3 (1 mM) was prepared in 70% absolute EtOH. During the DNA binding study, the 

concentration of LH and 1-3 was kept constant while that of the DNA was changed [35-37]. 

The simplest and easiest way for knowing the DNA binding mode is the viscosity method. 

In this method, the viscosity was determined with the help of an Ubbelohde viscometer at a room 

temperature and the result was plotted between [(η/ηo)1/3] on y-axis and a binding ratio 

[(compound)/(DNA)] on x-axis. Here ηo and η show the viscosity of DNA in the absence and 

presence of LH and 1-3, respectively [38-40]. 

2.8. DPPH scavenging activity 

DPPH solution was prepared by dissolving its 3.94 mg in 100 mL of MeOH. The DPPH and 

solutions of 1-3 were prepared as follows: to methanolic solutions of DPPH (2800 μL) was added 

0.2 μL of 1-3 (also prepared in methanol) with concentrations of 1-3 ranging from 10 to 150 

mg/mL. The decrease in DPPH absorbance was noted at 517 nm after 10 mins via UH-5300 

UV/Vis. spectrophotometer. The same protocol was followed for the well-known anti-oxidant 

standard, ascorbic acid. All the measurements were performed in triplicate and average results 
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reported. The percent scavenging activity of screened compounds was measured using the below 

given equation: [41, 42]. 

% Scavenging activity =
Ao − As

Ao
 

Ao and As represent the DPPH absorbance in the absence and presence of sample (LH and 1-3), 

respectively. 

2.9. Drug-likeness and ADME studies 

SwissADME webserver was used to determine the ADME properties such as physicochemical, 

pharmacokinetics and drug similarity properties of the evaluated compounds. With the help of 6 

different parameters, the oral bioavailability of the screened samples was also checked in a radar 

image. Similarly the absorption potential of the tested compounds in the gastrointestinal system 

was checked using the BOILED-Egg model [43, 44]. 

3. Results and discussion 

The carboxylic acid, 4-[(2,5-dimethoxyphenyl)carbamoyl]butanoic acid (LH), was synthesised 

from the 1:1 (nucleophilic addition) reaction of glutaric anhydride with 2,5-dimethoxyaniline. It 

was then changed into its sodium salt, NaL, which served as the precursor for the synthesis of the 

triorganotin(IV) complexes (1-3). The solubility of the synthesized compounds was checked in 

common organic solvents such as MeOH, EtOH, DMSO, acetone and chloroform and found freely 

soluble in these solvents. The synthesized compounds were also air-stable. The physical and CHN 

data are depicted in Table 3. Details of the spectroscopic and crystallographic characterisation are 

given below. In addition, certain medicinal potential, namely DNA binding, anti-microbial, 

cytotoxicity anti-oxidant potentials and the theoretical evaluation of medicinally relevant attributes 

are reported. 
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Table 3. Physical, CHN and FT-IR data of LH and complexes 1-3 

Comp. M.P (°C) Formula M.Wt Colour CHN data in % (calc./found) 

C H N 

LH 108-110 C13H17NO5 267.28 Light 

brown 

58.42/58.33 6.41/6.15 5.24/5.10 

1 170-172 C16H25NO5Sn 430.1 Creamy 44.68/44.21 5.86/5.91 3.26/3.40 

2 52-54 C25H43NO5Sn 556.3 Brown 53.97/54.01 7.79/7.81 2.52/2.56 

3 96-98 C31H31NO5Sn 616.3 Yellow 60.42/60.12 5.07/5.11 2.27/2.35 

FTIR data (ν, cm-1) 

 OH C=Oamide NH C=Ocarboxyl COOasym COOsym ∆ν Sn-O Sn-C 

LH 3252 1671 3376 1757 - - - - - 

1 - 1655 3376 - 1535 1300 235 477 546 

2 - 1671 3427 - 1527 1310 217 485 577 

3 - 1683 3428 - 1527 1320 207 455 583 

 

3.1. FTIR 

Table 3 describes the important functional groups. A strong stretching vibration peak in the 

spectrum of LH at 1757 cm-1 was ascribed to the carboxylic acid carbonyl functional group. The 

characteristics NH stretching vibration peak appeared at 3376, 3418, 3427 and 3428 cm-1 in LH 

and 1-3 spectra, respectively. Another strong peak attributed to the stretching vibration of amide 

carbonyl functional group was detected at 1671, 1654, 1691 and 1683 cm-1 in LH and 1-3 spectra, 

respectively.  

 The coordination of the ligand was proven by the emergence of the vibration band v(C–O) 

at 1273-1280 cm-1 in the spectra of the 1-3, which was caused by the deprotonation of the OH and 

subsequent coordination to the tin atom. The absence of vibrational bands associated with the 

carboxylic acid indicated carboxylate synthesis and coordination to the tin centre. The existence 

of two strong vibrational bands with distinct absorptions in the range of 1300-1320 cm-1 and 1527-

1535 cm-1, which correspond to the symmetric (vCOOs) and asymmetric (vCOOas) stretching 

vibrational modes of the carboxyl group, respectively, promoted the formation of the Sn–O bond 

[46]. The Δv = νas(OCO) − νs(OCO), provides important evidence for the Sn-carboxyl coordination 

mode [47]. For chelating bidentate coordination, Δν ≤ 100 cm-1, for bridging bidentate 
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coordination, Δν = 100-150 cm-1, and for ionic coordination, Δν ≥ 200 cm-1, according to Nelson 

and coworkers [48]. ∆ν calculated for 1-3 are: 235, 217 and 207 cm-1, respectively. The 

development of a covalent metal oxygen connection and a monodentate coordination mode of the 

carboxylic group linked to the tin atom results in a ∆ν (COO) > 200 cm-1 [48]. The IR spectra of 

the 1-3 show a peak due to Sn–O in the range of 455-485 cm-1 and a peak due to Sn–C in the range 

of 546-583 cm-1, indicating the production of the subsequent organotin complexes [49, 50].  

3.2. NMR 

A singlet at δ 11.07 ppm was assigned to the carboxylic acid OH confirming the existence of the 

carboxylic acid residue in the 1H NMR spectrum of LH. After complexation with Sn, this 

resonance was absent in spectra of 1-3. The resonance of the NH proton was observed as a singlet 

in the range 8.07-8.91 ppm in the spectra of LH and 1-3. Additional resonances, multiplicity and 

integration, are as expected, see Table 4.  The H-α (Sn-CH3) in 1 appeared as a sharp singlet at 

0.57 ppm with satellites having 2J(119Sn-1H) coupling of 69 Hz. The 2J(119Sn-1H) coupling value 

was used to calculate the θC-Sn-C (117°) by means of Lockhart equation [51]. 

The most notable features in the 13C{1H} NMR spectra of LH and 1-3 is downfield 

resonance of carboxylic acid (C-1) at δ 178.5, 176.9 and 179.9 ppm (1-3) compared to that for LH 

at δ 174.9 ppm as a result of electron density shifted from LH to Sn(IV) centre. The resonances of 

the remaining nuclei fall in their anticipated regions [52] as detailed in Table 4. 

Some additional resonances for alky/aryl groups attached to the Sn centre were present in 

the spectra of 1-3 as tabulated in Table 4. In 13C{1H} NMR spectrum of 1, C-α (Sn-CH3) appeared 

as δ -2.5 ppm with satellites having A 1J(119Sn-13C) coupling of 520 Hz give a θC-Sn-C (calculated 

from Lockhart equation) value of 122°. For 2 and 3, the values of 1J(119Sn-13C) coupling and θC-

Sn-C are 479 Hz, 123° and 750 Hz, 123°, respectively [53]. 
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Table 4. 1H/13C{1H} NMR data (δ in ppm and J value in Hz) for LH and complexes 1-3 

H nucleus LH Complex 1 Complex 2 Complex 3 

OH 11.07 - - - 

2 2.29 (t, 7.5 Hz) 2.48 (t, 7.5 Hz) 2.39 (t, 7 Hz) 2.56 (t, 7.3) 

3 1.82 (q, 7.5 Hz) 2.05  (q, 7.3 Hz) 1.75 (q, 7 Hz) 2.10 (q, 7.3) 

4 2.20 (t, 7.5 Hz) 2.44  (t, 7 Hz) 2.11 (t, 7 Hz) 2.42 (t, 7.3) 

NH 8. 07 (s) 8.15 (s) 8.91 (s) 8.14 (s) 

7 7.80 (s) 7.86 (s) 7.73 (s) 7.51 (s) 

9 6.34 (d, 10 Hz) 6.57 (d, 8.5 Hz) 6. 59 (d, 5 Hz) 6.59 (d, 5 Hz) 

10 6.59 (d, 10 Hz) 6.79 (d, 8.5 Hz) 6.92 (d, 5 Hz) 6.79 (d, 5 Hz) 

12 3. 64 (s) 3.85 (s) 3.77 (s) 3.85 (s) 

13 3.56 (s) 3.79 (s) 3.68 (s) 3.77 (s) 

α - 0.57 [69 Hz/117°] 1.08 (t, 7 Hz) - 

β - - 1.58 (q, 7 Hz) 7.42-7.75 (Sn-Ph) 

γ - - 1.30 (m) - 

δ - - 0.87 (t, 7 Hz) - 

C nucleus 13C{1H} 

1 174.9 178.5 176.9 179.9 
2 36.5 37.1 36.4 36.9 
3 20.6 21.5 22.5 21.5 
4 33.0 33.9 35.7 33.3 
5 170.5 170.7 171.7 170.5 
6 128.2 128.4 128.8 128.4 
7 106.3 105.8 108.1 105.8 
8 153.5 153.9 153.4 153.9 
9 107.9 108.6 108.4 108.6 
10 110.7 110.7 112.1 110.7 
11 142.1 141.9 143.7 141.9 
12 56.1 56.2 56.6 56.1 
12' 55.4 55.7 55.7 55.8 
α - -2.5 [520 Hz /122°] 19.7 [479/123°] 138.3 
β - - 26.9 [74 Hz] 136.8 [750 Hz /123°] 
γ - - 28.2 [28 Hz] 128.9 [65 Hz] 
 δ - - 14.1 130.2 
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3.3. X-ray crystallography 

3.3.1 Molecular structures 

Figure 1 describes the molecular structure of LH comprising of two independent molecules with 

asymmetric crystallographic unit. Selected geometric parameters are collated in Table 5. The 

independent molecules present very similar geometric parameters as seen in the root-mean-square 

values for bond lengths and angles, as calculated in PLATON [26] of 0.0024 Å and 0.216°, 

respectively. The disparity in the C–O bond lengths confirm the carboxylic acid assignment. An 

anti-conformation is noted for the carbonyl-O and amide-H atoms comprising the amide residue. 

In terms of conformation, an all-trans conformation is noted for the backbone of each molecule 

with the greatest difference, i.e. ca 12°, seen in the values of the C3–C4–C5–N1 torsion angles. 

The overall planarity of the molecule is seen in the values of the dihedral angles between the 

carboxylic acid and arene planes, i.e. 4.09(11) and 9.29(19)° for molecules a and b, respectively. 

A partial explanation for the observed planarity in the molecules stems from the presence of 

intramolecular amide-N–H…O(methoxy) hydrogen bonds, Table 6. 
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Fig. 1.  The molecular structures of the two independent molecules of LH, showing the atom-

labelling schemes and displacement ellipsoids at the 70% probability level. 

 

Table 5. Selected geometric parameters (Å, °) for LH and 1 

Parameter LH, molecule a LH, molecule b 1 

C1–O1 1.347(2) 1.349(2) 1.273(3) 

C1–O2 1.202(2) 1.202(2) 1.257(3) 

C5–O3 1.227(2) 1.226(2) 1.229(3) 

C5–N1 1.361(2) 1.360(2) 1.356(3) 

O1–C1–C2–C3 -179.80(14) 177.63(15) 7.8(4) 

C1–C2–C3–C4 -178.49(13) 176.89(15) -176.6(2) 

C2–C3–C4–C5 -179.12(13) 175.84(14) 170.1(2) 

C3–C4–C5–N1 -175.97(14) -163.67(14) 154.5(2) 

C4–C5–N1–C6 -179.38(15) -179.95(15) 175.1(2) 

C5–N1–C6–C7 177.28(15) 178.76(15) 45.5(3) 

CO2/C6 4.09(11) 9.29(19) 21.0(2) 

Sn–O1   2.2182(17) 

Sn–O2i a   2.3312(17) 

O1–Sn–C14   90.88(9) 

O1–Sn–C15   93.87(9) 

O1–Sn–C16   94.47(9) 

O2–Sn–C14   86.04(9) 

O2–Sn–C15   85.91(9) 

O2–Sn–C16   88.48(9) 

C14–Sn–C15   117.04(12) 

C14–Sn–C16   114.46(12) 

C16–Sn–C16   127.58(12) 
a Symmetry operation (i): 1-x, ½+y, ½-z 

 There are a number of closely related precedents for LH in the literature and these are 

known to exhibit significant conformational flexibility. For example, significant kinks are seen 

in some of the chains of the molecules, i.e., about the C3–C4 bond [78.5(2)°] and C4–C5 
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[117.9(3)°] in the 3,5-dichlorophenyl [29] and 2-methoxyphenyl derivatives [28], respectively. 

Similarly, large variations are evident in the relative orientation of the chain to the attached arene 

ring, with the maximum twist in the C5–N1–C6–C7 torsion angle [133.95(18)°] seen in the 3,5-

dichlorophenyl species [29]. 

The asymmetric-unit for 1 is illustrated in Fig. 2(a) and selected geometric parameters are 

included in Table 5. The carboxylate-C–O bonds no longer exhibit the disparity noted in the 

molecules of LH. Also contrasting the behaviour of LH, significant twists are noted in the 

backbone of the molecule, especially in the C3–C4–C5–N1 [154.5(2)°] and C5–N1–C6–C7 

[45.5(3)°] torsion angles. Owing to a μ2-bridging mode of the carboxylate residue, a one-

dimensional coordination polymer is formed in the crystal and, being propagated by glide 

symmetry, adopts a zigzag topology, Fig. 2(b). The bridges are not quite symmetric with the Sn–

O1 bond length of 2.2182(17) Å being shorter than Sn–O2i of 2.3312(17) Å; symmetry operation 

(i): 1-x, ½+y, ½-z. The five-coordinate geometry for the tin atom is completed by three methyl 

substituents with the range of Sn–C bond lengths being narrow, indeed, experimentally 

equivalent, i.e. 2.114(3) Å [Sn–C15] to 2.126(3) Å [Sn–C14]. In terms of coordination geometry, 

the three methyl-C atoms occupy equatorial positions in a distorted trigonal-bipyramidal 

geometry. In this description, the axial O1–Sn–O2i angle is 176.42(6)°. The O–Sn–O angles are 

close to perpendicular with those involving the more strongly bound O1 atom systematically 

greater than those involving the O2 atom, Table 5. While the C–Sn–C angles are close to trigonal, 

the C15–Sn–C16 angle is more than 10° wider than the other two angles reflecting the close 

(intramolecular) approach of the O2 atom; Sn…O2 = 2.9669(18) Å. A measure of the distortion 

from the ideal coordination geometry is the value of τ [54]. For ideal square-pyramidal and 

trigonal-bipyramidal geometries, τ equates to 0.0 and 1.0, respectively. In 1, τ computes to 0.81; 

again the distortion from the ideal trigonal-bipyramidal geometry can be traced to the relatively 

close approach of the O2 atom. The crystallographic results are in accord with the values 

calculated from the NMR study. 
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Fig. 2.  (a) The asymmetric unit of 1, showing the atom-labelling scheme and displacement 

ellipsoids at the 70% probability level and (b) the one-dimensional, zigzag coordination polymer 

constructed by μ2-bridging by the carboxylate ligand. 

 Organotin carboxylates are well-studied classes of compounds and their crystal structures 

many and varied [55]. There are two basic structural types for triorganotin carboxylates, namely 

isolated and polymeric, featuring five-coordinate cis-R3O2 and trans-R3O2 donor sets, 

respectively, assignments depending on the relative lengths of the Sn-O bonds [55]. The adoption 

of one structural type over the other has been related to steric congestion exerted by the tin-bound 

substituents [56]. In addition, rare cyclo-tetrameric and cyclo-hexameric structural motifs are 

also known [55]. 
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3.3.2 Molecular packing 

Conventional hydrogen bonding interactions features prominently in the crystal of LH; 

geometric parameters characterising the intermolecular contacts in LH and 1 are summarised in 

Table 6. The amide-N–H atoms are bifurcated forming, as noted above, intramolecular amide-

N–H…O(methoxy) as well as amide-N–H…O(carbonyl) hydrogen bonds; these are complimented 

by hydroxyl-O–H…O(amide) hydrogen bonds. The specified hydrogen bonds occur between the 

independent molecules, linking them into a supramolecular tape with a flat topology 

approximately parallel to (1 1 0) and featuring non-symmetric, 16-membered 

{…HOC5NH…OC5O} synthons, Fig. 3. The tapes are connected into a three-dimensional 

architecture via carbonyl-O…π(C6a-C11a), methylene-C–H…π(C6a-C11a) and methyl-C–

H…π(C6b-C11b) as detailed in Table 6; the unit-cell diagram given in ESI† Fig. S2. 

Table 6. Selected geometric parameters (Å, °) characterising intra-/inter-molecular in the crystals 

of LH and 1 

A H B H…B (Å) A…B (Å) A–H…B (°) Symmetry operation 

LH 

N1a H1n O4a 2.167(18) 2.6007(19) 109.7(15) x, y, z 

N1b H2n O4b 2.172(17) 2.6027(18) 109.9(15) x, y, z 

N1a H1n O2b 2.238(15) 3.079(2) 159.3(17) x, y, z 

O1a H1o O3b 1.846(17) 2.6909(18) 176(2) x, y, z 

N1b H2n O2a 2.359(19) 3.174(2) 155.3(17) x, y, 1+z 

O1b H2o O3a 1.852(16) 2.6964(18) 172(2) x, y, 1+z 

C1a O2a Cg1 3.6210(16) 3.7394(18) 86.22(11) 1-x, 1-y, -z 

C2a H2a1 Cg1 2.76 3.6022(18) 143 -x, 1-y, -z 

C12b H12d Cg2 2.87 3.842(2) 169 ½+x, 1½-y, ½+z 

C13b H13d Cg2 2.95 3.655(2) 130 -½+x, 1½-y, -½+z 

1 

N1 H1n O3 2.03 2.912(2) 176 1½-x, -½+y, z 

C9 H9 O1 2.58 3.529(3) 173 ½+x, 1½-y, 1-z 
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Fig. 3. The supramolecular tape in the crystal of LH. The amide-N–H…O(carbonyl) and 

hydroxyl-O–H…O(amide) hydrogen bonds are shown as blue and red dashed lines, respectively. 

  

In the crystal of 1, the coordination polymers are aligned along the b-axis. As shown in 

Fig. 4(a), neighbouring chains are linked by amide-N–H…O(carbonyl) hydrogen bonds along the 

a-axis and these lead to a two-dimensional array with a zigzag topology (glide symmetry), Fig. 

4(b). The layers stack along the c-axis in an …ABAB… fashion but there are no directional 

interactions between them; a view of the unit-cell contents is shown in ESI† Fig. S2. 
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Fig. 4. Supramolecular association in the crystal of 1: (a) chains of amide-N–H…O(carbonyl) 

hydrogen bonds, shown as blue dashed lines, linking two coordination polymers and (b) zigzag 

arrays mediated by amide-N–H…O(carbonyl) hydrogen bonds. In (a), the methyl groups and non-

participating H atoms are omitted for clarity. 

3.4. GM-MS analysis of LH 

The ligand, LH, was also analysed by GC-MS (spectrum is given in ESI Figure 3 of supplementary 

data) using electron impact (EI) at 70 eV. The following major peaks with fragmentation were 

observed in the mass spectrum. [C13H18NO5]+: m/z = 268(M+1)+, [C13H17NO5]+: m/z = 267(M)+, 

[C12H12NO3]+: m/z =  218, [C8H12NO2]+: m/z = 154, [C8H11NO2]+: m/z = 153 [C8H10O2]+: m/z 

=138(100), [C7H10O]+: m/z =110, [C2H5O]+: m/z = 45. 

3.5. Anti-microbial activity 

CO-ADD perform the preliminary anti-microbial potential evaluation of the trial compounds LH 

and 1-3. The anti-microbial potential of the trial compounds LH and 1-3 against broth solutions 

of key ESKAPE bacterial pathogens S. aureus, E. coli, K. pneumoniae, A. baumannii, and P. 

aeruginosa, as well as fungal pathogens C. neoformans and C. albicans are tested in a 384-well 

format in duplicate at a single concentration (32 μg/mL); perceive Table 2 for abbreviations and 

other information. 
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LH and 1–3 exhibited varying degrees of inhibitory activity against the five bacterial 

strains, Table 7. Among the screened compounds, LH showed the least inhibitory activity while 2 

is generally the most active one. The maximum activities displayed by 1-3 are as: 97.06% against 

A. baumannii by 1, 90.15% against S. aureus by 2 and 85.45% against A. baumannii by 3. It is 

noted that the inhibition induced by 2 against A. baumannii was 88.88% suggesting a potential 

selectivity of 1-3 against this pathogen. Within the series, the most potent compound is 2 which 

has MIC ≤0.25 μg/mL, Table 8, against S. aureus and A. baumannii, i.e. lower than the MIC of 

the standard anti-biotics vancomycin-HCl (MIC = 1 μg/mL) and colistin-sulphate (MIC = 0.25 

μg/mL), respectively. 

The anti-fungal activity of the complexes, Table 7, indicates 2 has maximum activity 

against both Ca and Cn, even greater than that of the fluconazole against Cn as evidenced from 

the MIC value (≤0.25 μg/mL), Table 8. The pathogen-killing mechanisms of the evaluated 

compounds might be entirely metal-mediated, with the ligand framework just acting as a delivery 

vehicle for the active metal ion. It is because from the literature it was noted that metal complexes 

are generally better potential antibiotic drug aspirants with some important benefits over their 

organic ligand counter partners [20]. 

The MIC, CC50 (cytotoxicity) and HC10 (haemolytic activity) for each organism for 1-3 

using broth microdilution method assay against the CO-ADD panel of microorganisms is given in 

Table 8. Majority of the metal complexes are toxic and their toxicity is not definite to bacteria but 

also distresses human cells. Keeping in mind the anticancer potential of the tested compounds, 

where cytotoxic properties are necessary, this is a concern. For this purpose, toxicity was tested 

against mammalian cell viability (HEK-293) and haemolytic activity against human RBC. Non-

toxic compounds were defined as compounds with HEK-293 CC50 > 32 μg/mL and haemolytic 

HC10 > 32 μg/mL (HC10 is the concentration causing 10% haemolysis). The screened compounds 

1-3 were marked as haemolytic. Complexes 1 and 3 were marked as non-toxic while 2 as toxic 

[20]. 
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Table 7. Percentage inhibition induced by LH and 1-3 against bacteria and fungi at 32 μg/mLa 

Comp. % Inhibition Sel Act 

 Sa  Ec Kp Pa Ab Ca Cn   

LH -27.02 6.84 21.26 7.71 11.68 6.81 8.52 0 0 

1 21.46 40.07 28.53 16.44 97.05 2.96 -49.06 1 1 

2 90.15 62.39 38.59 65.61 88.88 105 108.5 3 2 

3 82.11 47.21 34.78 29.67 85.47 94.14 97.47 2 2 

a) Active compound: Inhibition ≥ 80% and abs(Z-Score) > |2.5|. Partial Active: Inhibition = 50.9 

– 79.9% and abs(Z-Score) < |2.5|. Inactive compounds: Inhibition < 50% and abs(Z-Score) < |2.5| 

 

Table 8. MIC and cytotoxicity values (μg/mL) for 1-3.  

Comp. MIC Cytotoxicity 

Anti-bacterial Anti-fungal HEK-293 

(CC50) 

RBC 

(HC10) Sa  Ec Kp Pa Ab Ca Cn 

1 >32 >32 >32 >32 32 >32 >32 >32 >32 

2 ≤0.25 >32 >32 >32 ≤0.25 ≤0.25 ≤0.25 ≤0.25 >32 

3 >32 >32 >32 >32 >32 >32 32 >32 >32 

Col.a  0.125 0.25 0.25 0.25 - - - - 

Van.a 1 - - - - - - - - 

Flu.a - - - - - 0.125 8 - - 

a) Abbreviations: Col: colistin-sulphate; Van: vancomycin-HCl; Flu: fluconazole 

3.6. DNA interactions 

The interactions between 1-3 and DNA were studied via UV-visible spectroscopy with the results 

summarised in Figs. 5-6, respectively. Each compound exhibited two strong bands at 

approximately 200-230 and 235-300 nm attributed to π–π* and n-π* transitions, respectively. Two 

phenomena were experienced upon interaction with DNA: hypochromism along with a 

bathochromic effect of 2-5 nm. After insertion into DNA nitrogenous base pairs, the intercalated 

molecule's π* orbital interacts with the base pairs' π orbital, lowering the energy of π-π* transition, 

causing the red/bathochromic shift. The coupling of the respective, partially filled orbitals also 

reduces the transition probability, resulting in the observed hypochromic shift. Intercalation, which 



24 
 

includes significant stacking between the chromophore and the base pairs of DNA, is the primary 

way of interaction when these two processes occur [40-42]. The binding constant (Kb) was 

determined from the intercept to slope ratio of the plot of Ao/(A-Ao) vs 1/[DNA] as shown in the 

inset of Figs 5-8. The Kb value was then used to determine the Gibb's free energy value (which 

relates to the spontaneity of DNA-compound adduct formation) from the equation ∆G = -RTlnKb, 

where the spontaneity of the DNA-compound adduct formation is evidenced by negative sign of 

∆G [40-42]. 
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Fig. 5. DNA binding spectrum of 1 mM LH and complex 1, in the absence and presence of 

increasing conc. of DNA as shown by arrowhead. 
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Fig. 6. DNA binding spectrum of 1 mM complexes 2 and 3, in the absence and presence of 

increasing conc. of DNA as shown by arrowhead. 

The viscometric approach further validated the intercalative binding mechanism between 

1-3 and DNA. The viscosity of DNA in the presence of various concentrations of 1-3 was enhanced 

in the viscosity measurements due to the entrance of the relevant compound between the DNA 

bases, resulting in DNA lengthening. The intercalative binding mechanism is indicated by an 
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increase in the viscosity of DNA when varied concentrations are added [39]. Figure 7 shows the 

relationship between relative viscosity and the ratio of 1-3/DNA concentration. 

 
Fig. 7. Viscosity plots for the interaction of LH and 1-3 with DNA. 

Cytotoxicity study 

The main goal of the cytotoxicity study was to see how different doses of the screened compounds 

affected cell viability in order to see if they had anti-cancer potential. The growth inhibition 

experiments on MG U87 cell lines were performed using incremental dosages ranging from 12.5 

to 400 μM as is shown in Fig. 8. The findings revealed that the cytotoxicity of the screened 

compounds is dose dependent. Thus, when the concentration of the trial compound increases, cell 

growth decreases; however, at different doses, distinct compounds blocked 50 or 70% of cell 

growth. 

Interestingly, the growth inhibition assays clearly revealed 1-3 were more cytotoxic 

compared to LH, indicating the importance of the organotin centre. Among the screened 

compounds, the maximum growth inhibition was found for the trimethyl derivative (1) (IC50: 

148.979 µM at 50 μM dose) while the minimum growth inhibition was shown by LH (IC50: 

527.469 at 400 μM dose). Complex 1 showed about 18% cell death even at minimum dose of 6.25 

μM. The next greatest activity is shown by the tributyl complex (2) with IC50: 217.334 µM at 100 

μM dose. At 50 μM its inhibition growth is about 51%. For triphenyl complex (3) the 50% 

inhibition growth was observed at 400 μM concentration with IC50: 396.418 µM. Thus, on the 
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basis of the preliminary screening data, the synthesised organotin(IV) carboxylate derivatives are 

incipient as prospective candidates for additional in-depth investigation to examine their safety 

and efficacy [34]. The microphotographs for the ligand and its complexes 1-3 at different 

concentrations are shown in Fig. 9. 

 
Fig. 8. Graphical representation of survival fraction of the synthesised compounds at different 

concentrations following 24 h of drug treatment. 
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Fig. 9. Microphotographs of ligand and complexes 1-3 at different concentration 
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3.7. Anti-oxidant activity 

The DPPH radical is the most extensively employed radical for determining a compound's 

reducing or anti-oxidant capability. The interaction of LH and 1-3 with DPPH was used to assess 

their anti-oxidant capacity. Compounds with anti-oxidant potential must donate an electron to the 

free DPPH radical (1,1-diphenyl-2-picryl-hydrazyl) to convert it to 1,1-diphenyl-2-picryl-

hydrazine. The DPPH radical exhibits a deep-violet hue with a prominent absorption peak at 517 

nm. When different concentrations of the chemical are added, the radical character of the DPPH 

alters as its unpaired electron is coupled, resulting in a reduction in absorbance and decolourisation 

[42]. Figure 10 depicts the effect of various concentrations of LH and 1-3 as well as that of ascorbic 

acid, which was employed as a standard. The maximum scavenging action was observed for 1 

(91% at 1800 μL/mL concentration). The activity of the ascorbic acid at 1800 μL/mL concentration 

is 99%. The activity of the three complexes is greater than that of LH. 

 

 
Fig. 10. DPPH scavenging activity of LH and complexes 1-3 using ascorbic acid as standard. 
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3.8. Physicochemical properties and ADME parameters 

Tables 8 and 9 summarise the physicochemical features, ADME parameters and drug-likeness rule 

violations of the examined compounds. The mol. Wt (MW), topological polar surface area (tPSA), 

molar refractivity, percentage of sp3 carbon atoms (Fsp3) and various H-bond characteristics are 

all analysed physicochemical attributes. In the literature, there are numerous filter approaches that 

provide a set of guidelines for evaluating drug-likeness profiles of compounds. The following are 

the filters and rules covered in this work: 

i. Lipinski (Pfizer) filter [57] 

ii. Ghose filter [58] 

iii. Veber (GSK) filter [59] 

iv. Egan (Pharmacia) filter [60] 

v. Muegge (Bayer) filter [61] 

An orally active medicine should not break the aforementioned conditions more than once, 

according to the filters. tPSA is the total of the surface areas of polar atoms in a molecule and it is 

used to calculate drug transport parameters. Low tPSA values in molecules indicate a stronger 

propensity for transport. LH (84.86 Å²) and 1-3 (73.86 Å²) have tPSA values that are within the 

range of values recommended by different drug-likeness filters. Fsp3 is a recent parameter [62] 

that is used to measure drug-likeness qualities of compounds, with values of 0.38 for LH and 0.50, 

0.68 and 0.16 for 1-3, respectively. The suggested molar refractivity range for a molecule is 

between 40 and 130. The values for LH and 1 are within this range but not 2 and 3. Lipophilicity 

is an important characteristic that influences medication action in humans. The most commonly 

used measure of lipophilicity is the logP value, which is an indicator of a drug's permeability to 

reach its target tissue in the body. Table 9 shows the logP values employed by the various drug-

likeness filters (MLogP for Lipinski [57], WLogP for Ghose [58] and Egan filters [59], XLogP for 

Muegge filter [60] as well as their mean values (consensus logP). All logP values for LH and 1-3 

are in accordance with general guidelines (<5). ESOL is aqueous-solubility parameter of molecules 

proposed by Delenay [63] and is considered one of the key physical properties in drug discovery. 

Table 8 shows that LH and c1 have ESOL values in the soluble class, while 2 and 3 have ESOL 

values in the poorly-soluble class. 

The bioavailability score (BS) estimates the likelihood of a molecule having oral 

bioavailability in rats or demonstrable Caco-2 permeability, with a bioavailability score value of 
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> 0.1068 predicted for a compound in rats. Poor bioavailability reduces molecular activity and 

increases inter-individual variability, resulting in an unanticipated pharmacological response [64]. 

For LH and 1-3, the bioavailability scores, Table 9, are all greater than the threshold value. 

Potts et al. [65] proposed the log(Kp) skin permeation parameter; a high negative log(Kp) 

value of a molecule implies that it has less penetration into the skin. For LH and 1-3, the log(Kp) 

values are all negative (Table 8). 

In summary, Tables 8 and 9 show the physicochemical properties, lipophilicity and water-

solubility values for 1-3 used by various drug filters. Moreover, the favourable bioavailability 

scores (BS), drug score (DS) and the higher skin absorption indicate that these compounds can be 

potential drug candidates. Compounds 1-3 are non-mutagenic, non-tumorigenic, non-irritant and 

have no reproductive effect. 

Figure 11 show a radar image of the screened compounds. Using six different 

physicochemical criteria, the resultant radar image indicates chemicals in the pink area that can be 

termed drug-like. Lipophilicity (LIPO), molecular size (SIZE), polarity (POLAR), solubility 

(INSOLU), flexibility (FLEX) and saturation are the terms used to describe these characteristics 

(INSATU). According to five distinct criteria, the radar image for LH totally falls within the pink 

area, while 1-3 are slightly outside the pink range. 

Figure 12 describes the BOILED-Egg model for LH and 1-3. The yellow area of the 

BOILED-Egg model symbolises the bridging of the blood-brain barrier, while the white area 

reflects gastrointestinal absorption. In this model, TPSA value on x-axis is plotted vs.  WLOGP 

value on y-axis. The red dot symbolises the chosen molecule, and the status of this point in the 

yellow, white and grey areas is used to infer pharmacokinetic features. As shown in Fig. 12, LH 

and 2 are anticipated not to be candidates as drug molecules due to their absorption status in the 

blood-brain barrier, whereas 1 and 3 are predicted to be candidates according to the same criterion. 

The transit of a drug candidate molecule into the lymph and blood circulation, on the other hand, 

is influenced by a variety of circumstances. The size of the molecule, its MW (mol. Wt.) and its 

hydrophilic and lipophilic structure are some of these parameters. 
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Table 8. Physicochemical properties, lipophilicity, solubility and toxicity risks for LH and 1-3. 

Property LH 1 2 3 

Physicochemical Properties 

M. Wt (g/mol) 257.28 430.07 556.31 616.28 

Fsp3 0.38 0.50 0.68 0.16 

No. rotatable bonds 8 6 19 13 

No. H-bond acceptors/donor 5/2 5/1 5/1 5/1 

Molar refractivity 69.93 91.73 135 152.37 

tPSA (Å²) 84.86 73.86 73.86 73.86 

Lipophilicity 

log(Po/w) (iLOGP)   2.22 0.00 0.00 0.00 

log(Po/w) (XLOGP)   1.53 2.58 6.86 6.46 

log(Po/w) (WLOGP)   1.71 3.00 6.51 3.83 

log(Po/w) (MLOGP)   0.88 1.65 3.67 4.18 

log(Po/w) (SILICOS-IT)   1.56 2.04 5.81 5.41 

Consensus log(Po/w) 1.58 1.85 4.57 3.98 

Water-solubility 

log(S) (ESOL) -2.17 -3.66 -6.50 -7.34 

Solubility (mg/mL) 1.82 9.30e-02 1.78e-04  2.82e-05 

Class S S PS PS 

Toxicity Risks 

Mut. * *** *** ***  

Tum. * *** *** *** 

Irr. * ** *** ** 

RE * ** ** ** 

S: Soluble; PS: Poorly Soluble; RE: Reproductive effect; Irr: Irritant; Tum: Tumorigenic; Mut: 

Mutagenic; *: Not toxic; **: Moderately toxic; ***: Highly toxic 
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Table 9. Drug-likeness, pharmacokinetics and medicinal chemistry for LH and 1-3$. 

Property LH 1 2 3 

Drug-likeness 

Lipinski  √; 0 viol. √; 0 viol. √; 0 viol. no; 2 viol.: MW>500, MLOGP>4.15 

Ghose  √ √ √ no; 2 viol.: MW>480, MR>130 

Veber  √ √ √ no; 1 viol.: Rotors>10 

Egan  √ √ √ yes 

Muegge  √ √ √ no; 2 viol.: MW>600, XLOGP3>5 

BS  0.56 0.55 0.85 0.17 

DS 0.48 0.1 0.26 0.06 

Pharmacokinetics 

GA  high high high high 

BBB permeant  no √ no √ 

PGS  no √ √ √ 

Cyto. P450 1A2 I  no no no no 

Cyto. P450 2C19 I no no no no 

Cyto. P450 2C9 I  no no no no 

Cyto. P450 2D6 I  no no no √ 

Cyto. P450 3A4 I  no no √ no 

SP (logKp, cm/s) -6.84  -7.09 -4.82 -5.47 

Medicinal Chemistry 

PAINS  ☼ ☼ ☼ ☼ 

Brenk  ☼ ☼ ☼ ☼ 

LL  
no; 1 viol.: Rotors > 

7 

no; 2 viol.: MW 

> 350, Rotors > 

7 

No; 3 viol.: MW > 

350, Rotors > 7, 

XLOGP3 > 3.5 

No; 3 viol.: MW > 

350, Rotors > 7, 

XLOGP3 > 3.5 

SA 2.04 2.84 4.37 4.70 

$Viol: violation; GA: Gatrointestinal absorption; SA: Synthetic accessibility; SP: Skin permeation; 

LL: Lead-likeness, DS: Drug Score; Cyto: Cytochrome; I: Inhibitor; PGS: P-glycoprotein 

substrate; √: yes; ☼: 0 alert 
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Fig. 11. Radar images for LH and 1-3. 

 



36 
 

 
Fig. 12. BOILED-Egg model for LH and 1-3. 

 

Conclusions 

Three new triorganotin carboxylates, R3SnL, for R = Me, n-Bu and Ph; L = 4-[(2,5-

dimethoxyphenyl)carbamoyl]butanoate, are reported. Crystallography on Me3SnL indicates a 1D 

coordination polymer in the solid-state. The strong stacking relationship between the aromatic 

chromophore and base pairs of DNA is responsible for the intercalation mode of interaction with 

DNA. The intercalative binding mode was further supported by the increase in viscosity of DNA 

during the interaction with compound. The anti-microbial activity of some of the synthesised 

performed against five bacterial and two fungal strains fall in the category of active compounds, 

indicating their potential as drug candidates against both bacteria and fungi. The cytotoxicity 

(CC50) of complex 2 against the human embryonic kidney cells (HEK-293) highlights its potential 

against the cancerous cell lines. A maximum of 91% DPPH scavenging at 1800 μL/mL 
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concentration was shown by the 1. In silico studies suggest these compounds possess high 

gastrointestinal absorption and blood brain brayer (BBB) permeability properties. Similarly, good 

bioavailability scores (0.85), drug score (0.44) and the higher skin absorption indicate that these 

compounds can be potential drug candidates. 
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