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Diorganotin(IV) compounds with the general formula R2SnL [H2L = (E)-N’-[1-(5-nitro-2-

hydroxybenzylidene]-3-hydroxy-2-naphthohydrazide; R = Me (1.toluene and 1), n-Bu (2), Ph 

(3), Cy (4), Bz (5), o-ClBz (6) and p-ClBz (7)] have been synthesised and characterised by 

elemental analyses, IR, 1H, 13C{1H} and 119Sn NMR spectroscopy, thermal analysis and in the 

cases of 1 and 3, single crystal X-ray diffraction.  Crystallography, in accord with NMR, 

indicate highly distorted penta-coordinate geometries whereby each C2NO2 donor set is defined 

by the NO2 donor atoms derived from di-anionic L and two tin-bound organo substituents.  The 
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Schiff base ligand and the corresponding diorganotin compounds have been evaluated against 

two colon human carcinoma cell lines (HT-29 and HCT 116) and a normal colon fibroblast cell 

line (CCD-18Co).  Among the evaluated compounds, the n-butyl derivative, 2, is most potent 

and least toxic to the cancer and normal cell lines, respectively, yielding the highest safety 

profile (high SI).  In addition, the anti-bacterial activities have been evaluated against a panel 

of 21 Gram positive and Gram negative bacteria.  Based on the broth dilution method, non-

toxic 3, exhibited promising anti-bacterial effects against two Gram positive bacteria, namely, 

Enterococcus faecalis and Staphylococcus epidermidis. 

 

Keywords: diorganotin, penta-coordination, X-ray structure, cytotoxic activity, anti-bacterial 

activity 

 

1.  Introduction 

 Organotin compounds have been widely studied owing to their well-documented 

versatile chemistry and their potential as biologically active compounds [1-9].  An important 

class of organotin compounds are those derived from Schiff bases.  These have received great 

attention owing to their structural diversity, thermal stability and wide range of possible 

biological applications [10-12].  Organotin compounds of Schiff bases have been proposed to 

possess mild to good anti-cancer [12-17], anti-microbial [11, 14, 18-22], anti-leishmanial [23, 

24] and anti-inflammatory [20, 25, 26] potentials. 

 The coordination chemistry of organotins is diverse, exhibiting various geometries and 

coordination numbers that vary from four to seven [27, 28].  This variety and adaptability prove 

to be a hindrance in rationalising the mode(s) of action behind the demonstrated biological 

activity of organotins.  Qualitatively, the structure of organotin compounds, coordination 

number, the nature of the organic groups attached to the tin atom and the extent of the 
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alkylation/arylation could be prominent factors determining biological activity.  Any 

modification in any one or more of the aforementioned factors could dramatically influence the 

observed biological activity.  As a result, there is considerable interest in organotin Schiff base 

derivatives, especially those with various combinations of N-, O- and S- donor ligands [29-34].  

This interest arises because Schiff bases can provide stable geometries due to the tridentate 

coordination mode of the ligands whereby they are able to restrict the flexibility of the adopted 

molecular structures. 

 Schiff bases derived from 3-hydroxy-2-naphthoylhydrazide are reported to have good 

anti-microbial activities [35].  Herein, as part of on-going work on organotin compounds with 

ONO-tridentate ligands [36-38], is reported the synthesis and structural studies (spectral and 

crystallographic) of new diorganotin Schiff base compounds where the Schiff base is derived 

from the condensation reaction of 3-hydroxy-2-naphthol-hydrazide with 5-

nitrosalicylaldehyde.  Moreover, the anti-bacterial activities, against a range of seven Gram 

positive and 14 Gram negative bacteria, as well as in vitro cytotoxicity profiles, against two 

colon human carcinoma cell lines, namely HT-29 and HCT 116, are described. 

 

2. Experimental section 

2.1 Physical measurements 

The melting points of the ligand and diorganotin compounds were determined using an 

Electrothermal digital melting point apparatus and were uncorrected.  Elemental analyses were 

carried out on a Perkin Elmer EA2400 CHNS Elemental Analyzer.  The IR spectra for the 

compounds were recorded in KBr pellets on a Perkin-Elmer Spectrum RX1 FT-IR 

spectrophotometer.  The 1H and 13C{1H} NMR spectra were recorded on a JEOL JNM GX-

270 FT NMR SYSTEM spectrometer while the 119Sn NMR spectra were recorded on a JEOL 

ECA-400MHz spectrometer.  The chemical shifts were recorded in ppm with reference to 
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Me4Si for 1H and 13C{1H} NMR, and Me4Sn for 119Sn NMR.  Thermogravimetric analyses 

were performed on a Perkin Elmer TGA 4000 Thermogravimetric Analyzer in the range of 35–

900 °C at a rate of 10°C/min. 

 

2.2 Materials 

All chemicals and reagents used in the synthesis were of reagent grade.  Dimethyltin 

oxide (Acros), dibutyltin dichloride (Fluka), diphenyltin oxide (Acros), dicyclohexyltin oxide 

(Acros), 3-hydroxy-2-naphthoylhydrazide (Aldrich) and 5-nitrosalicylaldehyde (Fluka) were 

commercially available.  Dibenzyltin dichloride, di(o-chlorobenzyl)tin dichloride and di(p-

chlorobenzyl)tin dichloride were prepared in accordance with the literature method [39].  The 

solvents used in the reaction were of AR grade and dried using standard literature procedures 

[40]. 

The human-derived colorectal adenocarcinoma HT-29 (ATCC® HTB-38™), 

colorectal carcinoma HCT 116 (ATCC® CCL-247™) and normal colon fibroblast CCD-18Co 

(ATCC® CRL-1459™) were purchased from the American Type Culture Collection (ATCC, 

USA). Cells were cultured using McCoy's 5A Medium (HT-29 and HCT 116) or Eagle’s 

minimum essential medium (CCD-18Co), supplemented with 10% fetal bovine serum, and 

incubated at 37 °C in a CO2 incubator. Cells were sub-cultured upon reaching 70–80% 

confluency and maintained at a low-passage number with their morphology observed regularly.   

A total of 21 bacterial species were used in this study; seven of which were Gram 

positive bacteria: Bacillus cereus (ATCC 10876), Bacillus subtilis (ATCC 6633),  

Enterococcus faecalis (ATCC 33186), Enterococcus faecium (ATCC 19434), methicillin-

resistant Staphylococcus aureus (MRSA; MTCC 381123), Staphylococcus epidermidis 

(ATCC 700576) and Staphylococcus saprophyticus (ATCC 15305).  The remaining 14 bacteria 

are Gram negative bacteria: Acinetobacter baumannii (ATCC 19117), Aeromonas hydrophila 
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(ATCC 35654), Citrobacter freundii (ATCC 8090), Enterobacter aerogenes (ATCC 13048), 

Enterobacter cloacae (ATCC 35030), Escherichia coli (ATCC 11775), Escherichia coli 

clinical isolate K1 (MTCC 710859), Klebsiella pneumoniae (ATCC 13883), Klebsiella 

quasipneumoniae (ATCC 49399), Pseudomonas aeruginosa (ATCC 10145), Proteus vulgaris 

(ATCC 49990), Salmonella enterica (ATCC 14028), Shigella flexneri (ATCC 12022) and 

Stenotrophomonas maltophilia (ATCC 13637). The bacterial cultures were maintained on 

Mueller Hinton Agar (MHA, Oxoid) and sub-cultured on a weekly basis. Prior to all 

experiments, the bacteria were cultured in Mueller-Hinton Broth (MHB, Oxoid) and incubated 

at 37 °C for 18 h to achieve log-phase. 

 

2.3 Synthesis 

2.3.1 Synthesis of (E)-N'-(5-Nitro-2-hydroxybenzylidene)-3-hydroxy-2-naphthohydrazide 

(H2L) 

3-Hydroxy-2-naphthoylhydrazide (2.02 g, 0.01 mol) and 5-nitrosalicylaldehyde (1.67 

g, 0.01 mol) were dissolved in methanol (180 cm3) and refluxed for 2 h.  Upon cooling to room 

temperature, a yellow solid was obtained and used without further purification. 

Yield: 2.14 g, 61%; m.p. 324-326 °C. Anal. Calc. for C18H13N3O5: C, 61.54; H, 3.73; N, 

11.96%.  Found: C, 61.95; H, 3.56; N, 11.57%.  IR (cm-1): 3233 ν(O–H, N–H), 1638 ν(C=O), 

1625 ν(C=N), 1075 ν(C–O). 

 

2.3.2 Synthesis of diorganotin Schiff base compounds, 1-7 

Compounds 3 and 4 were prepared according to the preparative method employed for 

1 using the appropriate diorganotin oxide.  The preparation method used for compound 2 was 

repeated for compounds 5, 6 and 7 with the appropriate diorganotin chloride precursor. 
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2.3.2.1 [N'-(5-Nitro-2-oxidobenzylidene)-3-hydroxy-2-naphthohydrazidato]dimethyltin(IV), 

Me2SnL, 1 

H2L (0.35 g, 1.0 mmol) in dry toluene (20 cm3) was added to a suspension of 

dimethyltin oxide (0.17 g, 1.0 mmol) in dry toluene (30 cm3).  The mixture was heated under 

reflux in a Dean-Stark apparatus for 5 h to remove water formed during the reaction.  The 

solvent was gradually removed by evaporation under vacuum until a yellow precipitate was 

obtained.  The precipitate was recrystallised from toluene and the bulk compound was obtained 

as 1.toluene (observed in 1H and 13C{1H} NMR spectra).  A small amount of the precipitate 

was further recrystallised in a 1:1 mixture of dichloromethane-toluene to yield unsolvated 

yellow crystals suitable for X-ray crystallographic studies. 

Yield: 0.39 g, 78%; m.p. 275-276 °C (single crystal sample). Anal. Calc. for 

C20H17N3O5Sn.C7H8: C, 54.96; H, 4.24; N, 7.12%.  Found: C, 55.12; H, 3.79; N, 6.87%.  IR 

(cm-1): 3409 ν(O-H), 1639 ν(C=N), 1608 ν(C=N-N=C), 1174 ν(C-O), 703 ν(Sn–O), 466 ν(Sn–

N). 

 

2.3.2.2 [(5-Nitro-2-oxidobenzylidene)-3-hydroxy-2-naphthohydrazidato]dibutyltin(IV), 

Bu2SnL, 2 

H2L (0.35 g, 1.0 mmol) and triethylamine (0.14 mL, 1.0 mmol) were added into absolute 

ethanol (30 cm3) and the mixture was heated under reflux for 2 h.  Dibutyltin dichloride (0.30 

g, 1.0 mmol) in absolute ethanol (20 cm3) was added and the mixture was refluxed for 5 h and 

filtered.  The filtrate was concentrated to dryness under reduced pressure until a yellow 

precipitate was obtained.  The precipitate was recrystallised from toluene and the by-product, 

triethylammonium chloride, was removed through filtration. 
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Yield: 0.50 g, 74%; m.p. 156-157 °C. Anal. Calc. for C26H29N3O5Sn: C, 53.64; H, 5.02; N, 

7.21%.  Found: C, 53.87; H, 4.94; N, 7.24%.  IR (cm-1): 3394 ν(O–H), 1639 ν(C=N), 1607 

ν(C=N–N=C), 1170 ν(C–O), 704 ν(Sn–O), 463 ν(Sn–N). 

 

2.3.2.3 [(5-Nitro-2-oxidobenzylidene)-3-hydroxy-2-naphthohydrazidato]diphenyltin(IV), 

Ph2SnL, 3 

The precipitate of 3 was recrystallised from a 1:1 mixture of ethanol-toluene to yield 

yellow crystals suitable for X-ray crystallographic studies. Yield: 0.49 g, 75%; m.p. >350 °C. 

Anal. Calc. for C30H21N3O5Sn: C, 57.91; H, 3.37; N, 6.75%.  Found: C, 57.55; H, 3.47; N, 

6.69%.  IR (cm-1): 3411 ν(O–H), 1638 ν(C=N), 1610 ν(C=N–N=C), 1171 ν(C–O), 699 ν(Sn–

O), 471 ν(Sn–N). 

 

2.3.2.4 [(5-Nitro-2-oxidobenzylidene)-3-hydroxy-2-naphthohydrazidato]dicyclohexyltin(IV), 

Cy2SnL, 4 

Yield: 0.48 g, 75%; m.p. 207-208 °C. Anal. Calc. for C30H33N3O5Sn: C, 56.83; H, 5.20; N, 

6.62%.  Found: C, 57.16; H, 5.77; N, 6.67%.  IR (cm-1): 3424 ν(O-H), 1639 ν(C=N), 1607 

ν(C=N-N=C), 1170 ν(C-O), 704 ν(Sn-O), 475 ν(Sn-N). 

 

2.3.2.5 [(5-Nitro-2-oxidobenzylidene)-3-hydroxy-2-naphthohydrazidato]dibenzyltin(IV), 

Bz2SnL, 5 

Yield: 0.47 g, 73%; m.p. > 350 °C. Anal. Calc. for C32H25N3O5Sn: C, 59.12; H, 3.85; N, 6.46%.  

Found: C, 59.22; H, 3.63; N, 6.52%.  IR (cm-1): 3449 ν(O–H), 1638 ν(C=N), 1609 ν(C=N–

N=C), 1170 ν(C–O), 699 ν(Sn–O), 476 ν(Sn–N). 
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2.3.2.6 [(5-Nitro-2-oxidobenzylidene)-3-hydroxy-2-naphthohydrazidato]di(o-chlorobenzyl)-

tin(IV), (o-ClBz)2SnL, 6 

Yield: 0.55 g, 77%; m.p. 202-204 °C. Anal. Calc. for C32H23Cl2N3O5Sn: C, 53.44; H, 3.20; N, 

5.84%.  Found: C, 53.79; H, 3.32; N, 5.51%.  IR (cm-1): 3424 ν(O–H), 1639 ν(C=N), 1607 

ν(C=N–N=C), 1172 ν(C–O), 705 ν(Sn–O), 478 ν(Sn–N). 

 

2.3.2.7 [(5-Nitro-2-oxidobenzylidene)-3-hydroxy-2-naphthohydrazidato]di(p-chlorobenzyl)-

tin(IV), (p-ClBz)2SnL, 7 

Yield: 0.56 g, 78%; m.p. 218-220 °C. Anal. Calc. for C32H23N3O5Cl2Sn: C, 53.44; H, 3.20; N, 

5.84%.  Found: C, 53.84; H, 3.23; N, 6.14%.  IR (cm-1): 3449 ν(O–H), 1639 ν(C=N), 1608 

ν(C=N–N=C), 1171 ν(C–O), 706 ν(Sn–O), 477 ν(Sn–N). 

 

2.4 X-ray structure determination 

The intensity measurements on a yellow crystal of 1 (0.15 × 0.20 × 0.28 mm) were 

performed on an Agilent Technologies SuperNova Dual diffractometer [41] while those for 

yellow 3 (0.15 × 0.20 × 0.28 mm) were performed on a Rigaku Oxford Diffraction XtaLAB 

Synergy, Dualflex diffractometer [42].  Data were measured at 293 and 100 K, respectively, 

employing MoKα (λ = 0.71073 Å) and CuKα (λ = 1.54184 Å) radiation, respectively.  The 

structures were solved by direct methods [43] and refined by a full-matrix least-squares 

procedure based on F2 using SHELXL-2018/3 [44].  Then non-hydrogen atoms were refined 

with anisotropic displacement parameters, and the positions of carbon-bound hydrogen atoms 

were included in their calculated positions.  The hydroxyl-H atoms were located in difference 

Fourier maps and were refined with O-H = 0.82±0.01 and 0.84±0.01 Å, respectively.  A 

weighting scheme of the form w = 1/[σ2(Fo
2) + (aP)2 + bP] where P = (Fo

2 + 2Fc
2)/3) was 

introduced towards the end of the refinement in each case.  For 1, owing to poor agreement, 
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one reflection, i.e. (-4 -1 1), was removed from the final cycles of refinement.  The maximum 

and minimum residual electron density peaks noted at the conclusion of the refinement of 1, 

i.e. 1.02 and -0.98 eÅ-3, were located 1.05 and 0.66 Å from the Sn atom, respectively.  The 

molecular structure diagrams were generated with ORTEP for Windows [45] with 50% 

displacement ellipsoids, and the packing diagrams were drawn with DIAMOND [46].  

Additional data analysis was made with PLATON [47].  Crystallographic and refinement 

details are given in Table 1. 

 

Table 1 

Crystallographic and refinement details for 1 and 3. 

Molecule 1 3 

Formula C20H17N3O5Sn C30H21N3O5Sn 

Molecular weight 498.05 622.19 

Crystal system triclinic monoclinic 

Space group P1̄ C2/c 

a/Å 7.1488(3) 20.6084(1) 

b/Å 11.6527(5) 17.2929(1) 

c/Å 11.8130(4) 15.3233(1) 

α/° 90.977(3) 90 

β/° 100.426(3) 111.586(1) 

γ/° 99.549(4) 90 

V/Å3 953.27(7) 5077.91(6) 

Z 2 8 

Dc/g cm-3 1.735 1.628 

μ/mm-1 1.379 8.405 
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Measured data 7501 30892 

θ for 100% completeness /° 25.2 67.1 

Unique data 4376 4539 

Rint 0.051 0.026 

Observed data (I ≥ 2.0σ(I)) 3786 4469 

No. parameters 267 355 

R, obs. data 0.037 0.018 

a and b in weighting scheme 0.021 and 0.218 0.028 and 4.518 

wR2, all data 0.077 0.048 

Range of residual electron 

density peaks/eÅ-3 -0.98 – 1.02 -0.57 – 0.36 

__________________________________________________________________________ 

 

2.5 In vitro cytotoxic assay 

The cytotoxicity of H2L and 1–7 was evaluated by procedures described previously 

[48].  Briefly, 4 × 103 cells were seeded into a 96-well plate and incubated for 24 h, followed 

by treatment with various concentrations (0–100 µM) of the test compounds for 48 h, with 

cisplatin being the positive control.  After the designated period of treatment, MTT (3-[4,5-

dimethylthiazol-2-yl]-2,5-diphenyl-2H-tetrazolium bromide) was added to each well followed 

by incubation for a further 3 h before the addition of dimethylsulphoxide (DMSO).  The 

absorbance of each well was then measured using a Tecan M200 Infinite Pro microplate reader 

at 570 nm, with 650 nm as the reference wavelength.  The percentage of cell viability was 

calculated with reference to the untreated control, and the IC50 value was determined by 

plotting the percentage viability against the concentration of the test compound on a 
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logarithmic scale using the GraphPad Prism 7 software (Graphpad software Inc., CA, USA).  

The selectivity index (SI) for the test compounds was calculated according to the equation: 

SI = IC50 in CCD-18Co
IC50 in colorectal cancer cells (HT-29 or HCT 116)  

where SI > 2 indicates the non-toxicity of a tested compound [49]. 

 

2.6 Anti-bacterial screening 

2.6.1 Disc Diffusion assay 

The anti-bacterial activity of the compounds was first screened using the disc diffusion 

method following the European Committee on Antimicrobial Susceptibility Testing 

(EUCAST) guidelines. The fresh overnight bacterial cultures were diluted to 0.5 McFarland 

turbidity standard, corresponding to approximately 108 colony forming units (CFU)/mL using 

phosphate buffer saline (PBS; Sigma-Aldrich).  The adjusted inoculum suspension was then 

spread on MHA (Mueller Hinton Agar) sterile cotton swabs. Sterile filter paper discs (6 mm 

diameter) were aseptically placed on the agar.  Each test compound (5 µl) with a stock 

concentration of 6 mg/mL was added to the disc, resulting in a final concentration of 30 µg/disc. 

Two discs loaded with known anti-biotics, tetracycline (30 µg/disc) and chloramphenicol (30 

µg/disc), were included in the experiments as positive controls whereas discs containing 

DMSO (5 µL) and broth medium (5 µL) were included as solvent and negative controls, 

respectively.  Plates with discs applied were incubated at 37 °C for 24 h.  The anti-bacterial 

activities of the test compounds were determined by measuring the diameter of inhibition zones 

(in mm) formed around the discs.  Three independent experiments were conducted for each 

compound tested for each bacterial species. 

 

2.6.2 Determination of Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal 

Concentration (MBC) 
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Following the disc diffusion screening, the determination of anti-bacterial activity of 

selected compounds which exhibited some preliminary activity was tested using the broth 

microdilution method in order to determine their MIC and MBC values.  The broth-dilution 

method was conducted according to the Clinical & Laboratory Standards Institute (CLSI) 

protocol.  Each test compound was prepared in DMSO to a concentration of 2 mg/mL, followed 

by a 2-fold titration using DMSO.  Graded concentrations of test compounds (5 µL each) were 

added into each well of 96-well microplates to achieve final concentrations ranging from 0.198 

to 25 µg/mL.  Controls included in the assay were the anti-biotics (tetracycline and 

chloramphenicol, final concentrations ranging from 0.39 to 50 µg/mL), DMSO (solvent) and 

medium (broth control).  After the addition of the test compounds and controls, each inoculum 

suspension was added to wells, achieving 105 CFU/mL of cells in each well.  Media with no 

bacterial suspension were also included as an additional negative control in the assay.  The 

microplates were incubated for 24 h at 37 °C.  The presence of turbidity observed in each well 

indicates the presence of bacterial growth.  The MIC was determined as the lowest 

concentration at which no turbidity was seen.  The suspension in each well was further 

separately aliquoted and transferred onto MHA.  After a 24 h incubation at 37 °C, the MBC 

was determined as the minimal concentration of the test compound where no viable colony 

count was observed. 

 

3. Results and discussion 

3.1 Synthesis 

The Schiff base ligand, H2L, was prepared from the stoichiometric reaction of 3-

hydroxy-2-napthoic hydrazide with 5-nitrosalicylaldehyde.  H2L may exist in two tautomeric 

forms as illustrated in Scheme 1, i.e. keto and enol forms, each capable of reacting readily with 

diorganotin oxides and diorganotin dichlorides, Scheme 2, to form 1-7.  Each of the prepared 
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organotin compounds, 1-7, was obtained in good yield and was stable towards air and moisture.  

Compounds 1-4 were soluble in dichloromethane, chloroform and moderately soluble in polar 

solvents while compounds 5-7 were only moderately soluble in DMSO, dimethylformamide 

(DMF) and dioxane. 

 

 

 

Scheme 1.  Equilibrium between the keto-enol forms of H2L. 

 

 

 

 

 

 

 

 

Scheme 2.  Reaction scheme for the synthesis of H2L with diorganotin dichlorides and 

diorganotin oxides. 

 

3.2 Spectroscopic data 

3.2.1 FTIR spectroscopy 

Selected infrared spectra data of H2L and diorganotin compounds, 1-7, are given in the 

Experimental section.  A broad band at 3233 cm-1 in the IR spectrum of H2L is attributed to 

the overlapping of ν(N–H) and ν(O–H).  Upon complexation, a smaller band around 3300-3400 

cm-1 is observed, suggesting the presence of a hydroxyl functional group in the molecular 
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structures of 1-7.  In addition, the IR spectrum of H2L displays two sharp bands in the region 

1620-1640 cm-1 attributed to ν(C=O) and ν(C=N) stretching frequencies [50-52].  This shows 

that H2L most likely exists in keto form in the solid-state.  The lowering of the stretching 

frequencies of one of the bands is observed in the spectra of 1-7 whereby only one strong band 

is left from the initial two stretching bands.  Meanwhile, another strong stretching band 

emerges around 1600 cm-1 suggesting the involvement of the azomethine-N atom in 

coordination to the tin atom, thus weakening the C=N bond and leading to the formation of the 

ν(C=N–N=C) fragment.  The ν(Sn–O) and ν(Sn–N) bands are observed in the regions 690-710 

and 460-480 cm-1, respectively [53-55]. 

 

3.2.2 Multinuclear (1H, 13C{1H} and 119Sn) NMR 

The 1H, 13C{1H} and 119Sn NMR data for H2L and 1-7 are presented in Tables SI1, SI2, 

and Table 2, respectively; the 1H and 13C{1H} spectra are shown in Figs. SI1-SI16.  Compound 

1 was analysed as its 1:1 toluene solvate (Tables SI1 and SI2).  Overall, all the compounds 

gave satisfactory spectra, exhibiting the expected resonances and integration (1H).  The 

resonance due to N–H in H2L is absent in the spectra of 1-7.  While resonances (11.20-11.85 

ppm) are still apparent for O–H in the spectra of 1-7, which integrate for a single proton.  These 

results confirm the double deprotonation of H2L upon coordination to the respective 

diorganotin centres; X-ray crystallography (see below) confirms the hydroxyl group on the 

naphthalene ring does not participate in coordination to tin.  A singlet around 8.60-8.74 is 

assigned to the proton of the azomethine carbon [36-38, 55-57]. 

The aromatic carbons of H2L and 1-7 are found in the expected range, and their 

chemical shifts are in close agreement with reported values [56, 58].  The signal of the 

azomethine carbons (C-7) and (C-8) for H2L appeared at 162.7 and 176.4 ppm, respectively 
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[57-59].  These resonances are shifted upfield, i.e. to 159.1-160.5 and 171.2-173.0 ppm, 

respectively, in 1-7, supporting the formation of the Sn–N and Sn–O bonds. 

For a number of the diorganotin compounds, satellite signals due to hydrogen-tin 

coupling and carbon-tin coupling were observed; the coupling constants are also reported in 

Tables SI1 and SI2.  The geometry of the diorganotin compounds in solution can be predicted 

from the C–Sn–C angle calculated using the Lockhart and Manders’ equation [60]: 

θ(C–Sn–C) = 0.0161|2J(119Sn-1H)|2 - 1.32|2J(119Sn-1H)| + 133.4 

The values of the two bond, 2J(119Sn-1H), coupling constants are in the range 72-82 Hz, 

indicative of penta-coordination.  This conclusion is further corroborated by the 13C{1H} NMR 

data. The C–Sn–C angles can be estimated from the 1J(119Sn-13C) coupling constants using the 

Lockhart equation [61]: 

θ(C–Sn–C) = [|1J(119Sn-13C)| + 875]/11.4 

The calculated C–Sn–C angles lie in the range 120-135°, which correspond to a distorted penta-

coordinate environment around the central tin atom.  A summary of the C–Sn–C angles 

calculated from the coupling constants is presented in Table 2. 

 

Table 2 

119Sn NMR data for 1-7 and C–Sn–C angles estimated from coupling constants according to 

the Lockhart and Manders’ and Lockhart’s equations. 

Comp’d δ (ppm) Lockhart and Manders’ Lockhart’s 

   equation [60]  equation [61] 

1a -156.5 125, 128 129, 130 

2a -195.6 121, 125 124, 126 

3a -355.5 n/a 119, 122 

4a -263.4 122, 125 125, 127 
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5b -252.6 131, 133 128, 130 

6b -270.5 128, 132 126, 128 

7b -278.8 128, 131 127, 129 

a spectrum recorded in CDCl3 

b spectrum recorded in 1,4-dioxane + 2-3 drops of CDCl3 

 

The 119Sn NMR spectra measured on 1-7 provide useful information regarding the 

coordination environment around the central tin atom.  The presence of a single resonance in 

each 119Sn NMR spectrum confirms the formation of a single species; data are also included in 

Table 2.  The 119Sn NMR chemical shifts fall into three distinct ranges depending on the nature 

of the tin-bound R group, i.e. 1 and 2, 3 and 4-7 with the respective ranges consistent with a 

five-coordinate geometry for tin.  In summary, the 119Sn NMR chemical shifts, 1J(119Sn-1H) 

and 1J(119Sn-13C) coupling constants, when observed, support a penta-coordinate tin 

environment [62-65]. 

 

3.3 Thermal decomposition 

Under thermogravimetric analysis (TG) conditions, diorganotin compounds 2-7 are 

stable until after 120 °C, and exhibit very similar decomposition profiles, Table SI3.  Beyond 

120 °C, the TG curves 2-7 exhibit three steps with weight loss.  The first decomposition in the 

temperature range of 130-270 °C involves the loss of both alkyl or aryl groups. After this, a 

rapid weight loss is observed in the temperature range 240-410 °C which corresponds to the 

removal of the –NN-C(H)C6H5(O)NO2 fragment.  The final step was the gradual weight loss 

in the temperature range of 320-860 °C, equating to the loss of the –OCC10H6OH fragment.  

These results imply the weight loss in the second and third steps is due to the clean dissociation 
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of the Schiff base ligand from the tin centre [66, 67].  Overall, the thermal decomposition in 

the diorganotin compounds continues until the final residue, SnO, is left in the pan. 

The exceptional decomposition pathway is evident for 1.toluene where the first step 

sees loss of solvent in the range 80-130 °C.  The remaining decomposition pathway mirrors 

those described for 2-7, Table SI3; representative traces, i.e. for 1 and 7, are shown in Figs. 

SI17 and SI18, respectively. 

 

3.4 X-ray structure of 1 and 3 

The molecular structures of two representative molecules, namely 1 and 3, were 

established by X-ray crystallography, as illustrated in Fig. 1, and selected geometric parameters 

listed in Table 3.  In 1, the tin atom is coordinated in an ONO-tridentate mode by the di-anionic 

Schiff base ligand.  The C2NO2 donor set is completed by two methyl-C atoms.  An indication 

of a five-coordinate coordination geometry is based on the value of τ, defined as τ = (β-α)/60, 

where α and β are the two widest donor-metal-donor angles.  The value of τ computes to zero 

for a perfect square-pyramidal geometry and unity for a perfect trigonal-bipyramidal geometry 

[68].  In 1, τ = 0.49, i.e. almost exactly between the two ideal geometries.  This is consistent 

with the significant deviation from linearity of the O1–Sn–O2 angle and the widening of the 

C21–Sn–C31 angle, Table 3. 
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Fig. 1.  The molecular structures of (a) 1 and (b) 3, showing the atom-labelling schemes and 

50% probability displacement ellipsoids. 

 

Table 3 

Selected geometric parameters (Å, °) for 1 and 3. 

Parameter 1 3 

Sn–O1 2.101(2) 2.0749(12) 

Sn–O2 2.143(2) 2.1237(11) 

Sn–N1 2.200(3) 2.1743(13) 

N1–N2 1.398(3) 1.3970(19) 

C1–O1 1.313(4) 1.307(2) 

C8–O2 1.289(4) 1.2983(19) 
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C7–N1 1.297(4) 1.296(2) 

C8–N2 1.319(4) 1.320(2) 

C6–C7 1.435(4) 1.446(2) 

O1–Sn–O2 154.95(9) 158.02(5) 

N1–Sn–C21 116.89(12) 116.70(5) 

N1–Sn–C31 116.82(12) 112.18(5) 

C21–Sn–C31 125.75(14) 130.88(6) 

 

 The tridentate mode of coordination of L2- results in the formation of five- and six-

membered chelate rings.  The former is planar, exhibiting a r.m.s. = 0.0121 Å with the 

maximum deviation from the least-squares plane being 0.012(1) Å for the tin atom.  Similarly, 

the larger chelate ring approximates a plane with a r.m.s. = 0.0254 Å but with a significantly 

greater maximum deviation of 0.0432(18) Å for the O1 atom.  The dihedral angle between the 

chelate rings is 1.73(8)°.  The approximate planarity in L2- continues to the pendant organic 

residues with the dihedral angle between the five-membered chelate ring and the bound 

naphthyl residue being 6.91(8)°, and that between the fused six-membered rings being 

1.94(9)°; the dihedral angle between the outer residues is 4.70(9)°.  In terms of geometric 

parameters, the Sn–O1 bond length is a considerable 0.04 Å shorter than Sn–O2.  This 

difference is reflected in the associated C–O bond lengths which is consistent with significant 

double bond character in the C8–O2 bond.  This observation notwithstanding, delocalisation 

of π-electron density over the ligand backbone is indicated by systematic variations within this 

fragment, Table 3, notably within the six-membered chelate ring.  Finally, an intramolecular 
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hydroxy-O5–H···N2(hydrazide) hydrogen bond is evident [O5···N2 = 2.601(3) Å; O5–H···N2 

= 156(3)°]. 

 As might be anticipated, the molecular structure of 3 presents very similar features to 

those just described, Table 3.  The value of τ in this case computes to 0.45, suggestive of a 

small deviation towards a square-pyramidal geometry.  The five- (r.m.s. = 0.0257 Å; maximum 

deviation = 0.0339(8) Å for atom O2) and six-membered (r.m.s. = 0.0222 Å; maximum 

deviation = 0.0316(9) Å for atom N1) chelate rings are approximately planar and form a 

dihedral angle = 3.11(5)°.  The dihedral angles between the smaller and larger chelate rings 

and attached residues are 1.88(5) and 0.73(7)°, respectively, and the dihedral angle between 

the pendant groups is 5.54(7)°.  As noted from Table 3, the systematic variations in key 

geometric parameters persist with the only notable discrepancy seen in the disparity in the N1–

Sn–C21 and N1–Sn–C31 angles.  The parameters associated with the intramolecular hydroxy-

O5–H···N2(hydrazide) hydrogen bond: O5···N2 = 2.650(2) Å; O5–H···N2 = 151(2)°. 

 The crystallographic results mirror the spectroscopic conclusions.  Further, the C21–

Sn–C31 angles in 1 and 3 of 125.75(14) and 130.88(6)°, respectively, compare well with the 

data included in Table 2 based on coupling constants, especially in consideration that the data 

refer to the solid- and solution-phases.  Penta-coordinate geometries are indicated in each case 

and as the ONO-tridentate ligand is rigid in its mode of coordination, similar coordination 

geometries can be anticipated.  This conclusion is further supported by a search of the 

Cambridge Structural Database [69].  There are eight closely related diorganotin structures 

containing the pendant naphthyl substituent, differing only in the nature of the substituents in 

the phenoxy ring.  A summary of the structures obtained from this search as well values of τ 

are listed in Table 4.  Clearly, there is significant homogeneity in the penta-coordinate 

geometries regardless of the tin- and ligand-bound substituents and so it can be safely assumed 
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that the molecular structures of 2 and 4-7 are represented by the crystallographically 

determined structures of 1 and 3. 

 

Table 4 

Summary of literature structures related to 1-7. 

R Substituent in phenoxy ring τ Refcode Ref. 

Me (1) 5-NO2 0.49 – this work 

Me 5-Cl 0.47 FOVLAE [70] 

Me 5-Br 0.46 DULWOX [71] 

Me 4-O(CH2)9CH3 0.52 ZARPOA [72] 

n-Bu 5-Cl 0.46 TECBUA [37] 

n-Bu 5-Br 0.43 POWSOK [73] 

Ph (3) 5-NO2 0.45 – this work 

Ph 5-Cl 0.53 RUPVII [74] 

Cy 5-Br 0.50 DULWUD [75] 

2-ClBz 5-Br 0.32 TECCAH [37]  

 

 The molecular packing of 1 features naphthyl-C–H···O(nitro), methyl-C–

H···O(hydroxyl), parallel nitro-O···π(naphthyl) and π(nitrobenzene)···π(naphthyl) 

interactions leading to a supramolecular layer in the ac-plane.  Layers stack without directional 

interactions between them; see Figure SI19 for data and diagrams.  In 3, the three-dimensional 

architecture features naphthyl-C–H···O(nitro), phenyl-C–H···O(hydroxyl), nitrophenyl-C–

H···π(phenyl), phenyl-C–H···π(phenyl) and parallel nitro-O···π(naphthyl) interactions; details 

are given in Figure SI20. 
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3.5 Cytotoxic activity of H2L, 1-7 and S1-S7 

Cytotoxicity data are collated in Table 5.  The ligand, H2L demonstrated minimal 

cytotoxicity against human colorectal adenocarcinoma HT-29, with an IC50 of 71.32 µM after 

48 h of treatment.  Upon complexation to form 1-7, the cytotoxicity was notably enhanced with 

the most potent derivative being 7 (IC50 5.50 µM), for which IC50 is ~13-fold more potent than 

H2L.  Similar to HT-29, H2L exhibited lower cytotoxicity against human colorectal carcinoma 

HCT 116 (IC50 35.75 µM) than 1-7, with 2 being particularly cytotoxic (IC50 1.44 µM).  

Moreover, nearly all compounds exhibited greater cytotoxicity than the commonly used 

chemotherapeutic drug, cisplatin, except for 3 (IC50 61.37 µM) in HT-29.  Since the HCT 116 

cell line has a wild-type tumour suppressor p53, and HT-29 is a p53-mutant [76], the 

observation that almost all test compounds exhibit greater cytotoxicity against the HCT 116 

cell line suggests their anti-proliferative mechanisms could be facilitated by functional p53 in 

the cell.  A definitive conclusion regarding the mechanisms can only be drawn when more 

assays are conducted, such as microarray and real time-PCR analyses. 

A normal human colon fibroblast (CCD-18Co) was also included in the assay and all 

tested compounds are non-toxic (IC50 > 100 µM) to the cells, except for 4 and 7.  The selectivity 

index (SI) was calculated to provide a preliminary insight into the safety of the tested 

compounds.  Based on the values of SI, most tested compounds can be classified as highly 

selective (SI > 2), with the exception of H2L, 3, 4 and S6 in HT-29. 
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Table 5 

Cytotoxic activity of H2L and organotin compounds.a 

 

Compound 

IC50 (µM) 

HT-29 HCT 116 CCD-18Co 

Mean SD SI Mean SD SI Mean SD 

H2L 71.32 4.07 1.40 35.75 2.75 2.80 > 100 - 

S1 > 100 - - > 100 - - > 100 - 

1 11.08 0.78 9.03 17.44 0.19 5.73 > 100 - 

S2 4.04 0.38 2.07 0.61 0.03 13.69 8.35 0.69 

2 13.54 0.85 7.39 1.44 0.06 69.44 > 100 - 

S3 7.36 0.66 3.80 2.32 0.08 12.05 27.95 1.63 

3 61.37 0.68 1.63 5.01 0.21 19.96 > 100 - 

S4 3.37 0.31 1.94 0.56 0.02 11.68 6.54 0.15 

4 14.14 0.64 1.90 2.18 0.14 12.35 26.93 2.52 

S5 8.07 0.47 2.80 4.87 0.42 4.64 22.6 0.89 

5 20.86 1.02 4.79 14.14 0.64 7.07 > 100 - 

S6 7.45 0.21 1.27 2.14 0.15 4.43 9.49 0.90 

6 34.57 2.76 2.89 7.66 0.62 13.05 > 100 - 

S7 5.47 0.33 1.95 3.12 0.14 3.42 10.68 0.95 

7 5.50 0.26 6.30 3.31 0.12 10.47 34.66 1.93 

Cisplatin 44.33 4.34 6.24 21.06 2.00 13.14 0.28 mM 0.02 mM 

 
a S1 = dimethyltin oxide; S2 = di-n-butyltin dichloride; S3 = diphenyltin oxide; S4 = 

dicyclohexyltin oxide; S5 = dibenzyltin dichloride; S6 = di(o-chlorobenzyl)tin dichloride; S7 

= di(p-chlorobenzyl)tin dichloride 
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As observed from Table 5, most of the organotin precursors, i.e. S1-S7, are far more 

potent than the Schiff base and 1-7; this has been commented upon previously [30].  This 

observation could be due to the greater molecular weight of 1-7 vs S1-S7.  As the molecular 

weight and size of the molecules increase after complexation, 1-7 have a reduced tendency to 

permeate through the cellular membrane which has fixed pore size.  Moreover, with the 

addition of L2- into the precursors with loss of the non-organic ligands, the compounds tend to 

become less lipophilic, so the diffusion of the complexes across the hydrophobic cellular 

membranes could be hindered.  This would result in reduced intracellular concentrations of 1-

7 cf. S1-S7, hence leading to reduced cytotoxicity. 

Overall, the complexation of H2L to form 1-7 resulted in greater cytotoxicity and 

selectivity, indicating that complexation has substantially activated the cytotoxicity of H2L.  In 

particular, 2 can be considered as a candidate for further investigation for anti-cancer potential, 

as it exhibited the greatest cytotoxicity against both human colorectal cancer cell lines, greater 

activity than cisplatin, non-toxicity in normal human colon fibroblast and a high safety profile 

(high SI). 

 

3.6 Anti-bacterial activity 

3.6.1 Anti-bacterial screening of H2L and 1-7 

The anti-bacterial activity of H2L and 1-7 was evaluated against 21 clinically important 

bacterial pathogens, including those listed on the WHO priority list of anti-biotic resistant 

bacteria, such as Enterococcus faecium, Staphylococcus aureus (Methicillin-resistant 

Staphylococcus aureus), Acinetobacter baumannii, Klebsiella quasipneumoniae and 

Pseudomonas aeruginosa [77].  New effective anti-bacterial agents are in urgent need for these 

pathogens. 
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Using the disc diffusion method, all organotin precursors, S1-S7, demonstrated anti-

bacterial activity with the results compared with those obtained for the standard anti-biotics 

tetracycline and chloramphenicol, chosen owing to their having broad-spectrum anti-bacterial 

activity against both Gram positive and Gram negative bacteria (Table 6).  Di-n-butyltin 

dichloride (S2) and diphenyltin dichloride (S3) showed comparable broad-spectrum anti-

bacterial effects most of the Gram-positive and Gram-negative bacteria evaluated.  In 

comparison, dimethyltin dichloride (S1) showed anti-bacterial activity against only selected 

Gram-positive and Gram-negative bacterial species.  In contrast, dicyclohexyltin dichloride 

(S4) and the dibenzyltin derivatives (S5, S6 and S7) exhibited anti-bacterial activity against 

only Gram-positive bacteria, with the exception of S5 which showed marginal anti-bacterial 

effects on two Gram-negative bacteria: Aeromonas hydrophila and Proteus vulgaris.  In 

contrast, zone inhibition and the resulting anti-bacterial activity of 1-7 were not observed when 

tested using the disc diffusion method. 

Table SI4 summaries the cytotoxicity of H2L, S1-S7 and 1-7 towards the human 

embryonic kidney cell line (HEK293T).  It is noteworthy that 1-7 were found to be generally 

less potent than their precursors, except for 1 and S1 where the reverse is true.  The anti-

bacterial properties of two relatively less-cytotoxic compounds, i.e. 3 and 6, were selected for 

further investigation using the broth dilution method (Table 7).  The results suggest both 3 and 

6 have limited anti-bacterial activity on Gram negative bacteria.  However, 3 demonstrated 

potent anti-bacterial effect against two Gram positive bacteria, namely, Enterococcus faecalis 

and Staphylococcus epidermidis.  Against these bacteria, the activity of 3 was comparable to 

that exhibited by chloramphenicol. 
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Table 6 

Anti-bacterial activity of 1-7, precursors S1-S7 and H2L screened using the disc diffusion 

method and interpreted by the zone of inhibition (mm).a  Standard anti-biotics, tetracycline 

(Tet) and chloramphenicol (Chlo), were also included in the study.  Discs containing 30 µg of 

compound/standard/antibiotics were used. 

Bacterial Species 1 S1 2 S2 3 S3 4 S4 5 S5 6 S6 7 S7 H2L Tet Chlo 

Gram-positive bacteria                  

B. cereus  - 11 - 14 - 15 - 10 - 10 - 8 - 7 - 20 27 

B. subtilis  - 19 - 20 - 18 - 14 - 11 - 10 - 7 - 30 30 

E. faecalis  - - - 16 - 16 - 12 - 12 - 10 - 8 - 32 30 

E. faecium  - - - 12 - 14 - 12 - 10 - 8 - 8 - 27 26 

S. aureus (MRSA)  - - - 15 - 18 - 10 - 10 - 10 - 8 - 26 24 

S. epidermidis  - 16 8 21 - 20 - 14 - 11 - 11 - 8 - 32 32 

S. saprophyticus  - 15 - 18 - 18 - 12 - 12 - 10 - 8 - 36 32 

                  
Gram-negative bacteria                  
A. baumannii  - - - 8 - 8 - - - - - - - - - 26 - 

A. hydrophila  - - - 10 - 12 - - - 8 - - - - - 26 32 

C. freundii  - - - 13 - 10 - - - - - - - - - 24 27 

E. aerogenes - - - 8 - - - - - - - - - - - 20 22 

E. cloacae  - - - 8 - - - - - - - - - - - 20 26 

E. coli ATCC 11775 - 10 - 9 - 8 - - - - - - - - - 22 25 

E. coli K1 - - - 9 - 8 - - - - - - - - - 24 26 

K. pneumoniae  - 12 - 16 - 12 - - - - - - - - - 26 32 

K. quasipneumoniae  - 10 - 8 - 8 - - - - - - - - - 26 30 

P. aeruginosa - 12 - - - - - - - - - - - - - - - 

P. vulgaris  - - - 12 - 9 - - - 8 - - - - - 13 21 

S. enterica  - - - 10 - 8 - - - - - - - - - 21 24 

S. flexneri  - - - 16 - 12 - - - - - - - - - 30 34 

S. maltophilia  - - - 13 - 7 - - - - - - - - - 21 29 

a The smallest zone of inhibition (mm) is recorded in this Table as determined in three 

independent studies. 
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Table 7 

MIC (μg/mL) and MBC (μg/mL) of 3, 6, tetracycline and chloramphenicol against 21 clinically 

important bacterial pathogensa, b, c 

Bacterial Species 3 6 tetracycline chloramphenicol 

  MIC MBC MIC MBC MIC MBC MIC MBC 

Gram Positive         
B. cereus  12.5 >25 >25 > 25 3.125 12.5 3.125 > 50 

B. subtilis >25 >25 >25 >25 ≤ 0.39 12.5 3.125 >50 

E. faecalis  6.25 > 25 >25 >25 ≤ 0.39 3.125 3.125 25 

E. faecium >25 >25 >25 >25 0.78 50 6.25 >50 
S. aureus 
(MRSA) > 25 >25 > 25 >25 ≤ 0.39 12.5 12.5 50 

S. epidermidis 3.125 >25 12.5 >25 ≤ 0.39 ≤ 0.39 3.125 6.25 

S. saprophyticus 25 > 25 >25 > 25 ≤ 0.39 1.56 6.25 25 

         
Gram Negative        
A. baumannii >25 >25 >25 >25 0.78 25 50 >50 

A. hydrophila >25 >25 >25 >25 ≤ 0.39 25 0.78 >50 

C. frendii >25 >25 >25 >25 1.56 50 6.25 >50 

E. aerogenes >25 >25 >25 >25 1.56 >50 12.5 >50 

E. cloacae >25 >25 >25 >25 1.56 >50 6.25 >50 
E. coli ATCC 
11775 >25 >25 >25 >25 1.56 >50 6.25 >50 

E. coli K1 >25 >25 >25 >25 0.78 >50 3.125 >50 

K. pneumoniae  >25 >25 >25 >25 0.78 25 3.125 12.5 
K. 
quasipneumoniae  >25 >25 >25 >25 1.56 >50 6.25 >50 

P. aeruginosa >25 >25 >25 >25 50 >50 >50 NA 

P. vulgaris >25 >25 >25 >25 25 >50 25 NA 

S. enterica >25 >25 >25 >25 0.78 >50 3.125 >50 

S. flexneri >25 >25 >25 >25 3.125 >50 1.56 25 

S. maltophila >25 >25 >25 >25 1.56 >50 3.125 >50 

a MIC: minimum inhibitory concentration (μg/mL); MBC: minimum bactericidal 

concentration (μg/mL) 

b the presented MIC values are the lowest inhibitory concentrations obtained from three 

independent experiments conducted in triplicate 

c NA = not available 
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4. Conclusions 

The diorganotin Schiff base compounds have distorted penta-coordinated geometries, 

as shown by the available X-ray structures and spectroscopic data.  The cytotoxic activity of 

H2L improved upon coordination, as its di-anion, to diorganotin.  The di-n-butyltin derivative 

2 emerges as a promising candidate for further anti-cancer investigations being non-toxic in 

normal human colon fibroblast cells, exhibiting the greatest potency against both human 

colorectal cancer cell lines studied, having a high safety profile (high SI) and being more potent 

compared with cisplatin.  Finally, the anti-bacterial (broth dilution method) testing shows the 

diphenyltin species 3 demonstrated potential anti-bacterial effects against two Gram positive 

bacteria, namely, E. faecalis and S. epidermidis. 

 

Declaration of Competing Interest 

The authors declare that they have no known competing financial interests or personal 

relationships that could have appeared to influence the work reported in this paper. 

 

Acknowledgements 

The authors gratefully acknowledge Sunway University Sdn Bhd (Grants GRTIN-IRG-

01-2021 and GRTIN-IRG-08-2021) for support of this research.  The authors are also grateful 

to the University of Malaya for financial assistance (Grant: RP017B-14AFR) and the Ministry 

of Higher Education of Malaysia (MOHE) Fundamental Research Grant Scheme (FRGS; 

Grant: FP033-2014B) for supporting this research. 

 

Abbreviations 

A. baumannii Acinetobacter baumannii 

A. hydrophila Aeromonas hydrophila 
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B. cereus Bacillus cereus methicillin-resistant 

B. subtilis Bacillus subtilis 

C. freundii Citrobacter freundii 

CCD-18Co normal colon fibroblast 

E. aerogenes Enterobacter aerogenes 

E. cloacae Enterobacter cloacae 

E. coli Escherichia coli 

E. coli K1 Escherichia coli clinical isolate K1 

E. faecalis Enterococcus faecalis 

E. faecium Enterococcus faecium 

EUCAST European Committee on Antimicrobial Susceptibility Testing 

HT-29 human-derived colorectal adenocarcinoma 

HCT116 colorectal carcinoma (ATCC® CCL-247™) 

K. pneumoniae Klebsiella pneumoniae  

K. quasipneumoniae Klebsiella quasipneumoniae 

MBC Minimum Bactericidal Concentration 

MHA Mueller Hinton Agar 

MIC Minimum Inhibitory Concentration 

MTT 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-2H-tetrazolium bromide 

P. aeruginosa Pseudomonas aeruginosa 

P. vulgaris Proteus vulgaris 

PBS phosphate buffer saline 

S. aureus (MRSA) Staphylococcus aureus (Methicillin-resistant Staphylococcus aureus) 

S. enterica Salmonella enterica 

S. epidermidis Staphylococcus epidermidis 
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S. flexneri Shigella flexneri 

S. saprophyticus Staphylococcus saprophyticus 

S. maltophilia Stenotrophomonas maltophilia 

 

Appendix A. Supplementary data 

CCDC 1920543 and 1920546 contains the supplementary crystallographic data for 1 

and 3.  These data can be obtained free of charge via 

http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge Crystallographic 

Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or e-mail: 

deposit@ccdc.cam.ac.uk 

1H and 13C{1H} NMR data, thermal decomposition data and CC50 data are given in 

Tables SI1-SI4 while 1H and 13C{1H} NMR spectra, representative traces and crystallographic 

diagrams (including geometric data characterising the intermolecular contacts) are given in and 

Figures SI1-SI20.  Supplementary data to this article can be found online at 

https://doi.org/10.1016/j.poly.2022.xxxxxx. 

  

http://www.ccdc.cam.ac.uk/conts/retrieving.html
mailto:deposit@ccdc.cam.ac.uk
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