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A B S T R A C T

A series of trimethyltin(IV) carboxylates (1-7), having general formula [(CH3)3SnOOCR], where R ¼ 3-CF3C6H4-
(1), 3,4-(OCH2CH3)2 C6H3- (2), 3-FC6H4- (3), 4-ClC6H5- (4), 2,4-(OCH3)2C6H3- (5), 4-NO2C6H4- (6), 5-
CH3C4H2N2- (7) have been synthesized and are characterized by using analytical techniques like, FT-IR, 1H, 13C
and 119Sn NMR spectroscopy in addition to elemental analyses. To validate the structural motif, one of the
complex (2) was also analyzed by single crystal XRD technique. The single crystal X-ray diffraction analysis
revealed that the molecular species exist in one dimensional polymeric chain, wherein five coordinated tin is
attached to two oxygens of the carboxyl and three carbon atoms of CH3 groups, whereas the bond angles for C-Sn-
C (117.20–121.65�), C-Sn-O (87.87–98.60�) and O-Sn-O (173.75�) lie in the predictable range of distorted
trigonal bipyramidal geometry. All the synthesized complexes were also subjected to preliminary screening for
various biocidal applications such as antimicrobial, anti-diabetic, protein kinase inhibition and brine shrimp
lethality test to check their efficacy. The compound 6 exhibits very good antibacterial activity having MIC value
6.25 μg/mL against K. pneumoniae, whereas antidiabetic and protein kinase inhibition data revealed that 1 and 2
may serve as good to moderately effective inhibitors, respectively.
1. Introduction

The organotin(IV) carboxylates have wide spectrum efficacy owing to
its potential use in agricultural [1], industrial [2], synthetic [3] and
biological [4] fields. They also find applications as heat stabilizer, PVC
stabilizers and biocides [5, 6]. The biological effectiveness of these
compounds may be further supported by structure to activity (SAR)
correlation which is mainly dealt by their structural features. Organo-
tin(IV) complexes have got particular interest due to their antibacterial
[7], antifungal [8], antiviral [9] and antitumor activity [10], as several
studies confirmed that organometallic compounds having O and N
groups are specifically involved in antitumor activity. In general, anti-
microbial activities of organotin complexes are related to the number and
nature of R and to a lesser extent on L- (anionic) groups, the order of
activity may be depicted in that way; R3SnL > R2SnL2 > RSnL3. The
structural aspects of organotin(IV) carboxylates mainly reveal single
organic moieties, most of which are 1D chain and 2D plane structures,
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however evidences regarding mixed ligand complexes are also obtained
that may yield polymeric species [11, 12].

The biological efficacy of organotin(IV) complexes is mainly affected
by the nature, number of donor ligands, coordination number and their
chemical structures [13]. Eight bacterial and fungal pathogenic strains
were selected to check the antimicrobial potential of the synthesized
complexes. Selection of these strains was made on the basis of various
ailments, they caused, in living organisms (humans and plants) i.e.
S. aureus (Food poisoning, sinusitis, skin infection), B. subtilus (food
pathogen), K. pneumonia (infect lungs, liver and bladder), E. coli (intes-
tinal infections), A. niger (black mold), A.flavus (aflatoxin & carcinogen
contamination), A. fumigatus (bronchopulmonary aspergilosis) and
Mucor (Mucormycosis).

Diabetes mellitus is multifaceted and progressive metabolic disorder
which is characterized by hyperglycemia i.e. blood containing high level
of glucose sugar over a long period of time due to lack of insulin that may
lead to micro and macro-vascular complications which are difficult to
manage. The major hallmark in the cure of this disease is the
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management of blood glucose level. Where alpha amylase is a prominent
enzyme found in human saliva and pancreatic juice that catalyzes large
insoluble molecules of starch into small counterparts of absorbable in
nature. An effective means of lowering the level of postprandial hyper-
glycemia is offered by alpha amylase inhibitors [14]. It has been
observed that least attention has been paid to investigate the antidiabetic
potential of organotin(IV) compounds, and a few of them have been re-
ported in literature having effective role as alpha amylase inhibitors [15,
16]. Protein kinase inhibitors are the prominent class that are intensively
encouraged as anticancer therapeutics. Protein kinase inhibition is a
preliminary assay to speculate the antitumor activity of synthesized
compounds. To date, nearly eighty small kinase inhibitors have been
developed that are at some stage of clinical appraisal. Protein kinases are
generally responsible for adding up a phosphate group to protein in a
process called phosphorylation. Kinase phosphorylation is usually
correlated with number of ailments such as cardiovascular disorder,
cancer and various inflammatory diseases. Eventually protein kinases are
accountable to block the aerial hyphae formation of Streptomyces species,
and thus may be hypothesized to inhibit the proliferation of cancer cells.
The organotin(IV) compounds are also being explored in this domain as a
chemo preventive measure as few reports manifested [17, 18].

In continuation to our preceding work [19, 20, 21, 22, 23], we report
herein the synthetic route, characterization and a few important biocidal
activities of these organotin derivatives (1-7) to further unravel their
structural and biological aspects. Keeping in view the medicinal impor-
tance of carboxylic acids, they are complexed with the triorganotin(IV)
moiety for exploring their biological significance [24, 25]. The results
obtained here are quite promising ones and the facts showed that they
could furnish a key scaffold for enhanced antimicrobial activity, but
structural alterations/modifications should be the prerequisites in
determining their therapeutic potential for future drug discovery
processes.

2. Experimental

2.1. Materials and methods

The commercially available chemicals; trimethyltin(IV) chloride, 3-
(trifuoromethyl)benzoic acid, 3,4-diethoxybenzoic acid, 3-fluorobenzoic
acid, 4-chlorobenzoic acid, 2,4-dimethoxybenzoic acid, 4-nitrobenzoic
acid and 5-methylpyrazine-2-carboxylic acid were used as received. All
the solvents used were of analytical grade and dried by reported pro-
cedures [26]. The electro thermal melting point apparatus (model MP-D
Mitamura Riken Kogyo Japan) was used in order to determine melting
points of the synthesized compounds. The IR spectra were recorded on
KBr discs, using Bio-Rad Excalibur (model FTS 3000 MX). The multinu-
clear (1H, 13C, 119Sn) NMR spectrum were documented on Bruker
Advance Digital 300 MHz FT-NMR spectrometer in deuterated CDCl3 as
solvent relative to tetramethyl silane (TMS) as internal reference. The
single crystal XRD analysis was performed on Kappa APEXII CCD
(Bruker) diffractometer equipped with graphite monochromatic radia-
tion [27]. The single crystal X-ray structure of (2) was completed at
296(2) K by mounting a crystal of suitable size on thin glass fiber, where
structures was solved using ShelXT structure solution program using
Direct Methods and structural refinement was done with
'SHELXL-2018/30 refinement package using Least squares minimization
[28]. The disordered C-atoms were treated as having similar thermal
parameters. The H-atoms were positioned geometrically with C-H bond
distance and refined as riding. The methyl group was allowed to rotate,
but not to tip, to best fit the electron density. The constraint Uiso (H) ¼
1.2Ueq (C) or 1.5Ueq (methyl C) was applied.

2.2. Synthesis

The target compounds were synthesized by using a reported pro-
cedure with slight modifications [22]. To get the respective product, the
2

substituted benzoic acids were stirred in the presence of triethyl amine
for one hour under argon at room temperature in dry toluene. The tri-
methyltin(IV) chloride was, then, added into it and stirred for another
3–4 h under reflux conditions. The corresponding triethylammonium
chloride salt was filtered off as a byproduct and filtrate could evaporate at
room temperature to obtain the crude products (Scheme 1). The raw
compounds were recrystallized by dissolving them in a minimum quan-
tity of chloroform and then added slight in excess of acetone to yield
(1-7) as pure products. However suitable crystals for (2) could only be
obtained for single crystal XRD analysis.

2.2.1. Trimethylstannyl-3-(trifluoromethyl) benzoate (1)
Quantities used were; 3-(trifluoromethyl)benzoic acid (0.19 g, 1

mmol), triethylamine (0.14 mL, 1 mmol), trimethyltin chloride (0.19 g, 1
mmol), yield: 81%, crystalline solid, m.p: 128–130 �C, Anal. Calcd. for
C11H13O2F3Sn (352.92 g/mol), C, 37.44, H, 3.71%, Found, C, 37.46, H,
3.69 %; FT-IR (KBr, ν, cm�1) C-Haromatic (2994), C-Haliphatic (2921),
COOasym (1573), COOsym (1375), Δν (198), C-F (1279), Sn-C (547), Sn-O
(452); 1H NMR (300 MHz, CDCl3, δ(ppm), J(Hz)) 8.34 (s, 1H, Ar-Ha),
8.26–8.23 (d, 1H, J ¼ 7.8 Hz, Ar- Hd), 7.79–7.76 (d, 1H, J ¼ 7.8 Hz, Ar-
Hb), 7.58–7.53 (t, 1H, J ¼ 7.8 Hz, Ar-Hc), 0.78–0.58 (s, 9H, -CH3, 2J [119/
117Sn-1H¼ 58.2 Hz, 55.8 Hz]); 13C NMR (75 MHz, CDCl3, δ(ppm), J(Hz))
170.3 (C¼O), 133.5 (Ar-C6), 132.8 (C3-CF3), 128.7 (C-COO), 128.6 (Ar-
C4), 128.5 (Ar-C2), 125.6 (-CF3), 0.41- -4.84 (1J [119/117Sn-13C ¼ 393.7
and 376.5 Hz]), 119Sn NMR (DMSO, δ (ppm)) -138.84.

2.2.2. Trimethylstannyl-3,4-diethoxybenzoate (2)
Quantities used were 3,4-Diethoxybenzoic acid (0.21 g, 1 mmol),

triethylamine (0.14 mL, 1 mmol), trimethyltin chloride (0.19 g, 1 mmol),
yield: 85 %, crystalline solid, m.p: 132–134 �C, Anal. Calcd. for
C14H22O4Sn (373.04 g/mol), C, 45.08, H, 5.94 %, Found, C, 45.07, H,
5.92 %; FT-IR (KBr, ν, cm�1) C-Haromatic (2978), C-Haliphatic (2925),
COOasym (1547), COOsym (1372), Δν (175), Sn-C (551), Sn-O (469); 1H
NMR (300 MHz, CDCl3, δ(ppm), J(Hz)) 7.68–7.65 (d, 1H, J ¼ 8.4 Hz, Ar-
Ha), 7.58 (s, 1H, Ar-Hc), 6.88–6.85 (d, 1H, J ¼ 8.4 Hz, Ar- Hb), 4.18–4.11
(q, 2H, J ¼ 6.9 Hz, -CH2), 1.50–1.44 (t, 3H, J ¼ 6.9 Hz, CH3), 0.63–0.53
(s, 9H, -CH3, 2J [119/117Sn-1H ¼ 58.2 Hz, 56.1 Hz]); 13C NMR (75 MHz,
CDCl3, δ(ppm), J(Hz)) 171.7 (C¼O), 152.2 (C3-OEt), 147.8 (C4-OEt),
123.9 (C-COO), 123.8 (Ar-C6), 114.3 (Ar-C2), 111.4 (Ar-C5), 64.4 (-CH2),
14.7 (-CH3), 0.43- -4.85 (1J [119/117Sn-13C ¼ 378 and 396 Hz]), 119Sn
NMR (DMSO, δ (ppm)) -138.96.

2.2.3. Trimethylstannyl-3-fluorobenzoate (3)
Quantities used were 3-fluorobenzoic acid (0.14 g, 1 mmol), trie-

thylamine (0.14 mL, 1 mmol), trimethyltin chloride (0.19 g, 1 mmol),
yield: 78 %, crystalline solid, m.p: 112–115 �C, Anal. Calcd. for
C10H13O2FSn (302.92 g/mol), C, 39.65, H, 4.33 %, Found, C, 39.66, H,
4.30 %; FT-IR (KBr, ν, cm�1) C-Haromatic (2998), C-Haliphatic (2915),
COOasym (1558), COOsym (1355), Δν (175), C-F (1255), Sn-C (551), Sn-O
(471); 1H NMR (300 MHz, CDCl3, δ(ppm), J(Hz)) 7.87–7.84 (d, 1H, J ¼
7.2 Hz, Ar- Ha), 7.76–7.73 (d, 1H, J¼ 9.0 Hz, Ar-Hc), 7.28 (s, 1H, Ar-Hd),
7.24–7.18 (t, 1H, J ¼ 8.1 Hz, Ar-Hb), 0.75–0.56 (s, 9H, -CH3, 2J [119/
117Sn-1H ¼ 58.8 Hz, 56.4 Hz]); 13C NMR (75MHz, CDCl3, δ(ppm), J(Hz))
171.6 (C¼O), 164.1 (C3-F), 129.7 (C-COO) 125.7 (Ar-C5), 119.2 (Ar-C6),
117.0 (Ar-C4), 0.59- -4.72 (1J [119/117Sn-13C ¼ 375 and 398.5 Hz]).

2.2.4. Trimethylstannyl-4-chlorobenzoate (4)
Quantities used were 4-chlorobenzoic acid (0.15 g, 1 mmol), trie-

thylamine (0.14 mL, 1 mmol), trimethyltin chloride (0.19 g, 1 mmol),
yield: 85 %, crystalline solid, m.p: 129–131 �C, Anal. Calcd. for
C10H13O2ClSn (319.37 g/mol), C, 37.61, H, 4.10 %, Found, C, 37.63, H,
4.15 %; FT-IR (KBr, ν, cm�1) C-Haromatic (2990), C-Haliphatic (2918),
COOasym (1592), COOsym (1376), Δν (216), C-Cl (766), Sn-C (551), Sn-O
(471); 1H NMR (300 MHz, CDCl3, δ(ppm), J(Hz)) 8.01–7.98 (d, 2H, J ¼
8.4 Hz, Ar- Ha, a’), 7.40–7.37 (d, 2H, J¼ 8.4 Hz, Ar-Hb, b), 7.28 (s, 1H, Ar-
Hd), 0.75–0.56 (s, 9H, -CH3, 2J [119/117Sn-1H ¼ 58.5 Hz, 56.1 Hz]); 13C
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NMR (75MHz, CDCl3, δ(ppm), J(Hz)) 171.2 (C¼O), 138.4 (C4-Cl), 131.5
(Ar-C2, 6), 130.4 (C-COO), 128.3 (Ar-C3, 5), 0.6- -4.5 (1J [119/117Sn-13C ¼
393 and 376 Hz]).

2.2.5. Trimethylstannyl-2,4-dimethoxybenzoate (5)
Quantities used were 3,4-Dimethoxybenzoic acid (0.18 g, 1 mmol),

triethylamine (0.14 mL, 1 mmol), trimethyltin chloride (0.19 g, 1 mmol),
yield: 90 %, crystalline solid, m.p:168 ¼ 170 �C, Anal. Calcd. for
C12H18O4Sn (344.98 g/mol), C, 41.78, H, 5.26 %, Found, C, 41.80, H,
5.27 %; FT-IR (KBr, ν, cm�1) C-Haromatic (2998), C-Haliphatic (2934),
COOasym (1610), COOsym (1403), Δν (207), Sn-C (549), Sn-O (440); 1H
NMR (300 MHz, CDCl3, δ(ppm), J(Hz)) 8.02–7.99 (d, 1H, J ¼ 9.0 Hz, Ar-
Ha), 6.50–6.47 (d, 1H, J ¼ 7.5 Hz, Ar- Hb), 6.51 (s, 1H, Ar-Hc), 3.91 (s,
6H, -OCH3), 0.72–0.52 (s, 9H, -CH3, 2J [119/117Sn-1H ¼ 58.2 Hz, 55.8
Hz]); 13C NMR (75 MHz, CDCl3, δ(ppm), J(Hz)) 164.0 (C¼O), 161.4 (C4-
OMe), 135.1 (C2-OMe), 112.9 (Ar-C3), 104.3 (C-COO), 98.8 (Ar-C5), 55.4
(O-CH3), 0.60- -4.65 (1J [119/117Sn-13C ¼ 387 and 377 Hz]), 119Sn NMR
(DMSO, δ (ppm)) -127.46 ppm.

2.2.6. Trimethylstannyl-4-nitrobenzoate (6)
Quantities used were 4-nitrobenzoic acid (0.16 g, 1 mmol), triethyl-

amine (0.14 mL, 1 mmol), trimethyltin chloride (0.19 g, 1 mmol), yield:
82 %, crystalline solid, m.p: 157–159 �C, Anal. Calcd. for C10H13NO4Sn
(329.92 g/mol), C, 36.40, H, 3.97, N, 4.25%, Found, C, 36.42, H, 4.23, N,
4.23 %; FT-IR (KBr, ν, cm�1) C-Haromatic (3110), C-Haliphatic (2915),
COOasym (1518), COOsym (1345), Δν (173), Sn-C (550), Sn-O (440); 1H
NMR (300 MHz, CDCl3, δ(ppm), J(Hz)) 8.27–8.18 (m, 4H, Ar- Ha, b, a’, b),
0.78–0.59 (s, 9H, -CH3, 2J [119/117Sn-1H ¼ 58.5 Hz, 56.4 Hz]); 13C NMR
(75MHz, CDCl3, δ(ppm), J(Hz)) 169.4 (C¼O), 149.8 (C4-NO2), 138.6 (C-
COO), 130.9 (Ar-C2, 6), 123.2 (Ar-C3, 5), 0.5- -4.7 (1J [119/117Sn-13C ¼
395 Hz and 378 Hz]).

2.2.7. Trimethylstannyl-5-methylpyrazine-2-carboxylate (7)
Quantities used were 5-methylpyrazine-2-carboxylic acid (0.13 g, 1

mmol), triethylamine (0.14 mL, 1 mmol), trimethyltin chloride (0.19 g, 1
mmol), yield: 85 %, amorphous solid, m.p: 132–134 �C, Anal. Calcd. for
C9H14O2N2Sn (300.93 g/mol), C, 39.92, H, 4.69, N, 9.31 %, Found, C,
39.91, H, 4.71, N, 9.35 %; FT-IR (KBr, ν, cm�1) C-Haromatic (3066), C-
Haliphatic (2927), COOasym (1616), COOsym (1380), Δν (236), Sn-C (547),
Sn-O (468); 1H NMR (300 MHz, CDCl3, δ(ppm), J(Hz)) 9.28 (s, 1H, Ar-
Ha), 8.56 (s, 1H, Ar-Hd), 2.67 (s, 3H, -CH3),` 0.91–0.56 (s, 9H, -CH3, 2J
[119/117Sn-1H¼ 63 Hz]); 13C NMR (75MHz, CDCl3, δ(ppm), J(Hz)) 162.0
(C¼O), 157.1 (C5-CH3), 145.7 (Ar-C3), 143.1 (Ar-C6), 140.6 (C-COO),
21.8 (-CH3), 3.06- -2.77 (1J [119/117Sn-13C ¼ 447 and 427 Hz]).

2.3. Biocidal applications

2.3.1. Antibacterial activity
To evaluate the antibacterial activity for 1-7, broth dilution technique

was used [29], where bacterial cultures of K. pneumoniae (ATCC-1705),
S. aureus (ATCC-6538), E. coli (ATCC-25922) and B. subtilis (ATCC-6633)
with pre-adjusted turbidity were used in inoculum of nutrient broth to
ascertain their minimum inhibitory concentration (MIC). Inoculum was
prepared by suspending 8 g of nutrient broth in one liter distilled water,
which was heated with constant agitation and boiled until complete
dissolution and sterilized in autoclave at 121 �C. Dilute the above cul-
tures with nutrient broth using 10-fold dilution (1:10 mL) i.e. 1 mL test
culture in 9 ml nutrient broth. The bacterial cultures were adjusted for
their turbidity to estimate the concentration in the media. The bacterial
cultures were read at the wavelength of 600 nm and their absorbance was
set between 0.08 to 0.1. If the absorbance was greater than 0.1, it was
diluted with the growth medium to achieve desired concentration. The
absorbance >0.082 or < than 0.1 suggested the cell density of 5*108

CFU/mL. Each tested compound (5 μL from 10 mg/mL DMSO), standard
drug (cefixime monohydrate and roxithromycin, 5 μL from 4 mg/mL in
DMSO) and negative control (5 μL DMSO) were loaded in 96 well plate
3

along with the addition of 195 μL of fresh bacterial inoculum in each well
to have final test concentration of 50 μg/mL). All the 96 well plates were
incubated for two hours at 37 �C and start taking reading exponentially
with the help of micro plate reader at 630 nm. After the incubation of 24
h growth was monitored spectrophotometrically and compounds with
clear wells were further taken into an account for determiningMIC at two
fold dilutions i.e. 50, 25, 12.5, 6.25 μg/mL. The MIC of synthesized
complexes 1-7 were determine both visually as well as spectrophoto-
metrically at 630 nm, the absorbance was measured both at 0 h and later
after incubation of 24 h. The obtained results were subtracted and
compared with positive and negative control.

2.3.2. Antifungal activity
Antifungal activity was explored using agar well disc diffusion

method [30]. The spores of the fungal strains, namely Mucor species
(FCBP-0300), A. flavus (FCBP-0064) A. fumigatus (FCBP-66), and A. niger
(FCBP-0198) were suspended in Tween 20 solution (0.02%). The fungal
cultures were adjusted for their turbidity to estimate the concentration in
the media. The cultures were read at the wavelength of 600 nm and their
absorbance was set between 0.08 to 0.1. If the absorbance was greater
than 0.1, it was diluted with the growth medium to achieve desired
concentration. The absorbance >0.082 or < than 0.1 suggested the cell
density of 5*108 CFU/mL. Then 100 μL of each strain was swabbed on
each agar plates which was prepared by pouring Sabouraud dextrose agar
on pre sterilized glass plates. The filter paper discs soaked with 5 μL of
tested compound (10 mg/mL in DMSO), DMSO (as negative control) and
clotrimazole (as positive standard, 4 mg/mL DMSO) were also placed on
the dextrose agar plates. The average diameter (mm) of zone of inhibition
were quantified and documented after an incubation period of 24–48 h at
28 �C. Active samples were tested for MIC at low concentration by two
folds i-e 50, 25, 12.5, 6.25, 3.125 μg/mL. These plates were incubated for
24 h at 37 �C and the growth was examined visually. Here zone of in-
hibition values greater than or equal to 12 mm is considered active and
minimum inhibitory concentration was decided on this basis.

2.3.3. Alpha amylase inhibition assay
Antidiabetic potential of trimethyltin derivatives (1-7)was quantified

using alpha amylase inhibition activity utilizing standard protocol with
trivial changes [31]. The mixture having 15 μL phosphate buffer with
preadjusted at pH of 6.8, 25 μL of amylase enzyme (0.14 U/ml), 10 μL of
synthesized compound 1-7 (1mg/mL in DMSO) and 40 μL starch solution
(2 mg/ml) was incubated at 50 �C for 30 min in 96 well plate, that was
followed by the addition of 20 μL of HCl (1 M) in order to stop the re-
action. About 90 μL of iodine solution (5 mM iodine and 5 mM potassium
iodide in phosphate buffer solution) was inserted in each well. Blank was
also made using DMSO and the phosphate buffer, whereas DMSO was
used as negative control, that was prepared by adding DMSO in place of
the trimethylstannyl(IV) carboxylates (1-7). Acarbose was used as posi-
tive control in this assay. The absorbance of reaction mixture was eval-
uated at 540 nm. The potential activity of the synthesized compounds
were quantified as % age α-amylase inhibition.

2.3.4. Protein kinase inhibition assay
Protein kinase inhibition assay was performed by utilizing isolates of

purified Streptomyces 85E bacterial strain. The culture was refreshed in
tryptone soy broth for 24 h at 30 �C. The bacterial culture was swabbed
on petri plates containing ISP4 media under sterilized condition. The
sterile filter paper discs were loaded with 100 μg/mL of the synthesized
compounds (in DMSO) and placed on the media seeded with Strepto-
myces 85E. Surfactin (5 μL of 4 mg/mL) and DMSO impregnated discs
were used as positive and negative controls respectively. These plates
were incubated at 30 �C for 72 h (time required for hyphae formation in
Streptomyces 85E) and results were visually interpreted as clear and bald
zones of inhibition (mm) [32].



Table 1. θ (�), [2J 119Sn-1H] and [1J 119Sn-13C] values for (1-7).

Compounds θ (�) [2J 119Sn-1H] (Hz) [1J 119Sn-13C] (Hz)

Actual 1J Theoretical 1J

1 111.11 58.2 394 391.5

2 111.11 58.2 396 391.6

3 111.44 58.8 398 395.5

4 111.27 58.5 393 393.5

5 111.11 58.2 387 391.6

6 111.27 58.5 395 393.5

7 114.14 63.0 427 426.1

Table 2. Crystallographic data and refinement details* for (2).

Identification Codes 2

CCDC # 1968935

Empirical formula C14H22O4Sn

Formula weight 373.00

Temperature/K 296

Crystal system Monoclinic

Space group P21/c

a/Å 14.408(2)

b/Å 9.7669(12)

c/Å 12.6795(18)
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2.3.5. Brine shrimp lethality assay (cytotoxicity)
Cytotoxicity assay was done according to the standard protocol with

slight changes [30]. Firstly, the eggs of Artemia salina (Ocean 90, USA)
were incubated in simulated sea water that was presaturatedwith oxygen
(38 g/l supplemented with 6 mg/L dried yeast) for 24 h at 30 �C. A
specifically designed tank having two separate compartments was used
having perforated partition. In one compartment eggs was placed in sea
water solution and other compartment was covered with foil and kept
under constant illumination (the hatched nauplii travelled prototropi-
cally to the other compartment through the pores). The nauplii were
transferred to a small beaker with Pasteur pipette, which was then used
to harvest them separately. About 10 shrimp larvae were transferred to
the 96 well plate from beaker having the test samples (1-7) in serial di-
lutions. The volume of each well was made up with sea water in such a
way that concentration of DMSO remains <1%. The compounds were
tested for brine shrimp lethality assay at two-fold concentrations that
range 200–25 μg/mL, where, doxorubicin (in 4 mg/mL DMSO) served as
positive. After 24 h, the degree of lethality for each compounds were
quantified by considering the number of alive larvae. The median LD50 of
the synthesized compounds with �50% mortality was considered using
table curve 2D v 5.01 software.

3. Result and discussion

3.1. Chemistry

The salt metathesis technique was employed here in order to prepare
the compounds (1-7) by stoichiometric reaction of trimethyltin chloride
and the respective carboxylic acid in the presence of a base as detailed in
Scheme 1. The synthesized compounds are stable species and were
characterized by FT-IR, multi nuclear (1H, 13C, 119Sn) NMR spectroscopy
and complete data are given in the experimental section.
α/� 90

β/� 115.107(5)

γ/� 90

Volume/Å3 1615.6(4)

Z 4

μ/mm�1 1.59

2θ range for data collection 2.605�
–27.0�

Crystal size/mm3 0.42 � 0.38 � 0.20

Radiation MoKα (λ ¼ 0.71073)

Rint 0.037

Goodness of Fit 1.039

Index ranges -18 � h � 17, -7 � k � 12, -11 � l � 16

R[F2 > 2σ(F2)], wR(F2) 0.0262, 0.0702

No. of reflections 3505

No. of parameters 197

No. of restraints 64

H-atom treatment H-atom parameters constrained

Δρmax, Δρmin (e Å�3) 0.48�0.46

*Symmetry codes: (i) �xþ1, y�1/2, �zþ3/2; (ii) �xþ1, yþ1/2, �zþ3/2.
3.2. FT-IR data

The metal to ligand binding mode and the presence of certain func-
tionalities in compounds (1-7) could be investigated by vibrational
spectroscopy. The IR absorption band for νOH which is present around
3200-3400 cm�1 in the ligand but its absence in the synthesized com-
plexes indicate the deprotonation of carboxylic acid and its successful
coordination with the trimethyltin group. Furthermore, lowering of
symmetric and asymmetric stretching band of carboxylate moiety also
indicates its successful binding with the metal center. The characteristic
IR stretching frequencies for certain functionality, present in the com-
pounds, are in ranges; 2978-3110, 2995-2915, 539-551 and 440-471
cm�1 for (C-Haromatic), (C-Haliphatic), (Sn-C) and (Sn-O) respectively.

The carbonyl stretching frequencies for (COOasy), and (COOsy),
appear around 1518-1616 and 1345-1403 cm�1 respectively. The bind-
ing mode of the carboxylate moiety with the organotin moiety can easily
be anticipated by taking the difference between asymmetric and sym-
metric stretching bands, [Δν ¼ ν (COOasy) - ν(COOsy)] as earlier reports
dictated [33]. It has been observed that upon binding with the organotin
4

moiety, the value of ν(COOasy) decreases and corresponding ν(COOsy)
increases, leading to a significant decrease in Δν. Here the values are
greater or equal to 200 cm�1 indicating its monodentate mode of coor-
dination for these compounds in solid phase [34].The FT-IR results
showed closeness with the data obtained by single crystal XRD analysis as
for 2. TheΔν value can also be theoretically calculated by using XRD data
with the help of following equation [35],

Δν ¼ 1818.1 δr þ 16.47 (θcoo – 120) þ 66.8

Where θ is the angle between O1-C1-O2 and δr is the difference between
C1-O1 and C1-O2 bond lengths. The actual and theoretical values of Δν for
2 are 175 and 166 cm�1 respectively and are in close agreement with
each other. The data further support the unidentate bridging mode of
chelation for the carboxylate moiety present in the synthesized products.
3.3. NMR data

The chemical nature of (1-7) were further confirmed by multinuclear
(1H,13C and 119Sn) NMR spectroscopy. The coupling constant and inte-
gration values explicitly determined the magnetically non-equivalent
protons present in the trimethyltin(IV) carboxylates. The 1H NMR data
revealed that deprotonation of -COOH functionality occur as the reso-
nance peak at about 11 ppm is missing in the final products, which verify
the link of carboxylate to the organotin moiety. The resonance peak for
aliphatic -CH2 and -CH3 protons appear within range 4.18–4.11 and
1.50–1.44 ppm respectively, while resonances for aromatic protons
appear at their usual region (8.32–6.51 ppm). The signal for Sn-CH3
protons appear in range 0.91–0.52 ppm with coupling constant [2J
119Sn-1H] values in range 63–56 Hz confirming the coordination number
four with tetrahedral geometry (in solution) whereas single crystal XRD
data for (2) manifest five coordinated tin in the solid state as the XRD.



Figure 1. ORTEP diagram of asymmetric unit for 2.

Figure 2. The partial packing diagram for 2 showing the polymeric chains and
the both parts of the disordered ethyl group.
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The θ values for all the synthesized compounds, as determined from the J
-values, fall in range 114–111� (Table1) that justified the tetrahedral
environment for the molecular species in solution phase. The θ value can
be calculated by using following equation [36];

θ ¼ 0.0161 [2J]2–1.32 [2J] þ 133.4

The 13C NMR data for (1-7) clearly manifest the presence of
magnetically non-equivalent carbons in their chemical structures. The
resonance for -C¼O was observed in range 171.7–162.0 ppm. The reso-
nance peaks for -CH2 and -CH3 moiety appear at 64.4 and 14.7 ppm,
respectively. The most characteristic peak for Sn-13C appears in range
0.77- -2.08 ppm with [1J 119Sn-13C] values of 387–427 Hz. The actual
values, calculated from 13C NMR spectra for [1J 119Sn-13C], are in well
agreement with the theoretically calculated values as obtained from
Lockhart-Manders equation [37, 38], which lies in between four and five
coordinated geometry as mentioned in Table 1.

[1J 119Sn-13C] ¼ 11.4 θ–875

The 119Sn NMR spectroscopy was used for the determination of co-
ordination number and geometry of synthesized trimethyltin(IV) car-
boxylates. The chemical shift values obtained for 1, 2 and 5 exist in range
-90 to -190 ppm which refers to five coordinated tin in the complexes.
The data provide a strong evidence that the geometry of the synthesized
organotins may be referred as distorted trigonal bipyramidal in solution
[39, 40].
Scheme 1. Synthetic p

5

3.4. X-ray crystallography

One of the synthesized complexes; (2) was analyzed by using single
crystal XRD technique. The ORTEP diagram with displacement ellipsoids
of heavy atoms drawn at 50 % probability level along with the partial
packing diagram showing the polymeric chains with both parts of the
disordered ethyl group are delineated as Figures 1 and 2, respectively.
The crystallographic and structural refinement data are summarized in
Table 2. The crystal system for 2 is monoclinic having space group P21/c.
The ORTEP diagram clearly suggests that the complex exists in 1D-poly-
meric chain formation, where Sn is attached to three C atoms (Sn1-C12,
Sn1-C13 and Sn1-C14) and two O atoms (Sn1-O1 and Sn1-O2i) having
bond lengths 2.112(3), 2.109(3), 2.105(3), 2.146(19) and 2.471(19) A�

respectively. The Sn1-O1bond length [2.146(19) A�], which is approxi-
mately equal to the sum of covalent radius of Sn and O (2.13 A�), which
depicts a strong metal to ligand interaction between Sn1 and O1 moiety.
The packing diagram also revealed that one of the ethoxy group at 4
position of the aromatic ring (in the ligand) is distorted whereas the
second ethoxy group at 3 position is stable. The C-atoms of ethyl group in
rocedure for (1-7).



Table 3. Antimicrobial activity data for (1-7).

Number of compounds
MIC(μg/mL)

B. subtilis S. aureus K. pneumoniae E. coli A. flavus A. niger A. fumigatus Mucor

1 - 25 - 50 12.5 12.5 12.5 50

2 50 - 12.5 50 12.5 12.5 12.5 >50

3 - 25 25 - 25 50 12.5 >50

4 - 12.5 - - 12.5 12.5 12.5 >50

5 50 25 12.5 50 12.5 50 50 >50

6 - - 6.25 - 25 25 25 >50

7 50 25 12.5 50 12.5 12.5 12.5 >50

Cefixime* 1.11 0.334 0.334 1.11 - - - -

Roxithromycin* 0.334 0.334 0.334 0.334 - - - -

Clotrimazole* - - - - 10 5 5 2.5

DMSO - - - - - - - -

* Standard drug.
- No activity.
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4-ethoxy are disordered at two set of sites with occupancy ratio 0.508(9):
0.492(9). The disordered C-atoms were treated as having a similar
anisotropic thermal ellipsoid. The bond lengths for 4-ethoxy group i.e.
C10A-O4 and C10B-O4 are 1.471(13) and 1.410(12) respectively
whereas for 3-ethoxy group bond length for C8-O3 is 1.404(4) depicting
slight distortion in that moiety. The O-C and C-C distance in the disor-
dered group was restrained to 1.42 and 1.50 Å, respectively in the
refinement. The bond angles for O3-C8-C9, O4-C10A-C11A and O4-
C10B-C11B are 108.9(3), 107.7(10) and 107.4(9) also demonstrate
insignificant amount of distortion (around 1.5�) in 4-ethoxy group as
compare to stable 3-ethoxy moiety [41, 42].

The structural parameter, tau (τ), indicates geometry of the coordi-
nation center and here the data demonstrate the existence of 5-coordi-
nated tin center with trigonal bipyramidal molecular shape for the
synthesized compounds in solid phase. The tau is defined as τ¼ (β-α)/60;
where β ¼ first largest basal angle around Sn(IV) center, α ¼ second
largest angle around coordination sphere, and its value lies between 0-1 [
that is, the value for regular square pyramidal is around zero while a
regular trigonal bipyramidal geometry may have the value around one]
as the literature described [43]. The tau parameter for (2)was calculated
and found to be 0.82, which is close to one which confirmed its molecular
geometry as distorted trigonal bipyramidal. The bond angles for C-Sn-C
(117.20–121.65�), C-Sn-O (87.87–98.60�) and O-Sn-O (173.75�) lie in
Table 4. Antidiabetic, Protein kinase inhibition & Cytotoxicity data for (1-7) with LD

Number of compounds
Antidiabetic assay Protein kinase inhibition assay

%age inhibition (100 μg/mL) Zones (100 μg/disc)

Clear zone (mm) Bald zone (m

1 51.81 12 -

2 10.39 15 20

3 25.99 20 -

4 12.39 15 -

5 10.39 15 -

6 6.77 - 15

7 9.93 15 18

Acarbose* 69.29

Surfactin* - 30

Doxorubicin*

DMSO - - -

* Standard drug.
- No activity.
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the predictable range of five coordinated distorted trigonal bipyramidal
geometry [12, 44].
3.5. Biocidal applications

3.5.1. Antimicrobial data
All the synthesized trimethyltin(IV) derivatives (1-7)were exposed to

four bacterial (Bacillus subtilis, Staphylococcus aureus, Klebsiella pneumo-
niae and Escherichia coli) and four fungal strains (Aspergillus niger,
Aspergillus flavus, Aspergillus fumigatus and Mucor) for exploring their
possible anti-microbial properties. The data, as MIC (μg/mL) values, for
antibacterial and antifungal activities are reported in Table 3 The com-
pounds 2, 4, 6 and 7 show significant MIC value of 12.5 μg/mL against
S. aureus, K. pneumoniae, A.flavus, A. niger and A. fumigatus. The most
exceptional inhibition of 6.25 μg/mL was observed for 6 against
K. pneumoniae.

The results of the present study can be explained in light of Tweedy's
theory of chelation [45]. The enhanced activity of trimethylstannyl(IV)
carboxylates is attributed to the chelation of tin metal ion. The hydro-
phobicity for the synthesized products has been enhanced by the pres-
ence of three donor methyl groups, which qualifies to the partial sharing
of electropositive tin metal with the orbitals of carboxylate moiety and
increase the π electron delocalization over the chelate ring. This suc-
cessive enhancement of lipophilicity promotes the penetration of the
50 values.

Cytotoxicity (BSLA)

%age Mortality LD50 (μg/mL)

m) 200 (μg/mL) 100 (μg/mL) 50 (μg/mL) 25 (μg/mL)

100 100 100 100 0.22

100 100 90 80 10.83

100 100 90 90 3.39

100 100 100 90 23.24

100 100 100 90 23.24

100 100 100 90 23.24

100 100 100 90 23.24

90 80 60 30 5.93

- - - - -
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complexes into the lipid bilayer and as a consequent, blocking the active
sites present in the enzymes of the microorganism. The obtained results
are substantial in comparison to the already reported ones [13, 46],
which discovered that antibacterial and antifungal potential of these
synthesized organotin become improved when substituted carboxylic
acids were attached with trimethyltin moiety as exhibited by their MIC
values.

3.5.2. Alpha amylase inhibition data
These trimethyltin(IV) derivatives (1-7) were preliminary bioassyed

for their possible antidiabetic activity. The % age alpha amylase inhibi-
tion was documented at concentration of 100 μg/mL, using acarbose as
positive. The data suggest significant antidiabetic potential for (1)with a
value of 51.81 μg/mL, which is comparable to the reference drug (69.29
μg/mL) as mentioned in Table 4. The obtained results were compared
with the reported ones, which demonstrated that trimethylstannyl-3-
(trifluoromethyl)benzoate (1) may be explore further for its candidacy
in future drug discovery and development processes [15, 16].

3.5.3. Protein kinase inhibition data
Protein kinase inhibition assay was performed for (1-7), using agar

disc diffusion method [42], the data have been mentioned in Table 4,
wherein DMSO and surfactin were used as negative and positive control,
respectively. The absence of inhibition zone on tryptone soy broth sur-
face confirms the non-toxic nature of DMSO. A significant activity was
observed for 2 and 7 showing 20- and 18-mm bald zone of inhibition at
100 μg/mL concentration. The inhibition zone greater than or equal to 20
mm clear and bald zones has been considered as promising activity and
cytotoxic nature of the compound, respectively. The assay specifically
provides testimony about cytotoxic and anticancer nature of the trime-
thyltin(IV) derivatives (1-7). Protein kinases are involved in phosphor-
ylation of numerous eukaryotic cell, thus playing a role in
phosphorylation that may cause proliferation of the cancerous cells as
well, whereas protein kinase inhibitors block these kinases and restrict
the diseases. The data exhibit the significant activity for 2 that may serve
as a lead compound after certain structural modifications in future
studies [18].

3.5.4. Brine shrimp lethality data
The Brine shrimp lethality assay is a less expensive and robust method

for the assessment of toxic nature and to acquire toxicity appraisal among
the synthesized compounds (1-7) with reference to the reference drug.
They were tested in two-fold serial dilution (200, 100, 50 and 25 μg/mL)
to check the percentage mortality of the tested organism, Artemia salina
(Table 4). The least LD50 values were obtained for 1 and 3 as 0.22 and
3.39 μg/mL respectively depicting their high level of toxicity, whereas
compounds 4-7 are equally least toxic with LD50 value of 23.24 μg/mL.
The obtained results suggest that trimethyltin derivatives are mildly toxic
with the exception of 1 and 3 but can be further augmented in future drug
discovery processes by tailoring various substituents in their structural
motifs [18].

To develop a limited structure to activity relationship (SAR) various
substituents on different positions of phenyl ring, present in the synthe-
sized compounds (1-7), were taken into consideration. The compounds
(1, 3, 4 and 6) contain -CF3, -F, -Cl and -NO2 functionality (having
electron withdrawing effects) show MIC values of 25, 25, 12.5 μg/mL
against S. aureus and 6.25 μg/mL against K. pneumoniae respectively.
Similarly, the data for antifungal activity are also encouraging ones that
may provide guidelines to the researchers working in this field. The
preliminary screening data for alpha amylase inhibition demonstrate that
1 and 3 exhibit highest percentage inhibition of 51.81 and 25.99 μg/mL
respectively because of the presence of -CF3 and -F groups in their mol-
ecules, justifying the obtained results at 100 μg/mL disc loading. The
brine shrimp lethality assay data also exhibit that fluorinated stannyl
carboxylates (1 & 3) have the least LD50 value of 0.22 and 3.39 μg/mL,
that makes them most toxic among all the synthesized complexes. Thus
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one can infer from the presented data that a compromise has to be
maintained between activity and toxicity of such compounds so as to
make them amenable in future drug delivery system, and for that some
adjustments/alterations, like physicochemical nature of the complexing
agents, nature/length of alkyl chain of organotin moiety and hydro-
phobicity have to be taken into account.

4. Conclusions

Seven trimethyltin carboxylates (1-7) were successfully synthesized
and characterized by FT-IR, multinuclear (1H, 13C and 119Sn) NMR
spectroscopy and single crystal X-ray diffraction technique The dis-
tinguishing feature of the article is the understanding of some structural
aspects of the compounds both in solid and solution phases by calcu-
lating/corelating their various spectroscopic and XRD parameters such
as 2J (119Sn-1H) [58.2–63.0 ppm], 1J (119Sn-13C) [387-427 ppm], θ
(111.11–114.14�) and tau τ (0.82) values. The synthesized complexes
were also bio-assayed for their possible antibacterial, antifungal, anti-
diabetic (alpha amylase inhibition), protein kinase inhibition and
cytotoxicity assay and some of them show promising results. An
endeavor has been made to develop a limited structure to activity
relationship among the synthesized compounds. The data show good to
significant antibacterial and antifungal activity for some of the synthe-
sized compounds with MIC ranging 50–6.25 μg/mL, whereas complex 1
exhibit excellent % alpha amylase inhibition of 51.81 μg/mL at a con-
centration of 100 μg/mL when compared with the respective reference
drugs.
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