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ABSTRACT

Background: Natural ligands containing the carboxylate group have been broadly utilized in many coordination complexes because
of their simple manufacturing strategies, magnificent chelation properties, and biological potential. The carboxylate ligands may bind
to the metal atoms in a variety of coordination modes which include monodentate/bidentate/chelating modes and may result in the
formation of homo- and heterobimetallic complexes.

Objective: Current research is focused on synthesis, characterization, antibacterial and anti-inflammatory studies of homo- and
heteronuclear complexes with iminodiacetic acid (NA2L).

Methodology: Four homo-bimetallic MesSnLSnPhs (1), MesSnLSn(CI)Phz (2), PhsSnLSn(Cl)Mez (3) and BusSnLSn(Cl)Me: (4)
products having different organotin moieties were successfully synthesized by refluxing NA.L in toluene firstly with
MesSnCl/BusSnCI/PhsSnCl and then with PhsSnCI/Ph2SnCl2/Me2SnClz. Refluxing NAzL with tributyltin(IV) chloride in 1:2 molar ratio
for 3 hours and subsequent reaction with equimolar MCl. produced the heterobimetallic products of the general formula
BusSnLMLSnBus where M (a transition metal) = Zn, Cu, Mn and Cd for compounds 5-8, respectively. The products were characterized
by elemental analysis (CHN), FTIR, and "HNMR spectroscopy.

Result: The carboxylate donor sites of NA2L ligand act with organotin(lV) moieties in an iso-bidentate fashion. In solid state, the central
tin atom exhibits a trigonal bipyramidal configuration and hetero metal atoms (Zn, Cu, Mn, Cd) has square planer geometry. 'H NMR
spectroscopy verified the ligand-metal coordination. The coordination products 2 and 5 have shown the highest biofilm inhibitions
against Escherichia coli and Staphylococcus aureus, respectively. Complex 3 is inactive against both strains of bacteria. The anti-
inflammatory activities of the synthesized products were lowered in the following descending order: 3>4>1>2>5.

Conclusion: We have successfully synthesized four homo-binuclear complexes i.e., MesSnLSnPhs (1), MesSnLSn(Cl)Phz (2),
PhsSnLSn(Cl)Mez2 (3) and BusSnLSn(Cl)Mez (4) and four heterobimetallic products of the general formula BusSnLMLSnBus where M =
Zn, Cu, Mn and Cd for compounds 5-8, respectively. Their structural features were verified by elemental analysis, FTIR, and 'THNMR
spectroscopy. They have generally shown good antibacterial and anti-inflammatory potential.
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INTRODUCTION

Organotin (IV) products are comprised of at least one C-Sn
bond and exist as mono-/di-/tri-/tetra-organotins,
depending upon the number of alkyl/aryl groups bonded to
tin. The anion in these compounds is commonly a thiolate,
carboxylate, chloride, fluoride, oxide, hydroxide'. Recently,
organotin(IV) aldehydes have also been reported by using
4-(dimethylamino) benzaldehyde as the ligand precursorz.
Organotin(IV) compounds of numerous oxygen, sulfur and
nitrogen donor ligands have been widely reported for their
diverse applications in industrial, agricultural, and
medicinal field3. Organotin compounds are commonly
prepared on industrial scale by alkylation of SnCls with
organo-magnesium  or  -aluminum  compounds®.
Organotin(IV) compounds find applications as ion carriers
in electrochemical membrane design?®, miticides, biocides,
wood preservatives®, PVC stabilizers?, photo-stabilizers of
PVC? and as catalysts for transesterification/esterification®
and biodiesel formation'. They also display anti-
inflammatory, antimicrobial, antituberculosis!,
anticancer'?, lipoxygenase inhibitors, radical scavengers
and reducing agents's,

Carboxylate ligands have been broadly utilized to
synthesize coordination complexes because they show
broad chelation with various metals''. Coordination of
metals with carboxylate moieties provides various
coordination modes which may be mono dentate, bidentate
or chelate in symmetric/asymmetric forms'6. The bimetallic
compounds may show the two-fold chelating impact of a
ligand and moreover, the existence of multiple metal atoms
may lead to an enhanced activity'”. The existence of both
metal centers in close proximity resembles with the active
sites of many metalloenzymes and thus helps to
investigate the metal-enzyme and metal-proteins
interactions'®. Therefore, there is a growing trend towards
the synthesis of homo- and heterobimetallic
complexes'®20, Heterobimetallic products find applications
in photochemical molecular devices and as light sensitive
probes in biological systems?!. The heterobimetallic
compounds having simultaneously electron-deficient and
electron-rich transition metal centers may perform their
functions in a cooperative way resulting in their increased
reactivities?.
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In continuous to our previous studies on organotin
complexes22, current studies were performed on the
synthesis and characterization (elemental analysis, FTIR,
H NMR) of homo- (Sn, Sn) and heterobimetallic (Sn &
Cu/Zn/Cd/Mn) complexes of iminodiacetic acid (NA2L). The
synthesized products were also tested for their
antibacterial and anti-inflammatory potential. No studies
were reported earlier on the antibacterial and anti-
inflammatory potential of homonuclear (Sn & Sn) and
heteronuclear (Sn & Zn/Cu/Mn/Cd) complexes of NA,L.

MATERIALS AND METHODS

Pyrex origin glassware was used during the synthesis of
coordination products 1-8. Organotin chloride precursors
including triphenyltin (V) chloride (PhsSnCl), tri-n-butyltin
(IV) chloride (BusSnCl), trimethyltin (V) chloride
(MesSnCl), diphenyltin (V) chloride (PhSnCl;) and
dimethyltin (IV) chloride (Me2SnCl,) were purchased from
Sigma Aldrich-USA. Analytical grade ftransition metal
chlorides MCl, (M = Cu, Zn, Mn, Cd) (analytical grade) and
organic solvents (methanol, ethanol, DMSO and
chloroform) were used. The ligand precursor i.e.,
iminodiacetic acid was procured from Merck, Germany.

FTIR spectroscopy was performed by Carry-630 FTIR
spectrometer in the range of 450 to 4000 cm-'. 'THNMR
spectroscopy of the free ligand (NaoL) and coordination
products (2 & 3) was performed in deuterated water and
DMSO, respectively by Bruker ARC 300 MHz-FT-NMR
spectrometer. The synthesized compounds were
investigated for their anti-biofilm potential against two
bacterial strains namely S. aureus (Gram-positive) and E.
coli (Gram-negative) by a microtiter plate technique
reported earlier® whereas ciprofloxacin was used as the
reference drug. We used a microplate reader (BioTek,
USA) to find the OD of each well at 630nm2.
Anti-inflammatory activities were performed by a reported
procedure by using diclofenac and DMSO as positive and
negative controls, respectively?. The %age inhibition of
precipitation (stabilization of the protein) was found as
compared to the standard control drug (diclofenac) by the
following equation:

Absorbance of control minus Absorbance of treated x 100

Absorbance of control

RADS J. Biol. Res. Appl. Sci.
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Synthesis of Homo-Bimetallic Complexes 1-4

2mmoles of iminiodiacetic acid (NA.L) were dissolved in
30ml toluene in a two-necked round bottom flask (250ml)
by magnetic stirring at room temperature. Then 2mmoles
of an organotin chloride (RsSnCl where R = Me, n-Bu, Ph)
were added and the flask’s contents were refluxed for 3
hours. Subsequently, another organotin chloride (e.g.,
Ph3SnCl/Ph2SnCly/Me;SnCly) containing different
organotin moiety, was added in equimolar amount and the
flask contents were refluxed for 2 hours. Then, the reaction
mixture was stayed for overnight. It was finally filtered
through a filter paper to separate out the residue of a homo-
bimetallic product (1-4) which was dried in air. The

Vol. 15 (2), December 2024

synthetic routes for complexes 1-2 and 3-4 are displayed
in Figure 1 and 2, respectively.

Synthesis of Hetero-Bimetallic Complexes 5-8

2mmoles of ligand iminiodiacetic acid (NA.L) was
dissolved in 30ml toluene by stirring in a two-necked round
bottom flask (250ml) and then 2mmoles of BusSnCl were
added. Subsequently, the flask’s contents were refluxed for
3 hours followed by the addition of 1mmole of a metal
chloride (MCl, where M = Zn, Cu, Mn, Cd). Then, the
reaction mixture was refluxed for 2 hours and stayed for
overnight. It was finally filtered by a filter paper and residue
was air dried to produce the hetero-bimetallic products 5-8
(Figure 3).
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Figure 1. Reactions involved in the syntheses of homo-bimetallic complexes 1-2.
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Figure 2. Reactions involved in the syntheses of homo-bimetallic complexes 3-4.
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Where M = Za (5), Cu (6). Mn (7), Cd (8)

Figure 3. Summary of reactions involved in the syntheses of hetero-bimetallic complexes 5-8.

Biofilm Inhibition Assessment

The synthesized coordination products 1-5 were
investigated for their antibacterial potential by biofim
inhibition method reported earlier®. We have used a
microplate reader to find the optical density of each well at
630 nm. Following formula was applied to find the
percentage of bacterial growth inhibition:

Inhibition % = 100 - (OD630sample x 100)
0OD630control
Anti-Inflammatory Potential

Anti-inflammatory potential of the synthesized compounds
1-5 was evaluated by a reported procedure 2. Following
equation was used to find the degree of inhibition of
denaturation or precipitation of each product:

Absorbance of control minus Absorbance of treated x 100

Absorbance of control

The products having anti-inflammatory activities greater
than 20% can be considered as having anti-inflammatory
potential and could find importance in the development of
drugs®.

RESULTS AND DISCUSSION ‘

Homo-bimetallic products having the formulas of
MesSnLSnPhs ), MesSnLSn(Cl)Ph; (2),
PhsSnLSn(Cl)Me; (3) and BusSnLSn(Cl)Me; (4) were
produced by refluxing Na.L firstly with one organotin
chloride (MesSnCl/BusSnCI/PhsSnCl) for 3 hours and then
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with another organotin chloride
(Ph3SnCl/Ph,SnCl/Me;SnCly) for 2 hours in toluene. The
heterobimetallic products 5-8 of the general formula
BusSnLMLSnBus were produced by refluxing NaoL
(2mmoles) with BusSnCl (2mmoles) in toluene for 3 hours
and then with MCl, (1mmole. where M = Zn, Cu, Mn and
Cd) for 2 hours.

The products were analyzed by elemental (CHN) analysis,
FTIR, and 'HNMR spectroscopy. All the synthesized
products were whitish except the hetero-bimetallic complex
6 which was blue-colored. They had sharp melting points
and were well-stable in air. They had shown good solubility
in common organic solvents (Table 1).

Elemental analysis data demonstrated that the observed
percentages of elements (C, H and N) are very closer to
those theoretically calculated for all the products 1-8. The
physical data of the synthesized products are summarized
in Table 1.

FTIR Spectroscopy

Fourier transform infrared (FTIR) spectroscopy can be
used to find the functional groups of compounds. The free
ligand (Na.L) and the homo-/heteronuclear products (1-8)
were subjected to FTIR spectroscopic analysis and the
obtained data are displayed in the Table 2. Two
representative spectra of products 2 and 8 are shown in
Figures $1 and S2, respectively of the Supplementary
Information.

RADS J. Biol. Res. Appl. Sci.
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Table 1. Physical Data of Homo and Hetero-Bimetallic Complexes.

A | LR P L e e — oEIemen:al Datao(CHN)o -
NO. " (glmOI) % (oc) y CA) C/o HA) HA) NA) N/o
Calc. | Obs. | Calc. | Obs. | Calc. | Obs.
1 CasH2904SNN 64442 | 82 |355| DMSO |46.55|46.10 | 450 | 4.12 | 217 | 2.03
2 C19H24CINO4Sn; 603.27 | 81 |315| DMSO | 28.78 | 27.89 | 496 | 4.28 [12.16| 11.98
3 C24H2604Sn,NCl 664.92 | 70 |303| DMSO |43.31|4296 | 436 |4.21| 210 | 1.98
4 C18H3304Sn,NClI 584.75 | 80 |[317| DMSO | 3693 | 3521 | 6.69 | 584 | 2.39 | 2.00
DMSO,
5 C32Hs2408Sn2N2Zn 0.75 82 [309| MeOH, |4234|4122 | 711 |6.91 | 3.09 | 297
EtOH
DMSO,
6 C3208Hs4Sn2N2Cu 0.67 72 [312| MeOH, |4243|4189 | 712 |6.95| 3.09 | 2.88
EtOH
MeOH,
7 Ca2Hs208SnzN2Mn 0.53 75 | 307 EtOH 4284 |1 4221 | 719 |69 | 312 | 2.85
CHClI;,
8 Cs32Hs408Sn2N,Cd 0.67 81 [302| MeOH, | 40.26 | 39.88 | 6.76 | 6.23 | 293 | 2.68
EtOH
Table 2. FTIR Data of Complexes 1-8.
v coo Sn-C Sn-0 M-O
. (cm-‘) uon- uon- U=
Comp No (cm) (cm) (cm)
Sym Asym Av
NaoL 1576s 1412s 164 - -
1 1621m 1480w 141 528s 422s
2 1633m 1431m 202 566s 454s
3 1633m 1432w 201 535s 428w
4 1637w 1493w 144 523m 489w
5 1653w 1458m 195 504w 465m 620s
6 1636m 1423w 213 522w 421w 696s
7 1585m 1428m 157 552w 443m 638s
8 1621w 1479w 142 551w 473m 692s
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Table 3. 'THNMR Data (ppm) of Free Ligand (Na.L) and Homo-Bimetallic Products 2 and 3.

Prr‘(l)(t)on Proton Nature Chemical Shift
o) O\Na 1 CH; protons 3.03-3.06 ppm (multiplet)
D
2 NH protons 4.70 ppm (singlet
Y p ppm (singlet)
,H O
Na
3. 3 1 CH; protons 6.12-6.15 ppm (multiplet)
Ph ;
CI\S|n V 2 NH proton 5.70 ppm (smgleQ
O/ Ny 7.10-7.51 ppm multiplet

Phenyl protons (7.51ppm ortho, 7.12 ppm

meta and 7.10 ppm para)

2 (3 4 CHs protons 1.62 ppm (multiplet)
Me 4
\ 3 1 CH; protons 2.50 ppm (singlet)
Ph\ln /"“ 2 NH proton - . .
N 7..39-7.89 ppm (multiplet) with

7.89 ppm for ortho while 7.39-
7.43 ppm for meta and para
positions

Phenyl protons

CHs protons 3.39 ppm (singlet)

The mono-/bidentate coordination linkage of the
carboxylate ligand for the tin metal was estimated from
Au = UCOO(asym-uCOOsym? whose value is changed
depending upon the coordination number around tin (1V)#
or other metal atom (Zn, Cu, Mn, Cd). A smaller Au value
reflects the more symmetric binding of carboxylate groups
with a metal and vice versa®®. The Au value of the
synthesized products 1-8 were ranged from 141 to 213
cm! (Table 2), which indicated the chelating (in 2,3,5-7)
and iso-bidentate (in 1,4 and 8) binding modes of
carboxylate ligand for its binding to a metal®2°. The iso-
bidentate (bridging) coordination modes are common in
organotin carboxylates3® where each of the carboxylate
oxygen is simultaneously bonded to the same metal center,
with one M-O bond comparatively longer as compared to
the other. The results thus demonstrate that there is a
trigonal bipyramidal geometry of tin in complexes 1-8 while
a square planner geometry around the other metal atom
(Zn, Cu, Mn, Cd) was shown in heterobimetallic complexes
5-8.

ISSN (Print): 2305 - 8722 ISSN (Online): 2521 - 8573

Other bands of special interest are Sn-O, M-O and Sn-C
vibrations. The FTIR spectroscopy displayed Sn-C and Sn-
O vibrations at 504-566 and 421-489cm, respectively3'.
M-O band was appeared at 620-696cm™ 32 in
heterobimetallic products 5-8.

HNMR Spectroscopy

'HNMR spectra of the ligand precursor (NasL) and
coordination products (2 & 3) were recorded in deuterated
water and DMSO, respectively. The observed chemical
shifts (ppm) are shown in Table 3 whereas the 'THNMR
spectra of 2 & 3 are shown in Figures S3 and S4 of the
Supplementary Information.

The free ligand (NaoL) displayed a multiplet at 3.03-3.06
ppm for the methylenic protons and a singlet at 4.70 ppm
for -NH protons®® (Table 3). The 'H NMR spectrum of
product 2 (homo-bimetallic) displayed the proton signals of
ligand skeleton (L) as well as those of trimethyltin (IV) and
diphenyltin (IV) moieties (Table 3 and Figure S3). The
chemical shifts at 6.12-6.15 and 5.67-5.70 ppm were
assigned to the CH, and NH protons, respectively as a

RADS J. Biol. Res. Appl. Sci.
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multiplet®. The tin-bonded methyl protons were appeared
at 1.62 ppm as a multiplet. The phenyl group bonded to tin
were displayed as a multiplet at 7.10-7.51 ppm which
contained the ortho signals at 7.51 ppm, meta signals at
7.12 ppm and para signals at 7.10 ppm35. The THNMR data
thus completely verify the homobimetallic complexation in
product 2, with incorporation of two different organotin (1V)
moieties (trimethyltin (IV) and diphenyltin (1V)).

The '™HNMR spectrum of complex 3 also verified the
homobimetallic complexation with incorporation of two
different organotin (IV) moieties (trimethyltin(IV) and

Table 4. Biofilm Inhibition (%) Data of Complexes 1-5.

Vol. 15 (2), December 2024

diphenyltin(V)) (Table 3 and Figure S4). The methyl (CHs)
protons attached to tin were appeared at 3.39 ppm as a
singlet. The phenyltin (IV) moiety displayed its proton
signals at 7.39-7.89 ppm as a multiplet; the ortho protons
had shown downfield shift (7.89 ppm) as compared to meta
and para protons (7.39-7.43 ppm)%®. The methylene (CH,)
protons of the coordinated ligand (iminodiacetate ion) were
appeared at 2.50 ppm as a multiplet®. The 'HNMR
spectrum of product 3 did not display any peak for -NH
protons because they might be displaced by the deuterium
from source solvent (deuterated DMSO).

Biofilm Inhibition (%)
Sample Code Escherichia Coli Staphylococcus Aureus
1 48 68
2 58 73
3 0 0
4 57 63
5 0 76
Ciprofloxacin 67 69
20 76
73
20 6B 67 69
63
T 60 2 37
f‘g;\ 50 48
_g 40
:E 30
a 20
=
[F= 10
g 0.0 0
1]
1 2 3 4 5 Ciprofloxacin

m Escherichia coli

m Staphylococcus Aureus

Compound numbers (1-5) —

Figure 4. Graphical representation of biofilm inhibition data of complex 1-5.
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Antibacterial Activity

The biofilm inhibition method®* was used to test the
antimicrobial efficacy of the coordinated products 1-5. The
synthesized complexes were tested against the bacterial
strains of S. aureus (G-positive) and E. coli (G-negative).
We employed 1 mg/ml concentration of a sample in DMSO
for each test. Ciprofloxacin was used as a reference drug.
The obtained data are displayed in Table 4 and graphically
compared in Figure 4.

It was found that biofilm inhibition depends upon the nature
of the coordinated metal (tin alone or in the presence of Zn)
and substitution pattern at tin. All the products 1-5 have
shown less activity (0-58%) against E. coli as compared to
ciprofloxacin (67%). However, coordination products 2 and
5 have shown 73% and 76%, respectively biofilm inhibition
against S. aureus, which was even superior as compared
to that (69%) of the standard drug (ciprofloxacin). The
homo-bimetallic product 2 displayed higher activity (58%)
against E. coli whereas the heterobimetallic complex 5 has
shown highest potential against S. aureus as compared to
all the other complexes. Complex 3 was found inactive
against both the tested strains of bacteria (E. coli and S.
aureus). The results of complex 5 are interesting since it is
inactive against E. coli but at the same time, it showed
highest inhibition (76%) as compared to all the complexes
against S. aureus; it was even higher as compared to that
of the reference drug.

A general comparison between observed activities (Table
4 and Figure 4) clarifies that all the coordination products

Vol. 15 (2), December 2024

have shown higher antibacterial potential against S. aureus
(Gram-positive bacteria) as compared to E. coli (Gram-
negative bacteria). It is due to the difference in thickness of
layers surrounding the plasma membrane of bacteria®.
The surrounding layers of Gram-negative bacteria are
thicker as compared to those of Gram-positive bacteria so
Gram-negative  bacteria  (Escherichia  coli)  are
comparatively more drug resistant while Gram-positive
bacteria (Staphylococcus aureus) are generally more
sensitive to drugs.

Anti-Inflammatory Activity

The coordinated products 1-5 were tested for their anti-
inflammatory activities by a reported procedure?. Diclofenac
and DMSO were employed as positive and negative controls,
respectively. A recommended concentration of 1mg/1ml in
DMSO was used for each test®. The obtained data are
summarized in Table 5 and they are graphically compared in
Figure 5.

Among all the tested complexes, the coordination product
3 has displayed the highest anti-inflammatory activity
(84.51%) while the second highest activity (83.22%) was
shown by complex 4. The compound 5 has displayed the
lowest (54.83%) anti-inflammatory activity. So, it can easily
be concluded that the synthesized organotin (IV) products
1-5 may find potential applications as anti-inflammatory
agents. Overall, the anti-inflammatory activities of the
synthesized products were decreased in the following
order: 3>4>1>2>5.

Table 5. Anti-Inflammatory Activity Data (%) of Complex 1-5.

comp Gate | Absorarce | MNeaZoneol | Posivecontol [ Antnfanmator
1 0.032 0.155 0.042 79.35
2 0.044 0.155 0.042 71.61
3 0.024 0.155 0.042 84.51
4 0.026 0.155 0.042 83.22
5 0.07 0.155 0.042 54.83
ISSN (Print): 2305 - 8722 ISSN (Online): 2521 - 8573
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Figure 5. Graphical representation of anti-inflammatory activity data of complex 1-5.
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Figure $1. FTIR spectrum of complex 2.

ISSN (Print): 2305 - 8722 ISSN (Online): 2521 - 8573 RADS J. Biol. Res. Appl. Sci.



Biological Potential of Homo- and Heteronuclear Complexes of Iminodiacetic Acid Vol. 15 (2), December 2024

Figure S2. FTIR spectrum of complex 8.

Figure S3. "THNMR of homo-bimetallic complex 2.

Figure S4. "THNMR of homo-bimetallic complex 3.
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_conclusion B REFERENCES

Four homo-bimetallic MesSnLSnPhs (1), Me3SnLSn(CI)Ph;
(2), PhsSnLSn(Cl)Me; (3) and BusSnLSn(Cl)Me, (4)
products having different organotin moieties were
successfully synthesized by refluxing iminodiacetic acid
(NA:L) firstly with MesSnCl/BusSnCl/PhsSnCl and then with
PhsSnCl/Ph,SnCl,/Me;SnCl; in ethanol. The refluxing of
NAL with tributyltin (IV) chloride and subsequent reaction
with MCl, produced the heterobimetallic products of the
general formula BusSnLMLSnBus where M = Zn, Cu, Mn
and Cd for compounds 5-8, respectively. The obtained
products were analyzed by elemental analysis, FTIR, and
THNMR spectroscopy. The coordination products 1-8 had
shown melting point higher than 300°C and were stable in
air at normal temperature. All complexes were whitish in
color except complex 6 which was blue in color. The
carboxylate donor sites of the ligand act in an iso-bidentate
fashion in 1, 4 and 8 and in a chelating mode in products
2, 3 and 5-7). The central tin atom displays a trigonal
bipyramidal configuration in the solid state whereas
transition metal atoms (Zn, Cu, Mn, Cd) had shown a
square planer geometry. 'THNMR spectroscopic data were
in good agreement with the proposed structures of
coordination products 2 and 3. Antibacterial activity
evaluation by biofilm inhibition method has shown that the
tested coordination products possess higher activity
against S. aureus (Gram-positive bacteria) as compared to
E. coli (Gram-negative bacteria). The newly synthesized
products 2 and 5 have shown 73% and 76%, respectively
biofilm inhibition against S. aureus, which was even higher
as compared to ciprofloxacin (69%). Complexes 3 and 5
displayed the highest (84.51%) and lowest (54.83%) anti-
inflammatory activities, respectively. Overall, the anti-
inflammatory potential of the synthesized products was
lowered in the following order: 3>4>1>2>5.
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