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Abstract

Current antimicrobial drug discovery and advancement attempts are aimed to
identify new complexes that can work effectively against the infections caused
by microbes. The aim of present study was to synthesize new diorganotin(IV)
complexes of  N’-((8-hydroxy-1,2,3,5,6,7-hexahydropyrido[3,2,1-ij]lquinolin-
9-yl)methylene)-2-nitrobenzohydrazide (H2L1), N’-((8-hydroxy-1,2,3,5,6,7-
hexahydropyrido[3,2,1-ij]quinolin-9-yl)methylene)-3-methoxybenzohy-
drazide (H2L2) and N’-((8-hydroxy-1,2,3,5,6,7-hexahydropyrido[3,2,1-ij]
quinolin-9-yl)methylene)-4-methylbenzohydrazide (H,L°) Schiff base ligands with
formula R,SnL!~* (where R=Me, Et, Bu and Ph). Various spectral and physico-
analytical techniques such as elemental analysis, FT-IR, multinuclear (lH, 3¢,
1195n) NMR, HRMS and XRD were utilized to structurally elucidate the prepared
compounds. Based on the spectral data, it was concluded that ligands behave in a
tridentate manner and coordinates to the central tin atom through ONO donor atoms.
Furthermore, the synthesized compounds were examined for in vitro antimicrobial
activity against four bacterial and two fungal strains. Among the examined com-
pounds, Ph,SnL! complex (MIC=0.0095 umol/mL) was found to be the most
active. To rationalize the preferred mode of interactions of the most active com-
pound, a molecular docking study of compound Ph,SnL! was executed in the bind-
ing site of 3-oxoacyl-[acyl-carrier-protein] synthase 2 (FabF) of E. coli and sterol
14-alpha demethylase of C. albicans. Compound Ph,SnL! inhibits the microbes
effectively and it could be an effective and new candidate for the modulation of vari-
ous infections.
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Graphical Abstract

New diorganotin(IV) complexes (4-15) were prepared from tridentate Schiff base
hydrazones (1-3). The compounds were examined for in vitro antimicrobial activity.
Further, molecular docking study of the most potent compound Ph,SnL! (7) was
performed against the enzyme 3-oxoacyl-[acyl-carrier-protein] synthase 2 (FabF) of
E. coli and sterol 14-alpha demethylase of C. albicans.
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Introduction

Despite the accessibility of numerous antimicrobial drugs in the market, microbial
infections are still the leading cause of death globally [1]. Similar to COVID-19,
microbial resistance poses a threat to health security and if appropriate measures are
not taken to stop it, might develop into the next major global health emergency [2].
The annual report of GARDP estimates the death of approximately 1.2 million peo-
ple every year due to infections initiated by drug resistant microbes. The problem is
made much worse by the irresponsible use of the drugs that are already available in
the market, which in turn leads to reduction in the efficacy of the drugs [3]. This has
resulted in global endeavours to develop innovative and more effective antimicrobial
drugs. Antimicrobial agents with enhanced efficacy have been the subject of exten-
sive research by scientists.

@ Springer



Development of new tridentate ligands bearing hydrazone motif... 5135

Schiff base ligands are the most frequently utilized organic compounds in the
chemistry and bio-chemistry fields. This is due to their ease of synthesis, stability
and potential pharmacological and catalytic applications [4, 5]. Additionally, these
sorts of ligands have been engaged as biological models to recognize the bioactiv-
ity and structures of various biomolecules [6, 7]. Schiff bases are versatile ligands
which act as building blocks for various organic substrates. The structural integrity
of these ligands allows for the inoculation of different acceptors or donors which
can readily form a variety of molecular structures with different coordination num-
bers and geometries around the metallic ions [8—10]. Tridentate ligands, specially
tridentate ONO ligands, have been extensively utilized in coordination chemistry
throughout the former few decades [11-16]. These ligands are usually flexible giv-
ing structurally versatile complexes. Furthermore, the opportunity of producing low-
symmetry six- or five-coordinate chelated compounds, which are so exciting from
an electronic standpoint, especially if main steric ligand limitations are present, is
one major reason for the increasing attention towards these systems [17, 18].

Diorganotin(IV) compounds, as a subclass of organometallic compounds, have
gained a lot of interest not only due to their immense structural diversity but also due
to their potential usage in a variety of domains including organic synthesis, cataly-
sis, anti-fouling coating materials and so forth [19, 20]. Diorganotin(IV) compounds
have potent antimicrobial, anti-leishmanial, antitumour, cardiovascular, antioxidant,
antiherpes, trypanocidal and antituberculosis activities [21-28]. Furthermore, the
activity of diorganotin(IV) compounds can be easily altered by the choice of ligand
attached to the central tin atom. Diorganotin(IV) compounds coordinated especially
through oxygen, sulphur and nitrogen donor atoms have been investigated with a
particular emphasis on their structure—activity relationships [29]. Diorganotin(IV)
complexes of Schiff base ligands containing hydrazide motifs have been reported to
be biologically important.

Motivated by the aforementioned observations and in continuation of our ongo-
ing interest [30] in hydrazone ligands and their diorganotin(IV) complexes, we have
synthesized a series of diorganotin(IV) complexes with hydrazone Schiff bases. The
synthesized compounds were structurally elucidated with the help of various spec-
troscopic techniques and further evaluated for in vitro antimicrobial activity. Addi-
tionally, a molecular docking study of most potent compound was executed against
the enzyme 3-oxoacyl-[acyl-carrier-protein] synthase 2 (FabF) of E. coli and sterol
14-alpha demethylase of C. albicans to determine the binding conformations.

Experimental

Materials

All the reagents used in this research work, such as 9-Formyl-8-hydroxyjulolidine
(97%), 2-Nitrobenzhydrazide (98%), m-Anisic hydrazide (98%), p-Toluic hydrazide

(99%), Dimethytin dichloride (97%), Diethyltin dichloride (97%), Dibutyltin dichlo-
ride (97%) and Diphenyltin dichloride (96%) were purchased from Sigma-Aldrich
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and Alfa Aesar. All solvents used were of analytical grade and were dried in as per
the standard literature protocols [31].

Instrumentation

The Bruker Avance III 400 MHz NMR spectrometer was used to record the NMR
spectra of the compounds. 'H, '*C, and ''”Sn NMR spectra were obtained in
DMSO-d,; and CDCl; solvents using tetramethylsilane and tetramethyltin as inter-
nal standards. The FTIR spectra were recorded using the KBr matrix in the wave-
number range of 4000—400 cm™! by utilizing Perkin Elmer BX II spectrometer.
Using an electrical heating coil apparatus, the melting points were measured and
reported uncorrected. The SCIEX TripleTOF 5600 and 5600+ /SCIEX instrument
was used to record the mass spectra in acetonitrile solvent. Using a Perkin-Elmer
2400 sequence analyser, elemental analysis was performed. The X-ray diffraction
study was performed using a Rigaku table top X-ray diffractometer with a scan rate
of 2° min~! in the 26 range of 10-80".

Synthesis of Schiff base ligands

In a round bottom flask, 9-Formyl-8-hydroxyjulolidine (1.0863 g, 5 mmol) with
2-Nitrobenzhydrazide (0.90575 g, 5 mmol) for Hle/ m-Anisic hydrazide (0.8309 g,
5 mmol) for H,L%/ p-Toluic hydrazide (0.7509 g, 5 mmol) for H,L.> were dissolved
in dry methanol in a 1:1 molar ratio. The reaction mixtures were refluxed for about
4-5 h with the addition of a few drops of glacial acetic acid. After completion of the
reactions, products were filtered off, washed, and dried to obtain pure products.

N’-((8-hydroxy-1,2,3,5,6,7-hexahydropyrido[3,2,1-ijlquinolin-9-yl)
methylene)-2-nitrobenzohydrazide H,L. (1)

Yield: 84%; Red solid; m.p.: 232-234 °C; Anal. caled. for C,,H,,N,O,: C, 63.15; H,
5.30; N, 14.73, found: C, 63.13; H, 5.27; N, 14.67. FTIR (v, cm™): 3450 (N-H), 2943
(O-H), 1632 (C=0), 1594 (C=N), 1226 (C-OH). 'H NMR (400 MHz, DMSO-
dg) 8: 12.02 (s, 1H, NH), 11.54 (s, 1H, OH), 8.14 (s, 1H, -N=CH), 7.95-7.85 (m,
2H, Ar-H), 7.78 (d, J=7.9 Hz, 2H, Ar-H), 6.74 (s, 1H, Ar-H), 3.21-3.17 (m, 4H),
2.64-2.59 (m, 4H), 1.90-1.82 (m, 4H). '3C NMR (100 MHz, DMSO-d) &: 161.13
(NH-C=0), 155.16 (HC=N), 153.82, 151.79, 147.61, 145.95, 134.37, 131.80,
130.09, 128.93, 124.82, 113.04, 106.69, 105.87 (Ar-C), 49.73, 49.33, 26.98, 21.93,
21.11, 20.65. HRMS: m/z [M+H]" calcd. for C,,H,)N,O,: 381.15, found: 381.15.

N’-((8-hydroxy-1,2,3,5,6,7-hexahydropyrido[3,2, 1-ijlquinolin-9-yl)
methylene)-3-methoxybenzohydrazide H2L.2, (2)

Yield: 82%; Lemon yellow solid; m.p.: 221-224 °C; Anal. calcd. for C,Hy;N;05:

C, 69.02; H, 6.34; N, 11.50, found: C, 69.05; H, 6.27; N, 11.47. FTIR (v, cm™):
3445 (N-H), 3056 (O-H), 1628 (C=0), 1592 (C=N), 1221 (C-OH). 'H NMR
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(400 MHz, DMSO-d,) &: 11.79 (s, 1H, NH), 11.76 (s, 1H, OH), 8.32 (s, 1H,
_N=CH), 7.49 (d, J=8.9 Hz, 1H, Ar—H), 7.45 (dd, J=9.1, 6.4 Hz, 2H, Ar-H), 7.16
(dd, J=8.5,3.2 Hz, 1H, Ar-H), 6.72 (s, 1H, Ar-H), 3.84 (s, 3H, ~OCH,), 3.19-3.16
(m, 4H), 2.63-2.59 (m, 4H), 1.88-1.84 (m, 4H). 1*C NMR (100 MHz, DMSO-
dy) & 162.32 (NH-C=0), 159.71 (HC=N), 155.17, 151.48, 145.73, 135.03,
130.12, 128.75, 120.13, 117.82, 113.24, 112.91, 106.76, 106.23 (Ar-C), 55.83
(~-OCHj), 49.80, 49.34, 27.01, 21.99, 21.16, 20.69. HRMS: m/z [M+H]" calcd. for
C,H,5N;05: 366.18, found: 366.18.

N’-((8-hydroxy-1,2,3,5,6,7-hexahydropyrido[3,2,1-ijlquinolin-9-yl)
methylene)-4-methylbenzohydrazide HZL.3, (3)

Yield: 87%; Yellow solid; m.p.: 213-215 °C; Anal. calcd. for C,;H,3N;0,: C, 72.18;
H, 6.63; N, 12.03, found: C, 72.15; H, 6.67; N, 12.05. FTIR (v, cm™): 3453 (N-H),
2938 (O-H), 1632 (C=0), 1594 (C=N), 1209 (C-OH). 'H NMR (400 MHz,
DMSO-d,) &: 11.83 (s, 1H, NH), 11.73 (s, 1H, OH), 8.32 (s, I1H, -N=CH), 7.83
(d, J=8.1 Hz, 2H, Ar-H), 7.34 (d, J=8.2 Hz, 2H, Ar-H), 6.72 (s, 1H, Ar-H),
3.20-3.16 (m, 4H), 2.65-2.60 (m, 4H), 2.39 (s, 3H, —-CHj;), 1.87-1.86 (m, 4H).
3C NMR (100 MHz, DMSO-dy) &: 162.43 (NH-C=0), 155.14 (HC=N), 151.14,
145.66, 142.13, 130.74, 129.47, 128.69, 127.95, 112.87, 106.78, 106.31 (Ar-C),
49.80, 49.34, 27.00, 22.00, 21.49, 21.18, 20.70. HRMS: m/z [M+H]* calcd. for
C,H,;N;0,: 350.18, found: 350.18.

Synthesis of diorganotin(lV) complexes

Diorganotin(IV) complexes have been synthesized by dissolving Schiff base ligand
H,L! (0.760 g, 2 mmol)/ H,L? (0.730 g, 2 mmol)/ H,L* (0.698 g, 2 mmol) in appro-
priate amount of THF solvent and refluxed for 30 min with the insertion of 2-3
drops of triethylamine. After that, dimethyltin dichloride (0.439 g, 2 mmol)/ dieth-
yltin dichloride (0.495 g, 2 mmol)/ dibutyltin dichloride (0.607 g, 2 mmol)/ diphe-
nyltin dichloride (0.687 g, 2 mmol) was separately dissolved to the above resulting
mixtures with continuous stirring. The reaction mixtures were refluxed for 7-8 h.
After completion of the reactions, Et;N.HCI was filtered off and the solvent was
evaporated under reduced pressure on vacuum. The different coloured solid products
obtained were washed with dry hexane and dried.

Me,SnL’ (4)

Yield: 77%; Yellow solid; m.p.: 187-189 °C; Anal. calcd. for C,,H,,N,0,Sn: C,
50.12; H, 4.59; N, 10.63, found: C, 50.15; H, 4.57; N, 10.65. FTIR (v, cm™): 1586
(C=N), 1233 (C-0), 561 (Sn-0), 473 (Sn-N). '"H NMR (400 MHz, CDCl;) &: 8.34
(s, 1H,-N=CH), 7.83 (dd, J=7.7, 1.4 Hz, 1H, Ar-H), 7.79 (dd, /=8.0, 1.1 Hz, 1H,
Ar-H), 7.62-7.58 (m, 1H, Ar-H), 7.53-7.49 (m, 1H, Ar-H), 6.55 (s, 1H, Ar-H),
3.29-3.23 (m, 4H), 2.68-2.60 (m, 4H), 1.95-1.91 (m, 4H), 0.78 (s, 6H, Me). *C
NMR (100 MHz, CDCl,) 6: 165.03 (NH=C-0), 163.73 (HC=N), 161.03, 149.23,
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132.08, 131.72, 130.05, 129.86, 123.73, 113.16, 108.58, 105.96 (Ar-C), 50.25,
49.92, 30.33, 22.01, 21.05, 20.66, 1.24 (Me—C). '"Sn NMR (400 MHz, CDCl,)
8: —143.2. HRMS: m/z [M+H]* caled. for C,,H,,N,0,Sn: 529.08, found: 529.08.

Et,SnL (5)

Yield: 72%; Light yellow solid; m.p.: 179-181 °C; Anal. calcd. for C,,H,¢N,O,Sn:
C, 51.92; H, 5.08; N, 10.09, found: C, 51.95; H, 5.07; N, 10.05. FTIR (v, cm™):
1587 (C=N), 1234 (C-0), 535 (Sn-0), 475 (Sn-N). 'H NMR (400 MHz, CDCl,)
o: 8.36 (s, 1H, -N=CH), 7.84 (dd, /=7.7, 1.3 Hz, 1H, Ar-H), 7.76 (dd, J=8.0,
1.0 Hz, 1H, Ar-H), 7.61-7.57 (m, 1H, Ar-H), 7.52-7.48 (m, 1H, Ar-H), 6.54 (s,
1H, Ar-H), 3.28-3.25 (m, 4H), 2.68-2.63 (m, 4H), 1.97-1.92 (m, 4H), 1.46-1.42
(m, 4H, Et-H), 1.31 (t, J=7.8 Hz, 6H, Et-H). '*C NMR (100 MHz, CDCl,) &: 165.22
(NH=C-0), 164.42 (HC=N), 161.00, 149.21, 149.13, 131.89, 131.69, 130.04,
129.97, 129.75, 123.60, 112.92, 108.58, 106.08 (Ar-C), 50.23, 45.81, 30.33, 27.18,
22.05, 21.13, 13.72 (Et-C), 9.23 (Et-C). ''°Sn NMR (400 MHz, CDCl;) &: — 182.1.
HRMS: m/z [M+H]* caled. for C,,H,gN,0,Sn: 557.12, found: 557.12.

Bu,SnL’ (6)

Yield: 71%; Light yellow solid; m.p.: 180-183 °C; Anal. calcd. for C,gH;¢N,O,Sn:
C, 55.01; H, 5.94; N, 9.16, found: C, 55.05; H, 5.97; N, 9.14. FTIR (v, cm_l):
1588 (C=N), 1234 (C-0), 537 (Sn-0), 475 (Sn—N). 'H NMR (400 MHz, CDCl;)
&: 8.33 (s, 1H, -N=CH), 7.83 (d, J=8.8 Hz, 1H, Ar-H), 7.77 (d, J=8.7 Hz, 1H,
Ar-H), 7.59 (t, J=8.1 Hz, 1H, Ar-H), 7.50 (t, J=7.1 Hz, 1H, Ar—H), 6.54 (s, 1H,
Ar-H), 3.28-3.23 (m, 4H), 2.68-2.61 (m, 4H), 1.95-1.91 (m, 4H), 1.71-1.67 (m,
4H, Bu-H), 1.50-1.38 (m, 8H, Bu-H), 0.91 (t, J=8.0 Hz 6H, Bu-H). '>*C NMR
(100 MHz, CDCly) &: 165.18 (NH=C-0), 164.23 (HC=N), 160.83, 149.20,
149.08, 131.91, 131.69, 130.03, 130.00, 129.76, 123.61, 112.87, 108.57, 106.06
(Ar=C), 50.23, 49.93, 30.33, 29.71, 27.19, 26.83, 26.51, 22.05, 21.84, 21.14, 20.59,
13.68. 1'Sn NMR (400 MHz, CDCl;) 8: —190.3. HRMS: m/z [M+H]" calcd. for
C,gH34N,0,Sn: 613.18, found: 613.18.

Ph,SnL’ (7)

Yield: 79%; Yellow solid; m.p.: 169-172 °C; Anal. calcd. for C;,H,(N,0,Sn: C,
59.01; H, 4.33; N, 8.60, found: C, 59.03; H, 4.37; N, 8.57. FTIR (v, cm™'): 1587
(C=N), 1234 (C-0), 535 (Sn-0), 476 (Sn-N). "H NMR (400 MHz, CDCl,) &: 8.34
(s, 1H, -N=CH), 8.02 (dd, /J=7.7, 1.4 Hz, 1H, Ar-H), 7.88-7.86 (m, 4H, Ar-H),
7.73 (dd, J=7.9, 1.2 Hz, 1H, Ar-H), 7.60 (dd, J=7.6, 1.4 Hz, 1H, Ar-H), 7.55 (dd,
J=7.8, 1.5 Hz, 1H, Ar-H), 7.45-7.40 (m, 6H, Ar-H), 6.58 (s, 1H, Ar-H), 3.35-3.30
(m, 4H), 2.95 (t, J=6.4 Hz, 2H), 2.67 (t, J=6.2 Hz, 2H), 2.08-2.03 (m, 2H),
1.98-1.94 (m, 2H). '*C NMR (100 MHz, CDCl,) &: 164.26 (NH=C-0), 164.12
(HC=N), 160.89, 149.56, 139.98, 136.25, 131.44, 130.20, 130.12, 128.65, 123.34,
113.61, 108.95, 106.21 (Ar-C), 50.31, 50.00, 27.17, 21.95, 21.15, 20.80. '°Sn
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NMR (400 MHz, CDCl,) 8: -329.0. HRMS: m/z [M +H]* caled. for C;,H,4N,0,Sn:
653.12, found: 653.12.

Me,SnL? (8)

Yield: 73%; Pale yellow solid; m.p.: 165-168 °C; Anal. caled. for C,3H,,N;0,;Sn:
C, 53.93; H, 5.31; N, 8.20, found: C, 53.91; H, 5.33; N, 8.18. FTIR (v, cm™"): 1583
(C=N), 1234 (C-0), 553 (Sn-0), 473 (Sn-N). '"H NMR (400 MHz, CDCl,) &:
8.45 (s, 1H, -N=CH), 7.65 (d, J=7.7 Hz, 1H, Ar-H), 7.59 (s, 1H, Ar-H), 7.33 (d,
J=8.0 Hz, 1H, Ar-H), 6.98 (d, J=7.5 Hz, 1H, Ar—H), 6.59 (s, 1H, Ar-H), 3.89 (s,
3H, -OCHj,), 3.28-3.22 (m, 4H), 2.69-2.63 (m, 4H), 1.96-1.91 (m, 4H), 0.76 (s,
6H, Me-H). 1*C NMR (100 MHz, CDCl;) 8: 166.44 (NH=C-0), 163.53 (HC=N),
160.14, 159.48, 148.81, 135.59, 131.50, 129.10, 119.68, 116.85, 112.85, 111.57,
108.66 (Ar-C), 55.39 (-OCHj;), 50.23, 49.90, 30.33, 27.21, 22.07, 21.14, 1.27
(Me—C). '”Sn NMR (400 MHz, CDCl,) &: — 145.6. HRMS: m/z [M+H]" calcd. for
Cy3H,;,N;0,Sn: 514.11, found: 514.51.

Et,SnL?(9)

Yield: 75%; Yellow solid; m.p.: 170-174 °C; Anal. calcd. for C,sH;N;05Sn: C,
55.58; H, 5.78; N, 7.78, found: C, 55.61; H, 5.79; N, 7.81. FTIR (v, cm™): 1587
(C=N), 1237 (C-0), 554 (Sn-0), 475 (Sn-N). 'H NMR (400 MHz, CDCl,) &: 8.46
(s, IH, -N=CH), 7.67-7.64 (m, 1H, Ar-H), 7.60 (dd, /=2.5, 1.4 Hz, 1H, Ar-H),
7.32 (d, J=8.0 Hz, 1H, Ar-H), 6.99-6.96 (m, 1H, Ar-H), 6.58 (s, 1H, Ar-H),
3.89 (s, 3H, -OCHs;), 3.27-3.22 (m, 4H), 2.69-2.64 (m, 4H), 1.95-1.92 (m, 4H),
1.45-1.40 (m, 4H, Et-H), 1.31 (t, J=7.8 Hz, 6H, Et-H). *C NMR (100 MHz,
CDCl,) 6: 166.75 (NH=C-0), 164.15 (HC=N), 160.11, 159.47, 148.73, 135.73,
131.50, 129.08, 125.54, 119.70, 116.66, 112.63, 111.66, 108.63, 106.32 (Ar-C),
55.36 (-OCHjy), 50.05 (-OCHy;), 50.20, 45.81, 30.33, 27.20, 22.09, 21.19, 13.61
(Et=C), 9.34 (Et-C). 'Sn NMR (400 MHz, CDCl;) 8:—183.6. HRMS: m/z
[M+H]" caled. for C,5H;N;05Sn: 542.14, found: 542.14.

Bu,SnL?(10)

Yield: 69%; Yellow solid; m.p.: 188-191 °C; Anal. calcd. for C,oH;oN;05Sn: C,
58.41; H, 6.59; N, 7.05, found: C, 58.43; H, 6.57; N, 7.01. FTIR (v, cm_l): 1587
(C=N), 1234 (C-0), 555 (Sn-0), 473 (Sn-N). 'H NMR (400 MHz, CDCl,) &:
8.44 (s, 1H, -N=CH), 7.65 (d, J=7.7 Hz, 1H, Ar-H), 7.60 (s, 1H, Ar-H), 7.32 (t,
J=79 Hz, 1H, Ar-H), 6.98 (dd, J=7.8, 2.9 Hz, 1H, Ar-H), 6.58 (s, 1H, Ar-H),
3.89 (s, 3H, —-OCH,;), 3.27-3.22 (m, 4H), 2.69-2.63 (m, 4H), 1.96-1.92 (m, 4H),
1.72-1.64 (m, 4H, Bu-H), 1.47-1.39 (m, 8H, Bu-H), 0.90 (t, /=8.0 Hz, 6H,
Bu-H). ®*C NMR (100 MHz, CDCl;) &: 166.71 (NH=C-0), 164.00 (HC=N),
159.94, 159.46, 148.68, 135.80, 131.49, 129.07, 119.70, 116.63, 112.56, 111.67,
108.65, 106.34 (Ar-C), 55.35 (-OCHj,3), 50.20, 49.90, 45.83, 30.33, 27.20, 26.92,
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26.51,22.10, 21.66, 21.21, 20.67, 13.69. ''°Sn NMR (400 MHz, CDCl5) &: —191.2.
HRMS: m/z [M +H]" calcd. for CooH4N,05Sn: 598.20, found: 598.20.

Ph,SnL? (11)

Yield: 74%; Light yellow solid; m.p.: 164-166 °C; Anal. calcd. for C33H;;N3;0;Sn:
C, 62.29; H, 4.91; N, 6.60, found: C, 62.30; H, 4.88; N, 6.61. FTIR (v, cm™"): 1583
(C=N), 1228 (C-0), 566 (Sn-0), 471 (Sn-N). 'H NMR (400 MHz, CDCl;) &: 8.45
(s, 1H, -N=CH), 7.93-7.90 (m, 4H, Ar-H), 7.85-7.78 (m, 3H, Ar-H), 7.41-7.39
(m, 6H, Ar-H), 7.03 (ddd, J=8.2, 2.7, 0.9 Hz, 1H, Ar-H), 6.60 (s, 1H, Ar-H), 3.93
(s, 3H, -OCH,), 3.34-3.29 (m, 4H), 2.97 (t, J=6.4 Hz, 2H), 2.68 (t, J=6.2 Hz, 2H),
2.09-2.04 (m, 2H), 1.97-1.94 (m, 2H). *C NMR (100 MHz, CDCl,) &: 166.15
(NH=C-0), 163.98 (HC=N), 159.99, 159.55, 149.10, 140.37, 136.28, 131.78,
130.02, 129.15, 128.59, 119.86, 116.49, 113.27, 112.21, 109.08, 106.42 (Ar-C),
55.43, 50.28, 49.97, 45.80, 27.19, 22.02, 21.25, 20.89, 8.61. ''?Sn NMR (400 MHz,
CDCly) 6: —332.9. HRMS: m/z calcd. for C33H;;N;0;5n: 638.14, found: 638.14.

Me,SnL3(12)

Yield: 76%; Light yellow solid; m.p.: 158-161 °C; Anal. calcd. for C,;H,,N;0,Sn:
C, 55.67; H, 5.48; N, 8.47, found: C, 55.65; H, 5.46; N, 8.48. FTIR (v, cm™"): 1576
(C=N), 1232 (C-0), 554 (Sn—0), 465 (Sn—-N). 'H NMR (400 MHz, CDCl5) &: 8.44
(s, 1H, -N=CH), 7.93 (d, J=8.2 Hz, 2H, Ar-H), 7.21 (d, J=7.9 Hz, 2H, Ar-H),
6.58 (s, 1H, Ar-H), 3.26-3.22 (m, 4H), 3.15-3.10 (m, 4H), 2.40 (s, 3H, -CH,),
1.95-1.91 (m, 4H), 0.75 (s, 6H, Me-H). '*C NMR (100 MHz, CDCl,) &: 166.75
(NH=C-0), 159.82 (HC=N), 148.68, 140.28, 131.41, 128.79, 127.09, 112.74,
108.72, 106.31 (Ar-C), 50.22, 49.89, 45.85, 27.20, 22.10, 21.17, 20.76, 12.41, 1.12
(Me—C). °Sn NMR (400 MHz, CDCl,) &: — 146.8. HRMS: m/z [M+H]" calcd. for
C,;H,,N;0,Sn: 498.12, found: 498.12.

Et,SnL3(13)

Yield: 72%; Yellow solid; m.p.: 161-164 °C; Anal. calcd. for C,sH;;N;0,Sn: C,
57.28; H, 5.96; N, 8.02, found: C, 57.25; H, 5.94; N, 8.03. FTIR (v, cm_l): 1577
(C=N), 1232 (C-0), 552 (Sn-0), 464 (Sn-N). 'H NMR (400 MHz, CDCl;) &: 8.46
(s, 1H, -N=CH), 7.94 (d, J=8.1 Hz, 2H, Ar-H), 7.21 (d, J=8.0 Hz, 2H, Ar-H),
6.57 (s, 1H, Ar-H), 3.27-3.22 (m, 4H), 2.69-2.64 (m, 4H), 2.40 (s, 3H, —CH,),
1.96-1.92 (m, 4H), 1.44-1.38 (m, 4H, Et-H), 1.30 (t, J=7.4 Hz, 6H, Et-H). 1°C
NMR (100 MHz, CDCl5) 8: 167.09 (NH=C-0), 164.07 (HC=N), 159.79, 148.58,
140.20, 131.41, 128.78, 127.10, 112.50, 108.69, 106.40 (Ar-C), 50.20, 49.89, 45.87,
27.20, 22.12, 21.48, 21.24, 13.52 (Et-C), 9.30 (Et—C). '"”Sn NMR (400 MHz,
CDCl,) &:—182.9. HRMS: m/z [M+H]" caled. for C,5H;,N;0,Sn: 526.15, found:
526.20.
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Bu,SnL3(14)

Yield: 69%; Light yellow solid; m.p.: 181-184 °C; Anal. calcd. for CygH;oN;0,Sn:
C, 60.02; H, 6.77; N, 7.24, found: C, 60.05; H, 6.74; N, 7.23. FTIR (v, cm_l): 1577
(C=N), 1231 (C-0), 553 (Sn-0), 463 (Sn—-N). 'H NMR (400 MHz, CDCl,) 6: 8.45
(s, IH, -N=CH), 7.94 (d, /=8.1 Hz, 2H, Ar-H), 7.21 (d, J=38.0 Hz, 2H, Ar-H),
6.59 (s, 1H, Ar-H), 3.25-3.20 (m, 4H), 2.70-2.64 (m, 4H), 2.41 (s, 3H, —CH,),
1.97-1.91 (m, 4H), 1.74-1.67 (m, 4H, Bu-H), 1.46-1.37 (m, 8H, Bu-H), 0.90 (t,
J=8.0 Hz, 2H, 6H, Bu-H). 1*C NMR (100 MHz, CDCl,) &: 167.73 (NH=C-0),
163.15 (HC=N), 159.66, 148.64, 140.18, 132.34, 127.77, 118.59, 113.53, 110.78,
108.61, 106.35 (Ar—C), 50.25, 49.76, 45.83, 30.31, 27.24, 26.87, 26.51, 22.45,
21.87, 21.05, 20.65, 13.69. Sn NMR (400 MHz, CDCl;) &: — 194.4. HRMS: m/z
[M+H]* caled. for C,gH;9N;0,Sn: 582.21, found: 582.21.

Ph,SnL3(15)

Yield: 71%; Light yellow solid; m.p.: 157-160 °C; Anal. calcd. for C53H;;N;0,Sn:
C, 63.89; H, 5.04; N, 6.77, found: C, 63.87; H, 5.06; N, 6.73. FTIR (v, Cm_l): 1575
(C=N), 1233 (C-0), 553 (Sn-0), 462 (Sn-N). '"H NMR (400 MHz, CDCl,) &:
8.44 (s, 1H, -N=CH), 8.12 (d, /=38.1 Hz, 2H, Ar-H), 7.93-7.90 (m, 4H, Ar-H),
7.41-7.37 (m, 6H, Ar-H), 7.29 (s, 1H, Ar-H), 7.27 (s, 1H, Ar-H), 6.60 (s, 1H,
Ar-H), 3.33-3.29 (m, 4H), 2.97 (t, J=6.5 Hz, 2H), 2.68 (t, J=6.2 Hz, 2H), 2.44 (s,
3H, -CH,), 2.08-2.03 (m, 2H), 1.99-1.93 (m, 2H). '*C NMR (100 MHz, CDCl,)
8: 166.51 (NH=C-0), 163.87 (HC=N), 159.68, 148.97, 140.43, 136.29, 131.72,
129.98, 128.89, 128.56, 127.26, 113.16, 109.10, 106.44 (Ar—C), 50.27, 49.96, 27.18,
22.03, 21.55, 21.27, 20.91. '"*Sn NMR (400 MHz, CDCl,) §: —329.6. HRMS: m/z
[M+H]" caled. for C53H;N;0,Sn: 622.15, found: 622.15.

Antimicrobial activity

The in vitro antimicrobial activity of the synthesized Schiff base ligands (1-3) and
their corresponding diorganotin(IV) complexes (4-15) was evaluated against two
Gram-positive (Staphylococcus aureus MTCC 2901 and Bacillus subtilis MTCC
441), two Gram-negative (Escherichia coli MTCC 732, Pseudomonas aeruginosa
MTCC 424) bacterial and two fungal (Candida albicans MTCC 227, Aspergillus
niger MTCC 9933) strains using serial dilution method [32-34]. The results were
reported in terms of MIC (umol/mL). Potato dextrose broth and nutrient broth were
utilized as the growth media for fungal and bacterial species, respectively. Initially,
the stock solutions of synthesized compounds with a concentration of 100 ug/mL
were prepared in dimethylsulphoxide, and the solutions were again serially diluted
to obtain concentrations of 50, 25, 12.5, 6.25, 3.12, 1.56 ug/mL [35]. 1 mL of the
above prepared solutions was poured into each test tube containing 1 mL of nutrient
broth and potato dextrose broth for antibacterial and antifungal activity, respectively.
The test tubes containing fungal strains and bacterial strains were kept for incubation
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(all the bacteria were incubated at 37 °C for 24 h and A. niger was incubated at
25 °C for 7 days, while C. albicans was kept at 25 °C for 2 days). The experimental
procedure was repeated to get concordant readings, and their MIC values were cal-
culated. The obtained results were compared with standard drugs, viz. Ciprofloxacin
for antibacterial and Fluconazole for antifungal activity.

Molecular docking study
Ligand and protein preparation

The structure of the metal complex was sketched and optimized in 2D and 3D with
MarvinSketch [36]. The X-ray crystallographic structures of enzymes (pdb id: 2gfx
and 5tz1) were retrieved from the protein data bank [https://www.rcsb.org]. The
protein was prepared by the removal of water molecules, and the binding site was
defined by bound ligand coordinates. The binding site center was chosen by the
bound ligand, and a radius of 10 A was used for extraction of the binding site. The
later was used for docking studies. The whole process of binding site preparation
was accomplished with iGemdock?2.1 [37].

Docking analysis

Computational simulations for docking were carried out using iGemdock?2.1, and
the suitable binding conformation was searched with a genetic algorithm compris-
ing of population size 300, generations 80 and number of solutions 10 in docking
accuracy settings. The conformation which was most overlapping with the co-crys-
tallized ligand was chosen for study. The Discovery studio visualizer and Chimera-X
[38, 39] tools were used for the visualization of the outcomes. The procedures of
docking were attuned by the correct re-docking of co-crystallized ligands.

Results and discussion
Synthetic aspects

Schiff base ligands (1-3) were obtained by the condensation reaction of 9-For-
myl-8-hydroxyjulolidine with Benzohydrazide derivatives in a 1:1 molar ratio.
Diorganotin(IV) derivatives were prepared by the reaction of Schiff base ligands
with R,SnCl, (R=Me, Et, Bu and Ph groups). The schematic pathway for the syn-
thesis of ligands and their diorganotin(IV) complexes is depicted in Scheme 1. The
synthesized compounds were obtained in good yields and soluble in tetrahydrofuran,
dimethylsulphoxide, acetonitrile, etc., but were insoluble in water. The molar con-
ductivity with 107> M solutions was found to be in the range of 8—14 Q~'cm?mol~!
which is very low, suggesting the non-electrolytic nature of the metal complexes.
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R,=NO, R,=H, R;=H, R=Bu
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R,=H, R,=H, R;=CH;R=Me
R,=H, R,=H, R;=CH;R=Et
R;=H, R,=H, R;=CH;R=Bu
R,=H, R,=H, R;=CH; R=Ph

Scheme 1 Synthesis of Schiff base ligands (1-3) and their diorganotin complexes (4-15)

No suitable single crystals for the synthesized compounds could be obtained in any
solution.

IR spectra

The FTIR measurements embodied the ubiquity of all the functionalities present
in the synthesized compounds. The obtained results are depicted in Table 1. The
azomethine band in the ligands was observed in the range of 1594-1592 cm™', which
shifts to a region of lower frequency in complexes, i.e. 1588—1575 cm™!, thereby
suggesting the coordination of azomethine nitrogen to the central tin atom [40]. In
IR spectra of Schiff base ligands, (N-N) stretching band appeared in the range of
968-902 cm™!, which got shifted to slightly lower frequency region upon complexa-
tion [41]. In ligands, the absorption bands appearing in the range of 3453-3445 and
30562938 cm™! are due to v(N-H) and (O-H) groups, respectively, which upon
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Table 1 Characteristic IR frequencies (cm™") of the synthesized compounds (1-15)

Sr. No Compounds v(N-H) v(O-H) Y(C=0) v(C=N) v(Sn-0) v(Sn-N)

1 H,L! 3450 2943 1632 1594 - -

2 H,L2 3445 3056 1628 1592 - -

3 H,L? 3453 2938 1632 1594 - -

4 Me,SnL! - - - 1586 561 473
5 Et,SnL! - - - 1587 535 475
6 Bu,SnL! - - - 1588 537 475
7 Ph,SnL! - - - 1587 535 476
8 Me,SnL? - - - 1583 553 473
9 Et,SnL2 - - - 1587 554 475
10 Bu,SnL? - - - 1587 555 473
11 Ph,SnL? - - - 1583 566 471
12 Me,SnL? - - - 1576 554 465
13 Et,SnL? - - - 1577 552 464
14 Bu,SnL? - - - 1577 553 463
15 Ph,SnL? - - - 1575 553 462

coordination with the tin metal disappears in the spectra of complexes. The data
obtained strongly manifested the deprotonation of N-H and O-H groups and their
subsequent coordination with the tin metal [42]. Another prominent band which
helps in determining the binding mode is the v(C=0) band which was observed at
1632-1628 cm™! in the free ligands and its disappearance was noticed during com-
plexation [43]. M-L vibration bands for v(Sn—O) and v(Sn—N) were detected in far
infrared region of 566-535 cm™! and 476462 cm™!, respectively [44, 45]. The IR
studies reveal that the ligands acted in a tridentate manner and the metal complexes
have pentacoordinated geometry [46].

"HNMR

The proton NMR spectra of the Schiff base ligands (H2L1_3) and their respective
diorganotin complexes (R,SnL'~%) were recorded in DMSO-d; and CDCI; sol-
vents. In '"H NMR spectra of the ligands, -NH and -OH protons gave singlets at &
12.02-11.79 ppm and & 11.76-11.54 ppm, respectively, which disappeared upon
complexation, thereby showing the deprotonation and coordination of phenolic
and enolic oxygen atoms with the tin metal [42]. The binding mode of the ligands
with the tin metal was also explained by -CH=N proton signal at 8 8.32-8.14 ppm,
which shifts downfield on complexation at 8.46-8.33 ppm and gives the tin satellite
peak with 3 J(!'Sn™'H) coupling constant in the range of 48-52 Hz, which fur-
ther specify the coordination of azomethine nitrogen to the tin metal and formation
of Sn—N bond [47]. The aromatic protons in ligands resonated at & 7.96—6.72 ppm,
which were unaffected or very less affected on complexation.

In '"H NMR spectra of diorganotin(IV) complexes, additional peaks were
observed due to the presence of alkyl/aryl groups directly attached to the cen-
tral Sn(IV) atom. Dimethytin derivatives (4, 8, 12) gave singlet in the range of &
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0.78-0.75 ppm. In diethyltin complexes (5, 9, 13), the methylene proton appears as
a triplet in the range of 1.31-1.30 ppm while methyl proton appeared as multiplet at
6 1.46-1.38 ppm. Dibutyltin complexes (6, 10, 14) have multiplet and triplet in the
range of & 1.72-1.39 ppm and & 0.91-0.90 ppm, respectively. Signals obtained in
the range of & 8.12—6.58 ppm are due to phenyl protons of diphenyltin complexes (7,
11, 15).

According to the literature, the coordination patterns of tin(IV) in dimethyltin(IV)
derivatives with 2 J(''°Sn-"H) coupling constant values are as follows: in tetra-coor-
dinated tin complexes, 2 J values were less than 60 Hz; in pentacoordinated tin com-
plexes, the values fall in the range of 65-80 Hz. Another parameter which helps to
confirm the geometry around the tin atom is the C—Sn—C angle. Its values for tetra-
and penta-coordinated complexes are §<112° and 6=115-130", respectively. For
dimethyltin(IV) complexes, the observed coupling constant > J(!'°Sn, 'H) values lie
in the range of 72-78 Hz and 0 (C—Sn—C angle) was 121.82-128.39". The obtained
values suggest five coordinated geometry for the complexes [48].

3CNMR

In 13C NMR spectra of ligands, the signal for azomethine carbon resonate at &
159.71-155.14 ppm and after complex formation its downfield shift was observed
at 0 164.42-159.82 ppm, which effectively justify the participation of nitrogen
in bonding with the tin metal [49]. Furthermore, the signal for NH-C=0O car-
bon appeared at & 162.43—-161.13 ppm, which have been shifted downfield in the
range of & 167.73-164.26 ppm upon complexation. The signal in ligands at &
155.17-151.14 ppm is due to the carbon attached to the phenolic oxygen, which
shifts to 6 161.03—159.82 ppm in complexes thereby providing another evidence of
complex formation.

The signal due to Sn—CH; of dimethyltin complexes (4, 8, 12) appeared
at & 1.27-1.12 ppm, while diethyltin complexes (5, 9, 13) gave signals at &
13.72-13.64 ppm and & 9.34-9.23 ppm due to carbons of diethyl group. Dibutyl
complexes (6, 10, 14) gave signals at & 30.33-30.31 ppm, & 27.19-26.87 ppm, O
22.45-22.05 ppm and & 13.69-13.68 ppm due to carbons of dibutyl group. The
signals due to carbon atoms of diphenyltin complexes (7, 11, 15) obtained at &
161.03-105.96 ppm. These additional signals confirm the existence of the Sn—C
bond in complexes.

19Sn NMR

To study the bonding and molecular structure in organotin compounds, °Sn NMR
spectroscopy proves to be a useful tool. The chemical shift values for dimethyltin
(4, 8 and 12), diethyltin (5, 9 and 13), dibutyltin (6, 10 and 14), and diphenyltin (7,
11 and 15) complexes were found to be in the range of 5 — 146.83 to — 143.24 ppm,
5—183.56 to—182.13 ppm, 8-19439 t0—-190.34 ppm and &-332.89
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to—329.00 ppm, respectively. In complexes, the observed ''°Sn chemical shift val-
ues specify a penta-coordinated environment around the tin atom [50-52].

Mass spectra

The mass spectra of the synthesized ligands (1-3) and their corresponding
diorganotin(IV) complexes (4-15) were recorded in acetonitrile solvent and the
obtained data was consistent with the proposed structures. The molecular ion peak
of hydrazone ligand (3) was observed at m/z 349.1790, which was same as the calcu-
lated value. The molecular ion peak for its dimethyltin (12), diethyltin (13), dibutyl-
tin (14) and diphenyltin (15) complexes were observed at m/z 498.1200, 526.2005,
582.2144 and 622.1564, respectively, which correspond to the predicted molecular
weight and ensure the formation of complexes. The general possible mass fragmen-
tation pattern for ligand (3) and its dimethyltin(IV) complex (12) is presented in
Scheme 2, 3.

X-ray diffraction analysis

The X-ray powder diffraction analysis was carried out to get information about the
crystalline or amorphous nature of the synthesized compounds. The Schiff base
ligand (1) and its complexes (4—7) were examined by the use of this technique over
the 26 range 10-80° at a wavelength of 1.5406 A. The micrograph of ligand shows
sharp peaks specifying its crystalline nature, while the micrographs of metal com-
plexes show semi-crystalline nature. The obtained pattern of ligand is completely
different from those of complexes, thereby further supporting the coordination of
the ligands to the metal ion. The average crystallite size of the examined compounds
was calculated according to Debye—Scherrer equation:

d _ 091 |
XRD pcos@ M

where A is wavelength, @ is diffraction angle, constant 0.9 is the shape factor,
and f is full width at half maxima (FWHM). The average crystallite size dxzp of
the compounds H,L' (1), Me,SnL' (4), Et,SnL' (5), Bu,SnL! (6), and Ph,SnL! (7)
was found to be 42.45, 31.45, 33.19, 28.56 and 26.38 nm, respectively. The values
of dislocation density of compounds 1 and 4-7 were found to be in the range of
0.00143-0.00055 nm™2.

Antimicrobial assay
The synthesized compounds (1-15) were tested for antimicrobial activity against

four bacterial and two fungal strains. The serial dilution method was utilized in these
assays and each experiment was repeated thrice [53]. Ciprofloxacin and Fluconazole
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Scheme 2 General possible mass fragmentation for the Schiff base ligand (3)

— e
Me Me
< /
S -2Me N 7 \
N (0] \O —_—
‘ _N-N— c CHs
_N-N—C CHs
m/z: 467.065
_J Sn _J
m/z: 497.11
e
N OH oH
~ N—N:C@CH
m/z: 349.17

Scheme 3 General possible mass fragmentation for the dimethyltin(IV) complex (12)

were used as standard drugs for the assay. The activity results were reported in terms
of MIC (umol/mL), and the obtained results are summarized in Fig. 1 and Table 2.
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Fig. 1 Graphical representation of antimicrobial activity of the synthesized compounds

Table2 Antimicrobial results expressed in terms of MIC (pmol/mL) for the synthesized compounds
1-15)

MIC in pumol/mL

C.no  Synthesized Gram + ve bacteria Gram —ve bacteria Fungi

Compounds S.auerus  B.subtilis  E.coli P.aeruginosa  A.niger C.albicans
1 H,L! 0.0328 0.0328 0.0328  0.0328 0.0328 0.0656
2 H,L? 0.0342 0.0342 0.0342  0.0684 0.0342 0.0684
3 H,L? 0.0357 0.0714 0.0357  0.0714 0.0357 0.0714
4 Me,SnL! 0.0118 0.0236 0.0236  0.0118 0.0118 0.0118
5 Et,SnL! 0.0112 0.0112 0.0224  0.0112 0.0112 0.0112
6 Bu,SnL! 0.0102 0.0102 0.0204  0.0102 0.0102 0.0102
7 Ph,SnL! 0.0095 0.0095 0.0095  0.0095 0.0095 0.0095
8 Me,SnL2 0.0244 0.0244 0.0244  0.0244 0.0122 0.0244
9 Et,SnL? 0.0230 0.0230 0.0230  0.0230 0.0115 0.0230
10 Bu,SnL? 0.0208 0.0208 0.0208  0.0208 0.0208 0.0208
11 Ph,SnL> 0.0196 0.0196 0.0196  0.0196 0.0196 0.0196
12 Me,SnL3 0.0251 0.0251 0.0251  0.0125 0.0251 0.0251
13 Et,SnL3 0.0238 0.0238 0.0238  0.0119 0.0119 0.0238
14 Bu,SnL? 0.0214 0.0214 0.0214  0.0107 0.0107 0.0214
15 Ph,SnL? 0.0200 0.0100 0.0200  0.0100 0.0100 0.0200

Ciprofloxacin ~ 0.0047 0.0047 0.0047  0.0047 - -

Fluconazole - - - - 0.0102 0.0102

By comparing the activity of ligands (1-3), it was established that H,L!
(MIC=0.0656-0.0328 pmol/mL) was more active as compared to other
ligands. The greater activity of H,L' ligand was due to the companionship of
electron-withdrawing nitro group present on the salicylaldehydic ring, while
H,L} (MIC=0.0714-0.0357 pmol/mL) was least active due to the presence of
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electron-donating methyl group [54]. The ligand H,L* (MIC =0.0684—0.0342 umol/
mL) having -OCHj; group attached to the salicylaldehyde ring was found to show
moderate inhibition. Among the ligands, the antimicrobial activity follows the order
H,L'>H,L?>H,L? which suggests that compounds having electron withdraw-
ing groups attached were found to be more active than compounds having electron
donating groups attached [55].

Among the metal complexes, especially diphenyl complexes 7, 11 and 15
(MIC=0.0200-0.0095 pmol/mL) exhibit better antimicrobial potential than
the other substituted complexes. The inclusion of two phenyl groups enhances
the solubility in lipids and they can easily cross through the cell walls with more
efficiency [56]. Dibutyl complexes 6, 10 and 14 (MIC=0.0214-0.0102 pmol/
mL) showed better activity as compared to diethyl complexes 5, 9 and 13
(MIC=0.0238-0.0112 umol/mL) and dimethyl complexes 4, 8 and 12
(MIC=0.0251-0.0118 pmol/mL). The general trend of activity of the complexes
follows the order: Ph,SnL'~ > Bu,SnL!~* > Et,SnL! = > Me,SnL! 3 [57].

From the activity results, it was found that the studied diorganotin(IV) complexes
(4-15) exhibit enhanced inhibitory activity against the tested strains as compared to
hydrazone ligands (1-3). The increased activity of the complexes might be attrib-
uted to increased lipophilicity and efficient diffusion of the metal complexes into
bacterial and fungal cells after coordination of ligand to the tin metal [58]. Further-
more, upon complexation the positive charge of the metal in the complexes is par-
tially shared with the donor atoms of the ligands, so that there is an electron delo-
calization over the whole chelate ring [59, 60].

Activity order
R =Ph>Bu>Et>Me

‘~_R<I R}
Sp--7
N o~ \O Effect of Substituents
l :LN:(E : Rsx\‘ R4 = NO, activity increases

R, = OCH3 moderate activity

R3 = CHj activity decreases

Fig.2 Structure activity relationship (SAR) diagram for the synthesized compounds
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Structure activity relationship

The SAR of synthesized compounds (1-15) was established to examine the effect
of substituents on biological activity and represented in Fig. 2. Compound 1 having
a nitro group shows less activity, but after complexation with tin derivatives, there
is significant enhancement in its biological activity. Dimethyltin (4) and diethyltin
(5) complexes show moderate activity, while dibutyltin complex (6) showed good
activity. Diphenyltin complex (7) was found to be the most active compound in the
entire series. Compound 2 having a methoxy group shows very less activity, but its
complexation with tin derivatives enhanced their biological activity. Diphenyl com-
plex (11) exhibits higher activity than dibutyl complex (10), diethyl (9) and dime-
thyl (8) complexes exhibit moderate activity. Compound (3) having a methyl group
shows very less activity but its diphenyl complex (15) exhibits good activity. Dibutyl
complex (14) shows more potency than diethyl (13) and dimethyl (12) complexes.
After evaluating the biological potential, it was found that metal complexes (4-15)
show higher activity than parent ligands (1-3). The higher activity of the phenyl
complexes as compared to other compounds was due to the delocalisation of the IT
electron cloud above the ring. The enhanced activity of complexes may be a result
of an increase in their lipophilicity.

Molecular docking studies

Organometallic complex 7 was found to be most active against all bacterial and
fungal strains. So, it was chosen for computational study for assessing the probable
binding conformation in the plausible enzyme responsible for its activity. Complex 7
was docked into the binding site of E. coli 3-oxoacyl-[acyl-carrier-protein] synthase
2 (FabF) and sterol 14-alpha demethylase of C. albicans. The binding site chosen
was same as that of bound ligands.

Figure 3 shows that complex 7 interacted with the active site residues of FabF
through hydrophobic interactions mainly. One oxygen atom bonded with tin created

\ A RER ALAZ0S
S

HIS268

(b)

Fig. 3 Binding interactions of a complex 7 and b co-crystallized ligand in the active site of E. coli
3-oxoacyl-[acyl-carrier-protein] synthase 2 (FabF)
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PHE380

(b)

Fig. 4 Binding interactions of a complex 7 and b co-crystallized ligand in the active site of C. albicans
sterol 14-alpha demethylase

Fig.5 Cartoon diagrams of enzyme a E. coli 3-oxoacyl-[acyl-carrier-protein] synthase 2 and b C. albi-
cans sterol 14-alpha demethylase along with respective co-crystallized ligand (magenta) and docked
metal complex 7 (cyan)

carbon hydrogen bond with SER271 while three carbon atoms made carbon hydro-
gen bonds with ARG206, THR307 and GLY310. One of the phenyl ring connected
with tin was involved in T-shaped pi-pi stacked interactions with PHE400.

In the active site of enzyme sterol 14-alpha demethylase of C. albicans, this com-
plex anchored itself through hydrophobic interactions. It interacted with HEME601
via nitrophenyl and phenyl rings by making pi-pi stacked interactions. TYR118 was
stacked against the molecule via pi-pi interactions. There were two T-shaped pi-pi
stacked interactions; one between TYR132 nitrophenyl ring electrons and other
between PHE228 and phenyl ring attached with tin metal. These interactions along
with other contacts between the active site residues and compound 7 are shown in
Fig. 4.
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The docked conformation of compound 7 along with cocrystallized ligand is
shown in Fig. 5.

Conclusion

In summary, herein we report the synthesis of new diorganotin(IV) complexes (4-
15) of Schiff base ligands (1-3). The isolated compounds were very well character-
ized with the help of spectral and physico-analytical tools. The Schiff base ligands
are bound to tin(IV) metal through nitrogen atom of azomethine and oxygen atoms
of phenolic and enolic groups to form pentacoordinated complexes. The antimicro-
bial activity results displayed that metal complexes have enhanced potential as com-
pared to ligands. Among the synthesized compounds, phenyl substituted compound
(7) exhibits better activity against all the tested microbes. Compound PhZSnL1 7)
demonstrated good binding modes in the active sites of E. coli 3-oxoacyl-[acyl-
carrier-protein] synthase 2 (FabF) and C. Albicans sterol 14-alpha demethylase.
Considering the in vitro and molecular docking studies, the present paper is a note-
worthy scientific study for diorganotin(IV) complexes of hydrazone ligands and
especially the PhZSnL1 (7) complex provides a new vision for the development of
antimicrobial medications.
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