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Abstract. The ligand, (E)-4-((2-methoxyphenyl)amino)-4-oxobut-2-enoic acid, and its tri-butylstannyl (E)4-((2-methoxyphenyl)amino)-4-oxobut-2-enoate, trimethylstannyl (E)-4-((2-methoxyphenyl)amino)-4-oxobut-2-enoate and triethylstannyl (E)-4-((2-methoxyphenyl)amino)-4-oxobut-2-enoate complexes were
obtained and characterized by different techniques. The spectroscopic data revealed the presence of the OH in
the FTIR and NMR spectra of the (E)-4-((2-methoxyphenyl)amino)-4-oxobut-2-enoic acid and the absence of
this peak in the spectra of the complexes conﬁrm their successful formation. The geometry conﬁrmation was
done using single-crystal X-ray diffraction and found a 5-coordinated distorted trigonal bipyramidal comprising of the O1 of the carboxylate moiety, O3 of the amide moiety occupying the axial position while the
three equatorial positions were occupied by the carbon atoms of the three butyl groups. The result of the DNA
interaction of the representative compounds explored an intercalative binding mode as conﬁrmed by UVVisible spectroscopy and viscometry. The in silico study performed by SwissADME webserver suggested that
reported compounds obey the rules of drug-likeness.
Keywords. Derivative of carboxylic acid; triorganotin complex; spectroscopic analysis; DNA binding
study; In silico study.

1. Introduction
Being an important class of organometallic compounds, Organotin(IV) compounds, received distinctive consideration mainly due to their structural
diversity, as well as numerous applications in catalysis
especially biodiesel formation, organic synthesis,
antifouling coating materials and many more.1–4 On
the other hand, these compounds have also found vast
applications on the biological side including a new
entry in anticancer drug development due to their
signiﬁcant results, in addition to their use as fungicides, pesticides, antileishmanial, antitumor, antituberculosis and anti-inﬂammatory agents.5–11 Against

different cell lines many organotin(IV) compounds
were evaluated and their results endorse their potential
of repressing the tumor growth.12 The cellular death
and apoptosis caused by the organotin(IV) compounds
are due to their attachment with cell membranes and
the promotion of DNA oxidative damage.13,14 It has
been also reported in the literature the mechanism of
action of the organotin(IV) compounds against the
cancer cell line is because of the induce apoptosis due
to mitochondrial dysfunction and the increase of
reactive oxygen species (ROS).15
The organic moieties bonded to Sn atom help in
determining the biological activity of the organotin(IV) compounds. Generally, trialkyl/triaryl tin
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complexes have potent toxic action on the CNS.
Among the trialkyl tin complexes, methyl and ethyl
derivatives are highly toxic during oral administration
while their toxic effect decreases gradually from propyl to octyl (almost not toxic) derivatives. Similarly,
the present an easily hydrolysable ligand (such as
those containing O atoms for example carboxylates, S
atoms for example carbamates or thiocarbamates etc.)
attached to Sn atom that gives either RnSn2? or RnSn?
intermediates also play a critical role in determining
the biological activity of the Sn compounds.16
The literature survey revealed that a lot of studies
concentrated mainly on the synthesis and structural
conﬁrmation of the organotin(IV) compounds.17,18
Among the organotin(IV) compounds, the most
important one is the organotin(IV) carboxylate
derivatives from a different point of view for example
having several assimilated molecular geometries
showing monomeric, dimeric, polymeric and macrocyclic forms.19 Organotin(IV) carboxylates exist
mostly either as triorganotin(IV) carboxylate, R3Sn(OOC), having most commonly distorted trigonal
bipyramidal structure or as diorganotin(IV) carboxylate, R2Sn(OOC)2, having most commonly distorted
octahedral or skew trapezoidal structures.20–23 Tetrahedral structures are also shown by both the tri-and diorganotin(IV) carboxylate derivatives.24,25
Here in this report, we are describing the designing of
(E)-4-((2-methoxyphenyl)amino)-4-oxobut-2-enoic
acid and its three triorganotin(IV) complexes which
were conﬁrmed using various characterization methods.
Their preliminary interaction with SS-DNA was
checked using UV-Visible spectroscopic and viscometric methods. In addition to that, the in silico evaluation of these compounds were also done using
SwissADME webserver. Among other physicochemical properties, lipophilicity plays an important role in
molecular discovery activities and lipophilicity is best
described by the partition coefﬁcient P of a given
molecule between two immiscible solvents. The n-octanol/water system is most commonly used in biomedical and pharmaceutical research due to its amphiphilic
nature because n-octanol is considered a good mimic of
phospholipid membrane characteristics.25,26
2. Experimental
2.1 Materials and methods
Analytical grade solvents and reactants were obtained
from Sigma-Aldrich (USA). The following instruments were used during this work: Gallenkamp for
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Melting point determination Thermo Nicolet-6700
FTIR for recoding the IR spectrum, 400 MHz JEOL
ECS Spectrophotometers for obtaining NMR spectrum
and CE-440 Elemental Analyzer for determining the
percentage elemental compositions were determined
by while single crystal samples were analyzed by
Bruker Apex II CCD diffractometer at 296 K. The
crystal structures were solved and reﬁned by
SHELXTL26, 27 and SHELX 2012.27, 28 The interaction
of the evaluated compounds with DNA was performed
by Shimadzu 1800 UV-visible Spectrophotometer and
Ubbelohde viscometer.
2.2 Synthesis
10 mmol (0.98 g) of maleic anhydride dissolved in
glacial CH3COOH was reacted with 10 mmol (1.13
mL) of o-anisidine also taken in a small amount of
glacial CH3COOH at room temperature. After mixing
of the two reactants, a dark brownish color precipitate
of (E)-4-((2-methoxyphenyl)amino)-4-oxobut-2-enoic
acid appeared just after 2–3 min of mixing. The precipitate was washed with distilled H2O and then airdried to get the desired compound. The compound was
tried in many organic solvents like CHCl3, (CH3)2O,
CH3OH, etc. for crystallization but failed to obtain
suitable crystal due to its amorphous nature.
The ligand, (E)-4-((2-methoxyphenyl)amino)-4oxobut-2-enoic acid, was suspended in distilled H2O
and treated with equimolar of an aqueous solution of
NaHCO3 for converting it into its sodium salt, sodium
(E)-4-((2-methoxyphenyl)amino)-4-oxobut-2-enoate.
The solid product of sodium salt of the ligand was
obtained after rotary evaporation of H2O.
The
obtained
sodium
(E)-4-((2-methoxyphenyl)amino)-4-oxobut-2-enoate was reacted with
R3SnCl [R = n-C4H9 (1), CH3 (2) and C2H5 (3)] in 1:1
molar ratio using toluene as solvent, stirred and
reﬂuxed for about 6 h to achieve the desired triorganotin(IV) complexes as given in Scheme 1. The complexes were crystallized in CHCl3 and block colorless
crystal after one week for complex 1 among the three.
2.2a (E)-4-((2-Methoxyphenyl)amino)-4-oxobut-2enoic acid (HL): Yield: 92%, M.p. 181–183 C, Mol.
Wt.: 221.2, Molecular formula: C11H11NO4, CHN data
(%, Experimental value/Theoretical value): C (59.68/
59.73), H (5.12/5.01), N (6.25/6.33): FTIR (4000–400
cm-1): 3338 (NH), 3264 (OH), 1708 (C=O carboxyl
group), 1671 (amide C=O), 1289 (C–O): 1H NMR
(DMSO-d6, 400 MHz) d (ppm): 3.84 (s, 3H, H-11),
6.37 (t, 2H, H-3, 3J[1H, 1H] = 12 Hz), 6.66 (t, 2H,
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Scheme 1. Synthesis of ligand, its sodium salt and triorganotin complexes

H-2, 3J[1H, 1H] = 12 Hz), 6.91 (t, 1H, H-9, 3J[1H,
1
H] = 8 Hz), 7.08 (t, 1H, H-7, 3J[1H, 1H] = 8 Hz),
7.16 (d, 1H, H-6, 3J[1H, 1H] = 8 Hz), 7.99 (t, 1H, H-8,
3 1
J[ H, 1H] = 8 Hz), 9.91 (s, 1H NH), 13.47 (s, 1H,
OH): 13C NMR (DMSO-d6, 100 MHz) d (ppm): 56.2
(C-11), 111.8 (C-9), 120.7 (C-7), 122.8 (C-6), 125.8
(C-5), 126.8 (C-8), 131.4 (C-2), 132.1 (C-3), 150.5 (C10), 163.6 (C-4), 167.6 (C-1).
2.2b Tri-butylstannyl
(E)-4-((2-methoxyphenyl)
amino)-4-oxobut-2-enoate (1): Yield: 85%, M.p.
129-131 C, Mol. Wt.: 510.3, Molecular formula:
C23H37NO4Sn, CHN data (%, Experimental value/
Theoretical value): C (54.24/54.14), H (7.54/7.31), N
(2.72/2.75): FTIR (4000–400 cm-1): 3336 (NH), 1667
(amide C=O), 1534 (COOasym), 1300 (COOsym), 1276

(C–O), 566 (Sn–C), 481 (Sn–O), D (234): 1H NMR
(DMSO-d6, 400 MHz) d (ppm): 0.88 (t, 3H, H-d,
3 1
J[ H, 1H] = 8 Hz), 1.03 (t, 2H, H-a, 3J[1H, 1H] = 7
Hz, 1.23 (m, 2H, H-c), 1.51 (m, 2H, H-b), 3.84 (s, 3H,
H-11), 6.20 (t, 2H, H-3, 3J[1H, 1H] = 12 Hz), 6.27 (t,
2H, H-2, 3J[1H, 1H] = 13 Hz), 6.85 (d, 1H, H-7, 3J[1H,
1
H] = 8 Hz), 6.93 (t, 1H, H-9, 3J[1H, 1H] = 7.8 Hz),
8.33 (t, 1H, H-8, 3J[1H, 1H] = 8 Hz), 10.91 (s, 1H
NH): 13C NMR (DMSO-d6, 100 MHz) d (ppm): 13.6
(C-d), 17.6 (C-a, 1J[119/117 Sn-13 Ca] = 345, 337 Hz),
26.9 (C-c, 3J[119 Sn-13 Cc] = 67 Hz), 27.8 (C-b, 2J[119
Sn-13 Cb] = 22 Hz), 55.7 (C-11), 110.4 (C-9), 120.8
(C-7), 124.3 (C-6), 125.3 (C-5), 126.8 (C-8), 130.8 (C2), 134.1 (C-3), 149.2 (C-10), 164.4 (C-4), 170.2 (C1): 119Sn NMR (DMSO-d6, 400 MHz) d (ppm):
- 21.3.
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2.2c Tri-methylstannyl
(E)-4-((2-methoxyphenyl)
amino)-4-oxobut-2-enoate (2): Yield: 80%, M.p.
121–123 C, Mol. Wt.: 384, Molecular formula:
C14H19NO4Sn, CHN data (%, Experimental value/
Theoretical value): C (43.79/44.01), H (4.99/5.11), N
(3.65/3.72): FTIR (4000–400 cm-1): 3427 (NH), 1671
(amide C=O), 1527 (COOasym), 1310 (COOsym), 1280
(C–O), 560 (Sn–C), 485 (Sn–O), D (217): 1H NMR
(DMSO-d6, 400 MHz) d (ppm): 0.35 (s, 3H, H-a,
2 119
J[ Sn, 1H] = 58 Hz), 3.83 (s, 3H, H-11), 6.12 (t, 2H,
H-3, 3J[1H, 1H] = 12.4 Hz), 6.21 (t, 2H, H-2, 3J[1H,
1
H] = 12.4 Hz), 7.03 (t, 1H, H-7, 3J[1H, 1H] = 7.5
Hz), 7.18 (t, 1H, H-6, 3J[1H, 1H] = 7.5 Hz), 7.16 (d,
1H, H-7, 3J[1H, 1H] = 7.5 Hz), 8.10 (t, 1H, H-8, 3J[1H,
1
H] = 8 Hz), 10.94 (s, 1H NH): 13C NMR (DMSO-d6,
100 MHz) d (ppm): 0.8 (Ca, 1J[119Sn-13Ca] = 390
Hz), 56.5 (C-11), 111.5 (C-9), 121.0 (C-7), 122.1 (C6), 125.7 (C-5), 131.3 (C-2), 134.9 (C-3), 149.7 (C10), 164.2 (C-4), 169.8 (C-1), 127.7 (C-8): 119Sn NMR
(DMSO-d6, 400 MHz) d (ppm): -18.9
2.2d Tri-ethylstannyl
(E)-4-((2-methoxyphenyl)
amino)-4-oxobut-2-enoate (3): Yield: 82%, M.p.
109–111 C, Mol. Wt.: 426, Molecular formula:
C17H25NO4Sn, CHN data (%, Experimental value/
Theoretical value): C (47.92/47.48), H (5.91/5.81), N
(3.29/3.32): FTIR (4000–400 cm-1): 3428 (NH), 1683
(amide C=O), 1527 (COOasym), 1320 (COOsym), 1280
(C–O), 557 (Sn–C), 484 (Sn–O), D (207): 1H NMR
(DMSO-d6, 400 MHz) d (ppm): 1.00 (q, 3H, H-a), 1.14
(t, 2H, H-b, 3J[1H, 1H] = 8 Hz), 3.82 (s, 3H, H-11), 6.07
(t, 2H, H-3, 3J[1H, 1H] = 12.4 Hz), 6.19 (t, 2H, H-2,
3 1
J[ H, 1H] = 12.4 Hz), 6.83 (d, 1H, H-7, 3J[1H, 1H] =
7.5 Hz), 6.89 (t, 1H, H-9, 3J[1H, 1H] = 8 Hz), 8.07
(t, 1H, H-6, 3J[1H, 1H] = 8 Hz), 10.71 (s, 1H NH):
13
C NMR (DMSO-d6, 100 MHz) d (ppm): 10.5
(C-b, 1J[119Sn-13Cb] = 30 Hz), 12.2 (Ca, 1J[119Sn13
Ca] = 395 Hz), 56.2 (C-11), 111.1 (C-9), 120.6 (C-7),
122.5 (C-6), 125.2 (C-5), 127.7 (C-8), 131.1 (C-2),
134.1 (C-3), 150.0 (C-10), 164.5 (C-4), 170.3 (C-1):
119
Sn NMR (DMSO-d6, 400 MHz) d (ppm): - 10.5.
2.3 Procedure of DNA binding study
The Salmon sperm DNA solution was prepared by
dissolving a small amount of it in distilled H2O and
placed it on stirring at room temperature. After a clear
and homogenized solution was obtained whose concentration was determined by UV-Visible instrument
using it known e = 6600 M-1 cm-1 and found equal
to 1.4 9 10-4 M. The nature of DNA free from protein
was checked from its absorbance ratio A260/
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A280 = 1.8. The ligand and its tributyl tin complex
were prepared in 70% absolute EtOH with 1 mM
concentration. During the DNA binding study, the
concentration of the compounds were kept constant
while that of the DNA was changed.29–33
2.4 Drug-likeness and ADME studies
ADME properties such as physicochemical and pharmacokinetics of the synthesized compounds and drug
similarity properties were performed on the SwissADME
web server.25,26,34 As a result of these studies, properties
such as TPSA, molecular weight, hydrogen bond
acceptor, hydrogen bond donor atoms and lipophilicity
(logP) of the compounds were determined. A BOILEDEgg model of the compounds, the absorption in the gastrointestinal system and the crossing of the blood-brain
barrier were evaluated.35 The oral bioavailability of the
compounds was also examined on 6 parameters with the
radar image. Drug-likeness analysis of the compounds,
‘‘Lipinski’s Rule of Five’’ compatibility was examined
using the same SwissADME web server.25,26,34
3. Results and Discussion
The ligand, (E)-4-((2-methoxyphenyl)amino)-4-oxobut-2-enoic acid has been synthesized from the 1:1
(nucleophilic addition) reaction of maleic anhydride
with o-anisidine while the tributylstannyl (E)-4-((2methoxyphenyl)amino)-4-oxobut-2-enoate (complex
1), trimethylstannyl (E)-4-((2-methoxyphenyl)amino)4-oxobut-2-enoate (complex 2) and triethylstannyl (E)4-((2-methoxyphenyl)amino)-4-oxobut-2-enoate (complex 3) have been prepared by reacting the synthesized
ligand salt with (C4H9)3SnCl, (CH3)3SnCl and (C2H5)3SnCl, respectively. The synthesized compounds are
air-stable, soluble in common organic solvents including
MeOH, EtOH, DMSO, acetone and chloroform. The
experimentally obtained percentage CHN data of the
ligand and its complexes was in close matching with the
theoretical data as given in section 2.2. Details of the
spectroscopic and crystallographic characterization are
given below. In addition, certain medicinal potential,
namely DNA binding, antimicrobial, antioxidant
potentials, and the theoretical determination of medicinally relevant attributes are reported.
3.1 FTIR analysis
The FTIR spectra of the ligand and its complexes 1-3
were recorded in the range 4000–400 cm-1 and the
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date (m cm-1) is given in section 2.2. In the spectrum
of the free ligand, a peak at 3264 cm-1 was attributed
to the OH stretching of the carboxylic acid. The NH
stretching strong peak was appeared in the spectrum of
the ligand at 3338 cm-1. A medium intensity peaks at
1671 cm-1 was assigned to the amide carbonyl (2amide). The COO stretching band of the carboxylic
acid moiety appears as a strong peak at 1708 cm-1
while the C–O band appears as a weak peak at 1289
cm-1. While comparing the spectra of the free acid
(ligand) with its complexes 1–3, it was found that OH
peak was absent which is due to the coordination of
the carboxylate group oxygen with the Sn atom.
Another diagnostic absorption band to determine the
binding mode is the carbonyl stretch m(C=O) at 1708
cm-1 shifts to lower energy as its vibrational mode
becomes coupled to that of the other oxygen giving
rise to an asymmetric feature masym. Similarly, the (C–
OH) band shifts to higher energy on deprotonation
yielding a symmetric COO- mode (msym).36 The symmetric and asymmetric stretching vibration bands
appeared in the spectra of complexes 1–3 as a result of
Sn–O bond formation. The asymmetric stretching
vibration band appeared in the range of
1527–1534 cm-1 while that of the symmetric vibration band appeared in the range of 1300–1320 cm-1.
The separation between the asymmetric and symmetric vibration (Dm) was found greater than 200. It is
found in the literature that when the value of Dm is
greater than 200, then the carboxylate moiety is bonded to Sn atom in monodentate manner.1,37 The FTIR
data is fully consisted with the single crystal data of
the complex, in which only one oxygen of the carboxylate moiety is bonded to Sn atom. Two additional
new bands were found in the spectra of the complexes
1–3 in comparison with the spectrum of the free
ligand, at 566, 560, 557 cm-1 and 481, 485, 484 cm-1,
which are assigned to Sn-C and Sn-O, respectively.
The presence of the Sn–C and Sn–O peaks conﬁrm the
coordination of tin metal with carbon and oxygen
atoms.38
3.2 NMR analysis
The 1H and 13C NMR data of the ligand and complexes 1–3 is in section 2.2. The carboxylic acid proton H1 proton gives a singlet at 13.47 ppm (Figure S1,
SI) and this peak was disappeared in the spectrum of
the complex, representing the deprotonation of the
ligand. The oleﬁnic protons H-2 and H-3 appear as
doublets with 3J coupling constant values of 12–12.4
Hz in ligand and complexes. The value of 3J shows
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that these two protons are in cis position to each other
both in the ligand as well as in the complexes. The N–
H proton appears as a singlet at 9.91 ppm in the ligand
and at 10.71–10.94 ppm in complexes 1–3. The aromatic protons H-6 to H-9 appear in their respective
regions as: H-6 as doublet, H-7 as triplet, H-8 as triplet
and H-9 as a doublet in the ligand and complexes. The
methoxy protons (H-11) appear as a singlet in the
range of 3.82–3.84 ppm in the ligand and in the
complexes 1–3.
The butyl group protons attached to Sn center in the
spectrum of the complex 1 appear as: H-a: (1.03, triplet with 3J = 7 Hz), H-b: (1.51, multiplet), H-c:
(1.23, multiplet), H-d: (0.88, triplet with 3J = 8 Hz).
The methyl and ethyl group protons attached to Sn
center in the spectra of the complex 2 appear as: H-a:
(0.35, singlet with 2J(119Sn-1H) = 58 Hz) and in
complex 3 as: H-a: (1.00, quintet) and H-b: (1.14,
triplet with 3J = 8 Hz).
The value of 2J(119Sn–1H) = 58 Hz for complex 1
falls in the range of 4-coordination environment
around the Sn center in solution state. Similarly the
value of hC-Sn-C = 111 was calculated from
2 119
J( Sn-1H) for trimethyltin complex 2 using the
equations proposed by Lockhart also conﬁrm the
4-coordination:
h = 0.0161|1J(119Sn-1Ha)|2 – 1.32|1J(119Sn-1Ha)| ?
133.4
The carboxylic moiety carbon, C-1, in the ligand
(Figure S2, SI) was appeared at 167.6 ppm which
shifted downﬁeld in the complex to 170.4, 171.1,
170.8 ppm in complexes 1–3 as a result of transfer of
electron density towards the electropositive tin center.
The oleﬁnic carbons C-2 and C-3 appear at 131.4,
132.1 ppm in ligand while in complexes 1–3 at
134.1–134.9 ppm and 130.8–131.3 ppm. The amide
carbonyl carbon C-4 appears at 163.6 ppm in ligand
while in complexes 1–3 at 164.2–164.5 ppm. The
aromatic carbons C-5 to C-10 appear in their respective aromatic region range both in ligand and in
complexes. The methoxy carbon C-11 appears at 56.2
ppm in ligand and at 55.7–56.5 ppm in complex in
complexes 1–3. The presence of additional peaks of
the organic moiety attached to Sn center (Sn–C) in the
spectra of the complexes 1–3 conﬁrm their formation.
The value of hC-Sn-C = 109, 111, 111 were calculated from 1J(119Sn–13Ca using the equations proposed by Howard et al.,40 and Lockhart for complexes
1–3, respectively fall in the region of 4-coordination:
|1J(119Sn-13Ca)| = (9.99 ± 0.73)h – (746 ± 100)
(Howard’ equation for butyl derivative)
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|1J(119Sn-13Ca)| = 11.4h – 875 (Lockhart’s equation
for methyl and ethyl derivatives)
The peak for 119Sn NMR in the spectrum of the
complexes (1–3) appears at - 21.3, - 18.9, - 10.5
ppm in complexes 1–3 as a sharp singlet.30
3.3 Description of the crystal structure
of the complex
The molecular view of the tributylstannyl (E)-4-((2methoxyphenyl)amino)-4-oxobut-2-enoate (1) is given
in Figure 1 while the supramolecular view is presented
in Figure 2. The crystallographic data are given in
Table S1 of the Supplementary Information while some
important bond lengths, angles and detail of H-info is
given in Tables 1 and 2, respectively. It can be seen from
Figure 1 that there is 5-coordinated distorted trigonal
bipyramidal geometry around the Sn center comprising
of one carboxylate oxygen (O1), an oxygen atom of the
amide carbonyl group (O3) and three carbon atoms of
the butyl groups (C12, C16, C20). O1 and O3 are present
at the axial positions while C12, C16, C20 are present at
the equatorial positions of the trigonal bipyramidal
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structure. The s value which an indicator of the geometry around the Sn center is 0.84 which is the range of
distorted trigonal bipyramidal structure.30 The sum of
the three equatorial (C12–Sn1–C16, C12–Sn1–C20,
C20–Sn1–C16) plane angles is equal to 356.7. The
distortion from 360 of an ideal trigonal bipyramidal
structure is due to the axial (O1–Sn1–O3) bond angle.
The Sn1–O1 intramolecular separation of 2.164(3)Å is
smaller than the Sn1–O3 intermolecular distance of
2.604(4)Å.30 A distortion was found in one of the butyl
group (C21–C23) which was solved by splitting these
atoms into two parts A and B (for clarity purpose only
one part has shown in Figure 1. All the single and double
bond lengths, as well as bond angles, fall in the range
reported in the literature.10,16,37 A ﬂower-like 3D
structure was obtained (Figure 2) as a result of
intramolecular H-bonding interactions as shown in
Table 1.
3.4 Interaction of DNA with Ligand
and tributyltin complex
The interaction of DNA with Ligand and tributyltin
complex was checked using the UV-Visible

Figure 1. Perspective view of the tributyltin complex along with atom numbering scheme
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Figure 2. Wave type 3D packing diagram of the tributyltin complex

Table 1. Some selected bond lengths, angles and H-bond information for tributyltin complex
Atom
C1
C1
C1
C2
C3
C4
C5
Atom
O1
O2
O2
C3
C2
O3
O3
O4
Nos.
1
2

Atom

Length/Å

C2
O1
O2
C3
C4
N1
N1
Atom
Atom
C1
C1
C1
C2
C3
C4
C4
C10

C2
C2
O1
C1
C4
C3
N1
C5

1.493(7)
1.265(6)
1.241(6)
1.325(7)
1.488(7)
1.335(6)
1.403(6)
Angle/̊
114.9(5)
121.1(5)
124.0(4)
130.9(5)
133.0(5)
118.3(4)
123.1(5)
114.6(5)

Atom

Atom

C12
C12
C13
C14
C16
C16
C20
Atom
Atom
C13
C17
C16
C19
C21A
C21B
C4
C1

Length/Å

C13
Sn1
C14
C15
C17
Sn1
Sn1
Atom

C14
C16
C17
C18
C20
C20
N1
O1

C15
Sn1
C18
C17
Sn1
Sn1
C5
Sn1

1.529(7)
2.134(5)
1.494(8)
1.541(9)
1.515(8)
2.118(5)
2.122(7)
Angle/̊

Atom

Atom

C7
C8
C9
C10
C11
O3
O1
Atom
Atom

113.0(6)
118.6(4)
112.6(6)
114.8(7)
128.2(16)
114.7(11)
127.9(4)
116.1(3)

O4
O1
C13
C16
C16
C20
C16
C20

C8
C9
C10
O4
O4
Sn1
Sn1
Atom

C10
Sn1
C12
Sn1
Sn1
Sn1
Sn1
Sn1

C9
O3
Sn1
C12
C20
C12
O1
O1

Length/Å
1.365(11)
1.376(11)
1.377(9)
1.358(8)
1.421(8)
2.604(4)
2.164(3)
Angle/̊
125.2(6)
178.2(1)
114.9(4)
113.5(2)
128.2(3)
115.0(3)
101.13(18)
96.7(2)

Donor

H atom

Acceptor

Dist. D-H

Dist. H-A

Dist. D-A

Angle D-H-A

C6
N1

H6
H1

O3
O2

0.930 Å
0.860 Å

2.320 Å
1.900

2.876(7) Å
2.706(6) Å

117.5
155.5

spectroscopic method and is shown in Figures 3 and 4,
respectively.
In the Ligand spectrum, the free compound exhibit a
strong peak at 298.6 nm in the absence of DNA (a).
Upon the addition of various concentrations of DNA
(b-l: 9, 18, 27, 36, 45, 54, 63, 72, 81, 90, 99 lM), two
changes were observed, i.e., the peak was shifted
toward the shorter wavelength side (blue shift) of 8.2

nm and hypochromism. The blue shift along with
hypochromism is the sign of groove binding.41
In the tributyltin complex spectrum, the free compound exhibit a strong peak at 296.40 nm in the
absence of DNA (a). Upon the addition of various
concentrations of DNA (b–j: 9, 18, 27, 36, 45, 54, 63,
72, 81 lM) the peak was shifted toward the longer
wavelength side (red shift) of 5.8 nm. Another

Physicochemical properties
M. weight (g/mol)
Fraction Csp3
No. rotatable bonds
No. H-bond acceptors/donor
Molar refractivity
TPSA (Å2)
Lipophilicity
Log Po/w (iLOGP)
Log Po/w (XLOGP)
Log Po/w (WLOGP)
Log Po/w (MLOGP)
Log Po/w (SILICOS-IT)
Consensus Log Po/w
Water solubility
Log S (ESOL)
Solubility (mg/mL), Class
Log S (Ali)
Solubility (mg/mL), class
Log S (SILICOS-IT)
Solubility (mg/mL), class

Property
524.27
0.57
16
4/1
123.22
64.63
0.00
6.86
5.89
3.71
5.08
4.31
- 6.42
1.93 9 10-4, poorly soluble
- 8.03
4.79 9 10-6, poorly soluble
- 7.34
2.35 9 10-5, poorly soluble

1.64
0.44
1.08
0.79
0.90
0.97
- 1.44
8.10, very soluble
- 1.60
5.61, very soluble
- 2.0
2.23, very soluble

Complex 1

221.21
0.09
5
4/2
58.16
75.63

Ligand

Table 2. Physicochemical properties, lipophilicity and solubility of the ligand and complexes 1–3

- 4.64
9.72 9 10-3, moderately soluble
- 5.24
2.48 9 10-3, moderately soluble
- 5.00
4.30 9 10-3, moderately soluble

0.00
4.17
3.55
2.36
2.57
2.53

426.09
0.41
10
4/1
94.38
64.63

Complex 3
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- 3.61
9.37 9 10-2, soluble
- 3.60
9.73 9 10-2, soluble
- 3.82
5.84 9 10-2, soluble

0.00
2.59
2.38
1.61
1.34
1.58

384.01
0.29
7
4/1
79.96
64.63

Complex 2
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Yes; 0 violation
Yes
Yes
Yes
Yes
0.55

0 alert
1 alert: michael_acceptor_1
No; 3 violations: MW [
350, Rotors [ 7,
XLOGP3 [ 3.5
3.32

Yes; 0 violation
Yes
Yes
Yes
Yes
0.55

0 alert
1 alert: michael_acceptor_1
No; 1 violation: MW [ 350
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39

phenomenon of hypochromism was also observed
during the addition of various concentrations of DNA
into the solution of tributyltin complex. The redshift
accompanied by hypochromism is the indication of
intercalation mode of interaction of the tributyltin
complex with DNA.41
The binding constant value for the Ligand, tributyltin complex and DNA was determined with the help
of Benesi-Hildebrand equation42 and DG value from
DG = - RT lnK and these values are mentioned in the
inset graphs. The binding constant for the tributyltin
complex (8.4 9 10-3 M-1) is higher than that of the
free Ligand (5 9 10-3 M-1).

0 alert
1 alert: michael_acceptor_1
No; 3 violations: MW [ 350, Rotors [ 7,
XLOGP3 [ 3.5
0 alert
1 alert: michael_acceptor_1
No; 1 violation: MW \ 250

1.92
Synthetic accessibility

4.44

Yes; 1 violation: MW [ 500
No; 2 violations: MW [ 480, WLOGP [ 5.6
No; 1 violation: Rotors [ 10
No; 1 violation: WLOGP [ 5.88
No; 2 violations: XLOGP3 [ 5, Rotors [ 15
0.55
Yes; 0 violation
Yes
Yes
Yes
Yes
0.56

2.78

3.5 Physicochemical properties and ADME
parameters

Druglikeness
Lipinski
Ghose
Veber
Egan
Muegge
B. Score
Medicinal chemistry
PAINS
Brenk
Leadlikeness

Complex 1
Ligand
Property

Table 3. Druglikeness and medicinal chemistry of the ligand and complexes 1–3

Complex 2

Complex 3

J. Chem. Sci. (2022)134:39

The physicochemical properties, ADME parameters
and the violations of drug-likeness rules of synthesized
compounds were listed in Tables 2, 3 and 4. The
evaluated physicochemical properties are: the molecular weight (MW), topological polar surface area
(tPSA), Molar Refractivity (MR), fraction of sp3 carbon atoms (Fsp3) and some Hydrogen Bond properties.
tPSA is the sum of surface areas of polar atoms in a
molecule and is used to estimate drug transport properties. Low tPSA values in molecules correspond to a
higher propensity for transport and tPSA values
obtained for both the ligand (75.63 Å2) and complexes
1–3 (64.63 Å2) are within the range of values recommended by various drug-likeness ﬁlters. Fsp3 is a
newer parameter43 used to evaluate drug-likeness
properties of molecules and its values for the ligand
and complexes 1–3 are 0.09 and 0.57, 0.29, 0.41,
respectively. MR is the overall polarity of a molecule
and is expected to be in the range from 40 to 130. MR
values for the ligand (58.16) and its complexes 1–3
(123.22, 79.96 and 94.38) are within this range.
Lipophilicity is a valuable parameter that affects drug
activity in the human body. LogP values are the most
widely used measure of lipophilicity and represent an
indicator of drugs permeability to reach the target tissue
in the body. The LogP values used by the different druglikeness ﬁlters (MLogP for Lipinski ﬁlter,44 WLogP for
Ghose45 and Egan ﬁlters,46 XLogP for Muegge ﬁlter47)
and their mean values (consensus LogP) were shown in
Table 3. The obtained LogP values for the ligand and its
complexes 1–3 are XLogP = 0.44, 6.86, 2.59 and 4.17,
respectively. For complex 1 the value slightly exceeds
the acceptability limit (XLogP \ 5) determined by the
Muegge ﬁlter. On the other hand, all other LogP values
obey general standards (\ 5) as shown in Table 3.

39
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Figure 3. Interaction of 1 mM ligand with different concentrations of DNA (a–l). The values of K and DG values are
given in the inset graph.

Figure 4. Interaction of tributyltin complex with different concentrations of DNA (a–j). The values of K and DG values
are given in the inset graph.

ESOL is an aqueous solubility parameter of molecules proposed by Delenay48 and is considered one of
the key physical properties in drug discovery. ESOL
values for the ligand belong to a very soluble class
while complex 1 belongs to a poorly water-soluble
class, for complex 2 belong to a soluble class and
complex 2 belong to a moderately water-soluble class.

There are a lot of ﬁlter approaches in the literature
that suggest a set of rules to evaluate drug-likeness
proﬁles of molecules. The ﬁlters discussed in this
paper and their rules are as follows.
• Lipinski (Pﬁzer) ﬁlter:44 MW B 500; MLogP
B 4.15; HBA B 10; HBD B 5

J. Chem. Sci. (2022)134:39
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Figure 5. Radar image and the BOILED-Egg model of the ligand and complex 1

• Ghose ﬁlter45: 160 B MW B 480; - 0.4 B WLogP
B 5.6; 40 B MR B 130; 20 B atoms B 70
• Veber (GSK) ﬁlter49: RB B 10; tPSA B 140
• Egan (Pharmacia) ﬁlter46: WLogP B 5.88;
tPSA B 131.6
• Muegge (Bayer) ﬁlter47: 200 B MW B 600,
- 2 B XLogP B 5; tPSA B 157; HBA B 10;
HBD B 5; RB B 15; No. of rings B 7; No. of
carbons [ 4; No. of heteroatoms [ 1
The ﬁlters generally state that an orally active drug
should not violate the above criteria more than once.
According to Table 3, it is observed that the ligand and
complexes 2 and 3 obey all the ﬁlters and has zero
violation while complex 1 has two violations.
Bioavailability score (B. Score) estimate the probability of a compound to have oral bioavailability in
rat or measurable Caco-2 permeability and the

bioavailability score value of a compound in the rat is
expected to be[ 0.1068. A poor bioavailability results
in a lower activity of the molecule and higher interindividual variability, and thus causes an unexpected
response of a drug.50 The bioavailability score value
for both the ligand and its complexes 1–3 are 0.56 and
0.55, respectively.
Table S2 (SI) data explore the pharmacokinetics
properties of the synthesized compounds. Log Kp is
skin permeation parameter suggested by Potts et al.51;
high negative Log Kp value of the molecule indicates
that the molecule has less penetration into the skin.
Accordingly, it is observed that both the ligand and
complexes 1–3 have Log Kp value of - 7.34, - 5.44,
- 6.80 and - 5.94 cm/s, respectively.
In summary, Tables 2 and 3 shows the physicochemical properties, lipophilicity and water solubility
values of the ligand and its complexes 1–3 used by
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various drug ﬁlters. When the violation values of the
drug ﬁlter criteria are examined, as a general trend, the
ligand and complexes 1–3 appear to be drug-likeness.
Moreover, the favorable bioavailability scores of the
ligand and its complexes 1–3 and the higher skin
absorption relative to the reference drug relative to the
Log Kp values indicate that these compounds can be
potential drug candidates.
The radar image and the BOILED-Egg model of the
ligand and complex 1 is shown in Figure 5 (See supplementary data Figure S3 (SI) for complexes 2 and 3).
The obtained radar image identiﬁes substances that
can be considered drug-like in the pink area through 6
different physicochemical parameters. These parameters are deﬁned as lipophilicity (LIPO), molecular size
(SIZE), polarity (POLAR), solubility (INSOLU),
ﬂexibility (FLEX) and saturation (INSATU). The
radar image of the HL almost completely falls in the
pink area in accordance with 5 different parameters
while that of the tributyltin complex show a very slight
deviation. In the BOILED-Egg model, the yellow area
represents the crossing of the blood-brain barrier, and
the white area represents absorption in the gastrointestinal system. This model is a distribution graph of
commercial drugs by deﬁning the X-axis as the TPSA
value of the molecule and the WLOGP value of the
Y-axis. The red dot represents the molecule selected,
and inferences about pharmacokinetic properties are
made according to the status of this point in the yellow, white and grey area. As seen in Figure 5, it was
predicted that the compound can be a candidate for
such drug molecules with its absorption status in the
gastrointestinal system and its behavior in the bloodbrain barrier. On the other hand, many factors are
affecting the passage of a drug candidate molecule into
the lymph and blood circulation. Some of these factors
are the size of the molecule, molecular weight,
hydrophilic and lipophilic structure.
4. Conclusions
With the help of different instruments such as FTIR,
NMR and single-crystal XRD, the carboxylic acid
derivative, (E)-4-((2-methoxyphenyl)amino)-4-oxobut-2-enoic acid, and its three complexes: tributylstannyl (E)-4-((2-methoxyphenyl)amino)-4-oxobut-2enoate (2), trimethylstannyl (E)-4-((2-methoxyphenyl)amino)-4-oxobut-2-enoate (1) and triethylstannyl (E)-4-((2-methoxyphenyl)amino)-4-oxobut-2enoate (3) were characterized. The interaction of the
Ligand and its complex with DNA was investigated by
UV-Visible spectroscopy suggested the Ligand as a

J. Chem. Sci. (2022)134:39

groove binder and the tributyltin complex as an
intercalator. The SwissADME webserver analysis
suggested that most of the synthesized compounds
follow the rules of drug-likeness. The n-octanol/water
partition coefﬁcient (log Po/w) is an important
physicochemical parameter for drug discovery, design
and development. In Addition, ADME properties of
the synthesized compounds and some drug-likeness,
physicochemical, lipophilicity and pharmacokinetic
properties exhibited good drug-likeness properties.
Supplementary Information (SI)
Figures S1–S3 and Tables S1–S2 are available at www.ias.
ac.in/chemsci.
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