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Abstract. The reaction of the [meso-tetra(p-chlorophenyl)porphyrinato]cadmium(II) complex
([Cd(TClPP)]) with an excess of 2-aminopyridine results in the formation of the corresponding axially ligated
(2- aminopyridine)[meso-tetra(p-chlorophenyl)porphyrinato]cadmium(II)with the formula [Cd(TClPP)(2NH2Py)] (I). This ﬁve-coordinated metalloporphyrin was characterized by infrared, UV-visible, ﬂuorescence,
singlet oxygen, 1H nuclear magnetic resonance and single crystal X-ray diffraction techniques. The in vitro
antimicrobial activity of the freebase porphyrin H2TClPP porphyrin, the [Cd(TClPP)] starting material and
complex (I) were screened against different species of bacteria. The assays showed an increase of antimicrobial potential due to the insertion of the cadmium metal into the H2TClPP porphyrin and the axial
coordination of 2-aminopyridine. Molecular docking approach indicated that [Cd(TClPP)(2-NH2Py)] has
higher binding afﬁnity with hydrogen-bonding interactions.
Keywords. Cadmium porphyrin; 2-aminopyridine ligand; Photophysical properties; Antimicrobial activity;
Molecular docking.

1. Introduction
Porphyrins, metalloporphyrins, and their derivatives
are among the most studied aromatic heterocyclic
compounds of all macrocyclic compounds.1 Their
unique structures endow them with a variety of properties. One of the key characteristics of porphyrins is
that they are excellent N,N,N,N-tetradentate ligands
for virtually any metal of the periodic table of

elements.2,3 Metalation greatly affects the electrochemical, photophysical, and coordination properties
of these porphyrins. Thus, the development of new
synthesis strategies and new derivatives of these
compounds have been growing steadily in recent years
due to their wide range of applications, such as their
use in biomedical,4 catalysis,5 supramolecular chemistry,6 molecular electronics and optoelectronics7 and
advanced materials.8 Photodynamic therapy (PDT)
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Figure 1. Optimized structure of: (a) [Cd(TClPP)2NH2 py] and (b) amoxicillin.

represents another ﬁeld of application of porphyrins.9
Additionally, porphyrins and their metal complexes
show excellent antimicrobial activity.10,11 Thus,
infections produced by multi-drug resistant bacteria
are of major health concern worldwide.12 Various
bacterial infections particularly caused by the Grampositive bacteria Staphylococcus aureus and species of
the genus Enterococcus, due to the increasing incidence of infections caused by these microorganisms in
hospitals and communities, and their ability to develop
antibiotic resistance to multiple antibiotics.13 Antimicrobial resistance has become a noteworthy public
health problem.14 Therefore, the design of new compounds with antimicrobial activity of is key interest to
deal with these problems. The interactions among
metals and tetrapyrrolic macrocycles with biological
activity are of considerable importance in the ﬁeld of
bioinorganic chemistry. Founded on the well-known
property of different types of porphyrin derivatives,
approaches to apply them for the emerging of novel
materials able to destroy a large variety of bacteria and
fungi, is a needed target. it has to be jagged out that
Zn(II), Cu(II), Co(III), Zr(IV), Mg(II) and metalated
porphyrin proved to have potential activities against
several bacterial species such as Escherichia coli,
Staphylococcus aureus, Bacillus subtilis, Pseudomonas aeruginosa.15–20

In this respect, in this paper, we combined the mesotetra(p-chlorophenyl)porphyrin cadmium(II) with
2-aminopyridine in order to design and study a novel
cadmium(II) complex with the formula [Cd(TClPP)(2NH2Py)] (I) (Figure 1). The spectroscopic and structural characterization were reported and the antimicrobial was screened in vitro and the structure-activity
relationship (SAR) were analyzed through the molecular docking technique.

2. Experimental
2.1 Synthesis of (2-aminopyridine)[meso-tetra(pchlorophenyl)porphyrinato]cadmium(II):
[Cd(TClPP)(2-NH2Py)]
The meso-tetrakis(para-chlorophenyl)porphyrin (H2TClPP) and the [meso-tetrakis(para-chlorophenyl)porphyrinato)]cadmium(II) starting material complex
([Cd(TClPP)]) were prepared and puriﬁed through the
previous method.21,22 Scheme 1 illustrates the main
steps of the preparation method.
15 mg of [Cd(TClPP)] (0.017 mmol) was added to
the solution of 2-aminopyridine (20 mg, 0.2 mmol) in
3 mL of chloroform. The solution was stirred overnight before being ﬁltrated and crystallized in mixture
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Scheme 1. Synthesis of [Cd(TClPP)(2-NH2Py)] (1) based on a ligand exchange reaction with 2-aminopyridine.

of chloroform and n-hexane. 1H NMR (300 MHz,
DMSO-d6) d(ppm) (Figure S3, SI): 7,36 (d, Ha); 7,30
(d, Hc) 6,40 (d, Hb); 6,45 (d, Hd) 5,80 (S. NHe), 7.87
(d, 8H, Hm-Ph), 8.19 (d, 8H, Ho-Ph), 8.72 (s, 8H, b-pyr).
UV/vis (CH2Cl2), [kmax (nm) in CH2Cl2, (e. 10-3
L.cm-1.mol-1)]: 437(211), 576(19), 619(5.3). FTR-IR
(cm-1) (Figure S2, SI): 2971 m[(CH) porphyrin, 996
[(dCCH) porphyrin, 780 m(C-Cl) porphyrin], 3427 m(NH) NH2py, 3045 m(C-H)2-NH2Py, 771 m (dCCH) 2-NH2Py.
Elemental analysis (%) C49H30CdCl4N6 (957,04). C,
61.49, H, 3.16, N, 8.78; found: C, 61.71, H, 3.29, N,
8.81.
2.2 Materials and reagents
The pyrrole, 4-chlorobenzaldehyde, propionic acid,
chloroform (CHCl3), dimethylformamide (DMF),
hexane, cadmium chloride (CdCl2), 2-aminopyridine
were purchased from Sigma-Aldrich.

2.3 Instrumentation
FTIR spectra were recorded on a Nexus (Nicolet) FTIR spectrometer spectrophotometer in the range of
4000–400 cm-1. Bruker DPX 300 spectrometer
(300 MHz) was used to obtain 1H NMR using TMS as
internal reference. Elemental analyses were measured
by Element Vario EL III equipment. Absorption
spectra were recorded on Shimadzu UV-2450 spectrophotometer. The ﬂuorescence measurements were
performed using a Fluorolog-3 spectroﬂuorometer
FL3-222. Singlet oxygen quantum yield was measured
by the IR detector through a SPEX double grating
monochromator (600 grooves/mm blazed at 1 lm). All
spectra were recorded using four optical faces quartz
cells. Fluorescence quantum yield (uf) were determined using the meso-tetraphenylporphyrin (H2TPP)
solution in toluene as ﬂuorescence standard (uf =
0.11).23 The H2TPP porphyrin in toluene was also

used as standard (UD = 0.63).24 For single crystal
X-ray diffraction analysis, a single crystal was
mounted on a glass ﬁber and used for data collection
with a Bruker Apex (II) CCD diffractometer. The
instrument has CCD area detector and data intensity
has been collected at 110 K using a graphite Mo Ka
radiation source (k = 0.71073 Å). Multi-Scan method
was applied for absorption correction.25 The structure
was solved by direct method by using the SIR-2004
program26 and reﬁned by full-matrix least-squares
techniques on F2 by using the SHELXL-97 program.27
The 2-aminopyridine (2-NH2Py) axial ligand is
disordered over two positions (N5A-C45A-C46AC47A-C48A-C49A-N6A and N5B-C45B-C46BC47B-C48B-C49B-N6B) with factors values of 0.775
(0.009) and 0.225 (0.009), respectively. For the moiety
involving these atoms, the DFIX, DANG, and SIMU
constraint commands in the SHELXL-97 software
were used. The hydrogen atoms were placed in calculated positions and reﬁned by using a riding model.
The drawings were generated by using Mercury
Software.28
2.4 Antimicrobial screening
In the present study, the microorganisms tested were
Staphylococcus aureus (S. aureus), Enterococcus
faecalis (E. faecalis) and B. subtilus ATCC 6633 and
Gram-negative bacteria, namely, Pseudomonas
aeruginosa (P. aeruginosa), Escherichia coli (E. coli)
and Acinetobacter baumanii. The antifungal activity
was tested against three C. albicans ATCC90028
(C.A.), C. glabrataATCC 90030 (C.A and C. kreuseii
ATCC6258 The determination of the minimal inhibition concentrations (MIC) was made following a
micro dilution method.29 The prepared products were
dissolved in 10% dimethyl sulfoxide (DMSO). The
inocula of the bacteria and yeasts were prepared from
12 h broth cultures and suspensions were adjusted to
0.5 McFarland standard turbidity. Media were placed
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into each 96 wells of the microplates. Test solutions at
500 mg/mL were added in the ﬁrst rows of the
microplates and two-fold dilution of the compounds
(250e0.125 mg/mL) were made by dispensing the
solutions to the remaining wells. Ten microliter culture suspensions were inoculated into all the wells.
The plate was covered with a sterile plate sealer and
then incubated for 18 h at 37 8C. Ampicillin (for
bacteria and fungi), and Amoxicillin (for bacteria)
were used as standard antibiotics. All tests were performed in triplicate. The MIC was deﬁned as the
lowest concentration of the compounds that inhibits
the growth of microorganisms after incubation.
2.5 Molecular docking analysis
Due to the rapid progress of computer tools, theoretical studies have become more important than experimental studies in the ﬁeld of scientiﬁc research
(biological, chemical, pharmaceutical, etc.), among
these studies we can cite molecular docking, which is
a method that predicts the orientation of one molecule
with respect to another to have the most stable complex. It is frequently used in studying the molecular
target of drugs and reducing experimental trials. This
method is considered to be one of the most effective
studies for discovering new drugs. First, we performed
the molecular docking study on [Cd(TClPP)(2NH2Py)]
and Amoxicillin (Figure 1) by using software: Gaussian, SYBYL, PyMOL and Discovery. The molecular
docking calculations are made from two steps,30,31 the
ﬁrst step is the preparation of proteins: the proteins
were prepared by recovering the three-dimensional
crystal structure of the ligand in the Protein Data
Bank of RCSB (PDB, https://www.rcsb.org) such as

Figure 2. ORTEP diagram of complex [Cd (TClPP)(2-NH2Py)] (1). Thermal ellipsoids are drawn at the
30% probability level.
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Figure 3. Coordination sphere of the Cd2? cation of
complex (I).
Table 1. Selected bond lengths (Å) and angles (deg) for
complex [Cd(TClPP)(2-NH2Py)] (I).
Cadmium(II) coordination polyhedron
Cd–N1

2.224(5)

N1–Cd–N2

83.48(19)

Cd–N2
Cd–N3
Cd–N4
Cd–N5A
2-NH2py axial
N5A–C49A
C49A–N6A

2.213(5)
2.205(5)
2.218(5)
2.273(7)
ligand
1.356(4)
1.356(5)

N1–Cd–N3
N1–Cd–N4
N1–Cd–N5A
N2–Cd–N5A

146.33(19)
84.97(17)
107.2(4)
113.0(5)

C49A–N5A–Cd
C45A–N5A–Cd

124.0(6)
117.4(6)

S. aureus ATCC25923 (PDB: 4A11; Resolution:
3.31 Å);32 P. aeruginosa ATCC 27853 (PDB: 3JPU;
Resolution: 2.30 Å);33 Escherichia coli ATCC 25922
(PDB: 1FJ4; Resolution: 2.35 Å);34 B. subtilus ATCC
6633 (PDB: 2ZSJ; Resolution: 1.80 Å) 35 were considered as controls for the study. The proteins were
then cleaned by removing non-essential water molecules by using the Discovery Studio program and the
prepared ﬁles are then converted to PDB format. In the
second step, the [Cd(TClPP)(2NH2Py)] and Amoxicillin molecules were performed by the surﬂex-docking method by using the SYBYL and PyMOL
software. After preparation of the receptor and ligand,

Figure 4. Distortion of porphyrin core
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Figure 5. Formal diagrams of the porphyrin core of
[Cd(TClPP)(2-NH2Py)] complex (I).

molecular docking analysis was performed to assess
the hydrogen bond interaction and their binding
afﬁnities.

3. Results and Discussion
3.1 Crystal structure description
An ORTEP diagram of the molecular structure of
complex (1) is shown in Figure 2. The title complex
crystallizes in the monoclinic space group P21/n and the
crystallographic data and structural reﬁnement details
this cadmium (II) porphyrin species are shown in
Table S1, SI. The asymmetric unit consists of a molecule [Cd(TClPP)(2-NH2Py)] where the 2-aminopyridine ligand is disordered in two positions. The main
geometrical parameters of complex (I) are listed in
Table S2, SI along with those of a selection of related
cadmium (II) pentacoordinated metalloporphyrins.
The cadmium ion is pentahedral coordinated in
which equatorial positions are occupied by the four
pyrrole nitrogen atoms and the apical position is
occupied by N-donor atoms of the 2-aminopyridine
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molecule forming a distorted square-based pyramid as
coordination polyhedron for cadmium(II) (Figure 3).
The equatorial distance between the 4 N pyrrole atoms
and the Cd2? center ion (Cd__Np) distance is equal to
2.216(5) Å. The Cd__N(2-NH2py) distance of
(I) which is 2.273(7) Å of the major position of the
2-NH2Py axial ligand and 2.325(19) for the minor
position of the same ligand is very close to those of the
reported related ﬁve-coordinate Cd(II) porphyrin
complexes type [Cd(Porph)(L)] where L is a N-donor
atom of axial ligand. In fact, for the Cd-TPP-2-NH2Py
related species [Cd(TPP)(2-NH2Py)],36 the Cd__Np
and Cd-PC distance values are slightly smaller than
those of our Cd-TClPP-2-NH2Py complex (I) with
values of 2.204(4) and 2.316(3) Å, respectively.
Table 1 reports some distances and angles values of
complex (1).
Furthermore, due to the large atomic radius, cadmium is placed out-of-plane of the porphyrin core with
a distance between the cadmium atom and the mean
plane made by the 24- atom core of the porphyrin
(Cd__PC) of 0.757 (2) Å. As is illustrated by Figure 4,
the porphyrin core of complex (I) presents an important distortion and Figure 5 is a formal diagram of the
porphyrin core of the same Cd(II)-2-NH2py derivatives where is given the displacements of each atom
from the mean plane of the 24-atom porphyrin
macrocycle in units of 0.01 Å. These values indicate,
(i) an important saddle deformation of the 24-atom
mean plane as indicated by the important displacement
of the pyrrole rings above and below the porphyrin
core, (ii) a moderate domed distortion of the C20N4
least-squares plane as indicated by the values of the
displacements of the nitrogen atoms toward the axial
ligand (negative values) and (iii) a weak rufﬂing distortion as shown by displacement of the meso carbons
above and below the mean plane of the C20N4
macrocycle.
Compared to the related Cd(II)-2-NH2Py-TPP
complex [Cd(TPP)(2-NH2Py)],36 our Cd(II)-2-

Figure 6. Part of the crystal lattice of (1) showing of the C-H…N and C-H…Cl intermolecular H bonds.
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Figure 7. Drawing representing of the p–p stackings in complex (1).

Figure 8. Photophysical properties of H2TClPP, [Cd(TClPP)] and Complex (I). (a): Absorption spectra (in CH2Cl2 at
concentration * 10-5 M) and (b): ﬂuorescence emission spectra (CH2Cl2, c = 10-6 M).

NH2Py-TClPP derivative exhibits more important
porphyrin core deformations (especially the saddle
distortion). This could be related to the chloride
atom at the para positions of the TClPP porphyrinate which presents an important r-donor
character that perturbs the electronic density of the
porphyrin macrocycle leading to its deformation.
In the crystal lattice, the above-described complex
[Cd(TClPP)(2-NH2Py)] (1), molecules are linked to
each other through intermolecular hydrogen bonds
Figure 6. These weak intermolecular interactions
involve the chloride atom Cl4 at the para position of
the phenyl of the TClPP porphyrinate and the
hydrogen atom H61A1 of the nitrogen atom N6A of
the 2-NH2Py axial ligand with a N6A__H6A1…Cl4
distance of 3.286(7) Å. In addition, the same chloride atom Cl4 is involved in the C7__H7…Cl4. H
bond with the C7 atom of a pyrrole ring of a
neighboring TClPP porphyrinate with a distance of
3.552(7) Å.

The crystal packing of (I) is further sustained by weak H
bonds linking (i), the Cl2 chloride atom of one [CdII(TClPP)(2-NH2py)] molecule with the Carbon C17 of a
phenyl ring of a nearby TClPP moiety [C17__H17…Cl2
distance = 3.506(7) Å] and (ii) the nitrogen N4 of a pyrrole
ring of one porphyrin of complex (I) and the carbon C17 of
a phenyl ring of a neighboring [CdII(TClPP)(2-NH2py)]
complex (Figure S1, Table S3).
Notably the presence of p–p intermolecular interactions between the centroids (Cg) of pyrrole and
phenyl rings of TClPP moieties of close by [CdII(TClPP)(2-NH2py)] complexes (Figure 7). Indeed, the
C25 atom of a phenyl ring of a [CdII(TClPP)(2-NH2py)] molecule is weakly bonded to the centroid Cg4 of
the N4/C6-C9 pyrrole ring with a C25__H25…Cg4
distance of 3.610(7) Å and the carbon C48B of the
disordered 2-NH2py axial ligand is weakly linked the
centroid C12 of a phenyl ring of a neighboring
[Cd(TClPP)(2-NH2py)] molecule with a C48__H48B…Cg12 distance value of 3.72(3) Å.
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Figure 9. (a) singlet oxygen emission spectra (CH2Cl2, c = 10-6 M, 298K), (b) singlet oxygen decay after excitation (at
kex = 420 and 437 nm).

3.2 Photophysical properties
The photophysical properties of the freebase porphyrin
H2TClPP, the starting material [Cd(TClPP)] and
[Cd(TClPP)(2-NH2Py)] (I) are depicted in Figure 8
while the UV-visible and the photoluminescence data
of these species and a selection of related cadmium
porphyrins are reported in Tables S4 and S5 (SI). The
ﬂuorescence decay for (I) is shown in Figure S4, SI.
For the meso-arylporphyrins H2TClPP, the UVvisible absorption spectrum exhibits a Soret band
value at 420 nm and four Q-bands at 517, 553, 589 and
645 nm. The UV-visible spectra of the two corresponding [Cd(TClPP)] and [Cd(TClPP)(2-NH2Py)]
(I) complexes show that the Soret bands are redshifted
at 433 and 437 nm, for the former and the later Cd(II)
derivatives. The number of the Q-bands is reduced to
two due to the higher symmetry of the metalated
porphyrins compared to the freebase H2TClPP species
with values at 567/610 and 576/619 nm, respectively.
The ﬂuorescence spectrum of our Cd(II)- 2-NH2Py
porphyrin complex is typical for a penta-coordinated
cadmium complex type [Cd(Porph)(L)] (Porph =

meso-arylporphyrin and L is a N-donor axial ligand)
with two Q(0,1) and Q(0,0) bands with kmax values of
650 nm and 715 nm. As reported in a previous
study,37,38 the addition of Cd(II) metal and the axially
coordination of 2 amino pyridine induces (i), a blueshift of the Q(0,1) and Q(0,0) bands from 650/715 nm,
for the free porphyrin, to 618/650 nm for complex (I),
(ii) the ﬂuorescence intensity and the quantum yields
(Uf) which diminish from 0.075 for H2TClPP to 0.044
for [Cd(TClPP)(2-NH2Py)] and (iii) It also caused a
decrease of the ﬂuorescence lifetime (sf) from 8.9 ns,
for H2TClPP, to 4.2 ns for (I). It is noteworthy that for
our new Cd(II) coordination compound, we noticed
that the singlet oxygen quantum yield (UD) increase
from 0.49, for the freebase H2TClPP to 0.52 for
(I) (Figure 9, Table S5, SI). This UD value is very
close to those of the related pentacoordinated Cd(II)
porphyrin complexes (Table S5, SI). The increase of
UD value might be due to the distortion and non-planarity of the porphyrin core also to the ‘‘heavy-atom
effect’’ of the cadmium heavy metal.39,40
In conclusion of the photophysical properties of
complex (I), we noticed that the UV-visible and the

Table 2. Antibacterial activity (MIC in lg/mL).
MIC(lg/ml)
STRAINS
S. aureus ATCC25923
P. aeruginosa ATCC 27853
E.coli ATCC 25922
E. fecalis ATCC 29212
Acinitobacter baumanii

H2TClPP
125
125
62.5
31.25
15,62

[Cd(TClPP)]
62.5
62.5
125
62.5
15.62

|Cd(TClPP)(2-NH2 Py)] (1)

AMX

62.5
62.5
15.62
15.62
15.62

ND
256
256
1
ND
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Table 3. Antifungal activity (MIC in lg/mL).
MIC(lg/ml)
STRAINS
Candida glabrata
Candida albicans
Candida kreuseii
a

H2TClPP

[Cd(TClPP)]

|Cd(TClPP)(2-NH2 Py)] (1)

ABa

125
125
250

62.5
125
250

125
125
125

0.5
0.5
0.5

AB: Amphotericin

ﬂuorescence data of complex (I) are very close to the
related cadmium(II) pentacoordinated meso-aryporphyrin complexes indicating that neither the nature of
the porphyrin nor that of the axial ligand has a signiﬁcant effect on the photophysical properties of
cadmium(II) porphyrin complexes and that only the
insertion of this metal into the porphyrin affects these
properties for this type of coordination compounds.
3.3 Antimicrobial activity
The results of the performed tests, as indicated in
Table 2, show the potential antibacterial the activity of
some of the obtained compounds against tested
microorganisms.
According to the MIC values presented in Table 2,
the results showed that most prepared complexes
were found to have slight to moderate antimicrobial
against the six tested bacteria compared to the
Amoxicillin. On the other hand, compounds
[Cd(TClPP)] and [Cd(TClPP)2NH2 py] were found to
be active towards S. aureus and P. aeruginosa with
MIC value 62.5 lg/mL. The activity of these two
derivatives compared to the compound H2TClPP can
be explained by the existence of cadmium central
metal and the molecule of 2-aminopyridine. The
three compounds displayed an interesting activity
against Acinitobacter baumanii with MIC values of
15.62 lg/mL. The [Cd(TClPP)(2-NH2Py] compound

exhibited the excellent antimicrobial activity against
E. coli and E. fecalis. with MIC values of 15.62 lg/
mL. This ﬁnding shows that the presence of
2-aminopyridine in complex (I) seems at the origin
of the high activity. The H2TClPP and [Cd(TClPP)]
porphyrinic species revealed an interesting antimicrobial potential against B. subtilus compared to that
of complex (I) where this activity was reduced by
four times. Moreover, the antifungal activity of the
products was tested against three pathogenic reference yeasts (Table 3), speciﬁcally, C. albicans
ATCC90028 (C.A.), C. glabrataATCC 90030 (C.A
and C. kreuseii ATCC6258 (C.K.). AB amphotericin
is used as antifungal control. The MIC of each product is deﬁned as the lowest concentration inhibiting
Candida growth after incubation at 37 C between 18
and 24 h. The in vitro antifungal screening results is
presented in Table 2. The synthesized compounds
exhibited variable degrees of inhibition against the
three yeasts used. The [Cd(TClPP)] displayed a
promising antifungal activity against Candida glabrata with MIC value of 62.5 lg/mL compared with
the positive control employed. The coexistence of
cadmium (II) in this molecule can explain this strong
activity compared to other analogs. The activity of
[Cd(TClPP)2NH2 py] compound against Candida
kreuseii with an MIC value 125 lg/mL can be also
interpreted by the presence of the 2-aminopyridine
molecule.

Table 4. Docking results of [Cd(TClPP)(2NH2Py)] (I) and amoxicillin with the target
proteins.
Binding afﬁnity (kcal/mol)
STRAINS
S. aureus ATCC25923
P. aeruginosa ATCC 27853
Escherichia coli ATCC 25922

|Cd(TClPP)(2-NH2 Py)](1)

AMX

-1,6480
-25,7444
-4,2781

4,8195
4,6106
3,2704
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Figure 10. Bonding interactions inside the active pocket of Staphylococcus aureus-[Cd(TClPP)(2-NH2Py)] complex and
b) Staphylococcus aureus- amoxicillin (with the highest binding afﬁnity).

3.4 Molecular docking studies
For our analysis, the results displayed in Table 4 show
that the interactions of S. aureus ATCC25923 of the
target 4A11 (3.31 Å) with the component
[Cd(TClPP)(2NH2Py)] are important in the presence
of hydrogen bonding interactions with the residues of
ILE A: 120 and THR A: 118, as well as the halogen
(Cl) interaction, occur with the residues of ASP A:
166, SER A: 217, LYS A: 50, with a Binding Afﬁnity
of -1.6480 and MIC (lg/mL) 62.5 which considers
being an interesting compound. Furthermore, interactions of Amoxicillin with the same target indicate that
THR A: 1078, ASN B: 145, and ARG B: 19 causes
three hydrogen bonds with oxygen and the two groups
OH and NH2 (Figure 10).
On the other hand, we notice that the interactions of
P. aeruginosa ATCC 27853 of protein 3JPU (2.30 Å)
with the [Cd(TClPP)(2NH2Py)] molecule (Figure S5,
SI) have low energy (-25.7444) which may explain the
presence of several unfavorable bump regions with the
residues ASP D: 65, ALA D: 50, ILE D: 52, LEU D:
36 and ALA D: 70. In addition, we have found a
problem to achieving molecular docking of proteins
3JPU (2.30 Å) with Amoxicillin which can be
explained by a chemical reaction which took place
between the molecule and the proteins. We have also
visualized that there are 9 different interactions of the
molecule [Cd(TClPP)2NH2 py] (I) with the target of
Escherichia coli ATCC 25922 (PDB: 1FJ4; Resolution: 2.35 Å) such as PHE A: 35, THR A: 34, ASP A:

213, PRO A: 215, VAL C: 12, VAL C: 52, SER C: 13,
LYS C: 53, GLU C: 21. The compound of Amoxicillin
with the target (PDB: 1FJ4) formed 2 hydrogen bonds
with the residues of GLY B: 305 and ASN B: 396,
which explains the high value of their MIC activity
(lg / ml) (256). Finally, an unfavorable Bump interaction with THR B: 135 is observed between of
complex (1) and B. subtilus ATCC 6633 (PDB: 2ZSJ;
Resolution: 1.80 Å), while the same protein with
Amoxicillin gives different interactions. Furthermore,
the existence of two unfavorable Bump regions
between the groups GLN A: 166, ASN A: 190 and the
presence of hydrogen bonding interactions with the
residue THR A: 319.

4. Conclusions
A novel 2-aminopyridine-cadmium-porphyrin coordination compound [Cd(TClPP)(2-NH2Py)] (I) was
synthesized; it was characterized by FTIR, NMR,
elemental analysis, UV-visible, ﬂuorescence, and
single-crystal X-ray diffraction. The antimicrobial
activity of the synthesized compounds was studied.
The results presented that the tested compounds
showed moderate to excellent antibacterial and antifungal activities. Furthermore, the molecular docking
studies corroborated the good complex-target interactions of the complex (I), mostly, against S. aureus,
and P. aeruginosa species with signiﬁcant binding
potentials.

22

Page 10 of 11

Supplementary Information (SI)
CCDC2084243 contain the supplementary crystallographic
data of complex (I). These data can be obtained free of
charge from the Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif. Tables S1-S5
and Figures S1-S4 are available at www.ias.ac.in/chemsci.
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