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Abstract: The crystal structure of a new penta-coordinated Cd(II) complex of the formula [Cd(BPMT)Br;]
was presented. This Cd(II) complex was synthesized by mixing Cd(NO3),-4H,0O and 2,4-bis(3,5-
dimethyl-1H-pyrazol-1-yl)-6-methoxy-1,3,5-triazine (BPMT) in the presence of KBr. It crystallized in
the monoclinic crystal system and P2;/n space group. The crystal parameters are a = 11.3680(8) A,
b =11.1648(8) A, c =15.8593(11) A, and p = 103.563(2)°, while the unit cell volume is 2190.6(12) A3 and
it comprised four molecules. The supramolecular structure of the [Cd(BPMT)Br;] complex is mainly
controlled by the intermolecular Br---H interactions. Hirshfeld calculations predicted the H.--H
(38.1%), Br---H (24.3%), C---H (11.1%), and N---H (9.5%) interactions are the most dominant. Biological
evaluations for the antimicrobial and anticancer properties of the studied complex are presented.
The Cd(II) complex has better anticancer and antibacterial activities than the free BPMT ligand. The
anticancer activity against lung carcinoma (A-549) is higher for the former (18.64 & 1.09 pg/mL)
compared to the latter (372.79 & 13.64 ug/mL). Additionally, the best antibacterial activity for the
Cd(II) complex was found against B. subtilis.

Keywords: X-ray; Hirshfeld; Cd(II); penta-coordinated; anticancer; antibacterial

1. Introduction

Transition metal complexes have attracted the attention of many researchers due to
their versatile applications in biology and for designing drugs that have slow-release and
long-action properties [1]. Cadmium (II) complexes have attractive applications in diverse
fields, such as electronics and catalysis [2-9]. Free Cd(II) ion has well-known high toxicity
on human health, but several studies have revealed that Cd(II) complexes with organic
ligands have interesting bio-activities including DNA binding ability [10], antitumor [11],
and antibacterial [12] activities. In addition, the organic ligand itself could be employed as
a detoxification agent in the case of complexes with high-stability constants [13]. The DNA
interactions of Cd(Il) via covalent binding interactions between adenine and guanine in
DNA were proved by Hossain and Huq [14]. Some Cd(II) complexes have been reported
to possess interesting anticancer activity similar to cisplatin [11,15]. From a structural
point of view, Cd(Il) ion has varied coordination numbers due to its high affinity to form
coordinate bonds with a diverse type of ligands, forming a wide range of coordination
complexes [16-24].

Pincer ligands are an interesting class of chelating agents which can form stable
metal complexes [25,26]. These chelating agents have a diverse number of applications
in different fields [27-30]. Among the different categories of these ligands, our research
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group is interested with the s-triazine pincer ligands due to their powerful chelating
efficiency and their simple preparation from cyanuric chloride [31]. s-Triazine pincer
ligands have a weak ligand field, which supports the synthesis of interesting high-spin
complexes for different magnetic applications [32,33]. Additionally, this class of ligands is
characterized by the presence of a symmetric triazine core, which is an important feature
in crystal engineering [34—44]. On continuation of our interest into the structural aspects
and biological applications of bis-pyrazolo-s-triazine complexes [45-51], the present work
aims to synthesize a new Cd(II) complex of the 2,4-bis(3,5-dimethyl-1H-pyrazol-1-yl)-
6-methoxy-1,3,5-triazine (BPMT, Figure 1) ligand, shedding the light on its molecular
and supramolecular characteristics. Additionally, its bioactivities as antimicrobial and
anticancer agents were assessed.
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Figure 1. Structure of the BPMT ligand.

2. Materials and Methods

Chemicals, instrumentations, and details of the X-ray single-crystal structure analysis [52-58]
are presented in the Supplementary Materials. The synthesis of BPMT is described in
Method S1 (Supplementary Materials) [51,52].

2.1. Synthesis of the [CA(BPMT)Br,] Complex

The synthesis of the [Cd(BPMT)Br;] complex was performed by mixing 10 mL ethano-
lic solution of BPMT (29.9 mg, 0.1 mmol) with Cd(NOj3),-4H,0 (30.8 mg, 0.1 mmol) in
5 mL distilled water, followed by the addition of 1 mL of saturated aqueous KBr solution.
The resulting solution was left for slow evaporation at room temperature, and colorless
crystals of the [Cd(BPMT)Br;] complex were obtained after 10 days.

Yield; C14H;7Br,CdN7O; 77%. Anal. Calc. C,29.42; H, 3.00; N, 17.15; Br, 27.96; Cd,
19.67%. Found: C, 29.20; H, 2.92; N, 17.01; Br, 27.89; Cd, 19.53. IR (KBr, cm~'): 3101, 2991,
1614, 1539.

2.2. Biological Studies

The bioactivities of the studied compounds were determined, and the experimental
details are mentioned in Methods 52 and S3 (Supplementary Materials) [59,60].

3. Results and Discussion
3.1. Synthesis and Characterizations

A new Cd(II) complex was self-assembled from the reaction of an aqueous solution
of Cd(NO3),-4H,0O with an ethanolic solution of BPMT in the presence of KBr. Owing
to the weak coordinating power of the nitrate anion compared to the bromide anion, the
corresponding dibromo complex [Cd(BPMT)Br;] was obtained (Scheme 1). As a soft-metal
ion, Cd(IT) favored the coordination of the softer Lewis base (Br™) rather than the nitrate
ion, which acts as an electron-pair donor via the harder oxygen atom. The structure of
the Cd(II) complex is confirmed using elemental analysis, FTIR spectra, and the exclusive
use of single-crystal X-ray diffraction. Its supramolecular structure was analyzed using
Hirshfeld analysis. The FTIR spectra of the [Cd(BPMT)Br,] complex and the free BPMT
ligand are presented in Figures S1 and S2 (Supplementary Materials). The free BPMT
ligand showed the aromatic and aliphatic vc.g modes at 3098 and 2923 cm~l, respectively,
while the vcon and ve-c modes were detected at 1615 and 1540 cm !, respectively. For the
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[CA(BPMT)Br;] complex, these modes were found slightly shifted to 3101, 2991, 1614, and
1539 cm !, respectively.

Br\ /Br

N\_N__N__N_Z CdiNO3)4H0 & & N M/

\N(/ \IN( KBr YU
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Scheme 1. Synthesis of [Cd(BPMT)Br;].

3.2. Structure Description of the [CA(BPMT)Br,] Complex

The X-ray structure of [Cd(BPMT)Br;] is shown in Figure 2. This complex is crystal-
lized in the P2;/n space group and monoclinic crystal system with crystal parameters a =
11.3680(8) A, b = 11.1648(8) A, c = 15.8593(11) A, and B = 103.563(2)° (Table 1). The unit cell
volume is 2190.6(12) A3 and Z = 4. The molecular formula of the [Cd(BPMT)Br;] complex
is C14H17BroCdNyO which represents the asymmetric formula.

Figure 2. X-ray structure of [Cd(BPMT)Br;].

In the neutral [Cd(BPMT)Br,] complex, the Cd(Il) is penta-coordinated with a CAN;3Br;
coordination sphere. The BPMT ligand acts as a tridentate pincer chelate, with two long
and almost equidistant Cd-N bonds with the two pyrazolyl moieties, and one slightly
shorter Cd-N bond with the s-triazine core (Table 2). The corresponding Cd-N distances
are 2.413(7), 2.417(7), and 2.337(6) for Cd1-N1, Cd1-N11, and Cd1-N4, respectively. The
two bite angles, N4-Cd1-N1 and N4-Cd1-N11, of the BPMT chelating ligand are the same
(66.0(2)°). The values of the bite angles are significantly smaller than the corresponding
values for small metal ions (Co(II) [47], Ni(Il) [48], and Zn(II) [49]). It is plausible that the
large metal ions such as Cd(II) are capable of coordinating with the BPMT ligand at longer
distances than the small-size metal ions are. As a consequence, the bite angles are found to
be smaller in the [Cd(BPMT)Br;] complex. The results are found to be in good agreement
with the structurally related [Cd(BPMT)Cl,] complex [50]. Additionally, the Cd(Il) ion is
further coordinated with two bromide ions where the Br1-Cd1-Br2 angle is 115.94(4)°. Of
course, the Cd1-Br1 (2.5388(11) A) and Cd1-Br2 (2.5527(13) A) bonds are generally longer
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than the corresponding values of the dichloro analogue (Cd1-Cl1; 2.406(2) A and Cd1-ClI2;
2.429(2) A). On the other hand, the 5 parameter that is used for measuring the degree
of distortion in the penta-coordinated metal ion is calculated to be 0.112 [61]. Hence, the
CdN3Br; coordination geometry is a slightly distorted square pyramidal. The value of the
T5 parameter is close to that of the structurally related [Cd(BPMT)Cl;] complex (15 = 0.127).

Table 1. Crystal data and refinement details of [Cd(BPMT)Br;].

CCDC 2,154,999
Empirical formula C14H17Br, CdN;O
Formula weight 571.57 g/mol
Temperature 293(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P2y /n
Unit cell dimensions a=11.3680(8) A o =90°
b =11.1648(8) A B =103.563(2)°
c=15.8593(11) A vy =90°
Volume 1956.8(2) A3
Z 4
Density (calculated) 1940 g/ cm?
Absorption coefficient 5217 mm™1
F(000) 1104
Theta range for data collection 2.00 to 28.32°
Index ranges —-15<h<12,-14<k<14,-21<1<21
Reflections collected 35,784
Independent reflections 4833 [R(int) = 0.0831]
Completeness to theta = 28.50° 99.20%
Refinement method Full-matrix least-squares on F?
Data/restraints/parameters 4833/0/231
Goodness-of-fit on F2 1.162

Final R indices [I > 2sigma(I)]
R indices (all data)
Largest diff. peak and hole

R1 =0.0820, wR2 = 0.1488
R1=0.1301, wR2 = 0.1643
1.976 and —1.721

Table 2. Selected bond distances (A) and angles (°) for the [Cd(BPMT)Br;] complex.

Bond Distance Bond Distance
Cd1-N4 2.337(6) Cd1-Brl 2.5388(11)
Cd1-N1 2.413(7) Cd1-Br2 2.5527(13)

Cd1-N11 2.417(7)
Bond Angle Bond Angle
N4-Cd1-N1 66.0(2) N11-Cd1-Brl 103.27(17)
N4-Cd1-N11 66.0(2) N4-Cd1-Br2 107.55(17)
N1-Cd1-N11 129.8(2) N1-Cd1-Br2 104.37(19)
N4-Cd1-Brl 136.50(17) N11-Cd1-Br2 103.25(18)
N1-Cd1-Brl 101.05(16) Br1-Cd1-Br2 115.94(4)

The supramolecular structure of the [Cd(BPMT)Br;] complex is controlled by the
intermolecular Br---H interactions shown in Figure 3A. These non-classical interactions are
generally weak, and they occur between the coordinated bromide ion as a hydrogen-bond
acceptor and the C-H bonds from the methyl and pyrazolyl moieties of BPMT ligand as
a hydrogen-bond donor. The hydrogen-bond parameters and the packing scheme are
depicted in Table 3 and Figure 3B. In the structurally related [Cd(BPMT)Cl;] complex,
the packing is mainly controlled by Cl...H interactions where the donor-acceptor distance
is 3.636(4) A, which is shorter than the corresponding values for the dibromo complex
(Table 3).
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Figure 3. Important contacts (A) and packing scheme (B) in the [Cd(BPMT)Br,] complex.

Table 3. Hydrogen-bond parameters in the [Cd(BPMT)Br; ] complex.

Atoms D-H(A) H-A@A) D-AQA) D-H-A() Symm. Code
C2-H2...Brl 0.96 291 3.830(10) 161 1/2 —x,—1/2+y,1/2 — z
C10-H10...Br2 0.93 3.004 3.835(8) 149.6 ~1/2+x15 -y, -1/2+z

3.3. Hirshfeld Analysis

Hirshfeld analysis of molecular packing is performed in order to further analyze
the different contacts in the crystal structure at both quantitative and qualitative levels.
Different contacts were decomposed and their percentages were depicted in Figure 4.

40

20

%Contact

Contact

Figure 4. Percentages of all intermolecular contacts in the [Cd(BPMT)Br;] complex.
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It is clear that the H---H, Br---H, C---H, and N---H are the most dominant interactions
in the crystal structure of the [Cd(BPMT)Br;] complex; their percentages are 38.1, 24.3, 11.1,
and 9.5% from the whole contacts that occurred in the crystal. Other contacts such as O---H
(5.7%), Br--N (4.6%), and Br---C (2.4%) have low percentages. Analysis of the dnorm map
indicated that the presence of red spots related only to the Br---H, C---H, and Br---C contacts
(Figure 5). These red regions indicated contacts having shorter distances than the vdWs
radii sum of the interacting atoms. Other contacts appeared as blue and white regions in
the dnorm map. Hence, these interactions are considered less significant in the molecular
packing since the corresponding interaction distances are longer or equal than the vdWs
radii sum of the interacting atoms, respectively. The regions shared in the Br---H, Br---C,
and C---H interactions are labeled as A-C, respectively in the dnorm map (Figure 5). In the
structurally related [Cd(BPMT)Cl,] complex, the percentages of the H---H, Cl---H, C---H,
and N---H are 37.7, 24.5, 11.4, and 10.1%, respectively, whereas the O---H (6.1%), Cl---N
(3.1%), and CI---C (2.0%) contacts are less dominant. Additionally, the CI---H, C---H, and
Cl---C contacts are the most important in the molecular packing of this complex.

Shape index Curvedness

dnorm

Figure 5. Hirshfeld surfaces of the [Cd(BPMT)Br;] complex. The shape index and curvedness maps
revealed the absence of aromatic 7-7t stacking interactions.

On the other hand, analysis of the fingerprint plots for the Br---H, C---H, and Br---C
contacts further confirmed that these interactions occur at short interaction distances
(Figure 6). The shortest Br---H contacts are Br2---H10 (2.873 A) and Brl---H2 (2.792 A)
whereas the C1---H15 (2.718 A), C3---H15 (2.683 A), and C12---H16 (2.720 A) are the shortest
C-H---minteractions. Interestingly, the short Br1---C7 (3.405 A) between the coordinated
bromide anion and the s-triazine core belong to the anion- stacking interactions, which is
considered as a general feature for metal complexes of the electron deficient s-triazine type
ligands [47-50].
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Figure 6. The decomposed fingerprint of the important interactions in the [Cd(BPMT)Br;] complex.

3.4. Biological Studies

The [Cd(BPMT)Br;] complex was tested for its antibacterial and antifungal activities.
The results were compared with the free BPMT, as well as Gentamycin and Ketoconazole
as antibacterial and antifungal controls, respectively (Table 4). The Cd(II) complex has a
broad spectrum of antibacterial activity against both Gram-positive and Gram-negative
bacterial strains with inhibition zones ranging from 18 mm (E. coli) to 44 mm (B. subtilis).
In the case of S. aureus and P. vulgaris, the inhibition zone diameters are 23 and 25 mm,
respectively. The free BPMT has no antibacterial activity against these microbes except
S. aureus (8 mm). Hence, the Cd(I) complex is a better antibacterial agent than the free
ligand. Additionally, the Cd(II) complex has better antibacterial activity against B. subtilis
than Gentamycin (26 mm). The sizes of the inhibition zones are the same in the case of
P. vulgaris and C. albicans (20 mm), which are similar to Gentamycin and Ketoconazole
as controls. Hence, the Cd(I) complex has good antifungal activity against C. albicans
whereas it is not active against A. fumigatus at the applied concentration. In addition, the
results were compared with the [Zn(BPMT)(NCS);] and [Zn(BPMT)(Br),] analogs at the
same experimental conditions [62]. The [Cd(BPMT)Br;] complex has better antibacterial
activity against the Gram-positive bacteria than any of the two Zn(II) complexes where the
inhibition zone diameters are in the range of 16-33 mm. In contrast, the [Zn(BPMT)(NCS),]
complex has better antibacterial activity against the Gram-negative bacteria E. coli (20 mm)
and P. vulgaris (26 mm) than the [Cd(BPMT)Br;] complex. In terms of antifungal activ-
ity, all three complexes exhibited no activity against A. fumigatus. For C. albicans, the
[Cd(BPMT)Br,] complex has higher activity than the [Zn(BPMT)(NCS);] complex (12 mm)
whereas the [Zn(BPMT)(Br),] showed no action against this microbe.

Table 4. Zone of inhibition (mm) for BPMT and the [Cd(BPMT)Br;] complex.

Microbe [Cd(BPMT)Br,] BPMT Control
A. fumigatus NA NA 172
C. albicans 20 NA 204
S. aureus 23 8 24b
B. subtilis 44 NA 26b
E. coli 18 NA 30P
P. vulgaris 25 NA 250

a Ketoconazole, ® Gentamycin.

In addition, the anticancer activity of the [Cd(BPMT)Br,] complex against lung cancer
cells (A-549) was evaluated (Figure 7). The ICs value of the [Cd(BPMT)Br;] complex was
found to be 18.64 £ 1.09 pg/mL, whereas for BPMT and cis-platin, the ICsy values are
372.79 &+ 13.64 and 7.53 & 0.69 ug/mL, respectively. It is clear that the Cd(II) complex has
better anticancer activity than free BPMT ligand although its anticancer activity is close
to the well-known anticancer agent cis-platin. Additionally, the cytotoxic activity of the
[Cd(BPMT)Br;] complex is compared with the [Zn(BPMT)(NCS);] and [Zn(BPMT)(Br);]
complexes [62]. At the same experimental conditions, the ICsy values for the Zn(II) com-
plexes are determined to be 43.86 & 3.12 and 30.23 &= 1.26 pg/mL, respectively. It is obvious
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that the studied Cd(II) complex has better cytotoxic activity than the two Zn(II) complexes
against lung cancer cells (A-549).

120

100 | -+BPMT = [Cd(BPMT)Br,]

60 -

Cell viability %

40 |

20

0 100 200 300 400 500 600
Concentration (1ug/mL)

Figure 7. Cytotoxic activity of the [Cd(BPMT)Br,] complex against lung cancer cells (A-549). The
detailed results are tabulated in Tables S1 and S2.

4. Conclusions

The synthesis, characterization, and X-ray structure of the new [Cd(BPMT)Br;] com-
plex were reported. The Cd(Il) is penta-coordinated with one tridentate BPMT ligand and
two bromide groups. The CdN3Br; coordination sphere has a slightly distorted square
pyramidal configuration. The packing is controlled by many short intermolecular contacts
such as the Br---H, C---H, and Br---C interactions as revealed from the Hirshfeld analysis.
The Cd(II) complex showed interesting antibacterial activity against Gram-positive and
Gram-negative bacteria. Its antibacterial potency outer performed Gentamycin against
B. subtilis. Additionally, it has similar activity against P. vulgaris and C. albicans compared
to Gentamycin and Ketoconazole as antibacterial and antifungal controls, respectively. In
addition, the Cd(II) complex has higher cytotoxicity towards lung cancer cells (A-549) than
the free BPMT ligand.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/cryst12060861/s1, Figure S1: FTIR spectra of the [Cd(BPMT)Br,]
complex; Figure S2: FTIR spectra of BPMT; Method S1: Synthesis of BPMT; Scheme S1: Synthesis of
the ligand (BPMT); Method S2: Antimicrobial studies; Method S3: Evaluation of Cytotoxic activity;
Table S1: Evaluation of cytotoxicity of [Cd(BPMT)Br;] against A-549 cell line; Table S2: Evaluation
of cytotoxicity of BPMT against A-549 cell line. Chemicals and instrumentations; X-ray structure
measurement details. References [51-60] are cited in the supplementary materials.
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