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| A novel series of macrocyclic compounds, [M(CsH3sNs)X]X,; where M = Cr(II) and Fe(Ill); X = CI', NO;~, CH;COO", have been
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synthesized by using the template condensation between 3,4-diaminotoluene, dibenzoyl methane and dimedone in the presence of I
chromium(IIl) and iron(IIl). Various physio-chemical studies were used to characterize these complexes including PXRD, magnetic
susceptibility, elemental analysis, electronic, IR and mass spectroscopy. These studies suggested that all the metal complexes have a five- |
coordinated square pyramidal geometry around the metal ion. The molar conductance values of these complexes in the range of 168-140 |
ohm™ ¢cm” mol™ indicated the electrolytic nature of these metal complexes. Furthermore, the antibacterial and antifungal behaviour of |
these complexes was also examined by using different microbial strains i.e., Bacillus subtilis, Escherichia coli and Candida albicans. In |
addition to this, the results of antibacterial and antifungal of metal complexes were compared with commercially available antibacterial
and antifungal drug i.e. ciprofloxacin and amphotericin B, respectively. :
|
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INTRODUCTION

EXPERIMENTAL

The metal-complexes having macrocyclic moiety get high
attention in research field during the years of last and present
century due to resemblances with many natural complex systems
such as porphyrins [1] and cobalamines [2]. The synthesis of
macrocyclic compounds is an important area of chemistry due
to their applications for instance their role in antibacterial [3,4],
antifungal [5], water-treatment [6,7] and antitumor [8] activities.
Specifically, nitrogen-containing macrocyclic complexes make
them more interesting in scientific, technical and medical fields
due to their potential applications in these fields [9-13]. Thus,
synthesis and characterization of macrocyclic complexes as
aza-macrocyclic have evolved as the main research area during
recent years. Present work reported on the synthesis, character-
ization, and biological activities of aza-macrocyclic complexes
of Fe(IIT) and Cr(III), which is derived from dimedone, diben-
zoylmethane and 3,4-diaminotoluene. Additionally, the dye
removal efficiency of the Fe(II) complexes was also evaluated
as well.

The analytical reagent grades of 3,4-diaminotoluene, diben-
zoylmethane, dimedone, acetone, acetic acid and DMSO were
purchased from Sigma-Aldrich and Loba Chemie whereas
trivalent chromium and iron salts were acquired from Himedia
and CDH, India. All of these chemicals employed in present
work were of analytical grade and used without any further
purification. The microbes Bacillus subtilis, Escherichia coli
and Candida albicans were procured from the Microbial Type
Culture Collection (MTCC); IMTECH (Chandigarh, India).
The IR spectra were recorded on the MB-3000 FTIR spectro-
meter. The XEVO G2-XS QT mass spectrometer was used for
obtaining the mass spectra of all complexes. Elemental analysis
data was obtained from a EuroEA elemental analyzer, whereas
electronic spectra were recorded on Perkin-Elmer Lambda UV
Spectrophotometer. The CM-183 conductivity meter was used
to measure the conductance of all the metal(II) complexes.
The magnetic susceptibilities of all complexes were determined
using a PAR-155 magnetometer. The powder X-ray diffraction
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studies were conducted on an XPret Pro X-ray diffractometer.
The gravimetric method was utilized to determine the metal
contents of newly synthesized chromium complexes. The back
titration method was adopted to determine the metal content
of the iron complexes. The electrical melting point machine
was employed to determine the melting point of complexes
by using fine capillaries and are uncorrected.

Isolation of metal(III) complexes: All the metal(II)
complexes were synthesized by using the template method.
In this method, 3,4-diaminotoluene, dibenzoylmethane and
dimedone were condensed in the presence of Cr(III) or Fe(III)
metal salts. A metal adduct was formed by adding trivalent tran-
sition metal salt (10 mmol) to the methanolic solution of 3,4-
diaminotoluene (20 mmol) and refluxing the mixture for 30
min. After that the methanolic solution of dibenzoyl methane
(10 mmol) was added to the above solution and refluxed for a
period 4-5 h (Scheme-I) with continuous stirring. The mixture
was then refluxed again for 6-8 h after adding the methanolic
solution of dimedone (10 mmol) (Scheme-I). The resultant mix-
ture was then allowed to cool overnight, yielding dark-coloured
precipitates. The precipitate was filtered, washed with diethyl
ether and finally dried in vacuum-oven for overnight.

Complex 1: [Fe(C3;H36N4)(CD)]Cl: Yield: 60%, dark red,
223 °C, m.w.: 698.92; molar conductance = 168 ohm™” cm?
mol™'; Anal. calcd. found (%): Fe, 7.99 (7.57); C, 63.58 (63.17);
H, 5.19 (4.91); N, 8.02 (7.79).

Complex 2: [Fe(Cs;H36N,)(NO3)](NO:3),: Yield: 68%, dark
brown, 243 °C, m.w.: 778.58; molar conductance = 161 ohm
cm? mol™'; Anal. calcd. found (%): Fe, 7.17 (6.93); C, 57.08
(56.72); H, 4.66 (4.21); N, 12.59 (12.11).

Complex 3: [Fe(CsHiN4)(OAc)](OAc),: Yield: 58%,
dark red, 214 °C, m.w.: 769.70; molar conductance = 144 ohm
cm? mol™'; Anal. calcd. found (%): Fe, 7.26 (7.04); C, 67.10
(66.79); H, 5.89 (5.37); N, 7.28 (6.89).

Complex 4: [Cr(CsH3sN4)(CD]CL: Yield: 63%, black,
229 °C, m.w.: 695.71; molar conductance = 159 ohm™ cm’ mol™;
Anal. calcd. found (%): Cr, 7.48 (7.13); C, 63.94 (63.21); H,
5.22 (5.02); N, 8.06 (7.59).
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Complex 5: [Cr(CsH3Ns)(NO3)I(NO3),: Yield: 60%,
black, 214 °C, m.w.: 774.73; molar conductance = 153 ohm
cm? mol™'; Anal. calcd. found (%): Cr, 6.71 (6.16); C, 57.36
(56.98); H, 4.68 (4.25); N, 12.66 (12.18).

Complex 6 [Cr(CsHzN4)(OA€)](OAc): Yield: 54%, black,
231 °C, m.w.: 765.85; molar conductance = 140 ohm™ cm?
mol™; Anal. calcd. found (%): Cr, 6.79 (6.21); C, 67.44 (67.24);
H, 5.92 (5.47); N, 7.32 (7.03).

Biological assay

Test microorganisms: Three pathogenic strains of bacteria
(two) and fungi (one) were used as test targets for the exami-
nation of biological activity of all synthesized macrocyclic
complexes. One Gram-positive i.e. Bacillus subtilis, one Gram-
negative bacterium strain i.e. Escherichia coli and one fungal
strain i.e. Candida albicans were used for evaluation of anti-
bacterial and antifungal activities of synthesized metal(III)
complexes in the present study.

Primary screening: The agar-well diffusion technique was
adopted to assess the antimicrobial properties of the synthe-
sized metal(II) complexes [14]. Each petri-plate contained 20
mL of agar medium, which was then swabbed with 100 uL
microbes of the test microorganisms and left for 15 min to allow
adsorption. Wells were driven into the seeded agar plates using
a sterile cork borer with an 8 mm diameter, and these were
filled with 100 uL solution of each complex in DMSO. For 24
h, all the plates were incubated at 37 °C. The zone analyzer
was used to determine the extent to which each synthesized
metal(IIT) complex inhibited the development of the investi-
gated microorganisms and that extent of inhibition can be termed
as the zone of inhibition (ZOI). Ciprofloxacin and Amphotericin
B were used as standard antibiotic and antifungal drug, respectively.

Adsorption of colored effluents from aqueous solution:
A 100 mL stock solution of crystal violet dye of concentration
50 mg/L was prepared for the experimental study. Further, the
solution was diluted to obtain solution of variable concen-
trations. A calibration curve was plotted using the absorbance
values of the above prepared solutions (Fig. 1). The Na,COs/
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Scheme-I: Synthesis of macrocyclic complexes; where M represents Fe(IIl) and Cr(III); X represents (C17), (NOs") and (CH;COO")
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NaHCO:; buffer was used to adjust the pH of the solution. Iron
(IIT) complexes were added to the stock solution as well as the
solutions of diluted concentrations. Additionally, 2.0 mL of
H,O, was added to the above mixtures and after 30 min, their
absorbance values at maximum wavelength were measured
[7]. The effect of amount of iron(IIl) complexes on the adsor-
ption of coloured effluent, crystal violet dye from aqueous
solution was investigated using variable amount of iron compl-
exes and fixed concentration of dye solution at constant temper-
ature. The percentage dye removal efficiency of Fe(II) complex
can be calculated using the following equation:

Dye removal efficiency (%) = %x 100

[

RESULTS AND DISCUSSION

The analytical data of Cr(III) and Fe(IIT) complexes sugge-
sted the general formula of all newly synthesized macrocyclic
complexes as [M(CyH3sN4)(X)]X2; where M = Fe** and Cr'*
and X =CI7, NO;™ and CH;COO. All the metal(IIT) complexes
are soluble in DMSO whereas insoluble in other common organic
solvents. The molar conductance values of all metal(IIT) complexes
were found in the range 168-140 ohm™ cm* mol™” suggested the
electrolytic nature. Moreover, the range of melting point of the
metal(IIT) complexes suggested their thermal stability upto 223
°C beyond which the metal(IlII) complexes began to decom-
pose. Further, the analytical data suggested the square pyramidal
geometry around the central metal atom for all synthesized
metal(IIT) macrocyclic complexes.

IR studies: The appearance of new band in the region 1640-
1590 cm™ in IR spectra (Fig. 2) of all the metal(III) complexes
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Fig. 1. Calibration curve of dye solutions of different concentrations

may be attributed to the C=N stretching vibration and confirmed
the formation of complexes as a result of condensation between
—NH.; groups and >C=0 groups of the reactants [15]. The
decrease in the stretching frequency of v(C=N) displayed the
shift of electrons of nitrogen atom of azomethine group to the
coordinated metal ion [16]. The infrared spectra of all the metal
complexes lacked a pair of peaks at 3300 and 3387 cm’ corres-
ponding to —-NH, groups that were observed in the IR spectrum
of 3,4-diaminotoluene. Moreover, no peaks corresponding to
carbonyl groups of dimedone and dibenzoyl methane were
observed in the IR spectra of all complexes. This confirmed the
condensation between diketo and diamino compounds. Addi-

100 104 1001
95 1004
964 96 -
90 _ 9o] _
3 C-1 S C-2 ® 24 C-3
& g5 5 88 e
8 2 2 88
x5 5 5
= = ] =
T o - o]
c < 764 S
& 704 S c ]
[ F 721 = 80
65 68 76 4
60+ 4
64 724
55 T T T T T T 60 T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 4000 3500 3000 2500 2000 1500 1000 4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™) Wavenumber (cm™) Wavenumber (cm™)
100 1004 100
951 95 954
~ 901 — 90 —_ E
2 C-4 2 C-5 g% c6
g &1 g 854 g 851
< g <
£ 80 £ 804 £ 80
£ € z
é 754 é 754 é 754
= 701 = 70 = 704
65 65 651

60 T T T T T T
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

60 T T T T T T
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

Fig. 2. IR spectrum of C-1 to C-6 complex
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tionally, all of the complexes exhibited a moderately intense
band in the region of 3040-2840 cm™, which may be attributed
to the stretching vibrations of sp® C~H and sp* C—H bonds [17].
The bands observed between 1195-1146 cm™ in the IR spectra of
all the metal(IIT) complexes may be assigned to v(C—N) vibrations.

Electronic spectral studies

Iron(III) complexes: The effective magnetic moments
(Uerr) of iron complexes were observed in the range 5.69-5.31
B.M. at room temperature, corresponding to five unpaired
electrons, which is close to the predicted high spin values for
these metal ions [ 18]. Three bands were found in the electronic
spectra of iron complexes at 525-490, 383-345 and 260-220
nm (Fig. 3). These bands were attributed to the electronic
transitions dyy—d,./dy,, dy—>d.22 and d,—>d,2, respectively [4].
These bands showed a strong consistency with the already
reported electronic spectral studies of Fe** complexes possess-
ing the square pyramidal geometry.
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Fig. 3. Electronic spectrum of C-2 Complex

Chromium(ITI) complexes: The effective magnetic
moments (W) of Cr’* complexes was found between 4.32 and
4.06 B.M. at room temperature, indicating that the metal ion
includes three unpaired electrons [19]. In the electronic spectra
of chromium complexes, bands at 690-630, 570-498 and 380-
341 nm were observed (Fig. 4). These bands were attributed
to the d.2.y2¢—d,2, dy2y2¢—dyy, di2,2¢—d,, or d,, electronic transi-
tions, respectively. The fourth transition band at 285-255 nm
may be attributed to T—7* transition [4]. All of these spectral
bands are compatible with the five-coordinated square pyramidal
geometry of chromium(IIT) complexes. Therefore, it was prop-
osed that chromium complexes also possessed square pyramidal
geometry around the metal ion.

Mass spectral studies: The mass spectra of all the metal(III)
complexes exhibit [M]*ion peaks in addition to the other peaks.
The m/z value of the molecular ion, i.e. [M]*, of the complexes
provided information regarding their molecular weight. For
instance, in C-4 complex m/z peak was observed at 695.37
(Fig. 5a), which is in closed range to the calculated molecular
weight of this complex i.e. 695.71. Similarly, in C-1 complex
the m/z peak was observed at 698.58 (calcd. m.w.: 698.92)
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Fig. 4. Electronic spectrum of C-4 complex

(Fig. 5b), C-2 complex showed m/z peak at 777.47 (calcd.
m.w.: 778.58) (Fig. 5¢), C-3 m/z showed peak at 768.19 (calcd.
m.w.: 769.70), C-5 m/z peak showed at 774.61 (calcd. m.w.:
774.73) and C-6 m/z peak at 764.33 (calcd. m.w.: 765.85) (Fig.
5d) that showed close resembles with their molecular weights.
The obtained results are in close agreement with the calculated
molecular weight of all the metal(IIT) complexes and confirmed
the proposed structure for these complexes.

P-XRD studies: The powder XRD analysis of synthesized
macrocyclic complexes via template method were studied using
an X-ray diffraction analysis. The synthesized metal(II)
complexes were analyzed in the 20 ranging from 4-85° at wave-
length of 1.54 A. Sharp peaks in the powder XRD pattern
indicated that the complex is somewhat crystalline in nature.
Computer software, FullProf suite was used to determine the
lattice dimensions of all the synthesized metal(IIT) complexes
[20]. It was found that the complexes C-1, C-2, C-3 and C-5
possessed monoclinic crystal system (Table-1), whereas comp-
lexes C-4 and C-6 followed the orthorhombic and triclinic
crystal system, respectively.

Adsorption behaviour of iron(III) complexes: The adsor-
ption behaviour of iron(Ill) complexes was evaluated using
batch adsorption process. The effect of amount of iron(III)
complexes (5-25 mg) on the adsorption of crystal violet dye
was studied at constant temperature and pH 7-8. After 30 min
of adsorption process, the solutions of reduced intensity were
obtained. Furthermore, the calibration curve was used to measure
the concentration of the solutions. These results revealed that
the percentage removal efficiency of the synthesized iron(III)
complexes increased with the increase amount of complexes
(Fig. 6) added to the solution.

Antimicrobial activity: All the synthesized macrocyclic
complexes were screened for their antimicrobial activity. These
complexes show ZOI in the range 8-15 mm (Table-2). Most
of the metal(IIl) complexes showed moderate antimicrobial
activity against both bacterial and fungal strains, but complex
C-2 possessed least antimicrobial activities against all the tested
bacterial and fungal strains. However, complex C-1 exhibited
highest antimicrobial activity among all metal(IIT) complexes.
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TABLE-1
LATTICE DIMENSIONS OF ALL COMPLEXES
Complexes a(®) B(© Y (©) a(A) b (A) cA) Crystal system
C-1 90.00 114.15 90.00 11.37 5.66 6.10 Monoclinic
C-2 90.00 94.88 90.00 8.75 5.19 391 Monoclinic
C-3 90.00 99.09 90.00 9.74 5.21 8.12 Monoclinic
C4 90.00 90.00 90.00 20.02 10.10 5.37 Orthorhombic
C-5 90.00 96.52 90.00 10.09 4.95 6.79 Monoclinic
C-6 36.52 141.96 140.87 7.89 7.19 5.73 Triclinic
90 It was also observed that all complexes were more active to
80 bk inhibit the growth of Escherichia coli (Table-2) as compared
—C-2 to Bacillus subtilis and Candida albicans. These results may
704 T*—C3 be obtained due to the compounds hydrophobic or lipophilicity
e character of these complexes which in turn assisted the diffu-
g 60+ sion across the lipid membrane in order to limit or hinder the
3 50 viable growth of microbes [13]. Additionally, this may be expl-
© VT ained with the aid of the chelation hypothesis as well. Accor-
% 404 ding to this hypothesis, an increase in hydrogen bonding or a
§ reduction in the polarizability of may lead to an increase in
304 their lipophilicity, which in turn boosts its antimicrobial activity
[21].
20+
Conclusion
10
. . . . . By using template approach, a new series of trivalent macro-
5 10 15 20 25 cyclic metal complexes was synthesized by the condensation

Amount of iron complex added (mg)

Fig 6. Effect of amount of iron complexes on percentage removal efficiency

of 3,4-diaminotoluene, dibenzoyl methane and dimedone in
the presence of trivalent metal salts in 2:1:1:1 molar ratio. The
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TABLE-2
ANTIMICROBIAL ACTIVITY OF ALL
COMPLEXES AND STANDARD DRUGS

Diameter zone of inhibition (mm)

Bacterial strains .
Complexes . : —— Fungal strain
p Gram-negative ~ Gram-positive
Escherichia Bacillus Candida
coli subtilis albicans
C-1 15 14 12
C-2 10 - -
C3 12 12 -
C-4 10 14 12
C-5 12 12 14
C-6 10 08 10
Ciprofloxacin 26 26 -
Amphotericin = = 24

metal(IIT) complexes were characterized with various physio-
chemical and spectral studies, which suggested that synthesized
metal(IIT) complexes have square pyramidal geometry around
the metal ion. The PXRD analysis suggested that the complexes
C-1, C-2, C-3 and C-5 possessed monoclinic crystal system,
while the C-4 and C-6 complexes possessed the orthorhombic
and triclinic crystal systems, respectively. Moreover, the anti-
microbial activities of all the metal(III) complexes exhibited
moderate potential to inhibit the growth of selected bacterial
and fungal strain except complex C-2 that showed poor activity
against Escherichia coli and no activity against Bacillus subtilis
and Candida albicans.

ACKNOWLEDGEMENTS

As a beneficiary of a seed money award (No. DPA-1/32/
22/MRP/2358-2500) from Kurukshetra University, Kurukshetra,
the corresponding author Dr. Ramesh Kumar is thankful for
the support. The co-authors are also grateful to the UGC, New
Delhi, India for providing a SRF scholarship.

CONEFLICT OF INTEREST

The authors declare that there is no conflict of interests
regarding the publication of this article.

REFERENCES

1. A. Alka, V.S. Shetti and M. Ravikanth, Coordination Chemistry of
Expanded Porphyrins, Coord. Chem. Rev., 401, 213063 (2019);
https://doi.org/10.1016/j.ccr.2019.213063

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

L. Randaccio, S. Geremia, N. Demitri and J. Wuerges, Molecules, 15,
3228 (2010);

https://doi.org/10.3390/molecules 15053228

P.M. Reddy, R. Rohini, E.R. Krishna, A. Hu and V. Ravinder, Int. J.
Mol. Sci., 13, 4982 (2012);

https://doi.org/10.3390/ijms 13044982

X. Yu and D. Sun, Molecules, 18, 6230 (2013);
https://doi.org/10.3390/molecules 18066230

K. Sharma, D.P. Singh and V. Kumar, Indian J. Chem. Technol., 24,
534 (2017).

H. Ates and M.E. Argun, Water Sci. Technol., 78, 1064 (2018);
https://doi.org/10.2166/wst.2018.378

0. Raymond, W. Henderson, J.R. Lane, PJ. Brothers and P.G. Plieger,
J. Coord. Chem., 73, 1 (2020);
https://doi.org/10.1080/00958972.2020.1718664

D.S. Lamani, S.G. Badiger, K.R. Venugopala Reddy and H.S. Bhojya
Naik, Nucleosides Nucleotides Nucleic Acids, 37, 498 (2018);
https://doi.org/10.1080/15257770.2018.1498515

Jakub Grajewski, Molecules, 27, 1004 (2022);
https://doi.org/10.3390/molecules27031004

M. Aidi, H. Keypour, A. Shooshtari, M. Bayat, L. Hosseinzadeh, H.A.
Rudbari and R.W. Gable, Inorg. Chim. Acta, 490, 294 (2019);
https://doi.org/10.1016/j.ica.2018.12.046

E.C. Judkins, M. Zeller and T. Ren, Inorg. Chem., 57, 2249 (2018);
https://doi.org/10.1021/acs.inorgchem.7b03128

N. Shahabadi, M. Hakimi, T. Morovati and N. Fatahi, Nucleosides
Nucleotides Nucleic Acids, 36, 497 (2017);
https://doi.org/10.1080/15257770.2017.1332370

G. Kumar, S. Devi and D. Kumar, J. Mol. Struct., 1108, 680 (2016);
https://doi.org/10.1016/j.molstruc.2015.12.059

A. Kumar, V.K. Vashistha, P. Tevatia and R. Singh, Spectrochim. Acta
A Mol. Biomol. Spectrosc., 176, 123 (2017);
https://doi.org/10.1016/j.saa.2016.12.011

S. Chandra, M. Tyagi, S. Rani and S. Kumar, Spectrochim. Acta A
Mol. Biomol. Spectrosc., 75, 835 (2010);
https://doi.org/10.1016/j.saa.2009.12.009

P. Rathi and D.P. Singh, J. Mol. Struct., 1093, 201 (2015);
https://doi.org/10.1016/j.molstruc.2015.03.045

R.A. Sheikh, M.Y. Wani, S. Shreaz and A.A. Hashmi, Arab. J. Chem.,
9, S743 (2016);

https://doi.org/10.1016/j.arabjc.2011.08.003

M. Kamboj, D.P. Singh, A K. Singh and D. Chaturvedi, J. Mol. Struct.,
1207, 127602 (2020);
https://doi.org/10.1016/j.molstruc.2019.127602

P. Rathi and D.P. Singh, J. Mol. Struct., 1100, 208 (2015);
https://doi.org/10.1016/j.molstruc.2015.07.025

A. Boultif and D. Louér, J. Appl. Cryst., 37, 724 (2004);
https://doi.org/10.1107/S0021889804014876

S. Chandra and S. Agrawal, Spectrochim. Acta A Mol. Biomol. Spectrosc.,
124, 564 (2014);

https://doi.org/10.1016/j.saa.2014.01.042




