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INTRODUCTION

The organometallic chemistry of rare earth metals research
is a growing field for various applications [1,2]. Particularly,
the Schiff bases coordinated with lanthanides have been received
broad interest in the field of coordination chemistry and
medicinal research [3]. Also, the Schiff base coordinated lanth-
anide complexes have exhibited the significant antifungal, anti-
bacterial and regulating the plant growth characters [4,5]. This
different metal complexes with Schiff bases research increases
due to –CH=N- like donor atoms, stability and their mechanism
in biological effectiveness [6-8]. In addition, the developing
medicinal and software based computational techniques are
also exposed with great interest to reduce the time and waste
of chemicals in research fields [9-11]. Also, they are providing
basic structural properties and their reactivity in biological
studies. Similarly, the antimicrobial studies using agar broth
medium and cancer studies on specific cell lines are widely
used to measure the resistivity of the synthesized compounds
[12,13]. Based on the literature, this work reports the synthesis,
characterization the five rare earth metal(III) (viz. Ln3+, Pr3+,
Nd3+, Sm3+ and Eu3+) complexes from 1-(furan-2-yl)methan-
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amine condensed with 5-bromo-2-hydroxybenzaldehyde Schiff
base (5BSFASB). The derived complexes were characterized
using UV-visible, FTIR, NMR and mass spectral techniques
wherever required. After the confirmation, the compounds
were carried for theoretical docking studies against microbial
proteins such as 1H9Z and 3ZBO using online patchdock for
ligand and offline iGEMDOCK for all compounds [14-16].
To compare the theoretical outcomes, experimental antimicro-
bial activity was investigated by ager well diffusion method.
After the microbial screening, best molecule was carried for
the further anticancer activity or cytotoxicity on HeLa and
MCF7 cells by MTT assay [17]. The experimental biological
outcomes were compared with the theoretical docking outputs.

EXPERIMENTAL

The chemicals such as rare earth metal(III) hexanitrate
salts (La3+ =  Ln3+, Pr3+, Nd3+, Sm3+ and Eu3+) were purchased
from SRL Chemicals, India. This work used AR grade solvents
for the experimental preparations and were used after purifi-
cations. The UV-visible spectra of the ligand and the complexes
were analyzed using LS25-UV Perkin-Elmer. Vibrational FT-
IR spectra were recorded in JASCO FTIR-6300 through KBr
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pellets. Both 1H & 13C NMR spectra of the ligand and complexes
were recorded in Bruker NMR-400 spectrometer in DMSO-d6.
The prepared ligand and rare metal complexes were recorded by
Shimadzu LC-MS 2020 Mass spectra. Colorimetric MTT assay
was measured by ELISA plate reader for the inhibition study.
Proteins PDB files of 1H9Z, 3ZBO targets were obtained from
RCSB data bank (https://www.rcsb.org/pdb/home/home.do).
Offline docking conducted using Rosmol and java based
iGEMDOCK software. Antimicrobial pathogens such as E. coli
ATCC 25922, Klebsiella pneumoniae ATCC 35657, Acineto-
bacter baumannii ATCC 19606, Proteus mirabilis ATCC 635659,
Pseudomonas aeruginosa ATCC 27853, Salmonella typhimurium
ATCC 14028, Methicillin resistant Staphylococcus aureus ATCC
100698, Shigellaboydii MTCC 11947 and Staphylococcus
aureus MTCC 1430, were purchased from American type culture
collection. The human breast adenocarcinoma cancer (MCF7)
and human cervical cancer (HeLa) cell lines were received from
the National Centre for Cell Sciences, Pune, India. The (3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide,
a yellow tetrazole-MTT was purchased from Sigma-Aldrich,
India.

Synthesis of 5-bromo-2-hydroxy-benzaldehyde Schiff
base (5BSFASB) and its rare metal complexes: A methanolic
solution of 2-furfuryl amine (50 mmol, 4.85 g) and 5-bromo
salicylaldehyde (50 mmol, 9.5 g) were refluxed in methanol
for 1 h. 60:40 ethyl acetate and hexane TLC system was used
to monitor the chemical reaction. After the completion of the
reaction yellow solid (5BSFASB) was isolated and crystallized
in 1:1 acetonitrile-methanol. The 1 mmol of filtered and dried
pure solid crystals were treated with 0.5 mmol of different
lanthanide(III) nitrate salts separately in methanol solvent [18].
After 3 h, the obtained clear yellow solution was maintained
for 1 h at the same temperature. It was cooled to room tempera-
ture. The filtered crystalline solids were dried in desiccators
over anhydrous calcium chloride.

2-(Furan-2-ylmethyl)imino]methyl}-4-bromo phenol
(5BSFASB): Light yellow crystals, yield: 80%, m.p.: 155-165
ºC. 1H NMR (500 MHz, DMSO-d6) δ 13.23 (s, 1H), 8.65 (s, 1H),
7.73 (d, J = 5 Hz, 1H), 7.65 (d, J = 5 Hz, 1H), 7.49 (dd, 1H),
6.88 (d, J = 10 Hz, 1H), 6.46 (t, J = 5 Hz, 1H), 6.40 (d, J = 5 Hz,
1H), 4.81 (s, 2H). 13C NMR (125 MHz, DMSO-d6): 166, 160,
151, 138, 133, 130, 120, 119, 111, 109, 108, 54. m/z (M+H)+:
281.83.

5BSFASB-La(III) (a): Light yellowish brown solid, yield:
70%, m.p.: 205-210 ºC. 1H NMR (500 MHz, DMSO-d6) δ ppm:
4.66 (s, 2H), 6.12 (br s, 1H), 6.27-6.37 (m, 1H), 6.82 (br d, J
= 7.48 Hz, 1H) 7.41 (br d, J = 7.21 Hz, 1H) 7.48 (s, 1H), 7.75
(s, 1H) 8.10 (s, 1H). m/z (M+H)+: 841.88.

5BSFASB-Pr(III) (b): Light yellowish green solid, yield:
60%, m.p.: 180-195 ºC. 1H NMR (500 MHz, DMSO-d6) δ ppm:
2.28 (br d, J = 12.45 Hz, 1H), 2.52 (br d, J = 12.45 Hz, 1H),
4.54 (br d, J = 12.45 Hz, 1H), 4.78 (br d, J = 12.45 Hz, 1H),
6.07-6.17 (m, 2H), 6.27-6.37 (m, 2H), 6.97 (br d, J = 7.32 Hz,
2H), 7.48 (s, 2H), 7.60 (br d, J = 6.89 Hz, 2H) 7.72 (s, 2H),
8.48 (s, 2H). m/z (M+H)+: 844.03.

5BSFASB-Nd(III) (c): Light yellowish solid, yield: 60%,
m.p.: 200-210 °C, 1H NMR (500 MHz, DMSO-d6) δ ppm 4.66

(s, 2 H) 6.12 (br s, 1 H) 6.27-6.37 (m, 1 H) 6.82 (br d, J = 7.48
Hz, 1 H) 7.41 (br d, J = 7.21 Hz, 1 H) 7.48 (s, 1 H) 7.75 (s, 1
H) 8.10 (s, 1 H). m/z (M+H)+- 846.88.

5BSFASB-Sm(III) (d): Light yellowish solid, yield: 65%,
m.p.: 190-205 ºC 1H NMR (500 MHz, DMSO-d6) δ ppm 4.66
(s, 2H), 6.12 (br s, 1H), 6.27-6.37 (m, 1 H) 6.82 (br d, J =
7.48 Hz, 1H), 7.41 (br d, J = 7.21 Hz, 1H), 7.48 (s, 1H) 7.75
(s, 1H) 8.10 (s, 1H). m/z (M+H)+: 856.89.

5BSFASB-Eu (III) (e): Light yellowish solid, yield: 60%,
m.p.: 220-215 ºC. 1H NMR (500 MHz, DMSO-d6) δ ppm:
4.66 (s, 4H), 4.84 (s, 4H), 6.12 (br s, 2H), 6.32 (s, 1H), 6.33
(d, J = 5.49 Hz, 1H), 6.83 (s, 1H), 7.36 (s, 1H), 7.48 (s, 2H),
7.72 (s, 1H), 7.78 (s, 1H), 8.10 (s, 2H). m/z (M+H)+: 855.89.

The proposed structure of the rare earth metal(III) comp-
lexes are shown in Fig. 1.
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Fig. 1. Structure of lanthanide complexes (a-e)

Docking study: The downloaded protein PDB: 1H9Z
(human serum albumin transport protein which is easily bind
with all drugs), 3ZBO (heat-like repeat DNA glycosylases)
were used for docking using iGEMDOCK software. Each
converted pdb structures of ligand and metal complexes were
uploaded for the interaction analysis calculation. After the
simulation, the binding energy was calculated for the ligand
and complexes to correlate with experimental cancer and anti-
microbial activities.

Antimicrobial study: As per the guidance of the National
Committee for Clinical Laboratories Standard and based on
the references, broth dilution method conducted for the test
samples with modification of the dilution medium and the
specific concentration effect on the bacterial growth was measured
in term of zone of inhibition of the pathogens [19,20]. The
synthesized ligand 5BSFASB and its rare metal(III) complexes
(a-e) were carried for MIC study using 250 ppm concentration.
The antibacterial nature of the complex on solid agar was deter-
mined.

Cytotoxicity assay: MCF7 and HeLa 100 cells were
obtained from Pune-NCCS and were cultured at 37 ºC in a
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moistened with 5% CO2 containing atmosphere. The selected
and cultured HeLa and MCF7 cells were seeded into 96 well
plates for 48 h. Both cells were treated with a serially diluted
highly active metal complex. A known anticancer agent 5-fluoro
uracil (100 mM) was used as control and treated with both cancer
cells. The plates were cultured for 48-72 h after the treatment
with control and active metal complexes [21]. MTT (5 mg/mL)
was prepared and 100 µL was added in each well. After 4 h
incubation, formed purple colour formazone was dissolved in
100 µL of DMSO, which was measured at 620 nm using ELISA
plate reader. The OD value used to measure the inhibition
through the following formula:

treatment blank

control blank

(A A )
Cell viability (%) 100

(A A )

−
= ×

−

RESULTS AND DISCUSSION

Electronic spectra: The electronic absorption spectral
data of the furan based metal complexes in ethanol are recorded
to observe the changes when treated with metal nitrates.
Absorption spectra of ligand 5-bromo salicylaldehyde furyl
methanamine condensed schiff base (5BSFASB) and their rare
metal(III) complexes were recorded in ethanol between the
range of 200 and 900 nm. The absorption spectra in ethanol
exhibited the characteristic peaks between 222 and 400 nm.
The Schiff base ligand 5BSFASB displayed π→π* band due
to the aromatic ring at 225 nm at higher energy. Also, it exposed
the bands at 257 and 327 nm for the n→π*, π→π* transitions
(lower energy) due to lone pair electrons in p orbital of
azomethine N atom. These absorption bands were coincidence
with reported spectral data [22]. Owed to the like structure of
the prepared rare metal complexes, five rare earth metal
complexes displayed significant peaks (Fig. 2) with slight
deviation in absorption intensity [23]. The comparison of
absorption band regions between ligand and metal complexes
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Fig. 2. Electronic spectra of ligand

(a-e) are presented in Table-1. The results revealed that the slight
bathochromic shift in all the metal-complexes which is due to
more dipolar excited states. Owing to the interaction of solvent
ethanol and water in complexes, the shift was slightly decreased
from 225 and 327 nm.

TABLE-1 
ABSORPTION SPECTRA VALUE OF FBS COMPLEXES 

 5BSFASB La3+ 
(a) 

Pr3+ 
(b) 

Nd3+ 
(c) 

Sm3+ 
(d) 

Eu3+ 
(e) 

225 223 216 220 219 215 Wavelength 
(nm) 327 323 325 323 324 323 

 
FTIR studies: In Schiff base ligand 5BSFASB, infrared

spectra displayed the significant peaks for hydroxyl (-OH) and
azomethine group (-CH=N-) peaks at 2630 cm-1 and 1627 cm-1,
respectively. The band appeared at 1366 cm-1 in ligand is assi-
gned to ν(CO) stretching frequency. Thus, the IR spectra of the
ligands are found to be in good agreement with their respective
structural features. In addition, broad peak exists between 3200
and 2800 cm-1 for 5BSFASB–OH, the -NH peaks coincidence
with reported frequencies [24]. The FTIR spectra of the comp-
lexes a-e exposed the region for 5BSFASB La(III), Pr(III),
Nd(III), Sm(III) and Eu(III) complexes exhibited the broad
peak with a high intensity, which represents the weak hydrogen
bonds [25]. This band is associated with the existence of water
of the derived complexes, which is the characteristic band for
the OH stretching vibrations. But in La(III) complex, this peak
is marginally differed. All the rare metal(III) complexes exhibited
the characteristic M-O bond at the frequencies in cm-1 such as
430 (La-O), 432 (Pr-O), 433 (Nd-O), 435 (Sm-O) and 438 (Eu-O).
In addition to this change in frequency, rare metal(III) comp-
lexes exposed the deviation of azomethine frequency from
1627 to 1590 cm-1 [26]. This deviation confirmed that the
coordination of imine with nitrate salts of rare earth metal(III).
The corresponding FTIR of the ligand and its rare earth metal(III)
complexes (a-e) are shown in Fig. 3.

4000 3000 2000 1000
Wavenumber (cm )

–1

Ligand

Nd complex

La complex Pr complex

Sm complex Eu complex

Fig. 3. FTIR spectra of 5BSFASB and its metal complexes
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1H & 13C NMR studies: After the basic functional group
changes, the ligand was characterized by both 1H & 13C NMR
spectral studies. Ligand 5BSFASB exhibited the 1H NMR peaks
at δ13.23 ppm (-OH), 8.65 (-CH=N-), 4.81 (-CH2-) and rest
of the peaks confirmed the aromatic ring of the ligand. 13C NMR
of 5BSFASB ligand has the carbon peaks at 166 ppm (C-OH),
160 ppm for (-CH=N-) and remaining peaks between 6.0 and
7.5 ppm confirmed the aromatic carbons of the condensed
molecule. But, hydroxyl group peaks were absent in metal
complexes. In addition, imine peak slightly shifted from 8.65
to 8.1-8.3 ppm, which confirmed the coordination of metals
with imine nitrogen. In addition, all the rare earth metal(III)
complexes are similar structure hence some peaks commonly
exist in spectra. But these complexes are differed in water of
hydration whereas in samarium(III) complex, the water of
hydration is higher than other complexes. Imine proton non-
involvement in coordination was confirmed from the imine
proton dislocation in spectra of all compounds. The reported
values are coincidence with the reported values [27].

Mass studies: The complex molecular nature was identi-
fied by mass spectrum and correlated with calculated molecular
weight for the structure. The mass spectra of 5BSFASB comp-
lexes showed the base peaks of m/z (M+H) 841.88, 844.03,
846.88, 856.89, 855.89 and 847.89, respectively. The base peak
of La(III), Pr(III), Nd(III), Sm(III) and Eu(III) complexes
molecular ion peaks confirmed the 1:2 stoichiometry of ligand,
one nitrate and one water molecules in coordination sphere
with one nitrate counter ion which was coincidence with reported
value [28]. Moreover, the complex may have the common
molecular formula of lanthanides (C12H10NO2Br)2(NO3)(H2O)]-
NO3 and the ligand is a bidentate in nature.

Theoretical docking: The characterized compounds were
carried for the computational docking to measure the inhibition
tendency of the target proteins like drug transporting protein
(1H9Z) and common living organism protein (3ZBO). The
docking results exposed the compounds drug character and
DNA toxicity nature. The simulated results are given in Table-2.

TABLE-2 
iGEMDOCK RESULTS AGAINST 1H9Z AND 3ZBO 

Compound ID Protein ID Score in 
kcal/mol 

Docking 
fitness 

5BSFASB -88.3 -83.95 
a -109.42 1364.3 
b -127.39 777.55 
c -122.22 572.81 
d -96.24 1203.76 
e 

 1H9Z 
Radius in 12 Å 

-85.96 1014.00 
5BSFASB -69.62 18.19 

a -131.33 1377.00 
b -144.29 1370.00 
c -104.74 763.00 
d -143.29 1353.89 
e 

3ZBO 
Radius in 12 Å 

-106.16 1142.18 

 

From the outcomes, this work revealed that the ligand binding
ability is lower than the metal complexes. Docking results
exposed that the ligand negative docking score such as -88.3,
-69.62 kcal/mol. The series of complexes showed -109.42,
-127.39, -122.22, -96.24, -85.96, -108.36 correspondingly for
1H9Z and -131.33, -144.29, -104.74, -143.29, -106.16, -136.67,
respectively for 3ZBO. Apart from the six complexes, praseo-
dymium complex exhibited higher binding ability against the
proteins 1H9Z (-127.39) and 3ZBO (-144.29). Based on the
docking results, all the synthesized molecules were carried
for anti-microbial study. Some of the docking images are
displayed in Figs. 4 and 5. The outcome images were processed
through CLC drug discovery workbench-3 and visual studio
softwares instead of autodock [29].

Antimicrobial activity: The biological inhibition experi-
ments were conducted for determining antimicrobial activity
of the compounds. Well diffusion method using 250 ppm in
ethanol was filled and inhibited area was measured for each
compound in millimeter (mm) after the incubated period. The
outcomes of biocidal activities displayed (Fig. 6) that the zone
of inhibition is higher for the praseodymium complex when
compare to other metal(III) complexes. Inhibition zone of

Fig. 4. Docking images against 1H9Z and 3ZBO of complex b
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Fig. 5. 2D Docking images against 1H9Z and 3ZBO of complex b

Fig. 6. Antimicrobial results of La, Pr, Nd, Sm and Eu (a-e) complexes

derivatives against the selected bacterial strains are presented
in Table-3. This work revealed that the praseodymium complex
exhibited the highest inhibition viz. 25, 25, 23, 23, 11 and 20
mm against all the studied pathogens. This work also identified
that the inhibition of the complexes exist in the order of Pr >
Gd > Eu > Nd > Sm > La complexes. However, all complexes
exhibited lower inhibition against P. aeruginosa. Also, complex
b exhibited good results than the standard gentamycin. These
results almost coincidences with the reported values [30,31].

MTT assay and staining for praseodymium complex:
Based on the docking and antimicrobial results, this work
selected the praseodymium complex b for further anticancer
activity against two cancer cell lines such as HeLa and MCF7
[32]. The influence of serially diluted concentrations such as
10, 25, 50, 100 and 250 µg/mL of complex b on selected cancer
cell lines were investigated as per the reported protocol [33,34].
MTT assay carried on first human cancer HeLa cell line using
complex b and the OD absorption results are displayed in

Vol. 33, No. 9 (2021)   Studies on 5-Bromo salicylaldehyde-furan-2-yl-methanamine Condensed Schiff Base Rare Earth Metal Complexes  2131



Table-4. Similarly, Table-5 reported the percentage of cell
viability of the colorimetric MTT assay. From the cell line
results, 10 µg/mL concentrations exhibited the same like control
absorption 0.38 ± 0.013 and the cell viability is also almost
near value 82.87 ± 2.93 like control. Similar concentrations
of complex b used on MCF7 cell line. When compared the
direct action of cancer cells with complex b, MCF7 cells which
has 40% transferrin supported inhibition of cell proliferation.
Hence this study conducted the cell line study on breast cancer

TABLE-4 
MTT ASSAY ABSORPTION  

RESULTS OF b (Pr) WITH HeLa CELL 

Conc. (µg/mL) OD at 570 nm Result 
10 0.35 0.39 0.38 0.38 ± 0.013 
25 0.30 0.29 0.29 0.29 ± 0.004 
50 0.29 0.30 0.30 0.30 ± 0.003 

100 0.26 0.25 0.27 0.27 ± 0.008 
250 0.26 0.26 0.25 0.26 ± 0.005 

Control 0.47 0.47 0.45 0.47 ± 0.010 

 

TABLE-5 
MTT ASSAY % OF CELL VIABILITY  
RESULTS OF b (Pr) WITH HeLa CELL 

Conc. (µg/mL) Cell viability (%) Result 
10 75.80 82.87 80.51 82.87 ± 2.93 
25 63.81 61.88 62.74 63.81 ± 0.79 
50 62.53 64.24 63.60 64.24 ± 0.70 

100 55.46 53.75 58.03 58.03 ± 1.75 
250 55.67 54.82 52.89 55.67 ± 1.16 

Control 100.40 99.60 99.21 100.00 ± 0.49 

 
causing MCF7 cell line. The outcomes of OD at 570 nm and
percentage of cell viability are displayed in Tables 6 and 7
respectively. From the results, all concentrations are almost
controlling the cell growth from 10 to 250 µg/mL. But lower
concentration 10 µg/mL showed highest OD and the deviation
exists between 10 nm. In addition to the colorimetric outcomes,
percentages of cell viability of both HeLa and MCF7 are shown
in Figs. 7 and 8. These results revealed that praseodymium
complex exposed good results such as OD for 10 µg/mL 0.594

TABLE-3 
ANTIMICROBIAL RESULTS FOR LIGAND AND COMPLEXES a-e 

Zone of inhibition (mm) for 250 ppm 
Compound ID 

E. coli K. pneumoniae S. typhimurium A. baumannii P. aeruginosa S. aureus 
5BSFASB 17 20 15 16 8 16 

a 15 15 14 14 – 12 
b 25 25 23 23 11 20 
c 21 20 20 22 – 18 
d 18 20 17 18 – 15 
e 20 20 20 15 10 18 

Gentamicin 15 15 17 20 15 15 
DMSO – – – – – – 

 

Fig. 7. MTT assay of Pr complex b with HeLa cell for different concentrations
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TABLE-6 
MTT ASSAY ABSORPTION  

RESULTS OF b (Pr) WITH MCF7 CELL 

Conc. (µg/mL) OD at 570 nm (triplicate values) Result 
10 0.594 0.592 0.593 0.594 ± 0.0008 
25 0.589 0.577 0.583 0.589 ± 0.0047 
50 0.564 0.553 0.558 0.558 ± 0.0042 

100 0.547 0.539 0.543 0.547 ± 0.0031 
250 0.524 0.532 0.528 0.532 ± 0.0032 

Control 0.598 0.604 0.601 0.604 ± 0.0024 

 
TABLE-7 

MTT ASSAY % OF CELL VIABILITY  
RESULTS OF b (Pr) WITH MCF7 CELL 

Conc. (µg/mL) Cell viability (%) 
(triplicate values) 

Result 

10 98.835 98.502 98.668 98.668 ± 0.135 
25 98.003 96.006 97.004 98.003 ± 0.815 
50 93.843 92.013 92.928 93.843 ± 0.747 

100 91.014 89.683 90.349 91.014 ± 0.543 
250 87.188 88.519 87.853 88.519 ± 0.543 

Control 100.00 100.00 100.00 100.00 ± 0.000 

 

Fig. 8. MTT assay of Pr complex b with MCF7 cell for different concen-
trations

± 0.0008 and percentage cell viability 98.6689 ± 0.135,
respectively in MCF7-MTT assay.

Conclusion

Few rare earth metal(III) complexes (M = Ln3+, Pr3+, Nd3+,
Sm3+ and Eu3+) of Schiff base derived from 1-(furan-2-yl)-
methanamine were synthesized and characterized. Theoretical
docking and biological efficacy of the novel Schiff base ligand
5BSFASB and its metal(III) complexes (a-e) were completed
to identify the multi-talented molecules. Initially, theoretical
work completed for the synthesized molecules to avoid
the wastage of chemicals, time and the microorganism. The
theoretical docking exposed the binding ability of the
compounds with drug transporting protein and the higher
binding ability of the DNA glycosylases, which can be used
to prove the activity of the prepared structure. Then the nature
of the antimicrobial studies was conducted for the molecules
and observed the good results for all the selected pathogens
except P. aeruginosa when compare to gentamycin. These
useful outcomes used to select the molecule for further anti-
cancer investigation using praseodymium complex b. The MTT
results on selected cancer cell line proved the efficiency and
enhanced results of the selected complex when compare to
the control molecule. Also this work identified the good control
ability of the selected molecule. The results were coincidenced
with the selected standards in each study. These chemo sensi-
tivity in vitro assessment outcomes of in vitro calculation of
the cytotoxic cancer cell lines specified that the cells were
energetically flourishing when the period of compound admin-
istration. This work successfully measured the enhanced effects
of praseodymium complex (b) in controlling the growth of
disease causing pathogens and cancer-cell growth.
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