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A B S T R A C T

A new inorganic–organic hybrid based on proline functionalized γ-octamolybdate,
[Co2(H2O)6(Hpro)2(Mo8O26)]•2H2O (1), (pro = C5H9NO2) was synthesized under hydrothermal conditions from
the reaction of an Evans–Showell-type poly-oxometalate (NH4)6[Co2Mo10H4O38], and pro-line. Hybrid 1 was
characterized by infrared spectroscopy (IR), elemental analysis, diffuse reflectance spectroscopy (DRS) and sin-
gle crystal X-ray diffraction methods. As a result, the molecule loses its symmetry and in the molecular state and
in the crystalline phase, a chiral structure is obtained. The structure of proline allows the cobalt ion to not only
have a covalent interaction with proline via the carboxyl group of proline, but also to act as a linker between two
isoples, leading to a covalent chain. Then, adjacent 1-D chiral chains joined together by another Co-O covalent
interaction to yield a 2-D supramolecular chiral layer. The topology of 1, can be rationalized as a two dimen-
sional square lattice (sql) coordination network with point symbol {42.64}2{48.66.8} in which,
[Mo8O26(Hpro)2]4− units act as linkers and the Co cations as nodes. Nonetheless, proline ligands have no direct
role in expanding the structure as a 2-D covalent polymer. Anti-cancer activity of 1 and two other hybrids were
also evaluated to determine the IC50 values against human-derived colon cancer and normal fibroblast cells. Ac-
cording to the results 1 exhibited significantly higher cytotoxic effects on the cancerous cells in a concentration-
and time-dependent manner.

© 2021

1. Introduction

Polyoxometalates (POMs) are a class of transition-metal oxide clus-
ters, which possess a large range of structures in terms of size, shape, el-
emental composition and nuclearities. These enormous structural vari-
eties together with varied redox properties [1–5], make them attractive
in various research areas, including biology, magnetism, catalysis and
materials science [6-13]. Generally, POMs can be represented by the
formula (MmOy)x− [isopolyanions (IPA)] and (XnMmOy)x− [het-
eropolyanion (HPA)], where M = W, Mo, V and Nb in the highest oxi-
dation state, while X is a heteroatom. Therefore, IPA contain only tran-
sition metals and among them, molybdenum and tungsten are more
abundant. Molybdenum in its high oxidation state can form diverse IPA
structures such as [Mo2O7], [Mo3O10], [Mo4O13], [Mo6O19], [Mo8O26],
etc. [14]. The octamolybdate IPA is a remarkable member of them and
has been found in nine isomer forms, namely, the α, β, γ, δ, ε, ζ, ξ, η and
θ isomers [15], with the α, β & γ forms more commonly found. Octa-

⁎ Corresponding authors.
E-mail addresses: mirzaeesh@um.ac.ir (M. Mirzaei), matin@um.ac.ir

(M.M. Matin).

molybdates can provide plenty of terminal or bridge oxygen atoms.
There are four kinds of O atoms in the γ-[Mo8O26]4 anion: terminal O
(Ot), μ2 O, μ3 O and μ4 O [16]. Furthermore, both terminal and
bridging oxygen atoms can be modified by different species including
ionic metal, organic ligand and metal-organic complexes and lead to
the generation of multifunctional inorganic-organic hybrid compounds.
Interactions between the organic and inorganic parts of the hybrids are
divided into two categories. In one category, the interactions, may be
weak and include electrostatic interactions, hydrogen bonds or van der
Waals interactions. In another category, moieties in hybrids are linked
together via strong covalent or ionic–covalent bonds [17]. Moreover,
the covalently attached organic ligands offer additional advantages in-
cluding better POM based stability and desirable ligand orientation,
giving novel functions or properties to the POM hybrids. The organic
ligands, via O or N donor atoms, can substitute for an oxo group of the
POM to be directly linked to a metal center of the POM. Also, metal ions
present in the reaction medium, due to the covalent bond, are con-
nected to the electron-rich oxygen atoms. The combination of an octa-
molybdate cluster and coordination complex fragments with significant
structural features might produce some interesting compounds with
special physico-chemical properties. Moreover, a hybrid containing in-
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organic and organic parts, with repeating coordination entities extend-
ing in 1, 2, or 3 dimensions, can create a coordination polymer. One of
the most significant potential modifications of POMs is the reduction of
the initial high symmetry to generate low-symmetry hybrids based on
POMs. In the absence of a symmetry plane, chiral structures may result
which have properties quite different from achiral structures. It is well
known that most POM clusters possess high symmetry and there are
very few chiral compounds in which the chirality is due to their inher-
ent structure. Thus, the symmetry in these compounds must be broken
by creating a vacant compound by the removal of one or several metal
atoms or by substitution with different metal or other atoms. Examples
of the latter are chiral POM anions, such as [P2W17O61]10− [18] and
[SiW11O39]8− [19]. In others, the chirality is obtained from alternating
bond lengths, as in [MnMo9O32]6− [20] and [P2Mo18O62]6− [21]. Fi-
nally, one can add organic ligands to remove the inversion or mirror
symmetry in POMs. Generally, chiral POM-based compounds can be ob-
tained by two routes. The first method is based on the use of chiral
species, including chiral organic molecules, chiral metal–organic units
or chiral POMs as structure-directing agents. Here, the chirality of sub-
stances can be transferred to the whole structure by using dissymmetric
species, by the bonding of the metal centers to the POM cluster or by
hydrogen-bond interactions [22–24]. This method has been a consider-
able development [25–27]. An example of this method is a chiral hy-
brid that is constructed from [CoMo6O24]6− clusters and histidine in
which the chirality of the amino acid is transferred to the whole frame-
work through the bonding of chiral histidine to the POM cluster [28].

In another example, the use of an Evans–Showell POM cluster as a
chiral polyoxoanion transfers its chirality to the whole framework [29].
In most cases, the use of chiral ligands to synthesize a chiral hybrid is
more common because of their diversity and abundance. The second
method for creating chiral compounds is the use of achiral starting ma-
terials, which undergo spontaneous resolution without any chiral auxil-
iary [30]. Spontaneous resolution is one of the oldest and most fascinat-
ing but challenging methods to prepare chiral POMs. On the basis of re-
sults to date, it is found that destroying the symmetry of achiral starting
species during the assembly process should be a key factor. However, to
increase the predictability of preparing chiral conglomerates by this
method the starting species should have chiral building units. Most re-
ports focused on amino acid ligands coordinating to POMs directly via
covalent interaction. However, very rare hybrids constructed from
POMs and amino acid-metal (metal-organic) fragments have been re-
ported [31,32]. In this work, an inorganic–organic hybrid based on γ-
octamolybdate (Fig. 1) has been synthesized under hydrothermal con-

Fig 1. A view of the asymmetric unit of 1. All H atoms and uncoordinated water
molecules have been omitted for clarity.

dition using [Co2Mo10H4O38]6 and l-proline. The building blocks are
linked via strong covalent bonds so that proline acts as a bridge be-
tween two metallic centers (Mo and Co). Finally, the resulting hybrid is
expanded in two dimensions by covalent bonds, resulting in a coordina-
tion polymer. In recent years there has been a growing interest in the bi-
ological activity of POMs. Studies on POMs have indicated their tumor
growth inhibition properties [33–37]. For example, anti-tumor activi-
ties for [NH3Pri]6[Mo7O24]•3H2O [38], [NH4]17Na
[NaSb9W21O86]•14H2O [39], and Na[IMo6O24] [40] were reported
against various cancer cells. Furthermore, it is noteworthy that, the
presence of cobalt and molybdenum in the hybrid is more important
[41,42]. The only mechanism for the anti-tumoral activity of POMs that
was proposed by Yamase revolves around a single electron reduction/
oxidation cycle in isopolymolybdates [43]. In this study, the anti-cancer
activities of 1 along with two other hybrids, [Co2(C4H6NO4)2(γ-
Mo8O26)(H2O)10]∙4H2O (2) [16] and NH4[Mo2(C6H11O6)O5]H2O (3)
[44] were evaluated to determine the IC50 values against two human-
derived cell lines, LoVo colon cancer cells as well as normal fibroblasts.

2. Experimental

2.1. Materials and methods

(NH4)6[Co2Mo10H4O38]∙7H2O was synthesized according to the lit-
erature [45] and was characterized by IR spectroscopy. All other
reagents and solvents were purchased from commercial sources and
used without further purification. IR spectra were recorded as KBr pel-
lets on a Buck 500 IR spectrometer in the range 4000–400 cm−1.
UV–vis diffuse reflective spectroscopy was conducted in the wave-
length range 200–800 nm using a Scinco S400 spectrophotometer. The
C, H and N elemental analyses were performed on a Thermo Finnigan
Flash model 1112EA micro analyzer. Powder X-ray diffraction (PXRD)
data were collected on ASENWARE/AW-XDM300 X-ray powder dif-
fracto meter using Cu Kα (λ = 1.54184 Å) radiation at room tempera-
ture with the scan range 2θ = 5 to 50° and step size of 0.05° and step
time of 1 s. X'Pert HighScore Plus was used to compare the experimen-
tal PXRD pattern with the simulated lines from the crystal structure.

2.2. Synthesis of 1

Enantiopure l-proline (0.047 g, 0.4 mmol) was dissolved in water
(7 mL) and ethanol (3 mL) was added, resulting in a pH of the solution
above 4. An aqueous solution (8 mL) of (NH4)6[Co2Mo10H4O38]∙7H2O
(0.2 g, 0.1 mmol) was added drop wise to the first solution leading to a
solution pH of 4.5. The resulting solution was stirred for 2 h in 70 °C
and then transferred to a Teflon-lined autoclave (30 mL) and kept at
110 °C for 72 h. After the mixture had been cooled slowly to room tem-
perature, the solution was filtered and, after a few days, pale-orange
crystals were obtained in 54% yield (based on Mo). Elemental Anal.
Found (Calcd%): C, 7.15 (7.17); H, 2.11 (2.05); N, 1.63 (1.67). IR (KBr
pellet, cm−1): 3541(s), 3407(w), 2850(w), 1622(s), 1561(m), 1427(m),
1167(w), 936(s), 898(m), 838(w) and 700(s).

2.3. X-ray crystallography

A pale-orange single crystal of 1 was used for the X-ray crystallo-
graphic analysis. The X-ray intensity data were collected on a Bruker
Smart APEX CCD system equipped with a graphite mono chromator.
Crystallographic data were collected at temperature of 150(2) K to a
maximum 2θ value of 64.146° and integrated using the Bruker SAINT
Software package using a narrow-frame algorithm. Data were corrected
for absorption effects using the multi-scan method (SADABS). The
structure was solved by direct methods (SHELXT) and refined F2 by
fullmatrix least-squares method using the SHELXL-2014/7 program
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package [46–49]. A summary of refinement parameters can be seen in
Table 1.

2.4. Anti-cancer activity study

2.4.1. Solution preparation
Two mg of hybrids 1, 2 and 3 were dissolved in 100 μl of hydrochlo-

ric acid (HCl 0.3 N) to make a primary stock solution. Different concen-
trations (3.125–100 μg/ml) were then prepared by serial dilution with
culture medium. The formula and molecular weights of each hybrid
was as follows: hybrid 1 [Co2(H2O)6(Hpro)2(Mo8O26)]•2H2O,
MW = 1674 g/mol; hybrid 2 [Co2(C4H6NO4)2(γ-
Mo8O26)(H2O)10]∙4H2O, MW = 1818 g/mol, and hybrid 3 NH4
[Mo2(C6H11O6)O5]∙H2O, MW = 488 g/mol.

2.4.2. Cell culture
Human colon cancer cells (LoVo) and human dermal fibroblast cells

(HDF) were selected in order to determine the toxicity and safety of the
mentioned compounds. In this context, LoVo cells were cultured in
Roswell Park Memorial Institute medium (RPMI 1640; Gibco, Scot-
land), supplemented with 10% fetal bovine serum (FBS; Gibco, Brazil).
HDF cells were kindly provided by Academic Center for Education, Cul-
ture and Research (ACECR, Mashhad, Iran) and cultured in Dulbecco's
modified Eagle's medium (DMEM; Gibco, Scotland) containing 10%
FBS and antibiotics (100 μg/ml streptomycin and 100 U/ml penicillin;
Gibco, UK). Both cell lines were maintained in a humidified atmosphere
of 5% CO2 at 37 °C and passaged as required.

2.4.3. MTT assay
Cytotoxic effects of tested hybrids were determined by MTT (3-(4,5-

dimethylthiazol-2-yl)−2,5-diphenyltetrazolium bromide) assay (Tinab
Shimi, Iran) according to the original protocol described for the first
time by Mosmann [50], which was optimized for our cell lines. To do
so, LoVo and HDF cells were seeded in 96-well plats (SPL Life Sciences,
Korea), at densities of 6000 and 8000 cells/well, respectively. After
24 h, the media were replaced with fresh media containing different
concentrations (3.125–100 μg/ml) of desired compounds and incu-
bated for 24, 48, and 72 h at 37 °C and 5% CO2. 20 μl MTT solution was
then added to the wells and incubated for 3–4 h at 37 °C in dark condi-

Table 1
X-ray diffraction crystallographic data and structure refinements for 1.
Chemical formula C10H30Co2Mo8N2O36•2(H2O)

Mr (gmol‒1) 1675.77

Crystal system, space group Monoclinic, P21

Temperature (K) 150
a, b, c (Å) 11.7603 (9), 13.3102 (11), 12.703 (1)
β (°) 103.981 (2)
V (Å3) 1929.5 (3)
Z 2
Radiation type Mo Kα
µ (mm−1) 3.47
Crystal size (mm) 0.12 × 0.12 × 0.10
Tmin, Tmax 0.65, 0.72
Rint 0.027
(sin θ/λ)max (Å−1) 0.747

R[F2 > 2σ(F2)], wR(F2), S 0.021, 0.043, 1.08
No. of reflections 13,447
CCDC number 2,091,124
No. of parameters 580
No. of restraints 87
Δρmax, Δρmin (e Å−3) 0.63, −0.91

Absolute structure Refined as an inversion twin.
Absolute structure parameter 0.037 (18)

tions. The media were then replaced with 160 μl dimethyl sulfoxide
(DMSO) and absorbance of each well was measured at 545 nm using an
enzyme-linked immunosorbent assay (ELISA) reader (Awareness Tech-
nology, USA). Experiments were performed in triplicate for all treat-
ments. Finally, statistical analyses were carried out using GraphPad
Prism software 6.0 (San Diego, USA). The differences between groups
were assessed with Student's t-test (group pairs) followed by Tukey
multiple comparison tests.

3. Results and discussion

3.1. Synthesis

The Evans–Showell type POM, after reaction at high temperatures
can often turn into the Anderson form [26], or γ-octamolybdate IPA and
Mo2O5 fragment anions [44]. In the present instance, the heteropolyan-
ion is converted to octamolybdate under hydrothermal conditions, and
its Co atoms, coordinated by proline and three water molecules coordi-
nated by two adjacent octamolybdate anions.

3.2. Crystal structure of 1

The asymmetric unit consists of a γ-octamolybdate anion (γ-
[Mo8O26]4−) two crystallographically independent Co(II) ions two crys-
tallographically unique proline ligands, six coordinated and two unco-
ordinated water molecules. The five-membered rings of both proline
molecules are disordered over two sites involving different ring confor-
mations (0.51(1):0.49(1) for that on Co1 and 0.70(1):0.30(1) for that
on Co2) but the chirality of the ligands is unaffected. The γ-
octamolybdate anion, is connected to the two bondunique cobalt ions
via coordination of the terminal Mo = O units Mo1 = O1 (to Co1) and
Mo7 = O22 (to Co2) (Fig. 1). The γ-[Mo8O26]4− anion is built up of six
distorted edge-shared {MoO6} octahedra and two distorted square-
pyramidal {MoO5} subunits (Fig. 2a,b). The two five-coordinated Mo
atoms (Mo2 and Mo8), placed at opposite ends of the γ-octamolybdate
IPA, are further coordinated by an O atom from proline ligand,
(O31i–Mo2, O36ii–Mo8 with symmetry codes: (i) -x + 1, y-½, -z + 1;

Fig 2. a) A polyhedra view of the octahedral coordination of CoII. b) Coordi-
nation geometry around the CoII center. Color code: O atom from carboxylic
acid group = orange, O atoms from IPA = pink; O atoms from water lig-
ands = dark red.
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(ii) -x + 2, y+½, -z), thereby satisfying the octahedral coordination of
all the Mo atoms (Fig. S1a,b). There are four kinds of O atoms in the γ-
[Mo8O26]4− anion: terminal O (Ot), μ2 O, μ3 O and μ4 O. In each
anion, there are 14 terminal Ot, six μ2 O, four μ3 O and two μ4 O
atoms. While Fig. 1 suggests a centrosymmetric structure for 1, as is the
case for the γ-[Mo8O26]4− anion itself, trial refinements in both the cen-
tric and non-centric space groups resulted in considerably better results
in the latter in terms of a lower value for R1, the ability to locate many
hydrogen atoms in a difference map and, particularly, lower residual
peaks in the final difference map and well-behaved displacement ellip-
soids except for the disordered atoms. On these bases, we conclude that
1, is not centro symmetric and this is reflected in statistically different
values for pairs of bond lengths which would be identical under the
higher symmetry. For example, the Mo2–O4 (2.307(3) Å) and
Mo8–O16 (2.267(3) Å) differ by 13σ while the Mo3–O4 and Mo5–O16
distances (1.899(3) and 1.925(3) Å, respectively) differ by 9σ. Simi-
larly, the non-bonded distances Mo1∙∙∙Mo4 (3.2567(6) Å) and
Mo6∙∙∙Mo7 (3.2358(6) Å) differ by 35σ while the Mo1⋅⋅⋅Mo3 (3.4549
(6) Å) and Mo5⋅⋅⋅Mo7 (3.4661(6) Å) distances differ by 19σ while the
Co1–O1 (2.058(4) Å) and Co2–O22 (2.114(4) Å) bond lengths differ by
14σ and the Mo1–O1 (1.732(4) Å) and Mo7–O22 (1.719(4) Å) bond
lengths by just over 3σ. Both Co ions are six–coordinated with distorted
octahedral geometry being surrounded by three O atoms from water
ligands, an O atom from each of two different octamolybdate anions
and one O atom from the carboxylic acid group of the proline ligand
(Fig. 2d). Each proline ligand is coordinated to one Mo atom of the [γ-
Mo8O26]4− anion and one CoII cation through its carboxyl oxygen
atoms. To maintain charge balance, two protons were added to the for-
mula. Because of the disorder, it is not clear from difference maps if the
proline nitrogens are protonated, but these are the likely sites as the dif-
ference map remained basically flat after adding the extra protons to ni-
trogen but adding them to other sites on the anion generated definite
areas of negative density where the hydrogens were placed. The
{Co(H2O)3(Hpro)} units thus serve to expand the structure into a 2-D
layer coordination polymer. Examples of high-dimensional hybrids
based on γ-[Mo8O26]4−, especially with amino acid ligands, have rarely
been reported, and it appears that, the type of metal atom and organic

ligand plays a decisive role in determining the resulting hybrid dimen-
sion. For example, a report by the An Group [51] shows that reacting
the POM and lysine with copper ions leads to a two-dimensional prod-
uct. However, when cobalt was used in place of copper, 0-D structures
were obtained owing to the different coordination modes of the CuII

and CoII cations. As an example of the influence of the ligand, in our
previous work, in the presence of the same POM and metal ions as in
the present work, but with aspartic acid as a ligand, an iso-structural 0-
D structure was obtained.

An alternate description of the structure of the solid has the chiral
subunits [Mo8O26(Hpro)2]4 linked by Co-O covalent interactions to
form 1-D supra-molecular chiral chains (Fig. S2). These 1-D chiral
chains are joined via other Co cations to form a 2-D layer (Fig. S3). Ad-
jacent 2-D planes are linked together by strong hydrogen-bonding inter-
actions (O21…O28, O32…O5, O25…O5, O32…O28, O25…O28,
N1…O25, C7…O19) to generate an interesting 3-D supra-molecular
network (Figs. 3b and S4). To gain better insight into the 2-D frame-
work structure, a topological analysis was carried out. The topology of
1, can be rationalized as a two-dimensional sql coordination network
with point symbol {42.64}2{48.66.8}. The 2-D framework is a common
4-connected 44 net with [Mo8O26(Hpro)2]4− units as linkers and the Co
cations as nodes. However, the proline ligands have no direct role in ex-
panding the structure as a 2-D covalent polymer (Fig. 3c). Besides these
covalent interactions, strong hydrogen-bonding interactions stabilize
the layered structural arrangement.

3.3. PXRD analysis

The purity of crystals of the hybrid was verified by powder X-ray dif-
fraction. Therefore, as a result, the relative intensities of all peaks are
those expected based on the simulated diffraction pattern of the bulk
powder, as shown in Fig. S5.

3.4. IR spectroscopy

The IR spectrum of 1 (Fig. S6) has the characteristic asymmetric
stretching vibration bonds at 936, 898, 838 and 700 cm−1 confirming

Fig 3. a) A polyhedral view of the 2-D CP in 1. B) Polyhedral view of the 3-D supra-molecular framework of 1 c) Simplified representation of the 3-D network of 1.
View along the crystallographic c axis.
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Fig 4. UV−vis diffuse reflectance spectrum of 1.

the presence of Mo Ot and Mo Ob (b is bridging) groups. These
characteristic bands are nearly identical to those of reported octa-
molybdate hybrids [52]. The wagging vibration of the ωCH2, and the
scissoring vibrations of the δCH2 groups appear in the region 1380 and
1560 cm−1 respectively. The band at 1167 is assigned to the CN stretch
in proline. The band at 1561 cm−1 is assigned to CH bending in proline.
The symmetrical and asymmetrical COO− stretching vibrations are cen-
tered at 1427 and 1622 cm−1, respectively [53]. The absence of CO
bands around 1720 cm−1 indicates that all the carboxylic acid groups
are deprotonated in 1. The bands located at 2850, 3407 and 3541 cm−1

are assigned to the CH stretching, OH vibration of the uncoordinated
and coordinated water molecules, and NH stretching respectively.

3.5. UV–vis diffuse reflective spectroscopy

The UV–vis diffuse reflective spectrum for the solid sample in the
200–800 nm region is shown in Fig. 4. The plot displays two absorption
bands for O → Mo charge transfer, which is characteristic of POMs. The
strong band at 284 nm is attributed to Ot → Mo charge transfer and the
weak bands at 353 nm is assigned to the Ob,c → Mo charge transfer and
the absorption edge located at 450 nm [54].

3.6. Cytotoxicity assay

In present study, anti-cancer properties of desired hybrids were in-
vestigated on LoVo and HDF cells by MTT assay. Both cancerous and
normal cells were treated with various concentrations (3.125–100 μg/
ml) of hybrids 1, 2 and 3. After 24, 48, and 72 h, the percentage of cell
survival was measured and the IC50 values for different time points
were determined as presented in Table 2. As shown in Fig. 5, treatment
with 1 induced a more pronounced time- and dose-dependent decrease
in viability of LoVo cells. Our results indicated that LoVo colon cancer
cells displayed various sensitivities to hybrids and 1 exhibited the high-
est toxicity as compared with 2 and 3. Interestingly, significant differ-
ences were observed between the cytotoxic effects of tested compounds
on cancerous and normal cells as illustrated in Fig. 6. Our results are
consistent with other studies showing functionalization of POMs with
amino acid is an effective strategy to improve anti-cancer properties of
parent molecule. For instance, Chen et al. demonstrated higher anti-
cancer activity of Cu- and Zn-directed amino acid functionalized POMs
against MCF-7 and HepG2 in comparison with the parent molecule
[51]. Moreover, Li et al. reported significant (p < 0.05) anti-
proliferative effects of two POMs functionalized by glycine on A549
cells as compared with 5-fluorouracil [55].

Table 2
Comparing the IC50 values of tested hybrids on LoVo and HDF cells during 24, 48, and 72 h of treatments. Data are expressed as mean ± SD, n = 3.
Entry IC50 (μM) ± SD (LoVo) IC50 (μM) ± SD (HDF)

24 h 48 h 72 h 24 h 48 h 72 h

Hybrid 1 52.09 ± 1.96 35.19 ± 1.90 22.02 ± 1.93 249.4 ± 2.31 210.2 ± 2.45 136.37 ± 2.04
Hybrid 2 149.39 ± 1.99 134.98 ± 1.94 115.29 ± 2.04 1171.61 ± 3.23 966.99 ± 3.26 664.4 ± 3.33
Hybrid 3 447.95 ± 1.82 329.30 ± 1.90 245.28 ± 1.95 872.13 ± 1.99 734.63 ± 2.1 616.18 ± 2.1

Fig. 5. Dose-response curves indicating the effects of different concentrations of hybrids 1, 2 and 3 on viability of LoVo and HDF cells during 24, 48, and 72 h time in-
tervals. Data are expressed as mean ± SD, n = 3.
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Fig. 6. Comparing the cytotoxic effects of (A) 1, (B) 2, and (C) 3 on LoVo and HDF cells at different time points. Data are expressed as mean ± SD, n = 3, ***
p < 0.001 and **** p < 0.0001.

4. Conclusions

In conclusion, we report a new 2-D coordination polymer, based on
proline functionalized γ-octamolybdate. Expansion of the chiral subunit
[Mo8O26(Hpro)2]4−, via covalent bonds between the cobalt cation as
nodes and an IPA oxygen yielded a two-dimensional covalent polymer.
The topology of 1, can be rationalized as a two dimensional sql coordi-
nation network with point symbol {42.64}2{48.66.8} in which,
[Mo8O26(Hpro)2]4− units act as linkers and the CoII cations as nodes. 2-
D planes are linked together by strong hydrogen-bonding interactions
to generate an interesting 3-D supra-molecular network. Furthermore,
in this study, the anti-cancer activity of 1 was evaluated to determine
the IC50 values against two human-derived colon cancer and normal fi-
broblast cells. Hybrid 1 exhibited both concentration- and time-
dependent cytotoxic effects on the cancerous cells during 24, 48, and
72 h of administration. Interestingly, it had a significantly less cytotoxi-
city on HDF normal cells at all-time points (p < 0.0001). Since hybrid 1
displayed selective cytotoxic effects on cancer cells, this work might be
an initiation point for introducing new therapeutic agents for manage-
ment of colon cancer. However, further in vitro and in vivo investiga-
tions are needed to verify the stability and also confirm the efficacy of
this synthetic hybrid as a valid anti-cancer agent.
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