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Abstract

ron, copper, zinc, cadmium, and silver complexes of 1,3-di-[p-tolyl]-2,4-di-[9H-purin-6-yl]-2,4-
dichlorocyclodiphosph(V)azane, H2L ligand were performed and characterized using spectroscopic and analytical
techniques. The 1:2(L:M) complex structures of such complexes were revealed by spectroscopic analysis. The
spectroscopic findings also suggested an octahedral structure for all complexes except for the tetrahedral silver
complex. The ligand was coordinated to metal ions through exocyclic-NH and pyrimidine-N. Furthermore,
computational studies of the H2L ligand were performed by the DFT/B3LYP methodology in which the ligand was
improved. HOMO and LUMO energy values, chemical hardness, electronegativity, softness, and other parameters
were calculated. The antitumor activity of all produced compounds was studied versus, human being breast
carcinoma and human being colorectal carcinoma cell lines (MCF-7 & HCT-116). Additionally, antibacterial, and
antifungal activity were also investigated.

Keywords: Nucleobase, cyclodiphosph(V)azane derivative, metal complexes, molecular modeling, antimicrobial,

anticancer activity.

1. Introduction

Over the last few decades, there has been
tremendous interest in cyclophosph(V)zanes due to
their extensive chemical and structure flexibility[1].
The four-membered P2N2 heterocycles have received
special attention in light of their remarkable capability
to act as adaptable building blocks in the design and
assembly of an extensive variety of great inorganic
bases[2], fire retardant[3], potential carcinostatics
among other pharmacological activities [4] and their
ability as multidentate ligands [5].
Cyclophospha(V)zane is a strong and efficient flame
retardant. This class of compounds has been
synthesized by Mingsheng Liu et.al, taking use of a
cyclodiphosphazane derivative's strong reactivity.
After FR treatment, cotton textiles have dramatically
increased fire resistance[6]. The copper complex of
cyclodiphospha(V)zane ligand showed high activity
against S. aureus and cleaved DNA, making it a good
drug candidate has been reported by A.M.A Alaghaz

and co-workers.[7]. Nucleophilic substitution of
chlorine atom(s) is the main reason for the high
reactivity of hexachlorocyclodiphospha(V)zane[8].
Transition metals are a significant class of compounds
because they are related to a wide range of biological
functions[9]. Coordination ~ chemistry  helps
researchers to understand biological processes and get
new medications[9]. Pyrimidine and purine-
containing compounds are found in nucleic acids,
many vitamins, coenzymes, and antibiotics, among
other biological systems[10]. Nucleobases are
considered useful ligands for metal binding[11], due
to their interest in structural, thermodynamic, and
kinetic research related to biology and chemistry[12].
In dispersions and emulsions, particle size reduction
with ultrasound is a tried-and-true technique. Because
of the potential for deagglomeration and reduction of
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primary, ultrasonic processors are utilized to create
slurries and emulsions of nanoscale materials[13].

In this article, substituted nucleobase-
cyclodiphosph(V)azane derivative (H.L) has been
synthesized as described in the literature,[8] and its
activity experimented towards some transition metal
ions. Classification of reconstituted mixtures was
conducted using different physicochemical methods.
Antimicrobial and antitumor activities for prepared
ligand and the complexes of it was examined.

2. Experimental
1.1. Materials and reagents

Chemical substances utilized were of the
analytical reagent class (AR), and supreme
purification level. PCls, para-toluidine, adenine (9H-
purin-6-amine), ferric chloride hexahydrate (FeCla.
6H,0), ferrous sulphate heptahydrate (FeSO4.7H,0),
zinc chloride anhydrous (ZnC1,), copper chloride
dihydrate (CuC1,.2H,0), cadmium chloride dihydrate
(CdC1,.2H,0) and silver nitrate (AgNOs3) were
purchased from Merck or Sigma where, the organic
solvents ethanol, diethylether, deuterated
dimethylsulfoxide (DMSQO), and dimethylformamide
(DMF), were purchased from BDH. Perchloric acid,
ammonium chloride, ammonia solution, nitric acid,
and ethylenediaminetetraacetic acid disodium salt
(EDTA) were Merck products. Also, Murexide,
salicylic acid, Eriochrome black-T (E.B.T), and p-
chloroaniline which were used as indicators were
Merck goods. All preparations were conducted in de-
ionized water.

1.2. Instrumentation

At Cairo University's Micro Analytical Center,
C, H, N, Cl, and S microanalysis measurements were
made. Following complete breakdown of the
complexes, the metal contents were evaluated by
titration against a standard EDTA solution, and the
phosphorus contents were quantified
gravimetrically[14]. Using a direct insertion probe
(DIP) and a Shimadzu-Ge-Ms-QP 100-EX mass
spectrometer (Japan), mass spectra were logged
between 50 and 800 °C. Using a Perkin-Elmer Lambda
3B UV-vis spectrophotometer, the UV-vis spectra
were captured. The IR spectra were documented on a
PerkinElmer 437 IR spectroscopy (400-4000cm™)
(KBr technique). TMS was used as an internal
standard and 'H, Using a Burker FT-400 MHZ
spectroscopy, *C NMR spectra of DMSO-d6 were
evaluated. SEM Model Quanta 250 FEG (Field
Emission Gun) with EDX unit (Energy Dispersive X-
ray Analyses), with accelerating voltage 30 K.V.,
magnification 14X up to one million, and resolution
for Gun.1n, Desert Research Center, Egypt, was used
to create the SEM picture of the complexes.
Complexes' magnetic susceptibilities were measured
using a Sherwood Scientific Magnetic Susceptibility
Stability. ESR spectra for copper complex in solid
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state at room temperature were recorded by Klystron -
X-band (has frequency 9.5 Giga Hertz and wavelength
is about 3cm.) EMX spectrometer (Germany) using a
standard rectangular cavity of ER 4102 with
appropriate microwave power (5-10mW) and 100
kHz magnetic field modulation. Waveguide to transfer
the microwave radiation from klystron to the sample.
5-Quartz tubes that have an inner diameter of about 3
or 5 mm are generally used to contain solid or solution
samples[15]. DPPH was used as a standard material.

A Shimadzu TGA-50H was used for the
thermogravimetric analysis, and a flow rate of 20 ml
mint was used. Geometry optimization was done
utilizing DFT simulations to gain structural data about
the produced nucleobase-cyclodi-phospha(V)zane
derivative. The B3LYP technique was used to perform
the calculations[16].

Using DMF as a solvent, the antimicrobial
activity was conducted. The test was done using the
broth dilution method[16]. The antitumor activity was
performed against (MCF-7) and (HCT-116)
carcinoma cell lines.

1.3. Synthesis of cyclodiphosph(V)azane ligand
(HaL)

9H-purin-6-amine (2.7g, 0.02 mole) in 100ml
acetonitrile was combined -in little portion- to a highly
stirred and low temp. solution of 2,2,2,4,44-
hexachloro-1,3-di-p-tolyl-cyclodiphosphazane (4.85
g, 0.01mol) in 100ml acetonitrile in the quick fit flask
during half an hour, has been described in the
literature,[8]. After the addition was completed, the
reaction blend was left under reflux for about three
hours, Separation of the solid output produced has
been done by filtering then purified by washing several
times with acetonitrile, diethyl ether, and then dried
under vacuum over anhydrous CaCl, to give
corresponding substituted cyclodiphosphazane, HaL
ligand. Yield 80%; white solid, m.p = 265°C. Anal.
Calcd. For C24H22ClsN12P2 (682.27) (%): C, 42.25; H,
3.25; N, 24.64; ClI, 20.78; P, 9.08. Found (%): C,
41.97; H, 3.06; N, 24.64; C1, 20.22; P, 8.87. IR (v, Cm"
1): 3260sharp (NH); 1699sharp (C=N) imidazole;
1170medium (P-N) and 605sharp (P-Cl). UV-vis.
(DMF) (Amax, nm): 277 (phosph(V)azo four-membered
ring) and 310(z-7*). *H NMR (500 MHz, DMSO-dg):
9.18ppm (br., 2H, NH); 8.54,8.49ppm (s, 2H, C-H
heterocycle); 6.91-7.27ppm (4, 4H, Ar. protons) and
2.31ppm (s, 3H, CHs). **C NMR (500 MHz, DMSO-
de): =20.9(C1); 6=115.9 (C2); 6=121.8 (C3); 6=130.4
(Cs); 8=132.1 (Cs); 6=137.8 (Cs); 6=143.0, 147.7
(Cr,8); 6=150.0 (Cy); 6=152.9 (C1o).

1.4. Synthesis of metal complexes

A heated ethanolic solution of H,L (5 mmol)
was added dropwise to a somewhat high-temperature
ethanolic solution containing Fe(l11), Fe(l1), Cu(ll),
Zn(I1), Cd(I1), and Ag(l) metal salts (10 mmol).
Reaction blend was refluxed for 2h. The formed
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precipitate in each case was gathered by purification,
washed with ethanol and diethyl ether, and then dried
up in vacuum.

[(FeCls)2(H2L)(H20)2] (1), Yield, 16%, pale
yellow solid, m.p >300°C. Anal. Calcd. % for
C24H26C|10F6‘2N1202P2 (M.Wt, 1042.69) : C, 27.65; H,
2.51; N, 16.12; Cl, 34.00; P, 5.94; Fe, 10.71. Found:
C, 27.33; H, 2.08; N, 15.75; Cl, 33.68; P, 5.61; Fe,
10.36. IR (v, cm™): 3228broad (NH); 1690sharp
(C=N) imidazole; 1180medium (P-N); 640medium
(P-Cl); 893medium (Coord. H20); 529 (M-0); 468
(M-N). peff (BM): 6.1. Am (Q—1 mol—1 cm2): 3.06.

[(FESO4)2(H2L)(H20)4] (2), Yield, 42%, Off
white solid, m.p >300°C. Anal. Calcd. % for
Ca4H29ClsFe2N12012P2S, (M.Wt, 1057.13) . C, 27.24;
H, 2.86; N, 15.88; S, 6.06; ClI, 13.40; P, 5.85; Fe,
10.56. Found%: C, 26.94; H, 2.36; N, 15.55; S, 5.81;
Cl, 13.19 P, 5.48; Fe, 10.29. IR (v, cm™): 3252broad
(NH); 1691sharp (C=N) imidazole; 1146 sharp (P-
N); 610medium (P-CI); 887weak (Coord. H20); 531
(M-0); 450 (M-N). peff (BM): 4 Am (Q! mol™?
cm?): 6.13.

[(CuCl2)2(HoL)(H20)4] (3), Yield, 58%,
green solid, m.p >300°C. Anal. Calcd. % for
C24H30ClgCu2N1204P2 (M.wt, 1023.22) : C, 28.17; H,
2.54; N, 16.43; Cl, 27.72; P, 6.05; Cu, 12.42.
Found%: C, 27.74; H, 2.54; N, 16.11; CI, 27.33; P,
5.75; Cu, 12.19. IR (v, cm™): 3387broad (NH);
1661sharp (C=N) imidazole; 1173 sharp (P-N);
613medium (P-Cl); 876medium (Coord. H20); 564
(M-0); 404 (M—N). peff (BM): 1.7. Am (! mol™?
cm?): 0.83.

[(ZnCl2)2(H2L)(H20)4] (4), Yield, 20%,
White solid, m.p >300°C. Anal. Calcd. % for
C24H30ClsZnyN1204P2 (M.wt, 1026.89) : C, 28.07; H,
2.94; N, 16.37; Cl, 27.62; P, 6.03; Zn, 12.73.
Found%: C, 27.71; H, 2.51; N, 15.98; Cl, 27.21; P,
5.66; Zn, 12.39. IR (v, cm™): 3356sharp (NH);
1690sharp (C=N) imidazole; 1115sharp (P-N);
634medium (P-CI); 808weak (Coord. H,0); 535 (M-
0); 404 (M-N). 'H NMR: 8.94ppm (br., 2H, NH);
8.48,8.49ppm (s, 2H, C-H heterocycle); 6.90-
7.28ppm (d, 4H, Ar. protons) and 2.49ppm (s, 3H,
CHj3); 3.6ppm (br., 2H, H20 coordinated water). peff
(BM): diamagnetic. Am (Q*mol~*cm?): 2.82.

[(CdCI2)2(H2L)(H20)4] (5), Yield, 20%,
White solid, m.p >300°C. Anal. Calcd. % for
C24H30ClgCd2N1204P; (M.Wt, 1120.96) :C,25.72; H,
2.70; N, 14.99; Cl, 25.30; P, 5.53; Cd, 20.06.
Found%: C, 25.34; H, 2.43; N, 14.64; Cl, 24.99; P,
4.99; Cd, 19.90. IR (v, cm™): 3324sharp (NH);
1655sharp (C=N) imidazole; 1173weak (P-N);
678weak (P-Cl); 837medium (Coord. H,0); 532 (M-
0); 487 (M-N). 'H NMR: 8.92ppm (br., 2H, NH);
8.48, 8.49ppm (s, 2H, C-H heterocycle); 6.92-
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7.28ppm (d, 4H, Ar. protons) and 2.49ppm (s, 3H, -
CH3); 3.9ppm (br., 2H, H,0 coordinated water). peff
(BM): diamagnetic. Am (Qmol™*cm?): 2.78.

[(AgNO3)2(H2L)(H20)2] (6), Yield, 459%,
Gray solid, m.p >300°C. Anal. Calcd. % for
C24H24C|4A92N1408P2 (M.Wt, 1056.27) . C, 27.30; H,
2.29; N, 18.57; Cl, 20.43; P, 5.87; Ag, 20.43.
Found%: C, 26.84; H, 1.95; N, 18.22; Cl, 20.18; P,
5.38; Ag, 20.05. IR (v, cm™): 3356broad (NH);
1689sharp (C=N) imidazole; 1150medium (P-N);
602medium (P-Cl); 895medium (Coord. H20); 524
(M-0); 472 (M-N). *H NMR: 8.86ppm (br., 2H, -
NH); 8.48, 8.49ppm (s, 2H, C-H heterocycle); 6.62-
7.25ppm (d, 4H, Ar. protons) and 2.49ppm (s, 3H, -
CH3); 3.9ppm (br., 2H, H20 coordinated water). peff
(BM): diamagnetic. Am (Qmol™*cm?): 1.55.

1.5. Synthesis of nanosilver complex

Nanosilver complex was prepared from the
ordinary silver complex, which was obtained, then an
ethanolic solution of one gram of the resulting
ordinary silver complex precipitate was stirred
magnetically for 4 hrs. at 40 °C to get nano-sized
silver complex using ultrasonic conversion. The next
steps were filtering the finished solid product,
washing it with ethanol then drying it in vacuum
along CaCl; (anhydrous.)

1.6. Biological activity

To increase the likelihood of discovering
their antibiotic potential, more than one strain was
employed to evaluate the antibacterial activity of the
metal complexes formed from the generated H,L
ligand. The free H,L ligand and its metal complexes
were screened against Gram-positive(+ve) bacteria;
Bacillus pumilis (MTCC-2296) and Streptococcus
faecalis (MTCC-0459), Gram-negative(-ve)
bacteria; Escherichia coli (ATCC-25955) and
Enterobacter cloacae (ATCC-23355), VYeast;
Candida albicans (ATCC-10231) and fungi;
Aspergillus niger (MTCC-1881) to assess their
potential antibacterial and antifungal activities.
Using the broth dilution method, the antibiotics
Penicillin G and Ciprofloxacin were employed as the
standard antibacterial controls, while ketoconazole
was utilized as the standard yeasts and fungi
control[17]. Using the broth dilution technique,
bacteria are injected into a liquid growth medium
using various concentrations of an antimicrobial
agent. Spectrophotometric cell counts are used to
measure microbial growth following an established
incubation period. The chemical's minimum
inhibitory concentration (MIC) value is the
concentration at which it stops the development of
the microorganism[16]. The free ligand (H,L) and its
metal complexes were conducted versus carcinoma
of human being breast and carcinoma of human being
colorectal (MCF-7 and HCT-116 respectively) cell
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lines; respectively. Doxorubicin was used as a
standard human cancer drug.

2. Results and discussion
2.1 Ligand Synthesis and Characterization

Reaction of p-toludine with PCls gives rise to
the dimer, 1,3-di-[p-tolyl]2,2,2,4,4,4-
hexachlorocyclo-diphosph (V)azane, (L) which was
then reacted with 9H-purin-6-amine to produce the
desired ligand, (H.L) as shown in Scheme.1,2.
Spectroscopic and analytical techniques were used to
confirm the structure of the H,L which agreed with
that has been described in literature, [8].

Free H.L ligand had a sharp melting point,
demonstrating its purity when manufactured. The
mass spectrum revealed a molecular ion peak at
m/z=682(26%), supporting the ligand's reported
molecular formula (C2sH22CisN12P2). Also, the mass
spectrum recorded the most intense ion (base peak)
at m/z=458 (100%) which is compatible with the
molecular formula (C12H13CI2N12P2). The UV-vis
spectrum of the HoL free ligand in (10-3M) using
DMF as a solvent Table 1 showed absorption band at
277nm characteristic for Phosphazo four-membered
ring of the dimeric structure[18,19]. The IR data for
HoL ligand showed characteristic vibration bands at
1170cm and 605cm™ which are characteristic for
v(P-N) and vu(P-Cl) groups; respectively[20,21].
Also, it has two additional bands at 3260cm-* and
1699cm™ attributed to the vw(NH) and v(C=N)
pyrimidine ring; respectively[22]. The isolated H,L
free ligand's 'H, C NMR spectra, which were
captured in DMSO-ds at room temperature, displayed
recognizable proton signals. Exocyclic N-H and
imidazole N-H singlets, which virtually overlapped,
were ascribed to the observed wide signal at o
=9.18ppm (exchangeable with D,0)[23]. Signals at
6=8.52ppm and 06=8.54ppm suggested (C-H)
imidazole and pyrimidine protons[8]; respectively
and the signal at 6=2.32ppm assigned to (-CHs)
protons[24,25]. Along with additional doublet
doublet indications for H,L free ligand in the range
6.91-7.27ppm ascribed to aromatic protons[26]. °C
NMR spectrum of H,L ligand shows a peak at
20.96ppm corresponding to the carbon atom of
methyl group[27]. While the peak observed at 40
ppm is due DMSO-d6. Signals observed in range
(121.89-132.91) ppm are characteristic of different
aromatic carbon positions[27,28]. The measured
signals at 143.00 and 147.72 ppm were attributed to
the benzene carbon atoms linked to the nitrogen
atoms of the phospha(V)azo ring. As indicated in
Table 2, the other 3C signals, on the other hand, were
caused by the carbon atoms in two pyrimidine and
purine rings.

2.2. Computational studies on HzL ligand
An improved structure of HoL free ligand has
been achieved using Gaussian software at DFT level
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of theory[29]. The 6-31G(d,p) basis set and B3LYP
functional was used for the geometry optimization
using the doublet spin of the molecule Scheme.2.
Table 3 lists the prepared ligand's bond lengths, bond
angles, and dihedral values. In addition to, the total
energy, dipole moments, quantum chemical
parameters such as absolute electrophilicity index
(x), hardness (i), global electrophilicity (w),
chemical potential (Pi), absolute softness o, global
softness (S), additional electronic charge (4Nmax) and
energy gap (AE), which explain energy variance
between LUMO (Lowest unoccupied molecular
orbital) and HOMO (Highest occupied molecular
orbital) are tabulated within Table 3.

From the results, it was found that the small
energy gap value of AE (ELumo-Enomo) for the free
(H2L) ligand which was found to be 4.30 eV is
considered a good indication to capability of
complexation with neighboring central metal ion
which have empty d-orbital[30]. Also, the negative
value of chemical potential (Pi) was a positive sign
for the prepared ligand stability, also that it does not
decompose spontaneously[31]. The high value of
electrophilicity index () equal to 3.78 indicates that
the ligand is good for docking in biological
activities[32].

The total of computed internal angles in (P—N)
four membered ring is ~360c, therefore, the
phosphazo four-membered ring is planar. In addition,
the benzene ring makes 89.2° and 90.5° dihedral angle
with the phosphazo ring which indicates that the
benzene ring is perpendicular to the phosphazo ring,
while the nucleobase ring makes 179.9° dihedral
angle with the phosphazo ring which indicates that
the nucleobase ring in the same plane of the
phosphazo ring. The four-membered ring strain, on
the other hand, has given the phosphorus atom a
deformed trigonal bipyramidal geometry. Nitrogen
atoms (Ns and Ng2) of exocyclic N - H are slightly
triagonal pyramidal with a dihedral angle ~ 180° of
(P4~ Ns - H - Caz, P2~ Ne2 - H - Cz9) [8] (Table 3,
Scheme.2.)

1 CH,
5
4 4
HN/\N 2 - 2
N 5 N—=I10
/ \ HCI\ N /OH =\
N OO NN\ A
\=N Cl N &) 3 /
N\/NH
6
CH;
Scheme.1. suggested structure of synthesized HoL
free ligand



In Vitro Anticancer and Antibacterial Assessment of Novel Metal Complexes 847

9 5
.“. J
" | “ 3 j @
¥ 99909 , g
pe o 94"‘,3*”
) ‘ P
9
9

Scheme.2. The optimized structure of H,L free
Ligand

o

+0
=)

8 =4

" @

LUMO (-1.63 ev)

Energy gap=4.30 ev

HOMO (-5.94 ev)

-2

P o

‘0@‘,

Fig.1. HOMO and LUMO molecular orbital

2.3. Composition and structure of metal
complexes

Elemental analysis (C, H, N, CI, S and P),
UV-vis, FT-IR, 1H NMR, X-ray, molar conductance,
magnetic studies, and thermal investigations were
used to clarify the metal complexes of the H.L ligand,
Fe(l11), Fe(Il), Cu(ll), Zn(11), Cd(I1), and Ag(l) ions
(TGA). The data shows that the results of elemental
analysis match those of the proposed structures Fig.2.
Insoluble in water, the complexes are soluble in
DMSO and DMF solvents.

The values of molar conductance in
dimethylformamide (DMF) of the metal complex
solutions 10*M were found in the range 0.83-6.13
Qlcm? mol™. The generated complexes are not
electrolytes, as evidenced by the low molar
conductance values[24,30]. This is consistent with
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the conductivity readings being below 50 Q1 mol*
cm? for a nonelectrolyte in DMF solution.

From their mass spectrum data, more
information on the hypothesized structures of
examined metal complexes was obtained. The
possible fragmentation pathway of Zn(lIl), Cd(Il) and
Ag(l) complexes showed existence of peaks at
m/z=987(22%), 992(17%) and 996(20%) which
agree to molecular formula (Cz4H24ClgN1202P2Zn,,
C24H30Cls N1204P2Cd2 and Cz2H1sClsN140s P2Ag2)
for Zn(ll), Cd(I1) and Ag(l) complexes, respectively.
Mass spectra also show a base peak at m/z=
427(100%), 53(100%) and 360(100%) for Zn(ll),
Cd(l) and Ag(l) complexes, respectively. In
addition, mass spectral data showed other proposed
fragments with good intensity which confirm the
stability of these fragments.

Table 1 displays the electronic spectra for the
metal complexes visible in (10-3M) DMF at room
temperature, with wavelengths ranging from 200 to
800 nm. Electronic spectra of newly prepared metal
complexes showed a sharp and intense band in the
region 268-274nm, corresponding to phospazo four-
membered ring[4,28]. Nevertheless, depending on
the kind of metal ion present and the complexation
process, the absorptions were moved to lower
wavelengths with regard to the ligand. The spectra of
complexes showed absorption bands in the range
300-326nm due to m—n* and the range absorption
bands at 328-369nm are due to non*
transitions[33,34], credited to the presence of
electronegative atoms. A band in the complexes'
spectra that can be attributed to the ligand-to-metal
(L-MCT) transition can also be seen between 387 and
430 nm [4,24]. For Fe(ll1) complex a d-d transition
observed at 560nm (17,857cm™) due to ®A;4—5T1g
transition in octahedral geometry[4,35,36]. The
observed magnetic moment value 6.1 B.M. confirm
octahedral geometry for Fe(lll) complex[26,35].
While Fe(ll) displayed absorption bands at 528, 663
and 735nm (18,939, 15,082 and 13,605cm') which
are assigned to °T,—°E4 transition[24,35]. The
observed magnetic moment 4 B.M. is consistent with
an octahedral geometry[35]. Copper(ll) complex
gave two main bands at 573 and 667nm (17,452 and
14,992cm™) due to 2Eg—2Tae(x>—y?) transition[24].
The measured magnetic value was found as 1.7 B.M.
which suggested an octahedral environment for
copper complex[37]. In contrast to Fe(lll), Fe(ll),
and Cu(ll) complexes, Zn(ll), Cd(ll), and Ag(l)
complexes were found to be diamagnetic, and no d-d
transitions are expected for such a completely filled
d®® system, so most likely a tetrahedral geometry is
proposed for Ag(l) complex based on FTIR,
conductance, and analytical data[4,33,37,38].

ESR spectroscopy measures electron spin
directly, in the study of solid-state Cu(ll) complex,
The geometry and nature of the metal ion's bonding
to the nearest neighboring ligand in the paramagnetic



848 Asmaa A. Hamed et.al.

ion are investigated using the ESR method. The
octahedral environment around the Cu(ll) ion is
confirmed by the powder ESR spectrum of the Cu(Il)
complex at room temperature, which has two g
values (9= 2.267, g 1 = 2.075).The unpaired electron
in axially elongated octahedral complexes occupies
the dx2_yo Orbital causing gj > gu. For that, trend g; >
g1 > ge (2.0023) reflected for this complex showing
dxz y2 is the ground state with the d° copper(ll)
octahedral geometry around the copper(ll) ion in the
complex[37]. According to Kivelson and Neiman
[37], gy 2.3 is indicative of covalent characteristics,
whereas g, > 2.3 is indicative of ionic characters. This
criteria indicates that the Cu(ll)-complex under
investigation mostly contains covalent metal-ligand
bonding. According to Hathaway, the results of ESR
research lead to the creation of a new parameter, G,
which is defined as G = () - 9¢)/(9x - 9e), Where G is
the exchange interaction parameter and ge is the free
electron g-value (2.0023)[38], When G is more than
4, the exchange interaction between copper(ll)
centres in the solid state is negligible, however when
G is less than 4, a large exchange contact is proposed
in the solid complex. The estimated G value

measured for the copper(Il) complex was found to be
less than 4, indicating exchange interactions in the
solid copper complexes, according to deformed
octahedral structure[39].

When contrasting the produced complexes
infrared spectra with those of the free ligand, it was
found that the (NH) group is shifted to lower/higher
wave number at 3228-3387cmt, while (C=N) group
is shifted to lower wave number at 1655-1690cm™ on
complexation[40]. Which confirm that exocyclic
(NH) and (C=N) imidazole groups involved in the
structural configuration in the complex compounds.
A new band seen in the spectra of the generated
compounds between 808 and 894 cm™ was also
attributable to coordinated water molecules
oscillating stretched and out of plane[41]. The
thermal gravimetric analysis studies were used to
conduct these coordinated water molecules.
Additionally, the IR spectra of the metal complexes
revealed two additional bands at 524-564cm-1 and
404-487cm-1, which were attributed to the stretching
vibrations of the v(M-O) and v(M-N) stretching
vibration respectively[4].

Table 1. Electronic spectral results of H,L ligand along with its metal complexes (1-6).

Absorption bands (nm) |
Compound Phosphazo - d-d peff
ring n n-n L-MCT | ransition (B.M) Geometry
H.L 277 310 - - - -
[(FeCls)2(H2L)(H20)2] 270 320 363 430 560 6.1 Octahedral
[(FeSOn)a(HoL)(H:0)] | 273 326 | 369 | 390,422 525;';;63' 4 | Octahedral
[(CuCly)2(H2L)(H20)4] 269 324 362 387,424 | 573,667 1.7 Octahedral
[(ZnClp)2(HoL)(H20)4] 272 301 348 d Octahedral
[(CdCly)2(H2L)(H20)4] 274 300 328 dv Octahedral
[(AgNO3)2(HzL)(H20);] 268 305 344 dv Tetrahedral
Table 2. 3C NMR data of H,L free ligand chemical shift (5,ppm)
HoL
a
Types of carbon atoms Calch Obs.
C1 (Methyl carbon) 21.3 20.96
C2 (0-benzene ring carbon) 116.2 115.9
C3 (Purine ring carbon) 119.4 121.89
C4 (m-benzene ring carbon) 129.8 130.43
C5 (p-benzene ring carbon) 131.2 132.1
C6 (Imidazole ring carbon) 138.2 137.8
C7, C8 (benzene ring carb_on atoms bound to phospha(V)azo ring 143.7, 144.8 143.0, 147.72
nitrogen atoms)
C9 (Purine ring carbon) 151.2 150
C10 (pyrimidine ring carbon) 152.4 152.96

@ See Scheme.1. for numbering of carbon atoms.
b13C NMR was calculated by Ultra chem.Office[31]
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M=FeIl)
M=cudn >X=HO
M=Zn1) X=H_0O

M=cdadn) X=H_O

Fig. 2. Suggested structures of metal complexes (1-6)

Within 'H NMR spectra of made diamagnetic
complexes (4,5,6), signals observed in &=6.62-
7.28ppm  region corresponded to aromatic
protons[42]. Also, the peak for (NH) signal in all
complexes was shifted slightly down field in range
5=8.86-8.94ppm relative to the free ligand[43]. Other
proton signals due to (CH) imidazole and pyrimidine
were appeared at 8.48 and 8.49ppm, respectively in
all diamagnetic complexes[8]. Signals due to (CH5)
protons appeared at 2.49ppm in all diamagnetic
complexes[24]. A new signal due to coordinated
water appeared at 3.6-3.9ppm[44].

By means of analysis of powder X-ray
diffraction, the crystalline size of the synthesized
ligand and its copper complex as a typical example
was measured. Crystalline peaks are shown in Figs.
3,4 the powder X-ray form of free ligand and its
copper complex by their sharp peaks, which indicate
crystalline nature of both. The difference in X-ray
between metal complex, more crystalline and its
parent ligand is due to the presence of metal ion.
Using Debye-equation, Scherrer's it was possible to
determine the typical crystalline size of the samples:
D=K A/BCos 0, K is constant equal to 0.94 where 0 is
the Bragg diffraction angle for the hkl plane, f is the
full width half maximum of the characteristic peak
and A is the wavelength of X-ray source utilized,
which equal to 1.54 A[45,46]. From the diffraction
peaks the average crystalline size was found to be
15nm for free ligand and 12.8nm for its metal
complex.
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Table 3: Some chosen quantum chemical parameters
for the HoL free ligand and structural parameters for
the B3LYP (bond lengths, bond angles, and dihedral)

Structural parameters
Bond lengths (A)
P2-N1= P4-N3 1.665
P2-N3= P4-N1 1.866
P2-N62, P4-Ne 1.753
P2-Cls= P2.Clo= P4.Cls = P4.Cl7 2.099
Ne-Hes, Ne2-Hsa (Exocyclic NH) 1.041
C33-N3g = C2s-Naz 1.383
Nss-He1 = N3o-Hso (Imidazole
NH) 1.008
Bond angles °©
P2-N1- P4 = P2-N3- P4 101.5
N1-P2- N3 = N1-P4- N3 78.46
Cls-P2- Clo= Cls-P4- Cl7 111.9
P2-Ne2- C29 = P4-N¢- Cs2 131.7
P2-Ne2- Hes = P4-Ns- Hez 1151
C28-C29-Ng2 = C32-C33-N3s 1325
C29- Ne2-Hea = Csz2- Ne-Hes 113
Dihedral angles °
N1- P4-Ns-P2 0.00
Ne- P4-N1-N3
Ne2- P2-N1-N3 1799
P2- N1-C10-C11 89.2
P2- N3-C1s-Cio 90.5
Purine ring 0.00
Benzene ring 0.00
Calculated quantum chemical
parameters
E (a.u) -4108
Dipole moment (Debye) 6.18
Enomo (ev) -5.94
ELumo (ev) -1.63
AE (ELumo - EHomo) (ev) 4.31
X (ev) 3.78
N (ev) 2.15
o (ev)-1 0.464
Pi (ev) -3.78
S (ev)-1 0.232
o (ev) 3.31
b,
= rmmm\a.w’ wl‘”' ) L\ b ot ».,‘mu‘ RTINSV Y SR
2Theta (Cou !eﬂ TwoThela/Theta) WL=1.54060

Fig. 3. X-ray powder diffractogram of H,L free
ligand
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Fig. 4. X-ray powder diffractogram of copper
complex (3)

Field emission scanning electron microscopy
was used to examine the shape, size, and structure of
the silver nano complex (SEM). The SEM
micrograph of (H,L) free ligand and its ordinary and
nano silver complexes presented in Fig.5. SEM
image showed that the particles shape of free ligand
was different than that of the particles of its
complexes, due to the presence of the metal ion[47].
The SEM analysis demonstrated that the created nano
silver complex, present in nanometers structure with
spherical grains shape, which different than the
ordinary silver complex in the shape and the size. The
average particle size of nano silver complex was
51.9nm. The synthesized nanoparticle size complex
may useful in various fields including biological
applications[48].

Fig. 5. SEM images of HoL free ligand (a), its
ordinary silver complex (b), and its nano silver
complex (c).
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Metal complexes' thermogravimetric analysis
(TGA) (1,2,3,4,6) were used to provide more
information about the structure of the complexes,
Thermal investigations were performed to establish
whether the water molecules are inside central metal
ion’s inner coordination sphere (coordinated) or
outside it (crystalline), and ultimately to provide a
over-all plan for the thermal disintegration of such
chelates[49].

Thermal decomposition of Fe(lll) complex
decomposes in three stages during the course of 102-
559°C. The first step occurs in temperature range of
102-125°C which corresponding to the loss of H,O
of coordination, with a found mass loss of 1.72%
(calcd. 1.79%); the second step with an estimated
mass loss of 59.44% (calcd.59.25%) in the
temperature range of 262-340°C corresponds to the
loss of H,O of coordination, 3Cl,, 2CsHsNs and
C7H7N. The third step with an anticipated mass loss
of 16.01% (calcd. 15.07%) was in the temperature
range 514-559°C corresponds to the loss of the
organic part C;H/P;N and Fe;O3 as a metallic
residue. The overall weight loss amounts t077.17 %
(calcd. 76.11%).

The Cu(ll) complex of the H.L free ligand,
(CuCly)2(H2L) (H20)4, (3) showed four breakdown
phases between the temperatures of 43 and 475 °C on
the TGA curve. The initial step takes place between
43-241°C, and it corresponds to the loss of 4H,0 and
an HCN molecule with a mass loss of 9.32%
(calculated 9.68%).; the second stage with an
estimated mass loss of 12.49% (calculated 12.07%)
within the temperature range 241-296°C corresponds
to the decomposition of three molecules of HCI and
12N2. The third stage with an estimated mass loss of
13.12% (calculated 13.84%) within the temperature
range of 296-357°C corresponds to the loss of one
molecule of HCI in addition to losing an organic part,
C7H7N. The fourth step at the range 357-475°C with
an estimated mas  (p) '.25% (calculated 38.16%)
attributed to loss yrganic parts of the ligand
(CsHaNsP & C12HgN4P) leaving 2CuCl; as a metallic
residue. The overall weight loss amounts to 72.3%
(calculated73.5%).

Additionally, the fourth decomposition phases
of the Cd(lI1) complex breakdown occur between 249
and 774 °C. Four coordinated molecules of H,O and
two molecules of HCI undergo the first stage of
breakdown between 249 and 290 degrees Celsius,
with a mass loss of 12.93% (calculated: 12.16%).;
The loss of C;H; and one molecule of HCI in the
second stage, which has an estimated mass loss of
11.36% (calculated: 11.92%), occurs in the
temperature range of 454-470°C. Within the
temperature range of 585-679°C, the third stage of
breakdown entails the removal of an organic
component, namely CsHsNs and Cg¢Hs, with an
estimated weight loss of 18.81% (calculated18.47%).
The final stage, which takes place between 773 and
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774 °C, reflects the loss of CHa, with a found mass
loss of 1.42% (calculated at 1.98%)., leaving CsH4Ns,
HCI, P2N2and 2CdCl; as a metallic residue. The total
weight decrease is 44.98% (calculated at 44.52%).
The thermal decomposition of the Ag(l)
complex [(AgNOs)2(H,L)(H20).], (6) shows the
decomposition pattern as follows: the first step
within the temperature range of 218-308°C,
represents the loss of two molecules of coordinated
H>0, two molecules of nitrate and one molecule of
HCI, with a found mass loss of 18.7% (calcd.
18.55%). The second step with an estimated mass
loss of 8.2% (calcd. 8.61%) within the temperature
range 308—408°C corresponds to the loss of organic
part C7H7. The third step with an estimated mass loss
of 35.1% (calcd. 35.82%) within the temperature
range 408-687°C corresponds to the loss of two
organic parts of the ligand CsH4NsP & CsH3NgP and
12Clz leaving C7H7/N + 2AgCl  as a metallic residue.
The overall weight amounts to 63.04% (calcd.

62.98%).

By using the Coats-Redfern connection and
Horowitze Metzger equation, the thermodynamic
activation parameters of complicated decomposition
processes are visually evaluated: activation energy
(AE*), enthalpy (AH¥*), entropy (AS*), and Gibbs
free energy change (AG*)[50]. Excel's complexes
program was used to determine the entropy of
activation (AS*), enthalpy of activation (AH*), and
the free energy change of activation (AG*). Table 4
provides a summary of the data. The complexes' high
activation energies reflect their remarkable thermal
stability. In the complexes, it is discovered that the
entropy of activation (AS*) has a negative value,
indicating that the breakdown processes happen more
slowly than usual. Due to rising TS* values, the
(AG¥*) values rise in a way that is adequate for the
frequent decomposition stages[51] In all instances, it
is discovered that the (AH*) are positive values,
indicating that the reaction is endothermic. The
(AH*) values and their sign are depending on the heat
of complex formation and the solvent effect[50].

Table 4. HoL metal complexes’ Thermodynamic results (1,3,5,6)

Comp | Comple | Decompositio Tp/ R? AE" A(SY AS” AH" AG”
. No. X n Temp K (I mol™® (Kt molh (I molh (J molh)
= HM| CR HM CR HM CR HM CR HM CR HM CR
Q
% 102-125 386 0.96| -0.96] 1743| 257596| 1.26x10%| 2x10% | -226| -804 | -1474| 254378| 86136 | 565671
(€} T
) 262-340 570 0.99| -0.98 263 | 56368 | 8.28x10%2| 9.04x10°| -200| -258| -4480 51624 | 109937| 199204
&
=i 514-559 805 0.95( -0.94) 171 55626 | 2.52x10?| 3.06x10°| -187| -246| -6526| 48928 | 144749| 247751
HM| CR HM CR HM CR HM CR HM CR HM CR
% 43-241 415 0.96| -0.96 212 30333 | 3.09x10°| 9.9x10°| -214| -381| -3245 26875 85815 | 143834
) 75210 , .
?3) I 241-296 542 0.93 -0.90f 290 7.2x10 2.6x10 -199| -268| -4219| 70700 | 104159| 216045
g 296-357 600 0.94| -0.91] 231 72405 3.7x10? 3.6x10° | -193| -250| -4761 67413 | 111382| 217945
357-475 689 0.88 -0.81 119 43881 3.2x102 2.4x107| -190| -284| -5617| 38144 | 125882| 234486
HM| CR HM CR HM CR HM CR HM CR HM CR
% 249-290 522 0.98| -0.97| 480 | 136800| 3.8x10°| 3.8x10%?| -214| -386| -3886 132455| 108010| 334358
3
(5) £ 454-470 733 0.96| -0.95 476 | 245348| 6.1x10%| 1.6x10Y7| -196| -472| -5626| 239246| 138213| 585863
% 585-679 898 0.95| -0.91] 90 18174 | 1.14x10%| 6.9x10°| -180| -271| -7389 10694 | 154800| 255187
773-774 1037 0.97| -0.97| 1611| 2x10°| 4.01x10%| 8.6x10%| -208| -1823| -7024| 2x10° 20983 4x10°
~ HM| CR HM CR HM CR HM CR HM CR HM CR
(@)
z
- 218-308 536 0.98| -0.97| 588 | 162376| 5.2x10°| 6.2x10%*| -216| -428| -3871 157916| 112182| 387640
(6) <
87 308-408 631 0.99| -0.98 119| 36313 1.4x10%| 1.7x107 | -185 -282| -5134| 31060 | 111893| 209449
2
= 408-687 820 0.92| -0.83 85 43108 | 2.3x10?| 1.3x10%| -187| -297| -6739] 36284 | 146883| 280363
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2.4. Biological activity
2.4.1. In-vitro cytotoxicity assays

Evaluation the anticancer activity of
synthesized HL free ligand and its metal complexes
on cancer cell lines. The cytotoxicity studies were
performed on human being breast carcinoma and
human being colorectal carcinoma cell lines (MCF-7
& HCT-116) and ICso values were detected using
doxorubicin as a standard are listed in Table 5 and
shown in Figs. 6,7,8.

100

Toxicity (Inhibition) %

% N A > %
AT A g S & v?: (\o‘v
&

Fig.6.Antitumor activity of H,L ligand and
its complexes (1-7) against MCF-7 and HCT-116
cell lines.
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—=Zn+2 —=Cd+2 —=Ag+l —=Nano-Ag

Fig.7. Drug cytotoxicity for HoL free
ligand along with its metal complexes (1-7) against
MCF-7 and HCT-116 cell lines at different
concentrations.
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Fig.8. ICso for HaL free ligand and its metal
complexes (1-7) against MCF-7 and HCT-116 cell
lines.
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Table 5. Antitumor activity and (ICsopM) of HaL
along with its metal complexes (1-7).

Inhibition % (ICso uM)
Sample mcr | HCT- | mcr | HCT-
116 116
7 cell 7 cell
line c_eII line c_eII
line line
H,L 70.02 | 77.54 32.0 18.9

(1) [(FeCls)a(HoL)(H,0),] | 86.11 | 87.98 | 17.2 | 20.7

@

86.75 | 83.38 21.8 34.0
[(FESO4)2(H2L)(H20)4]

(3) (CuCl)a(HoL)(H,0)] | 77.23 | 91.32 | 58.8 | 16.8

(@) [(ZnCly)(HoL)(H0)s] | 8322 | 8592 | 105 | 121

(5) [(CACL)(H:L)(H:0)] | 88.23 | 89.81 | 452 | 115

6)

[(AgNO3)5(H,L)(H0),] 86.97 | 9564 | 105 6.8

(7) Nano-Ag complex 88.28 | 95.74 9.0 5.8

Doxorubicin 97.43 | 97.57 4.3 53

(ICso uM): 1-10 (extraordinarily strong), 11-20 (strong), 21-50
(moderate), 51-100 (non-cytotoxic).

H.L free ligand gave a remarkable activity
against two both cell lines with inhibition values
equal to 70.02 and 77.54%, ICso= 32.0 and 18.9 uM
for MCF-7 and HCT-116 cell lines, respectively.
Nano silver complex gave the best 1Cs= 9.0 and 5.8
puM with perfect inhibition values equal to 88.28,
95.74% for MCF-7 and HCT-116 cell lines,
respectively.

The order of anticancer activities according to
|C502

Cell line Order of anticancer activities
MCF-7  Nano Ag > Ag(l) = Zn(11) > Fe(l1)
cell > Fe(11) > HaoL free ligand > Cd(I1)
line > Cu(ll)

i Nano Ag > Ag(l) > Cd(Il) > Zn(l1)

T:SITH%\? > Cu(ll) > HzL free ligand > Fe(l11)

> Fe(ll)

These results recommended as new results of
promising antitumor drugs for MCF-7 and HCT-116
cell lines.

2.4.2. Antimicrobial

The primary goal of making any antibacterial
agent is to suppress the microorganism without
having any negative effects on patients[50].

The antimicrobial activity of the parent ligand
H,L and its prepared metal complexes were screened
against microorganism, Gram positive (+ve)
bacteria; Bacillus pumilis (MTCC - 2296) and
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Streptococcus faecalis (MTCC - 0459), Gram
negative (-ve) bacteria Escherichia coli (ATCC-
25922) and Enterobacter cloacae (ATCC 23355),
yeast; Candida albicans (ATCC 10231) and fungi;
Aspergillus niger (MTCC-1881) to assess their
potential antimicrobial agents

According to the agar plate diffusion method,
the antibacterial ability of recently synthesized
compounds was examined against the tested
microorganisms and expressed as the width of the
inhibitory zones[52].

The minimum inhibitory concentration (MIC)
and the effects of the free ligand and its metal
complexes on bacterial, yeast, and fungal species
were noted in Table 6, the results lead to the
following conclusions:

HoL free ligand displays high to intermediate
activity with MIC range 1.95-62.5pg/ml against
Gram positive (+ve), Gram negative (-ve) strains of
bacteria, yeasts, and fungi. All metal complexes
showed particularly good readings against all
microorganism types, while silver complex show
better results in nano structure towards the tested
microorganisms. In Table 6 and Figs. 9, 10, the newly
synthesized compounds' effects on Gram positive
(+ve) and Gram negative (-ve) bacteria, yeasts, and
fungi species, as well as their MIC values, are shown.

The metal complexes of the H,L ligand's action
are listed below.:

Organism Orders of the activity
Bacillus
pumilis Nano silver complex > Fe(l1) =Ag(l)
(MTCC - >Fe(111) >Cd(I1) >Cu(ll) = Zn(I1)
2296)
Strt;gécg(;?icscus Cd(Il) >Nano silver complex =
Zn(11) >Fe(11) > Fe(l11) >Ag(l) >
(MTCC - cu(ln)
0459)
Escherichia o) Szn(11) > Fe(111) >Cd(11)>
coli (ATCC : v
25922) Nano silver complex =Cu(ll) > Ag(l)

En(t;(leggl();:gter Fe(111)>Fe(11) > Nano silver
complex> Cd(11) > Zn(I1) > Ag(l) >
(ATCC cu(in)
23355)
gli?g;ﬂi Cu(lIl) > Zn(Il) > Nano silver
complex =Cd(l1) > Ag(l) > Fe(ll) >
(ATCC- Fe(l11)
10231)
Aspergillus Zn(11) > Nano silver complex >
niger (MTCC Fe(11) = Ag(l) > Cd(11) > Fe(l11)
-1881) =Cu(ll)

w
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Fig.9: Antibacterial Activity of H,L free ligand
along with its metal complexes (1-7).

140
120
100

80
60
40

” IHJI b Al
ool

) 3
Lx o‘*

=]

Minimum  inhibitory concantration  (pg/mi)

o

= Gram - positive bacteria (Bacillus pumilis)
Gram - positive bacteria (Streptococcus faecalis)

Gram - negatve bacteria (Escherichia col
Gram - negat ve bacteria (Enterobacter cloacze)

Fig.10: H>L along with its metal complexes’
MIC (1-7)

Table 6. HyL ligand and its complexes’ Antimicrobial activity (1-7).

Mean* of zone diameter, nearest whole mm.
Organism Gram-positive bacteria Gram-negative bacteria Yeasts and Fungi**
B. pumilis SiMf?l_eéglf (AETCCOg : E. cloacae C. albicans A. niger
(MTCC - 2296) 0459) 25922) (ATCC 23355) | (ATCC10231) | (MTCC -1881)
Sample 1Z MIC 1Z MIC 1Z MIC 1z MIC 1z MIC V4 MIC
HaoL 15 15.63 20 1.95 23 3.91 17 31.3 14 31.3 19 62.5
(1) [(FeCls)a(HaL)(H20)2] 19 7.81 19 3.91 22 15.63 27 15.63 14 62.5 12 15.63
(2) [(FeSO4)2(HaL)(H20)4] 20 7.81 19 1.95 27 391 22 7.81 16 15.63 17 313
(3) [(CuCla)a(H2L)(H20)4] 17 313 18 7.81 20 31.3 15 62.5 22 7.81 12 313
(4) [(ZnCl2)2(HaL)(H20)4] 17 391 20 15.63 26 1.95 19 7.81 22 15.63 20 125
(5) [(CdCl2)a(H2L)(H20)4] 18 3.91 22 15.63 21 1.95 20 3.91 20 313 16 15.63
(6) [(AgNOs)a(HsL)(H20)s] 20 1.95 19 7.81 18 31.3 18 62.5 19 15.6 17 313
(7) Nano-silver complex 22 7.81 20 15.6 20 31.3 21 31.3 20 31.3 19 31.3
R.S** 22 <3 25 <2 28 <2 24 <3 27 <20 25 <15

*Utilizing the diffusion agar method, the test was conducted. Inhibition values < 10 (less active). Inhibition values <15 (moderately
active). Inhibition values > 20 (highly active). Not active = 0.
**The antibiotic Penicillin G was used as the standard reference in the case of Gram-positive bacteria, Ciprofloxacin was used as the
standard reference in the case of Gram-negative bacteria, and In the case of yeasts and fungi, ketoconazole served as the standard

reference.
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3. Conclusion

In this work, we have synthesized and
characterized a cyclodiphosph(V)azane derivative-
based 9H-purin-6-amine and its metal complexes.
The data showed that the free ligand was coordinated
with metal ions through exocyclic-NH and
pyrimidine-N. Complexes' excellent thermal stability
was validated by their thermal degradation stages.
Additionally, every metal complex is more active
than the equivalent free ligand, according to
antibacterial screening results. Comparing the
antitumor data of all complexes, we found that
nanosilver complex showed the best ICso value equal
to 90 and 58uM for two cell lines (MCF-7 and HCT-
116); respectively with excellent anticancer activity.
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