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Abstract:

New chelating ligand derived from triazole and its complexes with metal ions Rhodium, Platinum and Gold
were synthesized. Through a copper (1)-catalyzed click reaction, the ligand produced 1,3-dipolar cycloaddition
between 2,6-bis((prop-2-yn-1-yloxy) methyl) pyridine and 1-azidododecane. All structures of these new
compounds were rigorously characterized in the solid state using spectroscopic techniques like: *HNMR,
BCNMR, Uv-Vis, FTIR, metal and elemental analyses, magnetic susceptibility and conductivity
measurements at room temperature, it was found that the ligand acts as a penta and tetradentate chelate through
N3O2, N2O,, and the geometry of the new complexes are identified as octahedral for (Rh & Pt) complexes and
for (Au) complex square planner. The newly prepared compounds were designed and efficiently synthesized
to be used to investigation of their toxicity bioassay (in vitro) as anticancer agent towards MDA cell lines.
From the results obtained from cytotoxic assay, it can be concluded that the synthesized compounds are

promising as new anticancer candidates in future especially in high concentration.
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Introduction:

According to the World Health
Organization's most current data, carcinoma is the
world's second leading cause of death. More than 9.6
million deaths occur each year, accounting for
roughly a quarter of all mortality. Several anticancer
medications have been significantly improved in
recent years. Nonetheless, the majority of currently
available anti-cancer medications are ineffective, and
side effects such as drug-induced impedance may
arise. As a result, identifying and improving
innovative, safe, and effective long-term cancer
treatments with fewer side effects is crucial 1. The
1,2,3-triazole and 1,2,4-triazole groups are two types
of triazole are the basic units of many therapeutic
medications, and their analogies have sparked the
curiosity of medicinal chemists for a long time 2.
Triazole-containing heterocycles are lead molecule
architectures that have attracted researchers’ interest
due to their broad range of biological effects,
including anticancer 2, characteristics that are
antimicrobial, antitubercular, anti-HIV, anti-

convulsant, antibacterial, anti-inflammatory,
analgesic, and antiviral 2. Click chemistry reactions
is important in medicinal chemistry and chemical
biology cannot be overstated “. It is a potent and
adaptable technology that can be used to design new
anticancer drugs based on platinum and a better
understanding of their biological actions at the level
of the cell. To increase tumor targeting, new azide—
alkyne cycloaddition techniques are being employed
to functionalize Pt-based complexes with bio
molecules °. Click-based detection, separation, and
tracking of Platinum drug surrogates in biological
and cellular settings also gives crucial information
about Pt-based pharmacological modes of action and
resistance °. Inorganic Pt-click reactions, however
less well-studied, allow the production of novel
(potentially multimetallic) Pt complexes as well as
realistic methods for adding functional groups and
monitoring Pt-azido drug localization ”. The target of
this study is to look into the anticancer properties of
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Rhodium, Platinum, and Gold complexes that
contained a chelating 1, 2, 3-triazole derivative.

Materials and Methods:
Materials:

Whole of both the solvents and the chemicals
used in the process of synthesis of new compounds
were achieved from Sigma-Aldrich and Merck. The
Agilent spectrometer (FT-IR 8400S SHIMADZU
Spectrophotometer) was used to measure FTIR-
spectra of prepared complexes and their ligand in the
solid-state at the range of wavenumber at 4000-400
& 4000-200 cm? using KBr & Csl pellets. The
measurement of electronic spectra of all prepared
compounds was obtained in liquid state by the
instrument (UV-1800 PC) Shimadzu
spectrophotometer at Arange = 190-1100 nm using
quartz cell of 1 cm. Bruker DPX spectrometers
operating at 600 MHz were used to obtain NMR
spectra. Mass spectra were recorded on DIRECT

PROBE. The Euro EA3000 analyzer was used for the
determined (C, H, and N) contents. Melting points
were examined in open glass capillaries. The
electrical conductivity meter (WTW), and magnetic
susceptibility of complexes at 25°C were
determined. Thin layer chromatography was
employed to adjust the reaction and the silica plates
were used (60 F254, 0.2 mm), which carried alkaline
potassium permanganate dip.

Synthesis of 2,6-bis(((1-dodecyl-1H-1,2,3-triazol-
4-yl) methoxy) methyl) pyridine (DTMML) 89

The preparation of the ligand was in accordance
with the methods that described in the previous our
work in literature®, where the methods consist of
three steps (synthesis both of 1-azidododecane
[AZD] and 2,6-bis((prop-2-yn-1-yloxy) methyl)
pyridine [BPMPD]) which reacted with each other to
prepare the employing ligand (DTMML) as shown
as in scheme 1.
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Scheme 1. Shows the sequential steps to prepare the ligand [DTMML].

Metal-Complexation:

The current work includes using (Immol) of the
metal salts [RhCl; (0.209g), H.PtCls (0.4869), and
HAuUCI4+.H,O (0.411g)] in an ethanoic solution
undergoes the reaction and (0.637g, 1mmol) the
ligand is added to an ethanoic solution of mineral
salts while stirring (10 ml) in a (1:1) molar ratio. The
mixture of reaction was refluxed for a few hours (2-
3 hours) under heating®. Colorful precipitates were
formed during this period, they were filtered several
times and washed with ether then left to dry in a
desiccator. As indicated in Table. 1, Spectroscopic,
analytical and physical techniques were used to
characterize all the complexes generated.

Cytotoxic assay

The effect of cytotoxicity of complexes with
their ligand were determined using the colometric 3-
(4,5-dimethyl  thiazole-2-yl)-2,5-biphenyl.  The
MDA-231 cell lines used in this work were obtained
from Al-Nahrain University's biotechnology center.
After 24 hours of treatment with the compounds at
various doses, cell lines were examined. MTT assay
results showed for all ligands and their heavy metal
complexes using different doses
(400,200,100,50,25,12.5pg/ml) and compared with

negative control culture medium without treatment
11
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Results and Discussion:

The resulting complexes and its chelated were
colored powders that remained stable in the open
atmosphere for a long period. Table 1 lists the

physio-chemical properties of resulting compounds.
The results of the metal analysis agree with the
calculated wvalues in a satisfactory manner.
Measurements of spectral and magnetic moments
backed up the proposed molecular formula.

Table 1. Summary of physical and analytical data for synthesized substances.

Compoun Color Molecula Melting Yield Elemental analysis Metal Suggested
ds. r weight point °C Found (calc.) % Molecular
g/mol C% H% N% found formula
(calc.)
L White 69.23 9.6 15.04 _ Cs7HgaN70O2
637.96 104-106 943  (69.66 (9.95 (15.37
) ) )
L-Rh3* Light 847.21 125-126 52,11 7.15 11.09 1191 Cs7Hs3CIsRhN-
brown (52.40 (7.43 (11.57 (12.15) 02
) ) )
L-Pt* Yellowis 4513 621 9.87 19.96  CsHesCl4PIN;O
h orange 974.84 133-135 80.1 (4554 (6.46 (10.05 (20.01) 2
) ) )
L-Au® 47.09 6.32 1018  20.43 Cs7HssClsAuNy
Orang 941.27 162-163 89.4 (4717 (6.70 (10.41 (20.92) O
) ) )

Infrared spectroscopic study

A study of Infrared spectroscopy with Csl disc
was used to record all of the spectra in the solid state.
FT.IR provided useful information on the ligand [L]
behavior with various heavy metal ions based on a
comparison with published data *2. The chemical 1-
azidododecane was synthesized using the SN2
reaction in DMF dodecyl bromide with sodium
azide. The extremely distinctive absorption of azide
group at 2094 cm™ which is shown in the Fig. 1, isa
strong evidence for the synthesis of the compound 1-
azidododecane . Fig.2 shows the spectrum of the
compound [BPMP]. The reaction was successful, as
demonstrated by the elimination of a broad band at
(3354.79) cm and the emergence of sharp bands in
the areas (3308.03 and 2121.77) cm™, The terminal
alkyne groups (C-H and C=C) are responsible for
these effects 4. Fig.3 also provides a strong evidence
that the cycloaddition reaction was successful, with
bands disappearing around (2094 and 2117.91) cm?,
signaling the formation of the aromatic triazole ring,
and weak bands appearing at (3093.29 and 1683.91)
cm® which indicated that the cycloaddition reaction
was successful *°.

The observed bands of free ligand L spectrum
which are located in the regions (3093.29, 3138.29,
1595.18, 1505.04, 1220.98 and 1122.61) cm™ are
attributed to the frequencies v(C-H) pyrigine, V(C-H)
Triazole, U(N:N)Triazole, U(C:N)Pyridine, U(C‘N)Triazole,
V(C-O-C)ether respectively 1416,

The frequency of (N=N) shifted to a greater
level around (2-85) cm™ in the complexes, and the
frequencies of V(C-N)triazotle, V(C-O-C)etner and
v(C=N)pyrigine, Changed to a higher frequency in the
vicinity of (14-54) cm?, (28-31) cm™, and (47-48)
cmt, respectively 7. New bands for v(M-N)pyridine,
appeared at (271.69, 273.34) cm in the complexes
(Rh and Pt) respectively , as well as v(M-O), which
appeared in the range (414-443) cm? ,and v(M-N)
triazole that appeared at (516-588) cm™ in the
complexes spectra. Other bundles are shown in
Table. 2, besides v (M-Cl), which appeared at
(322.12, 308.62) cm™ in the complexes of Rh and Pt
respectively 8. As a result of these findings, the
proposed in the range of complexes exhibit four and
six coordination as a square planer and octahedral
structure in solid state Figs. (4-6).
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Figure 1. The spectrum of FT-IR of [AZD] compound.
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Figure 2. The spectrum of FT-IR of [BPMPD] compound.
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Figure 3. The spectrum of FT-IR of ligand [DTMML].
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Figure 4. The spectrum of FT-IR of prepared complex of Rh(l1).
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Figure 5. The spectrum of FT-IR of prepared complex Pt(1V).
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Figure 6. The spectrum of FT-IR of prepared complex of Au(l11)
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Table 2. Selected bands of the synthesized compounds’ FT-IR spectra in cm™

Compou  v(N=N)wriaz V(C=N)pyrid v(C- v(C-O- v (M- v(M- v(M- v(M-
nd ole ine N)triazole C)ether N)pyridin O) N)triazole C|)
L 1595.18 1505.04 1220.98 1122.61 - - - -
L-Rh 1599.04 1552.84 1234.84 1153.47 271.69 414.71 588.31 322.12
L-Pt 1597.11 1553.99 1234.84 1150.75 273.34 443.64 516.94 308.62
L-Au 1680.05 1512.54 1274.99 1152.61 - 437.86 528.51 -

Electronic spectra, Magnetic susceptibility and
Conductivity measurements:

Additional structural tools were used to confirm
the geometry of the produced complexes, from the
data of electronic spectra, magnetic moment, and
electrical measurements for their solution in DMSO.
The complexes' uv-vis spectra were obtained in the
region (190-1100) nm.

A-Spectra of the [DTMML]:

Figure.7, shows the electronic spectra of free
ligand exhibited three bands at 45662 cm™ which
refer to the inter-correlation on the Pi system as
(n—m*) transition and at 41841 c¢cm™ that refer to
(m—m*) transition. The (n—n*) electronic transition
position on hetero atom of organic ligand (O and N)
was attributed to the 3 transition that appeared in
37735 cm™ 1, As shown in Table. 3.

B- Rhodium (111) complex:

Figure. 8 shows the electronic spectra of Rh(IlI)
complex, displayed two absorption bands in the area
31746 and 35714 cm™ which assigned to the *Aig —
T,g and !Aig —!Tig transition respectively.
Another band appeared at 11025 cm™ refer to spin
prohibited transitions are a type of transition that
can't happen *Aig —3T1g, 3T.g %. Magnetic moment
measured (0.00 B.M.) of the solid state complex this
align with the diamagnetic properties on octahedral
stereochemistry of t,g°® eg® configuration 2. As
shown in scheme. 2. The conductance behavior of
this complex indicates to an electrolyte. The
calculation of conductivity for this complex in
DMSO solvent at room temperature is a proof that it
is ionic Table. 3.

C- Platinum(1V) complex:

Figure. 9 shows the electronic spectrum of a
produced yellowish-orange complex of platinum
(IV) ion, which showed two absorption bands at
(27027 and 36363) cm™ belonged to the transitions
A1g —1T,g and *A1g —'T1g respectively. The spin
prohibited transitions can be attributed to the band
that appeared in 9990 cm? A;g —3T1g9,°T.g %
These indicated an octahedral geometry as it came in
agreement with reports. Magnetic moment of the
solid complex was found to be (Zero B.M.). This
result referred to spin pair octahedral stereochemistry
referring to t,g° eg® configuration 2. The
conductance behavior indicates an electrolyte of this
complex. In addition, the analysis of data and
spectroscopy techniques, and these result, proved
that the octahedral geometry was suggested for this
complex. As shown in scheme. 2, and Table. 3.

D- Gold (I11) complex:

Figure.10 shows regarding the spectrum of
complex of gold (I1l), showed two main bands at
23923, 35842 cm* which attributed to *Ajg—'Big &
'A;g—'Eg respectively and the other peak band
appeared at 44052 cm? is considered as charge
transfer transition around square planar geometry 2*
and the magnetic moment which appeared
diamagnetic with zero B.M. The conductivity
measurement for this complex in DMSO solvent at
room temperature shows ionic behavior. So from the
analysis data and spectroscopy techniques for this
complex, a square planar structure can be suggested.
As shown in scheme. 2 and Table. 3.
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Figure 9. The electronic spectrum L- Pt(IV) complex.
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Table 3. In a DMSO solvent, complex structural insights, electronic spectroscopy data, conductivity

tests, and magnetic moments.

Compound  Absorbance Assignments peff us. cm Suggested geometry
s. cm? B.M
[DTMML] 37736 n— m* - - -
41841 n—m*
45662
L-Rh 11025 1A1g—%T19,°T2og 0.00 72.7 Octahedral
31746 'A1g—1Tog
35714 'A1g—1Tig
L-Pt 9990 A1g — 3Tag, 3Tog 0.00 300.1 Octahedral
27027 1A1g — 1Tog
36363 Aig — 1Tig
L-Au 23923 1A;g—1B1g 0.00 280.1 Square planer
35842 1A;g—'Eg
44052 Au—LCT

!H-NMR spectrum of the ligand and it
complexes:

This ligand's tHNMR spectrum was displayed in
Fig.11, where the DMSO-d6 solvent was used to
record the data. The spectrum showed peaks at &
(1.83-0.83) ppm (d,2H, H2-Hg and Has-Hs,) which, as
a result of the protons of (CH2) numerous peaks and
aliphatic series groups appeared in the range 6 (8.16-

7.33) ppm (t,H, His-Hig) and (s,H11,H3) that back to
the groups of (-CH) in pyridine 2, in addition to the
protons in the triazole ring, as well as a peak
appeared in the range  3(4.64-4.58)ppm
(d,ZH,Hlo,H24,H14 and Hzo) CH.. The aliphatic
chain's initial group is connected with the ring of
triazole and methylene linked in ring of pyridine.
Furthermore, signal is shown as peaks on the chart &
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(4.35-4.32) ppm (s, 2H, Hizand Hz) %. The
comparison of HNMR Pd(Il) complex spectra
created with the proton's ligand spectrum location
approximately confirming the coordination, shifting

of the position of proton of the ligand is very small
when compared with these metal complexes. At
(2.51) ppm, the DMSO shows a singlet peak, all
shown in Fig. 12.
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Mass spectrum for ligand:

The mass spectrum of (L) shown in Fig. 13, was
observed by the peak of molecular ion at m\z =637
which confirmed the molecular weight m\z value of

637g\mol?* that compatible with the experimental
ligand formula (Cs7HesN-O2) 2. Scheme. 3
involving fragments ions in mass spectra.
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Cytotoxic assay:

Breast cancer is the popular type of tumors for
women in the worldwide, which represents
approximately twenty-five percent of all female
malignant tumors which has extend widely in most
countries, even developed countries 8. Furthermore,
despite the fact that many additional medications

have been launched to the market, the response to
therapy remains low. As a result, there is a pressing
need to produce more effective anticancer
medications . Most research groups are focus on
developing a practical anticancer medicine that can
be utilized effectively to treat human cancers. This
study gives? indication that the synthetic ligand and
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its complexes have efficacious action verses breast
cancer MDA-MB-231 cell lines (in vitro). The data
are summarized in Table 4, Least Significant
Difference (LSD Value) is recorded in this table
also.

MTT assay was applied to assess cytotoxicity
and viability of the MDA-MB-231 cell lines after 24
hours of treating by different concentrations (12.5;
25; 50; 100; 200 and 400) pg/ml of newly prepared
compounds (Table. 4 and Fig. 14). MTT assay results
showed a high inhibition rates for free ligands and
their metal complexes as comparison with negative
control cells which left without treatment. All metal
complexes showed high toxicity relative to ligand
and recorded high inhibition rate i.e. (85, 85 & 84 %)
especially at high concentrations 400ug/ml for each
of L-Rh, L-Pt and L-Au sequentially and the
inhibition rates began to reduce gradually from high
to low concentrations. Pharmacological effects of
these complexes can be returned to variety
circumstances, such as, synthetic derivatives in a
similar manner to natural material follow apoptosis
and autophagic pathways to inhibit the growth and
activity of breast cancer cells. Other than that

inhibition of cell proliferation, induction of cell-
cycle arrest may occur . As well as presence of
1,2,3-Triazole could be readily interact with diverse
enzymes. Our current work highlights in 1,2,3-
triazole-containing compounds with anti-breast
cancer potential, and their structure-activity
relationship (SAR) together with of action to pave
the way for the further rational development of novel
anti-breast cancer mechanisms candidates. On the
other hand, Pyridines are potential inhibitors and
some pyridine-based agents, have already been
applied in clinical practice or under clinical trials for
the treatment of cancers 3. Thus, gathering of 1,2,3-
triazole with pyridine may give chances to develop
new anticancer agents. An antiproliferative SAR of
1,2,3-triazole—containing  pyridine  derivatives
against cell lines indicates that these groups are
favorable for the *. The most active compounds
exhibit higher activity than the others concentrations
reveal that these compounds in high concentration
could inhibit the microtubule assembly, arrest the
cell cycle at the G2/M phase, and induce cell death
by apoptosis 3.

Table 4. Shows the percentage inhibition rate on MDA cells lines

Comp. Conc. (ug/mL) LSD value
C 400 C200 C100 C50 C25 Ci125
Ls 60% 54% 34% 27% 19% 15% 7.95 **
C a C a C b C b D ¢ D ¢
LsRh 85% 59% 45% 35% 27% 22% 9.29 **
A a BC b C ¢ B d C de C e
L3Pt 85% 59% 47% 42% 42% 41% 8.63 **
A a BC b B ¢ B ¢ B ¢ A cC
LsAu 84% 66% 55% 52% 51% 31% 8.79 **
A a A b A cC A ¢ A ¢ B d
LSD value 7.81 ** 6.77 ** 6.07 ** 8.46 ** 7.17 ** 7.53 **
The means of distinct big characters in the same column and little letters in the same row varies dramatically.
** (P<0.01).
Conclusion:

Inhibition rate %

400 200 0
50

25

12.5

Concentrations pg/mL

Figure 14. The diagram of inhibition rate as a
percentage on MDA cell line after 24 hours of
exposure to prepared compounds.

According to the findings, new derivative of
triazole [DTMML] and spectroscopic tests, analysis
of elements (AA & CHNS), magnetic dipole
moment, and complexes conductivity at room
temperature were used to validate the structure of its
complexes. In the solid state, we propose that Rh(l1l)
and Pt(1V) complexes have six coordination numbers
with octahedral geometries, whereas the Au(lll)
complex has four coordination numbers with square
planer shape. The anticancer MDA cell line was used
to test these substances, and it was discovered that
the higher the concentration, the more efficient they
are against cancer cells. For these complexes, the
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synergetic effect has a higher biological activity than
the free ligand.
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