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Abstract: In this paper, we describe the synthesis and characterization of iridium (III) half sandwich complexes
of stoichiometry [Cp*IrCl2L] with Cp* =n>-Cs EtMes; L = alanine anhydride (I), ortho- (I) and para-aminophenol
(III). For comparative purposes, the ionic complex [Cp*IrCl(o-phen)](PFs); Cp* = (n°>-CsMes) (IV) has been also
synthesized and characterized. All the isolated complexes have been characterised by C, H and N elemental
analysis; infrared and '"H nuclear magnetic resonance spectroscopies; 'H-'H COSY; mass spectrometry
(ESI/TOF), thermogravimetry and, in the case of (IV), by conductivity measurements. The cytotoxic behaviour
of the isolated complexes was studied against HeLa and complexes (III) and (IV) were found to have an ICso
close to 160-170 um, quite close to the ICso value of cisplatin which was found to be 134,7 um, indicating that
they are good cytotoxic agents. However, complexes (I) and (II) showed ICso values above 250 um indicating
their low cytotoxicity.

Keywords: Iridium (III) complexes; Half sandwich; Synthesis and characterization; Anticancer activity Hela;
MTT assay.

1. Introduction

The success achieved by certain platinum(Il) complexes such as cisplatin, carboplatin and
oxalilplatin [1,2] has stimulated research into new metallodrugs that can inhibit side effects such as
nausea and kidney toxicity [3]. Thus, numerous organometallic compounds have been described that
also behave as metallodrugs such as Ir, Ru, Os and Rh compounds [4-14]. Moreover, it is worth
noting a wide range of half sandwich organometallic compounds that exhibit an interesting and
promising antitumor character. Among them we can highlight the following organometallic
compounds of Ru(II) (15, 16), Rh (II) [16], Ir(III) [17] and Os (II) [14].

Thus, in summary, it can be stated that the medicinal properties of platinum and ruthenium
compounds are well established [18-21], while those of iridium(IIl) compounds constitute a relatively
new field of research [22,23]. However, iridium compounds have not only shown potent anticancer
reactivity [24-27], but their mechanism of action (MoA) and spectrum of tumour sensitivity are
different from those of conventional platinum-based drugs [28-29], and thus may find potential use
in the treatment of Pt-resistant cancers.

The above named metal ions, together with their surrounding ligands, play a vital role in the
reactivity towards biological target sites [30-33]. The main factors for the selection of good results are
the ligand structure, its electron-giving properties and steric hindrances. In this respect, nitrogen-
donor ligands remain very important. In this regard, nitrogen donor ligands remain very important
because they significantly affect the activity of the metal complexes against tumours [34,35].

The pyridine ring itself is an important part of natural biomolecules such as nicotamide, adenine,
dinucleotide phosphate NADP, or vitamin B6 and plays an important role in many biological
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processes. Pyridine rings are also used in many synthetic drug preparations. For example, pyridine
monodentate in cyclopentamethyl iridium complexes, behaves as antitumor against cell lines such
as: A2780, A549, and MCF-7 [31].

Strategies have been improved in the design of complexes containing the pyridine ligand. Imino
pyridyl type NN Schiff base [30] ligands can be easily synthesized.

As a final comment, it is worth noting that the chemistry behind the synthesis, characterisation
and cytotoxic behaviour of iridium(IIl) complexes with a "half sandwich" or "piano tool" structure is
in constant development as can be seen in the references [36—43].

We have previously synthesised and characterised half sandwich complexes of Ru(II) and Ir(III)
and studied their cytotoxic behaviour [44—47].

In this work we describe the synthesis and characterization of four organometallic iridium(III)
compounds of stoichiometry [Cp*IrCLL], where L = alanine anhydride, and ortho- and para-
aminophenol.

2. Results and discussion

The new half sandwich iridium(Ill) complexes described in this work are presented in the

following scheme.
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Scheme 1. Sinthesis of complexes I-IV.

The complexes [Cp*IR(n—Cl)z]z; Cp* being CsMes or CsMeEts reacts in dichloromethane with
alanine anhydride and ortho- or para-aminophenol, in the proportion described in the experimental
part to form the compounds described in the scheme 1, and are precipitated with hexane.

And present an adequate correct elemental analysis of C, H and N. Their yields are as shown in
Table 1.


https://doi.org/10.20944/preprints202407.1836.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 July 2024 d0i:10.20944/preprints202407.1836.v1

3
Table 1. Colour, yield, elemental analysis (a: calculated values in parenthesis); exact mass and melting
point (b: M.P. decomposition temperatures obtained from thermogravimetric curves) for complexes
I-IVv.
COMPLEX COLOUR  YIELD ANALYTICAL DATAA MASS DATA M.P.B
‘ (%) C H N Fragments
Dark 8.17 332
I Oranc 63 35.39(35.54) 4.59(4.70) (8.36)
II Dark Orange 45 38.90(39.16) 4.41(4.58) 2.53(2.69) 380
11 Dark Orange 41 38.94 (39.16) 4.38(4.58) 2.67(2.69) 434
31.06 435.1399 [M-C1]*
v ‘ Yellow 92 (31.20) 3.59(3.73) 4.53 (4.54) 421.1159 [M-PFq]* 371

As far as the melting (decomposition) points are concerned, as can be seen from the
thermograms attached in the supplementary material, they are quite high for organometallic
compounds. In this table, the result of the mass spectra (ESI/TOF) of compound (IV) in
dimethylsulphoside (DMSO) is presented. Compounds I, II and III undergo a different
decomposition pattern as follows. The results obtained can also be found in the accompanying
supplementary material.

As far as the mass spectra of the compounds (I, II and IIl) are concerned, it appears that, in a
DMSO medium which is a good ligand, equilibrium occurs:

Cl
Ir/\ cl X (0]
2 cl / HN J\(O e \ o \CI % 2 RI)LNH

Cl
Ir\ >Ir
o)\rNH # cl \I'H\
0]

Figure 1. Reaction equilibrium between the starting complex and the final species.

On the other hand, as mentioned above, DMSO can act as a ligand that is coordinated by S (soft
base), O (hard base) and even by the double bond, it is possible that 1, 2 or 3 DMSO molecules can
enter the iridium(III) coordination sphere, in this case coordinated by oxygen as iridium(IIl) is a hard
acid [48].

Ir |
Ci/f \Bmso P r\h‘-—‘“

Cl DMSO

Figure 2. Possible species formed by equilibrium of the complex [(1)>-C5EtMes)IrCl2 (alanine
anhydride)] with the solvent DMSO.
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Figure 3. Mass spectrum of [(>-C5EtMe4)IrClz (alanine anhydride)].

Unfortunately, attempts to obtain crystals of the new compounds were unsuccessful. However,
microcrystals were obtained, which guaranteed the purity of the species obtained for the rest of the
tests.

The most significant data obtained from the infrared spectra are presented in Table 2

Table 2. Infrared data of compounds I-IV.

COMPLEX V(N-H) V(M-CL) V(C=0) V(O-H) V(P-F)
I ‘ 3317 s, 3190 s 317's,278 s 1690 s - -
II 3365 s, 3196 s 314 s, 281 s - 3601 s -
III ‘ 3456 s, 3359 s 299,278 s - 3601 s -
IV 3284's,3176 s 287's - - 844 s, 559 s

All compounds show two v(NH) bands which are attributed to the tension vibrations between
nitrogen and hydrogen in the range 3176-3365 cm . Compound I shows a signal at 1961 cm™ which
is assigned to the v(CO) from the carbonyl of the alanine anhydride ligand. Compounds II and III
contain a band at 3601 cm assignable to the v(OH) hydroxyl stress vibration of the ortho- and para-
aminobenzene ligands. In all cases, two signals appear at approximately 280-310 cm™ due to the
v(IrCl) vibrations of the metal-chlorine bonds [44-48]. Finally, in the ionic complex IV, the PFe anion,
which is octahedral, presents the two n(PF) bands, according to the literature [44—48].

Compound 1V, which is ionic, has a conductivity value in 5x10* Molar acetone of 106
Q7 l.cm2mol! which is compatible with the existence of a 1:1 electrolyte in solution of this solvent.
[49]

Table 3 presents the 'TH-NMR data for the four complexes assigned using, in addition, the 'H-'H
COSY spectra. The results obtained are in agreement with what was expected [44-47].
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Table 3. 'TH-NMR data of complexes I-IV in CDCls.

COMPLEX 1H A(CDCLs) LIGAND STRUCTURE
5.81 (d, 2H, ] = 13.5 Hz, Ala-Hxn)
4.11 (qt, 1H, ] =7.5 Hz, Ala-Hs)
2.5 (qt, 2H, J =7.5 Hz, Cpet-Hs(-crz(cH3))
I 1.62 (s, 6H, Cpet-Hpi.cts) o ©
1.59 (s, 6H, Cpet-He(-chs) NHC HF
1.50 (d, 3H, J =7.2 Hz, Ala-Hg(chs)) CHE,
1.08 (t, 3H, ] = 7.5 Hz, Cpet-Ha(crzchs)
10.24 (s, 2H, H-nm)
7.8 (s, 1H, H-on)
7.03 (m, 2H, -Hr)
6.89 (d, 1H, ] =7.2 Hz, -Hi)
II 6.8 (t, 1H, J=7.2 Hz, -Hn)
2.08 (qt, 2H, ] =7.2 Hz, Cpet-Hs(cha(ch3) H
1.82 (s, 6H, Cpet-Hp(-chz))
1.66(s, 6H, Cpet-He(-cra))
1.06 (t, 3H, ] = 8 Hz, Cpet-Ha(cracrs)
9.39 (s, 1H, H-on)
8.44 (s, 2H, Hnmp)
HE
H

HF
HE N
HH o
HI
NH,
7.03 (d, 2H, ] = 8.8 Hz, -Hr) HE
- 6.71 (d, 2H, J = 8.4 Hz, -Hz)
2.35(q, 2H, ] = 7.2 Hz, Ha(crz(cH3)
F
1.81 (s, 6H, Hp) H
OH
HA
HE NH;
HB NH,
HA

H,

F

1.79 (s, 6H, Hc)
1.03 (t, 3H, ] = 3.6 Hz, Ha(criz(cHs))

7.31 (m, 2H, Ha)
7.20(m, 2H, Hs)
v 4.52 (s, 2H, -NHa)

1.83 (s, 15H, -Hey)

Cytotoxicity of complexes I-III.

In vitro toxicity assays of complexes I-IIl were performed on cervical cancer cells of the HeLa
tumour line. The tests were performed in triplicate. Cisplatin was used as the reference compound in
the cytotoxic study.

At the time of seeding, the cells were dispersed in the medium and spherical in shape. After 24
hours in an atmosphere of 5% CO2, 90% relative humidity, and 37.5°C, the cells acquired an elongated
morphology, due to adhesion to the culture flask.

Subsequently, the corresponding complex synthesised in the same medium with DMSO (<1%)
was introduced into the 96-well plate and serial dilutions were performed in a 1:2 ratio. After 48
hours, the plates were observed under the microscope to check the action of the drug on cell viability.
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For comparison, the same was done with cisplatin. Thus, the possible cytotoxic action of the
synthesised drug could be verified.

Next, the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) cell viability
colorimetric assay was performed, which shows a yellow colour. After addition of DMSO the
metabolically active cells reduce MTT to Formazan which has a dark blue colour [50,51]. The dilution
was measured at 570 nm, the fluorescence intensity of which is proportional to the amount of viable
cells. As a control, HeLa cells untreated with complexes I-III were used. Eagles's (EMEM) and each
of the added drugs were used as targets.

The data obtained are shown in the following table:

Table 4. Cytotoxicity data obtained for complexes I, Il and III and for cisplatin.

Complex ICso (M)
I 368.9587

I 166.9103

II 402.4583
cisplatin 134.7368

Two graphs have been constructed with these data:

Cell inhibition curves for the synthesised complexes show data above the reference complex,
cisplatin. That is, the number of viable cells is higher than that of cisplatin.

Figure 4 shows the percentage inhibition of cell activity in which it can be seen that at a complex
IT concentration of 261 uM, 90% of the Hela cell activity is inhibited; this is comparable to what
happens at a cisplatin concentration of 242 uM (98.90% of activity is inhibited).

Figure 5 shows the absorbance versus the logarithm of the concentration for each of the
complexes studied. From this graph it can be deduced that the higher the concentration of the
cytotoxic compound, the lower the absorbance. This is due to the fact that the cells are no longer
viable and cannot reduce the MTT so that Formazan is not produced [51]

Inhibition of cell growth

—@— Cisplatin —— Complex | Complex Il Complex Il
110

100
90
80
70
60
50
40 /
30 .
20
10

Inhibition (%)

25
3.0

Log (C)

Figure 4. Percentage of inhibition of cellular activity after the addition of the synthesized complexes
and cisplatin.
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Figure 5. Inhibition curves of HeLa cells against the synthesized complexes, using cisplatin as a
reference.

From table 4 the IC50 can be obtained by extrapolation of the data obtained [44,52]. For the
calculation of the IC50 of each complex, a graph (Figure 4) has been made in which the absorbance is
plotted against the concentration of each complex in uM. Using the equation of the line obtained for
each compound, the ICs can be determined from the following equation [53]:

50 — b
IC5g = ——

Equation 1. Linear calculation of ICso
Where g is the slope of the line and b the ordinate at the origin.

LINEAR CALCULATION OF IC50

®  Cisplatin ® Complex| o Complex IlI Complex II
--------- Linear (Cisplatin) --------- Linear (Complex I) Linear (Complex II1) Linear (Complex I1)
110 (a)

Nt
100 &-@-@. _. _________ ®
® @ e T
90 @ -l ®
@l e | TR =-0.1527x + 106.34
@, @ Yy
—~80 e T~ @ T . R?=0.8823
X ~ ———
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5 T @ R? = 0.9852 i
(@) Sao =0.
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30 el
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Figure 6. Linear calculation of ICso of cisplatin and complexes I, IT and IIL

Cytotoxicity of Complex IV

As in the three previous cases, the tests were performed in triplicate using the complex
[Cp*IrCl(o-fen)]PFs, Cp* = CsMes; (o-fen = o-phenylenediamine) against human cervical cancer cells
(HeLa). The complex starts to show a slight cytotoxic character at concentrations above 62 pM. The
table below shows the absorbances associated with each of the compound concentrations.
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Table 5. Cell viability table for Complex IV versus HeLa.

Concentration (uM) Absorbance (%)
250 2,7
234 3,3
218 15,4
203 23,8
187 43,1
172 45,6
156 64,4
140 70,0
125 82,5
109 88,7
94 91,9

78 94,0
47 99,5
16 100
0 100

Two complementary graphs have been constructed with the above data, using the percentages
of cell inhibition in one graph and the observed observations in the other. They provide relevant
information, since the ICsoand IC90 can be obtained by extrapolation of the data [51]

Cell Inhibition curve

2.50
2.00 o
P N TR oo o.......
E 0.....‘..
91.50 .
5 °
21.00
2 Q9
Ko} %
< .
0.50 °’
k4
0.00 L]
2 2.5 3 35 4 4.5 5 5.5 6
Log (C)

Figure 7. Inhibition curves of HeLa cells against complex IV.
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Figure 8. Linear calculation of ICso of complex IV.
The compound concentration at which ICso is reached is close to 160 uM (163.5552 uM) [53]

3. Materials and Methods.

Solvents: methanol (99.5%), diethylether (99.5%), hexane (95%), dichloromethane and
chloroform (99.5%) were purchased from Panreac.

The deuterated solvents: chloroform and dimethyl sulfoxide are from Euriso-top.

1-ethyl-2,3,4,5-tetramethylcyclopentadiene (Cp*), alanine anhydride and ortho- and para-
aminophenol were from Sigma Aldrich; IrCls.3H20 from Johnson Matthey.

Instrumentation:

Infrared spectra were performed on a spectrophotometer100 FT-IR in the range 4000-200 cm-.
Nuclear magnetic resonance spectra were obtained from Bruker Avance 400 MHz and 600 MHz
spectrometers. The solvents used were CdCI3 and DMSO-d6. Elemental analyses of C, H and N were
obtained on a Leco CNHS-932 microanalyzer. Mass spectra were obtained on a Fluostar Omega
spectrometer (ESI). Ions are detected by "time of flight" (TOF). = Conductivity measurements were
made with a Crison MicroCM2200 conductivitymeter. Finally, thermogravimetric analyses were
recorded on a TA Instruments TGA-DTA Simultaneous Analyzer.

The in vitro cytotoxicity studies were carried out by Central Services for Experimental Sciences
of the University of Murcia (SACE), with a Biosafety Level 2.

Synthesis of the Complexes

The starting compounds [Cp*IrCl(pu-Cl], Cp* = CsMes (compounds I and III) and CsEtMes
(compound IV) have been prepared according to previously described methods [54,55].

Compound I. [Cp*IrCl(p-Cl)]2 (1.0040 g, 0.121 mmol) was reacted in a round-bottomed flask
with 0.0351 g (0.247 mmol) of alanine anhydride in 45 mL of dichloromethane. The mixture, initially
yellow in colour, was kept under gentle heating and stirring for one hour. Subsequently, hexane was
added until the solid precipitated. It was then filtered over a porous non-vacuum plate to obtain a
green solid. Finally, the solid obtained was recrystallized with dichloromethane-hexane to obtain a
solid of the same colour with a yield of 63%.

Compound II.-0.1025 g (0.124 mmol) of the starting product, [Cp*IrCl(p-Cl)]2 was weighed and
dissolved in a round-bottomed flask in 40 mL dichloromethane. Then 0.0272 g (0.250 mmol) of o-
aminophenol was added. The initially dark green solution was kept under stirring and gentle heating

d0i:10.20944/preprints202407.1836.v1
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for one hour. After this time, it was kept in the refrigerator for 24 hours. Then, a dark green solution
with dark green particles was obtained and separated by filtration. The mother liquor was
concentrated by heating and stirring. The volume was reduced by gentle heating to 1/3 of the initial
volume. Hexane was added until a green solid precipitated which was separated by filtration. In the
end 0.0642 g of compound was obtained and recrystallised with dichloromethane/hexane in 45%
yield.

Compound IIIL- 0.0767 g (0.0930 mmol) of starting compound were weighed [Cp*IrCl(u-Cl)]2
and 0.0245 (0.225 mmol) p-aminophenol. Both compounds were dissolved in 15 ml chloroform in a
round-bottomed flask. The orange-coloured solution was kept under stirring and moderate heating
for one hour. It was then refrigerated for 24 hours. A mixture of the orange solution and a brown
solid was obtained. The product was filtered and washed with chloroform. The solution was
concentrated under vacuum to one third volume, hexane was added as precipitant and a brown solid
was obtained which was recrystallised from chloroform/hexane. The final solid (0.0359 g) was
obtained in 41% yield.

Preparation of [Ir(CsMes) Cl(o-phen)]Cl.- 0.2002 g of the starting dimer was weighed and
poured into a 50 ml round bottom flask together with 20 mL of dichloromethane. Then 0.0596 g of o-
phenylenediamine was added to 15 mL of dichloromethane. The flask was stoppered and the
resulting yellow solution was left to stir at room temperature for one hour. After one hour, the stirring
was stopped and a yellow precipitate was observed and filtered, washed three times with a 1:2
dichloromethane/ethyl ether mixture and a yellow solid was obtained, which was recrystallised from
dichloromethane/ethyl ether, for 24 hours in the refrigerator. At the end 0.2293 g of product was
obtained with a yield of 90%.

Compound IV.- 0.1026 g of [Ir(CsMes)Cl(o-phen)]Cl was weighed and poured into a round
bottom flask together with 20 ml dichloromethane. To the resulting solution 0,0339 g of ammonium
hexafluorophosphate in 20 mL of additional dichloromethane was added while stirring for one hour
and a yellow solid was observed which was separated by filtration, washed three times with
dichloromethane/ethyl ether. The beige solid obtained was recrystallised from a
dichloromethane/ether mixture. The desired compound was obtained with a yield of 92%.

4. CONCLUSIONS

1) In this work, we have described the synthesis of four "half sandwich" complexes of iridium
(III), three of them neutral containing (Cp*=CsEtMex) of stoichiometry [Cp*IrClzL], with L = anlanine
anhydride and ortho and for aminophenol. And an anionic one of stoichiometry [Cp*IrCl(o-
phen)]PFe.

2) The compounds, with the exception of IV, are not very soluble in usual solvents and have
exceptional decomposition points indicating the existence of strong metal-ligand bonds.

3) The compounds have been obtained as air-stable solids and characterized by elemental
analysis, IR and 1TH-NMR spectroscopies with the help of 'H-'"H COSY, mass spectrometry (ESI/TOF)
and thermogravimetry.

4) The cytotoxicity studies show that while the neutral compound III, which contains p-
aminophen as a neutral ligand, and the ionic compound IV present ICso values of 166.9103,
respectively, values quite similar to that of cisplatin, 134, 7368. The other two compounds have ICso
values above 250 mM, which is why they are considered inactive for the proposed purpose.

Funding: This work has been partially supported by grants ref. TED2021-130389B-C21 and PID2020-113081RB-
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